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Where do we find cfDNA?




A new and promising field

» cfDNA was discovered as fragmented DNA in the non-celluar | J :-
compartment of a blood sample by Mandel and Métais in 1948* |

* In 1977, it was discovered the level of cfDNA was elevated in cancer patients? PLASMA

» ctDNA, cfDNA fragments originating from tumor cells, was identified in 19893
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A slightly old and promising field... Why has it been so long in the making?

1 Thierry et al., Cancer Metastasis Reviews, 2016
2 Leon et al., Cancer Research, 1977
3 Stroun et al., Oncology, 1989



How did it get there?
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Crowley et al., Nature Reviews Clinical Oncology, 2013
Corcoran et al., New England Journal of Medicine, 2018



What affects the release of cfDNA?
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1 Breitbach et al., Journal of Applied Physiology, 2014
2 Frank et al., Biological Research for Nursing, 2016
3 Henriksen et al., Molecular Oncology, 2020



cfDNA contribution from various tissues

Cancer of unknown primary cfDNA

Tissue-specific methylation patterns can estimate the | 150 r—

Presumed

= CUP 1
. . . . . . g_ 100 origin
tissue contribution of cfDNA in various settings . ] e
| wl M Nk me |
. . . 400 - - - - h ! i |
Baseline cfDNA composition (healthy donors) 2 J, CUP 2
. o 200 Bo Pr
« 55% white blood cells o, B - . L= e
—v—r—'—v—'—r—v—'—v—*—v—v—v—v—*—*
* 30% erythrocyte progenitors . 8K - GUP 3
* 10% vascular endothelial cells = K Bones. lngs | Bladder
—— . -
. . . 300 — ——
Patients with sepsis . cuP4l
= 150 bones ?
 Vast majority from immune cells G o | . hapes R —
. . BLgPLL e EF 228X
Patients with cancer £5£588882883£8¢25¢
338 S55cS8S@MOTOERO
282% ocs=xsd T aFoj
T8 23288 5 z 3
T S o @
75K - 40K So 56 05
- M Breast cfDNA - Colon cfDNA a S5ao
£ £ a ©
3 50K E
3 g
pt p 20K
§ o5k 5
5 5
(O] O]
0K 0K
12 34 1234 123 1234 123 4 12 34 123 12 34
Colon Lung Breast Healthy Colon Lung Breast Healthy

cancer cancer cancer cancer cancer cancer Moss et al., Nature Communications, 2018



What characterizes cfDNA?

Chromatosome
core particle
(~167 bp)
—

* Fragments of approx. 167 bp*
* Chromatosome
* Protected from nucleases by association with proteins
* Aligns with apoptosis being the main driver of cfDNA release
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What characterizes cfDNA?

 Larger fragments have been observed!
* Necrotic release

* Implications for analyses
* Highly fragmented
* Low vield compared to tissue extractions

1 Jarh et al., Cancer Research, 2001



What is the stability of cfDNA?

cfDNA degradation > < cfDNA release

* Degradation
* Nucleases!
* Renal clearance into the urine

* Female, male blood transfusion?
* Tumor derived DNA detected in urine from patients with lung cancer3

* Uptake by liver and spleen -> degradation by macrophages*

1 Lo, American Journal of Human Genetics, 1999

2 Botezatu et al., Clinical Chemistry, 2000

3 Reckamp et al., Journal of Thoracic Oncology, 2016
4 Diehl et al., PNAS, 2005

5 Yu et al., Clinical Chemistry, 2013



What is the stability of cTDNA?

e Half-life of cfDNA

* Fetal DNA in pregnant women
* Rapid phase of <1 hour and a slow phase of approx. 13 hours>

e 1-2 hours in cancer patientsG'7
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6 Corcoran et al., New England Journal of Medicine, 2018
7 Diehl et al., Nature Medicine, 2008



ctDNA

* ctDNA = cfDNA fragments originating from tumor cells

* Foundation of ctDNA as a biomarker
e All cells release DNA
e Half-life of a few hours

What can we learn about the tumor from it?



How do we detect ctDNA?

* How do we distinguish ctDNA fragments?
* Tumor-specific genetic or epigenetic alterations, estimation of copy number alterations

ACGTACGTACGTACGT ACGTACGTA GTACGT

* Needle in a haystack issue

e Shorter fragment lengths of ctDNA compared to cfDNA from
healthy cells?

* Sample-level estimate
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1 Underhill et al., PLOS Genetics, 2016



Quantification measures of ctDNA

* A number of ways across publications
* Variant allele frequency (VAF)

e Adjust for amount of cfDNA
* #Mutated copies

20% VAF based on 10,000 copies = 2,000 mutated copies

e Adjust for plasma volume

Copies/mL plasma

» Average across assays

Consider a ctDNA test including 10 assays
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e Sample VAF = 1.5%
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Are all assays representative
and can 0% be considered just
below the detection level?

Sample VAF = 0.3%



What affects the level of ctDNA?
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(Approximately 302 million malignant cells)

* Non-adenocarcinoma histology

1 Diehl et al., Nature Medicine, 2008

2 Bettegowda et al., Science Translational Medicine, 2014
3 Zill et al., Clinical Cancer Research, 2018

4 Powles et al., Nature, 2021

5 Abbosh et al., Nature, 2017



Key points

cfDNA is continually shed into the circulation

cfDNA is highly fragmented, but protected by nucleosomes

cfDNA has a half life of approx. 1-2 hours

Various physiological conditions affects the level of cfDNA

For ctDNA analysis, effective distinction of ctDNA from wild-type cfDNA is critical
ctDNA is technically challenging to assess

ctDNA release is affected by various tumor characteristics
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