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Genome Medicine 



Duration? 

Cost? 

Biggest Surprise?? 



Post-genome sequencing 
“Functional Genomics” 

-translate information to  

different levels 

 

-Understanding mechanisms 

of cell function + organism 

 

-Health care: 

  food and health 

  mechanism infectious disease 

  origins of multifactorial disease 

 

-Medical diagnostics/prognostics 

 

-Pharmaceutical products/ 

 therapeutics 
 



The “Functional Genomics” 

 Toolbox 

Epigenomics 

(Chan & Ginsburg, 2011) 

DNA Methylation 

Transcription factor chromatin 

Interactions: ChIP-seq 



“Personal Genome” 

> 50 companies 

World-wide 



Genomics: Single Nucleotide 

Polymorphisms  

Genome wide 

variation! 

The Hunt for Gene Loci 

Associated with 

Complex Human Diseases  



www.hapmap.org 

The HapMap is a catalog of common genetic variants that occur in human 

beings. It describes what these variants are, where they occur in our DNA, 

and how they are distributed among people within populations and among 

populations in different parts of the world. 

Provides information that other researchers can use to link genetic variants 

to the risk for specific illnesses, which will lead to new methods of preventing, 

diagnosing, and treating disease.  



Published Genome-Wide Associations through 09/2011 

1,617 published GWA at p≤5X10-8 for 249 traits 

NHGRI GWA Catalog 

www.genome.gov/GWAStu

dies 





GWAS of Disease 

Susceptibility  

• May 2011:   

 800 GWAS published  

 150 diseases 

 > 2.400 SNPs with statistically significant  

  associations + odds ratio 

 

• Crohn’s diseases: > 32 variants 

• Type 2 Diabetes: > 20 variants    ~ Disease risk 

• CAD: > 200 variants 

 

  Next  Whole Genome Sequencing! 



Mutation 
Details 

 Lung Carcinoma 
genome 
• Nature 2010 463; 184-90. 

  
 22,910 mutations 
  
 58 rearrangements 
  
 334 copy number 

segments 
  
  



Analysing Cancer Genomes 

Cancer genomes contains a lot of genetic damage. 
• Many of the mutations in cancer are incidental. 
• Initial mutation disrupts the normal DNA repair/replication processes. 
•  Corruption spreads through the rest of the genome. 

  
 Today: Find the “driver” mutations amongst the thousands of 

“passengers. 
• Identifying the driver mutations will give us new targets for therapies. 

  
 Tomorrow:  Analyse the cancer genome of every patient in the 

clinic. 
• Variations in a patient and cancer genetic makeup play a major role in 

how effective particular drugs will be. 
• Clinicians will use this information to tailor therapies.  

  
 



Spectral Karyotyping 

Paired-end sequencing 

(Indels, Substitutions, CNV, LOH, 

intra- and inter chromos. variants ) 

Tumor Sequencing 

Illumina (2011-2014):  

whole-genome sequencing of up to 1,500 

samples over the next three years on both 

tumor and normal genomes toward 

prostate and esophageal cancers 

Circus Plot 



International Cancer Genome Project 

 Many cancer mutations are rare. 
• Low signal-to-noise ratio. 

 
 How do we find the rare but important mutations? 

• Sequence lots of cancer genomes. 

  
  
 International Cancer Genome Project. 

• Consortia of sequencing and cancer research centres in 10 
countries. 

  
 Aim of the consortia. 

• Complete genomic analysis of 50 different tumor types. (50,000 
genomes).  

  
  



http://cancergenome.nih.gov 



The Personal Genome 

Project is a long term, large 

cohort study  

 

Aims to sequence and 

publicize the complete 

genomes and medical 

records of 100,000 

volunteers, in order to enable 

research into personal 

genomics and personalized 

medicine.  

 

It was initiated by Harvard 

University in 2005. 

http://en.wikipedia.org/wiki/Personal_genomics
http://en.wikipedia.org/wiki/Personal_genomics
http://en.wikipedia.org/wiki/Personalized_medicine
http://en.wikipedia.org/wiki/Personalized_medicine
http://en.wikipedia.org/wiki/Harvard_University
http://en.wikipedia.org/wiki/Harvard_University


Personal Genome 
Project 

• The individuals agree to make their genome and 
their health records public. 

 

• Volunteers… willing to share their genome 
sequence and many types of personal information 
with the research community and the general 
public,  

 

• Aim: to understand genetic and environmental 
contributions to human traits.” 



• genotype (the full DNA sequence),  

• phenotype: medical records, various measurements, 
MRI images, etc.  

• all data are within the public domain 

• made available over the Internet so that researchers can 
test various hypotheses about the relationships among 
genotype, environment and phenotype. 

 

The project publishes the  

http://en.wikipedia.org/wiki/Genotype
http://en.wikipedia.org/wiki/DNA_sequence
http://en.wikipedia.org/wiki/Phenotype
http://en.wikipedia.org/wiki/Magnetic_resonance_imaging
http://en.wikipedia.org/wiki/Public_domain
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Genotype
http://en.wikipedia.org/wiki/Nature_versus_nurture#Interaction_of_genes_and_environment
http://en.wikipedia.org/wiki/Phenotype


 



 



 



Personalized Medicine:  
Definition 

 
 

The use of information and data from a patient’s genotype and 

phenotype (level of gene expression and/or clinical 

information) to: 
 

– stratify disease 

 

– select a medication 

 

– provide a therapy 

 

– initiate a preventative measure that is particularly suited to that 
patient at the time of administration 



The paradigm of  
the classic treatments 

Symptom 

Diagnosis  

Treatment 

Dosage 

Non specific 

Non selective 

Uniformized 

Phenotype 

Trial and error 

Does not evaluate the different therapeutic responses  

-  the blockbuster  concept 



Medicine in the  
XX. Century 

• „One fits to all” 

 

• The target is the  disease 

 

• Evidence based medicine 

– statistical approach using the rule of  

 large numbers, resulting in  

 statistically meaningful conclusions 

       

PROBLEM! 



Ineffective therapies – 
waste money 

Hypertension Drugs 10-30%    

ACE Inhibitors     $390 million – $1.2 billion 

Heart Failure Drugs 15-25% 

Beta Blockers     $345 million – $575 million 

Anti Depressants 20-50% 

SSRIs       $2.3 billion –  $5.8 billion 

Cholesterol Drugs 30-70% 

Statins       $3.8 billion – $8.8 billion 

Asthma Drugs 40-70% 

Beta-2-agonists    $560 million – $1.0 billion 



Observation 
Testing        

(Biomarker) 
Treatment 

Predicted 
response 

Targeted therapy:  
 

Differentiate, diagnostics and drug co-development  
 

Targeted therapies help by identifying patients with the best response and 
least side effects 

Biomarkers are such diagnostic tools, wich may predict the therapeutic 
response to a certain drug 

Personalized Medicine:  
The Answer? 



Drug-Diagnostics Combinations 

in Oncology 

• The current efficacy of medical anti-cancer 

 therapy is still not (far from) optimal  

 

• Rational use of drugs 

 – The right drug 

 – For the right patients 

 – In the right amount 

 – At the right time 

• The key elements in pharmacotherapy 

 – Pathophysiology 

 – Mechanism of action of the drug 



Cancer has a very complex biology 

Drug-Diagnostics Combinations 

in Oncology 



Companion Diagnostics/ 

Pharmacodiagnostics 

• Companion Diagnostics 

– “Match” the pathophysiology with the mechanism of 

action of the drug 

 

• Definition 

– A pre-treatment test performed in order to determine 

whether or not a patient is likely to respond to a given 

therapy. This type of test is classified as a predictive test 

and a prerequisite for implementation of stratified and 

personalized medicine.* 

*Jørgensen JT. Expert Rev Mol Diagn 2008; 8: 689-695. 



Courtesy: Martine Piccart 

Breast Cancer:  
The Treatment Dilemma 

Choices of 40 experts world-wide 

61 y-old, fit, 

postmenopausal 

 

Node negative 

pT = 0.9 cm  

ductal cancer 

ER and PR negative 

HER2 negative 

Grade 2 

48%

25%

15%

4%
8%

0%

10%

20%

30%

40%

50%

60%

N
O

N
E

C
M

Fx6

A
C
x4

TA
M

O
TH

E
R



• Disease Onset + Progression 

• Disease Subtyping/Classification 

Breast Cancer  

Subtypes 



Sorlie et al. PNAS 2003 

ER++, PR++, G1,2 HER2 ISH pos “triple neg,” CK5/6+ 



Breast 

Cancer 

Subtype 

~ 

Clinical 

Outcome 



Tamoxifen (Nolvadex®) - ER 



Trastuzumab (Herceptin®) - HER2 

Breast Cancer Human Epidermal 

growth factor  

receptor 2 



Cetuximab (Erbitux®) Panitumumab 

(Vectibix®) - EGFR/K-ras 



Imatinib (Gleevec™) – Specifically Targets  
An Abnormal Protein, Blocking Its Ability  

To Cause Chronic Myeloid Leukemia 

Chromosome 9;22  

translocation 

CML 

Bcr-Abl fusion protein 

Gleevec™ 

Bcr-Abl fusion protein 

 

      Normal 
 





Cost-Effective? 

• Gleevec as 1st line therapy for CML 

• 6 years increased survival over interferon-
alpha therapy  

• $43,100/per life-year saved 
Reed et al, Cancer 101:2574-83, 2004 



HER2 Gene Product is Overexpressed  
in One Third of Breast Cancers 

•TUMOR OVEREXPRESSING HER2 

•SENSITIVE TO HERCEPTIN 



Goal: Tailoring New Drugs to Target 
Different Types of Breast Cancer 

•TUMOR OVEREXPRESSING HER2 

•SENSITIVE TO HERCEPTIN 

•TUMOR OVEREXPRESSING ? ? 

•SENSITIVE TO ??? 

•TUMOR OVEREXPRESSING ? 

•SENSITIVE TO ??? 



• The improvement of future medical anti-cancer therapy will 

come from our increased understanding of the molecular 

pathophysiology and drug mechanisms of action 

• The key driver in this process will be the molecular 

analytical methods and molecular diagnostics 

• Parallel drug-diagnostic co-development will be the 

standard development model for new anti-cancer drugs 

• Future medical anti-cancer therapy will be more 

individualized compared with today’s knowledge 

• In 2020 most anti-cancer drugs will be prescribed based on 

the results of a companion diagnostic/pharmacodiagnostic 

test 

Drug-Diagnostics Combinations 

in Oncology 





Case Study:  Warfarin 

•Most widely prescribed oral anticoagulant for preventing 
thrombolytic events, despite its narrow therapeutic range 
 

•Problematic dosing due to patient’s diet, age, and other 
medications 
 

•Second most common drug implicated in adverse drug reaction-
linked emergency room visits 
 

Sources:  US FDA (www.fda.gov), Warfarin Information; Rettie et al. Molecular Interventions 

2006; 6(4):223-227; Flockhart et al. Genetics in Medicine 2008; 10(2):139-150 

 

http://www.fda.gov/


Personalized Warfarin Dosing 

• One-third of thrombosis patients metabolize their 
warfarin dose differently than expected due in large 
part to variations of VKORC1 and CYP2C9  

• VKORC1 SNPs, such as the 1639G>A allele, indicate 
that a patient will respond well to a lower dose of 
warfarin 

• CYP2C9*2 and CYP2C9*3 alleles encode SNP 
variants of CYP2C9 with reduced efficiency in 
degrading warfarin 

• Warfarin labeling suggesting genetic testing of 
VKORC1 and CYP2C9 is the first indication of 
personalized dosing  being approved by the FDA 
 

Drug-metabolizing enzyme Variations 



Breast cancer: Herceptin    

    Drug Choice 

   HER2 (30% ) 

(Human Epidermal growth factor  

receptor 2) 

 

 

Blood clot prevention:  Warfarin 

    Drug Dose 

CYP2C9  

(Drug-metabolizing enzyme 

Variations: Adverse Drug Reactions) 

Companion Diagnostics 



Clinically Available  

Molecular Diagnostics 

(Chan & Ginsburg, 2011) 

Diagnostic Kits 

Laboratory-developed-tests (LDTs) 



Using Genetic Information to Predict Drug 

Metabolism: The AmpliChip CYP450  

 

Source: Caraco, Y., N Engl J Med, 2004 

A range of drug metabolism 

phenotypes is observed for 

individuals based upon the 

particular cytochrome P-450 

genes they possess. 

Analysis of CYP2D6 and CYP2C19 genes 

Comprehensive detection of gene variations – 
including deletions and duplications – for the 
CYP2D6 and CYP2C19 genes, which play a major 
role in the metabolism of an estimated 25 
percent of all prescription drugs. This test helps 
clinicians determine therapeutic strategy and 
treatment dose for therapeutics metabolized by 
the CYP2D6 or CYP2C19 gene product. 

AmpliChip 



Multiplex Tests are Already  
Starting to Have an Impact 

OncoType DX  
 Analyzes by qPCR, mRNA expression of a panel of 21 genes within a tumor to   
       determine a Recurrence Score 

 

MammaPrint  
 Microarray-based prognostic breast cancer mRNA expression profiling test of 70 genes 

 

AlloMap    
 qPCR-based expression profile of 11 genes to assist physicians in managing heart 

transplant patients for potential organ rejection 

 

Tissue of Origin   

 Microarray technology considers 15 common malignant tumor types, including 
bladder, breast,and colorectal tumors based on mRNA expression on 1,550 genes  
   







Oncotype DX®: A Genomic Assay 
 

Recurrence tumor after surgery 
Decision-making about treatment  

  a 21-Gene Assay for N–, ER+, Tam+ Patients  



The Recurrence Score® Result Uses Key  
Genes Linked to Critical Molecular Pathways  

16 BREAST CANCER RELATED GENES 

Paik S, et al. N Engl J Med. 2004;351:2817-2826. 

ER 

PR 

Bcl2 

SCUBE2 

GRB7 

HER2 

Ki-67 

STK15 

Survivin 

Cyclin B1 

MYBL2 

Stromelysin 3 

Cathepsin L2 
GSTM1 

CD68 

BAG1 

Beta-actin GAPDH RPLPO GUS TFRC 

5 REFERENCE GENES 

Estrogen Proliferation HER2 Invasion Others 

Paik et al. N Engl J Med. 2004;351:2817-2826. 



Recurrence Score® in N-, ER+ patients 

Oncotype DX® is a Standardized  
and Quantitative Assay 

1) Paik et al. NEJM 2004, 2) Habel et al. Breast Cancer Research 2006  

3) Paik et al. JCO 2006, 4) Gianni et al. JCO 2005 

                    Lower RS’s 

• Lower likelihood of recurrence 

• Minimal, if any, chemotherapy benefit 

                   Higher RS’s 

• Greater likelihood of recurrence 

• Clear chemotherapy benefit 



Conclusions 

• The Oncotype DX® Recurrence Score assay predicts 
the likelihood of adjuvant chemotherapy benefit 

• It also is a prognostic assay for the risk of distant 
recurrence at ten years assuming five years of 
adjuvant tamoxifen treatment   

• Oncotype DX® Recurrence Score assay shows 
consistent results across multiple independent 
studies 



 



11 AlloMap genes 

+ 9 Controls 



 



Tissue of Origin 

 

The Tissue of Origin test, formally a Pathwork test, is a microarray-based gene 

expression test that aids in identifying challenging tumors, including metastatic, 

poorly differentiated, and undifferentiated cancers.  TOO is the ONLY FDA-cleared 

test of its type and is a Medicare-reimbursed test. 



 The Tissue of Origin reports the most likely tissue of 

origin from 15 of the most common tumor types, 

representing 58 morphologies. 

 2000 genes, covering 15 tumors types and 90% of all 

solid tumors¹ 

 Extensive analytical and clinical validation. 

 Statistically significant improvement in accuracy over 

other methods, including IHC² 

 Leads to a change in treatment 65% of the time. 



From Pharmaceuticals to  

Pharmasuitables 



BIDIL 

First drug approved by  

FDA 

that comes with a  

race-specific label: 

 

“For African Americans Only”  

November 2005 



Personalized Medicine: 
A future dream  



Betty’s story in 2017 

• Betty completes the Surgeon General’s family history tool at 
age 25, learns of uncles with early heart disease. 

• She consults her PA, who works in a practice that has made an 
effort to stay informed about genomic medicine.  She suggests 
complete genome sequencing for $1000. 

• Betty inquires about the risk of genetic discrimination, but 
effective legislation has outlawed this. 

• She is found to have three gene variants that have been 
shown conclusively in well validated studies to increase her 
risk of early heart attack 4-fold. 

• She and her PA design a program of prevention based on diet, 
exercise, and medication precisely targeted to her genetic 
situation. 
 



Betty’s story continues 

 
• Betty does well until age 75. 
• She develops left arm pain that she assumes is 

due to gardening, but her care providers know 
her higher risk and diagnose an acute MI. 

• Referring to her genome sequence, the PA and 
MD choose the drugs that will work best to treat 
her. 

• She survives and is alive and well in the 22nd 
century. 



Personalized Medicine: 
Could the dream become a 

nightmare? 



Betty’s story gone wrong 

• Betty never learns about her family history, educational 
efforts for the public and health care providers were 
defunded, community efforts never got off the ground, 
and Betty’s PA and MD thought genetics was irrelevant to 
practice. 

• Betty hears about genome sequencing, but after seeing 
her brother lose his health insurance from this 
information, she decides not to. 

• Betty eats an unhealthy diet, gains weight, and develops 
high blood pressure. 

• While tests to predict which drug would be most 
effective for Betty have been proposed, they have never 
been validated, and are not reimbursed. 



Betty’s story gone really wrong 

• Betty’s hypertension is treated with a drug that causes a 
hypersensitivity reaction, so she stops treatment. 

• After 10 years of uncontrolled hypertension, Betty 
develops left arm pain at age 50. 

• Unaware of her high risk, her PA assumes this is 
musculoskeletal and prescribes rest. 

• Betty returns to the ER a few hours later in cardiogenic 
shock. 

• The absence of her genome sequence information 
prevents immediate optimum choice of therapy. 

• Betty dies in the ER. 
 



“Personal Genome” 

> 50 companies 

World-wide 



Challenge: Premature Translation 

“Genomics and Personalized Health” 

 



Challenge: Premature Translation 

“Genomics and Personalized Health” 

 



Challenge: Premature Translation 

“Genomics and Personalized Health” 

 



“My Genome, Myself: Seeking Clues in DNA”  
A. Harmon, New York Times, Nov 17, 2007 

 

"I am convinced that within five years every college-educated  

person in America is going to have a profile like this.  

You cannot afford not having this.“ 

 

 Kari Stefansson, DeCode Genetics-April 1, 2008 

 
 



 

Sequencing human Genome 

<1000 $ 



 


