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Abstract. Circulating tumor cells (CTCs) are an 
independent prognostic factor for patients with metastatic breast 
cancer (MBC). However, the role of CTCs in early breast cancer 
management is not yet clearly defined. The aim of this study was 
to assess the CTC-positivity rate in patients undergoing 
chemotherapy depending on breast cancer stage in the adjuvant 
and neoadjuvant setting. We evaluated the ability to confirm 
therapy response by CTC analysis. Patients and Methods: CTCs 
isolated from blood by means of immunomagnetic separation 
were further characterized by means of reverse transcriptase – 
polymerase chain reaction (RT-PCR) for epithelial cell adhesion 
molecule (EPCAM), mucin 1 (MUC1) and v-erb-b2 avian 
erythroblastic leukemia viral oncogene homolog 2 (HER2) 
transcripts with the AdnaTest™. This prospective study included 
179 patients; altogether 419 blood samples were evaluated. 
Patients with primary tumors were divided into neoadjuvant 
(n=38), and adjuvant (n=100) groups. Forty-one patients with 
MBC were evaluated under palliative treatment. Results: CTC 
positivity was described in 35% of patients with early breast 
cancer without detected metastases before neoadjuvant 
chemotherapy; similarly, a 26% positivity rate was found in the 
adjuvant group. In patients with MBC, we detected CTCs in 43% 
of them. After completing the therapy, the CTC positivity 
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rate decreased to 5% in the neoadjuvant group, to 13% in the 
adjuvant group and to 12% in the MBC group. CTC 
positivity after the therapy may classify a subgroup of 
patients at high risk of developing metastatic disease. This 
was even true when a patient was evaluated as being CTC-
negative before chemotherapy. The multivariate analysis 
evaluating the correlation of CTC positivity with 
clinicopathological characteristics such as tumor size, nodal 
involvement, hormone receptor status, HER2 expression and 
number of metastatic sites revealed no statistically 
significant relationships. Conclusion: CTC status may have a 
significant impact on early BC management. 
 
Solid tumors diagnosed at an early stage can be treated by 
local resection, with or without additional chemotherapy 
(CHT) aimed at eliminating the potential of micrometastasis 
generation. Micrometastases are initiated by the invasion of 
tumor cells into the systemic circulation. Tumor cell 
dissemination is an early process in breast cancer (BC) and 
circulating tumor cells (CTCs) are considered to be a 
surrogate marker for the detection and characterization of 
minimal residual disease (MRD). Detection and 
characterization of CTCs may provide important prognostic 
and predictive information to guide monitoring and treatment 
(1-7). Thus, tumor cells that are detected after potentially 
curative surgery either in the bone marrow [disseminated 
tumor cells (DTCs)] or in the peripheral blood (CTCs), are 
thought to contribute to disease relapse, and therefore are 
considered as potential targets of adjuvant treatment (5, 8, 9).  

Several strategies to isolates and characterize CTCs have 
been described (10). We monitored the abundance of CTCs 
in blood by immunomagnetic separation followed by reverse 
transcriptase – polymerase chain reaction (RT-PCR) 
(Adnatest™) in the present study (11, 12). The presence of 
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CTCs in the peripheral blood of women with BC has also been 
linked to a poor prognosis. Although CTCs might be 
prognostically relevant for some patients with early-stage BC, 
the link between CTCs and adverse prognosis has been most 
convincingly shown in metastatic disease (13). The relationship 
between CTCs and tumor biomarkers ER, PR and HER2 is not 
conclusive (14, 15). Interestingly, HER2 mRNA-positive CTCs 
were not associated with positive HER2 status (p=0.635) or 
other important clinical or pathological primary tumor 
parameters (p>0.05) (15). This finding is in agreement with the 
previously described heterogeneity of CTCs (16, 17) and from 
the point of administration of biological-targeted therapy it is 
very important.  

Nevertheless, rising levels of CTCs are highly predictive 
of disease progression. Currently, it remains unknown 
whether an early change in chemotherapy (CHT), needed due 
to persistently elevated CTCs, is of benefit, if objective 
evidence of disease progression (e.g. by imaging) is lacking.  

We hypothesized that the abundance of CTCs might indicate 
the need for various treatment strategies in patients undergoing 
CHT. To demonstrate the potential of personalized therapy, we 
compared the CTC abundance in patients treated with regimens 
of neoadjuvant, adjuvant and palliative CHT.  

Peripheral blood from patients with early BC was tested 
before starting CHT and after completing CHT in order to 
answer the question as to how many of the CTC-positive 
cases became negative following treatment and vice versa. 
The aim of the present study was to assess the CTC-positivity 
rate in patients with BC undergoing CHT treatment in 
relationship to the disease stage, and to confirm therapy 
response by CTC analysis.  
Patients and Methods 
 
Eligibility criteria. The eligibility criteria were the following: age 
≤18 years; patients with early BC, eligible for adjuvant or 
neoadjuvant CHT; patients with measurable or evaluable MBC; 
predicted life expectancy ~2 months; no severe uncontrolled co-
morbidities or medical conditions; no second malignancies. Patients 
with MBC had either a relapse of BC diagnosed years before and 
were to start CHT, or had documented progressive BC before 
receiving a new endocrine, chemo- or experimental therapy. Prior 
adjuvant treatment, radiation or any other treatment of metastatic 
disease was permitted.  
Blood sampling schedule. In patients with primary BC (n=138), the 
sampling of peripheral blood (5 ml) was preferably carried- out 
before and during therapy, prior to the third CHT cycle. In 30 
patients with primary BC a bone marrow sample has been tested in 
parallel for DTC abudance. In patients with local recurrence, the 
blood was collected prior to treatment of recurrent disease. The 
results of patients with tumor duplicities were correlated with the 
course of the recent treatment regardless of therapy of the previous 
tumor. Patients with generalized disease (n=41) were tested within 
the progression of disease or suspected progression, before starting 
the next line of therapy. 

 
Tumor cell enrichment and detection. From December 2008, blood 
samples were taken from 138 patients with early BC (neoadjuvant 
CHT, n=38; adjuvant CHT, n=100) and 41 patients with MBC. 
AdnaTest BreastCancerSelect™ (AdnaGen, Langenhagen, 
Germany) enables the immunomagnetic enrichment of tumor cells 
via epithelial- and tumor-associated antigens. Two antibodies against 
the epithelial antigen MUC1 and one against the epithelial 
glycoprotein GA733-2 (EpCAM) are conjugated to magnetic beads 
(Dynabeads) for the labeling of tumor cells in peripheral blood. In 
brief, the blood samples and or bone marrow samples were incubated 
with a ready-to-use antibody mixture commercialized as AdnaTest 
BreastCancerSelect™ according to the manufacturer’s instructions. 
A magnetic particle concentrator extracted the labeled cells.  

The Adnatest BreastCancerDetect™ was used for the detection of 
BC-associated gene expression in immunomagnetically-enriched 
CTCs by reverse transcription and polymerase chain reaction (PCR). 
mRNA isolation from lysed, enriched cells was performed according 
to the manufacturer’s instructions with the Dynabeads mRNA 
DIRECT™ Micro Kit (Dynal Biotech GmbH, Hamburg, Germany) 
that is included with AdnaTest BreastCancerDetect™. Reverse 
transcription resulted in cDNA, which was the template for detection 
and characterization of CTCs by multiplex RT-PCR. Sensiscript 
Reverse Transcriptase (QIAGEN GmbH, Hilden, Germany) was 
used for the reverse transcription (recommended for amounts of ≤50 
ng RNA) in combination with oligo(dT)-coupled Dynabeads of the 
mRNA DIRECT™ Micro Kit (Dynal Biotech GmbH) according to 
the manufacturer’s instructions. cDNA was synthesized in a 
thermocycler under the following conditions: Reverse transcription 
was performed at 37˚C for 60 min followed by 3 min at 93˚C for 
inactivation of the reaction. The resulting cDNA was stored at –20˚C 
until further use. The analyses of three tumor-associated transcripts: 
HER2, MUC1 and EpCAM was performed in a multiplex PCR using 
prepared cDNA from enriched CTCs. The thermal profile used for 
multiplex -PCR was as follows: After a 15 min denaturation at 95˚C, 
35 PCR cycles followed, starting by denaturation at 94˚C for 1 min, 
annealing/extension at 60˚C for 1 min of and elongation for 1 min at 
72˚C. Subsequently, the reaction was terminated at 72˚C for 10 min. 
The samples were stored at 4˚C. The primers generate fragments of 
the following sizes: EpCAM: 395 base pairs (bp), MUC1: 293 bp, 
HER2: 270 bp, and actin: 114 bp. An Actin gene was used as internal 
positive control for PCR as a part of the Adnatest™. The PCR 
fragments were visualized and measured by capillary electrophoresis 
using 2100 Bioanalyzer with the DNA 1000 LabChips and the 
Expert Software Package (version B.02.03.SI307) (Agilent 
Technologies Inc, Santa Clara, USA). If any of the 3 tumor-
associated genes PCR - transcripts has been detected in an amount 
>0.15 ng/l, the samples was considered positive.  
Tumor cell visualization. An innovation has been introduced into the 
CTCs-detection process to enable CTCs-visualization. We have 
additionally withdrawn 1 ml of the peripheral blood. The blood has 
been processed following: 10 ul of immumomagnetic beads 
(Adnatest™) were added and were incubated for 15-30 min. The 
enriched cells have been evaluated under the inversion microscope 
(Figure 1). We dissolved the cells in the PBS and did standard trypan 
blue staining for viability assessment immediately after isolation 
(Figure 1D, 1E, 1F).  
Histopathology. To evaluate the histopathological characteristics of 
primary tumors, routinely processed paraffin samples stained with 
hematoxylin-eosin were used. Apart from histology, the degree of 
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differentiation of tumor cells, according to the Nottingam scoring system 
(scoring 1- 3) was evaluated. Expression of ER, PR and HER-2 was 
examined by immunohistochemistry. The sample was evaluated as 
ER/PR-positive for nuclear expression if at least 1% of the tumor cells 
were positively stained. HER2 expression was described as 1+ in case of 
HER2 membranous positivity in fewer than 10% of cells, 2+ if more 
than 10% of cell positivity, and 3 + on 30% or more positivity. The 2+ or 
3+ scored samples were further examined by fluorescence in situ 
hybridization. To evaluate the macro- or microinvolvement of lymph 
nodes, samples from patients with primary tumors were evaluated. 
Lymph node affected by metastases of 0.2-2 mm size were considered as 
micrometastasis, nodes affected by tumor size greater than 2 mm were 
evaluated as macrometastases.  
Statistical analysis. Chi-squared test and Fisher’s exact test were 
used to evaluate the relationship between CTC positivity and 
clinicopathological factors. The McNemar test was used to compare 
the relationship of CTC positivity before and after surgery. 
Statistical analysis was performed by SPSS, version 11.5 (SPSS Inc., 
Chicago, IL, USA). p-Values below 0.05 were considered 
statistically significant and the null hypothesis of no difference was 
rejected at that level. 
 
Results 
 
Characteristics of the tested patients. Within the period 2008-
2010, a total of 179 patients with BC were enrolled into the 
study. Patients with early BC represented 77% of the samples, 
patients with generalization represented 23%. The study 
included 13 patients with local recurrence and 5 with tumor 
duplicities without generalization of disease. The average age of 
our group was 49.1 years; 19% patients were aged less than 35 
years. The ratio of pre-menopausal and post-menopausal patients 
was 79 (40%) / 103 (52%), and the study included 4 men. The 
most common histological type was ductal carcinoma (71%) 
with a low degree of differentiation, grade 3 (42%). The average 
tumor size corresponded to stage T1 to T2 according to the TNM 
classification.  

Lymph node involvement was demonstrated in 50% of 
patients, including those with disease generalization. In MBC 
with lymph node metastasis presence, macro- or micrometastasis 
have not been distinguished. The positive correlation of CTC 
abundance and nodal status was found only in patients with 
primary tumors. One positive sentinel lymph node was found in 
20 patients (29%), two to three nodes in 18 patients (26%) and 
three or more nodes in 22 patients (32%). Detailed information 
of clinicopathological characteristics of patients enrolled in the 
study given in Table I.  

Peripheral blood samples for testing the presence of CTCs 
were examined in patients one or more times according to the 
study protocol. A blood sample was considered positive if the 
expression level of at least one of the measured genes was 
above the cut-off level in the sample. 
 
CTC detection. The CTC results were obtained from 179 

patients, using 419 samples, 16 of which were bone marrow 

 
 
samples. Eighty-eight (21%) samples were positive for the 
presence of CTCs, 259 samples (62%) were negative, the rest 
of the samples was inconclusive and should be repeated. 
Patients with primary tumors were divided according to the 
type of therapeutic approach into the neoadjuvant (n=38) and 
adjuvant (n=100) group. The CTC positivity rate decreased 
in patients with early BC (M0) undergoing adjuvant 
chemotherapy from 26% to 13% after completing CHT. In 
the neoadjuvant group, 35% of samples were positive before 
therapy; after two CHT cycles, only 5% remained positive. In 
the patients with MBC, CTCs were described in 43%, in at 
least one sampling; after treatment, the positivity rate 
decreased to 12% (Table II).  

Correlation of CTC abundance with tumor size, hormonal 
receptor status, and lymph node involvement was not 
statistically significant in the adjuvant setting. 
 
DTC detection. The DTCs presence has been tested in 
parallel with CTCs abundance in early BC patients (n=16). 
Based on the results of the Adnatest™ six patients were 
evaluated as DTC–positive (37,5%), out of the DTC-positive 
patients four CTC-positive patients were described (66% of 
the DTC-positive patients). Similarly, in the DTC negative 
group four CTC-positive patients have been found (40% of 
the DTC-negative patients is CTC-positive) (Table III). 
 
Concordance of HER2 status. HER2-positive CTCs were 
detected in 35% (13/37) of patients with HER2-negative 
primary tumors. In those with HER2-positive primary tumors, 
the concordance of HER2 expression was 68.2% (8/12) 
(Table IV). Considering the fact that also in the triple-
negative cases, 33% of the detected CTCs expressed HER2, 
we may expect that one-third of metastases arising in patients 
with HER2-negative primary tumors may be HER2-positive. 
If DTCs were detected in bone marrow of HER2-negative 
patients, they have been HER2-positive in 100% cases. 
 
Dynamics of CTC abundance during therapy. Focusing on 
the CTC abundance examined during CHT, we have 
evaluated conversion rates (CTC-positivity became CTC-
negativity and conversely) in patients with at least 2 or 3 
different blood withdrawals during the CHT. Similarly we 
have evaluated conversion rates in the group of early BC and 
the MBC group.  

From the results presented in detail in Table V we may 
summarize the following. We have evaluated conversion 
rates (CTC-positivity became CTC-negativity and 
conversely) in patients with atleast 2 or 3 different blood 
withdrawals during the CHT. Similarly we have evaluated 
conversion rates in the early BC and MBC group.  

Our results show that in 30-50% of cases, the CTC status 
changed depending on the type of disease during therapy. 
CTC positivity became negative in 50%, and conversely 
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Figure 1. Circulating tumor cells as observed under light microscopy after immunomagnetic separation from 1 ml of blood. We expect that the cancer 
cells are enveloped by immunomagnetic beads. The arrows are indicating beads. The cell viability was tested via Trypan blue exclusion method (D-E). 
In several cases, CTC clusters were detected, see arrow (F). A bar indicates 10 µM. 
 
 
 
changed from negative to positive in 24-50%. There is no 
difference comparing the frequency of these changes if 
comparing the frequency in the whole group of patients 
(Table VI– total conversion %). But if we sum the conversion 
rates, the probability of change from CTC-positive to CTC-
negative is slightly higher if undergoing CHT. In other words, 
once you are CTC-positive, one has a 50% chance of 
becoming CTC-negative after CHT. If there are no CTCs 
before treatment, one’s chance of having CTCs after 
treatment is 25-50%. The probability of becoming CTC- 

 
 
 
positive in spite of CHT is much higher in the MBC setting 
(66%), as shown in our small sub.-group (Table VI). Both of 
these converting groups should be studied more in detail. 

 
Amount of cancer-associated markers in CTCs. The multiplex 
PCR revealed the presence of the tumor-associated gene 
transcripts (EpCAM, MUC1, HER2) using a cDNA from an 
enriched CTC-fraction as a template. The presence or absence of 
the gene products can be expressed quantitatively in ng/ul 
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Table I. Clinicopathological features of patients in the study (n=197). 
 
 Patients CTC positivity (%) p-Value 
    

Tumor size N=168 
28.6 n.s. T1 22/77 

T2 23/69 33.3 n.s. 
T3 11/21 52.4 n.s. 
T4 4/16 25.0 n.s. 

Nodal status n=187 
31.5 n.s. N0 24/76 

N1 30/79 37.97 n.s. 
N2 6/18 33.3 n.s. 
N3 3/14 21.4 n.s. 

ER status 
34/118 28.8 n.s. Positive 

Negative 21/64 32.8 n.s. 
PR status 

24/96 26.0 n.s. Positive 
Negative 27/83 32.5 n.s. 

HER2 status 
12/42 28.6 n.s. Positive 

Negative 37/134 27.6 n.s. 
Triple negative 14/44 31.8 n.s. 

Grade N=153 
32.1 n.s. High 27/84 

Intermediate 16/54 29.6 n.s. 
Low 9/15 60 n.s. 

Menopausal status N=186 
32 n.s. Premenopausal 26/79 

Postmenopausal 34/103 33 n.s. 

Men 2/4 50 n.s. 

Bone marrow status N=19(30) 
42 n.s. DTC positive 8/19 

No DTCs 11/19 57 n.s. 
     
ER: Estrogen receptor; PR: progesterone receptor; HER2: v-erb-b2 
avian erythroblastic leukemia viral oncogene homolog 2; CTC: 
circulating tumor cells. 
 
 
for the detected product by means of capillary electrophoresis. 
The cut-off levels for positivity and negativity are set by the 
Adnatest protocol. We compared levels of detected products for 
primary BC and MBC patient groups.  

Based on the results, HER2 gene product is abundant in 
the same amount in early BC and MBC patients, but non-
significantly higher amount of MUC1 was detected in the 
MBC group (p=0.80). Comparing the average amount for all 
of the three markers in all positive samples (BC+MBC), their 
amount in MBC group is two to 3-times higher than the 
average. Higher levels of HER2 and MUC-1 were detected in 
bone marrow samples than in blood (Table VII). 
 
Discussion 
 
In several studies, the presence of tumor cells in the bone 

marrow and blood places patients with early-stage BC at 

 
 
Table II. CTC positivity rate in different therapeutical settings. 
 
 Patients CTC positivity CTC positivity 
  Before CHT After CHT 
    

Neoadjuvant treatment 38 35% 5% 
Adjuvant treatment 100 26% 13% 

Paliative treatment in MBC 42 42% 12% 
     
CHT: Chemotherapy; MBC: metastatic breast cancer . 
 
 
 
Table III. CTC positivity in peripheral blood and DTC positivity in bone 

marrow in parallel withdrawn samples . 
 
 N=16 CTC- CTC- 
   positive negative 
     

DTC-positive 6/16 (37.5%) 4/16 (25%) 2/16 (12.5%) 

DTC-negative 10/16 (62.5%) 4/16 (25%) 6/16 (37.5%) 
     

 
 
 
higher risk for relapse and shows worse survival. However, 
whether and how this information could be used in the 
context of clinical care remains uncertain. The 2007 ASCO 
expert panel concluded that measurement of CTCs should not 
be used to influence treatment decisions in early or 
metastastatic BC disease (18). Our study was started with a 
focus on showing the potential role of CTCs in the 
management of patients with BC. We hypothesized that CTC 
testing could further stratify patients into sub-groups and 
identify patients needing to be ‘treated’ differently from the 
current guidelines (19). The first dosing set (e.g. six CHT 
doses according to the standard oncological guidelines) could 
be extended after the CTC checkpoint if CTCs were found. 
Due to the RECIST criteria (20), the therapy effect can be 
evaluated after completing the CHT. But could we not do 
better? We could save much time if we included CTCs in the 
therapy efficiency evaluation process.  

There is no doubt about the role of CTCs in the dissemination 
process because many studies have shown their relationship to 
worse prognosis and shorter disease-free survival deviation for 
patients with early BC (21). However, there is still a problem in 
answering the question whether we do indecd whether capture 
the relevant cells, do the caught cells truly represent the tumor. 
The methods for CTC examination are still not standardized 
except for the Food and Drug Agency (FDA)-approved 

CellSearch
®

 test (22). There is still ongoing discussion whether 
PCR-based methods are sensitive enough reduced to antibody-
based approaches (3). The differences in CTCs detection rates 
between published clinical studies may then simply arise from 
using different CTCs enrichment methods. To help answer the 
question about the relevance of captured CTCs, we need better 
molecular 
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Table IV. Circulating tumor cells positivity rate and HER2-positive by 

primary tumor status. 
 
Primary tumor Patients CTC % HER2+ % 
  positivity  CTC  
      

HER2-positive 42 12/42 28.6% 8/12 68.2% 
HER2-negative 134 37/134 27.6% 13/37 35% 

Triple-negative 44 12/44 27.0% 4/12 33.3% 
      

 
Table V. Circulating tumor cells positivity in peripheral blood and 
Disseminating tumor cells positivity in bone marrow in parallel 
withdrawn samples.  
 N=16 CTC CTC 
   positive Negative 
     

DTC-positive 6/16 (37.5%) 4/6 (66.6) 2/6 (33.3%) 

DTC-negative 10/16 (62.5%) 4/10 (40%) 6/10 (60%) 
     

 
 
 
characterization of the captured cells, which is one of the 
advantage of the Adnatest™ used in our study.  

On the other hand, there is need for visualization of CTCs 
before mRNA analysis to confirm the origin of the cells. The 
very slight modification of the standard Adnatest™ isolation 
process enabled us to observe the cells with bound magnetic 
beads under light microscopy and to implement staining 
protocols for these cells. Thanks to the approaches used for 
CTCs testing in mouse experimental models of metastasis, 
we were able to setup cultivation protocols for human CTCs 
(20). The culturing methods were further developed to test 
ability of CTCs to invade and proliferate (21). The 
visualization of CTCs enabled us to introduce further 
checkpoints in the CTC detection process in this study.  

CTC detection rates in early BC reported by other 
researchers using different approaches range from 9% to 50% 
depending on the clinical stages investigated (14, 21, 25-34). 
Interestingly, in a study comparing CTC abundance before 
and after surgery in early BC, CTCs were detected in 30% of 
patients (35). Detection rates in our study (26% for patients in 
adjuvant therapy after surgery, 35% for neoadjuvant therapy 
before surgery) do correspond with rates published elsewhere. 
The patients included in our study were destined to undergo 
CHT after surgery. We could then expect that these patients 
represent the high-risk group of BC and CHT prevents 
disease recurrence. From this point of view, it is interesting 
that only 26% of the patients were CTC-positive. We should 
ask the question if the remaining 74% could not be treated 
differently, probably less aggressively? After completing 
therapy, 5-12% of these patients remained CTC-positive. 
What might be the CTC marker enabling us to distinguish 
between the responders and non-responders? It is clear so far 
that the presence of CTCs after completion of chemotherapy 
is statistically associated with reduced disease-free survival 
and overall survival (36). On the other hand, the presence of 
CTCs before chemotherapy has not been associated with 
worse prognosis as shown from the results of the SUCCES 
trial in 1,500 patients (25). It is important to underline that 
the presence of CTCs was not associated with any 
pathological characteristics in our study, apart from vascular 
invasion (32), unfortunately, vascular invasion was not 
evaluated in our study. 

 
 
 

If we focus on the CTC abundance examined within those 
undergoing chemotherapy, we may summarize the following: 
there is a 30-50% probability that CTC status will change 
after treatment. The change from a CTC-positive to a CTC-
negative status may be an advantage for patients (37) and 
signifies a good prognosis compared to patients remaining 
positive in all of the testings (38). The results show a great 
need to focus on patients becoming CTC-negative for several 
reasons. One of these is the probability of stratification of 
high-risk patients, for which the CHT has not been effective 
and another type of treatment could be helpful. This could 
prevent metastasis formation in the so-called therapeutic 
window, which occurs after the completing of the first 
therapy dosing, according to the guidelines (19).  

The difference in molecular characteristics between the 
patients who always tested CTC-positive but became CTC-
negative could be used for identification of patients who most 
probably will respond to CHT and identify so-called markers 
of resistance or sensitivity. Analyzing these results, we may 
summarize that if a patient tests as CTC-positive before 
therapy, which means a worse prognosis, the chance of being 
CTC-negative after chemotherapy is around 50%. For the 
patients remaining CTC-positive, we may continue the 
therapy with different agents. These results suggest that 
CTCs may contribute to predicting the efficacy of treatment 
similarly to tumor markers (39).  

This fact may be due to the frequency of pluripotent (stem 
cells) cells expressing both MUC1 and HER2. Based on the 
analysis of the data obtained after semi-quantitative gene 
expression testing, we may assume the approximate amount 
of the gene-specific product. We have observed that the 
expression of cancer-associated genes is proportionaly higher 
in the group of patients with MBC if compared to the patients 
under adjuvant treatment. The difference is obvious for 
EpCAM and MUC1 genes, on the other hand, the HER2 
expression level was comparably equal for patients with early 
BC and those with MBC.  

From the therapeutical point of view, the most important 
predictive information presented in our study is the changing 
dynamics of HER2 expression, both in patients with HER2-
negative and those with HER2-positive tumors. The detection 
of HER2-positive CTCs in patients with HER2-negative 
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Table VI. Circulating tumor cells (CTC) positivity in peripheral blood of patients with early BC undergoing adjuvant chemotherapy (CHT) and those 
with metastatic breast cancer under palliative treatment. All reported patients were examined for CTCs at least twice. We focused on the evaluation of 
the ‘conversion rate’ for both CTC-positive and CTC-negative groups. From the results shown, it is clear, that half of the CTC-positive patients remai 
CTC-positive after treatment.  
 Before treatment After treatment   
       

 CTC- CTC- CTC- CTC- Total Conversion 
 positive negative positive negative % rate 
       

At least 2 CTC tests within CHT (N=78) 
11 

 
11 

 
14% 

 
Positive 

41 41 
 

Negative  
13 

53% 
13/54 (24%) Change to positive 

13 
13 

13 
17% 

Change to negative 

54/78 (69%) 24/78 (31%) 

17% 13/24 (54%) 

At least 3 CTC tests within CHT (N=25) 
24/78 (31%) 54/78 (69%)  26/78 (33%) 

5 
 

5 
 

20% 
 

Positive 
7 7 

 
Negative  

7 
28% 

7/14 (50%) Change to positive 
6 

7 
6 

28% 
Change to negative 

14/25 (56%) 12/25 (48%) 

24% 6/11 (54%) 

Early BC adjuvant treatment N=15 
11/25 (44%) 13/25 (52%)  13/25 (52%) 

      

(3 CTC tests within treatment) 
3 

 
3 

 
20% 

 
Positive 

5 5 
 

Negative  
4 

33.3% 
4/9 (44%) Change to positive 

3 
4 

3 
26% 

Change to negative 

9/15 (60%) 7/15 (46%) 

20% 3/6 (50%) 

Metastatic BC under 
6/15 (40%) 8/15 (54%)  7/15 (46%) 

      

palliative treatment N=8       
(3 CTC tests within treatment) 

2 
 

2 
 

25% 
 

Positive 
2 2 

 
Negative  

3 
25% 

3/5 (66%) Change to positive 
1 

3 
1 

37% 
Change to negative 

5/8 (62%) 5/8 (62%) 

12% 1/3 (33%) 
 3/8 (37%) 3/8 (37%)  4/8 (50%) 
       

 
 
 
 
primary tumors has been shown in several published studies 
(3, 7, 41, 42). It has been already shown Meng et al.’s work 
that patients with HER2-negative primary tumors responded 
to the HER2-targeted therapy if CTCs were HER2-positive  
(7). This would support the role of CTCs not only in the risk 
stratification process, but also directly in therapy guidance. 
CTCs might be very useful for assessing therapy type, 
especially in MBC, whose lesions are difficult to test (43). 
On the other hand, there is a question to be answered: Is the 
evaluation of HER2 status on CTCs representative of the 
HER2 status of metastases as already indicated in the study 
of Pestrin et al. (42)?  

The CTC count may be useful in patient stratification and 
therapeutic selection, particularly in those with positive 
CTCs, for whom various therapeutic choices may procure 
differential palliative benefit (5). But in connection with the 
character of CTCs, CTCs were strongly predictive of survival 
in all BC subtypes except HER2 cases which had been 

 
 
 
 
treated with targeted-positive therapy in the metastatic setting  
(4). This would mean that the presence of HER2-positive 
CTC cells could completely change the strategy of treatment 
in HER2-negative patients and by that, their prognosis as 
well. As presented by Apostolaki et al. HER2 mRNA-
positive CTCs also emerged as an independent prognostic 
factor for DFS and OS in early BC (44).  

The results presented in 2009 by Fehm et al. showed that 
the meaning of CTCs and DTCs in patients with early BC is 
different (3). Only a few studies have compared their value 
for patients prognosis (26, 34, 45). According to the 
published data, CTCs are more closely related to the biology 
of the primary tumor than are DTCs (3). To test the 
differences between DTCs and CTCs, we tested CTC and 
DTCs abundance in 16 patients and used the obtained mRNA 
for further gene expression analysis (data not shown). 
Although the number of patients is low, these patients were 
under 40 years of age belonging to the very high-risk group. 
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Table VII. Comparison of HER2, MUC1 and EpCAM detected PCR-
product levels (ng/µl) in early and metastatic breast cancer. Additionally, 
the endpoint PCR product levels detected for DTC-associated genes in 
bone marrow are shown (average for the tested group of early breast 
cancer patients).  
CTC –associated endpoint Actin HER2 MUC-1 EpCAM 

PCR-product levels     
     

Early BC - CTC 8.27 0.42 0.92 0.36 
Recidive - CTC 9.53 0.09 0.14 0.26 
Metastatic BC - CTC 8.54 0.73 2.54 1.23 
Bone marrow - DTC 11.10 2.15 5.10 3.30 

Average of CTC+ samples 8.12 0.50 1.46 0.68 
      
**Cut-off levels for CTC-positivity are set by Adnatest™ as >0.15 ng/µl 
 
 
 
Our data showing that 25% of them were positive for CTCs 
and DTCs and almost 40% were negative for both. This will 
definitely help to stratify patients for additional CTC testing 
and influence their treatment in the future. Concluding with 
fact that CTC status also recently identified a subset of 
patients with significantly poorer outcome among low-risk 
node-negative patients who did not receive adjuvant systemic 
therapy (46), this could make a CTC test really very useful in 
patient stratification.  
Conclusion 
 
DTCs and CTCs are likely to play an important role in the 
development of distant metastases in BC. CTCs in the 
bloodstream and DTCs abundance in bone marrow can be 
detected much earlier than progression by other methods (e.g. 
imaging) and is thought to be an early indicator of tumor 
spread. Our results indicate that CTCs could be used as a 
marker for the success of therapeutical intervention in 
adjuvant and neoadjuvant settings. The persistence of CTCs 
or DTCs positivity could be a reason for use of another 
therapeutical intervention for maintenance therapy, e.g. 
metronomic chemotherapy, hormonal treatment prolongation 
or other targeted therapy. The predictive value of CTCs for 
therapeutic interventions should be evaluated in relation to 
HER2 more intensively. The molecular profiling of CTCs is 
one of the crucial points for more efficient personalized 
treatment in the future instead of rebiopsy of metastases. 
CTCs may enable clinicians to identify patients with early 
BC who deserve special attention because of high risk of 
disease recurrence. 
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Abstract 
 
Introduction: Neoadjuvant chemotherapy (NACT) is indicated in locally advanced breast cancer (LABC) 
to reduce tumor burden prior to surgical intervention.  Under chemotherapeutic pressures, minimal residual 
disease (MRD) in some patients can persist and give rise to clonally advanced and potentially resistant 
disease.  Circulating tumor cells (CTCs) offer an attractive approach to not only screen for early evidence 
of MRD but also to assess chemosensitivity and thus response to treatment regimens.   
 
Aim: The aim of this study was to evaluate a CTC navigated therapy model for tumor response during 
NACT with anthracyclines (AC) and/ or taxanes (TAX).   Comparison between tumor volume 
measurement using ultrasound as compared to the presence and molecular characterization of CTCs over 
multiple time intervals corresponding with treatment was assessed.  
 
Methods: Twenty patients with diagnosed breast cancer (BC) of different histotypes undergoing NACT 
were evaluated and monitored during a period of 6-24 months.  Peripheral blood draws were collected for 
CTC evaluation at a minimum of 4 time points (before NACT start, after 2-3 chemotherapy cycles, before 
surgery, after surgery). CTCs were enriched using a size- based filtration method (MetaCell®) and 
evaluated in a two-step manner. First by cytomorphological evaluation of the captured viable cells, 
followed by qPCR analysis of the enriched cell population containing CTCs.  A set of tumor-associated 
(TA) genes and genes associated with chemoresistance (CA) were analyzed. 



	
	

 
Results: Overall, the presence and molecular characterization of CTCs outperformed the standard approach 
of measuring tumor volume by ultrasound in predicting overall response.   CTCs were detected by 
cytomorphologic criteria in 17 of 20 (85 %) patients before NACT, in 15 of the 17 (88 %) patients during 
NACT, in 13 of 18 (72 %) patients before planned surgery, and in 13 of 14 (86 %) patients shortly after 
surgery.  ll patients were re-evaluated after 24 months, including adjuvant therapy periods. The most 
significant tumor volume reduction during NACT was documented in triple negative BC (TNBC) patients, 
more significantly after AC than after TAX administration. We also observed a significant discordance of 
ER and HER2 status between primary disease and CTCs. In patients with ER+ primary tumor, up to 81-100 
% of CTCs were ER-, and in HER2+ primary tumors, 10-40 % of CTCs were HER2- during NACT and 
50-58 % after surgery.  Chemoresistance among non-responders involved 2 or more genes while responders 
were observed with single gene chemoresistance.  
 
Conclusion: The results of this study demonstrate feasibility in the use of a CTC navigated therapy model 
to better understand and characterize chemosensitivity from a liquid biopsy. Successful recovery of viable 
CTCs in early stage BC could enable detection of MRD as well as real–time monitoring of tumor-derived 
molecular characterization to guide therapy administration. Implementation of such models into the clinic 
could aid personalized treatment and permit access to a broader armamentarium of cytostatics for patients 
when indicated.  
 
Introduction 
 
Neoadjuvant chemotherapy (NACT) is indicated mainly in locally advanced breast cancer (LABC), which 
involves stage IIB (T2N1, T3N0) and stage III, including inflammatory breast cancer (BC). NACT is 
implemented to either reduce tumor volume in an effort to convert inoperable to operable tumors or to 
convert patients from requiring a mastectomy to breast-conserving surgery (BCS). NSABP B-18 and 
EORTC 1092 studies reported that application of NACT is connected mainly to down staging of the 
disease (1-3).  However, subgroup analysis of both studies observed the trend towards better outcome in 
patients under 50 of age (1). The same benefit of adjuvant chemotherapy in young premenopausal women 
(4) and women under 50 years (5) was seen. Moreover, early indication of NACT and response to 
doxorubicin (A) and cyclophosphamide (C) regimen yielded better disease free survival (DFS) and overall 
survival (OS) in comparison to patients undergoing adjuvant docetaxel (D) treatment in the B27 study (6).     
 
The current indication of NACT is based on tumor biology and is considered as a treatment option in BC 
patients with high tumor dissemination risk and worse prognosis (7). The most important finding among 
neoadjuvant studies is the association between pathologic complete response (pCR) observation and long-
term clinical outcome. pCR mainly occurs in patients with aggressive BC subtypes (8); tumors exhibiting 
high proliferation (Luminal B, HER2+, TNBC) have higher rates of pCR compared to Luminal A (9). Post-
treatment residual disease and Ki67 levels seem to also have prognostic significance (10-11); mainly 
patients with extensive residual disease and Ki67 > 35 % after NACT have significantly worse outcome. 
The need for new biomarkers reflects the shortcomings of existing therapy options. Although AC- and 
TAX- regimens in NACT are considered standard clinical practice, recurrence due to clonal expansion 
and/or resistance of residual tumor cells due to treatment selection pressures occur.  
 
The metastatic potential of BC disease could be stratified not only by primary disease subtype, but also 
measured by CTC presence. Although their occurrence is very rare in blood, CTCs have significant 
prognostic power both for patients with primary (PBC) and metastatic breast cancer (MBC) (21-23). Yet, 
clinical utility based on the predictive power of CTC enumeration remains uncertain.  The genomic 
characteristics of CTCs may indeed be more important for therapy recommendation as suggested by the 
SWOG S0500 trial (24) as well as enhance patient outcomes (25-26).  
 



	
	

Many enrichment methods have been successfully implemented into laboratory practice to enrich, detect 
and isolate CTCs from a simple blood draw.  The most commonly used isolation techniques are 
immunomagnetic or size- based (27-30). CTCs can be detected by immunofluorescent staining (31), laser 
scanning cytometry (32) or quantitative polymerase chain reaction (qPCR) (33). In the case of BC, several 
markers are known to have different expression ratios if comparing non-malignant normal cells to tumor 
cells, such as cytokeratin 19 (KRT19), human epidermal growth factor receptor 2 (HER2), epithelial cell 
adhesion molecule (EpCAM), mucin 1 (MUC1), epidermal growth factor receptor (EGFR), mammaglobin 
(MGB), and maspin. Individually, these markers could be used for CTC identification at the molecular 
level. However, even greater specificity can be achieved by using a multi-marker assay to profile each 
marker simultaneously (34-37).  In previous studies, the size-based MetaCell filtration system has been 
shown to not only reliably recover viable CTCs from BC patients for cytomorphologic evaluation but also 
permit downstream CTC molecular characterization.  
 
Despite clinical advances, MRD in some patients can persist and give rise to clonally advanced and 
resistant disease. Although we know that phenotypic differences between primary tumor and CTCs exist 
(38-42), patients are still treated according to primary tumor characteristics. Recent therapy indications do 
not reflect the dynamic changes that occur among tumor cells, which are subject of chemotherapy pressure. 
In this study, we compared tumor response during NACT with anthracyclines (AC) and/or taxanes (TAX) 
as measured by tumor volume to the presence and characterization of CTCs over multiple time intervals 
corresponding with standard treatment cycles. We report the use of real-time molecular characterization of 
chemoresistance and tumor related genes following size-based MetaCell enrichment of CTCs in predicting 
therapeutic decisions and overall survival.   
 
Patients and methods 
 
Study design: 
In total, 20 BC patients undergoing NACT were included in the presented study. The analysis comprised of 
116 testing blood samples obtained during regular medical examinations between years 2014-2016. CTC 
examination was executed before the NACT start, during the NACT and/or before surgery and after 
surgery. If NACT comprised sequential AC and TAX administration, the blood withdrawals were usually 
done before the first AC-cycle, before the first TAX-cycle and before the last TAX-cycle. CTC were 
enriched from peripheral blood (8 ml) by size- based filtration method (MetaCell®, Czech Republic).  
 
Patient characteristics:  
Patient characteristics can be found in Table 1. The median age of the group was 39 years. Only one 
patient in the study was postmenopausal (71 years of age at the time of diagnosis). Of the NACT indicated 
patients, 16 patients were treated because of LABC with lymph node involvement; in 4 out of 20 patients 
negative lymph nodes (N0) were reported.  
 
Based on histological evaluation, BC was classified as invasive carcinoma of not specified type (NST) in 5 
cases or invasive ductal carcinoma (IDC) in 14 cases and medullary carcinoma in 1 case. 16/20 carcinomas 
had poor degree of differentiation, i.e. grade 3 (G3), 3/20 carcinomas had middle grade (G2) and 1/20 
carcinoma had low degree of differentiation (G1). 
 
All patients had very aggressive disease according proliferation parameters (Ki67) of tumor cells. The 
value of Ki67 was in one case 20 %, all other primary tumors exhibited minimally 40 % of Ki67 expression. 
Altogether, 12/20 tumors were estrogen receptor positive (ER+) and/or progesterone receptor positive 
(PR+), 6/20 patients were human epidermal growth factor receptor type 2 positive (HER2+). 9/20 patients 
were classified as TN. Patient no 7 was also classified as TNBC given that postoperative ER and PR status 
was negative for both. According the subtype classification, 5 of 20 patients were HR+/HER2- (luminal B), 
4 of 20 patients were HR+/HER2+ (luminal B, HER2+), 2 of 20 patients were HR-/HER2+ (HER2- 



	
	

amplified/overexpressed), and 9 of 20 patients were TNBC (ER-, PR- and HER2-). Clinicopathologic 
features for every patient involved into the study are reported in details (N=20) in Table 2. For more 
individual risks of patients see notices in Table 2. NACT regimens and cytostatics dosing please see Suppl. 
file 1 Methods. 
 
Table 1: Clinicopathological features of patients in study (N=20) 

Characteristics Number     of 
patients  (%) 

Total  20 100 

Tumor size     
T1 6 30 
T2 14 70 
Nodal status     
N0                                                                            4 20 
N1                                                                                    15 75 
N2                                                                                0 0 
N3                                                                             1 5 
Grading     
G1                                                                              1 5 
G2                                                                              3 15 
G3                                                                              16 80 
ER status     
Positive                                                                      11 55 
Negative                                                                     9 45 
PR status      
Positive                                                                      14 70 
Negative                                                                      6 30 
HER2 status     
Positive                                                                       6 30 
Negative                                                                    14 70 
Menopausal status     
Premenopausal                                                           19 95 
Postmenopausal                                                            1 5 

 
 
 
Table 2: Clinicopathological features of patients in study (N=20) reported individually 

      No Age  
Stage 
before 

therapy 

Histology 
Receptors from 

biopsy (%) 
Regimen 
of NACT 

Notices 
Stage post-

surgery 

Histology 
Receptors 

post-surgery 
(%) 

Ki67 (%)   Ki67 (%) 

    post-surgery 

1 37 T2N1  IDC, G3, Ki 
40  

ER90, PR60, 
HER2-  4xAC-4xD  BRCA1 

mutation  T2N2 IDC, G3, Ki 
10 

ER70, PR10, 
HER2- 

2 43 T2N1 IDC, G1, Ki 
50  

ER100, PR50-
60, HER2-  4xAC-4xD    T1aN0 IDC, Ki 30, 

G? 
ER20, PR0, 

HER2- 

3 71 T2N1 IDC, G3, Ki 
40  

ER100, PR60, 
HER2+  

3xFEC-
3xDH    T1cN0 IDC, G3, KI 

3 

ER100, 
PR100, 
HER2+ 

4 33 

sin 
T1cN1 IDC, G3, Ki 

40  
ER50, PR5, 

HER2+  
4xAC-
4xDH  

CHEK2 
mutation  

sin. T1aN0 
IDC, G2, Ki 1 ER75, PR5, 

HER2- dx. 
T1aN0  dx. pCR 

5 39 T2N1 NST, G2, Ki 
20  

ER80, PR90, 
HER2+  

4xAC-
4xDH    T1cN1mi NST, G2, Ki 

10  
ER70, PR30, 

HER2+ 

6 38 T2N0 IDC, G2, Ki 
90  

ER0, PR0, 
HER2- 

3xFEC-
3xD    pCR     



	
	

7 31 T2N1 IDC,G3,Ki 75  ER50,PR10, 
HER2-  

4xAC, 
1xD, 9xT  

dg during 
lactation  pCR     

8 36 T1cN1 IDC,G3,Ki 55  ER0, PR5, 
HER2+  

4xAC-
4xDH    T1aN0 IDC,G3,Ki 5 ER0, PR0, 

HER2+ 

9 31 T2N1 NST,G3,Ki 
70  

ER50, PR70, 
HER2+  5xA  

dg 18.w. of 
pregnancy T1cN0 NST,G1,Ki 

60 
ER0, PR0, 

HER2+ 4x DH 
adjuvantly 

1
0 36 T2N0 NST,G3,Ki 

75  

ER0, PR2, 
HER2- 3xFEC-

3xD    T2N0 NST,G3, Ki 
95 

ER0, PR2, 
HER2- 

classified as 
TNBC 

classified as 
TNBC  

1
1 31 T2N1 IDC,G3,Ki 80  

ER5, PR7, 
HER2- 4xACdd- 

4xD    T1aN0 IDC,G3,Ki 20 ER0, PR0, 
HER2- classified as 

TNBC  

1
2 33 T2N1 NST, G3, Ki 

50  
ER0, PR10, 

HER2+  

4xACdd- 
1xDH, 
9xTH  

  T2N1a(1/1
4) 

NST, G3, Ki 
20 

ER0, PR0, 
HER2+ 

1
3 41 

BC: 
T2N1 

IDC,G3, Ki 
100 

ER0, PR0, 
HER2- 2xFEC75, 

5xCBDCA
+paklitaxel  

vs 
BRCA1+ 

T1cN0  Metaplastic 
ca, G3, Ki50 

ER5, PR1, 
HER2-

classified as 
TNBC 

Ovary 
IIIc Serous Ca,G3 ER75 OC: T3bN1 OC: same 

1
4 41 T1cN1 IDC, G3, Ki 

50  
ER80-90, PR20-

25, HER2-  4xAC- 4xD    T2N3 IDC, G3, Ki 
50 

ER100, 
PR25, HER2- 

1
5 39 T1mN1  NST, G2, Ki 

30  
ER90, PR5, 

HER2-  
4xAC- 

1xD, 9xT  
dg during 
lactation  T2N1c NST, G3, Ki0 ER100, 

PR10, HER2- 
1
6 44 T1cN0 IDC, G3, 

Ki40 
ER0, PR0, 

HER2- 6xFEC   T1bN0 NST, G1, 
Ki5  

ER0, PR0, 
HER2- 

1
7 44 T2N1 Medullary, 

G3, Ki70 
ER0, PR0, 

HER2- 4xAC-12xT    pCR     

1
8 52 T2N1 IDC, G3, 

Ki50 
ER100, PR50-

75, HER2-  4xAC-4xD    T2N1  NST, G2, 
Ki5 

ER100, PR1,  
HER2- 

1
9 40 T2mN3 IDC, G3, Ki 

60  
ER0, PR0, 

HER2- 
1xACdd, 

3xAC,12xT  
BRCA1 
mutation  

Died before 
surgery     

2
0 40 T1cN0 IDC, G3, Ki 

95  
ER0, PR0, 

HER2- 3xFEC-9xT    pCR     

 
 
CTC examination:  
CTCs were enriched from peripheral blood (EDTA/ 6-8 ml) by a size-based filtration method (MetaCell®, 
Czech Republic). Isolated enriched cells were incubated 3-5 days in vitro (37oC, 5% CO2) and evaluated in 
a two -step manner. 
First, cytomorphologic evaluation of the captured viable cells followed by qPCR analysis of RNA isolated 
from captured cytomorpholoic CTC–like cells for expression of TA- and CA-genes. For more detail, please 
see Suppl. file 1 Methods. 
Patients’ blood collections were classified as CTC positive by combined microscopic cytomorhologic 
evaluation and molecular analysis. Within the process of cytomorphological analysis, fluorescently stained 
viable cells were scored for various CTC criteria (nucleus size, nuclear membrane irregularity, prominent 
nucleoli, nucleoli count, cell size, presence of 2D and 3D cell sheets, etc.). Recovered size-enriched 
fractions of cells captured on the membrane were lysed by RLT+ β-mercaptoethanol buffer and stored at -
20oC for subsequent RNA - analysis. 
Differences between the whole blood leucocyte fraction enriched CTC fractions (with and without in vitro 
incubation) were detected by qPCR analysis of TA and/or CA genes. TaqMan™ Gene Expression Assays 
(Thermo Fisher Scientific, USA) were used for gene expression monitoring in all samples. ActB (control), 
CD24, CD44, CD45, CD68, KRT19, EpCAM, MUC1, MGB, HER2, ESR, PGR as TA genes and MRP1, 
MRP2, MRP4, MRP5, MRP7, MDR1, ERCC1 as CA genes were tested to determine expression levels 
each CTC-enriched sample (Table 3). 



	
	

Samples with elevated expression levels in two or more TA-markers among the cultured CTC- fraction 
compared to their matched whole blood leucocyte fraction were characterized as CTC positive based on 
gene expression analysis. 
 
Statistical analysis: 
The qPCR data evaluation was based on standard ddCT method (43). qPCR results were analyzed by 
means of GenEx Professional software (MultiD) enabling multifactorial comparisons between the involved 
group. Relative RNA levels are displayed graphically in clusters. The differences between the tested 
samples were compared by Mean - Whitney testing (significance level p < 0,05 if not set automatically by 
GenEx). 
 
Supplementary files METHODS    
 
Therapy specification and side effects / file I: 
All patients underwent NACT based on antracyclins (regimen AC, i.e. doxorubicin (A) 60mg/m2 and 
cyclophosphamid (C) 600mg/m2 (n=12), A alone in case of pregnant woman (n=1), FEC, i.e. flurouracil 
(F) 500mg/m2, epirubicin (E) 100mg/m2 if not stated otherwise, cyclophosphamid (C) 500mg/m2 (n=5), all 
in interval q3w) and/or taxanes (docetaxel (D) 100mg/m2 q3w or paklitaxel (T) 80mg/m2 weekly, in case of 
breast and ovarian cancer (n=1) T 175mg/m2 in combination with carboplatin (CBDCA) AUC5, both q3w). 
In 2 of 20 patients, AC dose dense regimen (ACdd) was used, which is based on standard doses of 
cytostatics in interval q2w and with support of growth factor (pegfilgrastim). Pegfilgrastim was also used 
with D 100mg/m2 (n=11).  
In patient with HER2 positivity, taxanes in combination with trastuzumab were administered, i.e. Herceptin 
(H) 600 mg subcutaneously, cardiac functions were monitored within 3 months. Toleration of Herceptin 
was excellent without cardiac complications. 
 
The toleration of therapy was good in general. We haven't noticed G3 or G4 side effects (neu < 1x 109/L, 
Hb < 50 g/L, ptc < 50 x 109/L, GIT toxicity with the need for hospitalization, prolonged infused reaction 
with the need for hospitalization, skin rash > 30 % of BSA, decrease in EF > 20 % or residual EF < 40 %, 
alteration of liver test with the level > 5-20x ULN). None of the patients had to discontinue the therapy, 
none of the NACT cycles was delayed. The worse treatment toleration we registered in patient no. 13 with 
ovarian cancer (OC) in parallel. As the OC was diagnosed later on, we started therapy of BC with FEC75 
(flurouracil (F) 500mg/m2, epirubicin (E) 75mg/m2, cyclophosphamid (C) 500mg/m2) and then continued 
with carboplatin and paclitaxel with great response in both tumor localizations. 
 
The most commonly observed side effects were nausea, fatigue and hot flushes. In patients with skin rash 
after D we switched D to T.  Neuropathy wasn't frequent. The pregnancy of 1 patient went to term without 
complication. The child is healthy and doing well. Surgery for the primary tumor was performed after 
childbirth, lactation was stopped and the patient continued with adjuvant CT and targeted anti-HER2 
therapy. The lactation of 2 other patients diagnosed after delivery was finished before the start of CT.  

Whole peripheral blood processing – Leucocyte fraction preparation 

200 µl of peripheral blood and 800 µl of Buffer EL (Qiagen, Germany) were mixed together and incubated 
for 10-15 min on ice. Suspension was centrifuged at 400 x g for 10 min at 4oC. Supernatant was completely 
removed and discarded. 400 µl of Buffer EL was added to the cell pellet and resuspended by pipetting. 
Suspension was centrifuged at 400 x g for 10 min at 4oC and supernatant was completely removed and 
discarded. 600 µl of Buffer RLT supplemented by β-mercaptoethanol (VWR, USA) was added to pellet; 
suspension was mixed by pipetting and stored at -20oC. 
 
Enrichment of CTCs for RNA isolation 



	
	

6 ml of peripheral blood were filtered through membrane (8 µm pores) of the Metacell® (Metacell s.r.o., 
Czech Republic) device. Separated fraction of cells captured on the membrane was disrupted by 600 µl of 
Buffer RLT+ β-mercaptoethanol and suspension was stored at -20oC. REFERENCES 
 
Enrichment of CTCs for cultivation 
6ml of peripheral blood were filtered through membrane (8 µm pores) of the Metacell® device. Membrane 
with captured cells was washed by RPMI media (SIGMA-ALDRICH, USA) and transferred into cultivation 
plate. 4 ml of RPMI media supplemented by fetal bovine serum (10%) (SIGMA-ALDRICH, USA), 
Amphotericin B (SIGMA-ALDRICH, USA) and Penicillin-streptomycin (SIGMA-ALDRICH, USA) 
antibiotics to avoid contamination were added on the membrane. Captured cells were cultured in vitro 
under standard conditions (37oC, 5% CO2) for 3-5 days.  
 
Cytomorphological analysis 
After 3-5 days of cultivation, nucleus and cytoplasm of viable cells were stained by vital fluorescent dyes 
Nucblue® Live ReadyProbes® Reagent (Thermo Fisher Scientific, USA) and Celltracker™ Green CMFDA 
Dye (Thermo Fisher Scientific, USA), respectively. Stained cells were captured (magnification x40) C 
software, Olympus IX51 fluorescent microscope with built in camera, Olympus U-RFL-T power supply 
unit) and identified according to usual cytopathologic criteria for CTCs including nuclei larger than 10µm, 
proliferation, presence of tridimensional sheets, high nuclear/cytoplasmic ratio, prominent nucleoli, 
irregular nuclei, visible cytoplasm. Cultured cells growing on the membrane and under the membrane were 
then disrupted by 600 µl of Buffer RLT+ β-mercaptoethanol and stored at -20oC.  
 
RNA isolation and reverse transcription 
RNeasy Mini Kit (Qiagen, Germany) was used for RNA isolation in samples. Fractions of peripheral blood 
processing (1. whole peripheral blood, 2. enriched cells, 3. cultured cells on the membrane and 4. cultured 
cells under the membrane) mixed with Buffer RLT supplemented by β-mercaptoethanol were thawed. 600 
µl of 70% ethanol (Fagron a.s., The Czech Republic) were added and mixed by pipetting. Whole volume 
including any precipitate was transferred into QIAamp spin column in 2 ml collection tube and centrifuged 
for 15 s at 8000 x g. Liquid waste under the column was removed and discarded. 700 µl of Buffer RW1 
were added into QIAamp spin column and centrifuged for 15 s at 8000 x g. Liquid waste under the column 
was removed and discarded. 500 µl of Buffer RPE supplemented by ethanol were added into QIAamp spin 
column and centrifuged for 15 s at 8000 x g. Liquid waste under the column was removed and discarded. 
500 µl of Buffer RPE supplemented by ethanol were added into QIAamp spin column and centrifuged for 2 
min at full speed. Liquid waste under the column and collection tube were removed and discarded. QIAamp 
spin column was placed into a new 2 ml collection tube and centrifuged at full speed for 1 min. QIAamp 
spin column was transferred into a new 1.5 ml microcentrifuge tube and 30 µl of RNase-free water was 
pipetted directly onto the QIAamp membrane. After 2 min of incubation, QIAamp spin column was 
centrifuged for 1 min at 8000 x g. 30 µl of RNase-free water was pipetted onto the QIAamp membrane and 
after 2 min of incubation, QIAamp spin column was centrifuged for 1 min at 8000 x g. Concentration of 
RNA was measured by nanoDrop™ 2000 Spectrophotometer (Thermo Fisher Scientific, USA). 
 
High-Capacity RNA-to-cDNA™ Kit (Thermo Fisher Scientific, USA) was used for cDNA synthesis. 
Reaction components were added according to manufacturing instructions (Table XX). 
 
Table XX: Instructions for preparing reverse transcription reaction mix (per 20 µl reaction) 

Component Volume/Reaction (µl) 
2X RT Buffer 10 
20X RT Enzyme Mix 1 
Sample Up to 9 µl 
Nuclease-free H2O To 20 µl 
Total per Reaction 20 

 



	
	

Tubes with reaction mix were centrifuged and placed to the thermal cycler (ELISABETH PHARMACON, 
spol. s r.o., The Czech Republic). Conditions in thermal cycler were set according to manufacturing 
instructions (Table XX1). 
 
Table XX1:  Instructions of optimized conditions for High-Capacity RNA-to-cDNA™ Kit 

Step Temperature (oC) Time (min) 
Step 1 37 60 
Step 2 95 5 
Step 3 4 ∞ 

 
Gene expression analysis 
Differences between whole blood, isolated and cultivated CTCs fraction were detected by qPCR analysis of 
tumor- and/or resistance-associated genes. TaqMan™ Gene Expression Assays (Thermo Fisher Scientific, 
USA) were used for gene expression monitoring in the samples. ActB (control), CD24, CD44, CD45, CD68, 
KRT19, EpCAM, MUC1, MGB, HER2, ESR, PGR as tumor-associated and MRP1, MRP2, MRP4, MRP5, 
MRP7, MDR1, ERCC1 as chemoresistance-associated genes were tested to find out their expression level 
in CTCs (Table XX2).  
 
Table XX2: List and Hs codes of monitored genes. 

Name Assay Hs number 
MDR1 ABCB1 Hs00184500_m1 
MRP1 ABCC1 Hs01561502_m1 
MRP2 ABCC2 Hs00166123_m1 
MRP4 ABCC4 Hs00988717_m1 
MRP5 ABCC5 Hs00981087_m1 
MRP7 ABCC10 Hs00375701_m1 
ActB ACTB Hs01060665_g1 
CD24 CD24 Hs02379687_s1 
CD44 CD44 Hs01075861_m1 
CD68 CD68 Hs02836816_g1 
EpCAM EPCAM Hs00158980_m1 
Her2 ERBB2 Hs01001580_m1 
ERCC1 ERCC1 Hs01012158_m1 
ESR ESR1 Hs00174860_m1 
KRT18 KRT18 Hs01920599_gH 
KRT19 KRT19 Hs01051611_gH 
MUC1 MUC1 Hs00159357_m1 
PGR PGR Hs01556702_m1 
CD45 PTPRC Hs04189704_m1 
MGB SCGB2A2 Hs00935948_m1 

 
Gene expression analysis was measured by COBAS ® 480 (Roche s.r.o., Czech Republic). Temperature 
conditions in were set according to manufacturing instructions of TaqMan® Fast Advanced Master Mix 
(Thermo Fisher Scientific, USA) (Table XX3). 
 
Table XX3: Thermal-cycling conditions for qPCR analysis. 

Step Cycles Temperature (oC) Time (min:s) 
Step 1 1 50 02:00 
Step 2 1 95 00:20 
Step 3 45 95 00:03 
Step 4 45 60 00:30 

 
Results 
 
CTC and regression of tumor volume during NACT: 
The effects of chemotherapy (CT) were observed clinically by bimanual palpation of breast and by 
ultrasound examination roughly at the same time of blood draw. Regression of tumor mass was assessed as 
very significant (response rate 3) if regression was reported as more than 50 %, as moderate (response rate 
2) if the degree of regression was 50 %, and as minimal (response rate 1) if the degree of regression was 
less then 50 %. For no observed tumor regression or even progression a number 0 is used.  



	
	

 
CTC positivity was verified following a two-step protocol; All CTC-positive cytomorphologic features that 
were observed among captured malignant cells had to be confirmed by expression of relevant TA -genes. 
Finding of minimally 1 CTC was reported as positive. Report on CTC positivity and tumor volume 
reduction during NACT is shown in table 4.  
 
Good treatment response appeared to be linked to the effect of AC more often then to TAX (40 % of 
patients were responding significantly - response rate 3). Effect of TAX was evaluated as significant in 4 of 
17 (23 %) patients. CTC positivity was detected in 87.5 % of AC-responders and 75 % of TAX-responders. 
Among non- responders (response rate 0 - 1), 85 - 100 % CTC positivity was observed. We did not observe 
a correlation between tumor volume reduction and CTC positivity rate. Overall, NACT did not appear to 
significantly effect CTC positivity (72 % of CTC+ patients before operation vs 85 % positivity at start of 
NACT).  
 
Tumor volume and CTC changes before, during and after NACT: 
Complex information on the NACT effects mirrored in captured CTC is shown in detail in Table 5.  
 
Chemoresistance to AC, TAX, 5-fluorouracil, cisplatin, carboplatin and other cytostatics was tested in 
CTCs (Table 3). Results suggest that expression of CA-genes may reflect the effects of NACT on 
treatment response. Our patients were treated only by AC and/ or TAX- based therapy and observed 
elevation in gene expression of CA- genes MRP 1 (association with chemoresistance to AC), MRP 2 and/or 
MRP 7 (associated with chemoresistance to TAX) which could be the basis for cross-resistance causing 
zero effect of later administered cytostatics.  
 
Table 3: Resistatnce to cytostatics according to MRP genes expression 

 
Resistance to: 

 
Genes associated with chemoresistance: 
  

anthracyclines MRP1 MRP2           

taxanes   MRP2     MRP7     

irinotekan / topotekan MRP1 MRP2 MRP4         

alkylating agents MRP1 MRP2           

5-fluorouracil       MRP5       

platinum derivates   MRP2   MRP5   ERRC1   

metothrexat   MRP2 MRP4 MRP5       

vinca-alkaloids MRP1       MRP7     

multi-drug resistance as 
defined by MDR1  
(P-glykoprotein) 

            MDR1 

gemcitabine              RRM1 / 
RRM2 

 
 
 
 
 
 
 
 
 
 



	
	

Table 4: CTC positivity rate and regression of tumor volume during NACT 

  CTC  Regression of tumor volume  (Response rate-  RR)  

  Positivity     
(%) 

RR = 0                
(%) 

CTC in 
group              
RR =0                  

(%) 

RR = 
1                

(%) 

CTC in 
group              
RR =1                    

(%) 

RR = 
2                

(%) 

CTC in 
group              
RR =2                     

(%) 

RR =3                
(%) 

CTC in 
group              
RR =3            

(%) 

Before AC 17/20               
(85)                 

After  AC 16/18                  
(88) 

1/20             
(5) 

1/1              
(100) 

7/20                
(35) 

6/7                       
(85) 

4/20 
(20) 

3/4                        
(75) 

8/20           
(40) 

7/8              
(87.5) 

After TAX 
( before 
surgery)    

13/18             
(72) 

3/17                 
(18) 

3/3                       
(100) 

9/17             
(53) 

7/8                  
(87.5) 

1/17 
(6) 

1/1               
(100) 

4/17            
(23) 

3/4                  
(75) 

 
 
 
Table 5: Effect of NACT in comparison to CA- genes expressions 

Patient 

CTC before NACT 
Clinica
l effect 
of AC 

CTC after AC 

Clinica
l effect 

of 
TAX 

CTC before operation ( after 
TAX)  

Effect 
of 

comple
ted 

NACT 

YES 
(1)/ 
NO 
(0)  

Genes with elevated 
relative RNA levels   

YES 
(1)/   
NO 
(0) 

Genes with elevated 
relative RNA levels   

YE
S 

(1)/   
NO 
(0) 

Genes with elevated relative 
RNA levels   

 
TA- 

genes 
CA-
genes    

TA- 
genes 

CA- 
genes    TA- genes CA -

genes  

1 1 
EPCAM, 
KRT19, 
MUC1 

MRP1, 
MRP4, 
MRP5, 
MRP7 

1 1 

EPCAM, 
KRT19, 
MUC1, 
HER2, 
CD24 

              0 
not 

evalua
ted 

- -  1 

2 0 CTC 
negative -  3 1 

EPCAM, 
KRT29, 
MUC1, 
HER2 

 - 1 0 
CTC 

negati
ve 

 - 3 

3 1 EPCAM, 
KRT19 MRP7  2 1 KRT19, 

HER2 

MRP1,   
MRP7, 
ERCC

1 

1 1 
EPCA, 
HER2, 
KRT19 

 MRP2
, 

MRP4 
2 

4 1 HER2, 
KRT19 - 3 1 

HER2, 
KRT19, 
EPCA,M

UC1, 
CD24,C

D44 

MRP1, 
MRP5, 
MRP7, 
ERCC

1 

2 1 

 
KRT19

, 
CD24,
CD44,  

 - 3 

5 1 HER2, 
KRT19  - 3 1 

KRT19, 
HER2, 
CD24 

 - 0 0 
CTC 

negati
ve  

-  2 

6 1 
EPCAM, 
KRT19, 
HER2 

 MRP5 3 0 CTC 
negative  - 1 1 

 HER2, 
MUC1, 
KRT19
,MGB, 
CD24,
CD44, 

MRP5, 
MRP7, 
ERCC

1  

3 



	
	

7 1 EPCAM, 
KRT19 -  2 1 

HER2, 
ESR1, 

KRT19, 
MUC1, 
CD24,C

D44,  

MRP1  3 0 
CTC 

negati
ve 

- 3 

8 0 CTC 
negative - 2 1 

 HER2, 
KRT19, 
MUC1, 
CD24, 
ESR1 

 - 1 1 

KRT19
, MGB, 
CD24, 
HER2 

 MRP1
, 

MRP5, 
MRP7 

3 

9 1 
 KRT19, 
CD24, 
HER2 

 - 3 

not 
eval
uate

d 

- - no 
taxanes 1 

 
EPCA

M, 
HER2, 
KRT19
, CD24 

MRP1, 
MRP7  2 

10 1 
 KRT19, 
CD24, 
HER2 

MRP1, 
MRP4, 
MRP5, 
MRP7, 
ERCC

1 

1 1 

HER2, 
KRT19, 
MGB, 

MUC1, 
CD24, 
CD44,  

MRP1,  
MRP5, 
MRP7,  

0 1 
CD24, 
CD44, 
KRT19 

 MRP1
, 

MRP4, 
MRP5, 
ERCC

1 

1 

11 1 
 KRT19, 
CD24, 
HER2 

MRP1, 
MRP5, 
MRP7  

2 0 CTC 
negative -  3 1 

KRT18
, 

KRT19
, CD24 

 MRP1 
MRP7 3 

12 1 

KRT19, 
MGB, 
ESR1, 
CD24, 
CD44, 

 MRP1
, 

MRP4 
1 1 

 KRT19, 
HER2, 
CD24, 
ESR1, 

 MRP1 1 1 

CD24, 
CD44, 
KRT18

, 
KRT19 

 MRP1
, 

MDR1 
1 

13 1 

 KRT19, 
MGB, 
CD24, 
CD44 

MRP1, 
MRP5, 
MRP7  

1 

not 
eval
uate

d 

-  - 1 0 
CTC 

negati
ve 

-  3 

14 0 CTC 
negative   - 1 1 

 KRT18, 
KRT19, 
CD24, 
CD44, 

 ERCC
1, 

MRP1 
1 

not 
evalua

ted 
- -  0 

15 1 
KRT18, 
KRT19, 
CD24 

MRP1, 
MRP4  0 1 

 KRT18, 
KRT19, 
CD24 

MRP1, 
MRP7  1 1 

KRT18
, 

KRT19
, CD24 

 - 0 

16 1 

KRT18, 
KRT19, 
MUC1, 
HER, 
CD24, 
CD44, 

ERCC
1, 

MDR1, 
MRP1, 
MRP5, 
MRP7  

3 1 

CD24, 
CD44, 

KRT18, 
KRT19, 
MUC1 

 ERCC
1, 

MRP1, 
MRP2, 
MRP5 

no 
taxanes 

not 
evalua

ted 
- -   3 

17 1 

 KRT18, 
KRT19, 
CD24, 
CD44,  

MRP1, 
MRP4, 
MRP7  

3 1 
KRT18, 
KRT19, 
CD24 

 -   3 0 
CTC 

negati
ve 

 -   3 

18 1 

 EpCAM, 
KRT18, 
KRT19, 
CD24 

 MRP1 1 1 
 KRT18, 
KRT19, 
CD24 

 MRP4  1 1 

KRT18
, 

KRT19
, 

MUC1, 
CD44 

 MRP1
, 

MRP2, 
MRP7 

 3 



	
	

19 1 

KRT18, 
KRT19, 
CD24, 
CD44,  

ERCC
1, 

MRP1  
3 1 

KRT18, 
KRT19, 
CD24, 
CD44,  

 MRP1
, 

MRP7 
 3 1 

KRT18
, 

KRT19 

 MRP1
, 

MRP2, 
MRP7 

 Died 

20 1 
 KRT18, 
KRT19, 
CD24 

 ERCC
1, 

MDR1, 
MRP1, 
MRP4  

1 1 

KRT18, 
KRT19, 
MUC,           
CD24, 
CD44,  

MRP1  3 1 

KRT18
, 

KRT19
, 

CD24, 
CD44 

 MRP4  3 

 
 
In table 5, significant response to therapy appears in bold italics. Epithelial signs of CTC (TA- gene 
expression) and minimal CA- genes expression during NACT appear to correlate with positive clinical 
effect of AC or TAX. Interestingly, CTC negativity during NACT was seen only in patients with relevant 
response rate (no 2 or 3) and clinical effect of the therapy.  
 
In responders (response rate 2 - 3), a unique effect of AC (patients 2 - 9, 16, 17 and 19) is documented.  
Table 2 also reports on the histopathologic subtypes of these patients (2x ER+, 5x HER2+, 4x TNBC). The 
best overall response (response rate 2 - 3) to AC and/ or TAX was more frequently demonstrated in TNBC 
(7x) and HER2+ (5x) patients, less frequently in ER+ (3x) patients.  
 
On the other hand, among non-responders (response rate 0 - 1) two or more CA- genes were frequently 
expressed. As the characteristics of CTC dynamically changed during the NACT, in some cases we 
observed expression of only one CA-gene before cytostatic therapy and two or more during or after that.  
 
Developing chemoresistance is documented for TAX in patients no 1, 3, 6, 8, 10, 12, 14, 15 and 18. 
Expression of CA- genes MRP2, MRP7 or MDR1 was detected before or during the TAX therapy. Please 
see more in detail in Suppl. (CTC presence and character during disease monitoring)   
 
We may conclude that as the proportion or volume of resistant CTC present elevated in the captured CTC- 
fraction, a worse therapy outcome was observed clinically. Resistant patients have elevated mainly MRP1 
during AC therapy and MRP1 and MRP7 genes during TAX therapy. 
 
Some more complicated cases with unanticipated therapy effect not correlating with CTC characteristics 
are also described in table 5 (italic). For example, in patients no 2 and no 5, presence of CTC during TAX 
therapy was not detected, yet the response to therapy was small among them. In patients no 16, 17 and 19 
we detected a multi-resistant gene profile in CTCs before the AC therapy, yet these patients responded to 
the treatment very well.  
 
 
Changes of tumor histological characteristics during and after NACT: 
After completing NACT and planned surgery, definitive histology was compared with the pre-treatment 
biopsy (see table 2). In most cases, the effect of NACT was linked to significant decrease of Ki 67. Only in 
2 cases the decline of Ki 67 was very small or none (patients no 9 and 14). BC phenotype changed 
significantly in one patient (no 9; pregnant during NACT). We hypothesize the loss of ER and PR 
expression could be caused by the termination of pregnancy. Insufficient length of NACT and AC 
monotherapy could be the cause of a small decrease in Ki67.  
 
HER2+ CTCs in a patient with HER2- primary tumor (no 14) and the absence of anti-HER2 therapy could 
be another reason for MRD persistence. In patient no 14, the up- staging of tumor disease was observed. 
Massive lymphatic node involvement and CTC presence with stem cell characteristics (CD44/CD24) could 
be the cause of the high Ki67 value.    



	
	

 
In another case (no 10) the increase of Ki 67 from 75 to 95% was documented. This patient had 
chemoresistant tumor (response 0) with characteristics of TNBC.  However, we confirmed elevated HER2 
– expression positivity repeatedly in the CTC fraction (please see Suppl. File 2 CTC presence and character 
during disease monitoring). Expression of many CA- genes including MDR1 was probably the reason of 
treatment failure.  
 
 
Discordancy of ER and HER2 status among primary tumor and CTC: 
The discordancy in ER and HER2 expression in primary tumors and CTCs can be seen in table 6. The 
distribution of ER+, HER2+ and TN BC was as follows: 25 % ER+, 30 % HER2+ and 45 % TNBC.  
 
The distribution of CTCs during NACT was discordant in patients with ER positive primary tumors  (only 
8 % CTC were ER+). In cases of TNBC and HER2+ primary tumors the concordance was even higher: 
during NACT only 67 % of TNBC patients had triple negative CTCs and 80 % of HER2+ patients had 
HER2+ CTC.  Interestingly, phenotypic evaluation of CTCs at any time throughout observation, 
concordance is seen only for TNBC (68 % of TNBC patients had ER- and HER2- CTCs). For more 
detailed stratification see table 7.  
 
Table 6: Concordancy of primary tumors and CTCs in status of ER and HER2. 

  
Primary tumor 

(%) 
CTCs+ samples at all 

(%) 
CTCs+ samples during 

NACT (%) 
CTCs+ samples        at 

any time (%) 

ER+ 5/20 (25) 27/30 (90) 1/13 (8) 1/27 (4) 

HER2+ 6/20 (30) 38/42 (91) 12/15 (80) 18/38 (47) 

TNBC 9/20 (45) 28/37 (76) 12/18 (67) 19/28 (68) 

 
 
Table 7: Concordance and discordancy in ER and HER2 status of CTC in comparison to primary tumor subtypes  

Primary tumor  

CTCs  

ER+ ER- HER2+ HER2- 

during NACT 
any time 

during NACT 
any time 

during NACT 
any time 

during NACT 
any time 

ER+ HER2- 1/13 (8 %) 
1/27 (4 %) 

12/13 (92 %) 
26/27 (96 %) 

4/13 (31 %) 7/27 
(26 %) 

9/13 (69 % ) 
20/27 (74 %) 

ER- HER2- 0/18 
0/28 

18/18 (100 %) 
28/28 (100 %) 

6/18 (33 %) 9/28 
(32 %) 

12/18 (67 %) 
19/28 (68 %) 

ER+ HER2+ 0/10 
5/26 (19 %) 

10/10 (100 %) 
21/26 (81 %) 

9/10 (90 %) 
13/26 (50 %) 

1/10 (10 %) 
13/26 (50 %) 

ER- HER2+ 3/5 (60 %) 
3/12 (25 %) 

2/5 (40 %) 
9/12 (75 %) 

3/5 (60 %) 5/12 
(42%) 

2/5 (40 %) 
7/12 (58 %) 

 
In luminal B tumors, concordance rate with ER positivity was only 4 - 8 % and in HER2 negativity it was 
69 - 74 %. In ER+ HER2+ patients, only 0 - 19 % of samples were ER+ with concordance in HER2+ 
during NACT at 90 %. Interestingly we have observed interchanged (? Not sure what this means) HER2+ 
in 50 % of samples monitored during patients observation.  
  



	
	

We can conclude, that during NACT we monitored CTC with a quite high rate of concordance in TNBC 
and HER2+ BC patients. The lowest concordance was seen with ER+ status independent of HER2 
status. The monitoring of CTC status before and after surgery suggests that the majority of CTCs are ER- 
and HER2- in HER2- primary BC.  However, in HER2+ primary BC, CTC discordance of HER2 status is 
observed in nearly 50% cases. Thus, CTCs predominantly retain more aggressive properties.  
 
CTC after NACT and surgery: 
CTCs were observed in 100 % of patients after surgery at different time points. In comparison to CTC 
positivity before operation (after NACT), detection of MRD increased from72 % to 100 %. The presence of 
CTCs after tumor resection or after completion of adjuvant therapy (AT) could lead to disease relapse 
given their presence long time after tumor resection.  In addition, CA-positive expression of the MRP1 
gene was observed after AC- based therapy. In contrast, the expression of MRP7 (TAX- associated 
resistance) was not so frequent. Moreover, multi-resistant CTC (with expression of MDR1 or two or more 
MRP genes including ERCC1) detection supports a possible scenario of stem cells-like CTC selection after 
cytostatic therapy.  
 
Although we didn’t assess stem cell markers beyond CD24/ CD44 in cases of ER+ disease, we detected 
CTCs with epithelial characteristics more often before/during NACT as compared to CTC with stem cell 
CD24/CD44 properties after operation. Yet, aggressive CTC (DEFINE AGGRESSIVE) subtypes are more 
frequently CD24/CD44 positive from the beginning of the disease.  
 
During the follow-up (1 - 2.5 years) we observed relapse in four patients, three of whom died. In patient no 
1 (HER2-, BRCA+) liver metastases developed 1.5 year after diagnosis; in patient no 5 and 12 (HER2+) as 
well as no 19 (TNBC), CNS metastases were diagnosed between 1.5 and 2 years after diagnosis. Patient no 
12 is still undergoing therapy, currently showing signs of remission. Patients no 1 and 12 were classified as 
non-responders during NACT (response rate 1), and patient no 5 as moderate responder (response rate to 
AC 3 but no response to TAX therapy).  Patient no 19 responded very well (response rate 3) despite the 
unfavorable primary tumor staging (stage III).  
 
In patient no 1, CTCs with either epithelial keratin expression or stem cell properties were both positive for 
MRP1 expression. Patient no 5 was treated with Tamoxifen (TMX) and Herceptin (H) adjuvantly; during 
this treatment period, CTCs were ESR and HER2+. During the TMX monotherapy and in time of 
generalisation CTCs were not sensitive to hormonal therapy (ESR-), we also detected expression of 
CD24/CD44 and of multidrug-resistance genes (MRP1, MRP5, ERCC1- MRP7- MRP1, MRP2 and MDR1 
expression in different samples).  
 
Patient no 12 underwent H monotherapy adjuvantly but CTCs were not HER2+ during this treatment 
period. HER2+ CTCs appeared again after the therapy of CNS metastases (not seen in suppl data), 
moreover we also detected CTC with expression of ESR1 and clusters of CTC. Although primary disease 
was ER- (only 10 % of cells were PR+), dynamic CTC changes were documented with characteristics 
likely reflecting the therapy they were treated with.  
  
The 1y-OS of our group of patients was 95 % (1/20 died), 2y- OS is 78 % (3/14 died). Median OS (mOS) 
was 23.5 months.     
 
Monitoring of the BC treatment during and after surgery: 
We have described the comprehensive disease course of all the patients included into the study (see Suppl. 
File 2 CTC presence and characterization during disease monitoring). Among all cases, those who 
achieved pCR after NACT appeared to be most interesting.  
 



	
	

In picture 1 (Figure 1) the case of a young patient with LABC (medullary character) is described (patient 
no 7). She underwent standard AC- TAX therapy with a very good clinical effect (response rate 3), which 
was seen mainly after TAX therapy. Although CTCs before therapy displayed no markers of 
chemoresistance, expression during and after AC, one with multi-resistant and second with only AC- 
resistant CTC phenotype, were present. Interestingly, HER2+ and ESR1 expressing CTCs were present in 
either both or one of the later blood draws, respectively.  
 
Effect of TAX was affirmed both at the level of pathologic examination and MRD with results of pCR and 
CTC negativity. As the primary tumor was ER and PR positive, patient continued and to date remains on 
adjuvant hormonal therapy. We observed that the first follow-up blood analysis (at about 5 months after 
surgery) was CTC negative, but the second at one year after surgery and a subsequent test at 15 months 
after surgery, detected MRD based on CTC presence. Our data suggest that CTCs were not sensitive to 
hormonal therapy given their positive expression of chemoresistance markers.  
 
Although the patient remains in clinical remission, the persistence of chemoresistance gene expression in 
CTCs warrants close monitoring.  
 
Figure  1: CTC- monitoring during and after NACT in BC patient achieving pCR. 

 
 
  
Discussion 
 
NACT is a standard approach in therapy of LABC and CTCs are believed to be associated with tumor 
aggressivness. Studies have reported CTC frequency in PBC to be lower in comparison to MBC, with 
positivity rates shown to be in the range of 22-23 % before and 10-17 % after neoadjuvant therapy (44-46) 
and 19-43 % in adjuvant setting (47-50). Lavrov et al. detected CTC in 38 % of patients with triple negative 
early disease and 42 % of triple negative locally advanced disease (51). By using multi-cytokeratin-specific 
antibodies to detect CTCs, Serrano et al. observed CTCs in 70 % of patients before and 54 % after NACT 
(52).  Camara et al. observed an even higher frequency of 83 % among patients before NACT (53).  
 



	
	

Similarly, in our study, CTCs were detected in 85 % of patients before and 72 % after NACT. The 
relatively high detection rate of CTC involvement among patients with advanced disease can be stratified 
by clinically: 95 % young premenopausal woman, 75 % HER2+ and 45% TNBC, 100 % of tumors with 
high Ki67 and 80 % with G3, and 75 % of patients having LABC with lymphatic node involvement.  
 
Another possible reason for high CTC detection rates may be due to the method used to detect CTCs. Our 
two-step detection protocol combining size- based filtration with both cytomorphological and molecular 
characterization may identify more CTCs that go beyond the limited epithelial definition based only on 
EpCAM and Keratin expression (e.g. out of the 116 samples EpCAM elevated expression has been 
conformed in only 16 cases, expression of KRT 18/19 in 90 samples, HER2 in 34, MUC1 in 31 and MMG 
in 12 samples).  
 
The presence of CTC before or after chemotherapy was associated with worse outcome in comparison to 
patients who were persistently CTC-negative in the SUCCES trial (54). The prognostic impact of CTC 
positivity before therapy and CTC- negativity after the therapy has not been fully evaluated yet for BC but 
in the work of Lorente, et al. (55) patients having a decline in CTC count reported after the therapy, have 
better survival outcomes in mestatic castration resistant prostate cancer.   
 
In our study, most patients remained CTC positive during the NACT (88 % of CTC+ patient during NACT, 
72% after NACT).  It is expected that by NACT tumor cell mobilization occurs and the number of 
proliferating CTC released is decreases. On the other hand, CTC release from the primary tumor induced 
by NACT can lead to increasing number of CTC or their fragments detected in circulation.  Additionally, it 
was shown that systemic response to treatment is independent from local response (54). The only 
significant correlation was found between the number of CTC and AC. Patients with a minimal reduction in 
CTC count during the AC regimen had a significantly higher probability to develop early distant metastases 
in comparison to the patients with good response (more than 10-fold reduction of CTC count). Sequential 
therapy with TAX was connected to tumor cell dissemination, although a reduction in primary tumor size 
was observed by ultrasound measurement.  
 
The presence of CTCs was correlated with AC and TAX response, but as the method we use for CTC 
detection does not rely on CTC- counting we can’t confirm correlation of tumor shrinkage with CTC 
number decrease. TNBC seemed to be more sensitive to NACT and the effect of AC was more significant 
than the effect of TAX if tumor volume reduction was compared. 
 
Responders were found mainly in the group of patients with CTC expressing epithelial markers and CTC 
with a minimal CA- genes expression. CTC negativity during NACT was seen only in patients with 
relevant clinical effect (tumor volume reduction measured by ultrasound). In non- responders, two or more 
CA- genes were usually frequently overexpressed in CTC fraction. We observed high CTC detection rate 
during the whole therapy course, and the expression of CA- gene MRP1 correlated quite well with the 
effect of AC.  
 
To answer the question of how long NACT should be administered in the case of persistent CTC presence, 
we would need to know if the presence of CTC has more prognostic or predictive value. pCR is usually 
defined as the absence of both invasive and non-invasive carcinoma in breast tissue and is most often seen 
in HER2+ or TNBC disease. If we assume aggressive tumor cells exist in these subtypes, we could 
hypothesize that pCR may be explained by the eradication of, sometimes-significant amounts, of highly 
proliferating tumor cells. In both aspects, the number and characteristics of tumor cells could be equally 
important. We assume that CTC characterization is more powerful then only the number of CTCs. If so, the 
high incidence of CTC in blood could be the result of the release of cells from the primary tumor but their 
presence would not indicate worsen patient outcome.  
 



	
	

Several neoadjuvant clinical trials have evaluated the benefit of combining additional chemotherapy (e.g. 
capecitabine) or targeted therapy (e.g. bevacizumab) with a standard AC or TAX-based chemotherapy 
regimen. Although outcomes of combination regimens in HER2 negative tumors are unconvincing (12-14), 
targeted anti-HER2 therapy added to standard NACT improved significantly the outcome for HER2 
positive patients (15-17). In these studies, higher incidence of pCR in ER-/HER2+ (HER2 enriched) 
subtype in comparison to ER+/HER2+ BC was also shown. For patients with TNBC participating in the 
CALGB and GeparSixto trials, significant improvements in pCR rates in the breast and axilla were 
demonstrated when carboplatin was added to more complex neoadjuvant AC- and TAX- based regimens 
(18-19). In the GeparTrio trial (20), the benefit of switching NACT in non-responding patients was 
evaluated.  Patients lacking clinical response to neoadjuvant TAC (docetaxel, doxorubicin, 
cyclophosphamide) were randomized to four additional cycles of the same regimen or four cycles of 
vinorelbine and capecitabine. Although a benefit for ER+ patients was outlined (DFS, OS), future studies 
will be needed to specify treatment according the molecular profile of the disease.  Thus, the need for new 
biomarkers reflects the shortcomings of existing therapy options. Although AC- and TAX- regimens in 
NACT are considered standard clinical practice, recurrence due to clonal expansion and/or resistance of 
residual tumor cells due to treatment selection pressures occur. 
 
We also know from clinical trials that NACT has the same benefit for the prognosis of patients as adjuvant 
therapy. So the higher volume of MRD in patients treated with NACT should have no effect on the risk of 
disease relapse. On the other hand, the prognostic power of CTCs is based on their rate in blood. However, 
to find the connection between primary disease and CTC frequency is not easy. pCR was correlated with 
better outcome in some studies (56) but not in others (57-58). The use of pCR as a surrogate end point for 
survival remains unclear. In TNBC, association between genomic signature, pCR, and survival after 
chemotherapy was found only in patients with basal-like subtype (59). Another biomarker with the same 
importance for luminal tumors doesn't exist.  
 
In our study, pCR was achieved in 4/9 TNBC; one could predict uniform biological subtypes of these 4 
tumors. Despite pCR in case of these TNBC patients, all of their  blood samples were evaluated as CTC 
positive. The validation of prognostic significance of pCR is needed before we can say that the eradication 
of CTCs could be the new goal of treatment instead of pCR. 
 
CTC can survive as non-proliferating, dormant“cells, and associated with higher resistance to 
chemotherapy (60). After the completion of NACT, we observed few cases with persistent multi-resistant 
CTC refractory to therapy. Taking into account the higher significance of CTC characteristics, the question 
of how to treat resistant disease arises. One option is CTC navigate therapy, while another other option 
could be removal of the primary tumor rather than gambling with systemic treatment. 
 
Negative results of SWOG 0500 study could be based on the lack of CTC characterization. We noticed a 
significant discordance of ER and HER2 status in comparison to primary disease and MRD. CTC were 
more frequently ER- in HER2 negative primary BC. HER2+ primary tumors had HER2+ CTC mainly 
during NACT, after which they lost sensitivity to antiHER2 therapy, very often during adjuvant 
trastuzumab therapy. HER2 status changed very dynamically and CTCs retained aggressive properties. 
 
 Treatment for 3 of 20 patients was generalized during adjuvant therapy. Adjuvant treatment strategy 
determination is the most difficult, and thus we treat patients blindly. We assume that targeting therapy 
based on CTC characterization could better the prognosis of patients.  
 
The comparison of responders and non-responders (patients developing disease relapse during adjuvant 
therapy) at the molecular level could complete our knowledge of CTC significance in post-operative 
observation of patients. Prolongation of adjuvant hormonal therapy was shown to have clinical significance, 
confirming that the persistency of MRD long after the operation exist and require longer treatment.  



	
	

 
We observed some patients for more than two years; dynamic changes of ER and HER2 status were 
described above. We assume that CTC monitoring in time could predict the risk of disease relapse earlier 
and more accurately than standard tumor markers and imaging tests. Both the number and CTC 
characteristics can thus play a critical role.  
 
CTC guided therapy is not clinically indicated today and only treatment response monitoring via CTCs is 
possible. Promising designs of new studies focused on the predictive power of CTCs and study of large 
numbers of patients are a main prerequisite for defining the predictive value of CTCs (61-66).  That CTCs 
could be used as a tissue source for testing sensitivity to different drugs in future, is highly attractive (67). 
 
Conclusion 
 
The connection between CTCs and of tumor histopathology with therapy sensitivity and/or pCR was 
discussed. We believe that monitoring of CTCs by molecular characterization, including TA- genes and 
CA- genes, could predict therapy outcome.  We observed the connection of non-responding tumors with the 
presence of two or more genes associated with chemoresistance.  
 
Ultrasound monitoring alone is perhaps insufficient where the combination of ultrasound observation and 
CTC monitoring could prove to be beneficial and enable earlier detection of disease relapse. Thus, in cases 
of non-responding tumors based volume and the presence of chemoresistant CTCc, it may be more 
effective to reconsider the length of NACT and possibly to switch from AC to TAX or to stop NACT and 
proceed to surgery. We don't have data on prolongation of NACT beyond the standard duration. Results 
from adjuvant trials with metronomic dosing of chemotherapy or adjuvant systemic treatment over the 
NACT may clarify the connection between persistent MRD and patients outcome.  We believe that CTC-
navigated therapies may improve patient outcome and until the end of prospective trials targeting predictive 
power of CTCs, CTC utility and information is limited to ranges of known (palliative) indications or as a 
support of adjuvant therapy choice (i.e. indication of adjuvant chemotherapy in TNBC to treat residual 
disease after NACT).  
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Abstract: Circulating tumor cells (CTC) present in peripheral blood are assigned precursors of advanced tumor 
disease. Simplicity of blood withdrawal procedure adds practicallyan unlimited possibility of the CTC-monitoring 
and the advantages of the repeated biopsies over time. CTC got prognostic, predictive and diagnostic status with 
the technologic advance. Although the clinical utility of CTC has reached the high evidence, the significance of 
CTC testing was presented in the treatment strategy mostly with palliative intention. We report on the 
experienceswith the CTC-testing in the CLIA -like laboratory working with the size-based CTCseparation and in vitro 
culture. The data is presented in the form of case reports in patients with breast (BC), colorectal (CRC), prostate 
(PC) and lung cancer (NSCLC) to support the clinical utility of CTC during the neoadjuvant, adjuvant and palliative 
treatment. The pre-sented findings supportthe evidence for liquid biopsy clinical implementation and enhance the 
ability of malignant disease monitoring and the treatment efficacy prediction.	
	
Keywords: Circulating tumor cells, breast cancer, colorectal cancer, non-small-cell lung cancer, prostate cancer, 
chemoresistance	

	
Introduction	
	
The count of CTC in blood of oncological 
patients is very low [1]. Detection of CTC is 
also limited by their heterogeneity. Finally, the 
capacity of various malignancies to release 
CTC into the peripheral circulation is different 
depending on the stage of the disease and 
also on the type of malignancy [2-12]. The 
chance of CTC positivity isin general notably 
higher in metastatic than in the primary 
disease, e.g. 2-55% in primary BC vs. 40-80% 
in metastatic BC [13].	
	
Technologies try to overcome the rare occur-
rence of CTC by using the enrichment step to 
separate CTC from blood cells. The negative 
selection is based on the elimination of leuko-
cyte fraction (e.g. by using anti-CD45 antibod-	

	
ies) from blood. The positive selection utilizes 
surface features of CTCor their physical proper-
ties such as cells size or density. The most com-
monly used methods are based on the immuno-
magnetic selection of CTC with epithelial fea-tures. 
But these methods are impoverished to detect 
CTC with the lack of epithelial character-istics, e.g. 
cancer cells whose phenotype has been altered 
by the process of epithelial -mes-enchymal 
transition (EMT) [14] or which have the character 
of stem cells [15]. Combinations of different 
methods and new approaches [16], in particular 
microfluidic systems, focus on increasing the 
sensitivity and specificity of CTC selection and 
detection.	
	
The standardization of technologies at all levels 
of CTC identification and results interpretation 
based on different approaches is still a prob-	



	
	

(HER2+) CTC resulted in 
the prolongation of the 
time to progression co-
mpared to the patients 
who were not treated 
with the targeted thera-
py [32]. CTC detection 
and characterisation in 
patients with metastat-
ic castrate- resistant PC 
(CRPC) can select a gro-
up of patients who will	 

most probably not benefit from the hormonal 
therapy [33]. Splice variant 7 of the androgen 
receptor (AR-V7) detected in CTC predicts 
tumor response to the hormonal therapy and 
taxanes. The patients with AR-V7 positive CTC 
treated with taxanes survived longer than 
those treated with the hormonal therapy [34].	
 
The assumption is that the characteristics of CTC 
are more important than the total CTC number. 
Below presented individual case re-ports 
describeour experience with CTC exami-nation in 
patients with BC, CRC, PC and NSCLC and the 
potential for their use in the clinical practice. 
Every case report is documented in the 
appropriate figure. The scheme of the dis-ease 
course, patients’ characteristics and re-sults of 
CTC-testing are shown in pictures sche-matically. 
Questions asked by clinicians that lead to the 
indication of CTC-testing, arein rela-tion to 
several therapy relevantpoints (Table 1). CTC 
examination was indicated only as an addi-tional 
test to a standard diagnostics.	
 
Material and methods	
 
Before the blood collection, patients were 
informed about the purpose and nature of the 
examination and their agreement with testing 
was reaffirmed by the signing of a consent. 
Minimum of 7.5 ml peripheral blood was 
obtained (1.6 mg EDTA/1 ml of blood as an-
ticoagulant) for the CTC examination once or 
repeatedly during 6-24 months.	
 
Enrichment, cultivation and detection of CTC	
 
Blood was subjected to the three -step an-
alysis, consisting of the size- based capturing 
of cells (MetaCell®), the evaluation of cytomor-
phological parameters of captured and cul-
turedviable cells by the fluorescent microscopy 
and by the gene-expression analysis 
(molecular detection).	
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	lem. The rare occurrence of CTC in non-meta-
static disease is the reason why the threshold 
for the CTC positivity is different in the primary 
disease in comparison to the metastatic malig-
nancy. Therefore the prognostic significance of 
CTC demonstrated by the use of various 
approaches has not the same weight. 

The only FDA (U.S. Food and Drug 
Administration) approved the methodfor the 
detection of CTC (Cellsearch®) is based on the 
eparation of EpCAM (epithelial cell adhesion 
molecule) posi-tive cells. Published data 
declare the prognos-tic significance of CTC 
detected by Cell search in metastatic BC [17], 
metastatic CRC and PC [2, 3]. 

The size-based enrichment protocol of CTC 
reported in our study enables capturing and in 
vitro cultivation of viable CTC (MetaCell®). CTC 
can be further analysed by the downstream 
molecular analysis (e.g. gene expression test-
ing by qPCR). Previous studies indicateda fast 
and simple enrichment in various cancer types 
[4, 18-20]. 

In general, the prognostic significance of CTC is 
supported by several studies on the level of pri-
mary disease: inprimary BC pre- and post-oper-
atively [21, 22], in early CRC preoperatively [23], 
from the postoperative lavage of the peri-toneal 
cavity [24] and after the adjuvant che-motherapy 
[25], or in early NSCLC [26]. 

The clinical utility of CTC is still the subject of 
clinical studies [27-30]. Well known SWOG s0500 
trialdid not support the assumption of the clinical 
benefit of early chemotherapy change in patients 
with the metastatic BC and persistent CTC after 
the first cycle of therapy [31]. The 
characterisation of CTC was not per-formed in this 
study so the “real” predictive sig-nificance of CTC 
was not considered. Conve-rsely, the use of anti-
HER2 antibody therapy in patients with metastatic 
BC and HER2-positive 
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 Table 1. Clinical indications to CTC examination 

 

Prediction of disease response to neoadjuvant chemotherapy 
Indication of “additional” adjuvant therapy in residual disease 
Observation after adjuvant therapy 

CTC monitoring after adjuvant therapy and during metastatic disease CTC-testing 
after resection of metastases and early prediction of disease relapse 
Assessment of KRAS mutation status from CTC 

Strategy of using CTC for the palliative treatment guidance Typing of 
tumors with unknown primary site or duplicate tumors 
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Table 2. Genes associated with chemoresistance		
Resistance to:	 	 Genes associated with chemoresistance:	
Anthracyclines	 MRP1	 MRP2	 	 	
Taxanes	 	 MRP2	 	 MRP7	
Irinotekan/topotekan	 MRP1	 MRP2	 MRP4	 	
Alkylating agents	 MRP1	 MRP2	 	 	
5-fluorouracil	 	 	 MRP5		
Platinum derivates	 	 MRP2	 MRP5	 ERRC1	
Metothrexat	 	 MRP2	 MRP4  MRP5		
Vinca-alkaloids	 MRP1	 	 	 MRP7	
Multi-drug resistance as defined by MDR1 (P-glykoprotein)	 	 	 	 MDR1	
Gemcitabine	 	 	 	 RRM1/RRMM2	
	
	
CTC were enriched by the filtration of the periph-
eral blood using Metacell® separation tool 
(MetaCell s.r.o., Czech Republic). Captured cells 
were cultured in vitro under standard condi-tions 
(37°C, 5% CO2) for 3-5 days. Subsequent 
cytomorphological analysis is based on the 
characteristics of captured and culturedcells 
stained by vital fluorescent dyes (Nucblue® Live 
Ready Probes® Reagent and Cell tracker™ Green 
CMFDA, Thermo Fisher Scientific, USA). The cells 
were evaluated by standard cytopa-thologic 
criteria under the fluorescent micro-scope 
(e.g.cells size >15 µm, nucleus size >10 µm, 
irregular nuclear contour, high nuclear/ 
cytoplasmic ratio, prominent and/or irregular 
nucleoli, cell proliferation presence, tri-dimen-
sional cell sheets growth). The digital documen-
tation of the captured cells is available for each 
patient. If the cells with CTC-character were 
detected, further molecular analysis was pro-
vided. CTC were lysed and stored in RLT- buffer 
with β-mercaptoethanol solution (-20°C).	
	
RNA isolation and cDNA preparation	
	
RNeasy Mini Kit (Qiagen, Germany) was used 
for RNA isolation from the frozen cell lysates 
(white blood cells (WBC) and CTC) stored in 
RLT-buffer. RNA quantity and quality has been 
checked by NanoDrop (Thermo Fisher, U.S.). 
High-Capacity RNA-to-cDNA™ Kit (Thermo 
Fisher Scientific, USA) for cDNA synthesis 
using minimum of 100 ng RNA load for single 
cDNA reaction.	
	
qPCR analysis	
	
The gene expressionof tumor-associated (TA) 
genes (disease specific), stem cell markers and 
control genes (ACTB) was evaluated. Additio-	

	
	
nally, the markers of white blood cells (CD45, 
CD68) were included. Subsequently, expres-sion 
of genes associated with chemoresistance (CA-
genes) was tested. The predictive associa-tions 
of tested CA-genes MRP1, MRP2, MRP4, MRP5, 
MRP7, MDR1, ERCC1, RRM1, and RRM2 with 
the tumor chemoresistance are listed in		
Table 2. TaqMan™ Gene Expression Assays 
(Thermo Fisher Scientific, USA) were used for 
qPCR analysis in the samples analysed by PCR 
technology system Cobas® 480 (Roche s.r.o., 
Czech Republic).	
	
The gene expression in particular cell-fractions 
(WBC, CTC) was evaluated forevery patient indi-
vidually. The gene expression in WBC fraction, 
CTC-enriched fraction and CTC- enriched and 
cultured fraction were compared to confirmthe 
cancer cell presence. The qPCR data evalua-tion 
was based on 2-ΔΔCT methods used to calcu-late 
relative changes in the gene expression analysis 
[35]. Samples with relatively elevated expression 
of TA-markers (2 and more) in cul-tured CTC-
fraction compared to WBC fraction were 
evaluated as CTC positive based on gene 
expression analysis. qPCR results were anal-ysed 
by the means of GenEx Professional soft-ware 
(MultiD, Sweden) enabling multifactorial 
comparison (e.g WBC vs. CTC) applying Mann-
Whitney test (P<0.002) inparticular patients.	
	
Clinical interpretation	
	
The CTC-test result formsreport on information 
about the presence/absence of CTC including 
the following statements: CTC presence was 
confirmed by the cytomorphological evaluation 
(YES/NO), CTC presence was confirmed by the 
elevated gene expression of the following genes: 
e.g. KRT18, KRT19, MUC1, CD24, HER2,	
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Figure 1. CTC monitoring during neoadjuvant chemotherapy in a patient with breast cancer. AC: doxorubicin + cy-
clophosphamide, dd: dose dense, T: paclitaxel, CTC+: CTC positivity, EA: axilla exenteration, dg: diagnosis, G: 
grade, TNBC: triple negative breast cancer, IDC: invasive ductal carcinoma, markers of stem cells: CD44/CD24, 
VIM (vi-mentin), ALDH (aldehyddehrogenase), markers of epithelial cells: KRT18/19 (keratins), MUC1 (mucin), 
markers of chemoresistance: see Table 2.	

	
ESR. The chemoresistance of CTC may be pre-
dicted by the elevated gene expression of the 
following genes: e.g. MRP2, MRP7. The com-
bination of MRP2 and MRP7 may indicate a 
resistance to taxanes. MRP2 itself indicates a 
resistance to platinum-derivatives. MRP7 could 
be involved into a resistance against vinca-
alkaloids too. Repeated measurements enable 
monitoring of dynamic changeson CTC in time.	
	
Results	
	
Clinical implementation of CTC-examination: 
Prediction of disease response to neoadjuvant 
chemotherapy (NACT) in a patient with BC 
(Case report 1)	
	
Hypothesis: CTC monitoring during NACT may 
help to predict the early failure of the cancer 
therapy.	
	
State of the art: To reveal non-responders 
based on clinicopathological parameters are	

	
not entirely possible. Conversely, CTC proper-ties 
and, in particular the sensitivityto various 
cytostatics could be a predictor of the treat-ment 
response. The early shift of the chemo-therapy 
regimen based on the evolving chemo-resistance 
could boost the treatment efficacy. The 
characteristics of the primary disease usu-ally do 
not correlate with the presence of CTC [36]. The 
detection of CTC provides additive prognostic 
and predictive information. The dis-ease 
progression and the presence of CTC with the 
mesenchymal characteristics [37] could be the 
reason for the premature termination of NACT 
and the indication of a surgery. Whether the 
presence of CTC with mesenchymal fea-tures 
(stem cells like) can negatively influence the 
prognosis of the patients is not clear.	
	
Predictive effect of pathologic complete remis-
sion is not exclusive, too [38].	
	
Patient report (1): the response to NACT in 
TNBC patient (34 years old, stage II) has been	
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Figure 2. Indication of “additional” adjuvant therapy in a breast cancer patient with persisting CTC. CTC positivity: CTC+, 
CTC negativity: CTC-, FEC: flurouracil, epirubicin, cyclophosphamid, RT: radiotherapy, BCS: breast conserving surgery, 
SLNB: sentinel lymphatic node biopsy, dg: diagnosis, IDC: invasive ductal carcinoma, G: grade, markers of stem cells: 
CD44/CD24, ALDH (aldehyddehrogenase), VIM (vimentin), markers of epithelial cells: KRT18/19 (kera-tins), HER2: 
human epidermal growth factor receptor, MUC1 (mucin), markers of chemoresistance: see Table 2.	
	
monitored. Tumor size was 28 mm at the be-
ginning of the NACT; ultrasound examination 
described several pathological lymph nodes. 
CTC were present before NACT had started	
(Figure 1).	
	
CTC displayed the expression of these TA-genes: 
MUC1, KRT18, KRT19 and CA-gene MRP1. After 
the 3rd therapy cycle with anthracycline (AC 
regimen), no therapeutic effect was obse-rved by 
the ultrasound examination. CTC test was 
positive again and the level of tumor cells 
resistance spread (expression of MRP1, MRP7 
and ERCC1 was elevated). Expression of MRP7 is 
associated with the prediction of taxane 
chemoresistance. Nevertheless, the patient 
received 4 cycles of paclitaxelin a weekly mode.		
According to the ultrasound imaging, the 
tumor size remained at 32 mm.	
	
Subsequently, NACT was terminated and the 
patient was indicated for a surgery. The final 
histology described a metaplastic carcinoma 
(35 mm in diameter). The postoperative blood	

	
test detected clusters of CTC. The elevated 
expressions of keratins were no longer demon-
strated but CD44 positive cells were present.	
	
To be discussed: Due to the existing anthracy-
clines resistance (MRP1), the age of patient 
and the adverse outcome of NACT, the patient 
continues with the adjuvant capecitabinethera-
py (therapy choice is discussed below in the 
next case report).	
	
Clinical implementation of CTC-examination: 
indication of “additional” adjuvant therapy 
(AT) in residual disease in a patient with BC 
(Case report 2)	
	
Hypothesis: CTC molecular analysis during AT 
may help to predict the therapy efficiency and 
failure.	
	
State of the art: AT administered after the 
removal of the primary tumor is one of the most 
difficult treatment strategies. The indication for 
the adjuvant chemotherapy (ACT) lacks person-	
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Figure 3. CTC monitoring during adjuvant therapy and in follow up period in a breast cancer patient. CTC positiv-
ity: CTC+, AC: doxorubicin + cyclophosphamide, D: docetaxel, SLNB: sentinel lymphatic node biopsy, dg: diagnosis, 
TNBC: triple negative breast cancer, G: grade, markers of stem cells: CD44/CD24, ALDH (aldehyddehrogenase), 
VIM (vimentin), markers of epithelial cells: KRT18/19 (keratins), HER2: human epidermal growth factor receptor, 
ESR1: oestrogen receptor gene, MUC1 (mucin), MGB: mammaglobin B, markers of chemoresistance: see Table 2.	

	
alization and endangers the patient with an 
unnecessary treatment and a possible ineffec-
tive therapy. The correct indication of the cor-
rect therapy requires further identification of 
the residual disease.	
	
There is a lack of data for ACT indication beyond 
the standard length of the therapy. Create-X 
study [39] is the only study addressing this 
question, however, with many questions regard-
ing not only the primacy of data [40, 41]. 
Nevertheless, an “additional” treatment strat-egy 
is requested in the clinical practice.	
	
Molecular typing of triple negative breast can-cer 
(TNBC) divided this diagnosis into several 
subtypes with a different prognosis [42]. Treat-
ment guidelines of TNBC havenot accepted this 
fact yet, although the chemotherapy response 
differs in individual subtypes of TNBC [43]. The 
need for predictive markers in TNBC is there-	

	
fore more than obvious and possible use of 
CTC is definite.	
	
Patient’s report (2): A case report of TNBC 
patient (44 years old, stage I) undergoing the 
additional ACT after the completion of NACT is 
reported (Figure 2). The ACT indication was 
based on the CTC persistence and primary dis-
ease residuum.	
	
The first blood sample was tested before the 
start of NACT. Keratins (KRT18, KRT19), mucin 
(MUC1), human epidermal growth factor recep-
tor (HER2) and MRP1 genes were overex-pressed 
in the CTC-enriched fraction (for more details 
about CTC during NACT see Figure 2).	
	
CTC persisted postoperatively, as well as their 
chemoresistant character. Although no CTC 
were present after RT, additional ACT with 
capecitabine was started. The presence of CTC	
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after the 4th capecitabine cycle was not con-
firmed. After the 6th capecitabine cycle CTC were 
detected again, furthermore the cells exhibited 
clustering and overexpressed mark-ers 
associated with the mesenchymal charac-ter: 
vimentin (VIM) and aldehydehydrogenase 
(ALDH1). We assume that the super-selection of 
the aggressive clone arose during the course of 
the capecitabine therapy. The expression of 
HER2 was seen only at the beginning of NACT. 
Because of the persistent sensitivity to the cur-
rent treatment we continued up to 8 cycles of the 
capecitabine therapy. The patient is cur-rently 
being monitored without any therapy and without 
any disease relapse.	
	
To be discussed: In the presented case report we 
can demonstrate the aggressiveness of the 
tumor defined by persistent CTC long after the 
completion of the primary therapy and the pos-
sible therapeutic strategy of “watchful waiting” 
with the administration of systemic therapy apart 
from the completion of primary treat-ment. The 
indication of capecitabine according to the 
Create-X study is not entirely definite, as well as 
its inclusion into the AT treatment scheme in the 
period after the RT and in small T1b tumors. On 
the other hand, we know that the release of 
substantial quantities of CTC occurs early in 
tumors under 3 mm in the diam-eter [44]. Based 
on the observations in mice, the clusters of CTC 
have under observations in mice, 23- 50 × higher 
metastatic potential, their presence thus predicts 
the ability of cells to establish secondary lesions 
[45].	
	
Clinical implementation of CTC-
examination: observation after AT ina 
patient with TNBC (Case report 3)	
	
Hypothesis: CTC molecular analysis after AT 
may help to predict disease relapse.	
	
CTC presence after the tumor resection and/or 
after the completion of AT predicts higher risk 
of the disease relapse. Since none of the CTC-
predictive use has been reliably demonstrated 
yet, there is the question of how to deal with 
the prognostic information offered by a regular 
CTC examination [46].	
	
Patient’s case (3): We enclose results of the 
postoperative CTC monitoring of a patient with 
TNBC (29 years old, stage I). CTC tests were 
provided during AT and subsequently in a fol-
low-up period (Figure 3).	
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As shown in the figure, the presence of CTC with 
epithelial origin was detected during the AT 
course. Although the primary tumor was TNBC, 
CTC overexpressed oestrogen receptor (ESR) and 
HER2. Before the last docetaxel cycle (07/2015) 
during AT, we observed clustering of CTC and 
ER/HER2 lost. In the samples taken in 09/2015, 
12/2015 and 09/2016 the number of CTC 
decreased and the characters of the cells 
changed from epithelial to mesenchymal 
(increased expression of VIM and ALDH). After 
the therapy completion, CTC remained resis-tant 
to antracyclines (epression of MRP1) for the rest 
of the time. We also registered elevat-ed ERCC1 
expression, which seems to be con-nected with 
stem cells like phenotype of CTC quite often as 
published in 2016 by Kasimir-Bauer et al. [47].	

	
To be discussed: The persistency of the low 
amount of CTC with the signs of the stem cells 
and MRP1 resistant behaviour during the fol-
low-up period is reported, but the patient is 
still in remission clinically.	
	
Clinical implementation of CTC-examination: 
CTC monitoring after AT and during 
metastatic disease in a patient with HER2+ 
BC (Case report 4)	
	
Hypothesis: CTC molecular characterisation 
during the metastatic disease follow up period 
may help to predict the therapy indication.	
	
State of the art: CTC-positivity and HER2+ are 
both negative prognostic markers in BC. Toget-
her with HER2 discordance between the prima-ry 
tumor and CTC (in studies 15%-35%), the dis-
ease becomes more aggressive and worse from 
the prognostic point of view [29, 48, 49]. The 
change of CTC phenotype is spontaneous [50] 
and behaviour of HER2+ CTC (proliferative 
potential) is different from those of HER2 nega-
tive (resistance to targeted therapy).	
	
We observed the presence of CNS metastases 
in a patient (39 years old, stage II) with HER2+ 
locally advanced BC. CNS metastases were 
detected 11 months after the completion of 
trastuzumab therapy (Figure 4).	
	
The patient started the NACT in 2014, the tumor 
responded to anthracyclines based ther-apy well 
but the effect of taxanes and trastu-zumab was 
quite poor. CTC were expressed HER2+ at the 
beginning of the disease therapy, but not later 
during the taxane-based therapy.	
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Figure 4. CTC monitoring in a patient with HER2- positive breast cancer. CTC positivity: CTC+, AC: doxorubicin + 
cyclophosphamide, DH: docetaxel + herceptin, EA: axilla exenteration, dg: diagnosis, ER: oestrogen receptor, PR: 
progesteron receptor, HER2: human epidermal growth factor receptor, G: grade, CNS: central nervous system, 
mark-ers of stem cells: CD44/CD24, markers of epithelial cells: KRT18/19 (keratins), EpCAM (Epithelial Cell 
Adhesion Molecule), MUC1 (mucin), markers of chemoresistance: see Table 2.	

	
During the AT (tamoxifen+ herceptin) CTC posi-
tivity was confirmed regularly. HER2+ CTC were 
found during AT with trastuzumab. Expression of 
ESR was detected in only two of CTC postop-
erative samples (02/2015 and 04/2015).	
	
The elevation of CTC count and chemoresis-
tance had been documented again before the 
disease progression and brain metastasis 
were detected. The expression of KRT18 and 
CD44 was elevated. Shortly after the 
trastuzumab therapy completion, CTC 
expressing HER2 were not present anymore. 
The patient’s death oc-curred very quickly after 
the diagnosis of brain metastases.	
	
To be discussed: One could discuss the possi-
bility of the re-administration of anti- HER2 ther-
apy in the case of HER2+ CTC at the time of the 
brain metastases development. The effect of 
tamoxifen treatment could be redundant also as 
CTC did not express ESR. Such decisions do not 
reflect the existing recommendations and could 
be only used in clinical trials.	

	
Clinical implementation of CTC-examination: 
CTC-testing after resection of metastases and 
early prediction of disease relapse in a patient 
with metastatic CRC	
	
Hypothesis: CTC-examination including the 
che-moresistance profile analysis could help in 
the therapy indication in the metastatic 
disease course.	
	
In patients with CRC and isolated metastatic 
liver disease, the presence of CTC has already 
been examined in several studies. The 
observa-tional period included the time before 
and/or after the resection or radiofrequency 
ablation (RFA) [51-53].	
	
According to the type of the detection method, 
CTC were found in 10 -30% of patients before 
operation, 29-50% of patients during the sur-gery 
and in 5-28% of patients after the surgery. The 
presence of CTC in the time during or after the 
surgery had a prognostic significance.	
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Figure 5. CTC-testing after resection of metastases in a patient with metastatic colorectal cancer. CTC positivity: 
CTC+, dg: diagnosis, G: grade, RAS: group of oncogenes, wt: wild type, RFA: radiofrequency ablation, m: months, 
cape: capecitabine, pani: panitumumab, FOLFOX/FOLFIRI: chemotherapy regimens (see main text), KRT18/19 
(ker-atins), MUC1 (mucin), VIM (vimentin), genes of chemoresistance: see Table 2.	

	
The monitoring of CTC in real-time and the 
observation of their dynamic behaviour would 
help to detectearly the disease relapse. Pro-
perties of CTC could also help to predict an 
individual risk of disease relapse [54] and to 
choose the therapy after the resection of liver 
metastases. The benefit of the targeted thera-
py in the adjuvant indication has not been 
dem-onstrated in CRC yet [55-58]. The 
presence of CTC with RAS wild type (RASwt) 
properties could change this situation by 
positive selection of CRC patients.	
	
Patient’s case (5): The patient (35 years of age) 
with CRC was undergoing a surgery because of 
adenocarcinoma of rectum. The postoperative 
staging was T2N0(0/10)M0, the status of RAS 
could not be examined because of heavy DNA 
fragmentation. Short time after the surgery,	
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liver metastasis developed in the left liver lobe. 
The tumor was cured by RFA and ACT (FOLFOX 
regimen) (Figure 5).	
	
18 months later the second liver relapse ap-
peared. Liver metastasis was resected again. The 
patient was secured with a systemic thera-py 
(FOLFIRI) and blood collection for CTC exami-
nation was indicated. The results were showed		
CTC presence by molecular analysis, higher 
expression of keratins and MUC1 was con-
firmed, no mesenchymal markers were detect-
ed. A relatively small number (units of cells) of 
CTC could be the reason for quite a long time 
to the next progression (TTP2).	
	
The third liver relapse developed after 10 
months in 04/2016 and CTC test was positive 
again. Not only liver metastases but also CTC	
	

Am J Transl Res 2017;9(6):XXX-XXX	



	
	

CTC implementation into the clinics	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Figure 6. Assessment of KRAS mutation status from CTC in a patient with metastatic colorectal cancer. CTC 
positiv-ity: CTC+, dg: diagnosis, G: grade, RAS: group of oncogenes, wt: wilde type, CNS: central nervous system, 
FOLFOX/ FOLFIRI: chemotherapy regimens (see main text), KRT18/19 (keratins), TTF1 (Thyroid transcription 
factor 1), genes of chemoresistance: see Table 2.	

	
were tested for the presence of RAS mutations 
with a negative result (RASwt was confirmed). 
The expression of VIM, clustering of CTC and a 
high number of CTC were signs for the high 
dis-ease relapse risk.	
	
The 4th relapse developed in 2 months (TTP3). 
Because the patient refused any additional 
chemotherapy, an attempt was made by 
anoth-er liver resection, but with a short effect 
only. This patient was treated with anti-EGFR 
mono-clonal antibody and capecitabine from 
07/2016 to 02/2017.	
	
To be discussed: The disease volume and KRAS 
status could be controlled by monitoring of CTC 
after the surgical removal of metastases.	
	
Clinical implementation of CTC-examination: 
assessment of KRAS mutation status 
fromCTC in patient with metastatic rectal 
adenocarci-noma	
	
Hypothesis: CTC could present a relevant real-
time information source displaying mutational 
status for genes relevant in the therapy indica-
tion process.	

	
State of the art: As we know from the clinical 
trials, the wild form of KRAS oncogene 
(KRASwt) is associated with the sensitivity to 
anti-EGFR therapy, especially in the tumors of 
the left colon. According to some published 
studies, the discordance in the state of KRAS 
in com-parison with the primary tumor and 
metasta-ses is relatively small [59-61]. 
Likewise, rela-tively good correspondence in 
the state of KRAS between the primary tumor 
and periph-eral blood is the reason for the 
effect of anti-EGFR therapy. Regardless the 
fact whether the result of KRAS is based on 
analysis of the pri-mary tumor or CTC [62, 63].	
	
The problem may occur in advanced lines of 
treatment because of previous therapy, which 
can cause super-selection of aggressive tumor 
clones. Discrepancies at various disease levels 
(primary tumor, metastasis, blood) could be 
striking [64]. Another possible benefit of RAS 
oncogenes or other genes determination from 
CTC is in cases, in which we lost the option to 
analyse RAS directly from the primary or sec-
ondary tumor.	
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Patient case (6): A case of a patient (50 years old, 
stage III) with rectal adenocarcinoma with 
unknown status of KRAS gene, because of low 
amount of primary tumor material, is presented		
(Figure 6).	
	
The bulk in the left lung was discovered one 
year after the NACT therapy (02/2013). The 
patient has been under observation only 
because of bulklow diameter and the absence 
of other signs of an active disease. In 
07/2014 lung metastases were confirmed by 
PET/CT and CTC were detected in the blood. 
The patient was treated with FOLFOX and 
bevacizumab in the 1st line and FOLFIRI and 
bevacizumab in the 2nd line but with only 6 
and 3-month lasting effect. CTC examined 
after FOLFOX were resis-tant to oxaliplatin.	
	
Before the initiation of the 3rd line of the thera-
py a biopsy from a newly discovered tumor 
mass in the liver was executed, but tumor cells 
were not aspirated. The analysis of KRAS was 
provided, based on CTC-material with the 
result of KRASwt. Nevertheless, combined 
FOLFOX and cetuximab therapy failed again. 
Only rela-tively small cells with several 
cancerousmor-phologic features were 
detected in the blood after the therapy 
completion. CTC expression profile was not 
done because of small amount of RNA.	
	
We explain the therapeutic failure of the anti-
EGFR therapy by tumor heterogeneity and by 
the administration of two previous therapy 
lines, which might cause the selection of che-
moresistant cells subset (MRP1 and MRP4 
expression).	
	
The disease progressed macroscopically and 
new lesions in bones were discovered in 
11/2015. We treated the patient with rego-
rafenib and capecitabin in the next two lines 
but without any significant effect. The patient 
died in 9/2016 because of new CNS lesions. 
CNS metastases are not typical among CRC 
patients, and their presence explains the 
aggressiveness of the disease.	
	
To be discussed: To influence the prognosis of 
the patient at the stage of generalization, the 
early treatment initiation is critical, but the veri-
fication of pulmonary focus (07/2014) could not 
be done, unfortunately. The liquid biopsy in such 
a case could replace screening, focused	

	
	
on the disease relapse verification. The molec-
ular analysis of CTC including KRAS status anal-
ysis should be more perspective at the be-
ginning of the disease. The effectiveness of anti-
EGFR therapy was certainly affected by the 
previous treatment and by the chemoresis-tance 
of the disease, which was documented by 
examination of CTC. Increased EGFR expres-sion 
could also be the cause of non-effect of 
regorafenib as a possible escape mechanism of 
the tumor cells in CRC patient [65]. The data 
correlating the status of RAS mutations are 
usually obtained from patients receiving the first 
line therapy [66, 67], however it was shown that 
the monitoring of CTC could be relevant in the 
advanced lines of therapy, too [68].	
	
Clinical implementation of CTC-examination: 
strategy of using CTC for the palliative treat-
ment guidancein a patient with NSCLC	
	
Hypothesis: CTC-examinations could be used 
for EGFR mutation detection during the 
therapy course in a patient with NSCLC.	
	
State of the art: The dynamic changes of CTC 
could reflect the prognosis of patients with 
NSCLC [69]. The chemotherapy efficiency de-
creases with the sequential selection of the 
chemoresistant tumor clones and its success can 
be a guarantee only by using drugs with the new 
mechanism of the effect, which could tar-get on 
the slowly dividing cells and/or restoring the 
sensitivity of the tumor cells to cytostatics. The 
examination of CTC chemoresistance is one way 
of how to better choose the potentially effective 
cytostatic in palliative care. The muta-tional 
analysis of CTC may offer new infor-mation on 
EGFR-mutational status, identifying T790M 
mutation associated with anti-EGFR treatment 
resistance.	
	
Patient’s case (7): The case of 47-year old 
patient with stage IV NSCLC treated with com-
bined carboplatin and pemetrexed therapy in the 
1st line is presented. Her disease had the 
character of adenocarcinoma without muta-tions 
in genes EGFR, KRAS, NRAS, BRAF and ALK 
fusion was also not found in the primary tumor. 
The therapy was conducted from 01 to 05/2016. 
The examination in 02/2016 showed the 
presence of CTC with the expression of TA-
associated genes EpCAM, MUC1, KRT18 and 
KRT19. CTC showed resistance to platinum 
(ERCC1) and cross-resistance to several other 
antineoplastic agents (MRP1).	
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CT (computer tomography) scan from 05/2016 
showed a mild non-effect of the therapy. The 
control blood test was carried out at the same 
time, the characterization of CTC changed part-ly, 
and the expression of VIM was newly veri-fied. 
The disease developed more multi-resis-tant 
cells (expression of MRP1, MRP2, MRP4,		
MRP7, and ERCC1). Based on this result and 
based on the preserved sensitivity of the dis-
ease on derivatives of 5 -fluorouracil (MRP5 
expression has not been proven) and gem-
citabine (expression level of RRM1 or RRM2 
was not elevated), we indicated the treatment 
with gemcitabine and capecitabine in the 2nd 
line.	
	
CT scan from 09/2016 showed a slight pro-
gression of a one pulmonary node but also the 
regression of tumors in other locations. An 
unresponsive focus was subsequently irradiat-ed 
and after the completion of RT (09-10/2016) we 
continued with palliative treatment in the 
mentioned scheme till 12/2016. The control CT 
scan unfortunately revealed further bilateral 
progression of lung focuses. Despite of this result 
we declare the effect of the second-line 
treatment lasting for 6 months as successful.	
	
To be discussed: CTC-assisted therapy supple-
mented by chemoresistance testing may con-
tribute to a better therapeutic effect.	
	
Clinical implementation of CTC-examination: 
typing of tumors with unknown primary site 
(C80) or duplicate tumors	
	
Hypothesis: CTC-examination could be used for 
diagnostics of tumors with unknown origin or 
for the differential diagnosis in patients with 
duplicate tumors.	
	
State of the art: CTC could be beneficial in 
tumors of the unknown primary site (diagnosed 
as C80). The inter-individual heterogeneity or the 
tumor dedifferentiation delimitate success-ful 
typing of known origin tumors as well as of C80 
[70]. Detailed analysis of DNA allows to find 
deviations and mutations of genes involved to 
the pathogenesis of C80 [71], which could be the 
aims for the targeted therapy [72]. CTC rep-
resent a possible extension of the knowledge 
obtained from the tissue biopsies [73].	
	
Patient’s case (8): A 57-years old patient with 
duplicate CRC and PC, CTC examination was 
indicated to obtain prognostic information and	
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to identify the type of CTC. CRC was resected; 
the post-operative stage was pT3pN0(14)M0, 
microsatellite stable (MSS). The PC stage T3b-
N0-1, GS 3+4 was planned to examine by 
usingcholine- PET/CT. We discussed the need 
of AT in CRC. We considered both cancers as 
potentially aggressive; CRC because of their 
biological behaviour, PC because of the extent 
of the disease.	
	
Detected CTC overexpressed following TA-
genes: KRT18, KRT19, VIM, ALDH, VEGF, 
AMACR. The subset of genes confirmed pres-
ence of the cells with epithelial origin 
(keratins), but the elevation of stem cell 
markers (VIM, ALDH1) was also demonstrated. 
Additionally VEGF expression supporting the 
tumorangio-genesis was elevated. The cells 
were exhibiting morphological features of the 
cells found in the patients with CRC, but the 
elevated expression of the AMACR gene 
couldbe ascribed to the cells of prostate origin. 
We concluded that probably the both cell types 
from both tumor types were present inthe 
patient’s blood. The genes associated with the 
chemoresistance to anthracyclines (MRP1) 
and platinum (ERCC1) were detected.	
	
We also indicated Oncotype DX Colon Cancer 
(Genomic Health, USA) examination with the 
result of the middle to high risk of the disease 
relapse according to the molecular print of the 
primary colon cancer (score of recurrence 39).	
	
As RT of PC was planned, we recommended 
capecitabine as adjuvant monotherapy for 
CRC and dipherelin as the primary 
neoadjuvant treatment for prostate cancer.	
	
To be discussed: The CTC examination helped 
us to distinguish the risk of relapse in two dif-
ferent malignant diseases. Stage II CRC does-
not always require ACT. The liquid biopsy could 
predict the need of the post-operative therapy 
in such cases. In comparison to molecular 
assays targeting the primary disease, the 
liquid biopsy offers a real-time monitoring of 
the CTC volume in time.	
	
Discussion	
	
The clinical evidence for the predictive value of 
CTC is still limited. Our two-step detection pro-
tocol combining a size-based filtration with the 
both cytomorphological and molecular charac-
teristics of CTC may identify CTC in patient sam-	
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ples, where they cannot be detected by other 
methods (e.g. EpCAM-based separations). In 
the reported CTC positive samples (24/34 i.e. 
70.6%) EpCAM expression has been confirmed 
in 2samples (8%) only, expression of KRT 
18/19 in 23 samples (95.8%) and MUC1 in 7 
samples (29.2%). The changes in the number 
of CTC in responders compared to non-
respond-ers suggest that CTC properties are 
different in the patients with the same disease 
undergoing the same treatment.	
	
The highest possibility for the CTC clinical 
implementation is in the palliative indication. 
The CTC-navigated therapy based on the 
detec-tion of certain types of mutations in 
NSCLC patients is already part of a clinical 
care. We expect a similar use of CTC-testing in 
other diagnosis (e.g. the determination of RAS 
status in CRC or ARV7 in CRPC patients) and in 
the cases of the primary disease, where the tu-
mor tissue is not approachable for a biopsy 
verification.	
	
Considering the chances for CTC implementa-
tion in AT, monitoring of MRD in the patients in 
remission after the completion of the primary 
treatment is the only way how to actively inter-
vene to the course of this period. It is evident 
that a disease relapse may occur even years 
after the primary diagnosis. The persistence of 
CTC in the blood of the patients in remission 
after primary treatment significantly increases 
the risk of a relapse. Long observational peri-
ods increase the already limited budgets for 
the cancer treatment. The liquid biopsy could 
be a promising inexpensive screening method 
(in the context of a comprehensive pharmaco-
economic assessment) [74].	
	
To sum up, in all the presented case reports it 
has been shown that the aggressiveness of 
the disease may be defined by the persistent 
CTC long after the completion of the primary 
therapy (e.g. NACT, AT). Subsequently, possible 
therapeutic strategy of “watchful waiting” com-
bined with the administration of systemic ther-
apy apart from the completion of the primary 
treatment could be of a help.	
	
Considering the results of the CTC -chemore-
sistance test (e.g. resistance to the anthracy-
clines defined by MRP1), the patients could 
overcome the “watchful waiting periods” with a 
support of an “additional” AT, e.g. by cape-
citabine administration after NACT in BC.	

	
	
Similarly, if low amount of CTC with signs of 
the stem cells in the followup period is 
reported, the metronomic strategy of therapy 
could be considered.	
	
Another situation has been described when 
HER2+ CTC were detected in the patients after 
the terminated anti HER2-therapy. One could 
discuss the possibility of a re-administration of 
the anti-HER2 therapy, especially at the time of 
the brain metastases development.	
	
Our case reports show, monitoring of CTC, not 
only in BC but also in CRC and NSCLC, could 
control the disease volume after the surgical 
removal of metastases. In the last two men-
tioned cases, CTC could be used for molecular 
subtyping of the tumor, which is in CRC and 
NSCLC a necessary condition which allow the 
anti-EGFR treatment indication.	
	
In all of the cases the CTC-assisted therapy, 
supplemented by the chemoresistance testing 
may contribute to a positive therapeutic effect. In 
comparison to the molecular assays target-ing 
the primary disease, the liquid biopsy offers real-
time monitoring of CTC volume in time.	
	
Using CTC in the context of the disease diag-
nostic in tumors of unknown primary site or in 
the patients with a duplicate tumor could 
accel-erate the therapeutic management of 
the can-cer patients in general.	
	
Based on the data presented, we assume, that 
the liquid biopsy could significantly improvethe 
ability to monitor the malignant disease, to 
pre-dict the treatment efficacy and to provide 
us an additional base for the complementary 
use of CTC in concordance with conventional 
histology in the future.	
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Abstract 

This study analyses peripheral blood samples from breast cancer (BC) patients. 
CTCs from peripheral blood were enriched by size-based separation and were then cultivated 
in vitro. The primary aim of this study was to demonstrate the antigen independent CTC-
separation method with high CTCs recovery. Subsequently CTCs enriched at several times 
during the treatment were molecularly characterized.   

Patients diagnosed with different stages of BC (N=165) were included into the study. 
All patients were candidates for surgery, surgical diagnostics or were undergoing 
chemotherapy. In parallel, 20 patients were monitored regularly and beside CTC-presence, 
CTCs character was examined by qPCR, especially HER2 and ESR status was the focus.  

The CTC positivity in the tested cohort was 76%. There was no significant difference 
between tested groups, but the highest CTCs occurrence was found in the group undergoing 
surgery and similarly in the group before start of neoadjuvant treatment. In opposite, the 
lowest CTC- frequencies have been observed in the menopausal patient group (56%), ESR+ 
patient group (60%) and DCIS group (44,4%). It is important to comment on CTCs-presence 
after neoadjuvant therapy (NACT) was completed 77,7% of cases. It can be assumed, that in 
these patients therapy was working as expected. On the other site, patients under hormonal 
treatment were CTC- positive only in 52% of case. 

Interestingly, HER2 and ESR status of CTCs differs from the status of primary tumor. 
In 50% of patients HER2 status changed from HER2+ to HER2-, but also from HER2-to 
HER2+ (33%). ESR status on CTCs changed only in one direction from ESR+ to ESR- Based 
on the data obtained in the presented study we may conclude, that BC is a heterogenous 
disease, but CTCs may be detected independently on the disease characteristics in 76% of 
patients at any time point of disease period. This relative high CTC-occurrence in BC should 
be considered in planning of long- period patient monitoring.   



	
	
	
	
	
	

 
 

Introduction  
 

Breast cancer (BC) is one of the most common female tumor diagnosis, worldwide. 
Enumeration of circulating tumor cells (CTCs) has showed prognostic role in various stages 
of this disease. Hormone receptors (estrogen and progesterone) and HER2 status of primary 
BC tumor have been established during standard clinical biopsies and are of crucial 
importance in treatment choice. Real-time tumor monitoring through CTCs enumerations 
could be important indicator of individual cancer development (1). 

CTCs as biomarkers can offer several valuable information about patients’ tumor but 
it all depends on their reliable detection, separation and characterization. Although 
occurrence of CTCs in patients’ peripheral blood is often very low, enrichment methods can 
be introduced for CTCs separation before their characterization. They are usually based on 
surface protein expression, size, density, electric charges or deformability of CTCs.  

This study analyses peripheral blood samples from patients with BC. CTCs from 
peripheral blood were enriched by size-based separation and were then cultivated in vitro. 
The primary aim of this study was to demonstrate the antigen independent high sensitive 
separation method and a possibility of molecular characterization of CTCs enriched at several 
time during the treatment.   
 
Materials and Methods 
 
Patients: To date 167 patients with diagnosed BC have been enrolled in the study in 
accordance with the Declaration of Helsinki. All patients were candidates for surgery, surgical 
diagnostics or with planned or applied chemotherapy. Based on informed consent, clinical 
data were collected from all participating patients. Basic cytopathological data are reported in 
Table 1. For each patient, approximately 2 x 8 mL of venous blood was drawn from the 
antecubital veins and placed into S-Monovette tubes (Sarstedt AG & Co., Numbrecht, 
Germany) containing 1.6 mg EDTA/mL blood as an anticoagulant. The samples were 
processed at room temperature using an isolation procedure completed within 24 hours after 
the blood draw. 
 
Table 1. Basic cytopathological characteristics of patients  

Stage		 N		 %	
	

Tumor	size	 N		 %	

0	 3	 2	
	

T1	 63	 61,1	

IA	 45	 30	
	

T2	 36	 34,9	

IIA	 64	 42,7	
	

T3	 4	 3,8	

IIB	 20	 13,3	
	    

IIIA	 13	 8,7	
	

Nodal	involvement		 N	
	

IIIB	 1	 0,67	
	

N0	 56	 56,5	

IIIC	 4	 2,67	
	

N1	 37	 37,3	

	    
N2	 6	 6	

Histopathological	features	
	

%	
	  

99	
	

benign	 2	 1,7	
	

Grading		 N	
	



	
	
	
	
	
	

DCIS	 9	 7,6	
	

G1	 7	 11,8	

LCIS	 1	 0,85	
	

G2	 24	 40,6	

IDC	 31	 26,27	
	

G3	 28	 47,4	

ILC	 14	 11,86	
	    

NST	 45	 38,14	
	

HR	and	HER2	status	
	

%	

mixed	 16	 13,6	
	

HR+	HER2+	 16	 11,7	

	    
HR-	HER2+	 7	 5,1	

Menopausal	status	
	

%	
	

HR+	HER2-	 91	 66,4	

premenopausal	 65	 39,39	
	

HR-	HER2-	 23	 16,8	

menopausal	 18	 10,9	
	    

postmenopausal	 82	 49,7	
	     

 
CTCs enrichment and culture: A size-based separation method for viable CTC enrichment 
from peripheral blood has recently been introduced (MetaCell®, MetaCell s.r.o., Ostrava, 
Czech Republic) (2-6). The size-based enrichment process is based on the filtration of 
peripheral blood through a porous polycarbonate membrane (with pores of 8 µm diameter). 
The minimum and maximum volume of the filtered peripheral blood may be adjusted up to 50 
mL with fluid. The standard 8 mL peripheral blood sample from patients suffering from OC 
was transferred into the filtration tube. Gradual transfer of the blood in several steps is 
preferred to prevent blood clotting on the membrane filter. The peripheral blood flow is 
supported by capillary action of the absorbent touching the membrane filter. The filtered 
CTCs were observed immediately after filtration on the membrane. The control and presence 
of filtered CTCs immediately after isolation eliminates false negative results of the 
examination. The membrane filter is kept in a plastic ring that is transferred into the 6-well 
cultivation plate, 4 mL RPMI media is added to the filter top and CTCs are cultured on the 
membrane in vitro under standard cell-culture conditions (37°C, 5% atmospheric CO2) and 
observed by inverted microscope. The CTCs were grown in FBS-enriched RPMI medium 
(10%) for a minimum of 14 days on the membrane. Alternatively, the enriched CTCs fraction 
can be transferred from the membrane and cultured directly on any plastic surface or a 
microscopic slide, or the separation membrane may be translocated on a microscopic slide. 
Microscopic slide is preferred if immunohistochemistry/immunofluorescence analysis is 
planned. If an intermediate CTCs-analysis is awaited, the CTCs-fraction is transferred in PBS 
(1.5 mL) to a cytospin slide. The slide is then dried for 24 hours and analyzed by 
histochemistry (May-Grünwald staining) and/or by automated immunohistochemistry 
protocols (Ventana, Benchmark Ultra, Roche) using standard differential diagnostic 
antibodies in the pathological evaluation process.  
 
Cytomorphological analysis: The stained fixed cells captured on the membrane were 
examined using light microscopy in two steps: (i) screening at x20 magnification to locate the 
cells; (ii) observation at x40/x60 magnification for detailed cytomorphological analysis. 
Isolated cells and/or clusters of cells of interest (immunostained or not) were selected, 
digitized, and the images were then examined by an experienced researcher and/or 
pathologist. CTCs were defined as cells with the following characteristics: (i) with a nuclear 
size ≥10 µm); (ii) irregular nuclear contour; (iii) visible cytoplasm, cells size over 15 µm; (iv) 



	
	
	
	
	
	

prominent nucleoli; (v) high nuclear-cytoplasmic ratio; (vi) proliferation, (vii) actively invading 
cells creating 2D or 3D cell groups.  
 
Gene expression analysis (GEA): The key purpose of GEA is to compare gene expression 
of tumor-associated markers in the CTC-enriched fractions to that in the whole blood (white 
blood cells). To confirm the origin of the captured cells on the separation membrane, gene 
expression analysis can be performed. Gene expression analysis (GEA) allows up to 20 
tumor-associated markers in RNA from different cell fractions to be tested within a single 
quantitative polymerase chain reaction (qPCR) run. Differential diagnostics markers for qPCR 
test are chosen in accordance with the expected diagnosis.  
 RNA is isolated from the whole blood and CTC-enriched fraction on the membrane. 
The CTC enriched fraction of cells grown on the separation membrane in vitro (the so-called 
“membrane fraction”) was used for RNA isolation. .  
 Finally, the CTC-gene expression analysis allows identification of the relative amount 
of tumor-associated (TA) markers in the whole blood and in CTC-enriched fractions. If the 
tumor-associated genes are highly expressed in the CTC fraction, a subsequent analysis of 
chemoresistance-associated (CA) genes is performed. Molecular analysis allows 
identification of which type of the chemotherapeutic agents may be of use in tumor therapy 
and assigned as personalized cancer therapy based on CTC. 
 The cells captured on the membrane are lysed by RLT-buffer with beta-mercapto-
ethanol (Qiagen). RNA is then isolated using the RNeasy Mini Kit (Qiagen). The RNA from 
the whole blood is isolated with a modified procedure and the quality / concentration of RNA 
is measured by NanoDrop (ThermoScientific). As there are only up to a few hundred cells on 
the membrane, the median concentration of RNA is quite low (5-10ng/µl). High Capacity 
cDNA Reverse Transcription Kit (Life Technologies) was used for cDNA production. Gene 
expression analysis was performed using Taqman chemistry with Taqman MGB-probes for all 
the tested genes (Life Technologies).  
 The following genes associated with tumorigenic character and therapeutic potential 
in ovarian cancer were chosen for the multimarker GEA panel: ACTIN, CD45, CD68, EPCAM, 
MUC1, KRT18, KRT19, ESR, HER2, CD24, CD44 Additionally, genes associated with 
chemoresistance were tested (MRP1-10, MDR1, ERCC1). 
 
Statistical analysis: All analyses were performed using clinicopathological information 
transformed into variables 0 and 1 if applicable for tested characteristics. Chi-squared test, t-
tests, cluster analysis and correlation analysis of qPCR data were outperformed using GeneX 
(MultiD, SE) and GraphPadPrism vs. 5 (Graphpad, US). P-value of less than 0.05 was 
considered as statistically significant. 
 
Results 
 

The main focus of the study was to detect circulating tumor cells (CTCs) in BC 
patients by a new methodological approach, which is based on size-dependent separation of 
CTCs and subsequent cytomorphological evaluation. Cytomorphological evaluation using 
vital fluorescence microscopy approach (Fig. 1) enables further use of the viable captured 
cells for RNA/DNA analysis.  

Patients diagnosed with different stages of breast cancer (BC) (n= 167) were included 
in the study. The patients were divided based on clinicopathological criteria and CTC-
presence was tested. Summary on obtained CTC-positivity data is presented in Table 2.  

 



	
	
	
	
	
	

The CTC positivity in tested cohort was 76 %. There was no significant difference 
between tested subgroups groups, identifying a possible CTC- presence predicting factor 
significantly, but the highest CTCs occurrence was found in the group undergoing surgery 
(86,6%) and similarly in the group before start of neoadjuvant and adjuvant treatment (82,3%).  

It is important to comment on relatively high CTCs-presence even if neoadjuvant 
therapy was completed (77,7%). It can be assumed, that in these patients therapy was 
working as well as expected. 

 
 

Fig.1. CTCs isolated from a patient with breast cancer, captured on the separation membrane (vital 
fluorescent staining - NucBlue® and Celltracker®). Bar represents 10µm. 

				 	
 

 
Table 2.  CTC positivity detected in different BC-patients subgroups. 

CTC	Positivity	 CTC+	 %	
	

Tumor	size	 N		 %	

CTC+	 119	 72,1	
	

T1	 63	 74,6	

CTC-	 46	 27,9	
	

T2	 36	 88,8	

	    
T3	 4	 75	

Stage	
	

%	
	    

0	 3	 100	
	

Nodal	involvement		
	

%	

IA	 31	 68,9	
	

N0	 23	 82	

IIA	 47	 73,4	
	

N1	 17	 78	

IIB	 16	 80	
	

N2	 2	 66	

IIIA	 10	 76,9	
	    

IIIB	 0	 0	
	

Grading		
	

%	

IIIC	 4	 100	
	

G1	 5	 70	

	    
G2	 14	 58	

Histopathological	features	
	

%	
	

G3	 23	 82	

DCIS	 4	 44,4	
	    

LCIS	 1	 100	
	

HR	and	HER2	status	
	

%	

IDC	 22	 70,9	
	

HR+	HER2+	 13	 81,3	



	
	
	
	
	
	

ILC	 13	 92,9	
	

HR-	HER2+	 7	 100	

NST	 33	 73,3	
	

HR+	HER2-	 64	 70,3	

mixed	 9	 56,3	
	

HR-	HER2-	 22	 95,7	

	       
Menopausal	status	

	
%	

	
Therapy	

	
%	

Premenopausal	 51	 78,4	
	

Before	therapy	 28	 82,3	

Menopausal	 10	 55,5	
	

During	HT	 9	 52,9	

Postmenopausal	 58	 70,7	
	

After	NACT	 7	 77,7	

	 	 	 	 Before	surgery		 39	 86,6	

 
 
There were no significant differences in CTC frequencies observed based on stage 

definitions. Considering the histopathological character of the primary tumor, the lowest CTC- 
positivity has been observed in DCIS (44,4%). Relatively low CTC frequency has been 
observed in menopausal patient group (55,5).  

 
As next, it can be concluded, that in tumors with ESR – expression (ESR+) and 

without PGR expression (PGR-) CTCs were detected only in 60% (9/15) of tested cases, in 
ESR+/PGR+ CTC-positivity is 73% (68/93). On the other hand in patients with ESR- negative 
tumors CTCs were detected in 96,7%, almost all of the tested patients (30/31).  In that 
connection, it has to be mentioned, that during therapy only 52,9 % (9/17) of tested patients 
exhibited CTCs. Nevertheless, menopausal stage has to be considered if ESR/PGR 
expression is evaluated. The correlation of the menopausal status and ESR/PGR expression 
is shown on Figure 2, where it can be seen, that hormonal receptor positive tumors are 
exhibiting the lowest CTC- detection frequencies in comparison to the HR- groups.  

 
Similarly, even if not statistically significant, it can be seen, that HR+ tumors/ HER2 -, 

independently on the menopausal stage do show the lowest CTC- frequency rates (see 
Figure 3). 

 
In parallel, 20 patients were monitored regularly during disease course and beside 

CTC-presence also CTCs character was examined by qPCR, especially HER2 and ESR 
status was the focus. In total, 43 qPCR analysis were evaluated.  Therapeutically the most 
relevant findings are following:  HER2 and ESR status of CTCs may differ from the status of 
primary tumor.  

	
The most frequent changes were seen in the TNBC group (N=12). In these groups 27 

samplings were evaluated. There was HER2 presence detected on CTCs in 4 cases. Which 
means, that the change occurred in 15% of tested samples, but that these 4 changes can be 
ascribed to 4 different patients. The change was relevant for 4 out of 12 patients (33,3%), 
what is already a significant number. Similarly, in 50% of patients HER2 status changed from 
HER2+ to HER2- (3/6).  

 
ESR status on CTCs changed only in one direction from ESR+ to ESR- (3/3). These 

patients primary tumors were diagnosed as ESR+/PGR+/ ER2-. This group of patient will 
most probably exhibit very frequent changes.  



	
	
	
	
	
	

 
 
Fig. 2. CTC positivity in relation to menopausal stage and primary tumor HR - expression. 

	

	
	

	
Fig. 3 CTC positivity in relation to menopausal stage and primary tumor HR and HER2- expression. 

 
 
 
Taken together, due to relatively high numbers of CTC positivity in different patients 

groups, we may conclude that certain CTCs number is always present in patients blood. The 
cells have to be under selection pressure of treatment uninterruptedly.  As soon as the 
selection pressure is stopped, new gene expression profile is displayed by CTCs.   
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Based on the data obtained in the presented study we may conclude, that BC is a 
heterogenous disease, but CTCs may be detected independently on the disease 
characteristics in 76% (119/165) of patients at any time point of disease period. This relative 
high CTC-occurrence in BC should be considered in planning of long- period patient 
monitoring.  
 
 
Discussion   
 

Treatment decisions in BC are based on the characteristics of the primary tumor 
without considering character of minimal residual disease or metastasis.  However, tumors 
are evolving entities and genetic heterogeneity has been detected comparing the primary 
tumor with subsequent recurrences and metastases and analyzing different regions of the 
same tumor or (7). It has been hypothesized that the success of personalized treatments 
greatly depends on the capability to capture and monitor tumor heterogeneity over time and 
to consequently modulate therapies (8).	 
	

Detection and characterization of CTCs can contribute to the understanding of the 
disease and improve therapy monitoring as well as personalized treatment options. The key 
step is sensitive isolation and detection of CTCs. To date, various approaches have been 
also used to visually identify CTCs; however, the techniques employed to perform cell 
enrichment, immunohistochemical detection, and image analysis are complicated (9,10). 
Moreover, epithelial markers are currently used to detect CTCs; tumor cells, however, may 
lose their epithelial features during metastasis/dissemination or may not express these 
markers because of their heterogeneity (11). So, part of CTC in EMT (epithelial-mesenchymal 
transition) could be lost by the common CTC-enrichment strategies relying on epithelial 
markers (12). According to recent findings, more invasive CTC may lose their epithelial 
antigens by an EMT process (13) and EMT has been increasingly recognized as a key 
mechanism of cancer drug resistance (14). 

 
We have used a simple method, without any complicated processing steps, for 

detecting viable human CTCs in the peripheral blood, by using physical features of CTC-size. 
We believe that viable CTCs may be a less invasive, repeatable biomarker for monitoring 
tumor responses. 

 
In our study more than 76 % patients were CTC positive. This result provides 

evidence that BC cells migrate and disseminate from morphologically very early lesions.		
Hosseini et al demonstrated that metastatic dissemination often occurs early during tumor 
formation (15). Dissemination cancer cells detected in patients before the manifestation of 
breast-cancer metastasis contain fewer genetic abnormalities than primary tumors and 
indicate that dissemination occurs during the early stages of tumor growth (16-19).     

 
As was demonstrated by the SWOG S0500 trial, the simple enumeration of CTC is 

not sufficient to guide therapy (20). There are increasing evidences that cancer evolves over 
time because of its genomic instability and under the selection pressure of systemic 
treatments.	These changes can be responsible for the appearance of drug-resistant clones. In 
studies of metastatic breast cancer (MBC), a discrepancy was observed between metastases 
or CTC and the primary tumors in terms HER2, estrogen and progesterone receptor 



	
	
	
	
	
	

expression (21,22).	  The loss of progesterone or estrogen hormone receptor expression in 
CTC was described in 40% of receptor-positive MBC, a gain in hormone receptor expression 
was detected in only 8% of triple negative MBC (21).  

 
 The clinical use of new CTC detection technique and the molecular characterization 
of isolated CTCs may lead to the development of personalized anticancer strategy in near 
future.   
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