
Pharmacogenetics 
Implementation in the UK

Munir Pirmohamed

David Weatherall Chair of Medicine, and NHS Chair of Pharmacogenetics

Email: munirp@liverpool.ac.uk

mailto:munirp@liv.ac.uk


Pharmacogenomic Variation

Country Number 
studied

Number of 
genes 

evaluated

Proportion carrying at least 
one actionable genotype or 

diplotype

Reference

Australia 5408 4 95.9% J Neural Transm (Vienna) 126, 5-18 (2019)

Canada 98 19 96.9% NPJ Genom Med 2, 19 (2017)

Estonia 42092 11 99.8% Genet Med 21, 1345-1354 (2019)

Netherlands 498 11 99.4% Front Genet 10, 567 (2019)

Qatar 6045 15 99.5% NPJ Genom Med 7, 10 (2022)

UK 487,409 14 99.5% Clin Pharmacol Ther 109, 1528-1537 (2021)

UK 713 11 98.7% BMC Med 18, 367 (2020)

US 9,589 6 91.4% Clin Pharmacol Ther 95, 423-31 (2014)

US 1,013 5 99.0% J Mol Diagn 18, 438-445 (2016)

Pirmohamed, Nature Reviews Genetics, 2023; 24: 350-62



Polypharmacy Cohort: Actionable PGx Drugs

Mean = 1.8±1.0
Median=2

Mean = 2.5±1.0
Median=2
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Physicians and the 
British 
Pharmacological 
Society

shorturl.at/bBGSZ



Recommendations

Implementation in all 
sectors and centrally 

funded

Agile (respond to 
advances) and 

continually evaluated

Comprehensive 
education and training 

package

Support for clinicians Further research 
funding still needed

Clear lines of 
communication



Abacavir Hypersensitivity: The Poster Child

• Pre-prescription genotyping is a cost-
effective strategy

• Implemented in the UK from 2006 (before 
PREDICT-1)

• Incidence has decreased from 5% to <1%



Dihydropyrimidine Dehydrogenase Polymorphisms

Variant Frequency (%)

DPYD∗2; rs3918290 0.65
DPYD∗13; rs55886062 0.03
HapB3; rs75017182 + rs56038477 1.3
D949V; rs67376798 0.32

• 4 polymorphisms tested
• In England, 38,000 tests per year
• Derived from European populations
• Non-European ancestry inevitably labelled as 

wild type
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c.62G>A (R21Q, rs80081766)
c.85T>C (R29C,*9A, rs1801265)

c.321+2T>C (rs1193078198)

c.496A>G (M166V, rs2297595)
c.557A>G (Y186C, rs115232898)
 c.596G>A (S199N, rs776973423)

c.451A>G (N151D, rs200562975)
c.464T>A (L155*, rs886039439)

n.688+20094C>T 
(rs7281745)

c.40-3123T>A (rs4970722)

c.257C>T (P86L, rs568132506)
c.295-298del (P100fs, *7, rs72549309)

c.680+139G>A (rs6668296)
c.681+29G>T (rs376597772)

c.704G>A (R235Q, rs755416212)
c.733A>G (I245V, rs767836989)

c.763-118A>G (rs3790387)

c.851-18271A>G (rs2811196)

c.967G>A (A323T, rs201018345)
c.1003G>T (V335L, *11, rs72549306)

c.1129-15T>C (rs56293913)

c.1156G>T (E386*, *12, rs78060119):
c.1236G>A (E412E, rs56038477)

c.1340-11501T>C (rs2811219),
c.1525-11G>A rs55699321),
c.1525-9A>G (rs56056384)

c.1601G>A (S534N, *4, rs1801158)
c.1615G>C (G539R, rs142619737)
c.1627A>G (I543V, *5, rs1801159)
c.1679T>G(I560S, *13, rs55886062)
c.1712C>A (A571D)
c.1737T>C (D579D) 
g.97515583_97515584insA

c.1740+40A>G (rs2811178)
c.1740+39C>T (rs2786783)

c.1774C>T (R592W, rs59086055),
c.1863G>T (W621C),
c.1896T>C (F632F, rs17376848)

c.1905+1G>A (*2A, rs3918290)
c.1906-28506C>G (rs4492658)
c.1906-123C>A (rs56279424)

c.1974+75T>C (rs72728438)

c.2194G>A (V321I, *6, rs1801160)

c.2303C>A (T768K, rs56005131)

c.2434G>A (V812I, rs371313778)

c.2908-69C>T (rs290855)
IVS22+585C>T

IVS23-69A>G

c.*768G>A (rs291592)

c.*5132C>T (rs76387818)
c.*21528C>T (rs12132152)

c.2766+37T>C (rs199712715)

Systematic review

32 articles
53 DPYD variants



• 19 variants
• USA: 3 case studies, 1 cohort study

c.557A>G reported in all 3 cases studies
• Tyrosine to cysteine substitution at protein position 186
• Decreased enzyme function (CPIC evidence level: Moderate)
• 2% frequency in African reference populations
• Included in DPYD testing panel in several labs in the USA
• UK census 2021: 2.4 million (4.2% population) identified 

within “Black, Black British, Caribbean or African” ethnic 
groups 

• Beneficial to include c.557A>G in NHS DPYD testing

African American 

African America



Clopidogrel activation and action



Clopidogrel and CYP2C19

Stroke Medicine:
• Greater acceptance by stroke physicians and 

this is now the main area for implementation 
in the UK

• Recent approval by NICE for stroke/TIA 
indication (31 July 2024)

• Available at 
https://www.nice.org.uk/guidance/dg59



Potential Labelling Issues
• Will the SmPC and PiL need to change?

• Who will initiate the change? (efficacy rather than safety – depends on 
definition of safety)

• Wording tricky:
• Only with recent stroke
• But not in patients with ACS (where clopidogrel is recommended in 

those over 70 years of age, and those at high risk of bleeding)

• Use of ticagrelor is off-label

• How to handle phenocopy issues?



• British South Asian population: 
Bangladeshi and Pakistani (n=44,396)

• Loss of 2 CYP2C19 alleles (poor 
metabolisers) 13% - cf with 2.4% in 
Europeans

• Poor metabolisers more likely to have 
recurrent myocardial infarction (OR 
3.1, P=0.019)



Models of Testing
• Reactive genetic testing

• Current model
• Order test when needed, and wait for result

• Pre-emptive genetic testing
• Order a panel test and store genetic 

information in the healthcare record
• No need to wait for test result, as it is already 

available
• Fits in better with the clinical pathway





Who should have pharmacogenomic testing? 
Which gene drug pairs should we implement? 
In what clinical contexts? 

What should our genetic testing approaches be?
How do we surface the data in a clinically 
relevant format + timeframe?

How do you assess the cost effectiveness of 
pharmacogenomic testing?
How can the benefits of data re-use be quantified?

What are patient and public attitudes towards 
pharmacogenomic testing and data re-use?
How might patients access their data?

How does any “intervention” fit into a 
complex healthcare environment?
How do we scale?

The NHS England PROGRESS Programme



PROGRESS Study
• Primary care based
• Focusing on 4 medicine classes:

• Selective Serotonin Reuptake Inhibitors [citalopram, 
escitalopram, fluvoxamine, paroxetine, sertraline]

• Tricyclic Antidepressants (prescribed for pain or 
depression) [amitriptyline, clomipramine, doxepin, 
imipramine, nortriptyline, trimipramine]

• Statin Therapy [atorvastatin, fluvastatin, pravastatin, 
rosuvastatin, simvastatin]

• Proton Pump Inhibitors [esomeprazole, lansoprazole, 
omeprazole, pantoprazole, rabeprazole]

• Primary Outcome: The Pharmacogenetic Clinical Utility 
Metric (Defined as the proportion of patients across the 
study cohort with a CPIC Level 1A variant related to the 
medicine which triggered recruitment to the study) – 
determined through genetic testing as part of study



UK Regulatory Science and Innovation 
Network in Pharmacogenomics
Challenge 
area 1

Including PGx information in drug labels and 
developing guidelines

Challenge 
area 2

Embedding PGx information in EHRs and 
creating intelligent decision support systems

Challenge 
area 3

Regulation of pharmacogenomic diagnostic 
tests

Challenge 
area 4

Cost effectiveness for the NHS (reactive to 
pre-emptive)

AIM
Proportionate, 
forward-looking, 
inclusive and 
responsive regulatory 
pathways that 
enhance innovation



Summary

• Clinical and laboratory information is 
required to ensure that patients get the 
right drug at the right dose

• We already use a lot of information

• Pharmacogenetics represents an 
additional piece of information to 
further refine prescribing
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