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Terminology

Patient quote:

 “..we should stop using the term precision medicine, as the perception 
that we are practicing imprecisely is frightening to patients”

Personalised Stratified Precision

“an emerging approach for disease treatment and 
prevention that takes into account individual variability in 
genes, environment, and lifestyle for each person”

mailto:munirp@liv.ac.uk
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Definitions

Pharmacogenetics
(after Vogel, 1957)

Pharmacogenomics
(after Marshall, 1997)

The study of variations of DNA 

and RNA characteristics as 

related to drug response

The study of variations in 

DNA sequence as related 

to drug response

ICH Topic E15, November 2007

Variability in Drug 
Efficacy

The vast majority of drugs -
more than 90 per cent – only 
work in 30 to 50 per cent of 

the people
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Adverse Drug Reactions

 462 withdrawals between 1953 
to 2013

 Evidence was anecdotal 
reports (72% of cases)

 Median interval between first 
ADR report and withdrawal 
was 6 years

 Hepatotoxicity (81 cases; 18%)

 Immune-related reactions (79 cases; 17%)

 Cardiotoxicity (63 cases; 14%)

©University of Liverpool
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Dose
Efficacy

Safety

Dose, Genetics and ADRs

"Poison is in 

everything, and no 

thing is without 

poison. 

The dosage makes 

it either a poison or 
a remedy."

Paracelsus

©University of Liverpool
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 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

Stable dose (mg/day)

F
re

q
u

e
n

c
y

0 2 4 6 8 10 12 14

0
1
0

2
0

3
0

4
0

5
0

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

CYP2C9

VKORC1

Total = 57.9%

Age: 11.2%

Height 3.56%

Weight: 5.98%

Interacting meds: 0.98%

Sum of interacting meds: 2.2%

VKORC1: 25.61%

CYP2C9: 16.65%

CYP4F2: 0.49%
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Pharmacogenomics of Warfarin Dosing

Implemented in anticoagulant clinics

Genotype results in 45 min

Definition of Sensor

 A device which detects or measures a physical 
property and records, indicates, or otherwise 
responds to it

Oxford English Dictionary

Temperature Sensor.

IR Sensor.

Ultrasonic Sensor.

Touch Sensor.

Proximity Sensors.

Pressure Sensor.

Level Sensors.

Smoke and Gas Sensors.

Classification of Sensors

Nine 

Sensors

Each car has 60-100
sensors on board, but 
will increase to about 
200 in the near future
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 RCT to test effect of sensor-based monitoring of glucose vs 
self-monitoring with capillary strips

• Reduced 
hypoglycaemic 
episodes

• No worsening in 
diabetes control

• Well tolerated
• An example of 

precision dosing

Adherence Sensor

FDA has just approved 
formulation of aripiprazole 
with embedded Proteus’ 
sensor as a drug-device 
combination product
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3D Printing

You could soon be manufacturing your own 

drugs—thanks to 3D printing
By Robert Service; Science: Jan. 18, 2018 , 2:50 PM

Levetiracetam: 
the first 3D 
printed medicine 
to receive FDA 
approval (August 
2015)

Dose
Efficacy

Safety

BMJ, published 23 Jan 2018

http://www.sciencemag.org/author/robert-service
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• Adenovirus-based gene 
therapy

• Normalised factor VIII levels 
in 6 out of 7 at 1 year

• Effect lasted for more than 
one year

• Bleeding ceased by 22 weeks
• Rescue use of factor VIII 

declined
• Based on ONE IV INFUSION

 Molecular scissors to alter DNA –
remove, insert or replace

 Can be used for the germline genome 
or for somatic genome

 Ethical issues for human embryo 
editing and fears of “designer babies”

 Challenge in clinical practice of

Wider availability

 Cost of CAR-T cell therapy 
($450,000)

Genome Editing

Embryo gene editing: correction 
of mutation for hypertrophic 
cardiomyopathy (MYBPC3)

CAR T-cell therapy
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Cancer – The Poster Child for 
Pharmacogenomics and Precision Medicine

Science (2018)

 Childhood motor neurone 
disease

 Deafness, speech and 
swallowing problems, face and 
limb weakness and breathing 
problems

 Rare, autosomal recessive

 About 60 cases reported

 Exome sequencing

Brown-Vialetto van Laere syndrome

High dose riboflavin (Vitamin B2)
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Dose
Efficacy

Safety

Human Leucocyte Antigens (HLA) 
and Hypersensitivity Reactions

 On short arm of chromosome 6

 Involved in the pathogenesis of 
immune-mediated adverse drug 
reactions

Abacavir 

hypersensitivity

HLA-B*57:01 

Decrease incidence 

from 7% to <1%
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Associations of Serious Adverse Drug Reactions with HLA Alleles

HLA Panel Analytic Validation
 Platform was able to call risk alleles with 100% accuracy at all the loci 

(n=187 healthy volunteers) using sequence based typing as the standard

85% have at 
least 1 risk 
allele

Use
• At time needed
• Store data on EHR
• Pre-emptive 

genotype

Number of Risk Alleles 

per sample
Number of Samples

% of 

samples

0 28 15.0

1 39 20.9

2 14 7.5

3 46 24.6

4 34 18.2

5 11 5.9

6 6 3.2

7 8 4.3

8 1 0.5

Funded by NIHR
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Clinical Decision Support

Artificial Intelligence

 Artificial intelligence is a sub-field of computer science. 
Its goal is to enable the development of computers 
that are able to do things normally done by people --
in particular, things associated with people acting 
intelligently.

John McCarthy

Stanford University

1956

OXFORD ENGLISH DICTIONARY

Artificial:
Contrived or fabricated for a 
particular purpose, esp. for 
deception; resulting from 
artifice; feigned, fictitious

Intelligence: 
Knowledge concerning events 
communicated by or obtained 
from another; information, 
news
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Trained the neural network with 129,450 clinical images
2032 different diseases
Tested performance against 21 Dermatologists
6.3 billion smartphones by 2021 – low cost universal 
diagnostic care

 Predictive models important for personalised medicine

 Statistical models require curated data from EHR where vast majority of data is lost

 What if you can use the entire raw EHR data?

 2 hospitals: 216,221 records

 Had 46,864,534,945 data points

 Predicting in hospital mortality ((AUROC across sites 0.93-0.94), 30-day unplanned 
readmission (AUROC 0.75-0.76), prolonged length of stay (AUROC 0.85-0.86), and all 
of a patient’s final diagnoses (frequency-weighted AUROC 0.90).
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Big Data Approach to Personalised Renal 
Function Monitoring

Big Data

Anonymised 
electronic health 
records

Cardiac failure

Diuretic doses

Machine learning

Development of 
robust algorithms

Patient 
acceptability

GP acceptability

Aims

Personalised renal 
function monitoring 
guidance

Assess clinical 
effectiveness and 
cost effectiveness

Direct To Consumer Genetic Testing

• 5 million people have 

had DTC genetic 

testing done

• Whole genome 

sequencing is 

becoming cheaper
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Pharmacogenetic Cards

Netherlands Thailand Ubiquitous PGx Trial

• Modernisation of curricula

• More skilled workforce

• Intelligent decision support 
systems

• Education of the public

Education and Training
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Pharmacogenetic Knowledge of Pharmacists

 66% felt knowledge of genetics was important, but 80% had little knowledge of 
pharmacogenomics

 70% had no knowledge of what drugs require genetic testing before prescribing

 Would you like to learn more about PGx?  42% medium learning priority, 13% high 
learning priority, while 8% said it was essential

• Preliminary data from 112 pharmacist respondents
• Survey undertaken by Vicky Rollinson, Clinical Pharmacist and PhD student
• Looking for more individuals to take part in the survey including 

undergraduate students
• Please contact Vicky Rollinson:  vrollins@liverpool.ac.uk

NHS England Vision for Personalised Medicine

http://www.phgfoundation.org/report/personalised-medicine-

technology-landscape

mailto:vrollins@liverpool.ac.uk
http://www.phgfoundation.org/report/personalised-medicine-technology-landscape
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50 Years From Now

iPhone 8

iPhone 33

• At present we can use our phones for GPS (global positioning system)

• In 50 years time, GPS will also mean Genomic Prescribing System:

• Whole human genome sequence carried on the phone

• Linked to your EHR, lab tests, sensors and incorporating AI algorithms

• Prescribing according to genome variation plus other factors 

Patient 
empowerment

Change in 
Patient-HCP 
Relationship
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