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The Liquid Biopsy 

Narrow Definition: A blood test that is associated 
with cytopathological assessment of CTCs 

Broader Definition: ctDNA, ctRNA and Exosomes 

Appeal of the “Liquid Biopsy” 

Diagnosis, Prognosis, Theranostics, Prediction, 
Biology  
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The Liquid Biopsy v Targeted Tissue 
Biopsy 

Image from PixShark.com 

Heterogeneity:  

Liquid Biopsy as a Gestalt 

Accessibility:  

Blood, serum, plasma, urine, pleural 

fluid etc. 

Temporal Heterogeneity of 

Disease: 

Serial Access 
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Promise of CTCs 

• Tumour Staging 

• Real time markers of disease progression and survival 

• Guide Therapy 

• Indicate therapy effectiveness 

• Clues to drug resistance 

• Surrogate endpoints 

• Treatment targets 
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CTCs 
• 1mL blood:  

– 1 million WBCs 

– 1 Billion RBCs 

– A few CTCs 

 

Blood-Based Analyses of Cancer: Circulating Tumor Cells and Circulating 

Tumor DNA. Haber and  Velculescu. Cancer Discovery 2014 
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Hurdles and solutions in CTC research 

Vicki Plaks et al. Science 2013;341:1186-1188 

Published by AAAS 

Biophysical factors that may diminish 

the detection of CTCs 

(A)  Filtration of large CTCs in smaller 

capillaries 

(B)  Clustering of tumor cells that lodge 

in capillaries 

(C)  Cloaking of CTCs by platelets or 

coagulation factors  



Organisers 

15-18 April 2015, Geneva, Switzerland 

Partners 

Technologies: CellSearch 
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The problem of differential antigen expression 
on CTCs 

 – EpCAM 

– EMT, EMT, EMT, EMT! 

Problems 
Sensitivity 
Specificity 
Cost 
Feasibility 
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Technologies 

 

– ISET: Isolation by size of epithelial tumour cells 

• Rarecells 

– ScreenCell 

• Polycarbonate filtration membrane  

• 8 micron 

– Cell Sieve 
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ScreenCell CTC Isolation Devices 

11 
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SCC, 

May Grunwald Giemsa, 400x 

EPCAM IHC 
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Patient 1 

 
CD45 +ve cells (i.e. WBCs) 

(stained with IHC)  

(permanent red chromogen) 

CD45 –ve microembolus 
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400X 

Circulating Tumour Microemboli with 

platelet cloaks: Avoidance of Immune 

Editing 
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Still No Game Changing Technology 

• Technical Challenges 

• Identifying few CTC among millions of white blood 
cells and billion of red blood cells 

• Enrichment step often needed 

• Limitation in the blood volume that can be 
analysed 

• Distinguishing CTCs from non-tumour epithelial 
cells 

• Sensitive and specific methods are needed 
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NSCLC: Where are we with CTCs? 
• Diagnostics: 

– Tanaka et al, 2009, Clin Cancer Res: 150 Patients, CellSearch 

– CTCs were detected both in cancer patients (30.6%) and healthy controls (12%)!!!!!! 

– Predicted distal metastases 

• Prognostics (Mainly Enumeration) 
• Early stage Lung Cancer: 

– Pre-Operative detection of CTCs (ISET method) 

• An independent new prognostic biomarker 

• Shorter Disease Free Survival 

• Shorter Overall Survival (Hofman et al, Clin Cancer Research 201;  Int J Cancer 2011) 

• Late stage Lung Cancer 

– Metastatic NSCLC with <5 CTCs per 7.5ml blood better OS* 

– Normanno et al 2014: SCLC 

 

• *Krebs et al JCO 2011 
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NSCLC: Where are we with CTCs? 
• Response to Treatment 

Hirose et al 

– 33 metastatic NSCLC patients treated with Gemcitabine and Carboplatin 

– No prediction of chemo response between CTC +/- patients 

– However, PFS higher in CTC+ patients 

– A useful predictive marker for effectiveness of cytotoxic chemotherapy 

Punnoose et al 

– Phase II multicentre study of patients with advanced NSCLC treated with 
erlotinib and pertuzumab 

– Decreased CTC count correlated with PFS (p=0.05) 

– Correlation of CTC count with PET and CT (p=0.009) 

• Provides a rationale for defining clinical response and monitoring treatment efficacy 
with CTCs 
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NSCLC: Where are we with CTCs? 

• CTC Characterization: 

– The Holy Grail 

– But low sensitivity for mutational assays 
• 1 of  8 EGFR Mutations known in the primary detected in the CTCs 

Punnoose et al 

• Marchetti et al PLOS one 2014 (CellSearch + NGS) 

– FISH, Array CGH, Proteomics all very demanding 

– Katz et al Clin Cancer Res 2010: Circulating Genetically 
Abnormal cells (CACs). Much higher yields 
• MRD, Diagnosis of indeterminate lung lesions 
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Historical Context Circulating DNA 

Proofs of concept 

•1977 – cancer patients have increased levels of total plasma DNA 

•1991 – p53 mut found in urine from bladder cancer patients 

•1997 – KRAS mut identified in plasma of colorectal cancer patients 

Era of ctDNA specific technology development 

•2003 – BEAMing for digital evaluation of point mutations 

•2008 – Shotgun sequencing of cell free DNA 

•2011 – Safe-SeqS for digital sequencing of small amplicon panels 

•2013 – Exome sequencing of cell free DNA 
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Siravegna and Bardelli, 2014 
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ctDNA, cfDNA, fcNA  

• Terminology 

• Circulating tumour DNA (ctDNA) 

– Misnomer 

• Relatively abundant 
– cfDNA 25ng/mL 

– It has been estimated that for a patient with a tumor that weighs 100g (3x1010 
tumour cells) up to 3.3% of tumour DNA may enter the blood every day 

– DNA from apoptotic cells == 185-200bp (Nucleosome protected). Indeed Long 
DNA fragments may be suggestive of malignancy 
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Blood Nucleic Acids 

Schwarzenbach H, Hoon DS, Pantel K Nat Rev Cancer. 2011, Jun;11(6):426-37 
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Now feasible to perform whole exome 
NGS on cfDNA 

 

• Full exome sequencing 

• Multiple and Sequential 

• Selection Pressure of therapy 

• Emergence of T790M in response to Erlotinib 

 

24 
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NSCLC: Where are we with cfDNA? 
 

• Increased in Lung Ca Patients (Sozzi, JCO 2003) 

– But also after exercise, liver disease, DM, CVS, non-
neoplastic lung disease 

• cfDNA associated with tumour burden (PET/CT) 

• Associated with Tumour Size, stage and mets +/- 

• fcDNA associated with poor Prognosis 

– KRAS mutation detected in fcDNA shorter OS and PFS 
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NSCLC: Where are we with fcNA? 

• Genotyping 

• EGFR 

– Diagnostics 

– Predictive decisions 

– T790M (Oxnard et al) 

 



Organisers 

15-18 April 2015, Geneva, Switzerland 

Partners 

Debate: CTCs versus ctDNA 

CTCs ctDNA 

Complementary and synergistic to Each Other 

Blood-Based Analyses of Cancer: Circulating Tumor Cells 

and Circulating Tumor DNA 

Haber and  Velculescu. Cancer Discovery 2014 
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miRNA and Exosomes 

• Exosomes: 

– Membrane bound vesicles 

– Role in cell-to-cell communication 

– Horizontal transfer of genetic information 

– Protein, RNA, miRNA 

– Exosomal miRNA particularly promising 
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Conclusions 

• CTCs, ctDNA, Exosomes are synergistic substrates for a wide 
and complementary array of potential clinical applications 
– Tumour Genotyping 

• EGFR, EML4/ALK, c-Met amplification, Her 2 mutation, BRAF 

– Identifying and Monitoring acquired resistance 

• T790M 

• NSCLC to SCLC 

– Surrogates of Drug Response 

– Detecting Early relapse 

– Novel Therapeutic Targets (Met amplification) 

– Early Detection (miRNA/Smokers) 
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What needs to be done? 

• Optimize diverse technologies 

• Standardize approaches 

• Translate to the Molecular Diagnostic 
Laboratory (The Every day Lab) 

• Multicentre clinical Trials 
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Thank you 


