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The genetic basis for cancer treatment decisions 

Bernards, R. Cell 2012 
Dancey, JE. et al. Cell 2012 



HER2 evaluation as a marker in breast cancer 

 1960            1970          1980              1990             2000 

HER2 gene 
cloned 

HER2 over-
expression linked 
to breast cancer 

progression 

Trastuzumab approved by FDA for 
HER2+ advanced disease; IHC and FISH 
assays approved to test for HER2 status 

from patient samples 

1890 



Highlights of the St Gallen International Expert Consensus 
on early breast cancer 2011 



Molecular assays to select therapy in HER2 breast tumors 

Allison, M. Nature Biotech 2010 



Predictive biomarkers to anti-EGFR 
therapies in mCRC 
 
 



Predictive biomarkers to anti-EGFR therapies: 
KRAS mutations 
 
 

Allegra, CJ. et al.J Clin Oncol 2009 

Cetuximab plus oxaliplatin, leucovorin, and fluorouracil (FOLFOX-4) or FOLFOX-4 alone 
Cetuximab plus irinotecan, fluorouracil, and leucovorin (FOLFIRI) or FOLFIRI alone 

Bokemeyer, C. et al. J Clin Oncol 2009 
Van Cutsem, E. et al. J Clin Oncol 2011  
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Sequist, A et al. Ann Oncol 2011 
Bergethon J et al. J Clin Oncol 2012 

Potential predictive biomarkers in NSCLC 



Predictive biomarkers to anti-EGFR therapies in 
NSCLC 
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Resistance mechanisms to anti-HER therapies in 
cancer: primary and acquired resistance 

HER-driven tumor 

Biomarker:      HER2 amplification (breast) 
 EGFR mutation (NSCLC) 

 EGFR-signaling, KRAS wt (CRC) 

Anti-HER 
therapy 

Primary resistance Acquired resistance 

Anti-HER 
therapy 

Second biologic 
therapy 

HER-driven cell 

Primary resistant cell 

Acquired resistant cell 

Future 



Resistance mechanisms to anti-HER2 therapy in breast cancer  

Constitutively active truncated HER2 
 

Epitope masking by MUC4 or CD44/ 
polymeric hyaluronan complex 

Upregulation of HER2 
downstream signaling pathways 

Signaling through an alternate 
receptor and/or pathway 

Failure to trigger immune-mediated 
mechanisms 



Predictive biomarkers to anti-EGFR 
antibodies 

Wheeler, DL. et al. Nat Rev Clin Oncol 2010 
Ross, JS. et al. Am J Clin Pathol 2011  

Biomarker Prevalence 
 

Detection 
method 

Level of 
evidence 

Regulatory 
status 

KRAS mutation 40% Direct sequencing, 
pyrosquencing, PCR 

I (c12, 13), II 
(c61, 146) 

Adopted by FDA, 
ASCO 

BRAF mutation 10% Direct sequencing, 
pyrosquencing, PCR 

IIA Under evaluation 

PI3K mutation 5-10% Direct sequencing, 
pyrosquencing, PCR 

IIB Under evaluation 

P53 mutation 1-5% Direct sequencing, 
pyrosquencing, PCR, 

IHC 

IIB Under evaluation 

PTEN deletion 20% IHC, direct 
sequencing, 

methylation-specific 
PCR 

IIB Under evaluation 
 

EGFR CNV 40% FISH, direct 
sequencing 

III Under evaluation 

EGFR mutation 5% Direct sequencing, 
PCR 

III Under evaluation 
 

HER2 CNV 10% FISH, direct 
sequencing 

III Under evaluation 

HER2 mutation 1% Direct sequencing, 
pyrosquencing, PCR 

III Under evaluation 

MET  CNV, mutation, 
expression 

10% IHC, FISH, direct 
sequencing,pyrosque

ncing, PCR 

III Under evaluation 

Constitutive 
activation of EGFR 

effectors 

50% III Under evaluation 

Fcg receptor 
polymorphism 

unknown Genotyping III Under evaluation 

Angiogenesis unknown 
 

Direct sequencing, 
PCR, IHC 

III Under evaluation 
 



Predictive biomarkers to anti-EGFR TKI 
 

Wheeler, DL. et al. Nat Rev Clin Oncol 2010 Workman, P and Clarke, PA. Nat Rev Oncol 2011 



Gherardi, E. et al. Nat Rev Cancer 2012 

MET pathway regulates EMT phenotype and 
induces EGFR-inhibition resistance 
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“If molecular testing is planned, appropriate biopsy methods should be 
utilized to obtain sufficient tissue for both pathological diagnosis and 
molecular analysis and the specimens should be handled appropriately.” 

Benchmarking of EGFR mutation diagnostics 
in NSCLC 



H&E 

H&E 

H&E 

Phenotype: 
ER, PR 
TTF1, P40 
MMR 

HER-sensitivity 

HER2 FISH EGFR mut 
KRAS mut 

Potential targets 

BRAFmut 
PI3Kmut 

PTEN 

ALK 
ROS1 
RET 

NRAS 

MET 

Benchmarking of molecular diagnostics in 
cancer 



Effects of pre-analytical variables on the detection of 
biomarkers in FFPE tissue 

Engel, KB and Moore, HM. Arch Pathol Lab Med, 2011 



Rojo, F. SPMM 2011 

Delay to formalin fixation (cold ischemia) modifies the 
status of biomarkers 

0min 

4h 

8h 

Overnight 

Khoury, T et al. Mod Pathol 2009 
Yildiz-Aktas, IZ et al. Mod Pathol 2012 



Lab A Lab B Lab C Lab D Lab E 

Preservation of DNA in FFPE archieved tissue samples: 

Standard quality control 

Rojo, F. SPMM 2011 



Importance of selection of tissue sample for 
molecular diagnosis 

DNA RNA DNA RNA 

DNA RNA DNA RNA 

1ng/ul 3ng/ul 8ng/ul 5ng/ul 

76ng/ul 68ng/ul 112ng/ul 68ng/ul 

Rojo, F. SPMM 2011 



Elloumi, F. et al. BMC Med Genomics 2011 

Systematic bias in genomic classification due to 
non-neoplastic cell proportion in breast cancer 



Niikura, N. et al. J Clin Oncol 2012 

Loss of HER2 expression in metastatic sites of 
HER2+ primary breast cancer 



WT in both samples 

MUT in both samples 

WT in primary, MUT in mx 

MUT in primary, WT in mx 

Heterogeneity of KRAS, BRAF and PIK3CA 
mutations in colorectal cancer 

Baldus, SE. et al. Clin Cancer Res 2010 



Intratumor heterogeneity: impact on biomarker 
detection 

Gerlinger, M. et al. NEJM 2012 Navin, N et al. Genome Res 2010 



Intratumor heterogeneity: impact on biomarker 
detection 

Gerlinger, M and Swanton, C. BJC 2010 



Limitations of single-biomarker (IHC) assays in cancer 

Bordeaux, J. et al. Biotechniques 2010 Brown, MC et al. Plos One 2011  



Established technologies for KRAS mutation 
analysis 

Ross, JS. Arch Pathol Lab Med 2012 
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