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Physicians’ attitudes toward
pharmacogenetic testing before and after
pharmacogenetic education

Aim: Our aim was to evaluate physicians’ attitudes toward pharmacogenetic testing
before and after pharmacogenetic education. Methods: In total, 12 physicians
(~40% response rate) completed a survey with eight questions on 10-point
scales on their attitudes toward pharmacogenetic testing before and after a 1-h
grand rounds presentation on pharmacogenetics. Differences in question scores
overall, among training levels (resident/fellow/attending), and specific drugs
(clopidogrel/simvastatin/warfarin) were assessed using Wilcoxon signed-rank and
exact Kruskal-Wallis tests. Results & conclusion: The scores for all eight questions
increased, with statistically significant (p < 0.05) increases for four out of eight
questions. The scores were similar among training levels, but the postscores for
clopidogrel were significantly higher than for simvastatin and warfarin. In conclusion,
brief pharmacogenetic education can significantly affect physicians’ attitudes toward
pharmacogenetic testing.
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Pharmacogenetics is the area of personalized
medicine in which a patient’s genetic infor-
mation is used to guide their drug therapy,
and it can potentially decrease patients’ risk
for adverse drug effects (1] and drug inef-
fectiveness [2]. Despite the publication of
numerous pharmacogenetic US FDA rec-
ommendations (3] and clinical guidelines [4],
pharmacogenetic testing is not frequently
used by physicians. In a 2008 nationwide
survey of US physicians, only 12.9% had
ordered a pharmacogenetic test within the
past 6 months [s5]. Positive physician atti-
tudes toward pharmacogenetic testing are
necessary if pharmacogenetic testing is to
become a part of healthcare, but currently
physicians’ attitudes toward pharmacogenet-
ics vary [5-15]. In a 2012-2013 survey of 101
internal medicine physicians, 47% did not
know or thought that it was mostly false that

genotype data are useful for making prescrib-
ing decisions [8]. In interviews of 60 primary
care physicians performed in 1998, the lead-
ing barrier to the clinical implementation of
genetic testing was their ‘uncertainty of the
clinical utility’ 15].

Varying physician attitudes toward phar-
macogenetic testing could stem from mul-
tiple variables. One potential variable is dif-
fering levels of pharmacogenetic education.
Indeed, only 29% of physicians in 2008
reported receiving any pharmacogenetic edu-
cation [5]. Another potential variable is the
limited availability of randomized controlled
trials clearly demonstrating the clinical util-
ity of pharmacogenetic testing. Warfarin is
one of the few examples where pharmaco-
genetic testing was evaluated in random-
ized controlled trials [1617], but these trials’
results are mixed. Another potential variable
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leading to differing physician attitudes toward phar-
macogenetic testing could be inconsistencies between
pharmacogenetic clinical guidelines and recommen-
dations. For example, the FDA [18], the American
Heart Association/American College of Cardiology
(AHA/ACC) (191, and the Clinical Pharmacogenetics
Implementation Consortium (CPIC) [2] each have dif-
ferent recommendations regarding the interpretation
of pharmacogenetic testing for clopidogrel.

Many cross-sectional studies have described physi-
cians’ attitudes toward pharmacogenetic testing [5-15],
but to our knowledge, no studies have assessed whether
pharmacogenetic education can change their attitudes.
Even when physicians are educated on current pharma-
cogenetic data, they may still perceive pharmacogenet-
ics as having uncertain clinical utility, due to the lack
of randomized controlled trials and inconsistent clini-
cal guidelines. Therefore, the goal of this study was
to determine whether pharmacogenetic education can
change physicians’ attitudes toward pharmacogenetic
testing.

Methods

Subjects

A convenience sample of physicians, attending a Car-
diology Grand Rounds continuing medical education
session at the Ohio State University Wexner Medical
Center in March 2015, was asked to participate in this
survey study. The surveys were placed on a table next
to the sign-in sheet for continuing education credit at
the doorway to the seminar, and it was left to the physi-
cians’ discretion to take a survey into the seminar and
complete it. No incentives were given for survey par-
ticipation. Survey participants gave verbal informed
consent before the seminar was started. This study was
determined to be exempted from institutional review
board review by the institutional review board at the
Ohio State University.

Pharmacogenetic education

The grand rounds presentation was taught by a licensed
pharmacist with additional PhD and postdoctoral
training in pharmacogenetics. Clopidogrel, simvastatin
and warfarin were chosen as examples because they
were deemed to be the most pertinent to the attend-
ees’ scope of practice. Moreover, clopidogrel, simvas-
tatin and warfarin are the only cardiovascular drugs
with clinical recommendations by CPIC for the inter-
pretation of test results [1.2.20]. The presentation was
45 min in length with an additional 15 min available
for questions. The outline for the presentation is dis-
played in Box 1 and consisted of the following sections:
an introduction to pharmacogenetics; a patient case;
cardiovascular pharmacogenetic examples; practical

considerations of testing; revisiting the patient case;
future directions of cardiovascular pharmacogenetics
and a summarization. The introduction contained five
trivia questions based on direct-to-consumer pharma-
cogenetic testing, advertisement of pharmacogenetics
in the media, and the FDA Table of Pharmacogenomic
Biomarkers in Drug Labeling [3]. The introduction also
defined pharmacogenetics and reviewed pharmacoge-
netic nomenclature (e.g., SNP, genotype, diplotype,
carrier, among others). The patient case, based on a real-
life patient (Box 2), included two questions for reflec-
tion: “How would you interpret this genetic data?” and
“How would it affect your clinical decision making?”
The pharmacogenetic examples included the genetic
mechanism, clinical evidence, clinical context and cur-
rent clinical recommendations for clopidogrel, simv-
astatin and warfarin. The clinical evidence was based
on primary literature identified from PubMed and The
Pharmacogenomics Knowledge Base [21]. The clinical
context compared the effects of genetic polymorphisms
on each of the three drugs to the effects of other fac-
tors that are already considered in drug therapy, such as
drug—drug and food—drug interactions. The review of
clinical recommendations came from pharmacogenetic
recommendations and test interpretation from the
FDA (3], CPIC [1.2,20 and AHA/ACC [19], where appli-
cable. This review also described incongruities between
these organizations’ recommendations for clopidogrel,
simvastatin and warfarin. The practical considerations
for pharmacogenetic testing included specific examples
characterizing its accessibility, affordability and time-
liness with respect to both institutional and national
options. The audience again considered the patient case
using the concepts presented during presentation. The
future directions of cardiovascular pharmacogenetics
introduced B-blocker efficacy in heart failure [22.23],
and the seminar concluded with a summary of all of
the information presented.

Survey

Physicians’ attitudes toward pharmacogenetic testing
were assessed with eight questions in four domains
(Figure 1). Domain 1 was the perceived importance
of gene-drug interactions relative to drug—drug inter-
actions (question #1). Domain 2 was the perceived
risk/benefit profile of pharmacogenetic testing (ques-
tion #2). Domain 3 was the likelihood of using phar-
macogenetic test results to inform clinical decisions
when patient genotypes are already available (ques-
tions #3-5). Domain 4 was the likelihood of recom-
mending pharmacogenetic testing when patient geno-
types were not already available (questions #6-8),
barring commonly perceived barriers (e.g., availability,
affordability, and timeliness [s-15]). The rationale for
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domain 1 is based on the current debate over the levels
of evidence required for the clinical implementation of
pharmacogenetics [24-27]. The rationale for domain 2
is based on the decision to weigh the risk/benefit pro-
file prior to pharmacogenetic testing, which physicians
must weigh prior to any type of clinical testing. The
rationale for domain 3 is based on the recent popular-
ity of direct-to-consumer genetic testing [28], and thus
some patients may already have genetic test results
available when they see their physician. The rationale
for domain 4 was to determine whether the physicians
would recommend pharmacogenetic testing in the
absence of already available test results and potential
barriers, such as availability, affordability and timeli-
ness. Domains 3 and 4 were separated by the three
drugs presented (clopidogrel, simvastatin and warfa-
rin) to determine whether their attitudes differed by
drug. We asked the physicians to complete the same
survey immediately before and after the grand rounds
presentation. On the first survey, we were interested
to determine whether attitudes varied by training
level because of the specialized nature of pharmacoge-
nomics and asked for respondents’ clinical position
(e.g., resident, fellow or attending). Questions #1 and
2 were structured as a spectrum with one of two vari-
ables on each end of the spectrum. The participants
were asked to place a mark along the spectrum, indi-
cating how they value the relative importance of the
two factors. The spectrum response style was chosen
for questions #1 and 2 because the participants were
asked to weigh the relative importance of two factors
(question #1: gene—drug vs drug—drug interactions
and question #2: risks vs benefits of pharmacogenetic
testing). The remaining questions (#3—8) were struc-
tured as 10-point scales, with 0 meaning ‘not at all’
and 10 meaning ‘definitely’.

Box 1. Outline of 1-h grand rounds presentation

on pharmacogenetics.

¢ Introduction to PGx
- Trivia
- Concept
- Nomenclature
e Patient case
e Cardiovascular PGx examples: clopidogrel,
simvastatin and warfarin:
- Genetic mechanism
- Clinical evidence
- Clinical context
- Clinical recommendations
e Practical considerations of PGx testing:
- Availability, affordability and timeliness
- Benefits and risks
e Patient case
e Future direction of cardiovascular PGx: B-blocker
efficacy in heart failure
e Summary

PGx: Pharmacogenetics

Statistical analysis

The scores for the spectrum-response questions #1
and 2 were scaled to 10 so that the values were directly
comparable to the rest of the questions on 10-point
scales. The scores for questions #1 and 2 were col-
lected by measuring the distance of their mark on the
spectrum to the right side of the spectrum. The total
length of the spectrum was 11.6 c¢m, and thus the
score was scaled to 10 with the following scaling fac-
tor: (measured distance in centimeters)*(10/11.6).
The scores for all survey questions were summarized
by the median + quartiles. Changes in scores (post-
presentation minus pre-presentation) for each ques-
tion were assessed using Wilcoxon signed-rank tests.
Differences in pre-presentation, post-presentation

Box 2. Patient case, based on a real patient, presented during grand rounds presentation.

warfarin 6 mg g.d.

does this mean Doc?”

e CC:CRis a 62 yo WM that presents to your cardiology clinic today for hospital discharge f/u

HPI: 3 weeks ago CR presented to the ED with STEMI. He was loaded with 600 mg clopidogrel and sent
emergently to the cath lab, where in stent thrombosis in the LAD was discovered. Angioplasty restored flow
PMH: CAD (s/p DES to LAD in December 2014), afib, HTN and HL

Meds: Aspirin 81 mg g.d., clopidogrel 75 mg q.d., simvastatin 40 mg g.d., metoprolol XL 50 mg q.d. and

CR bought his own genetic testing. He ‘Googled’ that these genes can affect his medications. He asks, “What

CYP2C19 SLCO1B1
*1/*2 rs4149056
Ccc

CYP2C9 VKORC1
*1/*2 -1639G>A
GG

Yo: Year-old.

Afib: Atrial fibrilation; CC: Chief complaint; CAD: Coronary artery disease; DES: Drug-eluting stent; ED: Emergency department;
f/u: Follow-up; HPI: History of present illness; HL: Hyperlipidemia; HTN: Hypertension; LAD: Left anterior descending; Meds: Medications;
PMH: Past medical history; g.d.: Every day; STEMI: ST-segment-elevated myocardial infarction; s/p: Status post; WM: White male;
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1) Please place a mark along the spectrum indicating how much you value the importance of...

Gene—drug
interactions

Drug—drug
interactions

2) Please place a mark along the spectrum indicating how you estimate the risk/benefit profile of

pharmacogenetic testing in general...

Benefits

Risks

If a patient already had pharmacogenetic test results available, how likely are you to use that pharmacogenetic

information in your clinical decision making for...

3) Clopidogrel?
0 1 2 3 4 5
Not at all

4) Simvastatin?

0 1 2 3 4 5
Not at all

5) Warfarin?

0 1 2 3 4 5
Not at all

6 7 8 9 10
Definitely
6 7 8 9 10
Definitely
6 7 8 ) 10
Definitely

If the following pharmacogenetic tests were available, affordable, and timely, how likely are you to

recommend pharmacogenetic testing to a patient for...

6) Clopidogrel?
0 1 2 8 4 5
Not at all

7) Simvastatin?

0 1 2 3 4 5
Not at all

8) Warfarin?

0 1 2 3 4 5
Not at all

Figure 1. Pre- and post-presentation survey.

and changes in scores among the different train-
ing levels (resident/fellow/attending) and differ-
ent drugs (clopidogrel/simvastatin/warfarin) were
assessed using exact Kruskal-Wallis tests. All statis-
tical analyses were performed using SAS version 9.3
(NC, USA), and p < 0.05 was considered statistically

significant.

6 7 8 9 10
Definitely
6 7 8 9 10
Definitely
6 7 8 9 10
Definitely

Results

A total of 12 physicians (two residents, six fellows
and four attendings) completed the eight-question
survey on their attitudes toward pharmacogenetic
testing before and after the grand rounds presenta-
tion on pharmacogenetics. The total number of phy-
sicians attending the grand rounds presentation was
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not officially counted, but we estimated that approx-
imately 30 physicians attended, yielding an approxi-
mate 40% response rate. Despite the small sample
size (n = 12), the change in score (post-presentation
minus pre-presentation) was statistically significant
for four out of eight questions (Figure 2). The over-
all median pre-presentation and post-presentation
scores + quartiles for all eight questions was 6 + 3
and 8 + 2, respectively, yielding an overall change
in scores of +2 (Figure 3; p = 0.012). The changes in
scores were similar for all training levels (resident vs
fellow vs attending) for seven out of eight questions
(p > 0.05). The change in score for question #5 (“If
a patient already had pharmacogenetic test results
available, how likely are you to use that pharmaco-
genetic information in your clinical decision mak-
ing for warfarin?”) significantly differed by training
level (p = 0.022 for resident vs fellow vs attending;
Figure 4). The change in score for question #5 was
similar for the attendings and fellows (p > 0.05), but
the change in score was significantly larger for the
residents (+2.5) than for the fellows (-0.5; p = 0.036;
Figure 4). For the two sets of drug-specific questions
(questions #3—5 and #6-8), only clopidogrel had
a statistically significant change in score for both
questions (question #3: p = 0.001; question #6:
p = 0.006). Warfarin only had a statistically signifi-
cant change in one out of two drug-specific questions
(question #8: p = 0.043), and neither drug-specific
question score for simvastatin significantly changed
(questions #4 and 7 p > 0.05).

With respect to the absolute values of the pre- and
post-presentation scores, and not the changes in scores,
the pre- and postpresentation scores for all of the ques-
tions were similar for all training levels (resident vs fel-
low vs attending; p > 0.05) and all three drugs (clop-
idogrel vs simvastatin vs warfarin; p > 0.05), except
for one question. The post-presentation scores signifi-
cantly differed by drug for the following question: “If a
patient already had pharmacogenetic test results avail-
able, how likely are you to use that pharmacogenetic
information in your clinical decision making for...”
(clopidogrel vs simvastatin vs warfarin; p = 0.014). The
post-presentation score for this question for clopidogrel
was 9.5 out of 10, which was significantly higher than
for simvastatin (8 out of 10; p = 0.036 vs clopidogrel)
and warfarin (7 out of 10; p = 0.006 vs clopidogrel).

Discussion

Physicians’ perception of the clinical utility of pharma-
cogenetics is necessary for pharmacogenetics to become
a part of healthcare. Even when physicians are educated
on current pharmacogenetic data, they may still per-
ceive pharmacogenetics as having uncertain clinical

utility due to the lack of randomized controlled trials
and inconsistent clinical guidelines. However, in this
small survey study, we demonstrated that as little as 1 h
of pharmacogenetic education can significantly change
physicians’ attitudes toward pharmacogenetic testing
for clopidogrel and partially for warfarin. Therefore,
this study suggests that physicians’ attitudes toward
pharmacogenetics can significantly change with a brief
amount of pharmacogenetic education and despite
the lack of randomized controlled trial data and con-
sistent clinical guidelines. Moreover, attitude changes
were drug specific. They were partially responsive
for warfarin and not responsive for simvastatin. This
deserves further inquiry, but we speculate a multivari-
ate causality due to declining prevalence of simvastatin
in current clinical practice, inconsistent clinical prac-
tice guidelines, and/or variable quality of the current
evidence.

Despite the small sample size, the scores for all
eight survey questions increased with statistically
significant increases for four out of eight survey ques-
tions. Regardless of training level (resident vs fellow
vs attending), physicians’ atticudes toward pharma-
cogenetics were mostly similar. The only instance
where their attitudes significantly differed by train-
ing level was in regard to clinical decision-making
for warfarin when the patient’s pharmacogenetic test
results were already available; the residents’ attitudes
significantly changed more with education than
the fellows. Physicians’ attitudes also differed for
the three drugs presented, with significantly higher
(near maximum) scores for clopidogrel, compared
with simvastatin and warfarin. We believe that these
differing responses by drug are not due to differ-
ences in the pharmacogenetic education (the same
topics were covered for each drug), but it could be
due to the quality of available evidence and prescrib-
ing preferences. For example, although the survey
did not have a free-form response option, one physi-
cian wrote on their survey, “Do not use simvastatin
much anymore.” Moreover, at the study site, warfa-
rin therapy is largely managed by pharmacists in an
anticoagulation specialty clinic.

The attitudes toward pharmacogenetics of this
small group of physicians significantly changed
despite the lack of randomized controlled trial data
and consistent clinical guidelines (which were pre-
sented in the grand rounds), suggesting that phar-
macogenetic education can still play a role in the
absence of those factors. These results do not suggest
that randomized controlled trials and consistent clin-
ical guidelines are not important. Perhaps physicians
are willing to accept levels of evidence for pharma-
cogenetics similar to other clinical factors that lack
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Gene-drug  Benefits vs Clopidogrel Simvastatin ~ Warfarin  Clopidogrel Simvastatin ~ Warfarin

vs drug—drug risks of
interactions  pharmacogenetic

testing N

J N J

~

~

Would recommend

Would use : MM

test results testing to patient if test

if available results not available
Question #

Figure 2. Median (xquartiles) survey question scores before and after the grand rounds presentation on

pharmacogenetics (n = 12 physicians).

*Statistically significant difference in pre- and post-presentation scores via Wilcoxon signed-rank test (p < 0.05).

randomized controlled trials or consistent clinical
guidelines but yet influence therapy decisions. For
example, drug—drug and drug—food interactions also
lack randomized controlled trials and consistent clin-
ical guidelines, but physicians may perceive them as
important nonetheless. As with every clinical inter-
vention, appropriate use is an important goal in an
efficient and effective health system, and for topics
with varying amounts of evidence like pharmacoge-
netics, an informed discussion between patients and
providers is paramount. However, informed discus-
sions on pharmacogenetic testing may be limited by

the pervasive gaps in education on pharmacogenetics
in our current clinical workforce [5.29]. More com-
prehensive pharmacogenetic education than could
feasibly be achieved in this study will be necessary
to fill the current gaps in clinical pharmacogenetic
education. Due to the time constraint (only 1 h) and
the audience (cardiovascular), we had to be selective
in the number (only three) and types (only cardio-
vascular) of pharmacogenetic examples that could be
presented.

Others have researched pharmacogenetic educa-
tion [3031] and set pharmacogenetic educational stan-
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dards [3233], but to our knowledge, only a single previ-
ous study has assessed the effect of pharmacogenetic
education on the clinical utility of pharmacogenetic
testing [34]. Specifically, as part of the investigation
by Owusu-Obeng et al. at the University of Florida
Health Personalized Medicine Program, the CYP2C19
testing rate for clopidogrel in 2012 was 63% in the
initial months of implementation and then 98% by
the end of 1 year [34]. Owusu-Obeng ez a/. perceived
that the effective implementation of CYP2CI9 test-
ing was largely due to the educational efforts led by
a pharmacist, who ‘led clinician group discussions,
participated in patient care activities in targeted clin-
ical services, conducted professional seminars and
in-services, and created written patient and provider
educational materials’ 34]. Although highly effec-
tive, such intensive educational efforts are currently
not scalable to the thousands of currently practicing
physicians with limited pharmacogenetic education.
Our approach demonstrated that a single 1-h phar-
macogenetic seminar, conducted by a pharmacist
during an existing education time (grand rounds
continuing medical education), can still effectively
change physicians’ attitudes. However, the difference
in educational intensity between our study and the
study by Owusu-Obeng ez al. probably reflects the
educational intensity required to change action, and
not just attitudes.

As with any survey study, selection bias, response
bias and internal reliability are potential limitations.
Our study used a small sample size from a single, aca-
demic site, which may limit its generalizability, and
it may be underpowered to detect differences in atti-
tudes between training levels. Additionally, demo-
graphic data, such as the age and gender of the survey
participants, was not collected. Cardiology Grand
Rounds was the venue for this educational presen-
tation, and thus it may not be applicable to other
practice specialties. The grand rounds presentation
was taught by a licensed pharmacist with additional
PhD and postdoctoral training in pharmacogenetics;
therefore, it is unknown whether pharmacogenetic
education would be as effective if taught by instruc-
tors with other training backgrounds. Our survey
only assessed physicians’ attitudes toward pharma-
cogenetics and not actual clinical implementation
of testing or long-term effects on their attitudes.
Without this information, we are unable to infer the
clinical significance from the magnitude of attitude
changes we observed.

Conclusion
A 1-h Grand Rounds presentation on pharmacoge-
netics significantly changed the attitudes of a small

i)
I i

Survey guestion scare
et (o SR ¥ S S o NSS4 ) St A L
i I

— Irdrdid pheyzicans
- - Wadian overall

Lo

1 1
Fre-sirpany Fral-surany
Figure 3. Individual physician (n = 12) pre- and
post-survey question scores (solid lines) with the

overall median pre- and post-survey question score
(dashed line; p = 0.012).

group of physicians toward pharmacogenetic testing.
Physicians™ attitudes were mostly similar regardless
of training level (resident, fellow or attending), but
their attitudes significantly changed more for clopi-
dogrel than for simvastatin or warfarin. After this
proof-of-concept intervention, we intend to expand it
to a larger sample size in order to better characterize
physicians’ attitudes toward pharmacogenetic testing
within cardiology.
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Executive summary

Background
attitudes toward pharmacogenetic testing vary.

pharmacogenetic education.
Methods

Results

Conclusion

physicians toward pharmacogenetic testing.

e Despite the publication of numerous pharmacogenetic clinical guidelines and recommendations, physicians’

e Our goal was to evaluate physicians’ attitudes toward pharmacogenetic testing before and after

e Physicians were surveyed with eight questions on their attitudes toward pharmacogenetic testing before and
after a 1-h grand rounds presentation on pharmacogenetics.

e Differences in survey scores overall, among training levels (resident/fellow/attending), and specific drugs
(clopidogrel/simvastatin/warfarin) were assessed using Wilcoxon signed-rank and exact Kruskal-Wallis tests.

e In total, 12 physicians completed the survey (approximate 40% response rate).

e Scores for all eight questions increased, with four out of eight significantly increasing (p < 0.05).

e Score changes were mostly similar regardless of training level (resident/fellow/attending), but the scores
changed significantly more for clopidogrel than for simvastatin or warfarin.

¢ A 1-h grand rounds presentation on pharmacogenetics significantly changed the attitudes of a small group of
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