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What Influences Treatment Choices in 

mCRC? 
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EGFR activation may involve downstream signalling 

pathways that include RAS proteins 

Berg M, Soreide K. Discovery medicine 2012; 14:207-14; Di Fiore F, et al. Br J Cancer 2010; 

103:1765-72; 

Han W, Lo HW. Cancer Lett 2012; 318:124-34; Herbst RS, Shin DM. Cancer 2002; 94:1593-

611.  
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EGFR inhibitory Mabs inhibits EGFR dimerisation 

and subsequent downstream signalling 
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Mechanisms of resistance are genetically 

heterogeneous but they biochemically 

converge on key signaling pathways 

MOLECULAR ONCOLOGY 8 (2014) 1084e1094 

escape mechanisms 

Bystanders or Partners in Crime? 

PIK3CA exon 20  
mutations 

BRAF 

 PTEN 

the role remains highly controversial 







Extended RAS mutations 

Annals of Oncology 26: 13–21, 2015 

A meta-analysis of RCTs / 9 studies – 5948 pts 
 



Extended RAS mutations: a meta-analysis 

Annals of Oncology 26: 13–21, 2015 

No difference in PFS or OS benefit between tumors with KRAS exon 2 mutations  
and tumors with the new RAS mutations 



Extended RAS mutations: a meta-analysis 

Annals of Oncology 26: 13–21, 2015 

PFS OS 

9 studies – 5948 pts 







Progression Free Survival according to the 
BRAFV600E mutation (n=504) 

Median (m) 95%ci 

BRAFV600E mut (n=42) 4.1  
2.66-6.20 BRAFV600E wt 11.6 

Saridaki Z, 
et al  
PLOS One 
2013 





BRAF mutation  

No objective responses have been reported for panitumumab or cetuximab 
monotherapy (NCI-CO17, ASPECCT) 

J Clin Oncol 2008;26:5705–12 

Anti-EGFR therapy / chemotherapy refractory disease 

PICCOLO trial (Subgroup of 131 pts) 
A trend toward worse OS with the addition of panitumumab to irinotecan 
(HR, 1.4; 95% CI, 0.82 to 2.39) 

Lancet Oncol 14:749-759, 2013 

J Clin Oncol 32, 2014 (suppl 5s; abstr 3568) 

Anti-EGFR therapy / second line 

Update of the 20050181 
Dismal outcomes in the BRAF-mut mCRC 
FOLFIRI-panitumumab vs FOLFIRI (median OS of 4.7 vs 5.7 months) 

J Clin Oncol 32, 2014 (suppl 5s; abstr 3568) 



Predictive role of BRAF mutations in patients with advanced 
CRC receiving cetuximab and panitumumab: A meta-analysis 

Forest plots showing HR for overall survival for anti-EGFR treatment in BRAF-mt colorectal cancer 

Pietrantonio F et al. Eur J Cancer 51: 587–594, 2015  

In a front-line, the effect was not significant in favour of anti-EGFR (HR, 0.76; 95% CI, 0.54–1.08; p= 0.13) 

 9 phase III trials / 1 phase II trial / 463 RAS-wt/BRAF-mut 
 6 trials 1st-line and 2 second-line, 2 trials chemo-refractory patients  



A Rowland et al. B J Cancer (2015) 112, 1888–1894 

RAS WT/BRAF MT  

The test of interaction (P=0.43)  
was not statistically significant 

  

Meta-analysis of BRAF mutation as a predictive biomarker of 
benefit from anti-EGFR therapy 

Forest plot of the overall survival benefit with anti-EGFR mAb therapy 

3168 participants with RAS WT tumours / 8 RCT  
2817 BRAF WT  / 351 (11.1%) BRAF MT tumours 

RAS WT/BRAF WT  



BRAF mt meta-analyses contrasting results 

Pietrantonio F et al. Eur J Cancer 51: 587–594, 2015 
A Rowland et al. B J Cancer 112, 1888–1894, 2015 
 
  

Pietrantonio F et al.  A Rowland et al 

Conclusion  Anti-EGFR therapy  
did not increase the benefit  

Insufficient evidence to 
definitively consider BRAF MT a 
negative predictive biomarker 

Statistical methods  Simply estimating anti- 
EGFR mAb efficacy in the 
BRAF MT subgroup 

Assesed whether anti-EGFR 
mAb efficacy differs based on 
BRAF mutation status  

Inclusion criteria Included trials comparing 
anti-EGFR mAb therapy with 
bevacizumab  

Excluded trials comparing anti-
EGFR mAb therapy with 
bevacizumab  



TRIBE: benefit of more intensive treatment for patients 
with BRAF-mutated mCRC 

Loupakis, et al. ASCO 2014. Abstract 3519 
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The associations of PIK3CA mutations and PTEN loss 
with the overall survival of wild-type-KRAS 

Int. J. Cancer: 133, 1914–1925 (2013) 



Comparison of PIK3CA exon 9 and exon 20 mutations 
with the objective response of wild-type-KRAS  

Int. J. Cancer: 133, 1914–1925 (2013) 



















The Colorectal Tract Is Highly 

Heterogeneous 
• Developmental, genetic, and biologic differences in the proximal (right-

side) and distal (left-side) segments of the colon have been documented for 

over 20 years, and may account for differences in left- vs right-side CRC 

tumours1 

 

Right-side tumours  Left-side tumours  

• Older patients 

• Higher incidence (40% increasing) 

• More common in female patients 

• Mucinous, signet ring histology 

• Poorly differentiated 

• Microsatellite instability 

• Hypermethylation, higher mutation rates 

• PI3KCA mutation 

• KRAS mutations 

• BRAF mutations 

• Carbs / Fat 

• Younger patients 

• Incidence 60% 

• Better prognosis 

• Predominately WT  

• Chromosomal aberrations; 18q loss and 20q gain 

• Aneuploidy 

• p53 mutation / COX2 expression 

• EGFR gain 

• HER2 gain 

• High EGFR ligand expression (EREG and AREG 
expression) - High VEGF-1 mRNA expression 

• Protein / Meat / lose Calcium 

1. Bufill. 1990; 2. Missiaglia. 2013; 3. Brule. 2013;  
4. The Cancer Genome Atlas Network. 2012; 5. Bendardaf. 2008. 



Mixed features samples (13%): possibly are a transition phenotype 

Nat Med. 2015 Nov;21(11):1350-6. doi: 10.1038/nm.3967. 

the CMS groups the most robust classification system 
currently available for CRC—with clear biological 
interpretability—and the basis for future clinical 

stratification and subtype-based targeted interventions 



 





ESMO and NCCN Guidelines and Sidedness 



 





Known Culprits 

Genes that, when mutated, drive primary resistance to anti-
EGFR antibodies  

ASCO. 2015 Educational Book 

Nearly 70% have heterogeneous genetic alterations in genes involved in EGFR signaling 



 







ctDNA in localized and nonlocalized malignancies 

Fraction of patients with detectable ctDNA in localized (stages I to III) and metastatic colorectal, gastroesophageal, 
pancreatic, and breast cancers 

 Sci Transl Med. 2014 February 19; 6(224): 224ra24 

73% 

Circulating tumor DNA (ctDNA) to detect tumors in 
640 patients with various cancer types 









The sensitivity of the liquid biopsy  

 Sci Transl Med. 2014 February 19; 6(224): 224ra24 

Mutations at codon 12 or 13 of KRAS  

In primary tumor 
 
 

In 2 ml of plasma drawn before 
treatment 

206 patients with metastatic CRC in a blinded fashion  

69 patients (33%) 
harbored  

circulating mutant 
KRAS 

 
 

Circulating KRAS  
mutations were not 

detected in 127 
patients with KRAS 
wild-type tumors 

Specificity 99.2% 

10 cases (of 206) in 
which mutations were 
present in the primary 
tumors but not in the 

plasma 

Sensitivity of 87.2% 

Concordance between KRAS  mutation status in the plasma and tumor tissue 95% 
Agreement highly significant (κ  statistic = 0.88, P  < 0.0001) 

identical 

KRASm 68 KRASm 10 KRASwt 128 







CONCLUSIONS 1 

 

•RAS mutational status is a negative predictive biomarker for therapeutic 

choices involving EGFR antibody therapies in the metastatic disease setting [I, 

A].  

• RAS testing should be carried out on all patients at the time of 

diagnosis of mCRC [I, A]. 

•RAS testing is mandatory before treatment with the EGFR-targeted 

monoclonal antibodies cetuximab and panitumumab [I, A]. 

•Primary or metastatic colorectal tumour tissue can be used for RAS testing 

RAS analysis should include at least KRAS exons 2, 3 and 4 (codons 12, 13, 

59, 61, 117 and 146) and NRAS exons 2, 3 and 4 (codons 12, 13, 59, 61 and 

117). 

•Laboratories providing RAS testing of colorectal tumours should demonstrate 

their successful participation in a relevant external quality assessment scheme, 

and be appropriately accredited. 



CONCLUSIONS 1 

 BRAF mutation as a prognostic biomarker of poor 

prognosis 

 Emerging biomarkers(PI3K,HER2,) not recommended for 

routine patient management outside of a clinical trial 

setting 

 prevalence of MSI and BRAF mutations in the tumours 

of patients with mCRC is low.  

 MSI testing has strong predictive value for the use of 

immune check-point inhibitors in the treatment of 

patients with mCRC 

 

 






