
Cell-free DNA analysis
by whole genome sequencing

ctDNA detection



Outline

• Why is whole genome sequencing interesting ?

• 4 “proof of concept” studies



Successful detection of ctDNA

Depends on 2 consecutive sampling processes, each with its own 
statistical probability:

1) Sampling probability:  the probability that the sample contains a tumor DNA fragment

2) Detection probability: the probability that the ctDNA detection approach can detect the marker 
fragment, given 

• The Tumor Fraction of the total cfDNA
• The number of fragments analyzed 
• The number of markers analyzed
• Technical variation in the used detection method
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Factors affecting the sensitivity of ctDNA detection methods 

• Tumor fraction of the TOTAL cell free DNA
• Number of genome equivalents examined (plasma volume)
• Number of markers

Single marker 10,000 markers

Modified from Nat Med. 2020 Jul;26(7):1114-1124.



Advantage of 
whole genome analysis



Tumor
genome

Targeted analysis

Cell free DNA 
(Tumor genome)

Commonly ONE fragment per mutated tumor genome 

Whole genome analysis

All mutated fragments 
per tumor genome 
(thousands)

Potentially millions of 
informative fragments



Tumor informed analysis



Approach:
Tumor informed whole genome sequencing (30x)

Cohort:
Healthy controls (n=38)
Cancer samples (n=60)
- LUAD; n=39, CRC; n=19 and melanoma; n=2

MRDetect



Single nucleotide vatiants (SNV), 
insertion/deletion (INDELS)

Copy number variations (CNV)

Patient-specific genomic fingerprint includes: 



Note: with 30x WGS of 
plasma, there is not 
enough evidence to call 
mutations!

Instead we collect the 
cumulative signal of the 
fingerprint across the 
entire genome.



Error rate estimation in a cohort of test control plasma samples (n= 30) 
with and without error suppression

Error suppression and paired-end read concordance allow sequencing error reduction by a median of 21-fold
 low error rate is essential for correct calling of the patient specific genomic fingerprint



Postive label: pre-operative plasma samples (n= 19) 
Negative label: control plasma samples (n = 30) against all patient (n = 19) mutational compendia

MRDetect performance in colorectal cancer patients (n = 19)

For various clinical settings 
(e.g. treatment 
escalation/de-escalation), 
a different detection 
threshold may be relevant



MRD-Egde includes multiple features



~90%

~42%



Take home message
MRDetect 

Advantages:

• Requires just 1 ml of plasma! – Just enough genome 

equivalents to reach 30x depth 

• Same analysis for all cancers

• Whole genome sequencing is very simple 

• Lab part easy to implement 

• Can be run locally at any clinical sequencing facility

Disdvantages:

• Requires access to tumor tissue 

• Cost of sequencing 

• Lacks the ability to pinpoint specific mutations (targeted 

therapy etc.)



Non-tumor informed analysis



When DNA release into the circulation,
it is fragmented and the unprotected parts are broken down

Fragmentation
is non-random

Modified from Cell 164, 
57–68, January 14, 2016



Approach:
Shallow whole genome sequencing (1x)

Cohort:
Healthy controls (n=65)
Cancer samples, multiple cancer types (n=284)

Circulating free DNA data

Chr. 5

Circulating
DNA reads

Read depth

Depth = 30

30x coverage (depth) in MRDetect
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Circulating free DNA data

Chr. 5

Circulating
DNA reads

Read depth

Depth = 1 Fragment length



Approach:
Shallow whole genome sequencing (1x)

Cohort:
Healthy controls (n=65)
Cancer samples (n=284)

Fraction of fragments 
shorter than 150bp

~160 bp



ctDNA Feature selection:
Fragment lengths
10 bp Osciliation
CNA (coverage skewness)

Independent validation (case/control)

Cancer types with 
HIGH ctDNA levels

Cancer types with 
LOW ctDNA levels



Approaches: 
Deep whole genome sequencing (220x): 
1 liver transplant patient
1 Hepatocellular carcinoma (HCC) patient 

Shallow whole genome sequencing (1x):
• 32 healthy subjects
• 67 chronic Chronic Hepatitis B virus (HBV) 

carriers without cirrhosis
• 36 patients with HBV-related liver cirrhosis
• 90 patients with Hepatocellular carcinoma

Proc Natl Acad Sci. 2018 Nov 13;115(46):E10925-E10933





DELFI: DNA evaluation of fragments for early interception

Observation: Cancer-derived cfDNA fragment lengths are more 
variable than non-cancer cfDNA fragments

Hypothesis:

cfDNA fragmentation can serve as a biomarker for cancer 
detection

cfDNA fragmentation was measured as the coverage ratio: 

Short fragments (100-150 bp)
Long fragments (151-220 bp)

Approach: Low pass WGS of plasma cfDNA (1x)

Research subjects: Controls: 215
Cancers: 208 (7 different cancer types)
1 mL of plasma

Plasma ctDNA
profiles

Plasma
Shallow

Whole genome seq



DELFI: DNA evaluation of fragments for early interception

Results:
Machine learning classifier: 

• Fragmentation pattern
• Copy number changes
• Mitochrondrial copy number changes

Sensitivity for CRC: 81%

stage I 73%
stage II 78%

at 95% specificity

Hypothesis:

cfDNA fragmentation can serve as a biomarker for cancer detection

Approach: Low pass WGS of plasma cfDNA

Plasma ctDNA
profiles

Plasma
Shallow

Whole genome seq

Observation: Cancer-derived cfDNA fragment lengths are more 
variable than non-cancer cfDNA fragments

Tumor tissue of origin 

75% accuracy at assigning the two most likely tissues of origin



Mutational signatures (personal/general) Detection of cancer
Monitoring tumor burden



Take home message
cfDNA Fragment length and fragment pattern strategies 

Advantages:
• Many markers
• Utilize the whole genome
• Speed
• Cost
• Indicates tissue of origin (chromatin organization)
• Generalizability (same test can be applied to “all” cancers)

Disadvantages:
• Specificity ??
• New territory – robust callers integrating features are being 

developed

Tumor fragments

Normal fragments



Group work
• List the differences between targeted and whole genome sequencing 

you can remember

• Which potential clinical applications do you see for whole genome 
sequencing?



30
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