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Breast cancer: a worldwide health issue 

Source: CRUK 



Progress in breast cancer management 

Source: CRUK 



Molecular Analysis of Breast Cancer 

Koboldt et al, Nature 2012 



The liquid biopsy spectrum 
 



The liquid biopsy spectrum: ctDNA 
 

Crowley et al. (2013) Nat. Rev. Clin. Oncol. 



Analysis of ctDNA in breast cancer 
 



Liquid Biopsies in the clinic: Potential strategy for their use 



Liquid Biopsy as a tool on clinical trials 

Bedard et al, Nature 2012 



Ulrich and Paweletz Annals of Laboratory Medicine 2017 

Liquid Biopsy as a tool on clinical trials 



The challenge of low level mutation detection 

Phallen et al STM 2017 



Insufficient 
sensitivity of 

current ctDNA 
assays 

Analytical sensitivity (primary cancer) 



Analysing ctDNA: NGS and (Digital) PCR 



Next Generation Sequencing on ctDNA 



Error corrected NGS for ctDNA 

Avenio (Roche) 
(CAPP-Seq) 



Error corrected NGS for ctDNA 



Error corrected NGS for ctDNA 

InVision (Inivata) 
(Tam-Seq) 



Analysing ctDNA: Different PCR approaches 

Quan, P. L., et al. Sensors (2018) 



Physical partition-based dPCR 

Analysing ctDNA: Digital PCR 



Analysing ctDNA: Digital PCR 

Emulsion-based dPCR 

RainDance 



Analysing ctDNA: Single Dye Duplex Digital PCR 



Analysing ctDNA: Multiple Dyes Duplex Digital PCR 



Analysing ctDNA: Single Dye Multiplex Digital PCR 



Analysing ctDNA: Multiple Dyes Multiplex Digital PCR 

Quan, P. L., et al. Sensors (2018) 



Analysing ctDNA: Multiplex Digital PCR 



Analysing ctDNA: 3 colours Digital PCR 



Analysing ctDNA: 3 colours Digital PCR 



Analysing ctDNA: 3 colours Digital PCR 



Analysing ctDNA: 3 colours Digital PCR 



Analysing ctDNA: 2 colours vs. 3 colours Digital PCR 

ESR1 Multiplex: L536R, c.1607T>G; Y537C, c.1610A>G; D538G, c.1613A>G; E380Q, c.1138G>C  



Analysing ctDNA: 2 colours vs. 3 colours Digital PCR 

Small proof-of-principle study on primary breast cancer patients 
 
3x multiplexes and 1x duplex assays 
 
PIK3CA multiplex: E542K, c.1624G>A; E545K, c.1633G>A; H1047L, c.3140A>T; 
H1047R, c.3140A>G (+ exon 9 WT and exon 20 WT) 
 
ESR1 Multiplex 1: E380Q, c.1138G>C; L536R, c.1607T>G; Y537C, c.1610A>G; 
D538G, c.1613A>G (+ WTs) 
 
ESR1 Multiplex 2: S463P, c.1387T>C; Y537C, c.1610A>G; Y537N, c.1609T>A; Y537S, 
c.1610A>C (+ WTs) 
  
ERBB2 Amplification Assay (Duplex): ERBB2 plus EFTUD2 (reference) 



Analysing ctDNA: 2 colours vs. 3 colours Digital PCR 

PIK3CA 
 

32 samples 
10ng/PCR reaction 

100% agreement 
(kappa 1.00, 95% CI 1.00-1.00) 

ERBB2 
 

33 samples 
10ng/PCR reaction 

100% agreement 
(kappa 1.00, 95% CI 1.00-1.00) 

ESR1 
 

30 ER+ samples 
10ng/PCR reaction 

100% agreement 
(kappa 1.00, 95% CI 1.00-1.00) 

Prevalence of ESR1 mutations 
primary breast cancer very low  

 Garcia-Murillas, unpublished 



Analysing ctDNA: Digital PCR- The future is multi-coloured 

Bio-Rad QX-ONE: 4 colours 

Stilla Naica: 6 colours 



• Liquid biopsy research has advanced very rapidly in recent years especially the 
analysis of ctDNA 
 

• ctDNA analysis is currently being integrated as a biomarker in clinical trials with 
high success 
 

• We are still challenged with several  technical limitations that need to be overcome 
to realise the full potential of the clinical utility of ctDNA 
 

• More sensitive tools are constantly being develop that will help with the problem of 
low level mutation detection 
 

• Multicolour digital PCR is positioning itself as a powerful tool that will allow more 
complex analysis of ctDNA 

Final remarks 
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