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Objectives. To implement an elective course in pharmacogenomics designed to teach pharmacy
students about the fundamentals of pharmacogenomics and the anticipated changes it will bring to
the profession.
Design. The 8 sessions of the course covered the basics of pharmacogenomics, genomic biotechnology,
implementation of pharmacogenetics in pharmacy, information security and privacy, ethical issues
related to the use of genomic data, pharmacoepidemiology, and use and promotion of GeneScription,
a software program designed to mimic the professional pharmacy environment.
Assessment. Student grades were based on completion of a patient education pamphlet, a 2-page paper
on pharmacogenomics, and precourse and postcourse survey instruments. In the postcourse survey, all
students strongly agreed that genomic data could be used to determine the optimal dose of a drug and
genomic data for metabolizing enzymes could be stored in a safe place. Students also were more
willing to submit deoxyribonucleic acid (DNA) data for genetic profiling and better understood how
DNA analysis is performed after completing the course.
Conclusions. An elective course in pharmacogenomics equipped pharmacy students with the basic
knowledge necessary to make clinical decisions based on pharmacogenomic data and to teach other
healthcare professionals and patients about pharmacogenomics. For personalized medicine to become
a reality, all pharmacists and pharmacy students must learn this knowledge and these skills.
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INTRODUCTION
The widespread application of genomic data to effec-

tively influence health care outcomes is expected in the
next decade as testing methods are improved and the pub-
lic and health care professionals are educated about the
potential benefits. The ability to identify single nucleotide
polymorphisms (SNP) in drug metabolizing enzymes (eg,
cytochrome P450) and targets represents an implementa-
tion model that can avoid some of the ethical issues pre-
viously associated with the identification of incurable
genetic diseases. SNP identification has the potential to
improve the cost-to-benefit ratio in the pharmacological
management of patients with a wide variety of conditions.1

A potential barrier to the use of genomic information is
the ability of pharmacists to interpret and communicate
about genetic data and their importance in health care. We

describe an elective course in pharmacogenomics de-
signed to teach pharmacy students about the fundamen-
tals of pharmacogenomics and the manner in which
pharmacogenomics will change the practice of pharmacy
in the future.

The Accreditation Council for Pharmacy Education
(ACPE) recognizes the importance of pharmacogenomics
to the future of pharmacy practice and has made strides in
increasing the exposure pharmacy students have to phar-
macogenomics in the curriculum.2 The elective course
described in this paper has now been integrated into the
core pharmacy curriculum and uses GeneScription, a soft-
ware program that provides students with mock patient
data to assist the student in making dosing decisions.3

GeneScription was developed by the authors under
a grant from Microsoft Research specifically to provide
hands-on instruction in applied personalized medicine
and pharmacogenomics. GeneScription is designed to
mimic the professional environment of the pharmacist,
and therefore provides a practicum environment with
a mock patient population, Food and Drug Administration
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(FDA) approved drugs, and algorithms that predict pa-
tient outcomes based on physiological parameters, geno-
mic parameters, and drug and dose parameters. (A free
online version of GeneScription is available at www.
genescription.com).

This course was implemented to assist students in
moving the basic science taught in the classroom to the
actual practice site. In the near future, pharmacists will
play a vital role in making personalized medicine a reality.
To equip pharmacists to carry out this task, they need to
be equipped with the fundamentals that will allow them to
make clinical decisions based on pharmacogenomic data.
Additionally, pharmacists will need to teach other health-
care professionals and patients about pharmacogenomics
for personalized medicine to become a reality. This course
was designed to prepare pharmacy students for this role.

Pharmacogenetics can be defined as inherited varia-
tions in drug effects as a result of single gene interactions
with drugs. These single gene alterations or SNPs can
alter drug disposition, safety, tolerability, and efficacy.
Pharmacogenetic screening of drug metabolizing en-
zymes and pharmacologic targets can be used to improve
patient outcomes. This course reviews the fundamentals
of pharmacogenetics and genetic testing as a means to
improve patient outcomes.

After completing this drug safety and pharmacoge-
nomics course, pharmacy students should be able to:

(1) Compare and contrast pharmacogenetics and
pharmacogenomics.

(2) Demonstrate an understanding of basic DNA
terminology and genomic variations.

(3) Differentiate between the laboratory tests used
in genetic testing for SNPs.

(4) Explain ‘‘personalized medicine’’ from the
standpoint of drug metabolism, bioactivation,
and pharmacologic target screening.

(5) Describe the limitations to implementing phar-
macogenetic screening in health care.

(6) Apply knowledge of pharmacogenetics to the
initiation of warfarin therapy.

(7) Apply SNP data to patient dosing.
(8) Respond to drug-gene interactions in an appro-

priate fashion to improve patient outcomes.
(9) Explain the ethical issues associated with the

use of pharmacogenomic data in health care.
(10) Interpret and apply pharmacoepidemiological

data to the application of pharmacogenomic
data.

DESIGN
The course in drug safety and pharmacogenomics

was offered for the first time in spring 2008. The course

was team taught with several departments on the Ohio
Northern Unviversity (ONU) campus and with adjunct
faculty members with expertise in the major areas of
interest. The Department of Computer and Informa-
tion Technology at Purdue University collaborated with
ONU on the development of the GeneScription software.
The participating faculty members’ areas of expertise in-
cluded pharmacology, pharmacogenomics, information
management systems, software development, pharmacoe-
pidemology, ethics, and entrepreneurship. The class met
for 2 hours a week for 10 weeks, and had a capped enroll-
ment of 18 students. Capping enrollment at 18 students
allowed for more of a discussion format and for easy use
of computers for the software developed to apply the phar-
macogenomic information.

The course began with an online survey designed to
assess precourse knowledge and acceptance of pharma-
cogenomics (Table 1). The course was offered during the
spring quarter of the fifth year of ONU’s 6-year doctor of
pharmacy (PharmD) program. Therefore, the course was
offered at the end of the didactic curriculum, just prior
to the students starting their advanced practice pharmacy
experiences (APPEs). Entering the course, the students
had experience in running polymerase chain reactions
(PCRs) from their biomedical sciences laboratory and
had received training in genetics from several courses,
ranging from biochemistry to a biomedical sciences mod-
ule that devoted 10 hours to genes and genetic diseases. The
methods used in each course period are described below.

Session 1 (2 hours) reviewed the basics of pharmaco-
genomics and known examples of SNPs including differ-
ent genes/enzymes, known substrates, in vitro and in vivo
effect of known SNPs on enzyme activity, gene expres-
sion, and substrate specificity. The topics covered in this
session included: (1) comparison of pharmacogenomics
and pharmacogenetics, (2) human genome overview, (3)
DNA review (from chromosomes to transcription), (4)
genomic variations with emphasis on SNPs, (5) goals of
personalized medicine, (6) adverse drug reactions and
cytochrome P450 application, (7) warfarin dosing exam-
ple for applying pharmacogenetic data, and (8) discussion
of the limitations on the implementation of personalized
medicine.

Session 2 (2 hours) provided students with a detailed
description of genomic biotechnology. This session re-
viewed the basics of DNA detection, SNP discovery and
detection, and biotechnologies, and concluded with a dis-
cussion on how the students felt genomic data derived
from the application of these biotechnology methods
could be used to support clinical decisions

Students were given a submitted grant proposal on the
implementation of pharmacogenetics in pharmacy, which
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they were required to review and critique prior to session
3. For session 3, (2 hours) students met in a classroom
designed for open discussion and each student identified
1 strength and 1 weakness of the proposal. As students
presented their findings, the group routinely responded
with additional comments.

Session 4 (2 hours) integrated the materials presented
to this point into a usable model where information secu-
rity, system usability, and related behaviors of a geno-
mics-based drug safety that could impact healthcare.
As the implementation of clinical genotyping requires
healthcare providers to use software applications that cor-
rectly and efficiently manage patient genetic information,

the purpose of this session was to provide students with
a deeper understanding of information technology (IT)
concepts and the impact of IT on the pharmacy profession,
specifically in the context of clinical genotyping. This
discussion included a brief background on IT and in-
formation systems as well as an introduction to user in-
terfaces and their design. The session also contained
material on pertinent information security concerns and
data sensitivity, in addition to methods for implementing
and improving privacy. Also discussed were the path to
worldwide adoption of genomics-based drug safety sys-
tems, the IT-related obstacles to this adoption, and the
tools and techniques for removing said obstacles.

Table 1. Precourse and Postcourse Survey Results of Pharmacy Students Enrolled in an Elective Course in Pharmacogenomics

Survey Question
Precoursea

(n547)
Postcoursea

(n545) p

I have no reservations about submitting a DNA sample to analyze
my genetic profile.

4.6 (1.3) 5.2 (1.0) 0.02

I understand how my DNA will be analyzed and how my genetic
profile will be used in healthcare.

4.3 (1.4) 5.6 (0.8) 0.0001

I believe that my genetic profile will be stored in a secured digital
database.

4.5 (1.0) 5.1 (0.8) 0.002

I believe that someone may violate my right to privacy and use
my genetic profile in a manner that could be detrimental to
my life and career.

3.2 (1.2) 2.8 (1.3) 0.12

I have no reservations about agreeing to a limited genetic screen
that only identifies my risk for serious disease.

4.6 (1.1) 4.8 (1.2) 0.41

I have no reservations about agreeing to a limited genetic screen
that only predicts my response to certain medications.

5.2 (0.9) 5.6 (0.7) 0.02

The genetic basis for most disease states are well understood,
and determining my genetic profile can only benefit healthcare
for myself, my family and my community.

4.3 (1.0) 4.5 (1.2) 0.39

My physician and pharmacist understand how to utilize my genetic
profile, and are prepared to counsel me about the results of
genetic testing.

3.0 (1.1) 4.0 (1.6) 0.0007

Genetic testing is a new concept to healthcare, and should be
limited to identifying known mutations associated with
well-characterized diseases.

3.8 (1.2) 4.6 (1.1) 0.001

I believe that some aspects of my genetic profile are more likely
to be used against me, such as knowledge of my lifelong health
status and risk of developing a serious disease, while other
aspects of my genetic profile cannot be used to assess my
overall health.

3.6 (1.2) 4.0 (1.5) 0.16

Genomic data can assist in determining the optimal dose of a drug. 5.2 (0.9) 5.9 (0.3) 0.001
Genomic data concerning drug metabolizing enzymes could be

stored electronically in a safe place.
4.7 (1.0) 5.3 (0.8) 0.002

I would be willing to give a DNA sample (buccal swab) for
screening for drug safety reasons.

5.1 (0.9) 5.8 (0.5) 0.001

DNA data can be used by insurance providers or employers to
discriminate against people.

3.4 (1.8) 3.5 (1.4) 0.77

DNA data concerning drug metabolizing enzymes can be used by
insurance providers or employers to discriminate against people.

3.1 (1.5) 2.8 (1.3) 0.31

a Rating scale: 1 5 strongly disagree, 2 5 moderately disagree, 3 5 disagree, 4 5 agree, 5 5 moderately agree, and 6 5 strongly agree.
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Session 5 (2 hours) focused on the ethical issues re-
lated to the use of genomic data in health care. This ses-
sion was led by an ethics faculty member, providing the
students with a perspective outside of the health care
team. The professor conducted an exercise in which he
played the role of a patient and the students asked him
questions regarding his perception of/feelings about the
use of genomic data in health care. Students also were
assigned 2 papers to read and then discuss in class.4,5

Session 6 (2 hours) focused on pharmacoepidemiol-
ogy and began with 2 reading assignments, which were
discussed in class.6,7 The outcomes for this session were:
(1) describe the pharmacogenetic implications in the
pharmacoepidemiology of drug response; (2) evaluate
potential implications of pharmacogenetics information
in risk minimization action plans; (3) describe how phar-
macogenomic testing can be used to optimize clinical re-
sponse; (4) discuss the availability of pharmacogenomic
testing and the limitations of such testing.

Molecular pharmacoepidemiology is focused on un-
derstanding why groups of individuals respond differ-
ently to specific drug therapies based on underlying
genotypic and phenotypic conditions. Specifically, it is
the study of the manner in which molecular biomarkers
alter the clinical effects of medications in populations.
This session also focuses on the potential for pharmaco-
genetic tests to optimize clinical response, both in terms
of beneficial and adverse effects. The class discussion pro-
vides a framework for bedside-to-population translational
research through an introduction to statistics, research

design, and methodology issues encountered in evaluat-
ing the efficacy of pharmacogenetic testing.

In Session 7 (4 hours) students used GeneScription,
the software developed for applying pharmacogenomic
information to pharmacy practice. The authors designed
and developed this software system with a grant from
Microsoft Research to create instructional software for
teaching pharmacogenetics to healthcare professionals
(Figure 1). During this session, each student was provided
a laptop computer with the GeneScription system. Stu-
dents were provided with a different fictitious patient and
prescription. The student was then required to make de-
cisions on altering the drug dose based on pharmacoge-
netic data provided by GeneScription.

In addition to a user interface for patient data input,
drug/dose selection, and a population of fictitious patients
that harbor clinically relevant genetic and physiological
traits, the GeneScription system has a data management
component that includes FDA-approved drugs that are
known to be metabolized through p450 enzymes, and
known SNPs within drug metabolism genes that have an
effect in vivo (ie, published clinical studies). This data-
base is extensive and includes all relevant details about
the drug (such as half-life and bioavailability). Although
there are thousands of known SNPs in genes relevant to
drug metabolism, the system does not include SNP data
that has not been linked yet to altered drug metabolism
capabilities through clinical testing; doing so would com-
plicate the learning environment without adding additional
value to the training process. Instead, GeneScription makes

Figure 1. Effect of clinical genotyping data on warfarin clearance and ADR risk in GeneScription prototype.
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simple single-dose predictions as a method of unambig-
uous education and training. Importantly, the GeneScrip-
tion system was developed to include patients who are
both heterozygous (1 of the 2 gene copies is ‘‘altered’’)
and homozygous (both of the gene copies are ‘‘altered’’),
and make adverse drug predictions based on results from
clinical studies that have investigated the impact on het-
erozygous and homozygous alleles. Hyperlinks to the
associated published studies are incorporated into the
Genescription system, allowing users to gain more infor-
mation about these studies. For example, Genescription
includes the case of a 45-year-old female patient who was
prescribed 10 mg warfarin orally and is homozygous for
the variant CYP2C9*3, and provides hyperlinks to the
articles from which the information was derived.8,9

In GeneScription, after the student selects a patient
and then chooses the drug to be prescribed to that patient
and the dose (in this case, a single oral dosing regimen),
the system accesses the patient’s genetic information to
determine whether the patient harbors an SNP in the met-
abolic enzyme that is known to metabolize the prescribed
drug. If the selected patient harbors an SNP capable of
altering the pharmacokinetics of the prescribed drug, the
GeneScription system provides this information, as well
as an interactive graph that displays the area under the
curve, minimum effective concentration, and minimum
toxic concentration. If the patient does not harbor a clini-
cally relevant SNP, then the system simply notifies the
user that the prescribed drug and dose are within normal
limits. Figure 1 is a screen shot demonstration of the clin-
ical genotyping data on warfarin clearance and adverse
drug reactions (ADRs). In Figure 1, a normal (‘‘mock’’)
patient’s drug concentration vs. time curve (solid line)
following a standard warfarin oral dose shows the
changes in drug plasma concentration over time. Warfarin
is metabolized to 7-hydroxywarfarin by the oxidative me-
tabolism enzyme 2C9, which is the primary mechanism
for warfarin clearance in humans. There are 2 variant
alleles that have a reduced capability for metabolizing
warfarin, with 11% and 7% frequency in the Caucasian
population for variants CYP2C9*2 and CYP2C9*3, re-
spectively. Patients who are homozygous for these variant
alleles (ie, having 2 variant copies of the 2C9 gene) ex-
perience a 65% decrease in drug clearance rate (dashed
line). The presence of a variant allele leads to increased
drug plasma concentrations above the minimum toxic
concentration and markedly increases the risk of an
ADR. GeneScription’s applied learning environment also
provides basic genetic and biochemical information in-
cluding details about the relevant SNP and metabolism
enzyme, its location in the human genome, the codon and
amino acid changes that are involved, other SNPs in the

gene, and the frequency of the SNPs in the human pop-
ulation. GeneScription represents a hands-on learning en-
vironment that allows students to determine the manner
in which dosing, genetic, and physiological variations (rel-
evant to drug clearance) impact therapeutics using a real-
time predictive model of drug plasma concentrations.

Session 8 (2 hours) was led by a faculty member from
the business college and explored the challenges of adop-
tion of pharmacogenomics by consumers, physicians,
support staff members, administrators, and healthcare
companies; the interdependence between distinct profes-
sional domains; the business opportunities created by this
system; and the benefits to the practice of pharmacy. This
was an open discussion with no lecture handouts and the
faculty member serving as the facilitator.

As a part of the course, students worked in teams of
3 to develop announcements and a variety of educational
materials to be used in patient education. The student
programs were evaluated by the instructor and 5 randomly
selected individuals representing the lay public. The team
receiving the highest assessment from the lay public re-
ceived a gift certificate. Students also were required to
write a 2-page perspective paper on the future use of
pharmacogenomics in the practice of pharmacy and use
a minimum of 5 references. There were no examinations
in this first offering of the course. Grades were based on
the quality of the students’ patient education materials
and pharmacogenomics paper and completion of the
pre- and post-course survey instruments described below.
Multiple-choice and essay type examinations were used
once the course was integrated into the core curriculum.

EVALUATION AND ASSESSMENT
The evaluation and assessment of the teaching meth-

odology used to facilitate the learning of pharmacoge-
nomics followed the IDEAS format (introduction,
design, evaluation, assessment, and summary).10 The
IDEAS model uses 3 types of evaluative data: (1) attitu-
dinal scales, eg, precourse and postcourse surveys; (2)
observational data, eg, students’ care plans; and (3) per-
formance assessment, eg, test scores.

Attitudinal assessment was performed using an
online survey instrument designed to assess precourse
knowledge and acceptance of pharmacogenomics. Sur-
vey results are shown in Table 1. Precourse and post-
course survey responses were compared using a paired
t test. Significant differences were found in all but 5 of
the 15 areas assessed. After completing the course, all
students strongly agreed that genomic data could be used
to determine the optimal dose of a drug and that genomic
data for metabolizing enzymes could be stored in a safe
place. Students also were more willing to submit DNA
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data for genetic profiling (p 5 0.02) and better understood
how DNA analysis is performed (p 5 0.0001) after com-
pleting the course.

Observational assessment was performed using the
student-developed patient education pamphlets and an
evaluation of the 2-page perspective paper on the future
use of pharmacogenomics. This observational assessment
was expanded to include essay-style examinations, which
required the student to apply the knowledge gained in
class to a case-based situation in subsequent offerings of
the course. A sample case and essay style examination is
provided in Appendix 1.

Once the course was integrated into the core curricu-
lum, student performance was assessed based on traditional
multiple-choice examinations and application-based essay
questions. Student performance on the formal examina-
tions has been excellent (mean grade 5 89.4 6 8.5).

Additionally, 5 to 7 students were randomly selected
from the class to serve on focus groups. The focus group
met after receiving an introduction to the GeneScription
program. We asked each student the following questions:
(1) To date, what aspects of the program helped facilitate
your learning in this course? (2) To date, what aspects
of the program hindered your learning in this course? (3)
To date, what would you like to see changed?

Students stated that they appreciated the ability to
visualize plasma concentrations, frequency data, and en-
zyme searches. Students provided suggestions for improv-
ing the warning mechanism, bioavailability graphing, and
some pharmacokinetic parameter monitoring. The infor-
mation gleaned from the focus group discussions was used
to improve the GeneScription system. These changes have
been made to the current version of the program.

DISCUSSION
Drug safety and personalized medicine are clearly the

future of pharmacy practice. This course was designed in
such a way that students could learn how pharmacists can
use pharmacogenetics data to improve drug safety and
therapeutic outcomes. Furthermore, pharmacy students
were given the opportunity to develop strategies to improve
patient acceptance of genetic data. The GeneScription sys-
tem gave the students the opportunity for hands-on expe-
rience in filling prescriptions with a computer system that
could screen for drug-gene interactions as readily as sys-
tems currently screen for drug-drug interactions. We pre-
dict that, in the future, patients will be able to enter any
hospital or community pharmacy practice setting and ob-
tain a buccal swab for DNA analysis identifying relevant
P450 polymorphisms. This information then will be
seamlessly integrated into prescription filling systems.
During the prescription filling process, the pharmacist

will be alerted if there is a drug-genomic interaction.
The pharmacist then will be provided with therapeutic
and genomic data (examples can be found in the Gene-
Scription system) that will assist them in their consulta-
tion with the physician about tailoring the patient’s drug
therapy. The genescription system is a unique tool to ad-
dress ethical and educational hindrances by (1) supporting
a key component of individualized medicine that does not
rely on using DNA variance linked to a particular disease
state(s) and therefore minimizes patient privacy concerns,
and (2) can be used by healthcare professionals as an
education and training tool to better understand the role
of DNA and genotyping in patient care. As with session 1,
the GeneScription system also has been used in a live
continuing education program for pharmacists. Results
similar to this study were obtained from practicing phar-
macists after attending a 4-part continuing education pro-
gram consisting of sessions 1, 2, and 7. This demonstrates
the practicality of the course as well as versatility.

With the didactic information provided in this man-
uscript, the course would be transferable to other colleges
and schools of pharmacy. Furthermore, the GeneScrip-
tion software is available for other institutions to use in
training students in the area of pharmacogenomics.

Because most practicing pharmacists (and other
healthcare providers for that matter) were trained long
before the use of human genomic information was in-
cluded in pharmacy curricula, educating pharmacists
and future pharmacists is paramount to the adoption of
clinical genotyping in patient care. Furthermore, patient
acceptance only can be gained through their understand-
ing of genomic data use in health care. The course in drug
safety and pharmacogenomics was designed to assist in
addressing these gaps.

Gilkey and colleagues11 outlined 3 important areas
for developing patient education materials on patient
safety: risk perception, community participation, and so-
cial marketing. When the students were given the task to
develop the patient education pamphlets, we also dis-
cussed the importance of these 3 areas in developing pa-
tient educational campaigns.

Although many aspects of the course were successful
in advancing the students’ knowledgebase in the area of
pharmacogenomics, students stated that the GeneScrip-
tion software system was the most beneficial aspect of the
course and helped them visualize the manner in which
pharmacogenomic data could be integrated into the prac-
tice of pharmacy. Furthermore, GeneScription strength-
ened the foundational information provided in class by
demonstrating the pharmacokinetic effects of SNPs and
providing potential therapeutic alternatives and links to
scientific literature relevant to the SNPs.
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Spurred by the interest and value expressed by the
students in relationship to the GeneScription software,
a Web-based version is now available online at http://
www.genescription.com. At this site, visitors also can
view a multimedia introduction to pharmacogenomics.
Upon entering the Web version of GeneScription, the user
first selects a patient and then a drug. In the event that we
detect an interaction, GeneScription warns the user, and
then the user has the opportunity to view the current dose
curve and select an alternate dose. After selecting an al-
ternative, the user then sees the dose curve that is associ-
ated with the alternate dose. This Web version also uses
a case-based approach in addition to providing the user
the full capabilities of the GeneScription system.

The use of GeneScription also assisted us in finding
one area of weakness in the overall design of the course.
We learned as we walked through the computer program
with the students that drug-drug interactions coupled with
drug-gene interactions needed to be addressed. For exam-
ple, if a patient were heterozygotic for CYP2C9*2, they
may have a slightly reduced metabolism of warfarin.
However, if the patient also were taking a CYP2C9 in-
hibitor, they would now have an even greater reduction in
warfarin metabolism. As a result of these discussions with
the students, we expanded the course and added a section
on pharmacogenomics and pharmacokinetic implications.

This course now has been integrated into the core
curriculum. Additionally, continuing education programs
for pharmacists and physicians have been developed as
a result of the course. This general introductory session
on pharmacogenomics also was converted into a continu-
ing education publication for licensed pharmacists of the
Ohio Pharmacists Association. The live continuing edu-
cation programs have been evaluated in a similar fashion
to the course and the findings from the precourse and
postcourse surveys have been very similar. Our overarch-
ing goal is to improve therapeutic outcomes and reduce
adverse drug reactions through the advancement of per-
sonalized medicine. This course is the first step in that
direction. We offer our findings and methods to our col-
leagues in pharmacy education to assist them in training
pharmacists to be mediators of change in personalized
medicine.

SUMMARY
An elective course in pharmacogenomics was imple-

mented to assist students in moving the basic science
knowledge learned in the classroom to the actual practice
site. In the near future, pharmacists will play a vital role
in making personalized medicine a reality. To do this,
pharmacists need to be equipped with the fundamentals
that will allow them to make clinical decisions based on

pharmacogenomic data. Additionally, pharmacists will
need to teach other healthcare professionals and patients
about pharmacogenomics for personalized medicine to
become a reality. This course was designed to prepare
pharmacy students for these tasks.

The elective course described in this paper has now
been integrated into the core pharmacy curriculum and
uses the GeneScription software. The student learning
measures employed in this course indicate that the goals
and objectives of the course were met. Students’ re-
sponses and feedback to the GeneScription software sug-
gest that it is an effective tool to support accomplishment
of the stated course objectives.
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Appendix 1. Sample Case Essay Examination Question

LL is a 68-year-old female presenting with recent stent placement, recent stroke, and pulmonary embolism. She has a 20-year history
of hyperlipidemia, osteoarthritis 3 3 years, and is currently being treated with warfarin therapy for the pulmonary embolism she
experienced 2 weeks ago. She came into your pharmacy today for a medication review and to get her prescriptions filled. LL’s family
history and social history are non-contributory. Her current medications include atorvastatin 10 mg po QD, melatonin 3 mg po QHS
for sleep, acetaminophen 500 mg TID for osteoarthritis pain, and she was recently started on warfarin 5 mg po QD. Your pharmacy
has the newest pharmacogenetic testing technology so you test her genetic information while you are reviewing LL’s medications.
Genetic testing reveals LL has a polymorphism at CYP2C19 and a CYP2C9*2/*3 mutation.

1. LL is wondering how this affects her treatment, why you need this information, and who has access to it (3 points)
a. How would you explain the importance of pharmacogenetics/genomics and how this information is being used, to her

as a patient, and put her concerns regarding genetic testing at ease?

2. LL’s physician has given her a prescription for clopidogrel 75mg po QD.
a. Based on her CYP2C19 polymorphism should she have the clopidogrel prescription filled? (2 points)
b. Why should or why shouldn’t LL have this prescription filled (will this polymorphism affect clopidogrel treatment

and if so, how)? (4 points)

3. The physician initiated LL on warfarin 5mg po QD for anticoagulant therapy. (9 points-3 points each)
a. Is this dose appropriate based on the patient’s INR goal of 2-3 and their genetic information? Why or why not?
b. If not, what dose would you recommend based on LL’s polymorphism? ****Must show work to receive credit for

question!
c. Is the patient at an increased risk for ADRs based on the dose recommended by the physician? If yes, what risks?
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