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Epithelial-to-mesenchymal transition Anoikis resistance 

Homing & metastasis-initiating 
potential 

Genomic heterogeneity 

Invasion/Intravasation ability 
(single CTCs and/or clusters) 

Phenotypic  diversity 

...  ... 

Liquid phase of tumor progression 

Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 

The technical challenge:  

Finding one tumor cell in 106 – 108 normal blood cells  



Biological properties 
Protein expression 

  

anti-M markers Ab 
anti-E markers Ab 

anti-E/M markers Ab 

- CellSearch® system  
- MagSweeper™ 
- EPHESIA CTC-chip 
- CTC-chip 
- Velcro-like device 

Ex vivo 

- CellCollector®  
- Photoacoustic nanodetector 

In vivo 

Physical properties 
Label-free strategies 
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Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 



anti-tumor associated 
markers Ab 

anti-E/M markers Ab 

anti-tissue-specific 
markers Ab 

CTC 

(E.g., CK, Vimentin, E/N-Cadherin) 

(E.g., PSA, Mammaglobin, MAGE) 

(E.g., HER2, EGFR) 

Immunocytological 
technologies 

- Immunocytochemistry 
- CellSearch® system  
- Flow Cytometry 
- DEParray® 
 

Technologies 

Functional assays Molecular technologies 

Liquid bead array 

RNA-based Technologies 

CTC mRNA 

Xenotransplantation models (CDx) 

Viable CTC  
with stem-cell properties 

 

Cell culture 

anti-marker Abs 
(E.g., CK19, HER2, EGFR, VEGF, PSA) 

- EPISPOT 

Viable 
CTC 

- Invasion assay 

In vitro Cell Culture 

Fluo matrix 

Functional 
CTC 

Metastase
s 

RT-qPCR  
(single/multiple genes) 

Secreted protein 

days 

Immunospots Ab1 

Fluo Ab2 

Alix-Panabieres & Pantel, Nature Rev. Cancer 2014 

 

Approaches for CTC detection 



Bednarz-Knoll, Alix-Panabières & Pantel Cancer & Met Rev 2012 

Epithelial-Mesenchymal Plasticity of CTC  

EpCAM, CK Vimentin 



Expression profile of CTCs in breast cancer 

Bednarz-Knoll, Alix-Panabieres & Pantel, 2011, Breast Cancer Res, 13: 282-293 

EMT 

(Mani/Weinberg, et al., Cell, 2008;)  

Yu et al, Circulating breast tumor cells exhibit dynamic changes in 

epithelial and mesenchymal composition. Science, Febr. 2013 

Yokobori, Mimori, Pantel, Mori et al. Plastin-3 as new CTC marker 

not downregulated during EMT, Cancer Res. Febr. 2013 



EMT in prostate cancer: BRCA1 gene loss in 

vimentin-positive CTC 

FISH 

CK 
* 

* 

* 

* 

Bednarz/Pantel et al., Clin Cancer Res 2010 
FISH: BRCA1 CEP17 

VIM-pos. 

CTC: EMT ! 

CK-pos. 

CTC 

Immunocytochemistry 

Vimentin 



(Bednarz-Knoll et al CMR 2012; Kang & 

Pantel, Cancer Cell 2013) 

Tumor cell dissemination, 

plasticity and EMT 

Dormancy  

> 10 years 



Prognostic relevance of CTC in 

cancer patients: 

Is the CTC count relevant for the 

development & progression of 

metastases? 

 

 

 

 



Meta-Analysis of prognostic influence of CTCs in 

breast cancer (49 studies, 6815 patients) 

Zhang L, Riethdorf S…Pantel K, Clin Cancer Res, 2012.  
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CTC detection: ICC & RT-

PCR 

 

M0 & M1 patients 



2014 

17 centres provided data for 1944 eligible patients from 20 

studies 

Meta-analysis on raw data. 



CTCs vs. conventional tumor markers (PFS, p values) in 

metastatic breast cancer patients 

Model 

used as 

referen-

ce 

 ( 

baseline 3-5 weeks 6-8 weeks 

CTCBL 
CA15-

3BL 
CEABL CTC3-5 

CA15-3 

BL + 

CA15-3 3-

5 

CEABL  + 

CEA 3-5 
CTC6-8 

CA15-3 

BL + 

CA15-3 6-

8 

CEABL  + 

CEA 6-8 

N patients 1193 914 593 436 357 289 279 215 170 

CP 6 E-10 .10 .04 

CP 

+CTCBL 
.32 .12 5 E -05 .25 .35 9 E-05 .40 

Few 

events 

CP 

+CTCBL 

+ CTC3-5 

.26 .41 

CP 

+CTCBL 

+ CTC6-8 

.36 
Few 

events 

Bidard, Pierga, Michels, Pantel et al, Lancet Oncology 2014, European Pooled 

Analysis of CTCs in metastatic BC (n=1944)   



CTCs in early stage cancer patients 

Challenge: Very low number of CTCs 

 

 

 



Prognostic impact of CTC in breast cancer 

patients without overt metastases 

 

Rack, Janni, Pantel et al, JNCI 2014 



Survival outcomes: Independent prognostic factor 

Median Follow-up: 18 months 

Rink, Pantel, Riethdorf et al., Eur Urol 2012 

Prognostic value of CTC in urinary bladder cancer 

DFS HR: 4.6 CSS HR: 5.2 



CTCs in early stage cancer patients 

Head & Neck Cancer:  

CTCs: 10/80 Pts (12.5%); DTCs: 18/90 Pts (20.0%) 
(Grobe, Riethdorf, Pantel et al., CCR 2014) 

 

 

Testicular Germ Cell Tumors:  

25 of 143 Pts (17.5%) 
(Nastaly, Riethdorf, Pantel et al., CCR 2014) 



ERA-NET TRANSCAN: CTC-SCAN Project 

High-risk Prostate Cancer (stage M0)  

Partners: Germany, France, Greece, Poland, Austria 



New approach: In vivo capture of CTC 

Proof of principle data in breast, prostate, 

colon and lung cancer 



TNM 2010: CTC in new cM0(i+) Classification 



Hematogeneous dissemination of 

tumor cells in patients with primary 

brain tumors (paradigm shift) 

 

 

 

 



 

Hematogeneous spread of primary brain tumors: 

Detection of CTCs in glioma patients (~20%) 

Müller, 

Westphal, 

Pantel et al., 

Science TM, 

2014 

TRANSLATIONAL RELEVANCE:  

Glioma patients with CTCs may not be used as 

transplant donors 

CTCs may serve as liquid biopsy 

 

GFAP stain 
EGFR  

amplification 

Single Cell  

isolation 

Single Cell 

CGH 



 Interventional clinical studies 

based on enumeration and/or 

characterization of CTC 

 

 

 



Alix-Panabières & Pantel, Clin 

Chem, 2013; Pantel & Alix-

Panabieres, Cancer Res. 2013  

CTC as Liquid Biopsy 

for metastatic cells 

Metastasis evolve many years 

after primary tumor resection 

and can harbor unique genomic 

alterations. 

 

Biopsy of metastases is an 

invasive and sometimes 

dangerous procedure. 

 

Can the molecular  

characterizaton of CTC 

reveal representative 

information 

on metastatic cells located at 

different sites ? 

 



Detection of therapeutic targets on CTC:  

HER2 oncogene in breast cancer  
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Riethdorf/Pantel et al., Clinical Cancer Res 2010  -   Fehm/Pantel et al., Breast Cancer Res Treat 2010 

Ignatiadis/Sotiriou et al, PlosONE, 2011  -  Ignatiadis/Pantel et al, SABCS, 2011 

 
  

Discordance between 

HER2 status of 

primary tumor and 

CTC 

DETECT-III study: Anti-HER2 therapy (lapatinib) in metastatic breast cancer 

patients with HER2-negative primary tumors and HER2-positive CTC 



Heterogeneity of ER status in CTCs of breast cancer 

patients with ER-positive primary tumors 
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ER-negative CTCs may survive endocrine therapy 

Babayan, Joosse, Pantel et al., PLOS ONE 2013 



CTC detection 

                    CTC Capillary CTC 

WGA +  

- Mutation analysis 

- CGH (conv./array) 

- NextGen Sequencing 

 

Genomic Characterization of single CTC 

CTC isolation 



Different genomic profiles of ER+ and 

ER- CTCs in breast cancer patients 

ER+ ER- 



CRC patient #6 CRC patient #26 

Distribution of mutations in primary tumor, metastases and CTC 

Heitzer, Riethdorf, Pantel, Speicher et al, Cancer Res. 2013 

Deep targeted sequencing revealed that 17 of 20 

„private CTC mutations“ were also present in 

subclones of the primary tumor and metastases 



Potential Metastasis-initiating Cells:  

EPCAMlow, CD44+, CD47+ and cMET+ 



Functional analyses of CTCs in xenograft assays 



Why should the analysis of DNA fragments released from 

apoptotic/necrotic cells reveal important information on 

resistant tumor cells surviving therapy?  

(Schwarzenbach, Hoon, Pantel, Nat. Rev. Cancer 2011; Pantel et al., Nature 

Med., 2013; Speicher & Pantel, Nat. Biotech. 2014) 



Comparative analysis of CTCs and ctDNA in breast cancer 

1. Progressive disease with increasing liver metastases and ascites – no chemoT 

Heidary, Speicher, Pantel et al, Breast Cancer Res. 2014 

2. Excessive numbers of CTCs (~50.000/7.5 ml) in three blood samples; each with 
multiple homogeneous copy number changes and mutations in CTCs 

CTC 

3. However, very low concentration of ctDNA fragments at each measurement 

ctDNA 



cell-free 

DNA 

cell-free microRNAs, 

bound by AGO2 protein 

Apoptotic 

cell 

Necrotic 

cell 

Tumour 

cell 

Exosomes containing 

microRNAs, proteins and 

mRNA 

cell-free RNA 

Cell death 

Release of microRNAs into the blood circulation 

Active secretion 

Schwarzenbach, Nishida, Calin, Pantel,  Nat. Rev. Clin. Oncol. 2014 
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