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ABSTRACT 
Aim: To explore general practitioners’ (GPs) views on implementing pharmacogenomic testing in 
Austr alian gener al pr actice. 
M etho ds: Semi-structured int erview s w er e c onduct ed with nine GPs in Australia, recruit ed from 

primary car e netw orks. Int erview s w er e analyz ed using thematic analysis. T hemes w er e mapped 
onto the Consolidated Framework for Implementation Research domains. 
Results: Bar r iers to implemen ta tion included lack of knowledge, educa tion, standardized 
pharmacogenomic reports and national clinical guidelines and financial inaccessibility. Facilitators 
included positiv e exposur e t o pharmac ogenomics, peer influenc es, int erdisciplinary c ollaboration 
and pr ov en clinical utility. Curr en t uptake w as minimal; how ev er, GPs shar ed positiv e per ceptions of 
clinical use. 
Conclusion: Rec ommendations for suc c essful implemen ta tion include building and dissemina ting 
clinical evidence, developing national guidelines and standardized reports, incorporation into formal 
education and increasing financial ac c essibility. 

PL AIN L ANGUAGE SUMMARY 
W ha t is this article about?: This article describes an original r esear ch study that examines the 
implemen ta tion of pharmac ogenomic t esting in Australian general practic e. Pharmac ogenomic 
testing applies personalized genomic information to medication prescribing, as genetic differences 
can affect how a person metabolizes certain medications. While there is excitement about the 
possibilities of using pharmacogenomics, the general uptake is slo w. T his study looked to understand 
the bar r iers and facilitat ors t o implemen ta tion fr om the perspectiv es of gener al pr actitioners in 
Australia. 
W ha t wer e the r esults?: Through exploratory int erview s with general practitioners, this study 
iden tified tha t bar r iers to implemen ta tion include a lack of knowledge, educa tion, standardized 
reports and national clinical guidelines and financial inac c essibility. Facilitat ors include positive 
exposure t o pharmac ogenomic t esting, peer influenc es, int erdisciplinary c ollaboration and pr ov en 
clinical utility. Current uptake was minimal; how ev er, GPs shar ed positiv e per c eptions of the pot ential 
of testing. 
W ha t do the results of the study mean?: Based on the results of this study, the following 
r ecommendations w er e generat ed for suc c essful implemen ta tion: building and dissemina ting 
clinical evidence, developing national guidelines, incorporation into formal education, establishing 
ac c essible experts and improving financial ac c essibility. 

TWEETABLE ABSTRACT 
A qualitative study explores the bar r iers and facilitators to successful implemen ta tion of 
pharmac ogenomic t esting in Austr alian gener al pr actice. 
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. Background 

harmac ogenomics, which c onsiders the effect
f genomic v aria tion on drug r esponse, pr esents
n emerg ing t echnology that c ould r ev olutionize
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f a single gene v arian t on drug metabolism, whereas
harmacogenomics refers to v arian ts across the entire
enome. Despit e the pot ential for positive use and
rowth in commercially available tests, the uptake of
harmac ogenomic t esting in clinical practic e has been

eportedly slow [ 1 , 2 ]. 
Clinical validity and utility in pharmacogenomic test-

ng have been established for several commonly used
edications. A well-characterized example is the antico-

gulan t w arfar in. R esponse to warfar in can be highly var i-
ble, resulting in an increased risk of adverse effects and
linical trials have shown that prescribing with pharma-
 ogenomic t esting can lead t o fast er therapeutic results
nd impr ov ed out c omes [ 3–5 ]. Pharmac ogenomic t esting
as also shown promise in psychiatry, with some United
tat es insuranc e c ompanies no w pro viding funding for
esting. Multiple published studies demonstrate evidence
f the clinical utility of pharmacogenomic testing for
 arian ts in genes that affect anti-depressant metabolism,
uch as CYP2D6 and CYP2C19 , prior to prescribing for

ajor depr essiv e disor der [ 6–9 ]. A meta-analy sis c on-
luded that target response and remission rates were
chieved faster with pharmacogenomic testing [ 10 ]. 

Pharmac ogenomic t esting is particularly relev an t in
rimary care, as general practitioners (GPs) are often

esponsible for initiating prescriptions and providing the
rst line of care f or ph ysical and mental health [ 11 ].
uc c essful implemen ta tion in general practice r equir es
nderstanding bar r iers, facilita tors and stra t eg ies of

mplemen ta tion and a number of studies in Canada and
he United Kingdom hav e addr essed these within their
 espectiv e healthcar e sy st ems [ 12 , 13 ]. Bar r iers include
nc onsist encies in supporting scientific evidence, a lack
f randomized controlled trials (RCTs), uncertainty sur-
 ounding cost–effectiv eness, undetermined ethical and
ocial implications of genomic information, a lack of
ncorpora tion in to formal educa tion and the unclear
mpact of non-genetic factors such as sex and diet, which
an make genotype-based prescribing difficult [ 12–16 ].
acilitators include a positive attitude toward pharma-
 ogenomics and int erprofessional c ollaboration among
ealthcare practitioners, such as medical doctors and
harmacists [ 17 , 18 ]. 

Despite some r esear ch exploring the implemen ta tion
f pharmac ogenomic t esting on a global scale, there is
 gap in knowledge r egar ding its application in Aus-
r alian gener al pr ac tice. Ex trapola ting implemen ta tion
 ecommendations betw een countries is difficult as each
resents a unique healthcare structure with distinct
r ior ities. Differ ences in pr ev alen t medical conditions
nd commonly used medications may influence choices
ade in clinical implemen ta tion. In Australia, healthcare

s jointly provided by the federal, state and ter r itory
governments. Ac c essibility t o all is a central tenet to
healthcare in Australia. ‘Medicare’ is the national insur-
ance scheme that gives Australian citizens and perma-
nen t residen ts ac c ess t o free and low-c ost car e healthcar e.
In addition, many residents of Australia choose to pay
in to priv a te health insurance plans. Government subsi-
dies for health services are determined by the federal
government and listed as part of the Medicare Benefits
Schedule (MBS). MBS rebates currently exist for two
pharmac ogenomic t est it ems, HLA-B*57:01 for abacavir
hypersensitivity and TPMT and NUDT15 for thiopurines.
Ac c ording t o the Royal Austr alian College of Gener al
Practitioners, while in terna tional guidelines and evidence
from RCTs for clinical utility of pharmacogenomic tests
may inform clinical practice, the overall incorporation and
role in Australian healthcare is still undecided [ 19 ]. 

A report commissioned by the Australian Genomics
Health Alliance in 2022 describes that despite the interna-
tional exemplars of implemen ta tion r esear ch, ev alua tion
and implemen ta tion remains one of the thr ee r esear ch
pr ior ities for phar mac ogenomics t esting in Australia. This
ov erar ching category includes r esear ch that focusses on
experiences of pa tien ts and practitioners, barriers and
enablers and iden tifica tion of implemen ta tion stra te-
g ies [ 20 ]. To suc c essfully implement routine pharma-
c ogenomic t esting int o Austr alian gener al pr actice, it is
nec essary t o understand the needs and view s of local,
practicing clinicians. Ther efor e, the objectiv e of this study
was to explore the perceptions of Australian GPs r egar d-
ing the int eg ration and utilization of pharmacogenomic
testing in primary care. Viewpoints on the current knowl-
edge and uptake, per ceiv ed usefulness and bar r iers and
facilitators of implementation w er e discussed to gain a
better understanding of how successful implemen ta tion
may occur and highlight key considerations of GPs. 

2. Materials & methods 

2.1. Study design 

This was an exploratory qualitative study that used semi-
structured int erview s with Australian GPs to understand
perspectives on pharmacogenomic testing in general
practice. The r esear ch philosophy underlying this study
was a constructivist approach, which uses concurrent
collec tion of induc tive da ta and compara tive qualita tive
analy sis t o identify themes and c onstruct theories. This
approach acknowledges the multiple standpoints and
realities of both researchers and participants [ 21 ]. The-
matic analysis was used, allowing for the generation of
themes and adaptation to a wide range of datasets [ 22 ]. 



PHARMACOGENOMICS 379 

2

E  

O  

M

2

R  

o  

t  

p  

t  

p  

m  

p  

a  

w  

i  

i  

E  

w  

r  

s  

a  

r  

a  

i  

b

2

D  

l  

w  

v  

o  

C  

[  

e  

c  

o  

a  

o  

s  

a  

r  

S  

[
-  

r  

g  

f  

p  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.2. Ethics 

thics and governance approv al w as received from The
ffice of Research Ethics and Int eg rit y, Universit y of
elbourne (2021-20766-18399-4). 

.3. Recruitment & sampling 

ecruitment for the study occurred through two meth-
ds. First, r esear ch team members sent the study adver-

isement via email to GPs within their personal and
r ofessional netw orks. Second , the r ecruitment adv er-

isemen t w as included in the Victor ian pr imary care
ractice-based Research and E duca tion Network (VicREN)
onthly new slett er, a r esour ce which is sent to GPs,

ractice managers and other primary care providers
round the Australian state of Victoria, and physicians
 er e enc ouraged t o forward t o any GPs who ma y ha ve

nterest. GPs who wished to learn more about the study
ndica ted in terest by emailing research team member
E, who then provided a plain language sta temen t and
ritt en c onsent form. Researcher EE then scheduled

emot e int erview s with int erest ed participants. Purposive
ampling was used to ensure diversity in participant
ge , years of practice , gender and location, to capture a
ange of viewpoin ts. Recruitmen t ended when themes
ppeared to be firmly grounded in empirical data and

t was determined that sufficient information power had
een achieved [ 23 ]. 

.4. Data collection & storage 

a ta w as c ollect ed thr ough in-depth, semi-structur ed ,
ong form int erview s t o allow for infor mation r ichness

ith a small sample size. All int erview s w er e c onduct ed
ia Zoom. An interview guide was developed based
n pr evious literatur e and the domains of the
onsolidated Framework for Implementation Research
 Supplementary File 1 ]. Questions w er e designed to
ncourage open discussion in four broad categories:
urrent knowledge of pharmac ogenomic t esting,
pinion and per ceiv ed usefulness, implemen ta tion
nd interdisciplinary care and perceived pa tien t
pinions. D emographic infor mation, including age,
ex, years of experience and practice loca tion, w as
lso c ollect ed. A n e xample pharmac ogenomic t esting
eport for a clinically available test was pulled from
onic Genetics online r esour ces for the interview
 https://www.sonicgenetics.com.au/media/14660/pgx 
 example- report- 2022w2.pdf]. Sonic Genetics’ example
eport was chosen as they are Australia’s largest priv a te
enetics laboratory and ther efor e likely to be relev an t or

amiliar to Australian GPs [ 24 ]. This report was shared with
articipants ahead of the interview and incorporated into
discussion to explore potential test r esult deliv ery. After
two int erview s, the guide was refined t o bett er address
the questions and arising themes. Written and verbal
consent w er e obtained prior to r ecor ding and only
audio r ecor dings w er e r etained . Int erview s w er e then
transcr ibed ver ba tim, de-iden tified and coded. Field
notes w er e taken concurr en tly with in t erview s. 

2.5. Analysis 

NVivo V.12 by QSR In terna tional w as used to manage
qualita tive da ta [ 25 ]. First-level c omplet e c oding was
car r ied out using an inductive approach and then codes
w er e gr ouped t ogether t o unveil larger themes [ 26 ].
Sy st ematic c oding of entir e transcripts ensur ed rigour
by starting with a data-driven approach. Coding of tran-
scripts was c omplet ed by r esear cher EE and c o-c oding of
a subset of int erview s t o ensure rigour was performed
by r esear ch team members SS and GR. A s int erview s and
analy sis t ook plac e simultaneously, the r esear ch team met
fr equently thr oughout the interview and analy sis proc ess
to discuss initial coding, emerging themes and add to or
adjust the interview guide questions as necessary. 

2.6. C onsolidated frame work for implementation 

research 

Identified themes w er e mapped onto the five domains
of Consolidated Framework for Implementation Research
(CFIR) t o assess facilitat ors and bar r iers of implemen ta tion
and generate recommendations. CFIR is a conceptual
framework tha t w as developed to in t eg rat e many imple-
men ta tion science theories into one consolidated frame-
work. It sy st ematically assesses 39 c onstructs cat egorized
into five domains to identify variables relevant to imple-
men ta tion of an in terven tion [ 25 ]. Iden tifica tion of these
int eracting c onstructs through a pragmatic structure can
then be used to interpret findings and generate recom-
mendations. The five domains of CFIR as described in
the c ont ext of this pr oject ar e: interv ention characteristics
(features of pharmacogenomic testing); inner setting
(features of general practic e); out er setting (features of
government and healthcare sy st ems); charact eristics of
individual (qualities of GPs); and implemen ta tion process
(strat eg ies that may influence implementation). 

3. Results 

3.1. Pa rticipa nts 

Nine participants w er e interview ed . The int erview s last ed
from 35 to 65 min. The mean participant age was 42,
and the mean years of experience as a GP was 17.5.
Participants from metropolitan (major capital cities, such
as Melbourne), reg ional (c ent ers with a population of over

https://www.sonicgenetics.com.au/media/14660/pgx-example-report-2022w2.pdf
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00,000 outside of major capital cities) and remote and
ural locales (less populated areas outside of cities) w er e
ncluded ( Table 1 ). 

.2. Themes presented within the domains of CFIR 

hemes are presented according to the domains of
FIR. Each theme has been sorted into one of the five
omains and then classified as a bar r ier or facilitator of

mplemen ta tion. Figure 1 shows themes mapped onto
FIR domains. 

.3. Int ervention charact eristics 

.3.1. Pharmacogenomic testing is perceived to be 
clinically useful 

ll participants viewed pharmacogenomic testing to
ossess some degree of clinical utility relev an t to their
ractic e. GPs imag ined pot ential time and length reduc-

ions in “the trial-and-err or pr ocess of medications” (M, 33,
 years of experience), as well as an explanation as to why
 particular medication is not effective: 

“Ther e ar e times when you ar e doing everything 
that you think is right and it’s not working 
even when the patient is compliant…it just 
might explain a lot of situations where you are 
just guessing and trying to change from one 
medication to another, not really knowing.” (F, 43, 
15 years of experience) 

edications for tr eating psy chiatric illnesses, such as
n tidepressan ts, were iden tified as particularly useful and
elev an t targets for pharmacogenomic-guided prescrib-
ng. GPs noted pa tien ts “go throu gh a lot of medications
efore they find something that fits” (F, 31, 5 years of expe-
ience) due to inconsistent efficacy, and “patients might
ycle throu gh quit e a few antidepressants” (F, 35, 5 years of
xperience). They addressed the difficulties of trial-and-
rr or pr escribing and the ability of pharmac ogenomics t o
id this: 

“I t’s ac tually quit e traumatic going throu gh a 
trial of medication you don’t react to for men- 
tal health…when you’re suffering with a mental 
health condition. Yeah, I think people are very 
receptive to [pharmaco genomic s].” (F, 57, 33 years 
of experience) 

Ps also saw a means to effectively adjust medication
osage based on genotype, as they could feel confident

n “try[ing] a higher dose…before giving up on that [med-
cation] or moving to another option,” (F, 35, 5 years of
xperience). 
he results of the test allowed them to feel assured in
hese choices. 
“You know it’s got a tick so it’s relatively safe, so 
you could probably push it to high doses.” ( F, 51, 
30 years of experience ) 

Clinicians also saw value in predicting, and subsequently
r educing, adv erse effects, which can be “a big cause of why
people are non-adherent” (F, 43, 15 years of experience).
Being able to communicate this to their pa tien ts w as also
seen as valuable for instilling c onfidenc e in treatment. 

“I can certainly think of instances where y ou’v e had 

patients that are either avoiding taking medica- 
tions because they’re so worried about potential 
side effects or have had negative experiences with 

a certain medication and then are really reluctant 
to try other options, that might be really helpful in 

order to be able to alleviate some anxieties.” (F, 33, 
8 years of experience) 

3.3.2. Financial ac c ess pr events beneficial car e 
All participants raised c onc erns r egar ding the cost of
pharmac ogenomic t esting, as it is currently self-funded
in Australia, except for two MBS items: abacavir and
thiopurines. One GP sta ted, “the cost t o the patient is
going to be really relevant” ( F, 51, 30 years of experience)
and another that “cost is a barrier” (F, 57, 33 years of
experienc e). Many rec og nized the “huge so cio economic
inequalities [faced] in gener al pr actice ” and felt that paying
sev eral hundr ed dollars for a medical test mean t tha t
“even if that information might be valuable, it might be
inac c essible ” (F, 33, 8 years of experience). There was
c onc ern about how some socioeconomic classes may be
affected differently: 

“If y ou’re w orking in more affluent suburbs, we see 
that cost doesn’t mean so much. But I think for 
the general p opulation…p eople would b e more 
hesitant to pay.” (M, 33, 5 years of experience) 

GPs also felt tha t pa tien ts would be deterr ed fr om testing
if it was self-funded, as “when tests…r equir e payment,
patients are generally more hesitant” (M, 33, 5 years of
experience). Some felt that if they w er e able to provide
evidenc e t o justify the clinical use of pharmac ogenomic
testing, pa tien ts would be more willing to pay out-of-
pocket. 

“If you’re going to save twelve months of trial and 

error then I guess a lot of people would be happy to 
pay $200.” (F, 31, 5 years of experience) 

A history of pa tien ts paying out-of-pocket for other tests
suggest ed t o GPs that “if patients can sort of see the benefits
of that then they’re often happy to pay those costs” (F,
33, 8 years of experience). While the fee paid after any
healthcar e r ebates ar e applied caused c onc ern, the long-
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Table 1. Participant demog r aphics. (n = 9). 

Sex 
Male 1 11% 

Female 8 88% 

Age 
25–34 4 44% 

35–44 2 22% 

45–54 1 11% 

55–64 1 11% 

65 + 1 11% 

Years of experience 
0–5 3 33% 

6–10 2 22% 

11–20 1 11% 

21–30 1 11% 

31 + 2 22% 

Pr actic e location 
Metropolitan 6 66% 

Regional 1 11% 

Remote and rural 2 22% 

Factors influencing 
the implementation of 

pharmacogenomic 
testing identified by 

CFIR 

Barriers 

No
pharmacogenomics in

guidelines  

Lack of formal 
pharmacogenomics 

education 

Limited exposure and 
experience 

Lack of clear and 
standardised test 

reports 

Out of pocket costs 

Facilitators  

Positive perceptions 
of clinical utility 

Clinical utility 
established by 

evidence 

Positive exposure and 
peer influences 

Interdisciplinary 
collaboration and 
support resources 

CFIR Domains
Outer setting
Characteristic of individuals 
Intervention characteristic
Inner setting
Implementation Process

Figure 1. Themes mapped onto the five domains of CFIR. 



382 E. EWASIUK ET AL. 

t  

b  

p  

5  

a  

m
 

t  

o  

d  

t  

t  

e  

t  

b

3
G  

r  

v  

h  

p  

3  

“  

h  

o  

s  

r

S  

a  

p  

5  

i  

t  

e  

e

3

3

W  

m  

a

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

erm financial benefits could justify the costs, for example
y “doing this test on a lot of people to save on this one
erson who has to stay in hospital a couple extra days ” (F,
7, 33 years of experience), or for the pa tien ts themselves
s “it w ould sav e time for the patient, and [so] it w ould sav e
oney for the patient” (F, 43, 15 years of experience). 
GPs working in rural locations had c onc erns specific t o

heir pa tien t popula tion. They reflected on the difficulty
f ac c essing specialty c ent ers which can affect pa tien ts’
ecisions, as “rural patients are happier seeing [GPs] or want

o avoid going to a specialist if not necessary due to where
hey’re located and the costs associated” (F, 35, 5 years of
xperience). For all pa tien ts, in rural or metropolitan areas,
hey “have to pay a lot to see private specialists and that’s a
arrier” (F, 57, 33 years of experience). 

.3.3. GPs prefer a tar get ed approach for test results 
Ps w er e pr ompt ed t o g ive feedback on the example

eport as a method for returning results. A c onsist ent
iew r egar ding the r eport w as it w as “t oo distracting t o
ave a whole panel” and a “targeted approach” would be
r eferr ed for incorporation into general practice (F, 51,
0 years of experienc e). Conc ern was shared regarding
the length of the report, 18 pages” as GPs w er e “not sure
ow or when [they would] be able to read [it]” (F, 30, 7 years
f experience). GPs w an ted a report with clarity and
ufficien t informa tion within a manageable amount of
eading. 

“I’d be very reluctant to order that [test] if I’m going 
to get something back like that.” (F, 66, 42 years of 
experience) 
“I haven’t read it in detail but that is definitely not a 
go o d blo ck of text to put in front of a GP, that will 
put them off ordering this test.” (F, 57, 33 years of 
experience) 

implicity was also important for patient comprehension,
s GPs “would be using this information to explain it to
atients, and patients will have a copy of this test” (F,
7, 33 years of e xperience). “Making it more tailored

nformation” (F, 33, 8 years of experience) or “tailoring to
he medications that are commonly used ” (M, 33, 5 years of
xperience) and having a “targeted panel” (F, 33, 8 years of
xperience) w er e all noted as important for GPs. 

.4. Inner setting 

.4.1. Positive exposure & peer influence increase 
uptake 

hile experience with pharmac ogenomic t esting for
any GPs was minimal , exposur e and positiv e peer

nec dot es help to encourage uptake. 
“The more you are exposed to it and somebody you 

know uses it, it’s kind of like how wildfire spreads. I 
think more people would be likely to get on board 

if more people were using it.” (F, 31, 5 years of 
experience) 

Experiencing suc c essful applications of pharmacoge-
nomics could increase future use as well, as “if [phar -
macogenomic testing] was really effective for one patient
then [GPs] may say, look, it’s worth doing earlier” (M, 33,
5 years of experience), and “if [they] knew for example
that one of [their] peers was doing it…and found it really
helpful and really useful then [they] would start to use it”
(F, 30, 7 years of experience). GPs felt hesitant to be
early adopters and instead have been “watching and
waiting to see what others are doing” (F, 57, 33 years of
e xperience). Positive e xperienc es from trust ed sourc es
such as specialists or peers w er e enc ourag ing for GPs t o
try using pharmacogenomic testing in their own practice.

“I guess the more I saw it from trusted resources like 
psychiatrists, the more likely I would be to use it. As 
soon as I realized our psychiatrist uses this with a 
lot of patients I was like, oh okay, well it’s obviously 
worth it, for these patients at least.” (F, 31, 5 years 
of experience) 

GPs “t end t o follow what the people who are specializing in
that area do” as pioneering new technology or methods
“can be a dangerous thing for a GP to do” (F, 51, 30 years
of experience). Younger participants felt that watching
senior clinicians suc c essfully use pharmac ogenomics
would motiv a t e them t o do the same, as “a lot of [their]
practice is really influenced by what some senior colleagues
do” (F, 33, 8 years of experience). 

3.5. Outer setting 

3.5.1. Guidelines & policy influence practice 
GPs discussed how institutional guidelines influenced
their practic e. Rec ommenda tions genera ted by phar-
macogenomic reports often include prescribing doses
outside of usual guidelines, which GPs felt they “would
not be in favour of doing” (M, 33, 5 years of experience).
Prescribing in “high quantities” would cause GPs to be
“thinking twice” (F, 30, 7 years of experience). 

“We’r e not curr ently using these r eports and with 

that then you’re going to be like, ‘well one of them 

could lead to risks around doing these tests, and 

what are the implications for my patients, but also 
for me.’” (F, 30, 7 years of experience) 

GPs stressed the “need [to] have guidelines…around how
we manage all this, not just ordering these tests” (F, 66,
42 years of experience). To address this, GPs saw potential
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n “[int egrating] int o existing guidelines in a way that might
ake…that information more ac c essible” (F, 33, 8 years

f experience). Suggestions w er e also made to create
trongly evidenced guidelines which would be based
pon a “very go o d synthesis of literature [that is] translated

o a really go o d r esour ce” (F, 57, 33 years of experience).
Ps saw guidelines as a “protective sort of blanket” which
rovided “something to lean on if there’s a problem”, which
as a reason why if pharmacogenomics was “built into a

uideline in terms of when to use it then people would be
ore likely to” (M, 33, 5 years of experience). 

“The more automatic or the more embedded it is in 

the technology and how the institution works, then 

it’s easier for people to just use it.” (F, 43, 15 years of 
experience) 

.5.2. Education & upskilling are required prior to use 
egardless of when participants had g raduat ed from
edical school they had “never [enc ountered pharma-

o genomic s] coming through the gener al pr actice curricu-
um” (M, 33, 5 years of experience), as it “hasn’t been
ctively taught in our general practice curriculum” (F, 33,
 years of experience). GPs felt a lack of formal training
educ ed their c onfidenc e in using pharmac ogenomic
esting. 

“It’s something completely outside of what w e’v e 
learned about, what medical students do. It’s not in 

our training, so how do we use it properly?” (F, 57, 
33 years of experience) 

 need for standardized education on pharmacoge-
omics w as highligh ted, as GPs “need t o know what the
enefit is for patients [and] be able to tell them” (F, 30,
 years of experience), and have an “understanding of how

o support a patient once we get the results back” (F, 51,
0 years of experience). Some felt delivery through a for-
al education program, such as “through gener al pr actice

raining to start with” (M, 33, 5 years of exper ience), dur ing
edical school, or through professional development

pportunities, would be helpful for incorporation. 
Others reflected on their pr ior ities in professional

evelopment being “driven by the sort of work [they’re]
oing ”and “often [being] done in the evenings or weekends”

F, 66, 42 years of experienc e). Providing resourc es such
s “shor t messages, shor t letters…p o dcasts, web casts” was
ot ed t o be helpful for self-driven skill development (F, 51,
0 years of experience). 
3.6. Characteristics of individuals 

3.6.1. GPs lack exposure & experience with 

pharmacogenomic testing 

All GPs reflected on their personal experience with
pharmac ogenomic t esting. While all participants had
some theoretical knowledge, most had never had a
clinical enc ount er with pharmac ogenomic t esting before.
Ha ving “nev er or der ed a pharmaco genomic s test for one of
[their] patients” there was a lack of c onfidenc e in knowing
“how [to] do it” (F, 30, 7 years of experience). 

“Definitely knew it was out there and it has been 

sort of thrown around I’m sure for the last ten years, 
but never really in practice.” (F, 51, 30 years of 
experience) 

Several GPs were unaware that pharmacogenomic test-
ing was “available other than as a r esear ch tool” (F, 51,
30 years of experience) and could be used in the clinical
space. 

“I’ve got no clinical experience with using phar- 
maco genomic s at all. I’m not aware of any of my 
colleagues that have used it or are using it either. 
I think I was sort of mor e awar e of it as a kind 

of emerging technology that is in the process of 
development.” (F, 33, 8 years of experience) 

For the few GPs with pa tien ts who had testing, the
only area in which pharmacogenomic testing had been
used w as psychia try. GPs who had encoun tered “phar -
macogenomic testing for complex psychiatric illnesses” in
the clinic had seen results from tests ordered by other
professionals, as “[pharmacogenomic testing] has always
b een sp ecialist driven” (F, 31, 5 years of experience), but
had nev er or der ed a test themselv es. Additionally, some
GPs had pa tien ts ask about pharmac ogenomic t esting,
but felt unable t o proc eed with ordering due to their lack
of experience. 

“Some patients hav e come in inquiring about 
[pharmacogenomic testing] but I don’t think I’ve 
got enough kno wledge, I didn’ t at the time, to know 

well how do we go about it? Where do we send 

you?” (F, 51, 30 years of experience) 

3.7. Implementation process 

3.7.1. Interdisciplinary collaboration & resources are 
needed for support 

GPs w an t ed t o be able t o “ask someb o dy…like a sp ecial
pharmacist” questions r egar ding testing, “especially [for]
using higher than recommended doses” (F, 35, 5 years of
experienc e). New t echnolog ies r equir e “backup support
until [there is] an understanding” (F, 51, 30 years of



384 E. EWASIUK ET AL. 

e  

t  

d  

t  

“  

“  

p  

c  

m

4

T  

i  

p  

l  

t  

t  

t  

p  

s  

c  

f  

u  

a  

t  

f  

s  

t  

s  

c  

i  

h  

a  

l  

l  

o

4

A  

t  

p  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

xperience), and establishing a collaborative healthcare
 eam c ould be beneficial in combining “the expertise of
ifferent kinds of groups of health professionals to support

he patient overall” (F, 33, 8 years of experience). Having
ev ery one inv olv ed in a patient’s care” was seen to be
always beneficial” (F, 31, 5 years of experience). Other
otential healthcare professionals for clinical pharma-
 ogenomics c ollaboration included psychiatrists, phar-
acists and genetic counsellors. 

“[A pharmacogenomic testing report] might have 
some numbers to contact which would open the 
door to some genetic counsellors of pharmacists.”
(F, 51, 30 years of experience) 
“If pharmacists were included [to] work out the 
best way to present results and they are inv olv ed 

in considering alternatives…or this is unavailable 
in Australia why is it in the report…that would be 
useful.” (F, 57, 33 years of experience) 

. Discussion 

his study is the first to explore Australian GPs views on
mplemen ta tion of pharmacogenomic testing in general
ractice. We found that although current uptake was

imit ed due t o various reasons, the Australian GPs who
ook part in this study shared positive perceptions of
he potential clinical applications of pharmacogenomic
esting. How ev er, bar r iers exist that must be addressed
rior t o inc orporation, including a lack of education,
tandardized test reports and national guidelines for
linical use, as well as financial inac c essibility . Conversely ,
acilitators of implementation included per ceiv ed clinical
tility, positiv e exposur e and collaboration with peers,
llied health professionals and specialists. Viewing data
hrough the lens of CFIR allowed for iden tifica tion of
actors that hinder or facilitate implementation. While
tudies on the implemen ta tion of pharmacogenomic
esting have been conducted in other countries, under-
tanding factors that pertain to Australia’s unique health-
are sy st em is essen tial in facilita ting suc c essful national

mplemen ta tion. With a combined public and priv a te
ealthcare sy st em that strives t o provide ac c ess t o all,
s well as a diverse geographical and socioeconomic

andscape , the A ustralian healthcare faces unique chal-
enges that must be understood prior to implemen ta tion
f pharmacogenomic testing. 

.1. Barriers to implementation of 
pha rmaco genomic testing in general practice 

 bar r ier to implemen ta tion found in this r esear ch is
hat the GPs in this study had little experience of
harmac ogenomic t esting in gener al pr actice. A lack
of exposure to pharmacogenomics has been echoed in
other r esear ch, such as a qualitativ e study c onduct ed in
Quebec, Canada, which found that while most GPs had a
general idea of theor etical pharmacogenomics, v ery little
had any clinical experience [ 12 ]. In the United Kingdom,
one study found that many GPs had nev er ev en hear d
of the term pharmacogenomics befor e [ 13 ]. Furthermor e,
GPs consider their lack of experience to be a cause for
anxiety when an ticipa ting an incoming ‘tidal wave’ of
pa tien ts w an ting pharmac ogenomic t esting [ 27 ]. 

Our study found tha t hesita tion to use pharmacoge-
nomic testing also appears to be in part due to a
lack of formal education. While a recent analysis of
w orldwide health pr ogr ams, including some in Austr alia,
found that pharmacogenomics education was being
inc orporat ed int o most medical, pharmacy and nursing
school programs, the participants of our study, all of
whom had g raduat ed at least 5 y ears prior, r eported
no official education on the subject; indicating that
incorporation may have been very recent [ 28 ]. Increasing
general genetics education for GPs in terna tionally has
been highlighted as necessary to keep current with the
pr ogr ession of genetics in primary care [ 29 ]. 

A lack of clear and standardized reports was another
identified bar r ier to implemen ta tion. To standardize clin-
ical use of pharmacogenomic testing, a report delivery
sy st em that is c oncise, clear, c onsist ent and translatable
between the labor atory, pr actitioners and patients is
needed. When assessing the sample pharmacogenomic
testing report currently being used by a private labo-
r atory in Austr alia, GPs felt unsure of how t o translat e
information to their patients and reluctant or unable
to read the full report due to the excessive length
and amount of information. Another Australian study
found that pharmacogenomics reports need to be ‘user
friendly’, as GPs often do not have extensive training
on the background and delivery [ 11 ]. An alternative
method for delivery could be incorporation of a clinical
decision support sy st em with int eg rat ed report data into
an already existing electronic medical rec ord sy st em that
GPs use. Such a sy st em has been trialled in r esear ch with
some suc c ess in Canada, a country with a healthcare
sy st em that is similar to Australia’s [ 30 ]. The Genomic
Prescribing Sy st em, an int eractive online sy st em for
physicians, has been shown to be useful in the USA, while
other studies note that clinical decision tools are effective
for prescribing [ 31–33 ]. 

For implemen ta tion of pharmac ogenomic t esting on
a national lev el , c ost t o pa tien ts and ac c essibility must
be consider ed . GPs who serv e rural populations had
particular c onc erns about the cost and time it takes to
ac c ess t ests. Regardless of practic e loca tion or pa tien t
demog raphics, GPs reit erat ed that financial ac c ess would
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e a significant bar r ier for their pa tien ts. In Australia, apart
rom genetic testing for cancer trea tmen t, there are only
wo pharmacogenomic testing related items on the Medi-
are Benefits Schedule (MBS): abacavir hypersensitivity
item 73323) and thiopurines dosing (item 73327). All
ther testing is self-funded, and a full panel, such as the
onic Genetics example, would cost approximately $200
UD. Pr ohibitiv e out of pocket costs may deter pa tien ts

rom ac c essing the benefits of pharmac ogenomic t esting.
n addition, GPs noted that financial bar r iers may be
articularly challenging for those of a lower socioeco-
omic class. While the Australian universal healthcare
y st em aims to provide accessible healthcare to all people
 egar dless of socioeconomic status, a 2020 study by
ulok et al. found there to be a pro-rich bias in ac c essing
ener al pr actice [ 34 ]. Addressing financial bar r iers in
harmac ogenomic t esting is essential in pr ev enting a gap

n healthcare ac c essibility from dividing further. 
GPs lacking ac c ess t o any na tional guidelines w as

dentified as another bar r ier to implemen ta tion, as
rust ed clinical guidanc e is essential for GPs. Australian
ener al pr actice guidelines that describe how or when
har macogenomic prescr ibing should be used do not
et e xist . In terna tional groups such as the Clinical
harmacogenetics Implemen ta tion Consortium and the
ut ch Pharmac ogenetic Working Gr oup hav e published
xtensiv e w ork assigning lev els of actionability to drug-
ene interactions based on current evidence [ 35 ]. The
harmacogenomics Knowledge Base (PharmGKB.org) is
nother r esour ce which pr esen ts cura ted informa tion
n gene-drug pairs with recommended guidelines for
linical use. These may be a useful starting point for
linicians seeking r ecommendations; how ev er, factors
uch as drug availability and v arian t frequencies will
iffer between countries, so creating Australia specific

ecommendations is essential. As identified in this study
s well as others, c onsist ent and relev an t guidelines that
re endorsed and disseminated by Australian organiza-
ions such as the Royal Australian College of General
r actitioners, or incorpor a ting informa tion in to pla tforms
uch as Therapeutic Guidelines , a c onsolidat ed t ool for
ocal Australian medical practic e, c ould help Australian
Ps confidently use pharmacogenomic testing [ 11 ]. 

.2. Fac ilita tors of implementation of 
pha rmaco genomic testing in general practice 

 facilitator of implementation that GPs in our study high-
igh ted w as positive exper iences of phar macogenomics
esting and recommendations from peers, especially
hose with seniority or specialization. For example, some
sy chiatrists hav e implement ed pharmac ogenomic t est-

ng for an tidepressan t prescribing, a drug ca tegory
whose application is supported by strong evidence from
clinical trials [ 9 , 36 ]. Increasing GP exposure to experi-
enced specialists using pharmacogenomic testing, such
as psychiatrists, may be a way to encourage preliminary
uptake. Continued support, such as ac c ess t o a hotline
or expert for questions would make introducing pharma-
c ogenomic t esting int o clinical practic e more appealing
for GPs . C ollaboration with other healthcare practitioners,
such as genetic counsellors, may provide an avenue
for support and expertise. Distributing responsibilities
among healthcare practitioners has been shown to result
in increasing the number of pa tien ts seen, improving
r esour ce management and reducing inappropriate test-
ing [ 36–38 ]. 

Whether or not GPs in this study had practical experi-
ence with pharmacogenomic testing, it was per ceiv ed to
have clinical utility and relev an t applica tions t o practic e,
despite GPs being unfamiliar with actual existing clinical
evidence. Other healthcare professionals, such as phar-
macists and genetic counsellors, also per ceiv e pharma-
c ogenomic t esting t o be of value [ 39 , 40 ]. Evidenc e of clin-
ical utility has been established with some medications,
such as warfarin and abacavir and various psychiatric
drugs [ 41–43 ]. How ev er, a 2017 r eview by Klein et al.
suggested that a lack of RCTs proving clinical utility has
caused healthcar e pr oviders to be r eluctant of uptake,
and other literature examining implemen ta tion of phar-
macogenomics has echoed this sen timen t [ 12 , 14 , 41 ].
Per ceiv ed utility by interested partners, in this case GPs,
can assist in determining the value of testing where
lar ge RCTs ma y not ha v e y et been c onduct ed, which
is the current state for some gene-drug pairings [ 44–
46 ]. Continuing to expand the body of evidence with
gold-standard RCTs for drug-specific clinical utility, then
effectively disseminating this information to GPs, will
encourage uptake. 

4.3. Recommendations 

Based on the bar r iers and facilita tors iden tified through
analysis with CFIR, there are several actions we would
recommend for successful implemen ta tion of pharma-
c ogenomic t esting in Australia. To address the lack of
education on the principles and uses of pharmacoge-
nomic testing, we suggest that pharmacogenomics is
inc orporat ed int o formal Australian medical education,
and ac c essible pr ofessional dev elopment r esour ces ar e
provided for already g raduat ed GP s. Additionally, GP s
are hesitant to adopt t echnolog ies that are not used
by peers, as they cannot ac c ess support when needed.
We recommend establishing accessible experts for early
adopters, incr easing exposur e betw een disciplines and
increasing collaboration with specialists to expose GPs
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 o clinical pharmac ogenomics use. Continuing r esear ch
f clinical utility for more gene-drug interactions is also

nt eg ral , so w e r ec ommend c onducting more RCTs and
isseminating results to GPs in Australia. 

In this study, we found that result delivery can affect
Ps willingness to use tests. Ther efor e, a clear, concise
nd c onsist ent report for pharmac ogenomic t esting
hould be developed that is comprehensible for GPs and
a tien ts. Da ta can be inc orporat ed int o a clinical decision-
aking tool that already exists in electronic medical sys-

ems for ease of access. A lack of Australian guidelines was
lso deter r ing GPs from using pharmac ogenomic t esting,
o w e r ecommend dev elopmen t of formal na tional
uidelines on clinical use of pharmacogenomic testing
ithin Australia with instructions for how and when to
se testing. Finally, out-of-pocket costs create financial
ar r iers t o t est ac c ess when there may be pa tien t and
ealthcare sy st em c ost benefits. Financial ac c essibility
an be impr ov ed upon by lobbying the government for
or e Medicar e r ebat es linked t o pharmac ogenomic t ests
ith pr ov en clinical utility. 

.4. Strengths & limitations of the study 

lthough purposive sampling was used to include par-
icipants with diverse characteristics, there was some
kewing of categories, which may limit tr ansfer ability. For
xample, only one out of nine participants interviewed

dentified as male. How ev er, the distribution of partici-
ants acr oss rural , r egional and metr opolitan locations
ithin Australia was balanc ed, g iving a diverse range of
eog raphical view s within the stat e. A bias ma y ha ve
xist ed t owar d positiv e viewpoints on pharmacogenomic
esting, as it is possible GPs who would take part in this
tudy did so because of an already established interest in
he subject. 

In-depth, semi-structured int erview s allowed for
nfor mation-r ich, insightful exploration, giv en the curr ent
earth of Australian evidence. Futur e r esear ch w ould
e well placed to explore the generalizability of our
ndings to Australian general practice mor e br oadly.

ncorporation of CFIR into our analysis allowed for
ecommenda tion genera tion based on the perspectives
f GPs who are key in primary care. Using CFIR also
llowed for the iden tifica tion of high-pr ior ity factors

nfluencing implemen ta tion, ther eby pr oviding a
ompr ehensiv e ov erview of bar r iers and facilitators
f implemen ta tion. 

. Conclusion 

his study examined the implemen ta tion of pharmacoge-
omic testing in primary care through the perceptions
f Australian GPs. We sought to explore participants’
curr ent lev els of exper ience with phar macogenomic
testing, which was found to be preliminary or theoretical
only. While participating GPs possessed some knowledge
r egar ding pharmacogenomics, their formal education on
the subject was minimal and upskilling was individually
dr iven. D espit e limit ed int eractions, the GPs who t ook
part in this study had positive views surrounding the per-
ceived clinical utility of pharmacogenomic testing in their
practice. Based on the identified factors that influence
implemen ta tion, w e hav e generated recommendations
for Austr alian gener al pr actice including increasing for-
mal education, peer support, exposure and clinical trials;
as well as developing standardized reports and national
guidelines, and improving financial ac c essibility. 

Article highlights 

• Pharmacogenomic testing provides an opportunity to tailor drug 
prescriptions to individuals, which can possibly increase adherence 
and reduce adverse effects, time to suc c essful trea tment and costs. 

• Understanding the implementation of pharmacogenomic testing 
in general practice is important as GPs are often the first contact 
patients will have in the medical care system, and are also the 
healthcar e pr ofessionals who ar e pr escribing medication. 

• This study used exploratory interviews with GPs to understand 
their perceptions of pharmacogenomic testing, including 
per ceiv ed barriers and facilitators to implementation. 

• Themes w er e generated thr ough analysis and consider ed under 
the five domains of the Consolidated Framework for 
Implementation Research. 

• While perceptions surrounding pharmacogenomics were positive, 
current use by GPs was low. 

• Barriers to implementation included lack of knowledge, education, 
standardized pharmacogenomic reports and national clinical 
guidelines and financial inac c essibility. Facilita tors included 
positiv e exposur e to pharmac ogenomics, peer influenc es, 
interdisciplinary c ollabora tion and pr ov en clinical utility. 

• Rec ommenda tions for implementation w er e generated , including 
building and disseminating clinical evidence, developing national 
guidelines, inc orpora tion into formal educa tion, establishing 
ac c essible experts and improving financial ac c essibility. 
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