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Abstract

Pharmacists are uniquely qualified to play essential roles in the clinical implementation of

pharmacogenomics. However, specific responsibilities and resources needed for these roles have

not been defined. We describe roles for pharmacists that emerged in the clinical implementation of

genotype-guided clopidogrel therapy in the University of Florida Health Personalized Medicine

Program, summarize preliminary program results, and discuss education, training, and resources

needed to support such programs. Planning for University of Florida Health Personalized

Medicine Program began in summer 2011 under leadership of a pharmacist, with clinical launch in

June 2012 of a clopidogrel-CYP2C19 pilot project aimed at tailoring antiplatelet therapies for

patients undergoing percutaneous coronary intervention and stent placement. More than 1000

patients were genotyped in the pilot project in year 1. Essential pharmacist roles and

responsibilities that developed and/or emerged required expertise in pharmacy informatics

(development of clinical decision support in the electronic medical record), medication safety,

medication-use policies and processes, development of group and individual educational

strategies, literature analysis, drug information, database management, patient care in targeted

areas, logistical issues in genetic testing and follow-up, research and ethical issues, and clinical

precepting. In the first 2 years of the program (1 year planning and 1 year postimplementation), a
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total of 14 different pharmacists were directly and indirectly involved, with effort levels ranging

from a few hours per month, to 25–30% effort for the director and associate director, to nearly

full-time for residents. Clinical pharmacists are well positioned to implement clinical

pharmacogenomics programs, with expertise in pharmacokinetics, pharmacogenomics,

informatics, and patient care. Education, training, and practice-based resources are needed to

support these roles and to facilitate the development of financially sustainable pharmacist-led

clinical pharmacogenomics practice models.
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Genetic variation can cause differing medication responses in some patients, including

supratherapeutic or subtherapeutic drug levels and adverse events.1–7 Since 2007, the Food

and Drug Administration (FDA) has recognized the importance of pharmacogenomics and

issued black box warnings on several medications, including clopidogrel, abacavir, and

carbamazepine; incorporated genotype-guided dosing algorithms into product labeling

(warfarin and clobazam); and included pharmacogenomic information in drug labeling for

more than 100 medications.8 Incorporation of genetic information into the therapeutic

decision-making process has the potential to improve patient adherence, safety, and

outcomes.7 This potential has yet to be realized though, as clinical use of pharmacogenomics

data to inform drug therapy choices continues to lag behind scientific advancement.

However, a growing number of institutions are beginning to develop clinical services in this

area.9–18

Pharmacists have provided unique value in the health care system in recent decades through

optimizing medication use to improve outcomes and decrease adverse events. During this

time, specialized roles for clinical pharmacists have emerged and become the standard of

care in a number of practice areas, including pharmacokinetics, critical care, anticoagulation,

medication therapy management, and others.19–22 It is our experience that novel

opportunities are emerging for pharmacists to provide clinical value in the area of

pharmacogenomics as a new standard of care. A 2013 national survey of pharmacy practice

settings confirmed that pharmacists already provide similar services in United States

hospitals, including formally advising on dosage adjustment (98%), drug information (93%),

and pharmacokinetics (92%).23 In a draft policy position statement, the American Society of

Health-Systems Pharmacists further reinforced that distinctive knowledge, skills, and

abilities make pharmacists “uniquely positioned to lead interdisciplinary efforts to develop

processes for ordering, interpreting, and reporting pharmacogenomic test results and for

guiding optimal drug selection and drug dosing based on those results, as well as efforts to

implement and improve those processes.”24

The need for clinical pharmacist input in pharmacogenomics implementation is being

increasingly recognized by other health care professionals. In a recent editorial

accompanying an implementation theme issue of the American Journal of Medical Genetics,

a physician editorialist noted that “pharmacogenomics may reside more comfortably in the
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purview of pharmacists rather than physicians, at least as far as programmatic development

and leadership are concerned.”25 Similarly, a 2013 Pharmacogenomics commentary

authored by genetic counselors proposed a partnership model between pharmacists and

genetic counselors. Commentary authors highlighted pharmacists’ unique knowledge and

skills as being complementary to other health care professions, noting that a team-based

approach could “enable the comprehensive delivery of services essential to the appropriate

use of [pharmacogenetic] testing.”26

However, because of the emerging nature of this specialty area, the roles and responsibilities

required for pharmacists to support clinical pharmacogenomics implementation have yet to

be defined. Likewise, little information exists on required pharmacist education and training

and/ or necessary institutional or organizational resources to support such roles. In the

current article, we describe pharmacists’ roles that emerged during 1 year after

implementing CYP2C19 genotype-guided clopidogrel therapy within the University of

Florida (UF) Health Personalized Medicine Program (PMP). We also discuss professional

needs for education, training, and practice-based resources in pharmacogenomics, and

potential strategies for developing financially sustainable pharmacogenomics service

models.

Clinical Pharmacogenomics Program Description

The UF Health PMP is a pharmacist-led translational clinical practice initiative funded in

part by the National Institutes of Health and the Clinical and Translational Science Institute

at the University of Florida. The goal of this program is to optimize patient care through the

use of genetic information. Program initiatives are guided by the following principles: (1)

preemptive genotyping is conducted on a customized genotyping array in the institution; (2)

regulatory oversight is provided by an internal pharmacist-led multidisciplinary committee;

and (3) clinical decision support (CDS) is implemented within the electronic medical record

(EMR; Epic) to help clinicians interpret and use genotype-guided therapies.14

Within this process, CDS is defined as the provision of clearly interpreted genetic test results

with patient-specific genotype-guided drug therapy recommendations (e.g., alternate

therapy, dose change) to prescribers, either electronically or by personal follow-up.

Electronic CDS strategies have included ordering instructions, passive alerts, and active

alerts (i.e., “Best Practice Advisories,” or BPAs in Epic). To provide multidisciplinary input

in developing and operationalizing evidence-based CDS strategies, a personalized medicine

subcommittee was established as a working committee made up of a variety of expert

members such as pharmacists, pharmacy resident(s), physicians, information technology

specialists, genetics experts, health-system administration support staff, pathology

department personnel, and molecular genetics laboratory experts. In making

recommendations, the personalized medicine subcommittee analyzes evidence and considers

the clinical need for a drug–gene pharmacogenetic initiative, how genetic testing will be

facilitated, optimal communication strategies for prescribers and clinicians, and whether

drug restrictions are needed.
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The initial implementation of UF Health PMP was CYP2C19 genotype–guided antiplatelet

therapy in patients undergoing cardiac catheterization and percutaneous coronary

intervention (PCI). Clopidogrel is a prodrug that requires bioactivation mediated by

CYP2C19; evidence supports decreased clopidogrel activation in patients carrying a

CYP2C19 loss-of-function allele.27 In patients undergoing PCI, although conflicting

evidence exists, data support an increased risk of adverse cardiovascular events and stent

thrombosis in individuals with a variant CYP2C19 genotype.27, 28

Planning for a clopidogrel-CYP2C19 pilot program began at UF Health PMP in summer

2011, with clinical launch of the program in June 2012 in the cardiac catheterization

laboratory. The goal of the pilot was to test use of genetic information to tailor antiplatelet

therapies for patients undergoing PCI and stent placement. Genotype and clinical results for

year 1 of this pilot and a complete description of the program structure have been published

previously.14

Pharmacists’ Roles in a Clinical Pharmacogenomics Program

Without question, an essential starting place for a new clinical pharmacogenomics program

is with pharmacists knowledgeable about clinical applications of genotype-guided therapy,

relevant drug–gene pairs, and pharmacogenetic laboratory testing. Within our program, the

PMP program director (JAJ) served as this individual. Prior to the clinical launch in 2012,

the program director assembled the initial interdisciplinary team, introduced the concept of

clinical implementation of pharmacogenomics, collaborated with other experts to design the

customized genotyping array,29 and helped design the CDS and point-of-care prescriber

alerts. The initial program leader possessed a mix of clinical practice and

pharmacogenomics research experience that allowed this individual to serve as an important

catalyst in leading the necessary transition of pharmacogenomics science to practice.10, 13, 18

This clinical practice experience was especially important before implementation to

interface with the cardiology department, engage interventional cardiologists, and anticipate

the program’s clinical impact and needs on implementation. Clinical pharmacy support was

essential through the planning and year-1 implementation processes (Figure 1). Key areas

requiring specific pharmacy support, expertise, and leadership that have emerged within our

program are highlighted next.

Medication-Use Policies and Processes

Pharmacists with expertise in clinical practice and administration (RAH, JAJ) led the

process for planning the health system infrastructure and approval requirements for PMP

clinical implementations under the purview of the Pharmacy and Therapeutics (P&T)

Committee. After consultation with the P&T Committee chair and relevant stakeholders, a

proposal to create a Personalized Medicine Subcommittee was submitted to P&T in January

2012. The objective of the Personalized Medicine Subcommittee was to review the evidence

base and make recommendations to the P&T Committee when evidence was sufficient to

recommend moving actionable pharmacogenetics and genetic findings to clinical

implementation. Initial subcommittee members included the P&T Committee chair; clinical

pharmacy practitioners specializing in medication safety, informatics, drug information and
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pharmacogenomics; representatives from the UF Center for Pharmacogenomics and UF

Pathology Department; and ad hoc clinician members. The Personalized Medicine

Subcommittee structure was modeled on that of existing P&T subcommittees within UF

Health and was structured most like the current formulary subcommittee.

Literature Evaluation and Application of Evidence-Based Medicine

The need for literature evaluation and interpretation in the P&T process was anticipated. In

fact, the director of the UF Health Drug Information Center (RAH) was enlisted as a co-

preceptor for the PGY2 pharmacogenetics residency. However, the importance and scope of

this role have continued to grow. The pharmacist’s role is particularly important in clinical

pharmacogenomics because new data can quickly impact and require changes during

implementation. For example, during the first year, PMP opted to remove the option for

triple-dose clopidogrel in the CDS for intermediate metabolizers (carriers of one loss-of-

function CYP2C19 allele) based on emerging literature. This required PMP to coordinate

literature review for presentation to the P&T Committee, implement subsequent changes to

the electronic health record, and provide clinician and staff education. A second change to

the initial implementation was required to alter the interpretation of unknown or

indeterminate genotype (CYP2C19 *2/*17) to intermediate metabolizers. Near the end of

year 1, an additional clinical pharmacy faculty member (KWW) was added to the PMP to

coordinate retrieval of emerging pharmacogenomic literature; facilitate its evaluation,

interpretation, and application; and provide needed clinical education for ongoing initiatives.

Pharmacy Informatics

Although we envisioned a significant role for electronic CDS in our program, we did not

foresee the need for a pharmacist with informatics training to spearhead this component.

Fortunately, the UF Health Shands Pharmacy Department was equipped with such an

individual (BJS) to assist in our program, and this pharmacist has been key in developing

point-of-care alerts and other electronic support. The importance of a well-developed

informatics component has been demonstrated in other established programs as well.30

For the informatics component of the clopidogrel implementation, physicians were alerted to

patients with an actionable genotype in Epic via a BPA when a clopidogrel order was

entered for patients who were CYP2C19 intermediate or poor metabolizers. The BPA text

included the patient’s genotype, a description of the clinical problem resulting from the

genetic variation, the mechanism of the clinical effects, alternative treatment

recommendations, and a hyperlink to access more detailed information sources (Figure 2).

BPA language was developed and vetted through the Personalized Medicine Subcommittee.

Additionally, we determined that an alert directed to a clinical pharmacist in the form of an

“in-basket” message in Epic was needed to facilitate postprocedure follow-up on all patients

with a reported genotype. This supplemental messaging to clinical pharmacists (JA and the

PGY2 resident) was indispensable, especially for patients who were already taking

clopidogrel on admission when an actionable genotype was reported and for those variant-

allele carriers who were discharged with clopidogrel before their genetic information

became available.
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Direct Patient Care

Although the need for clinical pharmacist support in patient care areas after the clinical

launch was expected, our understanding of the magnitude and specificity of this need

evolved during implementation in both the inpatient and outpatient areas. Specifically for

the clopidogrel implementation, the rapid turnaround of the target patient cohort (outpatient

left heart catheterization procedure and less than 24-hour inpatient observation for

uncomplicated percutaneous coronary intervention) and the practitioner learning curve

necessary to adopt new processes demanded support in addition to electronic CDS alerts. To

this end, a clinical pharmacy specialist dedicated to the care of cardiology and

cardiothoracic surgery patients (JA) was enlisted to coordinate follow-up with cardiology

interventionalists and support staff in reviewing “actionable” patients’ antiplatelet regimens

for drug therapy changes.

When the “in-basket” messages described earlier indicated the presence of an actionable

genotype, the clinical pharmacist reviewed the patient’s information and, if a therapy change

was warranted, notified the patient’s cardiologist. This pharmacist also researched other

drug-related issues that may affect the optimal therapy choice (e.g., contraindications or

precautions to alternative agents, drug cost, insurance coverage, etc.) and communicated

these to the provider in person or via telephone, e-mail, or EMR messaging. Prescribers

communicated test results and any drug therapy changes directly to patients at a follow-up

visit; patient information and/or additional clinical support was provided by the UF Health

PMP pharmacists on an as-needed basis via patient information leaflet or e-mail address/

page number within the CDS alert.

This novel type of CDS tied to pharmacist follow-up ensured that patients were monitored

longitudinally, even after discharge. Similarly, the presence of collaborative inpatient

clinical pharmacy support continues to allow for detailed continuity of care when these

patients are readmitted to noncardiology services that were not familiar with the patient’s

genetic history and/or PMP initiatives.

Response to Medication Safety Needs

We also found that it was essential for a clinical pharmacist (PGY2 resident) to closely

follow medication safety trends both on a national level and within the institution. In some

cases, the use of genotype-guided therapy may help to avoid adverse events in individuals

particularly susceptible because of their genetic makeup.31–34 For example, the FDA issued

a drug safety communication in August 2012 regarding the effects of genetic variations in

CYP2D6 on codeine toxicity in children post tonsillectomy and/or adenoidectomy (http://

www.fda.gov/Drugs/DrugSafety/ucm313631.htm). In response to this alert, the pediatrics

service approached PMP for help in developing a strategy for the safe use of codeine. PMP

worked with the clinical pharmacy (RAH and others) to rapidly deliver targeted education to

providers in patient care services with high codeine utilization, with subsequent removal of

codeine from all standing order-sets, followed by removal from the inpatient formulary until

CYP2D6 genotyping was available to guide its safe use. Clinical implementation of CYP2D6

genotyping to guide codeine (and tramadol) use in targeted populations is under way.
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Research and Ethical Issues

Although PMP is a clinical program, this dynamic area is one of emerging science. As such,

some PMP initiatives are associated with patient care and/or implementation sciences

research. The leadership and input of pharmacists (JAJ, RMC, and others) well versed with

research, institutional review board requirements, and potential ethical issues associated

with implementing clinical pharmacogenetics were essential in program development and

implementation and remain important roles to date.

Design and Implementation of Professional Education Programs

The pharmacist leading a pharmacogenomics service becomes a leader in facilitating

practice change throughout the institution. In this manner, there was a large need for

education and support of prescribers and staff to ensure the newly available genetic test was

ordered and implemented per protocol. In our case, despite prelaunch in-services and

education for providers and nursing staff, the CYP2C19 genetic test was ordered, collected,

and documented in only 63% of PCI patients in the first months after initiating the test. To

address this, a clinical pharmacist (PGY2 resident) began overseeing education, data

management, and logistical concerns surrounding the genetic testing. Additionally, this

individual led clinician group discussions, participated in patient care activities in targeted

clinical services, conducted professional seminars and in-services, and created written

patient and provider educational materials. By the end of year 1, there was a 98% rate of test

order, collection, and documentation, which we perceive to be largely due to these

educational efforts.14

PGY2 Pharmacogenetics Resident Support

The PGY2 specialty residency began in year 1 of the program launch in July 2012, with the

first resident graduating in June 2013. Anticipated resident responsibilities were primarily in

the areas of literature evaluation and development and presentation of evidence summaries

to the Personalized Medicine Subcommittee. However opportunities for resident

involvement increased in year 1 as the program expanded.

During this time, the resident served as the liaison between PMP and clinical pharmacy and

in many cases between PMP and the P&T Committee. The resident was involved in all steps

of clinical implementation, with the exception of genotyping and billing. In addition to the

educational activities described earlier, the resident assisted the clinical pharmacist with

addressing Epic “in-basket” messages, documenting and tracking genotype information,

providing follow-up with cardiologists and support staff regarding “actionable” patients, and

proposing alterations in therapy. The resident also provided patient care services in areas

targeted for future implementations to better understand patient care flow and processes.

This role continues to be very helpful for PMP planning to ensure that new clinical

processes related to pharmacogenetic testing are feasible, provide a benefit to patients and

providers, do not hinder patient care efficiency, or burden providers.

The resident also assisted with key operational aspects of implementation. Along with the

program manager, the resident addressed on a daily basis logistical issues associated with

the genetic test ordering, sample collection and transport to pathology, and timely reporting
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of results. Information gained led to strategic revisions in testing workflow, such as addition

of a preselected CYP2C19 test to the “pre-cath” order-set and a switch to collecting samples

in the patients’ preprocedure visit in the cardiology clinic. The resident’s participation in

staffing activities for the pharmacy satellites of UF Health Shands Hospital was also

instrumental. This role ensured the resident’s proficient use of Epic to assist with design and

content development for CDS and in accessing aggregate data and reports to track

implementation metrics.

Clinical Teaching and Precepting

Our understanding of the need for practice-based, experiential training of student

pharmacists and postgraduate trainees in this area has also developed since program

initiation. Currently, a clinical pharmacy faculty member serves as the residency program

director and primary preceptor for the PGY2 pharmacogenetics residency and preceptor for

an elective advanced pharmacy practice experience in personalized and evidence-based

medicine (KWW). The advanced pharmacy practice experience (APPE) students provide

support to clinical pharmacogenetics initiatives through participation in patient care

activities, literature mining and evidence evaluation, and dissemination of pharmacogenetic

information.

Preliminary Program Results

During year 1, 1097 patients undergoing left heart catheterization, including 291 PCI

patients, were genotyped in the clopidogrel-CYP2C19 initiative, with 26.8% (80/291) of PCI

patients identified as carriers of at least one loss-of-function allele. Of these patients, 70%

(56/80) were switched to alternate antiplatelet therapy at the pharmacist’s

recommendation.14 During this time period, the Personalized Medicine Subcommittee

reviewed several CYP2C19 substrates including voriconazole, omeprazole and other proton-

pump inhibitors, clobazam, and phenytoin for potential clinical implementation along with

CYP2D6 substrates such as codeine, tramadol, and oxycodone. Two revised

recommendations were also presented to and approved by the P&T Committee for the

clopidogrel-CYP2C19 implementation: one to alter the alternative therapy recommendations

for intermediate metabolizers (carriers of one loss-of-function allele) and another to change

the interpretation of patients with an unknown or indeterminate genotype (CYP2C19 *2/*17)

to intermediate metabolizers.

Discussion

This innovative program has been implemented with 14 pharmacists directly or indirectly

contributing to key clinical and support roles throughout. Under the leadership of a

pharmacist, the PMP expanded in less than 1 year to include an additional pharmacist

(associate director) and a program coordinator. Currently in its third year, this program

continues to support an active clopidogrel-CYP2C19 service and has expanded to include

development and/or support of thiopurine methyltransferase (TPMT) testing in pediatric

hematology/ oncology patients and in individuals with auto-immune disorders, IFNL3

(IL28B) testing for use of pegylated interferon–based treatment regimens in patients with

hepatitis C, and a CYP2D6 pilot project in development with outpatient family medicine
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clinics.32, 34, 35 Our experiences with these services have reinforced the essential and

emerging roles of clinical pharmacists in making the science of pharmacogenomics a reality.

However, there are important unmet needs in the profession for the development and

delivery of pharmacist education and training, provision of practical clinical implementation

resources, and creation and dissemination of sustainable business models to support

pharmacists’ expanded roles. Regarding education, initial steps have been taken to meet

these needs within the profession, but a number of challenges remain.36, 37 Although

pharmacists generally acknowledge the importance of pharmacogenomics to the profession,

research has shown that the majority of pharmacists feel unprepared to accurately apply

these data to drug-therapy selection, dosing, or monitoring.38 A short continuing education

course may not be sufficient to prepare practitioners for this role. In one study, a traditional,

1-hour, case-based pharmacogenomics educational program led to only a 7% difference in

participants’ pretest and posttest scores (46% average pretest score vs 53% average posttest

score; p=0.0003).39 Additionally, our program model is only one method of using

pharmacogenomic data in patient care. Pharmacists can play a variety of potential roles in

this area, including a front-line clinical pharmacogeneticist in a hospital setting, a pain

management or oncology specialist helping to further guide drug dosing in these

populations, and a community pharmacist counseling a patient who received test results

from a direct-to-consumer genetic testing company. To overcome these challenges, a variety

of pharmacogenomics education and training offerings that incorporate practice-based and

“train-the-trainer” strategies will likely be needed. These may include standardized didactic

and experiential curricular offerings for student pharmacists, postgraduate residency

training, and continuing education and/or certificate courses that incorporate hands-on

experiential training for practitioners.

Colleges and schools of pharmacy are increasingly responding to these needs through the

development of innovative educational strategies to ensure graduates are prepared to apply

pharmacogenomics to patient-centered care.39–41 Pharmacogenomics competencies are

included in Accreditation Council for Pharmacy Education standards, and some pharmacy

organizations have jointly adopted professional pharmacogenomic competencies for

pharmacists.36, 37 This need is not unique to the profession of pharmacy as nursing,

medicine, and other health care professional educators are also addressing genomic

medicine education and practitioner needs.42, 43 Within UF Health PMP, we have adopted

an interdisciplinary interactive educational model that incorporates personal genotype

evaluation into a health-science center student elective course to facilitate personal

understanding and adoption of pharmacogenomics. Early data support the benefit of similar

educational initiatives that enable participants to use their own genetic data in completing

course assignments.44 Our course will be offered to UF Health Science Center students in

fall 2014, and we plan to expand to online professional, interdisciplinary, graduate level,

and/or “train-the-trainer” initiatives thereafter in efforts to help meet these varied

educational needs.

Clinical and experiential pharmacogenomics education and training programs and resultant

practice opportunities are also emerging. Although our residency is currently one of only

two such active clinical training programs in the United States, our experiences in this area
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are reinforced by the growth of practice opportunities we see emerging in the profession.

After completion of her residency, the inaugural UF Health resident (AOO) accepted a

position at Icahn School of Medicine at Mount Sinai and The Mount Sinai Hospital with

three primary appointments: (1) Charles Bronfman Institute for Personalized Medicine staff;

(2) clinical pharmacogenomics coordinator in the Department of Pharmacy; and (3) research

assistant professor in the Division of General Internal Medicine. Her current responsibilities

include spearheading clinical implementations of genotype-guided therapy integrated into

the electronic medical record system and creating novel educational content and experiences

for pharmacists, pharmacy residents, and student pharmacists at the site. Specialized

postgraduate training in pharmacogenetics afforded the resident the opportunity to

experience first-hand all components of a clinical implementation startup and to develop

knowledge and skillsets to lead future implementations. Current residents hope to purse

similar clinical pharmacogenetics positions on completion of their training. Similar to other

programs that have successfully developed pharmacogenomics-focused APPEs, we have

seen considerable student response to a Personalized and Evidence-Based Medicine APPE

elective that has been offered since March 2014 at UF Health PMP.41

The importance of pharmacist leadership in this area is increasingly being highlighted

through development of organizational guidance and practice-based resources. Clinical

pharmacogenetics is recognized by the American Society of Health-Systems Pharmacists

(ASHP) Foundation Pharmacy Practice Model Initiative (http://www.ashpmedia.org/ppmi/),

an ASHP statement summarizing the pharmacist’s clinical role in this area is in

publication,24 and an online ASHP resource center provides practitioner support (http://

www.ashp.org/menu/PracticePolicy/ResourceCenters/Emerging-Sciences/

Pharmacogenomics.aspx). The American Pharmacists Association has also recognized the

pharmacist’s unique role in incorporating pharmacogenomics into the practice of medication

therapy management.45 The American College of Clinical Pharmacy and American

Association of Colleges of Pharmacy host pharmaocogenetics/pharmacogenomics

practitioner and educator groups. The National Institutes of Health also recently

incorporated pharmacist competencies in pharmacogenomics and pharmacists’ training and

education resources into its Genetics/Genomics Competency Center for Education (http://

www.g-2-c-2.org/).

As with other emerging practice roles, realization of this vision requires more than just

education and resources. It is essential that cost-effective and sustainable models for

pharmacogenetic testing and the pharmacist’s role within these models are developed and

documented. Cost-related data for pharmacogenetic tests are accumulating, with cost-utility

analyses of tests (including pharmacogenetic and genetic risk prediction tests) demonstrating

health improvements, although at higher costs, as measured by cost per quality-adjusted life

years.46 Published analyses of test reimbursement data point to increased likelihood of

reimbursement with reactive (vs preemptive) pharmacogenetic tests that have evidence

supporting accuracy and clinical utility, are accompanied by FDA-approved drug labeling,

and associated with established analyte-specific Current Procedural Terminology

codes.46–49
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We addressed these questions in our program to gain additional perspectives based on our

experiences. Pharmacogenetic testing for CYP2C19 in targeted patients was supported by

research funds through end of year 1 postlaunch (June 2013), after which clinical billing was

implemented. It quickly became clear that for reimbursement purposes it was necessary to

move away from a preemptive model to test only those patients with a PCI. In PCI patients

during year 1, the number needed to genotype to identify a patient in whom an alternative

treatment would be recommended was 3.64 (i.e., approximately four PCI patients would

need to be genotyped to result in one recommended change in therapy). During the first

month of clinical billing, a total of seven different third party payors, including Medicare,

reimbursed for CYP2C19 testing, with an 85% reimbursement rate for out-patient claims.14

Although research funding provides partial salary support of key leadership personnel and

one pharmacy resident in this program, the majority of pharmacists involved at any level of

our program are not supported by research funds. Rather, our service has been developed as

a clinical program offered along with other clinical services (e.g., pharmacokinetics, drug

information) in the health system. Clinical pharmacogenetics activities have been

incorporated into the pharmacists’ normal dispensing workflow and are supported by CDS

in the electronic health record, with brief provider and pharmacist training before launching

a new implementation. As such, it is our experience that many components of a

pharmacogenetics service can be integrated relatively seamlessly into the existing clinical

pharmacy service infrastructure in a health system. However, we also acknowledge that

there remains an important need for at least partial institutional support of a pharmacy

clinician who is responsible for developing and supporting a new pharmacogenetics

implementation. As most institutions will not have access to an experienced

pharmacogeneticist, we advocate for engagement of pharmacists involved in drug

information, therapeutic drug monitoring, medication-use systems, patient safety initiatives,

and/or clinical education as early institutional adopters and potential leaders in this field.

Finally, it is our experience that multidisciplinary engagement and support are necessary in

developing effective and sustainable pharmacist-led clinical pharmacogenomics practice

models. As we have continued to grow our pilot initiative and expand to other drug–gene

pairs, ongoing communication with targeted nonpharmacist clinicians and staff, pathology/

laboratory personnel, health-system administrators, and informatics support has remained

essential to program sustainability. This need is met within the PMP through periodic in-

person meetings between program leadership and key health-system stakeholders and

educational or inservice opportunities to discuss new workflow or laboratory ordering

procedures for practitioners, nurses, and staff.

Conclusion

Use of genotype information to guide drug decisions in clinical practice is an exciting,

emerging area in which clinical pharmacists can play a role. The profession needs to be

prepared to embrace the opportunities that the increasing availability of genetic information

on patients will present and should work collectively to position the profession in a manner

that clinical pharmacists are the recognized experts on the health care team for clinical use

of pharmacogenomics.
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In our experience, pharmacists should be instrumental in leadership, development, and

implementation of clinical pharmacogenomics initiatives. One year after implementation of

one such program, important roles have emerged for pharmacists that span beyond the

anticipated and traditional direct patient care activities of clinical pharmacists. Development

and dissemination of effective education and training initiatives, clinical practice-based

resources, and financially sustainable pharmacist-led practice models are needed to provide

evidence and further define pharmacists’ roles and potential value to the health care system

in this area.
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Figure 1.
Pharmacists’ roles in the clinical implementation of pharmacogenomics in the University of

Florida (UF) Health personalized medicine program (PMP). This organization chart depicts

categories of individuals involved in the initial launch of the UF Health PMP clinical

pharmacogenomics implementation. Gray boxes, nonpharmacist roles (e.g., physicians,

administrators, laboratory personnel); yellow boxes, pharmacist roles at program launch;

green boxes, pharmacist roles that were added by end of year 1 postimplementation.
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Figure 2.
Sample best practice advisory for a CYP2C19 poor metabolizer (*2/*2).
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