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Abstract: The field of personalized medicine affords multiple opportunities to pharmacists,
and pharmacists have specific knowledge, skills and abilities that make them uniquely suited
to advance the use of personalized medicine as a clinical tool. The pharmacy profession as
a whole, however, has been slow to embrace the concept of clinical pharmacogenetics and
is now facing a critical juncture that can potentially redefine the professional identity of the
pharmacist. Before practice transformation can occur, however, it is important for our profession to ask and fully explore the following question: Are pharmacists ready for the challenge of
personalized medicine? When assessing the readiness of pharmacy for personalized medicine,
one must consider factors that are specific to the individual pharmacist as well as systematic
considerations that allow pharmacists to successfully integrate personalized medicine into
their individual practice area. These include factors such as education and training, competency, an attitude of engagement and adequate support and guidance. Personnel, information
technology and laboratory infrastructure are also critical elements that are required, and
financially sustainable practice models must be developed. Successful advancement of clinical pharmacogenetics will also require the profession to clearly define their vision of what
success looks like and where it wants to be at the end of the transformational journey. Without
a clear destination, we will continue to move as individuals in different directions and fail to
progress as a whole. While pharmacists might not be completely ready for the challenge of
pharmacogenetics, they are most certainly up to facing the challenge. The time is right and
the stage is set for pharmacy to embark on another transformative journey – a journey that
will redefine the role of the pharmacist and will secure a place for pharmacy in the era of
personalized medicine and beyond.
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Pharmacy is a constantly changing profession that requires pharmacists to adapt their
skills as scientific advances continue to transform the practice of medicine. Over the last
100 years, the profession of pharmacy has evolved from a dispensing model focused
on the formulation and delivery of a drug product to a patient care model focused
on individualizing drug therapy and delivering direct patient care.1 Pharmacists are
now providing services such as glucose testing, cholesterol screening, blood pressure
monitoring and immunizations in community pharmacies and ambulatory clinics.2,3 In
many states, pharmacists are also able to modify treatment and prescribe new medications under a collaborative agreement with a supervising physician.4
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While being extremely successful, the transformation of
pharmacy practice challenged the profession and required
pharmacists to confront and overcome several obstacles.
Many practicing pharmacists felt unprepared to deliver
clinical services and were uncomfortable in this new role.
The profession responded with the creation and development of postgraduate education and training opportunities,
including advanced practice residencies.1 There was also a
major shift in pharmacy education in order to ensure that
new pharmacy graduates were both competent and confident
in the delivery of clinical pharmacy services. In 1992, the
Accreditation Council on Pharmaceutical Education (ACPE)
approved the Doctor of Pharmacy (Pharm D) degree as
the only professional degree in pharmacy, eliminating the
Bachelor of Science in Pharmacy degree. The ACPE also
revised the standards for colleges and schools of pharmacy
to “ensure that graduating pharmacy (Pharm D) students are
ready to practice in teams and prepared to directly contribute
to patient-centered care”.5 Times changed, practice evolved
and the profession successfully adapted.
Today pharmacy is facing a new challenge – personalized medicine. Fueled by advances in biomedical research
and efforts such as President Obama’s Precision Medicine
Initiative, personalized medicine is quickly gaining traction
as a clinical tool to improve the prediction, prevention and
treatment of disease.6 Pharmacogenetics, the use of genetic
information to guide drug therapy decisions, is an important
component of personalized medicine that presents a significant opportunity for the profession of pharmacy. Application of pharmacogenetics has been widely embraced in the
hematology/oncology community, where most therapies use
a genetically targeted approach. Adoption in other areas has
been relatively slow due to the limited number of actionable
gene–drug pairs that have been identified to date. However,
clinical implementation of pharmacogenetics and personalized medicine continues to advance.
The Clinical Pharmacogenetics Implementation Consortium (CPIC), an international working group of pharmacists,
scientists and other health care professionals, has developed
evidence-based clinical guidelines for 35 actionable gene–
drug pairs.7 Over the last two decades, the US Food and Drug
Administration has added “black box” warnings for several
medications (eg, abacavir, clopidogrel, carbamazepine),
incorporated genotype-guided dosing algorithms into product
labeling and added pharmacogenetic information to the labels
of >150 medications.8 There are even drugs, such as simeprevir
for hepatitis C and mipomersen for homozygous familial hypercholesterolemia, that require pharmacogenetic testing before
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they can be prescribed. The costs of genetic testing continue
to decrease and comprehensive genetic tests can be performed
for less than $250 US dollars and are offered in 7% of hospitals
in the US.9 Direct-to-consumer (DTC) genetic testing kits are
also readily available in community pharmacies, and the first
DTC test for determining breast cancer risk was just approved
by the US Food and Drug Administration in March 2018.10
Multiple academic medical centers have successfully integrated pharmacogenetics into their inpatient clinical services,
and the number of institutions providing clinical pharmacogenetic services continues to increase.11 Pharmacogenetics
is also expanding to the outpatient/ambulatory setting, and
there are several examples of pharmacogenetic testing being
successfully implemented in community pharmacies and
large-chain drug stores.12,13 The pharmacy profession as a
whole, however, has been slow to embrace the concept of
clinical pharmacogenetics and is now at a critical juncture
that has the potential to once again redefine the professional
identity of the pharmacist. Before committing to another
transformation in pharmacy practice, it is important for our
profession to ask and fully explore the following question:
Are pharmacists ready for the challenge of personalized
medicine? Given that pharmacist-provided pharmacogenetic
services will be delivered within the context of a health care
delivery and payment system that poses significant challenges, we must also ask ourselves an equally important
question: Is personalized medicine ready for pharmacists?
The answers to these two simple, yet critically important
questions will ultimately guide the how, when and why of
clinical pharmacogenetics in pharmacy practice.

Role of the pharmacist in
personalized medicine
The field of personalized medicine affords multiple opportunities to pharmacists, and pharmacists have specific knowledge, skills and abilities that make them uniquely suited to
advance the use of personalized medicine as a clinical tool.
Pharmacists are the only health care professionals who are
specifically trained to understand and apply the fundamental
sciences of pharmacokinetics, pharmacodynamics and clinical pharmacology to patient care. A core part of a pharmacist’s job is to individualize drug therapy based on a given
patient’s age, size, organ function, concomitant treatments,
diet, allergies and disease states. Pharmacists also provide
dose individualization via therapeutic drug monitoring. One
could, therefore, argue that pharmacists have been providing
personalized medicine for quite some time and that genotype
is just one additional source of variability that pharmacists
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should integrate when individualizing drug therapy for a
given patient. However, personalized medicine and pharmacogenetics are still widely viewed as emerging areas of
patient care, and the roles and responsibilities of pharmacists
are still not clearly defined.
Several professional pharmacy organizations, including the American Society of Health-System Pharmacists
(ASHP),14 the American Pharmacists Association15 and
the Pediatric Pharmacy Advocacy Group,16 have published
statements supporting the involvement of pharmacists in
pharmacogenetics and suggesting potential roles and responsibilities for pharmacists in this area. Most of the suggested
responsibilities are focused around the clinical application
of pharmacogenetics and include activities such as recommending pharmacogenetic testing, interpreting test results
and designing patient-specific drug and dosage regimens.
These are recommended as core responsibilities of all pharmacists, irrespective of training and experience in pharmacogenetics. There are also recommendations as to the roles
that pharmacists with specialized education, training and/
or experience in pharmacogenetics might play. Pharmacists
are also encouraged to assume leadership roles in advancing
the clinical application of pharmacogenetics as part of safe,
effective and cost-effective medication practices.
Although the direct patient care applications are most
intuitive for pharmacists, there are many other potential roles
for pharmacists in personalized medicine and pharmacogenetics that span beyond traditional patient care activities.
Pharmacists are the most accessible health care providers in
the community, and the ready availability of DTC genetic
testing kits in community pharmacies presents a tremendous opportunity for patient education and counseling. The
community pharmacy is also often the one place that links
prescriptions from multiple prescribers and health care providers, given that patients tend to see many providers but
only visit one pharmacy. The community pharmacy could,
therefore, serve as a centralized “hub” for housing genetic
information. Expertise in pharmacy is also critically important in other areas required for implementation of clinical
pharmacogenomics, such as pharmacy informatics, clinical
decision support tool development, database management,
development of medication use policies and processes,
logistics of genetic testing, research and clinical guideline
development.17
The opportunities for pharmacists in personalized
medicine and pharmacogenetics are expansive. While
being exciting, the breadth of opportunities for pharmacists
in personalized medicine creates a unique challenge for a
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profession in transition. How can practicing pharmacists
prepare for a role that is not clearly defined? And, how can
we prepare future pharmacists for roles that currently do not
exist? As a profession, there appears to be universal agreement that pharmacists should be involved in personalized
medicine and pharmacogenetics. One of the greatest barriers
toward advancing pharmacogenetics across the profession is
the lack of clearly defined roles and responsibilities for which
current and future pharmacists can prepare.

What do pharmacists need to be
ready for personalized medicine?
Education and training
When assessing the readiness of pharmacy for personalized
medicine, one must consider factors that are specific to the
individual pharmacist as well as systematic considerations
that allow pharmacists to successfully integrate personalized medicine into their individual practice area. With
respect to individual factors, education and training are
perhaps the biggest considerations in determining practice
readiness. The Accreditation Council for Pharmacy Education (ACPE) 2016 Standards include pharmacogenetics
as a required element of the didactic Doctor of Pharmacy
curriculum, and graduates of contemporary pharmacy
programs are expected to be “practice-ready” with respect
to integrating genetic information into patient-centered
pharmaceutical care.18 However, few resources exist to support faculty in teaching clinical pharmacogenetics and there
are a limited number of faculty who have completed formal
training in this specialty area. Opportunities for experiential
and/or practice-based training within Doctor of Pharmacy
programs are also uncommon, with only a few programs
offering the elective Advanced Pharmacy Practice Experiences in precision medicine and/or pharmacogenetics. Consequently, while new graduates will have the foundational
knowledge needed to understand pharmacogenetics, their
ability to confidently apply this knowledge to patient care
remains questionable.
Many currently practicing pharmacists also lack confidence and feel inadequately prepared to apply pharmacogenetics in clinical practice. In a survey of practicing
community pharmacists, >70% of respondents indicated
their confidence in knowledge regarding the Human Genome
Project, genetic testing and pharmacogenetics was <50%.19
Lack of exposure to pharmacogenetics during formal didactic
training is consistently one of the most frequently cited reasons for this lack of confidence. In one survey, almost 80%
of the pharmacists reported that pharmacogenetics was not

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

115

Dovepress

Integrated Pharmacy Research and Practice downloaded from https://www.dovepress.com/ by 34.203.28.212 on 24-Feb-2019
For personal use only.

Kennedy

an integral part of their pharmacy education and almost 70%
of the respondents felt that it should be.20
While there is nearly universal agreement among practicing pharmacists, professional pharmacy organizations and
accrediting bodies that pharmacogenetics is an integral part of
pharmacy education and training, there is no clear consensus
on what that training should include and whether different
types of training are required for pharmacists practicing pharmacogenetics at different levels. The ASHP Statement on the
Pharmacist’s Role in Clinical Pharmacogenomics suggests
that “some advanced pharmacist functions applying clinical pharmacogenomics may require specialized education,
training or experience”, but does not specifically outline what
these advanced functions are.14 The statement also does not
formally describe training requirements for advanced practice pharmacists in pharmacogenetics. Following the model
of other advanced practice pharmacy specialties, however,
it is most likely that postgraduate residencies and/or fellowships in pharmacogenetics will be required for individuals
desiring to practice personalized medicine at a higher level.
Opportunities for formal postgraduate training in pharmacogenetics remain limited, however, with only four programs
(St Jude Children’s Research Hospital, the University of
Florida College of Pharmacy, Children’s Minnesota and
the University of Illinois at Chicago College of Pharmacy)
offering postgraduate year 2 (PGY2) residencies in pharmacogenomics. Fellowship and formal graduate programs are
available at the masters and doctoral levels, although these
types of programs are typically research focused and reserved
for individuals seeking careers in academia or industry.
For practitioners, there are several professional development opportunities available beyond formal postgraduate
training, including traditional continuing pharmacy education
(CPE) programs offered live as part of the programming at
national meetings or as stand-alone programs, many of which
are self-paced and are available online. Examples of such
programs include the Pharmacogenomics Education Program
(PharmGenEd) offered by UC San Diego and the American
Pharmacists Association training course developed collaboratively with Manchester University and RxGenomix. Certificate
programs provide an alternative for practitioner education that
allows more in-depth exposure to clinical pharmacogenomics
than a traditional CPE program.21 Examples of such programs
include the Test2Learn program developed by the National
Association of Chain Drug Stores in collaboration with the
University of Pittsburgh School of Pharmacy, the Pharmacogenomics Certificate Program offered by the University
of Colorado School of Pharmacy, the Pharmacogenomics
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and Precision Medicine Certificate offered by Shenandoah
University and the Pharmacogenomics Certificate Program
offered as part of the annual Precision Medicine Conference
at the University of Florida College of Pharmacy.
Some hospital systems have also developed continuing
education for their pharmacists. The Children’s Hospital
of Wisconsin developed an online and live module course
based on objectives from the National Coalition for Health
Professional Education in Genetics guidelines.22 The online
module includes introductory concepts on genetics and
pharmacogenetics, particularly related to antiepileptic medications, and is a required competency for all pharmacists to
provide pharmacogenetic services at the hospital.23 St Jude
Children’s Research Hospital has also developed educational
programs for their pharmacists to complete before providing
pharmacogenetic consultation, serving as an example for
other institutions to follow.

Demonstrated competency
Competencies provide a standardized framework to measure
the knowledge, skills and attitudes of students and practitioners in the area of pharmacogenetics. The first pharmacogenetics competency statement for pharmacists was developed over
15 years ago (2002) by the American Association of Colleges
of Pharmacy (AACP) Academic Affairs Committee.24 In 2011,
the National Human Genome Research Institute convened an
inter-professional group of pharmacy education stakeholders,
representatives from national pharmacy and medical organizations and government agencies to discuss the creation of a
systematic process to update the 2002 competencies.25 This
meeting led to the creation of an updated competency inventory by the Pharmacogenetics/Pharmacogenomics Special
Interest Group (SIG) of AACP in 2012.26
The SIG also led a process to update the 2002 competency
statement using a consensus-based method that incorporated
input from multiple key professional pharmacy organizations
to reflect growth in genomic science as well as the need for
pharmacist application of genomic data. Fifteen competencies were established by a group of ten representatives
from pharmacy and pharmacy professional organizations.
The goal of these competencies was to define the skills that
pharmacists need to effectively understand and translate the
genotype-related information about a patient. These competencies are divided into four areas: basic genetic concepts,
genetics and disease, pharmacogenetics/pharmacogenomics, and ethical, legal and social implications (Table 1). The
updated competency statement was approved and released
in July 2013.26
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Table 1 Pharmacist competencies in pharmacogenetics
Basic genetic concepts

Genetics and disease

Pharmacogenetics/pharmacogenomics

Ethical, legal and social implications

• To demonstrate an
understanding of
the basis genetic/
genomic concepts and
nomenclature
• To recognize and
appreciate the role
of behavioral, social
and environmental
factors (lifestyle,
socioeconomic
factors pollutants,
etc) to modify or
influence genetics in
the manifestation of
disease
• To identify drug- and
disease-associated
genetic variations
that facilitate
development of
prevention, diagnostic
and treatment
strategies; appreciate
differences in testing
methodologies and
need to explore these
differences in drug
literature evaluation
• To use family
history (minimum of
three generations)
in assessing
predisposition to
disease and selection
of drug treatment

• To understand
the role of genetic
factors in maintaining
health and preventing
disease
• To assess the
difference between
clinical diagnosis
of disease and
identification
of genetic
predisposition to
disease (genetic
variation is not
strictly correlated
with disease
manifestation)
• To appreciate that
pharmacogenomic
testing may also
reveal certain
genetic disease
predispositions
(eg, Apo E4
polymorphism)

• To demonstrate an understanding of
how genetic variation in a large number
of proteins (eg, drug transporters,
metabolizing enzymes, receptor
targets) influences pharmacokinetics
and pharmacodynamics related to
pharmacologic effect and drug response
• To understand the influence of
ethnicity in genetic polymorphisms and
associations of polymorphisms with drug
response
• Recognize the availability of evidencebased guidelines that synthesize
information relevant to genomic/
pharmacogenomic tests and selection of
drug therapy (eg, CPIC)

• To understand the potential physical
and/or psychosocial benefits and
the risk of pharmacogenetic/
pharmacogenomic information for
individuals, family members and
communities, especially tests that may
relate to predisposition to disease
• To understand the increased liability
that accompanies access to detailed
genomic patient information and
maintain the confidentiality and
security
• To adopt a culturally sensitive and
ethical approach to patient counseling
regarding genomic/pharmacogenomic
tests for patients and populations
• Identifying when to refer a patient to a
genetic specialist or genetic counselor

Note: Reprinted from Journal of the American Pharmacists Association, Vol 57(1), Roederer MW, Kuo GM, Kisor DF, et al, Pharmacogenomics competencies in pharmacy
practice: A blueprint for change, Pages 120–125, Copyright (2017), with permission from Elsevier.26
Abbreviation: CPIC, Clinical Pharmacogenetics Implementation Consortium.

Development of a consensus-based competency statement represents a significant step forward in preparing
student pharmacists and practitioners for the clinical
implementation of pharmacogenetics. It remains unclear,
however, exactly how this competency statement should be
integrated into pharmacy education and who will ultimately
be responsible for updating, maintaining and overseeing
these professional competencies. It is also important to
recognize that simply defining the core knowledge required
for proficiency in clinical pharmacogenetics does not achieve
the ultimate goal of ensuring competence in the application
of this knowledge in direct patient care. Exposure to core
concepts through required didactic or CPE programs and
successful completion of examination-based assessments do
not automatically ensure clinical competency. Development
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of methods to assess and ensure practice readiness is, therefore, needed.
In order to successfully advance clinical pharmacogenetics, the profession of pharmacy must first define what
proficiency in each of the stated competencies looks like.
Benchmarks can then be developed to assess proficiency,
and a standardized process for assessment can be created. A
clear vision of the roles and responsibilities for pharmacists
is required, however, before this can be accomplished. Will
it be enough for pharmacists to meet the minimum level of
pharmacogenetics competency required to practice pharmacy
assessed by the North American Pharmacy Licensure Examination?27 Or, will postgraduate residency training and/or
certification through the Board of Pharmaceutical Specialties
be required? Alternately, would a model similar to that used
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by the National Certification Board for Diabetes Educators be
more appropriate where a minimum number of experiential
hours providing clinical pharmacogenetic services is required
in addition to passing a written examination and completing
annual continuing education?28 These are the types of critical questions that must be answered before judgments about
competency can be made.

Attitude of engagement
Completion of the Human Genome Project in 2003 led to
many predictions that genetically guided drug therapy would
rapidly become the standard of care. However, progress
toward the clinical application of pharmacogenetics was
much slower than projected and many, including pharmacists, began to doubt that pharmacogenetics would have any
clinical value. Despite this negative outlook, the discipline
of pharmacogenetics continues to build momentum and the
energy for this forward movement has been created largely
by pharmacists. In many institutions, pharmacists have played
major leadership roles as clinicians at the patient interface
and as thought leaders responsible for guiding the decision
process with respect to which tests will be implemented as
part of direct patient care. A high percentage of the CPIC
guidelines also have pharmacists as the lead or senior author
and the majority of participants in the pharmacogenetics
interest group of the National Institutes of Health genomic
medicine implementation network are pharmacists.29,30
This attitude of engagement is necessary for the continued
advancement of pharmacogenetics as a clinical tool.
Based on the results of several surveys conducted in
pharmacists across a wide variety of practice settings, there
appears to be a general consensus that pharmacists believe
pharmacogenetics is relevant to their clinical practice.19,20 The
level of interest in learning more about pharmacogenetics is
also high.31 However, many pharmacists lack confidence in
their abilities and do not feel prepared to apply pharmacogenetics in their practice setting due to a lack of knowledge
and/or formal training in this area. This perceived knowledge
deficit negatively impacts attitudes toward pharmacogenetic
testing. This was recently demonstrated in a survey of over
700 pharmacists, in which the mean positive attitude score
(calculated as the average score on eight survey questions)
increased with the self-reported level of knowledge of pharmacogenetic testing. The most positive attitude scores were
also observed in individuals who had received education
about pharmacogenetics.31 This observation highlights the
intricate interplay between education, confidence and attitudes required to advance clinical pharmacogenetics within
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the profession of pharmacy. Education will build confidence,
confidence will shape and improve attitudes, and positive
attitudes will foster engagement and provide the necessary
momentum to move the discipline and profession forward.

Support and guidance
A critical component of building confidence and ensuring
competency in personalized medicine is the availability of
adequate support, mentoring and guidance for pharmacists
developing their skills in pharmacogenetics. Providing
exposure through education and hands-on experience, while
being important, is not sufficient to ensure successful practice
integration. Learners must also have access to examples of
successful practice integration and be provided with sufficient practice-based resources to help with implementation.
Access to examples of successful practice integration across
a wide variety of practice settings is an invaluable resource
to pharmacists trying to integrate clinical pharmacogenetics.
There are numerous examples of pharmacist-delivered clinical pharmacogenetic services in the literature that pharmacists can use when developing their own practice model.32,33
Until recently, most of these examples were derived from
experience in the inpatient setting at large academic medical
centers. Given the interest in expanding pharmacogenetics to
the outpatient setting, however, the number of examples demonstrating successful integration into ambulatory, community
and chain drug store models continues to increase.12,13,34 All
pharmacists should, therefore, be encouraged to share their
implementation experiences through publication and/or
presentation at professional meetings at the local, regional
and national levels. Successful centers should also be encouraged to follow the example set by a collaborative group of
investigators who recently published a stepwise tutorial that
walks through the complex thought process of establishing
pharmacogenetic services and provides suggestions on how
to overcome common implementation challenges.35
Professional organizations can help facilitate sharing
of information and formation of supportive relationships
through the development and dissemination of practice-based
resources. Several professional organizations, including
the American College of Clinical Pharmacy and the AACP,
have SIGs within their membership, which are focused on
pharmacogenetics. These SIGs provide an excellent opportunity for networking and create a platform for discussion
and the exchange of ideas. Online resource centers, such
as the one created by the ASHP, are also helpful tools for
practitioners who are working through the implementation
process. In addition, there are a growing number of online,

Integrated Pharmacy Research and Practice 2018:7

Integrated Pharmacy Research and Practice downloaded from https://www.dovepress.com/ by 34.203.28.212 on 24-Feb-2019
For personal use only.

Dovepress

practice-based resources that are freely available outside
of professional pharmacy organizations. These include the
Community Pharmacist Pharmacogenetics Network, which
was established by pharmacists at Duke University, and the
Genetics/Genomics Competency Center (G2C2), made available by a partnership between the National Human Genome
Research Institute and several professional organizations.
Given the scope of resources required to successfully
implement clinical pharmacogenetics, engagement and support from professionals outside the profession of pharmacy
are also critical to the success of practice integration for
individuals and the profession as a whole. Health system
administrators, informatics specialists and laboratory personnel are all vitally important from a systems perspective to the
implementation of pharmacogenetics, and pharmacists will
need to develop and carefully cultivate relationships with
individuals in all of these areas. Collaboration with genetic
counselors, who have distinct yet complementary skills to
pharmacists, will also be important, and a partnership model
that could “enable the comprehensive delivery of services
essential to the appropriate use of pharmacogenetic testing”
has already been proposed by genetic counselors.36
Acceptance and promotion of pharmacist roles in pharmacogenetics by physicians and other prescribers (eg, nurse
practitioners and physician assistants) is perhaps one of the
most important drivers for the widespread uptake of clinical
pharmacogenetics. Although limited, existing data suggest
that physicians are supportive of pharmacist involvement
in pharmacogenetics and are comfortable with pharmacists assuming a leadership role. In a 2016 study, 100% of
oncologists demonstrated a positive attitude toward pharmacist involvement in the practical application of clinical
pharmacogenetics (ordering tests, interpreting results and
recommending drugs and dosages).37 These same clinicians
also identified an active role for pharmacists in strengthening
the evidence base for pharmacogenetic tests and in protocol/
guideline development. Some physicians have even advocated that pharmacists are better equipped than physicians
to assume responsibility for the clinical implementation of
pharmacogenetics. In an editorial published in the American
Journal of Medical Genetics, a physician noted that “pharmacogenomics may reside more comfortably in the purview
of pharmacists rather than physicians, at least as far as programmatic development and leadership are concerned.”38

Resources and infrastructure
Pharmacists require a number of resources in order to implement clinical pharmacogenetic services, and personnel,
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information technology and laboratory infrastructure are
critically important drivers of success.35 A strong interdisciplinary team that can help facilitate and manage the many
components of clinical pharmacogenetics is an absolutely
essential component of service implementation. At a minimum, the team should include a pharmacist with experience
in pharmacogenetics and medication therapy management
to lead the service, a physician-champion who can advocate
for pharmacogenetic testing and a second pharmacist clinician to interpret test results and make recommendations.35
Laboratory personnel, institutional leaders, information technology specialists and genetic counselors are also important
collaborators who should be involved with and supportive
of the process.
The information technology infrastructure at the institution must provide easy access to current pharmacogenetic
information via the electronic health record, facilitate sharing
of genetic data and be capable of integrating clinical decision
support tools to facilitate genotype-guided recommendations.
Given that the ability to generate large amounts of genetic
information has become faster, easier and less expensive,
information systems must also be able to manage and store
large datasets generated by newer genotyping methods. Many
practice sites currently do not have the technology infrastructure to support these core requirements. Pharmacists can turn
this challenge into an opportunity, however, by taking the lead
within their institutions to work with information technology
personnel to create and develop the informatics infrastructure
needed for successful implementation.
Access to a laboratory that is accredited by the College
of American Pathologists, licensed by Clinical Laboratory
Improvement Amendments and able to perform genotyping
for the variants of interest is essential. If the institution does
not have a laboratory meeting these requirements on site,
outside contract or academic laboratories can be used. This
is most likely to be the case for services established in the
ambulatory or community pharmacy settings. It is important
to note that turnaround times for results may be longer with
outside laboratories. Delays in receiving results may ultimately impact the usefulness of the information, particularly
when needed to make urgent therapeutic decisions. Advances
in genotyping technology have made point-of-care (POC)
pharmacogenetic testing an option for practice sites in which
many do not have ready access to a certified laboratory and
there are several POC testing devices now available (eg,
Spartan RX and the Nanosphere Verigene System) that can be
used to test for specific genetic variants. Although not widely
used at present, POC tests may offer a creative solution to
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the challenges created by limited laboratory access in the
ambulatory and community settings.
Time to perform clinical pharmacogenetics is yet another
resource that must be available for successful implementation. While the workflow will most likely vary depending on
the specific practice site, core activities such as obtaining consent, collecting samples, interpreting data, educating patients
and providers and documenting interventions are the common
elements across all practice sites. Pharmacists will either
need to integrate these activities into their existing workflow
or modify their workflow as needed to accommodate these
responsibilities. Although there are many examples of successful clinical pharmacogenetic services, data regarding the
amount of pharmacist time needed to perform these services
as part of direct patient care are limited. However, a recent
time and motion study conducted in a simulated community
pharmacy environment indicated that a single POC pharmacogenetic testing encounter would require about 9.49 minutes
of hands-on time from pharmacy staff, and that appropriate
delegation of tasks to a pharmacy technician would reduce
the pharmacist time to 2.64 minutes per encounter.39
Financial resources are also required to sustain pharmacist-delivered clinical pharmacogenetic services. At
present, lack of reimbursement for the tests themselves and
for the services provided is one of the greatest barriers to
widespread implementation. Insurance companies and/or
patients can currently be billed for pharmacogenetic tests,
but reimbursement is inconsistent and varies considerably.
While panel-based tests are the most cost-efficient testing
approach, the Centers for Medicaid and Medicare Services
have provisions that prohibit reimbursement for panel-based
tests, forcing pharmacist to use single-gene approaches that
are less cost-effective. Even if reimbursement is provided
for the test, the information gained is not valuable without
pharmacist interpretation. Without provider status, however,
pharmacists cannot bill for interpretation of genetic test
results. This significantly limits the viability of pharmacistdelivered clinical pharmacogenetic services for the health
care institution or business, given that patients with the
resources to pay for these services out-of-pocket are currently
the only drivers of revenue.
Many believe that pharmacogenetics will not be a sustainable practice for pharmacists if they cannot bill for their
services. However, it is important to remember that this
same sentiment was widely believed during the early stages
of implementation for clinical pharmacy services, and that
even with lack of provider status the profession was able to
creatively adapt to make the model financially sustainable.
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Innovative partnerships, such as the one between MD Labs, a
commercial company that provides pharmacogenetic testing,
and community pharmacies (such as the Rx Clinic Pharmacy
in Charlotte, NC, USA), serve as an excellent example of a
practice model that is financially sustainable. In this model,
the company reimburses the pharmacy directly for the costs
of testing and for pharmacist time spent on the personalized
medication review.40

Evidence of benefit
In order to make the case for widespread application of
clinical pharmacogenetics, there must first be evidence that
genetic associations with drug dose, response or toxicity are
predictable in the clinical setting. The strongest evidence
to date supporting the predictive value of gene–drug associations is the CPIC guidelines.29 These evidence-based,
peer-reviewed guidelines are intended to help clinicians
translate pharmacogenetic test results into actionable
clinical decisions. There must also be evidence that using
genetic information to predict drug dose, response or toxicity improves patient outcomes. The number of studies that
have prospectively evaluated clinical outcomes associated
with pharmacogenetic testing is currently limited. However,
data demonstrating that genetic testing improves treatment
response and reduces hospital readmissions, emergency
department visits and adverse drug reactions are quickly
accumulating in specialty areas such as cardiology, oncology
and psychiatry and in complex patients such as those treated
with polypharmacy.41–44 With greater clinical application of
pharmacogenetic testing, it is expected that this evidence will
only continue to increase, provided that pharmacists and clinicians prospectively collect and document clinical outcomes.
In addition to demonstrating clinical benefit, the costeffectiveness of pharmacogenetic tests as a diagnostic tool
must also be established and cost-related data for pharmacogenetic tests are accumulating. A recent study published in
the Pharmacogenomics Journal demonstrated that one-time
pharmacogenetic testing is cost-effective for preventing
adverse drug reactions over a patient’s lifetime.45 Specifically,
for a cohort of 40 year olds, pharmacogenetic testing resulted
in an incremental cost-effectiveness ratio of US $43,165 per
additional life year and US $53,680 per additional qualityadjusted life year, which is below the generally accepted
threshold for cost-effectiveness (US $100,000 per qualityadjusted life year). Cost–utility analyses of tests have also
demonstrated health improvements, albeit at a higher cost,
as measured by quality-adjusted life year.46 It is important
to recognize that cost-effectiveness is influenced by several
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factors such as test sensitivity and specificity and biomarker
prevalence (eg, allele frequency). It is, therefore, difficult to
compare cost-effectiveness across studies, given differences
in study design and analysis. Despite this limitation, the
majority of evidence to date indicates that pharmacogenetic
test–guided treatment is cost-effective. The economic impact
of pharmacist interventions within pharmacogenetics, however, remains unknown. Demonstration of a positive financial
impact will ultimately be required to advance clinical pharmacogenetics within the profession of pharmacy.

Strengths, weaknesses,
opportunities and threats
Strengths, weaknesses, opportunities and threats analysis
provides a unique framework within which the question of
whether pharmacists are ready for the challenge of personalized medicine can be thoughtfully considered. There are many
factors that facilitate and support pharmacist involvement
in clinical pharmacogenetics and the strengths are clear.
Evidence-based clinical guidelines for actionable gene–drug
pairs have been developed, evidence of clinical benefit and
cost-effectiveness of pharmacogenetic testing continues to
increase, and genetic tests are becoming more readily accessible and less costly to perform.7,9,41–46 Pharmacists believe
that pharmacogenetics is relevant to their practice, and there
is a spirit of engagement and enthusiasm across the profession about personalized medicine.19,20 Physicians and other
prescribers also widely accept and promote the pharmacists’
role in personalized medicine, and professional pharmacy
organizations actively promote pharmacist involvement in
this area.37,38 Additionally, pharmacists have led many of
the major initiatives related to the clinical advancement of
pharmacogenetics, and clinical pharmacogenetic services
have been successfully implemented in both inpatient and
community pharmacy settings.29,30,32,33
The greatest weakness impacting the readiness of pharmacists for the challenge of personalized medicine is the
current lack of consensus and clarity regarding the precise
roles and responsibilities of the pharmacist in this new practice area. What exactly does it mean to be “practice ready”
and how will the profession ensure that current and future
graduates meet this currently undefined standard? Continued
advancement of clinical pharmacogenetics across the profession of pharmacy requires answers to these fundamental, yet
critically important questions. It will also be important to
address existing infrastructural barriers including information technology, reimbursement and multidisciplinary team
development.
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Fortunately, opportunities for pharmacists in personalized
medicine are great and many of the weaknesses that currently
limit practice advancement are, in fact, unique opportunities
for true practice innovation. Creation of new practice models
in both the inpatient and community settings, while being
challenging, is a unique opportunity afforded by personalized medicine. Development of the infrastructure required to
successfully implement and deliver clinical pharmacogenetic
services and application of novel genetic testing methods
are just a few other unique opportunities afforded to pharmacists by personalized medicine. These opportunities are
threatened by the limited time for pharmacists to perform
clinical pharmacogenetics and lack of reimbursement for both
genetic tests and pharmacist interpretation of information,
and creative solutions will be required.

Creating a path forward
The prospect of expanding roles and responsibilities is unsettling for many pharmacists. It is important to remember,
however, that the profession of pharmacy has faced this
challenge before and the profession did not merely adapt.
Rather, it embraced and exceled at these new responsibilities.
Pharmacists have once again been given the opportunity to
redefine their professional identity and to apply their unique
knowledge, expertise and skills in a different way to improve
patient outcomes. Many pharmacists have embraced this
opportunity and have invested significant time and energy
into creating a solid framework for moving clinical pharmacogenetics forward. Academic and professional organizations have also responded by making important changes
in the educational process and issuing position statements
supporting the pharmacists’ role in personalized medicine.
Pharmacists’ attitudes are positive and there is a high level
of interest in learning about pharmacogenetics.
The profession as a whole appears to be ready, willing
and able to adapt and has therefore cleared one of the major
hurdles to practice transformation. The path forward, however, has yet to be clearly defined. This is because the final
destination of the transformational journey remains unknown.
Will personalized medicine be a core responsibility required
of all pharmacists or will it be a subspecialty of pharmacy
practice that requires advanced education, training and
certification? What does competency in pharmacogenetics
look like and what are the benchmarks that will be used to
measure it? Successful advancement of clinical pharmacogenetics requires clearly defining the profession’s vision of
what success looks like and where it wants to be at the end
of the transformational journey. Without a clear destination,
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we will continue to move as individuals in different directions
and fail to progress as a whole.
Setting a destination for the transformational journey
must be a collaborative effort that includes representatives
from academia, professional organizations, regulatory agencies and practitioners within and outside of the profession
of pharmacy. Creation of a single, unified vision for how
pharmacogenetics will fit into the profession of pharmacy will
also require involvement of key stakeholders such as system
administrators, health policy makers, information technology
specialists, insurance companies and laboratory medicine.
Inclusion of these stakeholders in the vision setting process
not only builds important collaborative relationships but also
incorporates perspectives on systematic issues that currently
limit widespread implementation of clinical pharmacogenetics. Creation of a unified vision and definition of “success” in
no way ensures that pharmacists are ready for personalized
medicine and is, in fact, just the first step in charting a path
forward. Clarity on the final destination, however, will allow
the profession to look at where we are with a more focused
lens and will allow us to truly determine whether current
barriers, actual or perceived, are, in fact, barriers. It may also
identify new challenges or hurdles that need to be cleared
before practice can be advanced.

Conclusion
Using genetic information to individualize drug therapy
opens up exciting new opportunities for pharmacists to
expand their clinical roles and responsibilities. As the only
health care professionals specifically trained in the clinical
application of pharmacokinetics and pharmacodynamics,
pharmacists are uniquely suited to interpret and apply genetic
information to the therapeutic decision-making process. This
specialized expertise is recognized by physicians and other
health care professionals who are supportive of the pharmacists’ role in clinical pharmacogenetics. There is also a
general consensus among pharmacists that pharmacogenetics
is important to their practice and interest in learning more
about pharmacogenetics is high. However, the fundamental
question remains: Are pharmacists ready for the challenge
of pharmacogenetics?
Admittedly, there are still several barriers to clinical
implementation of pharmacogenetics that must be overcome. However, these barriers are more related to the
challenges created by the system in which pharmacogenetic services are delivered, rather than with pharmacists
themselves. Successful practice transformation requires
opportunity, expertise and a spirit of engagement, and these
elements are already in place with respect to pharmacoge122
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netics. While pharmacists might not be completely ready for
the challenge of pharmacogenetics, they are most certainly
up to facing the challenge. Many times that is the most
important driver of transformation and often the greatest
hurdle to overcome. The time is right and the stage is set
for pharmacy to embark on another transformative journey
– a journey that will redefine the role of the pharmacist and
will secure a place for pharmacy in the era of personalized
medicine and beyond.
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