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CTC Detection in Relation to 
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Introduction

The detection of tumor cell spread into the blood circulation as a dynamic process  
offers diagnostic potential for the assessment of the adjuvant and palliative 
situation. To date therapy strategies have mainly been established based on 
parameters obtained from the primary tumor. The aim of our studies was to show 
the clinical significance of circulating tumor cells (CTC) regarding therapy 
monitoring in breast and colorectal cancer patients. 
Metastasized breast and colon cancer patients were analyzed during therapy for 
the presence of  CTC to determine the usefulness of this diagnostic approach for 
the prediction of therapy response.
The detection of CTC in peripheral blood of cancer patients is difficult for two 
reasons. One reason is the illegitimate transcription of tumor-associated mRNAs 
by leukocytes. 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 be achieved by an enrichment of tumor 
cells, by the removal of irrelevant nucleated cells or by lowering the 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 
tumor cells prevents the loss of analytical sensitivity. Combining an 
immunomagnetic enrichment of CTC with a multiplex analysis of tumor-
associated transcripts results in high analytical sensitivity whilst maintaining a 
high specificity. 

Materials and Methods

5 ml blood was obtained from M1 patients with either breast cancer (n=22) or 
colon cancer (n=29) and analyzed for CTC by multiplex detection of GA733-2, 
MUC-1 and HER-2 with the AdnaTest BreastCancer and for GA733-2, CEA and 
EGFR with the AdnaTest ColonCancer according to the manufacturer's 
instruction (AdnaGen AG, Langenhagen, Germany).
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Test Performance and Cut-off

A ROC analysis was performed taking the highest fragment concentration 
obtained among the 3 markers tested for (breast: GA733-2, Muc-1, and HER-
2; colon: GA733-2, CEA, EGFR) ) from 41 metastatic breast cancer patients 
vs. 88 healthy donors and 39 metastatic colon cancer patients vs. 34 healthy 
donors (Fig.2.). The data were generated on the Agilent Bioanalyzer 2100 
using a DNA 1000 Labchip. For the calculations, the fragment concentrations 
(ng/µl) obtained from the 2100 Expert Software,  version B.02.03.SI30,  were 
used instead of the peak height in order to minimize instrument to instrument 
variations.

Fig. 2  ROC curve analysis for AdnaTest BreastCancer(A) and ColonCancer (B). The 
ROC curve is shown as a continuous line. The dashed lines describe the 95% confidence 
intervals. Data obtained from 41 women with metastatic breast cancer and from 88 healthy 
donors were used for the calculations in breast cancer. For colon cancer the calculations were 
performed on 39 metastatic colon cancer patients and 34 healthy donors, respectively  . 

The AdnaTest BreastCancer ROC curve yields an AUC of 0.89 and the 
AdnaTest ColonCancer an AUC of 0.78, which suggests that both tests have 
few false positive and false negative results across a reasonable range of cut-
off values. At a specificity level of 90% (>=0.15 ng/µl) a clinical sensitivity of 
about 65.9% can be reached for the AdnaTest BreastCancer. For the 
AdnaTest ColonCancer a cut-off of >= 0.1 ng/µl can be used to guarantee a 
clinical sensitivity of 60% whilst maintaining a specificity of >90%.

Results

The detection rate for CTC in metastatic breast cancer patients 
before therapy was 54% (12/22) and in colon cancer patients 
59% (17/29), respectively. 4 of the initially CTC negative breast 
cancer patients became CTC positive during therapy. One 
patient died. The remaining 15 breast cancer patients, CTC 
positive either before or during therapy, showed in 13 cases a 
correlation between presence, persistence or early 
disappearance of CTC with therapy response, corresponding to 
a prediction rate of 87%.
3 typical examples of therapy follow up are shown in Fig. 3. 
Patient 1 was a responder characterized by an immediate 
disappearance of CTC shortly after the onset of the therapy. In 
patient 2 CTC disappeared initially but reappeared during the 
course of therapy indicating the development of resistance. 
Patient 3 was a  non-responder where CTC never disappeared 
during therapy. A decrease in signal strength after the third 
therapeutic session (TU3) was due to a doubling of the dose.  

31% of the M1 colon cancer patients progressed under therapy, 
41% showed a remission and 28% had stable disease (Fig.4.). In 
patients positive for CTC either before or after treatment, CTC 
disappeared immediately in 75% (6/8) of the responders 
whereas in 83% (5/6) of the non-responders CTC persisted 
during therapy. CTC were detected in 50% (2/4) of the patients 
diagnosed with stable disease after therapeutic intervention.
The overall prediction for responders and non-responders was 
78.5%. CTC were detected in 2/4 patients diagnosed with stable 
disease indicating  an active proliferation although size and 
number of the metastases remained unchanged.

Conclusion

Using the AdnaTest BreastCancer and the AdnaTest ColonCancer it was demonstrated that CTC could be detected in the blood of 
metastatic breast and colon cancer patients during therapy with high sensitivity and specificity.
It could be shown, that the presence of CTC in metastatic disease is a predictor of therapy response. Early identification of responders and 
non-responders may help do improve therapy efficacy and may increase disease free and overall survival of metastasized breast and 
colon cancer patients.

Fig 3. Typical examples for therapy response, resistance formation and overall 
non-response by the determination of CTC before each drug application. 
(TU=therapeutic unit) 

Fig. 4 The detection of CTC in M1 colorectal cander patients after therapy as 
an early indicator of therapy success. 
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Fig. 1. Test Procedure. Tumor cells are enriched from blood by
immunomagnetic selection. Tumor cells are subsequently analyzed in a
multiplex RT-PCR reaction with a specificity of > 90%
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