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Current Paradigms

 Physicians “personalise” treatments
 We use the best evidence available to us (usually from RCTs –

population based studies) to treat the patient (i.e. individual) 
consulting us

 From a population perspective, that has proven benefits
 But from an individual perspective, it is less satisfactory and is 

CRUDE
 Cannot predict whether the patient will improve
 Cannot predict whether the patient will develop adverse 

effects



“One Dose Fits All” – Variability In 
Improvement

Condition Efficacy 
Rate (%)

Alzheimer’s 30
Asthma 60
Diabetes 57
HCV 47
Cancer 25
Osteoporosis 48
Rheumatoid arthritis 50
Schizophrenia 60

“The vast majority of drugs - more than 90 per cent –
only work in 30 or 50 per cent of the people,” 

Source: Physicians Desk Reference



Adverse Drug Reactions (Side Effects)

• Adverse drug reactions are common
• Vary in severity

TOXIC EPIDERMAL NECROLYSIS



A Modern Concept of Personalised 
Medicine

Environmental factors

Drug variability

Molecular definition

Phenotypic definition Current standard

Disease stratification

Pharmacogenomics

Personalised Medicine



A Modern Concept of Personalised 
Medicine

Environmental factors

Drug variability

Molecular definition

Phenotypic definition Current standard

Disease stratification

Pharmacogenomics

Personalised Medicine



A Modern Concept of Personalised 
Medicine

Environmental factors

Drug variability

Molecular definition

Phenotypic definition Current standard

Disease stratification

Pharmacogenomics

Personalised Medicine



A Modern Concept of Personalised 
Medicine

Environmental factors

Drug variability

Molecular definition

Phenotypic definition Current standard

Disease stratification

Pharmacogenomics

Personalised Medicine



Pharmacogenomic Variation in Drug Response



When it works……

Using Human Genomic Variation for 
Individualisation of Drug Treatment



Human Leucocyte Antigens (HLA)

 On short arm of chromosome 6

 Involved in the pathogenesis of 
immune-mediated adverse drug 
reactions

 Since 2001, 23 different HLA 
associations have been reported 
with ADRs affecting skin and liver
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Technology-Based Reduction in the Burden of 
ADRs: The Case of Abacavir Hypersensitivity

Clinical phenotype   

Association with 
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Clinical genotype   
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Incidence before and after testing for HLA-B*5701

Country Pre testing Post testing Reference

Australia 7% <1% Rauch et al, 2006

France 12% 0% Zucman et al, 2007

UK (London) 7.8% 2% Waters et al, 2007



Effect of Pharmacogenetics on Drug Usage

Data courtesy of Prof Saye Khoo
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Change in Peptide Repertoire



 Peptides from untreated cells 
standard peptide profile

 ABC treated cells show novel 
self-peptides (20-25%) with 
Ile/Leu occupying C-terminal 
anchor ptotein

 No change in peptide profile 
with closely related allotypes

HLA-B*57:01 and Abacavir
Hypersensitivity

Illing et al, 2013, Curr Opin Immunol



When it makes sense….
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 Eculizumab – humanised monoclonal antibody binds to C5 inhibiting 
its activation

 3% of patients have a poor response
 Missense mutation identified in C5 in these patients
 Eculizumab able to block C5-mediated hemolysis in nonmutant RBCs 

but not those carrying variant

Somatic mutation leads to deficiency of 
GPI anchored proteins (CD55, CD59)
Susceptible to C5 mediated haemolysis
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More often than not, it is difficult……

Using Human Genomic Variation for 
Individualisation of Drug Treatment



Sources of Variation

 Increasing number of examples of 
pharmacodynamic genetic variation 
which are being used in clinical 
practice

 Pharmacokinetic variation has been 
more difficult to implement
 The most successful has been TPMT 

and bone marrow suppression with 
6MP and azathioprine

 PK and PD factors work together to 
affect response – accounting for both 
can improve prediction
 Warfarin dose prediction

http://incytepathology.files.wordpress.com/2012/04/braf-pic.jpg


 Number of users UK:

600,000
 Dose (mg) range per day:

0.5-20
 Fold variability in dose:

40
 Major bleeding rate per 100-

person years:

2.6
 Ranking in ADR list:

3

Warfarin 

Approved for human use in 1954
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Variation in Dose Requirements

Stable dose (mg/day)
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INR Incidence Rate
<2 4.11
2.1-3.0 3.78
3.1-4.0 15.78
>4.1 99.26

UK prospective cohort data

Hylek et al, 2007

Only 50% of bleeds occur with INR > 2.5; 
50% occur at levels below this



Determinants of Anticoagulation Control

McLeod and Jonas, 2009



Determinants of Anticoagulation Control

McLeod and Jonas, 2009

One of the most highly replicated genotype-phenotype associations



GWAS Warfarin Mean Weekly Dose 
(UK Prospective Cohort; n=714)

CYP2C9

VKORC1



International Warfarin Pharmacogenetics
Consortium (IWPC)



Pharmacogenetic-Based Dosing:  Warfarin 
Randomised Controlled Trial

 FP7 sponsored EU trials
 454 patients

 226 in genotype arm
 228 in standard care arm

 Point of Care test for 
genotyping

European Union Pharmacogenetics 
of AntiCoagulant Therapy



Genotyped arm 
%TTR

Standard dosing 
(control) arm 
%TTR

Adjusted 
Difference

P value

ITT ANALYSIS (n= 211 vs 216)

67.4% 60.3% 7% P<0.001
PER-PROTOCOL (n=166 vs 184)

68.9% 62.3% 6.6% P=0.001

PRIMARY OUTCOME MEASURE: Percent time within therapeutic INR range 2.0-
3.0 (TTR) during 12 weeks following the initiation of warfarin therapy



Differences Between Genotyped-
Guided Group and Control Group

Time in Therapeutic RangeInternational Normalized Ratio



No difference between genotyped 
and control arms



Nov 23, 2013

“The conclusions of the three studies are similar”





http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=eJeiazIUA5vqcM&tbnid=pzxWnui5Ke8x9M:&ved=0CAUQjRw&url=http://fearlessmen.com/glass-half-full-glass-half-empty/&ei=UA15U7ChCsj2O4GngLAO&bvm=bv.66917471,d.bGE&psig=AFQjCNG8vwVwh36ot0PufETtJZwpYLgF6A&ust=1400528559609428


How can we explain the differences?

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=eJeiazIUA5vqcM&tbnid=pzxWnui5Ke8x9M:&ved=0CAUQjRw&url=http://fearlessmen.com/glass-half-full-glass-half-empty/&ei=UA15U7ChCsj2O4GngLAO&bvm=bv.66917471,d.bGE&psig=AFQjCNG8vwVwh36ot0PufETtJZwpYLgF6A&ust=1400528559609428


Dosing Algorithms

EU-PACT

Day 1-3: Loading dose 
algorithm
Day 4/5: Dose revision 
algorithm
Up to 3 months: AC clinics 
(computerised dosing)

COAG

Day 1-3: Maintenance 
dose algorithm
Day 4/5: Dose revision 
algorithm
Up to 1 month: Protocol 
driven
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• S-warfarin elimination half-life:  18-35 hours
• Time to steady state: 90-175 hours
• Time to steady state shortened by loading dose
• Dose revision algorithm on day 4 dependent on INR
• What proportion of patients will have had a change in INR by day 4?



Dosing Algorithm – Day 1
 COAG algorithm did not include CYP2C9 on day 1 (“dosing patients 

with CYP2C9 *2 or *3 variants at lower doses during the first day of 
therapy may not lead to improvement in AC and could lead to worse 
anticoagulation”).   BASED ON MAINTENANCE DOSE.
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 COAG algorithm did not include CYP2C9 on day 1 (“dosing patients 

with CYP2C9 *2 or *3 variants at lower doses during the first day of 
therapy may not lead to improvement in AC and could lead to worse 
anticoagulation”).   BASED ON MAINTENANCE DOSE.

SNPs in CYP2C9, but not VKORC1, associated with time to stable warfarin 
dose, time to therapeutic INR and INR >4 at end of week 1



Ethnic Heterogeneity
 COAG was more heterogeneous (67% white, 27% Black, 6% 

Hispanic) than EU-PACT (97% Caucasian)
 Blacks did worse in genotype arm than in clinical group (-8% 

difference)



Control Arms in the Two Trials

 EU-PACT: fixed dosing which reflects current clinical care
 COAG: clinical algorithm (includes all factors apart from genetics)
 Interpreted as genetics does not add anything over and above 

clinical factors – some have advocated use of clinical algorithm
 Clinical algorithm has never been tested in a RCT



Control Arms in the Two Trials

 EU-PACT: fixed dosing which reflects current clinical care
 COAG: clinical algorithm (includes all factors apart from genetics)
 Interpreted as genetics does not add anything over and above 

clinical factors – some have advocated use of clinical algorithm
 Clinical algorithm has never been tested in a RCT

Trial Time Genotyped arm 
%TTR

Control arm 
%TTR

COAG 4 weeks 45.2 45.4

EU-PACT 4 weeks 54.6 45.7
COAG 12 weeks 51

EU-PACT 12 weeks 67.4 60.3





Comparison Between COAG and EU-PACT

COAG EUPACT
Total 
no of 
variants 

Genotype 
guided

Clinically 
guided

Total Genotyped Non-
genotyped

Total

0
1

>1

204 (40%)
178 (35%)
128 (25%)

189 (38%)
186 (37%)
125 (25%)

393 (39%)
364 (36%)
253 (25%)

63 (28%)
113 (50%)
50 (22%)

57 (27%)
115 (54%)
40 (19%)

120 (27%)
228 (52%)
90 (21%)

Higher frequency of allelic variants in EU-PACT compared to 
COAG, mostly in CYP2C9



EU-PACT: Effect of Number of Variants on % 
Time in Therapeutic Range (TTR)

Total number 
of variants

Genotyped 
arm (n=211)

%TTR

Control arm 
(n=216)
%TTR

Adjusted 
Difference

P value

0 61.83 59.31 2.03 0.588

1 68.56 61.83 7.38 0.005
2 or more 71.95 57.32 11.05 0.009

RELY DATA: a 10% improvement in %TTR leads to a 20% 
improvement in clinical outcomes



 Algorithm incorporating CYP2C9 and VKORC1 genotypes
 No difference at 3 months, but %TTR was higher in genotyped arm 

in first 4 weeks
 Combined data from acenocoumarol (n=190) and phenprocoumon

(n=83) giving total of 273 in genotype group
 Assessed individually, this would be an under-powered trial



Differences in Vitamin K antagonists

Warfarin Phenprocoumon Acenocoumarol



 Evidence standards differ between non-genetic and genetic tests
 3 examples given:

 Drug exposure
 Prevention of adverse drug reactions
 Health technology assessment



Drug Exposure: Differential 
Evidential Standards

 Example: Aztreonam SmPC
 “after an initial usual dose, the dosage of aztreonam should be halved 

in patients with estimated creatinine clearances between 10 and 30 
mL/min/1.73 m2” 

 Many different examples in hepatic and renal impairment with dose 
instructions based on PK studies and occasionally PK-PD modelling

 No need for RCTs – in fact, would be impractical

 However, a genetic polymorphism leading to same degree of change 
in drug exposure is often ignored and/or RCT data are required for 
implementation



Differential Evidence Standards

 Unfamiliarity with 
genetic tests

 Lack of experience in 
interpretation

 Perceived cost of 
genetic testing

 Lack of availability of 
tests

 Poor turnaround time



Differential Evidence Standards

 Unfamiliarity with 
genetic tests

 Lack of experience in 
interpretation

 Perceived cost of 
genetic testing

 Lack of availability of 
tests

 Poor turnaround time

recommendations on dosing evaluation in 
patients with polymorphisms in known 
metabolic pathways 



Tivantinib:  
selective, oral, 
non-ATP 
competitive, 
small-
molecule 
inhibitor of c-
Met



Response to a drug, 
efficacy or toxicity, is a 
complex phenotype



Systems Pharmacology Approaches



Warfarin Dose Prediction

Environment

Pharmacodynamic

Pharmacokinetic

Individual Dose

Age, BMI, drug 
interactions

Alcohol, smoking,
Co-morbidities,
Other factors

CYP2C9*2, 
CYP2C9*3

VKORC1

50-60% 
prediction

Other P450 enzymes
Phase II enzymes
Transcription factors

Clotting factor levels,
Other key proteins,
Metabolome, microRNA

Missing Prediction?



Summary
 Translation into clinical 

practice is difficult
 Pathway for translation –

one size does not fit all
 RCTs are not the ultimate 

answer to translating 
biomarkers into clinical 
practice

 Systems approaches need 
to be investigated, 
accompanied by 
mechanistic analysis



http://www.wired.com/wiredscience/2009/02/routine-whole-genome-sequencing-of-babies-by-2019/
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