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Abstract

Lack of pharmacogenomics knowledge among healthcare professionals is the
most significant cited barrier to implementing pharmacogenomics in clinical set-
tings. Despite the growth in research initiatives and awareness of pharmacog-
enomics, healthcare professionals continue to report a lack of knowledge and
confidence in practicing pharmacogenomics. This study aims to assess the cur-
rent pharmacogenomics knowledge gaps and learning needs of healthcare profes-
sionals in Malaysia. A modified Delphi with a multidisciplinary expert panel was
conducted, and a purposive sampling method was used with predefined selection
criteria. Fourteen study sites in Malaysia were included. The cut-off value to ap-
proach consensus was predefined as a threshold of 60% or higher, and a quan-
titative descriptive statistical analysis was performed. The study demonstrated
that all experts rated the suggested educational content components as essential/
important to be included in the educational intervention. Additionally, experts
highlighted the significant barriers and gaps to adopting and practicing pharma-
cogenomics. To conclude, this multisite Delphi study enabled the development
of a tailored, effective, evidence-based, competency-based educational interven-
tion in pharmacogenomics for healthcare professionals in Malaysia. To keep up
with the rapid evolution of the pharmacogenomics field, healthcare professionals
should be equipped with the necessary competencies required to practice phar-
macogenomics for better health outcomes. Future research is needed to deter-
mine the feasibility of the proposed educational intervention.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Lack of PGx knowledge among HCPs is the most significant cited barrier to im-
plementing PGx in clinical settings. Despite the growth in research initiatives and
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awareness of PGx, HCPs continue to report a lack of knowledge and confidence
in practicing PGx.

WHAT QUESTION DID THIS STUDY ADDRESS?

The study aimed to identify the gaps in PGx knowledge and the specific learn-
ing needs of HCPs in Malaysia. This study provides a foundation for developing
targeted educational programs to enhance the competencies of HCPs in this field.
This study aims to answer the following questions: What are the PGx competency
levels among HCPs in Malaysia, and what educational interventions can effec-
tively enhance their PGx practice?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The study provides a comprehensive assessment of the current state of knowl-
edge and the educational needs of HCPs in Malaysia regarding PGx. It empha-
sizes the specific areas where knowledge is lacking and identifies the key topics
that need to be addressed in training programs. This information is essential for
developing effective educational interventions that can improve the PGx practice
in clinical settings.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The study findings can guide the development of tailored educational interven-
tions to address the identified gaps in PGx knowledge. Providing PGx education
will improve healthcare professionals’ knowledge and competency in integrat-
ing PGx into clinical decision-making. Consequently, it will improve health out-
comes and substantially reduce overall healthcare expenses. Within the context
of translational science, the study emphasizes the significance of education in
bridging the gap between scientific discoveries and their practical implementa-

tion in healthcare.

INTRODUCTION

Precision pharmacotherapy was founded based on the
concept that “one drug does not fit all.” It involves using
therapeutic drug monitoring, evaluating liver and kidney
functions, genetics, environmental and lifestyle expo-
sures, and looking at other unique aspects of the patient or
illness to guide drug selection and administration. Hence,
genetic data can be employed to optimize medication se-
lection, efficacy, and safety. As a result, pharmacogenom-
ics (PGx) was developed and is now widely regarded as a
vital component of precision pharmacotherapy.' Evidence
shows that utilizing PGx test results can avoid 20%-30%
of adverse drug events (ADEs) and substantially decrease
healthcare expenses and mortality linked to ADEs.>?
Southeast Asian countries, including Malaysia, are
multi-ethnic; ethnic diversity, therefore, reflects genetic and
pharmacological response variability. The Southeast Asian
Pharmacogenomics Research Network (SEAPharm) was
established in 2012 in Asia with the aim of promoting and
enhancing PGx implementation and research across diverse
groups in this region. According to the SEAPharm mem-
ber countries, one of the major barriers and limitations to

the implementation of PGx is the lack of PGx education
and knowledge among stakeholders, particularly health-
care professionals.’ The substantial lack of PGx knowledge
among the healthcare workforce is the most frequently
referenced key barrier to the integration and implementa-
tion of PGx in clinical settings® (i.e., less than 5% of phy-
sicians are familiar with PGx).” Global systematic reviews
of the knowledge, attitudes, and practices of pharmacists8
and doctors’ regarding PGx/genetics revealed a lack of PGx
knowledge and practice despite positive attitudes.

Educational interventions have been found to improve
PGx knowledge and competency among healthcare pro-
fessionals.'® Furthermore, one of the six critical elements
deemed indispensable for the successful implementation
of PGx by SEAPharm member countries is structured PGx
education. Existing data suggests that PGx education is ei-
ther limited or lacking in the majority of SEAPharm mem-
ber countries. Therefore, the development of structured
PGx education should be prioritized in order to strengthen
healthcare professionals and guarantee the effectiveness of
PGx implementation. Capacity-building in Southeast Asia,
including Malaysia, could potentially be achieved through
the development of the PGx educational intervention.’
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In Malaysia, Malaysia's Ministry of Health (MOH) de-
veloped a pharmaceutical program that represents the
country's research priorities in 2018, which is currently
considered a top priority for the Malaysian government."*
Pharmacogenomics could be a crucial component in con-
ducting some of the suggested research areas, as well as
achieving their expected outcomes, such as the effective-
ness of care and drug safety.” Moreover, two recent studies
were conducted in Malaysia, one on medical and pharmacy
students'? and the other on community pharmacists.”
Both studies'*"* assessed the perceptions toward precision
pharmacotherapy and PGx. The students’ study'* examined
eight critical components of health sciences education,
one of which was the impact of PGx on medication man-
agement. Furthermore, the study provided a roadmap for
Malaysian medical and pharmacy students’ perspectives on
PGx and its implementation in precision pharmacotherapy,
which should aid in enhancing the integration of genomics
into clinical decision-making. The study also recommended
updating curricula regarding genetic test results, interpret-
ing and communicating test results, and updating training
content to include ethical, legal, and social concerns related
to PGx. Additionally, it recommended improving collabora-
tion between academic and healthcare institutions, as well
as governing bodies, to include additional training and ed-
ucation topics in PGx. The findings of the other study con-
ducted on community pharmacists'® were consistent with
the findings of the students’ study'* in recommending ade-
quate training focused on ethics, the use, and interpretation
of PGx testing results to equip the pharmacists with the nec-
essary knowledge to practice PGx.

Ultimately, despite the growth in research initiatives,
interest in, and awareness of PGx, healthcare profession-
als (HCPs) continue to report a lack of knowledge, confi-
dence, and preparedness in applying their PGx knowledge
to patient care. This study aims to assess the current PGx
knowledge gaps and learning needs of HCPs in Malaysia,
as well as identify the competencies that HCPs should ac-
quire on the basis of experts' judgment. As a result, the
outcomes of the research will contribute to the develop-
ment of a tailored, effective, evidence-based, competency-
based educational intervention in PGx for healthcare
professionals in Malaysia.

METHODS

A modified Delphi method with a multidisciplinary expert
panel was conducted, in which two rounds were run to
reach and gain a stable consensus. The panel experts were
selected based on two predefined criteria: their author-
ity and experience in the field of PGx and related subjects
that apply PGx/genomics, including neurology, psychiatry,
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cardiology, pain management (rehabilitation and pal-
liative care), oncology, nephrology (renal transplantation),
clinical/hospital pharmacy, pharmacovigilance, and oth-
ers. These experts included healthcare professionals from
public/governmental and teaching hospitals, including
clinicians and pharmacists, as well as academics/research-
ers from both public and private universities. The public
hospitals covered in this study provide care at several lev-
els, including secondary, tertiary, and specialized. Experts
were identified based on the analysis of stakeholders and
key opinion leaders in the field of PGx.'*"> The study con-
sidered the experts' characteristics to tailor the PGx educa-
tional intervention to align with the current learning needs
of the learners. Residents and interns were excluded.

The purposive sampling method was chosen, and the
sample size was estimated to be 30 or more experts. Ethical
approvals were received from the Medical Research
and Ethics Committee (MREC), the Ministry of Health
Malaysia (MOH), reference no. 23-00292-PWX, and sub-
sequently, from each participating study site. A total of 14
study sites were included. The cut-off value was the value
from which consensus was assumed and predefined as a
threshold of 60% or higher. The consensus was measured
using a percentage agreement. The Delphi round con-
cluded once the predetermined threshold had been met
for each survey item. Participation in the Delphi survey
was voluntary. A quantitative descriptive statistical anal-
ysis was performed. A flow chart (Figure 1) illustrates the
Delphi steps.

Delphi study process
Round one

The round one survey instrument, consisting of 21 items,
was developed based on the findings of a systematic re-
view of PGx education,'® out of which three items used
a preference scale. The preference scale is a scale simi-
lar to a Likert scale, where participants indicated their
preference for survey items using the categories strongly
preferred, moderately preferred, and equally preferred.
Five experts validated the survey in terms of clarity and
relevancy, achieving a satisfactory level of content validity
(content validity index I-CVI=0.94). The survey was sub-
sequently pilot-tested by five experts before distribution.
The survey items were developed in the Google form and
divided into four sections apart from experts' demograph-
ics as follows: perception of PGx knowledge, perception
of PGx practice, the context of PGx education, and expert
recommendations/suggestions. The section on expert rec-
ommendations/suggestions is an open-ended question
where any suggestion will be included in the next round
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higher
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round

Report the Final Results

!
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and evaluated by the experts for their level of agreement.
This process continues until the experts no longer provide
any new suggestions that differ from the survey items al-
ready given. At this point, the Delphi study concludes.
The context of PGx education includes the content to be
taught, the educational delivery approach to be employed,
the faculty/provider responsible for teaching PGx, the
target audience for education, the timing of educational
delivery, strategies for motivating enrollment in PGx edu-
cation, and the duration of the educational program. The
findings of both sections of perception of PGx knowledge
and practice, which indicated gaps in PGx understanding
and its related concerns among healthcare professionals,
were converted into educational components, which will
be used to develop an educational intervention.

A briefing online meeting through Zoom was held
for each study site, and interested experts were contacted
by email and invited to participate in the Delphi process.
Those who responded to the invitation and agreed to partic-
ipate were provided with the link to the survey. Participants
were asked to rate their agreement with each survey item;
the neutral middle point was excluded to compel experts to
choose a specific option. The survey was active and accessi-
ble for a duration of 1 month, from September 1 to 30, 2023,
and participants were emailed weekly reminders to ensure
completion. Each email was sent separately, and the use of
an online survey guaranteed the maintenance of anonymity.
Based on the responses and findings from the first round, it
was determined that a second round was necessary.

Round two

A briefing online meeting through Zoom was held for
each study site, and a video recording was sent to all the
participants from the first round to explain the need and

« Start Delphi

FIGURE 1 A flow chart illustrates
the Delphi steps.

purpose for a second round. An email invitation to the
second round was sent individually to the participants
with a link to the second survey. The second survey was
developed based on the items that did not reach the cut-off
point in the first round, in addition to the items suggested
by experts from the first round. Two experts reviewed the
survey. The survey was active and accessible for a period
of 1 month, from November 1 to 30, 2023, and participants
were sent weekly reminders to ensure completion. The
same analysis method was used as in the first round.

RESULTS
Round one

Experts' demographics for round one were summarized in
Table 1. A total of 38 experts participated, 63.2% of whom were
female, and 50% were between the ages of 31 and 40. More
than 60% of the experts were HCPs; pharmacists made up the
majority of the HCPs (60.5%). The majority of experts (76.3%)
had postgraduate qualifications, and more than 80% had over
10% of experience. The most common practice specialities
were hospital/clinical pharmacy, PGx/genomics, and neurol-
ogy and psychiatry. A total of 18 items out of 21 approached or
surpassed the agreement threshold of 60% (Table 2).

Perception of PGx knowledge

The panel agreed on five of seven items. All experts reached
aconsensus on the influence of PGx on treatment outcomes,
such as optimizing medication efficacy and preventing
ADEs. They strongly concurred that the lack of a training
program that adequately prepares HCPs to practice PGx ef-
fectively is a significant contributor to the PGx knowledge
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TABLE 1 Experts' demographics. First ronnd Second round
Characteristics N=38 (%) N=34 (%)
Age
31-40 19 (50%) 18 (53%)
41-50 11 (28.9%) 10 (29.4%)
>50 8(21.1%) 6 (17.6%)
Gender
Female 24(63.2%) 22 (64.7%)
Male 14 (36.8%) 12 (35.3%)
Highest professional certificate/Qualification
Undergraduate 9 (23.7%) 8(23.5%)
Masters 15(39.5%) 15 (44.1%)
Doctoral 14 (36.8%) 11 (32.4%)
Current practice position
Healthcare professionals (HCPs) 25 (65.8%) 24 (70.6%)
Academic/Researcher 13 (34.2%) 10 (29.4%)
Practice speciality
Medicine 10 (26.3%) 9 (26.5%)
Pharmacy 23 (60.5%) 23 (67.6%)
Other 5(13.2%) 2(5.9%)
Areas of expertise
Pharmacogenomics/Genomics 11 (28.9%) 8 (23.5%)
Pharmacovigilance 1(2.6%) -
Hospital/Clinical pharmacy 19 (50%) 14 (41.2%)
Cardiology 3(7.9%) 2(5.9%)
Neurology & Psychiatry 6 (15.78%) 4 (11.8%)
Oncology 4(10.5%) 1(2.9%)
Pain management (Palliative care/ 3(7.9%) 1(2.9%)
Rehabilitation)
Nephrology (Renal transplantation) 1(2.6%) 1(2.9%)
Other 6 (15.78%) 3(8.8%)
Year of work/Teaching experiences
1-5years 2(5.2%) 1(2.9%)
6-10years 5(13.2%) 5(14.7%)
More than 10years 31(81.6%) 28 (82.4%)

gap. The two items that did not meet the criterion of 60%
demonstrated gaps in comprehending and differentiating
the different terms and concepts associated with PGx.

Perception of PGx practice

Panel experts agreed that PGx is a multidisciplinary ap-
proach that can be applied in all health settings. They all
reached a consensus that the high cost of genetic testing
and services, as well as a lack of regulation governing PGx
practice, are key barriers to adopting and implementing

PGx in practice settings. Only one item did not meet the
60% agreement criteria. This item highlighted knowledge
gaps in PGx-related concerns, specifically the social, legal,
and ethical implications, such as genetic discrimination.

The context of PGx education and
additional comments

The panel agreed on the importance of incorporating the
PGx competency domains and a real patient case in the
content delivered for educating HCPs. Furthermore, the
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TABLE 2 Findings of round one.
Results
N=38%
Survey items Agreement
1. Perception of PGx knowledge
1. Pharmacogenomics is a similar term to Precision Medicine 40%"
2. Pharmacogenomics is similar to Genomic Medicine 25.8%"
3. Malaysia is a multi-ethnic country; ethnic diversity reflects genetic and clinical response variation 100%
4. Genetic variation influences drug pharmacokinetics, pharmacodynamics, and responses 100%
5. PGx is only linked to genetic variations in drug-metabolizing enzymes such as CYP2C19 74.3%
6. Pharmacogenomics (PGx) employs genetic information to:
a. Guide drug selection and regimen formulation 100%
b. Optimize medication safety and efficacy 100%
c. Cost-effectively prescribe medication in comparison to trial-and-error prescribing 100%
d. Reduce medication waste by using the right drug at the right dose 97%
e. Prevent adverse drug events (ADEs) and reduce the overall healthcare costs and deaths associated with ADEs, 100%
such as Carbamazepine associated with Stevens-Johnson syndrome (SJS)
f. Reduce the occurrence of polypharmacy 77%
g. Improve drug discovery targeted to human diseases 94%
7. Gaps in/Lack of PGx knowledge are due to the following:
a. Unclear understanding of PGx and its implications 100%
b. Absence of a training program that adequately prepares healthcare professionals to practice PGx 100%
c. Lack of standardized clinical guidelines to which to refer 97%
d. PGx is considered a complimentary clinical service 85.7%
II. Perception of PGx practice
8. PGx practice is a risky clinical activity 68.5%
9. PGx implementation could lead to discrimination, stigmatization, and ineligibility for employment and insurance 54.3%"
coverage
10. PGx is a multidisciplinary practice approach 100%
11. PGx can be practiced by all healthcare professionals regardless of speciality 62.9%
12. PGx is only practiced in hospital settings, regardless of the level of care 65.7%
13. PGx is applied to and practiced only for oncology patients 77.2%
14. Gaps in PGx practice: The major barriers to PGx practice:
a. Lack of PGx knowledge among professionals 100%
b. High cost of genetic testing and providing genetic services or consultation 94%
c. Lack of funding, facilities, and devices 97%
d. Ethical, legal, social, religious, and clinical concerns 91%
e. Lack of national policy or guideline that regulates the PGx practice 100%
f. Patient acceptance to be genetically tested 80%
g. PGx competency is not a requirement for obtaining a license to practice healthcare 82.8%
II1. The context of PGx education
15 (A). What should be taught (What to teach)?
a. Basic PGx concepts 100%
b. PGx competency domains such as ethical and legal implications 97%
c. Genetics and diseases 100%
d. A real patient case 100%
e. Indications and types of genotyping tests 100%
f. PGx guidelines and resources such as the Clinical Pharmacogenetics Implementation Consortium (CPIC) 94%
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TABLE 2 (Continued)

Results
N=38%
Survey items Agreement
g. How to implement PGx in clinical settings and the roles of different healthcare professionals in PGx practice 97%
h. The implications of PGx practice on clinical and economic outcomes 97%
16 (B)® How should PGx be taught (How to teach)?
The responses varied according to the expert preference level
a. In-person, on-site learning 63.2%
b. Online learning 15.8%
c. Hybrid learning 36.8%
d. Interprofessional education 68.4%
e. Case-based discussion 81.6%
17 (C)® Who should provide PGx teaching (who should teach PGx)?
The responses varied according to the expert preference level
a. Academics/faculty members with PGx experience 68.4%
b. Geneticists; Genetic experts 68.4%
c. Pharmacogeneticist; Expert in PGx 84.2%
d. Industry pharmacy education provider 26.3%
e. Clinical pharmacist with PGx expert 65.8%
f. Clinician with PGx experience 71%
g. Genomic nurse 28.9%
18 (D) Who should be taught/educated?
a. Medical doctors/clinicians 100%
b. Pharmacists in all settings 97%
c. Nursing staff 80%
d. All healthcare professionals, regardless of speciality 85.7%
e. Students in all healthcare professions, regardless of speciality 82.8%
19 (E) When should PGx be taught (when should the teaching be delivered)?
a. Integrated within the undergrad curriculum 100%
b. Incorporated within residency/internship programs 94%
c. Included in postgraduate degree programs 94%
d. As a requirement for specializations in specific medical fields such as neurology, cardiology, and oncology 100%
e. As a mandatory requirement for all healthcare practitioners to acquire a license to practice in clinical settings 68.5%
f. As a continuing medical education (CME) 91.4%
20 (F)° How to motivate and encourage enrolment in PGx education and training?
The responses varied according to the expert preference level
a. Salary increase 68.5%
b. CME credits 68.5%
c. Certificate of completion and achievement 65.7%
d. Advancement in portfolio and career 78.9%
e. Incentives, such as vouchers and gifts 37%

21 (G) If educational training is to be provided for healthcare professionals, how long should PGx training take? Please select

1-2days 22.9%
A week 44.7%
Others (any alternative duration) Varied

*Ttems were modified for more clarity and reviewed before adding them to the round two survey.
PItems used the preference scale: strongly preferred, moderately preferred, and equally preferred.
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panel agreed that PGx should be integrated into the under-
grad academic curricula and taught to all HCPs, regardless
of their speciality, and as a requirement for specializations
in specific medical fields, such as oncology. The preferred
educational delivery approaches included case-based edu-
cation (n=31;81.6%) and in-person (n =24; 63.2%) interpro-
fessional (n=26; 68.4%) education. The preferred providers
for a suggested PGx education/training were either those
from academic backgrounds or HCPs, specifically physi-
cians and pharmacists who have experience in PGx. The
advancement in portfolio and career development (n=30;
78.9%) served as a highly motivating method to encourage
enrollment in PGx education. Seventeen experts (44.7%)
determined that a duration of 1week was optimal for deliv-
ering a PGx educational program.

Round two

A total of 34 experts participated. The demograph-
ics of the experts for the second round are presented
in Table 1, and they are almost the same as for round
one. Three items from the first round did not meet the
criteria of 60% or above. These items were modified for
more clarity and reviewed before distributing the round
two survey. Furthermore, the experts suggested five ad-
ditional items in the first round to be included. All eight
items in round two met or exceeded the cut-off thresh-
old of 60% (Table 3).

Perception of PGx knowledge

A consensus was reached by the panel that the lack of
standardized teaching curricula for healthcare profession-
als across all universities is one of the contributing factors
to the knowledge gap among practitioners regarding PGx.

Perception of PGx practice

An agreement was reached among experts on the barriers
to the practice of PGx, such as the lack of a well-developed
health system capable of integrating PGx data and provid-
ing clinical decision support and the lack of a standard-
ized workflow for implementing PGx.

The context of PGx education and
additional comments

The expert suggested including updates on national ini-
tiatives, research projects, and genetic mapping into the

OMRAN ET AL.
TABLE 3 Findings of round two.
Results
N=34%
Survey items Agreement
I. Perception of PGx knowledge
1. Pharmacogenomics is one of the 100%
approaches to Precision Medicine
2. Pharmacogenomics is an aspect of broader 100%

genomic medicine
3. Gaps in/Lack of PGx knowledge are due to the following:

a. The lack of standardized teaching 97%
curricula across all schools/universities of
healthcare professionals

II. Perception of PGx practice
4. PGx Practice is a complex procedure 85.3%

5. PGx implementation could reveal an 70.6%
individual's disease/condition, resulting in
discrimination, stigma, and ineligibility for
health insurance and employment
6. Gaps in PGx practice: The major barriers to PGx practice:
a. Lack of standardized workflow for 100%
implementing PGx
b. Lack of well-developed electronic 100
health record (EHR) systems capable of
integrating PGx data and providing clinical
decision support
c. Lack of collaboration between healthcare 100%
professionals and PGx/genomic experts

IIL. The context of PGx education
A. What should be taught (What to teach)?

7. The updates on national initiatives, 85.3%
research projects, and genetic mapping

8 (B).* How should PGx be taught (How to teach)?
The responses varied according to the expert preference level

a. On-demand approaches such as learning 58.8%
management systems (LMS), for example,

Coursera

b. Learning groups and channels such as 17.6%
WhatsApp and Telegram

“Ttems used the preference scale: strongly preferred, moderately preferred,
and equally preferred.

content of the provided educational intervention for
healthcare professionals to integrate research into their
professional work, from bench to bedside. On-demand ap-
proaches such as learning management systems (LMS), for
example, Coursera, were suggested by the experts (n=20;
58.8%) as one of the preferred delivery means. In round
two, the experts made no additional suggestions that were
different from the survey items already provided; hence,
the Delphi study ended.
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DISCUSSION

This is the first Delphi study in which multiple study sites
were included with a group of multidisciplinary experts in
Malaysia. The participation of experts from many academic
and professional fields provided a distinct viewpoint to the
PGx, increasing the chances that its conclusions would be
pertinent and practical in finding gaps in PGx knowledge
and practice. This Delphi study provided a road map for
designing an evidence-based and competency-based edu-
cational intervention for HCPs. Both sections of percep-
tion of PGx knowledge and practice aid in identifying the
gaps regarding PGx understanding among healthcare pro-
fessionals in Malaysia. While, the proposed context of PGx
education will serve as a guide for developing a pragmatic
and efficient instructional strategy.

The study's findings revealed that there is a limited un-
derstanding of various PGx terms and minimal awareness
regarding PGx-related concerns among the panel. This
indicates a need for focused education to enhance their
PGx competencies. Therefore, it is critical to develop an
educational intervention that emphasizes the fundamen-
tal PGx principles, such as genomics and precision med-
icine, alongside the pertinent considerations associated
with PGx, including the ethical, societal, and legal impli-
cations. In order to practice PGx effectively, HCPs must
possess the necessary qualifications and competencies in
PGx to improve patient outcomes.'®

In the context of PGx education, it is noteworthy that
all the participating experts rated the content components
as essential/important to be included in the educational
intervention. These components are the necessary com-
petencies required by a healthcare provider to carry out
various tasks in genomic healthcare.'® These competen-
cies are listed by the American Association of Colleges of
Pharmacies (AACP), and they consolidate and succinctly
summarize the competencies established by the National
Human Genome Research Institute (NHGRI) for health-
care disciplines in a comprehensive and simple way that
can applied to all healthcare disciplines.'® The AACP
competency domains are four and include basic genetic
concepts, genetics and disease, pharmacogenetics/phar-
macogenomics (PGx), and ethical, legal, and social (ELS)
implications.'” It was found that the integration of PGx
competency enhanced the learning experiences and out-
comes, specifically in terms of knowledge, attitudes, and
confidence in the clinical practice of PGx."° Moreover,
these competencies are also the mandatory, accredited
standards for the Professional Program in Pharmacy,
which leads to the Doctor of Pharmacy Degree, as rec-
ognized by the Accreditation Council for Pharmacy

ASCPT

Education (ACPE).!® Therefore, it is crucial to integrate
the PGx competency domains into educational interven-
tions to enhance the practice of PGx in clinical settings.

The study found that experts were in favor of face-to-
face, on-site, interprofessional, case-based education mo-
dality of learning. Given that PGx is a multidisciplinary
practice approach,'® the aforementioned preferred learn-
ing modality encourages disciplines to collaborate and
engage in real-world settings, which is critical for the
development of essential competencies, and professional
and social responsibilities.” A case-based approach was
determined to be effective in enhancing PGx understand-
ing and practice, specifically in the interpretation and ap-
plication of PGx findings in clinical settings.'® Hence, the
approach of providing an educational intervention should
be developed in accordance with the learning needs.
Additionally, experts agreed that PGx could be practiced
by all HCPs, regardless of speciality, and recommended
the integration of PGx into undergraduate curricula. This
result aligns with the concluded recommendations of
systematic reviews conducted among pharmacists® and
doctors.” These reviews®® emphasized the significance
of early education for healthcare students and the inte-
gration of PGx into school curricula. Therefore, it would
be prudent to educate and train healthcare students in
advance during their academic years in order to equip
them with the necessary knowledge and competencies to
practice PGx.

Advancement in a career was rated as a highly en-
couraging approach to motivating healthcare profes-
sionals to enroll in educational training. Another study
also reported a similar result, highlighting professional
development and progress as a key motivational factor
for healthcare professionals.”’ Therefore, a training plan
should be developed taking into account the health-
care settings and motivational aspects for healthcare
practitioners.

Experts highlighted three significant barriers to adopt-
ing and practicing PGx: the absence of national policy
or guidelines regulating PGx practice and its associated
concerns, the lack of reimbursement for PGx testing
and genetic service provision, and the lack of a well-
developed health system capable of integrating PGx data.
The findings are consistent with the barriers listed by the
SEAPharm research network.” This can be attributed to
the lack of value recognition of the PGx's impact on the
healthcare system by stakeholders, including policymak-
ers and HCPs.'> Therefore, to ensure the successful imple-
mentation of PGx in healthcare, it is critical to improve
awareness and knowledge among all stakeholders regard-
ing its significant impact.**
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Future vision for PGx education for
healthcare professionals in Malaysia

The future of PGx education for HCPs in Malaysia de-
pends on the successful implementation of a compre-
hensive, evidence-based intervention that addresses the
identified knowledge gaps. The findings of this Delphi
study will serve as a guiding framework for developing a
tailored, competency-based educational intervention in
PGx. The proposed intervention will encompass core con-
cepts of PGx, covering fundamental principles, terms, and
definitions to ensure that all HCPs, regardless of special-
ity, have a solid understanding of PGx. Structured around
the four competency domains defined by the American
Association of Colleges of Pharmacy (AACP), the pro-
gram will facilitate the acquisition of essential knowledge
and skills required for effective PGx practice.

Considering the multidisciplinary nature of PGx, the
intervention will incorporate interprofessional educa-
tion (IPE), fostering collaboration among various HCPs
and linking theoretical knowledge to clinical application
through clinical case studies. Furthermore, the educa-
tional initiative will proactively address existing barriers
to PGx implementation in Malaysia, such as the lack of
national policies and reimbursement for PGx testing,
while promoting the recognition of PGx's value among
stakeholders to enhance its integration into the healthcare
system. Engaging with local healthcare authorities and
institutions will be essential in promoting collaboration
and garnering support for the initiative, ensuring that it is
aligned with national health priorities.

Acknowledging the motivational aspects of HCPs, the
program will highlight how acquiring PGx competencies
can lead to improved career advancement opportunities,
which is crucial for encouraging participation. The ultimate
goal is to bridge the knowledge gap in PGx among HCPs,
enhancing their competence in implementing PGx in clini-
cal settings and ultimately leading to better patient outcomes
through personalized medicine. For instance, improving
HCPs' understanding of PGx will lead to enhanced medica-
tion management, reduced adverse drug reactions and more
effective treatment plans tailored to individual patient needs.

In terms of future directions, we aim to conduct a fol-
low-up study to develop and deliver this educational inter-
vention, assessing both its feasibility and effectiveness. This
research will be critical in determining the impact of the
intervention on HCPs' understanding and application of
PGx, contributing to a more personalized approach to med-
icine in Malaysia and leading to better health outcomes. By
evaluating the effectiveness of this intervention, we hope
to establish a model that can be replicated in other regions,
further expanding the reach and impact of PGx education.

Strengths and limitations

This is the first Delphi study conducted in Malaysia, involv-
ing various study sites and a panel of multidisciplinary ex-
perts. The participation of experts from diverse backgrounds
offered a unique perspective to the PGx, enhancing the
likelihood that its findings would be relevant and useful in
pinpointing the PGx educational and policy requirements
for healthcare professionals in Malaysia. The iterative pro-
cess of the Delphi study enhances its strength. Moreover,
employing an online survey guaranteed anonymity and
enabled the collection of responses and analysis despite
geographical constraints. The main limitation of the Delphi
technique is that it is time-consuming; it took 5months to
complete. In addition, the purposive sampling method used
is prone to research bias as the selection of experts might
be based on a subjective judgment and may also be skewed
toward pharmacists’ opinions due to the nature of the PGx
field. However, the study design is dependent on the prede-
fined selection criteria of the expert panel.

CONCLUSION

This multisite Delphi study enabled the development of a
tailored, effective, evidence-based, competency-based ed-
ucational intervention in pharmacogenomics for health-
care professionals in Malaysia. The proposed context of
pharmacogenomics education, including the content,
provided healthcare professionals with the vital compe-
tencies required to practice pharmacogenomics in clini-
cal settings. To keep up with the rapid evolution of the
pharmacogenomics field, healthcare professionals should
be equipped with the necessary competencies required to
practice pharmacogenomics for better health outcomes.
Future research is needed to determine the feasibility of
the proposed educational intervention.
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