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Outline  

!! Molecular characterization of CTC : 

!! Gene expression 
!! DNA methylation 
!! DNA mutations  
!! Immunofluorescence - Single cell level 

!! Quality Control issues - Comparison between CTC assays 

!! Clinical implications of the molecular characterization of  
CTC 

!! Conclusions - Future perspectives 



Molecular characterization of 
CTC 



CTC Enumeration vs Molecular characterization 

!! Despite the development of numerous CTC platforms using various 
combinations of enrichment and detection steps, the CellSearch¨  
system, developed in the early 2000s, is still the only FDA cleared 
system for use in the clinical setting 

!! Using the CellSearch it has been clearly demonstrated that CTCs are 
correlated with patient outcome and that the change in CTC  number 
during treatment is predictive of therapy response, often sooner than 
currently utilized techniques such as imaging  

!! However, simple enumeration of CTCs is not enough to get their full 
potential as biomarkers of metastatic disease.  





Lianidou et al., (minireview) Br J Cancer, 2013 
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RNA based:  
Multiplex RT-qPCR 

(multiple genes) 
 
 

RNA based:  
RT-qPCR 

(Single gene) 

RNA based:  
Liquid bead array 

 DNA based: 
epigenetics   
methylation 

 

Protein based: 
immunophenotyping 

DNA based:  
FISH analysis 

 

Single cell “omics” 
NGS technologies 

 

DNA based:  
Mutation 
detection 

Protein based:  
EPISPOT 

 

DNA based:  
Array CGH 

 

Molecular 
characterization of 

CTCs: Recent 
advances in 
technology 

Protein based:  
CellSearch  

 



Molecular CTC assays/ 
single gene expression 



$$

Stathopoulou A, et al. Clin. Cancer Res., 2003 

Stathopoulou A, et al. Int J Cancer, 2006 

*
*Real-time quantification of CK-19 mRNA positive cells in 

peripheral blood of breast cancer patients using the LightCycler 
system  

 

EpCAM independent 
assay for epithelial 

CTC detection  



Xenidis et al JCO 2006: node negative breast cancer before chemotherapy 

 

Xenidis et al Ann of Oncology 2007: during chemotherapy 

 

Xenidis et al JCO 2009: after chemotherapy  



Molecular CTC assays/ 
 

multiplex RT-PCR assays for gene 
expression in CTCs 



Stemness and 
EMT  markers 

CD44, CD24, ALDH1, TWIST-1, 
vimentin, N-cadherin 

 
 

ER/PR 

angiogenesis 
VEGF, VEGF2, HIF1-alpha  

 DNA methylation 
(CST6, BRMS1, SOX17) 

Epithelial Markers 
Cytokeratins 

 (CK-8, CK-18, CK-19) 
EpCAM, MUC-1 

mammaglobin 
 

PIK3CA pathway 
(EGFR, HER2, PIK3K, pFAK) 

 

HER-2 

Lianidou et al, Cancer and Metastasis Reviews, 2012 



.  

multiplex PCR assays for the molecular characterization 
of circulating tumor cells   



Multiplex RT-qPCR for gene expression in CTC  

20mL 
peripheral 
blood 

ficol gradient 
centrifugation 
$

epithelial 
enrichment 

CTC 
fraction 

PBMC 
fraction 

mRNA isolation 
(oligo dT beads) 

cDNA 
synthesis 

RT-qPCR RT-qPCR

A. Strati et al, BMC Cancer, 2011  



Gene expression 
 in CTCs 

Operable breast cancer (n=122) 
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Gene expression  
in CTCs Verified metastasis (n=69) 
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Same methodology, more samples 
A. Strati et al, unpublished  results 



Molecular CTC assays/ 
 

Liquid bead array assays for 
gene expression in CTCs 



Molecular characterization of CTCs in breast cancer by liquid bead 
array hybridization assay 

*

 A. Markou et 
al, Clin Chem,, 
2011 



Kleo Parisi  et al, manuscript in preparation 



Kleo Parisi  et al, manuscript in preparation 



Kleo Parisi  et al, manuscript in preparation 



Powell et al, PLOS one, 2012 

CTC are highly heterogeneous even within the same patient 



Molecular characterization of 
CTC  

 
DNA based: methylation studies  
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SOX17
+ - + - - - - + + + - - + - + - - - + - + + - + - - - - + + - + + + + + + - + + + + - - - - + + - - - + + + + + + - - + + + + + + - - + - + + + + + + + - + + + - + + - - - - - - - - - - - - - - - - + - - - - - -

BRMS1
- - - - - - - + - - - - + - + + - - + - + - - - - - - - + + + + - - - + - + + - - + - - - - - - - - + + - + - + - - - - - - + + + + + - - + + + + - - + - - - - - + + - - - - - - - - - - - - - - - - - - - - - + +

CK-19
- - - + + - - - - - + + - + - + + - - - - - - + - + + + + + + - + - + - + + - - + + + + + - - - + - - - - - - - - + - + + - - + - - - - + - - + + + + + - + + - + - + - - - - - - - - - - - - - - - - - - - - - - -

Early breast cancer (n=56) Verified Metastasis (n=27) Healthy Volunteers (n=23)

Heat map: DNA methylation in CTCs  
by Methylation Specific PCR (MSP) 

Maria Chimonidou et al, Clin. Chem., 2011 
 



We evaluated BRMS1 promoter methylation as prognostic biomarker in 
primary breast tumors and studied BRMS1 promoter methylation in a 
subset of corresponding Circulating Tumor Cells (CTC) for the first 
time.  
 
BRMS1 promoter methylation in primary breast tumors provides 
prognostic information for DFS.  
 
Most CTC (80.5%) were negative for BRMS1 or maintained low 
expression, implying that BRMS1 is down regulated in these cells.  
 
BRMS1 promoter methylation was observed in 5/39 (12.8%) CTC 
samples.  
 
BRMS1 expression in CTC was highly heterogeneous, between 
patients and even in the same patient. 



BRMS1 expression in cytospin stained CTC of early breast cancer patients. Cells 
were stained with A45-B/B3 antibody (green), BRMS1 antibody (red) and Dapi 
(blue). Quantification of the samples was performed with the ARIOL system 

 
A):BRMS1 high expression,  
 
 
 
 
(B): BRMS1 low expression,  
 
 
 
 
 
 
C) negative for BRMS1 



Kaplan-Meier estimates of DFI and OS for early breast cancer patients with (green) 
or without (blue) BRMS1 promoter methylation  



Is there any correlation between 
CTC and cell free DNA??? 



Question: 
 

Is there a direct connection between the 
presence of CTCs and cell free DNA in patients 
with operable breast cancer where the primary 
tumor has already been resected? 

To address this question, we have chosen to use the same marker and 
the same methodology in matched clinical samples.  
 
We evaluated whether SOX17 promoter methylation in CTCs was 
associated with the methylation pattern of this gene in matched cfDNA 
isolated from plasma of patients with breast cancer.  

Maria Chimonidou et al, Clin. Chem., 2013 
 



20 mL 
Peripheral 
blood 

Ficoll 
gradient 

PBMCs 

Cell count 

Positive  
selection 
(EpCAM) 

Apply magnet 

DNA 
extraction 
From CTCs 

CTCs 
isolation 

CellFreeDNA 
isolation 

Plasma 

Methodology 

Outline of the extraction of cell free DNA and CTCs. 

Maria Chimonidou et al, Clin. Chem., 2013 
 



 
 

  
Early breast cancer (n=55)         

CTCs  SOX17  $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

CELL FREE DNA  $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

CK19 $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

$$ $$ $$ $$

  
Verified metastasisis (n=59) 

CTCs  SOX17  $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

CELL FREE DNA  $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

CK19 $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

Heat map of SOX17 promoter methylation in matched samples: 
CTCs Fraction and cfDNA of patients with: (a) operable breast cancer 
(n=55), (b) verified metastasis (n=59) 
In parallel, the expression of the epithelial marker CK-19 is shown in CTCs 
fraction 

RESULTS 

Methylated SOX17 
 
Unmethylated samples 

Maria Chimonidou et al, Clin. Chem., 2013 
 



ISMRC Paris 2013 
 

Maria Chimonidou et al : DNA Methylation of Tumor Suppressor 
and Metastasis Suppressor Genes in Circulating Tumor Cells 

and corresponding circulating tumor DNA 
Oral Presentation, Friday, session 7, 13:30 

To address this question, we have chosen to use the same markers and the 
same methodology in matched clinical samples 
 
We evaluated whether SOX17, CST6, and BRMS1  promoter methylation in 
CTCs was associated with the methylation pattern of the same genes in 
matched ctDNA isolated from plasma of patients with breast cancer. 
 
 
 
 

Is there a direct connection between the presence 
of CTCs and cell free DNA in patients with breast 
cancer (early or metastatic) when the primary tumor 
has already been resected?? 



Molecular characterization of 
CTC  

 
DNA based: mutation analysis 



!..M Stratton, Nature, 22 Aug 2013 
 

!..Here we analysed 4,938,362 mutations from 7,042 cancers and 
extracted more than 20 distinct mutational signatures. !!. 
 
In addition to these genome-wide mutational signatures, 
hypermutation localized to small genomic regions, 'kataegis', is 
found in many cancer types. !!!!!!!. 
 
The results reveal the diversity of mutational processes underlying 
the development of cancer, with potential implications for 
understanding of cancer aetiology, prevention and therapy. 



DNA mutations in CTC 



PIK3CA mutations in CTC 

44 Metastasis verified patients: 7/44 (15.9%) 

!!PIK3CA mutations were detected in 14 of 36 CTCs from 4 patientsV>> 



Development and validation of a novel and highly 
sensitive method for the detection of PIK3CA hotspot 

mutations in CTC 

ISMRC Paris 2013 
Metastasis biology 

Poster # 22 
Athina Markou et al  

"! To detect PIK3CA mutations (exons 
9 and 20) in CTC we developed and 
v a l i d a t e d a n u l t r a - s e n s i t i v e 
methodology, based on a combination 
of allele-specific, asymmetric rapid 
PCR and melting analysis  

"!We performed the developed 
method for the detection of PIK3CA 
hotspot mutations in DNA isolated from 
the EpCAM positive CTC fraction of 
breast cancer patients 

"!  We compared the PIK3CA 
mutat ional s tatus in CTC and 
corresponding primary tumours 

Markou et al, manuscript submitted 



PIK3CA mutation assay – Analytical Specificity - (0/26 healthy controls) 



PIK3CA mutation assay – Analytical Sensitivity - (MCF-7 and T47D dilutions) 



PIK3CA mutations in CTC: early breast cancer 

Exon 9 
3/118 (2.5%) 

Exon 20 
21/118 (17.5%) 

In total:  
24/118 (20.3%) 



PIK3CA mutations in CTC: metastatic breast cancer 

Exon 9 
8/57 (14.0%) 

Exon 20 
12/57 (21.1%) 

In total:  
20/57 

(35.1%) 



KRAS Mutation Status Analysis in Primary Tumor and CTCs 
in Patients with mCRC  

(Al. Voutsina et al, Univ of Crete, manuscript submitted)*

7.5ml 

8
$('&2*

Anti-EpCAM  
coated  

*
ferrofluids 

8
$('&2*

Extract gDNA  

Mutation assay $Allele-specific TaqMan PCR$



KRAS mutation status of CTCs may substantially differ 
from that of the corresponding primary tumor 

(Al. Voutsina et al, Univ of Crete,  
manuscript submitted)$



Molecular characterization of 
CTC at the protein level 

 
Immunofluorescence 
Single cell analysis 



Representative confocal laser-scanning photomicrographs of CTC 
cytospin after negative immunomagnetic separation in a patient with metastatic breast 
cancer.  
Cells were triple-stained with:  
•!Original magnification, x600  pan-CK A45-B/B3 antibody/Zenon Alexa Fluor 488 (green) 
•!Twist anti-mouse/Alexa Fluor 633 anti-mouse antibody 
•!vimentin anti-rabbit/Alexa Fluor 555 anti-rabbit antibody (orange) 

Kallergi et al Breast Cancer Res 2011: 13: R59 

EMT in CTC 
Coexpression of CK, Twist and vimentin in the same cell 



HER2 Int CK HER2 ext Overlay 

Aim: To identify the expression of 
p95HER2 on CTCs before and after 
trastuzumab-based first-line treatment in 
order to investigate the possibility of its 
involvement in the development of 
resistance. 

•! Loss of the extracellular domain of HER2 receptor was evident in CTCs before and after 
trastuzumab administration in HER2-positive metastatic breast cancer patients. 

•! The truncated form of HER2 (p95HER2) was more frequently observed after treatment. 
•!  Exclusively p95HER2 positive CTCs  were observed in 10% of metastatic patients                     

before vs 37.5% after treatment.  
•! These results may provide an explanation for the  increased efficacy of the trastuzumab plus 

lapatinib combination in HER2 positive breast cancer.  

Identification of truncated HER2 receptor on Circulating Tumor Cells (CTCs) 
before and after Trastuzumab treatment in metastatic breast cancer patients. 

 
Galatea Kallergi, Maria Papadaki, Dimitris Mavroudis, Vassilis Georgoulias, Sofia Agelaki  

ISMRC Paris 2013 
Mol Char. Poster #5  

Galatea Kallergi et al  



Aim: Investigation of the co-expression of ALDH1 
and TWIST on CTCs of patients with  early and 
metastatic BC, at  a single-cell level 

" ! A new assay using ARIOL system is provided for the evaluation of ALDH1 and TWIST 
•! co-expression at a single-CTC level. 
" ! The two markers were strongly correlated and frequently co-expressed in the same CTC 
" ! Differential ALDH1 expression levels and TWIST subcellular localization was confirmed on 

CTCs between early and metastatic breast cancer patients 
" ! CTCs bearing the ALDH1high/TWIST nuclear phenotype were more commonly detected in 

metastatic compared to early breast cancer, suggesting that this phenotype prevails during 
disease progression 

ISMRC Paris 2013 
Mol Char. Poster #7 
Maria Papadaki et al  

Phenotypic characterization of single circulating tumor cells (CTCs) in patients 
with early and metastatic breast cancer (BC) using  stemness and epithelial-to-

mesenchymal transition (EMT) markers 
Maria A Papadaki, Galatea Kallergi, Zafeiris  Zafeiriou, Vassilis Georgoulias, Panayiotis 

A  Theodoropoulos, Sofia Agelaki, Dimitris  Mavroudis 



Molecular characterization of 
CTC at the single cell level 

 





Molecular characterization of 
CTC at the single cell level 

 
Next generation sequencing 





Quality control issues:  
 

Comparison studies  
between different CTC assays 



!! An important question raised in the CTC analysis area is the lack of 
concordance between these assays.  

!! This can partially be explained since most of these assays are based 
on different capture and detection technologies.  

!! Despite the fact that most CTC isolation and detection methods are 
highly specific and sensitive, there are not so far extensive studies 
especially designed to compare their efficacy when using the same 
clinical samples.  

!! However, agreement on the standardized isolation and detection of 
CTC is absolutely necessary. Cross validation of findings between 
labs and a universal internal and external quality control system for 
CTC detection, enumeration and molecular characterization is urgently 
needed before any routine clinical application.  





 E. Lianidou and A. Markou, (Review) : Clin Chem, 57:9, 1242-1255, 2011 

There is a clear need for an external quality control system 
for CTC assays and validation of findings 



We must have in mind the classic steps in biomarker development:  
 
pre-analytical issues: sample volume, collection tubes, stability, storage, 
shipping!!.. 
 
analytical validation:  
•!analytical sensitivity and specificity 
•!Robustness 
•!quality control 
•! repeatability  within the same lab (within run, between run) 
•!comparison between different laboratories, using the same samples and the 
same methodologies 
•!comparison between different methodologies, using the same samples 

clinical validation: diagnostic sensitivity and diagnostic specificity 
 
clinical qualification for specific use 

CTC analysis in the clinical lab  





“ The AdnaTest has equivalent sensitivity to that of the CellSearch system in detecting 2 or more CTCs 
 
The immunomagnetic cell capture technology, combined with multiplex RT-PCR in AdnaTest may potentially 
allow the detection of a broad range of molecular abnormalities in CTCs that can 
more accurately characterize the biological status of metastatic disease and support design of future studies 
testing CTCs directed therapies.  
 
AdnaTest complements the Cell-Search system for CTC detection.”  







Comparison of three molecular assays for the detection and 
molecular characterization of CTC in breast cancer 
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hTERT  $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

PBGD $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

Cell Search 
0 0 

CellSearch 
Enumeration of CTCs 

H* I* 6* J* 7*
$$ $$ $$ $$ $$

Comparison of multiplex RT-qPCR with CellSearch in early 
breast cancer (n=33) 

(A. Strati et al, BMC Cancer, 2011) 
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CK-19 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

HER2 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

MAGE A3 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

hMAM  
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

hTERT  
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

TWIST1 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

PBGD 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

All genes 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

Cell Search (>=1) 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

Cell Search (>=2) 
$$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$

Early breast cancer (n=77) 

ISMRC Paris 
2013 

Mol Char. 
Poster#14   

Areti Strati et al  



Clinical significance of CTC 
molecular characterization 
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Clinical implications of the molecular 
characterization of CTC  

Georgoulias et al, Annals of Oncology, 2012 

  
Administration of trastuzumab can eliminate chemotherapy-resistant CK19 
mRNA-positive CTCs, reduce the risk of disease recurrence and prolong the 
DFS. 
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Conclusions - Future 
perspectives 

  



CTC molecular characterization  
holds great promise for : 

  
!! providing novel biomarkers  

!!monitoring the course of disease in cancer patients,  

!!understanding the biology of cancer progression 

!!individualizing treatment 

!!monitor response to cancer therapy (companion diagnostics) 

!!providing novel biomarker assays useful in oncological drug 
development, 



 

 

 

 

 

 

 

 

 

Future Perspectives  

     The future of CTCs  lies in Molecular Characterization   
 

 Further research on the molecular characterization of CTCs will 
contribute to a better understanding of the biology of metastatic 
development in cancer patients.  

 
 However, there is a clear need for an external quality control 
system for CTC enumeration and molecular characterization 
 and validation of findings for the same samples by different 
laboratory centers.  
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