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Primary care providers’ use of pharmacist
support for delivery of pharmacogenetic
testing

Aim. To investigate provider utilization of pharmacist support in the delivery of
pharmacogenetic testing in a primary care setting. Methods. Two primary care clinics
within Duke University Health System participated in the study between December
2012 and July 2013. One clinic was provided with an in-house pharmacist and the
second clinic had an on-call pharmacist. Results: Providers in the in-house pharmacist
arm consulted with the pharmacist for 13 of 15 cases, or about one of every four
patients tested compared with one of every 7.5 patients in the on-call pharmacist
arm. A total of 63 tests were ordered, 48 by providers in the pharmacist-in-house arm.
Conclusion: These findings suggest that the availability of an in-house pharmacist

increases the likelihood of pharmacogenetic test utilization.
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The delivery of pharmacogenetic (PGx) test-
ing, or testing to identify genetic variants
associated with adverse drug response or effi-
cacy, will likely require some type of clinical
decision support (CDS), at least during this
early phase of test utilization. The number of
drugs and associated tests, the interpretation
of test results and application to treatment
decisions contribute to the complexity of
these tests and, along with limited provider
knowledge [1.2], necessitate broad educational
programs as well as point-of-care support.
About 80% of primary care visits include a
drug prescription [3,4] and, therefore, PGx test-
ing may provide greater benefit in this setting
than in other clinical settings. However, pri-
mary care providers may not have the know-
ledge and comfort level with PGx testing to
routinely offer it to their patients [5.6]. Some
strategies to improve provider’s readiness to
utilize PGx testing have focused on electronic
medical record (EMR)-based CDS in the
form of alerts and notices [7] or pharmacist-
assisted interpretation of PGx results [s-10].

As pharmacists have played a leading role
in many of the clinical settings that have
implemented PGx testing [11], clinical sup-
port from a pharmacist may also improve
PGx test utilization. With increasing calls
for patient-centered medical homes [12,13],
especially as a component of accountable care
organizations, pharmacists are becoming a
valued team member in many practices and
have established successful collaborations and
practices with physicians [14-16].

Different types of CDS have been devel-
oped and evaluated to provide clinicians
with information about current guidelines,
appropriate test use and/or interpretation,
drug—drug interactions [17-19]. In personal-
ized and precision medicine, provider know-
ledge and decision support have been identi-
fied as key issues to the integration of new
genetic and genomic applications [20]. While
some groups are developing EMR-based PGx
CDS alerts [2122], in-person professional sup-
port may also provide valuable assistance. For
instance, the Cleveland Clinic established a
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PGx consultation service staffed by a pharmacist and a
physician geneticist [23]. Previous studies have demon-
strated that pharmacists are well suited to provide sup-
port, able to create effective relationships with provid-
ers and achieve high provider acceptance of pharmacist
recommendations [2425]. Furthermore, pharmacists
have successful providers in patient-centered medical
homes [26] and have provided care with demonstrated
improved patient outcomes [27-29].

With the success of pharmacists’ roles in numerous
PGx programs across the country, we sought to assess
the feasibility of adopting a pharmacist-supported
delivery model for PGx testing in a primary care set-
ting. Pharmacists based on primary care practices cur-
rently assist with medication therapy management,
polypharmacy and poor medication adherence [30-33].
Specifically, we assessed the utilization of pharmacist
support and its impact on the use of PGx testing dur-
ing and after the study. In this paper, we describe find-
ings associated with a pharmacist-based CDS and its
impact on PGx test utilization.

Methods

Study design

Details of the study design are described by
Haga et al. (34). In summary, this study assessed
clinical support provided by a pharmacist at two pri-
mary care practices. Eight and nine full-time Doctor
of Medicine faculties in internal medicine provide
care for more than 20,000 patients annually at each
practice. In one practice, the pharmacist was in the
clinic daily; in this practice, the pharmacist identified
recently seen patients prescribed an eligible medication
and notified providers of these eligible patients for the
study (pharmacist-in-house). In the second practice,
pharmacist on-call support (email or phone) was avail-
able (pharmacist-on-call) regarding testing procedures,
results’ interpretation and/or guidelines regarding
treatment decisions based on results of PGx testing. In
the second practice, the pharmacist did not notify pro-
viders of eligible patients for testing. Providers in both
clinics were required to attend a 1-h seminar on PGx
prior to initiation of the research study. Continuing
medical education (CME) credits were provided. They
were also given educational materials including patient
brochures and a ‘pocket guide’ to assist in discussions
about PGx testing with patients and aid in clinical
decision making, respectively. Decisions to order PGx
testing were the sole discretion of the provider. One
pharmacist (] Moaddeb) was assigned to both study
arms. Physicians completed surveys at two time points,
and chart reviews were conducted at three time points.
Findings from the patient perspective are reviewed in
a separate manuscript [35]. The study was approved

by the Duke University Health System’s Institutional
Review Board (Pro#00031122).

Physician surveys

Providers were surveyed prior to participation in the
PGx CME (baseline) and at the conclusion of the
intervention period (follow-up). The baseline survey
assessed provider attitudes, and knowledge and expe-
riences with genetic and PGx testing. A nine-item,
multiple-choice questionnaire was developed by the
research team to assess PGx knowledge. The sur-
vey also included questions about factors potentially
impacting use of PGx testing in the primary care set-
ting and preferences for clinical support and education
about PGx testing. At the conclusion of the study, a
follow-up survey re-assessed providers’ knowledge of
PGx testing and assessed perceived value of the CME,
interactions with the pharmacist, educational resources
provided for the patient, perceived patient value of the
test and likelihood of continued use of PGx testing.
In addition, the follow-up survey included the ques-
tions regarding providers’ perceptions and comfort
with using PGx testing in order to assess changes in
confidence or attitudes that were in the baseline survey.

Chart reviews

Chart reviews were performed for all patients seen
at the two clinics during three periods of the study:
preintervention (June 2012-December 2012); study
intervention (December 2012-June 2013) and post-
intervention period (June 2013—December 2013). The
preintervention and post-intervention reviews docu-
mented new and recent (within 1 month) prescriptions
for eligible drugs (see the PGx testing’ section) and
the number of PGx tests ordered, specifically, informa-
tion about which physician and clinic (using a unique
identifier code) ordered PGx testing and for which
drugs were recorded. Patients who underwent testing
in the study intervention period were also tracked in
the 6-month follow-up period for prescription changes
and adverse side effects.

During the intervention period, the pharmacist
also recorded several variables, including the number
of eligible drugs prescribed, the number of PGx tests
ordered for each drug, which physician/clinic ordered
the PGx tests, whether the pharmacist was consulted
pretesting or post-testing, and how the results were
applied to treatment.

PGx testing

PGx testing was performed by the Mayo Medical Lab-
oratory (Rochester, MN, USA), a Clinical Laboratory
Improvement Amendments (CLIA)-certified reference
laboratory. All testing was performed on a buccal swab
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sample. Six tests were offered for the following single
genes or gene pair: CYP2D6 (atomoxetine, codeine,
fluoxetine, nortriptyline, imipramine and metoprolol),
CYP2C19 (esomeprazole), CYP2C9 (carbamazepine,
celecoxib, clopidogrel, warfarin), VKORCI (warfa-
rin), HLA-B*1502 (carbamazepine) and SLCOIBI

(simvastatin).

Data analysis

Summary statistics were completed for each survey ques-
tion and chart review data. Mann—Whitney tests were
performed to assess the relationship between provider
characteristics and PGx knowledge scores. y? analysis
was conducted to ascertain the difference in test order-
ing between the two clinics. However, due to the small
number of data values for pharmacist utilization (<5 for
discrete variables), no further analyses were possible.

Results

Preintervention provider experience, attitudes
and knowledge

Provider characteristics

Seventeen primary care providers from two inter-
nal medicine clinics affiliated with Duke Univer-
sity Health System were eligible to participate in the
study. Thirteen providers agreed to participate in the
study and completed the required CME course prior
to the study; six were part of the pharmacist-in-house
clinic, and seven were part of the pharmacist-on-call
clinic. Twelve physicians completed the baseline sur-
vey (Table 1). Limited demographic data were collected
to protect the identity of this small group. In sum-
mary, most of the providers graduated from medical
school between 1991 and 2000 and had an average of
14.9 years of clinical practice experience.

Provider experience with genetic testing
Seven providers (n = 7; 58%) reported ordering genetic
testing for disease diagnosis one-time or two-times
per year and two providers ordered three or more tests
per year (Table 1). Four providers reported ordering
PGx testing at least once a year. Based on the chart
review, no PGx testing was performed during the
6-month preintervention period for any of the 175 new
prescriptions of the 12 eligible medications (Table 2).
All 12 providers indicated that they did not feel well
informed about genetic testing in general (one some-
what and 11 strongly) nor about PGx testing specifi-
cally (four somewhat and eight strongly). Half of the
providers reported being familiar with PGx testing
prior to this study. Two providers agreed, or somewhat
agreed, that they would feel comfortable discussing PGx
testing with a patient prior to ordering the test. Three
providers (25%) somewhat agreed that they would feel

comfortable discussing the results of PGx testing with
a patient, and three providers would feel comfortable
using PGx testing to inform treatment decisions.

Awareness of PGx testing was gained from profes-
sional meetings (n = 1), drug or laboratory represen-
tative (n = 2), publications (n = 3), CME learning
(n = 2), grand rounds (n = 3) or point-of-care notifica-
tion (n = 1). One provider reported familiarity with
PGx due to participation in a different clinical trial.
When asked how providers would prefer to learn about
PGx, nine (75%) indicated grand rounds or other
in-house seminars.

Providers’ perspectives on the delivery of PGx
testing

We were also interested in assessing primary care pro-
viders’ perspectives on the delivery of PGx testing and
desired clinical support prior to the study. Eleven pro-
viders (92%) indicated that having some assistance
in interpretation (analogous to a radiologist) would
increase their likelihood to order a PGx test. Ten pro-
viders (83%) believed that pharmacists would have
some or a large role in delivering PGx; nine provid-
ers (75%) believed that geneticists/genetic counselors
would have some or a large role in delivering PGx
testing. Five providers (42%) believed that the physi-
cian who ordered a PGx test should communicate test
results to the patient, and five believed that either the
ordering physician, a genetic counselor or a pharma-
cist could communicate PGx results (one indicated
only a genetic counselor should communicate results
and another indicated only a pharmacist should
communicate results).

Provider knowledge of PGx

The average number of correct responses to the know-
ledge-based questions was 5.08 out of nine questions
(observed range: 2—7) at baseline. All but one provider
incorrectly answered the question regarding which
group(s) was prohibited from using genetic informa-
tion based on the federal genetic nondiscrimination
law. When year of graduation is considered, the aver-
age number of correct responses was 5.6 for those who
graduated in or after 1991 compared with 4.4 for those
that graduated in 1990 or eatlier (p < 0.05). However,
those who indicated that they were familiar with PGx
testing at baseline scored lower (4.8) than those who
indicated that they were not familiar with PGx testing
(5.3; p<0.05).

Intervention

Pharmacist consultation

Based on records kept by the consulting pharmacist,
eight of the 13 participating providers (two providers
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Table 1. Provider year of graduation and

experience with pharmacogenetic testing
(n=12).

Characteristic

Providers, n (%)

Year graduated from medical school

Before 1980 1(8%)
1981-1990 4 (33%)
1991-2000 5 (42%)
After 2000 2 (17%)
Provider experience ordering genetic testing
Never order 3 (25%)
1-2-times per year 7 (58%)
>3-times per year 2 (17%)
Provider referral to genetics services
Never refer 3 (25%)
1-2-times per year 6 (50%)
>3-times per year 3 (25%)
Provider familiarity with PGx

Familiar with PGx 6(50%)
Not familiar 6 (50%)
Provider experience ordering PGx testing
Never order 8 (67%)
1-2-times per year 2 (17%)
>3-times per year 2 (17%)

PGx: Pharmacogenetic.

from the pharmacist-on-call arm and all six from the
pharmacist-in-house arm) consulted the pharmacist
regarding 15 cases. Providers in the pharmacist-in-
house arm consulted with the pharmacist for 13 of
the 15 cases, a rate of about one of every four patients
tested compared with one of every 7.5 patients tested
in the pharmacist on-call arm. Consultations occurred
across the 6-month intervention period. Eight of the
15 consultations were for testing for treatment with
simvastatin, two each for fluoxetine and warfarin, and
one each for clopidogrel, metoprolol and esomeprazole.
The pharmacist was consulted on four cases prior to
testing regarding the appropriateness of testing and re-
contacting a patient for testing; providers ordered PGx
testing for three of those four following consultation.
Eleven of the 15 pharmacist consultations occurred
after PGx testing were ordered regarding interpreta-
tion of results, medication interactions and use of
alternative medications. On average, consultations
lasted 5.7 min, with post-testing consultations lasting
6.2 min and pretesting consultations lasting 4.5 min.
Of the eight providers that completed the follow-
up survey, five (63%) reported consulting with the

pharmacist. In the follow-up survey, providers who did
not consult the pharmacist indicated that they did not
do so because they did not feel they needed pharma-
cist’s input or they did not have time. All respondents
strongly or somewhat agreed that having a pharmacist
available is helpful. To improve pharmacists’ involve-
ment, two providers would have liked the pharmacist
to meet with the patients; two would have liked more
learning opportunities about PGx with the pharma-
cist; and three would have liked the pharmacist to mail
the patients a written summary of the test results. One
of the providers in the pharmacist-on-call group who
did not order any PGx testing during the course of the
study also noted that having a pharmacist available to
help choose patients for testing could have been useful,
as was done in the other clinic.

PGx test utilization

During the study intervention period, when PGx test-
ing was made available with the assistance of a pharma-
cist, chart review identified 258 new prescriptions of
the eligible medications (Table 2). A total of 63 PGx
tests were ordered: 33 tests were ordered for patients
newly prescribed for one of the targeted drugs (52%);
15 tests were ordered for drugs’ patients who had been
taking prior to their visit; and 15 were ordered for
patients with a clinical indication for treatment. Thus,
20.7% of patients prescribed or potentially in need of
one of the eligible medications underwent testing. The
PGx test ordered most often was SLCOIBI (n = 45;
71% of tests ordered) for simvastatin use.

Of the 63 tests ordered, 48 were ordered by the six
providers in the pharmacist-in-house arm (of 100 eligi-
ble patients) and 15 in the pharmacist-on-call arm (of
158 eligible patients; p < 0.00001). Overall, 11 of the
13 participating providers (87%) ordered at least one
PGx test during the intervention period. One of the
providers from the pharmacist-in-house arm accounted
for 34.9% (n = 22) of tests ordered.

Eighteen of the 63 patients who underwent test-
ing had an abnormal PGx test result that indicated
a medication or dosing change from the standard of
care as recommended in the package inserts and/or by
CPIC dosing guidelines (see Supplementary Table 1 for
phenotype frequencies). We confirmed that a medi-
cation change was made for three of the 18 patients
with an abnormal result via chart review. All three
were in the pharmacist-in-house arm. One patient
who had been taking clopidogrel at the time of testing
was switched to prasugrel based on a CYP2C19 inter-
mediate metabolizer result. The simvastatin dose of a
patient found to be a SLCOIBI*5 carrier who reported
leg pain was reduced by half. A third patient who was
taking fluoxetine was switched to bupropion (Well-
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butrin XL™) after being identified as a CYP2D6 poor
metabolizer. Based on the chart review, we were able
to identify the reason why a recommended change was
not implemented for three of the remaining 15 cases
with an abnormal PGx test result; the patient stopped
taking the medication on their own, preferred to con-
tinue with the current medication and reported no
manifestation of adverse effects. Chart review did not
reveal any discernable reasons regarding treatment
decisions in the other 12 cases. In addition, a normal
result informed the decisions to prescribe simvastatin
in three cases. Providers consulted the pharmacist on
five of the six patients where the test results impacted
treatment decisions.

Patient engagement & communication

For the study, we developed patient brochures and
drug-specific handouts for providers to distribute
to patients when discussing PGx testing. Six of the
eight providers who completed the follow-up survey
(75%) reported providing the brochure to all of their
patients, and one provider (13%) gave the brochure to
some patients. Three providers (38%) gave the drug-
specific handouts to some of their patients; three gave
the drug-specific handouts to all of their patients; and
one was not aware of the handouts and did not utilize

them. Five providers strongly or somewhat agreed that
the brochure explained PGx testing satisfactorily.

Two providers reported that they reviewed the
PGx results with all of their patients; three reviewed
results with a patient only if the dose or drug choice
was impacted by the result; and one reported that they
did not discuss results with their patients (one declined
to answer and one did not order any PGx tests). The
predominant method of communicating results was by
telephone (71%; n = 5); providers also indicated shar-
ing results at a follow-up visit scheduled to discuss the
prescription and test result (n = 3) or at the patient’s
next visit (n = 3). One provider strongly agreed with
the statement “I was able to answer most questions
my patients had about PGx testing and their results”
and five somewhat agreed (one was neutral and one
declined to answer).

Postintervention provider’s attitudes &
knowledge

Provider’s knowledge

Eight provider participants completed both preinter-
vention and postintervention surveys on attitudes and
knowledge. The average number of correct answers
at baseline was 4.88 out of 9.0 (observed range: 2—6)
for providers who completed both surveys; postinter-

Table 2. Comparison of provider utilization (number of pharmacogenetic tests ordered/number of eligible prescriptions)

in the pharmacist-in-house arm and the pharmacist-on-call arm.

Drug/gene (PGx test)

Pharmacist

in-house
Atomoxetine' (CYP2D6) 0/0
Carbamazepine (CYP2C9) 0/0
Celecoxib® (CYP2C9) 0/2
Clopidogrel (CYP2C19) 0/2
Codeine (CYP2D6) 0/19
Esomeprazole’ (CYP2C19) 0/8
Fluoxetine’ (CYP2D6) 0/7
Imipramine (CYP2D6) 0/0
Metoprolol' (CYP2D6) 0/20
Nortriptyline (CYP2D6) 0/3
Simvastatin* (SLCO1BT1) 0/18
Warfarin (VKORC1/CYP2C9) 0/9
Total 0/88

*Not mentioned in US FDA approved package insert.

PGx: Pharmacogenetic.

Preintervention

# of PGx tests ordered/# of new prescriptions

Intervention

Pharmacist Pharmacist  Pharmacist Pharmacist
on-call in-house on-call in-house
0/0 0/0 0/3 0/1

0/0 0/0 0/2 0/0

0/10 2/2 0/8 0/3

0/6 11 0/1 0/1

0/41 1/43 0/50 0/18
0/10 0/2 0/15 0/4

0/8 5/1 0/20 0/4

0/1 0/0 0/0 0/0

0/21 5/20 0/35 0/4

0/3 0/0 0/3 0/1

0/25 33/20° 12/16 0/6

0/4 11 3/5 0/0
0/129 48/100 15/158 0/42

Clinical Pharmacogenetics Implementation Consortium or other guidelines not available for this drug.

SSLCOTBT testing was ordered for 33 patients, six of whom were already taking simvastatin for at least 1 month, nine for whom statin treatment was indicated but
not yet prescribed during the intervention period and 18 who were prescribed simvastatin at the time testing was ordered or after test results were available.

Postintervention

Pharmacist
on-call

0/1
0/0
0/5
0/3
0/17
0/6
0/10
0/0
0/12
0/0
0/7
0/0
0/61
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vention, the average score decreased to 4.38 (observed
range: 3—-8). Overall, four providers’ scores decreased,
and four remained the same. Two providers correctly
answered the question regarding which group(s) was
prohibited from using genetic information based on
the federal genetic nondiscrimination law at follow-
up. Since the surveys were anonymous, we were unable
to assess the relationship between PGx test utilization
and changes in knowledge scores. Four of eight provid-
ers strongly agreed and two somewhat agreed that the
PGx CME was informative and provided the necessary
information to offer PGx testing to patients and use
results appropriately.

Five providers strongly or somewhat agreed that
they felt more informed about PGx testing after their
participation in the intervention study (two were
neutral and one strongly disagreed). Six providers
strongly or somewhat agreed that they felt comfort-
able discussing PGx testing with patients after their
participation (two strongly or somewhat disagreed).
Five felt comfortable using PGx results to inform
treatment decisions after participation (one was neu-
tral and two somewhat or strongly disagreed). And
six somewhat or strongly agreed that they feel com-
fortable discussing PGx test results with patients after
their participation in the study (two somewhat or
strongly disagreed).

Perceived value of PGx testing

When asked about the future of PGx testing at the
conclusion of the study, 38% (n = 3) of providers
strongly agreed that PGx would become standard of
care in the future, 33% somewhat agreed, one indi-
vidual had a neutral opinion and one somewhat dis-
agreed. Six providers (75%) perceived that PGx test-
ing decreased anxiety in some patients who underwent
testing during the intervention period.

Four providers (50%) strongly or somewhat agreed
that PGx testing should be ordered prior to prescrib-
ing a medication that has PGx information in their
package insert; two providers had a neutral opinion;
and two providers are somewhat or strongly disagreed.
Five providers (62%) felt that PGx testing was very or
somewhat useful in informing drug dosing or selec-
tion; two providers had a neutral opinion; and one felt
it was not all useful.

Continued test utilization

Providers were asked if they would continue to order
PGx testing after the study ended. Two providers
(22%) indicated that they were very likely to con-
tinue; one provider was somewhat likely to continue;
two (22%) were undecided; and three were not very
or not at all likely. However, based on the chart

review of the 6-month period following the conclu-
sion of the study, none of the providers ordered PGx
testing (Table 2). Providers were asked to rank fac-
tors that would increase their likelihood of ordering
PGx testing. Availability of clinical guidelines was
the most important factor (56%), followed by cost
of the test (44%) and test turnaround time (44%).
Eight providers (89%) believed that pharmacists or
geneticists/genetic counselors would have a role in
delivering PGx. Six of the eight providers indicated
that they would be more likely to order PGx with
assistance.

Providers were asked what barriers they faced in
providing PGx testing during the intervention period:
six of eight providers indicated that needing to have
patients return to provide a saliva sample for testing
was a barrier; five indicated that there was insufficient
time to discuss PGx testing during an office visit;
and three indicated the turnaround time to receive
results was too long. Providers were asked how PGx
tests should be delivered: five (63%) felt point-of-care
testing would be effective, whereas two would sup-
port prospective testing. Four providers believed that
if pre-emptive testing is available and reimbursable, it
should be ordered the first time a medication is pre-
scribed (regardless of age), whereas two believed young
adulthood (with or without a prescribed medication)
was the best time for pre-emptive testing (no provid-
ers believed that pre-emptive PGx testing should be
ordered at birth or during adolescence).

Discussion

While discovery and evidence of the impact of genetic
variants on drug response continues, routine use of
PGx testing has been gradual [36]. The diffusion of
PGx testing, like other new clinical applications, faces
many barriers, including provider unfamiliarity, and
uncertain clinical utility, reimbursement and patient
interest [37]. This study aimed to assess the feasibil-
ity of pharmacist support to address some of these
issues, particularly assisting providers with identify-
ing patients suitable for PGx testing and assisting with
test ordering, interpretation and medication changes.
We find that in-person pharmacist support yielded
greater test utilization compared with on-call pharma-
cist support in a primary care setting. However, nei-
ther clinic ordered PGx testing in the postintervention
period, suggesting that ongoing pharmacist support or
additional continuing education may be necessary to
sustain these services.

Both prior to and following the study, the major-
ity of participating providers believed that pharmacists
would play a role in delivering PGx testing. Provid-
ers in the pharmacist-in-house arm consulted with
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the pharmacist for 13 of the 15 cases, a rate of about
one of every four patients tested compared with one of
every 7.5 patients tested in the pharmacist-on-call arm.
While the small numbers limit our ability to ascertain
whether pharmacist utilization was significantly differ-
ent between the study arms, the significantly higher
number of PGx tests ordered in the pharmacist-in-
house arm could be attributed to the convenient acces-
sibility to and immediate availability of the pharmacist
in this arm. In addition, the majority of pharmacist
consultations occurred after PGx testing were ordered,
suggesting that providers were comfortable in making
decisions about test ordering without the assistance of
the pharmacist.

At the conclusion of the study, the majority of par-
ticipating providers (62%) indicated their belief that
PGx testing was very or somewhat useful in inform-
ing drug dosing or selection, and 75% felt that test-
ing decreased anxiety in some patients, potentially
improving medication adherence. About half of the
providers believed that PGx testing should be ordered
prior to prescribing a medication that has PGx infor-
mation in the package insert. However, their per-
ceived value of PGx testing did not appear to align
with their knowledge of PGx, which was re-assessed
at the conclusion of the study, nor translate into con-
tinued use of testing in the 6-month period after the
study concluded, despite the continued prescription
of medications to patients who could have benefited
from testing and expectation of some providers to
continue ordering. The brief knowledge assessment
used was likely not comprehensive, and thus, provid-
ers’ perceived value and understanding of PGx were
not reflected in their lower knowledge scores at the
end of the study. The knowledge providers gained
from participating in the study may have been related
to general familiarity with testing, and how to dis-
cuss, order and interpret testing in the context of
the patient’s additional clinical information. Several
other factors may also have contributed to the lack
of sustained use of PGx testing including the lack of
insurance coverage, and the time and effort to order
testing from an external laboratory; both were pre-
arranged for the study. Though there is little litera-
ture exploring the effects of pharmacist support on
use of PGx testing, Overby et al. [22] reported an
increase in perceived value of an EMR-based CDS
for PGx testing, but a decline in physician confidence
in prescribing decisions after a period of time with
the PGx CDS. A similar finding in our study about
decreased provider knowledge and recall about PGx
testing following the intervention period may also be
attributed to physicians’ reliance on the pharmacist.
Development of a longer CME or a series of CME

sessions might have proven more effective to pro-
mote provider’s knowledge as has been demonstrated
elsewhere [38], and could have potentially reduced the
need for a pharmacist for an extended period of time.

Some limitations should be noted about this study.
The provider and patient populations as well as the
small number of patients who underwent PGx test-
ing limit the generalization of the study’s findings. In
addition, some of the medications on the list were not
prescribed or prescribed sparingly, potentially due to
provider’s preferences, use of alternative medications or
characteristics of the patient population, limiting the
number of eligible patients for the study. Differences
in impact of PGx results on treatment decisions may
vary by medication, which could not be assessed in this
study.

Conclusion

In conclusion, this pilot study provided some insights
into the potential impact of pharmacist support and
use of PGx testing in a primary care setting. Although
our findings indicate that providers are receptive to
PGx testing and perceive it to be valuable, availability
of some types of CDS appears to be crucial to the uti-
lization of testing. Additionally, while CME has been
reported as an effective way to introduce new know-
ledge to the providers [39], more effort is required to
translate new knowledge into practice [40]. Lastly, the
findings indicate that pharmacists may play an role in
the delivery of PGx testing in some clinical settings
by working with providers to interpret and/or apply
results appropriately.
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Executive Summary

patients and use of results appropriately.

A significantly higher number of PGx tests were ordered by providers in the pharmacist-in-house arm than the

pharmacist-on-call arm.

Providers in the pharmacist-in-house arm consulted with the pharmacist for 13 of 15 cases, a rate of about one
of every four patients tested compared with one of every 7.5 patients in the pharmacist on-call arm.

Of 18 patients with abnormal test results, physicians only altered drug or dosing for three patients. An
additional three patients were prescribed simvastatin after providers received normal test results. All six of

these patients were in the pharmacist-in-house arm.

Test utilization did not continue postintervention; further research is needed to clarify if this was due to lack of
pharmacist support or other barriers such as insurance reimbursement, time or lack of in-house testing services.

¢ Six of the eight providers strongly or somewhat agreed that the pharmacogenetic (PGx) continuing medical
education was informative and provided the necessary information to enable delivery of PGx testing to

References

1

O’Brien TJ, Lelacheur S, Ward C, Lee NH, Callier S,
Harralson AF. Impact of a personal CYP2DG6 testing
workshop on physician assistant student attitudes toward

pharmacogenetics. Pharmacogenomics 17(4), 341-352 (2016).

Nickola TJ, Green ]S, Harralson AF, O’Brien TJ. The
current and future state of pharmacogenomics medical
education in the USA. Pharmacogenomics 13(12), 1419-1425
(2012).

Gu Q, Dillon CF, Burt VL. Prescription drug use continues
to increase: U.S. prescription drug data for 2007-2008.
NCHS Data Brief (42), 1-8 (2010).

Hing E, Uddin S. NHS Data Brief, No. 47: visits to primary
care delivery sites: United States, 2008.
www.cde.gov/nchs/data/databriefs/db47.pdf

Haga SB, Burke W, Ginsburg GS, Mills R, Agans R.
Primary care physicians’ knowledge of and experience with
pharmacogenetic testing. Clin. Genet. 82(4), 388-394
(2012).

Stanck EJ, Sanders CL, Taber KA ez /. Adoption of
pharmacogenomic testing by US physicians: results of a
nationwide survey. Clin. Pharmacol. Ther. 91(3), 450-458
(2012).

Peterson JF, Bowton E, Field JR ez 4/. Electronic health
record design and implementation for pharmacogenomics:

a local perspective. Genet. Med. 15(10), 833—841 (2013).
Crews KR, Cross S], Mccormick N ez al. Development

and implementation of a pharmacist-managed clinical
pharmacogenetics service. Am. J. Health Syst. Pharm. 68(2),
143-150 (2011).

Owusu-Obeng A, Weitzel KW, Hatton RC ez al. Emerging
roles for pharmacists in clinical implementation of
pharmacogenomics. Pharmacotherapy 34(10), 1102-1112
(2014).

Shuldiner AR, Palmer K, Pakyz RE ez al. Implementation of
pharmacogenetics: The University of Maryland personalized
anti-platelet pharmacogenetics program. Am. J. Med. Genet.
C Semin. Med. Gener. 166(1), 76—84 (2014).

Crews KR, Hicks JK, Pui CH, Relling MV, Evans WE.
Pharmacogenomics and individualized medicine: translating
science into practice. Clin. Pharmacol. Ther. 92(4), 467-475
(2012).

12

13

14

15

17

19

20

21

22

23

American College of Emergency Physicians (ACEP) Board of
Directors. The patient-centered medical home model . Ann.

Emer. Med. 53(2), 289-291 (2009).

Backer LA. Building the case for the patient-centered
medical home. Fam. Pract. Manag. 16(1), 14-18 (2009).

Albsoul-Younes AM, Hammad EA, Yasein NA, Tahaineh
LM. Pharmacist—physician collaboration improves blood

pressure control. Saudi Med. J. 32(3), 288-292 (2011).
Carter BL, Ardery G, Dawson JD et al. Physician and

pharmacist collaboration to improve blood pressure control.

Arch. Intern. Med. 169(21), 1996-2002 (2009).

Isetts BJ, Buffington DE, Carter BL, Smith M, Polgreen LA,
James PA. Evaluation of pharmacists’ work in a physician—
pharmacist collaborative model for the management of

hypertension. Pharmacotherapy 36(4), 374-384 (2016).

Baysari MT, Westbrook J, Braithwaite J, Day RO. The role of
computerized decision support in reducing errors in selecting

medicines for prescription: narrative review. Drug Saf- 34(4),

289-298 (2011).

Hemens BJ, Holbrook A, Tonkin M ez al. Computerized
clinical decision support systems for drug prescribing and
management: a decision-maker—researcher partnership
systematic review. [mplement. Sci. 6, 89 (2011).

Mould DR, D’'Haens G, Upton RN. Clinical decision support
tools: the evolution of a revolution. Clin. Pharmacol. Ther.

99(4), 405-418 (2016).
Mikat-Stevens NA, Larson IA, Tarini BA. Primary-care

providers’ perceived barriers to integration of genetics
services: a systematic review of the literature. Genet. Med.
17(3), 169-176 (2015).

Bell GC, Crews KR, Wilkinson MR ¢t a/. Development
and use of active clinical decision support for preemptive
pharmacogenomics. J. Am. Med. Inform. Assoc. 21(el),
€93-¢99 (2014).

Overby CL, Devine EB, Abernethy N, Mccune JS, Tarczy-
Hornoch P. Making pharmacogenomic-based prescribing
alerts more effective: a scenario-based pilot study with
physicians. /. Biomed. Inform. 55, 249-259 (2015).

Hicks JK, Stowe D, Willner MA ez al. Implementation of
clinical pharmacogenomics within a large health system:

from electronic health record decision support to consultation

services. Pharmacotherapy 36(8), 940-948 (2016).

366

Pharmacogenomics (2017) 18(4)

fsg

future science group



Primary care providers’ use of pharmacist support for delivery of pharmacogenetic testing Resea rch Article

24 St Peter WL, Farley TM, Carter BL. Role of collaborative 32 Furbish SM, Kroehl ME, Loeb DF ¢# al. A pharmacist—
care models including pharmacists in improving blood physician collaboration to optimize benzodiazepine use
pressure management in chronic kidney disease patients. for anxiety and sleep symptom control in primary care.
Curr. Opin. Nephrol. Hypertens. 20(5), 498503 (2011). J. Pharm. Pract. doi:10.1177/0897190016660435 (2016)

25 Mann A, Esse T, Abughosh SM, Serna O. Evaluating (Epub ahead of print).
pharmacist-written recommendations to providers in a 33 Simpson SH, Lier DA, Majumdar SR ez a/l. Cost—effectiveness
medicare advantage plan: factors associated with provider analysis of adding pharmacists to primary care teams to
acceptance. . Manag. Care Spec. Pharm. 22(1), 49-55 (2016). reduce cardiovascular risk in patients with Type 2 diabetes:

26 Zillich AJ, Jaynes HA, Bex SD et al. Evaluation of results from a randomized controlled trial. Diaber. Med.
pharmacist care for hypertension in the veterans affairs 32(7), 899-906 (2015).
patient-centered medical home: a retrospective case—control 34  Haga SB, Allen Lapointe NM, Cho A ¢z a/. Pilot study of
study. Am. J. Med. 128(5), 539 €531-¢536 (2015). pharmacist-assisted delivery of pharmacogenetic testing in a

27 Pousinho S, Morgado M, Falcao A, Alves G. Pharmacist primary care setting. Pharmacogenomics 15(13), 1677-1686
interventions in the management of Type 2 diabetes mellitus: (2014).

a systematic review of randomized controlled trials. /. Manag. 35  Haga SB, Mills R, Moaddeb J, Allen Lapointe N, Cho A,
Care Spec. Pharm. 22(5), 493-515 (2016). Ginsburg GS. Patient experiences with pharmacogenetic

28 Santschi V, Chiolero A, Burnand B, Colosimo AL, Paradis testing in a primary care setting. Pharmacogenomics 17(15),
G. Impact of pharmacist care in the management of 1629-1636 (2016).
cardiovascular disease risk factors: a systematic review 36 Johnson JA, Weitzel KW. Advancing pharmacogenomics as
and meta-analysis of randomized trials. Arch. Intern. Med. a component of precision medicine: how, where, and who?
171(16), 1441-1453 (2011). Clin. Pharmacol. Ther. 99(2), 154—156 (2016).

29 Von Muenster SJ, Carter BL, Weber CA ez al. Description 37 Yip VL, Hawcutt DB, Pirmohamed M. Pharmacogenetic
of pharmacist interventions during physician—pharmacist markers of drug efficacy and toxicity. Clin. Pharmacol. Ther.
co-management of hypertension. Pharm. World Sci. 30(1), 98(1), 61-70 (2015).

128-135 (2008). 38  Houwink EJ, Muijtjens AM, Van Teeffelen SR ez al.

30  Geurts MM, Stewart RE, Brouwers JR, De Graeff PA, De Effectiveness of oncogenetics training on general
Gier ]JJ. Implications of a clinical medication review and a practitioners” consultation skills: a randomized controlled
pharmaceutical care plan of polypharmacy patients with a trial. Genet. Med. 16(1), 45-52 (2014).
cardiovascular disorder. Int. J. Clin. Pharm. 38(4), 808—815 39 Marinopoulos SS, Dorman T, Ratanawongsa N e al.
(2016). Effectiveness of continuing medical education. Evid. Rep.

31 Hanlon JT, Weinberger M, Samsa GP ¢z al. A randomized, Technol. Assess. (149), 1-69 (2007).
controlled trial of a clinical pharmacist intervention to 40 Feero WG, Manolio TA, Khoury MJ. Translational research
improve inappropriate prescribing in elderly outpatients with is a key to nongeneticist physicians’ genomics education.
polypharmacy. Am. J. Med. 100(4), 428—437 (1996). Genet. Med. 16(12), 871-873 (2014).

fsg www.futuremedicine.com 367

future science group



