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Circulating tumor DNA (ctDNA)



ctDNA

ctDNA from tumor tissue is released 
through secretion, necrosis and apoptosis, 

but mainly through apoptosis. 



Circulating Tumour DNA (ctDNA)

• ctDNA is tumour DNA that 
has been shed into the 
bloodstream 

• ctDNA can be present in 
0.01% - >90% of the total 
Cell Free DNA (cfDNA)

• The amount of ctDNA is 
related to the tumour 
burden and varies 
between patients with 
different clinical 
presentations 

Diaz and Bardelli, 2014 Journal of Clincial Oncology 32



Cell-free DNA (cfDNA) is found in blood plasma at concentrations of 10–100 ng/ml, in 
fragments of 150 base pairs. When cfDNA comes from tumor cells, it is called ctDNA, and 
can be identified by point mutations and chromosome rearrangements typically found in 
cancer genomes.



FFPE versus ctDNA
• FFPE Samples
• Tumour DNA extracted from fixed 

biopsy samples or tumour resections
• Problems with quality of DNA due to 

fixation
• Mixture of normal and tumour DNA 
• Long time to process by 

histopathologists.
• Macrodissected to enrich tumour 

content
• Some patients have no tumour sample 

available
• The sample represents the tumour at 

one fixed time point

• ctDNA Samples
• ctDNA shed directly from tumour
• Extracted from the plasma component 

of whole blood 
• Large fragment sizes possible
• Small quantities extracted ~ 30ng/ 5ml 

plasma
• Separate out plasma within a few 

hours of receipt of blood sample.
• Serial samples can be taken at various 

time points during the patient’s 
treatment



cell-free DNA  (cfDNA) testing

• Cell-free DNA (cfDNA) in plasma of healthy individuals : Mandel and Métais (1948) 

• A proportion of cfDNA in pregnant women  is fetus-derived (cffDNA) : Lo et al. (1997)

• Non-Invasive Prenatal testing (NIPT) : 2012 : start
2015 : > 1 million tests

Market :  4 billion USD

• Increased concentrations of cfDNA in the circulation of cancer patients : Leon et al. (1977)

• A proportion of cfDNA is tumor-derived : Stroun et al. (1987)

• Circulating tumor DNA (ctDNA) testing (liquid biopsy) : 2015 : start

Market :  40 billion USD



ctDNA Collection   
• ctDNA has a very short 

half life ranging from 15 
minutes to several hours

• It is stable in plasma at    
-80ºc 

• Blood can be sampled in 
ETDA tubes but the 
plasma has to isolated 
and stored at -80ºc within 
one hour of collection

• Preservative tubes can 
be used to stabilise the 
cfDNA in blood for up to 4 
days at room 
temperature.





ctDNA Workflow

Blood sample taken 
in Cell Save 
preservative tubes

Sample arrives in lab 
and spun to isolate the 
plasma

Plasma is stored at -80ºc

Sample is 
extracted on the 
same day as the 
downstream 
process set up 
due to ctDNA 

instability

ctDNA is 
extracted from 
the plasma using 
the QIAamp 
Circulating 
Nucleic Acid on 
the QIAVac 

system

Set up:
Pyrosequencing
Next-generation 
sequencing
Quantative PCR
BEAMing

Digital PCR



Problems with ctDNA 

• Due to the unstable nature of ctDNA the sample is has to be 
collected and processed correctly

• Only get 30ng of cfDNA per 5ml plasma extraction 
• The amount of ctDNA is related to the tumour burden and varies 

between patients
• Difficult to discriminate ctDNA from normal cfDNA 
• The technique used must be sensitive enough to pick up the low 

level variants 

Diaz and Bardelli, 2014 Journal of Clincial Oncology 32



Summary of sensitivity and specificity methods used for cfDNA analysis 
(Rolfo et al., 2014)





Droplet digital PCR

Accurate absolute quantification of template molecules 
by separation of target molecules and counting 
statistics.

A sample is fractionated into 20,000 droplets, and 
PCR amplification of the template molecules occurs in 
each individual droplet.





ddPCR Principle
Standard PCR

Quantitation of an end product in a bulk reaction 
qPCR

Quantitation of product in real time in a bulk 
reaction

ddPCR
•Bulk reaction separated into smaller 
partitions.
•Each partition intended to contain zero or one 
copy of DNA.
•The fraction of positive partitions is fitted to a 
Poisson distribution to determine the absolute 
starting copy number of DNA.



ddPCR Principle: Process
Bio-Rad QX200 System



Absolute Quantification: No need for a standard curve because number of

targets in a given volume (i.e. concentration) is counted directly (and adjusted

for multiple targets/droplet by Poisson statistics)

• Precision: The ability to consistently make the same measurement on

replicates of a sample

• Reproducibility: The ability of a researcher to obtain the same

measurement on the same sample from experiment to experiment in the

same lab OR in another lab across the globe.
• Sensitivity: The ability to measure very few copies of a target with precision

mostly limited by the technology independent statistics of sampling

• Accuracy: The ability to make the correct measurement – this requires
validation before this can be claimed, but is then an intrinsic property of the

ddPCR assay used.





•Removal of PCR bias — error rates are 
reduced by removing the amplification efficiency 
reliance of qPCR, enabling the detection of 
small (1.2-fold) differences
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