
Christopher G. Smith

CRUK CI Cambridge, UK

Exploiting Cell-Free DNA 
in Blood for Improved 
Treatment of Cancer

Festival of Genomics, Jan 29th 2.30pm





Challenges in the use of 
tissue biopsy for molecular 
profiling…



Saint Luke’s - https://saintlukeskc.org/health-library/image-guided-biopsy

Tissue biopsies 

are invasive

https://saintlukeskc.org/health-library/image-guided-biopsy


Gay, L, et al. 2016

Tissue biopsies don’t necessarily 

sample the entire tumour mass

Spatial heterogeneity



Gay, L, et al. 2016

Tissue biopsies don’t necessarily 

sample the entire tumour mass

Temporal heterogeneity



Extracellular nucleic acids are 
found in the circulation



Francis Crick & James Watson
1953

P. Mandel & P. Métais
1948.



Whole

blood

cell-free DNA



Crowley et al, 2013



The potential of circulating tumour 
DNA (ctDNA) as a biomarker in 
precision oncology…



Tumour cells release DNA into the circulation. 

The levels and composition of ctDNA reflect tumour changes

Circulating cell-free 

tumour DNA (ctDNA)

Non invasive = 

Serial

Sampling

Cancer

detection

Molecular

profiling & 

prognostication

Detection of

residual

disease

Monitor response

and clonal

evolution



Dawson SJ, Tsui D,, Murtaza M, et al
NEJM, 2013

ctDNA can monitor disease during treatmentctDNA allows us to track

disease using a tube(s) of blood

Breast cancer

Circulating tumour cells



Courtesy of Dr Anne Warren
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Plasma

Urine

ctDNA can represent the entire tumour mass, 

potentially overcoming disease heterogeneity

Smith et al, 2019. bioRxiv (soon genome medicine)

Also identified mutations not observed in tissue…



What challenges are faced in 
the application of ctDNA?



Number of DNA 

molecules 

(5-10 ng/mL) 

ctDNA fraction 
(10% in advanced cancer, 

<<1% in early cancer)

What challenges do ctDNA-based analyses face?

ctDNA analysis is limited by input…

3



What challenges do ctDNA-based analyses face?

ctDNA levels vary by disease stage

3
Bettegowda, Diaz et al.

Sci Transl Med 2014

~10% mutant allele 
fraction



What challenges do ctDNA-based analyses face?

ctDNA levels vary by disease stage

3

Few copies of 
tumour DNA 
in stage I-II

Bettegowda, Diaz et al.
Sci Transl Med 2014



What challenges do ctDNA-based analyses face?

ctDNA levels vary across cancer types

3
Bettegowda, Diaz et al.

Sci Transl Med 2014

Few copies of ctDNA in plasma 
from certain cancer samples



Dawson SJ, Tsui D,, Murtaza M, et al
NEJM, 2013

ctDNA can monitor disease during treatmentWhat challenges do ctDNA-based analyses face?

ctDNA levels may drop below assay sensitivity

Breast cancer



In low ctDNA settings, how can 
we enrich for tumour signal?



How can we enrich for 

ctDNA signal vs cfDNA?

4

Exploit our 

knowledge of 

the origin and 

biophysical 

properties of 

cfDNA

Wan et al., Nature Reviews Cancer 2017



How can we enrich for 

ctDNA signal vs cfDNA?

5

167bp

Exploit our 

knowledge of 

the origin and 

biological 

properties of 

cfDNA



ctDNA is shorter than 

non-tumour cell-free DNA

Mouliere et al. STM, 2018 7

Tumour cells

Normal cells

Plasma DNAHuman cells
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Tumour-derived DNA fragments can 

be selected by size-selection

Size-selection

(90-150bp)

No size-selection

Pre-treatment

Post-treatment - no size-selection

Post-treatment - with size selection

150bp

Mouliere et al. STM, 2018
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How else can we detect 
‘tumour signal’?



Consider other fluids / local sampling?

Cerebrospinal fluid
Brain tumours

Blood
Many cancer types

Urine
Urological cancers

Stool
Colorectal cancers



Tumour DNA in urine tracks disease 

course in bladder cancer

Patel et al. Sci Rep, 2017
23

Urine cfDNA at day 49

Urine cfDNA at day 154

Day 49

Day 154



Cancer specific methylation patters 

are observed on cfDNA

Moss et al, 
2018



Summary

The potential of ctDNA in precision oncology

cfDNA offers a non-invasive (real-time) alternative to tissue biopsy

cfDNA (potentially) represents the entire tumour mass, overcoming tumour heterogeneity

Still face several challenges…
-plasma ctDNA levels vary across disease settings/types
-assay sensitivity limits ctDNA detection at low levels
-clonal haematopoiesis of indeterminate potential (CHIP)

…but there are ways to enhance sensitivity
-cfDNA biology
-patient-specific NGS panels
-proximal sampling
-analysis of additional markers (e.g. methylation)

-Beginning to see implementation into clinical care
-analytical validity, clinical validity and clinical utility to be 
demonstrated for tumour biomarker tests…
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