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Abstract: PGx testing requires a complex set of activities undertaken by practitioners and pa-
tients, resulting in varying implementation success. This systematic review aimed (PROSPERO:
CRD42019150940) to identify barriers and enablers to practitioners and patients implementing phar-
macogenomic testing. We followed PRISMA guidelines to conduct and report this review. Medline,
EMBASE, CINAHL, PsycINFO, and PubMed Central were systematically searched from inception
to June 2022. The theoretical domain framework (TDF) guided the organisation and reporting of
barriers or enablers relating to pharmacogenomic testing activities. From the twenty-five eligible
reports, eleven activities were described relating to four implementation stages: ordering, facili-
tating, interpreting, and applying pharmacogenomic testing. Four themes were identified across
the implementation stages: IT infrastructure, effort, rewards, and unknown territory. Barriers were
most consistently mapped to TDF domains: memory, attention and decision-making processes,
environmental context and resources, and belief about consequences.

Keywords: pharmacogenomics; implementation; systematic review

1. Introduction

The field of pharmacogenomics—testing genetic material to inform prescribing choic-
es—is complex and rapidly evolving. Despite early enthusiasm [1,2], glob implementation
of pharmacogenomic (PGx) testing into routine clinical care has been uneven [3].

The recent expansion of pharmacogenomic clinical guidelines and recommenda-
tions [4]; efforts to harmonise testing and reporting practices [5-9] and reduced testing
costs have driven the increase in the number of institutions adopting PGx testing in the
last ten years [10]. However, challenges to widespread implementation remain and include
among the most reported, factors such as gaps in knowledge, data storage and security,
drug-gene pair selection, and legal and ethical concerns [6].

Within healthcare, implementing new practices such as PGx testing requires changes in
the behaviour of relevant actors. Implementation science can help reveal the determinants
of healthcare professionals’ current and desired behaviours related to PGx testing [11].
Thus far, implementation of PGx testing in clinical practice has been explored through
expert reviews [3,6] that describe barriers and enablers broadly at a macro level, without
the application of implementation theory. The absence of theory potentially slows the
collective understanding of PGx testing implementation challenges as researchers lack
insight into the structural and psychological processes regulating the behaviours observed.
This, therefore, limits the ability to design evidence-based solutions for the implementation
problems observed and instead creates a reliance on intuition and personal knowledge.

The theoretical domain framework (TDF) is an integrative framework which syn-
thesises 33 theories and 128 constructs of behaviour and behavioural change [12,13]. It
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comprises 14 domains representing determinants of behaviour; for example, the ‘knowl-
edge’ domain refers to an “awareness of the existence of something” and ‘memory, attention
and decision making’ refers to ‘the ability to retain information, focus selectively on aspects
of the environment, and choose between two or more alternatives’ [13]. The 14 domains are
linked to a taxonomy of behavioural change techniques (BCTs) [14], which ate the “building
blocks” of behavioural change interventions. Compared to other implementation frame-
works such as the Consolidated Framework of Implementation Research (CFIR), the TDF
provides a comprehensive lens to understand healthcare provider behaviours, versus the
CFIR which is an “over-arching typology” for understanding implementation [15]. Another
advantage of the TDF is it is linked to evidence-based behavioural change techniques [16].
In this way, it can be used to ‘diagnose’ the implementation problem and equip the re-
searcher with the tools to overcome the problem. The TDF has been used to identify factors
influencing the behaviours of nurses and physicians related to implementing genomic
medicine in secondary and tertiary care settings [17].

We proposed using the TDF to organise the published literature on barriers and
enablers to the implementation of pharmacogenomic testing. To achieve this, we undertook
a systematic review of the published literature to identify and synthesise all barriers and
enablers to behaviours of prescribers, pharmacists, and patients related to implementing
multi-drug pharmacogenomic testing. We then mapped these barriers and enablers to
domains within the TDEF, with the purpose of identifying the most appropriate configuration
for PGx testing implementation.

2. Materials and Methods

This systematic review was registered with PROSPERO (CRD42019150940) and con-
ducted in accordance with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement [18]. PubMed, Cochrane Database of Systematic Re-
views, PROSPERO, and the Joanna Briggs Institute Systematic Reviews database were
searched to ensure this systematic review would not duplicate existing work.

2.1. Search Strategy

The search strategy was developed through a scoping search and in consultation with
an information services librarian. MEDLINE (via OVID); EMBASE (via OVID); CINAHL
(via EBSCO); PsycINFO (via EBSCO) and PubMed Central were searched on 25 November
2019 with no restrictions. Further articles were elicited by backward searching lists of
included articles. We updated the search on 1 January 2022 and 10 June 2022. The detailed
search strategy is available in Appendix A.

2.2. Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were developed using the PICO framework [19]. Ar-
ticles were included if they were published in English in a peer-reviewed journal and
reported real-world experiences of implementation of multi-drug pharmacogenomic test-
ing. Articles were excluded if they reported on single-drug pharmacogenomic testing,
somatic gene testing, whole genome sequencing, or paediatric pharmacogenomic testing.
Systematic reviews and articles without a qualitative component were excluded. No date
or country restrictions were enforced.

2.3. Screening and Extraction

All retrieved articles were imported into EndNote Library X9, and duplicates were
removed. Two reviewers (E.Y. and R.S.) independently screened all articles against the
inclusion and exclusion criteria by title and abstract and then by full text. Interrater
concordance was calculated using the Cohens Kappa statistic [20]. Disagreements were
resolved through discussion. A data extraction tool was developed in Microsoft Excel.
Data extraction and mapping were undertaken independently by one reviewer (E.Y.) and



J. Pers. Med. 2022, 12,1821

3of21

checked by another reviewer with expertise in behavioural change theory and use of the
TDF (D.B.) Disagreements were resolved through discussion.

2.4. Data Synthesis Process

We used framework analysis with the TDF as an a priori framework to map determi-
nants to the behaviours of prescribers, pharmacists, and patients related to the implementa-
tion of PGx testing. Table 1 shows descriptions of each of the TDF domains in the context
of PGx test implementation.

Figure 1 shows the data synthesis process. Extracted data items were first grouped
into behavioural descriptions. If the data item did not adequately correspond to an existing
behavioural description, a new behavioural description was created. Next, data items
related to barriers or enablers to each behavioural description were extracted and mapped
to domains in the TDE. We then coded whether these determinants were reported by pre-
scribers, pharmacists, or patients both directly or indirectly through author interpretations.
Finally, we grouped the determinants into overarching themes [21] and described the
findings narratively.

Data Item Behaviour Data Item Theme TDF
“Physician Description “clinician Disruption Domain
orders “Prescriber could not to work Memory,
pharmaco- orders PGx order a flow attention
genomic test” PGx and
referral in referral in decision
the EHR” the usual processes

workflow

of

referrals.”

Figure 1. Data synthesis example.

Table 1. TDF domains in context.

TDF Domain TDF Domain Definition [13] Definition in Context
Knowledge An awareness of the existence of something. Awarene§ s of pharmz.acogenormcs by prescribers,
pharmacists, and patients.
. An ability or proficiency acquired through The al?lhty or proﬁae.ncy prescribers, pharmacists,
Skills ractice or patients have acquired to use
p ’ pharmacogenomics through practice.
Social/Professional A coherent set of behaviours and displayed The perceived professional role and personal
Role and Identit personal qualities of an individual in a social or identity of prescribers, pharmacists, and patients
y work setting. in relation to using pharmacogenomics.
Belief about Acceptance of the truth, reality, or validity about Perception of prescribers, pharmacists, and
capabilities an ability, talent, or facility that a person can put to  patients about their own capability to use
P constructive use. pharmacogenomics.
. The confidence that things will happen for the best The conﬁ.dence, ot 9therw1se, of prescribers,
Optimism pharmacists, or patients around the use of

or that desired goals will be attained.

pharmacogenomics in their practice.
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Table 1. Cont.

TDF Domain TDF Domain Definition [13] Definition in Context
. . . 4 Belief of prescribers, pharmacists, or patients about
Belief about Acceptance of the truth, reality, or validity about P . P .p . .
. . . . 4 the value of using pharmacogenomics in their
consequences outcomes of a behaviour in a given situation. .
practice.
. e Incentives, rewards, sanctions, and reinforcement
Increasing the probability of a response by . . .
. . : from any level, including patient feedback,
. arranging a dependent relationship, or L - . .
Reinforcement . . clinician perspectives, funding, and external views
contingency between the response and a given o .
. that facilitate the use of pharmacogenomics in
stimulus. .
Ppractice.
. . . Intentions of prescribers, pharmacists, and patients
. A conscious decision to perform a behaviour or a . . L .
Intentions . . to consider using pharmacogenomics in their
resolve to act in a certain way:. .
Ppractice.
. Perceptions by prescribers, pharmacists, and
Mental representations of outcomes or end states ¢ C CPHONS by prescribers, b . C1st .
Goals N . patients that pharmacogenomics can be potentially
that an individual wants to achieve. . . .
used in their practice.
Memory, Attention The ability to retain information, focus selectively =~ The ability for prescribers, pharmacists, and
and Decision on aspects of the environment and choose between  patients to remember to consider using
Processes two or more alternatives. pharmacogenomics.
Any circumstance of the organisations situation or
Environmental Any circumstances of a person’s situation or environment that discourages or encourages the
Context and environment that discourages or encourages the ability of prescribers, pharmacists, or patients to
Resources development of skills and abilities, independence, use pharmacogenomics in practice including

social competence, and adaptive behaviour.

independence, social competence, and adaptive
behaviour.

Social Influences

Those interpersonal processes that can cause
individuals to change their thoughts, feelings, or
behaviours.

Interpersonal interactions within and outside the
organisation that can influence the thoughts,
feelings, or behaviours of prescribers, pharmacists,
or patients in relation to the use of
pharmacogenomics.

A complex reaction pattern, involving
experimental, behavioural, and physiological

Feelings by prescribers, pharmacists, or patients

Emotions elements, by which the individual attempts to deal rif;gfeto the use of pharmacogenomics in their
with a personally significant matter or event. P '
Anything prescribers, pharmacists, or patients
Behavioural Anything aimed at managing or changing the have proactively created to help make decisions
Regulation objectives of the observed or measured actions. about and make changes in using

pharmacogenomics.

2.5. Quality of Reporting Assessment

A range of quality assessment tools (Centre for Evidence-Based Management [22];
The Critical Appraisal Skills Programme CASP Qualitative checklist [23]; and The Critical
Appraisal of Survey [24]) were used according to the study designs [25].

3. Results

Figure 2 provides the flow of studies from 1515 studies retrieved to the 27 included
studies. The primary reasons for exclusion at full-text screening were the implementation of
single drug/gene pair testing rather than multi-drug or being unable to isolate the reported
barriers and enablers to pharmacogenomic implementation from those for wider genomic
implementation. Interrater concordance according to Cohens Kappa was calculated as 0.87,
0.72, and 0.78 at the screening titles, abstracts, and full-text stages, respectively.
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Identification

1515 records identified

through database searching.

Pubmed n =532
Embase n = 231
Medline (Ovid) n =372
Cinahl n =277
PsychInfon =103

s

163 duplicate records

removed,

.

Records screened

(n=1352)

1256 Records
excluded as non-
relevant after

screening of titles

A 4

(n=96)

Reports sought for retrieval

Screening

v

Reports

(n=37)

assessed for eligibility

59 Reports excluded
as non-relevant after
screening abstracts.
Reasons: conference
abstracts, reviews,
single drug-gene
implementation,

paediatrics.

Included

17 Reports excluded as
non-relevant after
screening full-texts:
Single-drug gene (n=6)
Genomics {n = 4)
Future protocol (n=2)
No description of
implementation
processes (n=23)
Paediatric
implementation (n =2)

etc.

7 Records
identified
from

citation

searching.

(n=27)

Reports of included studies

Figure 2. PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic Reviews and

Meta-Analysis.

3.1. Characteristics of Studies

Table 2 summarises the characteristics of the twenty-seven included articles all of which
were from high-income countries and primarily the United States (n = 23, 85%). Both pri-
mary and secondary care settings were represented. Seventeen articles explored behaviours
of prescribers [26-43], fifteen explored behaviours of the pharmacist [28,30,32,33,41-51] and
seven explored patient behaviours [27,36,39,45,48,51,52]. Most of the included studies col-
lected data via document analysis and surveys. There were no differences in reported barriers
and enablers between different study designs.
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Table 2. Summary of included studies.

Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
Bain et al. (2018) To determine the feasibility of Primary care.
USA ’ implementing a pharmacist-led Feasibility Study. (community Document analysis. Prescriber.
pharmacogenomics (PGx) service. pharmacy).
To describe experiences of
Formea et al. (2015) implementing pharmacogenomics Descriptive case . Senior stakeholder .
L . Primary care. . Prescriber.
USA education in a large, academic study. observation.
healthcare system.
To assess patient experiences and
Bielinski et al. (2017) “ﬁdersmndmg of . . .
USA pharmacogenomics and Service evaluation. ~ Secondary care. Survey. Patient.
pharmacogenomics educational
materials.
To assess the ability to obtain and
Dawes et al. (2017) genotype saliva samples and Prospective cohort . . Prescriber,
determine levels of use of a Primary care. Document analysis. .
Canada . - study. Pharmacist.
pharmacogenomic decision support
tool.
, To describe an institutional
O'Donnell et al. . i .
pharmacogenomics- Descriptive case Senior stakeholder .
(2012) : . Secondary care. . Prescriber.
USA implementation study. observation.
project.
To assess the feasibility of a
combined pharmacist-delivered . .
Haga et al. (2015) L s . Document analysis, Prescriber,
USA medication therapy management Feasibility study. Primary care. survey. Pharmacist
(MTM) with pharmacogenetic (PGx) ’ ’
testing.
To understand whether
pharmacogenomic results are
Borden etal. (2019)  discussed between patient and Service evaluation Primary care Surve Prescriber.
USA provider and whether medication ’ Y ’ y: ’
recall is impacted by
pharmacogenomic testing.
Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
To describe the key requirements to
Levy et al. (2014) ensure a successful and enduring Descriptive case Secondary care Senior stakeholder Prescriber,
USA PGx implementation within a large  study. y ’ observation. Pharmacist.
healthcare system.
To describe the development and
Dunnenbereer ot al implementation of a
8 " multidisciplinary Descriptive case Senior stakeholder Prescriber,
(2016) h . e Secondary care. . .
USA pharmacogenomics clinic within a study. observation. Pharmacist.
community-based medical genetics
program.
To investigate the feasibility of
Swen et al. (2012) pharmacy-lrutla.ted o Feasibility study. Primary care. Document analysis, Pharmacist.
Netherlands pharmacogenetic screening in survey.
primary care.
Bielinski et al. TO report the.de51gn and . L .
implementation of a pre-emptive Descriptive case Primary care, .
(2014) h - . Survey. Patient.
USA pharmacogenomics (PGx) testing study. Secondary care.
programme.
To describe the formation of a
pharmacogenomics consultation Document analysis
Eadon et al. (2016)  service at a safety-net hospital, Descriptive case Secondary care. Senior stakeholder Prescriber.

USA

which predominantly serves
low-income, uninsured, and
vulnerable populations.

study.

observation.
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Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
To describe the knowledge and
Unertl et al. (2015) fittltudes of clinicians partl.c1pat1ng Process evaluation. Primary care, Interviews. Prescriber.
USA in a large pharmacogenomics Secondary care.
implementation program.
Sisaerctsl, Tosummarseand desie ol
(2016) p .. .. Service evaluation.  Secondary care. Survey. Prescriber.
USA pharmacogenomics in the clinical
setting.
To describe challenges and potential
Rosenman et al. . - . .
solutions based on a Descriptive case Senior stakeholder Prescriber,
(2017) . . Secondary care. . .
USA pharmacogenomic testing study. observation. Patient.
programme.
Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
Moeddeb et al. To cha'r.a cterise th? experiences and Primary care .
feasibility of offering oo . . Pharmacist,
(2015) . L Feasibility study. (community Document analysis. .
pharmacogenetic (PGx) testing in a Patient.
USA . pharmacy).
community pharmacy.
Dressler et al. Tgrzsseecstsi\tzg é?as}llzlrlrlrtl};ca; c}enetic Prescriber,
(2019) persped phe & Feasibility study. Primary care. Survey. . ’
USA testing in rural, primary care Patient.
physician practices.
To describe the development,
Arwood et al. workflow, and early Document analysis, Prescriber
(2020) implementation challenges Service evaluation. ~ Secondary care. Senior stakeholder .
. . . . Pharmacist.
USA associated with a pharmacist observation.
pharmacogenetic testing clinic.
To evaluate the implementation .
Bright et al. (2020) rocesses relating to a pharmacist Document analysis,
& ’ p g roap Service evaluation. ~ Secondary care. Senior stakeholder Pharmacist.
USA pharmacogenetic testing consult .
. observation.
service.
To assess pharmacist experiences Survey, Document
Haga etal. (2021) Wlt}.l de} 1vernsg pharmacogenenf: Process evaluation. ~ Primary care. analy S Pharmacist.
USA testing in independent community semi-structured
pharmacies. interviews.
To identify barriers and facilitators
Lanting et al. (2020)  to the implementation of an . Survey, interviews, Pharmacist,
- . Process evaluation. ~ Secondary care. .
Netherlands outpatient pharmacogenetic focus group. Patient.
screening service.
To describe the implementation of a
Liko et al. (2021) pharmacist-provided Descriptive case Senior stakeholder .
. . . Secondary care. . Pharmacist.
USA pharmacogenomic testing service at  study. observation.
an academic medical centre.
To describe the transition from
Marrero et al.(2020)  implementing single-gene testing to  Descriptive case Secondary care Senior stakeholder Prescriber,
USA a pre-emptive panel-based study. y ’ observation. Pharmacist.
pharmacogenetic testing service.
Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
To evaluate the approaches taken by
Tuteja et al. (2021) early adopters to implement a Service evaluation Primary care, Surve Prescriber,
USA clinical pharmacogenetic testing " Secondary care. ¥ Pharmacist.
service.
To identify pharmacists” perceived
Van der Woud- Eirri;i :rrlltcaitir)lsbolfers facilitating the
en et al. (2020) p e Service evaluation.  Primary care. Interview, Survey. Pharmacist.
pharmacist-initiated
Netherlands

pharmacogenetic testing in primary
care.
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Study (Year) Objective Study Design Study Setting Methods Used Actor
Country
To characterise clinician perceptions,
Ho etal. (2021) practices, Preferences and barrl.ers. Service evaluation.  Secondary care. Survey. Prescriber.
USA to integrating pharmacogenomics in
a single pharmacogenomic clinic.
Martin et al. (2022) To assess the Eerstpectt 1ves ?.n.d i Servi luati Terti Semi-structured Patient,
USA experiences of patients participating ervice evaluation. ertiary care. interviews. Pharmacist.

in a pharmacist-led PGx service.

3.2. Target Behaviour Areas

Four implementation stages were described across the reports. These stages are shown
in Table 3. Each implementation stage incorporated multiple behaviours of which the

‘facilitating test” stage comprised the most activities.

Table 3. Barriers and enablers reported for each behaviour.

Implementation Descrlpt} on of Theme TDF Domain Perspective Reported Barrier Reported Enabler
Step Behaviour
Disruption to .
Memqry, workflow [33] - No data available
IT Infras- attention, and )
tructure decll(slon Prescriber
making Logistics/ease of use [39] - No data available
Perceived additional .
Memory, - No data available
attentio}rIL and Prescriber workload of test [33,36]
decision
making Paperwork [47] - No data available
Prescriber - Previous
orders PGx test Skills Prescriber Unclear procedures [50] F;‘;’O;;lre to PGx
A
Social /Professional Laneuace of result )
Effort role and Prescriber repfitingg [31] - No data available
Ordering test identity
Perceived complexity of .
Optimism Prescriber PGx [31] Py - Nodata available
Content and form of } No data available
training [31]
Other Prescriber
Low clinician - No data available
engagement [35]
. - Pharmacist’s
Rewards Belief about Pharmacist No data available perceived value
consequences of testing [40,51]
Pharmacist
orders PGx test
Unknown Awareness of availability iabl
Knowledge Pharmacist of testing [40] No data available

territory
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Implementation Description of . . .
. Theme TDF Domain Perspective Reported Barrier Reported Enabler
Step Behaviour
. Prescriber
Belief about Prescriber No data available perceived value
consequences of testing [37,39]
Demand/supply for .
Rewards Prescriber service [33] PP No data available
Environmental
context and ) )
resources Disruption to workflow
Prescriber due to time delay for No data available
results [52]
Belief about ) Perceived confidence to .
capabilities Prescriber order test [31] No data available
Memory, Ability to
attention, and . Liability of incidental recognise
Prescriber decision Prescriber findings [36] drug-gene pairs
orders PGx test making [34,52]
Ordering test Prescriber knowledge of .
& Skills Prescriber who to test [39,40] & No data available
Unlfnown Environmental
territory context and Prescriber Reimbursement [40,50] No data available
resources
. Knowledge gap when to .
Prescriber order test [37] No data available
Knowledge
. Awareness of availability .
Prescriber of testing [40] No data available
_— S a\(/)?llablhty of guidelines No data available
Environmental
Effort context and Pharmacist Reimbursement [40,47] No data available
Pharmacist resources
orders PGx test . . Ph .
Social /Professional ) armacist expert
Rewards role and Pharmacist No data available knowledge
identity (50,511
Implementation Description of . . .
. Theme TDF Domain Perspective Reported Barrier Reported Enabler
Step Behaviour
. Procedural
Skills Pharmacist No data available competence [32]
HCP collects
Facilitating test ~ pts DNA Effort
sample Physical challenge
Other Patient providing test specimens No data available

[44]
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Implementation Description of . . .
. Theme TDF Domain Perspective Reported Barrier Reported Enabler
Step Behaviour
Environmental
context and Patient - Cost[42,52] - No data available
resources
Effort - Patient
) acceptability of
Emotion Patient - No data available DN X collec}t/ion
method [34]
Belief about Patient - Perceived utility of test - No data available
consequences [36,45]
- Perception of the
Patient gives Rewards test will be useful
. [39,47 48]
consent to PGx - Pessimism about test . .
test Optimism Patient ultilty [45] - Confidence in
pharmacist
knowledge
[30,51]
- Perceived risk of .
discrimination [33] ) No data available
Unknown ) ) - Concerns about data ) .
ferritory Emotion Patient privacy [36] No data available
- Perc.elved implications for No data available
family members [33]
Pk}llarmacist IT Infras- Environmilntal Prescriber, Information technology N data available
shares report tructure context an Pharmacist interoperability [37]
with prescriber resources
Implementation Descrlpt} on of Theme TDF Domain Perspective Reported Barrier Reported Enabler
Step Behaviour
Environmental . - Prescriber and pharmacist
Effort context and Prescriber, access to central - No data available
resources Pharmacist prescribing system [37,51]
!
Facilitating the ifiz;fgzsﬁéi Environmental No d {abl - Patient access to
test }r)esult Rewards context and Patient - 0 data available report results [43]
resources
- Prescriber
Unknown Skills Prescriber -  Nodata available experience with
territory PGx [38]
i Pharmacist Social /Professional b - Pharmacist expert
Interpretating interprets PGx Effort role and Prescri er, No data available knowledge
the test results identity Pharmacist [33,42,46]
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Table 3. Cont.

Implementation Description of

Step Behaviour Theme TDF Domain  Perspective Reported Barrier Reported Enabler
Memory, - Electronic
attention, and i - No data available workflow alert
decision Prescriber for. drug-gene
making pairs [34]

Effort - Negative perception of .
Prescriber Emotion Prescriber CD% 35] percep - Nodata available
interprets PGx
result
Social /Professional . _ Pharmacist expert
role and Prescriber -  Nodataavailable knowledge [ 5(};]
identity
Memory, . ) ;
IT Infras- attention, and . _ No data available - ocation o
tructure decision Prescriber results [34]
making
Implementation Descrlpt} on of Theme TDF Domain Perspective Reported Barrier Reported Enabler

Step Behaviour

Memory,
Effort attention and Prescriber -  Location of results [43] - No data available
decision
making
¢ Environmental - CDS alert at point
gulcr;;is_ context and Prescriber -  No data available of prescribing
resources [29,48,49]
) - Prescriber perceived lack
Belief about Prescriber of capability to apply - No data available
capabilities results [26]
Application of PI”ES(.II'leI'
applies PGx . .
the test . . - Perceived utility
result Rewards ief - Perceived severity of .
Belief about Prescriber i i of PGx testing
consequences drug-gene interaction [35] [38]
Social ) - Perceived utility of - No data available
influences Prescriber drug-gene pairs [26]
Environmental
context and Prescriber -  Prescriber liability [34] - No data available
Unknown resources
territory
- Knowledge gap on how to .
Knowledge Prescriber apply PG%( r%sglts [26,37] - Nodata available
3.3. Themes

Figure 3 illustrates the four themes that emerged from the data with corresponding
TDF domains. These themes covered all stages of the implementation cycle and were IT
Infrastructure, Effort, Rewards, and Unknown territory.
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-Memory attention and
decision making

-Skills

-Memory, attention -Sacial/Professional role and
and decision making identity

-Enviromental context and -Optimisim

resources ~Other

-Enviromental context and
resources

-Emotion

i

-Knowledge
-Belief about capabilitics
-Memory, attention and

decision making -Social/Professional role and

-Belief about consquences
-Enviromental context and
TESOUrces

-Skills

-Enviromental context and
resources

-Other

-Emotion

identity

-Belief about consquences
-Optimism

-Belicf about capabilitics
-Social influences

Figure 3. Four overarching themes emerged from the barriers and enablers extracted from the
included papers. These themes (outer ring) are linked to TDF domains (inner four quadrants).

3.3.1. IT Infrastructure

All implementation stages had barriers and enablers related to the extent to which
local information technology systems were adapted. The majority of the barriers and
enablers within this theme were mapped to two TDF domains: ‘Memory, attention and
decision making’ and ‘Environmental context and resources’.

Several papers reported ways in which technology was or could be utilised to reduce
the cognitive burden on prescribers using PGx testing. Five studies [33,34,39,48,49] reported
how an inability to order PGx testing through usual IT workflows presented a barrier to
prescribers ordering behaviours. In the latter implementation stages, uploading genotyping
reports on the electronic medical record in a searchable format, enabled prescribers to
interpret PGx results [34].

IT systems interoperability represented a major barrier to pharmacists within PGx
testing roles. A feasibility study investigating the implementation of a pharmacist-led PGx
testing service to community-based medical centres reported how pharmacists directly sent
PGx results to the prescriber via an online server and the pharmacy record. Whilst this
method was feasible for this setting, the inability of pharmacists to access a central electronic
medical record impacted the pharmacist recommendations [37]. Furthermore, modelling
this IT structure in other settings may be challenging. For example, a descriptive case study
describing PGx implementation in a large academic centre reported holding PGx data on
multiple IT systems led to poor trackability of lifetime genetic results [29]. A survey of
patients undergoing pharmacogenomic testing through a pharmacist-led pharmacogenomic
clinic showed patients preferred for test results to be incorporated in the medical record so
other medical providers had access, facilitating PGx-guided decision making [51].

Designing IT PGx workflows that are intuitive to end users is also important. One
US study investigating the implementation of PGx testing in a health system serving both
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primary and secondary care reported how IT workflows integrating PGx were co-designed
by pharmacists, physicians, and nurses [28].

3.3.2. Effort

The cognitive, physical, and emotional effort to undertake behaviours necessary for
implementation was a major theme of the studies included. Effort affected most of the
behaviours across the implementation stages and was reported in more than half of the
papers included (59%, n = 16/27).

Barriers and enablers affecting cognitive effort were most likely to be mapped to
the ‘Memory, attention and decision making” TDF domain. Electronic prompts in the
form of PGx clinical decision support tools enabled prescribers to order PGx testing for
patients [34] as well as enabling the interpretation and application of PGx test results by
prescribers and pharmacists [29,33,34,37]. Health professionals pre-existing procedural
competence meant that behaviours such as prescribers and pharmacists collecting DNA
samples and sending them to a laboratory for testing were of low cognitive effort and easily
implemented [32,44,50].

Physical effort emerged as a barrier to patients consenting to PGx testing. A survey of
patients who had taken part in a PGx testing programme in the US reported nearly half
of the participants (42%) (n = 869) were unwilling to incur out-of-pocket costs for PGx
testing [52]. This was also found in a service evaluation of a US hospital implementing
PGx testing, where reimbursement of testing was a significant barrier to patient engage-
ment [42]. In addition to cost, DNA collection methods also represented a physical effort
barrier to patient behaviours related to PGx implementation [34,44]. A feasibility study
exploring a community pharmacy implementation model in the Netherlands, found saliva
sampling to be challenging for certain groups of patients due to comorbidities or concurrent
medicines [44]. This could be overcome by restructuring the environment and providing
additional resources for example offering multiple DNA collection methods of blood, and
saliva [34,49].

Electronic prompts were reported to reduce the cognitive effort of prescribers ordering,
interpreting, and applying PGx results. The introduction of these alerts within clinical
workflows was sometimes perceived negatively, and doctors reported alert fatigue if
electronic prompts appeared indiscriminately for every patient [31,35]. Prescribers in
primary care perceived PGx testing as complex and too specialised to use in their own
practice, and this was exacerbated by unfamiliar nomenclature used in reporting results [31].
Emotional effort was, therefore, a complex theme that covered multiple TDF domains:
‘Social/professional role and identity’; ‘Emotion’, and ‘Optimism’.

3.3.3. Rewards

Rewards as a theme described factors which were perceived by prescribers, phar-
macists, or patients as a positive outcome to PGx testing. ‘Optimism” and ‘Belief about
consequences’ were the two most frequently mapped TDF domains for determinants under
this theme. Patients’ reported optimism for a pharmacist PGx delivery model enabled
patient consent behaviours within these implementation models [30,51]. Optimism on the
part of the patient that the PGx testing would help their medical management enabled
patient consenting behaviours [39,43,47,48] whereas pessimism on the part of the patient
about the utility of PGx testing prevented these behaviours [45]. Optimism also impacted
behaviours of prescribers related to PGx implementation. The perceived clinical utility or
value for money of the test impacted whether a prescriber would order or apply a PGx test.
Primary care physicians interviewed as part of a feasibility study investing PGx implemen-
tation in a rural US setting found the cost of PGx testing was a barrier to initiating testing
suggesting a poorer perceived cost-benefit ratio [39]. In contrast, a survey of prescribers at
a tertiary centre in the US reported favourable attitudes to the perceived clinical utility of
testing enabling PGx testing applications [38].
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Belief about consequences emerged as both a barrier and enabler to prescriber be-
haviours related to PGx implementation. This determinant centred on the prescriber’s
perceptions about the clinical utility of PGx testing and was augmented by the clinical
relevance of the drug-gene pairs implemented locally through the frequency or severity of
drug-gene interactions encountered [26,35].

Turnaround time between testing and receiving results was also reported as a barrier to
prescriber ordering behaviours [33]. This was overcome in several US implementation sites
through environmental restructuring to enable a pre-emptive PGx testing approach [26,27].

3.3.4. Unknown Territory

The novelty of PGx testing affected all stages of the implementation cycle but man-
ifested as primarily a barrier at the initial stage of prescriber and pharmacist ordering
behaviour. General knowledge of PGx and identifying patients for testing were reported
as barriers to prescribers and pharmacist ordering behaviours [26,31,39,40]. In addition, a
survey of prescribers and pharmacists at a tertiary centre with an established pharmacoge-
nomic testing program, stated the greatest barrier to using PGx testing was an absence of
established or clear guidelines for interpreting and applying results [40].

The lack of general PGx experience by prescribers affected prescriber confidence in
using PGx. Prescribers were reported to hold negative beliefs about their capability to
use PGx, consequently affecting their behaviours involving ordering, interpreting, and
applying PGx information in clinical care [26,31]. Prescribers who had prior exposure
to PGx information were reported to be more informed and confident in undertaking
behaviours relating to PGx simply through experience [38,46].

In a backdrop of legal uncertainty two PGx implementation sites in the US, adopted a
team approach to PGx interpretation, with a specific consult group managing and taking
responsibility for liability associated with incidental findings [34,36]. It was not reported
in these studies whether the drive for liability protections came from the prescribers
themselves or the organisation.

4. Discussion

To the best of our knowledge, this is the first systematic review in the context of
pharmacogenomic testing to focus on barriers and enablers to the behaviours of prescribers,
pharmacists, and patients, relating to implementation in primary and secondary care and
subsequently map them to the theoretical domain framework.

In line with previous research, information technology was identified as both a barrier
to and an enabler of implementation [53]. A recent structured scoping review of pharma-
cogenetic testing programs using the CFIR found that IT solutions are currently unable
to support pharmacogenomic-guided prescribing at the interface between primary and
secondary care. This was a persistent problem to wider adoption and implementation [54].
At the individual level, we found that clinical decision support systems (CDSS) when linked
to the electronic health record (EHR) in particular, enabled initiation and application of PGx
testing through the mechanism of environmental restructuring and prompting prescriber
PGx-related behaviours. The importance of well-designed CDSS alerts has been well-
documented with the Dutch Pharmacogenetics Working Group describing one the earliest
examples of implementing CDSS alerts in a national electronic prescribing and medicines
surveillance system [55]. Since then, the Clinical Pharmacogenetics Implementation Con-
sortium’s (CPIC) Informatics Working Group has provided best practice suggestions for
integrating pharmacogenomics CDSS for clinical delivery [56]. Whilst our findings are
not necessarily novel, given that IT interoperability [57] and CDSS design [58] have been
the subject of extensive research, our linking to behavioural change theory may provide
better direction for the future design and evaluation of effective CDSS which incorporate
behavioural change techniques [59].

Prescriber and pharmacist views on the clinical utility and cost-effectiveness modu-
lated their perceptions of the rewards of PGx testing. This finding corroborated a recent
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systematic review exploring barriers and enablers of PGx testing in primary care which
also found the domain ‘belief about consequences’ was an important driver for primary
care physicians’ adoption of PGx testing [60]. Our findings show this domain influences
physicians in secondary care and pharmacists in both settings. Our findings are also
strengthened by excluding studies which consider attitudes towards PGx testing from a
theoretical perspective.

Healthcare systems represent complex environments comprising multiple interacting
components that are evolving dynamically and are interdependent [61]. PGx clinical imple-
mentation strategies often demanded new models of care thus adding to the complexity
and effort required by people within the system to adapt and sustain PGx testing. The
more a new intervention such as PGx demands different processes within an organisation,
the more effort is required of the existing workforce, and the less likely it is to be taken up
and sustained [62]. These new models of care were dominated by pharmacist-led models
of implementation. The large emotional effort on the part of physicians to implement PGx
testing arising from unfamiliarity and complex processes, led to them feeling that it did not
align with their professional role and identity. This misalignment may be the driver for the
more prominent pharmacist roles reported [63] which has been facilitated by advocacy for
this role from pharmacy professional bodies in the US [64]. In contrast, medical professional
statements have been confusing. For example, while Clopidogrel FDA labelling recom-
mends alternative therapy in patients identified as CY2C19 poor metabolisers [65]. The
American College of Cardiology Foundation, American Heart Association, and the Society
for Cardiovascular Angiography and Interventions guidelines recommend against routine
PGx testing in all percutaneous intervention patients [66]. Inconsistencies in messaging
may negatively influence prescriber attitudes to PGx testing as professional associations
play a key role in shaping the professional role and identity of their members [67].

Panel pre-emptive PGx testing is often cited as the most suitable model for implement-
ing routine PGx testing in clinical care [68]. The reasons underpinning this predominantly
centre around cost-effectiveness, with the aggregate effect of PGx testing on health out-
comes being more favourable in a pre-emptive multiple drug-gene testing scenarios over a
patient’s lifetime than through a single drug-gene reactive testing scenario [69]. Several
studies demonstrate how common drug-gene interactions are in a wide range of pop-
ulations [70-73]. However, each of these studies whilst describing a panel pre-emptive
pharmacogenomic test uses different drug—gene pairs and guidelines for hypothetical
implementation. This reflects wider discord over which genetic variants comprise a panel
PGx testing approach that maximises clinical impact and is equitable and fair. There is yet
no consensus over what a standardised panel is, however, there have been a few recent
papers that have suggested prototypes for implementation in different contexts [5,74]. In
this way, despite over two decades of research, implementation efforts of PGx testing in
clinical care are challenged by the evolving, dynamic definitions of what PGx testing is and
its constituent parts. As a result, the belief among health professionals that PGx testing is a
novelty remains since familiarity with one form of testing may not translate to easing the
use of another. This is perhaps reflected by the absence of endorsement for PGx testing by
professional organisations [75] and complicated by the activities of private companies in
this space.

4.1. Implications for Future Research

The majority of articles included in this review focused on the barriers and enablers to
the prescriber and pharmacist behaviours related to implementation. The barriers and en-
ablers were predominately described through author interpretations recounted in narrative
descriptions of implementation rather than the primary data derived through traditional
qualitative research methods. None of the articles used implementation frameworks or
theory which introduces a degree of uncertainty to our findings.

Future research exploring determinants of the behaviours of physicians, pharmacists,
and patients in real-world PGx implementation settings would be strengthened through
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the use of rich qualitative research methods and a theoretical lens. This would support the
understanding of context-specific barriers and enablers (for example, in primary versus
secondary care) and develop evidence-based, theory-informed interventions for the most
appropriate implementation configuration.

4.2. Limitations

Limitations to this review relate to both the individual articles and review methodology.
As discussed previously, almost all articles included described the authors’ interpretation of
barriers and enablers versus first-person accounts of prescribers, pharmacists, and patients.
To capture the full breadth of available real-world data, articles with a high risk of bias such
as descriptive case studies were included. However, their findings were often reflected
in studies with a low risk of bias. Only articles published in the English language were
included due to resource constraints. The review was strengthened by adhering to PRISMA
guidelines and use of an established theoretical framework to map and synthesise findings.

5. Conclusions

Multi-drug pharmacogenomic testing represents a complex intervention. Framing im-
plementation through a behavioural science lens provides insight into the key determinants
driving the behaviours of prescribers, pharmacists, and patients related to PGx testing. Mem-
ory, attention, and decision making, as well as beliefs about consequences and environmental
context and resources, underpinned the main barriers to behaviours related to PGx testing
implementation. Theory-based implementation interventions targeting these domains may
facilitate the progression of efforts for widespread PGx adoption and sustainability.
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Appendix A

Table Al. Search Strategy.

PICO Tool # Search Terms
General Term PubMed Ovid EMBASE Ovid MEDLINE CINAHL PsychInfo
Complete
Exp Health care
delivery [Emtree] . M] “health care
OR Exp Primary Exp Primary service *” OR
Health Care "
health care [Emtree] [MeSH] OR Ex MA “Secondary
Primary Health Care OR Exp Medical Secondar Carg Fxo “Health Care “[MeSH];
[MeSH] OR Secondary care [Emtree] [MeSH]; (}SR Ex calz delivery” OR MA
. Healthcare Care [MeSH] OR General OR Exp health care g P y “General
Population . h a1 General Practice OR TX hospital L
setting Practice [MeSH] OR facility [Emtree] OR [MeSH]; OR Ex *OR TX Practice
Hospitals [MeSH] OR EXP Secondary Hos ita’ls [MeSEI] harmac [MeSH]; OR
Pharmacy [MeSH] health care [Emtree] OR Ex p y MA Hospitals
OR Exp Pharmacy PharmI;c [MeSH] OR MA
mtree X armac
[E ] OR Exp [MeSH] y Ph y
hospital pharmacy [MeSH]
[Emtree]
[Exp Pharmacoge- [MA “Pharma-
[Pharmacogenomic [Exp nomic testing Cog.eno,fnic
testing [MeSH] OR Pharmacogenetic IEMeS,I,-I] Ol} testing
“PCx” tw: testing [Emtree] OR PGx”.tw; “Phar- [AB Pharmaco- [MeSH] OR AB
”Pharrhaclogenetic “PGx”.tw OR Phar- macogenetic genetic *OR PGX” OR AB
testing” .tw OR maco .enomic$ W testing”.tw OR AB pharma- “Pharmacoge-
Phar rﬁa'cogenomic *tw OR P}%armacogé— Pharmacoge- cogenomic * OR  netic testing”
. s P ” _
. OR Pharmacogenetic *.tw]  netic$.tw] AND Ao . AB "PGx7] OR AB Phafma
PGx testing by AND [Exp Physician Pharmacogenetic ~ AND [TX cogenomic * OR
doctor or [Physicians [MeSH] OR [En?treeiIOR Ex *tw] AND [Exp physician* OR  AB Pharmaco-
Intervention pharmacist or Pha};macists [MeSH] OR Pharmacist P Physicians TX pharmacist*  genetic *] AND
experienced b . [MeSH] OR OR TX nurse * [MA Physicians
p Y Patients [MeSH] OR [Emtree] OR Exp Y
atient . . Pharmacist *.tw OR MH [MeSH] OR MA
p Public.tw OR patient [Emtree] OR
”servic.e-user “ tw OR Public.tw OR OR Exp Patients patients ORTX  Pharmacists
“service user *”.tw OR “service-user$”.tw [MeSH] OR ,1,3 Ubh.c OR TX*,, [M?SH] OR
consumer.tw OR OR “service }’ubh.c.tw OR service user Patients
consumers.tw OR user$”.tw OR service-user OR TX [MeSH] OR TX
customer t\;v OR consur;\er$ tw OR *” tw OR “service  “service-user *”]  Public OR TX
us tomer;s] customer$ tw user *”.tw OR “service-user *”
’ consumer *.tw OR TX “service
OR customer *] user *”]
Comparator n/a
Implementation.tw OR
adgption,tw OR TX Implementa-
perceive.tw OR . Implementation.tw tion QR ];X
erceiving tw OR Implementation.tw OR adoption.tw perceive * OR TX Implementa-
Perce tion' tw OR OR adoption.tw OR OR perceive ; tw TX perception*  tion OR TX
percep tion.s tw OR perceive$.tw OR OR P orce tioﬁ OR TX satisf * perceive * OR
Salueriw OR values.tw perception$.tw OR tprR v};lue OR TX value * TX perception *
Implementation OR érs ective.tw OR value$.tw OR *.tw OR OR TX OR TX satisf *
captured ersp oc t}i)ves tw‘ OR perspective$.tw OR Aers ective * tw perspective * OR TX value *
through the D e OR viowstw OR | Views:tw OR R et iwOr ORTXview*  ORTX
Outcome perspective of . ’ experience$.tw OR N ORTX perspective *
experience.tw OR experience *.tw . . -
those who have experiences.tw OR need$.tw OR OR need *tw OR  &Xperience OR  OR TX view
experience of P ‘ attitude$.tw OR ) . TX opinion * ORTX
. need.tw OR needs.tw OR . attitude *.tw OR .
testing . belie$.tw OR - ORTXTX experience OR
attitude.tw OR opinion$.tw OR belie *.tw OR “consumer TX opinion *
attitudes.tw OR belief.tw fp ; opinion *.tw OR . S pInon .
X eel$.tw OR " satisfaction OR TX belie
OR beliefs.tw OR know$.tw OR feel *tw OR ORTXbelie*  OR MJ “Client
opinion.tw OR unders.tandﬂi tw know *.tw OR OR MH attitudes”
opinions.tw OR ’ understand *.tw e
feelings.tw OR patient
&s- satisfaction”

understand.tw

2 ("P” AND ‘T" AND ‘O’). * is a truncation symbol to retrieve terms with a common root within CINAHL Plus and
MEDLINE. $ is a truncation symbol to retrieve terms with a common root within EMBASE.
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