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Oncologie  médicale 2017+ 

• Fragmentation nosologiques 

• Biologie moléculaire en routine, à intégrer 

• Bioinformatique 

 d’après G. Demetri 



Stroma 

(cellules immune…) 

Typage 

Moléculaire 

Histologie 

Essais sur génotype? 

SHIVA, SAFIR, MOST 

BASKET ! 

Essais sur  

Sous groupes  

histologiques  

et moléculaires 

Nosologie et traitement 2017+ 



Thérapeutique moléculaire et mutations pilotes 

Mutations pilotes « fortes »? 

• La cellule tumorale 

 

• Le stroma  

 

• Hétérogénéité  

 

• L’hôte, le patient 

 

• Evolution dans le temps 

 

• Mutations pilotes faibles? 

 

• La « somme » des 

mutations pilotes faibles? 
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Perspective historique 

CT Cytotoxique Thérapies ciblées sur l’oncogène 

1940 1960 1980 2000 2020 

La médecine moléculaire  du cancer : 

 

Trastuzumab et cancer  du sein  adjuvant 

Imatinib  CML     >90% survie à  5 ans 

Imatinib GIST     5% survie a  6 ans, 12% à 15 ans 

… 
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BFR14 trial: N = 434 patients, 2002-2007 

   

  

   

Median OS: 75.9 months (6.4 yrs) 

 B2222 trial: N =147 

(2000-2001) 

Median OS: 58 months 

Perol M et al., J Clin Oncol., 2012; 30: 2516-24; Blanke CD et al., J Clin Oncol., 2008; 26:620-25. 

GISTs: une seule maladie? 



KIT & PDGFRα dans les GIST 
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Heinrich et al. Hum Pathol 2002;33:484; Science 2003, Corless et al. Proc AACR 2003. 

Membrane 

Cytoplasm 

Exon 11 (67.5%) 

Exon 9 (11%) 

Exon 13,14 (1%) 

Exon 17 (0.5%) 

Exon 12 (0.9%) 

Exon 18 (6.3%) 

KIT PDGFRα 

• KIT & PDGFRA: 85% 

• Other key genes involved: 

-  NF1, Raf, SDH, IGF1R 

Exon 14 (0.3%) 

Imatinib sensitive 

+ Sunitinib sensitive 



PDGFRA GIST en phase avancée 
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Cassier  et al. Clin Cancer Res. 2012; 18: 4458-64. 





BFR14 trial  

GIST mute sur les codons 557-558 de KIT 

Plus de rechutes,… mais plus de réponses au traitement 

< 556 557/558 > 559 

CR 30% 43.1% 23.5% 

PR 57.5% 40.3% 45.1% 

SD 10% 16.7% 31.4% 

JF Emile et al, ASCO 2013 

 

 P= 0.02 

 



         … et les variants génotypiques? 

Variable 
HR  

(95% CI) 
P 

KITL541 6.1 (1.8-21) 0.004 

Tumor size  

(< 50 mm versus ≥ 50 mm) 
3.6 (1.1-12) 0.03 

Location  

(gastric versus non gastric) 
0.5 (0.1-2) 0.06 

Mitotic index per 50 HPF (< 5 versus ≥5) 6.2 (1.7-23) 0.006 

Mutation status   

(all other versus KIT exon 11) 
1.5 (0.4-5) 0.6 

M. Brahmi, et al 2015. 

 

M541L variant in KIT 

≈20% heterozygotes 

≈ 4% homozygotes 



Qu’est ce qu’un «pilote» fort? 

      Médiane SSP 

 

GIST KIT exon 11 (70%)   40 mois 

 

Thymome  KIT exon 11 (?%)  ?6 mois 

 

Melanome KIT exon 11 (<10%) 4 mois 

 



Adapté de: Yan, M., et al. (2015) Cancer Metastasis Rev. 34:157-64. 16 

Le role et l’impact des  altérations 

moléculaires varie selon les sous-types 

de cancers 

Un impact different en fonction des 
sous-types 

Une même alteration moléculaire 

 

• Adénocarcinome du sein 
 

 

• Cancer de la junction oesogastrique 

 

 

• Cancers de l’ovaire 

 

 

• Adénocarcinome colorectal 
 

HER2+ across cancers: 

Analysis of 37,992 samples 

by immunohistochemistry 

Melanoma 

Hepatocellular carcinomas 
Prostate cancers 

Ovarian (non-epithelial) cancers 

Intestinal (small) malignancies 
Pancreatic adenocarcinomas 

Head and neck carcinomas 

Colorectal cancers 
Unknown primary cancers 

Uterine cancers 
Uterine and cervical cancers 

Cervical cancers 
Gastric adenocarcinomas 

Cholangiocarcinomas (extrahepatic) 
Gallbladder cancers 

Breast cancers 
Esophageal, esophagogastric junction cancers 

Bladder cancers 

Cholangiocarcinomas (intrahepatic) 

Lung cancers (non-small cells) 

Ovarian (epithelial) cancers 

14% 12% 10% 8% 6% 4% 2% 0% 



Holderfield  et al  Nat Rev Cancer 2014 

Mutations de RAF 



Metastatic melanoma  
Vemurafenib and Dabrafenib show similar efficacy 

Dabrafenib 

Hauschild et al., 

Lancet 2012 

Chapman et al., 

NEJM 2011 

(n=337)  

(n=187) 

Vemurafenib DTIC 







Preliminary efficacy evaluation: 
Best overall response (confirmed) 

• 25 patients had measurable disease at baseline 

– Best overall response rate: 64% (95% CI 42.5–82.0%) 

– Clinical benefit rate: 100% (95% CI 86.3–100.0%)a 

• 15 patients assessed by 18F-FDG-PET 

– 12 had a complete metabolic response and 3 had a partial metabolic responseb 

– Responses were confirmed in 10 patients 

aClinical benefit response: patients with best response of confirmed CR or sCR, confirmed VGPR or PR, or SD lasting ≥6 weeks; bThis response was 

confirmed in at least 1 consecutive 18F-FDG-PET assessment for 9 of the patients with a complete metabolic response and for 1 of the patients with a 

partial metabolic response; CI, confidence interval; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease 
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CONSORT: ProfilER Study 

Presented by: O. TREDAN Abstract # LBA100 

Enrolled 

 N= 2,676 

Tumor genomic profiles 

 N= 1,944 

At least one actionable alterations 

N= 1,004 (52%) 

At least one MTA recommended 

N= 676 (35%) 

Patients treated with recommended MTA 

 N= 143 (7%) 

Premature withdrawals N= 416 (16%) 

 Tumor sample not exploitable, n= 339 

  Less than 10% tumor cells, n= 19 

  DNA extraction issues, n= 19 

  aCGH or NGS failures, n= 13 

 Other reasons, n= 31  

No recommendation N= 328 (33%) 

 MTA not available, n= 135  

 MTA previously administered, n= 30  

 Early death, n= 65 

 Others, n= 98 

Ongoing, N= 316 



Accès aux traitements:  seuls ~20% des “altérations 
pilotes fortes” disposent d’un medicament ciblé 

51 

26 

19 

35 

26 

195 

123 

Known driver genes 

Unknown (activating-no 

class amplification) 

Unknown (loss of 

function/deletion) 

Potentially ‘biopharmable’ 

Potentially ‘druggable’ 

Pre-clinical ligands 

20470 molecules 

Drugs in 

clinical trial 47 

molecules EMA/FDA 

approved 

drugs 

57 molecules 
39 

19 

15 

11 

1 

7 

4 

Adapted from Rubio-Perez, C., et al. (2015) Cancer Cell. 27(3):382–96. 

24 

Targets of 

therapeutic agents 

475 



Immunothérapie 



Réponses sous immuno thérapie vs thérapie 

ciblée dans le mélanome 
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Illustration du concept scientifique et ses fondements d’après les données disponibles.   

Ces éléments ne sont pas prédictifs des résultats à venir des essais cliniques. 
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1. Adapté de Ribas A, presenté à WCM 2013. 2. Ribas A, et al. Clin Cancer Res 

2012;18:336–41. 3. Drake CG. Ann Oncol 2012;23(suppl 8):viii41–viii46. 

Aujourd’hui Demain ? 

Controle 

Thérapies ciblées 

Immun checkpoint blocage 

Combinations/séquences 



Biomarqueurs 

Herbst  Nature 2014,  Tumeh Nature 2014,  

Snyder NEJM 2014, Davoli et al, Sciance  2017 

Charge en 

mutation 

PDL1 (expression) 

Infiltrats immuns 

Aneuploidie 



CIT, cancer immunotherapy; HR, hazard ratio; NSCLC, non-small cell lung cancer. 

IMPACT Platform, MSKCC. 

Chan, N. (2016) ASCO Clinical Immuno-Oncology Symposium. 
28 

Tumor mutational burden predicts CIT response: 
is this the next tissue-agnostic biomarker? 

Pan Cancer 
 

Bladder 

Breast 

Colorectal 

Esophagogastric 

Glioma 

Head and Neck 

Melanoma 

NSCLC 

Ovarian 

Renal Cell 

1804 
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323 

472 

32 

155 

No Patients Cancer Type 

Improved survival for 

greater mutations 

Hazard Ratio 
0 0.5 1.0 1.5 2.0 2.5 3.0 





FDA news release retrieved from: https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm560167.htm [Accessed 

September 2017]. 

Image adapted from presentation by Steven Lemery at 2017 ASCO Annual Meeting. 30 

Pembrolizumab: approbation PDA pour les 
tumeurs MSI 
 

MSI-H 

• Un changement de paradigme 









Panels 



Genome 

sequenced 

(publication year) 

HGP 

(2003)1 

Venter 

(2007) 1 

Watson 

(2008) 1 

Current 

(2015) 2 

Time taken  

(start to finish) 
13 years 4 years 4.5 months ~1 days 

Number of scientists 

listed as authors 
> 2,800 31 27 

Cost of sequencing  

(start to finish) 

$ 2.7 

billion 

$ 100 

million 

< $ 1.5 

million 
~ $ 1000 

Coverage 8 - 10 x 7.5 x 7.4 x 30-50 x 

Number of institutes 

involved 
16 5 2 

Number of countries 

involved 
6 3 1 

35 

Evolution du séquençage en clinique 

Venter 

Watson 

African, Asian,  

Cancer Pair 

169 in Genbank 

Individual Genome  
Sequencing C
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Time 

2007 2008 2009 2010 2011 2012 

$100M 

$10M 

$1M 

$100k 

$10k 

Costs Genomes 

1M 

100k 

10k 

1000 

100 

1. Wadman, M. (2008) Nature. 452(7189):788. 

2. Retrieved from: https://www.genome.gov/27565109/the-cost-of-sequencing-a-human-genome/ [Accessed September 2017]. 



FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; NGS: next-generation sequencing; PCR: polymerase chain reaction; WES: whole exome sequencing; 

WGS: whole genome sequencing. 

 

Netto, G.J., et al. (2003) Proc Bayl Univ Med Cent. 16:379-83. 

de Matos, L.L., et al. (2010) Biomark Insights. 5:9-20. 

Dong, L., et al. (2015) Curr Genomics. 16:253-63. 
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Evolution des outils de diagnostic moléculaire 
Impact sur la prise en charge clinique 
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Evolution des methods de profilage moléculaire  

IHC 

PCR  

Hybrid 

capture 

NGS-based 

hotspot testing 

Sanger 

Méthode  classiques 

Méthodes de  1ere génération 

FISH 

WES / WGS 
Impact will increase as 

methods become more rapid 

and less costly, utlimately 

being used to generate 

comprehensive genomic 

profiles 

Méthodes de nouvelle génération 



Regroupés au sein du GCS Lyon Cancérologie Universitaire 

PROFILER2 STUDY 



Regroupés au sein du GCS Lyon Cancérologie Universitaire 
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Résistance, primaire et 

secondaire 

 

 

Intrinsèque, 

Résistance clonale, 

… 



Secondary GIST mutations in patients progressing  
on imatinib or sunitinib 

42 
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V T A D Y N N D D 

Exon 13 Exon 14 Exon 17 Exon 18 

A I P H D K Y Y G 

Drug/ATP binding pocket  
42.9% 

Kinase activation loop  
57.1% 

- 

- 
Exon 11 

Exon 9 

Exon 13 

544 550 580 589 976 937 

KIT Kinase Domain 

V654 T670 K623 810 830 

Exon 11  
deletions 

P-loop 
Activation  

loop 
Catalytic  

loop 

DHPLC, denaturing high-pressure liquid chromatography. 

Liegl B et al. J Pathol 2008;216(1):64-74; Wilhelm S. 2006; Patent #WO2007059154 A2, C’KIT Cytoplasmic Domain figure. 

 Primary KIT 

Mutation 





Enjeux 

 

 Accès à l’analyse 

Réalisation des essais 

Accès au médicament 



Essais parapluie/panier 



Ce qui est simple est toujours 

faux.  

 

Ce qui ne l'est pas est 

inutilisable. 

(Paul  Valéry) 



Conclusion 

• La médecine moléculaire du cancer en 

pleine croissance. 

 

• Technologies plus rapidement évolutives 

que les recommandations de pratique. 

 

•  Résistance, primaire secondaire, 

complexité, mécanistique biologique 

 

•  Bioinformatique 

 


