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Outline 

• ‘Liquid biopsy’: Why? 

 

• Circulating Tumor Cells 

 

• Circulating Tumor DNA 
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Yates and Campbell et al. Nat Rev Gen 2012 

Gerlinger et al. NEJM 2012 

Multiple, serial 
biopsies are needed to 

capture spatial and 
temporal tumor 
heterogeneity 

Why we need the liquid biopsy? 
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Primary tumor Metastatic 
biopsy 

Plasma 
ctDNA 

CTCs 

Intact cells Intact Cells  Fragmented 
DNA 

Intact cells  
(few) 

 
Accessible, 

mostly used 
 

Invasive,  
not always 
accessible 

Non-invasive,  
accessible, 

 easy to process 

Non-invasive,  
accessible, 

laborious to isolate 

DNA, RNA, 
protein,  

cell culture, 
xenografts 

DNA, RNA, 
protein,  

cell culture, 
xenografts 

DNA DNA, RNA, protein,  
cell culture, 
xenografts 



IMPAKT Breast Cancer Conference 2014 

 

Outline 

• ‘Liquid biopsy’: Why? 

 

• Circulating Tumor Cells 

 

• Circulating Tumor DNA 



IMPAKT Breast Cancer Conference 2014 

 

CTC are rare cells: enrichment needed 

Alix-Panabières C & Pantel K Clinical Chemistry 2013 
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CellSearch® (FDA-cleared) 

Composite CK CD45 DAPI Control 

EpCAM-positive selection 

CTCs: 
CK+/DAPI+/CD45- 

Leukocyte:  
CK-/DAPI+/CD45+ 
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Ozkumur E et al. Science Trans Med 2013 

Tumor-antigen independent sorting of CTCs  
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Can characterization of EMT on CTCs helps 
understand and target treatment 

resistance?  
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 Prevailing model of systemic treatment 
resistance in breast cancer 

Tumor Relapse Resistant cells 
EMT / CSC-like phenotype 

 

Systemic 
treatment 
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 Yu M et al. Science 2013 

E= Epithelial State 

M= Mesenchymal State 

CTC Isolation 

RNA ISH for a panel of 
Epithelial and 
Mesenchymal 

Markers 
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Contrary to the prevailing model, the E/M 
ratio on CTCs increases after treatment 

Yu M et al. Science 2013 
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Increase in mesencymal CTCs is associated with 
CTC clusters 

platelets 

Yu M et al. Science 2013 
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Can we perform whole exome sequencing on 
CTCs?  
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 Lohr et al Nature Biotechnology 2014 

Mapping of >99.995% of the standard exome is possible in CTCs 

Whole exome sequencing of CTCs:  
a window in metastatic prostate cancer 
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• ‘Liquid biopsy’: Why? 

 

• Circulating Tumor Cells 

 

• Circulating Tumor DNA 
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Circulating cell free DNA (cfDNA) in blood 

Diaz LA & Bardelli A  JCO 2014 

©2014 by American Society of Clinical Oncology 
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Technological advances allows detection of 
ctDNA 

Challenges 
 

• Discrimination of ctDNA 
from cfDNA 

• Low levels of ctDNA (<1%) 
• Accurate quantification of 

mutant allele fraction 
 

Technological advances 

Diaz LA & Bardelli A  JCO 2014 
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Two approaches for the study of ctDNA 

Candidate 
mutation 

Unbiased 

 Mutation(s) are known or first 
identified in the primary tumor and 
then followed in plasma 1,2,3,4 

 
 Higher sensitivity, feasible even when 

low disease burden  
 
 Resistance mechanisms must be 

known 

 Direct plasma ctDNA detection without 
prior analysis of tumor5   
 

 Lower sensitivity, high disease burden 
required 
 

 Can uncover new resistance 
mechanisms 

 
Mc Bride et al. Gene Chromosomes Cancer 2010 
Dawson et al. NEJM 2013 
Forshew et al. Sci Trans Med 2012 
Heitzer et al. Cancer Res 2013 
Murtaza et al. Nature 2013 
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Candidate mutation approach 

Dawson et al. NEJM 2013 
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Tracking clonal evolution in plasma 

Dawson et al. NEJM 2013 
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Metastasis 

Circulating tumor DNA 

Unbiased approach: Example 1 

Ion Torrent  
50 cancer gene panel 

ISO certified lab  

Illumina  
Exome Sequencing 

Sanger Institute 

DNA 

Circulating Tumor Cells 

Primary tumor 
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Ion Torrent 
Ion AmpliSeqTM Cancer Hotspot Panel v2: 

 207 hotspot regions, 50 well known cancer genes  

Unbiased approach: plasma ctDNA vs metastasis  

Tumor Cellularity (%) DNA Q Coverage 

Metastasis ≥20% 10ng 1000x 

Circulating DNA NA 150ng 25000x 

ABL1 EGFR GNAQ KRAS PTPN11 

AKT1 ERBB2 GNAS MET RB1 

ALK ERBB4 HNF1A MLH1 RET 

APC EZH2 HRAS MPL SMAD4 

ATM FBXW7 IDH1 NOTCH1 SMARCB1 

BRAF FGFR1 IDH2 NPM1 SMO 

CDH1 FGFR2 JAK2 NRAS SRC 

CDKN2A FGFR3 JAK3 PDGFRA STK11 

CSF1R FLT3 KDR PIK3CA TP53 

CTNNB1 GNA11 KIT PTEN VHL 
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Plasma a non-invasive alternative to 
metastatic biopsy 

Mutation not found  

Mutation found 

  

  

Manuscript in preparation 

Plasma ctDNA analysis 
identifies 70% of Pts with 

detectable mutations 

Pt ID Mutant gene Meta Plasma 
3 PTEN     

3 SMAD4     

6 PIK3CA     

7 TP53     
8 IDH2     

10 PIK3CA     

11 PIK3CA     
14 PIK3CA     

16 TP53     

20 PIK3CA     

30 TP53     

37 TP53     
38 AKT1     

38 TP53     

39 TP53     
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Unbiased approach: Example 2 

Murtaza et al. Nature 2013 

Metastatic patients with breast, ovarian 

and lung cancer (N=6)  

Change in a median of 49 non-synonymous 

mutations (range 15-121) before & after 

treatment / case 
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• Technological advances have allowed CTC & ctDNA analysis as a 
‘liquid biopsy’ to study tumor evolution 

 
• CTC analyses offers a unique window of opportunity to assess 

treatment resistance at the cellular level 
 

• Plasma ctDNA should be prospectively tested as a tool for 
treatment selection and monitoring in clinical trials 

 

Conclusions 
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 CTC chip 

‘Liquid biopsy’ for precision medicine 

Mutation Profile 

Drug Sensitivity 

Profile 

Algorithm for best 

combination Tx 

GEP for 

pathways 

activation 
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