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DEFINITIONS 

Precision medicine A broad term used to describe applying genes, environment and lifestyle 
information and clinical data to guide health related decisions. 

Analytical validity A measure of assay performance, the sensitivity and specificity of the test to 
detect the genetic variant of interest.  

Clinical validity  A measure of the ability of the test to predict the clinical disorder or 
phenotype that is associated with that gene or genotype i.e.  the response 
of the drug in the individual. 

Clinical effectiveness  A measure of the clinical outcome of the test (a demonstration that it is 
better than an alternative or usual care). 

Clinical utility  A measure of the usefulness of a test, its influence on clinical decision 
making and outcomes important to individuals and family (sometimes 
viewed as a combination of effectiveness and cost effectiveness yet should 
be considered a third concept). 

Cost effectiveness  A measure of the costs of testing against resultant cost savings (a 
demonstration it is better than an alternative or usual care). 

ABBREVIATIONS USED IN THIS REPORT 

CPIC  Clinical Pharmacogenetics Implementation Consortium 
DPWG   Dutch Pharmacogenetic Working Group 
PharmGKB  Pharmacogenomics Knowledge Base 
PharmVar Pharmacogene Variation Consortium 
HLA  Human leucocyte antigen 
DPYD  Dihydropyrimidine dehydrogenase 
PK  Pharmacokinetics 
PD  Pharmacodynamics 
CDS  Clinical decision support 
EHR/EMR Electronic health(medical) record 
TGA  Therapeutic Goods Administration 
MBS  Medical Benefits Scheme 
PBS  Pharmaceutical Benefits Scheme 
NATA  National Association of Testing Authorities 
U-PGx  Ubiquitous Pharmacogenomics Consortium 
US FDA  United States Federal Drug Administration 
EMA  European Medicine Agency 
NHS  National Health System 
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EXECUTIVE SUMMARY 

The impact of adverse drug reactions (ADR) on health care is significant. In Australia, medication-
related problems cost the health system $1.4 billion and are the cause of 250,000 hospital 
admissions annually. It is assessed that half of medication-related harm is preventable. Medicine 
safety in Australia is the 10th national health priority. 

Pharmacogenomics is a field of precision medicine which seeks to apply knowledge of human 
genetic variation to inform and individualise medicine use. Improved health outcomes from 
pharmacogenomics are achieved through prevention of adverse drug reactions and gains in drug 
efficacy.  

Several international consortia, including the Clinical Pharmacogenetics Implementation Consortium 
(CPIC®) and the Dutch Pharmacogenetic Working Group (DPWG), using international networks of 
experts assess the evidence for drug-gene pairs and publish the findings in peer-reviewed journals. 
The Pharmacogenomics Knowledge Base (PharmGKB.org) curates, and presents together for easy 
comparison, guidelines with clinically actionable drug-gene pairs from CPIC, the DPWG and others 
alongside drug labels from the US FDA and other regulatory drug agencies.  

International guidelines and technological advances have facilitated a global expansion in the use of 
pharmacogenomics testing, albeit from a low base. Australia, like many countries, is unsure how 
best to integrate and utilise pharmacogenomics in the context of overall healthcare. Currently, 
Australian clinicians conduct few tests through either public subsidy or user pays private offerings.   

Australia is well placed to increase the uptake of pharmacogenomic testing implementation and to 
improve medicine safety. Drawing on extensive experience from international implementations and 
growing evidence of value and utility will guide the process of incorporation of pharmacogenomics 
into clinical practice. Opportunities to further translation will present as the evidence develops and 
this should provide additional health and economic benefits.  

The incubator project model, part of the Australian Genomics Grant Program (2021 – 2023), is about 
developing health genomic research priority areas considered to be of strategic importance to 
Australia. In pharmacogenomics, the model applies to promoting clinical translation and 
implementation of pharmacogenomic testing in the Australian healthcare system.  

This report combines a landscape analysis of international pharmacogenomics activity and a national 
consultation with key stakeholders. The landscape analysis has explored international research, 
policy and exemplars of implementation into practice. The national consultation has explored 
Australia’s current use of pharmacogenomics in practice, current and future barriers to expanding 
pharmacogenomic implementation and how they might be overcome, specific gaps that need 
addressing, and what future research could achieve if funded. 

The report’s key recommendations for Australia and pharmacogenomics are to: 

• Expand pharmacogenomic testing where there is evidence to improve quality use of 
medicines.  

• Establish a national steering network with individual and organisational representation for 
cross sector coordination and leadership.  
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• Conduct translational research in routine practice to produce evidence on clinical utility and 
cost effectiveness. 

• Identify populations, therapeutic areas and contexts where pharmacogenomics could have a 
potential benefit. 

• Develop local clinical guidelines leveraging international guidelines, international 
implementation exemplars and local evidence.  

• Integrate pharmacogenomic clinical protocols into existing quality use of medicine practices 
and non-genetic clinical protocols (to ensure test results are not used in isolation); include 
indications for testing, result-informed therapeutic options and reporting guidance for 
laboratories. 

• Develop models of pharmacogenomic testing services with practitioner roles. Include 
standards for patient consent and reporting. 

• Secure subsidised access to selected pharmacogenomic tests (through MBS funding). 
• Build practitioner knowledge through education and training (tertiary level and practitioner 

professional development). 
• Develop supporting information technology (IT) infrastructure – options in electronic health 

records, interfaces between systems, clinical decision support tools (data storage, access, 
privacy, and reinterpretation capacity). 

• Improve Australian pharmacogenomic reference data to include Indigenous populations and 
ensure representation of the ethnic diversity in Australia. 

• Increase consumer awareness about the role of pharmacogenomic testing to improve health 
care and the safe use of medicines. 

The report recommends three research priority areas for Australia:  

1) Evaluation and implementation, 2) Models of service, and 3) Pharmacogenomics Education.  
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1. PROJECT AIM 

The aim of this project was to conduct an international landscape analysis and national consultation 
to identify and develop recommendations for research priorities for implementation of 
pharmacogenomics testing in Australia. The report was submitted to the Medical Research Future 
Fund in September 2022. 

The objectives were to: 

• Provide justification for research into implementing pre-emptive and reactive 
pharmacogenomic testing in Australia to guide quality use of medicines. 

• Understand the barriers and facilitators to the implementation of pharmacogenomic testing 
in the Australian healthcare system. 

• Explore examples of international best practice. 
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2. RECOMMENDATIONS - RESEARCH PRIORITY AREAS FOR 
AUSTRALIAN PHARMACOGENOMICS IMPLEMENTATION 

Research priority areas for implementation of pharmacogenomics in Australia have been identified 
and developed. They are presented below as separate research streams however, the streams of 
research are not meant to reflect funding streams; rather, research should be conducted across 
streams, with collaboration between disciplines. For optimal outcomes, funding models will need 
to have the flexibility to incorporate cross-stream research proposals.  

Stream 1 Stream 2 Stream 3 
Evaluation and implementation 
Conduct research to better 
understand the role for 
pharmacogenomic testing in 
quality use of medicines, focusing 
on: 
a. benefits, harms and cost-

effectiveness, and the 
circumstances relating to 
setting of care, testing 
strategy and therapeutic 
area; 

b. limitations and 
unintended consequences 
of testing, including 
ethical, privacy and social 
aspects; 

c. experiences of patients 
and practitioners; 

d. challenges to 
implementation (including 
barriers and enablers and 
feasibility), identification 
of implementation 
strategies to support the 
appropriate uptake of 
pharmacogenomics with 
plans to investigate 
fidelity in the future; 

e. comparative evaluation of 
alternative courses of 
action to enable 
optimisation of costs and 
outcomes. 

 

Models of service 
Conduct research to develop and 
evaluate integrated models of 
service of pharmacogenomic 
testing with collaboration 
between healthcare 
professionals (including 
prescribers, pharmacists, 
laboratory scientists, clinical 
scientists/pharmacologists) and 
patients. The key lines of enquiry: 
a. defining the processes and 

roles in various contexts for: 
i. pre-test patient 

counselling, referral, 
consent and ordering of 
tests. 

ii. interpretation and 
recommendations for 
treatment using 
pharmacogenomic 
results, non-genetic 
patient information and 
clinical guidelines.  

iii. presentation of reports 
containing results and 
recommendations 

iv. shared decision making 
and post-test patient 
counselling. 

b. consideration of economic 
implications of each model.  

c. digital health considerations 
that would see the 
integration of 
pharmacogenomics into the 
current electronic health 
infrastructure and clinical 
decision support tools.  

Education 
Develop nationally agreed 
competencies for education in 
pharmacogenomics:  
a. university-level training 
b. specialist training at the 

practitioner level 
c. continuing professional 

development 
d. on-demand training within 

clinical decision support 
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Guiding principles for studies of pharmacogenomics were identified from the literature and the 
national consultation participants. They state that studies should: 

• Include Australia’s population given Indigenous and ethnic profiles are underrepresented 
in the European dominated reference data that informs international guidelines. 

• Be informed by international best practice. 
• Consider: broad multi-gene panel tests and the informatics and practitioner stewardship 

resources required to realise ongoing utility; and point of care tests where time critical. 
• Promote equity in testing (geographic and socioeconomic access). 
• Consider pragmatic designs across various ‘real world’ contexts. 
• Build workforce capacity for testing, utilising existing capabilities. 
• Allow innovative models for evolving and future technologies such as polygenic scores for 

pharmacogenomics. 

Population cohorts and indications where the potential benefit is high and the strong 
recommendation is implementation studies should consider these areas: 

a. Candidates for drugs with known HLA hypersensitivity genes (test proactively, prior to 
prescribing and monitor after prescribing). 

b. Individuals currently taking a drug with level 1A pharmacogenetic evidence1 who have 
had an adverse drug event or lack of efficacy (test reactively to improve medication 
safety and efficacy, and to inform adverse event reporting databases). 

c. Individuals being initiated on a drug with level 1A evidence where it is recommended in a 
clinical protocol and/or by a (credentialed) pharmacogenomic pharmacist (test 
proactively to improve medication safety and efficacy). 

d. Individuals taking polypharmacy inclusive of a drug with level 1A evidence where it is the 
recommendation of a medication review pharmacist (test reactively to improve 
medication safety and efficacy). 

e. Individuals being initiated on a drug where inadequate drug response could result in 
significant morbidity and mortality (e.g. anti-rejection medicines in transplantation, at 
time of diagnosis of severe or chronic conditions associated with multiple drug 
exposures, mental health, high cost medicines (financial impact)). 

Justification for the recommendations (from the landscape analysis and national consultation) 
Recommendation 1 

• International experience and evidence provide rich guidance for local implementations. 
Limits to its generalisability arise from differences in healthcare systems and local healthcare 
environments including drug prices, test prices, formularies, funding and prescribing habits.  

• Australia therefore requires local pharmacogenomic testing studies to demonstrate utility 
and cost-effectiveness, to understand the experience of patients and practitioners, and to 
explore unintended consequences. 

• Despite up to ninety nine percent of individuals having an ‘actionable’ drug-gene variant 
most will not benefit from a test. We need to better identify populations with the greatest 

 
1 Level 1A is a clinical annotation score that means the drug-gene pair has met the highest criteria for level of 
evidence comprised of variant annotations, clinical guideline annotations and FDA-approved drug label 
annotations (see https://www.pharmgkb.org/page/clinAnnLevels). 
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clinical and economic benefit, meaning fewer people need to be tested to find one with the 
variant of concern. They can be identified by drug, therapeutic area, ethnicity or context.   

• Pragmatic study designs are needed in real world contexts for assessing benefit and cost-
effectiveness of pharmacogenomic testing. Real-world variables include non-genetic inter-
individual response to medicine and the adherence of practitioners to recommendations 
and patients to medicines. The gold standard for collecting evidence in healthcare, the 
randomised controlled trial, may not be feasible or appropriate to generate the data needed 
to guide implementation of pharmacogenomics. Researchers need to consider appropriate 
endpoints for assessment: clinical and social benefits can occur months or years post-test 
(perhaps long after a trial has completed reporting).  

• What to test for should be guided by evidence, consensus and funding. Multi-gene 
pharmacogenomic panel testing for preventing adverse drug reactions and improving 
medicine efficacy have lifelong utility. They are now of similar cost to single drug-gene tests: 
economic modelling suggests cost effectiveness is higher for panels over single gene tests. 
Some drug targets from early studies have been superseded by alternative drugs with less 
genetic variability (e.g. clopidogrel), or an objective phenotypic test embedded in practice 
protocols (e.g. warfarin).   

• Australian pharmacogenomic reference data needs to represent Indigenous populations 
and non-European diversity. It would benefit from systematic follow up of adverse drug 
reactions inclusive of pharmacogenomic testing. 

Recommendation 2 

• Models of service for pharmacogenomic testing require collaboration between consumers 
and healthcare professionals (such as prescribers, pharmacologists, pharmacists and 
laboratory scientists). Evidence suggests collaboration is both feasible and valued. The 
literature has little consensus on service models and it remains unclear which practitioners 
are most suited for each role. Models should be informed by local context and be flexible to 
evolve as needed.  

• Key processes and roles in pharmacogenomics programs performed by patient facing 
practitioners include: pre-test counselling and consent; test ordering; interpretation of the 
results with non-genetic information and relevant clinical guidelines; presentation of reports 
with recommendations; and post-test counselling and shared decision making with the 
patient.  

• The resources currently used by practitioners contain limited pharmacogenomic 
information and guidance. Guidance with pharmacogenomic information proactively 
informs prescribing decisions, and reactively informs actions in the event of medicine harm. 
Knowledge and protocols should be at hand to ensure practitioners question whether a 
genetic factor is responsible and if a test is available. 

• Clinical decision support is vital to utility and successful uptake of testing. It requires 
integration into practice software (that is, prescribing and dispensing software) for ready 
access to support treatment decisions at the point of care.  

Recommendation 3 

• A significant barrier to wider implementation of pharmacogenomic testing in practice is 
the low level of practitioner knowledge, competence and confidence to order a test or 
understand a report if it were presented. Building capacity lessens the impact on the current 
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healthcare workforce of predicted testing increases. With legal precedence having been 
established, practitioners without competence risk litigation.  

• Modules for pharmacogenomics need to be included in practitioner education through 
curriculum development in university degrees and continuing professional development. 
Guidance can be taken from the US where it is a component of many pharmacy degrees and 
post-graduate certification is provided by several tertiary institutions.  

• Poor practitioner understanding of the foundational concepts of clinical pharmacology 
should be acknowledged: pharmacodynamics and pharmacokinetics (absorption, 
distribution, metabolism and excretion of drugs (ADME)) and the drug metabolising enzymes 
which are involved in the majority of drug metabolisation. Many will be challenged to 
interpret pharmacogenomic results and competently guide prescribing decisions. 
Collaboration includes knowing personal limits and gaining ready access to expertise.   
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3. BACKGROUND 

3.1 Adverse drug reactions 

Medicines effectively treat and prevent acute and chronic conditions and help ageing populations to 
live well. The benefits we seek from medicines are, however, inseparable from their adverse effects. 
Pharmacogenomic testing can guide and improve our use of medicines to both prevent adverse 
effects and provide efficacy gains.  

The impact of adverse drug reactions (ADR) on health care is significant. In Australia, medication-
related problems cost the health system $1.4 billion and are the cause of 250,000 hospital 
admissions annually (1). It is assessed that half of medication-related harm is preventable. Medicine 
safety in Australia is the 10th national health priority (1). 

3.2 Use of pharmacogenomic testing 

The routine use of pharmacogenomic testing in practice is now possible, a situation achieved in 
recent years through public and private investment, technological advances and cost decreases. 
Testing has been introduced into various healthcare settings, from primary to tertiary care in North 
America and Europe, facilitated by state-sponsored implementation networks, and in a limited way 
in Asian countries with a greater prevalence of key genetic variants to one or two drugs. With most 
testing occurring in larger research-focused institutions or through user-pay commercial operations, 
it remains, however, somewhat niche and underutilised.  

Public funding of pharmacogenomic testing is of a small scale in most jurisdictions globally, 
concentrating on the drugs with conclusive evidence of harm prevention, and the populations with a 
high prevalence of target variants. Australia first subsidised a test in 2007 for thiopurine methyl 
transferase (TPMT) and HLA-B*57:01, added a second in 2011 for abacavir and HLA-B*57:01, and 
since then there have been no further approvals.   

Practitioners seeking to begin testing can be reassured by recent developments in the field, 
including: variant naming standards, provision of guidelines and national regulations. The star allele 
nomenclature was chosen to be the standard for naming variants in 2017 by an international 
workgroup (2). The clinical validity of drug-gene associations is reviewed and assessed by 
international consortia of experts, published in peer reviewed journals and collated into guidelines 
freely shared on the Pharmacogenomics Knowledge Base (PharmGKB.org). Regulation has been 
assumed by national drug agencies and many drug labels now include recommendations for using 
pharmacogenomic information for prescribing.  

The main drug-gene variants of interest affect human leukocyte antigen (HLA) hypersensitivity, drug 
metabolism, or drug targets. HLA variants tend to be outliers with a greatly increased risk of severe 
and life-threatening reactions to drugs including abacavir, carbamazepine, allopurinol and phenytoin 
(there is a higher prevalence in Asian populations, although not all Asian countries are HLA testing 
(3)). Drug metabolism targets comprise the majority of identified drug-gene associations. Testing 
metabolism targets, however, is subject to evolving patterns of drug use. For example, drugs from 
early pharmacogenomic implementations have had their use somewhat superseded by alternative 
therapies with less genetic variability (e.g. clopidogrel) (4), or an objective phenotypic test 



Research priorities for Australian pharmacogenomics: Final report 
August 2022 

P13 

embedded in practice protocols (e.g. warfarin) (5). Drug targets are used predominantly in oncology 
and drug development fields and this topic is beyond the scope of the current project. 

3.3 Challenges to wider implementation 

An immediate challenge preventing scalable implementation, however, is the scarcity of evidence to 
demonstrate that testing is useful to patients and cost-effective to payers. The imperative for health 
systems is to identify where the most benefit might be. Recent enquiry has shifted its focus from 
single drug-gene pairs to multi-gene panels now that testing costs are similar, and, with lifetime 
utility, economic modelling suggests panels will prove more cost effective (6, 7). Large, multi-site, 
longitudinal implementation studies of panels in Europe and North America currently seek real-
world evidence for their cost effectiveness and utility (8, 9).  

Choosing a candidate population, condition or drug to trigger practitioners to test is not 
straightforward and requires a strong association between variant and response and an assessment 
of local health contexts and needs. Much of the current research activity is in psychiatric medicine 
where response differs with genetic variation in key enzymes of metabolism (CYP450 2C19 and 2D6) 
(10). The evidence to date leans towards a subgroup of people with moderate to severe depression 
and a previous psychiatric medicine exposure that caused an adverse effect or had poor efficacy 
(11). There is little evidence for pharmacogenomic testing at diagnosis of psychiatric illness (pre-
emptively) to improve a person’s initial medicine response (the likelihood of benefit and/or 
remission). A further candidate of interest is polypharmacy, a significant economic problem for 
health systems yet one where drug-drug-gene interactions can shift the complexity beyond current 
understandings of pharmacogenomics. No one candidate is perfect and other therapeutic areas, 
populations and individual medicines that offer potential will require careful consideration and 
evidence. 

In Australia, Indigenous people have a higher prevalence of chronic health conditions, significantly 
poorer health and a lower life expectancy than the non-Indigenous population. Pharmacogenomics 
has the potential to improve Indigenous health by ensuring medicine choice and dose optimisation. 
Hampering the effort is the mostly unknown pharmacogenomic profile of Indigenous populations. 
The applicability of guidelines informed by European populations in non-European populations 
remains untested, yet evidence suggests the reduction in validity will have a negative impact on 
utility of this information in Indigenous populations (10).   

Despite international experience and its promise, gaps in our understanding of pharmacogenomics 
remain. Yet, increasingly, primary healthcare practitioners are being exposed to pharmacogenomics 
in their practice and many have little knowledge or understanding of this area. It is a legal and moral 
imperative that primary health care providers have a working knowledge of this area of practice and 
are able to promote use of pharmacogenomics where appropriate.   
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3.4 Guidelines 

Key points 

Ø Clinical guidelines are freely available online from the Clinical Pharmacogenetics 
Implementation Consortium (CPIC®), the Dutch Pharmacogenetic Working Group (DPWG) 
and others. 

Ø The guidelines assign a level of evidence for each drug-gene association indicating the 
strength of the association and a recommendation to practitioners. 

Ø The Pharmacogenomics Knowledge Base (PharmGKB.org) collects and curates into a 
single site pharmacogenomics guidelines and drug labels from key national drug agencies 
with pharmacogenomics information.  

Ø Guidance on when to test or who to test can be found in approved product labels and 
other institutional practice protocols. 

 

The issue of trusted clinical guidance, arguably the most important facilitator to implementation of 
pharmacogenomics in clinical practice, has been addressed in recent years by several consortia and 
organisations. The evidence for clinically actionable drug-gene pairs is reviewed by international 
networks of experts and findings published in peer-reviewed journals and online (12). The key 
organisations producing guidelines are the Clinical Pharmacogenetics Implementation Consortium 
(CPIC®) and the Dutch Pharmacogenetic Working Group (DPWG). CPIC boasts expert membership 
from 29 countries making it truly international. Other notable guidelines are from the Canadian 
Pharmacogenomics Network for Drug Safety (CPNDS) and the French National Network (Réseau) of 
Pharmacogenetics (RNPGx)). A comprehensive review and comparison of the main guidelines was 
published in 2020 (13).  

The Pharmacogenomics Knowledge Base (PharmGKB.org) curates, and presents together for easy 
comparison, guidelines from CPIC, the DPWG and others. PharmGKB also includes drug labels with 
pharmacogenomic information from regulators such as the US Food and Drug Administration (FDA), 
European Medicines Agency (EMA), Swiss Agency of Therapeutic Products (Swissmedic), Japanese 
Pharmaceuticals and Medical Devices Agency (PMDA) and Health Canada (Santé Canada) (HCSC). 
The Pharmacogenomics Global Research Network (PGRN), funded from the United States National 
Institute of Health (NIH), oversees CPIC, PharmGKB and PharmVar (a consortium for standardising 
the nomenclature used for pharmacogenomic genes).  

In pharmacogenomic guidelines, a clinical annotation for a drug-gene association is assigned a level 
of evidence indicating the strength of the association using a 5-point scoring system: phenotype 
category, P values, effect sizes, cohort sizes and study types (14). In PharmGKB.org the levels are 
presented as 1A, 1B, 2A, 2B, 3 and 4. Level 1 is high level evidence for the association, level 2 
moderate, level 3 low level and level 4 suggests the association between drug and gene is 
unsupported (14). PharmGKB Level 1A clinical annotations have ‘variant specific prescribing 
guidance available in a current clinical guideline annotation or an FDA-approved drug label 
annotation’. In July 2022, there were 289 clinical annotations with Level 1A evidence on PharmGKB.  
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Within a drug-gene pair annotation categorised as level 1 (A or B) there may be variants (poor, 
intermediate, rapid and ultrarapid) with different actionability (14). That is, the same annotation can 
have actionable ultrarapid metaboliser variants but not intermediate or poor metaboliser variants. 
For example, the common antidepressant amitriptyline has a Level 1A gene-drug annotation with 
various recommendations for the CYP2D6 and 2C19 actionable variants: 

The CPIC Dosing Guideline update for amitriptyline recommends an alternative drug for 
CYP2D6 ultrarapid or poor metabolizers and CYP2C19 ultrarapid, rapid or poor metabolizers. 
If amitriptyline is warranted, consider a 50% dose reduction in CYP2D6 or CYP2C19 poor 
metabolizers. For CYP2D6 intermediate metabolizers, a 25% dose reduction should be 
considered. (PharmGKB.org - accessed online Feb2022) 

Some annotations, such as the Level 3 annotation for amiodarone CYP2D6 variants (below), have no 
recommendations. A pharmacogenomic report may choose to hide this information to minimise 
practitioner confusion. 

There are currently no dosing recommendations for amiodarone based on CYP2D6 genotype. 
(PharmGKB.org - accessed online Feb2022) 

Less guidance exists for practitioners on which drugs to use pharmacogenomic testing before 
prescribing. CPIC for example, does not provide recommendations. Other organisations provide test 
gradings following an assessment of benefits versus risks (DPWG, CNPDS, RNPGx). They include 
‘essential’ and ‘strong level A’ for high grades (13) and ‘advisable’ or ‘possibly helpful’ for lower 
grades. Approved product labels from the US Federal Drug Administration (FDA) and the European 
Medicines Association (EMA) include basic guidance on drugs and populations to test. They grade 
tests around notions of ‘mandatory’, ‘recommended’ and ‘genetic test available for consideration’. 
Developers of practice software use this information for their clinical decision support.  

Some recommendations in guidelines and product labels specify ethnic populations. For example, 
the FDA defines Han Chinese, Thai, Vietnamese, Indonesian, Malay, Filipino, or Indian descent 
populations as “genetically at-risk” due to a higher frequency of the HLA-B * 1502 allele associated 
with adverse events to carbamazepine (10). It is standard practice to conduct an HLA test on all 
candidates for carbamazepine in Hong Kong, Thailand and Taiwan (10). 
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3.5 Regulation 

Key points 

Ø The US FDA and other national drug agencies have assumed regulatory authority for 
pharmacogenomics, mandating pharmacogenomic data in product labels and drug 
registration applications, regulating laboratory developed tests and more. 

Ø The FDA now has 209 and the EMA 94 drug labels with pharmacogenomics prescribing 
information.  

Ø Labelling recommendations are not consistent (or harmonised) across agencies. 

Ø Some regulators are moving to include pharmacogenomic data to improve genetic 
understanding of adverse events.  

Ø Differing standards exist for regulating laboratory developed tests such as 
pharmacogenomics, and direct-to-consumer tests. 

 

Regulatory oversight of pharmacogenomics has been assumed by national drug agencies including 
the USFDA and others such as the EMA, Health Canada and the Japanese Pharmaceuticals and 
Medical Devices Agency. The FDA requires sponsors of drugs to provide genomic data relating to 
safety and effectiveness for inclusion in drug labels. Having pharmacogenomic information in drug 
labels improves overall practitioner awareness and understanding (15).  

Recent global developments in the regulation of pharmacogenomics include harmonisation between 
national agencies of the information in drug labels and calls for industry to provide 
pharmacogenomic information for older drugs (16). It has been argued that regulators should 
encourage the practice of including pharmacogenomic testing in adverse event information (17).   

Regulation from national drug agencies guides developers and providers of laboratory developed 
tests (LDTs) such as pharmacogenomics. The FDA defines LDTs as a class of in vitro diagnostic that is 
subject to medical device regulations in the Federal Food Drug and Cosmetic Act (18). The EMA has 
updated its regulatory framework to the 2017 IVDR that came fully into effect in EU Member States 
from 26 May 2022 (19). It covers the difficult to regulate software and algorithms used for 
predictions. Regulators are also considering direct-to-consumer pharmacogenomic tests around 
aspects such as clinical utility, safety and standardisation (20).  

3.6 Pharmacogenomics in Australia 

3.6.1 Public subsidy 

The Medical Benefits Scheme (MBS) currently subsidises two single gene-drug pharmacogenetic 
tests - thiopurine methyl transferase (TPMT) and HLA-B*57:012. They are indicated to screen for the 
genetic variants that increase the risk of severe adverse drug reactions, prior to prescribing. 

 
2 MBS data online accessed July 2022 at 
http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.jsp 
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TPMT, listed in 2007, is an enzyme that breaks down thiopurine drugs (azathioprine, mercaptopurine 
and thioguanine), immunosuppressants for autoimmune conditions. Low levels of TPMT lead to 
bone marrow suppression. As of May 2022, 6,977 Medicare services have been processed for TPMT 
testing since its listing in 2007.  

Testing for HLA-B*57:01, listed in 2011, is ordered prior to prescribing abacavir, an HIV treatment. 
The presence of the variant is linked to severe hypersensitivity reactions. As of May 2022, 64,668 
Medicare services have been processed for HLA-B*57:01 testing since its listing. 

3.6.2 Australian regulation and product information 

The TGA approved product information for the MBS listed items above do not mandate testing prior 
to prescribing3. Rather, they provide a recommendation as follows (our highlights): 

Testing for HLA-B*5701 status is recommended before initiating abacavir treatment and 
also before re-starting abacavir treatment in patients of unknown HLA-B*5701 status who 
have previously tolerated abacavir. 

Patients should be tested for TPMT activity before starting azathioprine. 

For other medicines with pharmacogenomic information, the TGA product information contains a 
variety of broad statements and recommendations with little consistency and little specific guidance 
for practitioners and their patients on identifying who should be tested. Some examples (our 
highlights): 

Clopidogrel - Consider alternative treatment or treatment strategies in patients identified as 
CYP2C19 poor metabolisers. 

Allopurinol - Screening for HLA-B*5801 should be considered before starting treatment in 
patient subgroups where the prevalence of this allele is known to be high. Chronic kidney 
disease may increase the risk in these patients additionally. 

Carbamazepine - Testing for the presence of HLA-A*3101 allele should be considered in 
patients with ancestry in genetically at-risk populations (for example, patients of the 
Japanese and Caucasian populations, patients who belong to the indigenous populations 
of the Americas, Hispanic populations, people of southern India, and people of Arabic 
descent), prior to initiating treatment with carbamazepine. The use of carbamazepine should 
be avoided in patients who are found to be positive for HLA-A*3101, unless the benefits 
clearly outweigh the risks.  

Testing for the prevalence of HLA-B*1502 allele should be considered in patients with 
ancestry in genetically at-risk populations, prior to initiating treatment with Carbamazepine 
Sandoz. If testing for the presence of the HLA-B*1502 allele should be performed, high 
resolution “HLA-B*1502 genotyping” is recommended. The test is positive if either one or two 
HLA-B*1502 alleles are detected and negative if no HLA-B*1502 alleles are detected. 

 
3 TGA Product information accessed online July 2022 at  
https://www.tga.gov.au/product-information-0 
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Codeine - … contraindicated for use in patients who are CYP2D6 ultra-rapid metabolisers. 

Warfarin - people with variations in two genes may need lower warfarin doses than people 
without these genetic variations. The two genes are called CYP2C9 and VKORC1. 

Voriconazole - In vivo studies indicated that CYP2C19 is significantly involved in the 
metabolism of voriconazole. This enzyme exhibits genetic polymorphism. 

The TGA further provides on its website ‘Guiding Principles for Providers’, published in 2014 by the 
National Pathology Accreditation Advisory Council4. Recommendation five is for direct-to-consumer 
(DTC) genetic pharmacogenetic testing: 

Recommendation 5  

The provider should not offer DTC pharmacogenetic testing without strongly advising the 
consumer not to initiate or alter the dosage of any existing medication, on the basis of the 
test results, without first consulting a relevant medical practitioner.  

When providing consumers with the test results for pharmacogenetic tests, the test provider 
should strongly recommend that the consumer not alter the dosage of any existing 
medication on the basis of the test results and take the results of the pharmacogenetic test 
to a medical practitioner for personalised interpretation of the test result. The test provider 
should give the consumer appropriate information to take with them to their medical 
practitioner to aid the interpretation of the test results. 

3.6.3 Key report and position statement 

The Royal College of Pathologists Australasia produced a position statement in 2018 on 
pharmacogenomics with representation from Australia’s medical colleges (21). It recommended 
expansion of pharmacogenomics testing in Australia and provided guidance for practitioners for 
implementation. The report suggested key facilitators to testing expansion, including: 

• Adopt the CPIC guidance and develop local guidelines that are context specific. 
• Determine the scope of use. 
• Ensure medical supervision for testing and no direct-to-consumer testing. 
• Provide clinician education at tertiary and practitioner development levels. 
• Increase funding for translational research on implementation in various healthcare settings.  
• Apply for MBS funding for tests with high utility and validity evidence. 

o funding should be extended to cover tests for ‘DPYD (to identify patients at risk of 
toxicity from 5-fluorouracil and capecitabine) and HLA-B*1502 (to identify patients 
at risk of carbamazepine-induced hypersensitivity reaction).’ 

• The college should engage with stakeholders such as ‘patients, funders, medical schools and 
specialty colleges and the pharmaceutical industry and pharmacists.’ 

3.6.4 Pharmacogenomic reference data in Australia 

In pharmacogenomics, key guidelines ensure the validity of associations between genetic variants 
and drug responses. As with other fields of genetics they overwhelmingly rely on studies using 

 
4 Accessed online June2022 at https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-
npaac-genetictestguide) 



Research priorities for Australian pharmacogenomics: Final report 
August 2022 

P19 

populations with European ancestry in Europe and the US. Non-European populations are 
understudied and have less certain links between genetic predispositions and drug response (22).  

Australia does not have a significant national database of pharmacogenomic reference data. This 
means that Australia’s unique pharmacogenomic landscape has not been adequately studied. In 
comparison, the UK government has completed its 100,000 Genomes Project and has a target to 
whole genome sequence 500,000 of its population by 2023-24 (23).  

Underrepresented populations in genetic studies are frequently overrepresented with respect to 
existing health disparities. Without their inclusion in pharmacogenomic studies, health disparities 
will worsen (24). Because of past traumas and cultural sensitivities, study participation of Indigenous 
populations requires consultation, trust, long term relationships and transparency (22). Overcoming 
barriers increases the opportunities for Indigenous populations to equally benefit from 
pharmacogenomics. Ethical concerns in studies can be addressed by promoting Indigenous control 
of sensitive data collection and use. A priority is to train Indigenous researchers and develop 
Indigenous research guidelines (22).  

3.6.5 Current Australian studies in pharmacogenomics  

Many pharmacogenomics studies are currently underway in Australia. The following list (table 1) 
includes the major studies listed on https://www.australianclinicaltrials.gov.au/clinical-trial-
registries (accessed online 29Jul2022).  

Table 1: Current Australian pharmacogenomics research trials 

STUDY TITLE (Trial ID) ALLOCATION END 
POINT 

TARGET 
SAMPLE 
SIZE 

RECRUITMENT 
STATE 

Pharmacogenomics guided antiplatelet 
selection strategy prior to intracranial or 
carotid stenting (383017)   

Non-
randomised 
trial 

 80 NSW 

GLAD Study: Genetics Linked to Anti-
Depressants in Adults with Treatment 
Resistant Depression (382784)  

Randomised 
controlled 
trial 

Efficacy 60 WA 

Pharmacogenetics for Severe Mood 
Disorders: A Randomised Controlled Trial 
(381268)  

Randomised 
controlled 
trial 

Efficacy 800 VIC 

Pre-treatment dihydropyrimidine 
dehydrogenase (DPYD) genotyping in 
patients receiving fluoropyrimidine (5-
Fluorouracil or Capecitabine) 
chemotherapy: A clinical implementation 
study of the effect of individualised 
dosing on treatment related toxicity 
(381432)  

Non-
randomised 
trial 

Safety 280 QLD 
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3.6.6 Special interest group 

The Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists (ASCEPT) is 
the Australian and New Zealand professional and independent society providing expertise around 
the use and toxicity of medicines. Its pharmacogenomics special interest group has an active 
membership of pharmacists, pharmacologists and scientists working in the field of 
pharmacogenomics. The ASCEPT annual scientific meeting is a focus for advancing 
pharmacogenomics research from laboratory to implementation. 

3.6.7 Information management for genomics 

The Australian Government has recently turned towards developing a National Approach to 
Genomic Information Management, which includes approaches to infrastructure for storage, 
analysis and sharing of genomic information (25). Preliminary recommendations developed by 
Australian Genomics have proposed a national, standards-based approach, using a federated cloud 
or hybrid model comprised of three critical pillars: interoperability for interactions between systems; 
scalability for growth and big datasets; and extensibility for expansion.  

Recommendations are for a coordinating entity and funding of an implementation pilot. The next 
stage, due mid-2022, is a more comprehensive report and roadmap. 

 

  

AustraLIan trial of GeNotype-guided 
pharmacothErapy for Depression 
(ALIGNED Study) (381841)  

Randomised 
controlled 
trial 

Efficacy 776 
NSW QLD SA 
WA 
VIC 

Towards implementation of 
pharmacogenomics-guided therapy in 
patients with mental illness - Stage 
Preliminary (P) and Stage 1 (ENACT) 
(381577)  

NA 

Model of 
care, 
Experien
ces 

260 NSW 

Pharmacogenomics guided dosing for 
fluoropyrimidine and irinotecan 
chemotherapies for patients with cancer 
(PACIFIC-PGx) (381022) 

Non-
randomised 
trial 

Safety 630 NSW, VIC 

PRESIDE (380870) 
Randomised 
controlled 
trial 

Efficacy 672 

ACT NSW NT 
QLD 
SA TAS 
WA VIC 

Does genetically guided antidepressant 
prescribing improve outcomes in 
depression? (365100) 

Randomised 
controlled 
trial 

Clinical 
outcome
s 

150 VIC 
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4. REVIEW OF INTERNATIONAL BEST PRACTICE, APPROACHES AND 
HEALTH SYSTEM INTEGRATION 

4.1 Methods 

A review and analysis of the pharmacogenomics literature was conducted. Electronic databases 
were searched in October 2021 for reviews of pharmacogenomics and for specific topics, such as 
‘practitioner experience’. Reference lists were searched to identify further relevant studies. Key 
pharmacogenomic networks and consortia were searched for relevant literature. Relevant literature 
was included from weekly alerts and subscriptions in pharmacogenomic special interest groups in 
Australia and internationally during the project.  

4.2 Summary 

Key points 

Ø Testing is expanding globally yet there are no primary care national implementation 
examples (26). 

Ø Large multi-site programs in the US and Europe are building capacity (currently in 27 US 
institutions) (27).    

Ø Most testing in routine practice is conducted by lone practitioners and mostly for single 
drug-gene pairs e.g. abacavir, clopidogrel, warfarin, codeine. 

Ø Models of service are influenced by institutional resources and differ with respect to 
practitioner roles and responsibilities. They should include collaboration between different 
healthcare practitioners and flexibility to respond to changing needs and evidence (28, 29). 

Ø Knowledge among practitioners and the public is generally poor. 

 

The field of pharmacogenomics is expanding. The US and the European Union are funding large 
implementation programs. Multi-site trials, such as GeNomics In practice (8) and Pre-emptive 
Pharmacogenomic Testing for Preventing Adverse Drug Reactions (PREPARE) (9), are building an 
evidence base that will strengthen the case for translation into mainstream practice. In the US, there 
are 27 pharmacogenomic programs operating in hospitals or medical facilities attached to 
universities or research centres (26, 27, 30).  

Many of the barriers to implementation have now been addressed. Practitioners can draw on 
evidence-based pharmacogenomic guidelines, pharmacogenomic data on product labels from 
national drug agencies, and cheaper, faster tests. Yet, testing numbers remain low, no jurisdiction 
has achieved national implementation (31) and many services amount to a lone practitioner 
outsourcing a few tests to a commercial organisation (9). The literature often describes 
pharmacogenomics in terms of unfulfilled potential (27, 31).  

Meanwhile, several large programs continue to evolve and lead, moving beyond single drug-gene 
pairs to multi-gene panel tests with potential for lifelong utility (8, 32). Economic modelling suggests 
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panels will be cost-effective (6), however, more clarity is needed on their value proposition in real-
world practice which key studies in the US and Europe will provide.  

Health systems in most countries are grappling with questions around how best to implement 
pharmacogenomic testing in an equitable and cost-effective way. Existing public programs are 
limited, reflecting the resources and needs of each health system and population. Generally, 
pharmacogenomic testing is limited to one or two high-value drug-gene pairs. Recent literature 
provides insight into pharmacogenomics implementation internationally:  

 

Canada  Pharmacogenomics in Canada is described as siloed and lacking large scale 
national studies to facilitate and evaluate implementation (33).  

UK  Planning a ‘gradual and iterative’ implementation of testing through the 
National Health Service (NHS) building on investment in genome sequencing 
for rare diseases and cancers including a National Genomic Test Registry 
(listing available tests, protocols for ordering and technology required) and a 
National Genomic Testing Service. A recent joint report from the British 
Pharmacological Society and the Royal College of Physicians (23) details 
implementation recommendations (see 6. Current Directions and Future 
Trends).  

Netherlands  Led the field with the Dutch Pharmaceutical Working Group guidance. It has 
integrated guidelines and test ordering into practice software for both 
prescribers and pharmacists. Test reports are included in electronic patient 
health records (34). 

Asian countries  With relatively high frequencies of HLA variant polymorphisms many 
provide screening prior to prescribing some drugs (Japan, Singapore, 
Thailand, Hong Kong, China). Thailand, with high rates of HIV, tests prior to 
antiretrovirals (35). 

African countries  Building reference data with non-European genetic diversity and creating 
hubs of implementation excellence (36). Priority in Sub-Saharan Africa is 
improving safety and efficacy of treatments for HIV, TB and malaria (37).  

South American  Reporting suggest large genetic heterogeneity from admixture that differs 
between countries is a challenge for implementation and research (37). 
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4.3 Practitioner roles/ Service design  

Key points 

Ø The main gatekeepers for ordering tests are practitioners (prescribers or pharmacists).  

Ø Interpretation of results into recommendations includes consideration of non-genetic 
patient factors, current prescribing guidelines and concomitant medicines.  

Ø Interpretation is conducted by prescribers, pharmacologists, or pharmacists: in-house for 
larger institutions or outsourced to external laboratory or providers. 

Ø Pharmacist roles cross all aspects of services, clinical pharmacologist roles include 
oversight, resource development and advisory.  

 

There is a mature body of implementation literature from early adopter programs, some of which 
have been operating for over two decades. Implementation recommendations emphasise 
multidisciplinary and flexible service models with the capacity to evolve as required by changing 
technologies and local contexts (29, 38, 39). Most service models give importance to the following 
interconnected elements: 

 

 
Figure 1: Interconnected elements required for a pharmacogenomics service 

Testing services vary according to the type of test (pre-emptive or reactive), the medicine of interest, 
and the available turnaround times for receiving test results back from laboratories (10). Highly 
resourced programs can draw on centralised expertise with physicians, pharmacologists and 
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pharmacists to assist in interpretation as well as provide oversight and resource development (10). 
In routine primary care settings, interpretation work is generally outsourced to commercial 
providers (40). Practitioners with clinical support tools integrated into practice software are assisted 
in their decision making yet this is not available or affordable to all health services (10). 

A key requirement for the success of a testing service is providing patients and practitioners with 
results that are meaningful. Pharmacogenomic test results are most useful when presented with 
recommendations as a summary and report to patient facing practitioners (41). They can then be 
integrated into the broader clinical picture of each patient including, where necessary, age, gender, 
concomitant medicines, renal function, inflammation, smoking, diet, and weight (10). 
Pharmacogenomic testing is one part of overall medicine management that includes prescribing 
guidelines, appropriate monitoring and regular review (17, 39). Pharmacogenomic reports should be 
equally accessed by all relevant practitioners to ensure collaboration and to facilitate successful and 
sustainable service provision (27, 42).  

In primary care, several defined roles or tasks are required to provide pharmacogenomic testing 
services (29). They are pre-test counselling, obtaining consent, ordering tests, receiving results, 
interpretation with consideration of non-genetic patient factors, coordinating with other 
practitioners, writing report summaries with recommendations, uploading to electronic medical 
records and post-test counselling of patients.  

Service differences generally relate to the level of resources available as well as the individual 
champions who lead and drive them, a role frequently taken on by pharmacists (29). Pharmacists are 
prominent in the implementation literature performing roles including interpretation and review of 
results, recommendations to prescribers, transfer of results into EHR, patient counselling and 
assisting prescribers not accustomed to pharmacogenomics (20, 39-41, 43). It has been 
demonstrated that prescribers trust and value pharmacists to present clinical recommendations to 
them, and that they lack the time to interpret reports themselves (44-46).  

Further, pharmacists chair multi-disciplinary oversight committees, develop CDS and provide 
educational resources (47). Several key programs in the US are led by pharmacists (48). Many 
primary care and hospital settings have pharmacogenomic stewardship roles provided by 
pharmacists that have demonstrated feasibility and sustainability (44, 46, 49, 50). Stewardship 
provides a point of contact for practitioners and ensures actionable results are actioned.  
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4.4 Indications for pharmacogenomic testing 

Key points 

Ø Up to 99% of people have at least one actionable drug-gene variant, although most are 
never relevant to the carrier. 

Ø Identifying people who will most benefit from testing is an imperative for implementation 
where resources are limited. 

Ø Indicators for testing include individual drugs, drug types, therapeutic areas, genetic 
ancestry, conditions etc. 

Ø Currently, most testing is reactive prior to initiation of higher risk/evidence drugs such as 
abacavir, azathioprine, clopidogrel, warfarin, codeine and others (51). 

 

The fact that actionable drug-gene variants are carried by up to 99% of people suggests there is huge 
potential for pharmacogenomic testing in improving medicine safety and efficacy (8). An actionable 
variant, however, does not confer clinical utility as most variants are not relevant to the carrier now 
or in the future. The challenge for pharmacogenomics service providers is how to identify and 
prioritise those who will receive benefit from testing. Indicators for testing may be individual drugs, 
therapeutic areas, genetic ancestry, condition or disease, or polypharmacy.  

Practitioners’ willingness to order pharmacogenomic tests is improved by third-party funding yet 
with little new evidence of utility and cost-effectiveness, submissions to funding bodies are scarce 
(26). Obvious candidate drugs for further funding are the HLA associated drugs. However, despite 
the potentially large safety gains from preventing HLA associated severe drug reactions, the low 
prevalence of the variants of concern in many populations still means that cost-effectiveness of 
testing is borderline (52).  

A 2016 implementation review suggested that a pharmacogenomics service begin with the following 
six drug-gene pairs - ‘HLA-B and abacavir and carbamazepine; CYP2C19 and clopidogrel; TPMT and 
azathioprine, mercaptopurine, and thioguanine; CYP3A5 and tacrolimus; CYP2D6 and opioids; and 
CYP2C9/VKORC1 and warfarin’ (53). Since 2016, prescribing trends have significantly changed for 
many of these drugs including newer alternatives on the market that do not require 
pharmacogenomic testing. Further, few sponsors are willing to gain evidence and apply for funding 
for testing of older drugs. A 2018 paper proposed categorising drug-gene pairs with a clinical 
implementation score calculated by the associated clinical effect, level of evidence and number 
needed to genotype (NNG) (34). The categories for pharmacogenomic testing would be ‘potentially 
beneficial’, ‘beneficial’ and ‘essential’, similar to some guidelines.  

A change in the way benefit is assessed is required with the emergence of multi-gene panels and 
their potential lifelong utility. Each panel can be set to test a range of variants and value is therefore 
unique (10). The U-PGx study includes a panel with the most common actionable variants from 
DPWG guidance and patients are identified by the first prescription of one of 42 drugs of interest 
(54). The PREDICT study uses a panel of 16 drugs (55). Commercial offerings typically use pre-
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determined panels of common variants with well-defined associations and recommendations (27, 
56).  

The utility of testing can be increased through exploiting differences in the genetic landscape 
between individuals of European, Sub-Saharan African, Oceanian, Asian, South-East Asian, Middle 
Eastern and other regions (3). Recommendations for testing genetic ancestries with high prevalence 
drug-gene variants are included in some approved drug labels and clinical resources (see 3.4 
Guidelines). In Australia’s multi-cultural population, the effect of admixture and inaccurate self-
assessment of genetic ancestry are limiting factors. Panels built for European populations may miss 
variants seen in non-European ancestries (10). 

Identifying individuals for testing can be done by an indicator condition or pharmacological category 
(for example, cardiovascular, central nervous system, cancer) (17). The Canadian IMPACT trial 
focuses on mental health and uses a panel of genes relevant to psychiatric medicines (IMPACT 
Canada). In mental health, the strongest evidence for pharmacogenomic testing is for adults of 
European ancestry with major depressive disorder and a previous non-response or adverse reaction 
to a psychiatric medicine (10, 57).  

Polypharmacy is associated with a high likelihood of medicines with actionable variants (44), more 
serious medicine problems (58), and poor concordance with directions (29). In a number of small 
studies, pharmacogenomic testing of individuals taking polypharmacy reduced adverse events, 
provided savings in healthcare utilisation and improves adherence (44, 59-61) yet its use and 
benefits remain understudied (11). Knowledge in this area is limited and phenoconversion from 
drug-drug and drug-gene-drug interactions adds extra complexity (45).  

Pre-emptively testing all consenting patients with multi-gene panels remains the privilege of well-
funded exemplar US programs (18, 49). In theory, testing all citizens at birth using a multi-gene panel 
maximises utility but is too costly and resource intensive for the foreseeable future (26). NHS 
England’s Genomic Medicine Service is discussing the use of whole genome sequencing in routine 
care and have stated aims of sequencing 500,000 whole genomes by 2023/24 (23). Patient cohorts 
have been used as indicators for pharmacogenomic testing. An example is renal transplantation, to 
guide immunosuppressants and antimicrobials (23, 38).  

The turnaround time for receiving test results may be an important factor in utility depending on the 
indication. The turnaround time required in antibiotic prescribing for an acute infection would 
clearly need to be shorter than for prophylaxis in scheduled surgery. A longer turnaround time may 
be possible for chronic condition medicines such as statins for cardiovascular disease. Less urgency 
to deliver results should not, however, unduly inconvenience patients. 
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4.5 Clinical decision support, electronic health records and data storage 

Key points  

Ø Clinical decision support (CDS) is a key facilitator to practitioners’ use of 
pharmacogenomics yet is costly to develop and maintain with updates (12). 

Ø In-house CDS tools were developed with early adopter programs and continue to evolve.   

Ø There are a growing number of commercial CDS tools. 

Ø Literature on CDS tool evaluation is minimal (62). 

 

New health interventions require robust tools to streamline workflows, lessen the burden on 
practitioners and preserve time with patients. For pharmacogenomics, clinical decision support 
(CDS) tools deliver alert warnings at the point of care - pre-test for high-risk drugs and post-test for 
at-risk genotypes (41, 55). They are considered the most influential facilitator to practitioner uptake 
of testing (55). Key functions are about automating much of the process and, as such, CDS tools 
depend on being integrated with electronic medical/health records which store pharmacogenomic 
patient profiles and other health records (27, 29).  

Absent or fragmented CDS and electronic health records reduce the utility of testing (63). For 
electronic health records, the big issues are about how data is stored, its security and access. Patient 
access to pharmacogenomics records can benefit other practitioners by alerting them to its 
existence, useful such as when travelling across different jurisdictions. 

Development and implementation of CDS is costly. Early adopter US programs were aided by 
significant institutional infrastructure, expertise and funding (8, 41, 44). Typically, they developed 
CDS in parallel with program implementation, beginning with a single drug-gene pair to ensure 
feasibility and safety, and adding drug-gene pair ‘rules’ when additional evidence allows. The DPWG 
have integrated pharmacogenomic guidance, test ordering and patient reports into prescribing and 
dispensing software (64). The European U-PGx PREPARE trial includes a CDS tool based on DPWG 
guidance in multiple languages that integrates with the different electronic health records in each 
participating country. Despite their importance, there appears to be little scholarship evaluating CDS 
tools (62). 

Several challenges have been identified around implementation of CDS tools. Poor patient health 
records and medicine lists impact the integrity of CDS alerts, and the recommendations provided to 
practitioners - potentially missing some or creating others that are not valid (18). Poor 
communication between stakeholders and other human factors require training and mentoring (64, 
65).  Appropriate staffing levels are a significant and challenging barrier to overcome.   

CDS development is now more costly than laboratory expenses, even before ongoing management 
and updating with emerging evidence (12). The experience of some institutions suggests that the 
responsibility for ongoing expense is an area of potential conflict (12). Countries without electronic 
health record systems can consider a QR code system such as developed in the UPGx where with a 
smart phone a person’s unique QR code opens a website with recommendations for their 
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pharmacogenomic profile (54). A similar idea, the genetic ID card, is used in Thailand for individuals 
with HLA polymorphisms (66).  

The website https://cdskb.org/ is an online repository and resource for CDS tools. 

4.6 Practitioner knowledge and education 

Key points 

Ø Practitioners have low levels of knowledge and confidence in their ability to use 
pharmacogenomics. 

Ø Small increases in testing levels will impact current health workforces. 

Ø Direct-to-consumer tests drive practitioners to upskill. 

Ø Free online pharmacogenomics resources and education are available for practitioners. 

 

Practitioners’ engagement with pharmacogenomics is hindered by their poor knowledge levels and 
associated lack of confidence (27). It is predicted that health workforces will be pressured when 
testing numbers increase, and lack of readiness will exacerbate the pressure (24, 67).  

Building practitioner knowledge is a challenge that has not been solved in the context of a national 
implementation. It will likely require education and training across multiple professional groups and 
specialties (30). In the last ten years, more medical, pharmacy and nursing schools have begun 
providing pharmacogenomics education, although at 1-2 hours per degree program there is more 
work to be done (68). Increases in direct to consumer (DTC) testing in the US are driving 
practitioners to seek education (46). 

Pharmacogenomics education is most effective when it includes more than one mode of delivery 
and is integrated into the resources and educational platforms that practitioners already use (29). It 
requires local and national leadership. The UPGx implementation program used a 4-day training 
program encompassing knowledge, skills and attitudes for practitioners (69).  

Several online resources freely provide practitioner education for pharmacogenomics: 

www.pharmgkb.org  Provides links to several educational materials.  
www.mydruggenome.org  Vanderbilt University Medical Centre education portal.  
www.ce.mayo.edu   Mayo Clinic online resources.  
www.upgx.eu   UPGx e-learning education resources platform. 
www.stjude.org/pg4kds  St Jude Children’s Research Hospital educational resources.  
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4.7 Evaluation of pharmacogenomics testing 

Key points 

Ø Analytical and clinical validity have been addressed through laboratory accreditation and 
evidence-based guidelines e.g. CPIC. 

Ø To date, much of the evidence for value of pharmacogenomic tests remains unclear (70). 

Ø Test value should be assessed in real-world application studies (71).  

Ø Current trials are seeking evidence for improving drug safety and efficacy using pre-
emptive panels (42). 

 

The translation of pharmacogenomic testing into clinical practice is underpinned by assessments of 
analytical validity, clinical validity, clinical effectiveness, clinical utility and cost effectiveness. 
Analytical and clinical validity assess the ability of a test to detect the variant of interest and predict 
a drug response respectively. Clinical effectiveness, clinical utility and cost effectiveness are 
assessments of the outcome, usefulness and economic value of a test. There remains a paucity of 
utility and cost-effectiveness evidence for pharmacogenomics testing, and it is considered unlikely 
that many of the established drugs with less defined genetic markers will ever reach an evidence 
threshold, nor funding and time for trials (9).  

Efforts to elicit positive clinical and cost-effectiveness outcomes from tests are challenged in several 
ways. Most obviously is that variants of interest have a low prevalence in general populations and, 
ipso facto, the cost of conducting numerous tests to find one person with a variant of interest is 
high. More common variants tend to dominate effectiveness studies yet rare variants contribute to 
poor medicine safety (72). The concept of number needed to genotype (NNG) is a useful comparator 
of variant prevalence (73). 

Randomised controlled trials (RCTs) with optimised conditions, prioritised in evidence-based 
medicine, are not always feasible for assessing the effectiveness of testing in real world practice 
(71). Measuring pharmacogenomic testing outcomes in these settings requires prospective ‘real-
world’ trials. Trials, whether observational cohort studies or other randomised or non-randomised 
trials should be pragmatic in design (71). Consistency in primary endpoints, frequently lacking, will 
facilitate future combining of trial evidence. Warfarin studies for example, have used both bleeding 
events and the international normalised ratio (INR) as study endpoints (5).  

Utility points to the usefulness or value of pharmacogenomic testing in clinical practice, that is, the 
influence on clinical decision making and the outcomes that are important to individuals and family 
(12, 74-76)). Utility may require that effective actions are available, such as dose adjustments or 
alternative treatments. It is inclusive of psychosocial, ethical, legal and social aspects. Unintended 
consequences of testing are included in utility assessments such as equity effects from the 
withdrawal of effective treatment options for some individuals, and changes in practitioner 
behaviours (74, 77). An example of an unintended consequence occurred in Hong Kong following 
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mandated testing for carbamazepine: prescribers changed prescribing habits and increased adverse 
events resulted from increased phenytoin prescribing (12).  

A strong assessment of benefit is more likely when variants of interest are associated with severe 
adverse reactions and have a high frequency. An example is a variation in the HLA-B*5701 allele 
linked to a higher risk of severe skin reactions with the HIV medicine abacavir. This association is 
generally described as an outlier and subsidised screening prior to prescribing abacavir has been in 
place in many countries, including Australia, for more than 10 years (26). Even so, some countries 
with lower population frequencies of the HLA-B*5701 variant have not assessed routine testing as 
cost-effective (3). Along with prevalence in a population of variants, the assessment of cost-
effectiveness strongly relies on each health system’s hospital costs from severe reactions (78).  

Pharmacogenomics does not explain all variation in medicine response and this is a challenge for 
collecting evidence of benefit. Many non-genetic factors such as age, sex, body mass index, diet, and 
concomitant drugs determine the response to a medicine in people carrying the same genetic 
variant. For warfarin, only 40% of inter-individual variability can be attributed to the two genes 
commonly tested, CYP2C9 and VKORC1 (5, 79). Additionally, outcomes cannot be achieved unless 
practitioners adhere to test recommendations and patients to medicines - an indirect effect (80). 
Few studies report on practitioner adherence to recommendations (81).   

Complex economic modelling is being used to assess value for pre-emptive panels (6). Models 
require assumptions of future savings for healthcare utilisation and medicines to treat future health 
conditions and costs of ongoing data storage. Software is required to enable access at the point of 
care when needed and reinterpreting of results with updated evidence. In real-world studies, a 
further challenge is assessing the indirect costs of undertreatment that may occur over many 
months or years.  

4.8 Cost and clinical effectiveness evidence 

A selection of recent reviews of cost and clinical evidence categorised by indication is presented 
below in table 2: 

Table 2. Recent evidence reviews for cost and clinical effectiveness 

Category Cost evidence Clinical evidence 

General   

 • Verbelen et al. 2017 review of cost-
effectiveness studies was 
inconclusive in part due to large cost 
differences between countries for 
tests and adverse event care (78). 

• Plumpton et al. 2021 developed an 
evaluation framework for a multi-
gene panel to prevent adverse 
reactions and found cost-
effectiveness in many, but not all 
indicator drugs (6).  

• David et al. 2021 review found 
pharmacogenomic testing led to 
medication changes and lessened 
frequency of all cause 
hospitalisation compared to 
treatment as usual (81).  
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HLA 

  

 • Zhou et al. 2021 reviewed HLA risk 
alleles across ethnicities in 74 
countries and found allele frequency 
a key factor in predicted cost-
effectiveness thresholds for 
abacavir, carbamazepine and 
allopurinol. Included was the 
number of patients who would be 
unnecessarily denied the drug of 
interest after a positive screening. 
The authors recommended countries 
with heterogeneous populations 
consider subpopulation-specific 
differences (52).  

• Kloypan et al. 2021 suggested HLA 
screening requires population with 
greater than 2.5% prevalence of at-
risk alleles to be cost-effective (82).  

 

• Manson et al. 2020 reviewed the 
diagnostic criteria for HLA testing 
and found that while specificity is 
high the sensitivity varies between 
drugs (abacavir, allopurinol and 
carbamazepine having the highest) 
(73). 

• Kloypan et al. 2021 review 
suggested there is strong evidence 
to consider clinical use of HLA 
alleles for reducing the risk of drug 
induced adverse reactions (82).  

 

Mental health   

 • Li and Loshak’s 2020 review found 
conflicting evidence regarding cost-
effectiveness of pharmacogenomic 
testing for prescribing in depression 
(included HTA, reviews, and 
economic evaluations). Applying 
findings across health systems was 
not possible due to variability, low 
quality primary data and differing 
assumptions and methodologies 
(83). 

• Bousman et al. 2021 review 
concluded testing in mental health 
can save cost through reduced 
healthcare utilisations, pharmacy 
costs (from switching medicines) and 
costs of adverse reactions (10).  

• Carrascal-Laoo 2021 found, in 
schizophrenia with previous poor 
response to medicines, savings in 
hospitalisations and medicine use 
greatly outweighed testing costs 
(84).   

 

• Bousman et al. 2019 review and 
meta-analysis of five RCTs found 
depressive symptom remission is 
more likely with pharmacogenomic 
guided treatment than without, 
risk of bias present from industry 
involvement in primary studies 
(11). 

• Rosenblat et al. 2018 review 
concluded pharmacogenomic 
guided treatment in major 
depression may improve response 
and remission but limitations of 
data heterogeneity, testing 
company funding and enhanced 
placebo effects mean further well 
designed studies needed (85).   

• Li and Loshak’s 2020 review was 
inconclusive regarding 
effectiveness of pharmacogenomic 
testing in depression (83). 

• Ielmini et al. 2022 review and 
meta-analysis found testing 
reduced adverse effects in major 
depressive disorder and bipolar 
disorder yet improved efficacy only 
in major depressive disorder (86). 
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• Marshe et al. 2020 found 
inconclusive evidence of benefit for 
testing for antidepressants in older 
adults and issues with primary 
studies (87). 

 
Cardiovascular   

 • A review by Zhu et al. 2020 found 
testing for cardiovascular drugs was 
cost effective in 2 of 3 studies 
(mostly clopidogrel and warfarin) 
(88).  

• Shah 2020 found warfarin testing 
cost ineffective, suggesting 
pharmacogenomic spending should 
be redirected elsewhere (5). 

 

• Wu 2015 review found warfarin 
pharmacogenomic testing did not 
reduce adverse events such as 
stroke or bleeding. Suggested there 
is potential to identify individuals 
with variants who should be 
initiated on alternative 
anticoagulants (89). 

• Shah et al. 2020 found warfarin 
studies had poor design and 
findings of low clinical relevance 
that are unable to be replicated in 
real-world settings. Non-genetic 
interindividual variance around 
60% (5). 

• Galli et al. 2022 reviewed the 
evidence of guided P2Y12 
inhibitors (clopidogrel, prasugrel, 
and ticagrelor) to explore balance 
between ischaemic and bleeding 
risk. Found guided therapy reduced 
incidence of major adverse 
cardiovascular events and bleeding 
but not for all indications (4). 

• Chora and Burboun 2021 review 
found little evidence for 
pharmacogenomic testing for statin 
prescribing (90). 

 

DPYD   

 • White et al. 2022 review of DPYD 
testing for dose adjustment of 
fluoropyrimidines found evidence of 
cost-effectiveness. Health system 
expense differences account for 
huge variance (91). 

• White et al. 2022 review of DPYD 
testing for dose adjustment of 
fluoropyrimidines found morbidity 
reduced without negative efficacy 
effects. The authors recommended 
expansion of implementation (91). 

 
Polypharmacy 
and medicine 
review  

  

  • O’Shea et al. 2022 review found 
limited evidence for efficacy of 
pharmacogenomic testing in 
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polypharmacy and issues with 
study design and size (92). 

 

Other non-
review 
evidence 

  

 • Maciel et al. 2018 economic 
modelling for pharmacogenomic 
guided treatment in depression 
found cost-effective in real-world 
clinical settings (93).  

• The PREDICT study found that panel 
testing lowered the number of 
subsequent single tests needed by 
60% (27). 

 

• Bank et al. 2019 estimated that 1 in 
19 prescriptions commonly 
prescribed in primary care would 
have dose adjusted or switch to 
another drug if pre-emptive panel 
test with eight pharmacogenes 
used (94). 

 

 

4.9 Practitioner perceptions and beliefs 

Key points 

Ø Practitioners self-assess low knowledge and confidence with pharmacogenomics. 

Ø Leadership and institutional support facilitates use of testing. 

 
Enquiries into the views of practitioners have mostly focused on identifying barriers to the uptake of 
pharmacogenomics in practice. Concepts that have been applied include readiness, uncertainty, 
willingness and acceptance.  

Self-assessment of readiness includes views of the need for testing, which are typically positive, and 
of competence, knowledge and skills, which are typically low (27). Practitioner uncertainty with their 
own knowledge stems from no exposure to training (undergraduate and post-graduate) and a 
perceived lack of guidance on when and what to test, although most had never sought to access 
available resources (95). Confounding generational cliches, 20–39-year-old practitioners were less 
likely to adopt testing than the 40–59-year-old age bracket.  

Practitioners revealed their willingness to order tests would increase with (53, 95): 

• More regulatory approval from national regulatory bodies,  
• More evidence of clinical advantage of testing or not testing.  
• Recommendations from colleagues or experts in the field - a ‘physician champion’.  
• Adoption of clinical practice guidelines by professional organisations and others. 
• Trialling of exemplar drug-gene pairs with strong evidence. 
• Targets and other evaluation tools to demonstrate the clinical value back to practitioners.  
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Decisions to test are guided by context specific formal and tacit rules, norms and practices that need 
to be considered (75). Individual practitioners, patients, families and broader society may have 
moral concerns to acknowledge. For implementation Smart (75) suggests we need to understand: 

• That knowledge of a new area of practice is gained from both training and experience. 
• The organisational context where practitioners operate. 
• The broader social norms and values that shape practitioners’ actions. 

Aligning closely with willingness, practitioner acceptance of pharmacogenomic testing increases with 
use of testing and availability of guidelines and clinical decision support tools (27, 96), as well as ease 
of institutional implementation (48). Acceptance of an implementation takes account of individual 
beliefs around clinical efficacy and is influenced by external validation from respected bodies or 
approved guidelines (48). Acceptance depends on ease of processes, accessibility of the 
presentation of test results and familiarity with alternative options. Time can be a factor particularly 
with return of results.  

Prescriber acceptance further depends on unexpected factors which perhaps highlights the need for 
careful planning. Prescribers, for example, were more likely to implement recommendations in an 
elective surgery setting for opioids (97) than for clopidogrel (98). The study authors suggest that one 
of the factors may be an aligning of purpose between opioid stewardship and pharmacogenomics 
(97). The availability of alternatives can be a significant factor to prescriber acceptance (99).  

While eliciting the views of patients to identify concerns or alleviate unfounded perceptions is seen 
as important, practitioners revealed time as being a barrier to actually doing it.  

4.10 Ethical, Legal and Social Implications 

Key points 

Ø Pharmacogenomic tests differ from most genetic tests as they link to clear interventions. 

Ø Testing requires gaining of informed consent.  

Ø Pharmacogenomic testing risks increasing existing inequalities. 

Ø Using racial qualifiers to screen for testing may have unforeseen impacts. 

 

Ethical, legal and social implications (ELSI) of pharmacogenomics first received scholarly attention at 
the time of the Human Genome Project completion in 2003. Enquiry was along similar lines to 
genomic germ line testing and included test error, confusion with results, stigmatisation, familial 
implications and discrimination (100). The potential to uncover unwanted data with harm and no 
utility was considered (100).  

Genetic exceptionalism, the belief that genetic data is fundamentally different from other forms of 
data due to being uniquely identifying and highly predictive, does not appear to be an issue for 
pharmacogenomics. The gap between genome and phenome is significant for the majority of 
associations meaning pharmacogenomic testing is not highly predictive. More reliable and more 
predictive non-genetic tests such as kidney function further dispel the exceptionalism belief. 



Research priorities for Australian pharmacogenomics: Final report 
August 2022 

P35 

What further distinguishes pharmacogenomic test results from most genetic tests is their clear link 
to interventions, that is, they inform drug treatment decisions (100). The ethical focus of 
pharmacogenetic tests should therefore be on a broader consideration of information revealed and 
any associated patient implications (101). It is a requirement that practitioners gain informed patient 
consent that includes prior consideration of the purpose and clinical utility of the proposed test.  

It is important to consider the risk of pharmacogenomic testing programs furthering health 
inequalities in populations with already poorer health from other determinants, yet this has received 
little academic enquiry (24). Magavern et al. suggest broad engagement and involvement of 
communities in implementation planning and ongoing evaluation of the uptake of test services and 
inequalities in distribution (24).  

While using racial qualifiers for testing (and research) has utility for stratifying people to identify 
those with a higher likelihood of variants to target healthcare and maximise cost efficacy, it is 
important to consider other impacts of labelling. Assumptions about genetic variability between race 
constructs are a risk to equitable healthcare and should be avoided. There is considerable genetic 
diversity within populations and self-determined ancestry does not always match genetically 
determined ancestry. Magavern et al. and Luczak et al. recommend using the term ‘genetically 
determined ancestry’ or ‘genetic ancestry’, however, it is an imperative that any labelling as such is 
only used where there is a clear purpose (24, 102). 

Equity and justice considerations include: the risk of ethnicity being used as a reason to withhold 
access to medicines in place of a genetic test (for reasons such as willingness to pay, availability of 
service or practitioner choice) if variants are more highly represented in that population (24, 103); 
being left with no effective therapy (orphan genotypes) (103); and the risk of individuals with 
multiple backgrounds being marginalised (24).  

The 2003 Nuffield report suggested that direct to consumer sales be avoided where test results will 
present complex information and where predictions have variable certainty (101). Others have 
expressed similar concerns about reliability and ability to interpret some tests and the risk of 
patients adjusting or stopping medicines without advice (103). Bioethicists consider the potential 
psychological harm that may eventuate from patient access to complex data.  

Genomic organisations considering how to improve equitable engagement and participation are: 

The Global Alliance for Genomics and Health  https://www.ga4gh.org/ 

Global Indigenous Data Alliance   https://www.gida-global.org/ 

ELSI 2.0 for Genomics and Society   https://doi.org/10.1126/science.1218015 
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5. NATIONAL CONSULTATION - WHAT ARE THE RESEARCH 
PRIORITIES FOR AUSTRALIA AROUND IMPLEMENTATION OF 
PHARMACOGENOMICS TESTING? 

5.1 Methods  

The national consultation was conducted in two stages. Firstly, in-depth individual interviews to 
explore the views of key stakeholders and develop draft recommendations and, secondly, a follow-
up online survey to reflect the draft recommendations from the interviews to a wider stakeholder 
cohort for feedback. 

 
Stage 1 - Key stakeholders in the field of pharmacogenomics were identified using contacts of the 
research team, pharmacogenomics networks in Australia, literature searches for Australian authors 
in the field, and snowballing. Individual interviews were conducted (n=30) between Oct 2021 and 
March 2022. Interviews followed a semi-structured format and lasted between 50 and 70 minutes.  

The interview participants’ relevant disciplinary knowledge and skills included medicine, clinical 
pharmacology, pharmacy, ethics, public health, psychiatry, industry, bioinformatics, Indigenous 
health and consumer. They were geographically located across Australia and internationally (see 
table 3). 

Participants were informed of the project aim: to identify the research priority areas around 
implementation of pharmacogenomics into the Australian healthcare system. Interviews explored 
Australia’s current state of practice implementation, current and future barriers to implementation 
and how they might be overcome, specific gaps that need addressing, and what a future research 
collaboration could achieve if funded.  

Interviews were transcribed and analysed thematically around the interview topics. Interview 
themes and understandings from the international literature review were used to develop draft 
recommendations and research priorities for Australia. 

 

 

Stage 1 - Key stakeholder 
interviews (n=30) and 
development of draft 

recommendations 
(Oct21 – Mar22) 

Stage 2 - Online survey to 
review and receive 
feedback on draft 

recommendations (May22 
– Jun22) 

Final report
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Table 3. Stage 1 interviews by sector. 

 
 

Stage 2 - An online survey created in REDCap5 was used to reflect draft recommendations and 
research priorities developed from the interview themes back to the interviewees and an expanded 
stakeholder group (Appendix 4). The survey was emailed to individuals and relevant organisations 
for distribution to their members. Over 150 people viewed the survey and 64 responses were 
received. 

The responses were analysed and used to update the draft recommendations for the final report. 

5.2 Summary (review) 

The key message from the national consultation is Australia needs to expand pharmacogenomic 
testing to improve medicine use. Interview participants noted the existence of international 
guidance providing clinical validation of drug-gene pair variants, and international exemplars 
providing a roadmap for implementation in Australia. They believed the focus for Australia is now on 
demonstrating the circumstances where testing has utility and identifying the requirements for 
achieving scale. Key areas that require consideration for wider translation into practice include cross 
sector collaboration, development of various models and settings of care, appropriate regulation, 
building of expertise and training opportunities, and designing integrated information technology 
with clinical decision support.    

It was suggested that Australia begin its expansion of testing where harm is easily identified, and its 
prevention is possible. To this end, several medicines associated with identifiable genetic variants 
and severe adverse reactions have annotations in CPIC guidance, international implementation 

 
5 https://www.project-redcap.org/ 
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exemplars and a mature body of evidence around clinical utility in various contexts. Required, are 
local clinical protocols with clear indications for testing and public subsidy.  

Participants wanted Australian research investment to be directed into implementation studies to 
identify further areas where testing has utility. Studies should preference high prevalence variants 
and/or those with a strong association between the genetic marker and drug response, meaning 
fewer people need to be tested to find one with the variant of concern. The general agreement was 
studies should use multi-gene panels, align with the clinical needs of the population tested and 
ensure equitable access through diverse practice settings across geographic areas and socio-
economic gradients.  

It was noted that testing pharmacogenes for future use (pre-emptive) requires considerable data 
storage and protocols around access to the data, as well as addressing of ethical, legal and social 
concerns. Advances in testing technology enabling cheap whole genome sequencing will further 
expose health system weaknesses around data storage, retrieval and interpretation capacity that 
need to be overcome. If clinical utility is best gained by having test results available at the point of 
care when they are needed, then it is likely that at some point in the future all new-born babies will 
be offered genetic screening.  

Adding to the complexity of gaining evidence of clinical utility is the imperative for the evidence to 
represent the diverse ethnicities found in Australia. Participants highlighted that, as in other areas of 
genetics, equitable application of pharmacogenomics is limited by Eurocentric data. Further, the 
genetic architecture of Australia’s Indigenous populations is poorly understood and, along with high 
levels of medicine use to treat chronic conditions in these populations, should be an important 
consideration in decisions around prioritising research funding.  

Participants want future Australian research to trial, develop and evaluate several models of care 
with respect to practitioners, processes and reporting. Collaboration across disciplines should be a 
starting point for all service designs. Education needs to be expanded so more practitioners are 
competent to apply pharmacogenomics appropriately in their practice.  

The importance of practitioners having realistic expectations for pharmacogenomic test results was 
emphasized by participants. They believed pharmacogenomics should be conceptualised as an 
additional marker with both strengths and limitations for real-world practice, a view currently far 
from universal. Many drug-gene associations do not provide clinicians with a definitive answer and 
practitioners should consider pharmacogenomics testing as “just another tool in the toolkit” or 
“piece of the jigsaw puzzle”, providing insight into inter-individual variability for the same medicine 
in efficacy and adverse drug reactions. Clinical decision support should be made available to guide 
the appropriate use of pharmacogenomic testing. 

5.3 Guiding principles for expansion of pharmacogenomics 

Several themes emerged during the consultation process about how participants believed 
pharmacogenomics implementation should progress in Australia to advance its appropriate use. 
They are provided here as guiding principles: 
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• Use of pharmacogenomic testing is underpinned by informed consent, shared decision 
making and person-centred care. 

• Testing is purposed for achieving meaningful outcomes for people, avoiding low-value care 
and unintended consequences.  

• Evaluations of utility look beyond economic measures to include social and ethical 
dimensions, particularly where a pharmacogenetic test can prevent harm.    

• Practitioners are competent, collaborative across disciplines and supported by clinical 
protocols that integrate genetic and non-genetic information.  

• Testing includes pharmacogenetic reference data that represents Australia’s unique genetic 
ancestry. 

• Equitable access across geographic and socio-economic gradients is a goal of 
implementation. 

• Testing services should not exacerbate existing inequities.   

5.4 What is the current state of pharmacogenomics in Australia? 

The participants described the current state of pharmacogenomics in Australia as: 

• A small but increasing number of tests are conducted (both publicly and privately funded) 
from an increasing number of service providers, including direct-to-consumer. 

• Turnaround times for test results can be long, up to three weeks. 
• Public funding for tests through the Medical Benefits Scheme (MBS) is only for two drug-

gene pairs. 
• TGA categorises all tests in the same class - moderate to high risk (Class 3 in-vitro medical 

devices). 
• There is little evidence of cost-effectiveness and clinical utility in local contexts. 
• Australian genetic reference data is limited, Indigenous pharmacogenes are mostly 

unknown. 
• Poor knowledge and awareness among practitioners means the workforce is unprepared, 

similarly there is little public knowledge.   
• Evidence-based models of service have not been developed. 
• Standards-based data options are absent for storing and accessing reports, sharing across 

jurisdictions, or integrating with clinical decision support.   
• Research activity is siloed in small trials and single-site hospital settings, resulting in little 

post-trial practice change.  
• Clinical champions are few as is political will to break status quo.   
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5.5 Themes 

Themes were identified from the participant interviews around requirements for implementation of 
pharmacogenomic testing in Australia (see Figure 2).  

 

 
Figure 2: What needs to be considered for implementation in Australia? 

5.5.1 Cross sector collaboration 

Expanding the use of pharmacogenomic testing in Australia will require a coordinated national effort 
such as the national steering or working groups, consortia, or networks seen internationally. 
Participants suggested an Australian network draw from the key health organisations and 
professional bodies (the specialties, pathology, pharmacy, general practice, nursing and others). 
Representatives of industry and the developers of Australian practice guidelines such as the 
Australian Medicines Handbook, Therapeutic Guidelines, Mims and the National Prescribing Service 
are important stakeholders.  

Champions are required to demonstrate implementation success, and mentor peers and future 
practitioners. They may be high-profile individuals who have adopted pharmacogenomic testing in 
their practices and institutions. Moreover, champions might be a specialty or therapeutic area 
willing to test models of service, processes, resources and capacity, and thus inform translation and 
implementation in other areas. An example is psychiatry where, currently,  several Australian 
pharmacogenomic trials are in progress.  
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5.5.2 Models and settings of care 

Participants deemed a one-size-fits all model for pharmacogenomic testing services as not feasible. 
Rather, several models should be developed and trialled, taking into account different healthcare 
settings and local needs. Roles and processes would be determined by the purpose for testing and 
the context. For example, a model for guiding antibiotic and/or opioid prescribing in a hospital 
setting, identifying those at risk of adverse effects and undertreatment, might pre-emptively test at 
admission. One for improving current and future medicine use in polypharmacy or renal disease in a 
general practice or aged care setting might test a broad panel. A pharmacist home medicine review 
(HMR) model might include a protocol where indicator medicines with level 1A CPIC evidence are an 
alert for testing.  

Collaboration is the starting point for service design. Participants emphasised sharing of knowledge, 
responsibilities and workloads in service models. Multi-disciplinary team approaches from primary 
to tertiary care are required to facilitate appropriate testing and use of pharmacogenomic results. 
Equally important, is not creating new structures, rather, building on those currently accepted and 
available.  

Data interpretation requires practitioners with a sound understanding of clinical pharmacology 
principals, genomics and disease management. Interpretation includes competent integration of 
pharmacogenomic data with non-genetic data, coordination with other practitioners, and 
appropriate communication of clinical advice and recommendations. Clinical scientists and 
pharmacists doing therapeutic dose monitoring should be part of the team. Interpretation and 
integration of results into the clinical picture is made more complex in the instance of polypharmacy, 
multi-gene panels, co-morbid conditions, psychosocial factors, patient preference and 
phenoconversion.  

Participants spoke of the impact of the turnaround time for testing on several elements of testing 
services. Turnaround time affects the use and usefulness of testing and, in turn, influences its 
uptake. It increases when referral to a second practitioner is required to order a test, swabs can only 
be taken at external collection points, and results are not readily available to all practitioners. Equal 
capacity to order tests and access results and other necessary health data should be afforded to 
prescribers and pharmacists.   

It was argued by participants that a pharmacogenomic service model would benefit from inclusion of 
a stewardship role. Stewardship aligns with the conceptualisation of pharmacogenomics as having 
an important but integrated place in medicine management with clinical and medicine histories, 
renal and liver function tests, drug interactions and therapeutic dose monitoring. The steward would 
be the point of contact in the team, assisting practitioners and consumers, and following up 
inquiries.  Stewards would guide and inform on practice guidelines and clinical protocols.   

5.5.3 Regulation 

Participants argued that regulation has a major responsibility in setting the parameters for use of 
pharmacogenomic testing. Further, regulation serves to inform and reassure practitioners, providing 
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standards and certainty to laboratories and industry. As such, regulatory bodies such as the TGA 
need to further integrate pharmacogenomics into policy documents and approved product 
information. Exemplar regulators for Australia are the leading international agencies such as the FDA 
and EMA. Genetic testing laboratories in Australia are accredited by NATA, a similar role is 
performed by CLIA and CAP in the US.  

Participants suggested further regulations to define aspects of pharmacogenomics including: 

• Standards for tests: 
o What is included in a general panel test, that is, what gene-drug variants should be 

tested as a minimum? 
o What is included in a panel test designed for a specific therapeutic area, such as 

psychiatry or cardiovascular?  
o What is a low value test?  
o What are the standards for direct-to-consumer testing and reporting? 

• Which practitioners can interpret/report and what further training/accreditation is 
required? 

• What is the standard for a pharmacogenomics report?  
o Which results should be prioritised and how? For example, a traffic light system. 
o Which results should be hidden? For example, variants of low significance/benefit 

that may confuse practitioners and consumers. 
• What are the standards for storage, access and use of data? 

5.5.4 Access to expertise and training 

Participants indicated that a key barrier facing uptake of testing in practice is poor knowledge among 
Australian practitioners about pharmacogenomics, a predicament common to health workforces 
globally. Moreover, it is a significant system constraint that few practitioners have adequate 
competence to order and interpret pharmacogenomics reports. Both the number of practitioners 
with pharmacogenomics knowledge and their depth of knowledge need addressing.  

It was emphasised that educational resources require developing for practitioners in tertiary degrees 
and continuing professional development programs. Guidance can be taken from the US experience 
where pharmacogenomics is a component of many pharmacy degrees and post-graduate 
certification is provided by several tertiary institutions. An intermediate step may be the online 
resources provided freely by several international networks, although they would not always align 
with Australian contexts with respect to available medicines and clinical protocols. Education for 
practitioners at the point of decision making can be integrated into clinical decision support. 

Participants from Australia’s laboratories suggested they have laboratory capacity to respond to 
expansion of pharmacogenomics testing but inadequate numbers of skilled practitioners capable of 
interpreting test results.  

A concern raised is poor prescriber understanding of foundational concepts of pharmacology key to 
pharmacogenomics. Specifically, this includes the principles of absorption, distribution, metabolism 
and elimination (ADME), pharmacodynamics (PD) and pharmacokinetics (PK) and the cytochrome 
P450 enzymes involved in the majority of drug metabolism. As most pharmacogenetic variants 
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tested for are associated with changes in PD and PK, the shortcomings highlighted are a hurdle that 
will prevent practitioners attaining a meaningful understanding of pharmacogenomics and its place 
in guiding medicine use. While crowded medical curriculums may prevent its inclusion, pharmacy 
degree programs at university level already provide in-depth teaching of these concepts, 
strengthening the case for pharmacists in multi-disciplinary teams. 

5.5.5 Information technology and clinical decision support 

It was identified by participants that the key resources used by Australian practitioners contain only 
scant information concerning pharmacogenomic aspects of medicines. There is little in TGA 
approved product information, The Australian Medicines Handbook, Therapeutic Guidelines, MIMs, 
NPS MedicineWise and discipline specific guidance developed by professional bodies and colleges. 
The legitimacy of pharmacogenomics and the reassurance practitioners require to feel confident 
ordering tests is limited by not being present in the resources currently used by practitioners. 

Visibility and accessibility of pharmacogenomic information are key for practitioners’ use. 
Pharmacogenomic information needs to be readily available at the point of care, integrated into 
tools and resources to guide decisions. Treating practitioners should have access to knowledge and 
guidance around the possibility of a genetic factor being responsible and whether a genetic test is 
available if a patient is experiencing harm from a medicine.   

One of the contemporary challenges for Australian healthcare services highlighted by participants is 
patient data storage. The national electronic health record (MyHealth Record) is the preferred 
option but does not, as yet, accommodate pharmacogenomics reports. Other potential issues 
affecting pharmacogenomics include a lack of standards for data and multiple patient records that 
are not connected in formats such as portable document formats (pdf) that cannot be interfaced 
with contemporary bioinformatics systems. Pharmacogenomics reports need to be at once secure 
and accessible to treating practitioners at the point-of care. An idea floated by participants in the 
instance of MyHealth Record remaining unsuitable is a central exchange for storage and secure 
access. It was highlighted that storage costs are significant and, in the case of pharmacogenomic 
data with life-long utility, ongoing.   

Challenges more specific to pharmacogenomics include the inherent complexity of genetic reports 
and of conceptualising risk in a meaningful way. Care should be taken to ensure patients are not 
side-lined by this complexity and, as such, electronic records should be in a patient-centred format 
and stored to ensure patient accessibility. Electronic records should function as a mechanism for 
enhancing patient engagement and scrutiny and facilitating transferability between health services 
in different jurisdictions.  

Clinical decision support was described as vital to the utility and usage of pharmacogenomics by 
practitioners. It should be integrated into practice software (prescribing and dispensing) such that 
prescribers have ready access to reports and guidance to support treatment decisions. The cost of 
initial development and the ongoing maintenance costs required to ensure currency are significant 
and require early negotiation. 
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Pharmacogenomic clinical decision support needs to be interfaced with the practice software yet, in 
Australia, prescribing and dispensing software differs in patient care settings in hospital, general 
practice and specialties, and across local and state jurisdictions. While participants agreed that 
integrated clinical decision support tools are vital to the use of pharmacogenomic testing, not all 
agreed that it was a research priority appropriate for public funding. 

5.5.6 Local evidence - research priorities and study designs 

When the research priorities for implementation of pharmacogenomics into Australian healthcare 
were considered, participants consistently spoke of the imperative to gain evidence in real-world 
practice of benefit and cost-effectiveness and the circumstances in which these align. That is, 
identifying who should be tested and when they should be tested to achieve value from testing. 
When considering what to test, there was agreement that Australian research should follow 
contemporary study exemplars and include as many pharmacogenes as practical in a single panel, to 
gain future utility. It was emphasised that the views of practitioners and patients need to be part of 
any evaluation. 

Research should be directed to developing and evaluating different service models in the Australian 
healthcare system. The priorities for inquiry are around: who can order tests, how they order them, 
who interprets the results, how the results are presented, and how they are actioned and followed 
up in a timely manner to be useful to the patient. 

Finally, citing generally poor awareness and knowledge of pharmacogenomics, participants spoke of 
the need to develop various educational offerings including tertiary training for health practitioners, 
continuing education for current practitioners and patient resources.  

Participants emphasised the need to carefully consider study design. Most agreed that randomised 
controlled trials were not feasible or practical for evaluating interventions in real-world practice, yet 
others believed them necessary to progress the field. Different aims and contexts will require 
different study designs. 

Other study elements that were emphasised include: 

• Inclusion of various settings - primary care, hospital and others.  
• Demonstration of capacity for collaboration between different healthcare practitioners in 

the ordering, interpretation, and actioning a test.  
• Inclusion of implementation scientists, health economists and other relevant non-clinical 

researchers. 

A significant challenge to cost-effective implementations is being able to identify the populations 
most likely to have an actionable variant of interest. Some key characteristics suggested are that the 
population is identifiable, has a high prevalence of actionable variants and regular practitioner 
contact. A target population proposed as an exemplar and disciplinary champion is psychiatry, or 
mental health. The reasons provided include: 

• Psychiatric medicine has a growing evidence base of medicines with actionable genetic 
variants, that is, variants that if present lead to meaningful drug or dosage decisions.  
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• Psychiatry has less objective phenotypic markers than other therapeutic areas such as 
cardiovascular disease. 

• Mental health has a significant disease burden and increasing prevalence. 
• Patients interact with multiple health professionals in both hospital and primary healthcare 

systems - exposing greater numbers of practitioners to pharmacogenomics more quickly. 
• Depression has many drug treatment options and testing has the potential to aid the 

decisions.  

Trials should occur over enough time to accrue benefits from test interventions. The greatest cost 
savings are likely to be gained through reducing hospital presentations and admissions. A challenge 
for implementation is that test beneficiaries (those reducing healthcare costs) are unlikely to be test 
funders, particularly in the Australian healthcare system where primary care is funded nationally and 
hospitals are funded by each state or territory. 
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6. CURRENT DIRECTIONS AND FUTURE TRENDS 

6.1 Similar healthcare systems 

A 2022 report jointly released by the British Pharmacological Society and the Royal College of 
Physicians aims to guide the expansion of pharmacogenomic testing across the four UK nations (23). 
It gained endorsement from 12 UK professional colleges and societies and a forward from the chair 
of NHS England. 

The report’s main recommendations are that pharmacogenomics be implemented into primary, 
secondary and specialty settings for the ‘wide range of drugs that have actionable 
pharmacogenomic recommendations available’. Other recommendations include: implementation 
should be agile so as to respond to further updates and newly discovered drug-gene pairs; 
practitioners should have access to education and support services; and ongoing research should be 
funded. Notable in the report, is the absence of a recommendation for compelling economic 
evidence prior to implementation.  

According to the authors, challenges for expansion of testing are in the following areas: 

• Designing the clinical service 
• Standardising consent 
• Providing laboratory capacity 
• Storage and access to results across different paper-based and electronic health systems 
• Practitioner knowledge 
• Gaining public trust 
• Securing funding 

The national Genomics Education Programme, one of numerous organisational bodies that have 
been created, has been tasked with educating practitioners and workforce planning. Their 2021 
review of educational offerings found an absence of pharmacogenomics in curricula, standards, 
continuing professional education and competency frameworks.  

The report recommended multi-gene panel testing as the standard for most tests for ongoing utility 
and cost effectiveness gains. Other offerings include rapid point-of-care testing and single drug-gene 
pair assays that can be returned within 30 minutes. Results from panel tests should only display 
drug-gene pairs where the indication has been approved. As such, additional drug-gene pairs will be 
assessed according to: 

• Frequency and severity of clinical outcomes that are associated 
• The quality and consistency of the evidence base 
• The effect size of the genetic variant 
• Indications for testing and feasibility 
• The number of patients that are anticipated 

Pharmacogenomics in the UK will benefit from a national goal to have the whole genome sequenced 
for 500,000 individuals. The associated infrastructure includes a national network of centralised 
laboratories and the National Genomic Test Registry. The UK has commenced screening for DPYD 
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variants prior to prescribing fluorouracil to test process and capacity, utilising existing sequenced 
data where possible.  

Australian researchers and policy makers will find guidance and areas for collaboration from the 
partnership between the two British organisations.  

6.2 Pharmacogenomics and the MRFF Missions  

The Genomic Health Futures Mission is one of eight MRFF Missions. Future pharmacogenomic 
research may benefit from closer alignment with four of the missions as shown below in table 4. 

Table 4: Where can pharmacogenomics research align with the MRFF missions? 
MRFF Mission Potential for pharmacogenomics research 
The Cardiovascular Health Mission brings together 
researchers, health professionals, industry and 
patients to make transformative improvements in 
heart and vascular health and stroke for all 
Australians. 
 

Cardiovascular drugs with ‘actionable’ variants. 
Guide prescribing to reduce adverse events and 
improve clinical endpoints. 

The Dementia, Ageing and Aged 
Care Mission supports older Australians to 
maintain their health and quality of life as they 
age, live independently for longer, and access 
quality care when they need it. 
 

Improve quality use of medicines and avoid 
preventable adverse events. 

The Indigenous Health Research Fund supports 
Indigenous-led research to tackle health issues 
facing Aboriginal and Torres Strait Islander people 
 

Guide treatment for chronic diseases affecting a 
large proportion of populations e.g. cardiovascular, 
metabolic and psychiatric medicines. 
Indigenous pharmacogenomic database. 

The Million Minds Mental Health Research 
Mission supports Australians with mental health 
issues by enabling access to new approaches to 
prevention, diagnosis, treatment and recovery. 
 

Current pharmacogenomic research funding in 
mental health is for guiding new and existing 
therapies. 
Develop new service models. 

 

6.3 Other 

6.3.1 Polygenic scores and pharmacogenomics 

It is likely that the field of pharmacogenomics will increasingly utilise polygenic scores to improve 
drug response predictions. Pharmacogenomic polygenic scores are gaining evidence either by 
themselves or with disease risk polygenic scores as a single assay, such as in psychiatry. A recent 
review suggested the evidence is still preliminary and more transparency is required for studies 
around risk model development and data and adoption of reporting standards (104). Common issues 
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include Eurocentric data and the need for adequate base and target sample sizes for genome wide 
association studies.  

6.3.2 Legal challenges 

Recent cases in the US have set precedents for ongoing legal challenges. The Hawaiian state 
successfully sued the manufacturers of the anti-coagulant clopidogrel, claiming it had not been 
informed its Pacific Island and Asian populations are more likely to have genetic variants with 
reduced efficacy (105). In Oregon, a claim for negligence was made against a hospital from the 
spouse of a patient who died from capecitabine, claiming the hospital did not conduct a 
pharmacogenetic test prior to prescribing as is recommended in annotations from CPIC and DPWG 
on PharmGKB.org (106). 

7. FINAL COMMENTS 

The momentum seen globally, particularly from key organisations and government healthcare, 
suggests use of testing will continue to increase. An opportunity for Australia to guide medicine use, 
reduce adverse drug reactions and improve efficacy is available through broadening the use of 
pharmacogenomic testing into primary healthcare settings.  

Demonstrating clinical utility and cost-effectiveness in Australian contexts is a requirement for 
mainstream acceptance and use of pharmacogenomics. Moreover, development and evaluation of 
models of practice and education will be integral to successful health system implementation. These 
are the key research priority recommendations from this consultation and report. 

Pharmacogenomics testing is being used and will continue to be used in parts of healthcare. It is 
unlikely that research in isolation will ensure its use is equitable. Leadership, supporting 
infrastructure and regulation are required to ensure benefits for this new technology are shared in 
Australia. 
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APPENDICES 

Appendix 1. Overview of the key database and clinical guidance organisations 

Guidelines organisation Role 

Pharmacogene Variation Consortium (PharmVar) 
 

Standardises nomenclature, catalogues 
pharmacogenic variation for test design and 
reporting. 

Clinical Pharmacogenetics Implementation 
Consortium (CPIC®) 
https://cpicpharmacogenomics.org/guidelines/ 

Produces clinical guidelines for a patient’s 
genotype or predicted phenotype. Aims to provide 
guidelines usable for practitioners even when they 
have not ordered test themselves. 
 

Pharmacogenomics Knowledge Base (PharmGKB) Collects and curates knowledge from CPIC, DPWG, 
CPNDS and drug labels with pharmacogenomics 
information from FDA, EMA, Swiss, Japan, Canada 

Dutch Pharmacogenetic Working Group (DPWG) First to publish guidelines (2005), includes 
recommendations in G-Standaard (Dutch drug 
database) 

French National Network (Réseau) of 
Pharmacogenetics (RNPGx) 

National guidelines and recommendations for 
when to test. 

Canadian Pharmacogenomics Network for Drug 
Safety (CPNDS) 
 

National guidelines and active surveillance 
network across Canada to follow up patients who 
have experienced ADRs and maintain database of 
phenotypic data. 
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Appendix 2. Pharmacogenomics networks and consortiums 

  Implementation 
Initiative 

Key 
reference
/url 

Aim/ 
purpose 

Who to test? What to test? When to 
test? 

North America           
 

Implementing 
genomics in practice 
(IGNITE) Pragmatic 
Clinical Trials 
Network 

https://do
i.org/10.1
186/s1292
0-015-
0162-5 

Pragmatic 
implementati
on trials in 
diverse 
settings and 
populations 

African 
Americans 
and 
hypertension 
(n=5435),  
Pain and 
depression 
(n=4509)  

APOL1 status, 
CYP2D6 and 
CYP2C19; 
Hypertension 
management 
pain (acute and 
chronic) 
depression  

Reactive 

 
Pharmacogenomics 
Research Network 
Translational 
Pharmacogenetics 
Program  

https://do
i.org/10.1
002/cpt.6
30 

Implementati
on 
assessment  

 
Drug-gene pairs Pre-

emptive 
and at 
point-of-
care  

Indiana Genomics 
Implementation 
(INGENEOUS) 

https://do
i.org/10.1
016/j.jval.
2016.08.7
27 

RCT Underserved 
pops 
(n=6000, 
2000 PGx and 
4000 control) 

Panel (14 gene, 
43 variants 
27/28 meds) 

 

 
Pharmacogenomics 
Resource for 
Enhanced Decisions 
in Care and 
Treatment 
(PREDICT)  

https://do
i.org/10.1
002/cpt.2
079 

Develop 
framework 
for PGX in 
EHR  

 
Panel (34 
variants) 

Pre-
emptive 

 
CLIPMERGE -PGx 
Electronic Medical 
Records and 
Genomics 
(eMERGE)-PGx 
project. 

https://do
i:10.1038/
clpt.2013.
72 

Establish 
infrastructure 

Biobank 
derived 
cohort 
(n=1500)  

Panel (36 
variants) 

Pre-
emptive 
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eMERGE (electronic 
medical records and 
genomics) 

https://do
i: 
10.1038/cl
pt.2013.5
9 

Translational 
- Process and 
clinical 
outcomes. 

Likely to be 
prescribed 
drug of 
interest in 
next 1-3 
years 
(n=9000)  

Panel (84 
pharmacogenes) 

Pre-
emptive 

 
PG4KDS https://do

i: 
10.1002/a
jmg.c.313
91 

Implement to 
migrate tests 
into routine 
care 

Paediatric 
(n=1559)  

Panel (230 
genes, 12 drugs) 

Pre-
emptive   

 
Right Drug, Right 
Dose, Right Time 
(RIGHT) project 
Mayo 

https://do
i.org/10.1
016/j.may
ocp.2013.
10.021 

Translational 
- develop 
best practice 
for integrate 
PGx and CDS 
into EHR 

Mayo 
Biobank 
patients 

Panel (84 
pharmacogenes) 

Pre-
emptive 

 
1200 Patients 
Project 

https://do
i: 
10.1038/cl
pt.2012.1
17  

Observation, 
implementati
on 

Patients at 
high risk of 
ADRs or non-
response 

Panel (drugs 
with clinical 
evidence) 

Pre-
emptive 

 
Personalized 
Medication Program 

https://do
i.org/10.2
217/pgs.1
3.59  

Implementati
on 

 
HLA-B*1502-
abacavir and 
TPMT-
thiopurines 

Pre-
emptive 

 
The Individualized 
Medicine: 
Pharmacogenetics 
Assessment and 
Clinical Treatment 
(IMPACT) project 
  

https://do
i.org/10.1
016/j.jpsy
chires.201
7.09.002 

Implementati
on and 
evidence of 
effectiveness 

Mental 
health 
patients 

Panel (8 genes) 
 

Europe and UK           
 

Ubiquitous 
Pharmacogenomics 
Consortium (U-PGx) 

www.upgx
.eu 

Address 
challenges to 
implementati
on across 
Europe 
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PREemptive 
Pharmacogenomic 
testing for 
prevention of 
Adverse drug 
REactions 
(PREPARE) study - 
U-PGx  

https://do
i:10.1002/
cpt.602 

Evidence for 
reduced ADRs 
and efficacy 

Current med 
users 
(n=8100, 
4050 
intervention 
and control) 

Panel (clinically 
relevant markers 
where DPWG 
guidelines exist 
43 drugs) 

At first 
prescript
ion of an 
index 
drug 

 
The UK 
Pharmacogenetics 
and Stratified 
Medicine Network   

https://pr
ecisionme
dicineuk.c
om/home 

Portal for 
information 

   

 
Africa   
 

African 
Pharmacogenomics 
Consortium (since 
2018) 

https://do
i: 10.1268
8/aasopen
res.12965.
1 

To 
consolidate 
African 
pharmacogen
omics 
knowledge, 
capacity 
development 
and 
translation 

   

Asia 
  

          

  South-East Asian 
Pharmacogenomics 
Research Network 
(SEAPharm)  

https://do
i: 
10.1159/0
00502916 

Pharmacogen
omics 
implementati
on in Asian 
region 
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Appendix 3. Medical Research Future Fund (MRFF) Strategic objectives  

The Australian Medical Research and Innovation Strategy 2021-2026 (ref) lists the Strategic 
Objectives of the MRFF.  

To deliver:  

• Equitable health outcomes through research-informed preventive health and health care 
across the spectrum from primary to tertiary care.  

• Health and economic benefits from transformative and innovative research through 
translation of outcomes into policy and practice, and commercialisation of new diagnostics, 
therapeutics, and preventive health interventions.  

• A skilled and sustainable health and medical research workforce with expertise in research 
translation, innovation, and commercialisation.  

• A health and medical research sector and health system positioned to respond to emerging 
and future challenges.   

Guiding principles to support the strategy. Research funded through the MRFF will address:  

• New or emerging areas of health need with high potential for generating innovative 
approaches, tools, or technologies to transform health care and practices.  

• Existing areas of unmet health need, to address underinvestment and support capacity 
development with a focus on achieving equity in health outcomes, particularly for Aboriginal 
and Torres Strait Islander people and other priority populations.  

• Improvement in the efficiency and effectiveness of the health system, by promoting adoption 
of evidence-based practices, enabling equitable health outcomes, and focussing on the needs 
of patients, their families, and carers.  

• Social, environmental, and cultural factors that impact health and wellbeing, including 
strengths-based approaches that leverage patient/consumer and community knowledge and 
experience to deliver improvements in population health and wellbeing.  

• Enhancements to the translation of research outputs to deliver impact through health and 
economic outcomes, including through commercialisation of research outcomes and 
implementation of policy changes nationally and globally.  

• Promotion of capacity and capability in the health and medical research workforce, through 
investments in priority areas, by fostering collaboration between research groups and across 
disciplines and addressing gender equity.  

• Encouragement of adaptive approaches to emerging challenges, supporting rapid response 
and effective collaboration both nationally and internationally with other public and private 
sources of health and medical research funding.   
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Appendix 4. National consultation Stage 2 - stakeholder survey 

Pharmacogenomics Incubator Project - Opportunity to Review and Feedback on Stakeholder 
Interviews 
Background 
Pharmacogenomics Incubator Project 
The incubator project model, part of Australian Genomics Grant Program (2021 – 2023), was proposed 
to develop health genomic research priority areas considered to be of strategic importance to 
Australia, but that are either too immature for large scale funding, or risk a fragmented collection of 
submissions to a competitive call. It is for areas considered time-critical to advance Australian genomic 
research strategy, and clinical translation. 
 
AIM 
To identify the research priority areas around pharmacogenomic testing for quality use of medicine in 
the Australia healthcare system. 
Methods 
National consultation conducted in 3 stages: 

• Stage 1 (Oct21 – Mar22) – identify key stakeholders for individual interviews. Explore 
Australia’s current pharmacogenomics practice, current and future barriers to expanding 
testing and how they might be overcome, specific gaps that need addressing, and what a 
future research collaboration could achieve if funded. Interview data analysed to develop 
recommendations.  

• Stage 2 (this survey) – online survey to review and receive feedback on recommendations from 
Stage 1. Responses will inform final report. 

• Stage 3 - circulate final draft report for comment.   
Summary of findings from interviews with stakeholders (Stage 1) 
The current state of pharmacogenomics in Australia: 

• Number of providers offering services is increasing, including direct-to-consumer.  
• Number of tests conducted is low (both publicly and privately funded) 
• Medical Benefits Scheme (MBS) funding is available for two tests. 
• Turnaround times long, up to 3 weeks. 
• TGA defines all tests as moderate to high risk (Class 3 in-vitro medical devices). 
• Little local evidence of cost-effectiveness and clinical utility, unknown which patients and 

populations have highest value. 
• Australian genetic reference data limited, Indigenous pharmacogenes mostly unknown. 
• Knowledge and awareness among practitioners poor, workforce unprepared.   
• Evidence-based models of service not developed (most testing is lone physician). 
• No standards-based options for storing and accessing reports, sharing across jurisdictions, 

or integrating with clinical decision support.  
• Research activity siloed in small trials and single-site hospital settings, little practice change 

post-trial.  
• Few clinical champions and little political will to break status quo.  

 
Key recommendations for Australia: 

• Expand pharmacogenomic testing where there is evidence to improve quality use of 
medicines.  

• Form a national steering network with individual and organisational representation for cross 
sector coordination and leadership.  
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• Research testing in routine practice for cost effectiveness and utility evidence; identify 
populations, therapeutic areas and contexts with greatest benefit. 

• Develop local clinical protocols using international guidelines, international implementation 
exemplars and local evidence.  

• Integrate pharmacogenomic clinical protocols into existing quality use of medicine practices 
and non-genetic clinical protocols (not standalone tool); include indications for testing, and 
therapeutic options for potential results, guidance for laboratories on how/what to report. 

• Develop models of pharmacogenomic testing services with practitioner roles and standards of 
consent and reporting. 

• Secure MBS funding. 
• Build practitioner knowledge through training/ education (tertiary level and practitioner 

development) 
• Develop supporting IT infrastructure - electronic health records, interfaces, clinical decision 

support tools (data storage, access, privacy, and reinterpretation capacity) 
• Improve Australian pharmacogenomic reference data to include Indigenous populations and 

ethnic diversity. 
 
Research priorities 

1. Implementation research 
2. Models of practice 
3. Education 

 
There is an opportunity to provide feedback on the research priorities in the following pages. 
 
Priority 1 – Implementation Research 
International experience and evidence provide rich guidance for local implementation. Limits to its 
generalisability arise from differences in healthcare systems and local healthcare environments. Drug 
prices, test prices, formularies and prescribing habits differ. Australia requires local studies for 
pharmacogenomic testing to demonstrate utility and cost-effectiveness, to understand experience of 
patients and practitioners, and to explore unintended consequences. 
 
Despite up to ninety nine percent of individuals having an ‘actionable’ drug-gene variant, most will not 
benefit from a test. We need to identify populations who will have the greatest clinical benefit and 
economic value, meaning fewer people need to be tested to find one with the variant of concern. They 
can be identified by drug, therapeutic area, ethnicity or context.    
 
Pragmatic study designs are needed in real world contexts for assessing benefit and cost-effectiveness 
of pharmacogenomics testing. Real-world variables include non-genetic inter-individual response to 
medications and the adherence of practitioners to recommendations and patients to medications. The 
gold standard for collecting evidence in healthcare, the randomised controlled trial, may not be feasible 
or appropriate. Researchers need to consider appropriate endpoints for assessment. Clinical and social 
benefits can occur months or years post-test (perhaps long after a trial has completed reporting).  
 
What to test for needs evidence, consensus and funding. Multi-gene panel testing for preventing 
adverse drug reactions and improving medication efficacy have lifelong utility. They are now of similar 
cost to single drug-gene tests: economic modelling suggests cost effectiveness is higher for panels over 
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single gene tests. Some drug targets from early studies have been superseded by alternative drugs with 
less genetic variability (e.g. clopidogrel), or an objective phenotypic test embedded in practice 
protocols (e.g. warfarin).   
 
Potential indications for pharmacogenomics testing: 

• Rare HLA genetic variants associated with serious or life-threatening adverse events (e.g. 
allopurinol, carbamazepine, phenytoin). Cost benefit analysis to consider social and ethical 
domains. 

• High risk medicines.  
• Polypharmacy (10th national health priority) – some evidence can reduce hospital stays and 

emergency department visits.  
• Conditions where drug response critical (e.g. immunosuppressants to prevent transplant 

rejection). 
• Psychiatry – genetic variants cause different patient responses to medications (metabolism of 

cypP450 2C19 and 2D6 are subject to genetic variation). Evidence is strongest for individuals 
with moderate to severe depression, and a previous adverse effect or poor efficacy. Pre-
emptive testing for initial medication response is unknown (the likelihood of benefit and/or 
remission).  
 

Australian pharmacogenomic reference data needs to represent Indigenous populations and non-
European diversity. It would benefit from systematic follow up of adverse drug reactions inclusive of 
pharmacogenomics testing. 
 
The recommendation for implementation research is:  
That research be conducted to better understand pharmacogenomic testing to guide quality use of 
medicines, focusing on: 

b. the benefits, harms and value (cost-effectiveness), and the circumstances relating to setting of 
care, testing strategy and therapeutic area; 

c. the limitations and potential unintended consequences of testing, including ethical, legal, 
privacy and social aspects; 

d. the experiences of patients and practitioners. 
 
Studies will: 

• include Australia’s population diversity (Indigenous and ethnicities underrepresented in 
European dominated reference data that informs international guidelines). 

• promote equity in testing (geographic and socioeconomic access).  
• consider pragmatic designs across various ‘real world’ contexts. 
• build workforce capacity for testing. 

 
Population cohorts and indications with potential benefit (higher value) include: 

a. Candidates for drugs with known HLA hypersensitivity genes (and family members) 
(test proactively, prior to prescribing) 

b. Individuals currently taking a drug with high level pharmacogenetic evidence who have 
had an adverse drug event or lack of efficacy (test reactively to improve medication 
safety and efficacy, and to inform adverse event reporting databases) 

c. Individuals being initiated on a drug with high level pharmacogenetic evidence where it 
is recommended in a clinical protocol and/or by a pharmacogenomic pharmacist (test 
proactively to improve medication safety and efficacy). 
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d. Individuals taking polypharmacy inclusive of a drug with high level pharmacogenetic 
evidence where it is the recommendation of a medication review pharmacist (test 
reactively to improve medication safety and efficacy) 

e. Individuals prescribed a drug where inadequate drug response could result in 
significant morbidity and mortality (e.g. anti-rejection medicines in transplantation)  
 

Feedback questions 

Question 1. Do the recommendations for research represent your view of the priorities for 
Australia regarding implementation of pharmacogenomics? [yes/no; comment] 

Question 2. Are the potential population cohorts identified appropriate research priorities?  
a. candidates for drugs linked to HLA genes, [yes/no; comment] 
b. following an adverse event, [yes/no; comment]  
c. at initiation of a drug with high level evidence [yes/no; comment]. 
d. in polypharmacy with a medication review pharmacist recommendation [yes/no; 

comment]and,  
e. inadequate drug response a potential risk [yes/no; comment]. 

Question 3. Further comments (free text) 
 
Priority 2 – Models of Practice 
Models of service for testing require collaboration between patients and healthcare professionals (such 
as prescribers, pharmacologists, pharmacists and laboratory scientists). Evidence suggests collaboration 
is both feasible and valued. The literature has little consensus on service models and it remains unclear 
which practitioners are most suited for each role . Models to be informed by local context and be 
prepared to evolve as needed.  
 
Key processes and roles in pharmacogenomics programs performed by patient facing practitioners 
include: pre-test counselling and consent; test ordering; interpretation of the results with non-genetic 
information and relevant clinical guidelines; presentation of reports with recommendations; and post-
test counselling and shared decision making with the patient.  
 
The resources currently used by practitioners contain little pharmacogenomic information and 
guidance (TGA approved product information from sponsors, The Australian Medicines Handbook, 
Therapeutic Guidelines, MIMs, the National Prescribing Service and discipline specific guidance from 
professional bodies and specialties). Guidance with pharmacogenomic information proactively informs 
prescribing decisions, and reactively informs actions in event of medication harm. Knowledge and 
protocols should be at hand to ensure practitioners question whether a genetic factor is responsible 
and if a test available. 
 
Clinical decision support is vital to utility and successful uptake of testing. It requires integration into 
practice software (that is, prescribing and dispensing software) for ready access to support treatment 
decisions at the point of care.  
 
The recommendation is:  
Conduct research to develop and evaluate models of practice of pharmacogenomic testing with 
collaboration between healthcare professionals (including prescribers, pharmacists, laboratory 
scientists) and patients. The key lines of enquiry: 
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d. Defining the processes and roles for: 
i. Pre-test patient counselling, consent and ordering of tests. 

ii. Interpretation and recommendations for treatment using pharmacogenomic 
results, non-genetic patient information and clinical guidelines.  

iii. Presentation of reports containing results and recommendations 
iv. Shared decision making and post-test patient counselling.  

e. Digital health considerations that would see the integration of pharmacogenomics 
into the current electronic health records and clinical decision support tools.  

Feedback questions 

Question 1. Does the priority to develop models of practice that are collaborative across health 
practitioners such as prescribers and pharmacists, with clear roles, reflect your view? [yes/no; 
comment] 

Question 2. Are digital health considerations a research priority? [yes/no; comment] 
Question 3. Further comments 

 
Priority 3 - Education 
A significant barrier to wider implementation of pharmacogenomic testing in practice is low level of 
practitioner knowledge, competence and confidence to order a test or understand a report if it were 
presented. Building capacity lessens the impact on the current healthcare workforce of predicted 
testing increases. With legal precedence having been established, practitioners without competence 
risk litigation.  
 
Modules for pharmacogenomics need to be included in practitioner education through curriculum 
development in university degrees and professional development. Guidance can be taken from the US 
where it is a component of many pharmacy degrees and post-graduate certification is provided by 
several tertiary institutions.  
 
Poor practitioner understanding of the foundational concepts of pharmacology should be 
acknowledged - pharmacodynamics and pharmacokinetics (absorption, distribution, metabolism and 
excretion of drugs (ADME)) and the cytochrome P450 enzymes which are involved in the majority of 
drug metabolization. Many will be challenged to interpret pharmacogenomic results and competently 
guide prescribing decisions. Collaboration includes knowing personal limits and gaining ready access to 
expertise.   
 
The recommendation is:  
Research to develop and evaluate national standards for education related to pharmacogenomics 
considering local needs and international exemplars:  

e. university-level training 
f. specialist training at the practitioner level 
g. continuing professional development 

Feedback questions 

Question 1. Does the priority to develop and evaluate education for Australian institutions reflect 
your view? [yes/no; comment] 

Question 2. Further comments 
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Appendix 5. Potential therapeutic areas for implementation (from national 
consultation interviews and survey) 

What to test? When to test? What is purpose/ 
benefits? 

What are risks? 

HLA a and b 

- Carbamazepine 
- Allopurinol 
- Phenytoin 
- Vancomycin 
- Dapsone 
- Abacavir 
- Carbamazepine 
- Oxcarbazepine 
- Phenytoin 
- Allopurinol 
- Flucloxacillin 
- Lamotrigine 

Prior to prescribing To avoid exposure to 
medicines in patients 
with hypersensitivity 
allele (predict 
immunological 
response, adverse 
effect) 

Prescribers avoid test 
due to perceived 
hassle/ lack of 
knowledge. 
Therapeutic options 
reduced or alternative 
medicines privileged.  

Drugs in patient’s 
current regimen with 
level 1A CPIC evidence 
(in a panel) 

Reactively when an 
issue presents (along 
with/after medicine 
history, interactions, 
physiological and 
phenotypic measures) 
Pre-emptively 
Polypharmacy 

To explore if genetics is 
a causative factor 
(confirm adverse 
effect). To guide 
current and future 
decisions. 

Genetic data privileged 
over other 
physiological data and 
patient preferences. 
 
Therapeutic options 
are reduced or 
alternative medicines 
privileged. 
 
Expensive data storage. 

Other examples (not 
exhaustive): 

   

Clopidogrel Pre percutaneous 
coronary intervention 
(PCI) 

To inform post 
intervention anti-
platelet treatment. 

Prescribers avoid test 
due to perceived 
hassle/ lack of 
knowledge. 
Therapeutic options 
reduced or alternative 
medicines privileged. 

DPYD 
5-fluorouracil, 
capecitabine  

Before treatment To identify DPD 
deficiency and 
minimise severe 
adverse reactions. 

Prescribers avoid test 
due to perceived 
hassle/ lack of 
knowledge. 
Therapeutic options 
reduced or alternative 
medicines privileged. 
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Poor clinical outcome 
from sub-therapeutic 
dosing. 

 

Health professional steward For Against 

Pharmacists (clinical) - already have foundational 
pharmacology knowledge 

- skilled at medicine history/ 
review 

- Used to working in teams 
 

- Limited access to patient data 
- Remuneration options limited. 

General practice 

 

- Prescribers with patient data 
access 
 

- Time poor, most not willing 
- Limited foundational 

pharmacology knowledge 
- Primary care often not 

working in cross-disciplinary 
teams 

- Limited medication 
reconciliation skills/data 
access 

Medical specialists - See patients with issues and 
increased complexity 

- Some specialties prefer using 
objective phenotypic 
measures 

- Limited foundational 
pharmacology knowledge 
-Limited medication 
reconciliation skills/data 
access 

Clinical pharmacologist - already have foundational 
pharmacology knowledge 

- skilled at phenotypic measures 

- Few and time poor 
- Limited funding currently 

available 
 


