
 
 

University of Birmingham

How to assess pharmacogenomic tests for
implementation in the NHS in England
Sanghvi, Sonali; Ferner, Robin E.; Scourfield, Andrew; Urquhart, Robert; Amin, Sejal;
Hingorani, Aroon D.; Sofat, Reecha
DOI:
10.1111/bcp.15820

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Sanghvi, S, Ferner, RE, Scourfield, A, Urquhart, R, Amin, S, Hingorani, AD & Sofat, R 2023, 'How to assess
pharmacogenomic tests for implementation in the NHS in England', British Journal of Clinical Pharmacology.
https://doi.org/10.1111/bcp.15820

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 21. May. 2024

https://doi.org/10.1111/bcp.15820
https://doi.org/10.1111/bcp.15820
https://birmingham.elsevierpure.com/en/publications/0117c1d4-50ca-4a34-a827-648ff7c5c0e1


GU I D E L I N E S

How to assess pharmacogenomic tests for implementation in
the NHS in England

Sonali Sanghvi1,2 | Robin E. Ferner3,4 | Andrew Scourfield4 |

Robert Urquhart2 | Sejal Amin1,2 | Aroon D. Hingorani5 | Reecha Sofat6,7

1North Central London NHS Integrating

Pharmacy & Medicines Optimisation Team,

London, UK

2Clinical Support Services Division, University

College London Hospitals NHS Foundation

Trust, London, UK

3School of Clinical and Experimental Medicine,

University of Birmingham, Birmingham, UK

4Department of Clinical Pharmacology,

University College London Hospitals NHS

Foundation Trust, London, UK

5Institute of Cardiovascular Science, Centre

for Clinical Department of Clinical

Pharmacology and Therapeutics and the UCL

BHF Research Accelerator, University College

London, London, UK

6Health Data Research, London, UK

7Department of Pharmacology and

Therapeutics, University of Liverpool,

Liverpool, UK

Correspondence

Sonali Sanghvi, Pharmacy Department, UCLH

NHS Foundation Trust, London NW1 2BU,

UK.

Email: sonali.sanghvi@nhs.net

Reecha Sofat, Department of Pharmacology

and Therapeutics, University of Liverpool,

Sherrington Building, Ashton Street, Liverpool

L69 3GE, UK.

Email: r.sofat@liverpool.ac.uk

Abstract

Aims: Pharmacogenomic testing has the potential to target medicines more effec-

tively towards those who will benefit and avoid use in individuals at risk of harm.

Health economies are actively considering how pharmacogenomic tests can be inte-

grated into health care systems to improve use of medicines. However, one of the

barriers to effective implementation is evaluation of the evidence including clinical

usefulness, cost-effectiveness, and operational requirements. We sought to develop

a framework that could aid the implementation of pharmacogenomic testing. We

take the view from the National Health Service (NHS) in England.

Methods: We used a literature review using EMBASE and Medline databases to

identify prospective studies of pharmacogenomic testing, focusing on clinical out-

comes and implementation of pharmacogenomics. Using this search, we identified

key themes relating to the implementation of pharmacogenomic tests. We used a

clinical advisory group with expertise in pharmacology, pharmacogenomics, formulary

evaluation, and policy implementation to review data from our literature review and

the interpretation of these data. With the clinical advisory group, we prioritized

themes and developed a framework to evaluate proposals to implement pharmacoge-

nomics tests.

Results: Themes that emerged from review of the literature and subsequent discus-

sion were distilled into a 10-point checklist that is proposed as a tool to aid evi-

dence-based implementation of pharmacogenomic testing into routine clinical care

within the NHS.

Conclusion: Our 10-point checklist outlines a standardized approach that could be

used to evaluate proposals to implement pharmacogenomic tests. We propose a

national approach, taking the view of the NHS in England. Using this approach could

centralize commissioning of appropriate pharmacogenomic tests, reduce inequity and

duplication using regional approaches, and provide a robust and evidence-based

framework for adoption. Such an approach could also be applied to other health

systems.

Sonali Sanghvi and Reecha Sofat are the principal investigators of this study.

Received: 19 December 2022 Revised: 28 May 2023 Accepted: 28 May 2023

DOI: 10.1111/bcp.15820

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2023 The Authors. British Journal of Clinical Pharmacology published by John Wiley & Sons Ltd on behalf of British Pharmacological Society.

Br J Clin Pharmacol. 2023;1–9. wileyonlinelibrary.com/journal/bcp 1

https://orcid.org/0000-0002-1937-5430
https://orcid.org/0000-0003-3769-1346
https://orcid.org/0000-0002-0242-6115
mailto:sonali.sanghvi@nhs.net
mailto:r.sofat@liverpool.ac.uk
https://doi.org/10.1111/bcp.15820
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/bcp


K E YWORD S

health service, implementation, pharmacogenomics

1 | INTRODUCTION

1.1 | Pharmacogenomics

Pharmacogenomics—the study of the interaction between drugs and

the genome—could allow prescribers to target medicines more effec-

tively at those who benefit and to avoid their use in those who could

be harmed. Genetic variants can affect pharmacokinetic mechanisms

(drug handling), such as drug transport or metabolism, or pharmacody-

namic responses (the effect of drugs on their therapeutic target). This

can lead either to drug toxicity or lack of efficacy, especially for drugs

with a narrow therapeutic range and for prodrugs that rely on phar-

macokinetic activation.1 Commonly used drugs may bring benefits to

only a minority of those who take them. For example, approximately

1 in 30 of those taking moderate doses of statins for primary preven-

tion of atherosclerotic cardiovascular disease according to standard

guidelines is likely to benefit over 10 years of treatment.2 In terms of

toxicity, adverse drug reactions are linked to 1 in 16 hospital admis-

sions in the UK.3 Understanding variability in drug response could

allow drug treatment to be directed more accurately, and help curb

unnecessary spending on medicines, which in the National Health

Service (NHS) in England was £20.9 billion in the financial year

2019–20.4

1.2 | United Kingdom approach

Genome UK: the Future of Healthcare outlines the UK government's

ambitions to develop an evidence-based approach to implementing

pharmacogenomics within mainstream healthcare.5 More recently a

joint report from the Royal College of Physicians and the British Phar-

macological Society outlines how pharmacogenomics could be made

more available in routine health care.6

NHS England (NHSE) have established a National Genomic

Test Directory (NGTD), which outlines the genomic tests that are

funded by the NHS in England.7 The NGTD currently focuses on

cancer and rare diseases, and includes four pharmacogenomic that

test for four variants including the dihydropyrimidine dehydroge-

nase gene (DPYD) for fluoropyrimidines (Box 1), a mitochondrial

RNR1 test for aminoglycoside antibiotics (Box 5) and TPMT and

NUDT15 for purine analogue drugs.7 This repertoire of tests may

expand with NHSE plans to establish a pharmacogenomic test

evaluation group.

NHSE have outlined a scoring framework and process by which

test evaluation working group members can assess any genomic test

for addition to the NGTD.9 However, the information available to

members to support this scoring process is unclear. Pharmacoge-

nomic testing differs from many existing genomic tests in the

What is already known about this subject

• Pharmacogenomic testing has the potential to target

medicines more effectively towards those who will bene-

fit and avoid use in individuals at risk of harm.

• Health economies are actively considering how pharma-

cogenomic tests can be implemented into healthcare sys-

tems to make better use of medicines.

• One of the barriers for implementation is evaluation of the

evidence including clinical usefulness, cost-effectiveness

and operational requirements.

What this study adds

• We provide a framework that could aid the implementa-

tion of pharmacogenomic testing.

• We take the view from the National Health Service in

England, although this framework could be applied more

generally.

• We propose a centralized commissioning model that aims

to reduce inequity and duplication but remain transparent

and evidence-based.

BOX 1 Fluoropyrimidines and DPYD.

Fluoropyrimidine chemotherapies such as 5-fluorouracil and

capecitabine are commonly used in cancer regimens. Variants

in the DPYD gene reduce the activity of the enzyme dihydro-

pyrimidine dehydrogenase that inactivates fluoropyrimidine,

and so put patients at risk of toxicity from high drug concen-

trations. In 2020, NHSE commissioned a combined pharma-

cogenomic test for 4 variants, estimated to predict 20–30%

of early-onset life-threatening 5-fluorouracil toxicities.8

NHSE supported implementation of the DPYD testing it

commissioned through the network of seven Genomic Lab-

oratory Hubs in England and, with the UK Chemotherapy

Board, provided clinical guidance to support test interpreta-

tion. It also commissioned work to assess equity of access

to testing, creation of a clinical registry and identification of

additional DPYD variants relevant to patients of different

ethnicities. This underlines the complexities of implementing

pharmacogenomic testing and provides a potential blueprint

for future pharmacogenomic tests.
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requirements for implementation and impact. It is potentially appli-

cable to all prescribers, in multiple professions, specialties and sec-

tors. The demonstration of a link between a genomic variant and the

safety or efficacy of a drug treatment is only the first step in decid-

ing whether prospective testing would yield a clinically actionable

result10 for the individual as well as being cost-effective at a popula-

tion level.

Here, we outline a framework that can be used by health care

systems and commissioners to assess pharmacogenomic tests pro-

posed for implementation. The current NGTD process is a positive

first step but can be further developed by including these

pharmacogenomic-specific considerations and adopting the gold stan-

dard evaluation methodology used by the National Institute for

Health and Care Excellence (NICE).

We further present a proposed model for national assessment of

pharmacogenomic testing for the NHS.

2 | METHODS

We identified the themes of this framework after a literature search

of EMBASE and Medline databases to identify prospective studies of

pharmacogenomic testing focusing on clinical outcomes, and key

studies on the mainstream implementation of pharmacogenomics.

We considered both efficacy (clinical trial evidence) and effectiveness

(clinical usefulness in the real world). We use the term clinical useful-

ness to mean the extent to which a test reduces clinical uncertainty,

influences clinical decisions, improves outcome, provides benefit

greater than established measures and is generalizable.11 We distin-

guish this from utility in the health economic sense, which is com-

monly measured in quality-adjusted life years (QALYs), “calculated by

estimating the years of life remaining for a patient following a partic-

ular treatment or intervention and weighting each year with a

quality-of-life score (on a 0 to 1 scale).”12 By cost-effectiveness we

mean the value for money, represented, for example, by the cost per

QALY. We discussed these themes and developed this pragmatic

framework of general principles. We formed a clinical expert advisory

group by invitation of clinicians with expertise in pharmacology, phar-

macogenomics, formulary evaluation and policy implementation who

we knew through existing professional relationship. Our group held a

series of online meetings to review the data from the literature

search, prioritize themes and inform interpretation of the data, and

developed this pragmatic framework of general principles.

3 | RESULTS

Themes that emerged from the discussions of the clinical advisory

group are distilled as 10 questions. These provide a framework for

evaluation of pharmacogenomic tests for clinicians and policy

groups seeking to implement such tests. These are set out as below

(Figure 1).

3.1 | Is there robust evidence of a drug–gene pair
association?

There are published, evidence-based, peer-reviewed guidelines of

drug–gene pairs for which the pharmacokinetic or pharmacody-

namic association is robustly established via biomedical research

studies.13,14 One set of guidelines advises how best to prescribe

for patients of known genotype.13 The other indicates which drugs

suggest or mandate patient genotyping before prescribing—a more

relevant consideration in the NHS at present.14 The PharmGKB

database lists 34 drugs whose European Medicines Agency (EMA)

licences include actionable pharmacogenomic information, but pharma-

cogenomic testing has only been adopted into clinical practice for a

few of these drugs.15 Assessments of clinical usefulness and health

economic utility are both necessary for effective implementation into

practice.

F IGURE 1 Checklist for assessing
pharmacogenomic tests for
implementation.
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3.2 | Is there evidence in well-designed controlled
trials that the pharmacogenomic test improves clinical
outcomes?

Having established that variants in a specific gene affect a particular

drug, the next step is to assess whether prospective pharmacoge-

nomic information will improve its efficacy or safety. Ideally, this

should be based on clinical outcomes rather than biomarkers alone.

Subsequently, the effectiveness of pharmacogenetic testing in clinical

practice will need to be established.

Prospective randomized controlled trials in pharmacogenomics

have proven challenging and costly, particularly for low prevalence vari-

ants that require large studies to reach adequate power. Ethnic differ-

ences in the prevalence of pharmacogenomic variants can also affect

power calculations and the applicability of results.16 Despite these chal-

lenges, robust randomized controlled trials in pharmacogenomics have

emerged over the last decade, made more feasible by the falling cost of

genotyping and multicentre collaborative approaches (see Box 2).17–25

PREPARE, a randomized open-label multicentre European study pub-

lished in 2023, examined the effect of screening for a panel of 12 genes

in nearly 7000 patients who were to be prescribed one of the drugs

whose adverse effects were likely to be related to one of the 12 genes.

The primary analysis showed a significant reduction in adverse reac-

tions to the drug for which the test was performed (odds ratio 0�70
[95% CI 0�54–0�91]; P = .0075). However, the odds ratio was

unchanged by testing for the other 11 genes (odds ratio 0�69 [95% CI

0�61–0�78]). The study concluded that, while feasible, challenges to

wide-spread use of panel screening remained.26 We agree that, even if

testing for a relevant gene (or, rarely, genes) prior to treatment with a

specific drug can be clinically useful, there is, up to now, no good evi-

dence to support the clinical usefulness or cost-effectiveness of panel

screening.

It will be important to implement tests that show demonstrably

better patient outcomes or clinical pathways for clinicians, patients

and policymakers to be confident in the adoption of pharmacogenetic

testing, and ensure cost-effective use of NHS resources.

3.3 | Does the addition of the pharmacogenomic
test improve clinical effectiveness (real-world
outcomes)?

Pharmacogenomics is just one of many factors that determine an indi-

vidual's drug response. Other important considerations include dose,

age, sex, physiological factors such as pregnancy, exogenous factors

such as diet or drugs, and diseases such as liver disease.27

Up to now, few studies have evaluated whether implementation

of genetic testing before starting treatment is both clinically useful

and cost-effective. Our view is that such evaluation is necessary if a

test is to be adopted widely in a financially constrained healthcare

system. This might mean that the evidence threshold for implementa-

tion of pharmacogenomic testing is significantly higher than for other

tests that guide therapeutic decisions.28,29 For example, dosage

adjustment in impaired kidney function has often been based on theo-

retical pharmacokinetic calculations rather than outcome data. How-

ever, studies demonstrate significant unwarranted variation and

excessive use of non-genetic testing, which may contribute to patient

harm and escalating costs, so this approach should not be regarded as

a standard of best practice.30,31

For a pharmacogenomic test to be clinically useful, it should pro-

vide additional benefit to other factors known to affect treatment

choice and drug response.

Algorithms to support treatment decisions for drugs with complex

dose–response relationships, like tacrolimus (Box 3), would need to

incorporate genomic, clinical and demographic factors.

BOX 2 Abacavir and HLA-B*5701.

The landmark study by Mallal et al.17 was the first to show

clinical usefulness of a pharmacogenomic test for the antire-

troviral drug abacavir. The study demonstrated that pharma-

cogenomic testing for the HLA-B*5701 allele prior to

initiating abacavir therapy eliminated cases of immunologi-

cally confirmed hypersensitivity reactions compared to not

testing (0% vs. 2.7%; P < .001). The study is an example of a

gold standard pharmacogenomic study, with a robust,

double-blind, randomized trial design, a patient-focused out-

come, multisite international collaboration representing dif-

ferent ethnicities and adequate power to detect a

significant difference. Pharmacogenomic testing for HLA-

B*5701 has since been implemented across the NHS and is

mandated within the drug licence.

BOX 3 Tacrolimus and CYP3A5.

The optimal dose of the immunosuppressant drug tacroli-

mus depends on several factors, including age, concomitant

medication, liver function, ethnicity and genotype: CYP3A5

gene variants influence dose-adjusted concentrations of

tacrolimus.32 However in studies of the clinical usefulness

of genotype-guided dosing for tacrolimus, only around 40%

of patients reached therapeutic range at steady state,21,22

and reductions in clinical outcomes such as graft loss, acute

rejection or adverse events were not observed.22,33 Routine

prospective pharmacogenomic testing may not improve

treatments where therapeutic drug monitoring is already

embedded.

4 SANGHVI ET AL.



Patient adherence to treatment is another major determinant of

response; it may be as low as 50% for antihypertensive medicines.34

For the drug simvastatin, patients with loss-of-function variants in the

SLCO1B1 gene are more likely to suffer muscular adverse effects, and

to stop treatment. However, genotype-guided recommendation did

not improve statin adherence compared with usual care in patients

who had stopped statin treatment because of adverse drug reactions

(ADRs).35 This suggests that patients should be aware of pharmacoge-

nomic tests and confident that they are reliable, if testing is to be

implemented effectively.

3.4 | Is there clinical guidance available to support
interpretation of pharmacogenomic test results?

Clinical recommendations for interpreting pharmacogenomic test

results should be incorporated into standardized test report tem-

plates from genetic testing laboratories, so that clinicians can trans-

late the result into an appropriate clinical decision. Actions may

include dose adjustment, increased monitoring, or selection of an

alternative treatment. Clinical Pharmacogenetics Implementation

Consortium and Dutch Pharmacogenetics Working Group clinical

guidelines contain evidence-based recommendations for interpreta-

tion and dose adjustment.13,14 These interventions need to be con-

sidered in the context of the clinical pathway and may need to be

modified to allow for international differences in clinical practice and

available treatments.

3.5 | Which patients should be tested and by
whom?

Before pharmacogenetic tests are adopted, it is necessary to identify

the criteria by which to judge whether a pharmacogenomic test will

be clinically and cost-effective, and thereby define the patient cohort

who should receive the test. Key factors include the suggested clinical

action where a variant is detected, effect on patient outcomes, avail-

ability of alternative therapeutic options, feasibility of testing within

clinical practice, test turnaround time, estimated testing volume and

cost of implementation. The criteria for adopting prospective pharma-

cogenetic testing should be analogous to other tests for screening

patients at risk.36

Some pharmacogenomic tests are proven to prevent serious

and life-threatening ADRs (Boxes 1 and 2). Where the clinical use-

fulness of a test is less certain, further studies and careful analysis

of the groups most likely to benefit will be needed.

Variation in prevalence and effect of pharmacogenomic variants in

different populations and ethnicities is also an important consideration.

For example, HLA-B*5801 predicts severe cutaneous adverse reactions

to allopurinol, but the genotype is 10 times more common in Asian than

European populations37; and HLA-B*1502 increases the risk of toxic

epidermal necrolysis with carbamazepine in Chinese populations,38 but

in Japanese and European populations HLA-A*3101 is more

important.39,40 Many ethnic groups are also underrepresented in the

clinical databases and research studies that inform implementation. It is

vitally important that pharmacogenomic tests are applied equitably

across populations to avoid introducing further health inequalities.

Testing criteria should also define the healthcare professionals

who can order the test to enable targeted training, embedding of

testing into the relevant clinical pathway and appropriate test

ordering.

3.6 | Are alternative therapeutic options available
that may affect the treatment pathway?

When pharmacogenomic testing contraindicates use of a drug, the

overall clinical benefit depends on the availability, safety, efficacy and

cost-effectiveness of alternative treatments. Where no safe, cost-

effective alternative exists, the patient and clinicians must weigh the

potential harm of prescribing against that of denying treatment. The

analysis must consider the robustness of evidence supporting the

pharmacogenetic test. Gene variants often cause a spectrum of

effects, while test results may be dichotomized as positive or nega-

tive. For example, defining a threshold for poor metabolizers may make

tests easier to interpret, but oversimplify assessment and deny

patients potentially beneficial treatments.1

Changes in treatment pathways as new drugs and evidence

emerge requires a dynamic approach to implementation and re-

evaluation of clinical usefulness (Box 4).

3.7 | What is the testing approach and does this fit
with the clinical pathway?

Analytical and clinical validity are essential pillars for implementation

of genetic testing.42 An understanding of the testing and technology

approach is important for determining cost-effectiveness and feasibil-

ity of obtaining timely results within the clinical context.

BOX 4 Warfarin and CYP2C9 and VKORC1.

Warfarin is one of the most-studied examples of pharmaco-

genomic testing. Variants in several genes, notably CYP2C9

and VKORC1, influence warfarin dose requirements.

Genotype-guided warfarin therapy is reported to improve

the time in therapeutic range compared to standard dosing

(mean difference 3.41%; 95% CI 0.71–6.10%; P = .01).41

However, as more patients switch from warfarin to

direct oral anticoagulant alternatives, with fixed dosing and

less need for monitoring, testing for pharmacogenetic influ-

ences on warfarin will be a diminishing priority.

SANGHVI ET AL. 5



Tests targeted at specific genes or mutations have been the main-

stay technology for assessing the clinical usefulness and decisions on

clinical implementation of pharmacogenomic testing before instituting

treatment. These tests are faster, cheaper and more widely available

than next-generation sequencing. Turnaround times for tests depend

on the technology used and can vary from 30 min for point of care

testing, up to six weeks for whole genome sequencing.6 Polymerase

chain reaction, loop-mediated isothermal amplification and other

gene-targeted technologies allow rapid testing for one or a small num-

ber of mutations. Gene panels that enable simultaneous testing for a

range of pharmacogenomic targets have also been popular.6

The choice of technology must also align with the clinical path-

way so that test results are available when needed, to guide decision-

making without causing harmful delays to treatment (Box 5).

3.8 | Is the pharmacogenomic test cost-effective
and affordable?

The appraisal of a pharmacogenomic test should include measures of

cost-effectiveness. Cost-effectiveness analyses of pharmacogenomic

tests weigh up the value of testing according to health improvements

against costs, and, like medicines, can be compared by using cost per

QALY measures. These analyses must be assessed to ensure they are

unbiased, relevant and consider key factors such as alternative treat-

ments, rarity of outcome and cost of testing.44

To date, cost-effectiveness studies have typically been limited to

single drug–gene pairs associated with common but serious ADRs, such

as HLA-testing for abacavir.45 Testing a multigene pharmacogenomic

panel has been proposed to be more cost-effective in the long-term.

Kimpton et al.46 reported that, over a 5-year period, nearly half of

patients aged 50–99 years would be expected to be prescribed 2 or

more drugs associated with actionable pharmacogenetic variants. A

panel approach to testing could inform prescribing decisions over a

patient's lifetime but may be limited by lack of an interoperable patient

record, the emergence of new treatments and evolving evidence on

pharmacogenomic variants. While panel testing provides pharmacoge-

nomic information for multiple treatments, it will be limited if the evi-

dence for some included variants is weak. In some instances,

genotyping will be less useful or less cost-effective than phenotyp-

ing.47,48 The challenge of effectively interpreting results and communi-

cating genetic risks to both clinician and patient is also amplified.

There are some circumstances where different genotypes pose

competing risks for different agents with similar actions. For example,

serum concentrations of all common statins are higher in homozy-

gotes for SLCO1B1*14, for fluvastatin are higher in homozygotes for

CYP2C9*3 and those with ABCG2 c.421 A/A have higher concentra-

tions of rosuvastatin.49 In these cases, limited panel testing would

make clinical sense if there was clear evidence that increased concen-

trations of statin in those with genetic variants translated into signifi-

cant risk of unacceptable harm.

Many potential pharmacogenomic tests are for inexpensive medi-

cines commonly prescribed in both primary and secondary care set-

tings, such as antidepressants and opioids, and for which clinical

strategies for dose adjustment mitigate harm. The potential volume of

testing for these common drugs would be costly. This highlights the

requirement to establish clear testing criteria.

3.9 | Are any operational changes required to
implement testing?

Pharmacogenomic testing can only be integrated into clinical path-

ways if scientific, laboratory and clinical teams collaborate to over-

come operational barriers. For example, long laboratory turnaround

times and inadequate resources to interpret and return the results can

impede adoption. To achieve the benefits of personalized care, clini-

cians need to know when pharmacogenomic testing is appropriate, be

confident in interpreting results and able to discuss the risks and ben-

efits and the alternative treatment options with patients.6

The large and rapidly increasing knowledge base for pharmacoge-

nomics means that the introduction must be supported by evidence-

based clinical guidelines. Ideally, decision support will be integrated

with the patient health record. Effective transfer of pharmacogenomic

results across primary and secondary care records requires a single

recognized pharmacogenomic information standard, adopted by all

users. The Professional Record Standards Body have set out guidance

on communicating pharmacogenomic information across patient

records and via alerts.50

Challenges to implementation differ according to clinical setting.

In outpatient and primary care settings, the ability to interpret and dis-

cuss pharmacogenomic results with a patient may be limited by the

appointment time available. Tools to support patient understanding of

pharmacogenomics and genetic risk can aid this shared decision-

making process. Follow-up services and expert advice from multidisci-

plinary teams are needed for effective pharmacogenomics

implementation.6

BOX 5 Gentamicin and m.1555A>G.

Aminoglycoside antibiotics such as gentamicin are used

first-line to treat sepsis in neonates. Aminoglycoside-

induced hearing loss is strongly associated with the

m.1555A>G mutation and has a reported prevalence of

�0.2% (1 in 500).43

Traditional genotyping assays take 3–4 days to return a

result, but antibiotics for suspected sepsis must be delivered

within 1 h. The PALOH study showed that a point of care

test administered by clinical ward staff was feasible within

the neonatal setting, with a turnaround time of less than

30 min. Genotype was used to guide antibiotic prescription

without disrupting safe clinical practice.43

6 SANGHVI ET AL.



3.10 | How will the impact of the
pharmacogenomic test be evaluated?

Clear pharmacogenomic data standards will enable linking of labora-

tory and clinical datasets to measure the impact of pharmacogenomic

testing over time, because clinical pathways and treatment decision-

making are complex, variable and continuously evolving. Because the

evidence on new variants is accumulating rapidly, evidence acquired

at a single time-point may not achieve optimal benefit from pharma-

cogenomics and reporting to clinicians and patients needs to be

revised as evidence evolves. Ongoing evaluation of prescribing behav-

iours and outcomes is also needed, to detect unanticipated conse-

quences of pharmacogenomic testing (Box 6).

4 | DISCUSSION

Our view is that a structured approach should be taken to the assess-

ment and governance of pharmacogenomic testing at a national,

regional and local level, to ensure equitable access and reduce duplica-

tion (see Figure 2). The existing structure for medicines offers a good

template for pharmacogenomic testing. For medicines, NICE provide

independent expertise in health technology appraisal and cost-

effectiveness analysis to produce recommendations for adoption by the

BOX 6 Carbamazepine and HLA-B*1502.

Even with robust studies of clinical usefulness, unintended

consequences can arise as implementation moves from a

controlled study environment into clinical practice. A

population cohort study found prospective screening of the

HLA-B*1502 genotype prior to initiating patients on carba-

mazepine eliminated cases of drug-induced Steven–Johnson

syndrome and toxic epidermal necrolysis (SJS-TEN).38

Routine pharmacogenomic screening for carbamazepine

was subsequently implemented across the healthcare

system in Hong Kong.

However, a real-world analysis in 201451 found no

overall benefit in reducing SJS-TEN induced antiepileptic

drugs with the introduction of routine HLA-B*1502 screen-

ing (0.09 vs. 0.07%; P = .24). While incidence of

carbamazepine-induced SJS-TEN fell from 0.24 to 0%, pre-

scribing of carbamazepine declined. Instead, prescribers

opted for alternative antiepileptics that did not require

screening, and the incidence of phenytoin-induced SJS-TEN

rose from 0.15 to 0.26%.

F IGURE 2 Proposed model for the assessment, implementation and governance of pharmacogenomic tests in the NHS. GMS, genomic
medicine service; NGTD, National Genomic Test Directory; NHSE, NHS England; NICE, National Institute for health and care excellence; RMOCs,
regional medicines optimization committees.
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NHS. Area Prescribing Committees and Drugs and Therapeutic Com-

mittees support local implementation of the guidelines.

Processes for central evaluation of genomic testing have started to

be developed by NHSE via the NGTD.7 These should further evolve to

build on the gold standard evaluation methodology developed by NICE,

with transparent methodology and incorporation of an independent

analysis of the evidence, budget impact and pharmacogenomic-specific

considerations highlighted within this review.

5 | CONCLUSION

Pharmacogenomic testing has the potential to improve treatment effi-

cacy and safety. Implementation of testing into routine practice across

a healthcare system will require careful consideration of the evidence,

clinical usefulness, cost-effectiveness and operational requirements.

Our 10-point checklist outlines a standardized approach to evaluating

applications to implement a pharmacogenomic test. A national

approach to providing pharmacogenomic test recommendations and

centralized commissioning will reduce inequity and duplication, but

this process should be clearly set out, transparent, evidence-based,

inclusive of the views of stakeholder and supported by appropriately

skilled local teams to oversee implementation and monitor use of the

tests in practice.
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