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Yang JC, Lancet Oncol 2012, 13:539; Camidge DR, Lancet Oncol, 2012,13:1011; Shaw AT, N Eng J Med 
2013, 368:2385; Solomon BJ, N Engl J Med 2014, 371:2167 

OR=60% 
DCR=81%  

PFS 1st line: 12 months 
PFS 2nd line: 8 months 

Phase Ib/II trial, afatinib (n=129) 

Phase Ib/II trial, crizotinib (n=143) Phase III 1st (172) and 2nd line (n=173) trials 

OR=60.8% 
DCR=82.5%  

PFS 1st line: 10.9 months 
PFS 2nd line: 7.7 months 

EGFR TKIs 

ALK TKIs 

Qu’a t-on appris des premières cibles? 



Camidge R, Nat Rev Clin Oncol 2014, 11:473  

After crizotinib in ALK+ 

After EGFR TKIs 

Pharmacological/ 
biological resistance 

2 
1 

Biological resistance 

T790M mutation (60%) 

Several mutations (35%) 

Qu’a t-on appris des premières cibles? 



Blume-Jensen P, Nature 2001, 411:355 

Réarrangement chromosomique  
Protéine de fusion oncogénique 

ALK 

Gain de fonction 
Mutation dans la kinase 

Exon 19 

Exon 21 

EGFR 

Amplification génique  
Surexpression protéique 

EGFR 

Qu’a t-on appris des premières cibles? 



Récepteurs transmembranaires à tyrosine kinase 

Blume-Jensen P, Nature 2001, 411:355 
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Quelles sont les autres cibles?   

c1 

c2 



Voies de signalisation en aval des RTK, kinase cytosolique 

Linardou H, Nat Rev Clin Oncol 2009, 6:352 

c12 

c7 c3 

Serine/thréonine  
Kinase 

Hydroxyl inositol  
Kinase 

GTPase 

Quelles sont les autres cibles?   



MacConaill LE, J Clin Oncol 2012, 31:1815; Hirsch F, Lancet 2016, 388:1012 

Gene Alteration Frequency Drugs ORR 
AKT1 mutation 1% 

ALK rearrangement 3-7% crizo; 2nd line: ceritinib, alectinib 74%; 2nd line: 40-70% 

BRAF mutation 1-3% vemurafenib, dabra, dabra+trametinib 33-63% 

DDR2 mutation ≈4% (SC) dasatinib ? 

EGFR mutation 10-40% gef, erlo, afa; 2nd line: osi (T790M) 60%; 2nd line: 65% 

FGFR1 amplification 20% (SC) 

HER2 mutation/ampli 2-4% afa, lapa, dacomitinib; trastuzumab, TDM1 12-33% 

KRAS mutation 15-25% 

MEK1 mutation 1% 

MET skip mut/ampl 0.3-4% crizotinib, cabozantinib, capmatinib 65%? 

NRAS mutation 1% 

PI3KCA mutation 1-3% 

PTEN mutation 4-8% 

RET rearrangement 1% cabozantinib, vande, vande+evero 17-80% 

ROS1 rearrangement 1% crizotinib, ceritinib 70% 

TRK rearrangement 1% entrectinib ? 

Quelles sont les autres cibles?   



Epidémiologie, pronostic, traitements   
KRAS 

(non smoker; mucinous) 

Barlési F, Lancet 2016, 387:1414; Kemps E, Eur Resp Rev 2016, 25:71 

BIOMARQUEURS France (n=18 679) 
 (ADC) 



Epidémiologie, pronostic, traitements   

Cadranel J, ESMO 2015 
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PREDICT.amm cohort, overall survival (n=843) 

Temps (months) 

OS non reached (n=77)  

13.4 [11.3-14.7] (n=301) 

6.8 [5.5-9.2] (n=176) 

6.1 [5.0-11.4] (n=43) 
p <0.0001 

KRAS 



Mellema W, J Thorac Oncol 2013, 8:1190 

Retrospective cohort (n=161) 
1st line doublet platinum; advanced non squamous 
KRAS: 37% 
 

Epidémiologie, pronostic, traitements   
KRAS 



Sun JM, PLOS ONE 2013, 8:e64816 

Epidémiologie, pronostic, traitements   

Retrospective cohort (n=484) 
1st line doublet platinum; advanced NSCLC 
KRAS: 8%; EGFR:38% 
 

KRAS 



Roberts PJ, J Clin Oncol 2010, 28:4869 

Taux de réponse aux TKI-EGFR rapportés chez les malades KRAS mutés 

Epidémiologie, pronostic, traitements   
KRAS 



Garassino MC, Lancet Oncol 2013, 14:981 

Epidémiologie, pronostic, traitements   
Tailor Phase III Trial (n=203) 
2nd line EGFR wt NSCLC EGFR wt 
Docetaxel vs erlotinib 

KRAS 



Du gène à la voie de signalisation 
Chromosome 12 

Exons 

Protéine 

Fonction 

GEF 

Roberts PJ, J Clin Oncol 2013, 31:112 
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KRAS 



Du gène à la voie de signalisation 

Kemps E, Eur Resp Rev 2016, 25:71 

KRAS 



Du gène à la voie de signalisation 

Kemps E, Eur Resp Rev 2016, 25:71 

KRAS 

ICI? 



Epidémiologie, pronostic, traitements   

Barlési F, Lancet 2016, 387:1414; Litvak AM, JTO 2014, 9:1669; Marchetti A, J Clin Oncol 2011, 29: 
3574; Caparica R, Crit Rev Onco Hematol 2016, 101:32; Chen D, PLOS One 2014, 9:e101354 
 

BIOMARQUEURS France (n=18 679) 
 

BRAF mutation: 1-3% of NSCLC (ADC, µpapillaire)  

BRAF V600E (≈50%); non V600E (≈50%) (exclusive) 

V600E associated with: non smoking, female, older(?) 
non V600E associated with: smoking 

BRAF 



Epidémiologie, pronostic, traitements   
BRAF 

Litvak AM, JTO 2014, 9:1669 

BRAF mutation and prognosis 
in Stage IIIb/IV 

BRAF retrospective cohort (n=63) 



Epidémiologie, pronostic, traitements   
BRAF 

Cardarella S, Clin Cancer Res 2013, 19:4532 

a. 1st line doublet platinum 

Advanced BRAF NSCLC retrospective cohort (n=14) 



Epidémiologie, pronostic, traitements   
BRAF 

Gautschi O, JTO 2015, 10:1451 

Advanced BRAF NSCLC retrospective cohort (n=35) 



Epidémiologie, pronostic, traitements   
BRAF 

Gautschi O, JTO 2015, 10:1451 

Advanced BRAF NSCLC retrospective cohort (n=35) 

Vemurafenib Dabrafenib 

PFS: 5 months (3-5.1) PFS from 1st-line 



Du gène à la voie de signalisation 
BRAF 

Caparica R, Crit Rev Onco Hematol 2016, 101:32 

(sorafenib) 
vemurafenib 
dabrafenib 

trametinib 



Du gène à la voie de signalisation 
BRAF 

Hyman DM, N Engl J Med 2015, 373:726 

NSCLC Cohort (n=20) 
Vemurafenib: 960 mg bid 
Advanced disease, mutation V600, all lines  

OR: 42% (20-67) PFS: 7.3 months (3.5-10.8) 

SAFETY, ≈ 20% adverse events 
• Rash, 68% 
• Fatigue, 56% 
• Arthralgia, 40% 



Du gène à la voie de signalisation 
BRAF 

www.unicancer.fr ; données 09/2016 

(13 CBNPC) 

AcSe Vemurafenib UNICANCER/IFCT 



Du gène à la voie de signalisation 
BRAF 

Phase II trial (n=78) 
Dabrafenib: 150 mg bid 
Advanced disease, mutation V600E, all lines  

OR: 33% (23-45) PFS: 5.5 months (3.4-7.3) 

SAFETY, ≈ 42% SAE 
• grade 3, cutaneous squamous carcinoma, 12% 
• grade 3, cutaneous basal cell carcinoma, 5% 
• grade 3, asthenia, 5%  

Planchard D, Lancet Oncol 2016, 17:642 



Du gène à la voie de signalisation 
BRAF 

X RAS mutation, ≈60%  

MAPK expression 

Squamous cell line 

0 µM 
0.2 µM 

1.0 µM 
5.0 µM 

Caparica R, Crit Rev Onco Hematol 2016, 101:32; Su F, N Engl J Med 2012, 366:207 



Du gène à la voie de signalisation 
BRAF 

Planchard D, Lancet Oncol 2016, 17:984 

Phase II trial (n=57) 
Dabrafenib: 150 mg bid plus trametinib: 2 mg qd 
Advanced disease, mutation V600E, ≥ 1 line 

OR: 63.2% (49.3-75.6) 
DCR: 75.4% (62.2-85.9) 

PFS: 8.6 months (5.2-19.1) 

SAFETY:  



Epidémiologie, pronostic, traitements   

Barlési F, Lancet 2016, 387:1414; Arcila ME, Clin Cancer Res 2012, 18:4910; Mazières J, J Clin 
Oncol 2013, 31:1997 
  
    

BIOMARQUEURS France (n=18 679) 
 

HER2 mutation: 2-4% of NSCLC (ADC)  

HER2 exon 20 insertion: 85%; exclusive 

HER2 mutation associated with: 
non smoking, female(?)  

. 
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. 

? 
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HER2 



Epidémiologie, pronostic, traitements   

Mazières J, Annales Oncol 2016, 27:281 
  
    

European EUHER2 cohort (n=101) 
HER2 mutation 

HER2 



Epidémiologie, pronostic, traitements   

Mazières J, Annales Oncol 2016, 27:281 
  
    

European EUHER2 cohort (n=101) 

HER2 



Epidémiologie, pronostic, traitements   
HER2 

Kris MG, Annales Oncol 2015, 26:1421 
  
    

OR: 3/30 (10%); DCR: 27/30 (90%) 
OR HER2 mutant: 3/26 (12%) 
PFS HER2 mutant: 3 months (2-4) 

Phase II trial (n=30) 
HER2 molecular alteration 
Dacomitinib all lines 



Epidémiologie, pronostic, traitements   

Besse B, ESMO 2014 
  
    

Phase I/II trial (n=30) 
HER2 mutant 
Neratinib vs neratinib plus temsirolimus 

PFS: 2.9 months (1.4-NE) PFS: 4.0 months (2.9-9.8) 

HER2 



Du gène à la voie de signalisation 

Mar N, Lung Cancer 2015, 87:220 

HER2 



? 

? 

Du gène à la voie de signalisation 
MET 

Ma PC, Cancer Discov 2015, 5:802 



Du gène à la voie de signalisation 
MET 

Drilon A, Clin Cancer Res 2016, 22:2832; Schrock AB, JTO 2016, 11:1493 

Y1003 



Epidémiologie, pronostic, traitements   

Cancer Genome Atlas Nature 2014, 511:543; Stransky N, Nat Commun 2014,5:4846  
 

ADC Genome Atlas (n=230) 
 

MET alterations: ≈2-4% of NSCLC 

MET ampli (≈2%); MET exon 14 (≈4%);  
 KIF5B-MET (?) (exclusive) 

MET alterations associated with: 
ADC, sarcomatoide/ADS; smoking; older 

MET 

KIF5B-MET 



Epidémiologie, pronostic, traitements   
MET 

MET exon 14 mutation cohort (n=28/933) 

Awad M, J Clin Oncol 2016, 34:721 
 



Epidémiologie, pronostic, traitements   
MET 

Tong JH, Clin Cancer Res 2016, 22:3048 
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25% 

0% 

4% 

16% 
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Epidémiologie, pronostic, traitements   
MET 

Schrock AB, JTO 2016, 11:1493 
 

11205 NSCLC 

7140 ADC 1650 NOS 1206 SCC 98 ADC/SCC 104 sarcomatoid 

Exon 14 
(n=298; 2.6%) 

acinar 24% 
solid 21% 

MET ampl 
(44/298; 14.8%) 

16% 23% 8% 0% 13% 

MET exon 14 mutation cohort (n=298/11205) 

ADC 59% 

68.7% 16.4% 8.4% 2.6% 2.6% 



Epidémiologie, pronostic, traitements   
MET 

Schrock AB, JTO 2016, 11:1493 
 

complete deletion 
165 different variants 



Epidémiologie, pronostic, traitements   
MET 

Schrock AB, JTO 2016, 11:1493 
 

MET exon 14 mutation cohort (n=298/11205) 



Epidémiologie, pronostic, traitements   
MET 

Van Der Steen N, JTO 2016, 9:1423; Heist RS, The Oncologist, 2016,21:481; Zheng D, Oncotarget 
2016, 7:41791 
 

MET exon 14 mutation review 



Epidémiologie, pronostic, traitements   
MET 

Camidge R, ASCO 2014 
 



Epidémiologie, pronostic, traitements   
MET 

ACSE Crizotinib UNICANCER/IFCT 

www.unicancer.fr ; données 09/2016 



MET 

Drug Company Target Trials Comment 
Crizotinib Pfizer MET, ALK, ROS AcSe, CREATE, 

METROS 
Capmatinib Novartis MET, (EGFR) Phase I/II EGFR resistance 

Cabozantinib Ipsen RET, MET, ROS, 
AKL, Kit, fms 

Phase I/II RET, EGFR resistance 

MGCD265 Mirati MET, AXL Phase I/II 
Onartuzumab  Roche MET Stop  
ARGX-111 Argenx MET Phase I 

Drug in development for MET alteration in NSCLC 

Van Der Steen N, JTO 2016, 9:1423 
 

Epidémiologie, pronostic, traitements   



Kinase inhibitor 

Combination 

Chemotherapy 

Immunothera
py 

? 




