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Agenda

• Introduction to pharmacogenomics (PGx)

• PGx in the NHS

• The role of primary care

• Research into implementation strategies

• Opportunities and challenges

• The informatics approach



Medicines are an important part of
NHS care and help many people get
well However, quality, safety and increasing

cost continue to be an issue…

• Around 5-8% of hospital admissions
are medicines related, many
preventable/avoidable (>13% in over
65s)

• Up to 50% of patients do not take their
medicines as intended

• Use of multiple medicines is
increasing – over 1 million people now
take 8 or more medicines a day, many
of whom are older people (over 65s) –
‘Problematic Polypharmacy’

• The challenges of Deprescribing

We spend £20.9 billion a year on medicine (£1
in every £7 that the NHS spends) and they are a
major part of UK economy (COVID19 and Brexit

economy impacts)

Slide courtesy of Ravi Sharma, RPS Director for England



Coming to a patient near you…



Pharmacogenomics: a prescribing tool
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Pharmacogenomics: a prescribing tool

Right drug, right dose, right time



Clopidogrel CYP2C19 effects

Personalised prescribing_main report_2_0 (2).pdf: Personalised prescribing: Using Pharmacogenomics to improve patient outcomes (RCP/BPS 2022)

Prescription of Clopidogrel to CYP2C19 intermediate or poor
metabolisers results in poorer clinical outcomes…..
• Increased rates of MI and CVA post-stenting
• Increased rates of CVA after initial event
• Alternatives more effective but expensive, bleeding risk

(Tigacrelor / Prasugrel)



PGx Data Pipeline

Genotype:

Star alleles e.g.
CYP2C19*1

Haplotype

Combination

Phenotype

Metaboliser

Clinical Impact Guidance
Recommended

Action



PGx in the NHS: 4 tests currently available
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Primary care



99.4% of people
carry a
Pharmacogenomic
variant:

Drug metabolism
(Cytochrome, CYP)

Hypersensitivity
(HLA)

• 58% patients prescribed at least 1 PGx drug (GDP)

• 89% patients 70+ y.o.a. prescribed at least 1 PGx drug

• 47% patients prescribe 2 or more PGx drugs

• 7% patients prescribed 5 or more PGx drugs

• PGx most frequent prescribed:

• Analgesia

• Gastroprotection

• Psychiatric conditions

• Cardiovascular conditions



Primary Care context:

CYP2C19 metaboliser phenotype is relevant for prescribing decisions

• Citalopram: alternative or dose reduction (prolonged QTc)

• Sertraline: dose reduction

SSRIs: Poor metabolisers:

• Ultra-rapid: Increased starting dose

• Normal / intermediate: Increased dose in oesophagitis / H Pylori

PPIs: Lansoprazole, Omeprazole, Pantoprazole

• 71-year-old lady admitted acutely via A+E with significant anaemia (Hb 67), Oesophagitis on Endoscopy. (UM)

• Colleague enquiry: 68-year-old with reduced SLCO1B1 function, Terbinafine prescription

• 68-year-old lady with treatment resistant depression, Citalopram 40mg. CYP2C19 PM. Psychiatrist advice:
increased frequency ECG and rv if QTc abnormality.

Case study (HAPPY research study):



The Value of Panel Based Pharmacogenetic Testing Has Been
Demonstrated – The Question is How Can we Implement

The PREPARE Trial Demonstrated a 30% Reduction in ADRs



• Pre-test counselling
and family history

• Role of the
pharmacist

• Point of care CDSS

• Integrated with
other patient factors
affecting prescribing
and guidance

Implementation into
Primary Care is

feasible

• National
infrastructure

• CDSS

• SMR

• Medicines
Optimisation

Existing prescribing
infrastructure and

MDT working is key

• Evidence for clinical
utility

• Development of the
PCP and Pharmacist
with expertise

• Definition of roles and
responsibilities with
MDT working

• Defined clinical
pathways

• Integrated education

• Reimbursement /
commissioning

Considerations for
implementation:





Ethnicity and PGx variation



GPs seek information about genetics when they
perceive it to be relevant e.g. family history

Lack of point-of-care tools identified as barrier



Genomics education in
primary care:
Evidence

via concise, relevant
and primary-care

focussed resources

through familiar
sources rather than

genomic-specific
websites;

Intranet repositories,
clinical guidelines and

pathways, local
expertise, disease-
specific websites

Pathways should utilize
clinical ‘touch-points’ to

give information, e.g.
design of test reports

Clear preference
towards online modules
and resources (duration

30-60 mins).



Medication Decision Support System:
236 times over 3 months

Dawes et al, 2016



All
implementation
challenges lead
to informatics

solutions

Guidance (PRSB) and
evidence all supports

implementation with point-
of-care prescribing support,

integrating other factors
affecting prescribing and

up-to-date guidance

NHSE Pharmacogenomics
Digital Group: Data

standards and test case

Unified Genomic Record
(UGR)

Point-of-care educational
tool: supported by

guidance / GeNotes



Pharmacogenomics in primary care

BCS Primary Health Care Specialist Group
Annual conference, 15/11/2024



The background

– We all respond differently to medicines

– Changes in our genetic code influences our response

– This is known as ‘pharmacogenomics’ or ‘PGx’

– Testing for these gene changes can personalise prescribing

– This can improve the safety and effectiveness of medicines



– Medicines are not personalised today!

– ‘Trial-and-error’ prescribing

– Costs related to medicines are high

– Implementation is limited

The problem



The opportunity

– This is about common medicines!

– Statins, antidepressants, PPIs, clopidogrel

– These gene changes are common!

– Most of us carry at least one gene change linked to our response to medicines



The opportunity

What if doctors and patients knew what medicines
were safe and effective from the start?



Our research



Our research



Our research



Our research



–The potential benefits for PGx are significant

– Benefits are only realised if PGx is integrated in everyday care

–Real-time clinical decision support to personalise prescribing

decisions

Personalised medicine



The service



– Patient selection: How we decide who to test and how to phase roll out

– Test ordering: The operational process required to complete the test order and who is responsible for

completing details including consent

– Samples: How and when samples are taken from patients and how samples are packaged and posted

to the central lab

– Receiving results: The process around receiving results and logging them on local systems alongside

the ideal workflow, if system integration was possible

– Actioning results: Who receives the results and is responsible for ensuring these are actioned, recorded

and communicated

– Prescribing: Altering prescriptions, if required and communicating results to patients

The service
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The challenge



– It isn’t that the use of PGx multi-gene panels for the evaluation of

drug metabolizer status is unproven but the ability to impact

prescribing is challenging

– Supporting prescribing decisions is dependent on digital

infrastructure and integration with existing systems (this is really

hard!)

– Innovation + infrastructure development → transition into a ‘service’

The challenge





- Prescribing happens in many clinical settings

- Majority in primary care

- Mix of prescribers (end-users, who are unfamiliar with genomics!)

- Doctors, specialist nurses, pharmacists, etc

- This is a ‘new’ clinical concept – it isn’t exactly an evaluation,
diagnosis, or an allergy/intolerance

- Clinicians only need (want) to know the clinically relevant
information

- This is derived from raw genetic data – but is distinctly different

- This needs to be presented within existing systems and workflows

Clinical requirements



- Genomic data is for life

- Genomic sequencing machines produce a range of outputs

- Health IT landscapes are varied, as are clinical decision support
system

- This requires a vendor-neutral or agnostic approach based on open
standards

- Strategy: interoperable by design

The data requirements



What significant genes do I
have?

For those genes that are
biologically significant what is
the impact?

What are the therapeutic
implications?

Genotype:

CYP2C9*1/*1: *1/*2

Phenotype:

CYP2C19 - Poor metaboliser

Therapeutic implication:

Clopidogrel - suggest

alternative

What are my DNA variants?

Variants:

NC_000010.10(CYP2C19):g.96612
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No

As background
evidence only

Key record fragment

Dynamic

What is part of the clinical record?

Thank you to Ian McNicoll!



Open data model





- Is this ready for implementation?

- Are the digital and data challenges key to implementation?

- Is our strategy viable?

Food for thought



Feedback and questions


