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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 profes-

sion 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, compe-

tency, 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 clini-

cal 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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Introduction
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 medica-

tions 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 develop-

ment 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 – personal-

ized 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 signifi-

cant opportunity for the profession of pharmacy. Applica-

tion 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 personal-

ized medicine continues to advance.

The Clinical Pharmacogenetics Implementation Consor-

tium (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 hyper-

cholesterolemia, that require pharmacogenetic testing before 

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 inte-

grated pharmacogenetics into their inpatient clinical services, 

and the number of institutions providing clinical pharmaco-

genetic 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 chal-

lenges, 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 opportu-

nities to pharmacists, and pharmacists have specific knowl-

edge, 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 clini-

cal pharmacology to patient care. A core part of a pharma-

cist’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 phar-

macogenetics 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, includ-

ing 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 respon-

sibilities for pharmacists in this area. Most of the suggested 

responsibilities are focused around the clinical application 

of pharmacogenetics and include activities such as recom-

mending pharmacogenetic testing, interpreting test results 

and designing patient-specific drug and dosage regimens. 

These are recommended as core responsibilities of all phar-

macists, irrespective of training and experience in pharma-

cogenetics. 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 pharmacoge-

netics 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 tremen-

dous opportunity for patient education and counseling. The 

community pharmacy is also often the one place that links 

prescriptions from multiple prescribers and health care pro-

viders, 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 impor-

tant 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 

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 agree-

ment 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 personal-

ized 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 Edu-

cation (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 sup-

port 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 Experi-

ences in precision medicine and/or pharmacogenetics. Con-

sequently, 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 con-

fidence and feel inadequately prepared to apply pharma-

cogenetics 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 rea-

sons for this lack of confidence. In one survey, almost 80% 

of the pharmacists reported that pharmacogenetics was not 
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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 practic-

ing 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 phar-

macogenetics at different levels. The ASHP Statement on the 

Pharmacist’s Role in Clinical Pharmacogenomics suggests 

that “some advanced pharmacist functions applying clini-

cal 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 prac-

tice pharmacists in pharmacogenetics. Following the model 

of other advanced practice pharmacy specialties, however, 

it is most likely that postgraduate residencies and/or fellow-

ships in pharmacogenetics will be required for individuals 

desiring to practice personalized medicine at a higher level. 

Opportunities for formal postgraduate training in pharmaco-

genetics 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 pharma-

cogenomics. 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 develop-

ment 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 collabora-

tively 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 Pharma-

cogenomics Certificate Program offered by the University 

of Colorado School of Pharmacy, the Pharmacogenomics 

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 medi-

cations, 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 practitio-

ners in the area of pharmacogenetics. The first pharmacogenet-

ics 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 organi-

zations 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 inven-

tory 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 compe-

tencies 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 compe-

tencies are divided into four areas: basic genetic concepts, 

genetics and disease, pharmacogenetics/pharmacogenom-

ics, and ethical, legal and social implications (Table 1). The 

updated competency statement was approved and released 

in July 2013.26
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Development of a consensus-based competency state-

ment 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 

of methods to assess and ensure practice readiness is, there-

fore, needed.

In order to successfully advance clinical pharmacoge-

netics, 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 Exami-

nation?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 

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 evidence-
based 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.
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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 criti-

cal 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 pharma-

cists, 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 pharmaco-

genetics 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 phar-

macogenetic 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 atti-

tudes required to advance clinical pharmacogenetics within 

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 suffi-

cient 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 clini-

cal pharmacogenetic services in the literature that pharma-

cists 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 dem-

onstrating 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 encour-

aged 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 oppor-

tunity 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, 
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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 avail-

able 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 sup-

port 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 person-

nel 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 phar-

macogenetics 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 pharma-

cists assuming a leadership role. In a 2016 study, 100% of 

oncologists demonstrated a positive attitude toward phar-

macist 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 advo-

cated 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 “phar-

macogenomics may reside more comfortably in the purview 

of pharmacists rather than physicians, at least as far as pro-

grammatic development and leadership are concerned.”38

Resources and infrastructure
Pharmacists require a number of resources in order to imple-

ment clinical pharmacogenetic services, and personnel, 

information technology and laboratory infrastructure are 

critically important drivers of success.35 A strong interdisci-

plinary team that can help facilitate and manage the many 

components of clinical pharmacogenetics is an absolutely 

essential component of service implementation. At a mini-

mum, 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 clini-

cian to interpret test results and make recommendations.35 

Laboratory personnel, institutional leaders, information tech-

nology specialists and genetic counselors are also important 

collaborators who should be involved with and supportive 

of the process.

The information technology infrastructure at the institu-

tion 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 infrastruc-

ture 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 ulti-

mately 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 implementa-

tion. While the workflow will most likely vary depending on 

the specific practice site, core activities such as obtaining con-

sent, 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 suc-

cessful 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 pharma-

cogenetic 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 phar-

macist-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 pharmacist-

delivered 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 sus-

tainable 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. 

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 asso-

ciations 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 toxic-

ity 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 clini-

cians prospectively collect and document clinical outcomes.

In addition to demonstrating clinical benefit, the cost-

effectiveness of pharmacogenetic tests as a diagnostic tool 

must also be established and cost-related data for pharmaco-

genetic 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 quality-

adjusted life year, which is below the generally accepted 

threshold for cost-effectiveness (US $100,000 per quality-

adjusted 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, how-

ever, remains unknown. Demonstration of a positive financial 

impact will ultimately be required to advance clinical phar-

macogenetics 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 personal-

ized 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 acces-

sible 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 profes-

sion 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 phar-

macists 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 prac-

tice 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 profes-

sion of pharmacy requires answers to these fundamental, yet 

critically important questions. It will also be important to 

address existing infrastructural barriers including informa-

tion technology, reimbursement and multidisciplinary team 

development.

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 personal-

ized 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 phar-

macists 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 unset-

tling 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 phar-

macogenetics forward. Academic and professional organi-

zations 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, how-

ever, 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 pharmaco-

genetics 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 agen-

cies 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 pharmacogenet-

ics. 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 phar-

macists’ 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 over-

come. However, these barriers are more related to the 

challenges created by the system in which pharmacoge-

netic 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 pharmacoge-

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.

Disclosure
The author reports no conflicts of interest in this work.

References
 1. Carter BL. Evolution of clinical pharmacy in the US and future direc-

tions for patient care. Drugs Aging. 2016;33(3):169–177.
 2. Didonato KL, May JR, Lindsey CC. Impact of wellness coaching and 

monitoring services provided in a community pharmacy. J Am Pharm 
Assoc. 2013;53(1):14–21.

 3. Hogue MD, Grabenstein JD, Foster SL, Rothholz MC. Pharmacist 
involvement with immunizations: a decade of professional advance-
ment. J Am Pharm Assoc. 2006;46(2):168–182.

 4. Punekar Y, Lin SW, Thomas J 3rd. Progress of pharmacist collaborative 
practice: status of state laws and regulations and perceived impact of 
collaborative practice. J Am Pharm Assoc. 2003;43(4):503–510.

 5. Buttaro M. AACP house of delegates vote: colleges to move to sole 
entry-level Pharm.D. Am J Hosp Pharm. 1992;49(10):2346–2350.

 6. Initiative PM [webpage on the Internet]. Available from: obamawhite-
house.archives.gov/node/333101. Accessed March 29, 2018.

 7. PharmGKB [webpage on the Internet]. CPIC: Clinical Pharmacogenet-
ics Implementation Consortium. Available from: www.pharmgkb.org/
page/cpic. Accessed March 29, 2018.

 8. Food and Drug Administration 2018 [webpage on the Internet]. Avail-
able from: www.fda.gov/Drugs/ScienceResearch/ucm572698.htm.

 9. Pedersen CA, Schneider PJ, Scheckelhoff DJ. ASHP national survey 
of pharmacy practice in hospital settings: dispensing and administra-
tion--2014. Am J Health Syst Pharm. 2015;72(13):1119–1137.

 10. US Food and Drug Administration FDA authorizes, with special 
controls, direct-to-consumer test that reports three mutations in the 
BRCA breast cancer genes. Available from: www.fda.gov/News 
Events/Newsroom/PressAnnouncements/ucm599560.htm. Accessed 
March 29, 2018.

 11. Dunnenberger HM, Crews KR, Hoffman JM, et al. Preemptive clinical 
pharmacogenetics implementation: current programs in five US medical 
centers. Annu Rev Pharmacol Toxicol. 2015;55:89–106.

 12. Ferreri SP, Greco AJ, Michaels NM, et al. Implementation of a phar-
macogenomics service in a community pharmacy. J Am Pharm Assoc. 
2014;54(2):172–180.

 13. Business Wire 2015 [webpage on the Internet]. Available from: https://
www.businesswire.com/news/home/20151112005856/en/Rite-Aid-
U.S.-Drugstore-Chain-Offer-Harmonyx. Accessed March 29, 2018.

 14. American Society of Health-System Pharmacists. ASHP statement on 
the pharmacist’s role in clinical pharmacogenomics. Am J Health Syst 
Pharm. 2015;72(7):579–581.

 15. Reiss SM; American Pharmacists Association. Integrating pharmacoge-
nomics into pharmacy practice via medication therapy management. J 
Am Pharm Assoc. 2011;51(6):e64–e74.

 16. Kennedy MJ, Phan H, Benavides S, Potts A, Sorensen S. The role of the 
pediatric pharmacist in personalized medicine and clinical pharmacoge-
nomics for children. J Pediatri Pharmacol Ther. 2011;16(2):118–122.

 17. Owusu-Obeng A, Weitzel KW, Hatton RC, et al. Emerging roles for 
pharmacists in clinical implementation of pharmacogenomics. Phar-
macotherapy. 2014;34(10):1102–1112.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\obamawhitehouse.archives.gov\node\333101
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\obamawhitehouse.archives.gov\node\333101
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.pharmgkb.org\page\cpic
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.pharmgkb.org\page\cpic
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.fda.gov\Drugs\ScienceResearch\ucm572698.htm
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.fda.gov\NewsEvents\Newsroom\PressAnnouncements\ucm599560.htm
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.fda.gov\NewsEvents\Newsroom\PressAnnouncements\ucm599560.htm
https://www.businesswire.com/news/home/20151112005856/en/Rite-Aid-U.S.-Drugstore-Chain-Offer-Harmonyx
https://www.businesswire.com/news/home/20151112005856/en/Rite-Aid-U.S.-Drugstore-Chain-Offer-Harmonyx
https://www.businesswire.com/news/home/20151112005856/en/Rite-Aid-U.S.-Drugstore-Chain-Offer-Harmonyx


Integrated Pharmacy Research and Practice 2018:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Integrated Pharmacy Research and Practice

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/integrated-pharmacy-research-and-practice-journal 

Integrated Pharmacy Research and Practice is an international, peer-reviewed, 
open access, online journal, publishing original research, reports, reviews and 
commentaries on all areas of academic and professional pharmacy practice. 
This journal aims to represent the academic output of pharmacists and phar-
macy practice with particular focus on integrated care. All papers are carefully 

peer reviewed to ensure the highest standards as well as ensuring that we are 
informing and stimulating pharmaceutical professionals. The manuscript 
 management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use.  Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors. 

Dovepress

123

Pharmacists and personalized medicine

 18. Accreditation Standards and Key Elements for the Professional Program 
in Pharmacy Leading to the Doctor of Pharmacy Degree. Accredita-
tion Council for Pharmacy Education. Standards 2016. Available from: 
https://www.acpe-accredit.org/pdf/Standards2016FINAL.pdf. Accessed 
March 29, 2018.

 19. Sansgiry SS, Kulkarni AS. The Human Genome Project: Assessing 
confidence in knowledge and training requirements for community 
pharmacists. Am J Pharm Educ. 2003;67(2):39.

 20. Mccullough KB, Formea CM, Berg KD, et al. Assessment of the phar-
macogenomics educational needs of pharmacists. Am J Pharm Educ. 
2011;75(3):51.

 21. Weitzel KW, Aquilante CL, Johnson S, Kisor DF, Empey PE. Educa-
tional strategies to enable expansion of pharmacogenomics-based care. 
Am J Health Syst Pharm. 2016;73(23):1986–1998.

 22. National Coalition for Health Professional Education in Genetics. 
Core Competencies in Genetics for All Health Professionals. 3rd 
ed; September 2007. Available from: http://www.nchpeg.org/index.
php?option=com_content&view=article&id=94&Itemid=84. Accessed 
March 29, 2018.

 23. Zembles T. An inservice program on pharmacogenetics to individualize 
drug therapy. Am J Pharm Educ. 2010;74(1):10.

 24. Johnson JA, Bootman JL, Evans WE, et al. Pharmacogenomics: a sci-
entific revolution in pharmaceutical sciences and pharmacy practice. 
Report of the 2001-2002 Academic Affairs committee. Am J Pharm 
Educ. 2002;66:12S–15.

 25. Ferro WG, Kuo GM, Jenkins JF, Rackover MA. Pharmacist education in 
the era of genomic medicine. J Am Pharm Assoc. 2012;52(5):e113–e121.

 26. Roederer MW, Kuo GM, Kisor DF, Kiros D, et al. Pharmacogenomics 
competencies in pharmacy practice: A blueprint for change. J Am Pharm 
Assoc. 2017;57(1):120–125.

 27. National Association of Boards of Pharmacy [webpage on the Internet]. 
NAPLEX competency statements. nabp.pharmacy/programs/naplex/. 
Accessed March 29, 2018.

 28. National Certification Board for Diabetes Educators [homepage on the 
Internet]. Available from: www.ncbde.org. Accessed March 29, 2018.

 29. PharmGKBDosing guidelines - CPIC [webpage on the Internet]. Avail-
able from: https://www.pharmgkb.org/guidelines. Accessed March 29, 
2018.

 30. Weitzel KW, Alexander M, Bernhardt BA, et al. The IGNITE network: 
a model for genomic medicine implementation and research. BMC Med 
Genomics. 2016;9(1):1.

 31. Roederer MW, van Riper M, Valgus J, Knafl G. Knowledge, attitudes 
and education of pharmacists regarding pharmacogenetic testing. Per 
Med. 2012;9(1):19–27.

 32. Weitzel KW, Elsey AR, Langaee TY, et al. Clinical pharmacogenomics 
implementation: approaches, successes and challenges. Am J Med Genet 
C Semin Med Genet. 2014;0(1):56–67.

 33. Crews KR, Cross SJ, Mccormick JN, et al. Development and imple-
mentation of a pharmacist-managed clinical pharmacogenetics service. 
Am J Health Syst Pharm 3011. 2011;68(2):143–150.

 34. Bright DR, Kisor DF, Smith A, Conaway M, Yu M. Implementation of 
a pharmacogenetic management service for postmyocardial infarction 
care in a community pharmacy. Per Med. 2015;12(4):319–325.

 35. Arwood MJ, Chumnumwat S, Cavallari LH, Nutescu EA, Duarte 
JD. Implementing pharmacogenomics at your institution: establish-
ment and overcoming implementation challenges. Clin Transl Sci. 
2016;9:233–245.

 36. Mills R, Haga SB. Clinical delivery of pharmacogenetic testing services: 
a proposed partnership between genetic counselors and pharmacists. 
Pharmacogenomics. 2013;14(8):957–968.

 37. Hartley LJ. Pharmacist education and cancer: attitudes and perceptions 
of clinicians surrounding a potential role for pharmacists in clinical 
pharmacogenomics. EC Pharm Sci. 2015;2.1:165–180.

 38. Williams MS. Genomic medicine implementation: learning by example. 
Am J Med Genet C Semin Med Genet. 2014;166C(1):8–14.

 39. Bright DR, Klepser ME, Murry L, Klepser DG. Pharmacist-provided 
pharmacogenetic point-of-care testing consultation service: a time and 
motion study. J Pharmacy Technol. 2018;34(4):139–143.

 40. Drug Topics. Pharmacogenetics in the community pharmacy. 2017. 
Available from: http://www.drugtopics.com/drug-topics/news/phar-
macogenetics-community-pharmacy. Accessed March 29, 2018.

 41. Ramsey T, Griffin E, Griddin E, Liu Q, Brennan MD, Vaishnavi S. 
Use of pharmacogenetic testing in routine clinical practice improves 
outcomes for psychiatry patients. J Psychiatry. 2016;19(4):377.

 42. Bradley P, Shiekh M, Mehra V, et al. Improved efficacy with targeted 
pharmacogenetic-guided treatment of patients with depression and 
anxiety: a randomized clinical trial demonstrating clinical utility. J 
Psychiatr Res. 2018;96:100–107.

 43. Elliott LS, Henderson JC, Neradilek MB, et al. Clinical impact of 
pharmacogenetic profiling with a clinical decision support tool in 
polypharmacy home health patients: a prospective pilot randomized 
controlled trial. PLoS One. 2017;12(2):e0170905.

 44. Cavallari LH, Lee CR, Beitelshees AL, et al. Multisite investigation of 
outcomes with implementation of CYP2C19 genoytpe-guided antiplate-
let therapy after percutaneous coronary intervention. JACC Cardiovasc 
Interv. 2018;11(2):181–191.

 45. Alagoz O, Durham D, Kasirajan K. Cost-effectiveness of one-time 
genetic testing to minimize lifetime adverse drug reactions. Pharma-
cogenomics J. 2016;16(2):129–136.

 46. Phillips KA, Ann Sakowski J, Trosman J, et al. The economic value of 
personalized medicine tests: what we know and what we need to know. 
Genet Med. 2014;16(3):251–257.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.acpe-accredit.org/pdf/Standards2016FINAL.pdf
http://www.nchpeg.org/index.php?option=com_content&view=article&id=94&Itemid=84
http://www.nchpeg.org/index.php?option=com_content&view=article&id=94&Itemid=84
file:///\\192.168.31.5\production\client78\Pre-editing\Pre-editing_final\10-Jun-2018\www.ncbde.org
https://www.pharmgkb.org/guidelines

	_GoBack

	Publication Info 4: 


