
 

The MEK/MAPK signalling pathway in the 

context of EGFR therapy in metastatic 

colorectal cancer 
 
 
 

Fortunato Ciardiello 
 
 

Oncologia Medica, Dipartimento Medico-Chirurgico di Internistica 

Clinica e Sperimentale 

“F. Magrassi e A. Lanzara”, 

Seconda Università degli Studi di Napoli 

 

 

 

 
  



Ciardiello F and Tortora G. New Engl J Med 2008;358:1160–74. 



Targeting the EGFR pathway in CRC  
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Anti-EGFR drugs as monotherapy in unselected  

chemorefractory metastatic CRC : clinical results 
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Mechanisms of Intrinsic and Acquired 

Resistance to EGFR Inhibitors 

 Target changes in cancer cells (selection of cancer cell clones with 
somatic EGFR gene mutations which confer resistance, i.e. the 
T790M mutation in lung adenocarcinoma, the S492R mutation in 
colon adenocarcinoma). 

 

 Activation of downstream signaling pathways through EGFR-
independent mechanisms: 

– Other cell membrane growth factor receptors (IGF1-R; ErbB2; 
ErbB3; MET); 

– PTEN-PI3K-AKT pathway; 

– RAS-RAF-MEK-ERK pathway; 

– Pro-angiogenic growth factors (VEGF) production; 

– Expression of VEGFRs in cancer cells. 

 

 Epithelial to mesenchimal cancer cell transition (EMT). 
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Cetuximab efficacy in all RAS wt patients 

CRYSTAL study ITT RAS ex 2 wt All-RAS wt 

Population 100% 60% 40-45% 

OS HR 0.93 0.8 0.69 

mOS (m) 19.9 vs 18.6 23.5 vs 20 28.4 vs 20.2 











Treatment with a selective MET tyrosine kinase inhibitor 
sensitizes GEO-CR and SW48-CR cells to cetuximab 



Inhibition of TGFa expression reverts 

cetuximab-resistance  
in GEO-CR and SW48-CR cells 
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Detection of MET amplification in patients treated with 
anti-EGFR MoAbs 
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Multiple mechanisms of acquired resistance to 

EGFR inhibition in CRC 

ERBB2 
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Preventing and/or delaying secondary resistance: 

EGFRi + MEKi 

Misale S et al. Nature Commun 2015 

CCK81 

DiFi 

CRC PDX model (RAS wt) 



A model of sequential treatment in EGFR 

inhibitor-sensitive human colon cancer 

xenografts: the role of MEK inhibition in 

preventing/delaying EGFR resistance 

development 
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Figure 2 
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Mice  

Cetuximab+regorafenib 

RC: 20%; PD: 40% ; SD: 40% RC: 20%; PR: 40%; PD: 40% 
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Mice 

Cetuximab-MEKi 

RC: 10%; PR: 20%; SD: 30%; PD: 40%  
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Mice 

Cetuximab-MEKi 

RC: 40%; PR: 30%; SD: 30% 





24 28 

SW48 

ARM Median survival (95% CI) in weeks 

Cetuximab 10 (7.9 - 12.1) 

MEKi 25 (21.9 - 28.1) 

PI3Ki 18 (13.9 – 22.1) 

Regorafenib 12 (7.4 – 16.6) 

Cetuximab+MEKi 30 (27.5 – 33.2) 

Cetuximab+PI3Ki 19 (14.9 – 23.1) 

Cetuximab+Regorafenib 20 (17.9 – 22.1) 

GEO 

ARM Median survival (95% CI) in weeks 

Cetuximab 9 (6.9 - 11.06) 

MEKi 24 (19.3 - 28.6) 

PI3Ki 11(9.4 – 12.5) 

Regorafenib 12 (8.9 – 15.0) 

Cetuximab+MEKi 30 (23.9-36.0) 

Cetuximab+PI3Ki 14 (13.0 – 14.9) 

Cetuximab+Regorafenib 23 (18.3– 27.6) 

LIM 1215 

ARM Median survival (95% CI) in weeks 

Cetuximab 12 (10.4 – 13.5) 

MEKi 25 (21.9 – 28.0) 

PI3Ki 16(12.9 – 19.0) 

Regorafenib 12 (8.9 – 15.0) 

Cetuximab+MEKi 30 (29.9-31.0) 

Cetuximab+PI3Ki 19 (15.9 – 22.0) 

Cetuximab+Regorafenib 21 (16.8– 25.1) 
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Treatment 
Group 

Frequency of Genetic Alteration 
(percentage %) 

KRAS BRAF PIK3CA 

Control 0/4 (0%) 0/4 (0%) 0/4 (0%) 

Cetuximab 0/4 (0%) 0/4 (0%) 0/4 (0%) 

MEKi 3/4  (75%) 
 

1/4 (25%) 0/4 (0%) 

PI3Ki 0/4 (0%) 0/4 (0%)  1/4 (25%) 

Regorafenib 0/4 (0%) 0/4 (0%) 1/4 (25%) 

Cetuximab+M
EKi 

1/4 (25%) 0/4 (0%) 0/4 (0%) 

Cetuximab+PI
3Ki 

0/4 (0%) 0/4 (0%) 0/4 (0%) 

Cetuximab+Re
gorafenib 

0/4 (0%) 0/4 (0%) 0/4 (0%) 

Treatment 
Group 

Type of Genetic Alteration 
(allele frequency %) 

MEKi KRAS p.G13D (43,5%) 

MEKi KRAS p.G13D (45,5%) + BRAF pV600K (32,8%) 

MEKi KRAS p.G13D(49,6%)  

PI3Ki PIK3CA p.H1047Y (2.1%) 

Regorafenib PIK3CA p.Q546R (1.8%) 
 

Cetu+MEKi KRAS pG13D(20.9%) 



Conclusions 

 Activation of the MEK/MAPK intracellular signalling pathway plays 
a major role in the intrinsic and in the acquired mechanims of 
resistance to EGFR inhibition in colorectal cancer. 

 

 MEK/MAPK is a convergence mechanism of cancer cell escape to 
EGFR inhibition following activation of upstream signalling 
molecules (KRAS, NRAS, BRAF) as well as of constitutive 
activation of cell membrane growth factor receptors (EGFR 
mutations; HER2 amplification; MET amplification and/or 
activation). 

 

 Combined treatment with EGFR inhibitors and selective MEK 
inhibitors could be a strategy to overcome and/or delay resistance 
to EGFR therapies.  


