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GLOBOCAN Projection for 2030 in Europe 

GLOBOCAN 2012 (IARC)  

Incidence: 4,000,000 new  

      cancer cases    

      

30% RAS-mutated 

1,200,000 cases  

RAS-mutated 
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RAS-oncogenic mutations 

Incidence per year in USA of RAS mutations in human cancers  

Stephen AG, Cancer Cell 25, March 17, 2014  

from COSMIC catalogue 
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RAS family oncogenic mutations 

Incidence per year in USA of RAS mutations in human cancers  

Stephen AG, Cancer Cell 25, March 17, 2014  
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Stephen AG, Cancer Cell 25, March 17, 2014  

KRAS-oncogenic mutations 

Incidence per year in USA of KRAS mutations in human cancers  

from COSMIC catalogue 

 



Prior IA, Cancer Res . 2012 May 15; 72(10) 

Isoform  

specific pattern 

RAS family codon mutations 

Cancer 

specific pattern 



Mucinous Adenocarcinoma 
 

Lung  

Carcinoma 



KRAS mutation: histotype association 

East Asian Lung Carcinoma 

Hu H, Onco Targets Ther. 2014 Aug 13;7 

AAH/AIS:     preinvasive  

     lesions 

MIAs:     minimally invasive 

     adenocarcinomas  

 

Invasive Carcinoma  

  LEP:  lepidic 

  ACN:  acinar 

  PAP:  papillary  

  MP:  micropapillary 

  SLD:  solid 

  IMA:  invasive mucinous 

  adenocarcinoma 



Hu H, Onco Targets Ther. 2014 Aug 13;7 

KRAS mutation: histotype drives diagnostic workflow 

Mutation Testing 

not recommended 
EGFR EGFR 

KRAS  

(ALK, EGFR) 

Non-mucinous 

never–smoker 
 

ALK 
(RET, KRAS for solid) 

Non-mucinous 

ever–smoker  
 

KRAS 

Minor mucinous 
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Blons H, Ann Oncol. 2014 Dec; 25(12)  

KRAS mutations: Prognostic significance 

Colorectal Cancer 

Codon 12 mutations associated with shorter TTP 

62% 
30% 
  8% 

WT 

12 
  13 



312 resected stage I cancers 

Izar B. J Thorac Oncol. 2014 Sep;9(9) 

KRAS mutations: Prognostic significance 

Lung Cancer 



Izar B. J Thorac Oncol. 2014 Sep;9(9) 

KRAS mutation: the only independent predictor 

of shorter OS (p = 0.001) and DFS (p < 0.0001) 

at multivariate analysis. 

312 resected stage I cancers 

KRAS mutations: Prognostic significance 

Lung Cancer 



Izar B. J Thorac Oncol. 2014 Sep;9(9) 

DFS OS 

Codon 12 

Other codons 
(13/61) 

312 resected stage I cancers 

KRAS mutations: Prognostic significance 

Lung Cancer 

p = 0.031 p = 0.17 



Izar B. J Thorac Oncol. 2014 Sep;9(9) 

G12C/G12V 

All other mutations 

DFS OS 

312 resected stage I cancers 

KRAS mutations: Prognostic significance 

Lung Cancer 

p = 0.027 p = 0.06 
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Jackman et al, Clin Cancer Res. 2009 

Advanced Lung Cancer: anti EGFR prediction 

KRAS status does not affect response 



Locally Advanced Lung Cancer: anti EGFR prediction 

Eberhard, JCO 2005 

Erlotinib is detrimental in KRAS mutated 



Early Stage Resected Lung Cancer: anti EGFR prediction 

Shepherd JCO 2013 

KRAS status cannot be recommended  

to select patients for adjuvant chemotherapy 



Colorectal Cancer: molecular classification 

Dienstmann et al. 2014 ASCO Educational Book 

• KRAS mutated 

• NRAS mutated 

• PIK3CA mutated 

• RAF mutated 

 

• Quadruple-negative 

 



KRAS  40% 
BRAF    5% 
NRAS    3% 
PIK3CA   15% (4% ex 20) 

De Roock et al, The Lancet Oncology 11: 753 – 762, 2010 

1022 tumours  
treated with cetuximab 

 New scenarios in EGFR targeting in 

CRC 

are significantly associated with a 
low response rate 



De Roock W, JAMA. 2010;304(16)  

KRAS-G13D respond to Cetuximab as Wild Type tumors 

G13D   Other mutations Wild Type 

P < 0.001 P < 0.001 P = 0.49 

Colorectal Cancer: anti EGFR prediction 



Colorectal Cancer: anti EGFR prediction 

Primary 

Acquired 

Dienstmann et al. 2014 ASCO Educational Book 

Quadruple- 

negative 

Resistance Response 
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Downward J., Nature Reviews, Cancer; Vol 3, January 2003 

The landscape of RAS-driven pathway 



Mechanism of resistance  

Samatar AA, Nat Rev Drug Discov. 2014 Dec;13 

Sensitive state Resistant state Mechanism 



RAF FAMILY 

CCND1 CDKN1A 

Wellbrock C, Nat Rev Mol Cell Biol. 2004 Nov;5(11) 



BRAF 

V600 

Wellbrock C, Nat Rev Mol Cell Biol. 2004 Nov;5(11) 

BRAF mutations: 
- Melanoma 
- Non-small cell lung cancer 
- Colorectal cancer 
- Bile duct cancer 
- Hairy-cell leukemia  



Beyond BRAF mutations: translocations 

Wiesner T, Nat Commun. 2014;5:3116 

38 cutaneous spitzoid lesions 

BRAF 



Jones DTW, Cancer Res . 2008 November 1; 68(21) 

44  pilocytic 

astrocytomas 

Beyond BRAF mutations: amplification/fusion genes 

BRAF 



BRAF 

Jones DTW, Cancer Res . 2008 November 1; 68(21) 

Long-KB Short-KB 

Beyond BRAF mutations: amplification/fusion genes 



Wan PT, Cell. 2004 Mar 19 

Activated 

B-RAF 

mutants 

MEK 

ERK 

C-RAF 

Impaired

Activity 

B-RAF 

mutants 

MEK 

ERK 

C-RAF 

BRAF 



C-RAF (Raf-1): there is more than MEK activation 

Allosteric MEK-Inhibitor 

Lito P, Cancer Cell 25, 697–710, May 12, 2014 

BRAF 



CRAF 

Lito P, Cancer Cell 25, 697–710, May 12, 2014 

Allosteric MEK-Inhibitor 



Lito P, Cancer Cell 25, 697–710, May 12, 2014 

Stronger Allosteric MEK-Inhibitor CRAF 



ARAF 

Mooz J, Science Signaling 7 (337), ra73 

ARAF dependent ARAF independent 
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RAS-networking 

Not a “one man band” 

www.quiagen.com 







Lung cancer 

Ding et al. Nature 2008, 455:1069-75 



26 significantly mutated genes  

in lung adenocarcinomas 

188 primaries screened  

for 623 candidate genes 

L Ding et al. Nature 455, 1069-1075 (2008) 

Lung cancer 



Each cancer holds from 4 to 29 mutated genes 

Lung cancer 

Ding et al. Nature 2008, 455:1069-75 



Concurrent and mutual exclusion of mutations 

Lung cancer 

Ding et al. Nature 2008, 455:1069-75 



Comprehensive molecular characterization of human colon and rectal 

cancer. The Cancer Genome Atlas Network 

Nature 2012, 487:330-7: 

Mutations 

Copy number alterations 

Focal amplifications 

Translocations 



32 somatic recurrently mutated genes 

15 17 

Comprehensive molecular characterization of human colon and rectal 

cancer. The Cancer Genome Atlas Network 

Nature 2012, 487:330-7: 

Colorectal cancer 



Mutated pathways in lung adenocarcinomas 

RTK=90% 

MAPK=60% 

PI3K-mTOR=37% 

DNA  

repair=63% 

Lung cancer 

Ding et al. Nature 2008, 455:1069-75 



Comprehensive molecular characterization of human colon and rectal 

cancer. The Cancer Genome Atlas Network 

Nature 2012, 487:330-7: 

Colorectal cancer 



Cowley MJ, J Hepatobiliary Pancreat Sci (2013) 20 

Pancreas cancer 



Waddell N, Nature. 2015 Feb 26;518(7540) 

Pancreas cancer 

Stable Locally rearranged Unstable Scattered 

<50 events 50-200 events 
50% on 1 Chr 

>200 events  
widespread 

50 – 200 events  
widespread 

18% 39% 18% 25% 



Waddell N, Nature. 2015 Feb 26;518(7540) Waddell N, Nature. 2015 Feb 26;518(7540) 

Pancreas 
Stable Locally rearranged Unstable Scattered 

Pancreas cancer  

genes 

Chromatin remodelling 

genes 

DNA damage 

repair 

Axon guidance 

genes 

Other genes 



Waddell N, Nature. 2015 Feb 26;518(7540) 

Pancreas cancer 



Waddell N, Nature. 2015 Feb 26;518(7540) 

Pancreas cancer 



Targetting-Ras…dream or reality? 


