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Background
• 2004,	the	advent of	actionable molecular
alteration in	lung cancer

5Lynch T et al, NEJM 2004



The	first	steps
• 2006:	The	French	Genetic Centers Network

• Leaded by:

– DGOS	(HealthMinistery)

– INCa (French	NCI)

6Available at www.e-cancer.fr



The	first	steps
• 2006:	The	French	Genetic Centers Network

• Biomarkers assesment for	…
– Prediction (targeted therapies)
– Diagnosis
– Prognostic
– Residual disease

• Daily	practice
7Available at www.e-cancer.fr



The	first	steps
• 2006:	The	French	Genetic Centers Network

• Link	with research activities
– Translational research
– Clinical trials

• National	Cancer	Institute	(USA)
• Drugs Companies

8Available at www.e-cancer.fr



The	first	steps
• 2006:	The	French	Genetic Centers Network

• Initial	Financial	Investment	(French	NCI)
– Equipment:	4.7	M€
– Recruitment (non	MD):	4.0	M€

9Available at www.e-cancer.fr



The	first	steps
• 2008-2009:	The	time	of	success

10Available at www.e-cancer.fr



The	first	steps
• 2008-2009:	The	time	of	success

11Available at www.e-cancer.fr



The	first	steps
• 2008-2009:	Quality insurance procedures

– Guidelines	for	molecular

alterations assessement

in	solid tumors

12Available at www.e-cancer.fr



The	first	steps
• 2009:	a	continuous political support

13Available at www.e-cancer.fr* Guarante an equal access to treatments and innovations

*



The	teens
• 2010:	Increased	number	of	tested	genes

– Anticipate	future	practices
– Improve	the	French	participation	in	clinical	trials		

14Available at www.e-cancer.fr



The	teens
• 2011:	France	ahead,	on	one	hand	…

15Available at www.e-cancer.fr

Mutation n + Rate (%)

EGFR act. & res. 20761 2009 9.6

KRAS 17153 4358 25.4

BRAF 10017 184 1.8

EML4/ALK* 4543 208 4.6

Pi3KCA 5329 111 2.1

HER2 Ex. 20 7731 69 0.9



The	teens
• 2006-12,	a	#22	millions	Euros	investissement

16Available at www.e-cancer.fr



The	teens
• Analyses	per	year:	Ex.	EGFR (act.	&	resist.)

17Available at www.e-cancer.fr

1269
2667

16834
20750

21995
23336 24558

26614 28563

0

10000

20000

30000

2008 2009 2010 2011 2012 2013 2014 2015 2016

nb
	o
f	p

at
ie
nt
s

EGFR	screening	/	lung	cancer



The	teens
• Analyses	for	Lung	Cancer	pts	in	2016

18Available at www.e-cancer.fr



The	teens
• Analyses	per	year:	>125,000	(2016)

19Available at www.e-cancer.fr

Biomarker Cancer	type Targeted	therapies #Patients
KIT mutations GIST Imatinib 1	218

HER2 amplification Breast	and	gastric	cancers Trastuzumab,	lapatinib,	pertuzumab,	
trastuzumabemtansine

10	832	(B)
770	(G)

RASmutations Colorectal	cancer Panitumumab,	cetuximab 21	923
EGFRmutations Lung	cancer Gefitinib,	erlotinib,	afatinib,	osimertinib 28	563

ALK translocations Lung	cancer Crizotinib,	ceritinib,	alectinib 23	434
ROS1	translocations Lung	cancer Crizotinib 17	680

BRAFV600	mutation Melanoma Vemurafenib,	dabrafenib,	trametinib,	
cobimetinib

5	583

BCR-ABL translocation Chronic	Myeloid	Leukaemia/	
Acute	Lymphoblastic	Leukaemia

Imatinib,	nilotinib,	dasatinib,	ponatinib,	bosutinib 9	570

17p	deletion /	TP53mutation Chronic	Lymphocytic	Leukaemia Ibrutinib,	idelalisib 2	857
1	808

BRCA	mutation Ovarian cancer Olaparib 1	608



The	teens
• Both internal and	external quality control	
programs
− Mutations	EGFR	/	Lung	cancer
− Mutations	KRAS	/	Colon	cancer
− BCR-ABL	/	CML

• ISO15189	certified

20Available at www.e-cancer.fr



The	teens
• Both internal and	external quality control	
programs
− Academic initiatives

21Beau-Faller et al, J Thorac Oncol 2011; Beau-Faller et al, J Mol Diagn 2014



The	teens
• Guidelines

22Available at www.e-cancer.fr

ü Methodological validation	

of	new	techniques

ü Minimal	list of	genes to	be

assessed

ü Analyses’	Reports

ü Samples storage



Agenda

• Une	décade	d’innovations

• Difficile	de	rester	leader

• France	Medecine Genomique 2025

• Quels	défis	à	surmonter	?

23



The	teens
• 2011:	France	in	late,	on	the	other	hand	…

– Patients’	outcomes unknown
– Conversely to	other experiences

24Kris MG et al, ASCO 2011



The	teens
• 2011-2013:	The	biomarkers France	project

25Barlesi F et al, ASCO 2015; Barlesi F et al, Lancet 2016
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Eastern Cooperative Oncology Group performance 
status (0–1 vs ≥2); TNM stage, as defi ned by the seventh 
edition of the American Joint Committee on Cancer;21 
patho logical diagnosis, as defi ned by the 2011 
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory 
Society classi fi cation;22 and the method of sample 
collection (bronchoscopy, transthoracic biopsy, thoracic 
surgery, or other). The following information was 
obtained and reported per investigator review: the type of 
treatment (standard chemotherapy, type of chemotherapy 
or targeted therapy, or, if applicable, the clinical trial 
along with the type of treatment); the eff ect of the 
molecular results on the treatment decision; and 
outcomes (overall response assessed by treating 
physician, usually according to Response Evaluation 
Criteria in Solid Tumors [RECIST], which defi ne a 
response by a decrease in target lesions by at least 30% 
and disease progression by an increase of target lesions 
by at least 20%; fi rst-line treatment and, when applicable, 
second-line treatment and date[s] of disease progression; 
and survival status).

Patients were treated on a routine basis after review by 
a local multidisciplinary tumour board and in accordance 
with national and international guidelines.23–25 At the 

time the study was done, erlotinib and gefi tinib were 
approved for the treatment of patients with EGFR 
mutations (including fi rst-line treatment), whereas 
crizotinib was available only for the second-line treatment 
of patients with ALK rearrangements. KRAS, BRAF, 
HER2, and PIK3CA mutations were targetable by drugs 
available through clinical trials. Connection to and 
completion of the database was done voluntarily by the 
treating physicians.

Outcomes
The primary objective of this study was to describe the 
frequency of the molecular alterations in six genes that 
were routinely screened via a nationwide approach in 
consecutive patients with NSCLC. The secondary 
objectives were to combine the clinical and biological 
databases, document the turnaround time in obtaining 
molecular results, assess the ability of the treating 
physician to use these data to select an ad-hoc therapy 
(on a standard basis or via inclusion in a clinical trial), 
and measure patients’ outcomes (progression-free 
survival and overall survival).

Statistical analysis
Descriptive statistics, including median and range or 
quartiles for continuous variables or frequencies, and 
percentages for categorical variables, were used. Median 
duration of follow-up was defi ned as the time from date 
of molecular analysis assessment to the closing date of 
the analysis. Median time until results were obtained was 
expressed to fi rst and third quartiles (IQR) to avoid 
excessive data dispersion. First-line progression-free 
survival was defi ned as the time from the date of 
molecular analysis assessment to the date of the fi rst 
progression or death from any cause. Second-line 
progression-free survival was defi ned as the time from 
initiation of second-line treatment to the date of the 
second progression or death from any cause. Overall 
survival was defi ned as the date of the molecular analysis 
assessment to the date of death or fi nal follow-up. 
Survival curves were estimated for the total population 
and for groups of interest by the Kaplan-Meier method. 
We compared the groups of interest by use of the two-
sided log-rank test. Patient characteristics (with or 
without gene alteration of each biomarker) were 
compared with the χ² test for qualitative variables or with 
a non-parametric test for quantitative variables. 
Univariate Cox models were applied to select the most 
promising prognostic variables (threshold p=0·20). A 
multivariate Cox model was then applied to adjust for 
potential confounders (clinical or molecular 
characteristics associated with progression-free survival 
or overall survival). Adjusted hazard ratios (HRs) with 
95% CIs were calculated. All statistical tests were two-
sided, and a p value of less than 0·05 was deemed 
statistically signifi cant. All analyses were done with SAS 
software, version 9.3 (SAS Institute).
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Figure 2: Frequency of genetic alterations
Frequency of molecular alterations in six genes from 18 679 analysed samples (expressed as the percentage of 
positive samples for each molecular alteration relative to the number of available analyses, with unknown 
representing the cases with at least one unknown result after assessment of the six genes). Full WT=patients with 
an established molecular profi le without an EGFR, KRAS, BRAF, HER2 (ERBB2), or PIK3CA mutation or ALK 
rearrangement. (A) Overall population, (B) adenocarcinoma only, (C) women only, and (D) never smokers only.
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HR 0·82 (95% CI 0·75–0·90); p<0·0001

Median first-line progression-free 
survival (months) p<0·0001
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ALK 14·5
Unknown 7·5
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 HR 0·94 (95% CI 0·84–1·06); p=0·36

Median first-line progression-free 
survival (months) p<0·0001
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 HER2 4·5
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ALK 9·3
Unknown 2·9
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Figure 3: Outcomes of the 
17 664 patients undergoing 
molecular analyses
(A) First-line progression-free 
survival for patients with and 
without genetic alteration; 
(B) fi rst-line progression-free 
survival stratifi ed by molecular 
profi le; (C) second-line 
progression-free survival for 
patients with and without a 
genetic alteration; 
(D) second-line 
progression-free survival 
stratifi ed by molecular profi le; 
(E) overall survival of patients 
with and without a genetic 
molecular alteration; and 
(F) overall survival stratifi ed by 
molecular profi le. Unknown in 
panels B, D, and F represents 
the cases with at least 
one unknown result after 
assessment of the six genes. 
Full WT=patients with an 
established molecular profi le 
without an EGFR, KRAS, BRAF, 
HER2, or PIK3CA mutation or 
ALK rearrangement. 
HR=hazard ratio. 

The	teens
• 2011-2013:	The	biomarkers France	project

26Barlesi F et al, Lancet 2016



The	teens
• 2015:	NGS	in	Germany

27Kostenko A et al, ESMO® 2015  



The	NGS	era
• Launched in	2015

– Tested since 2013
– Half	of	centers in	2016

Ø12,000	tumors
sequenced in	2016	

– All	centers in	2017
– Iso15189	certified

28Available at www.e-cancer.fr

Minimal	NGS	panel	as	per	French	NCI	guidelines



The	NGS	era
• Launched in	2015	(ex.	Lung	Cancer)

29Available at www.e-cancer.fr



The	NGS	era
• A	highly	competitive	field!

30Available at companies’ websites



Agenda

• Une	décade	d’innovations

• Difficile	de	rester	leader

• France	Medecine Genomique 2025

• Quels	défis	à	surmonter	?

31



The	WES	era
• 2016:	France	Medecine Genomique 2025	call	

– 12	genetic centers
– Put	France	ahead again
– Prepare the	use	of	genomic medicine
– Developp business	based on
scientific and	technical innovations

32Available at www.solidarites-sante.gouv.fr



The	WES	era
• 2016:	France	Medecine Genomique 2025	call	

33Available at www.solidarites-sante.gouv.fr

Patients
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systemResearch

Business



The	WES	era
• 2016:	France	Medecine Genomique 2025	call	

34Available at www.solidarites-sante.gouv.fr



The	WES	era
• 2020	objectives:	

– 235,000	WES	/	year
• 175,000	tumors

– All	data	collected	at	1	national	center
– Creation	of	a	CRefIX dedicated	to

• Innovations
• Link	to	industries

35Available at www.solidarites-sante.gouv.fr



The	WES	era
The	SEQOiA project The	AURAGEN	project

36Available at www.e-cancer.fr

200	to	300	Millions	Euros	of	budget	over	the	next 5	years



The	WES	era
• The	AURAGEN	project:	

37Courtesy Frederique Penault-Llorca



Agenda

• Une	décade	d’innovations

• Difficile	de	rester	leader

• France	Medecine Genomique 2025

• Quels	défis	à	surmonter	?
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The	challenges

‘…	those	oncologists	who	practice	precision	

oncology	are	two	steps	ahead	of	the	data—and	

the	history	of	medicine	has	taught	us	that	is	an	

uncertain	place	to	stand.’

39Prasad et al, Lancet Oncology 2016



The	challenges

40Available @ https://www.ibm.com/watson/health/oncology-and-genomics/genomics/



The	challenges
• How	many actionnable	molecular alterations?

41Massard C et al, Cancer Discov 2017; SAFIR trial (data as of Sep 2017); courtesy G Middelton (data as of July 2016)

MOSCATO, 
n (%)

SAFIR02lung, 
n (%)

MATRIX trial,
n (%)

Pts included 1036 686 3099

Pts w successful 
biopsy (%)

844
(81)

460
(67)

1664
(53)

Pts w actionable target 
(%)

411 
(39)

297
(43)

731 
(23)

Pts w targeted 
treatment (%)

199
(19)

110 
(16)

458 
(15)



The	challenges
• Beside	the	numbers	…	a	patient

42Zikmund-Fisher BJ. JAMA Oncol 2017



The	challenges
• What is the	benefit of	precision medicine?

43Massard C et al, Cancer Discov 2017
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Figure 3: Outcomes of the 
17 664 patients undergoing 
molecular analyses
(A) First-line progression-free 
survival for patients with and 
without genetic alteration; 
(B) fi rst-line progression-free 
survival stratifi ed by molecular 
profi le; (C) second-line 
progression-free survival for 
patients with and without a 
genetic alteration; 
(D) second-line 
progression-free survival 
stratifi ed by molecular profi le; 
(E) overall survival of patients 
with and without a genetic 
molecular alteration; and 
(F) overall survival stratifi ed by 
molecular profi le. Unknown in 
panels B, D, and F represents 
the cases with at least 
one unknown result after 
assessment of the six genes. 
Full WT=patients with an 
established molecular profi le 
without an EGFR, KRAS, BRAF, 
HER2, or PIK3CA mutation or 
ALK rearrangement. 
HR=hazard ratio. 

The	challenges
• What is the	health gain?

44Barlesi F et al, Lancet 2016



The	challenges
• A	huge business!

45Available at http://www.grandviewresearch.com/industry-analysis/genomics-in-cancer-care-market



The	challenges
• How	to	cover the	cost of	the	NGS	/	WES?

46Available at www.solidarites-sante.gouv.fr



Conclusions
• A	model	based on	

– A	nationwide access to	genotyping
– A	link to	research

• A	new	step starting in	2017	
• A	survival impact	and	an	economic model	that
remain to	be demonstrated

47Available at www.e-cancer.fr
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