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Today’s Lecture  

1. ‘How did we get to where we are today ?’  

• Current Technology 

• Central Concepts 

2. ‘What is happening right now ?’  

• Current Practice  

• Challenges & Implementation 

3. ‘Where are we going next ?’ 

• Future directions 

 



The fundamental need for precision 

when deciding cancer therapy 

Marsh et al. Human Molecular Genetics, 2006, Vol. 15, Review Issue No. 1 

Drugs with 
narrow risk-
benefit ratio 

Ever expanding 
number & costs 

of drugs 

Prognostication 

Prediction of 
drug efficacy 

Prediction of 
drug toxicity 

Monitoring 
disease activity 

http://hmg.oxfordjournals.org/content/vol15/suppl_1/images/large/ddl08701.jpeg


The Basics:  

We are built with DNAs, Cancers too 

Feero N Engl J Med 2010;362:2001-11 



Integrative genomic view of cancer:  

The right 'omic' platform for the right view 

Semin Oncol 38:173-185. The Oncologist 2010;15:699–731 



DNA sequencing is getting more efficient, 

more accurate even in smaller samples  

Stratton NATURE 2009; 458, 719 



Costs of sequencing is falling 

• In 2010, a single silicon chip can detect well over 1 million different base 

pair variations in a person’s genome in a few hours for a few hundred US 

dollars 

Phimister. NEJM February 23, 2012 
Feero 2010 NEJM  



Cancer genes are in everyone of us 

• 1% of the genes in the human genome are involved in cancer  

– 90% of these genes are somatically mutated  

– 10% of the genes are germline mutated  

– Some could be both 

• These genes can be:  

– Oncogenes 

– Tumor suppressor genes  

– DNA repair genes 

– Sometimes acquire genes from oncogenic viruses: e.g. EBV, HPV, 

HBV, HCV  

• Variation/ alteration of these genes confer cellular immortality and ability 

to metastasize 

Shyr and Liu Biological Procedures Online 2013, 15:4. Semin 
Cell Dev Biol. 2012 April ; 23(2): 237–242. 



Each cancer type has it unique collection of 

mutations: ‘Mutational Landscape’ 

• 3 classes of cancers 

based on mutational 

frequency per Mbp:  

– > 30: lung adeno 

– < 30: Breast 

– None 

 

Wheeler et al Genome Res 23:1054–1062  



EGFR tyrosine kinase 

activating mutation  

• ~15% Caucasians, ~75–80% in never-

smoker Asians.  

• 1st & 2nd generation EGFR inhibitors: 1st 

line response rate 46-60%  

Tony Mok et al  N Engl J Med 2009; 361:947-957 
Cheng, Modern Pathology (2012) 25, 347–369 

IPASS study 
> 4000 citations 



Colorectal cancer biomarkers 

available for clinic use 

Biomarker - 

category 

Adjuvant setting Palliative setting 

Genetic mutations - RAS (KRAS, NRAS) mutation 

response to anti-EGFR antibodies 

(Mandatory testing)  

MSI and dMMR MSI status & adjuvant 5FU - 

Gene signatures Gene signatures (x 2) - 

Genetic variants 

(SNPs) 

Chemo-toxicity 

5-FU: DYPD, TS variants 

 

Chemo-toxicity 

Irinotecan: UGT1A1 variants 

Oxaliplatin: ERCC1 variants 

RED = biomarkers that are in clinical use in some centers 

 

 



Primary & acquired resistance to EGFR 

antibodies in metastatic colorectal cancer 

Misale 2014 Cancer Discov; 4(11); 1269–80. 



Unresectable liver-only 

metastases:  

EGFR Ab + Chemotherapy: 

 

RAS wild-type:  

60-80% tumor shrinkage 

 

 

RAS mutant/ Braf mutant 

20-35% response rate 

What this all means in patient’s terms….. 

CELIM study ASCO 2009 Folprecht G et al 



Challenges in implementing 

precision oncology in the clinic  

• For the community oncologist/ physician:  

• Laboratory 

• Researcher  

• (Maybe another lecture) Healthcare authorities/policy 
makers/ societies/ institutions  



For the community 

oncologist/ physician:  

• Before you order a cancer molecular diagnostic test:  

– Will the test will help decision-making ?  

– (e.g. Not all diagnostic test requires proven clinical utility in order to obtain FDA 

approval for marketing).   

– Choosing a lab that is qualified to perform standardized tests   

• Tissue acquisition:  

– Communicate with pathologist & person who does the tissue sampling:  

– Tissue quantity: amount of tissue (or blood, serum, plasma, etc.) e.g. EDTA blood 10-

15ml for DNA sequencing  

– Type of specimen: archived, fresh frozen. Primary tumor vs metastasis  

– Tissue handling & shipment: no. of unstained slides, tissue thickness.   

• Familiarize yourself with evidence-based guidelines:  

– Professional societies: recommendation on choosing markers, platform, definitions of 

positive and negative tests, report content, test limitations. 

 

 
 Schilsky, R. L. Nat. Rev. Clin. Oncol. 11, 432–438 (2014);  



Massively parallel NGS sequencing of 

tumor-derived circulating DNA (CUHK) 

Principle: Cell-free DNA fragments of tumor exist in peripheral blood. They originate 
from much more diverse sources of metastases / subclones than a single biopsy 



New Initiative on Precision Medicine 

in the USA 

‘Tonight, I'm launching a new Precision 
Medicine Initiative to bring us closer to curing 
diseases like cancer and diabetes — and to give 
all of us access to the personalized 
information we need to keep ourselves and our 
families healthier.” 

 

 

 

 

 

 

 

— President Barack Obama, State of the 
Union Address, January 20, 2015 



Summary 
1. Advances in molecular profiling technology has changed the way we 

understand cancer and fight cancer. The falling costs and increasing efficiency 

has made this more accessible to the clinics.  

2. Precision oncology is now in the clinics and its proper implementation could 

positively impact upon treatment outcome and healthcare costs.  

3. This proper implementation should occur at multiple levels: The health-giver, 

researcher, the laboratory and the healthcare authorities/ policy makers.   

4. Intra-patient tumor heterogeneity is a main challenge to precision oncology, 

which may potentially be overcome by the use of plasma tumor DNA 

sequencing.  

5. The use of NGS profiling in personalized medicine is still in it infancy, and 

there is no evidence that such molecular matching of gene profile and drugs 

could improve patient’s outcome. Ongoing large-scale trials.  

6. ‘The greatest challenge now is translating discoveries into treatments based 

on strategies mapped out from patients’ individual mutation profiles’ (Stratton 

2009 Nature Review 458) .  


