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Objective. To characterize advanced pharmacy practice experiences (APPEs) with a primary focus in
pharmacogenomics at schools and colleges of pharmacy in the United States.
Methods. This was a cross-sectional, multicenter, observational study of pharmacogenomics APPEs at
US pharmacy schools. Directors of experiential education at 146 accredited schools of pharmacy were
contacted by phone and asked if their school offered a pharmacogenomics APPE. The preceptors of
pharmacogenomics APPEs identified by this phone screen were sent an email with a link to an online
survey that asked about their APPE offerings.
Results.Of the 142 schools of pharmacy that were successfully reached via phone, 40 (28%) offered an
APPE with a primary focus in pharmacogenomics. Thirty unique APPEs with pharmacogenomics as a
primary focus were identified. The total number of preceptors involved in the pharmacogenomics
APPEs was 33: 19 (58%) faculty preceptors and 14 (42%) non-faculty preceptors. Twenty-three of
the 30 pharmacogenomics APPEs completed the survey (77% response rate). The APPE sites were
diverse and included academic medical centers, community health systems, pharmacogenomic testing
laboratories, and schools of pharmacy. Each pharmacogenomics APPE accommodated an average of
six students per year. The APPE activities varied across sites.
Conclusion. Only a small number of US pharmacy schools offer an APPE with a primary focus in
pharmacogenomics. These rotations are diverse in scope and precepted by faculty or non-faculty
pharmacists. The Academy should pursue opportunities to increase experiential education in
pharmacogenomics.
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INTRODUCTION
The use of pharmacogenomics in clinical practice

continues to grow as genetic testing becomes less costly
and evidence-based, gene/drug clinical practice guide-
lines from the Clinical Pharmacogenetics Implementa-
tion Consortium (CPIC;www.cpicpgx.org) becomemore
available. This growth will only continue with the in-
crease in direct-to-consumer pharmacogenomic testing.1

National pharmacy organizations have called upon
pharmacists to embrace pharmacogenomics and cham-
pion its use in patient care when appropriate.2-4 However,
the question of howwe best educate pharmacy students to
fill this role still remains. The 2016-2017 American

Association of Colleges of Pharmacy (AACP) Argus
Commission issued the following warning:

The most significant threat to pharmacy will be a fail-
ure to enrich our curricula and post-graduate education
with the adequate intensity of attention to the expand-
ing field of pharmacogenomics. . .The need for spe-
cialists will grow rapidly and new models of practice
have already emerged and will continue to develop in
the near future. Our faculty must be exposed to these
and our learners must be encouraged to prepare for
careers where they can bring expertise on the applica-
tion of genomic science to patient care and research.5

Clearly, pharmacogenomics instruction at US schools
of pharmacy should be a priority. Although clinical
pharmacogenomics is included in the 2016 Accreditation
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Standards andKeyElements for the Professional Program
in Pharmacy Leading to the Doctor of PharmacyDegree,6

identifying the optimal structure and content of pharma-
cogenomics education remains a challenge. Both didactic
and experiential education approaches are critical to
advance pharmacy student knowledge and skills.7-9

Previous studies have reported on instruction in phar-
macogenomics in the didactic PharmD curriculum;10-13

however, none reported on experiential education in
pharmacogenomics. The objective of this study was to
characterize available advanced pharmacy practice ex-
periences (APPEs) with a primary focus in pharmaco-
genomics at US pharmacy schools. We hypothesized
that only a minority of US pharmacy schools offer such
rotations and that the experiences are diverse across
sites.

METHODS
We conducted a cross-sectional, multicenter, ob-

servational study of pharmacogenomics APPEs at US
pharmacy schools. This studywas reviewed and approved
by the MCPHS University Institutional Review Board.
Directors of Experiential Education at the 146 accredited
US pharmacy schools were contacted by phone in Octo-
ber and November 2019 and asked whether their school
offered a pharmacogenomics APPE. If their school did
not offer a pharmacogenomics APPE and a reason why
was provided, this information was recorded. If their
school did offer a pharmacogenomics APPE, the pre-
ceptor’s name and contact information were requested. If
a school’s director of experiential education could not be
reached with the first phone call, up to five additional
attempts were made to reach them. In some cases, one or
more of these follow-up calls were made to a different
member of the school’s experiential education depart-
ment. The pharmacogenomics APPE preceptors identi-
fied from this phone screen were contacted via email and
sent a link to an online survey. The survey instrument
asked about their rotation offerings and their willingness
to share their contact information with other pharmaco-
genomics preceptors in a publicly available database.
Surveys were completed from November through De-
cember 2019. If a preceptor indicated on the survey in-
strument that their rotation’s primary focus was not
pharmacogenomics, those data were excluded from the
analysis. Survey results were analyzed using descriptive
statistics.

RESULTS
Of the 146 accredited US pharmacy schools, the di-

rector of experiential education or a member of the ex-
periential education department was successfully reached

via phone at 142 schools. Of the 142 schools of pharmacy
that provided information, 40 (28%) offered an APPE
with a primary focus in pharmacogenomics. For the
schools that did not offer anAPPEwith a primary focus in
pharmacogenomics, some common reasons cited for this
included the lack of pharmacogenomics clinical practices
available nearby, not having a faculty member or local
non-faculty preceptor with pharmacogenomics expertise,
and they had never thought to look into it. Fourteen rep-
resentatives indicated that their institution has plans to
begin a pharmacogenomics APPE in the near future.
Fifteen schools of pharmacy offered a pharmacoge-
nomics APPEwith a faculty preceptor (38%) and 24 offer
a pharmacogenomics APPE with a non-faculty preceptor
(62%) (one pharmacy school offered two pharmacoge-
nomics APPEs with different faculty preceptors). Most
non-faculty-led pharmacogenomics APPEs accept stu-
dents frommultiple schools of pharmacy. Thirty pharmacy
schools reported having APPEs with pharmacogenomics
as a primary focus (see Figure 1 for the location of these
sites). Thirty-three preceptors were identified (three
APPEs had two co-preceptors). Of the 33 preceptors, 19
(58%) were faculty preceptors and 14 (42%) were non-
faculty preceptors.We received a survey from 23 (77%) of
the 30 pharmacogenomics APPEs identified. The survey
results are summarized in Table 1.

The length of each pharmacogenomics APPE varied
from three to eight weeks depending on the school. Ex-
cluding one APPE at one school that accepted 50-60
students per year, each pharmacogenomics APPE

Figure 1. US states (n517) with advanced pharmacy practice
experiences (APPEs) that have a primary focus in pharmaco-
genomics (n530).
The total number of unique APPE rotations identified with
pharmacogenomics as a primary focus was 30, and a survey
response was received for 23 of these rotations (see Tables 1
and 2).
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accommodated an average of six students per year. The
number of pharmacogenomicsAPPE spots available each
year was estimated to be less than 200. The length of time
that these APPEs had been offered ranged from less than
one year to seven years, with 91% (n521) of the rotations
having been offered for five years or less. All the APPEs
were classified as elective rather than required rotations.
The sites were diverse and included academic medical
centers, community health systems, pharmacogenomic
testing laboratories, and schools of pharmacy (Table 2).
The APPE activities varied across sites. Some of the most
common activities included gene/drug literature reviews
(n522, 96%), topic discussions (n522, 96%), journal
clubs (n521, 91%), Clinical Pharmacogenetics Imple-
mentation Consortium (CPIC) calls (n519, 83%), clini-
cal implementation (n518, 78%), clinical research
(n517, 74%), and educating healthcare providers about
pharmacogenomics (n517, 74%).

DISCUSSION
Experiential education in pharmacogenomics ex-

poses student pharmacists to real-world application of
pharmacogenomics, including test interpretation, clinical
decision-making in patient care, implementation activi-
ties, research, and education of patients and clinicians.
This study was the first to formally assess the current
landscape of APPEs with a primary focus in pharmaco-
genomics offered by accredited US pharmacy schools.
Only a minority of pharmacy schools (,30%) offered an
APPE with a primary focus in pharmacogenomics;
however, several schools of pharmacy had plans to im-
plement a pharmacogenomics APPE in the near future.
Based on our study findings, all of the APPEs identified
could collectively accommodate less than 200 pharmacy
students per year. Considering that approximately 15,000
US student pharmacists take APPEs each year, only a
small fraction of them (1.3%) are afforded the opportunity
to complete a pharmacogenomics APPE.14 While it may
not be reasonable to expect that every pharmacy student
will complete or has access to an elective APPE with a
primary focus in pharmacogenomics, clearly these types
of APPE offerings can and should be expanded to

Table 1. Characteristics of Advanced Pharmacy Practice
Experiences With a Primary Focus in Pharmacogenomics at
US Pharmacy Schools (n523)

Characteristic n (%)

Type of preceptor
Non-faculty 12 (52)
Faculty 11 (48)

Rotation classification
Elective 23 (100)
Ambulatory Care 0
Community 0
Institutional 0
Internal Medicine 0

No. of students per rotation block
1 14 (61)
1-2 or 2 8 (35)
4-6 1 (4)

Rotation activities
Gene/drug literature reviews 22 (96)
Topic discussions 22 (96)
Journal clubs 21 (91)
CPIC calls 19 (83)
Clinical implementation 18 (78)
Clinical research 17 (74)
Educating healthcare providers about
pharmacogenomics

17 (74)

Direct patient care that involves
pharmacogenomics

14 (61)

Educating other students about
pharmacogenomics

13 (57)

Other a 7 (30)
Direct patient care that does not involve
pharmacogenomics

6 (26)

Student genotyping 4 (17)
Bench research 3 (13)
Molecular tumor board 3 (13)

No. of years that the rotation has been offered
# 1 year 7 (30)
2-3 8 (35)
4-5 6 (26)
6-7 2 (9)

Willing and able to take additional pharmacy
students from other institutions
Yes 13 (57)
No 10 (43)

Willing to share contact information in publicly
available database
Yes 24b (96)
No 1 (4)

Abbreviations: CPIC5Clinical Pharmacogenetics Implementation
Consortium
a Protocol development for new studies, data analysis for ongoing
studies, weekly oral case presentations, final case presentation with
written case, drug information questions, drug information project,
pharmacogenomics patient case development, pharmacogenomics

quiz question development, data collection from publicly available
pharmacogenomics data sources, writing a short piece for an internal
newsletter, data analysis of de-identified pharmacogenomics results,
testing of implementation logic, shadowing clinical consultations,
seminar presentation, educational materials development, writing
clinical decision support language, writing summaries of relevant
pharmacogenomics literature
b Two rotations with co-preceptors listed the contact information for
both preceptors
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accommodate more students given the importance of
pharmacogenomics to the future of pharmacy practice.
Through this study, we also inadvertently identified
APPEs (n57) that had an alternative primary focus but
had integrated pharmacogenomics into the experience.
Although a formal assessment of suchAPPEswas beyond
the scope of the present study, we acknowledge the vital
role that these rotations play in advancing pharmacoge-
nomics experiential education and see this approach as a
viable and necessary path to scale pharmacogenomics
experiential opportunities and increase their availability.

Barriers to establishing pharmacogenomics APPEs
include not having an affiliation with a faculty member
or non-faculty preceptor with pharmacogenomics exper-
tise and few sites with established pharmacogenomics
implementation programs. To address the shortage of
preceptors with pharmacogenomics expertise, additional
postgraduate residency and fellowship training programs
in pharmacogenomics are needed.9 Pharmacogenomics
certificate programs for pharmacists may also help in
developing the preceptor workforce in this area. In the
interim, schools of pharmacy without a dedicated phar-
macogenomics APPE may want to reach out to schools
with an existing APPE to expand this type of offering to
their students. Many non-faculty-led pharmacogenomics
APPEs currently accept student pharmacists from several
schools of pharmacy, and based on our survey results,
many are open to accepting additional students. With
consent from the study participants, preceptor contact
information will be shared with schools of pharmacy
through the AACP Pharmacogenomics Special Interest

Group and the Experiential Education Section Connect
platforms. This database will allow pharmacy faculty
members and pharmacogenomics APPE preceptors to
connect with each other, explore opportunities for col-
laboration, and share best practices, thereby strengthen-
ing existing APPE offerings and establishing new ones.

Advanced pharmacy practice experiences with a
primary focus in pharmacogenomics are a relatively new
experiential education offering (most less than five years
old), which mirrors the recent efforts to accelerate the
implementation of pharmacogenomics into clinical
practice. As pharmacogenomics pharmacy specialists
launch new clinical pharmacogenomics services, it is
critical that they consider starting a corresponding APPE
to support student pharmacist education in pharmacoge-
nomics. Establishing these sites early recognizes the rich
training environment present during the establishment of
new clinical services and leverages the fact that many
institutions are currently in the early phases of pharma-
cogenomics implementation. To date, all APPEs with a
primary focus in pharmacogenomics are located in hos-
pitals and health systems, which highlights the need for
developing these types of experiences in the community
setting as well. In addition, student capacity is a concern
as, on average, pharmacogenomics APPEs accommodate
just six students per year, with several taking only one or
two students per year. Pharmacy schoolswithout access to
an existing pharmacogenomics APPE should evaluate
strategies to partner with these sites and provide the
necessary support to allow them to accommodate more
students since the infrastructure is already in place. This

Table 2. Types of Advanced Pharmacy Practice Experience Sites With a Primary Focus in Pharmacogenomics (n523)

State

Hospital/
Health-

System, No.
School of

Pharmacy, No.
Pharmacogenomic

Testing Laboratory, No.
Other,a

No.

California 1
Colorado 1
Florida 2
Indiana 1
Massachusetts 2
Michigan 1
Minnesota 1 2 1
New York 1 1
North Carolina 2
Ohio 1
Pennsylvania 1 1 1
South Dakota 1
Tennessee 1
Washington 1
Totals 14 5 3 1
a Concierge pharmacy services company
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may be an easier way to increase capacity compared to
building new sites from the ground up.

There are several limitations to our study. The survey
used was not previously validated. Some school of
pharmacy representatives indicated that they did not offer
a pharmacogenomics APPE, but a non-faculty preceptor
may have reported that they accepted students from those
institutions. In these cases, the school of pharmacy was
categorized as one that offered a pharmacogenomics
APPE. In contrast, we later discovered that some schools
of pharmacy that had indicated they offered a pharma-
cogenomics APPE actually only offered rotations that
integrated some pharmacogenomics content into the ex-
perience but did not have a primary focus in pharmaco-
genomics. In these cases, the pharmacy school was
categorized as one that did not offer a pharmacogenomics
APPE. For those preceptors who did not respond to the
survey (n57), we assumed that their APPE had a primary
focus in pharmacogenomics. While this approach may
have led to potentially over or under counting APPEs in
pharmacogenomics, we left the determination of whether
a rotation had a primary focus on pharmacogenomics to
the local experts (eg, the preceptor or experiential coor-
dinator). An independent evaluation of breath or depth of
pharmacogenomics training in each APPE offered by US
pharmacy school was beyond the scope of this study.
Finally, for two schools of pharmacy, the school of
pharmacy representatives indicated that a pharmacoge-
nomics APPE was offered, but they declined to share
preceptor information, and at four schools of pharmacy, a
school of pharmacy representative could not be reached at
all.

CONCLUSION
This landscape analysis provides important data

on the status of pharmacogenomics experiential train-
ing opportunities for student pharmacists. Only a mi-
nority of US pharmacy schools offer an APPE with a
primary focus in pharmacogenomics. These rotations
are diverse in scope and are offered by both faculty and
non-faculty preceptors. There are opportunities for
improvement to increase experiential education in
pharmacogenomics.
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