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Summary
This position paper has been developed by representatives from a number of Australasian
medical Colleges to describe the significance of genetic testing to predict a patient’s
response to drugs. The document is directed to healthcare professionals and to those
developing policy for Australian healthcare although many of the principles apply equally to
New Zealand.
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Pharmacogenetics is the study of the interaction between medicinal drugs and a
patient’s genes. By using pharmacogenetic testing, a clinician can align a
prescription with the patient’s potential for a therapeutic or adverse response to the
drug. This is a rapidly growing discipline in healthcare, and Australia is underrepresented in the field.
Pharmacogenetics has potential application in most areas of healthcare. For patients
in whom metabolism of a drug differs from the average, the appropriate response
can vary from modifying the dose of the drug to selecting a drug that is metabolised
by a different genetic pathway.
The substantiation and implementation of pharmacogenetics can be complicated by
the subjectivity of patient symptoms, variations in drug metabolism caused by the
disease and other therapies, and the interactions of multiple drugs, multiple genes,
and the medical history of a patient.
A pharmacogenetic test result can modify the prescribing of drugs that are already
approved for clinical use. Hence the threshold of evidence for a pharmacogenetic
interpretation does not necessarily need to be as high as would be required for
approval of a novel drug or care pathway. Australasian guidelines for clinical practice
should adopt the evidentiary standard articulated by the Clinical Pharmacogenetics
Implementation Consortium1. This paper examines the status of pharmacogenetics
in various disciplines of medicine based on this evidentiary standard.
The result of a pharmacogenetic test must be integrated with other aspects of the
patient’s management. For this reason, pharmacogenetic testing should only be
ordered as part of a clinical consultation and under medical supervision in an
environment of informed consent and shared decision making with patients.
Pharmacogenetics should not be provided as a “direct-to-consumer” service.
Most clinicians are unaware of the recent advances in pharmacogenetics and their
impact on clinical practice. Educational resources and guidelines regarding the
potential and limitations of pharmacogenetics should be developed for students and
practising clinicians to address this lack of understanding.
The main source of funding for pharmacogenetic tests at present is the patient,
without there being any recourse to a rebate from State or Federal Governments, or
from insurers. Medical Colleges should make application for MBS-rebated funding
of those pharmacogenetic tests which have a high level of evidence for validity and
utility.
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The implementation of pharmacogenetic testing has been compromised by
inconsistencies in the naming of genes and variants, and in the interpretations
provided by laboratories. The RCPA should ask the National Pathology Accreditation
Advisory Council to review the requirements for pharmacogenetic testing to ensure
that such testing complies with the usual standards for medical testing in Australia.
Research funding agencies and funders of healthcare in both the public and private
sector should facilitate translational research on the implementation of
pharmacogenetics in inpatient, outpatient, and community settings.

Introduction
Pharmacogenetics is the study of the interaction between a person’s genes and the drug 1
they are taking. The term 2 is almost 60 years old2,3, but it is only in the last 15 years that our
ability to test and understand the function of these genes, together with the accumulating
evidence of utility from clinical trials, have brought pharmacogenetics into clinical practice.
Within the last 10 years, more than 21,000 articles on pharmacogenetics have been cited in
PubMed, with the volume now growing at 200 articles per month. The clinical significance of
pharmacogenetics is recognised by the FDA which includes pharmacogenetic information on
~15% of drug labels4.
Pharmacogenetics is implicated in three aspects of a person’s response to a drug:
• the genetic regulation of how the drug is handled within the patient
• the genetically-determined target of the drug in the patient
• the patient’s genetic susceptibility to a severe adverse reaction to the drug.
These three aspects can be modified by inherited variations in one or more genes. For drugs
directed against tumours, the genetically-determined target can also be modified by new
mutations in a cancer i.e. by somatic “non-heritable” mutations. This document concentrates
on the inherited genetic factors implicated in these three aspects; the clinical significance of
somatic mutations in cancer as targets for selective chemotherapy lies outside the scope of
this Statement.
Pharmacogenetics has the potential to both improve positive health outcomes and avoid
negative outcomes. Clinical trials have now confirmed that pharmacogenetic testing
achieves both goals5–8, and can be cost-saving9,10. The avoidance of negative outcomes
would, of itself, represent a significant saving for the Australian healthcare system: adverse
drug reactions are implicated in approximately 3% of hospital admissions in Australia11.
In a report commissioned by the Australian Centre for Health Research in 200812, the
authors estimated that the Australian healthcare system would save over $1 billion per year
by implementing pharmacogenetic testing and thereby avoiding many adverse drug
reactions. Further substantial savings would accrue from avoiding wastage of drugs that
were predicted to be ineffective for a patient, and from improved health outcomes for
patients.
There is a comparative dearth of pharmacogenetics in clinical practice in Australia. In
contrast to the FDA’s inclusion of pharmacogenetic information on 15% of drug labels4, there
The term “drug” is used in this paper to refer to medication prescribed by a registered health practitioner for
a medical purpose.
2
The term “pharmacogenetics” refers to the analysis of one gene at a time, while “pharmacogenomics” refers
to the analysis of multiple genes simultaneously. The latter term has eclipsed the former in recent years. Multigene analyses represent a greater challenge for laboratories to implement and interpret. However, for the
prescribing clinician, the difference is immaterial as the key outcome is guidance for prescribing. The term
“pharmacogenetics” is used throughout this document.
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is no such requirement by Australian authorities. This deficiency is reflected in the lack of
awareness of pharmacogenetics among local prescribers13 and the lack of national
guidelines regarding the use of pharmacogenetic tests.
This Position Statement has been developed by representatives from a number of medical
Colleges. The objective of the document is to inform colleagues and those involved in the
development of health policy about the current status and potential of pharmacogenetics in
healthcare, and to promote further translational studies in our healthcare systems.
Scientific background
When a person ingests a chemical, there is a suite of genetically-controlled processes that
influences the biological consequences. The genes responsible for those processes vary
between individuals, and hence the impact of each chemical on a person can also vary.
These principles apply to the ingestion of any chemical, including toxins and drugs. The
variation in the genes responsible for these steps probably reflects adaptive responses to
different toxins in the environment. With the development of pharmaceutical therapies, the
clinical significance of these variations has moved from understanding differences in
responses to toxins to understanding differences in response to drugs.
In general terms, the variations in how a drug is handled within the body can include:
• absorption of the drug through the intestinal wall
• modification of the drug by the liver, yielding metabolites which may have reduced or
enhanced biological effect
• transport of the drug and metabolites from the blood into specific organs and cells
• binding of the drug and metabolites to a biological target in the cell; this includes the
potential binding of the drug and its metabolites to immune cells which trigger an
adverse reaction
• active excretion of the drug and metabolites from the cell into the blood stream
• active excretion from blood into bile, faeces, or urine.
This complexity is made more manageable by differentiating between pharmacokinetics
(variation in a drug’s absorption, distribution, metabolism, and excretion) and
pharmacodynamics (variation in the drug’s biological effect at the point of action). There is
also a category of immune-mediated drug-gene interaction. It has long been recognised
that an immune response can be elicited by complex biological molecules during, say, an
infection; an immune response can also be elicited by a simple synthetic drug such as
allopurinol (which has only 14 atoms).
The significance of any particular gene or variant may also depend on variants in other
genes or the presence of other drugs. For example,
• there may be two metabolic pathways for a certain drug; a gene variant which
renders one pathway ineffective may be of little consequence if the other pathway
remains active
• if a patient is taking two drugs which are metabolised by the same pathway, genetic
variants may compromise the pathway’s capacity and result in accumulation of
metabolites
• a drug may increase or reduce the activity of a gene in the pathway, potentially
causing a change in the metabolism of that drug or of another drug being taken by
the patient.
Genetic variation in pharmacokinetics, pharmacodynamics, and immune response can
manifest as

•
•
•

unexpected low or high blood concentrations of a drug or active metabolite (with
consequent effects on the patient) despite the patient being given the recommended
dose
unexpected lack of or excessive response to a drug despite the blood concentration
being in the normal range
severe acute immunological reaction (skin rash, hepatitis etc.) on exposure to a drug
that is typically well-tolerated.

The primary goal of pharmacogenetics is the avoidance of these adverse outcomes by
analysing genes which underlie variations in how drugs are handled by an individual.
Genetic analysis has the advantage of using common methods for DNA analysis that are
widely available, thereby facilitating patients’ access to pharmacogenetic testing. This
includes the incorporation of pharmacogenetics into the analysis and reporting of a patient’s
entire genetic code (whole genome sequencing)14. However, the complexities noted above
can make it challenging to provide accurate predictions based on genetic analysis alone.
The inclusion of analyses of multiple drug metabolites (“pharmaco-metabolomics”)15 and
statistical modelling of pharmacokinetics (“Bayesian dosing”)16 is likely to prove to be more
accurate. Patients with a congenital metabolic disorder e.g. G6PD deficiency, may also be at
risk of disturbed drug metabolism.
More than 1,200 different chemicals have been approved as drugs by regulatory agencies in
the US, Europe and Asia. To date, less than 20 genes have been implicated in causing
clinically significant differences in the handling of some of these drugs. The biochemical
pathways involved are diverse and their delineation is incomplete. Nonetheless, it is clear
that there are classes of drugs which share the same pathways and can be predicted to
have similar pharmacokinetics and pharmacodynamics. On the other hand, the potential for
an immune-mediated drug-gene interaction is probably specific for each drug rather than
being generalised to a class of drugs.
Several published reviews summarise the biological basis of pharmacogenetics and provide
an overview of developments in the field in the last 15 years4,17,18.
An evidentiary standard for guidelines
Prescribing guidelines must be pragmatic, responsible, and evidence-based. The standard
which provides the foundation for such guidelines should recognize that the primary purpose
of pharmacogenetics is to reduce the risk or wastage associated with using a drug for a
particular patient rather than prove its efficacy in the population. As noted above,
randomized clinical trials may be necessary to justify prescribing a particular drug, but a
lower level of evidence may be sufficient for personalising the dose for a patient or the
selection of a different drug that is approved for the same purpose.
Rather than develop a local evidentiary standard, Australasian guidelines should utilise the
standard articulated by the Clinical Pharmacogenetics Implementation Consortium (CPIC),
an international group within the Pharmacogenetics Research Network1 .
The CPIC categorisation includes two stages15. The first ranks the evidence linking a genetic
result to a predicted effect on drug handling as follows:
Level 1

the evidence includes consistent results from well-designed, wellconducted studies.

Level 2

the evidence is sufficient to determine the effects, but the strength of
the evidence is limited by the number, quality, or consistency of the
individual studies, by the inability to generalize to routine practice, or
by the indirect nature of the evidence.

Level 3

the evidence is insufficient to assess the effects on health outcomes
because of the limited number of studies, insufficient power of the
studies, important flaws in their design or in the way they were
conducted, gaps in the chain of evidence, or lack of information.

The second step ranks the strength of the clinical recommendation based on this evidence:
A

strong recommendation for the statement

B

moderate recommendation for the statement

C

optional recommendation for the statement

Hence the highest ranking is “1A”, denoting a strong recommendation for clinical practice
which is based on consistent evidence from well-designed studies.
A limitation of this evidentiary standard is that it is currently applied to the interpretation of
one drug-gene combination at a time. In reality, the handling of a drug is affected by multiple
genes, and laboratories are increasingly providing multi-gene panels to guide prescribing.
Given that one laboratory’s panel and interpretive algorithm may differ from another’s, there
is growing emphasis on clinical trials that document the impact of a laboratory’s panel on
patient outcomes5–8,20. However, there are relatively few providers that have reported this
type of evidence21.
The application of the CPIC standard should not be used to extend pharmacogenetics
beyond the intended scope. The evidence to justify a clinical interpretation of a
pharmacogenetics test does not mean that the result should dictate the choice of drug or
dose, or that testing should be done for every patient, or that appropriate clinical restrictions
on prescribing can be ignored.
It is important to distinguish the evidentiary foundation of guidelines from the guidelines
themselves. Prescribing practices, the availability of certain drugs, and the prevalence of
pharmacogenetic variants differ across national and ethnic borders. For this reason,
evidence-based guidelines for the use of a particular pharmacogenetic test may vary in
different jurisdictions, despite those guidelines being grounded on the same evidentiary
standard. This distinction is recognised by CPIC. In addition to providing an evidentiary
standard, CPIC also provides guidelines regarding the clinical interpretation of
pharmacogenetic variants that have been identified in a patient sample, but the guidelines
stop short of advising which patients should have testing for such variants.
The acceptance of the CPIC evidentiary standard does not absolve Australian professional
and regulatory bodies from the responsibility of developing appropriate guidance and
standards for local clinicians and patients. Such guidelines may reference both
pharmacogenetics and other strategies such as pharmaco-metabolomics and Bayesian
dosing. The marketing, utilisation, and reporting of pharmacogenetic testing in Australia
should be reviewed regularly to ensure that guidelines are sufficiently detailed and
substantiated to be used with confidence22.
The potential scale of pharmacogenetics in Australia
CPIC has identified 15 genes with a high level of evidence (1A) for guiding the prescribing of
30 different drugs. The genes identified by CPIC are, CYP2C9, CYP2C19, CYP2D6,
CYP3A5, CYP4F2, DPYD, HLA-A*3101, HLA-B*5701, HLA-B*5801, HLA-B*1502, IFNL3,
SLCO1B1, TPMT, UGT1A1, VKORC1.

Each gene is implicated in the metabolism of 1-10 drugs, and each drug is metabolised by 13 genes. The frequency with which the drugs are prescribed varies widely, as does the
probability that a person has a “risk” variant in a given gene. Overall, approximately 1.7
million patients were dispensed these drugs in Australia in 2017, and approximately 40% of
new patients being prescribed these drugs would be expected to have one or more “risk”
variants in a pertinent gene 3.
The Figure below ranks the drugs selected by CPIC according to the estimated number of
patients prescribed the drug in Australia during 2017. For each group of patients taking the
drug, the proportion of new patients that would be likely to have a risk variant in one or more
of the pertinent genes is shown.
All of the drug-gene combinations captured in this Figure carry a risk of lack of efficacy or of
adverse reactions; drugs with an asterisk carry a risk of a lethal reaction to the drug. Of the
six drugs which carry a risk of a lethal reaction, pharmacogenetic testing is available on the
MBS for two genes covering four of the drugs. There is no MBS-rebate for any other
pharmacogenetic testing.

The CPIC list of drug-gene combinations having the highest level of evidence for clinical interpretation and
action was reviewed in February 2018. The list of drugs was restricted to those on the PBS in 2017. The
number of patients taking a drug was estimated as the number of prescriptions dispensed divided by 12 i.e.
assuming one prescription per month. The frequency of “risk” variants in the pertinent genes was taken from
CPIC data, with a preference for allele frequencies from Western European “general populations”. We need to
emphasise the limitations of Western European populations in the Australian context.
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The application of pharmacogenetics in Australia
The potential application of pharmacogenetics has been well-described in a recent review4.
We provide some specific examples below, but emphasise that these discussions are
neither exhaustive nor exclusive. Each of the drug-gene combinations discussed below is
categorised by CPIC as having the highest level of evidence and strength of
recommendation (Level 1A) for test-guided prescribing.

Psychiatry
The pharmacological management of depression is challenging, with only 50% of
patients responding to their initial drug and there being a prolonged trial and error
approach to drug selection and dose. Less than 50% of depressed patients achieve
remission within 12 months of commencing therapy23. There are two genes, CYP2D6
and CYP2C19, which are primarily responsible for the metabolism of many
psychotropic drugs. Approximately 1 in 6 people have variations in CYP2D6 that slow
drug metabolism, while 1 in 3 have variants in CYP2C19 that accelerate drug
metabolism24. Multiple clinical trials have now demonstrated that testing of these genes
is relevant for prescribing5,25–28. The improvement in care arising from such testing has

also been documented; patients with very fast or very slow drug metabolism have 67%
more medical visits and four-fold more disability claims than those with normal
pharmacogenetic test results (unless prescribing is adapted to reflect their test
results)29.

Neurology
Carbamazepine is widely prescribed as an anticonvulsant, and also plays an important
role in the management of pain and some psychiatric disorders. Among patients from
China, India, and South East Asia, there is a common variant in the HLA gene
complex (HLA-B*1502) which greatly increases the risk of life-threatening adverse skin
reaction to the drug30. The Singaporean Government has recently mandated testing for
HLA-B*1502 prior to prescribing carbamazepine 4. The CPIC Guidelines note the
negative predictive value of the test i.e. very low risk of an adverse reaction if the
patients lacks HLA-B*1502, and the option of considering an alternate therapy in
patients with HLA-B*150231. For unknown reasons, this susceptibility is not evident
among patients from other ethnic groups who have the same variant.

Cytotoxic therapy
Up to 5% of the population have a variant in the DPYD gene that slows metabolism of
5-flurouracil and capecitabine; both are widely used in cancer treatment. Patients with
the DPYD variant are likely to develop serious manifestations of toxicity, and these can
be life-threatening. Testing prior to commencement of therapy allows such patients to
be commenced on half the usual dose32,33. It is important to note that, in this instance,
patients can continue to take the drug; it is only the dose that is being managed.
There is a similar risk (and recommended management) for patients with a variant of
the TPMT gene. Approximately 1:300 people have variants in the TPMT gene which
slow the metabolism azathioprine, causing rapid accumulation and life-threatening
toxicity. Azathioprine is widely prescribed in the management of cancer, chronic
inflammation, and immune suppression. Pre-treatment testing for the TPMT gene
variants, or of the corresponding enzyme activity, is widely used in such patients34 and
is one of only two pharmacogenetic tests listed on the MBS.

Breast cancer
Patients with hormone-sensitive breast cancer are frequently treated with tamoxifen.
The CYP2D6 gene is responsible for converting tamoxifen to a more active metabolite.
Variants in this gene are both common and associated with significant changes in
tamoxifen pharmacokinetics. Clinical studies of the clinical utility of CYP2D6 testing in
the management of breast cancer have been hampered by poor study design and
flawed testing methods35. However, there is good evidence that testing (and
subsequent adjustment of dose) is beneficial in women with post-menopausal breast
cancer being treated with tamoxifen alone36.

Rheumatology
Allopurinol is a first-line treatment for gout and hyperuricaemia. There is a variant in
the HLA gene complex (HLA-B*5801) that places patients from various ethnic groups
at relatively high risk of developing severe adverse skin reactions to the drug. The
identification of at-risk patients prior to commencement of therapy reduces the
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http://www.hsa.gov.sg/content/hsa/en/Health_Products_Regulation/Safety_Information_and_Product_Recall
s/Product_Safety_Alerts/2016/hla-b-1502-genotypingandcarbamazepineinducedseverecutaneousadver.html

expected morbidity by either directing patients to alternative drugs37 or introducing
allopurinol with a tolerance-inducing protocol38.

Pain management
Variants of the CYP2D6 gene result in much more rapid conversion of codeine to an
active metabolite, morphine. Approximately 1% of Caucasians have such variants and
are at increased risk of the adverse effects of morphine such as constipation, dizziness
and respiratory depression39. These “rapid variants” are over-represented in studies of
codeine-related deaths in children40 and adults41, and are associated with high levels
of morphine in breast milk (with potentially fatal consequences for the infant)42.
Notwithstanding the restriction being placed on over-the-counter purchase of codeine,
such testing remains relevant for clinicians prescribing codeine43.

Human Immunodeficiency Virus (HIV)
The anti-retroviral drug, abacavir, is widely used in the management of HIV. There is a
variant in the HLA gene complex (HLA-B*5701) that places 5% of patients at high risk
of developing severe adverse skin reactions to the drug. The identification of at-risk
patients prior to commencement of therapy reduces the expected morbidity by
directing patients to alternative drugs44. This test is one of only two pharmacogenetic
tests listed on the MBS.

Challenges in implementation
There remain considerable challenges in defining the best way to use pharmacogenetic
testing in specific clinical settings.
•

•

•

•

For some disorders, the symptoms targeted by the drug and hence the clinical utility
of pharmacogenetic testing, are hard to quantify. For example, pain is a subjective
phenomenon that is modified by a wide variety of factors and managed with a wide
range of strategies. This makes it challenging to provide quantitative evidence of the
utility of pharmacogenetic testing.
In some contexts, there are competing clinical factors that dwarf the potential impact
of pharmacogenetics on prescribing decisions. For example, patients in intensive
care typically have compromised function in multiple organ systems which, together
with major interventions such as dialysis, will disturb the absorption, distribution, and
metabolism of many drugs.
There can be major differences in the frequency of gene variants in different ethnic
groups24, including in Aboriginal and Torres Strait Islander people45. This is
particularly relevant in Australia’s increasingly diverse population. For this reason,
therapeutic drug monitoring may still be required.
As noted above, there are numerous multi-gene pharmacogenetic panels and
associated interpretive algorithms for which no evidence of clinical utility has been
published21.

The integration of the patient’s history, clinical features, pharmacogenetic test result, other
drugs, and therapeutic drug levels (if performed) has not been embedded in proven
algorithms and hence remains a matter of clinical judgement. This variety and the potential
significance of confounding factors dictates that pharmacogenetics not be used as the sole
arbiter of prescribing decisions.
These challenges reinforce the need for Australian guidelines for the use of
pharmacogenetics and related disciplines, and for these guidelines to be readily updated to
reflect the rapid accumulation of knowledge.

Pre-emptive panel testing
Pharmacogenetic testing may be initiated in response to a particular clinical event e.g. poor
response to therapy, or prior to the administration of a specific drug e.g. testing the TPMT
gene before prescribing azathioprine46.
Another strategy would be to test a panel of pharmacogenetic genes pre-emptively before a
patient is prescribed any drug. Pre-emptive pharmacogenetic testing has the advantage of
ensuring that potentially relevant information is immediately available at any time in the
future. The potential of pre-emptive pharmacogenetics testing to improve the utility and costeffectiveness of prescribing has been explored in a few structured clinical settings with
encouraging outcomes47–49. Nonetheless, it remains a presumption that such testing is of
benefit in terms of costs and healthcare outcomes overall 50 and further research is
recommended51.

Laboratory requirements
Samples for genetic testing
Pharmacogenetics involves the identification of specific pre-defined genetic variants, and
does not necessarily require large amounts of high quality DNA. In clinical terms, this means
that a buccal swab may be sufficient for pharmacogenetic testing. A fresh blood sample is
preferred because the quality and quantity of DNA extracted from lymphocytes is superior to
that obtained from buccal cells, but issues of convenience and patient preference may
dictate the use of a buccal swab.
The most common time at which errors occur in medical testing is during pre-analytical
processes, including sample collection52. Buccal swabs should be collected under the same
conditions of sample control as is associated with a blood sample. Unsupervised collection
of buccal swabs by patients or inexperienced staff raises the possibility that the swabs could
have inadequate cellular material (compromising the quality of the analytical results) or be
inadequately identified (leading to misapplication of the results to a different person).

Accuracy of the genetic result
There is a complex relationship between specific changes in the DNA sequence of a
pharmacogenetic gene and the functional impact on the enzyme derived from that gene.
Conventions have been developed (“star-allele” system) to simplify the naming of certain
patterns of variations within a gene.
The identification of a single change in a gene sequence is not necessarily sufficient to
provide unique identification of the overall pattern of variants in that gene53. Hence
laboratory reports should clearly identify whether a gene’s star-allele has been unequivocally
identified or whether it is simply the most likely consequence of an identified variation in DNA
sequence.
The “star-allele” nomenclature has also been compromised by a lack of consistency in
reference sequences and variant nomenclature, in both laboratory reports and the medical
literature. International guidelines now mandate a more robust nomenclature for specifying
variants identified in pharmacogenetic genes53. Laboratories may include the “star-allele”
nomenclature as an alias, but it should not be a substitute for the formal approved
nomenclature.

Clinical interpretation of the genetic result
Correct identification of the pharmacogenetic variants in the gene, and the predicted
consequences for enzyme activity, do not necessarily provide useful information for the

prescribing practitioner54. It is essential that laboratory reports of pharmacogenetics testing
provide specific, substantiated prescribing recommendations to guide the requesting
clinician in the presentation of risk information and shared decision making with patients.
The CPIC evidentiary standard, and the interpretation guidelines for specific drug-gene
combinations developed by CPIC1, provide a foundation for responsible reporting.

Ethics and privacy
Pharmacogenetic information should be managed with the same attention to ethics, consent
and privacy as any other medical test; this includes informed financial consent (if applicable).
However, the more detailed counselling considerations which apply to testing for heritable
mutations in disease-causing genes, and the consequent considerations for relatives, do not
necessarily apply. Most pharmacogenetic variants do not, of themselves, cause disease.
Furthermore, a pharmacogenetic variant identified in a patient is only of relevance to a
relative if two conditions are fulfilled: the relative is likely to be prescribed the same (or a
related) drug and the variant identified is the principle determinant of the adverse outcome
i.e. the susceptibility is inherited as an autosomal dominant trait. These conditions would
rarely be met, and formal pre-test genetic counselling is not usually warranted. If the test
methodology could potentially identify incidental findings i.e. for disorders unrelated to the
primary purpose of testing, these possibilities would need to be formally addressed by pretest genetic counselling.
The consent provided for a medical test is generally assumed to cover access by all health
professionals involved in the care of a patient. This could potentially include access by any
healthcare worker such as a pharmacist who is providing care for a different illnesses. In
practical terms, pharmacogenetic information is likely to have low levels of sensitivity and
may be suited to the broad consent procedures that are generally accepted by patients for
medical investigations.
Notwithstanding the lack of novel ethical considerations regarding pharmacogenetics, any
professional or agency handling personal health information must comply with the relevant
laws and regulations. There are severe penalties for privacy breaches involving personal
health data. Genetic information can be particularly problematic due to the uniqueness of
each person’s DNA data making it prone to re-identification. This is unlikely to be an issue if
the genetic information is limited to the common variants typically identified by
pharmacogenetic testing, but it would become relevant if the test methodology or clinical
protocol e.g. in a clinical trial, yielded a much more detailed record of the patient’s genetic
code and clinical status55.
Since July 2017, any Australian laboratory providing a test for medical purposes must be
accredited to Australian Standards and have systems in place to ensure both the quality of
testing and reporting, and the protection of data transmission and storage. This requirement
extends to the provision of any test for medical purposes, and is not limited to testing that is
rebated by Medicare.

Ordering pharmacogenetic tests
Pharmacogenetics should not be the sole basis for making a prescribing decision. Many
factors should be considered before a prescribing decision can be made. For this reason,
pharmacogenetic testing should be managed as a medical test requested by a healthcare
professional with both the knowledge and accountability that is appropriate for the patient’s
care.

The regulations governing medical genetic laboratories in Australia56 reinforce this principle,
requiring that genetic testing only be provided in the context of a clinical consultation by a
medical practitioner viz. “S1.1 The Laboratory must provide medical nucleic acid testing only
in the context of a clinical service provided by a medical practitioner”. This requirement
protects the patient by ensuring that the whole context of testing is addressed by a clinician
who is professionally and legally accountable. The requirement leaves open the possibility of
a pharmacogenetic test being requested by a non-medical healthcare professional, but only
in a team environment where a medical practitioner is accountable for the care provided to
the individual patient.
This principle does not preclude the sharing of this information with other healthcare
providers who are involved in the patient’s care. Indeed, good care would require that
important information be shared with the patient and with other healthcare professionals
involved in the patient’s care.
This principle precludes pharmacogenetics being marketed or implemented as a ‘direct-toconsumer’ offering.

Education
Surveys of medical practitioners in the US have demonstrated that over 95% of those
surveyed agreed that genetic variation may influence drug response, but only 10-30%, felt
adequately informed about testing54,57. The level of awareness and confidence is likely to be
lower among other healthcare professionals.
This means that education in pharmacogenetics must address the principles underlying the
discipline, the practicalities of testing, and the development of sufficient knowledge to use
the result appropriately i.e. guidelines as well as protocols. This education must be delivered
through an authoritative source in a way which minimises search time. It is not surprising
that US physicians frequently rely on FDA-mandated drug labelling to inform their
pharmacogenetic testing58. Conversely, it is striking that there is no such mandated guidance
on Australian drugs 5.
There are numerous resources in pharmacogenetics now available to doctors, including
•

•

•

Web resources. This relies on the ability of doctor to discern authoritative from nonauthoritative information sources. Some web resources are authoritative but lack
penetration. PharmGKB 6 is a respected international repository of curated
information, but is not well known to the majority of healthcare practitioners and is
challenging to navigate.
Clinical decision support tools. These are generally considered authoritative e.g.
UpToDate 7, with good penetration, although they cannot meet the clinician’s need for
local information such as the logistics of testing. When implemented well, decision
support tools are highly effective in guiding good prescribing59,60, and may be more
effective than didactic presentations because they deliver knowledge at the point of
care61.
Educational materials e.g. print, video, audio, meetings/conferences. Currently,
these materials are often developed by test providers or professional societies. It
may be useful to have a publicly accessible suite of short educational videos and
associated materials provided by an authoritative source e.g. medical Colleges, that

There is no PBS requirement for pre-treatment pharmacogenetic testing, even in the case of abacavir for
which there is a specific MBS item. On the other hand, there are numerous targeted chemotherapeutic agents
for which pre-treatment testing for somatic mutations is mandated.
6
https://www.pharmgkb.org/index.jsp
7
https://www.uptodate.com/
5

•

address different aspects of pharmacogenetic testing. Short videos could promote
awareness and appropriate utilisation of pharmacogenetic testing by both patients
and practitioners.
Undergraduate education. Medical schools should incorporate pharmacogenetic
teaching in their curricula.

Research
Studies of single drug-gene combinations have documented the analytical accuracy of
pharmacogenetic tests, as well as confirming that the result is relevant for prescribing
decisions. But a study of a single drug-gene combination does not necessarily reflect the
reality of multiple genes being involved in the metabolism of a drug, and the clinical reality
that patients are often taking multiple drugs. As a result, studies of single drug-gene
combinations may struggle to document whether the test makes a significant difference to
patient outcomes. On the other hand, studies of multiple drug-gene combinations are
potentially too complex for detailed analysis of the pharmacokinetics of each permutation of
drug and gene.
Rather than attempt detailed analysis of drug metabolites in the face of multiple gene
variants, clinical trials are now randomising patients to those having pharmacogenetic testing
(or not) and documenting patient outcomes62. Most trials have examined the use of a
pharmacogenetic test to inform a specific prescribing decision e.g. the trials of
pharmacogenetic testing for warfarin dosage8. These trials were mostly underpowered to
detect effects on clinical outcomes such as bleeding or thrombosis and relied on surrogate
measures of anticoagulation control63. Subsequent cost-effectiveness studies have applied
the existing trial data and concluded that pharmacogenetic testing prior to warfarin
prescribing could be cost-effective64. Governments will require this type of evidence to justify
public funding of pharmacogenetic testing.
Nonetheless, exploring the value of pharmacogenetic testing to inform a single prescribing
decision may not be the most appropriate perspective. A single test covering many common
variants relevant to many potential prescribing decisions over time i.e. pre-emptive panel
testing, is more likely to be cost-effective65. Assessment of this hypothesis will require clinical
trials with measures of patient outcomes to document the clinical validity and costeffectiveness49. Such studies must also address the challenges of implementing
pharmacogenetic decision-support tools to ensure that clinicians have current advice in the
future when a prescribing decision is made64.
In Australia, over 117 million drugs are prescribed per annum in general practice66. The
effectiveness of these drugs, the time taken to achieve this effectiveness, and the frequency
of adverse drug reactions are potentially influenced by common pharmacogenetic variants,
with major implications for the cost of healthcare. Thus far, trials of pre-emptive
pharmacogenetic testing have usually been based on studies of inpatients and outpatients
attending large medical centres in the USA49; European trials are underway.
Pharmacogenetic trials in general practice are required to examine the impact of pre-emptive
pharmacogenetic testing in the community. Such studies would also be crucial for informing
GPs about this new area of practice, supporting the integration of pharmacogenetics in
primary care, improving patient outcomes, and achieving cost savings.

Funding
Funding of diagnostic tests in Australia is provided through Medicare and State-funded
programs or as an out-of-pocket expense for patients. Funding through Medicare requires
Ministerial approval after a rigorous and lengthy approval process by the Medical Services

Advisory Committee (MSAC) 8. As such, funding tends to lag behind technological advances.
This is particularly relevant in genetic testing because each particular genetic test may
require a separate approval process for each new indication.
There are only two pharmacogenetic tests currently listed on the Medical Benefits Schedule:
tests of TPMT (item 73327) and HLA-B*5701 (items 71203 and 73323). There has not been
an application for Medicare funding for another pharmacogenetic test 9, and so the lack of
funding may reflect lack of assessment rather than rejection by MSAC. State funding tends
to be focussed on acute inpatient care, and both State and Federal funding mechanisms
have little capacity on legal or economic grounds to fund preventative health measures.
The RCPA conducted a survey of medical genetic testing that had been provided nationally
in 201167 (currently being repeated for 2017). All of the testing of the CYP class of genes
(the principle genes responsible for the majority of known drug-gene interactions) was paid
for by patients, with no recourse to insurers or Medicare.
In the absence of Federal funding, pharmacogenetic testing will remain in the domain of
clinical trials or as an out-of-pocket cost to patients. Hospitals in the public and private
sectors may consider funding such testing as there is clear evidence that pharmacogenetics
can be cost saving68–71. Given the financial benefit that would accrue to the Australian
healthcare system from pharmacogenetic testing12, it is likely that increased public funding
will occur over time.

Conclusions
The purpose of this document is to draw the following conclusions to the attention of those
providing healthcare and policy in Australasia:
•

•

•
•

•

Pharmacogenetics is a well-established and growing discipline in developed
healthcare systems overseas. The FDA includes pharmacogenetic guidance on 15%
of medications4 and pre-emptive pharmacogenetic is the focus of major studies in the
US49 and Europe62.
There is little evidence that these developments are being implemented in Australian
healthcare. There is no pharmacogenetic guidance on PBS-listed medications, other
than tests designed to limit the utilisation of certain chemotherapeutic drugs. There
are very few clinical trials of pharmacogenetics in Australia at present 10.
The lack of pharmacogenetic testing is potentially compromising the care of patients
and adding a needless cost to the Australian healthcare system12.
The field is complex, the understanding of most clinicians is poor, and the
implementation requires coordinated action across a number of domains. The
introduction of pharmacogenetics needs to be managed to ensure that the right test
is done for the right patient, and the right interpretation is provided to the clinician.
The stakeholders who need to be engaged include
o Patients
o Funders, including Governments and health insurers
o Medical schools and specialty Colleges
o Pharmaceutical industry and pharmacists.

http://www.msac.gov.au/
As at May 2018, the MSAC website does not identify any applications referencing “CYP” genes.
10
As at 4 December 2017, there was one trial on the Australian Clinical Trials register
(https://www.australianclinicaltrials.gov.au/) that specified analysis of a pharmacogenetic gene; oncology
trials were excluded.
8
9

This paper does not seek to provide a comprehensive list of the steps required to implement
effective and responsible pharmacogenetic testing, and simply notes the following
opportunities for progress in the short term:
Education
• The medical Colleges should develop a shared resource of extant
pharmacogenetic educational tools for their trainees and Fellows.
• The medical Colleges should be surveyed to determine the teaching and
assessment regarding pharmacogenetics in their postgraduate programs.
Guidelines
• Medical Colleges in Australia and New Zealand should develop context-specific
guidelines for the use of pharmacogenetic testing.
• The Colleges should recommend that the NHMRC include pharmacogenetics in
clinical practice guidelines (as appropriate), using the CPIC Guidelines as the
evidentiary standard.
• The medical Colleges should approach the providers of patient management
software regarding the provision of pharmacogenetic information at the point of
care (or point of prescribing).
Funding
• The medical Colleges should submit applications for funding of tests of DPYD (to
identify patients at risk of toxicity from 5-fluorouracil and capecitabine) and HLAB*1502 (to identify patients at risk of carbamazepine-induced hypersensitivity
reaction).
Quality
• The RCPA should review with the regulator (NPAAC and NATA/RCPA) the
requirements for variant terminology and interpretation in pharmacogenetic
reports, and whether a specific reference document should be developed by
NPAAC to cover pharmacogenetic testing.
Research
• Providers of pharmacogenetic tests should be encouraged to implement clinical
trials to determine the clinical utility of testing in general practice.
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