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Objective. To evaluate the impact of personal genotyping and a novel educational approach on student
attitudes, knowledge, and beliefs regarding pharmacogenomics and genomic medicine.
Methods. Two online elective courses (pharmacogenomics and genomic medicine) were offered to
student pharmacists at the University of Florida using a flipped-classroom, patient-centered teaching
approach. In the pharmacogenomics course, students could be genotyped and apply results to patient
cases.
Results. Thirty-four and 19 student pharmacists completed the pharmacogenomics and genomic med-
icine courses, respectively, and 100% of eligible students (n534) underwent genotyping. Student
knowledge improved after the courses. Seventy-four percent (n525) of students reported better un-
derstanding of pharmacogenomics based on having undergone genotyping.
Conclusions. Completion of a novel pharmacogenomics elective course sequence that incorporated
personal genotyping and genomic medicine was associated with increased student pharmacist knowl-
edge and improved clinical confidence with pharmacogenomics.
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INTRODUCTION
Tremendous scientific advances have occurred in

genomic variability and its association with drug re-
sponse, toxicity, disease risk, and disease prognosis.
Although clinical use of pharmacogenomic and geno-
mic data to inform patient care decisions is increasing, it
is not yet routine. Coverage of these concepts in health
professions education, including pharmacy education,
is lacking, and most practitioners feel inadequately pre-
pared to apply these data in clinical practice.1-3 This
knowledge gap is a significant barrier to widespread
implementation of genomic medicine.4 While core
competencies in genomic medicine and pharmacoge-
nomics are available for pharmacists and other health
professionals, they largely emphasize scientific knowl-
edge of genetics rather than skills needed to apply these
data. Additionally, didactic lectures remain the primary
teaching method for this content in health professions

education, despite data showing limited benefit of this
strategy in improving practitioner understanding and
retention of genomic medicine concepts.5-10

Educational approaches are needed that blend
knowledge-based and skills-based learning activities,
incorporate real-world applications, utilize collabora-
tive teaching methods, and are accessible by a broad
audience to support use of genomic and pharmacoge-
nomics data.11-13 Although the optimal strategy to meet
this need is debated, incorporation of student personal
genetic testing is proposed as one option to improve
learning outcomes.11,12,14-16 Medical and graduate stu-
dents enrolled in a genetics course at Stanford School of
Medicine were offered personal genome-wide testing
through a direct-to-consumer company.11,16 Researchers
reported improved engagement, motivation, and learning
outcomes in students who underwent personal genetic test-
ing. Of the students who underwent genetic testing, 70%
self-reported a better understanding of human genetics
based on their participation. In addition, genotyped students
demonstrated a significantly higher increase from pretest to
posttest knowledge scores compared with students who did
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not undergo genotyping. Results of a pilot study in two in-
terdisciplinary electives at Duke University were similar.12

Other proposed or explored approaches include devel-
opment of experiential, team-based learning programs
for residents;17 student performance of limited self-
genotyping in laboratory exercises;18,19 and develop-
ment of educational tracks or shared curricular materials
for schools of pharmacy and medicine.20-22

There remains a need for development of educational
models in this area. Although student genetic testing
through an external laboratory provider has been employed
in somemodels,11,12 this approachmay not be scalable and
has raised ethical concerns.15 Additionally, teaching strat-
egies employed in these courses to date lack an emphasis
onpatient care applications of these data. They also employ
traditional, residential-based teachingmethods and thus do
not present a solution to broad-based education in this area.
Based on this need, the University of Florida (UF) College
of Pharmacy, in conjunction with UF Health Personalized
Medicine Programclinicians and facultymembers, offered
two 8-week, 1-credit hour elective courses on the clinical
applications of pharmacogenomics and genomic medicine
in fall 2014 for third-year doctor of pharmacy (PharmD)
students. The courseswere delivered in an online format.
The goal of these courses was to provide students with
the knowledge and skills to use pharmacogenomic and
genomic medicine data in future clinical practice. The
online courses incorporated a flipped-classroom model
with interprofessional lectures, patient-case discussions,
and role-playing exercises that required use of clinical
practice guidelines, databases, and primary literature. In
the pharmacogenomics course, students could have their
DNA genotyped on a custom pharmacogenomics chip23

and apply their genetic information (or use de-identified
genotype data) to solve patient cases.

Thepurposeof this studywas to evaluate the impact of
this educational approach and the incorporation of personal
genotype evaluation on student pharmacists’ attitudes, be-
liefs, and knowledge of clinical applications of pharmaco-
genomics and genomic medicine. We hypothesized that
this novel approach would engage learners in a proactive
way that would stimulate their interest in the topic and

cause them to consider, in more concrete ways, the de-
cisions they would make based on their own genetic in-
formation. We hypothesized that the incorporation of
personal genotype information would be feasible and
positively received by students.

METHODS
The Clinical Applications of Pharmacogenomics

and Clinical Applications of Genomic Medicine courses
offered by the college are represented in Figure 1. Stu-
dents could enroll in either or both courses. Each course
employed a combination of 1-hour weekly prerecorded
lectures available on the course website and 1-hour
weekly live class sessions conducted via synchronous
webinar in a flipped-classroommodel that used a Socratic
question-and-answer teaching strategy. In addition to
foundational science concepts, lecture content empha-
sized clinical implementation and patient care applica-
tions of pharmacogenomics and genomic medicine,
such as test ordering and reimbursement, interpreting
and applying test results to patient care scenarios, apply-
ing clinical guidelines, and communicating with patients
and other health care professionals. Table 1 provides rep-
resentative course topics and student activities.

Students were assigned patient cases or learning ac-
tivities after the recorded lectures were viewed. Appendix
1 shows a representative case for a clopidogrel-CYP2C19
patient. During the live class session, students were called
on randomly by course faculty members to discuss their
answers and rationale to individual questions (2-3minutes/
student) and graded individually on their responses using
a standardized assessment rubric (Appendix 2). If the
question required use of genotype information, students
could use their own or de-identified data (but were not
askedwhich they chose). Instructors used online polls and
“hand-raising” webinar functionality throughout the live
sessions to assess student understanding of the subject
matter. An online quiz with questions based on the in-
class discussion was also administered after each class
to further assess students. In their final project, students
reflected on drug-gene pairs discussed during the course
and were required to choose two clinical implementations

Figure 1. Pharmacogenomics and Genomic Medicine Elective Course Sequence in Fall 2014. Third-year pharmacy students could
enroll in both courses sequentially (2 credit hours) or in one course only (1 credit hour/course) during the 16-week fall 2014
semester.
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to defend in essay format as either being “most likely to
succeed” or “least likely to succeed.” Other assessment
measures included two formal examinations for each
course and additional active-learning activities (eg, discus-
sion board participation).

A clinical pharmacist and a geneticist coordinated
both courses and led webinar discussions. Additional in-
structors included a bioethics attorney to review informed
consent, benefits, and risks associated with personal geno-
typing (pharmacogenomics course),UFCenter for Pharma-
cogenomics facultymembers, a physicianwith expertise in
family health history, and a genetic counselor with exper-
tise in clinical genetics. Lectures and cases were largely
based on experiences with clinical implementation of

pharmacogenomics and genomic medicine through the
UF Health Personalized Medicine Program.24

Students participating in the Clinical Applications
of Pharmacogenomics course could undergo personal gen-
otyping of select pharmacogenomic single nucleotide
polymorphisms (SNPs). Genotyping was not performed
in the genomic medicine course. Collection kits for
DNA, information on personal genotyping, and informed
consent documents weremailed to students enrolled in the
course prior to the first day of class. During the first week
of class, students completed lectures on bioethics, in-
formed consent, and benefits/risks of personal genotyping.
The informed consent process for genotypingwas reviewed
during the first class webinar by a study coordinator not

Table 1. Representative Topics and Student Learning Activities in Pharmacogenomics and Genomic Medicine Courses

Topic Student Learning Activities

Cardiology
CYP2C19 and Clopidogrel Patient cases: (a) research, interpret, and explain conflicting guideline recommendations from

professional societies; and (b) develop and justify drug therapy recommendations that balance
genotype results with other clinical factors

Warfarin Patient cases: interpret and apply genotype information to complex cases and role-playing
exercise (health professional communication); discussion activity: factors influencing uptake of
pharmacogenomic testing, including randomized controlled trial data and clinical test
reimbursement

Disease Risk Patient cases: analysis of family history, 9p21, 4q25, and CYP2C19 test results with role-playing
exercise (patient communication)

Oncology
TPMT Patient cases: apply TPMT test results to patient scenarios; discussion activity: case report of

inaccurate TPMT testing from consumer-based genotyping laboratory with role-playing
exercise (health professional communication)

Breast Cancer Risk Patient case: analysis of family history and pedigree with the need for referral to a genetic
counselor in a patient deciding whether to undergo BRCA testing and role-playing exercise
(patient communication).

Pain Management
CYP2D6 Patient cases: Apply CYP2D6 test results to patient scenarios and role play (a) recommendation of

appropriate therapeutic alternatives; and (b) explanation of differing evidence levels for
individual opioids (role-play, health professional communication); discussion activity:
CYP2D6 test complexity and impact on use of clinical testing

Practice-Based Applications
Evidence-Based Medicine Patient cases: Use of PharmGKB, CPIC guidelines, and EGAPP recommendations; Research,

interpret, and explain conflicting IL28B genotype results from a commercial laboratory (role
play, health professional communication); discussion activity: studies and databases used in
pharmacogenomics and genomic medicine, including analytic validity, clinical validity, and
clinical utility.

Implementation Student Project: proposal and defense of a drug-gene pair for clinical implementation within
a health system

Direct-to-Consumer
Genetic Testing

Patient case: interpret and explain consumer-based genotyping results with role-playing exercise
(health professional and patient communication); student-led presentations and debate activity:
review stakeholder (eg, FDA, patient, commercial laboratory provider) perspectives on direct-
to-consumer genetic testing

PharmGKB5Pharmacogenomics KnowledgeBase; CPIC5Clinical Pharmacogenetics Implementation Consortium; EGAPP5Evaluation of
Genomic Applications in Practice and Prevention; FDA5Food and Drug Administration; TPMT5thiopurine methyltransferase
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affiliated with the course. The study coordinator con-
ducted all student communication about personal geno-
typing and served as a liaison between students and the
lab coordinator to ensure course faculty and laboratory
personnel were blinded to students’ choices regarding
personal genotyping. The genotyping portion of the
study was approved by the UF Institutional Review
Board (IRB). Student participation was anonymous; all
students gave written, informed consent.

Genotyping was conducted using a custom array on
Life Technologies (Carlsbad, CA) QuantStudio 12K Flex
system, with OpenArray technology.23 This custom gen-
otyping chip included approximately 120 SNPs in genes
with evidence of a pharmacogenomic effect, such as
CYP2C19, CYP2C9, VKORC1, and CYP2D6. Samples
of DNA were collected using ORAgene Discover
OGR-500 DNA self-collection kits and isolated using
the prepIT L2P kit (PT-LP2-45) (both fromDNAGenotek
Inc., Ontario, Canada). Genotyping costs were supported
by grant funding from the National Institutes of Health.
Students did not receive any compensation, benefit, or in-
centive to participate in personal genotyping. Students
who chose not to participate in genotyping were provided
with anonymous, de-identified genotyping results in an
identical manner (format, method, and timeline of return-
ing results) to students who were genotyped.

Samples ofDNAwere assigned an anonymous 4-digit
code to ensure the laboratorywas blinded towhich students
underwent genotyping. After genotyping was completed,
the laboratory transferred the genotype data back to the
study coordinator who then transferred personal geno-
type data (provided as untranslated SNP genotypes)
back to each student via encrypted files. Students were
also given access to 10 de-identified genotype data sets,
which allowed students to complete patient cases using
their own genotype or the de-identified data set. The
laboratory destroyed any remaining DNA samples after
genotyping was complete.

To ensure protection of all aspects of student con-
fidentiality, all communication with students, faculty
members, and research laboratory personnel regarding
participation in personal genotyping and/or the pre/
postsurvey (described below) was conducted by a nonfac-
ulty study coordinator not associated with the course (re-
ferred to as an “honest broker”). This included all in-person
or e-mail communication about the study, informed con-
sent, mailing and receipt of DNA kits, and communication
of genotyping results to students. Course faculty members
were not included in these processes and study-related
questions were directed to the study coordinator. In this
way, facultymemberswere completely blinded to students’
choices to participate in any component of the study. In

addition, students with questions or concerns about their
genotyping results could e-mail the honest broker to obtain
contact and scheduling information to meet confidentially
with a health professional or genetic counselor to discuss
their results at no charge to the student,with payment of any
related costs or fees coordinated by the honest broker on
behalf of the UF Health Personalized Medicine Program.

Students in both courses were invited to participate
in pre/postcourse surveys evaluating knowledge, atti-
tudes, and beliefs about genotyping for pharmacoge-
nomic and genomic medicine applications. The surveys
were approved by the UF IRB, and all students provided
a waiver of documentation of informed consent. Surveys
were developed by course faculty members, with input
from researchers with expertise in survey methodology
and interprofessional education, and were pilot tested
prior to administration. Selected survey questions were
adapted from a survey developed by researchers at Stan-
ford School of Medicine.11,16 Surveys were administered
during the first and last weeks of the courses using an
online instrument (Qualtrics, LLC, Provo, UT). Students
were assigned an anonymous 4-digit code to identify their
surveys so that survey data remained de-identified, but
pre/postsurveys could be paired for analysis. Students
did not receive any compensation, benefit, or incentive
to participate in the surveys andwere not penalized in any
way for not participating in them.

Survey results were analyzed to assess the impact of
the course and personal genotyping on pharmacoge-
nomic and genomic medicine attitudes, beliefs, and
knowledge. Only students who provided a presurvey
and postsurvey (paired response) were included in the
analysis. Student responses to questions on attitudes
were assessed on a 5-point Likert scale (strongly agree,
agree, neutral, disagree, and strongly disagree). For data
analysis, student responses were collapsed and reported
as percentage of students who agree or strongly agree,
and/or disagree or strongly disagree with the stem state-
ment (the “neutral” response was omitted for statistical
analyses). The paired precourse and postcourse responses
were analyzed for change using nonparametric tests
(McNemar’s test for binary responses and Wilcoxon
signed-rank test for Likert scale responses). The paired
precourse and postcourse knowledge questions were ana-
lyzed individually for change using McNemar’s test, and
the overall knowledge score was analyzed for change by
Student’s t test.

RESULTS
Thirty-four and 19 pharmacy students completed the

pharmacogenomics course and genomicmedicine courses,
respectively. Sixteen students completed both courses
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sequentially. All participants were PharmD students in
the fall of their third professional year (P3). No students
were enrolled in dual-degree or other postgraduate courses
or programs.

The most common reason cited by students for
enrolling in either course was the need to learn about
pharmacogenomics/genomic medicine because of its
importance to patient care in the future. Students who
participated in both courseswere askedwhich course they
felt was more valuable in influencing their future clinical
practice. Fifty-six percent of students (9 of 16) stated that
the courseswere equallybeneficial,while 38%(6of 16) and
6% (1 of 16) stated that the pharmacogenomics and geno-
mic medicine course was more beneficial, respectively.

Seventy-nine percent of students (n527) attended
and participated in all live, web-based class meetings
for both the pharmacogenomics and genomic medicine
courses (attendance was required and incorporated into
grading for both courses). Prior to the start of the phar-
macogenomics course, students scored an average of 45%
(1.8 of 4 questions correct) on questions related to knowl-
edge of pharmacogenomics, which increased to 80% after
completing the course (3.2 of 4 questions correct, p,0.01).
Comparisons of precourse and postcourse knowledge for
the pharmacogenomics and genomic medicine courses are
summarized in Table 2. In the genomic medicine course,
student mean scores increased from 53% (1.6 of 3 ques-
tions correct) to 74% (2.2 of 3 questions correct, p50.03)
on questions related to knowledge of genomic medicine.
Notably, one of the original knowledge assessment ques-
tions for the genomicmedicine coursewas discarded during
data analysis because of a question error that invalidated

student responses. An additional file provides complete
question and answer options for all knowledge questions.

One hundred percent of students enrolled in the
courses also completed the pre/postsurveys for both
courses. After completing the pharmacogenomics course,
students’ self-reported understanding of pharmacogenomic
testing improved significantly a compared with precourse
measures, with amore than 2-fold increase in percentage of
students reporting they understood a patient’s pharma-
cogenomic test results (38% vs 91%; p,0.01). Students
completing the pharmacogenomics course also reported
increased comfort level and confidence in answering pa-
tient and health care professions questions about phar-
macogenomics, as well as improved understanding of
the roles of various health care professionals in this field
after course completion. Students’ attitudes regarding phar-
macogenomics before and after completing the course are
summarized in Table 3.

There was no significant difference between the
percent of students who would undergo pharmacoge-
nomic testing (100% vs 97%; p50.32) or recommend
it for patients (94% vs 97%; p50.32) after completing the
pharmacogenomics course. However, after completing the
pharmacogenomics course, fewer students stated that they
would recommend consumer-based personal genotyping
to patients (38% vs 18%; p,0.01).

In the genomic medicine course, 85% (n516 of 19)
of studentswhowereeligible tocomplete thepre/postsurveys
had also taken the pharmacogenomics course (ie, com-
pleted the pharmacogenomics one week prior to starting
the genomic medicine course). Because of the immediate
sequential nature of the courses, presurveydataonattitudes

Table 2. Student Knowledge Before and After Pharmacogenomics and Genomic Medicine Coursesa,b

Topic Precourse Postcourse p valuec

Pharmacogenomics Course (Fall A; n534)
Mercaptopurine dosing in a child with acute lymphoblastic leukemia based on
thiopurine methyltransferase (TPMT) genotype results

8 (24) 24 (71) ,0.01

CYP2C19 and antiplatelet drug selection in patients undergoing percutaneous
coronary intervention

17 (50) 22 (65) 0.20

Clinical utility of a pharmacogenomic test 23 (68) 33 (97) ,0.01
Drug therapy choice for pain relief in an adult with chronic lower-back pain based
on CYP2D6 genotype results

13 (38) 31 (91) ,0.01

Overall Score (maximum of 4) 1.8 (1.2) 3.2 (0.7) ,0.01
Genomic Medicine Course (Fall B; n519)

Region of the genome that can lead to increased risk of cardiovascular disease 7 (37) 19 (100) ,0.01
Resources to provide evidence-based clinical-decision making in genomic medicine 5 (26) 6 (32) 0.74
Family history use in genomic medicine 18 (95) 17 (89) 0.56
Overall Score (maximum of 3) 1.6 (0.7) 2.2 (0.6) 0.03

aResults: n (%) answered correctly for individual questions; mean (SD) for overall score
bAdditional file provides question and answer options for knowledge questions
cMcNemar Test (individual questions); Wilcoxon signed rank (overall)
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and beliefs did not represent a true baseline measurement
in the majority of students. Therefore, a valid comparison
of pre/postsurvey responses was not possible for this
course.

At the start of the pharmacogenomics course, 97%
(n533) of students planned to undergo personal genotype
evaluation. At course completion, 100% of students re-
ported opting in to personal genotyping. The 100% adop-
tion rate for personal genotyping precluded us from
evaluating different impact of the course based on the
decision to undergo personal genotyping. When asked
about their motivations for undergoing personal genotyp-
ing, student responses included: general curiosity about
their genetic makeup (67%, n522); desire to learn about
genetic variations that influence drug reactions or dosing
(18%, n56); desire to understand what patients might
experience (9%, n53); and interest in providing informa-
tion to family members about genetic variations that influ-
ence drug reactions or dosing (6%, n52). Only one student
reported having previously undergone consumer-based
personal genotyping, genetic testing, or pharmacogenetic
testing in the precourse survey.

When asked to reflect on their feelings about
choosing whether or not to undergo genotyping, 6% of
students (n52) agreed or strongly agreed that they felt
anxiety about this decision, while no students reported
feeling anxiety when they received their genotype re-
sults. Eighty-eight percent of students (n530) strongly

agreed/agreed that the opportunity to seek counseling
from a health professional was an important component
of a personal genotyping offer, although no students
requested to meet with a health professional or genetic
counselor throughout the course and genotyping pro-
cesses. Table 4 summarizes students’ attitudes about per-
sonal genotyping.

After completing the course, 75% (n525) of stu-
dents reported being mildly or significantly pleased that
they underwent genotyping, 21% (n57) felt neutral
about personal genotyping, and 3% (n51) expressed
mild regret for having undergone personal genotyping.
The majority of students (74%, n525) reported a better
understanding of pharmacogenomics based on having
undergone personal genotyping as part of the course.
Eighty-two percent of students (n528) stated that per-
sonal genotyping was an important part of their learning
process. Eighty-eight percent (n530) and 85% (n529),
of students, respectively, stated that the course helped
them to better understand what a patient’s experience
might be like if they were to undergo personal genotyp-
ing and clinical pharmacogenomic testing.

Studentswere also askedwhether they perceived that
faculty members had any knowledge of whether individ-
ual students underwent genotyping and/or the effects that
this knowledge may have on grading. Ninety-one percent
of students (n530) did not feel that course faculty mem-
bers knewwhether they had undergone personal genotype

Table 3. Student Attitudes and Beliefs Before and After Pharmacogenomics Coursea

Survey Itemb
Precourse Postcourse

p valuec(n=34) (n=34)

Understanding of pharmacogenomic testing
I understand the difference between consumer-based personal genome testing
(personal genotyping) and pharmacogenomic testing that is part of clinical care.

24 (71) 34 (100) ,0.01

I understand the risks and benefits of pharmacogenomic testing. 30 (88) 34 (100) ,0.01
I know enough about pharmacogenomic testing to understand test results. 13 (38) 31 (91) ,0.01

Comfort level answering questions about pharmacogenomic testing
I feel comfortable answering questions from patients about pharmacogenomics. 9 (26) 24 (71) ,0.01
I feel comfortable answering questions from other health care professionals about
pharmacogenomics.

6 (18) 22 (65) ,0.01

Interprofessional
Pharmacogenomics will play an important role in my future career. 27 (79) 32 (94) 0.08
Individuals in my profession understand the clinical applications of pharmacogenomics. 12 (35) 10 (29) 0.79
I understand the role of individuals in my profession in applying pharmacogenomic
information to patient care.

17 (50) 30 (88) ,0.01

I understand the roles of other health care professionals in applying pharmacogenomic
information to patient care.

17 (50) 27 (79) ,0.01

I feel confident in my ability to communicate clinical recommendations regarding
pharmacogenomics to other health care professionals.

5 (15) 23 (68) ,0.01

aResults presented as n (%) agree or strongly agree
bResponses to questions based on 5-point Likert scale
cWilcoxon signed rank test; p,0.05 significant
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evaluation in the course, and 94% of students (n531)
stated that they did not feel required to divulge their per-
sonal genotype information to ask questions of faculty
members in the course. Accordingly, the majority of stu-
dents (94%, 31) reported that they did not feel theywere at
a disadvantage in the course because of any perceived
faculty knowledge of student participation in personal
genotyping.

DISCUSSION
This is the first study of educational outcomes

among pharmacy students given the opportunity to un-
dergo array-based personal genotyping of pharmacoge-
nomic SNPs as a component of an academic course in
pharmacogenomics. All eligible students opted to undergo
personal genotyping, and the majority of these students
agreed that genotyping was an important part of learning
in the course and that it helped them understand a patient’s
experience with genotyping (.80% of students for all
measures). Students’ knowledge of pharmacogenomics
and genomic medicine increased significantly after com-
pleting the respective courses, with a nearly 2-fold increase
in knowledge assessment. These results are consistent with
previous studies that incorporated personal genome eval-
uation into medical and/or graduate education,11,12,14,16

although our model differs from these in its focus on clin-
ically actionable pharmacogenomic SNPs.

One unexpected finding of this study was the de-
creased percentage of students stating that they would
recommend consumer-based personal genotyping to pa-
tients after completing the pharmacogenomics course.
Although we were not able to explore this finding fur-
ther, based on our interactions with students, we antici-
pate that this finding reflects increased understanding
and discernment among students regarding the complexity

of pharmacogenetic and genomic testing overall, and the
need for a health professional’s guidance in interpreting
test results. During the course, the importance of interpret-
ing test results correctly for patient care applications, in
light of emerging evidence and advancing genotyping
procedures, was discussed extensively. For example, one
TPMT (thiopurine methyltransferase) discussion activity
required students to role play explaining an erroneous labo-
ratory report delivered by a consumer-based genotyping
company forTPMTassessment to apatient andprescriber.25

The use of a clinician-led, flipped-classroom, online
teaching approach focusing on clinical implementation
and communication with patients and other health care
professionals is unique to this study. This emphasis on
applying knowledge to clinical practice was reinforced
throughout all course activities (eg, patient cases, role-
playing exercises) and incorporated into student assess-
ment rubrics. We believe that patient-centered teaching
approaches such as these will be essential to prepare
student pharmacists for future practice activities that in-
clude the routine use pharmacogenomic data. These
teaching and learning strategies are consistent with other
applications-based, pharmacotherapy content students
are learning during their third year of pharmacy school
and support student achievement of baseline clinical
knowledge and skills in pharmacogenomics as defined
by professional competency statements.22 This approach
was associated with increased student confidence in an-
swering questions about pharmacogenomics from patients
and health care professionals and in communicating clini-
cal recommendations to other health care professionals.
These findings support the need to further develop and
disseminate educational strategies for pharmacoge-
nomics and genomic medicine that equip students with
necessary clinical skills, such as the ability to incorporate

Table 4. Student Attitudes Toward Personal Genotypinga

Statement
SA/A SD/D
(n=34) (n=34)

I experienced anxiety when deciding to whether or not to undergo personal genotyping. 2 (6) 30 (88)
I experienced anxiety when I received my personal genotyping results. 0 (0) 31 (91)
The opportunity to seek counseling from a health professional is an important component to a personal

genotyping offer.
30 (88) 0 (0)

I have a better understanding of pharmacogenetics based on having undergone personal genotyping. 25 (74) 2 (6)
Undergoing personal genotyping was an important part of my learning in Clinical Applications

of Pharmacogenomics.
28 (82) 3 (9)

This course helped me understand what patients’ experience might be like if they undergo personal
genotyping.

30 (88) 1 (3)

This course helped me understand what patients’ experience might be like if they undergo clinical
pharmacogenomic testing.

29 (85) 1 (3)

aResults: n (%); data does not add to 100% because of omission of “Neutral” response
SA/A-strongly agree/agree; SD/D5strongly disagree/disagree
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data into existing patient information, analyze and apply
emerging evidence, use publicly available databases, eval-
uate clinical validity and utility of genomic tests, counsel
patients about test results, and navigate clinical reimburse-
ment issues.7,10,12,14

The distinction between scientific knowledge
and clinical skills and an emphasis on active-learning,
patient-centered teaching approaches are important consid-
erations when charting the future course of education in
pharmacogenomics and genomic medicine. Coverage of
pharmacogenomics and genomic medicine is increasing
in health professions education, but teaching strategies
are dominated by traditional didactic lectures that empha-
size basic science concepts,6,8,20,21 an approach that is in-
sufficient for clinical skill development.7,26 Significant
barriers exist to widespread adoption of an active-learning
approach that emphasizes clinical skills in pharmacoge-
nomics and genomicmedicine, including a shortage of fac-
ulty members with knowledge and clinical experience in
this area and the need to stay current with a developing
evidence base for clinical validity, utility, and reimburse-
ment for tests across broad therapeutic areas.7,8,10,21

Strategies proposed to overcome these challenges include
curricular integration,8 creation of shared curricula across
institutions and/or professional societies,14,21,27 implemen-
tation of educational tracks within professional curricula
to enhance exposure to genetics and genomics,20 devel-
opment of “train-the-trainer” programs for teaching
faculty members,17,21 and use of novel online educa-
tional approaches such as courses that use an open, wiki
platform and crowd-sourcing from the medical commu-
nity.10 Future exploration of these and other novel strat-
egies is needed to advance health professional education
in this area on a large scale.

Study findings also contribute to the growing body of
evidence that thoughtful genotyping processes can help
overcome potential ethical questions with student personal
genotype evaluation, including concerns about student
vulnerability, exploitation, or coercion, the possibility of
returning test results with unclear or shifting clinical im-
plications for disease risk, and a blurred line between
educational and human subject research.14,15,28,29 We
employed measures to protect students that included the
use of an honest broker intermediary for all study-related
communication, faculty blinding to student genotyping
choice, coverage of bioethics and informed consent for
genetic testing prior to genotyping offer, offer of genetic
counseling at no charge, and use of specific verbiage dur-
ing question-and-answer sessions to avoid revealing stu-
dents’ genotyping choice. Although there is minimal risk
of incidental findings or disease associations with the
pharmacogenetic SNP data, we also conducted searches

of the database of Genotypes and Phenotypes (dbGaP),
and the National Human Genome Research Institute
Genome-Wide Association Study (NHGRI GWAS) Cata-
log on all SNPs prior to the start of the course and again
before returning any student genotyping data to identify
and remove anySNPs that could be associatedwith disease
risk. To ensure a clear delineation between educational
and human subject research, we did not retain, report, or
use student genotype data in any form, although students
could opt to share their data anonymously into dbGaP be-
fore it was destroyed by the laboratory. Thesemeasures are
consistent with those previously used or recommended by
ethicists11,12,16,28,29 and were associated with no or mini-
mal student anxiety in the decision to undergo genotyping
and student confidence that course instructors were un-
aware of their choice. However, scalability of these pro-
tective measures will be an important consideration for
future educational efforts in this area. Additional research
is needed to determine the appropriate level of student
protection needed and strategies to support educators in-
corporating student genotyping into teaching and learning
models on a larger scale.

Study limitations include single-site design, small
sample size with no control group, and the potential for
social desirability bias in survey responses. Although we
anticipated that some students would select to receive de-
identified genotype data and thereby serve as internal
controls, this did not occur. Because of the elective nature
of the course, students who enrolledmay have entered the
course with a higher interest in or enthusiasm for pharma-
cogenomics and/or genomic medicine. It is possible that
observed changes may have been caused by factors out-
side the course, and no additional follow up was conducted
to measure the persistence of observed changes in stu-
dents’ knowledge, attitudes, or beliefs. Additionally, the
large percentage (85%) of students who enrolled in both
courses sequentially, which invalidated baseline mea-
sures of student attitudes and beliefs in the genomic
medicine course presurvey, was unanticipated.We incor-
porated changes into the design of the fall 2015 course and
research protocol to address this issue.

The course was offered for the second time in fall
2015, with a number of changes incorporated to both the
educational and research content and design. The course
structure was revised to combine the individual 8-week
courses to form a 16-week course titled Clinical Applica-
tions of Personalized Medicine. The 16-week format
allowed faculty members to combine coverage of pharma-
cogenomics and genomicmedicine content by disease state
or organ system (eg, cardiology, hematology/oncology) to
streamline teaching and avoid potential content duplication
between the courses. In the second offering, personal
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genotyping resultswere returned to students in a “clinical
lab report” format with star-allele and phenotype desig-
nations rather than as raw SNP data to better mimic
clinical practice. In addition, the online teaching model
was expanded to enable increased availability of this
course to students in other health professions and at
other universities, irrespective of geographic location,
and additional active-learning activities (eg, journal club
and discussion board) were incorporated into the course.
Revisions were also made to the research plan, including
designation of a control group, development of a more ef-
ficient online research enrollment and consenting process
for students, use of a larger number of pre/postcourse
knowledge assessment questions mapped to individual
course objectives, and revision of the pre/postsurveys to
allow valuation of specific teaching strategies and assess-
ment of student readiness to implement clinical pharmaco-
genomics in practice.

CONCLUSION
This novel and interactive approach to pharmacoge-

nomics (including personal genotype evaluation) and
genomic medicine education in a subset of students was
associated with increased student learning and improved
student confidence in communicating clinical recommen-
dations to other health professionals and patients about
pharmacogenomics. The opportunity to use personal ge-
notype information was an important part of the learning
process and helped students better understand a patient’s
experience with genetic testing.
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Appendix 1. Sample CYP2C19-Clopidogrel Patient Case

HPI:RF is a 67-year-oldmale (wt. 110 kg)with a history of obesity, diabetesmellitus, gout, and prostate carcinoma s/pXRT,who has
had substernal chest pain for 6 months. The pain is exacerbated by exertion and relieved by rest. He underwent a treadmill stress test
approximately 1month ago and exercised 4minutes. No ischemic appearing EKG changes were observed but he did have significant
chest pain. He denies having any bleeding problems or upcoming surgeries. Patient presented to the catheterization lab for unstable
angina today and underwent PCI. Blood was sent to lab for CYP2C19 genotype today.
Procedure Summary: LHC revealed high grade obstructive LAD lesion successfully treated with one DES in the mid-LAD
Insurance: Information pending
Medications:

Aspirin 81mg daily; Clopidogrel 75mg daily; Atorvastatin 80mg daily; Allopurinol 300mg daily; Glyburide-metformin
5-500mg daily; Metformin 500mg daily; Metoprolol XL 50mg daily; Sitagliptin 50mg daily

Using the genotype assigned to you (or your own CYP2C19 genotype if desired), answer the following questions:
1. What are the treatment options for RF’s dual antiplatelet therapy? (See antiplatelet recommendations in the 2012

ACCF/AHA Focused Update of the Guideline for the Management of Patients With Unstable Angina/Non–ST-Elevation
Myocardial Infarction).

2. What additional information do you need for this patient?
3. What patient-specific (nongenotype) factors will influence the choice of antiplatelet therapy for RF?
4. Based on this patient’s presentation, genotype, and other patient-specific factors, provide a drug therapy recommendation

for this patient’s antiplatelet therapy below, including drug, dose, and duration of therapy.
5. How does this patient’s genotype affect your drug therapy recommendation?

Appendix 2. Content of Patient Case Student Assessment Rubric

Clinical Applications of Pharmacogenomics Grading Rubric

Student Name: ________________ Date: ____
Criteria Score Notes

Patient Presentation/Assessment
Included appropriate discussion of the patient’s disease states
Included appropriate discussion of the patient’s current drug therapy
Included appropriate interpretation of patient’s genotype results
Summarized clinical implications of patient’s genotype results
Assessment demonstrated student’s understanding of subject matter
Assessment was clearly communicated

Patient Plan
Plan reflects patient’s genotype results
Plan considers patient’s other desease states and/or drug therapy
Plan includes appropriate suggestions for drug therapy/other changes
Plan is supported by evidence-based reasoning

Total Score /50

Grading scale: 55strongly agree; 45agree; 35neutral; 25disagree; 15strongly disagree
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