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Nomenclature 

 P h a r m a c o g e n o m i c s    is  
 P h a r m a c o g e n e  t  i c s  

 
..with two single nucleotide polymorphisms 



Variablility in response to a PAH drug 

Drug Placebo 



Variablility in response to a PAH drug 

Dose 1 
Dose 3 

Placebo 
Dose 2 



Response rate to drugs for 
different diseases 

Anti-depressant drugs   38% 
 
Asthma drugs    40% 
 
Diabetes drugs    43% 
 
Arthritis drugs    50% 
 
Alzheimer’s drugs   73% 
 
Cancer drugs    75% 

Spear et al Clinical Trends in Mol Med 2001 



Glaxo Chief: Our Drugs Do Not 
Work on Most Patients   

by Steve Connor   
   

A senior executive with Britain's 
biggest drugs company has 

admitted that most prescription 
medicines do not work on most 

people who take them. 
 

Published on Monday, December 8, 
2003 by the lndependent/UK  

  



Factors That Influence Medicine Response 

Patient Response to 
Drug 

Compliance 

Genetic differences  
between patients 

Diagnosis Dose 

Interactions 
with other 

drugs 



Pharmacogenomics 
“Drugs by Design?” 

“In the very near future, 
primary care physicians will 
routinely perform genetic 
tests before writing a 
prescription because (they 
will) want to identify the   
poor responders.” 
 
F. Collins  
(AAFP Annual Meeting, 
1998) 

 



Objectives 

1.  To understand the principles underlying the  
 use of genetic information to inform prescribing 

 
2.  To appreciate the present state-of-the-art and  

 be aware of the hurdles to implementing  
     pharmacogenetics/genomics in clinical practice 



Historical Background 

Sir Archibald Garrod 1858-1936 

In his 1908 Croonian  
Lecture he coined  
the phrase 
 
“Chemical  
        Individuality” 
 



Historical Background 

1932        1955  1957  1959 1960      1975         1980           2003 

Synder describes 
phenylthiocarbamide  
taste blindness 
 

Genetic determination  
of isoniazid acetylation 
recognised 

Primaquine haemolysis 
with G6PD deficiency 

Succinylcholine apnoea 
and serum cholinesterase  
deficiency 

Genetic polymorphism of 
debrisoquine/sparteine 
metabolism described  

Thiopurine-methyltransferase 
polymorphism reported 

“Pharmacogenetics” 
coined 

Human Genome 
published 



Increasing interest in genetics and 
medicines  
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Genetic variation can influence  
patient response at two levels 

Absorption 

Drug metabolism 

Drug target 
Intermediate 

pathways 

Blood levels achieved 

Response 

Distribution 

Drug 

Pharmacokinetics 

Pharmacodynamics 
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Genetic variation can influence  
drug metabolism 



Poor drug metabolisers can be 
exposed to increased blood levels  

Efficacy 

Toxicity 
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Time after drug administration 

Slow metabolism Normal metabolism 



When is genetic variation in  
drug metabolism important?  

p When the drug has a steep dose-response 
curve 

p When the therapeutic window is narrow 
p When the drug is metabolised mainly by 

one enzyme 



Population distribution of 
metaboliser status 



Worldwide distribution of poor 
drug metabolisers (CYP2D6) 

6% 

3% 

9% 
6% 

1% 
7% 

2% 

10% 7% 

4% 

1% 

0.5% 

0% 

2% 



Debrisoquine is metabolised 
largely by one enzyme 

Debrisoquine 

4-hydroxydebrisoquine 

CYP2D6 



Some drugs cleared by CYP2D6 

ß-Adrenergic antagonists  
e.g.metoprolol, bufuralol, propranolol 

Neuroleptics  
e.g. haloperidol, perphenazine 

Anti-depressants 
e.g. imipramine, amitriptyline, nortriptyline, paroxetine   

Anti-arrhythmics  
e.g. flecainide, encainide 

Miscellaneous drugs 
e.g. dextromethorphan, debrisoquine, sparteine, 
codeine 



CYP2D6 phenotype reduces 
effectiveness of codeine analgesia 
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Poor metaboliser status can  
work both ways 

Prodrug eg codeine 
activated by 2D6 

Risk lack  
of effect 

Active drugs  
inactivated by 
metabolism 

Risk of toxicity 

Poor metaboliser 



Genes on a chip 



Thiopurine S-Methyltransferase 
(TPMT) 

TPMT 



TPMT deficiency 



TPMT deficiency 



Genetic variation can influence  
patient response at two levels 

Absorption 

Drug metabolism 

Drug target 
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Genetic variation in drug target Genetic variation in drug target 



Genomic variation affecting  
drug targets 

p Malignancy 
n  Gleevec 
n  Herceptin 

p  Infectious diseases 



Imatinib (Gleevec): designer drug 



Genomics can be used identify good 
responder subgroups in cancer 

Breast cancer – Herceptin 
 
Patients who respond best are those with 
tumours that overexpress the ERBB2 (also 
known as HER2/neu) gene 
 
 
 









PK and PD variants and  
warfarin dose 



Gene expression analysis 



 
 
 

A B 

Genetics can be used for more 
accurate diagnosis of cancer type 



Survival according to  
gene expression 





Gene expression data and clinical 
practice 

Application available 
now 

Potential or emerging 
application 

Oncology 
Breast 
Lymphoma 
Unknown primary 
Neuroblastoma 

 
Predict recurrence 
Classify / guide therapy 

 
Predict response to therapy 
Classify subtypes/ guide therapy 
Assess prognosis 

Infectious 
disease 
HIV 
SARS 
Hepatitis C 

 
 
Classify virus 

 
 
Predict response to therapy 

Cardiovascular 
Hypertension 
Atherosclerosis 
Cardiac Failure 

? 



Nobody is perfect 



 
Different people can have a  

different nucleotide or base at 
a given location on chromosome 

What is a SNP map 

. . . G G T A A C T G . . . . 
 
. . . G G C A A C T G . . . .  

Location of SNPs on human DNA 

What is a SNP 



Patients with good 
response to drug X 

Patients with poor 
response to drug X 

Predictive of efficacy 

Predictive of  
a poor response 

How a SNP map can be used to  
predict a response to a drug 

Genotype profile 



Distribution of weight change 
 by genotype 

Genotype 1 Genotype 2 Genotype 3 



Pharmacogenomics and adverse 
events 



Drugs with pharmacogenomic 
tests in label 
Antiviral   Abacavir   HLA-B*5701 

    Miraviroc   CCR5 
 
Cardiology   Warfarin   2Cp, VKCOR1 
 
Neuropharm   Carbemezepine  HLA-B*1502 
 
Oncology   Trastuzumab   HER2 

    Irotecan   UGT1A*28 
    Azothioprine   TMPT status 
    Gefitinib   EGFR status 
    Cetuximab   KRAS status 
    Panitumumab 

 
Pain    Codeine   2D6 



Genomics: A powerful tool for drug 
target identification and validation  
p  7,000 rare diseases worldwide 
p Medicines for only 80-90 of them 
p Know the cause, have the target, can 

recruit the right patients 



Recommended schema for anti-
cancer drug development 



Hurdles to implementation 

p  Physicians 
n  Education - number of variants growing 
n  Needs a laboratory test – inconvenience and 

associated costs   
p  Regulators 

n  The level of evidence required to adopt a 
specific genetic test as a guide to practice is 
not established. 

p  Pharmaceutical companies 
n  Dissects the market 

p  Patients 
n  Suspicion and sensitivity to genetic testing  



Francis Collins 
“The limiting factor right now is that oftentimes, if 
you are ready to write a prescription, you do not 
want to wait a week to find out the genotype before 
you decide whether you’ve got the right dose and the 
right drug. But if everybody’s DNA sequence is 
already in their medical record and it is simply a click 
of the mouse to find out all the information you need, 
then there is going to be a much lower barrier to 
beginning to incorporate that information into drug 
prescribing. If you have the evidence, it will be hard, 
I think, to say that this is not a good thing. And once 
you’ve got the sequence, it’s not going to be terribly 
expensive. And it should improve outcomes and 
reduce adverse events.” 



Current and future approachs 
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Use of pharmacogenomics to deliver  
right medicine to right patient  

Diagnosis	




