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Objective. To design and implement a pharmacogenomics course that focuses on analysis and in-
tegration of pharmacogenomic data into clinical practice and to explore how participation in the course
influences student self-confidence.
Design. The Basic and Clinical Pharmacogenomics course content was divided into three modules:
genetic-based didactic sessions, genomic techniques and self-genotype/phenotype laboratory exercise,
and clinical-based case studies. Student learning assessment included knowledge- and application-
based tests and performance on a group project.
Assessment. Effectiveness of the course was evaluated using results of student performance on coded
test questions, student perceptions on pre- and post-course self-assessments, performance on a group
project, and course evaluation results. Student pharmacists successfully demonstrated competency in
pharmacogenomics knowledge-based learning, demonstrated their abilities to apply learned skills in
clinical-based scenarios, and reported improved confidence in analyzing patient-based genomic testing
results.
Conclusions. This course appears to have contributed to student learning and positively influenced
student self-confidence in pharmacogenomics.
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INTRODUCTION
Pharmacogenomics is altering the way drugs are de-

veloped and changing howmedications are prescribed and
administered to patients. Pharmacogenomics uses infor-
mation from an individual’s genome and evaluates drug
pharmacology to select drugs and drug dosages that are
likely to be most effective. Pharmacogenomics is antici-
pated to expand the potential for personalized medication
for patients and could transform pharmacy practice. The
American Society of Health-System Pharmacists (ASHP)
published a statement on the role of the pharmacist in clin-
ical pharmacogenomics stating that “pharmacists have
a responsibility to take a prominent role in the clinical
applications of pharmacogenomics.”1 In a study of com-
munity pharmacies in North Carolina, the provision of
pharmacogenetic testing was evaluated with the authors
concluding that this new service line is feasible but there

is a need for pharmacist training.2 With this monumental
change inmedication therapy options, pharmacy educators
need to provide future pharmacists with in-depth, practical
education in pharmacogenomics.3,4 In this regard, the
Accreditation Council for Pharmacy Education (ACPE)
stresses the importance of pharmacogenomics andpharma-
cogenetics for the doctor of pharmacy (PharmD) curricu-
lum in the ACPE Standards 2016.5 Appendix 1 of the
standards states that students have a knowledge base and
ability to provide patient care in the “genetic basis for
disease and individual differences in metabolizing en-
zymes, transporters, and other biochemical impacting
drug disposition and action that underpin the practice
of personalized medicine.”5 Additionally, the use of
pharmacogenomics as an emerging approach to drug
therapy aligns with the Center for the Advancement of
Pharmacy Education (CAPE) Outcomes 2013, which
emphasize the provision of patient-centered care.6

Although the importance of pharmacogenomics is
recognized, curricular coverage in pharmacy education
varies and gaps in practice implementation are apparent.
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A survey by Murphy and colleagues in 2010 demon-
strated that 92% of 75 responding PharmD programs
taught pharmacogenomics at their institutions at the
PharmD or graduate level, but the educational approach
and content varied.7 The study found the most common
approach to teaching pharmacogenomics within PharmD
programs (n567) was to embed content within other re-
quired coursework (72.5%).Other less commonapproaches
included standalone courses (21.7%) and electives (34.8%).
The depth of content coverage was less than 30 didactic
hours for more than 80% of the institutions. The breadth
of the pharmacogenomics content covered varied dra-
matically between programs as indicated by responses to
questions regarding two content domains: genetic basis
of disease, and ethical, social, and economic implica-
tions. Sixty-one percent of faculty members responded
that they believed the status of pharmacogenomics in-
struction at other colleges was poor or inadequate.7With
regards to practice, McCullough and colleagues in 2011
surveyed practicing pharmacists and reported that 63%
of 303 respondents disagreed while only 14% agreed
with the following statement: “I can accurately apply
the results of a pharmacogenomics test to drug therapy
selection, dosing, or monitoring.”8

Toassist in the implementation of pharmacogenomics
contentwithin pharmacy andhealth-science curriculums, a
number of recommendations and core competencies have
beenpublished including those by theAmericanCollege of
Clinical Pharmacy,9 theCoreCompetencyWorkingGroup
of theNationalCoalition forHealthProfessionalEducation
in Genetics,10 the Inter-Society Coordinating Committee
for Physician Education in Genomics,11 and the American
Nurses Association.12 In addition, numerous online re-
sources and training modules have been developed to aid
in the clinical implementation of pharmacogenomics. One
online resource includes the Genetics/Genomics Compe-
tency Center (G2C2) funded by the National Institutes
of Health National Human Genome Research Institute
(http://g-2-c-2.org/). Another online, pharmacy-specific
resource is the Pharmacogenomics Education Program
(PharmGenEd) organized by the University of California
SanDiego Skaggs School of Pharmacy and Pharmaceutical
Sciences.13

Recognizing the need to educate and prepare phar-
macists to meet the future demand for patient care ser-
vices related to pharmacogenomics, Washington State
University (WSU) College of Pharmacy developed a
standalone pharmacogenomics course for the PharmD
curriculum in spring 2015. The WSU College of Phar-
macy is a long-standing pharmacy education program in
a public, research-intensive university. The pharmaco-
genomics course was added as a required course in the

first professional year (PY1). The pharmacogenomics
course was designed to include content for the develop-
ment of foundational knowledge and also included re-
quired innovative application activities through which
students could apply their knowledge. The primary aims
and curricular goals of the course were: ensure that stu-
dents demonstrate competence in the knowledge-based
aspects of pharmacogenomics; prepare students to con-
fidently apply knowledge of basic genetics in a clinical
setting; provide students the opportunity to analyze and
evaluate pharmacogenomic data for possible application
in a clinical setting.

The purpose of this manuscript is to describe the de-
sign and implementation of a pharmacogenomics course
in a PharmD curriculum. In addition, student perception
data and performance data on assessments related to phar-
macogenomics content and application is reported.

DESIGN
The Basic and Clinical Pharmacogenomics course

was implemented in 2015 as a required course for first-
year PharmD students at WSU. The pharmacogenomics
coursewas created following the recommendations of an
ad hoc curriculum review committee to increase the fo-
cus of the core curriculum on future pharmacy practice
needs such as pharmacogenomics and biotechnology.
These recommendations resulted in several curricular
revisions, which resulted in the consolidation of some
courses and the creation of new courses including the
pharmacogenomics course.

The course was designed tomeet the followingWSU
College of Pharmacy Curriculum Outcomes: basic prin-
ciples of drug response based on the study of the whole
genome (pharmacogenomics) and its pertinence to bio-
technology; andpersonal, ethical values andbelief systems
regarding emerging biotechnologies in order to understand
the complexities underlying decisions of patient care.
Course content and activities were developed to align with
ACPE2016Standards, Appendix 1 on pharmacogenomics/
genetics, and CAPE Outcome 2.1, which states students
develop the ability to provide patient-centered care as the
medication expert.5,6

The course format was one two-hour lecture per
week. The course was divided into three modules that
were team-taught by multiple instructors from the De-
partment of Pharmaceutical Sciences. The course used
Pharmacogenomics: Applications to Patient Care, sec-
ond edition, as a required textbook.14 While no specific
genetics prerequisites were required for the course, it was
assumed that student pharmacists would have learned
foundational genetics in biochemistry and general biol-
ogy prerequisites.
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The spring PY1 pharmacogenomics course aligns
well with the curriculum by providing a needed introduc-
tion and overview of pharmacogenomics early on. During
their first semester in the PharmD program, students en-
roll in pharmacokinetics, pharmacy calculations, an in-
tegrated pharmacology course series, Top 200 drugs, and
a communications course. As a result, prior to taking the
pharmacogenomics course, students have demonstrated
understanding of dose-response relationships, dose calcu-
lations, and mechanism of a number of drugs, and they
have demonstrated patient-counseling skills. In addition,
the PY1 curriculum focuses on drug metabolizing en-
zymes and transporters responsible for drug absorption,
distribution, and metabolism, which aligns well with the
discussion of the pharmacogenomics of these enzymes
and transporters.

Content in the course was delivered via threemodules
to achieve competency outcomes as recommended by
theNIHGenetics/Genomics Competency Center. The first
module included content that covered basic genetics (ge-
netics,molecular biology, and bioinformatics). The second
module addressed issues related to the practical application
of genomics including sound laboratory techniques. The
third module was devoted to clinical implementation of
pharmacogenomics in patient care settings and dose man-
agement of drug therapy for various disease states through
discussion of in-class patient cases. Additionally, the third
module addressed ethical issues regarding genomic testing
such as privacy obligations, responsibilities concerning
incidental findings, balancing collective and individual
interests and well-being in research, and the potential dan-
gers of misleading rhetoric about genetic essentialism and
personalized medicine. Discussion of ethical issues fo-
cused on analyzing and responding to scenarios (based
on real cases) in which clinicians are faced with ethically
significant decisions. Students were invited to reflect on
how they might balance competing ethical values in clin-
ical and genomics research contexts. Table 1 includes de-
tailed information about the objectives, content, activities,
and student learning assessments within each module,
whereas Appendix 1 outlines weekly activities in the
course.

The WSU College of Pharmacy uses a competency-
based assessment gradingmodel in which students demon-
strate achievement of clearly defined learning objectives
and curriculum outcomes by attainment of a score of at
least an 80% on all course assessments. The college’s
competency-based assessment model uses a three-tier
honors/satisfactory/fail (HSF) grading model. In didac-
tic courses, such as this one, students are given three at-
tempts to achieve the 80% required competency on each
assessment. Students not reaching the 80% competency

complete a retest within one week with nonidentical
question items that cover the same learning objectives
as the initial test. Students not reaching the 80% compe-
tency on the retest must complete their third attempt,
known as an extended learning experience (ELE), at
the end of the semester. The ELE tests include questions
that are worded differently but that assess the same
learning objectives used in the initial tests and retests.
Students needing to complete second and third attempts
are encouraged to seek remediation help from the in-
structor. Instructors will often review material and clar-
ify misconceptions either through one-on-one meetings
or group review sessions. The purpose of the retest and
ELE test is to allow students to demonstrate sufficient
knowledge of the academic material to meet the estab-
lished standard of competency. Accordingly, the maxi-
mum score recorded for any retest or ELE test is 80%,
regardless of the actual score a student received. To re-
ceive an honors designation for this course, students
need to earn a cumulative average of greater than or
equal to 90%.

All knowledge-based assessments within this
course were created and administered via a proprietary
computer-based testing platform, Examsoft (ExamSoft
Worldwide, Inc., Boca Raton, FL). The question formats
most commonly used in the course included multiple-
choice and true/false questions. Through this system,
question items were coded to categories including WSU
College of Pharmacy Curriculum Outcomes and course-
level learning objectives. Coded question items were used
togenerate data and longitudinal reports to evaluate student
cohort level data regarding student learning and depth and
breadth of content covered.

In this course, student learningwas evaluated through
seven knowledge-based assessments, and students were
given amaximumof three attempts to achieve competency
in each. These knowledge-based assessments tested
foundational knowledge of pharmacogenetics andpharma-
cogenomics as well as application of this knowledge. Ad-
ditionally, student learning within module 2 was evaluated
through a self-genotyping/phenotyping group project as
described in the following section.

A unique aspect of this course was the laboratory ex-
ercise andmandatory group term paper. A self-genotyping/
phenotyping laboratory exercise was designed to provide
students experience with application of pharmacogenomic
knowledge. The laboratory exercise was structured to
emphasize the principle that the identification of poly-
morphic genetic variation among patients (genotype)
serves as an important marker in patient care and dose
management of various disease states (phenotype). Fur-
thermore, this exercise allowed students to discuss the
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impact of intrinsic factors such as race, ethnicity, and
gender on the observed genotype-phenotype correlation.
Self-genotyping/phenotyping exercises have been used
previously in other pharmacogenomics courses, but typ-
ically center on medically or pharmacologically rele-
vant genes such as ACE or CYP450 enzymes.15-19 For
the purpose of this course, a medically innocuous gene
(the bitter taste receptor gene, TAS2R38) was selected,
which had known single-nucleotide polymorphisms
(SNPs) and testable phenotype (bitter taste perception
with the compound phenylthiocarbamide, PTC).

The PY1 class of 133 students was randomly sepa-
rated into 22 groups of approximately six students each.
Volunteer students from each group (total5 48) donated
a buccal mouthwash for DNA isolation from cheek cells
using PTC extraction, amplification and an electropho-
resis kit (Carolina Biological Supply Company, Whit-
sett, NC). For this purpose, the second module content
(Table 1) introduced students to various genomic tech-
niques including those used to isolate their DNA from
cheek cells and determine their genotype using the po-
lymerase chain reaction (PCR)-based assay. Students
also had the opportunity to observe the processing of
their samples by a technician and teaching assistants.
The WSU Office of Research Assurances determined
that the project/laboratory exercise was exempt from
IRB review.

Genotypes and phenotypes were identified and
recorded by the anonymous sample ID number. The ag-
gregate data of 24 samples were then distributed to the
entire class, serving as data for the group term paper.
Requirements for the group term paper included ele-
ments of an actual scientific publication including
a six sections layout: abstract, introduction, methods,
results, discussion, and cited references. Each group
was expected to submit a 10-page (excluding refer-
ences), 12-point, double-spaced document with their
reflections on this laboratory exercise. The group term

paper was evaluated using a rubric (Table 2) that
assessed the students’ ability to examine how genotypes
compare with phenotypes, and on their ability to apply
knowledge learned in the class in the explanation of
DNA isolation techniques, genotype determination,
linkage with regard to the predominant and rare haplo-
types, and the correlation between SNPs in TAS2R38
gene and receptor function. Students were also expected
to discuss how genotype/phenotype correlation may or
may not impact “lifestyle choices” such as food prefer-
ence or alcohol consumption and smoking preferences.
It was expected that students discuss how genotype/
phenotype may be associated with race or gender and
to compare findings of the data to established knowledge
in the literature. Appendix 2 shows the results of

Table 2. Rubric Utilized for Grading of the Group Project Noting Requirements for the Seven Sections of the Group Term Paper

Content Points

1. Following the directions/instructions provided above (all the correct sections, references are in correct format,
length is correct, references are appropriate)

10

2. Writing mechanics (paper read easily and does not contain grammar/spelling errors) 10
3. Abstract (350 words, structured) 10
4. Introduction (good summary of background, introduction to key scientific issues related to genotypes/phenotypes

correlation)
10

5. Methods (understanding of methods used to determine genotype/phenotype of samples) 10
6. Results (in depth analysis of key findings of the data using various statistical analysis methods) 20
7. Discussion (in depth discussion of the data and how the results were achieved) 20
8. Conclusion (provide recommendation, analysis based on scientific reasoning of the data) 10

Figure 1. Percentage of students attaining competency of an
80% or greater for each of the three attempts allowed on the
seven knowledge-based assessments given in the course.
White bars indicate the percentage of students demonstrating
competency on first attempt. Gray bars indicate the percentage
of students demonstrating competency on second attempt.
Black bars indicate the percentage of students demonstrating
competency on the third attempt.

American Journal of Pharmaceutical Education 2017; 81 (1) Article 11.

5



phenotypic/genotypic correlation as reportedby a student
group. Since the chi-square test was,.05, students con-
cluded that there was a significant correlation between
phenotype and genotype with respect to PTC taste.

EVALUATION AND ASSESSMENT
Ninety-eight percent of the enrolled students met

competency at an 80% level or greater on each of the
seven knowledge-based assessments and the group term
paper. Figure 1 indicates the percentage of students
reaching competency on the three attempts provided
on the seven knowledge-based assessments. The per-
centage of the class (N5133 students) reaching compe-
tency on the first attempt for each of the seven tests
ranged from 64% on test 2 to 97% on test 7. Following
the second attempt, the percentage of students reaching
competency ranged from 89% on test 2 and 100% on test
3. The average score of the class on the group term paper
was 88% with only one group out of 22 having to resub-
mit the project in order to meet competency. Fifty-six
students earned an honors grade for the course while 77
earned a grade of satisfactory.

Performance on the knowledge-based assess-
ments was further evaluated by analyzing achieve-
ment of the WSU College of Pharmacy Curriculum
Outcomes assigned to test items. The data in Table 3
establish that the student cohort, in aggregate, demon-
strated competence, with students earning a mean score
of greater than 80%on the assigned curricular outcomes.
Student performance on knowledge-based assessments
and the group term paper indicate that the majority
of students achieved competency in understanding
and applying the basic science concepts relevant to
pharmacogenomics.

In addition to performance data from the student
learning assessments, changes in student perceptions

regarding different aspects of pharmacogenomics were
evaluated from the results of two anonymous student
self-assessment questionnaires (Appendix 3) adminis-
tered via an electronic survey platform, Qualtrics
(Qualtrics Provo, UT). To assess the changes in student
perception, one self-assessment was completed pre-
course and the other was completed post-course. Re-
sponse rates for the pre-course and post-course student
self-assessment were 100% and 70%, respectively, for
the class of 133 students. The decrease in response rate
likely reflects a small decrease in class attendance from
the first week of the semester to the last as well as likely
survey fatigue with numerous course and instructor eval-
uations occurring at the same time.

The items within the self-assessment were divided
into three different sections (Appendix 3). In section A,
each student rated their overall ability to educate/
consult patients about pharmacogenomics (item 1)
and to educate patients about pharmacogenomics test-
ing (item 2) using a five-tier “ability” self-measure that
ranged from poor to excellent. In section B, students
rated their confidence in four different aspects of phar-
macogenomics testing (items 3-7). In section C, stu-
dents were asked about their perceptions regarding
the role of pharmacists in relation to pharmacogenom-
ics testing (items 8-10). As these self-measures of abil-
ities, confidence, and perceptions are ordinal with no
natural neutral value, similar to a Likert-type scale, a
Mann-Whitney test was used to compare the distribu-
tions of answers between the two unpaired samples
using Graphpad Prism 6 (GraphPad Software, Inc., La
Jolla, CA). The results of theMann-Whitney U tests are
summarized in Table 4.

For section A, the distribution of the responses was
similar to both questions for each administration of
the survey (Figure 2). Pre-coursework student self-
assessment measures of ability to educate/consult

Table 3. Assessment of Curriculum Outcome Coverage in a Pharmacogenomics Course and Mean Score Performance on
Curricular Outcomes

Washington State University College of
Pharmacy Curricular Outcome

Number of Assessments
Evaluating Outcome

Number of Test Questions
Assigned to Outcome

Mean Score of Class on
Each Outcome (%)

1A.22 - Understand basic principles of
drug response based on the study of the
whole genome (pharmacogenomics)
and its pertinence to biotechnology.

17 168 84.1

3B.07 - . Identify personal ethical values
and belief systems regarding emerging
biotechnologies in order to understand
the complexities underlying decisions
for patient care.

2 20 94.3
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patients about pharmacogenomics (item 1) were 82%
poor to fair and to educate patients about pharmacoge-
nomics testing (item 2) were 80% poor to fair. On the
post-course self-assessment, ability measures improved
specifically 68% good to excellent on item 1 and 63%
good to excellent on item 2.

In section B of the self-assessment, students rated
their confidence in pharmacogenomics testing using
a scale ranging from not at all confident to extremely
confident (Figure 3). Students’ confidence levels on the
pre- and post-course self-assessment were statistically
different, indicating that student confidence in perform-
ing aspects of pharmacogenomic testing increased fol-
lowing completion of the course.

In section C of the self-assessment, students were
asked their opinions on the role of pharmacists in pharma-
cogenomics testing. On the pre-course self-assessment,
71% of respondents agreed or strongly agreed that phar-
macists should be involvedwith patient pharmacogenom-
ics testing education (item 8); 72% of the respondents
agreed or strongly agreed that pharmacists should have
access to patient clinical practice pharmacogenomics in-
formation (item 9); and 67% of the respondents agreed or
strongly agreed that pharmacists should be involved in
educating health care professionals about pharmacoge-
nomics testing (item 10). The post-coursework self-
assessments showed increased agreement with the
items above, with 80% agree or strongly agree, 82%

Table 4. Statistical Analysis of the Change in Student Abilities, Confidence, and Perceptions as Assessed From a Pre-course and
Post-course Self-assessment

Section Self-assessment Item

Pre-course
Self-Assessment

Median Score (n=133)

Post-course
Self-Assessment

Median Score (n=94)
Mann-Whitney

U-value p Value

A Please rate your overall ability to
educate/consult patients about
pharmacogenomics

1.5 (Poor to fair) 3 (Good) 1629 ,.001

A Please rate your overall ability to
educate patients about
pharmacogenomic testing.

2 (Fair) 3 (Good) 2022 ,.001

B Identify therapeutic areas in
which Pharmacogenomics
testing is required and/or
recommended.

2 (Fair) 3 (Good) 4980 ,.001

B Find credible and current
literature related to
Pharmacogenomics testing.

3 (Good) 3 (Good) 3757 ,0.001

B Explain the rationale to patients
for Pharmacogenomics testing
in various therapeutic areas.

2 (Fair) 4 (Very confident) 1971 ,.001

B Discuss risks and benefits of
pharmacogenomics testing
with patients.

2 (Fair) 4 (Very confident) 1453 ,.001

C The pharmacy profession should
be involved in educating
patients about
pharmacogenomic testing

4 (Agree) 4 (Agree) 5812 0.41

C Pharmacists should have access to
patients pharmacogenomic
information to be utilized in
clinical practice

4 (Agree) 4 (Agree) 6075 0.81

C The pharmacy profession should
be involved in educating health
care professionals about
pharmacogenomic testing

4 (Agree) 4 (Agree) 5809 0.41

Scale: Section A included a 5-point scale of Poor/Fair/Good/Very Good/Excellent; Section B included a 5-point scale of Not at all confident/Not
very confident/Moderately confident/ Very confident/Extremely confident; Section C included a 5-point scale of Strongly disagree/Disagree/
Neutral/ Agree/Strongly agree

American Journal of Pharmaceutical Education 2017; 81 (1) Article 11.

7



agree or strongly agree, and 82% agree or strongly agree,
respectively.

To determine if student perceptions of their own
confidence in pharmacogenomics translated to demon-
stration of competency on the knowledge-based assess-
ments, the self-assessment items from section B were
coded to related test items within Examsoft. The longi-
tudinal reports of performance on test questions coded to
self-assessment items are reported in Table 5. Overall,
these data support that student perceptions of confidence
on the self-assessment items did translate to attainment
of competency on the material, with competency dem-
onstrated between 83.1% and 89.1% across the four self-
assessment items.

At the end of the semester, instructor and course
evaluations were released to the students using WSU’s
course evaluation program, Explorance Blue (Explor-
ance, Montréal, Canada). The response rate for the course
evaluation was 33% (44 of 133 students responded). Al-
though low, this response rate is typical for most courses
during this semester. Selected student comments are re-
ported in Appendix 4.

DISCUSSION
In response to the anticipated health care demand

for pharmacists who are competent in designing pa-
tient-specific drug therapy using pharmacogenomics,
the Basic and Clinical Pharmacogenomics course was
added to the WSU College of Pharmacy curriculum in
spring 2015 as a required course for PY1 students. The
primary aims and curricular goals of the course were: to
ensure that students demonstrate competence in the
knowledge-based aspects of pharmacogenomics; to
prepare students to confidently apply knowledge of
basic genetics/genomics in a clinical setting; and to
provide students the opportunity to synthesize an in-
formed therapeutic action plan for dose management

and personalized patient care through analysis and
evaluation of pharmacogenetic data.

As a cohort, students successfully achieved compe-
tency on test question items related to the assigned WSU
COP curricular outcomes related to pharmacogenomics.
This indicates that students successfully learned pharma-
cogenomics content as assessed through seven knowl-
edge-based examinations. It is important to note that
students appeared to struggle more with the content on
initial tests that focused on foundations of genomic testing
as fewer students reached competency on the first attempt
(Figure 1).

Figure 2. Histograms of student responses of their perceptions
for their abilities to educate patients about pharmacogenomics
overall and to provide education about pharmacogenomic
testing as collected through a pre- and post-course self-
assessment. Gray bars indicate results from the pre-course
self-assessment. Black bars indicate results from the post-
course self-assessment.

Table 5. Results of Longitudinal Report of Self-assessment Items Linked to Test Questions

Self-assessment question items
Assessments

Evaluating Outcome, No.
Test Questions

Assigned to Outcome, No.
Mean Score of

Class (%)

Identify therapeutic areas in which
Pharmacogenomics testing is required
and/or recommended.

8 17 83.1

Find credible and current literature related
to Pharmacogenomics testing.

10 29 86.1

Explain the rationale to patients for
Pharmacogenomics testing in various
therapeutic areas

7 15 83.9

Discuss risks and benefits of
pharmacogenomics testing with patients.

11 38 89.1
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Student perceptions of their overall abilities to ed-
ucate patients about pharmacogenomics, in general,
and pharmacogenomics testing, specifically, improved
based on the results of the pre- and post-course self-
assessment. For both question items related to patient
education, over 60% of respondents rated their abilities
between good and excellent in the post-course survey
compared to approximately 50% reporting poor abili-
ties in the pre-course survey. These results suggest that
the content and activities within this course helped stu-
dents improve their perceived abilities to educate pa-
tients on their clinical test results.

Student confidence in several clinical aspects of
pharmacogenomics patient care skills improved be-
tween the pre- and post-course self-assessment. The
majority of student respondents reported in the pre-
course self-assessment that they were not confident
in three of the four skills areas. In the post-course
survey, student respondents reported they were mod-
erately to extremely confident in their clinical phar-
macogenomics skills. The average performance of the

student cohort on test question items coded to the four
clinical skills areas ranged from 83% correct to 89%
correct indicating that student perception of con-
fidence aligned with their actual performance on as-
sessments. Participation in this course appears to have
positively influenced cohort confidence about their clin-
ical skills in pharmacogenomics while at the same time
students were able to demonstrate competency in phar-
macogenomics content and clinical skill areas. Addition-
ally, the self-assessments indicated that students believed
the role of pharmacists in pharmacogenomics testing is
highly important.

A number of lessons were learned with implementa-
tion of the pharmacogenomics course. First, some stu-
dents found the content areas of basic genetics and
molecular biology challenging. Basic genetics and mo-
lecular biology are not prerequisites for admission to
WSU College of Pharmacy. To address this gap, the in-
structors in the pharmacogenomics course were able to
adjust the basic genetics content so that it was at an ap-
propriate level for the students. The majority of students

Figure 3. Histograms of student responses of their confidences to perform various elements of pharmacogenomics testing as assessed
through a self-assessment given pre-course and post-course. Gray bars indicate results from the pre-course self-assessment. Black bars
indicate results from the post-course self-assessment.
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view the pharmacogenomics course as essential for their
professional practice, and they were excited about the
knowledge they gained. Table 6 highlights examples of
students’ feedback demonstrating their excitement about
the course and their abilities to synthesize an informed
therapeutic action plan for dose management and person-
alized patient care through analysis and evaluation of
a patient’s genotype/phenotype data analysis. Thus, the
program is committed to optimizing this course in order to
improve students’ genomic knowledge and confidence in
applying basic genetics in a clinical setting.

The evaluation of effectiveness of the Basic and
Clinical Pharmacogenomics course has several limita-
tions. First, the responses to the pre- and post-course
self-assessments were not linked, which prevents any
analysis of individual student responses, and therefore,
only aggregate data can be reported. Second, the group
project was conducted in groups of approximately six
students, so group performance does not necessarily ver-
ify individual student competencies. Finally, few IPPE
and APPE sites currently exist for student pharmacists
to practice and apply pharmacogenomics in “real” patient
care settings.

As pharmacogenomics becomes part of health care
practice, pharmacogenomics in pharmacy education
will need to expand by establishing coursework that lays
the basic foundation necessary for developing compe-
tency in knowledge and clinical application. This course
can serve as amodel for other institutions that are in need
to develop a pharmacogenomics course to prepare future
pharmacists to provide patient-centered care through
pharmacogenomics.

SUMMARY
The Basic and Clinical Pharmacogenomics course

was added to theWSUCollege of Pharmacy curriculum
in spring 2015 for PY1 students. The primary aim of the
course was for students to demonstrate competency in
their knowledge of pharmacogenomics, which would
prepare them to confidently apply the concepts in a clin-
ical setting. Furthermore the course was designed with
the intention that it would provide students with the
opportunity to synthesize therapeutic action plans
through analysis and evaluation of a patient’s genomics
test results. These aims/goals were evaluated using
coded question items, student perceptions gathered
through pre- and post-course self-assessments, and
a group project using a self-genotyping/phenotyping
laboratory exercise. As a cohort, PY1 students success-
fully demonstrated competency on seven independent
knowledge-based tests. Student perceptions of their over-
all abilities to educate patients about pharmacogenomics

in general and genomic testing in particular improved
based on the results of the pre- and post-course self-
assessment. The group project appeared to be a useful
approach for helping students synthesize knowledge-
based content and clinical application of genomic test-
ing. Overall, students demonstrated competency, gained
confidence, and verified their abilities to apply learned
skills in clinical-based scenarios. Thus, participation in
this course had a positive impact on student pharmacist
education.
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Appendix 1. Lectures Presented in Basic and Clinical Phar-
macogenomics Course

Weeks Content

Week 1 Overview and Introduction to Group Term Paper
Week 2 Basic Molecular Biology and Genetics
Week 3 Drug Metabolism and Genetics
Week 4 Genetics and Bioinformatics
Week 5 Techniques in Genomics I
Week 6 Techniques in Genomics II
Week 7 Clinical Aspects of Genomics
Week 8 Pharmacogenomics in Cardiology I
Week 9 Pharmacogenomics in Cardiology II
Week 10 Pharmacogenomics in Oncology I
Week 11 Pharmacogenomics in Oncology II
Week 12 Pharmacogenomics in Respiratory Diseases
Week 13 Ethical and Social Issues in Genomics
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Appendix 2. Results of Genotypic/Phenotypic Correlation of DNA Samples Extracted (N524) for Group Term Paper

Observed Values Taster Genotype Non-Taster Genotype Weak Taster Genotype Total

Taster Phenotype 2 0 6 8
Non-Taster Phenotype 0 4 4 8
Weak Taster Phenotype 2 6 0 8
Total 4 10 10 24

Expected –Values with
Random Distribution Taster Genotype Non-Taster Genotype Weak Taster Genotype Total

Taster Phenotype 1.33 3.33 3.33 8
Non-Taster Phenotype 1.33 3.33 3.33 8
Weak Taster Phenotype 1.33 3.33 3.33 8
Total 2 10 3.33 24

x2 test p50.01

Appendix 3. Student Self-assessment Questionnaire Administered Pre- and Post-course Delivery

Section A 5-point scale: Poor/Fair/Good/Very Good/Excellent
1. Please rate your overall ability to educate/consult patients about pharmacogenomics
2. Please rate your overall ability to educate patients about pharmacogenomic testing.

Section B 5-point scale: Not at all confident/Not very confident/Moderately confident/Very confident/Extremely confident
3. Prior to the Basic & Clinical Pharmacogenomic course, how would you have rated your overall ability to educate about

pharmacogenomic testing?
4. Identify therapeutic areas in which Pharmacogenomic testing is required or recommended
5. Find credible and current literature related to Pharmacogenomic testing
6. Explain the rationale to patients for Pharmacogenomic testing in various therapeutic areas
7. Discuss risks and benefits of pharmacogenomics testing with patients

Section C 5-point scale: Strongly disagree/Disagree/Neutral/ Agree/Strongly agree
8. The pharmacy profession should be involved in educating patients about pharmacogenomic testing
9. Pharmacists should have access to patients pharmacogenomic information to be utilized in clinical practice
10. The pharmacy profession should be involved in educating health care professionals about pharmacogenomic testing
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Appendix 4. Selected Student Comments From Course Evaluations Highlighting the Importance of the Pharmacogenomics Course

Student Comments

This course was a great addition to the curriculum and was well executed. I’d love to see more pharmacogenomics courses in the
future.

I enjoyed this class over all very much. It took a good deal of work and time in the beginning to change my mind set and how to
think about this subject but it was worth it in the end. I hadn’t realized how interrelated this class would be with every other
class and how I would refer back to CYPs learned in Pharmacology and disease state. I can now see the value not only in
personalized medicine but feel as if I have better grasp of why regular medicine works as it does and a more in depth
realization of how complex medicine is and the factors that may or may not play a role in their therapy.

I took genetics in my undergraduate, and felt that this class was very fair. It was definitely nice to have the genetics review at the
beginning of the semester to remind us of important aspects of the topic. I felt that every exam, including the first one, was fair.
This course was definitely challenging, but not out of reach for my abilities as a student.

Material was relevant to other courses and valuable. The presentation of case studies was very helpful.
The second half of this course was highly interesting and I learned a lot. It gave me a good basic knowledge of
pharmacogenomics and built my confidence in the area. Instilling confidence in future pharmacists in the area of
pharmacogenomics cannot be overstressed. Confidence 5 enjoyment and desire to learn more. Fear 5 hatred and desire to
forget and never touch the subject again.

Overall the course was really helpful in understanding the new ways to treat patients based on their genotypes.
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