
Abstract. Background: Circulating tumour cells (CTC) in the
blood of cancer patients indicate disease progression. Their
presence reflects a relapse or metastasising process since CTC
survive only a short time in the circulation. Materials and
Methods: Test systems developed by AdnaGen have been used
for the sensitive and specific analysis of CTC. Results: Case
reports of 2 breast cancer patients demonstrate the successful
detection of CTC for therapy monitoring purposes. The
disappearance of CTC reflects therapy success. The patient
that responded towards therapy was characterized by the
disappearance of CTC from the first therapeutic unit (TU)
onwards. In contrast, CTC remained detectable in the other
patient during the whole therapy pointing to only limited
therapeutic efficacy and a progressive disease. Furthermore,
systematic changes in the expression profile of CTC in
colorectal patients at different stages of disease could be
observed. Whereas EGFR was expressed in 90% of the patients
with CTC during primary disease the expression level decreased
to 15% in CTC of metastatic patients. On the other hand the
expression of CEA was low in CTC found after primary surgery
(15%) and dominant in CTC of metastatic patients (80%).
Conclusion: The analysis of CTC is a useful tool for therapy
monitoring of breast cancer and colorectal cancer patients in
the adjuvant and palliative situation. The molecular profiling
of CTC may be used to identify therapeutic targets such as
HER2 or EGFR for personalised treatment that is likely to
have an important impact on the therapeutic efficacy of drugs
like Herceptin® or Erbitux®.

The presence of disseminated tumour cells in bone marrow
(DTC) has been widely confirmed as an independent
prognostic factor (1). DTC can have a very long survival
time because they are not always destroyed by the body’s
defence mechanisms. Therefore, they are not useful for
obtaining a detailed account of the time course of the
disease or the success of a therapeutic intervention (2).

The clinical significance of circulating tumor cells in the
peripheral blood (CTC) of cancer patients has also been
proven [reviewed in (3)]. These cells survive only for up to
24 hours in the patient’s blood (4). The accidental detection
of CTC seems unlikely unless there is a permanent new
influx of tumour cells. CTC are of special importance
because their detection in patients’ blood mirrors a dynamic
process, whereas tumour cells located in bone marrow might
be the result of a process that became static at some time
after onset of the disease. CTC can most likely be detected
during tumour progression offering a prognostic value and
an independent use for the evaluation of therapeutic
efficacy. This has been confirmed through several clinical
studies during the past four years (5-8). 

The detection of CTC in peripheral blood of cancer
patients is difficult for two reasons. One reason is the
illegitimate transcription of tumour-associated mRNAs by
nucleated blood cells (e.g. thrombocytes) (9). This can lead
to a strong background that varies between persons and may
complicate the distinction between healthy donors and
patients. A lowering of this background level can only be
achieved by an immunomagnetic enrichment of tumour cells,
by the removal of other nucleated cells or by the loss of
sensitivity of the detection method. Another reason for the
difficulty in detecting CTC is the extremely high variability of
surface antigen expression. Only an optimized combination
of different antibodies binding to different epitopes expressed
on tumour cells prevents the loss of analytical sensitivity.
Combining the immunomagnetic enrichment of CTC with the
analysis of tumour-associated transcripts results in high
analytical sensitivity whilst maintaining a high specificity as
has been described (10, 11).
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The detection of a dynamic process like tumour cell
spread into the blood circulation offers diagnostic potential
for the surveillance of the adjuvant and palliative situation.
To date therapy strategies have only been established based
on parameters obtained from the primary tumour. The aim
of our experiments was to show the clinical significance of
CTC regarding therapy monitoring in breast and colorectal
cancer patients. The technology developed by AdnaGen
enables an effective therapy monitoring. Variations in the
expression profile of CTC during adjuvant and palliative
therapy at several time points of blood withdrawal from
different patients were detected.

Materials and Methods

Five ml blood samples were collected from breast cancer patients and
colorectal cancer patients with an S-Monovette® (Sarstedt AG & Co.,
Nümbrecht, Germany) with EDTA and were stored at 4ÆC until
further examination. The samples had to be processed within 4 h. The
cell enrichment method employed is described elsewhere (10, 11). In
brief, the blood samples were incubated with a ready-to-use antibody
mixture commercialized as AdnaTest BreastCancerSelect in the case
of breast cancer patients and as AdnaTest ColonCancerSelect in the
case of colon cancer patients according to the manufacturer’s
(AdnaGen AG, Langenhagen, Germany) instructions. mRNA
isolation from lysed, enriched cells was performed with the
Dynabeads mRNA DIRECTì Micro Kit (Invitrogen GmbH,
Karlsruhe, Germany) that is included in the AdnaTest
BreastCancerDetect or AdnaTest ColonCancerDetect according to
the manufacturer’s (AdnaGen AG, Langenhagen, Germany)
instructions. Sensiscript® Reverse Transcriptase (QIAGEN GmbH,
Hilden, Germany) was used for the reverse transcription because of
its high sensitivity (recommended for amounts of <50 ng RNA) in
combination with oligo(dT) coupled Dynabeads of the mRNA
DIRECTì Micro Kit (Invitrogen GmbH, Karlsruhe, Germany)
according to the manufacturer’s instructions (12).

The analysis of tumour-associated mRNA isolated from circulating
tumour cells was performed in a multiplex PCR for 3 tumour-
associated transcripts: human epidermal growth factor receptor 2
(HER2), Mucin 1 (MUC1) and epithelial glycoprotein GA733-2 in
the case of breast cancer patients (11), or epidermal growth factor
receptor (EGFR), carcinoembryonic antigen (CEA) and GA733-2 in
the case of colon cancer patients. PCR was performed with the
HotStarTaq Master Mix (QIAGEN GmbH, Hilden, Germany). Actin
was used as internal PCR positive control. Visualization of the PCR
fragments was carried out with a 2100 Bioanalyzer using the DNA
1000 assay (Agilent Technologies, Waldbronn, Germany).

Results

Palliative therapy monitoring of breast cancer patients. Efficacy
of therapy can be immediately assessed through the detection
of tumour cells as shown in Figure 1 for metastasized breast
cancer patients. Patient 1 suffered from multiple lung (PUL)
and bone (OSS) metastases and was negative for estrogen
receptor (ER), progesteron receptor (PR) and HER2 as
prognostic factors. Patient 2 had liver (HEP), lung (PUL) and

bone (OSS) metastases and was positive for all prognostic
factors mentioned above. Patient 1 received four units of
taxane therapy (Paclitaxel), while patient 2 was treated with
five units of an anthracycline therapy. Prior to therapy, patient
1 showed an expression of GA733-2 and MUC1 and,
therefore, was positive for CTC. After the onset of the therapy,
CTC immediately disappeared. In the course of the treatment
the patient was only positive again for CTC on one occasion.
Patient 2 showed an expression of three tumour-associated
transcripts prior to therapy as well as during the subsequent
treatment. Only after therapy unit 4 (TU), where the dose of
anthracycline was doubled, did the transcript HER2 disappear
and the signal strength of GA733-2 and MUC1 decreased
slightly. In patient 1 the disappearance of CTC was related to
clinical response, whereas in patient 2 progressive disease
under therapy was related with positive findings of CTC.

Adjuvant therapy monitoring of breast cancer patients. The
breast cancer patient whose data is shown in Figure 2 was
monitored over a period of approximately 2.5 years. The
primary tumour was classified as pT1c, N2a, M0, the
prognostic factors ER, PR and HER2 were negative. The
patient was treated with epirubicin/cyclophosphamid (EC),
radiation therapy and trastuzumab (Herceptin®). Prior to
surgery the patient showed an expression of MUC1 and
therefore was positive for CTC. After surgery and several
units of chemotherapy the patient remained positive for CTC.
The chemotherapy did not affect the presence of tumour cells
in the circulation. After radiation CTC disappeared but
immediately re-occurred with the beginning of a trastuzumab
treatment. Finally, a computer tomography (CT) examination
revealed small lesions in the lung although the patient had no
clinical symptoms at that point in time. 

Expression profiling of CTC of colorectal cancer patients. The
expression of the tumour-associated genes CEA, EGFR and
GA733-2 was assessed and compared in patients with
primary or metastatic disease. In Figure 3, characteristic
data of 5 patients of each group are shown. These data
derive from a study including 76 patients.

All patients with primary disease showed expression of
EGFR on CTC whereas only patient 4 was positive for CEA
and GA733-2. In contrast, all patients with metastatic disease
expressed CEA but only patient 6 was positive for EGFR on
CTC. The expression pattern of patients with non-metastatic
primary disease compared to patients with metastatic disease
changes from an expression of EGFR to CEA. 

Discussion

The disappearance of CTC indicates therapeutic efficacy in
metastasised patients. Exemplary this was shown in Figure 1.
CTC that remained detectable during the entire therapy point
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to limited therapy efficacy. During chemotherapy or antibiotic
therapy, respectively, the continuous appearance of CTC in
blood may only occur if there is a proliferation process.
Inhibition of tumour growth is reflected by the disappearance
of CTC, resulting in stable disease or remission. 

However, not only therapy monitoring in metastasized
patients but also an assessment of the adjuvant situation is an
urgent need in cancer management. Using the AdnaTest
BreastCancer it could be shown that the detection of CTC
might provide the key to solving this problem. In the case
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Figure 1. Monitoring of palliative therapy of breast cancer patients. In each therapy unit (TU) blood samples were analysed in duplicates. Data of the
internal PCR control are not shown. PCR (–): negative control; PCR (+): positive control.

Figure 2. Monitoring of adjuvant therapy of a breast cancer patient. Data of the internal PCR control, negative and positive controls are not shown. T:
tumor size; N: lymph nodes; M: metastases. 



described in Figure 2 tumor cells remained detectable in the
blood independent of the treatment during the whole course
of the adjuvant therapy. This might indicate a progressive
behaviour of a remaining tumor load, that is not affected by
the therapy regimens used. Even if radiotherapy caused a short
disappearance of CTC, their immediate reappearance can lead
to the assumption, that the tumor progression was not affected. 

Investigating colon cancer patients with primary versus
metastatic disease it could be furthermore shown that the
detection of CTC enabled the assessment of specific changes
in expression profiles. EGFR as a potential therapeutic
target was predominantly expressed in the primary tumor
rather than in metastasis. Such findings might be useful for
targeting anti-EGFR therapy more precisely.

In summary, the detection and analysis of CTC prior to
surgery and in the course of adjuvant and palliative
treatment is a useful tool for therapy monitoring. Analysing
the expression profiles of CTC might furthermore be useful
for therapy guidance. 

Conclusion

After some controversial findings in the beginning of the
research on CTC it was clearly shown in recent years that
the CTC detection and analysis is a valid new parameter in
the monitoring of disease progression and optimisation of
therapy. In spite of this, recent publications should be
interpreted with caution, since lack of sensitivity using
immunocytochemistry or specificity using RT-PCR without

cell enrichment cannot be ruled out (13). Therefore the
transfer of statistical data to individual patient situations is
complicated. By combining two independent technologies
(immunomagnetic enrichment and RT-PCR), possible
sources of false results have been successfully excluded,
enabling the valid diagnostic use of CTC detection (10).

The presence of CTC in breast and colorectal cancer
patients showed metastatic potential and, moreover, a therapy
failure, which is in accordance with the findings of several
other investigators (14-16). Furthermore, the molecular
profiles of CTC can be helpful for the identification of drug
targets present during the adjuvant and palliative situation.
Changes in the expression of HER2 or EGFR in the course
of primary disease versus metastatic disease may have a crucial
influence on the efficacy of drugs, as has been previously
described for HER2 in breast cancer and EGFR in colorectal
cancer (17, 18). Therefore, these target molecules should be
analysed before and during treatment. 
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Figure 3. Expression profile of CTC of colorectal cancer patients. The tumor-associated transcipts CEA, EGFR and GA733-2 were analysed. Patients
1-5: primary disease; patients 6-10: metastatic disease; PCR (+): positive control; actin: internal PCR control.
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