
CT-DNA dans le cancer colorectal métastatique: 
quel rôle dans le suivi après les traitements en

RIO?
Tom Boeken 

tom.boeken@aphp.fr







Faut-il utiliser l’ADN tumoral circulant 
dans l’ablation des métastases 

hépatiques de cancer colorectal?







1948: 
Description initiale



1977: 
ADN total, biomarqueur



« The source of free DNA in 
solution in the serum is unknown at 

present. »

1977



« we conclude that normal serum
contains very little free DNA; In 

cancer patients, higher
concentrations of DNA in the serum

may be expected »

1977



« Conversely, decrease in DNA 
levels during treatment seem to be

a better prognostic sign »

1977



2001



How is it 
released?

Necrosis?
Apoptosis?

In vitro and in vivo induced necrosis
and apoptosis.

2011



IN VITRO

2001
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Extracellular DNA after induction of cell death in vitro and in vivo. A, supernatant DNA quantities of apoptotic or necrotic Jurkat T cells. Apoptosis was induced by staurosporine; necrosis was induced by staurosporine plus oligomycin (14). DNA in supernatants was quantitated by competitive PCR at the time points indicated. B,apoptosis in vivo. Mice were treated with anti-CD95 antibody (17). Quantities of plasma DNA analyzed by real-time PCR quantitation (averages from three animals per time point). Right: Lane M, DNA fragments of known sizes (in bp); Lane P, size distribution of plasma DNA fragments at 8 h after injection of anti-CD95 antibody(mo and di, mononucleosomal and dinucleosomal DNA fragments, respectively). C, necrosis in vivo. Mice were treated with acetaminophen(17), and plasma DNA was analyzed by real-time PCR quantitation at the time points indicated (averages from three animals per time point). Right: Lane M, DNA marker (in bp); Lanes 0, 3, 4, and 6, plasma DNA at 0, 3,4, and 6 h after injection of acetaminophen, respectively. 



IN VIVO
APOPTOSIS

2001



IN VIVO
NECROSIS

2001



Results

Necrosis ++
Apoptosis +

Neither T cells nor endothelial cells seem
to contribute to plasma levels of DNA.

2001



2019



DNA release

CfDNA:
0 - 100 ng/ml in healthy subjects
0 - >1000 ng/ml in patients with cancer 

tumor burden, but also might reflect tumor
metabolism. 

necrosis and 
oncosis (ischemic cell death)
pyroptosis
phagocytosis
active secretion
neutrophil extracellular trap release (NETosis), 
excision repair 

2019
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NETosis is a regulated form of neutrophil cell death that contributes to the host defense against pathogens



CFDNA

The concentration of cfDNA in blood varies significantly; 
it ranges between 0–5 and >1000 ng/ml in patients with
cancer and between 0 and 100 ng/ml in healthy subjects.

Therefore, although the variability in ctDNA is typically attributed to the tumor burden,46 it
actually might reflect tumor metabolism



Approches actuelles



2020



Detection: 
50% in those with non-metastatic disease 
90% in patients with metastatic disease 

ctDNA has the potential to change clinical practice

-detection of minimal residual disease,  (MRD)
-management of patients with rectal cancer, 
-monitoring responses to therapy, 
-and tracking clonal dynamics in response to targeted therapies 
and other systemic treatments. 





Approche 1
PCR

Droplet Digital PCR 
or 

BEAMING (beads, 
emulsion, amplification, 

magnetics)

La première approche cible une 
altération génétique connue et 

correspondant le plus souvent à des 
mutations d’intérêt ou identifiées 

préalablement dans le tissu tumoral.

Ultrasensible mais dépend de la 
mutation. 



Approche 2
NGS

En l’absence d’altérations connues ou 
en cas de nécessité d’analyser un grand 
nombre d’altérations, c’est une méthode 

de séquençage à haut débit ou Next-
Generation Sequencing (NGS): panels 

de gènes ou hotspots. 



Approche 3
Multidimentionnelle

Méthylation
Modification 

histones

Moore, L., Le, T. & Fan, G. DNA Methylation and Its Basic 
Function. Neuropsychopharmacol 38, 23–38 (2013). 
https://doi.org/10.1038/npp.2012.112
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In the mammalian genome, DNA methylation is an epigenetic mechanism involving the transfer of a methyl group onto the C5 position of the cytosine to form 5-methylcytosine. DNA methylation regulates gene expression by recruiting proteins involved in gene repression or by inhibiting the binding of transcription factor(s) to DNA. During development, the pattern of DNA methylation in the genome changes as a result of a dynamic process involving both de novo DNA methylation and demethylation. As a consequence, differentiated cells develop a stable and unique DNA methylation pattern that regulates tissue-specific gene transcription. In this chapter, we will review the process of DNA methylation and demethylation in the nervous system. We will describe the DNA (de)methylation machinery and its association with other epigenetic mechanisms such as histone modifications and noncoding RNAs. Intriguingly, postmitotic neurons still express DNA methyltransferases and components involved in DNA demethylation. Moreover, neuronal activity can modulate their pattern of DNA methylation in response to physiological and environmental stimuli. The precise regulation of DNA methylation is essential for normal cognitive function. Indeed, when DNA methylation is altered as a result of developmental mutations or environmental risk factors, such as drug exposure and neural injury, mental impairment is a common side effect. The investigation into DNA methylation continues to show a rich and complex picture about epigenetic gene regulation in the central nervous system and provides possible therapeutic targets for the treatment of neuropsychiatric disorders.





Tumoral circulating DNA and colorectal cancer: From bench to bedside
David Sefrioui1 Adrien Grancher2 Frédéric Di Fiore3 



Un exemple-clé: le stade II opéré

Chimiothérapie adjuvante? 





Avant chirurgie, marqueur pronostique...



...après chirurgie, MRD



biomarker-driven adjuvant therapy

Commentaires du présentateur
Commentaires de présentation
This trial was a phase 2, multicenter, random- ized, controlled trial of biomarker-driven adju- vant therapy 
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Patients with stage II colon cancer were randomly assigned in a 2:1 ratio to have treatment deci- sions guided by either ctDNA results or standard clinicopathological features. For ctDNA-guided management, a ctDNA-positive result at 4 or 7 weeks after surgery prompted oxaliplatin-based or fluoropyrimidine chemotherapy. Patients who were ctDNA-negative were not treated. 







Et dans la chirurgie hépatique?







ctDNA was detected in 24% of patients immediately after 
surgery

ctDNA+: recurrence risk of 83% compared to only 31% in 
those with undetectable ctDNA after surgery.



All (100%) patients with detectable postoperative 
ctDNA who failed to clear their ctDNA following 
adjuvant chemotherapy experienced recurrence
(median time to recurrence of 2.2 months after 
completion of chemotherapy)

67% of patients whose ctDNA became undetectable 
after chemotherapy remained disease-free.







CRC patients with initially defined unresectable liver-only
metastases

2-CTx (FOLFOX or FOLFIRI) 
Vs 
3-CTx (FOLFIRINOX)

(plus bevacizumab/cetuximab by RAS status)





« More interestingly, the absence of ctDNA at 4 weeks was
correlated with a very high R0/R1 resection rate of LM (85%), 
suggesting that this biomarker could help decide whether liver 
surgery is appropriate for patients »



Finally, in patients referred to surgery for LM resection, persistently
detectable ctDNA levels before surgery was associated with
short post-surgical OS, suggesting that LM were not fully
responding to therapy and/or that extra-hepatic micro-
metastases were present. »



Et dans l’ablation?





LIVER

Resection (n=14/28)
DEBIRI-TACE (n=1/28),
HAI (n=1/28)
Combined RFA/ (SIRT) 
(n=1/28).

OTHER SITES

Resection (n=6/28) 
Ablative radiotherapy
(n=1/28)
Varions treatment modalities
(n = 1/28)
(CRS-HIPEC) ( (n=1/28)



In vivo effects of thermal ablation 
coagulation necrosis 
apoptosis
direct and indirect and indirect mechanisms 
including the activation of antitumor immune 
response

ctDNA dynamics ???



Expérience locale



Inclusion criteria

1. Histologically confirmed colorectal cancer.
2. Metastatic disease referred to thermo-ablation with intent-to-cure
3. No antiangiogenic therapy 2 weeks prior to thermo-ablation.
4. At least one target lesion (RECIST1.1), measurable with CT or MRI:
5. Age ≥ 18.
6. Performance status ≤ 2.
7. Women of childbearing potential must have a negative serum pregnancy test prior to

registration.
8. Patients with a social security in compliance with the French law
9. Patients must be willing and able to comply with scheduled visits, treatment plan, laboratory

tests and other study procedures.
10.Voluntarily signed and dated written informed consents prior to any study specific procedure.



Exclusion criteria

1. Inadequate kidney, liver functions.
2. Haematological contra indications to percutaneous approaches.
3. Contra-indications to general anesthesia.
4. Active, uncontrolled bacterial, viral, or fungal infections.
5. Females who are pregnant or breast-feeding.



NGS was performed with a dedicated panel of 92 amplicons 
(Ion AmpliSeq Colon-Lung Cancer Research Panel version 2; Life 
Technologies, Carlsbad, CA, USA)

covering > 500 hotspot mutations in KRAS, EGFR, BRAF, 
PIK3CA, AKT1, ERBB2, PTEN, NRAS, STK11, MAP2K1, ALK, 
DDR2, CTNNB1, MET, TP53, SMAD4, FBXW7, FGFR3, 
NOTCH1, ERBB4, FGFR1, and FGFR2. 



THERMAL ABLATION

Ct DNA

RI

H0 H2 H24 D15 D30 D60

CRCLM: colorectal cancer liver 
metastases
Ct DNA: circulating tumor DNA
RI: radiological imaging

INCLUSION: CRCLM

MACHINE LEARNING

D90



THERMO-ABLATION 
(micro-onde): FOIE

Mutation 1:

H0 H2 H24 J 8 J 63

Mutation 2:

N X
EN COURS

J 30

ADN



THERMO-ABLATION 

Mutation 1: KRAS (NM_033360.3) p.Gly12Ala c.35G>C

H0 H2 H24 J 8 J 63

Mutation 2: TP53 (NM_000546.5) p.Leu130Val c.388C>G

N 1

0 0 1,8% 0,90%

0 0 0 5%?

1%

3,3%

PROGRESSION GLOBALE

J 30

FOLFOX

ADN
0,75 1,19 0,20 0,10 0,1



THERMO-ABLATION 

Mutation 1: TP53 (NM_000546.5) p.Arg248Trp c.742C>T

H0 H2 H24 J 30

Mutation 2: TP53 (NM_000546.5) p.Arg158His c.473G>A

N 2

1% 2,3% 1,4% 0,6%

0 2,1% 1,2% 0,1%

Imagerie J90: 
PAS DE PROGRESSION

ADN
0,3 0,7 4,52 0,13

0,2%

0,2%

0,3



16 patients en “intent-to-cure”

5 ADNtc + pré-opératoires : 3 progressions, 2 non progressions (60%)
11 ADNtc – pré-opératoires: 3 progressions, 8 non progressions (27%)

TP53 (NM_000546.5) p.Arg248Trp c.742C>T 1%

KRAS (NM_033360.3) p.Gly12Asp c.35G>A 5%

KRAS (NM_033360.3) p.Gly12Val c.35G>T 4%

SMAD4 (NM_005359.5) p.Ser343Leu c.1028C>T 1%

KRAS (NM_033360.3) p.Gly12Ser c.34G>A 14%





Limites





« A surrogate endpoint is a 
substitute of a primary end point 

expected to predict the clinical
benefit, harm, or absence of an 

intervention »



« For the postsurgical management 
of patients with colorectal liver 
metastases, all randomised

controlled trials to date assessing the 
clinical value of adjuvant 
chemotherapy have used

recurrence-free survival as the 
primary endpoint.»



we provide evidence that
the correlation between
recurrence-free survival
and overall survival in 
this disease context is
minimal... 

Recurrence-free survival
is an inadequate
surrogate for overall
survival





« time to recurrence did not reliably
predict the survival outcome »
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More specifically, bevacizumab received provisional FDA approval, in 2008, for the treatment of metastatic breast cancer on the basis of an improvement in progression free survival.32,33 However, approval was subsequently withdrawn 3 years later, after additional trials found a lower improvement in progressionfree survival than expected and no improvements in overall survival.34 



Merci!
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