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Objective. To develop, implement, and evaluate “Test2Learn” a program to enhance pharmacoge-
nomics education through the use of personal genomic testing (PGT) and real genetic data.
Design. One hundred twenty-two second-year doctor of pharmacy (PharmD) students in a required
course were offered PGT as part of a larger program approach to teach pharmacogenomics within
a robust ethical framework. The program added novel learning objectives, lecture materials, analysis
tools, and exercises using individual-level and population-level genetic data. Outcomes were assessed
with objective measures and pre/post survey instruments.
Assessment. One hundred students (82%) underwent PGT. Knowledge significantly improved on
multiple assessments. Genotyped students reported a greater increase in confidence in understanding
test results by the end of the course. Similarly, undergoing PGT improved student’s self-perceived
ability to empathize with patients compared to those not genotyped. Most students (71%) reported
feeling PGT was an important part of the course, and 60% reported they had a better understanding of
pharmacogenomics specifically because of the opportunity.
Conclusion. Implementation of PGT in the core pharmacy curriculum was feasible, well-received, and
enhanced student learning of pharmacogenomics.
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INTRODUCTION
Pharmacogenomics, the study of how genetic varia-

tion impacts drug response, has been implemented in clin-
ical practice based on the premise that it improves
medication outcomes.1 As medication experts, pharma-
cists are well-positioned to ensure genetic data are used
safely and effectively to tailor medication use to achieve
“precision medicine,” defined by the National Institutes
of Health (NIH) as: “tailoring of medical treatment to the
individual characteristics of each patient.”2,3 Professional
position statements advocate for pharmacists to play
a leadership role in pharmacogenomics-based patient
care.2,3 However, the majority of pharmacists are not
confident with pharmacogenomics data.2,4-7

Because the2016AccreditationCouncil forPharmacy
Education (ACPE) Standards include pharmacogenomics,

it is the responsibility of pharmacy schools to prepare
pharmacists entering clinical practice to effectively use
genetic data in the delivery of precision medicine.8 Fur-
thermore, the American Association of Colleges of Phar-
macy (AACP),4 the NIH-funded Genetics/Genomics
Competency Center (G2C2),9 and the National Coalition
forHealth Professional Education inGenetics (NCHPEG)10

have created genetics competencies applicable to phar-
macists. However, the state of pharmacogenomics in-
struction at most pharmacy schools was reported as
“poor” or “not at all adequate” in a 2010 survey.11 New
methods of instruction may be needed to drive better
learning and retention.

A participatory education model in which students
undergo personal genomic testing (PGT) enhanced class-
room learning in limited trials but remains controver-
sial.12-15 To explore pharmacy student interest at our
institution, we polled over 200 students at the University
of Pittsburgh School of Pharmacy in 2013 and found the
majority (77%) were interested in undergoing PGT to
help learn pharmacogenomics. We therefore sought to
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scale this innovative educational approach to the core
doctor of pharmacy (PharmD) curriculum to attain its
educational benefits within an appropriate ethical frame-
work. In this report, we describe our development of
“Test2Learn” (www.test2learn.org, trademark pending),
an educational program focused on using PGT as a peda-
gogical tool, its implementation in a required course in the
second-year of the PharmD curriculum at the University
of Pittsburgh, and outcomes derived from objective mea-
sures of learning and student surveys. We hypothesized
that the integration of PGT would engage students and
enable them to achieve high-level pharmacogenomics
competencies through active-learning experiences.

DESIGN
At the University of Pittsburgh, PharmD students are

introduced to pharmacogenomics in the second year of the
curriculum in the course Drug Development II. This re-
quired course teaches pharmacokinetics and pharmaco-
dynamics concepts, which are critical to student
understanding of the scientific basis of variable patient
drug response. It bridges the foundational content in Bio-
chemistry, Principles of Drug Action (including pharma-
cology), and Drug Development I (clinical trials and the
diversity of patient populations) courses taught in year
one with therapeutics courses in the third year. Drug De-
velopment II is team-taught by 10 clinical and research
facultymembers and takes place in the school’s new state-
of-the-art classroomdesigned to facilitate group activities
using computer/mobile technology.

In summer 2014, course faculty members were of-
fered PGT through the direct-to-consumer genetic testing
company, 23andMe (Mountain View, CA). The objective
of this “teach the teacher” approach was to expose faculty

members to PGT as a pedagogical tool and to demonstrate
how to incorporate pharmacogenomics and genetic data
into their lessons, if desired. Drug Development II course
objectives (Table 1) were designed through a formal pro-
cess of review and integration of pharmacogenomics
competencies and learning outcomes from the following
sources: AACP,4 NCHPEG,10 the G2C2 Pharmacist
Competencies,9 ACPE 2016 accreditation standards,8

a recent American College of Clinical Pharmacy com-
mentary,16 and the existing University of Pittsburgh
PharmD program curricular and course outcomes.

With these defined instructional goals, we developed
a strategy to enrich course content using PGT data as
a core component. The structure of Drug Development
II, with initial lectures focusing on the science, followed
by lectures involving application, was not changed.
Rather, it was supplemented with the Test2Learn pro-
gram: (1) new ethics content provided by faculty mem-
bers from the Department of Human Genetics; (2)
recorded videos used as an out-of-class genetics review;
(3) revised lectures and practica; (4) a guest lecturer from
23andMe; and (5) new exercises leveraging the students’
experience with PGT and available genetic data. The in-
tent of the revisions was to teach an effective process for
pharmacogenomics-based clinical decision making
rather than only specific drug-gene variant-phenotype
associations.

In didactic lectures, students were taught gene vari-
ant nomenclature; pharmacogenomics information re-
trieval from national databases, such as dbSNP and the
Pharmacogenomics Knowledgebase (PharmGKB);17 and
genetic testing procedures, which were later applied in
hands-on practica sessions. Information retrieval exer-
cises asked students to answer questions about specific

Table 1. Pharmacogenomics-focused Drug Development II Learning Objectives

1. Define common terms and nomenclature used in PGx
2. Compare/contrast different PGx study designs
3. Understand the effects of variation in gene structure and expression on PK/PD
4. Demonstrate an understanding of how genetic variation in a large number of proteins, including drug transporters, drug
metabolizing enzymes, direct protein targets of drugs, and other proteins (eg, signal transduction proteins) influence
pharmacokinetics and pharmacodynamics related to pharmacologic effect and drug response

5. Understand the influence (or lack thereof) of ethnicity in genetic polymorphisms and associations of polymorphisms with drug
response

6. Use online resources to assign haplotypes and predicted drug response phenotypes from genetic data
7. Learn a step-wise decision-making process for the integration of PGx with other factors known to impact PK/PD to make
appropriate PGx-based recommendations for patients and populations

8. Recognize the availability of evidence-based guidelines that synthesize information relevant to genomic/pharmacogenomic
tests and selection of drug therapy (eg, clinical pharmacogenomics implementation consortium)

9. Provide examples of drugs/clinical situations where PGx testing is likely to be most useful
10. Appreciate the potential benefits, limitations, and risks of genetic testing/information for individuals
11. Understand PGx testing and data storage processes and the related ethical, legal, and social issues
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genes, variants, or phenotypes not previously covered in
the course to test students’ ability to find accurate infor-
mation. Students also identified howvariantswere assem-
bled to determine haplotypes, assigned “patient”
diplotypes, and predicted likely phenotypes in case-based
activities. Students gained experience using PharmGKB
pharmacogenomics translation tables and Clinical Phar-
macogenomics Implementation Consortium (CPIC)
guidelines routinely employed in research and in clinical
practice.

In one example exercise, students interpreted their
own data as the basis for recommending appropriate anti-
platelet therapy following percutaneous coronary inter-
vention (Figure 1). Following the lecture teaching the
pharmacogenomics of cardiovascular drugs (eg, warfarin
and CYP2C9/VKORC1; simvastatin and SLCO1B1; clo-
pidogrel and CYP2C19), the genetic data were also used
in patient cases to teach students to integrate pharmaco-
genomics data with other clinical information (eg, labo-
ratory data, medication history, drug interactions) for
more advanced decisionmaking. Students further learned
to communicate pharmacogenomics information through
small group activities during which students played the
role of a pharmacist, patient, or another health care prac-
titioner. The “pharmacist” conveyed recommendations
based on the pharmacogenomics-based decision-making
process, and performance was evaluated individually and
through group assignments and reports to the entire class.

To help convey the concepts of genotyping and
phenotyping, a phenotyping experiment was performed
to focus students’ thinking on variability in populations
and whether it could be predicted. The ability to taste bit-
terness of phenylthiocarbamide (PTC) impregnated paper
strips (Frey Scientific, Nashua, NH) is a well-established
experiment used to demonstrate simple genetic concepts.18

On the first day of class, every student was given a strip of
PTC paper and asked to report anonymously via an audi-
ence response system if they could detect the distinct
bitter taste. After students donated their raw data to the
class pool, the distribution of “tasters” and “nontasters”
was predicted from the genotype at rs713598 in the
TAS2R38 gene for each student in the population dataset.
To conclude this activity, distributions of phenotype tested
tasters and genotype predicted tasters were presented to
students.

The Test2Learn program underwent ethical, legal,
and administrative reviews prior to launch. The project
was initially evaluated at the university level by represen-
tatives of the Provost’s Office and received strong support
by the School of Pharmacy Curriculum Committee, stu-
dent representatives, and school faculty members in
spring 2014. Since the planned surveys and genetic data

used in class were anonymous, the program and its use of
PGT did not meet the definition of research, according to
the University of Pittsburgh Institutional Review Board
(IRB). A bioethicist external to the school was also con-
sulted to provide an additional independent review, and
revisions were made to the project plan.

Personal genomic testing was explicitly presented to
students as an optional exercise, and this understanding
was documented through a written acknowledgement. To
mitigate pressure to participate or coercion, decisions
were confidential and blinding procedures were incorpo-
rated so that faculty members did not know who under-
went testing. All students attended a mandatory ethics
presentation delivered by a qualified bioethicist that dis-
cussed the risks of genetic testing.19 These lectures, sup-
plemented by optional time set aside for faculty
consultation, allowed students to make an informed de-
cision over a 4-week time period regardingwhether or not
to undergo PGT. A genetic counselor was also made
available as an additional safety net. To provide students
opting out of PGT equal opportunity to work with real
genetic data, anonymous datasets were downloaded from
the Harvard Personal Genome Project (HPGP).20 This
project allows individuals who wish to provide re-
searchers their PGT data, such as 23andMe raw datasets,
to upload their data to a publicly accessible repository.
Each studentwas given aUSBdrive onwhich to store data
for use in class exercises to maintain blinding.

Saliva-based genotyping kits were obtained from
the direct-to-consumer genetic testing company,
23andMe, at a cost of approximately $80 per test. The
company uses a custom genotyping array based on the
HumanOmniExpress-24 panel (Illumina, San Diego,
CA) that queries over 600 000 single nucleotide poly-
morphisms (SNPs) in addition to about 30 000 custom

Figure 1. Excerpt from the exercise in which students used
custom software, individual genetic data (their own or an ex-
ternal dataset), simplified translation table adapted from
PharmGKB,17 and CPIC guidelines to identify their diplotype
and phenotype to make a clinical decision.
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SNPs selected by 23andMe. The kits were ordered in bulk
and distributed to students by a staff member unaffiliated
with the program who tracked student names with the kit
number received until they were successfully processed.
Genotyped students signed 23andMe’s standard web-
based consent to undergo PGT and created personal ac-
counts on their website in order to receive ancestry reports
and their raw genetic data directly. All costs were covered
through grant support.

To complete a class population analysis, students
were asked to submit their PGT data, but were under no
obligation to do so. Students watched a short video tuto-
rial on how to properly de-identify their personal data. To
donate, students exchanged their USB drive containing
their de-identified PGT data file for a new USB drive
using designated bins, Genetic files were then extracted
from the USB drives and added to a single database. Pop-
ulation data were compiled using a Python script and
PLINK, v.1.07 (Shaun Purcell, Boston, MA).21 Population
level diplotype frequencies for several pharmacogenes
(CYP2C9, CYP2C19, SLCO1B1,VKORC1) were deter-
mined to show the prevalence of clinically relevant varia-
tion among the class. These data were also integrated into
the cases and used to stimulate student thinking regarding
the potential value of pre-emptive genotyping. Students
were asked to identify drug-gene pairs to target based on
the variant frequency data and integrate additional factors
such a guidelines, medication use, test availability, and
clinical outcomes into theoretical policy decisions.

We developed custom software, the Personal Ge-
nome Browser tool, for students to use in class to parse
their PGT data for pharmacogenomics-related SNPs and
genes. With it, students were able to efficiently access
sequence-level genetic data for individual genes by Ref-
erence SNP Identification (RSID) number or to receive
a list of all variant calls for a selected gene symbol to
assign diplotypes and obtain interpretations. The tool
was written using Python, v3.4.1 (Python Software Foun-
dation, Beaverton, OR), custom libraries, and the
Ensembl REST application program interface (European
Bioinformatics Institute, Hinxton, UK)22 to pull gene IDs
from RSID lookup. Importantly, the libraries could be
modified to control what genes the tool could query,
and the specific features, such as interpretations, could
be remotely locked and/or unlocked.

Knowledge and attitudinal data were collected with
anonymous pre/postsurveys completed by students on
the first and last days of class, respectively. Surveys
were adapted from previous publications and covered
the following domains: knowledge of pharmacogenom-
ics, genetics, and PGT; attitudes and beliefs regarding
pharmacogenomics and PGT; and expectations of the

Test2Learn program for achieving learning objec-
tives.5,13,15,23,24 The postsurvey also asked students about
whether or not they underwent PGT as part of the class,
which allowed for comparisons based on the act of un-
dergoing PGT vs using external anonymous data. The
surveys were linked using an anonymous code generated
by respondents for pre/post comparisons. Data were en-
tered in a Microsoft Access database in duplicate and
compared to ensure data integrity. To compare student
performance relative to peers in the same course in prior
years, a standardized quiz that assessed general knowl-
edge of genetics and pharmacogenomics was adminis-
tered as it has been every year since 2011.

For knowledge questions, students were scored
based on the percent answered correctly and matched
pre/postsurveys were compared using a paired t test.
Likert scale questions (55strongly agree, 45agree,
35neutral, 25disagree, 15strongly disagree) were com-
pared using theWilcoxon signed-rank test for paired data
analysis and the Mann-Whitney U test for unpaired com-
parisons. Mean and standard deviation were provided for
easy interpretation. Dichotomous responses (ie, yes/no)
and proportions were evaluated using the chi-square test
for unpaired comparisons or McNemar’s test for paired
comparisons. Statistical analyses were performed using
SPSS, v22 (IBM, New York, NY) and R, v3.1.2 (R De-
velopment Core Team, Vienna, Austria).

EVALUATION AND ASSESSMENT
Of the 122 students and 10 facultymembers towhom

genotyping was offered, 100 (82%) and 10 (100%), re-
spectively, elected to undergo PGT. Turnaround time for
results was approximately 3 weeks, and in only 2 in-
stances did samples need to be recollected (one kit was
lost in the mail, and one kit had insufficient DNA yield).
No students had undergone PGT previously. Genotyped
students cited “ancestry information,” “general curios-
ity,” and “it was a free test” for primary reasons driving
their decision to undergo PGT. Those who chose not to be
tested indicated “no interest,” “privacy concerns,” and
“risk for incidental findings” as primary reasons. Of the
students who elected to undergo testing and to complete
the survey, 92 (100%) remained pleased with their de-
cision, vs 11 (61.1%) who did not undergo PGT
(p,0.001). Among those genotyped, 30 (32.6%) reported
that they made further efforts outside of class to interpret
their data.

Together, the planned redesign by the program team
and the content revisions driven by individual faculty
members within the “teach the teacher” model resulted
in an additional 6 hours of pharmacogenomics or ethics
content, as well as the modification of 4 hours of existing
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lectures/practica to achieve the new learning objectives.
Time for the newmaterial was made by eliminating some
review content in the course or making it an out-of-class
activity, replacing the existing pharmacogenomics mate-
rial, and integrating new content with related areas of in-
struction (eg, pharmacokinetics of cardiovascular drugs).

Students performed well on in-class exercises, and
objective assessments demonstrated student understand-
ing of pharmacogenomic concepts. For the PTC exercise,
the proportion of students genotype-predicted to be
a “taster” (74% of the 70 students carried at least one G
allele at rs713598 in the TAS2R38 gene) closely resem-
bled the self-reported phenotypic taster statuses (67% of
the 117 students in the class reported they could taste
bitterness). Figure 2A shows that the CYP2C19 diplotype
assignmentsmade by studentswere similar to results from
faculty evaluators. The percentage of students with an
“actionable” genotype (at leased one *2 allele) was 37%
according to the students and 34% per the faculty analysis
of student data. These data are consistent with diplotype
frequencies from the HapMap population of Utah resi-
dents with ancestry from northern and western Europe
(CEU).17,25 Similar exercises were completed for
CYP2C9,VKORC1, and SLCO1B1 (Figure 2B).Overall,
86%of students had an actionable genotype in at least one
of these 4 genes according to current CPIC guidelines.
Evidence of each student’s ability to predict phenotype
and to make recommendations in cases involving well-
known drug-gene pairs was excellent with 74%, 80%, and
93% of students successfully completing case-based

exercises involving CYP2C19-clopidogrel, VKORC1-
warfarin, and SLCO1B1-simvastatin, respectively.

The entire class (n5122) completed the presurvey
and 90% (n5110) completed the postsurvey. Of the com-
pleted postsurveys, 89% (n598) were successfully linked
with the student’s presurvey allowing for robust pre/post
comparisons. Reasons for unmatched surveys included
students not filling out the linkage code or providing
a linkage code that was illegible.

Student attitudes and beliefs regarding pharmacoge-
nomics, PGT, and the role of a pharmacist, were evalu-
ated. At the end of the course, more students said that they
would recommend pharmacogenomic testing to a patient
(58% pre vs 80% post, p,0.001), but more disagreed or
strongly disagreed with the statement that patients would
be able to accurately interpret genetic data on their own
(73.5% pre vs 90.8% post; p,0.001). Positive opinions
regarding the future use of pharmacogenomic testing and
pharmacists’ roles did not change (Table 2). At baseline,
respondents believed that testing would be routinely used
to guide drug therapy (90.8% agree or strongly agree),
that an ability to apply pharmacogenomics concepts on
the topic would be important to their future career (89.3%
agree or strongly agree), and that all pharmacists should
have this knowledge (97% agree or strongly agree). A
significant shift toward agreement that a pharmacist’s role
should include counseling on genetic data was observed
(66.3% pre vs 74.5% post; p50.048).

Genetics and pharmacogenomics knowledge as
assessed by objective questions on the survey were

Figure 2 A and B. CYP2C19 diplotype frequencies reported from individual data. (A) The concordance between student-faculty
diplotype assignments and population similarity to an external established frequencies in Caucasian population as reported by
HapMap-CEU phase 325 suggests that students were overall successful in completing the in-class exercise. (B) Class population-
based frequencies of the pharmacogenes CYP2C9, VKORC1 rs9923231, and SLCO1B1 rs4149056 from students who submitted
data (n570). Findings showed that among these common genes, 86% of students had at least one actionable genotype.
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significantly improved by the end of the course [82.9%
(14.1) vs 90.5% (9.0)] correct on the presurvey vs post-
survey, respectively; p,0.001). Similarly, Table 3
shows improvement in quiz scores compared to previous

years when students’ pharmacogenomics education
was limited to traditional lecture material. Figure 3
shows student perceptions of their pharmacogenomics
knowledge stratified by whether they personally

Table 2. Student Attitudes and Beliefs About Personal Genomic Testing and Pharmacogenomics (n598)

Precourse Postcourse
Likert Scale Questionsa Mean (SD) Mean (SD) p

Most people can accurately interpret their PGT results. 2.1 (0.7) 1.8 (0.6) ,0.001
In the future, pharmacogenomic testing will routinely be used to

decrease the number of adverse events patients experience as a result of their drug therapy.
4.2 (0.6) 4.2 (0.6) 0.23

I believe that an ability to effectively apply pharmacogenomic concepts will be
important in my future job as a pharmacist.

4.2 (0.7) 4.1 (0.7) 0.44

All pharmacists should be required to have some knowledge of pharmacogenomics. 4.4 (0.5) 4.3 (0.6) 0.3
Part of a pharmacists role should include counseling patients regarding pharmacogenomics. 3.8 (0.7) 4.0 (0.8) 0.048
aScale: 15strongly disagree, 25disagree, 35neutral, 45agree, 55strongly agree

Table 3. Excerpt From Quiz Evaluating General Knowledge of Genetics and Pharmacogenomics

Question

% answering correctly

pa
2011 2012 2013 2014

(n=112) (n=108) (n=110) (n=122)

Which of the following types of polymorphisms
can result in a change in amino acid sequence?

86 89 88 96 0.009

A. Frame shift
B. Insertion
C. Synonymous
D. A and B are correct (correct)
E. All of the above

The combination of alleles on a single chromosome
that tend to be are inherited together is termed?

73 69 76 87 0.002

A. Genotype
B. Phenotype
C. Haplotype (correct)
D. Polymorphism
E. None of the above

An example of a gene variant is VKORC1 3673G.A.
Based on PGx nomenclature, what is the gene of interest?

79 84 77 91 0.006

A. 3673
B. VKORC1 (correct)
C. Guanine (G)
D. Adenine (A)

Linkage disequilibrium is the random association of
alleles at two or more loci.

66 61 63 82 ,0.001

A. True
B. False (correct)

In contrast to genome wide association studies, the
candidate gene approach. . .

62 74 57 70 0.28

A. Is hypothesis-driven (correct)
B. Has a greater risk of false-positive associations
C. Is the best strategy for studying type B ADRs (idiosyncratic)
D. A and B are correct
E. All of the above

Average 73 75 76 84 0.042
aData from 2011-2013 were combined and compared to 2014 by chi-square analysis
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underwent PGT. Among students who were geno-
typed, there was a significant shift in agreement that
they knew enough about genetics to understand PGT
results by the end of the course [2.7 (0.9) pre vs 3.5
(0.9) post; p,0.001]. The group that did not undergo
PGT showed a similar trend, but it was not significant
[2.6 (0.7) pre vs 3.2 (0.7) post; p50.05]. Self-reported
understanding of the risks and benefits of PGT services
was more pronounced in students who underwent PGT,
but significantly improved in both groups of students as
a result of the program [genotyped students: 3.3 (1.0)

pre vs 4.5 (0.6) post; p,0.001; nongenotyped students,
3.2 (0.9) pre vs 4.3 (0.6) post; p50.004].

We also surveyed students regarding their self-efficacy
at the end of the course (Table 4). Independent of whether
they underwent PGT, students agreed they were able to
integrate genetic data into practice, advise patients on
genetic data, and discuss genetic test results. Student
self-perceived ability to empathize with patients under-
going genetic testing was significantly higher in students
who underwent the PGT process vs those who opted out
(p50.04).

Figure 3 A and B. Student perceptions of their pharmacogenomics knowledge stratified by whether they underwent personal
genomic testing (PGT). (A): Student-reported agreement with the statement that they know enough about genetics to understand
PGT results stratified by whether students’ underwent PGT. Genotyped students showed a significant shift toward agreement with
the statement on the postsurvey vs presurvey, while students who did not undergo genotyping showed only a trend toward shift in
agreement on the postsurvey (B): Student reported agreement with the statement that they understand the risks and benefits of using
PGT services in pre/postsurveys, stratified by the students’ decision whether to undergo genotyping or not. Both groups of students
showed a significant shift toward agreement with the statement in the postsurvey vs the presurvey.
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Finally, student opinions regarding the importance
of program components and the success of its implemen-
tation were captured. Students thought observing the
genetic diversity of their own class through the population-
based exercises was an important part of the course (58%
agreed and 23% strongly agreed). Similarly, 71% of the
students who underwent genotyping felt that it was an
important part of the course, and 60% felt that they had
a better understanding of pharmacogenomics than those
who did not undergo genetic testing. Finally, 81% of stu-
dents felt that the pharmacogenomics material was well
integrated and connected between lectures and practica.
Most students found the ethics training to be valuable and,
although no students sought genetics counseling, 84%
agreed or agreed strongly that having such a professional
available is an important part of a program that integrates
PGT.

DISCUSSION
In this report we describe the development of

Test2Learn, a PGT-based program designed to enhance
pharmacogenomics education, and its successful imple-
mentation into a required course in the Doctor of Phar-
macy curriculum at the University of Pittsburgh. We
created an ethical framework for genetic testing of
students, novel learning objectives, lecture materials,
analysis tools, and exercises using individual- and
population-level genetic data to achieve the high-level
pharmacogenomics competencies. Integration into a re-
quired course in the core curriculum ensured that all stu-
dents received specialized education in pharmacogenomics
to help meet 2016 ACPE standards.8

At baseline, 90% of the second-year PharmD stu-
dents we surveyed agreed or strongly agreed that PGT
would be routinely used to guide drug therapy in the fu-
ture, 88% agreed or strongly agreed that being able to
apply pharmacogenomics concepts would be important

in their future career as a pharmacist, and 97% agreed
or strongly agreed that all pharmacists should have this
knowledge. These beliefs did not significantly change at
the end of the course. Our findings confirm forward-
thinking attitudinal data regarding pharmacogenomics
from other surveys of pharmacy students. Approximately
95% of pharmacy students at the University ofMinnesota
agreed or strongly agreed that “pharmacogenomics will
be relevant in future medical practice” and 88.1% agreed
or strongly agreed that “pharmacists should be required to
have some comprehension of pharmacogenomics.”26

Similarly, 80% of those surveyed by Lee et al believed
that pharmacists should be involved in educating patients
and health care professionals.27

Several different educational models have been used
to teach pharmacogenomics. Primer courses,28 introduc-
tory genetic testing experiences,14 elective courses in-
volving small numbers of students,29 and shared
curricula27 are used in PharmD programs. However, the
topic is complex, and lessons from a continuing education
program where only marginal improvements in knowl-
edge retention were achieved suggest it requires a com-
prehensive educational effort to be successful.30 A
participatory educational model involving PGT provided
students with the opportunity to experience genetic test-
ing and work with real data first-hand, but its educational
value is debated.12,24 Stanford University was among the
first to successfully implement comprehensive PGT in an
elective genomics course through safeguards to address
the complex ethical, legal, and social issues associated
with students working with their own genomes.12 Salari
and colleagues reported genotyped students gained
greater improvements in pre/post course knowledge and
believed that PGT was an important part of their learn-
ing.13 Positive experiences, albeit on a smaller scale,
have been reported in pharmacy schools. Krynetskiy
and Calligro added a laboratory exercise in a Temple

Table 4. Comparison of Student Perceived Ability to Work With and Integrate Personal Genomic Testing (PGT) into Patient Care
(Postsurvey)

Postcourse,
Genotyped

Postcourse,
Not GenotypedBecause of my experience with Test2Learn (undergoing

PGT or using anonymous data) Mean (SD) (n=92) Mean (SD) (n=18) p

I am better able to integrate PGx data with other factors known
to impact PK/PD to make appropriate PGx based recommendations.

3.9 (0.8) 3.8 (0.5) 0.61

I am better able to discuss genetic test results with patients
(eg, benefits, limitations, and risks).

4.0 (0.7) 3.8 (0.5) 0.3

I am better able to advise patients about the process of genomic testing. 4.0 (0.7) 3.7 (0.8) 0.095
I am better able to empathize or connect emotionally with patients

who may be considering genetic testing.
4.1 (0.7) 3.7 (0.9) 0.035

Scale: 15strongly disagree, 25disagree, 35neutral, 45agree, 55strongly agree
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University pharmaceutics class in which students deter-
mined their own genotype for a single drug metabolism
gene. The majority of students strongly agreed that PGT
“helped them to understand why pharmacogenomics is so
important.”14 Knoell and colleagues also completed
a genotyping exercise with 10 volunteers from a class of
115 in a clinical pharmacogenomics course at The Ohio
State University College of Pharmacy. In their experi-
ence, 85% of the 115 students in the course agreed or
agreed strongly that the PGT was beneficial in helping
them connect to course content. Student feedback recom-
mended that future genotyping exercises be expanded to
all students.15

Through our program, students performed well on
information retrieval and genotype interpretation assign-
ments that were designed to meet learning objectives.
Genetics and pharmacogenomics knowledge improved
by the end of the course and in comparison to previous
years. Student self-efficacy for tasks necessary to inte-
grate pharmacogenomics in clinical practice was rated
highly and their understanding of the risks and benefits
of PGT significantly improved at the end of the course.
Students were highly engaged as demonstrated by the
82% PGT participation rate. The overall program signif-
icantly increased student confidence (whether students
thought they could understand test results) and, not sur-
prisingly, their self-perceived ability to empathize with
future patients who may be tested vs students who were
not genotyped. Overall, results are consistent with, and
extend, outcome data involving PGT in the medical
school elective course at Stanford and early testing expe-
riences in pharmacy curricula.13-15 Our pharmacy stu-
dents specified PGT was an important part of the
course, and those who were genotyped thought they had
a better understanding of pharmacogenomics concepts
because of this opportunity.

Aggregating student data and conducting population
analyses was a useful exercise for several reasons. First,
the PTC activity provided a simple and accessible exam-
ple of phenotype prediction from genetic data. Second,
the high frequency of actionable diplotypes (86%)
showed potential clinical relevance. Consistent with find-
ings from Knoell et al, students thought that identifying
the heterogeneity in classmates was a powerful finding to
help them appreciate population diversity.15

The risks to implementing PGT in an educational
setting involve privacy and confidentiality, coercion vs
a right to know (or not know), maintaining equal learning
opportunities, psychosocial issues, and incidental find-
ings.12,19We believe that the Test2Learn implementation
model created a clear path forward tomitigate these risks.
Problems associated with privacy, confidentiality, and

coercion in a classroom setting were mitigated through
the use of blinding, USB drives, the Personal Genome
Browser Tool, careful design so students understood the
activity was optional, and ensuring that no identifiable
data was collected. In particular, the Personal Genome
Browser Tool provided a needed blinding mechanism,
which using the 23andMe website didn’t provide, and
a way to deliver alternative nonpersonal datasets to stu-
dents not genotyped. In addition, since the program was
implemented in a core curriculum, the large number of
students who participated made population exercises fea-
sible while still maintaining blinding and procedures
designed to eliminate any pressure to participate.

Because 23andMe no longer provides health re-
ports, the incidental finding risk is significantly lower.
Importantly, the Food and Drug Administration did not
restrict 23andMe or any other company from returning
raw data as it is not trivial for nonexperts to get from
sequence to a disease risk prediction (for many genes/
diseases this is a challenge even for experts). However,
to remain conservative, the Personal Genome Browser
Tool gene lookup list was also limited to genes relevant
to course activities, and course faculty members were
careful to not direct students to third-party interpreta-
tive services or example genetic test reports that stu-
dents might try to use to extend their data beyond the
course’s pharmacogenomics focus. The postsurvey data
indicated that only a small subset of students sought
such interpretive services on their own, and no students
used the genetics counselor we had made available.
However, 84% of students agreed or strongly agreed
that having a professional available is an important
component of a program that integrates PGT. This ap-
parent contradiction between perceived need and lack
of use of counseling services is consistent with other
educational trials of PGT.13,31 We believe the pro-
gram’s focus on ethics training (expert lecturer, active
discussions, the 4-week PGT decision-making period,
and genetics counselor availability) was important in
supporting students regarding potential psychosocial
issues. Other investigators further advocate for student
access to a multidisciplinary approach to consultative
services (not just genetic counselors).31

The use of commercial genetic testing eliminated the
need for faculty members to manage student personal
genetic data and to create a local informed consent pro-
cess. It made blinding easier, and, in general, is more re-
alistically implemented in institutions where onsite
genetic testing is not available, or there are concerns with
storing student genetic data. Barriers to entry included test
costs and availability of faculty members with the knowl-
edge to create material based around PGT. We did not
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assess willingness of students to pay for testing, but these
costs are comparable to or less than some required text-
books. Faculty training programs such as the Pharmaco-
genomics Education Program (PharmGenEd) show
a shared curriculum and the “train-the-trainer” approach
to be effective in educating faculty members who have
little to no experience using or teaching pharmacogenom-
ics.27,32 We similarly found that introducing PGT via
a teach-the-teacher approach effectively engaged faculty
members and helped them develop course material that
allowed the students to use PGT.

The implementation approach and its evaluation
had several limitations. The use of nonpersonal data-
sets alongside PGT provided an opportunity to measure
the impact of PGT directly, but, since the design was
nonrandomized, results were subject to a selection bias.
It was also challenging to distinguish the act of being
tested from being in the program that discussed being
tested and using genetic data. Additionally, the survey
was not validated, so it is possible that some results may
not be generalizable. With the exception of survey
questions designed to stratify those who underwent
PGT, improvements in student knowledge and percep-
tions were assumed to be driven by the program as
a whole. We did not have a sufficient number of stu-
dents opting to use anonymous genetic data to provide
a robust comparison of all measures. Finally, all out-
comes were short-term. Future analyses will evaluate
student learning and retention longitudinally. In spring
2015, we expanded the Test2Learn program into our
second cohort of students in the first-year class, Drug
Development I. Our vision is that pharmacogenomics
education and use of PGT as a pedagogical tool should
not be in a single course with a single focus, but rather
be a curricular thread that extends through the entire
PharmD program.

SUMMARY
The Test2Learn program was designed to enhance

pharmacogenomics education in the core PharmD cur-
riculum. Thiswas accomplished through careful integra-
tion of PGT within an ethical framework, development
of new educational materials, and collection of popula-
tion level genetic data. Objective assessments and sur-
vey data show its implementation was highly successful
and engaged students in achieving established pharma-
cogenomics competencies. Students who underwent ge-
netic testing improved significantly in several areas
when compared to students who used nonpersonal data.
The PGT implementation was well-received, and we
believe it is both feasible and transferable to other edu-
cational settings based on the testing availability, risks,

costs, and outcomes produced vs course time require-
ments.
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