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Abstract

Introduction: Pharmacogenomic testing (PGx) plays a crucial role in improving patient medication
safety, yet ethical concerns and limitations impede its clinical implementation in the primary care
settings.

Aims: To systematically review the current state of PGx in the primary care settings and determine
the enablers and challenges of its implementation.

Design: A scoping review was carried out by adhering to Arksey and O'Malley's 6-stage methodological
framework and the 2020 Joanna Briggs Institute and Levac et al.

Data sources: Cochrane Library, EMBASE, Global Health, MEDLINE, and PubMed were searched up to
17t July 2023.

Eligibility criteria: All peer-reviewed studies in English, reporting the enablers and the challenges of
implementing PGx in the primary care settings were included.

Date extraction and synthesis: Two independent reviewers extracted the data. Information was
synthesised based on the reported enablers and the challenges of implementing PGx testing in the
primary care settings. Information was then presented to stakeholders for their inputs.

Results: 78 studies discussing the implementation of PGx testing are included, in which 57% were
published between 2019-2023. 68% of the studies discussed PGx testing in the primary care setting
as disease-specific themes. Healthcare professionals were the major stakeholders, with primary care
physicians (55%) being the most represented. Enablers encompassed various advantages such as
diagnostic and therapeutic benefits, cost reduction, and the empowerment of healthcare
professionals. Challenges included the absence of sufficient scientific evidence, insufficient training
for healthcare professionals, ethical and legal aspects of PGx data, low patient awareness and
acceptance, and the high costs linked to PGx testing.

Conclusion: Pharmacogenomic testing integration in primary care necessitates increased consumer
awareness, comprehensive healthcare provider training on legal and ethical aspects, and global
feasibility studies to better understand implementation challenges. Managing high costs entails
streamlining processes, advocating for reimbursement policies, and investing in innovation and

affordability research.
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Background

Pharmacogenomics (PGx) broadly defines how genomic variation affects a patient's response to a drug
1, Distinct polymorphisms in drug-metabolizing enzymes and drug transporters were a foundation for
PGx2. The 2000 collaborative effort to draft the human genome marked a turning point, followed by
the International Single Nucleotide Polymorphisms (SNP) Map Working Group's efforts to map
variations in the human genome sequence 23. PGx is recognised as a key component in the field of
personalised medicine. The application of mutation-specific therapies, personalising early detection
of disease strategies, personalised disease prevention, and personalised medicines have been
increasingly utilised 4. This approach tailors medical treatment to an individual's unique genomic

makeup to improve treatment outcomes and minimise adverse effects °.

Individual genetic variations play a significant role in influencing the effectiveness and safety of
medications. Genetic differences in drug-metabolising enzymes, transporters, receptors, and other
therapeutic targets have been related to interindividual variances in the efficacy and safety of several
frequently prescribed medications (20-30% of medication response variability) 6. Inter-individual
genetic differences within and between ethnic groups contribute significantly to medication response
variability and are linked to variants affecting the pharmacokinetics (PK) and pharmacodynamics (PD)
of drugs 7. The British Pharmacological Society and the Royal College of Physicians have urged
patients to be examined for genetic variations that can impact respond to commonly utilised drugs °.
The U.S. Food and Drug Administration (FDA) recommends genetic screening before using certain

medications 19,

Developing countries are the strongest users of PGx-guided therapy 714, However, the utilisation of
PGx across Europe varies 77, The public seemed to prefer and opt for PGx testing, especially those
with chronic diseases 8. Gene-drug interaction variability within the European population has been

established and has thus increased the scope for PGx *°.

The adoption of PGx testing services in different healthcare settings has varied owing to a multitude
of factors, including rational medicine utilisation, ethical considerations, legal implications, healthcare
provider and patient education, support for electronic health records, clinical utility and validity of test
outcomes, accessibility, regulatory frameworks, as well as availability and affordability. 1420-23, The
cost implications of PGx testing would depend on the insurance coverage companies offer. Not all
insurance firms offer coverage for PGx testing, and those offering are subjected to their policies and
test reasons %4, This can affect the preference for pre-emptive PGx and active PGx testing ?>. Pre-
emptive PGx, a cost-effective method, is performed before the drug administration and greatly

impacts the patient's clinical outcome 2.
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The US FDA has emphasised the importance of PGx testing for drug discovery, development, and
treatment of patients. Five hundred different biomarkers concerning drugs have been stated in their
public domain %7. Similarly, the European Medicines Agency has guidelines regarding the use of PGx
testing during drug approval processes 2. Despite the regulatory authorities' new recommendation to
incorporate PGx testing in the drug approval process, testing regarding marketed products is also not
a routine practice. Moreover, patients were also disrupted from subscribing to the PGx testing due to

the availability of resources and many hindrances factors that may vary across the nation %°.

While PGx testing offers several benefits, it is important to acknowledge the presence of ethical
concerns surrounding it, especially in a primary care setting. References in the literature provide
evidence for pharmacogenomics testing in primary care. Through prospective trials, it has been
demonstrated that when paired with comprehensive medication management services and point-of-
care clinical decision support systems, improvised drug prescribing lessened the burden of mental
iliness, thereby enhancing clinical outcomes 3°. Barriers such as a perceived lack of knowledge on
acceptance, scalability, and implementation and insufficient evidence of therapeutic outcomes
improvement have been reported 3. Financial constraints and the knowledge and abilities of
healthcare professionals hinder implementation 32. Ethical challenges emerge due to considerations
regarding the role of informed consent in genomic testing, encompassing several elements such as
potential dangers, benefits, and consequences associated with genomic information 3334, In addition,
genomic information may give rise to questions on ownership, access rights, affordability, fiduciary

responsibility, respect, and the possibility of discrimination 33735,

Moreover, the interpretation of genomic information is still evolving, and errors or misunderstandings
in the analysis could lead to incorrect treatment choices, further complicating the ethical landscape
36, While PGx testing offers positive benefits, it is important to acknowledge the presence of ethical
concerns related to this practice, especially in a primary care setting. Thus, this scoping review was
conducted to systematically review the current state of PGx in the primary care setting and determine

the enablers and challenges of implementing PGx testing in primary care settings.

Methods

A scoping review was carried out by adhering to Arksey and O'Malley's 6-stage methodological
framework and the 2020 Joanna Briggs Institute (JBI) 3738, Covidence™, a web-based collaboration
software platform designed to facilitate carrying out reviews such as systematic reviews and scoping

reviews, was utilised for the review 3°. Further, Levac and colleagues' recommendations were applied
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to maximise the methodological rigor and, thus, reported the details of the six stages under the
following subheading “°. The Preferred Reporting Items for Systematic Review and Meta-Analyses

Extension for Scoping Reviews (PRISMA-ScR) checklist was used to guide the reporting of this review

4

Identifying the review question

CWM, an expert in the field of PGx, and KA, a primary care research expert had the initial discussion
about the potential review questions that could address some of the gaps in the current literature on
PGx testing and its applications in primary care settings. SBS, JS, MSKT, and ELE are academics who
joined the subsequent discussions, clarified the aims and objectives of the scoping review, and
collectively agreed on the following review question: "What are the enablers and the challenges of

implementing PGx testing in primary care settings?"
Identifying the relevant studies

The authors agreed on the search strategy with no limits on publication dates. The search was
concluded on 17t July 2023. We consolidated the search resources following advice from a subject
librarian to ensure a wide range of relevant databases such as Cochrane Library, EMBASE, Global
Health, MEDLINE, and PubMed. The International Prospective Registry of Systematic Reviews
(PROSPERO) was also reviewed for any similar studies, both ongoing or completed, to avoid any
potential duplication. Articles in English were only considered due to a lack of resources for translating
studies. The inclusion and exclusion criteria were finalised through an iterative process to allow

necessary refinements following initial searches (see Table 1).

Table 1 Inclusion and Exclusion Criteria

Page 6 of 40

Criterion Inclusion Exclusion
Period Any -
Literature Peer-reviewed articles Review articles of any type, non-peer-

reviewed academic articles

Geographical Any -

location

Setting Primary care settings Secondary and tertiary care settings

Study Focus Information on the No information is directly related to the
pharmacogenomics testing implementation of pharmacogenomics
implementation in primary care testing in primary care settings.
settings
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Study Design All types of qualitative and All types of reviews, including systematic
guantitative studies, clinical audits reviews, meta-analysis
Language English Other languages than English

Selecting the studies

A total of 1251 articles were initially identified across five databases, i.e., PubMed (n = 690), MEDLINE
(n=288), Embase (n=239), Cochrane Library (n = 26), and Global Health (n=8). Articles were exported
into Covidence™. Covidence™ removed 290 duplicate articles, while one duplicate article was
removed manually, leaving 960 articles for title and abstract screening. A total of 378 articles met the
inclusion and exclusion criteria for full-text screening. Two reviewers independently screened each
article, and a third reviewer resolved any discrepancies. The full-text screening eliminated 290 articles
because of wrong context/setting (n = 148), no full-text availability, e.g., for poster/conference papers
(n =59), wrong study design or application or outcomes (n = 51) and non-peer reviewed commentary
(n=32) and thus, 78 studies were included in the final review upon which results are reported (Figure

1).
Charting the data

Data charting facilitates the transfer of the relevant information from the selected articles into a data
extraction table (5). The authors created a data extraction template using the Covidence™ extraction
template. The data extraction template was contextualized to meet the study objectives and the
research questions proposed at the beginning of the review, which contained standard information
such as title, lead author, type of study, aims, objectives, key stakeholders, findings in relation to the
enablers and the challenges of implementing PGx in the primary care settings and recommendations.
All authors were involved in charting the data, and PMG carried out most data extraction. Although
data extraction needed one reviewer per article, KA checked each article's extraction data for final

approval.
Collating, summarising, and reporting the results

KA and PMG synthesized the results by collating and summarising the findings following data charting.
Results were then presented to the rest of the authors for their comments and interpretations. The
authors were registered pharmacists who had the experience of practicing in primary care settings.
They discussed the results from the practice and policy's point of view. The authors did not carry out
a quality assessment exercise as scoping reviews do not normally need an appraisal for quality and

bias due to their descriptive nature (6).
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Consulting stakeholders

Although stakeholders' involvement and consultation are not mandatory stages for conducting
scoping reviews, we involved the stakeholders in two stages. First, we conducted a brainstorming
session with a subgroup of stakeholders, which were primary care physicians and community
pharmacists. The ten stakeholders were from independent or chain medical clinics (n = 5) or
community pharmacies (n = 5). Second, we presented the findings to them for their comments and

feedback.
Patient and public involvement

There were no patient or public involvement in addition to the above-mentioned stakeholders.

Results

We present the findings from 78 studies on different aspects of PGx testing implementation in primary
care settings, such as stakeholders' views and involvement, enablers, and challenges of implementing
PGx testing (Table 2). The PGx testing in the primary care setting in these studies was discussed either
as disease-specific themes (n = 53), such as mental health conditions, cardiovascular conditions,
diabetes, etc., or population-specific themes (n= 11), such as general patient population, paediatric

and geriatric patient population, or public health themes (n=3) and others not specified (n=11).
Insert Figure 1 here.
Publication date

The earliest publication was in the Year 2007, and the latest publication was in 2023 when data
collection ended. More than half of the studies (57%) were published in the period between 2019 to
date. Nearly one-third (n=22) of studies were published between the years 2016 and 2018. The

number of publications has increased significantly in the last six years, i.e., between 2018 and 2023.
Types of studies, location

A wide array of study designs was pulled together in this review, ranging from commentaries (n =2) to
qualitative studies (n = 7) to quantitative studies (n=16), including randomised controlled trials (n=5)
to mixed methods studies (n =54). An overwhelming majority of the studies were from the global north
(n=77), e.g., 51 studies from the US and its territory, 12 studies from Canada, 14 studies from the EU,

while there was only one study from Singapore. (Figure 2)

Stakeholders
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The stakeholders were the service users/patients, members of the public, healthcare professionals
including general practitioners, physicians, pharmacists, nurses, physician assistants, public health
consultants/professionals, geneticists, phlebotomists, genetic counsellors, mental health providers,
obstetricians, gynaecologist, psychiatrists, cardiologist. Most of the healthcare professionals were
primary care physicians (n = 43), followed by pharmacists (n=32), allied healthcare professionals
(n=27), and primary care providers who were not specified (n=15). Moreover, upon the presentation
of the findings to a panel of stakeholders (n = 10) that we had consulted individually at the beginning

of the study, there was an overall agreement with the findings.
Current status of pharmacogenomics testing in the primary care settings

More than half (52%) of the studies had favourable views toward the status of PGx testing in primary
care settings, whereas 43% of the studies had unfavourable views, and 5% of the studies offered
neither favourable nor unfavourable views. Most of the favourable views stemmed from the perceived
benefits of PGx testing to the patient's clinical outcomes, selection of the most precise treatment
modality, decrease in the incidences of adverse drug reactions due to polypharmacy, and improved
medication adherence.*>3 Other favourable opinions were the health systems level benefits of PGx
testing, such as lowering the healthcare costs and broader applicability of PGx in the areas of

preventive care, population health, and community health interventions 4.

The main reasons for unfavourable opinions were the perceived lack of information or findings on the
acceptability, scalability, and implementation aspects of pharmacogenomics testing in primary care
settings. Furthermore, the perceived limited evidence of the effectiveness of PGx testing on impacting
clinical outcomes, limited knowledge and skills of the healthcare professionals to operationalize PGx
testing in the routine delivery of care as well and financial concerns, data security were some of the

unfavourable concerns to implementing PGx testing in the primary care settings 456,

Enablers of PGx testing implementation in the primary care setting

The benefits of using PGx testing in primary care settings were discussed in almost all studies (n=77).
PGx testing implementation was facilitated by three main factors, broadly: a) diagnostic and
therapeutic benefits in collaborative practice; b) reduction in healthcare costs; and c) empowering
healthcare professionals to deliver their clinical services, especially for the physicians and community
pharmacists. A total of 23 studies reported other possible enablers, including programmes that
support clinical decision-making, precision medicine, personalised medicine, individualized care, drug-

drug interactions, patient safety, and optimal medication use.
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Diagnostic and therapeutic benefits in collaborative practice:

Around 10% (n =12) of the studies reported the findings that pharmacogenomics supports
collaborative clinical practice by allowing a precise choice of therapeutic agents in treating patients.
For example, findings from a primary care precision medicine clinic offering PGx services at the
University of Pittsburgh Medical Center Health System showed that genotype-guided clinical decisions
successfully supported the primary care providers' adoption of genetic information to guide statin
therapy in routine clinical practice 4. A UK study described the benefits of PGx testing to support
personalised medicine and the management of calcium channel blocker side effects through genomic-

guided information on pharmacogenetic variations 42,
Reduction in healthcare costs:

The possible cost-saving features of PGx testing implementation were mentioned in 20 % of the
studies (n = 15). According to a prospective and randomised study, using PGx testing to guide drug
selection and dosage decisions may help reduce medical bills associated with adverse drug events in
patients with psychiatric disorders #°. PGx, when combined with the use of a pharmacogenetics-based
medical decision support system to direct subsequent drug dosing, has been shown to positively
influence healthcare quality and cost-effectiveness, according to a prospective cohort study

conducted in Singapore *°.
Empowering healthcare professionals to deliver their clinical services

28% of the studies (n = 6) viewed the use of PGx testing in primary care settings as a potential means
of enabling medical professionals, including community pharmacists, to assist in giving patients the
best possible care. An open-label, non-randomised observational study brought to light the benefits
of community pharmacists implementing PGx screening in their practices >1. The effectiveness of PGx
testing performed by community pharmacists is improved by integration within a clinical decision
support system °2. Due to the ease of accessing genomic services in the primacy care settings,

physicians' preference for pharmacogenomics and cancer risk assessment has increased recently >3.

Challenges of pharmacogenomics testing implementation in the primary care setting

The challenges of implementing PGx testing in primary care settings were discussed in all studies
(n=78). There were four main areas of challenge: a) dearth of data on the scientific evidence such as

clinical-genomic databases; b) lack of bespoke PGx training modules/courses for the healthcare
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professionals to apply the PGx testing principles; c) dearth of data on patient awareness and

acceptability of the use of PGx testing in patient care; and d) high costs associated with PGx testing.
The dearth of data on scientific evidence, such as clinical-genomic databases:

Forty-five percent of the studies (n = 35) reported the lack of solid scientific evidence to produce
reliable clinical-genomic databases and clinical practice guidelines (n = 35), followed by perceived
publication bias (n = 23) in the studies in the field of PGx. For example, a 2017 study highlighted that
a constraint of the study was the limited sample size, which might have introduced bias as the findings
might not accurately reflect the viewpoints of all primary care physicians or those within the chosen
primary practice sites >*. Recruitment bias, too, could limit the generalisability of the findings, which

was mentioned in almost a quarter (n = 18) of the studies.

Lack of bespoke PGx training modules/courses for the healthcare professionals:

Another main challenge was the lack of suitable training for the healthcare professionals in the
primary care settings to offer PGx testing (n = 17). PGx testing was viewed as a technically advanced
field that needed bespoke training courses to ensure the healthcare professionals were able to fully
utilise the benefits of this technology during their day-to-day clinical duties. However, there are

currently not many training packages available >°°.

The dearth of data on patient awareness and acceptability of the use of PGx testing

Around 10% of the studies reported the dearth of data on patient awareness and patient acceptability
of the PGx testing as a barrier to the implementation of pharmacogenomics testing in primary care
settings. For instance, a 2017 study showed the importance of patients' willingness to consent to be
involved in clinical-genomic treatment modalities, which would need patients to be fully aware of the
technical aspects of PGx testing, including ethical aspects >°. A qualitative study revealed that patient
anxiety and fear of disclosing genetic information to a third party was the main barrier to the

implementation of PGx testing in primary care settings >°.

High costs associated with PGx testing:

Almost 20% (n = 14) of the studies mentioned high costs associated with pharmacogenomics testing
in primary care settings. Insurance coverage, out-of-pocket expenditure, and institutional return of
investment — investment in setting up PGx testing — were among the points raised in regards to the
costs and who should bear the cost based on the healthcare systems in the global north, Western

Europe, and Australasia >°7:°8,

Insert Figure 2 here.
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Discussion

Primary care physicians play a key role in incorporating PGx into standard clinical practice. Primary
healthcare professionals need to educate patients on the importance of genetic data and how it
affects individualised treatment plans. Collaboration with genetic counsellors and other medical
professionals can also help maximise the use of PGx in patient care. Genetic counselors assist

individuals and healthcare providers in better understanding intricate genetic details (63).

Collaboration among academia, healthcare, industry, and regulatory agencies is essential for
integrating PGx into clinical practice >*®. PGx has been effectively integrated into healthcare systems
in both the US and the UK. There is significant variation in the implementation of PGx across Europe
15> and Gulf Cooperation Council (GCC) countries like Saudi Arabia, UAE, and Qatar 112, PGx has made
significant progress in the UK, with the NHS supporting genetic screening to enhance medication
therapy *®. Similarly, it is also utilised in Australia and Canada to enhance the optimal clinical decision
6162 0On the other hand, there is a rise in the PGx utility in Singapore, Japan, South Korea, and China,
particularly for chronic diseases 3063, Some regions still face complex regulatory structures and
ethical issues, and this is a big challenge ®. Regulatory agencies' well-defined guidelines give
healthcare providers confidence and create an environment in which PGx practices are not only
acceptable but actively promoted . The regulatory environment is greatly influenced by
policymakers, who make sure that it permits a smooth integration of PGx into standard primary care

practice and keeps pace with the field's rapid evolution.

Several studies emphasise the importance of PGx testing in cardiovascular diseases and
neuropsychiatry disorders 17496668 due to its ability to choose more precise treatment modalities, a
reduction in adverse drug reactions caused by polypharmacy, and a significantly improved medication
adherence 75270, However, the dearth of data on scientific evidence, particularly in areas such as
clinical genomic databases, poses a significant challenge for pharmacogenomic testing. One of the
obstacles is the limited availability of high-quality genomic data linked to clinical outcomes 7%. Clinical
genomic databases that integrate genetic information with patient health records are crucial for
understanding how genetic variations influence drug response and adverse reactions. Moreover, the

heterogeneity of genetic backgrounds among populations further complicates the issue 72,

Additionally, there are challenges related to data privacy, consent, and ethical considerations when it
comes to sharing genomic and clinical information 73. Striking the right balance between data
accessibility and protection of patient privacy is essential but complex. Investments in data
infrastructure, standardisation of data formats and protocols, and initiatives to promote data sharing

and collaboration are critical.
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Another challenge is the rapid pace of advancements in PGx, which can make it difficult for healthcare
professionals to stay updated with the latest developments 74 Without clear guidelines or
accreditation standards, healthcare professionals may struggle to identify reputable training
opportunities or gauge the quality of the education they receive. Addressing these challenges requires
concerted efforts from various stakeholders. Healthcare institutions and professional regulatory
bodies can play a crucial role in advocating for the integration of PGx education into medical school

curricula, residency training programs, and continuing education courses 2.

Additionally, there may be barriers to patient acceptability related to trust and confidence in the
healthcare system and genetic testing technologies. Patients may have concerns about the privacy
and security of their genetic information, as well as apprehensions about potential discrimination or
stigmatisation based on genetic predispositions to certain health conditions. Building trust and
addressing these concerns is essential for promoting patient acceptability of PGx testing. Tailoring
educational materials and communication strategies to meet the needs of diverse patient populations

is crucial for promoting awareness and acceptability of PGx testing.

PGx testing's extensive utilisation can reduce healthcare costs and enhance preventive care,
population health, and community initiatives 7>76. Moreover, PGx testing costs have decreased over
time, but access for patients may still be restricted by financial issues, especially in primary care

settings where resources may be scarce.

Strength & Limitations

The main strengths of this review were the consultation sessions with the stakeholders at two stages.
At the onset of the study, we involved the stakeholders in co-developing the research questions,
ensuring their relevance and the need for this review. In the second stage, we presented them with
the preliminary findings for their input. This extra layer of peer reviewing helped us to sense-check

the findings and consolidate the discussion points pertinent to the findings.

We did not search for grey literature as the main aim of this review was to analyse peer-reviewed
literature. However, we would suggest the inclusion of grey literature in future reviews to gain a
deeper, more detailed understanding of the field. The other plausible limitation was the lack of critical
appraisal of the included studies for their quality in this review. Although critical appraisal is not

needed for scoping reviews, such quality control techniques would add value.
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Conclusion

Successful integration of pharmacogenomic testing into primary care demands a multi-faceted
approach. This entails enhancing consumer awareness, providing comprehensive training for
healthcare providers, and furthering scientific research to elucidate both the clinical benefits and cost-
effectiveness of such testing. Additionally, it is imperative to conduct feasibility studies encompassing
various countries and healthcare systems to fully understand the potential enablers and challenges of
implementing pharmacogenomic testing in primary care. Currently, the available data predominantly
stems from the global north, leading to a gap in knowledge regarding its applicability in diverse cultural

and resource-constrained settings.

Addressing the high costs associated with PGx testing requires a multi-faceted approach. Efforts are
needed to streamline testing processes, improve efficiency, and reduce the overall cost of testing. This
may involve the development of standardised testing protocols, the use of automation and high-

throughput technologies, and the optimisation of bioinformatics pipelines.
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Table 2 Stakeholders' views and involvement, enablers, and challenges of implementing PGx testing

BMJ Open

Study Title Study Disease/Condition | Aims/Objectives Key Countr
ID type, year | under study stakeholde | vy
rs
Ahmed | Psychotropic Retrospec | Autism Assess the prescription Physician Canada
2022 prescribing tive study, pattern of 92 psychotropic
rates and 2021 drugs in autistic patients
pharmacogeno and measure its
mic testing pharmacogenomic testing
implications for implication.
autism in the
Canadian
primary care
sentinel
surveillance
network.
Arwoo Design and 2020 Patients in the A pharmacist-initiated Pharmacist | United
d 2020 Early general internal pharmacogenomics clinic States
Implementatio medicine and state its success and
n Successes challenges that came across
and Challenges within two years of its
of a implementation
Pharmacogenet
ics Consult
Clinic.
Bank A pilot study of | Prospectiv | Adult patients with | Assess the feasibility of Communit | Netherl
2019 the e an incident pharmacist-initiated y ands
implementatio | multicent prescription for at pharmacogenomic analysis Pharmacist
n of er least 28 days for in primary care and
pharmacogeno | observatio | amitriptyline, investigate the actionable
mic nal study, atomoxetine, phenotypes for improving
pharmacist- 2019 atorvastatin, patient clinical outcomes.
initiated pre- (es)citalopram,
emptive testing clomipramine,
in primary care. doxepin,
nortriptyline,
simvastatin or
venlafaxine
Bank Estimated 2016 All prescriptions To estimate the potential Pharmacist | Netherl
2019 nationwide for the selected 45 | impact of the s ands
impact of drugs implementation of
implementing a pharmacogenetic screening
preemptive for eight genes related to
pharmacogenet drugs used in primary care.
ic panel
approach to
guide drug
prescribing in
primary care in
The
Netherlands.

Behr Healthcare 25- Pain management | To assess clinician Physicians, | United
2023 professionals' question knowledge with clinical physician States
knowledge, survey, pharmacogenomic (PGx) assistants,
confidence and | 2023 scenarios involving and nurse
perceptions of commonly used drugs that practitione

pharmacogeno have both CPIC guidelines rs
mics in primary and FDA PGx dosing
care and pain recommendations.
management.
21
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Bishop
2021

Biswas
2020

Brown
2017

Brown
2021

Brown-
Johnso
n 2021

Brunett
e 2019

Pharmacists as
facilitators of
pharmacogeno
mic guidance
for
antidepressant
drug selection
and dosing

A Centralized
Approach for
Practicing
Genomic
Medicine.

Economic
Utility:
Combinatorial
Pharmacogeno
mics and
Medication
Cost Savings for
Mental Health
Careina
Primary Care
Setting.

Characterizing
Pharmacogenet
ic Testing
Among
Children's
Hospitals.
Implementatio
n outcomes of
Humanwide:
integrated
precision
health in team-
based family
practice
primary care.

Pragmatic
Trials in
Genomic
Medicine: The

Comment
ary, 2021

Case
study,
2020

A
Subanalysi
sofa
prospectiv
e trail -
2017

Cross-
sectional
study,
2021

Mixed
methods
research
in Quality
Improvem
ent, 2021

Pragmatic
Clinical
Trial, 2019

BMJ Open

Mental health

Paediatric
Condition

Mental illness

Pediatric patients

Patients with
cardiovascular risk
factors

Cardiovascular
disease (needing
statin therapy
without previous

To comment on the role of
pharmacists in
pharmacogenomics practice

To propose a practical and
centralized approach to
providing genomic services
through an independent,
enterprise-wide clinical
service model.

To determine potential cost
savings of combinatorial
pharmacogenomics testing
over one year in patients
with mental illness treated
by primary care providers
and psychiatrists who had
switched or added a new
psychiatric medication after
patients failed to respond to
monotherapy.

Determining availability,
concerns, and barriers of
pharmacogenomic testing in
pediatric hospitals

To assess the
implementation outcomes,
specifically
penetration/reach,
acceptability,

feasibility, and sustainability
of Humanwide, a pilot
embedding multi-faceted
precision health into a
team-based primacy care
setting

To inform future
implementation initiatives
and facilitate the
scale/spread of precision
health in primary care.

To assess its early potential
clinical benefit to patients.
To apply Pragmatic Clinical
Trial (PCT) principles to The
Integrating
Pharmacogenetics In Clinical

United
States

Clinician,
Pharmacist

United
States

Clinician

Primary United
care States
providers
treat
psychiatric
patients
through
general
practice,
internal
medicine,
family
medicine,
and
obstetricia
n/gynecolo
8y.
Psychiatrist
(not
included as
PCPs)
Pharmacist
, Physician

United
States

United
States

MDs,
Advance
Practice
Provider
(NP or PA)
health
profession
als,
diabetes
pharmacist
S,
dieticians,
mental
health
providers,
triage
nurse

Primary United
care States
provider
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Carroll
2016

Carroll
2019

Cavalla
ri 2023

Chapde
laine
2021

Crown
2020

Dressle
r 2019

Integrating

Pharmacogenet

ics in Clinical

Care (I-PICC)

Study

Primary care A
providers' qualitative
experiences study
with and involving
perceptions of focus
personalised groups
genomic

medicine.

Informing Questionn
Integration of aire
Genomic Design
Medicine Into and
Primary Care: Administr

An Assessment | ation
of Current

Practice,

Attitudes, and

Desired

Resources

Use of a multi- Review of
gene a Muti-
pharmacogenet | centric

ic panel cohort,
reduces 2023
adverse drug

effects

Sociodemograp | Secondary

hic factors and data

beliefs about analysis,
medicines in 2021

the uptake of

pharmacogeno

mic testing in

older adults.

A Continuing prospectiv
Professional e cohort
Development study
Program for

Pharmacists

Implementing
Pharmacogeno

mics into

Practice.

Implementing This
pharmacogenet | prospectiv
ic testing in e,

rural primary observatio
care practices: nal

a pilot feasibility
feasibility study was
study. conducted

BMJ Open

history of statin
use).

Cancer

NA

Adult patients with
newly initiated
drugs stated in the
Dutch
Pharmacogenomic
s Working Group
guideline

Geriatric patients
without moderate
to severe cognitive
impairment

Not
Mentioned/Not
Applicable

Care (I-PICC) Study.

To generate evidence for
the clinical utility of pre-
emptive pharmacogenetic
testing in the initiation of
statin therapy.

To assess primary care
providers' (PCPs)
experiences with,
perceptions of, and desired
role in personalised
medicine, with a focus on
cancer.

to determine family
physicians' (FP) current
involvement in

GM (general medicine),
confidence in GM primary
care competencies,
attitudes

regarding the clinical
importance of GM,
awareness of genetic
services, resources required,
and suggestions for changes
that

would enable the
integration of GM into
practice.

The effect of twelve gene
panel pharmacogenomic
testing to prevent adverse
drug reactions in patients
across seven countries

Assess the factors of older
adults that affect
pharmacogenomic testing in
primary care

Examining the impact of the
CPD program on practicing
pharmacists’ knowledge,
readiness and comfort, and
ability to implement
pharmacogenomics services
in their practices

Assess feasibility and
perspectives of
pharmacogenetic
testing/PGx in rural primary
care physician

(PCP) practices, when PCPs
are trained to

primary Canada
care
providers
Physicians Canada
Pharmacist | United
, Physician States
Primary Canada
care
providers
Pharmacist | Canada
s
Physicians United
States
23
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1
2
3 between interpret/apply results and
4 Septembe testing costs are covered
5 r 2016 and
6 December
7 2017
8 Elliott Clinical impact prospectiv | 50 years and older | Assessment of clinical Physicians United
9 2017 of e, open- taking or initiating impact of pharmacogenetic States
10 pharmacogenet | label, treatment with at profiling integrating binary
1 ic profiling with | randomise | least one of fifty- and cumulative drug and
a clinical d five single- gene inter-
12 decision controlled | ingredient or six action warnings on home
13 support tool in trial medication health polypharmacy
14 polypharmacy combinations patients
15 home health (Polypharmacy)
16 patients: A
17 prospective
18 pilot
19 randomised
20 controlled trial.
21 Foreste | Combinatorial Post hoc major depressive valuate the clinical utility of Physicians United
22 r 2020 Pharmacogeno | analysis of | disorder (MDD) combinatorial States
23 mic Testing data from pharmacogenomic testing
Improves a blinded, for informing medication
24 Outcomes for randomise selection among older
25 Older Adults d adults who have
26 With controlled experienced antidepressant
27 Depression trial medication failure for major
28 comparing depressive disorder (MDD)
29 two active
30 treatment
31 arms.
32 Frigon Pharmacogenet | Focus NA To better understand the Primary Canada
33 2019 ic testing in Group perceptions of PCPs, care
34 primary care interviews pharmacists, and patients physicians
practice: /2019 regarding the (PCPs),
35 opinions of implementation of PGx pharmacist
36 physicians, testing in clinical practice, sand
37 pharmacists patients
38 and patients.
39 Gamma | Documenting 2021 General The problems and solutions Physician, United
40 12021 Pharmacogeno population concerning the integration Pharmacist | States
41 mic Test of pharmacogenomics to
42 Results in the clinical decision support
43 Electronic system in a clinical setting
44 Healt_h Records:
45 Pract‘lcal .
Considerations
46 f .
or Primary
47 Care Teams.
48 Grant The clinical Cross- Type 2 diabetes Assess the physicians and Physicians United
49 2009 application of sectional, mellitus patient's views on States
50 genetic testing 2009 pharmacogenomic testing
51 for type 2 for the prediction and
52 diabetes: A management of diabetes.
53 patient and
54 physician
55 survey
56 Haga Primary care Cross- NA To seek PCPs views on their Primary United
57 2012 physicians' sectional willingness and readiness to | Care States
knowledge of Survey & utilise PGx testing, desirable | Physicians
58 and experience | 2012 test properties, and factors (PCPs)
59 with relevant to the use of PGx
60 tests
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Haga
2012

Haga
2014

Haga
2017

Hajek
2022

Herma
n 2014

Hunder
tmark
2020

pharmacogenet
ic testing.
Professional
perspectives
about
pharmacogenet
ic testing and
managing
ancillary
findings.

Pilot
Study,
2012

Delivering 2014
pharmacogenet
ic testing to the
masses: An
achievable
goal?

Primary care
providers' use
of pharmacist
support for
delivery of
pharmacogenet
ic testing.
Improved
provider
preparedness
through an 8-
part genetics
and genomic
education
program.

Utility of a
genomic-based,
personalised
medicine test
in patients
presenting with
symptoms
suggesting
coronary artery
disease.
Pharmacist's The
attitudes and thirteen-
knowledge of question
pharmacogeno | survey,
mics and the 2020
factors that

may predict

future

engagement.

Pilot
study,
2017

2022

Clinical
trial, 2014

BMJ Open

NA

General

NA

Non-diabetes
patient under
evaluation for
obstructive
coronary artery
disease (CAD)

Pharmacist
Knowledge from
postgraduate
education and
training.

Pharmacogenetic (PGx) tests
are intended to inform
therapeutic decision-making
through prediction of
patient likelihood to
respond to or experience an
adverse effect from a
specific treatment may also
generate

ancillary, or incidental,
disease information
unrelated to the purpose for
which the test was ordered.
To assess

attitudes toward PGx
testing, ancillary disease risk
information, and related
clinical issues, we conducted
a series of focus groups
among health professionals.
Displays delivery models of
pharmacogenomic
screening for healthcare
settings

To investigate provider
utilization of pharmacist
support in the delivery of
pharmacogenetic testing in
a primary care setting.

To offer guidance to health
systems developing genetic
education programs that are
appropriate to the needs of
providers who are not
genetic specialists.

Assessing the benefits of
gene expression score in the
diagnosis of obstructive CAD

The primary objective of this
survey was to determine
how postgraduate
education and training
influence pharmacists’
knowledge and attitudes
toward pharmacogenomic
testing.

Primary
care
Profession
als and
Genetic
Profession
als

Pharmacist

Primary
care
providers'
and
Pharmacist
s.

Health
Care
Providers'

Physicians,
nurses, and
physician
assistants

Pharmacist
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States

United
States

United
States

United
States

United
States

United
States
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Hutchcr
aft
2022

Jablons
ki 2020

Jarvis
2022

Kehr
2023

Kenned
y 2013

Kimpto
n 2019

Ladapo
2015

Real-World Single
Evaluation of a institution
Population prospectiv
Germline e cohort
Genetic study,
Screening 2022.
Initiative for

Family

Medicine

Patients.

Economic Sub
Outcomes analysis of
Following a l-year
Combinatorial prospectiv

Pharmacogeno | e

mic Testing for Assessme

Elderly nt of

Psychiatric medicatio

Patients. n cost,
2019.

Real-World Retrospec

Impact of a tive study,

Pharmacogeno | 20233

mics-Enriched

Comprehensive

Medication

Management

Program.

Integration of a | Single

pharmacist-led center,

pharmacogeno | non-

mic service in a interventi
geriatric clinic: onal,
Barriers and retrospect
outcomes. ive cohort
study.

Incorporating 2013
psychiatric
pharmacogenet
ics into family
practice
Longitudinal
exposure of
English primary
care patients to
pharmacogeno
mic drugs: An
analysis to
inform the
design of pre-
emptive
pharmacogeno
mic testing.
Enhanced
assessment of
chest pain and

Retrospec
tive study,
2019.

Prospectiv
e Muti-
centric

BMJ Open

Hereditary Disease

Psychiatric (Mental

Iliness).

Older adult
population

Older adults within

an outpatient
geriatric clinic.

Psychiatric
patients

Exposure of
patients to

pharmacogenomic

drugs
retrospectively.

Coronary artery
disease (CAD)

To assess the clinical utility
of germline medical
exome sequencing in
patients recruited from a
family medicine clinic and
comparing the mutation
frequency of hereditary
predisposition genes to
established general
population frequencies.
Comparison of economic
outcomes when elderly
patients with
neuropsychiatric disorders
received psychotropic
medications guided by a
combinatorial
pharmacogenomic (PGx)
test.

Evaluating a large real-world
pharmacogenomic
implementation to the
comprehensive medication
management system in the
us

The primary objective was
to identify the proportion of
patients who completed
PGx testing. Secondary
objectives included
determining the proportion
of patients with actionable
PGx results, determining the
proportion of patients with
a baseline medication
intervention within six
months of completing PGx
testing, and identifying
barriers to not completing
testing.

Feasibility of
pharmacogenomic testing in
primary care

To investigate the
longitudinal exposure of
English primary care
patients to
pharmacogenomic drugs to
inform the design of pre-
emptive testing.

Assess the usage of blood
gene expression diagnostic
tests and their clinical

Physicians United
States
Primary United
Care States
Providers'
Pharmacist | United
States
Pharmacist | United
States
Physician Canada
Practitione | United
rs Kingdo
m
Physician, United
nurse, States
phlebotom
26
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Leger
2016

Lemke
2017

Li 2014

Luke
2021

Marzuil
lo 2014

related
symptoms in
the primary
care setting
through the
use of a novel
personalised
medicine
genomic test:
results from a
prospective
registry study.
Pharmacogenet
ics of efavirenz
discontinuation
for reported
central nervous
system
symptoms
appears to
differ by race.
Primary care
physician
experiences
with integrated
pharmacogeno
mic testing in a
community
health system.
Genetically
guided statin
therapy on
statin
perceptions,
adherence, and
cholesterol-
lowering: A
pilot
implementatio
n study in
primary care
patients
Pharmacists as
Personalised
Medicine
Experts
(PRIME):
Experiences
Implementing
Pharmacist-Led
Pharmacogeno
mic Testing in
Primary Care
Practices.

Are public
health
professionals
prepared for
public health
genomics? A
cross-sectional
survey in ltaly.

Observati
onal
Study,
2015

Retrospec
tive study,
2016

Descriptiv
e Study

Pilot
Study,
2014.

Qualitativ
e
Descriptiv
e
Approach,
2021.

A cross-
sectional
survey,
2014.

BMJ Open

HIV infection

NA

Hyperlipidemia
(Statin Therapy).

In this study,
additional internal
factors related to
the capabilities,
opportunities, and
motivations of
pharmacists that
influence their
ability to
implement PGx
testing were
analyzed.

A self-
administered
qguestionnaire was

used to carry out a

cross-sectional
survey of a
random sample of
Italian public

benefit in confirming
obstructive CAD in primary
care.

Examination of genetic data
with the efavirenz
discontinuation from central
nervous system adverse
events in HIV primary care
patients of Southeastern
United States

To explore primary care
physicians, views of the
utility and delivery of direct
access to
pharmacogenomics (PGx)
testing in a community
health system.

To improve statin
adherence, it is tailored to
an individuals’ SLCO1B1*5
genotype and addresses a
major driver of statin
adherence in the primary
care population.

To further elucidate the
factors influencing the
integration of PGx testing by
pharmacists in their
practices, the BCW
approach should be used to
inform future intervention
options to support
pharmacists with this
integration.

To assess the knowledge,
attitudes, and training
needs of public health
professionals in the field of
predictive genetic testing
for chronic diseases.

ist, office
manager

Physician

Primary
Care
Physicians

Physicians

Pharmacist
s

Public
health
practitione
rs
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1
2
3
4
5 Massar | A 2022
6 t 2022 Multidisciplinar
7 y Precision
8 Medicine
9 Service in
10 Primary Care.
11
12 . -
Mills Delivering 2013
13 2013 pharmacogenet
14 ic testingin a
15 primary care
16 setting
17 Mwale | Imagining Qualitativ
18 2021 genomic e
19 medicine interview/
20 futures in Semi-
21 primary care: structured
22 General interviews
23 practitioners' with GPs
views on as well as
24 . .
mainstreaming | document
25 genomics in the | ary
26 National Health | analysis of
27 Service. policy/
28 2021
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 - "
Natash Implementatio | The five
47 aPetry n of wide-scale | 1a€™sa€™
48 2019 pharmacogenet | asa
49 ic testing in template
50 primary care. for other
51 institution
52 s seeking
53 to starta
54 "de novo"
55 pharmalaco
56 genomics
program.
37 O'Donn | Pharmacogeno | Prospectiv
58 ell 2017 | mics-Based e
59 Point-of-Care
60 Clinical

BMJ Open
health
professionals.
Public
Public
N/A

Genomic medicine
in the NHS and
practice
implementation

Manuscript, 2019.

NA

Display a precision medicine
center in primary care
settings

Key elements to
communicate with patients
before and when reporting
pharmacogenomic data

To explore GPs, views on
mainstreaming genomic
medicine in the NHS and
implications for their
practice.

To examine how visions of
genomic futures in the NHS
are conceived and received
by

GPs by engaging the
concept of "sociotechnical
imaginaries."

To undertake documentary
analysis of publicly available
policy documents relating to
the mainstreaming of
genomics, such as the
Human Genomics Strategy
Group (2012), the Chief
Medical Officer of England's
(2016) report, the Life
Sciences Industrial Strategy
(2020), and editorial
material on NHSE and
Genomics England websites
provided an alternative
official account of how
genomic

futures are imagined,
presented, and enacted.
Describes our efforts to
place pharmacogenomics in
the hands of the primary
care provider, integrating
this information into a
patient's healthcare over
their lifetime.

To examine prospectively
the impact of available
pharmacogenomic

Physicians
and
pharmacist
s trained in
genetics
and
genetic
counselors
Physician,
pharmacist
,and
genetic
counselor
General
practitione
rs (GPs)

Pharmacist
s, Nurses,
Genetic
Counselors
, and other
healthcare
workers

Physicians
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Olande
r2018

Olson
2017

O'Shea
2022

Overkle
eft
2020

Papaste
rgiou
2017

Decision
Support
Significantly
Alters Drug
Prescribing.
Primary Care
Clinicians
Attitudes and
Knowledge of
Pharmacogenet
icsin a Large,
Multi-state
Healthcare
System.

Clinical Impact
of
Pharmacogenet
ic-Guided
Treatment for
Patients
Exhibiting
Neuropsychiatr
ic Disorders: a
Randomised
Controlled Trial

Public
perceptions of
pharmacogeno
mic services in
Ireland - Are
people with
chronic disease
more likely to
want service
availability than
those without?
A questionnaire
study.

Using Personal
Genomic Data
within Primary
Care: A
Bioinformatics
Approach to
Pharmacogeno
mics.

The Innovative
Canadian
Pharmacogeno
mic Screening
Initiative in
Community
Pharmacy
(ICANPIC)
study.

Survey,
2018.

A
prospectiv
e,
randomise
d study

A
questionn
aire study,
2022.

A
Bioinform
atics
Approach,
2020.

Open-
label, non-
randomise
d,
Observati
onal.

BMJ Open

NA

Neuropsychiatric
Disorders

An anonymous,
online
guestionnaire
generated using
Qualtrics® and
circulated via
social media and
posters

placed in eight
participating
community
pharmacies was
conducted with
Irish adults.

The illustration of
the 4MedBOX
system.

NA

information on physician
prescribing behaviors.

The primary objective of this
survey was to ascertain
primary care clinicians’
perceptions of
pharmacogenetic use and
implementation in an
integrated health system of
metropolitan and rural
settings across

several states.
Pharmacogenetic testing
holds promise as a
personalised medicine tool
by permitting
individualization of
pharmacotherapy in
accordance with genes
influencing therapeutic
response, side effects, and
adverse events. The authors
evaluated the effect of
outcomes for the patients
diagnosed with
neuropsychiatric disorders
of pharmacogenetics-guided
treatment compared to the
usual standard of care.

To establish perceptions of
pharmacogenomics
(awareness, understanding,
openness to availability,
perceived benefits and
concerns, willingness to pay,
and service setting) and
investigate if they differ
between those with and
without chronic disease(s).

To provide a description of
the Personal Genetic Locker
project and show its utility
through a use case based on
open standards, which is
illustrated by the 4MedBox
system.

To evaluate the feasibility of
implementing personalised
medication services into
community pharmacy
practice

To assess the number of
drug therapy problems
identified as a result of

Primary United
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Abstract

Introduction: Pharmacogenomic testing (PGx) plays a crucial role in improving patient medication
safety, yet ethical concerns and limitations impede its clinical implementation in the primary care
settings.

Aims: To systematically review the current state of PGx in the primary care settings and determine
the enablers and challenges of its implementation.

Design: A scoping review was carried out by adhering to Arksey and O'Malley's 6-stage methodological
framework and the 2020 Joanna Briggs Institute and Levac et al.

Data sources: Cochrane Library, EMBASE, Global Health, MEDLINE, and PubMed were searched up to
17t July 2023.

Eligibility criteria: All peer-reviewed studies in English, reporting the enablers and the challenges of
implementing PGx in the primary care settings were included.

Date extraction and synthesis: Two independent reviewers extracted the data. Information was
synthesised based on the reported enablers and the challenges of implementing PGx testing in the
primary care settings. Information was then presented to stakeholders for their inputs.

Results: 78 studies discussing the implementation of PGx testing are included, in which 57% were
published between 2019-2023. 68% of the studies discussed PGx testing in the primary care setting
as disease-specific themes. Healthcare professionals were the major stakeholders, with primary care
physicians (55%) being the most represented. Enablers encompassed various advantages such as
diagnostic and therapeutic benefits, cost reduction, and the empowerment of healthcare
professionals. Challenges included the absence of sufficient scientific evidence, insufficient training
for healthcare professionals, ethical and legal aspects of PGx data, low patient awareness and
acceptance, and the high costs linked to PGx testing.

Conclusion: Pharmacogenomic testing integration in primary care requires increased consumer
awareness, comprehensive healthcare provider training on legal and ethical aspects, and global
feasibility studies to better understand its implementation challenges. Managing high costs entails
streamlining processes, advocating for reimbursement policies, and investing in research on

innovation and affordability research to improve life expectancy.

Strengths and limitations of this study

e The consultation sessions with the stakeholders were conducted to co-develop the research
guestions, to sense-check the findings and to consolidate the discussion points pertinent to

the findings.
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e Grey literature that was not peer-reviewed, was not included in the study .
e A plausible limitation was the lack of critical appraisal of the included studies for their quality

in this review, despite the fact that critical appraisal is not required for scoping reviews.

Background

Pharmacogenomics (PGx) broadly defines how genomic variation affects a patient's response to a drug
1, Distinct polymorphisms in drug-metabolising enzymes and drug transporters were a foundation for
PGx2. With the advance in health technology, the 2000 collaborative effort to draft the human genome
marked a turning point, followed by the International Single Nucleotide Polymorphisms (SNP) Map
Working Group's efforts to map variations in the human genome sequence %3. More importantly, the
advancement of health technology has positioned PGx as a key component in the field of personalised
medicine. The application of health technology has ranged from rationalising mutation-specific
therapies to personalising early detection strategies, disease prevention, and treatments, have been
increasingly utilised in both clinical settings and research contexts based on individual patient profiles
4. This approach tailors medical treatment to an individual's unique genomic makeup to improve
treatment outcomes and minimise adverse effects >. While PGx testing provides useful information by
detecting genetic variants that impact medication metabolism and response, it is not ideal for all
patients ®. PGx testing can help guide the selection of drugs that are more likely to be beneficial and
have fewer adverse effects depending on an individual's genetic makeup ’. However, it does not
consider other important aspects, such as the influence of environment, comorbid diseases, and
patient adherence, which can substantially impact treatment results. As a result, while PGx testing is
an effective tool for customizing therapy, it should be used with extensive clinical judgment rather
than as a sole predictor of optimal treatment 2. This approach tailors medical treatment to an

individual's unique genomic makeup to improve treatment outcomes and minimise adverse effects >.

Individual genetic variations play a significant role in influencing the effectiveness and safety of
medications. Genetic differences in drug-metabolising enzymes, transporters, receptors, and other
therapeutic targets have been related to interindividual variances in the efficacy and safety of several
frequently prescribed medications such as antidepressants (e.g., selective serotonin uptake inhibitors,
SSRI) and anticoagulants (e.g., warfarin), which account for approximately 20-30% of medication
response variability °. Genetic differences do not follow a consistent pattern among populations.
Instead, they show significant variation within and between different geographical ancestries °. For
example, specific PGx variants that impact drug metabolism are more commonly found in certain

populations, leading to variations in drug response and the occurrence of adverse effects.

3
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Acknowledging and understanding these genetic variations specific to different populations is
essential for the successful application of personalised medicine. This knowledge enables clinicians to
customize treatments that are safe and effective for a wide range of patients 12, Inter-individual
genetic differences within and between geographical ancestry contribute significantly to medication
response variability and are linked to variants affecting the pharmacokinetics (PK) and
pharmacodynamics (PD) of drugs 34, The British Pharmacological Society and the Royal College of
Physicians have urged patients to be examined for genetic variations that can impact respond to
commonly utilised drugs . The U.S. Food and Drug Administration (FDA) recommends genetic

screening before using certain medications 16,

Developing countries are the strongest users of PGx-guided therapy 7-2°, However, the utilisation of
PGx across Europe varies 21723, The public seemed to prefer and opt for PGx testing, especially those
with chronic diseases 2*. Gene-drug interaction variability within the European population has been

established and has thus increased the scope for PGx 2°.

An observational study from the United Kingdom discussed the implementation of PGx testing in
secondary care for high-risk medications. The authors emphasised the need for broader application in
primary care owing to the high prescribing tendency in the community 26 . The adoption of PGx testing
services in different healthcare settings has varied owing to a multitude of factors, including the
promotion of appropriate and evidence-based medication usage, ethical considerations, legal
implications, healthcare provider and patient education, support for electronic health records, clinical
utility and validity of test outcomes, accessibility, regulatory frameworks, as well as availability and
affordability. 202739, The cost implications of PGx testing depend on the insurance coverage offered
by companies. Few insurance firms offer coverage for PGx testing, and those that do must follow strict
guidance and policies to justify and approve requested PGx tests 3%, This can affect the preference for
pre-emptive PGx and reactive PGx testing 32. Both pre-emptive and reactive testing have been found
to be cost-effective in different disease states or clinical care contexts and positively impact patient

outcomes 33,

The US FDA has emphasised the importance of PGx testing for drug discovery, development, and
treatment of patients. Five hundred different biomarkers concerning drugs have been stated in their
public domain 34, Similarly, the European Medicines Agency has guidelines regarding the use of PGx
testing during drug approval processes 3°. Despite the regulatory authorities' new recommendation to
incorporate PGx testing in the drug approval process, testing regarding marketed products is also not
a routine practice. Moreover, patients were also disrupted from subscribing to the PGx testing due to

the availability of resources and many hindrances factors that may vary across the nation 36.
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While PGx testing offers several benefits, it is important to acknowledge the ethical concerns
surrounding it, especially in a primary care setting. Ethical dilemmas may emerge due to the potential
misuse of informed consent in genomic testing, including the potential dangers, risk, harms, and
consequences associated with genomic information 3738, Additionally, genomic information may raise
questions about ownership, access rights, affordability, fiduciary responsibility, respect, and the
possibility of discrimination 3738, Furthermore, there are concerns about the administering PGx testing
among vulnerable communities. Assessing the potential long-term implication of identifying genomic

variability in different categories of vulnerable population may raise ethical concerns. 37-3°,

References in the literature provide evidence for pharmacogenomics testing in primary care. Through
prospective trials, it has been demonstrated that when paired with comprehensive medication
management services and point-of-care clinical decision support systems, improvised drug prescribing
lessened the burden of mental illness, thereby enhancing clinical outcomes 4°. Barriers such as a
perceived lack of knowledge on acceptance, scalability, and implementation and insufficient evidence
of therapeutic outcomes improvement have been reported #!. Financial constraints and the

knowledge and abilities of healthcare professionals hinder implementation #2.

Moreover, since the interpretation of genomic information is still evolving, inadequate inferences or
confounding factors may cause healthcare providers to opt for incorrect treatment, complicating the
ethical landscape and raising public concern about their health %3. While PGx testing offers positive
benefits, it is important to acknowledge the concerns related to this practice, especially in a primary
care setting. Thus, this scoping review was conducted to systematically review the current state of
PGx in the primary care and determine the enablers as well as challenges of implementing PGx testing

in primary care settings.

Methods

A scoping review was carried out by adhering to Arksey and O'Malley's 6-stage (step 1 to step 6)
methodological framework and the 2020 Joanna Briggs Institute (JBI) 444>, Covidence™, a web-based
collaboration software platform designed to facilitate carrying out reviews such as systematic reviews
and scoping reviews, was utilised for the review “°. Further, Levac and colleagues' recommendations
were applied to maximise the methodological rigor and, thus, reported the details of the six stages
under the following subheading #’. The Preferred Reporting Items for Systematic Review and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) checklist was used to guide the reporting of this

review 48,
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1- Identifying the review question

CWM, an expert in the field of PGx, and KA, a primary care research expert had the initial discussion
about the potential review questions that could address some of the gaps in the current literature on
PGx testing and its applications in primary care settings. All authors are academics who joined the
subsequent discussions, clarified the aims and objectives of the scoping review, and collectively
agreed on the following review question: "What are the enablers and the challenges of implementing

PGx testing in primary care settings?"
2- Identifying the relevant studies

The authors agreed on the search strategy with no limits on publication dates. The search was
concluded on 17t July 2023 based on the predetermined search strategy (Supplementary File 1). We
consolidated the search resources following advice from a subject librarian to ensure a wide range of
relevant databases such as Cochrane Library, EMBASE, Global Health, MEDLINE, and PubMed. The
International Prospective Registry of Systematic Reviews (PROSPERO) was also reviewed for any
similar studies, both ongoing or completed, to avoid any potential duplication. Articles in English were
only considered due to a lack of resources for translating studies. The inclusion and exclusion criteria
were finalised through an iterative process to allow necessary refinements following initial searches

(see Table 1).

Table 1 Inclusion and Exclusion Criteria

Criterion Inclusion Exclusion
Period Any -
Literature Peer-reviewed articles Review articles of any type, non-peer-

reviewed academic articles

Geographical Any -

location

Setting Primary care settings Secondary and tertiary care settings

Study Focus Information on the No information is directly related to the
pharmacogenomics testing implementation of pharmacogenomics
implementation in primary care testing in primary care settings.
settings

Study Design All types of qualitative and All types of reviews, including systematic
guantitative studies, clinical audits reviews, meta-analysis

Language English Other languages than English
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3- Selecting the studies

Articles were identified across five databases, which were exported into Covidence™ for further
processing. Two reviewers independently screened each article, and a third reviewer resolved any

discrepancies.
4- Charting the data

Data charting facilitates the transfer of the relevant information from the selected articles into a data
extraction table (5). The authors created a data extraction template using the Covidence™ extraction
template. The data extraction template was contextualized to meet the study objectives and the
research questions proposed at the beginning of the review, which contained standard information
such as title, lead author, type of study, aims, objectives, key stakeholders, findings in relation to the
enablers and the challenges of implementing PGx in the primary care settings and recommendations.
All authors were involved in charting the data, and PMG carried out most data extraction. Although
data extraction needed one reviewer per article, KA checked each article's extraction data for final

approval.
5- Collating, summarising, and reporting the results

KA and PMG synthesized the results by collating and summarising the findings following data charting.
Results were then presented to the rest of the authors for their comments and interpretations. The
authors were registered pharmacists who had the experience of practicing in primary care settings.
They discussed the results from the practice and policy's point of view. The authors did not carry out
a quality assessment exercise as scoping reviews do not normally need an appraisal for quality and

bias due to their descriptive nature (6).
6- Consulting stakeholders

Although stakeholders' involvement and consultation are not mandatory stages for conducting
scoping reviews, we involved a subset of stakeholders who were available to us in two stages. These
stakeholders were the primary care physicians or community pharmacists who were elected leaders
in their respective professional societies and had at least 10 years primary care clinical experience.
Invitations were sent by the research team to all eligible stakeholders. All stakeholders who declared
no conflict of interests with any PGx service provider were to participate. We conducted a
brainstorming session with these stakeholders. The ten stakeholders were from independent or chain
medical clinics (n = 5) or community pharmacies (n = 5). We then presented the findings to them for

their comments and feedback.
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Patient and public involvement

There were no patient or public involvement in addition to the above-mentioned stakeholders.

Results

A total of 1251 articles were initially identified across five databases, i.e., PubMed (n = 690), MEDLINE
(n =288), Embase (n = 239), Cochrane Library (n = 26), and Global Health (n=8). 291 duplicates were
removed, leaving 960 articles for title and abstract screening. A total of 378 articles met the inclusion
and exclusion criteria for full-text screening. We present the findings from 78 studies on different
aspects of PGx testing implementation in primary care settings, such as stakeholders' views and
involvement, enablers, and challenges of implementing PGx testing (Supplementary File 2). The PGx
testing in the primary care setting in these studies was discussed either as disease-specific themes (n
= 53), such as mental health conditions, cardiovascular conditions, diabetes, etc., or population-
specific themes (n= 11), such as general patient population, paediatric and geriatric patient
population, or public health themes (n=3) and others not specified (n=11). The full-text screening
eliminated 290 articles because of wrong context/setting (n = 148), no full-text availability, e.g., for
poster/conference papers (n = 59), wrong study design or application or outcomes (n = 51) and non-
peer reviewed commentary (n = 32) and thus, 78 studies were included in the final review upon which

results are reported (Figure 1).
Insert Figure 1 here.
Publication date

The earliest publication was in the Year 2007, and the latest publication was in 2023 when data
collection ended. More than half of the studies (57%) were published in the period between 2019 to
date. Nearly one-third (n=22) of studies were published between the years 2016 and 2018. The

number of publications has increased significantly in the last six years, i.e., between 2018 and 2023.
Types of studies and location

A wide array of study designs was pulled together in this review, ranging from commentaries (n =2) to
qualitative studies (n = 7) to quantitative studies (n=16), including randomised controlled trials (n=5)
to mixed methods studies (n =54). An overwhelming majority of the studies were from the global north
(n=77), e.g., 51 studies from the US and its territory, 12 studies from Canada, 14 studies from the EU,
while there was only one study from Singapore. (Figure 2) The study types can be categorised into
Quantitative Studies (n = 16) and Mixed Method Studies (n = 54). Quantitative studies can be further

divided into (i) Randomized Controlled Trials (n = 5), wher the controlled experimental settings were
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used to assess the efficacy of PGx testing; (ii) Cohort Studies (n = 4), where these groups were
monitored over time to evaluate the outcomes of PGx testing; (iii) Cross-Sectional Surveys (n = 3),
where one-time data collection methods were used to evaluate respondents' beliefs, expertise, and
PGx-related behaviour; (iv) Case-Control Studies (n = 2) where the effects of PGx testing were
examined by comparing individuals with particular results to those without; and (v) Pre-Post
Intervention Studies (n = 2), where the outcomes were examined both before and after PGx testing

was used.

In addition, Mixed Methods Studies (n = 54) can be further categorised into (i) Explanatory Sequential
Designs (n = 15), where quantitative data were gathered first, followed by qualitative data to explain
the quantitative results; (ii) Exploratory Sequential Designs (n = 20), where quantitative data were
collected after conducting qualitative research to create or refine hypotheses; and (iii) Convergent
Parallel Designs (n = 19),where qualitative and quantitative data were gathered concurrently, the
finding were compared and comprehensive conclusions were drawn. This thorough analysis addresses
the variability within the broader categories of quantitative and mixed methods research, providing a

deeper understanding of the studies covered in the study.

Stakeholders

From the selected literature, the stakeholders included the service users/patients, members of the
public, healthcare professionals including general practitioners, physicians, pharmacists, nurses,
physician assistants, public health consultants/professionals, geneticists, phlebotomists, genetic
counsellors, mental health providers, obstetricians, gynaecologist, psychiatrists, and cardiologist.
Most of the stakeholders were primary care physicians (n = 43), followed by pharmacists (n = 32),
allied healthcare professionals (n = 27), and primary care providers who were not specified (n = 15)
(Supplementary File 3). Additionally, there was general agreement with the results when they were

presented to a panel of stakeholders (n = 10) whom we had individually consulted for this study.
Current status of pharmacogenomics testing in the primary care settings

To understand the current status of PGx testing in primary care, we classified the key conclusion of
these studies into 3 categories, namely the (i) favourable view in which the key conclusion supports
PGx implementation in primary care; (ii) not favourable, in which the key conclusion does not support
PGx implementation in primary care; and (iii) neutral views in which the study did not provide a clear
stance on supporting or not supporting PGx implementation in primary care. More than half (52%) of

the studies had favourable views toward the status of PGx testing in primary care settings, whereas
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43% of the studies had unfavourable views, and 5% of the studies offered neither favourable nor
unfavourable views (Supplementary File 4). Most of the favourable views stemmed from the perceived
benefits of PGx testing to the patient's clinical outcomes, selection of the most precise treatment
modality, decrease in the incidences of adverse drug reactions due to polypharmacy, and improved
medication adherence.*>*% Other favourable opinions were the health systems level benefits of PGx
testing, such as lowering the healthcare costs and broader applicability of PGx in the areas of

preventive care, population health, and community health interventions ..

The main reasons for unfavourable opinions were the perceived lack of information or findings on the
acceptability, scalability, and implementation aspects of pharmacogenomics testing in primary care
settings. Furthermore, the perceived limited evidence of the effectiveness of PGx testing on impacting
clinical outcomes, limited knowledge and skills of the healthcare professionals to operationalize PGx
testing in the routine delivery of care as well and financial concerns, data security were some of the
unfavourable concerns to implementing PGx testing in the primary care settings 4223, Specifically,
Turkmen D et al highlighted PGx results could be guided by databases such as PharmGKB, which
contains studies with low or moderate level of evidence. They also noted that the study design, with
qualitative studies not being meantfor generalisability of the findings, along with factors such as
diverse ethnicity, heterogeneity, poor compliance to medication, statistical bias and publication bias,

may further limit the implementation of PGx in primary care®.

Enablers of PGx testing implementation in the primary care setting

The benefits of using PGx testing in primary care settings were discussed in almost all studies (n=77).
PGx testing implementation was facilitated by three main factors, broadly: a) diagnostic and
therapeutic benefits in collaborative practice; b) reduction in healthcare costs; and c) empowering
healthcare professionals to deliver their clinical services, especially for the physicians and community
pharmacists. A total of 23 studies reported other possible enablers, including programmes that
support clinical decision-making, precision medicine, personalised medicine, individualized care, drug-

drug interactions, patient safety, and optimal medication use.
Diagnostic and therapeutic benefits in collaborative practice:

Around 10% (n = 12) of the studies reported the findings that pharmacogenomics supports
collaborative clinical practice by allowing a precise choice of therapeutic agents in treating patients.
For example, findings from a primary care precision medicine clinic offering PGx services at the

University of Pittsburgh Medical Centre Health System showed that genotype-guided clinical decisions
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successfully supported the primary care providers' adoption of genetic information to guide statin
therapy in routine clinical practice **. A UK study described the benefits of PGx testing to support
personalised medicine and the management of calcium channel blocker side effects through genomic-

guided information on pharmacogenetic variations >°.
Reduction in healthcare costs:

The potential for cost-saving associated with the implementation of PGx testing was mentioned in
20% of the studies (n = 15). Various cost-saving approaches were proposed, namely (i) economic
evaluations; (ii) stakeholders perceptions; and (ii) indirect evidence. Formal economic evaluations
were used in several studies to determine whether PGx testing was cost-effective. Cost-utility, cost-
benefit, and cost-effectiveness studies were frequently performed as part of these assessments. For
example, when PGx testing guided drug selection and dose decisions, a randomized controlled trial
found lower healthcare expenditures due to fewer adverse drug events (ADEs) occurred. This study
measured the financial gains connected with fewer ADEs and hospitalizations using a cost-
effectiveness methodology °6. An economic evaluation approach was employed in prospective cohort
research conducted in Singapore to evaluate the effects of a PGx-based medical decision support
system on healthcare expenditures and quality. The study showed that by enhancing medication

dosage and improving treatment results, PGx testing led to cost savings >’.

In term of stakeholder perceptions, some research examined cost-savings from the viewpoint of
stakeholders, such as legislators and healthcare professionals, in addition to economic evaluations.
Stakeholders believed that PGx testing could be an effective way to reduce overall healthcare costs by
minimizing trial-and-error prescribing and the adverse drug experiences that come with it. Qualitative
interviews with primary care physicians, for instance, revealed that PGx testing could save long-term
expenses by enabling more accurate medication administration. Alternative approaches would be
through indirect evidence. A few studies highlighted improvements in patient outcomes that were
associated with lower healthcare utilization, which served as an indirect source of cost-saving data.
These studies suggested that more targeted treatments resulting from PGx testing could reduce total
healthcare costs by avoiding the need for extra interventions, even though they did not conduct direct

economic evaluations.

Empowering healthcare professionals to deliver their clinical services

Over 28% studies emphasized the importance of incorporating healthcare professionals such as

community pharmacists, to improve patient care through implementing PGx in a primary care setting.

11
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The advantages of involving community pharmacists in administering PGx testing include (i) enhanced
medical management, (ii) increased accessibility and patient engagement, (iii) better integration with
clinical decision support systems, and (iv) increased physician adoption of PGx. By using PGx testing,
community pharmacists can customize more drug regimens based on each patient's unique genetic
profile, leading to fewer adverse drug reactions (ADRs) and increased efficacy. An open-label, non-
randomized observational trial reported better patient outcomes from community pharmacists based

PGx screening, since pharmacists could efficiently provide more input on the regimens 2.

In addition, patients' accessibility to PGx testing is increased when it is incorporated into community
pharmacy practices, especially in underprivileged areas. Research indicated that patients whom
experienced easier access to genomic services via their neighbourhood pharmacies, were likely to
have thoughtful and educated conversations regarding their treatment options > . Community
pharmacists play a crucial role in helping patients understand the meaning of PGx test results. Patients
would then adhere to the individualized treatment programs when they are more educated about

how genetic information can guide their pharmaceutical choices.

Interesting, including PGx testing in a clinical decision support system (CDSS), greately enhanced its
efficacy. Research indicated that community pharmacists who used CDSSs in combination with PGx
testing were more capable of making well-informed choices regarding medication dosage and therapy
modifications. This integration reduces the possibility of drug errors and helps provide more accurate
recommendations *° . Moreover, physician preference for PGx in patient care has increased due to the
convenience of receiving PGx services through community pharmacists. By collaborating with
pharmacists, who perform PGx testing, physician can focus on better decision-making, and ultimately

improves patient outcomes .
Challenges of pharmacogenomics testing implementation in the primary care setting

The challenges of implementing PGx testing in primary care settings were discussed in all studies (n =
78). There were four main areas of challenge: a) dearth of data on the scientific evidence such as
clinical-genomic databases; b) lack of bespoke PGx training modules/courses for the healthcare
professionals to apply the PGx testing principles; c) dearth of data on patient awareness and

acceptability of the use of PGx testing in patient care; and d) high costs associated with PGx testing.
The dearth of data on scientific evidence, such as clinical-genomic databases:

Forty-five percent of the studies (n = 35) reported the lack of solid scientific evidence to produce
reliable clinical-genomic databases and clinical practice guidelines (n = 35), followed by perceived

publication bias (n = 23) in the studies in the field of PGx. For example, a 2017 study highlighted that
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a constraint of the study was the limited sample size, which might have introduced bias as the findings
might not accurately reflect the viewpoints of all primary care physicians or those within the chosen
primary practice sites 6. Almost a quarter (n = 18) of the studies also acknowledged that their studies
may had the inevitable recruitment bias, which could limit the potential to immediately implement

PGx findings across all populations in primary care settings.

Lack of bespoke PGx training modules/courses for the healthcare professionals:

The insufficiency of appropriate training for primary care providers to administer PGx testing was a
notable obstacle identified in 17 studies. Each healthcare practitioner have distinct PGx training. Due
to their limited exposure to genetic concepts and how they are applied in daily practice, many primary
care physicians (PCPs) report feeling unprepared to use PGx testing. PCPs need comprehensive
primary care training to evaluate PGx test results and incorporate them into clinical decision-making.
Training courses must concentrate on managing drug-gene interactions, using genetic information to
inform medication selection and dosage, and clearly communicating findings to patients. Nurse
practitioners’ capacity to offer effective patient education and individualized medication management
is hampered by their lack of PGx testing-specific training such as data analysis, and the incorporation
of PGx data into patient care plans. In addition, the limited availability of specialised training programs
for pharmacists also hinders their ability to apply PGx testing in their practice 2. Specific trainings for
pharmacists should include interpreting of genetic data, applying PGx in drug therapy management,
and integrating into pharmacy practice. The inadequacy of customized training programs for these
diverse healthcare worker groups limits their ability to apply PGx testing in primary care environments.
Addressing this gap with focused educational initiatives is essential to optimizing the benefits of PGx

technology.

The dearth of data on patient awareness and acceptability of the use of PGx testing

Around 10% of the studies reported the dearth of data on patient awareness and patient acceptability
of the PGx testing as a barrier to the implementation of pharmacogenomics testing in primary care
settings. For instance, a 2017 study showed the importance of patients' willingness to consent to be
involved in clinical-genomic treatment modalities, which would need patients to be fully aware of the
technical aspects of PGx testing, including ethical aspects 3. A qualitative study revealed that patient
anxiety and fear of disclosing genetic information to a third party was the main barrier to the

implementation of PGx testing in primary care settings 2.

High costs associated with PGx testing:

Almost 20% (n = 14) of the studies mentioned high costs associated with pharmacogenomics testing

in primary care settings. Insurance coverage, out-of-pocket expenditure, and institutional return of
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investment — investment in setting up PGx testing — were among the points raised in regards to the
costs and who should bear the cost based on the healthcare systems in the global north, Western

Europe, and Australasia >6463,

Insert Figure 2 here.

Discussion

Primary care physicians play a key role in incorporating PGx into standard clinical practice. Primary
healthcare professionals need to educate patients on the importance of genetic data and how it
affects individualised treatment plans. Collaboration with genetic counsellors and other medical
professionals can also help maximise the use of PGx in patient care. Genetic counselors assist

individuals and healthcare providers in better understanding intricate genetic details (63).

Collaboration among academia, healthcare, industry, and regulatory agencies is essential for
integrating PGx into clinical practice %7, PGx has been effectively integrated into healthcare systems
in both the US and the UK. There is significant variation in the implementation of PGx across Europe
21 and Gulf Cooperation Council (GCC) countries like Saudi Arabia, UAE, and Qatar 1718, PGx has made
significant progress in the UK, with the NHS supporting genetic screening to enhance medication
therapy 22. Similarly, it is also utilised in Australia and Canada to enhance the optimal clinical decision
6869 0On the other hand, there is a rise in the PGx utility in Singapore, Japan, South Korea, and China,
particularly for chronic diseases *°77°, Some regions still face complex regulatory structures and
ethical issues, and this is a big challenge 7!. Regulatory agencies' well-defined guidelines give
healthcare providers confidence and create an environment in which PGx practices are not only
acceptable but actively promoted 72. The regulatory environment is greatly influenced by
policymakers, who make sure that it permits a smooth integration of PGx into standard primary care

practice and keeps pace with the field's rapid evolution.

Several studies emphasise the importance of PGx testing in cardiovascular diseases and
neuropsychiatry disorders 23567375 due to its ability to choose more precise treatment modalities, a
reduction in adverse drug reactions caused by polypharmacy, and a significantly improved medication
adherence 747677, However, the dearth of data on scientific evidence, particularly in areas such as
clinical genomic databases, poses a significant challenge for pharmacogenomic testing. One of the
obstacles is the limited availability of high-quality genomic data linked to clinical outcomes 78. Clinical
genomic databases that integrate genetic information with patient health records are crucial for
understanding how genetic variations influence drug response and adverse reactions. Moreover, the

heterogeneity of genetic backgrounds among populations further complicates the issue 7°.
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Additionally, there are challenges related to data privacy, consent, and ethical considerations when it
comes to sharing genomic and clinical information 8. Striking the right balance between data
accessibility and protection of patient privacy is essential but complex. Investments in data
infrastructure, standardisation of data formats and protocols, and initiatives to promote data sharing

and collaboration are critical.

Another challenge is the rapid pace of advancements in PGx, which can make it difficult for healthcare
professionals to stay updated with the latest developments 3. Without clear guidelines or
accreditation standards, healthcare professionals may struggle to identify reputable training
opportunities or gauge the quality of the education they receive. Addressing these challenges requires
concerted efforts from various stakeholders. Healthcare institutions and professional regulatory
bodies can play a crucial role in advocating for the integration of PGx education into medical school

curricula, residency training programs, and continuing education courses 8.

Additionally, there may be barriers to patient acceptability related to trust and confidence in the
healthcare system and genetic testing technologies. Patients may have concerns about the privacy
and security of their genetic information, as well as apprehensions about potential discrimination or
stigmatisation based on genetic predispositions to certain health conditions 872 Commercial
companies' access to patients' genetic data is also a concern, hence the need for reviewing and
updating the existing data privacy act and rules to improve the public preferences towards PGx testing
66, Building trust using enhanced medical technologies and addressing these concerns is essential for
promoting patient acceptability of PGx testing #. Tailoring educational materials and communication
strategies to meet the needs of diverse patient populations is crucial for promoting awareness and

acceptability of PGx testing.

PGx testing's extensive utilisation can reduce healthcare costs and enhance preventive care,
population health, and community initiatives 887, Moreover, PGx testing costs have decreased over
time, but access for patients may still be restricted by financial issues, especially in primary care

settings where resources may be scarce.

Conclusion

Successful integration of pharmacogenomic testing into primary care demands a multi-faceted
approach that strengthens enablers and addresses challenges (Supplementary File 5) . This entails

enhancing consumer awareness, providing comprehensive training for healthcare providers, and
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furthering scientific research to elucidate both the clinical benefits and cost-effectiveness of such
testing. Additionally, it is imperative to conduct feasibility studies encompassing various countries and
healthcare systems to fully understand the potential enablers and challenges of implementing
pharmacogenomic testing in primary care. Currently, the available data predominantly stems from
the global north, leading to a gap in knowledge regarding its applicability in diverse cultural and

resource-constrained settings.

Addressing the high costs associated with PGx testing requires a multi-faceted approach. Efforts are
needed to streamline testing processes, improve efficiency, and reduce the overall cost of testing. This
may involve the development of standardised testing protocols, the use of automation and high-

throughput technologies, and the optimisation of bioinformatics pipelines.
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Figure caption

Figure 1: Flow diagram of the scoping review

Figure 2: Country of origin of the articles included in this review.
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Study ID | Study type, Disease/ Aims/Objectives Key Country | Key Findings m
year Condition under stakeholders @
study Lg'
Ahmed Retrospective | Autism Assess the prescription | Physician Canada e One third §_f Bpsychotroplc drugs has a PGx based
2022 study, 2021 pattern of 92 treatmentg@d;hne Sertraline, citalopram, risperidone
psychotropic drugs in and amitri Qt% ge were mostly benefited from PGx
autistic patients and testing. ;-(E; =]
measure its e PGx interpg_e@go_ons varied by ethnicity
pharmacogenomic asa
testing implication. SN
Arwood | 2020 Patients in the A pharmacist-initiated | Pharmacist United e Intwo yea%%;; patients were seen in clinic. Of
2020 general internal pharmacogenomics States patients WBO@FECGIVEd PGx, 77% had at least one
medicine clinic and state its CYP2C19 ajr;d/& CYP2D6 phenotype that would make
success and challenges conventloual p%scrlbmg unfavorable.
that came across Recommegdat®ns to physicians was made for 59% of
within two years of its patients; 8%% were accepted.
implementation . Challengesmlnclnded PGx reimbursement and referral
malntenarg_e =
Bank Prospective Adult patients with | Assess the feasibility of | Community Netherla | e Included 200 p ients: 90% carried at least one
2019 multicenter an incident pharmacist-initiated Pharmacist nds actionabl Gxtest result. In 31.0% of the incident
observational | prescription for at pharmacogenomic prescrlptlons a%ombmatlon between a drug with a
study, 2019 least 28 days for analysis in primary care known gerfe- d@'g interaction and an actionable

amitriptyline,
atomoxetine,
atorvastatin,
(es)citalopram,
clomipramine,
doxepin,
nortriptyline,
simvastatin or
venlafaxine
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and investigate the

actionable phenotypes

for improving patient
clinical outcomes.

genotype was @;esent and a therapeutic
recommenglatign was provided. Recommendations
were acceﬁted%y clinicians in 88.7% of the patients.
Limited pa%iengaccessibility to PGx services. No
financial beneflt for the involved healthcare
professional. E@idence constraints with the
implementatiof of preemptive PGx panel approach in
primary care ofthe European medical sector.
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Bank 2016 All prescriptions for

2019 the selected 45
drugs

Behr 25-question Pain management

2023 survey, 2023

Bishop Commentary, | Mental health

2021 2021
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To estimate the
potential impact of the
implementation of
pharmacogenetic
screening for eight
genes related to drugs
used in primary care.

To assess clinician
knowledge with clinical
pharmacogenomic
(PGx) scenarios
involving

commonly used drugs
that have both CPIC
guidelines and FDA
PGx dosing
recommendations.
To comment on the
role of pharmacists in
pharmacogenomics
practice
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Pharmacists

Physicians,
physician
assistants, and
nurse
practitioners

Clinician,
Pharmacist

Netherla
nds

United
States

United
States
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In 23.6% og—all Eew prescriptions of 45 drugs (n =
856,002 n%rv pgescriptions/year), an actionable gene-
drug inter&tiomwas present.
These GDISwo@ld result in a dose adjustment or switch
to anothertng[u< in 5.4% of all new prescriptions.
Dispensinéjl:@_tgbase: Lack of complete clinical data
(such as c%@r@dities, reduced clearance of drugs, and
informati@ §r8ndications) in the available dataset.
Lack of da %Jgply to the database by the outpatient
pharmacy *812.@ often dispense more specialized
pharmaco@g?y.
Thirty-fourg_cgngians completed the survey.
Responde@:ﬁwﬁd minimal experience with PGx and
limited awBir&nsss of PGx resources. Although
respondergsreﬂ)ressed belief that PGx has utility to
improve r’rﬁt_i(?’c%tion-related patient outcomes, many
lack confid:gnc_eito apply PGx results
to their prg_cticg. For clinical drug—gene questions
relevant t@pri@éry care and/or pain management,
responder«ﬁgé s@®red poorly.

O
PGx testiné_has{—%the potential to optimise
antideprefantreatment by tailoring drug choice and
reducing téatrgent failures/occurrence of adverse
drug reactf@nsa
Involving @ar@acists in the PGx process can leverage
their expegise@ medication management and patient
communicgtiofgb enhancing the overall effectiveness of
PGx implemen@tion.
PGx test rénsultgcan be complex and difficult to
interpret, requiing specialized knowledge and training
for clinicians. @
Other challeng®s include variability in PGx tests, lack of
clear guidelinegon how PGx results should be used in
clinical practicélimited evidence base for PGx use in
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1 gk
2 5 3
3 mental hea'th @xpensive cost of PGx testing, time
4 constramt%ln /gimary care
5 Biswas Case study, Paediatric To propose a practical | Clinician United e Challenge$in P&x testing: Lack of knowledge and
6 2020 2020 Condition and centralized States access to g%negcs specialists, difficulty interpreting
; approach to providing complex t%strm< ults, insurance reimbursement
9 genomic services I|m|tat|on§/’|[‘.gte:grat|ng genomic findings into patient
2 through an care. $‘g :,
1 independent, e The Roberg %&wduallzed Medical Genetics Center
12 enterprise-wide clinical (RIMGC) l\@@eﬁoffers a centralized resource for all
13 service clinical dlvtsl , provides services like test selection,
14 model. insurance pré-authorization, genetic counseling, and
15 result mteg)f-'a%tlon collaborates with the diagnostic
16 IaboratoryCicE gmlcal correlation of findings, utilizes
17 "genetic clﬁénnp:ons from various specialties for expert
18 input. 3. m S
19 Brown A Subanalysis | Mental illness To determine potential | Primary care United e  Primary cge—p&mders (PCPs) congruent with
20 2017 ofa cost savings of providers States combmatojgal PGx testing provided the most
21 prospective combinatorial treat medmahon;co%'savmgs for payers and patients at
22 trail - 2017 pharmacogenomics psychiatric $3988 per&ner’ober per year (P < 0.001).
23 testing over one year patients e PCPs congﬂlengwmh the combinatorial PGx test
24 in patients with mental | through recommengdations saved patients $2690 in medication
25 iliness treated by general costs comgareg-with psychiatrists.
26 primary care providers | practice, 4} o
27 and psychiatrists who internal i 3
28 had switched or added | medicine, 2 S
29 a new psychiatric family § c
30 medication after medicine, and 3 o
31 patients failed to obstetrician/g % :
32 respond to ynecology. %’ S
33 monotherapy. Psychiatrist @ g'
34 (not included ;
35 as PCPs) @
36 Brown Cross- Pediatric patients Determining Pharmacist, United e Healthcare secﬁnr can link the drug gene interaction
37 2021 sectional availability, concerns, Physician States reports to the ginical decision support of the electronic
38 study, 2021 and barriers of prescribing sys&em. The most common drug gene
39 pharmacogenomic interaction testg‘identified in pediatric setting were
40 3
41 =.
42 ?,,
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Brown-
Johnson
2021

Brunette
2019

Mixed Patients with
methods cardiovascular risk
research in factors

Quiality

Improvement,

2021

Pragmatic Cardiovascular

Clinical Trial, disease (needing

2019 statin therapy
without previous
history of statin
use).
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testing in pediatric
hospitals

To assess the
implementation
outcomes, specifically
penetration/reach,
acceptability,
feasibility, and
sustainability of
Humanwide, a pilot
embedding multi-
faceted precision
health into a team-
based primacy care
setting

To inform future
implementation
initiatives and facilitate
the scale/spread of
precision health in
primary care.

To assess its early
potential clinical
benefit to patients.
To apply Pragmatic
Clinical Trial (PCT)
principles to The
Integrating
Pharmacogenetics In
Clinical Care (I-PICC)
Study.

BMJ Open

MDs, Advance | United
Practice States
Provider (NP

or PA) health
professionals,

diabetes

pharmacists,

dieticians,

mental health
providers,

triage nurse

Primary care United
provider States
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thlopurlne%l'MET followed by Voriconazole/ CYP2C19
and Codeifie/C¥P2D6

Barriers: CBst anreimbursement for the PGx test,
potential f%r g§1et|c discrimination, sharing results
with famil mmeers and availability of tests in
certified Ia‘bqgagorles

Patients anﬁ’p‘%r:gwders reported Humanwide was
acceptableg_lge.@gaged patients holistically, supported
faster medic@tion titration, and strengthened patient-
provider r@‘a&] ships. All patients benefited clinically
from at Ieastconse Humanwide component.
Feambﬂﬁy@_h@l%nges included: low provider self-
efficacy fog-l Etgpretlng genetics and
pharmacog:enm:nlcs difficulties with data integration;
patient teéimR)gy challenges; and additional staffing
needs. PatE#—% Hnancial burden concerns surfaced with
respect to-susfamablllty

Z ', aung uo ywoo fwqg uadolwag//ed

0|ouy23} Jejiwis pue ‘Buiures) |vab

The trial a‘%le\@d high engagement with providers
(85% enroffed é?those approached) and enrolled a
representatlve;sample of participants for which statin
therapy would‘%e recommended.

PCTisa valuabge tool for generating high quality and
generalizable ewidence about the effectiveness of
genomic interv@ntions.
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Carroll A qualitative Cancer
2016 study
17 involving

18 focus groups

29 Carroll Questionnaire | NA
30 2019 Design and

31 Administratio

32 n

To generate evidence

for the clinical utility of

pre-emptive
pharmacogenetic
testing in the initiation
of statin therapy.

To assess primary care
providers' (PCPs)
experiences with,
perceptions of, and
desired role in

personalised medicine,
with a focus on cancer.

to determine family

physicians' (FP) current

involvement in

GM (general
medicine), confidence
in GM primary care
competencies,
attitudes

regarding the clinical
importance of GM,
awareness of genetic
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PCTs aIIomefor %e post-trial implementation of their
interventi&hs, @creasing the likelihood that beneficial
mterventliihs will be taken up into clinical care.
Barriers: Trme §1d resource constraints: Implementing
a new testingiand intervention process requires
addltlonal‘flrgge::and resources from healthcare
providers; %@ﬁpt engagement: Ensuring patient
understan@@%nd consent for genetic testing can be
time- consg@n Insurance authorization: Obtaining
insurance gpgroval for genetic tests can be complex
and time-c%ﬁ(:sl:gning.

Primary c@_eoqﬁ;)%viders have limited experience in
personalisgefn@dicine main areas of involvement are
breast canméand prenatal care. PCPs expect growing
mvolvemegtnngaersonallsed medicine due to patient
demand aMt

PCPs were: con_aarned over their lack of knowledge,
with someg\/hcgbased their practices on personal
experiencé ra"Eher than evidence. They are also
concerne bomt information overload due to the rapid
pace of dISg(JJOVQers in geneomics (particularly in direct-
to-consumgr p1 rsonal genomic testing).

Need for s!app@rt Increased knowledge, collaboration
with geneécs specialists, and accessible resources are
crucial forsuccéssful implementation.

FPs see thgr r@e as making appropriate referrals, are
somewhat:bptﬂhlstlc

about the oontmbutlon GM may make to patient care,
but expre%‘cauﬁion about its current clinical benefits.
There is a heedfor evidence-based educational
resources integtated into primary care and improved
communicatio®with genetic specialists.
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Cavallari
2023

Chapdela
ine 2021

Crown
2020

Dressler
2019

Review of a
Muti-centric
cohort, 2023

Adult patients with
newly initiated
drugs stated in the
Dutch
Pharmacogenomics
Working Group
guideline

Secondary Geriatric patients

data analysis, | without moderate

2021 to severe cognitive
impairment

prospective Not

cohort study Mentioned/Not

Applicable

This
prospective,
observational
feasibility
study was
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services, resources
required, and
suggestions for
changes that

would enable the
integration of GM into
practice.

The effect of twelve
gene panel
pharmacogenomic
testing to prevent
adverse drug reactions
in patients across
seven countries
Assess the factors of
older adults that affect | providers
pharmacogenomic

testing in primary care

Pharmacist,
Physician

Examining the impact
of the CPD program on
practicing
pharmacists’
knowledge, readiness
and comfort, and
ability to implement
pharmacogenomics
services

in their practices
Assess feasibility and
perspectives of
pharmacogenetic
testing/PGx in rural
primary care physician

Physicians

Primary care

Pharmacists

United
States

Canada

Canada

United
States
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Effective e@.@@onal strategy and mechanism for
returning ph&rimacogenetic results led to high
recommerglgkign acceptance rate by providers.
Adverse drt sraactions significantly declined among
the actiong)m Eenotype patients where treatment
recommer@ﬁigns were considered.

o J> :'”
Majority v@rm willing to provide their samples and pay
from thew;p&&ts for carrying out PGx analysis for an
effective tfeatfﬁent
Age was mxersgly proportional to the their willingness
to prowdegan’@Ies for PGx analysis. Lower level of
education gffe-aed their willingness to pay for PGx
testing = o
This multlagomgonent CPD program successfully
increased pharmacists’ knowledge, readiness, and
comfort |n%pp ing PGx to patient care in the short-
term, yet someﬂpharmaasts struggled to integrate this
new serwd& |ntu;> their practices.

asrv

‘saibojouy
AV 1e GZog ‘L au

Prestudy, no P@P had ever ordered a PGx test. Test
results demong}rated gene variations in 30% of
patients, relate® to current medications, with PCPs
reporting changes to drug management.

PCPs and patiégts had favorable responses to testing.
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3 conducted (PCP) practices, when e PCPs wereacon@rned about their lack of expertise, lack
4 between PCPs are trained to of comfort?ppg/mg results and out-of-pocket expense
> September interpret/apply results for their p@tients/lack of reimbursement
6 2016 and and testing costs are e forthe tesg g
7 December covered & m é
8 2017 623
?O Elliott prospective, 50 years and older | Assessment of clinical | Physicians United e Subjects (rg@%) were randomized to
11 2017 open-label, taking or initiating impact of States pharmacoggqﬁc profiling (n = 57)
12 randomised treatment with at pharmacogenetic e PGx reducgdge%ospnahsatmns and emergency
13 controlled least one of fifty- profiling integrating departmera m s at 60 days.
14 trial five single- binary and cumulative e Ofthe tot@ﬁidrug therapy recommendations passed
15 ingre?die'nt or six dru.g and gene inter- onto chm@_agsg_% (77%) were followed.
16 medication action warnings on oS g
17 combinations home health SN g
18 (Polypharmacy) polypharmacy patients g % 3
19 Forester | Post hoc major depressive Evaluate the clinical Physicians United ° Remmsmngé@l@sponse rates improved significantly
20 2020 analysis of disorder (MDD) utility of combinatorial States with the uSe oﬁ:ombmatorlal pharmacogenomic
21 data from a pharmacogenomic testing to lgen?y medications with potential gene-
22 blinded, testing for informing drug intera}tioas and guide medication selection.
23 randomised medication selection o Atweek 8,§yn§)tom improvement was not significantly
24 controlled among older adults different f6r guided-care than for treatment as usual
25 trial who have experienced (TAU); hovggve?-, guided-care showed significantly
26 comparing antidepressant improved pespcnnse and remission relative to TAU.
27 two active medication failure for 3 3
28 treatment major depressive 2 3
29 arms. disorder (MDD) T g
30 Frigon Focus Group NA To better understand Primary care Canada e  Majority ogthet?partlupants showed enthusiasm
31 2019 interviews/ the perceptions of physicians toward th%mﬁ[‘ementatlon of PGx in clinics. The
32 2019 PCPs, pharmacists, and | (PCPs), reductmn‘ﬁf a@erse events is seen as a main benefit of
33 patients regarding the | pharmacists PGx testing. g'
34 implementation of PGx | and patients e Challenges: High cost, need for accessible PGx
35 testing in clinical guidelines, ethsal (revealing genetic information,
36 practice, confidentialityfand insurance issues, need for training
37 for health profassionals, need for computerised
38 systems for su&essful implementation.
39 3
40 3
41 =.
42 ?,,
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Gammal
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Grant
2009

Haga
2012

2021 General population
Cross- Type 2 diabetes
sectional, mellitus

2009

Cross- NA

sectional

Survey & 2012
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Physician, United
Pharmacist States

The problems and
solutions concerning
the integration of
pharmacogenomics to
the clinical decision
support system in a
clinical setting

Assess the physicians Physicians United
and patient's views on States
pharmacogenomic

testing for the

prediction and

management of

diabetes.

To seek PCPs views on | Primary Care United
their willingness and Physicians States
readiness to utilise PGx | (PCPs)

testing, desirable test

properties, and factors
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Integratlngph@macogenomlcs into electronic health

records W|%1 c@tomized clinical decision support

system reffliiresisignificant resources and specifically

trained pe%ongel to implement and maintain.

< .
ProbIems:ég le pharmacogenomic result can affect

various mé&dig ions; no standard location for
pharmacogégol@lc results in EHR; results should be
accesmblegogaﬁcllmuans like drug allergies;

pharmacogegomlc results need permanent access, not

archiving; gy variability: Multiple tests for the same
X C . . .

gene can praslace different results; evolving evidence:

pharmacogeg&gﬂc interpretations may change over
time. oc @
Solutions: Blﬂﬂem list entries: use standardised

phenotypétemas for actionable pharmacogenomic

results; ut@zefé&lstlng drug allergy alerts for high-risk

pharmaco en&’hlc findings; train clinicians on the
importance of Ehese entries and how to use them;

improve dgta sBaring between healthcare institutions;
educate pg:ler:r%s about their pharmacogenomic results

and encoﬁ’agecsharlng, promote broader
pharmacoggno%ncs knowledge among clinicians;

incorporate pharmacogenomic inquiries into standard

patient cag. =

More spe@r’allzed physicians were more enthusiastic in
FDA appro@ed genetlc testing for guiding the treatment
for dlabetes arml also predicting the disease. Patients
were in m@'e e@ger for a genetic test that would gain

them the %st Eeatment

Patients wére @pncemed about their privacy, high cost

of PGx testmgg
Most respondemts were aware of PGx testing and
recognised its gptential to predict drug response.

However, few f8lt confident ordering these tests, and

many lacked P%( education.
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Haga Pilot Study, NA
2012 2012

24 Haga 2014 General
25 2014

33 Haga Pilot study,
34 2017 2017

relevant to the use of
PGx tests

To assess attitudes
toward PGx testing,
ancillary disease risk
information, and
related clinical issues,
we conducted a series
of focus groups among
health professionals.

Displays delivery
models of
pharmacogenomic
screening for
healthcare settings

To investigate provider
utilization of
pharmacist support in
the delivery of
pharmacogenetic
testing in a primary
care setting.

BMJ Open

Primary care
Professionals
and Genetic

Professionals

Pharmacist

Primary care
providers' and
Pharmacists.

United
States

United
States

United
States
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The majorEy ogrespondents felt primarily responsible
for |nformg1g pRtients about PGx tests for prescribed
medicatiofts and deciding how to document PGx
results. Th8re \gas limited recognition of other
healthcarexn gmfessionals' roles in PGx testing, except
for dlseasé/’sggeslallsts

Primary cﬁég)m/smlans (PCPs) expressed general
interest m@@@]acogenomlcs (PGx) testing but had
reservatiops§bout its practical application. Concerns
included u;la‘c@;r in clinical benefits, insurance
relmbursementichallenges potential treatment delays,
and dlfflcuglgsmn communicating and interpreting
ancillary ggfétg risks.

While PCPsifltza duty to disclose potential genetic risks
to patlent§ ujlgietlmsts believe it is not always
necessary&mﬁr"\asmng the complexity of genetic
mformatlon sER:h as incomplete penetrance

To optlmlgthguse of PGx testing, expanded
educatlonaji pr@grams increased access to genetic
experts, argj clear clinical guidelines are essential.
Current prsscrg‘tlon -driven and pre-emptive PGx
models arginsgfficient for widespread adoption,
necessitatiag afternative delivery strategies.
Incorpora 1g PSx into wellness programs, retail clinics,
and whoIe:genEme sequencing offers potential
avenues fds brgader access and utilization.

Itis cruualgto dgvelop strategies that make testing
more accegslbfgand affordable to the general
populatio@' 8

Two primary care clinics participated in the study. One
clinic was prov@ed with an in-house pharmacist and
the second clink had an on-call pharmacist.

The pharmacoé’enetic (PGx) training was well-received
by most provic@rs, who felt it equipped them to order
and utilize PGxZests effectively. Providers with direct
access to a ph&macist (in-house) were more likely to

10
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Hajek
2022

Herman
2014

Hundert
mark
2020

2022

Clinical trial,
2014

The thirteen-
question
survey, 2020

NA

Non-diabetes
patient under
evaluation for
obstructive
coronary artery
disease (CAD)

Pharmacist
Knowledge from
postgraduate
education and
training.
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To offer guidance to
health systems
developing genetic
education programs
that are appropriate to
the needs of providers
who are not genetic
specialists.

Assessing the benefits
of gene expression
score in the diagnosis
of obstructive CAD

The primary objective
of this survey was to
determine how
postgraduate
education and training
influence pharmacists’
knowledge and
attitudes toward

BMJ Open

Health Care
Providers'

Physicians,
nurses, and
physician
assistants

Pharmacist

United
States

United
States

United
States

ul ‘1ybiAdoo Aq |
/80-7Z0z-uadolu

order PGxogestgand consult with the pharmacist
comparedg'o tigose with on-call pharmacist support.
Despite affRormal test results in a third of patients,
only a smafl préportion of drug changes were made.
While the @gmfuse pharmacist model showed initial
promise, Ith—%rm test utilisation was inconsistent.
Thereis a &%ds,to explore potential barriers such as
insurance,@i@@:onstraints, or lack of in-house testing
facilities. = 3 5
A 2-year gghgtes education program with quarterly
web-base 'y gules that were mandatory for all
physicians2
developedg—
The training Was effective and boosted healthcare

. ®O . . .
prowders'%qnﬁ}ience in their genetic knowledge and
ability to Lge(pg%\etics.
This demoﬁsfr@es the potential of scalable digital
educationp e@mance provider readiness in genomic
medicine. %. g'
The Gene Expr@ssion Score (GES) effectively identifies
patients wf;cho'u:t obstructive coronary artery disease
(CAD), alloa/inéfor faster diagnosis and treatment of
non-cardide. ca@ses of chest pain.
Implemengng gES in primary care can improve patient
care by strgamﬂning the diagnostic process and
reducing u@ne@ssary tests for low to intermediate-risk
patients, egped:.\illy women.
Pharmacisgs wiéh post graduate education were more
likely to re;oéivezgi formal training on PGx, self-rated
their knowledge higher, and respond favorably to PGx
being offered tforugh pharmacy services. Pharmacists
with board cerffications were more comfortable
interpreting PG results.
To effectively irgplement pharmacogenomic testing,
leveraging phafgacists with postgraduate qualifications
is recommend%i as a foundational step.

n

)

Q . .
gdvanced practice providers was
[¢°]
o

) INg
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Hutchcra
ft 2022

Jablonski
2020

Jarvis
2022

Single Hereditary Disease
institution

prospective

cohort study,

2022.

Psychiatric (Mental
lliness).

Sub analysis of
a l-year
prospective
Assessment of
medication
cost, 2019.

Older adult
population

Retrospective
study, 20233

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
pharmacogenomic
testing.
To assess the clinical Physicians

utility of germline
medical

exome sequencing in
patients recruited from
a family medicine clinic
and comparing the
mutation frequency of
hereditary
predisposition genes to
established general
population
frequencies.
Comparison of
economic outcomes
when elderly patients
with neuropsychiatric
disorders received
psychotropic
medications guided by
a combinatorial
pharmacogenomic
(PGx) test.

Evaluating a large real-
world
pharmacogenomic
implementation to the
comprehensive
medication
management system in
the US

Providers'

Pharmacist

Primary Care

United
States

United
States

United
States
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Comprehegswgeducatlonal initiatives are essential to
equip all pg‘armaasts with the necessary knowledge
and skills.2 o

Germline goenegc screening identified hereditary
disease pr%dlrs @sitions and actionable
pharmacogjejgcm'nc variants in patients.

While pha%@@genomlc testing led to medication
changes m@gn%ll number of cases, the study
demonstrzgé-_?;i ﬁ1e feasibility of integrating genetic
screening an@ rlmary care.

Long- term"n'%egratlon of pharmacogenomic test results

into eIectrg_nggealth records is crucial to maximize

patient beﬁeﬂi@_

uluiw ex
(saav)
1y wouy @

Aligning m‘%dic?tion with pharmacogenomic test
results ( coggngnt prescribing) significantly reduced
annual drtg cogts for patients with neuropsychiatric
disorders, §speﬁ|ally in those aged 65 and older.
Congruent] res:;iribing was associated with a reduction
in the nun‘gersf neuropsychiatric medications for
older pati@_nts.g

03] Jejiw
unc uo jw

A pharma(%gemmlcs enriched comprehensive
medlcatlogmanagement program reduced direct
medical clﬁrgeg by approximately $7000 per patient
(=65 years“]’whgare receiving benefits through a state
retirement system over the first 32 months of a
voluntary PGx-@nriched comprehensive medication
management p;:éogram.

The program shifted healthcare resource utilization
from acute car&to primary care.

| @p anbiydeibo
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Older adults within
an outpatient
geriatric clinic.

Kehr Single center,

2023 non-
interventional
, retrospective
cohort study.

Kennedy | 2013 Psychiatric patients

2013

Kimpton | Retrospective | Exposure of

2019 study, 2019. patients to
pharmacogenomic
drugs

retrospectively.
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The primary objective
was to identify the
proportion of patients
who completed PGx
testing. Secondary
objectives included
determining the
proportion of patients
with actionable PGx
results, determining
the proportion of
patients with a
baseline medication
intervention within six
months of completing
PGx testing, and
identifying barriers to

not completing testing.

Feasibility of
pharmacogenomic
testing in primary care

To investigate the
longitudinal exposure
of English primary care
patients to
pharmacogenomic

BMJ Open

Pharmacist

Physician

Practitioners

United
States

Canada

United

Kingdom
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Medlcatlo&'rlslgassessment patient-provider
communlc%ﬂo@ and sustained positive healthcare
trends supﬁortdahe program's effectiveness.

of 67 patlents 52% successfully completed PGx
testing, w@@ 6 having actionable PGx findings and
83% havin & armacologlcal intervention made
thereafterg < ::

Nineteen @ fefts did not complete testing (28%), with
the primaryg Ba ier being not having an appointment
scheduled

%ﬁ

X

* (S34v) Inauadn

‘ﬁu!u!en 1V ‘Buluiw eyep pue 1
q-uadofwa//:dny wouy papeoju

The mtegrgclon?-of PGx reports for CYP450 variants has
been wellwecetved by both physicians and patients.
SuccessfulZntegration of pharmacogenomic (PGx)
testing for-antlg:apressants and antipsychotics in
primary ca@e :

Demonstr%ed Zea5|blllty of delivering understandable
and actlona‘ble PGx information to primary care
prowders o 8

Antmpateg |m§roved treatment outcomes through
early-stage PGzzgtestmg

In English prim@&ry care, it's highly common for patients
to be exposed & multiple pharmacogenomic drugs,
with 60% recelﬁlng two or more and 18% receiving five
or more over Zgyears

13
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Ladapo
2015

Leger
2016

Lemke
2017

Li 2014

Prospective
Muti-centric
Observational
Study, 2015

Coronary artery
disease (CAD)

Retrospective | HIV infection
study, 2016

Descriptive NA

Study

Pilot Study, Hyperlipidemia
2014. (Statin Therapy).

drugs to inform the
design of pre-emptive
testing.

Assess the usage of
blood gene expression
diagnostic tests and
their clinical benefit in
confirming obstructive
CAD in primary care.

Examination of genetic
data with the efavirenz
discontinuation from
central nervous system
adverse events in HIV
primary care patients
of Southeastern United
States

To explore primary
care physicians, views
of the utility and
delivery of direct
access to
pharmacogenomics
(PGx) testing in a
community health
system.

To improve statin
adherence, it is
tailored to an
individuals’ SLCO1B1*5

BMJ Open

Physician,
nurse,
phlebotomist,
office
manager

Physician

Primary Care
Physicians

Physicians

United
States

United
States

United
States

United
States
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Exposure 1% thée drugs typically begins in early
adulthood%ndgwcreases with age.
Three phaftnacogenes are responsible for over 95% of
the prescr%ed %harmacogenomic drugs.
There is a @dg f evidence on the clinical utility of PGx
These insié’bi@_ g)uld guide the development of pre-
emptive p cogenomic testing strategies for
primary cage3 §
A persona&%ﬂ'@ene expression score (GES)
significant@ tg@enced primary care providers' cardiac
referral de;'g"lgog.s for patients with stable, nonacute
chest paina 3'8
Patients wﬁ'hgag_ow GES had a reduced likelihood of
being refefted) For cardiac evaluationcompared to those
with eIeva%m&S.
Among 56§p‘é§nts, 17.5% discontinued efavirenz
within 12 '@on&s, with 5.1% stopping due to CNS
symptomsz= %
Slow meta%oligrs had a significantly higher risk of
discontinu@g e_gavirenz for CNS symptoms.
The risk was ngably stronger in Whites compared to
Blacks. 2 Py

v o

3

Benefits oéPG)gtesting include reducing side effects,
faster dosé‘,titrgcion, enhanced shared decision-
making, a@i offering psychological reassurance.
Challengesto a@dress include privacy concerns, cost,
insurancegovééage, and the complexity of interpreting
PGx test ree;lsfulttt\;I

e

uabvy

Sharing pharmé&cogenetic test results with both
patients and h%lthcare providers can influence
medication adfzg@rence positively.

«Q
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Luke
2021

Marzuill
02014

Massart
2022

Qualitative
Descriptive
Approach,
2021.

A cross-
sectional

survey, 2014.

2022

In this study,
additional internal
factors related to
the capabilities,
opportunities, and
motivations of
pharmacists that
influence their
ability to
implement PGx
testing were
analyzed.

A self-administered
questionnaire was
used to carry out a
cross-sectional
survey of a random
sample of Italian
public health
professionals.

Public
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genotype and
addresses a major
driver of statin
adherence in the
primary care
population.

To further elucidate
the factors influencing
the integration of PGx
testing by pharmacists
in their practices, the
BCW approach should
be used to inform
future intervention
options to support
pharmacists with this
integration.

To assess the
knowledge, attitudes,
and training needs of
public health
professionals in the
field of predictive
genetic testing for
chronic diseases.

Describe a precision
medicine center using
a multi-disciplinary
care model in primary
care settings

BMJ Open

Pharmacists

Public health
practitioners

Canada °

Italy .

Physicians and | United .

pharmacists
trained in
genetics and

States
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This is acheve@by increasing patients' understanding
of their cogditign, alleviating medication concerns, and
promotingZollaborative decision-making.
Dellverlng%LC(ﬁBl*S results and recommendations
through elgdmrguc medical records (EMR) is feasible in
a primary (:‘h[%:settlng

Pharmaus&‘%{gfessmnal identities, practice
environme® {8, Self-confidence, and beliefs in PGx
benefits n@@hed their ability to provide PGx-testing
services. P@’tFr ial interventions to enhance
mplemen@twﬂmclude preparing pharmacists for
higher pat&rg molumes assisting with software and
technologgrﬁ\&atlon and streamlining workflows and
documenta)t‘lSm‘

—rn3
@

u.l

1 v ‘Bulu
(Wqy//:-dny

Italian pul:ﬂic health professionals have a positive
attitude tcgvarg predictive genetic testing for chronic
diseases byt reguire additional training to enhance
their met@dgglcal knowledge.
Knowledgef.’mcr:eases with exposure to genetic testing
during posggraguate training, continued medical
education —and?proflaency in English.

Adequate Rnowiedge strongly predicts positive
attitudes tgwa@ genetic testing from a public health
perspective. 1,

Physicians%avglower knowledge levels but more
public heaﬂh—qtﬁjented attitudes compared to other
professionals. Z

The clinic incluBes a primary care physician trained in
genetics, a phamacogenomics-specialized pharmacist,
and two genetE‘ counselors.

The clinic accegs referrals, conducts genetic and
pharmacogen&ic testing, and provides follow-up

15
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Mills 2013 Public

2013

Mwale Qualitative N/A

2021 interview/Sem | Genomic medicine
i-structured in the NHS and
interviews practice
with GPs as implementation
well as
documentary
analysis of
policy/ 2021
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genetic

counselors
Key elements to Physician, United
communicate with pharmacist, States
patients before and and genetic
when reporting counselor
pharmacogenomic
data
To explore GPs, views General United
on mainstreaming practitioners Kingdom
genomic medicine in (GPs)
the NHS and
implications for their
practice.

To examine how
visions of genomic
futures in the NHS are
conceived and received
by

GPs by engaging the
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care, with Eesu@s and care plans shared back with
referring c@hlcmns
Since its I&@nchpthe clinic has received 99 referrals,
demonstra%ingghe model’s success in expanding access
to genetic%ewées and increasing clinician

D> 3
coIIaboratR?)rgaad awareness.
This |nnov%ﬁgelj;nodel may serve as a template for
other hea@gy@ems looking to offer precision
medicine %r‘glces in primary care.
Challenges® adoption due to unclear guidelines on
who shou@gf@er tests, when to order, and how to
communi@tg-%sults, combined with PCPs' limited
familiarity QVBHEPGx testing.
Patient PréfeJPe'ﬁces Patients prefer receiving PGx
results fro% rlnrlEted PCPs.
Pre-Test Camn'gmlcatlon Key topics include the
purpose oﬁthe—iest, risks/benefits, the genetic basis of
PGx testing, ang its future benefits for other
treatmentEﬂ g'
Post-Test (—Iomg]unlcatlon Focus on clear
commumcatlow'of results, implications for future
treatmentg, and-providing summary letters or referrals
as needed"’ o
Fauhtators—.forng Implementation: policy documents
present a p‘psmﬁle vision of genomic medicine as a
transform%wegechnology, indicating its potential to
improve d@gn@‘?ls and treatment within the NHS;
genomic medl(;me is seen as capable of providing
personallzed trreatments and identifying genetic
determinants cnf diseases, which can enhance patient
care. g
Barriers: many®eneral practitioners (GPs) feel
inadequately ifformed about genomics and its
implications fogclinical practice, resulting in skepticism
regarding its refevance and applicability; current
healthcare inff@structure lacks the necessary systems

16
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other
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seeking to
start a "de
novo"
pharmacogen
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Manuscript, 2019.

BMJ Open

concept of
"sociotechnical
imaginaries."

To undertake
documentary analysis
of publicly available
policy documents
relating to the
mainstreaming of
genomics, such as the
Human Genomics
Strategy Group (2012),
the Chief Medical
Officer of England's
(2016) report, the Life
Sciences Industrial
Strategy (2020), and
editorial material on
NHSE and Genomics
England websites
provided an alternative
official account of how
genomic

futures are imagined,
presented, and

enacted.

Describes our efforts Pharmacists,
to place Nurses,
pharmacogenomics in Genetic

the hands of the Counselors,
primary care provider, | and other
integrating this healthcare
information into a workers

patient's healthcare
over their lifetime.

United
States
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to effectlvgiy |rgegrate genomic medicine into
everyday @nlcel practice, hindering its
implemen€atioo; GPs prioritize pressing patient care
needs ovegge@mic initiatives, viewing genomics as a
low prlorlt% im Eght of existing challenges within
primary ca\‘{’em ncerns about the complexities of
genomic t&m and its implications for patient
expectatlom%:@ate anxiety among GPs, leading to
reluctanceéngao pting genomics as a routine practice.

* (s3gv) Jnsuadng

[ouy2a] Jejiwis pue ‘Burures) |y ‘Buluiw erep pue 1xa)
aunr uo jwoo fwg-uadolwa//:diy Woi) PapPeojuMO

Fauhtatora‘\ m\dltldlsupllnary team, including
pharmauéEs g@etlc counselors, and lab scientists,
coIIaboraté’s to;jhtegrate PGx into primary care. This
team approachg;s supported by automated decision
support systerf§ that provide real-time alerts and
recommendatiéns based on established guidelines,
helping healtheare providers make informed
prescribing de&sions for patients based on their
genetic profile®
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O'Donne
112017

Prospective NA

28 O'Shea A
29 2022 questionnaire | online

30 study, 2022. questionnaire

31 generated using

32 Qualtrics® and

33 circulated via social
34 media and posters
35 placed in eight

36 participating

37 community

38 pharmacies was

An anonymous,

To examine
prospectively the
impact of available
pharmacogenomic
information on
physician prescribing
behaviors.

To establish
perceptions of
pharmacogenomics
(awareness,
understanding,
openness to
availability, perceived
benefits and concerns,
willingness to pay, and
service setting) and
investigate if they
differ between those

BMJ Open

Physicians

Community
Pharmacists,
Primary
Healthcare
Providers

United
States

Ireland
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Barrier: De_spltgthe advantages of PGx testing, limited
provider kgow@dge about PGx remains a significant
challenge Sany healthcare professionals lack
adequate gainglg in PGx, leading to difficulties in
interpretir% test results and implementing
recommerﬁ’dglens in clinical practice. Additionally,
standardlzgagPGx testing processes and integrating
them into E’I%:%omc medical records (EMRs) pose
operationg gwéTIenges that can impede the widespread
adoption gf {h&se personalized medicine approaches
across heaﬁl%are systems.

The cllnlcagc%mslon support (CDS) system utilized
traffic Ilghgaﬂz'egs (green for favorable, yellow for
caution, am’ﬂ'fsegf for high risk) to communicate
pharmaco mmnc information to providers.

Analysis OQ‘QE outpatient encounters showed that
medications cI&,sncled as high pharmacogenomic risk
were changed g'gnlflcantly more often than those
without SLRah irdormation.

Medlcatloa;s wﬁh cautionary pharmacogenomic
mformatlogr} we_re also changed more frequently.
Improved Qec&on -making to reduce patient risk
through the mtegratlon of genomic medicine into
clinical pra%tlce\

Low aware‘nes?and knowledge of pharmacogenomics
among thej erfgral population.

After beingmf@lrmed about pharmacogenomics,
patients vsgh ckyonic diseases were 2.17 times more
likely to de;s‘ire@e availability of pharmacogenomic
services compaged to those without chronic conditions
Willingness to gay for pharmacogenomic testing was
not influenced®y chronic disease status.
Respondents pieferred pharmacogenomic services to
be offered in meary care settings rather than
hospitals.
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Survey, 2018.

A prospective,

randomised
study

conducted with
Irish adults.
NA

Neuropsychiatric
Disorders
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with and without
chronic disease(s).
The primary objective
of this survey was to
ascertain primary care
clinicians’ perceptions
of pharmacogenetic
use and
implementation in an
integrated health
system of metropolitan
and rural settings
across

several states.

Pharmacogenetic
testing holds promise
as a personalised
medicine tool by
permitting
individualization of
pharmacotherapy in
accordance with genes
influencing therapeutic
response, side effects,
and adverse events.
The authors evaluated
the effect of outcomes
for the patients
diagnosed with
neuropsychiatric

BMJ Open

Primary Care
Clinicians

Clinicians

United
States

United
States
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Of the 90 Bspomdents, (90%) of respondents felt
uncomfortableczorderlng pharmacogenetic tests, and

76% were ggrmgy about applying the test results in
clinical préﬁtj@er

78% of res%@ﬂ?nts expressed interest in having
pharmacogge{ac testing available through Medication
Therapy Mgl@a%ement (MTM) services, although
physician @gs@nts showed less interest compared to
nurse prac>t<1twners and medical doctors/doctors of

1]
osteopathg = 5

95% of resgcﬁ\@nts indicated interest in a clinical
decision suup%o‘nt tool related to pharmacogenetic
results. 2. rn 3

Overall, pr‘f‘nargcare clinicians are hesitant to engage
with pharrﬁa'cégenetics; however, the positive attitude
towards iru*:or@rating testing into MTM services
presents ag opcortumty for pharmacists to enhance
their practgesm

A prospectmve candomlzed study was conducted with
237 patiends at—a community-based psychiatric
practice, cﬁmpgrlng PGx guided treatment with
standard cre. >

More than%walf:(53%) of patients in the control group
experlencé%l atgeast one adverse drug event, while
only 28% (g paﬂents receiving PGx-guided medication
management rgported adverse events (P =.001).
Both grou% sh§wed improvements Neuropsychiatric
Questionngire ¢NPQ) and Symbol Digit Coding Test
(SDC) scores, bgt no statistical difference.
Pharmacogenefic testing can enhance the tolerability
of psychiatric dgug therapy while maintaining similar
efficacy compa?.:éd to standard treatment.

u.l
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Overklee
ft 2020

Papaster
giou
2017

A The illustration of
Bioinformatics | the 4MedBOX
Approach, system.

2020.

Open-label, NA

non-

randomised,
Observational.
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disorders of
pharmacogenetics-
guided treatment
compared to the usual
standard of care.

To provide a
description of the
Personal Genetic
Locker project and
show its utility through
a use case based on
open standards, which
is illustrated by the
4MedBox system.

Primary care Netherla | e
professionals nds

To evaluate the Pharmacists Canada .
feasibility of

implementing .
personalised .
medication services

into community

pharmacy practice

To assess the number °
of drug therapy

problems identified as

a result of

pharmacogenomic

screening
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wi

Facilitatoré, ThePersonal Genetic Locker (PGL) Project
provides ag-ng‘infrastructure for individuals to access
and managglﬁlr genetic health data, enhancing
personallzgdgnedlcme This includes clinical decision
support sy(st that aid clinicians in treatment
decisions, c@ borative development with partners like
4MedBox an:d% focus on establishing a strong ethical
foundatlomts @dress the implications of genetic data
use. m > 3

Barriers: Tﬁa-nrgplementation of pharmacogenomics
faces challgncég such as the lack of clear guidelines for
translatin Qtésﬁesults into clinical actions, trust issues
regarding%e iability of non-standard genetic data,
and the ne@d far specialized training for healthcare
providers. %ddﬁlonally, ethical and legal concerns
about conﬁ:nt@nd privacy must be addressed,
alongside échﬁologlcal hurdles for data sharing and a
need for ggeatér public awareness of genetic research.
Pharmaus% of%red PGx screening as part of their
professmnal serwces program.

A total of 11D0 patlents participated in the program.
Common rgasd\?}s for pharmacogenomic testing
included uasaffe,gtwe therapy (43.0%), addressing
adverse reactlrﬁs (32.6%), and guiding therapy
initiation (TO.4%

An average of ‘15.3 drug therapy problems related to
pharmacogenanic testing were identified per patient,
leading to phafgnacist recommendations such as
therapy changé& (60.3%), dose adjustments (13.2%),
drug discontin%tions (4.4%), and increased monitoring
(22.1%).

ZS
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Papaster | Prospective, Major depressive
giou single-blind, disorder and/or
2021 randomised generalized anxiety
controlled disorder,
design
Park Focus group Smoking Cessation
2007 Interviews /Tobacco
dependence
Prather Case Post CVA (Cerebro

2022 Report/2022 Vascular Accident)
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Impact of Pharmacists Canada
pharmacogenomics

guided versus standard

antidepressant

treatment of

depression and

anxiety, implemented

in three large

community

pharmacies.

(a) to explore Physicians United
physicians’ States
attitudes toward

treatment strategies

that include

matching patients to

smoking cessation

treatment by

genotype, and (b) to

identify concerns that

would

need to be addressed

prior to the clinical

integration of a

genetic test to tailor

smoking cessation

treatment.

Assessing the positive Pharmacist United
impact of personalised States
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The study aem@strates community pharmacists'
readiness % ad®pt pharmacogenomic screening,
enabling tﬁ’gmdm enhance medication therapy
management agd provide personalized medication
services. @ ma

213 outpaﬂeﬁ@tgdlagnosed with major depressive
disorder a&d@o@generallzed anxiety disorder were
randomlz@_ g),%ecelve either pharmacogenomics-
guided tregt@nent n = 105) or standard antidepressant
treatmenta’fm-, 08).

Partmmannglvmg PGx-guided treatment
demonstr@_egl §_reater improvements in the primary
outcome (§epr@ssion) and two secondary outcomes
(generallzed’-\rMety and disability).
Treatment%aurt)uéfactlon improved similarly in both
groups 5~ =

Physmansj;ecqgnlzed the potential of genetically
tailored treatn%nt to improve smoking cessation
efforts for%atl_gnts trying to quit.

Several baxrierto clinical integration were noted,
including: pis @mderstandings by patients about the
implicatioss ogenetic test results; potential
misinterprétat®n of information related to racial
differencegin ge prevalence of certain risk alleles;
concerns a%ouﬁdiscrimination against patients
undergoin geggetic testing.

Physiciansgxp@ssed heightened concerns when
informed that i;be same genetic markers used for
tailoring smoklg treatment are also linked to a higher
risk of nlcotlnemddlctlon and other psychiatric
disorders. P

To effectively iBtegrate genetic testing into routine
practice, primagy care physicians require additional
educational regurces and system support.

A 71-year-old fgmale of European descent enrolled in a
pharmacogen&ics-enriched comprehensive

21
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Rafi 2020 | A Qualitative

Rigter
2020

Semi-structured
interviews were
undertaken with 18
clinical participants
(16 GPs and two
other clinicians).

All interviews were
recorded and
transcribed
verbatim.

Study, 2020.

Focus group
Interviews,
Meetings, and
Delphi
Technique
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medicine in post-CVA
patients with
idiopathic symptoms

To explore the
potential barriers,
opportunities, and
challenges facing the
implementation of
pharmacogenomics
into primary care.

To define actions,
roles, and
responsibilities for the
implementation of
pharmacogenetics by
conducting a multi-
phased stakeholder
study.
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General United
practitioners Kingdom
pharmacists Netherla
and primary nds

care

physicians
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medlcatlo&-magagement (PGx+CMM) program,
following %cerebrovascular accident.

The PGx+EIMpharmacist utilized a clinical decision
support sygterrg(CDSS) to review and adjust the
patient’s n%em'mtion regimen, communicating
recommerﬁ’dglens to the prescribing physician.
Following %@a‘djustments the patient experienced
rapid mprg@@ent in symptoms, indicating that they
were I|kel\6dgeﬁo medication side effects, while
maintainirg gpgtrolled blood pressure and cholesterol
levels. aa=t=l

Barriers: Pg_rgcg_oants expressed concerns about the
cost- effeclg«/&ngss of implementing PGx in primary
care, as wéll@szthical, legal, and social implications
assoaate(ﬁl\ml%the use of genomic information.
Opportun!ges Fhe increasing availability of direct-to-
consumer“testig presents an opportunity to drive
awareness:anoglnderstandlng of PGx in primary care,
emphasmg th@ need for education and workforce
training. 5' g

Challengesg:J Kewchallenges identified include the need
to educatettheprimary care workforce on PGx, address
the econogic and informatics aspects of
mplemen%tlon and consider the potential impact on
patients b‘el?or@mtegratlng genomic testing into
routine prﬂ?ptlc(é'

Lack of ewgen(% for the clinical utility of PGx was
|dent|f|edg a %gmflcant barrier to its integration into
primary ca;i(ge. 8

Reimbursémert policies and effective data registration
and sharing ar%crucial for the routine application of
PGx. e

There is currenfly a lack of clarity regarding the division
of roles and regonsibilities between general
practitioners aggl pharmacists in the context of PGx.
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RodrA-
guez-
Escudero
2020

Schwartz
2017

Pilot study,
following a
pre- and post-
interventional
experimental
design, 2020

Psychiatry

2017 Hyperlipidemia
Hypertension
Type 2 diabetes
mellitus
Hypothyroidism
Vitamin D
deficiency
Allergic rhinitis
Anxiety
Gastroesophageal
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aimed at
demonstrating the
benefit of
incorporating PGx
information into
Comprehensive
Medication
Management (CMM)
services.

The purpose of this
study was to
implement a

clinical pharmacist-led
MTM service within a
primary care setting
that is enhanced by 1)
a clinical decision
support system (CDSS)
that includes a unique
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Pharmacist
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Puerto
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During an gxpe@ meeting, 16 actions were proposed
across fougaregs (clinical utility, reimbursement, data
registratioR anchsharing, and roles and responsibilities),
with nine actlogs remaining pertinent after a Delphi
Study. w ma

Participant? @(gtblted low agreement on the
prlorltlzat@@o?actlons highlighting different
perspectlvgs%)lﬁi the need for better alignment among
stakeholdgg

Effective aaa‘d}: icient implementation of PGx in
primary car'e%:@uld be facilitated by coordinating
mdepend@tﬂmtlatlves among various stakeholders.
Pharmausﬁ Er%ted new Medication Action Plans
(MAPs) fomebch"patlent based on PGx results, leading
to persona%zadatreatment recommendations.

Genetic va:nla'ng affecting drug safety and effectiveness
were |dengletfn 96% of patients, prompting
pharmauslS tognodlfy initial treatment
recommerﬁdatlons

Ponmorph:smgln key isoenzyme genes—CYP2D6
(83%), CYP&ClQr(SZ%) and CYP2C9 (41%)—were
identified énogg the patients.

Pharmacis® idéntified 22 additional medication-related
problems é}llogmg PGx determinations, highlighting
their role m co@prehenswe medication management
(CMM). § <

Patients e@’oll%ﬂ in the study used an average of 12.1
(+4.6) meacatwns

Average tuvnar{gund time for Medication Therapy
Management (MTM) Plus consults was 11.7 (+ 6.2)
days. P

Pharmacists |d&t|f|ed a total of 138 medication-
related problems (MRPs) during the consults.

Most frequentgypes of MRPs included drug-drug
interactions (280%) and drug-gene interactions (DGls;
24.6%).
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reflux disorder
Major depressive

disorder
Insomnia
Sharma Validation Opioid Use
2017 Study, 2017. Disorder.
Shields Survey, 2008 Smoking Cessation
2008

Shields 2008 Drugs and Alcohol
2008 Addiction
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combination of
medication risk
mitigation factors,
which aids the
pharmacist in
interpreting the
medication profile, and
2) pharmacogenomics
(PGx) testing

To determine the
predictability of
aberrant behavior to
opioids using a
comprehensive scoring
algorithm
incorporating
phenotypic and, more
uniquely, genotypic
risk factors.

To assess physicians’
willingness to

offer a new genetic
test to tailor smoking
treatment individually

To review challenges
related to provider
readiness.

BMJ Open

Primary care
Physicians

Physicians

Physicians

United
States

United
States

United
States
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Clinical phgrm@lst led MTM Plus service in a primary
care settingis feasible and effective.

DGls are p‘fevatant among older adults in family
practice, and Péx testing can reveal additional MRPs
that mlghtgbothgwwe be overlooked.

1 paieal s
awaublasu
720¢ 18q

0
u

In a validatjogp study involving 452 participants
diagnosed%@pioid use disorder (OUD) and 1,237
controls, t e%@_orithm demonstrated 91.8% sensitivity
in categorizigg@atients at high and moderate risk for
OuD. SIS

The sensitﬁj% gf the algorithm remained above 90%
even withg es in the prevalence of OUD.

The algoriﬁ\r'n Effectively stratifies primary care
patients intp | -, moderate-, and high-risk categories,
aiding in ti id@ntification of those requiring additional
guidance, monﬁormg, or treatment adjustments.
Phy5|C|ans‘PI|kebhood of offering a new genetic test for
tailoring s@ok%g cessation treatment ranged from 69—
78% acrosgsce@arios.

Their wHIn%ness significantly decreased when
informed %at t:he test could identify predisposition to
nicotine a&jlctg)n differ by race, or have associations
with other:conaltlons

The term "_eneglc" versus "non-genetic" significantly
reduced thE I|kre||hood of physicians offering the test in
all scenarios. g'_{

Effective educatlongor primary care physicians is essential
for the successful iegration of pharmacogenetic strategies
for smoking treatm@nt.

Key challengesgo integrating pharmacogenetics into
clinical practic&include ensuring primary care
physicians' pré‘garedness, patients' willingness to

| @p anbiyd
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Silva
2021

Smith
2022

Informatic and | Chronic diseases

Bioanalytic

method, 2021.

Prospective
Cohort Study
Design, 2022.

such as
antiepileptic,
antiemetics, and

antihypertensives.

The general
practitioners
recruited 189
patients between
October 2020 and
March 2021. The
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To address physicians’
knowledge of genetics
and the barriers posed
by complex genetic
traits in particular. To
document PCPs’ actual
experience

in ordering and
referring patients for
genetic testing. Finally,
To make
recommendations for
addressing these
concerns and for
facilitating the
integration of
pharmacogenetic
treatment strategies
for addiction into
primary care practice.
To provide facile Pharmacists United
clinical decision States
support to inform and
augment medication
management in the
primary care setting.

To assess the feasibility | General Singapor
of collecting buccal practitioners e
samples by general

practitioners (GPs) at

private practices in

Singapore within a
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undergo tgtln@ the availability of resources and
mfrastruc@‘re gdequate financing and reimbursement,
and robusfpnvacy protections to prevent
stigmatizaBon gnd discrimination.

Training inZg:Iﬁ:[nfzal genetics, accurate knowledge of
legal protéﬁtgp&s, and preparedness to counsel patients
about ger@@ ‘Uestlng were all significant predictors for
having ordw'ir%@nd/or referred a patient for genetic
testing. = @: »

' (s3gv) Jnausdns 1u

ulurel] |y ‘Buruiw elep pue 1xal o
adolwaq/:dny wolij papeojumoq *

PGx examifies @ow individual genes, either alone or in
combinatigsn v@:h other genetic factors, impact drug
responseSm 8

PGx mtegrﬁtes%harmacology and genomics to create
personallzﬁld safe drug treatment plans based on an
individual' ggemﬁtlc profile.A major challenge in PGx is
the absenc ofrjn:omprehenswe clinical-genomic
databasesghat can link genotypes, drug dispensing
data, and gatlﬁt outcomes, hampering progress in the

(6]
field. @ o

Seven GPs fron;six private practices in Singapore
recruited 189 f;%tients for pharmacogenetic testing,
with all patientg having at least one actionable genetic
variant. t_D

The prevalence:of patients with two, three, or four
variants was 3¢>0%, 32.8%, and 12.7%, respectively.
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Srinivasa
n 2021

StSauver
2016

Open-ended,

semi-
structured
interviews,
2021.

Survey, 2016.

sample size was
calculated on the
basis of allele
frequencies from a
similar primary care
study in Canada.

Patients who
received positive
genomic screening
results.

A total of 159
clinicians within the
Mayo Clinic primary
care practice
received email
surveys with the
aim of gaining
insights into their
views regarding the
integration and
application of
pharmacogenomic
testing within their
clinical practice.
These surveys were
designed to
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usual consultation,

incorporating the use

of a pharmacogenetics-

based medical decision

support system to

guide subsequent drug

dosing.

United
States

To examine primary
care providers (PCP)
experiences in
reporting genomic
screening results and
integrating those
results into patient
care.

Primary Care
Providers

United
States

To describe early
clinician experience
with
pharmacogenomics in
the clinical setting.

Primacy Care
Physicians

aul ‘1ybiAdoo Aq |
L80-VZOZ-U9d0[ll

Potential rged@atlon alterations were identified using a
Clinical Degrsmg Support System.

Patients w8re ancepting, and GPs were enthusiastic
about the gota%tlal of pharmacogenetics to personalize
medicine. omao

The study ﬂé@wﬂstrated the feasibility of
pharmaco%.‘ge'dc testing in primary care

Of the 500@%t8nts who underwent genomic
screenlng,a@rgcelved results indicating a genetic
variant rec@t?i@ clinical management.

PCPs value@'geﬁomlc screening for its benefits to
patients ar&l;glglr families and advocated for the
inclusion cg-lﬁﬁgerrepresented minorities in genomic
research. >~

Challengeg({g&lﬁed by providers included maintaining
patient cogtafgaver time, arranging follow-up care,

and managing e Tesults with limited genetics expertise.
Ethical concerrg were raised about offering genomic
sequencmgto_gatlents who might not afford diagnostic
testing or EDIIO&_P/ up care due to financial constraints.

0f 90 chmgan%’SZ% did not expect to use or were
unsure ab@ut {ing pharmacogenomic information in
future pre r|b§1g practices.

53% foundsphagmacogenomic alerts confusing,
frustratlng,,or @fflcult to navigate for additional
mformatlog S

Only 30% @‘ cllmuans who received a CDS alert
changed tglr pxescrlptlon to an alternative
medicatio g
The study suggﬁsts a general lack of clinician comfort
with integrating pharmacogenomic data into primary
care.
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Swen
2012

Elderly
patients over
the age of 60,
who were on
multiple
medications
and had used
at least one
drug falling
under specific
Anatomical
Therapeutic
Chemical
(ATC) codes,
including
within the
previous two
years, were
chosen
randomly for
the study,
2012.

evaluate the
clinicians'
sentiments
regarding
pharmacogenomics
and to gauge their
opinions on the
usefulness of
electronic
pharmacogenomics
clinical decision
support (PGx-CDS)
alerts.

Patients were
selected from the
pharmacy records if
they used at least
one drug that
CYP2D6
metabolizes or
CYP2C19 and at
least four
additional drugs in
the

preceding two
years.
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To investigate the Pharmacists Netherla | e
feasibility of pharmacy- nds
initiated
pharmacogenetic
screening in primary .

care with respect to
patient willingness to
participate, quality of
DNA collection with
saliva kits, genotyping,
and dispensing data
retrieved from the
pharmacy.
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58.1% of n‘iif@ﬂ patients were willing to participate in
the PGx sc%gnmg study, indicating a high level of
acceptancg é@ﬁlte the screening not being tied to a

specific cl‘ﬁlcalcissue

Pharmacy-niti ed PGx screening is feasible in primary
care, but OEaIInges include difficulties in saliva

productlon_; pa-%lcularly for patients on anticholinergic
medlcatloﬁ’s aad a 6.7% no-call rate for CYP2D6 on the

Amp|IChIp3
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Tanner
2018

Tiwari
2022

Turkmen
2023

A naturalistic,
open-label,
prospective
study, 2018.

Rater-blinded,
randomised,
controlled
trial, 2022

The study
analyzed up to
32360 UK
Biobank
participants

Major Depressive
Disorder,
Depression.

Depression

Incident diagnosis
of coronary heart
disease, heart
failure (HF), chronic
kidney disease,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

To evaluate the utility
of combinatorial
pharmacogenomics in
patients with major
depressive disorder in
primary care and
psychiatric care
settings.\

To evaluate symptom
improvement,
response, and
remission rates
following treatment
guided by
combinatorial
pharmacogenomic
testing among patients
with major depressive
disorder enrolled in a
large, prospective
study.

To evaluate the utility
of the combinatorial
pharmacogenomic test
in a Canadian
population, this trial
was assessed in
conjunction with a trial
conducted ina U.S.
population (GUIDED
trial).

To estimate
associations between
reported
pharmacogenetic
variants and incident

BMJ Open

Primary care
physicians,
psychiatrists

physicians

General
Practitioners

Canada

Canada

United
Kingdom
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A study |n\@IV|@ 1,871 patients with Major Depressive
Disorder @D@

Pharmacofenomic testing categorised medications
based on gene%rug interactions, with Beck's
Depressmlgglnvgntory (BDI) scores assessed at baseline
and follow2u§. =

Results shg@ﬁa 27.9% reduction in depression
symptomsmv@tﬁa 25.7% response rate (>50% decrease
in BDI) anc@a%l?Z% remission rate (BDI £10).

Patients trgage by primary care providers had
significant ‘Ee!ter outcomes compared to those
treated byg)gyoqmatrlsts with higher symptom
improvem@r, esponse, and remission rates.

Patients takimgenetically congruent medications (with
little or no%emé drug interactions) had a 31% relative
|mprovems id response rate compared to those
taking mcgggr@nt medications.

The study mp@rts the use of pharmacogenomics in
broader trgatr’r_gent settings, particularly in primary
care. g g
Patients m%the@Gx guided-care arm showed greater
symptom kmpr‘vement (27.6% vs. 22.7%), response
(30.3% vs. 32 7%) and remission rates (15.7% vs. 8.3%)
comparedi‘éo t@atment as usual, though differences
were not sgatlsﬁcally significant.

Results su%esgthat combinatorial PGx testing can be a
useful too%or guiding depression treatment within the
Canadian ?gealtﬂcare system.

QJ

-

>
The study anaffged 32,360 UK Biobank participants
prescribed dih‘g:éjropyridine calcium channel blockers
(dCCB) in primavy care, focusing on 23 genetic variants.
Key findings in8ude that carriers of the rs877087 T
allele in the R\(E3 gene had an increased risk of heart

| @p anbiyde
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vanderW
ouden
2016

vanderW
ouden
2019

prescribed
dCCBin
primary care
(from UK
general
practices,
1990a€

"2017), 2022.

Longitudinal,
prospective
cohort study,
2016.

The
prospective
pilot study,
2019.

edema, and
switching
antihypertensive
medication.

DTC PGT
consumers.

In this study,
Community
pharmacists were
provided the
opportunity to
request a panel of
eight
pharmacogenetics
to guide drug
dispensing within a
clinical decision
support system
(CDSS) for 200
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adverse events in a
community-based
cohort prescribed
dihydropyridine
calcium channel
blockers.

To describe the
characteristics and
perceptions of

DTC PGT consumers
who discuss their
results with their PCP.

To quantify both the
feasibility and the real-
world impact of this
approach in primary
care.

BMJ Open

Primary Care
Providers

Community
pharmacists

United
States

Netherla
nds
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failure HF%W@ a hazard ratio of 1.13, although this

was not s@nfl@nt after correction for multiple testing.

If rs87708%T alkele carriers experienced the same
treatment%ffe& as non-carriers, the incidence of HF
could poteﬁmﬁ/ reduce by 9.2%.

Patients w‘?ﬂgrd0898815 in NUMA1 and rs776746 in
CYP3A5 w%@rpjore likely to switch to an alternative
antlhypertgrglﬁ medication.

Other gengti€ \@rlants studied did not show strong or
con5|stenta
63% of resgcméiants planned to share their
pharmaco@gcgnc results with their primary care
provider ( gﬁ)g)ut only 27% did so at 6-month follow-
up. ) J> 3

Common I’%H’SKBIS for not sharing results included
percewm%hérﬁ as not important enough (40%) or not
having tlmg (3?%,

Among thase v@o discussed their results with a PCP,
35% were gery_gatlsfled while 18% were not satisfied
atall. g @
Key Encougter' hemes: Frequently mentioned themes
included tige a oionability of results (32%), PCP

engagemefit (%% ), and lack of PCP engagement (22%).

Communltg.ph\rmaasts used a panel of eight
pharmacoEEneSlto guide drug dispensing for 200
primary came p&tients, with follow-up after an average
of 2.5 yearg N
PGx—paneIgeSL}CL)ts were recorded in 96% of pharmacist
and 68% oﬁug'ger@gral practitioner electronic medical
records (EMRsR

97% of patientEreused PGx-panel results for at least
one new prescBption, with 33% using it for up to four
prescriptions. o

24.2% of thesegarescriptions had actionable drug-gene
interactions (D§&ls) that required pharmacotherapy
adjustments.

| @p anbiyde.b
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primary care
patients.

Enrollment of
patients under
their pharmacists
who plan to initiate
one of 39 drugs
with a Dutch
Pharmacogenetics
Working Group
(DPWG)
recommendations.

Primary Care
Physicians and their
generally healthy
patients
undergoing
genome
sequencing
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implementation study.

To illuminate how PCPs
communicate different
types of genome
sequencing results and
their management
recommendations for
those results of
uncertain clinical
utility.
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No differe&ce i§ healthcare utilization was observed
between @tiegts with and without actionable DGls.
Pre-emptif® panel-based pharmacogenetic testing is
feasible anz-d h%a substantial real-world impact in
primary capem @

Barrier: Ut‘ﬁ:lg_agprocedures for implementing PGx
testing; ur’%@q@nined reimbursement for PGx tests
and consultaBi®s; insufficient evidence of clinical
utility for g@h nel testing; infrastructure
inefficiencEgZa ecting implementation; limited
knowledge;achawareness of pharmacogenetics among
healthcar@ga%ssionals.

Enabler: Pgaﬁ@cists' perceived role in delivering
pharmacoEJe'ﬁ?egtcs; belief in the clinical utility of
pharmaco%&&ics.

Despite a gr‘mﬁ belief in the benefits of
pharmacoggné‘ﬁcs, existing barriers hinder its
impIemenEatiogin primary care settings.

In a study gf 4%PCP—patient visits, a “take-home”
message (Eéco@mendation) was identified for each
genomic rngultgiscussed, categorized into (1)
continuing&ur‘rgnt management, (2) further treatment,
(3) further%vakation, (4) behavior change, (5)
remembering gr future care, or (6) sharing with family
members.gﬁuaﬁtitative analysis revealed that
continuingcurgnt management was the most
common rgcor@lmendation, accounting for 66% of all
recomme@atrgns. Pharmacogenetics prompted
recommerﬁdatig’ns to remember for future care in 79%
of cases, w%ilegarrier status led to sharing with family
members in 83%% of instances.

Polygenic resulgs frequently resulted in behavior
change recomi@endations. For monogenic results, 25%
of recommendgtions were for further evaluation.

| @p anbiydeuboi|
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To determine the
impact of delivering
SLCO1B1
pharmacogenetic
results to physicians on
the effectiveness of
atherosclerotic
cardiovascular disease
(ASCVD) prevention
(measured by low-
density lipoprotein
cholesterol [LDL-C]
levels) and
concordance with
prescribing guidelines
for statin safety and
effectiveness.

To explore pharmacist
and physician
perspectives on

the utility and critical
considerations for
designing a
pharmacist-run
pharmacogenomic
service for depression
in primary care.
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Ratlonalesg'or fBcommendations were based on
patient co&texg family context, and scientific/clinical
limitation§bf sequencing.

Overall, P@’s (%tmgmshed substantive differences
among catgg_g s of genomic sequencing results and
tailored th‘éltgc ical recommendations accordingly.
The study m@)ﬁged 408 patients randomized into
mtervenh@%@ patients) and control (215 patients)
groups to @%g SLCO1B1 genotype effects on statin
therapy. m n 8

120 patlerg?%za%) had a genotype indicating increased
mmvastat@rg\@pathy risk; statin therapy was offered
to 33.7% igthefntervention group and 32.1% in the
control groug 3

At 12 monaw BDL-C reductions were noninferior
between tEe—rnierventlon (-1.1 mg/dL) and control (-
2.2 mg/dL&roups with no significant difference in
guideline- a‘)ncgrdant statin prescriptions (6.2% vs.
6.5%). %- _g

Few docurent@d cases of statin-associated muscle
symptomsﬁSAMS) in both groups.

The findings suggest that reporting SLCO1B1 results did
not advers&ly @pact atherosclerotic cardiovascular
disease prés entjon and may have led to avoiding
simvastatift pre%crlptlons for genetically at-risk patients
Pharmacog_}enc@ncs can help tailor initial medication
choices fogpat%nts with depression in primary care.

A pharmagst dgven pharmacogenomics service should
start with E'resgqiber-patient interactions and involve a
collaborative, t®am-based approach with effective
communicatiogy

Trained pharm3cists in partnership with outpatient
physician practr?ces are essential for interpreting
pharmacogenc%\ic results and recommending
appropriate meglications.

| @p anbiyde.ib
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To review the barriers,
solutions, and
perceived gaps in the
context of an
implementation
research framework.
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Successfulgmp@mentatlon requires careful patient
selection, gng@ement and education.
Monitoringandfollow-up care responsibilities will be
shared am%ng &am members.

Ongoing eé ion for healthcare professionals on
interpretirg 3m‘ implementing pharmacogenomic data
in depress%@t@atment is essential.

The pilot @@e%entatlon of clinical genomic
populatlorsh%agh screening for any-health-status
adults denmomi ated feasibility, successfully translating
prior rese@’(ﬁ #to clinical practice by centering
primary cage@%t_j using a clinically relevant gene panel.
Key stren@qglﬁcluded engaging leadership, securing
buy-in from mgdlcal administration, involving diverse
stakeholdé d leveraging existing workflows,
alongside co‘nt%ctlng with a commercial laboratory for
testing an repQrtlng

Indirect mg.asu%s of success showed continued
volunteer gartﬁipation from new primary care
providers g’CPg ongoing patient testing, and minimal
complamtyelated to process and communication.
Barriers toécai%ng included underestimating the need
for leadership @€gagement in health information
technolog HI%‘| challenges with electronic health
record (EHR) m'-fegratlon and issues with tracking
patient attﬁglbugon

Adaptatlo@ toghe process, such as an EHR-plus-paper
order metbod,increased the burden on clinic staff and
contributexg' to%acked process errors
Resilience ' wasgupported by the strong knowledge and
experience of fhe implementation team and continued
involvement ofoatient-focused advocates, despite
disruptions likéthe COVID-19 pandemic and a
cyberattack.

| ap anbiydeibolgig
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Williams
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A
comprehensiv
e analysis of a
large
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database was
conducted, in
2021.

Alcohol use
disorders

A total of 56 drugs
with 56 unique
drug-gene
interactions were
included in the
study for instance
(Warffarin,
Zuclopenthixol,
Carbamazepine).
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Qualitative interviews
with primary care
providers from 5 clinics
in the Veterans Health
Administration (VA) to
assess their interest in
using a genetic test to
inform the treatment
of alcohol use
disorders with
pharmacotherapy.

To quantitatively
estimate the volumes
of medicines impacted
by the implementation
of a population-level,
pre-emptive
pharmacogenetic
screening program for
nine genes related to
medicines frequently
dispensed in primary
carein 20109.
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Participan% shgwed general interest in using genetic
tests to aidsin &cohol use disorder (AUD) treatment
planning. € o

Perceived Bendits of pharmacogenetic testing included
aiding the%@gc choice and enhancing patient
motivatiorﬁa@ b ngagement in treatment.

Perceived g@v@acks included potential limitations in
pharmaco@%@y benefits by narrowing the target
populatiorsag Unegative impacts from "negative" test
results. T ¢no
. x &2 . . .

Clinical utifftypvigas viewed with caveats, as its
effectiven@%jvgt_)uld depend on prognostic accuracy
and medicgtforRcharacteristics.

There wasiﬁ%g’rtainty about whether the test would
influence %iminﬁl decision-making.

Pragmaticga_f@rs to implementation included costs
and the ne:gd f_cir resources such as laboratory facilities.
ActionabIeZdruggene interactions (DGI) were present
in 19.1% t@-Zlg'% of new prescriptions for these drugs,
affecting :gprcgimately 5,233,353 to 5,780,595
prescriptigps og‘t of a total of 27,411,288 new
prescriptiqs per year.

These acti&nat% DGls would necessitate increased
monitoring: maximum ceiling dose precautions, or
changes in:drug.regimen.

Immediateidog adjustments or changes in medication
regimen ag:ouﬁ;ed for 8.6% to 9.1% of the
prescripticgs with actionable DGls.

The study @igh@hts the frequent occurrence of
actionable DGIgin UK primary care, indicating
significant opp@'tunities to optimize prescribing
practices.
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Supplementary File 3: Key stakeholders for the implementation of pharmacogenomics testing in the primary care settings.
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Supplementary File 4: Opinion towards implementation of pharmacogenomics testing in the primary care settings

B Current status of PGx is favorable to primary care
@ Current status of PGx is not favorable to primary care
OOthers (No Specify)
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Supplementary File 5: Enablers and challenges of implementation of pharmacogenomics testing in primary care settings
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[raining Courses for
ofessionals
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ts in PGx Testing
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