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Aims: For diseases with a genetic cause, genomics can deliver improved diagnostics
and facilitate access to targeted treatments. Drug pharmacodynamics and pharmaco-
kinetics are often dependent on genetic variation underlying these processes. As
pharmacogenomics comes of age, it may be the first way in which genomics is
utilised at a population level. Still required is guidance and standards of how genomic
information can be communicated within the health record, and how clinicians should
be alerted to variation impacting the use of medicines.

Methods: The Professional Record Standards Body commissioned by NHS England
developed guidance on using pharmacogenomics information in clinical practice. We
conducted research with those implementing pharmacogenomics in England and
internationally to produce guidance and recommendations for a systems-based
approach.

Results: A consensus viewpoint is that systems need to be in place to ensure the safe
provision of pharmacogenomics information that is curated, actionable and up-to-
date. Standards should be established with respect to notification and information
exchange, which could impact new or existing prescribing and these must be in keep-
ing with routine practice. Alerting systems should contribute to safer practices.
Conclusion: Ensuring pharmacogenetics information is available to make safer use of
medicines will require a major effort, of which this guidance is a beginning. Standards
are required to ensure useful genomic information within the health record can be
communicated to clinicians in the right format and at the right times to be actioned
successfully. A multidisciplinary group of stakeholders must be engaged in developing

pharmacogenomic standards to support the most appropriate prescribing.
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1 | INTRODUCTION

Pharmacogenomics has the potential to facilitate precision in drug dos-
ing, improve targeting of therapies for diseases, and reduce incidence
of adverse drug reactions (ADRs).> However, integration into clinical
practice has been limited by the availability of widespread genomic or
panel-based testing, and system-wide challenges to enable test results
to be available in the electronic health record (EHR) and to be actioned
appropriately.? Clarity around clinical utility and cost-effectiveness is
also required. Genetic testing by the National Health Service (NHS) has
been employed since the 1960s, and the case for whole genome
sequencing (WGS), stimulated by the 100 000 genomes project led by
Genomics England, has made widespread genomics in the NHS a real-
ity. Implementation of genomic testing in clinical pathways is now being
facilitated by the Genomics Medicines Service through regional Geno-
mic Medicines Service Alliances (GMSA) with testing delivered by the
Genomic Laboratory Hubs (GLH).2

Within this context, pharmacogenomics presents itself as an
opportunity which could have a population-wide impact as a large pro-
portion of the population either do or will take medicines with possible
actionable drug-gene associations (DGAs) during their life course.
DGAs occur where the presence of specific genetic variants affects the
pharmacodynamics or pharmacokinetics of a drug or class of drugs. For
certain genotypes, a DGA may increase the risk of serious ADRs. For
example, prescription of the anti-retroviral drug abacavir can cause a
life-threatening hypersensitivity syndrome in individuals with the HLA-
B*5701 allele* Retrospective UK-based analyses demonstrate that
eight out of ten individuals in primary care were exposed to at least
one drug whose prescription may have been altered as a result of geno-
mic testing over a 20-year period.®> This represented 16% of all drugs
prescribed. If identified prospectively, this could have the potential to
reduce the overall rate of ADRs, many of which have a genomic basis.
Together, all ADRs lead to ~6.5% of hospital admissions in the UK at a
(inflation-adjusted) cost approaching £700 million in 2021.6

To effect this change, however, pharmacogenomic information may
need to be actioned in different healthcare settings by different
healthcare professionals with different levels of resources. This may or
may not include access to electronic prescribing systems and healthcare
records, the implementation of which is heterogeneous with varying
levels of interoperability. For example, in the NHS such systems are cur-
rently more advanced in primary care, with growing use in secondary
care and a drive to enhance information sharing between settings and to
provide patients with direct access to their personal health record.
Although the implementation of electronic sharing of pharmacogenomic
information may not be universally possible without electronic systems,
the recommendations in this paper—i.e., what information is needed,
when and by whom—still apply to settings without EHR provisions.

Before widespread implementation and adoption, certain issues
need to be addressed. First is the upskilling of health professionals as
pharmacogenomics is a specialised area that often remains beyond
the scope of formal clinical training; second, a mechanism of codifying
genomics data and allowing the flow of test results from laboratory to

the health care record in a system-agnostic manner and in line with

What is already known about this subject

e Most
pharmacogenomic variants with specific drug gene asso-

individuals  carry undiagnosed actionable
ciations (DGAs), and identifying these before prescribing
a relevant medicine may reduce avoidable adverse drug
reactions.

e Both in the British National Health Service (NHS) and
internationally, the routine integration of pharmaco-
genomics into real-world clinical practice is in its infancy,
with the majority of implementation at the pilot/proto-
type stage.

e Barriers to adoption include a lack of clinician/patient
familiarity with the subject, immature clinical decision
support systems, and limited national guidance and lack
of initiatives such as national programmes for pre-
emptive pharmacogenomic testing.

What this study adds

e This study highlights and outlines the development of
system-wide guidance in the United Kingdom for the
sharing of pharmacogenomic information with pre-
scribers, health professionals and patients.

o This study, which was based on an evidence review and
wide multidisciplinary consultation, is consistent with and
supports and adds to the findings of a recently published
US review and guidance for pharmacogenomics clinical
decision support by Wake et al.*?

e This study provides a foundation for further work includ-
ing the future development and piloting of a national
pharmacogenomics information record standard to sup-
port interoperability of pharmacogenomics information

systems.

national and international interoperability standards is required; and
third, and the focus of this review, is how to best alert healthcare pro-

viders to enable them to action a pharmacogenomic result.

1.1 | Aim and scope of the project

The project aimed to provide guidance on how genetic information
that could affect prescribing decisions can be communicated effec-
tively and actioned to improve prescribing choices. Through the
course of the project, key challenges to implementation of

pharmacogenomic alerts as a systems approach were identified and
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recommendations were made. The scope of the project was from a
UK-based NHS view, where pharmacogenomic testing and alerting is

not part of routine clinical practice.

2 | METHODS

21 | Project overview

A project board was convened by the Professional Record Standards
Body (PRSB) in collaboration with NHS England and NHS Improve-
ment (NHSE/I) comprising individuals with experience of health
records, prescribing and pharmacogenomics across a range of special-
ties, healthcare backgrounds from both primary and secondary care as
well as patients. The project board was chaired by the CEO of the
PRSB and the clinical lead of the project was a doctor with expertise
in prescribing and genomics. The board was responsible for ensuring
the project team met key deliverables outlined in the overview
(Figure S1 in the Supporting Information), meeting regularly from
September 2019 to March 2020 and culminating in presentation of
the findings to NHSE and a report in June 2020.

2.2 | Field synopsis

A field synopsis was carried out with the aim of understanding the scale
and scope of pharmacogenomic alerts and how they had been
deployed in health record systems to date. The search was abbreviated,
necessarily limited by time and budget constraints, but also by the fact
that the literature on pharmacogenomic alerts in healthcare compared
to electronic healthcare records remains in a pilot or prototype stage.
Details of the search terms are given in the Supporting Information.
The field synopsis was key to informing a preliminary set of discussion
points initially for a focus group meeting. It also allowed identification
of research and clinical groups working on pharmacogenomic alerting
systems for further consultation, and provided peer review evidence
that could be incorporated into the draft guidance, which was itera-
tively reviewed through consultation and focus groups with key stake-

holders (Figure S2 in the Supporting Information).

2.3 | Focus groups

Focus groups comprising key stakeholders, including but not limited
to patients, clinicians, informaticians and pharmacists from a range of
specialities and spanning primary and secondary care, were convened
to explore the scope of pharmacogenomic alerts with a focus on
improving safety and care of individuals. Two focus groups were held:
the first aimed to explore the scope of guidance for pharmacogenomic
alerts within the context of the NHS and the second was to review
and contribute to the draft guidance, ensuring it was practicable,
understandable and fit for purpose. Views were sought on the draft

guidance and were illustrated by several clinical scenarios. Timelines

BRITISH 3
PHARMACOLOGICAL
] SOCIETY
h

of these and the overall framework of the project are outlined in
Figures S1 and S2 in the Supporting Information.

2.4 | International expert interviews

The field synopsis was used to identify key groups internationally that
have experience of deployment of pharmacogenomic test alerts
within clinical practice and with a mixture of pre- and post-test
alerting systems as well as any clinical decision support systems that
were in place for pharmacogenomics. This was followed by con-
ducting semi-structured interviews with key international groups
(Supporting Information) and summarised as feedback for both focus
groups and the consultation survey. This included stakeholders from
the United States (n = 6), Canada (nh = 1), Holland (n = 1), ltaly (n = 1)
and the UK (n = 4). Stakeholder roles included clinicians, professors
and researchers in adult and paediatric medicine, pharmacy, pharma-
cogenomics and biomedical informatics, as well as independent con-
sultants in informatics. All international stakeholders were involved in
coordinating, researching or piloting

researching, directing,

pharmacogenomic services in university or research hospitals.

2.5 | Consultation survey

Consultation calls were held with patient representatives and UK-
based professionals, including representations from key learned socie-
ties to further inform the draft guidance. The discussions included
feedback on the preliminary findings of the field synopsis and interna-

tional surveys to help inform development of the draft guidance.

2.6 | Twitter chat with patient representatives
To gather additional patient perspectives, the PRSB organised a Twit-
ter chat with patient representatives, entitled ‘What does your clini-

cian need to know about your genes?’.

2.7 | Draftand final guidance and report
Draft guidance was produced for review that, following focus groups
and consultation, was revised to produce final guidance in the form of

a report and key recommendations.

3 | RESULTS

3.1 | Field synopsis professional and patient
consultations

The abbreviated field synopsis was carried out to assess the scope

and scale of pharmacogenomic alerts internationally and how they are
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utilised as well as inform themes for the focus groups and consulta-
tion. Four key themes emerged from this review. First, what informa-
tion was being alerted; second, how the information was being
presented; third, how the information was available through the life-
cycle of a prescription (Figure 1); and fourth, how this process could
evolve iteratively. These and other themes enabled an initial focus
group and international consultation and the formation of a draft

guideline. This was then reviewed and a final guideline agreed upon.

(A)

3.2 | Current state of implementation and
classification of pharmacogenomic alerts

No national UK-based implementation strategies were identified,
rather strategies that were centre-based pilot and/or prototype were
identified. Through both field synopsis and direct consultation, it was
identified that the buy-in from prescribers and rates of clinical adop-

tion were highest when recommendations were simple and
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FIGURE 1

The life cycle of a prescription, highlighting key points, which, if pharmacogenomic information were available and could be

actioned, may alter the course of prescribing/dispensing of a medicine. Figure 1A indicates the possible lifecycle within a secondary care setting
and Figure 1B in the primary care setting. The arrows emanating from each step indicate known and unknown factors that could impact on that
part of the lifecycle of a prescription. This is a general depiction, used for illustrative purposes during the consultation, of how errors might creep

into the use of medicines, and pharmacogenomics is one element of this
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prescriptive. Appropriate and useful alerting was found to include
information that was clear and unambiguous and where the end-user
could evaluate the alert at a glance. Alerts, which can be pre-test or
post-test, were triggered most commonly at the time a prescription is
written, although these can also be triggered at other times. It was
noted that there was no robust evidence (e.g., randomised controlled
trials) that demonstrates clear safety advantages of particular types of
alert—for example, electronic alerts such as active, passive, hard or
soft stops or physical (e.g., patient-held alert cards or bracelets). The
consensus view was that no firm recommendations on the type of
alert could be made and in fact this may vary depending on the DGA
and the context in which the alert is to be displayed.

A classification of alerts emerged within this theme (Figure 2).
Post-test

pharmacogenomic test already recorded in the system. These are

alerts are triggered when an individual has a
available within the system when required to be actioned and are a
result of sequencing or panel-based testing that has already occurred.
Pre-test alerts are triggered where an individual has not yet been
tested. The choice of a drug within the EHR may trigger the prescriber
to request the appropriate test. Further subcategories of alert were
identified. These included active alerts, which are interruptive and
should be actioned for the end-user to progress further in the
workflow; and passive alerts that are notifications as well as informa-
tional alerts which appear in the workflow but are optional to review
or respond to. There may also be ‘passive’ links to internally or exter-
nally curated guidance or external sources of information.

BRITISH 5
PHARMACOLOGICAL
SOCIETY

Where deployed, it was identified that pharmacogenomic alerts
are generally, but not always, electronic pop-ups when used within an
EHR and use static text to convey information such as the reason for
the alert, the relative importance of the alert, a summary of the rele-
vant DGA or phenotype, a recommended course of action and options
(e.g. via radio buttons) as well as links to further resources.

As well as electronic alerts, physical alert cards were also
described for use in settings which have not introduced electronic
systems.” These were highlighted as part of the European U-PGx pro-
ject, which included a QR code linked to a website providing
customised prescribing recommendations for settings with limited or
no in-house electronic clinical decision support systems.®

It was clear, however, that whilst there is increasing activity and
interest around pharmacogenomics, its uses are largely limited to spe-
cific clinical specialties within organisations or in pilot or prototype
projects. There are no examples of national programmes that have
implemented pharmacogenomic testing and alerting.” The reasons for
this were explored and are summarised below.

3.3 | Identification of implementation challenges

Through the process, key challenges for the implementation were
identified. These are summarised in Box 1 and can be categorised in
three themes. The first is establishing what the system challenges are

in the communication of genetic test results between laboratories and

FIGURE 2 Flow diagram of
the classification of alerts.
Pharmacogenomic alerts are
generally, but not always,
electronic and follow one of two
systems outlined here. Firstly, the
pre-test alert where
pharmacogenomic information is
unknown although this may be
requested because of a
prescribing choice. Secondly, the
post-test alert, where

Pre-test
Alerts

pharmacogenomic information is
already available as part of
sequencing or panel-based
investigations. Both types of
alerts can be further subdivided
into active and passive. Active

Active

Passive

Prescription
Order Entry

Patient
PGx Data
Known?

Post-test
Alerts

Passive

Active

alerts are interruptive and should
be actioned for the end-user to
progress further in the workflow.
Passive alerts are informational
and appear in the workflow but
are optional to view or respond
to. There may also be passive
links to internally curated
guidance or external sources of
information
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BOX 1 Key implementation challenges of
pharmacogenomics identified by the project into a
publicly funded system e.g., the NHS. Such
challenges could apply to any healthcare setting

Implementation challenges:

1. Alert fatigue.

2. Clinical systems, data and the need for iterative
analysis.

3. Clinical responsibility and oversight.

4. Education and training.

5. Patient-specific considerations.

their entry into patient records. Verbal evidence from national and
international experts demonstrated that most systems require a report
to be uploaded to an EHR and, in their absence, rely on paper-based
reports. The functionality for recording and allowing genomic test
information across interoperable systems remains immature although
it was noted that there were standards in development e.g., the Fast
Healthcare Interoperability Resources (FHIR). These are key to system
agnostic implementation and communication of actionable results.
Other system challenges include alert fatigue and the need for guid-
ance and oversight of pharmacogenomic clinical decision support sys-
tems (CDSS).

The second theme that was identified was patient factors, that is
the co-existence of diseases and/or prescription of drugs
(e.g., multimorbidity and polypharmacy) which may alter the action of
any alert that is delivered. A comprehensive integrated system is
desirable and will need to be developed. This could conceivably
involve the use of artificial intelligence. The third theme was that of
education enabling buy-in for all those involved with alerts from
patient to healthcare providers (including those prescribing, dispens-
ing or administering medicines). Education within the training of rele-
vant healthcare disciplines at all levels is key. This will allow evidence-
based implementation and adequate communication with patients.

These challenges are described in more detail below.

3.3.1 | Alert fatigue

Alert fatigue was highlighted as a key barrier to successful implemen-
tation. This is a desensitisation phenomenon that occurs when elec-
tronic CDSS is utilised in live clinical settings where the sheer number
of daily alerts and notifications (many of which may have a limited
clinical consequence) results in users ignoring or overriding the alert.
A retrospective analysis of 296 000 prescriber-patient interactions
where a CDSS alerted co-prescription of opioids and benzodiazepines
was highlighted as an example of what a detrimental impact alert
fatigue could have.'® Whilst the domain of pharmacogenomics is no

different to other areas of patient safety with respect to prescribing, it

was noted that this could add another layer that needs to be taken
into consideration around the safe and effective use of medicines.
Mitigation strategies of alert fatigue pertaining to pharmaco-
genomics were also considered. These included sharing only actionable
recommendations within the alert itself, triggering alerts for the highest
risk DGAs, and suppression of low priority alerts through, for example,
a risk stratification process akin to those deployed for drug-drug inter-
actions (DDI), which could then be monitored by routine audits.!?
Ergonomic alert design could be a mechanism to avoid alert fatigue.
Information should be presented in the order that it is needed and the
priority of the alert should be clearly illustrated. The format of the alert
should provide easy access for additional information as well as the func-
tionality to enable the person alerted to perform necessary actions.

3.3.2 | Clinical systems, data and the need for
iterative analysis

Most polymorphisms that underlie pharmacogenomic testing are
germline mutations.}? It therefore follows that due to this perma-
nence of an individual's ‘pharmacogenomic burden’, testing should
only need to be conducted once in a lifetime. However, the difference
between panel-based testing and whole genome sequencing was con-
sidered. Panel-based testing may only cover DGAs for which there is
a current evidence base; however, as drug development evolves,
these may increase. Discussion supported by the literature reinforced
the ethical duty to update genomic information as the evidence base
changes and to ensure that these test results are available at the point
of care.® The infrastructure that may be required for this was also
discussed. Genomic data storage needs to be secure, accessible,
enduring and in a format that facilitates re-analysis. International con-
sultations highlighted that these were not in place in local settings
let alone the challenges that would be involved for a national system.
Open questions remained about where genomic (including
pharmacogenomic data) should be stored within the EHR. Early
attempts to store pharmacogenomic data have included those in allergy
or problem lists rather than a unique repository, i.e., how laboratory
results are currently handled. More novel methods of storage, however,
are evolving, including Genomic Archiving and Communication System
(GACS) servers to store pharmacogenomic information within an
EHR—this model could also serve for genomic information in general.14
It was accepted that pharmacogenomic information is a branch of all
genomic information, and whilst it could be a useful leader in
addressing data and communication of genomic data issues, it is likely

that the systems for genomics and pharmacogenomics will converge.

3.3.3 | Establishing clinical responsibility and
oversight in pharmacogenomics, including selection of
drug-gene pairs

Pharmacogenomic testing is currently routinely offered in the NHS

for abacavir and fluoropyrimidines within national guidance. In 2020,
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NHSE published a commissioning policy for pharmacogenomic testing
of polymorphisms in the DPYD gene to support detection of patients
at high risk of toxicity from fluoropyrimidine chemotherapy, such as
5-fluorouracil, capecitabine and tegafur.!® Processes are being
established to evaluate other pharmacogenomic tests for addition to
the National Genomic Test Directory, with national implementation
supported by the GMS infrastructure across England. These develop-
ments will significantly change the landscape of how any genomic
testing, diagnostic as well as pharmacogenomic testing can be
deployed nationally. The National Test Directory will have a
section of approved and nationally funded pharmacogenomic tests.
This may begin to provide a governance framework within which
pharmacogenomic testing and communication can be managed,
although it is recognised that individual organisations as well as practi-
tioners will also have a responsibility to act on results appropriately.

There was consensus that DGAs that are implemented at scale
should be supported by a robust evidence base and incorporation in
treatment pathways, including national guidance such as that published
by the National Institute for Health and Care Excellence (NICE), should
be considered. Implementation in England could be supported by GMSA
and NHS medicines optimisation committees at both local and regional
levels. The evidence for clinical utility and cost-effectiveness of the test
was thought to be as important as the evidence of using the drug, which
would ultimately be publicly funded. Like drug evaluations or health
technology assessments (HTAs), such a system of review would then
enable a judgement based on evidence as well as cost-effectiveness.

Our review and consultation highlighted the limited nature of cur-
rent guidance around both the evidence base and implementation
protocols for pharmacogenomic tests, including those from regulatory
bodies such as the European Medicines Agency (EMA) and the Food
and Drug Administration (FDA) as well as specialist bodies including
the Clinical Pharmacogenomic Implementation Consortium (CPIC).
The NHS could therefore be well positioned to delineate the process
of evaluation and implementation and be an exemplar of how pharma-
cogenomics can be implemented as a national programme.

An area that the group was not able to reach consensus on was
where clinical accountability lies with respect to who should be noti-
fied, interpret or disclose and take action when pharmacogenomic test
results were returned. The field synopsis highlighted findings from the
PREDICT (Pharmacogenomic Resource for Enhanced Decisions in
Care & Treatment) pharmacogenomics clinical decision support (CDS)
programme which assigned responsibility for acting on a test to vari-
ous health professionals, including the primary care provider, the pro-
vider who ordered the test and the provider who may have previously
prescribed a drug affected by the DGAs and the specialist treating the
medical condition.*® Whilst pharmacogenomic tests should not be
considered different to other tests carried out within a healthcare sys-
tem, it does highlight the need for an oversight process that could be
matched to existing medicines and results workflows as outlined.

The literature and stakeholder reviews highlighted that while
overall implementation of pharmacogenomics is desirable, it does not
override the determination of clinical need and/or judgement. Some

patient factors may preclude actioning of pharmacogenomics,
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although it was also noted that implementation may also add to medi-
cines optimisation. Multi-morbidity and polypharmacy were key areas
that were identified as both benefiting as well as precluding uses of
pharmacogenomics. It was noted that patient-related factors,
e.g., accounting for end organ damage when prescribing, would be
desirable and its incorporation may enhance pharmacogenomic alerts.

3.34 | Education and training

The importance of the role of education and training was highlighted.
Most of those involved in the lifecycle of a prescription (Figure 1) cur-
rently have limited exposure to pharmacogenomics (or genomics) dur-
ing their training. They may not feel comfortable in handling genetic
information unrelated to their speciality or their role. Whilst
pharmacogenomic alerts could be used as ‘just-in-time’ guidance,
education and training at all levels need to become established,
including role-specific designs and competency standards.

3.3.5 | Patient-specific considerations

Patients and end-users were involved at all stages of discussion and
the consultative process. They highlighted the need to know how
gene variants would be identified and how these would have implica-
tions for their treatment as well as how this would be actioned. They
also reinforced the need for continual updates as the evidence evo-
Ives, which may require ongoing medication reviews. These findings
were supported by a meta-analysis which investigated the patient and
healthcare provider ‘needs and preferences’ relating to
pharmacogenomic testing with recommendations including: delivery
of results by appropriate healthcare professionals who could provide
clarification, interpretation and emotional support; adjunctive tools
(e.g., written information) for the purposes of consolidation and recall
of the information exchanged as well as resources (e.g., videos) with
examples and vignettes to increase understanding; prioritising the use

of simple language with the avoidance of scientific jargon.'”

34 |
report

Key recommendations in final guidance and

The activities throughout the project converged on key principles
associated with alerting for pharmacogenomics. These form the basis
of the recommendations which are summarised in Box 2. A summary

is presented here.

3.4.1 | Dual alerting strategy
Alerts should be used as part of a dual strategy at the prescribing and
the dispensing stage. Justification of an action taken by a prescriber

should be displayed, where appropriate, to a healthcare professional
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BOX 2 Key recommendations that emerged from
the project pertaining to pharmacogenomic alerts

Key guidance recommendations:

1. Dual alerting strategy at prescribing and dispensing
stages.

2. Only actionable drug-gene associations should be
alerted.

3. Implementation of pre-test and post-test
pharmacogenomic alerts.

4. Alerts should provide clear, unambiguous, evidence
based, and specific best practice recommendations for
action.

5. Alerts should be seen by all healthcare professionals
with prescribing or dispensing authority involved in a
person’s care.

6. Implementation of pharmacogenomic clinical decision
support should be overseen by a multi-disciplinary oversight

committee.

downstream of a prescription, e.g. why a particular dose reduction
occurred or an alert was overridden. All healthcare professionals with
a duty of care should have access to the pertinent longitudinal infor-
mation relevant to a person's prescription. Consideration should be
given to the fact that community pharmacists supply an increasing
number of over-the-counter medications that may need to be alerted

independently of a prescription being made.

3.4.2 | Actionable DGAs

Clinical decision support should only be in place for actionable DGAs,
although the pharmacogenomic test result should still be accessible
the EHR. Alerts should

pharmacogenomic test result does not imply an actionable variant or

within not be used where the
where other factors clearly supersede an individual's pharmaco-
genomics. The display of alerts that cannot be actioned may contrib-
ute to unintended clinical consequences such as alert fatigue. Alerts
(including physical alert cards) are not required for patients without
actionable variants, even in those individuals from a high-risk ethnic
group. In some circumstances a DGA not previously considered to be
actionable may be reclassified as actionable in the light of new evi-
dence. In such cases the responsible healthcare professional should

be alerted if there is likely to be a material impact on a person's care.

3.43 | Pre-test and post-test alerts

Where pharmacogenomic tests are first available (post-test) they

should be actioned or when prescribing a new drug to which the

result is relevant. Physical alert cards should only contain information
about validated test results that are specific to the cardholder. Where
pharmacogenomic tests are not available (pre-test), as evidence evo-
Ives this should trigger a test being requested when the necessary
infrastructure is in place to enable this. Prescribers should be made
aware where pharmacogenomic data cannot be retrieved by the sys-
tem, to avoid clinical errors. If a test result has been ordered but the
results are not yet available, a prescriber should be notified at the
point of prescribing. Most alerts will likely occur at the time a pre-
scription is written, but healthcare professionals should also be alerted
when a pharmacogenomic test result first becomes available in the
system. If this shows an actionable variant, this should prompt a
review of the medications the person is taking.

3.44 | Specific and actionable recommendations
Information that is shared in an alert should be up-to-date and reflect
best practice. Information in the alert should provide evidence-based,
clear, unambiguous and specific actionable recommendations for the
end-user with access to further information as required. Details pro-
vided of the variant and/or phenotype should be understandable for
healthcare professionals. Information should also be readily explain-
able to patients and, if asked for, made available to them in a format
that they can understand, e.g. plain language summaries.

3.4.5 | Presentation of alerts to healthcare
professionals

Alerts should be presented in multiple clinical settings and should be
seen by all health professionals with prescribing or dispensing author-
ity involved in the patient's care. Patients carrying alert cards or other
physical alerts should be encouraged to show this to all prescribers
responsible for their care before a prescription is written and to the

dispensing pharmacist, at every contact.

3.4.6 | Consequences and oversight

Implementation of alerts should consider unintended consequences
including but not limited to alert fatigue. Moreover, implementation
should be overseen by multidisciplinary oversight committees and
consider at the outset expert support in pharmacogenomics. Monitor-
ing and actioning of alerts should be carried out for quality improve-
ment. Alerts should not place an undue burden on prescribers,
pharmacists or patients/end-users. Clinical decision support systems
must include (but not be limited to) relevant alerts where
pharmacogenomic testing for a drug is mandated by existing profes-
sional guidance standards. For example, British prescribing guidelines
mandate testing for the HLA-B*5701 allele when prescribing abacavir
due to the risk of abacavir hypersensitivity syndrome and the HLA-

B*153 allele when prescribing carbamazepine due to an association
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with Stevens-Johnson syndrome. There is a need for further
pharmacogenomic testing standards to be developed for the NHS
covering other actionable DGAs. Appropriate specialist input should
be sought when considering a decision to stop a treatment already
underway on the basis of newly alerted pharmacogenomic
information.

The guidance produced as a result'® of this exercise provides an
essential foundation for the next important step of developing an

information standard for pharmacogenomics.

4 | DISCUSSION

This project was able to achieve consensus on a broad range of issues
regarding pharmacogenomics and its implementation specific to how
this information flows from bench to bedside in the form of actionable
alerts. It was acknowledged that implementation of pharmacogenomic
information into clinical practice has the potential to optimise the use
of medicines. As genomics comes of age, the way in which this infor-
mation flows through the system and reaches a point at which it is
actionable requires attention. The information can and should be
shared at different points in the clinical workflow using methods of
clinical decision support appropriate for the setting. This project
highlighted that interruptive alerts have been used as the failsafe
mechanism when a prescription is likely to result in significant harm to
the patient. However, as pharmacogenomics and genomics in general
evolve, as do clinical systems, methods need to be developed that
ensure that results can be delivered in a system-agnostic manner and
proprietary systems and providers adhere to interoperability and open
standards. Here professional standards developers such as the PRSB
can define standards which can then use existing platforms
(e.g., FHIR) to ensure appropriate knowledge of a given standard is
communicated to those that need to action it.

A key barrier of alert fatigue was highlighted and novel mechanisms
that might mitigate this should be considered. Staff that need to inter-
pret and action pharmacogenomic alerts should be adequately trained.
The field of genomics, including but not limited to pharmacogenomics,
now needs to be part of the curricula offered to a wide range of medical
and allied medical specialties as it becomes commonplace in healthcare.
Importantly, as with all clinical results and conditions, patients should be
informed and involved at each stage of the lifecycle of a prescription and
this should now include pharmacogenomic information.

A few additional points are worthy of discussion which were
raised although discussed in less detail and will need to be considered.
First, the setting for this work was the NHS, however, these issues
will apply to multiple healthcare arenas, including those that are pub-
licly and privately funded. Second, whilst the focus has largely been
on computerised systems, the general principles of having up-to-date
information available for it to be clinically actioned applies to settings
which may not yet have electronic capabilities. Third, whilst there are
leading examples of pharmacogenetic testing, it was acknowledged
that there is a rich literature around the ethnic variation of polymor-

phism which may alter drug metabolism. Systems will need to take
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this into account and it will need to be built into guidance. Finally, the
integration of genomics in general into the health record and any
implications beyond healthcare raised issues that have been discussed
in the literature for some time. This needs to be an ongoing and evolv-
ing conversation with citizens.

Our work is consistent with and adds to the findings of a recent
US review and guidance for pharmacogenomics clinical decision sup-
port outlining the “five rights of CDS” that successful implementation
of pharmacogenomics into clinical practice depends upon.'” This
requires “the right information” (providing actionable recommenda-
tions aligned to evidenced-based guidelines); “the right person”
(including alerting pharmacogenomic information only to healthcare
professionals and patients who want and need to see it, respectively,
and in a “patient-friendly-language”), “the right interventional format”
(e.g., active versus passive alerts “that are not overly time-consuming
for a busy clinician”), “the right channel” (for access to
pharmacogenomic information, e.g. an EHR, webpage or portal, or
“stand-alone clinical systems”), and interventions at “the right time”
(in the workflow). The authors also emphasise the importance of mul-

tidisciplinary stakeholder oversight of pharmacogenomics services.

41 | Recommendations for future work

One of the key recommendations for future work was a pilot around
a use-case. Since the time of writing, an urgent commissioning policy
on DPYD testing has been published. Efforts for system-wide imple-
mentation of this policy may highlight key barriers or gaps in the
workflow that need to be addressed as well as research opportunities
for pharmacogenomics in clinical practice.

Recommendations for further national development include estab-
lishment of shared information and technical standards, including infor-
mation governance. This should include all genomic information of
which pharmacogenomics is one part. Prescribing and a framework of
implementation for DGAs, including the evidence by which they should
enter the National Test Directory, need to be formalised, particularly
working across agencies including NHSE, NICE and Medicines and
Healthcare products Regulatory Agency (MHRA) for newer drugs that
are developed with companion diagnostics. Education and upskilling of
all those involved with prescribing who may need to interpret or action
a pharmacogenomic test is key as are communications with patients
and end-users. Specifically for alerts, if these are implemented in a
computerised system, mitigating alert fatigue is essential.

Further research areas could address specific identified barriers
for health system-wide implementation, as well as research around

alert fatigue given the different formats of alerts.

5 | CONCLUSIONS
The rapid advancement and implementation of genomic technologies
across the healthcare system highlights the need for genomic data to

be incorporated effectively into patient healthcare records.
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As we deepen our understanding of how medicines interact with
our genes, we can harness this knowledge to improve patient care
through better disease diagnostics and prognostication, avoid harm
and gain benefit through targeted prescribing. Effective systems to
link genomic data with electronic health records and clinical decision
support for prescribing will be key to realising the benefits of

pharmacogenomics.
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