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Siravegna Nature Rev 2017

Définitions

ADN libre circulant,  
mais pas seulement !

Plasma,                                              
mais pas seulement !



Guibert et al, ERR, sous presse

Avantages de la biopsie liquide

Non invasif 

Hétérogénéité 
tumorale 
temps et espace

Suivi        
évolution 
subclonale



Approche ciblée (EGFR)
Cobas, Therascreen, ddPCR, BEAMing …

Approche multiplexe 
Séquençage à haut débit (NGS)

Thierry Cancer Met Rev 2016, Oxnard CCR 2014, Sanchez Genomic Medicine 2018
Gagan Genome Med 2015, Mouliere Sci Trans Med 2018

ADN tumoral vs ADN sauvage circulant

Présélection selon propriétés biologiques du ctDNA ? 
Puis recherche aberration génomique



I-Applications de la biopsie 
liquide (ADNtc) dans le cancer du 

poumon: Thérapies ciblées



r-EBUS l-EBUS-TBNA

Paradoxe
- Techniques mini-invasives: prélèvements de petite taille
- Nb croissant de cibles actionnables 

EGFR

KRAS

ALK

BRAF

PI3K

HER2

Full WT

Unknow

Rationnel au diagnostic initial 



Diagnostic initial: tests ciblés: ex EGFR 

Oxnard JAMA Oncol 2016

• Cobas, Therascreen, BEAMing, ddPCR: sensibilité 70%, dépend masse tumorale
• Spécificité 100% !



Diagnostic initial: NGS (séquençage à haut débit)

EGFR

KRAS

ALK

BRAF

PI3K

HER2

Full WT

Tissue Genotype Plasma NGS

BRAF V600E KRAS G12D (0.18%)*

BRAF V600E none

BRAF G469A BRAF G469A (12.8%)

MET exon 14 MET exon 14 (1.4%)

MET exon 14 MET exon 14 (12.1%)

HER2 exon 20 ins HER2 exon 20 ins (0.3%)

Sensitivity (rare SNVs) 66.7% (4/6)

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion EML4-ALK fusion

EML4-ALK fusion none

CD74-ROS1 fusion CD74-ROS1 fusion

CD74-ROS1 fusion CD74-ROS1 fusion

Sensitivity (ALK/ROS1) 89% (8/9)

Guibert Ann Oncol 2018



Screening Biomarqueurs 
traitement

Monitoring

Diagnostic initial: NGS (séquençage à haut débit)



Performances et limites du NGS de l’ADNtc

Oxnard, JCO PO 2019

Spécificité dépend MAF 
VPP 100% > 1%

Sensibilité 70-80% (stade IV)



Aggarwal, JAMA Oncol 2019 Gyawall, JAMA Oncol 2019

Intérêt clinique



Biopsie liquide: 

• Accès non invasif et 
rapide à la biologie de la 
tumeur

• Surveillance évolution 
clonale

• Tenant compte de 
l’hétérogénéité 

Gainor Cancer Disc 2017

Rationnel à la résistance

Résistance EGFR-TKI Résistance ALK-TKI



• Paradigme actuel de détection de T790M basé sur screening plasma (sensibilité 70%)
• Intérêt du séquençage à haut débit pour éviter plus de rebiopsies

Oxnard GR JCO 2016

Limites des tests ciblés ex. EGFR

T790M
50%

35%
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Limites des tests ciblés ex. EGFR: Séquençage à haut débit (NGS)

Guibert Ann Oncol 2018
Chabon JJ Nat Com 2017

• Hétérogénéité de la résistance (45% mécanismes multiples)
• Importance AF relative T790M/driver



Guibert et al Ann Oncol 2018
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La progression plasmatique précède la progression radiologique



II-Applications de la biopsie 
liquide dans le cancer du 

poumon: Stades précoces



Guibert et al, ERR sous presse Abbosh et al, Nature 2018

Dépistage



Chaudhuri Cancer Disc 2017

Maladie résiduelle 

NGS plasmatique après traitement curatif d’un CBNPC localement avancé (33/40 stade II/III)



III- Applications de la biopsie liquide dans le 
cancer du poumon: Immunothérapie



Grade 3-4 treatment-related toxicities). Although many of these
were serious and required treatment, therapy discontinuation,
or hospitalization, the durable partial and complete responses
in melanoma may warrant this approach in some patients. In
particular, combination therapy appeared to most dramatically
benefit patients who were less likely to benefit from PD-L1 or
PD-1 inhibition alone, because their tumors were PD-L1-nega-
tive (6/13 PD-L1-positive and 9/22 PD-L1-negative patients re-
sponded to combination therapy; Wolchok et al., 2013). The
addition of a CTLA4-targeted therapy may be completing the
defect in the Cancer-Immunity Cycle for patients who are PD-
L1-negative. Further studies of preipilimumab and on ipilimumab
treatment tumor samples arewarranted to better understand this
effect.
Other combinations that merit serious consideration include

anti-PD-L1 or anti-PD-1 with vaccination, especially if it be-
comes possible to monitor a patient’s T cell profile to distinguish
individuals who have generated suboptimal T cell responses to
their cancers (Duraiswamy et al., 2013; Ge et al., 2013). In addi-
tion, combinations with agents that will enhance T cell trafficking
and infiltration into the tumor bed should be explored vigorously,
because the entry stepmay be important in some patients. In this

class, inhibition of VEGF by the anti-VEGF antibody bevacizu-
mab appears to be a promising candidate based on hints from
the preclinical and clinical literature (Motz and Coukos, 2013;
Hodi et al., 2010). Similarly, B-Raf inhibitors (vemurafenib) may
also enhance T cell infiltration into tumors (Liu et al., 2013). Of
course, with increased activity due to combinations comes the
increased chance for additive or synergistic toxicity. This further
highlights the importance of selecting therapeutic targets that
are specific to the ability of a tumor to escape immune eradica-
tion over targets thatmay also play an important role inmediating
immune homeostasis and preventing autoimmunity.

Concluding Remarks
The objective of understanding the inherent immune biology
related to cancer is to better define strategies to harness the
human immune response against cancer to achieve durable re-
sponses and/or complete eradication of cancer in patients
safely. Multiple approaches to cancer therapy exist, and few
are as complicated as immune-based therapy. Multiple numbers
of systemic factors can effect or contribute to the success or fail-
ure of immune therapy and lends to this complexity. Results may
be confounded by many currently unmeasured variables,

IFN-α

Figure 3. Therapies that Might Affect the Cancer-Immunity Cycle
The numerous factors that come into play in the Cancer-Immunity Cycle provide a wide range of potential therapeutic targets. This figure highlights examples of
some of the therapies currently under preclinical or clinical evaluation. Key highlights include that vaccines can primarily promote cycle step 2, anti-CTLA4 can
primarily promote cycle step 3, and anti-PD-L1 or anti-PD-1 antibodies can primarily promote cycle step 7. Although not developed as immunotherapies,
chemotherapy, radiation therapy, and targeted therapies can primarily promote cycle step 1, and inhibitors of VEGF can potentially promote T cell infiltration into
tumors—cycle step 5. Abbreviations are as follows: GM-CSF, granulocyte macrophage colony-stimulating factor; CARs, chimeric antigen receptors.

Immunity 39, July 25, 2013 ª2013 Elsevier Inc. 7

Immunity

Review

TMB

TMB: Charge mutationnelle tumorale 

Carbone NEJM 2017, Hellman NEJM 2018 

ADN tumoral circulant et charge mutationnelle tumorale

Cohorte TMB > 10 mut/Mb



• Difficile en routine sur tissu (WES ou large panel): faisabilité 
limitée (60%)

• b-TMB +++ (80% faisabilité, corrélée à tissu et à réponse)

Gandara Nature Med 2018 

ADN tumoral circulant et charge mutationnelle tumorale



16% 6 months PFS

Decrease (n=34): 10 months
Increase (n=31):  2 months

HR 2.7

74% 6 months PFS
Decrease > 30% (n=23) = 14 months  
Increase > 30% (n=19)  = 2 months

83% 6 months PFS

11% 6 months PFS

HR 4.0

Decrease > 50%(19) = not reached 
Increase > 50% (17) = 2 months
= 2 months (95%CI 1.5–ND)

79% 6 months PFS

6.3% 6 months PFS

HR 4.17

Cabel Ann Oncol 2017, Goldberg CCR 2017, Guibert lung cancer 2018 

Corrélation cinétique précoce du ctDNA et réponse clinique 

• Les variations précoces (1 mois) de l’ADN tumoral circulant 
est un bon indicateur de la réponse à 6 mois

• D’autant plus que les variations sont importantes (30%, 50%)



1.SCREENING
Large NGS panels

2.BEFORE SURGERY:
NEOADJUVANT 
(NGS, Pt-spe if 

biopsy) 3.POST-TREATMENT:
ADJUVANT 

(MRD)
(NGS, Pt-spe)

5.ADVANCED STAGES: BIOMARKERS
Targeted therapies 

(Targeted assays, limited NGS panels)

6.MONITORING 
OF RESPONSE

Pharmacodynamics (phase I)
7.EARLY DETECTION OF RESISTANCE CLONES

(Targeted assay, limited NGS panels)

4.RELAPSE
(NGS, Pt-spe)

EARLY STAGES ADVANCED STAGES

TU
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or none or none

Level of ctDNA shed (variable)

Different tumor clones

M1

P

P
M2

M1

M2

Guibert et al, soumis


