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Abstract

The vast majority of patients possess one or more pharmacogenetic variants that can influence 

optimal medication use. When pharmacogenetic data are used to guide drug choice and dosing, 

evidence points to improved disease outcomes, fewer adverse effects, and lower healthcare 

spending. Although its science is well established, clinical use of pharmacogenetic data to 

guide drug therapy is still in its infancy. Pharmacogenetics essentially involves the intersection 

of an individual’s genetic data with their medications, which makes pharmacists uniquely 

qualified to provide clinical support and education in this field. In fact, most pharmacogenetics 

implementations, to date, have been led by pharmacists as leaders or members of a 

multidisciplinary team or as individual practitioners. A successful large-scale pharmacogenetics 

implementation requires coordination and synergy among administrators, clinicians, informatics 

teams, laboratories, and patients. Because clinical implementation of pharmacogenetics is in its 

early stages, there is an urgent need for guidance and dissemination of shared experiences to 

provide a framework for clinicians. Many early adopters of pharmacogenetics have explored 

various strategies among diverse practice settings. This article relies on the experiences of early 

adopters to provide guidance for critical steps along the pathway to implementation, including 

strategies to engage stakeholders; evaluate pharmacogenetic evidence; coordinate laboratory 

testing, results interpretation and their integration into the electronic health record; identify 

reimbursement avenues; educate providers and patients; and maintain a successful program. 

Learning from early adopters’ published experiences and strategies can allow clinicians leading 

a new pharmacogenetics implementation to avoid pitfalls and adapt and apply lessons learned by 

others to their own practice.
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BACKGROUND

Under the umbrella of precision medicine lies pharmacogenetics, the science of using an 

individual’s deoxyribonucleic acid (DNA) to predict their response to medications.1 While 

pharmacogenetics is well established in the research field, its clinical use to inform drug 

therapy changes is still in its early stages.2 Genetic variability has consistently been shown 

to affect many medications’ pharmacokinetic and pharmacodynamic endpoints. Evidence 

suggests utilizing pharmacogenetics to guide drug therapy selection and dosing can improve 

disease outcomes,3–5 decrease adverse effects,6,7 and decrease healthcare spending.8 More 

than 90% of people carry at least one clinically-actionable pharmacogenetic variant9 

and between 20–50%10,11 of Americans are taking a medication subject to a Clinical 

Pharmacogenetics Implementation Consortium (CPIC) guideline. A study of nearly 

700 individuals found 16% had an actionable result for at least one of their current 

medications.12

This paper combines lessons learned from the authors’ practice within University of Florida 

(UF) Health and information available in the published literature from other early adopters 

of pharmacogenetics to discuss various steps and best practices for implementing a clinical 

pharmacogenetics service.13–16 The purpose of this paper is to provide a foundation and 

guidance for pharmacists wishing to initiate a clinical pharmacogenetics service at their 

institution.

GUIDING PRINCIPLES

While pharmacy often leads the initiation of a clinical pharmacogenetics service, successful 

implementation requires a multidisciplinary effort to make key decisions about the targeted 

patient population, implementation strategy, key prescribers, pharmacogenetic testing 

process and content, and support for interpretation of genotype results. Establishing a strong 

leadership team and guiding principles that will shape the implementation is the starting 

point in this process for many institutions. When developing guiding principles, individuals 

should consider specific needs and resources of their institution. These principles will be 

essential to ensure the long-term success and sustainability of any implementation effort.

In the authors’ experience, institutions wishing to implement clinical pharmacogenetic 

testing should consider the following decision points when developing guiding principles: 1) 

stakeholders and engagement strategies; 2) evidence evaluation strategy; 3) pharmacogenetic 

testing logistics; 4) electronic health record integration and test interpretation; 5) 

reimbursement strategies; 6) educational strategies; and 7) program maintenance strategies. 

Table 1 provides a use-case scenario of one institution’s application of these principles.17–19

STAKEHOLDER ENGAGEMENT

Nearly all clinical pharmacogenetic implementations include a pharmacist in a leadership 

or clinical role. Other stakeholders are varied and may include institutional and practice 

leadership, prescribers, and patients.13,20 Institutional leadership buy-in is necessary to 

ensure that resources and personnel are sufficiently available to implement and sustain the 

service. In the majority of institutions, prescribers are ultimately responsible for acting 
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upon pharmacogenetic test results to change pharmacotherapy. Therefore, physicians and 

other prescribers must support use of pharmacogenetic data in their daily clinical workflow. 

Having a “physician champion” or strong support of a prescriber from the outset of a new 

service also will help shape the type of pharmacogenetic interpretation and results provided. 

If the pharmacy service can ensure that their support is focused on concise, meaningful, 

and useful information that benefits prescribers, the service will have met an important 

goal. Early engagement with institutional leadership and prescribers is often one of the most 

important predictors of long-term success of an implementation.

Patients are the end-users of their pharmacogenetic test results, and results are ultimately 

their data. As such, patients often act as their own advocates to inform prescribers that they 

have pharmacogenetic test results available. In many cases, patients can be the drivers who 

are seeking out pharmacogenetic testing because of their own failed trials with previous 

medications. Even when prescribers encourage patients to undergo testing, the patient must 

still be agreeable and willing. The pharmacist can play a key role in educating patients to 

ensure they understand the benefits and limitations of pharmacogenetics.

EVIDENCE EVALUATION

Evaluating the evidence is an essential step in determining which gene-drug pairs will 

be included in the implementation. To date, most clinical programs have employed 

a governance structure for this process that includes one or more committees and/or 

subcommittees to oversee evidence evaluation. This may resemble a Pharmacy and 

Therapeutics structure and should include multidisciplinary expertise and include 

individual(s) trained in pharmacogenetic evidence evaluation and interpretation. In a scoping 

review of 18 pharmacogenomic programs, Luczak and colleagues reported diversity in 

committee members, including physicians, pharmacists, genetic counselors, Information 

Technology (IT) support, and finance/reimbursement specialists.13

Scientific evidence to support clinical implementation of pharmacogenetics is available 

through online databases (e.g., Pharmacogenomics Knowledgebase [PharmGKB]), 

guidelines (e.g., Clinical Pharmacogenetics Implementation Consortium [CPIC]), and 

United States Food and Drug Administration (FDA)-approved labeling information or 

guidance. When choosing gene-drug pairs the institution must decide on the criteria they 

believe proves the gene-drug pair is of high-quality evidence and ready for implementation. 

Resources are readily available to evaluate the evidence (Table 2).21 Institution-specific drug 

utilization data can help implementers prioritize gene-drug pairs.

Selection of the Gene(s) for Testing

CPIC is an international consortium of pharmacogenetic experts that evaluates 

pharmacogenetic evidence and develops consensus guidelines to assist clinicians with 

applying pharmacogenetic test results to prescribing decisions.22 As of late 2021, 26 

CPIC guidelines have been published, with gene-drug pairs prioritized for guideline 

development based largely on the strength of evidence supporting genetic associations 

with reduced drug effectiveness or poor tolerability and the availability of alternative 

therapeutic strategies when such an association exists. Guideline development includes 
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rigorous review and grading of the evidence for genetic contributions to drug response. 

When data exist for multiple genes related to a specific drug or drug class (e.g. cytochrome 

P450 [CYP]2D6, OPRM1, and COMT for opioids), the writing committee reviews the 

evidence for each gene, and grades the evidence as weak, moderate, or high. They similarly 

grade therapeutic recommendations based on genotype results as optional, moderate, or 

strong. No recommendation is provided when the data are considered to be insufficient to 

support genotype-guided prescribing.

The CPIC grading system can guide clinicians in choosing which genes to target for 

testing, with priority given to those with moderate to strong evidence and recommendations. 

For example, CPIC ranked most of the evidence for OPRM1 and COMT associations 

with opioid response as weak to moderate whereas much of the evidence with CYP2D6 
associations with response to codeine and tramadol was ranked as moderate to high.23 Thus, 

strong recommendations are provided for avoiding codeine and tramadol in patients with 

certain CYP2D6 genotypes, whereas no recommendations are provided for other genes. 

Consistent with CPIC evidence grades and recommendations, pharmacogenetic testing to 

guide opioid prescribing at major medical institutions is limited to the CYP2D6 gene.4 

While other genotypes may be provided by some commercial testing companies, based 

on CPIC guidance, they should not be used to guide opioid selection until stronger data 

become available supporting their use. CYP2C19 and CYP2D6 together account for nine 

of the CPIC guidelines published, and consequently are two of the most common genes 

implemented in various institutions.

Once the gene(s) is/are decided, a decision on implementing (multiple) single gene test(s) 

or a panel-based test must be made. Factoring in whether the program wants to support 

preemptive or reactive testing, along with prescriber preference, may aid this decision.24 

Turnaround time of results and its importance for the gene-drug pair being implemented 

are other factors to consider. For example, for CYP2C19-clopidogrel, it is ideal to have the 

results returned quickly, which may not be possible if CYP2C19 is a part of a panel.

A thorough review of the resources highlighted above and in Table 2 can inform both the 

choice of gene-drug pairs and institutional criteria (or internal threshold) for testing. An 

example of potential institutional criteria for testing is displayed in Table 3. Many health 

systems have adopted a governing or regulatory body with expertise in pharmacogenetics, 

pathology, and genomic medicine to provide guidance with these choices initially and over 

time as new evidence emerges.

PHARMACOGENETIC TESTING LOGISTICS

Once the decision is made to implement pharmacogenetic testing in practice and 

the evidence for specific gene-drug pairs have been evaluated, decisions are needed 

regarding the genotyping process. These decisions include which gene alleles and how 

to obtain genotype results. Specific resources, including CPIC guidelines22, Association 

for Molecular Pathology (AMP) recommendations for clinical genotyping allele selection, 

and the National Institutes of Health Genetic Testing Registry (GTR), can inform these 

decisions.
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Selection of Gene Allele(s) for Testing

To assist clinical laboratories with designing pharmacogenetic testing assays and promote 

testing standardization across laboratories, the Pharmacogenomic Working Group of the 

Association for Molecular Pathology (AMP) Clinical Practice Committee defines which 

variants should, at a minimum, be included on clinical pharmacogenetic genotyping 

assays.25,26 The writing committee consists of experts in pharmacogenetic clinical testing 

and research and includes representatives from CPIC, the Dutch Pharmacogenetics Working 

Group, and the College of American Pathologists. The committee determines which alleles 

to designate as Tier 1 or “must-test” based on their functional impact, frequency in 

multiethnic populations, availability of reference materials for establishing clinical assays, 

and feasibility of variant detection in a clinical laboratory. The working group has published 

guidelines addressing four genes as of late 2021: CYP2C19, CYP2C9, CYP2D6, and 

Vitamin K epOxide Reductase Complex subunit 1 (VKORC1), which are among the most 

commonly tested pharmacogenes in clinical practice.25–28 Recommendations for additional 

genes are expected. In the event that there are no AMP guidelines available for the gene of 

interest, other resources to consider in allele selection are CPIC guidelines, PharmGKB, and 

consultation with experts at other institutions who are implementing testing into practice.

When testing for variants within a gene that influence drug response, and none are detected, 

patients are reported to have a normal genotype. For example, if a laboratory tests only 

for the CYP2C9*2 and *3 alleles, which are associated with reduced to absent enzyme 

function, and neither are detected, then the patient is reported to have a the *1/*1 genotype 

and the normal metabolizer phenotype. In other words, the *1 allele is reported by default 

when no variant allele is detected. This does not rule out the presence of other variants 

not captured on the testing platform yet with important effects on protein function or gene 

expression. In fact, while testing for the CYP2C9*2 and *3 alleles will detect the majority 

of variants associated with reduced or absence enzyme activity in European and Asian 

populations, it detects a small portion of important variants present in African ancestry 

patients. Specifically, approximately 6% of African ancestry patients have a *2 or *3 allele, 

while approximately 18% have a *5, *6, *8, or *11 allele, which also result in reduced 

CYP2C9 activity.29 In the case of genotype-guided warfarin dosing, failure to account for 

these other alleles can lead to significant overestimation of warfarin dose requirements 

and supratherapeutic anticoagulation in those of African ancestry.30,31 This led to CPIC 

recommendations to avoid dosing warfarin based on genotype unless the *5, *6, *8, and *11 
alleles are tested for and illustrates the importance of carefully evaluating alleles to include 

on genotyping assays.29 If using an outside laboratory rather than designing an assay to be 

used in-house, it is critical to ensure that the laboratory is testing for all variants impacting 

drug response that occur at an appreciable frequency across ancestry groups.

Selection of Laboratory

Luczak and colleagues reported that 15 of the 18 programs assessed in their review used 

an in-house laboratory for pharmacogenetic testing.13 Notably, the majority of programs 

included in this review had an academic affiliation. The percentage of programs with 

technical expertise and genomic testing capability to support in-house testing may differ 

from this in a real-world setting. Barriers to in-house testing may include the cost of 
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obtaining genotyping equipment and/or setting up and validating testing assays and the 

lack of certified personnel to conduct testing. The voluntary Genetic Testing Registry can 

serve as a resource to identify laboratories that offer testing, recognizing that given its 

voluntary nature, it may not be all inclusive. When assessing commercial laboratories for 

pharmacogenetic testing, there are several important factors to consider, including which 

alleles are tested as discussed. Other factors have been extensively reviewed elsewhere32 and 

are summarized in Table 4.

Test Consent Consideration

A sometimes-debated topic is whether specific patient consent is necessary prior to 

pharmacogenetic testing for clinical purposes, outside of a research study. In many 

institutions, pharmacogenetic testing is treated in the same vein as a routine laboratory 

test, with consent covered under the general consent for treatment provided by the patient.33 

This may differ from testing for genetic risk for disease, in which positive test results 

could have a significant psychological impact on the patient and his or her family. In this 

case, patient consent may be necessary to ensure that potential risks have been disclosed 

to the patient and that the patient is willing to go forward with testing. The consequences 

of pharmacogenetic testing are usually less concerning as alternative dosing or therapy is 

generally available in the event that the patient is genetically predisposed to having a poor 

response to adverse effects from standard therapy. Nonetheless, data show that patients 

expect to be involved in decisions about pharmacogenetic testing, and thus, obtaining 

verbal consent at a minimum would seem warranted under most circumstances.33,34 Some 

institutions, such as programs at the University of Colorado obtain patient consent to release 

test results into the patient portal.35

ELECTRONIC HEALTH RECORD INTEGRATION

The integration of pharmacogenetic test results into the local EHR is an essential step in 

implementing pharmacogenetics clinically.36,37 Successful EHR integration can be defined 

as the ability to order the pharmacogenetic test electronically, return of test results as 

discrete variables, and availability of clear and concise result interpretation. Discrete 

variables allow pharmacogenetic clinical decision support (CDS) to operate seamlessly and 

logically. Nearly all published descriptions of clinical pharmacogenetic implementations 

report inclusion of CDS components ranging from active or passive clinical decision alerts 

to clinical consultation notes delivered via email or EHR inbasket.13

Pharmacogenetics Laboratory Order Within the EHR System

The ability for prescribers to order a pharmacogenetic laboratory test within their 

EHR system is the first important component of EHR integration. Ideally, ordering a 

pharmacogenetic laboratory test should be integrated seamlessly to allow prescribers to 

incorporate pharmacogenetic information into patient care. However, this process can 

be particularly confusing in clinical practice and can have negative ramifications (e.g., 

wrong or repeat test ordered) for prescribers and/or patients. Specifically, incorrect 

pharmacogenetic test orders can potentially delay the care process or cause unnecessary 

patient costs. Therefore, the EHR system should clearly communicate to prescribers how 
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to order pharmacogenetic laboratory tests and provide instructions when possible on use of 

internal or external laboratories, single-gene testing versus panel-based testing, and other 

considerations. CDS tools, including alerts and order sets are common approaches that 

healthcare systems use to assist prescribers with these choices.38 For example, at University 

of Alabama at Birmingham the CYP2C19 order option appears in the post-percutaneous 

coronary intervention (PCI) order set.39

Furthermore, the ability for prescribers to order external labs within the EHR is crucial 

for institutions that do not support internal pharmacogenetics labs. Available surveys on 

prescribers’ perception with pharmacogenetics indicate that if external pharmacogenetic 

labs are not available for prescribers to order pharmacogenomic testing within the EHR, 

prescribers are less likely to adopt pharmacogenetics clinically.40,41 Additionally, this 

functionality significantly affects the institution’s ability to integrate pharmacogenetic test 

results into the continuity of care for patients, especially for result interpretation and CDS 

development.38

Discrete pharmacogenetic test results, defined as health data stored at the lowest level of 

granularity, are an essential component of EHR integration. Discrete pharmacogenetic test 

results, usually in the form of genotypes and/or phenotypes, allow data to be measurable 

and reportable within the EHR system. As a result, pharmacogenetic test results can be 

interpreted, displayed in the patient profile, utilized for CDS, or incorporated with active 

medications for appropriate phenoconversion interpretations.42 Phenoconversion occurs 

when a drug inhibits the CYP450 enzyme and results in a different phenotype, e.g., a 

patient who is a CYP2D6 Normal Metabolizer taking bupropion will phenoconvert to a 

CYP2D6 Poor Metabolizer. For external lab results, the process of aligning lab result 

components using common standards (such as HL7) are essential to generate discrete 

results. Non-discrete results (e.g., scanned Portable Document Format [PDF] file) can create 

a burden for providers to locate and extract information since they are not stored in a 

standard location.42 Some EHRs do allow for free text entry of discrete variables, but this 

is susceptible to human error. Having laboratory results entered as discrete variables allows 

for reinterpretation or revision of the genotype-based phenotype if new evidence emerges, 

which would be challenging with non-discrete results.

Term Standardization for Communicating Pharmacogenetic Test Results

Variable terminology has been and is still used to report pharmacogenetic test results 

among various laboratories, pathology reports, and in the EHR, which can cause significant 

confusion43 among laboratory personnel, researchers, and clinicians, and may hinder 

portability of patients’ genetic test results. For example, at UF Health, the internal pathology 

laboratory reports CYP2C19 *1/*1 as a “normal metabolizer,” and a CYP2C19 *1/*2 result 

as an “intermediate metabolizer.” In contrast, one external laboratory resulting CYP2C19 

tests directly into the EHR reported a CYP2C19 *1/*1 as “negative,” and a CYP2C19 *1/*2 

as only “*2.” This led to inconsistencies in the EHR and the CDS alerts firing within this 

system, since Best Practice Advisory alerts in Epic were built to fire off of diplotype. In 

this case pharmacists worked directly with internal systems and the external laboratory to 

standardize reporting.
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To avoid confusion, it is recommended that implementers adopt the standardized 

terminology for pharmacogenetic allele function and inferred phenotypes proposed by CPIC 

and adopted in CPIC guidelines43 in pathology laboratory reporting, EHR displays of test 

results, and CDS rules whenever possible. In addition to CPIC guidance, an HL7 standard 

is available to reporting of these values. Use of established standardized terminology 

among laboratories and researchers and within the EHR can help decrease confusion and 

support successful implementation and adoption of pharmacogenetic testing. Additionally, 

it supports sharing of pharmacogenetic data among diverse healthcare systems that may 

have varying levels of knowledge and/or experience with pharmacogenetic test reporting and 

application.

Pharmacogenetic Test Result Interpretation

The EHR is an optimal tool to assist prescribers with interpreting pharmacogenetic test 

results because it can display phenotype results in multiple locations and workflows. 

For example, the patient profile can house the individuals’ pharmacogenetic test results 

(genotype and phenotype), and CDS alerts can appear at various stages of the prescriber’s 

workflow (Figure 1). When possible, all genomic information (somatic and germline) should 

be available within the same location to improve access. Within Epic’s Genomic Module, a 

genomics profile can be created to store and display all genomic information for the provider 

and/or the patient (Figure 2). This Genomic Module is relatively new, but several institutions 

have already implemented it with pharmacogenetic data.42,44,45 Due to the historical lack 

of a standard repository for pharmacogenetic data, many implementation sites have used 

workaround solutions to display test results, such as the problem list field as with Boston 

Children’s Hospital or the allergy list field.46 However, this is not an ideal solution since 

laboratory results are not easily found and have sometimes been misplaced in random 

locations. Linking pharmacogenetic test results directly with an associated medication is 

challenging in the EHR. While Epic does not currently have this functionality, it is possible 

in Cerner through use of in-house custom web-based applications or by manually pulling 

pharmacogenetic test results into the drug order field or a laboratory results field.47

Clinical Decision Support

CDS, arguably, is the best available option to assist prescribers in utilizing pharmacogenetic 

test results or in prompting prescribers to order a test within the normal patient care 

process.42 If provided at the appropriate time, CDS alerts prescribers that pharmacogenetic 

test results are available and provides guidance on their use. Alerts may also appear as 

“pre-test” and notify the prescriber that results are not available but are recommended 

to have before prescribing a drug (e.g., TPMT-thiopurines) Detailed tutorials on creating 

internal CDS or utilizing an external platform for CDS exist.42,48,49 CDS alerts can be 

interruptive and active (e.g., pop-up alerts that require action) or passive alerts that appear 

in the background (e.g., informational, require no action, Figure 3). Some institutions, 

including Duke University, rely on pharmacist’s consultation notes placed manually in the 

EHR.13 This method has been referred to as a form of “static” CDS.
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REIMBURSEMENT

When establishing a new clinical pharmacogenetics service, consideration should be given 

to reimbursement for the test itself and reimbursement for the pharmacist’s time, as with any 

other pharmacist-led service.

Reimbursement for the Pharmacogenetic Test

Reimbursement for pharmacogenetic testing is determined by each payer. Individual payer 

decisions are generally based on an internal determination of whether a pharmacogenetic 

test changes the clinical management and/or the outcome of the patient. Coverage policies 

vary among payers and may need to be reviewed on a case-by-case basis. 58 Although 

reimbursement for pharmacogenetic testing is inconsistent, the landscape for reimbursement 

is becoming more favorable.50 In 2012, the American Medical Association created current 

procedural terminology (CPT) codes to support documentation and reimbursement of 

pharmacogenetic testing (Table 5). In recent years, the Center for Medicare and Medicaid 

Services (CMS) has issued policies on reimbursement for pharmacogenetic testing through 

Medicare Administrative Contractors (MACs), which can pave the way for policy changes 

with other insurers. In June 2020, Palmetto GBA, issued a final local coverage determination 

(LCD) for pharmacogenetic testing and ten of the twelve MACs in the US have adopted 

similar policies for coverage of pharmacogenetic testing to date (Figure 4). 59 In some 

cases, private payers such as United HealthCare have adopted transparent coverage policies 

for pharmacogenetic testing. 60 Pharmacists within our outside of the program can 

verify coverage of pharmacogenetic testing with patients’ payers and/or facilitate prior 

authorization prior to submitting a test for reimbursement. For example, Cleveland Clinic 

Health System partners with an external laboratory to provide prior authorization services.13

While third-party payers may cover all or part of the cost of pharmacogenetic tests, it is 

possible that any given provider may deny coverage altogether or cover only a portion of 

the cost so that the patient receives a bill to cover the total or remaining cost out-of-pocket. 

In addition, third party payers may not cover the cost of testing ordered preemptively in 

a patient without an immediate need for drug therapy. Given this, institutions may prefer 

to obtain written consent from the patient to acknowledge that there may be some out-of-

pocket cost incurred with testing or, in the case of pre-emptive testing, that the patient is 

expected to cover the cost in full.

Reimbursement for Pharmacists’ Time

In addition to the cost of pharmacogenetic testing, reimbursement for clinicians’ time 

to interpret and apply test results, communicate with providers, and educate patients 

is a critical element of sustainability, as with any pharmacist-led service. It may be 

helpful to integrate clinical pharmacogenetics services into the existing billing structure 

for pharmacist-led comprehensive medication management services. However, additional 

challenges exist with regard to reimbursement for pharmacogenetic testing services. First, 

fewer patients are eligible for pharmacogenetic testing to guide drug therapy changes as 

compared with other pharmacist-led services such as anticoagulation management, which 

can impact financial sustainability. In addition, the results are lifetime results and as such 
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majority of patients are not seen for repeat visits, thus to have a sustainable clinic there 

needs to a continual flow of new patients to test. Second, patient and provider education 

for pharmacogenetics may be more time consuming than for other areas of practice, 

which places an additional time and resource burden on pharmacists conducting clinical 

pharmacogenetics services. When possible, streamlining patient and provider education 

through print materials and/or other efforts (e.g., patient education videos) is recommended 

to maximize the pharmacist’s time.51

Established programs report using a variety of methods to pursue compensation for 

the pharmacist’s time in the outpatient setting, including use of a medication therapy 

management model.52 Increasingly, pharmacists are exploring established strategies for 

“incident-to” billing of the pharmacist’s time under a physician’s supervision, as with UF 

Health and Cleveland Clinic.13,53 A thorough review of pharmacist incident-to billing has 

been published and may be a useful guide for those exploring this option.53 In some cases, a 

collaborative practice agreement has been utilized between a pharmacist and a physician to 

facilitate clinical decision making and reimbursement, as with St. Jude Children’s Research 

Hospital.13 Other strategies include partnering with a billable provider, such as a genetic 

counselor, to deliver test results to patients, as employed by the NorthShore University 

Health System.54

EDUCATION

Education is a key intervention to increase clinician knowledge, skills, and confidence, 

which are essential for adoption and sustainability of a pharmacogenetics service.55,56 

Education around the frequency of clinically-actionable phenotypes, prevalence of clinically 

actionable pharmacogenetic medications, and risks associated with prescribing medications 

incongruent with phenotype will increase prescriber’s awareness of genotype-informed 

prescribing and, in turn, may motivate them to adopt pharmacogenetics clinically. It is also 

important to review elements of an institution’s specific program and clinical workflow for 

pharmacogenetic testing, including who providers should contact if additional help is needed 

and what support is available, including CDS alert logistics.38

Education can be provided in multiple formats and usually encompasses small and 

large group settings (e.g., grand rounds), continuing education, and supplemental written 

materials.13 In the authors’ experience, recurring case-based educational events centered 

on actual clinical experiences within the institution have been key to changing prescribers’ 

behavior.

PROGRAM MAINTENANCE

Tracking Quality Improvement Metrics

As an emerging clinical science, pharmacogenetics is ideal for a learning health system 

approach, or one in which an institution commits to learning and continuously applying 

new insights for improvement purposes. Identifying and tracking clinical metrics of a new 

pharmacogenetics services serves multiple purposes, including but not limited to: ensuring 

CDS alerts are working properly, tracking program growth and sustainability to support 
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personnel effort, identifying ordering trends in the health system that highlight success and 

may identify educational needs, and providing opportunities for dissemination and education 

on clinical implementation. When possible, tracking metrics should be initiated at program 

launch to prospectively measure the success of the implementation.13

It is common across multiple sites to track implementation outcomes (e.g., acceptability, 

adoption, costs, feasibility), service outcomes (e.g., effectiveness, safety, timeliness), and 

patient outcomes (e.g., symptomatology, satisfaction).57 Established programs have reported 

outcomes including patient and/or consult volume, referral information (e.g., department), 

turnaround time, number of actionable genotypes, interventions and acceptance rates, visit 

length, provider and patient satisfaction, costs, impacted medications, among others.13

In addition to collecting prospective data, retrospective data can be collected by utilizing 

various reporting functions within the medical record. For example, it is important to assess 

that CDS alerts continue to fire as expected, particularly after updates to the EHR, which 

may disrupt alert functionality. Tracking the alert frequency on a monthly basis allows us to 

closely monitor alert firing rates to detect a systemwide error. Specifically, within Epic the 

clinical workbench allows for collection of multiple CDS data elements such as alert names, 

alert date/time, locations, user names and specialties, patient names, encounter date, provider 

actions, and override reasons. Other EHRs should have similar reporting mechanisms.

Reinterpretation of Pharmacogenetic Test Results

Ongoing monitoring of emerging evidence will help to identify any changes needed in the 

genes and/or alleles tested for any given drug or drug class and should be an ongoing 

part of program maintenance. For example, FDA-cleared tests for CYP2C9 historically 

limited genotyping to the *2 and *3 alleles. However, the emergence of evidence on the 

importance of additional CYP2C9 alleles (e.g. *5, *6, *8, *11) in those of African ancestry 

prompted updates to CPIC guidelines and recent guidance from AMP recommending 

incorporating these additional alleles on clinical testing platforms.58 As another example, 

CPIC guidelines for genotype-informed thiopurine use were updated in 2018 to add 

the NUDT15 genotype in light of new data demonstrating the significant effect of this 

genotype on thiopurine.59 This revision required clinical programs to change laboratory 

testing procedures, clinical recommendations, CDS alerts, and provider education. The CPIC 

website serves as a resource for assessing for the need for changes in pharmacogenetic 

testing. CPIC continuously monitors emerging evidence and posts changes such as these to 

their website in between guideline updates. Institutions can benefit from seeking ongoing 

patient and provider feedback when revising CDS and educational strategies in light of new 

evidence. It is also useful to get patient’s perspective and feedback on materials developed to 

help improve the content.60

PUTTING IT ALL TOGETHER: ESTABLISHING A CLINICAL WORKFLOW 

FOR PHARMACOGENETIC SERVICES

Once strategies for each of the individual elements discussed above are determined, the 

clinical workflow should be defined. Ideally, EHR integration, pharmacist support, and 
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patient care processes should be efficient and seamlessly integrated into the existing clinical 

workflow. In our experience, 4 elements should be addressed in this workflow to support 

a successful implementation: 1) patient identification for testing; 2) pharmacogenetic test 

ordering; 3) interpretation and application of test results (e.g., drug therapy changes); 

and 4) patient education (Figure 5).16 Factors that influence the optimal choice at each 

decision-making point are institution-specific and may be affected by the targeted patient 

population (e.g., specialty vs. primary care), patient status at the time of testing (e.g., 

inpatient vs. outpatient), practitioners involved in workflow and their respective role(s), and 

reimbursement avenues.

Patient Identification

Patients who may benefit from pharmacogenetic testing are most often identified by a 

pharmacist, provider, or by the patients themselves. Factors such as patient status (inpatient 

vs. outpatient), medication use, and practitioner role(s) are important. In most cases, a 

test ordered for an outpatient will be reimbursed through the patient’s major medical 

insurance provider, while a test ordered for an inpatient will be covered through the health-

system’s Diagnosis Related Group (DRG) scheme, which may be a key factor in long-term 

sustainability and require institutional buy-in. Optimal patient status for pharmacogenetic 

testing is also influenced by test turnaround time. In many cases, an inpatient will be 

discharged by the time the pharmacogenetic test result is received. In this case, a consult 

note can still be placed and routed to the primary care prescriber to follow up on. Medication 

use and payer mix characteristics in the targeted patient population are important, and 

ideally, should be analyzed in aggregate prior to starting a new service. Understanding which 

drugs are more commonly used, prevalence of diagnostic codes, and the type of payer(s) 

that will be billed for testing are essential. Since pharmacogenetic testing is relevant for 

defined medications, long term sustainability is more likely if enough patients are eligible to 

build momentum for the service. Finally, the method for patient identification and resources 

to support this are also important. In a very busy practice, for example, a regular patient 

screening process led by a pharmacist may be needed to ensure an adequate number of 

eligible patients are offered pharmacogenetic testing to maintain a sustainable service.

Pharmacogenetic Test Ordering

Once a patient is identified, the pharmacogenetic test will need to be ordered by an ordering 

provider. Again, with a busy clinical practice, a pharmacist may need to order the test. 

Alternatively, if the pharmacist does not have the authority to order a pharmacogenetic 

test, it may need to be done by the provider, in which case the process should be aligned 

with provider preferences and workflow. In some cases, an alternative provider such as a 

geneticist or pathologist may be established as the ordering provider for all pharmacogenetic 

tests. This can streamline workflow for pharmacists if they are not designated as ordering 

providers within their institution. Many commercial laboratories have providers on staff 

to serve as the ordering provider, which may also be an avenue if pharmacists are not 

authorized to order the test.
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Interpreting and Applying Test Results

In a pharmacist-led clinical pharmacogenetics service, this step often mimics existing 

workflows for comprehensive medication management or clinical pharmacist services 

within an institution. Pharmacogenetics services are increasingly being integrated into 

comprehensive medication management because of commonalities with targeted diseases 

(e.g., depression, stroke, lipids) and the prevalence of polypharmacy. In these cases, 

recommendations for drug therapy changes based on pharmacogenetic test results can 

be approached in the same manner as existing pharmacist-led services for chronic 

disease management (e.g., diabetes). This strategy usually involves a pharmacist physically 

embedded in the clinical space for the patient visit, consultation with the provider for drug 

therapy recommendations, followed by patient education. Using this established approach 

may also be helpful from a reimbursement perspective if the pharmacogenetics service can 

be integrated into existing procedures to bill for pharmacists’ services within the institution.

In the outpatient setting, these services are often structured as a “one-visit” or “two-visit” 

model (Figure 6). In a single visit model, the pharmacogenetic test is ordered, most often 

by the prescriber at a routine clinic visit, and drug therapy changes are implemented in a 

follow-up visit with the pharmacist, along with patient education. In a two-visit model, an 

initial visit is conducted by the pharmacist to gather a comprehensive medication history 

and determine the appropriateness of testing. The second visit is focused on drug therapy 

changes and patient education. Whatever model is used, reimbursement of the pharmacist’s 

time should be considered. A single-visit model may be associated with increased efficiency 

and sustainability overall.54,61

Alternatively, pharmacogenetic tests are ordered by the provider in the routine process of 

care with a pharmacogenetics-specialized pharmacist “covering” any test ordered within 

an institution. In this model, the clinical interpretation of the test results and drug 

therapy recommendations do not usually involve a face-to-face pharmacist visit. Instead, 

recommendations for drug therapy changes are communicated to prescribers via a clinical 

note placed remotely in the EHR.62 This approach is most successful when there is an 

existing mechanism to reimburse the pharmacist’s time for a clinical consult within an 

institution. It is unlikely that the pharmacist’s time can or will be reimbursed from the 

patient’s major medical service if no face-to-face visit takes place, even if the patient was 

seen as an outpatient at the time of the test order.

PATIENT EDUCATION

In most pharmacist-led pharmacogenetics services, patient education is conducted by the 

pharmacist. Other approaches have included joint education with pharmacist and a genetic 

counselor or geneticist, or education by the ordering provider. In some institutions, single-

gene provider-initiated pharmacogenetic tests are considered part of the normal process of 

clinical care and patient education takes place as a part of the standard clinical workflow, 

as with any other non-genetic laboratory tests (e.g., serum creatinine). Whatever the 

mechanism, reimbursement for the pharmacist’s time should be considered when planning 

the workflow as with interpreting and applying test results. In addition, patient education 

should include guidance on the lifetime nature of test results and instruction to patients 
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on making other health care providers aware of them in the future to avoid unnecessary 

duplicate testing.

Any of the above described pharmacist interactions may also be delivered via telehealth or 

“telepharmacy,” which adds another layer of complexity to reimbursement for pharmacists’ 

time. In general, Medicare does not currently reimburse pharmacists for telehealth because 

they are not recognized as prescribers. Instead, reimbursement for telehealth services may 

be accomplished through bundled payments or grants/contract services. Of note, when 

delivering services via telepharmacy, pharmacists must comply with the policies and 

regulations of the state in which the patient resides. Pharmacists should consult with their 

state board of pharmacy and the board of pharmacy for the state in which the patient resides, 

if different, before providing telehealth services.

CONCLUSION

Initiating a pharmacogenetics service is a complex undertaking with many potential 

barriers to overcome. Fortunately, many early adopters of clinical pharmacogenetics 

have documented their experiences and are helping to pave the way for others. By 

learning from and relying on published experiences and strategies from early adopter 

institutions, pharmacists implementing new clinical pharmacogenetics services can avoid 

common pitfalls and increase their likelihood of developing a successful and sustainable 

implementation.
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Figure 1. 
Interpretation of Pharmacogenetic Test Result in the Electronic Health Record The 

electronic health record (EHR) is an optimal tool to assist prescribers in interpreting the 

pharmacogenetic test result. If results are deposited as discrete results, clinical decision 

support alerts can fire at appropriate times.

This figure was adapted from 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.
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Figure 2. 
Patient Facing Genetic Profile Within EPIC’s Genomic Module, a genomics profile can be 

created to display all genomic information for the provider and/or the patient. Above is an 

example of what the profile looks like in the patient view.
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Figure 3. 
Sample Health Best Practice Advisory This is an example of an alert that fires when certain 

proton pump inhibitors are ordered (e.g., omeprazole) and the individual is a CYP2C19 

Ultrarapid Metabolizer.

This figure is used with permission from Epic.’
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Figure 4: 
Pharmacogenetic Testing LCD Approval Status by State Local coverage determination 

(LCD) for pharmacogenetic testing and ten of the twelve MACs in the US have adopted 

similar policies for coverage of pharmacogenetic testing to date.
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Figure 5. 
Clinical Decision Making Process for Pharmacogenetic Testing The clinical workflow 

should ideally integrate 4 elements to support a successful implementation: 1) patient 

identification; 2) pharmacogenetic test ordering; 3) interpretation and application of test 

results (e.g., drug therapy changes); and 4) patient education

This figure has been reprinted with permission from Weitzel KW, Duong BQ, Arwood 

MJ, Owusu-Obeng A, Abul-Husn NS, Bernhardt BA, Decker B, Denny JC, Dietrich E, 

Gums J, Madden EB, Pollin TI, Wu RR, Haga SB, Horowitz CR. A stepwise approach to 

implementing pharmacogenetic testing in the primary care setting. Pharmacogenomics. 2019 

Oct;20(15):1103–1112.

Cicali et al. Page 22

J Am Coll Clin Pharm. Author manuscript; available in PMC 2023 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
One- and Two-Visit Models for Pharmacogenomic Testing A pharmacogenetics consult 

clinic may follow a one- or two-visit model depending on the setting. Components of what 

makes up each visit are described in the figure above.
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Table 1.

Use Case Scenario: Implementation of Guiding Principles in University of Florida (UF) Health Precision 

Medicine Program (PMP)

Program Overview: The UF Health PMP, a pharmacist-led multi-disciplinary clinical implementation initiative established in 2011 has 
genotyped more than 10,000 patients to date. Seven unique gene-drug pairs have been implemented across inpatient and outpatient settings, 
including an established pharmacogenetics consult clinic. Currently, testing is available in all patient care areas, supported by 2 clinical 
pharmacogenetics specialists and trainees.

Stakeholders and Engagement  • Pharmacist-led multidisciplinary clinical implementation initiative engaging patients, pharmacists, 
providers, health system clinical and administrative leaders, and pathology.

Evidence Evaluation Strategy  • Evidence evaluated and assessed by an internal committee, similar to a Pharmacy and Therapeutics 
Committee, with representation from UF College of Pharmacy and UF Health clinicians.

Pharmacogenetic Testing 
Logistics

 • Majority of testing performed by UF Health Pathology Laboratories.
• Launched initially with a preemptive genotyping focus, using chip-based genotyping that generated 
multiple genotypes, some of which were stored in a research database with a plan to migrate to the 
electronic health record (EHR) as sufficient clinical data emerge.17 Then transitioned to single-gene tests: 
cytochrome P450 (CYP)2C19, followed by thiopurine S-methyltransferase (TPMT) in 2014, CYP2D6 in 
2015, and NUDT15 in 2019. In 2019, UF Health developed and launched a clinically focused multi-gene 
panel while still offering several single-gene tests.

Electronic Health Record 
Integration and Test 
Interpretation

 • Laboratory results section in Epic EHR houses discrete genotype and phenotype results that trigger 
clinical decision support (CDS) alerts.
• The majority of alerts at UF Health are active, pop-up alerts that disrupt workflow appropriately (e.g., only 
fire for actionable gene-drug pair)
• Consultation notes are placed in the EHR by pharmacists with providers notified by Epic in-basket 
message.18

• Currently transitioning to the Epic Genomics to allow for consolidation of all genetics information into 
one profile, creation of multiple forms of CDS, and improved pharmacogenetic result readability within the 
patient profile.

Reimbursement Strategies  • Non-research clinical tests for ambulatory care patients are billed to insurance with pre-test patient 
education on potential out-of-pocket costs. Inpatient tests within UF Health are billed through Diagnostic 
Related Grouping (DRG). A portion of tests are covered by research funding.

Educational Strategies  • Patient education in face-to-face encounters, through print materials, and via a video sent to patients 
prior to their clinic appointment (available at https://youtu.be/b9FyOAEXzBw).
• Provider education includes traditional presentations, printed tip sheets to facilitate referrals and point-of-
care decision making, and monthly patient case presentations of actual clinic patients to providers.

Program Maintenance 
Strategies

 • A Research Electronic Data Capture (REDCap) database was created to track prospective data for 
quality improvement. The database tracks volume of patients with pharmacogenetic tests ordered, volume 
of patients seen in the consult clinic and associated billing information, pharmacogenetic test results, 
medication data, pharmacist recommendations made, medication changes in response to recommendations, 
and CDS alerts fired.
• The clinical workbench in Epic is used to monitor functionality of CDS alerts on a monthly basis, 
including alert frequency and provider’s actions after viewing the alert.
• A human-factor interaction approach was used to conduct a usability evaluation to evaluate and enhance 
the design of pharmacogenetics alerts.19
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Table 2.

Key Resources for Evaluating Evidence of Pharmacogenetic Associations

Resource Key information to be gained by the individual URL

PharmGKB  • Review annotated literature (e.g., prescribing information, drug label, 
international pharmacogenetics (pgx) guidelines, clinical and variants)
• Review drug pathway
• Download allele definition, allele functionality, frequency, diplotype-phenotype 
tables

https://www.pharmgkb.org/

CPIC  • Download CPIC guidelines and supplements
• Obtain key updates on guidelines since publication
• Clinical decision support resources

https://cpicpgx.org/

DPWG  • Download DPWG guidelines
• Read background on enzymes

https://www.knmp.nl/
patientenzorg/
medicatiebewaking/
farmacogenetica/
pharmacogenetics-1/
pharmacogenetics

Association for 
Molecular Pathology 
with College 
of American 
Pathologists

 • Review published Guidelines on Genotyping Allele Selection for various 
pharmacogenes

https://www.amp.org/clinical-
practice/practice-guidelines/

PharmVar  • Review variants of genes; nomenclature, evidence level, clinical function https://www.pharmvar.org/

PharmGKB: Pharmagogenomics Knowledege Base; CPIC: Clinical Pharmacogenetics Implementation Consortium; DPWG: Dutch 
Pharmacogenetics Working Group; PharmVar: Pharmacogene Variation
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Table 3.

Sample Institutional Criteria for Pharmacogenetic Testing

The following criteria should be met for any gene-drug pair implemented clinically at this institution:

 1. Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines are available for the gene-drug pair and clinical 
recommendations align with CPIC guidance; or

 2. Pharmacogenetic testing is required or suggested in the FDA-approved drug labeling; or

 3. The gene-drug pair is included in the FDA Table of Pharmacogenetic Associations; or

 4. Pharmacogenetic testing is recommended in disease-specific treatment guidelines.
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Table 4.

Factors to consider when selecting a reference laboratory for pharmacogenetic testing32

Factor Questions to consider

Laboratory 
certification

Can results be used clinically? In the U.S., this requires that the laboratory be College of American Pathologists (CAP) 
accredited and Clinical Laboratory Improvement Amendments (CLIA) certified.

Alleles tested Does the laboratory test for the minimum set of alleles (i.e. Tier 1 alleles) recommended by the Association for 
Molecular Pathology (AMP) Pharmacogenomic Working Group?

If no AMP recommendations are available for the gene of interest, are the alleles described in CPIC guidelines 
included? Are there other alleles that affect drug response and occur at an appreciable frequency across ancestry 
groups? What alleles are other sites testing for clinically?

Financial factors Is any financial assistance with the cost of testing available for patients from the company?

Sample collection What kind of sample is required (e.g. blood, buccal cell, saliva)? Is the sample type feasible to collect at your site (e.g. 
is phlebotomy easily accessible for patients if blood is required)? 

Does the company provide sample collection materials or do they need to be supplied internally?

Test turnaround 
time

Will the time needed to get test results returned fit the clinical workflow (e.g. will results be available in time to inform 
prescribing decisions)?

Return of results Can results be integrated into the electronic health record as discrete data to allow for automated clinical decision 
support?

If results are returned as Portable Document Format (PDF) reports, how will these be stored in the electronic health 
record so that they are accessible to clinicians?

Interpretation of 
results

Does the laboratory provide any interpretation of the results (e.g. assign phenotype based on genotype results)? If so, 
are interpretations consistent with CPIC guidelines?
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Table 5.

Current Procedural Terminology (CPT) Codes for Pharmacogenomic Testing for Common Gene-Drug Pairs

Gene/Test CPT Code Intended use for Drug

CYP2C19 81225 Clopidogrel, voriconazole, proton pump inhibitors, selected selective serotonin 
reuptake inhibitors (SSRIs)

CYP2C9 81227 Phenytoin, warfarin, selected non-steroidal anti-inflammatory drugs

CYP4F2 81479 Warfarin

VKORC1 81355 Warfarin

CYP2D6 81226, 0070U, 0071U, 0072U, 0073U, 
0074U, 0075U, 0076U

Atomoxetine, codeine, ondansetron, tropisetron, tamoxifen, selected SSRIs and 
tricyclic antidepressants

DPYD 81232 Fluoropyrimidines

G6PD 81247 Rasburicase

SLCO1B1 81328 Simvastatin

NUDT15 81306 Thiopurines

TPMT 81335 Thiopurines

UGT1A1 81350 Atazanavir

*
The complete list of CPT codes for pharmacogenomic testing is available at www.cms.gov.

Cytochrome P450 (CYP)

Vitamin K Epoxide Reductase Complex (VKORC)

Dihydropyrimidine dehydrogenase (DPYD)

glucose-6-phosphate-dehydrogenase (G6PD)

Solute carrier organic anion transporter (SLCO)

Nudix hydrolase (NUDT)

Thiopurine methyltransferase (TPMT)

UDP-glucuronosyltransferase (UGT)
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