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Abstract: Pharmacogenomics (PGx) is expanding across health-care practice settings, 
including the community pharmacy. In the United States, models of implementation of 
PGx in the community pharmacy have described independent services and those layered 
on to medication therapy management. The drug–gene pair of clopidogrel-CYP2C19 has 
been a focus of implementation of PGx in community pharmacy and serves as an example of 
the evolution of the application of drug–gene interaction information to help optimize drug 
therapy. Expanded information related to this drug–gene pair has been provided by the US 
Food and Drug Administration and clinical PGx guidelines have and continue to be updated 
to support clinical decision-making. Most recently direct-to-consumer (DTC) PGx has 
resulted in patient generated sample collection and submission to a genetic testing-related 
company for analysis, with reporting of genotype and related phenotype information directly 
to the patient without a health-care professional guiding or even being involved in the 
process. The DTC testing approach needs to be considered in the development or modifica-
tion of PGx service models in the community pharmacy setting. The example of clopidogrel- 
CYP2C19 is discussed and current models of PGx implementation in the community 
pharmacy in the United States are presented. New approaches to PGx services are offered 
as implementation continues to evolve and may now include DTC information. 
Keywords: pharmacogenomics, pharmacogenetics, clopidogrel, community pharmacy, 
implementation

Introduction and Background of Pharmacogenomics 
Across Health-Care Settings
Pharmacogenomics (PGx), as a part of precision medicine initiatives, is often implemen-
ted within health systems by multi-disciplinary teams; but pharmacists, in all settings, 
including the community pharmacy, are prime to lead such efforts.1–4 Cardiology, 
psychiatry, infectious disease, oncology and primary care are some examples of current 
practice areas for application of PGx as evidenced by available Clinical Pharmacogenetics 
Implementation Consortium (CPIC) guidelines5,6 but other areas of practice use PGx as 
well.7 While multiple barriers exist to implementing PGx, there are many examples of 
successful clinical implementation.2,8–15 The implementation of a full scale PGx program 
is a large undertaking and some programs start with implementation of a single gene, such 
as CYP2C19, for use as reactive testing in guiding clopidogrel dosing;2,16 or a single 
specialty area such as cardiology.17 Many programs have documented success imple-
menting pre-emptive panel-based PGx programs.10,12,16,18–21

Correspondence: David F Kisor  
Manchester University, Department of 
Pharmaceutical Sciences and 
Pharmacogenomics, 10627 Diebold Road, 
Fort Wayne, IN, 46845, USA  
Tel +1 260-470-2747  
Fax +1 260-470-4440  
Email dfkisor@manchester.edu

Pharmacogenomics and Personalized Medicine 2021:14 569–577                                          569
© 2021 Kisor et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Pharmacogenomics and Personalized Medicine                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 March 2021
Accepted: 26 April 2021
Published: 18 May 2021

P
ha

rm
ac

og
en

om
ic

s 
an

d 
P

er
so

na
liz

ed
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-5089-9286
http://orcid.org/0000-0002-2674-3705
mailto:dfkisor@manchester.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Laboratory considerations affect the use of PGx. In- 
house laboratories often offer benefits such as the ability 
for increased interoperability within electronic health 
records (EHR) for use of storage and automated clinical 
decision support, control over test content and results 
reporting, in addition to turn around time.8,22 External 
labs allow for health systems and community pharmacies 
to focus on clinical care while leaving the complexities of 
genetic laboratory maintenance to lab experts. While most 
clinical use of PGx is through provider-ordered testing, 
direct-to-consumer (DTC) PGx testing is also an option for 
patients to obtain some PGx information directly without 
requiring the involvement of a health-care professional. In 
the context of DTC, community pharmacists may be the 
first health care professional approached relative to PGx 
testing results.

PGx data is an important part of a patient’s clinical 
picture, yet the literature continues to demonstrate that 
many pharmacists see the value of PGx but do not feel 
comfortable interpreting the data.23–26 Despite many phar-
macists not feeling comfortable to utilize the data, the 
Oath of a Pharmacist includes “I will accept the lifelong 
obligation to improve my professional knowledge and 
competence”27 Multiple continuing education, certificate, 
degree, toolkit and training programs are available for 
pharmacists who seek further PGx educational learning 
opportunities. Pharmacists in multiple settings outside of 
precision medicine programs need an understanding of the 
varying levels of evidence for use of PGx data within 
clinical care and resources to help apply the data such as 
CPIC, the Pharmacogenomics Knowledgebase 
(PharmGKB), the Dutch Pharmacogenetics Working 
Group (DPWG) and United States Food and Drug 
Administration (FDA) tables of PGx information.28–31 As 
use of PGx expands, hospital, ambulatory and community 
pharmacists should be prepared to answer PGx-related 
medication questions.32

Many successful inpatient/hospital implementations are 
documented in the literature.2,10,11,14–16,19 Given the turn- 
around time of some PGx testing, especially in locations 
without on-site laboratory testing support, in-hospital PGx 
testing may not always be feasible. As such, data sharing 
and engagement with outpatient ambulatory care clinics 
and community pharmacy may be necessary. Barriers to 
active use of PGx in outpatient settings have been recog-
nized, such as cost/reimbursement issues, time to devote to 
PGx-focused work, and pharmacist education.33 Despite 
these noted barriers, strategies for outpatient pharmacy- 

focused billing and reimbursement have been proposed 
and implemented;34–36 and time requirements in the clin-
ical setting are modest.37,38

Outpatient ambulatory care settings often allow for the 
opportunity to interact with the patient in addition to hav-
ing access to the EHR. Selected sites with established use 
of PGx in ambulatory care include NorthShore University 
HealthSystem’s multidisciplinary PGx clinic within 
a community health system35 and Cleveland Clinic’s two 
models of fee-for-service electronic consultation and 
ambulatory clinic.36 Sanford Health’s Imagenetics pro-
gram offers preemptive testing through primary care ser-
vices and has PGx pharmacists embedded within Internal 
Medicine clinics.12 Mission Health developed an outpati-
ent clinic for PGx consultations.39 University of Florida 
(UF) Health Precision Medicine Program implemented 
ambulatory care focused PGx across multiple UF Health 
and partner sites.1 Further growth is expected within 
ambulatory care with pilots such as MedStar Health’s 
ambulatory-based pilot estimating PGx clinical 
actionability.40

While the community pharmacy setting has long been 
a proposed site for integration of PGx into modern health- 
care practices, similar barriers persist.41,42 However, recent 
studies have demonstrated the viability of PGx work in 
general in community pharmacies.43–45 Further, DTC PGx 
testing presents new opportunities for community pharma-
cists to be deeply involved in DTC PGx work.46 As DTC 
PGx testing becomes increasingly available, cost efficient, 
and visible in health systems and community pharmacies, 
clinical workflow models may need to further adapt to 
involve patient-gathered PGx data. In fact, as noted, com-
munity pharmacists may be the first clinicians in the care 
process to learn of PGx data if brought to the pharmacy by 
the patient via DTC testing. As such, community pharma-
cists may be responsible to ensure proper drug therapy 
changes are discussed and managed according to clinical 
guidelines. Information about community pharmacy 
patient perceptions has been obtained that may help to 
drive communication strategies with patients in this setting 
to help ensure therapeutic optimization commensurate 
with PGx data available.47,48

A number of community pharmacy-based PGx models 
have been presented and discussed in the literature as 
PGx-focused practice has evolved over the last 
decade.45,49–51 Similar to many implementation strategies 
in other clinical settings, these community pharmacy mod-
els have used a single drug–gene pair as an initial 
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implementation strategy, notably with a focus on mana-
ging the clopidogrel-CYP2C19 interaction.49–51 In this 
paper, we describe “pharmacogenomics in the community 
pharmacy”, relative to experience in the United States, by 
examining the pharmacogenomics history of clopidogrel 
and pharmacy services related to optimizing antiplatelet 
therapy, with specific discussion on the more recent impli-
cations of DTC PGx testing on clinical opportunities and 
clinical workflow considerations.

History of Clopidogrel PGx
Clopidogrel is an example of a drug which has a clear 
PGx relationship.52–54 The prodrug is metabolized in 
sequential steps by the enzyme product (CYP2C19) of 
the polymorphic CYP2C19 gene.55 The risk of major 
adverse cardiovascular events (MACE) in the setting of 
antiplatelet therapy, relative to percutaneous coronary 
intervention (PCI), is recognized across health-care set-
tings, ie, from the “cath lab” to the community phar-
macy. Decreasing the potential risk of MACE can be 
accomplished by knowing a patient’s PGx prior to cathe-
terization and if not, by applying PGx as soon as possi-
ble post PCI, such as through community pharmacy 
services, to optimize antiplatelet therapy. Technology 
exists to allow for rapid turn-around of CYP2C19 geno-
types in the catheterization lab, although in many set-
tings the throughput of the instrumentation may be 
limiting, eg, when multiple patients need testing simul-
taneously, or there is a sample issue. In these cases, 
utilizing community pharmacy services can be benefi-
cial. This technology may be applicable in the commu-
nity pharmacy setting, but the approach needs to be fully 
examined.

US Food and Drug Administration 
Approved Labeling
Clopidogrel (Plavix®) was originally approved for market-
ing in the United States on November 17, 1997 for “reduc-
tion of atherosclerotic events”.56 In the original package 
labeling, the metabolism of clopidogrel was described as

In vitro and in vivo, clopidogrel undergoes rapid hydro-
lysis into its carboxylic acid derivative. In plasma and 
urine, the glucuronide of the carboxylic acid is also 
observed.56 

In vitro information related to high concentrations of clo-
pidogrel inhibiting the metabolism of CYP2C9 substrate 
drugs was noted.56 However, at this time, the specific 

metabolic pathways were not discussed and certainly 
there was no mention of the influence of CYP2C19 var-
iants on metabolism, ie, sequential conversion to the active 
form. In 2009, the US FDA-approved clopidogrel package 
labeling was updated to include information related to 
CYP2C19 phenotypes in the pharmacogenetics subsection 
of the clinical pharmacology section of the label.57 This 
label noted the percentage of poor metabolizers (PMs) in 
White, Black, and Chinese populations to be 2%, 4%, and 
14%, respectively.57 The prevalence of PMs was signifi-
cant and a “boxed warning” was added in March of 2010, 
which described “reduced effectiveness in patients who are 
poor metabolizers of Plavix”.58,59 The boxed warning also 
referred to poor metabolizers not effectively converting 
Plavix to its active form. Additionally, health-care profes-
sionals were informed of testing availability to identify 
genetic-based differences in CYP2C19 function. Finally, 
in 2016, the approved label informed health-care profes-
sionals to consider alternative antiplatelet agents in 
CYP2C19 PMs.59 Although the wording has changed, 
the current FDA-approved package labeling boxed warn-
ing conveys the same information as the original 2010 
boxed warning.56

Clinical Guidelines/Recent Trial
While the updated 2010 FDA-approved package labeling 
of Plavix noted decreased antiplatelet effectiveness in 
CYP2C19 PMs, literature reviews by independent phar-
macogenetics expert groups resulted in the publication of 
clinical guidelines which expanded our knowledge related 
to metabolism phenotypes and response to 
clopidogrel.60,61 Both CPIC and the DPWG provided 
recommendations to either avoid or consider avoiding the 
use of clopidogrel in intermediate metabolizers (IMs) in 
addition to PMs.60,61 Discussion around the data related to 
the impact of the *2 variant (no function) is somewhat 
controversial, especially in the IM group with low risk of 
adverse cardiovascular events. However, a cogent argu-
ment was made describing the current literature at the 
time and concluded that specific higher-risk PCI patients 
who are *2 carriers would benefit from genotype guided 
antiplatelet therapy.62 Most recently, the TAILOR-PCI 
Randomized Clinical Trial found no statistically signifi-
cant difference in a composite end point of major cardio-
vascular or neurological events (ie, cardiovascular death, 
myocardial infarction, stroke, stent thrombosis, and severe 
recurrent ischemia) when comparing CYP2C19 genotype- 
guided antiplatelet therapy to conventional therapy, 
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relative to patients carrying at least one no function allele 
(ie, *2, *3).54 However, the primary endpoint of the trial 
was 50% reduction at one year in the combined rate of 
major adverse effects, a goal that goes beyond what would 
be acceptable clinically. In fact, it was noted that during 
the higher risk first three months, there was an 80% 
reduction in the rate of adverse events in the genotype- 
guided group.63,64 Overall, there was a 34% reduction in 
major adverse events at one year and although not speci-
fically powered for this percentage, these findings support 
the use of genotype-guided antiplatelet therapy.63,64 The 
Tailor PCI trial compares favorably with the “POPular 
Genetics Trial”, which had two primary outcomes mea-
sures including combined outcome of net adverse clinical 
events and bleeding (CABG-related and non–CABG- 
related or minor bleeding at 12 months).65 The intention- 
to-treat study design and noninferiority analysis showed 
that genotype-guided antiplatelet therapy was noninferior 
to standard therapy, with actually fewer cases of adverse 
clinical events as well as a lower incidence of bleeding 
events in the genotype-guided group.65 Additionally, 
a meta-analysis identified 1335 studies of which 12 were 
included in analysis. Seven of these were randomized 
controlled trials.66 There were nearly 16,000 patients 
across the included studies.66 The analysis found that 
genotyping for CYP2C19 was warranted when considering 
the use of oral P2Y12 inhibitor therapy to differentiate the 
use of clopidogrel and other agents.66 The CPIC clopido-
grel-CYP2C19 guideline was last updated in 2013 and the 
DPWG guidelines prior to that year. Currently, CPIC is 
updating the clopidogrel-CYP2C19 guideline again to 
include information from the Tailor-PCI trial as well as 
other up-to-date information beyond the 2013 publication.

Direct to Consumer PGx
The evolution of CYP2C19 genotyping relative to antipla-
telet therapy has a very significant direct-to-consumer 
(DTC) context. For many years, the DTC company 
23andMe had been providing genotyping results including 
results related to PGx. The 23andMe website provided 
information regarding CYP2C19 and clopidogrel and 
other pharmacogenomic information. Additionally, users 
could download their raw data and gain access to informa-
tion of literally hundreds of thousands of variants, includ-
ing further PGx data. In November of 2013, the US FDA 
ordered 23andMe to shut down sales of its testing kits and 
resulted in discontinuation of providing consumers with 
information related to their genetics, including PGx 

information.67 Following continued interaction with the 
FDA related to PGx, 23andMe gained marketing approval 
in October of 2018 for its “Personal Genome Service 
(PGS) Pharmacogenetic Reports”, but language specifi-
cally noted that health-care providers “should not use the 
test to make any treatment decisions”.68 Additionally, the 
FDA stated “Results from this test should be confirmed 
with independent pharmacogenetic testing before making 
any medical decisions.”68 At the time this approval was to 
spur on discussion about PGx between the patient and 
their health-care professionals. This cracked open the 
door for patients to get their genetic information related 
to PGx directly, without a health-care intermediary. In 
August of 2020, the door to direct clinical use of 
23andMe-provided data was pushed wide open as the 
FDA approved the use of the 23andMe DTC PGS report, 
without independent lab confirmation, for clinical decision 
support relative to clopidogrel and citalopram.69 With this 
ruling, patients can now bring their reports to any health- 
care professional, including community pharmacists, who 
may use the CYP2C19 information to inform antiplatelet 
therapy.

Clopidogrel PGx and Community 
Pharmacy Models
Published Models
While hospital-based care models involving PGx gained 
popularity shortly after the FDA changed the labeling for 
clopidogrel to include notation about PGx, and initial 
successes were demonstrated in larger medical centers, 
viability of widespread replication of the hospital-based 
models came into question when on-site, rapid turn-around 
PGx testing was not immediately available. For instance, if 
the PGx testing started in the hospital, but results did not 
come back until after the patient was discharged, how 
would follow-up take place? Who needs to be “in the 
loop” with PGx-guided therapy, particularly if prescription 
insurance companies set up copay tiers that favor use of 
clopidogrel? If PGx testing does not take place in the 
hospital, which health-care professionals could reasonably 
conduct PGx testing and facilitate information sharing and 
clinical decision-making by the prescriber?

These questions, among others, led to the advocacy for 
and development of community pharmacy-based models 
for PGx-focused management of clopidogrel following 
release of the associated CPIC and other 
guidelines.41–45,49–51,70–72 Multiple models of care were 
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initially described, not as a substitute for hospital-based 
models, but as a way to augment patient transition of care 
when local hospitals did not offer rapid turn-around PGx 
testing services. In the first two community pharmacy- 
focused models reported in the literature, it was generally 
assumed that the pharmacist would be the person in the 
health-care system that becomes responsible for obtaining 
PGx data. As such, the first approach takes place in such 
a way that the pharmacist may hold a medication therapy 
management (MTM) appointment with a patient where 
concepts surrounding PGx are discussed and a test is 
administered to the patient. The pharmacist would then 
bring the patient back in for a second MTM encounter 
following the receipt of PGx data and complete any clin-
ical recommendation work that was required so that the 
information could be delivered to the patient.49,50,70 In 
the second approach, the first MTM encounter is held in 
a consistent fashion, but the second MTM encounter is 
replaced by a phone call that would be used to change 
therapy if necessary. Given that antiplatelet therapy may 
not change for many patients based on PGx data, there 
may be some efficiencies to only holding a second MTM 
encounter if there is a more pressing need for further 
intervention or education.51,71

A third model was later suggested that involved phar-
macists directly performing PGx testing in the community 
pharmacy in the presence of the requisite PGx testing 
equipment that offered results in approximately an hour. 
In particular, if the pharmacist was equipped with author-
ity (independently or via protocol/collaborative practice 
agreement with the prescribing physician) to indepen-
dently adjust therapy based on PGx results, the time 
required for this process may not be substantially more 
than the previously described workflow models.37

Community Pharmacy Clinical Models: 
Moving Forward
Recent advances in DTC PGx testing have obviously 
created new models for PGx data to be obtained and 
provided to the health-care system. Given that DTC PGx 
tests are often sold in community pharmacies, and as 
community pharmacists are some of the most accessible 
health-care professionals, DTC PGx testing has opened the 
door to additional potential for community pharmacist 
engagement. Whereas pharmacists previously had to be 
the recipient of a PGx test result from another medical 
provider or had to facilitate the ordering of a PGx test 

within the pharmacy in order to obtain PGx data, the 
potential sources for receiving PGx data are broadening. 
Figure 1 describes the modern pathways for data input into 
clinical workflow relative to antiplatelet therapy as an 
example.

Following the rapid increase in DTC PGx and the 
increased potential that the patient may be responsible 
for bringing PGx data into the path of care, several poten-
tial scenarios could be observed where a patient may bring 
the PGx information to the pharmacist as the initial access 
point to the health-care system. For instance, a patient may 
obtain their own PGx data through a DTC test and go 
directly to the internet for interpretation of next steps. The 
patient may then bring whatever information was gathered 
online to the community pharmacist with a request for 
intervention. Given that the complexity of PGx may 
often require clinical information beyond simply geno-
type/phenotype data in order to make a proper clinical 
decision (eg, active/concurrent disease states, concurrent 
medication use), the patient may not always arrive at the 
correct therapeutic conclusion by internet-based research 
alone, and the pharmacist may be well suited to help with 
patient counseling and education.62,72 The pharmacist, act-
ing as a member of the patient’s health-care team can 
provide the patient-received information to the prescribing 
physician for further consideration of patient care. 
Similarly, the patient may simply bring the PGx report to 
the pharmacy and ask the pharmacist for assistance with 
PGx data interpretation in the context of their current 
medications. This may be beneficial for the patient and 
the physician-led health-care team, as the team may 
become aware of PGx data that were not previously 
known, and the patient may come to have an optimized 
pharmacotherapeutic regimen based on PGx information. 
However, the community pharmacist may have to take on 
a lot of communication work with the health-care system, 
as few published instances exist where PGx information 
comes into the health-care system from the patient 
directly, and the novelty of this approach may be met 
with unfamiliarity by clinicians. Further, there are no 
clear standard approaches for community pharmacists to 
introduce clinical laboratory data into EHR systems, so 
data sharing logistics must also be considered when the 
pharmacist is the initial recipient of DTC PGx data.

In addition, while the models above describe that the 
community pharmacist can obtain the PGx data and make 
clinical decisions from there, community pharmacists and 
other health-care professionals must be aware that PGx 
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data does not change over the lifespan of the patient. With 
roughly a decade of clinical PGx experience in the health- 
care system, pharmacists must understand that a patient’s 
genotype and phenotype information for key pharmaco-
genes may already be in existence in the health-care 
system.46 Efforts need to be made to share and flag such 
data throughout the health-care system so clinicians do not 
make clinical recommendations that would go against 
what would be appropriate had PGx information been 
known.

Regardless of whether the PGx data originate from the 
patient via DTC testing, from the pharmacy via in-phar-
macy testing, or via another health-care entity/lab, PGx 
data sharing is critical to ensure that the data is used 
consistently; and unnecessary and costly repeat testing is 
avoided. While models for data sharing have been pro-
posed, even the simplest approach of sharing, a PDF 
report, may bring challenges.73 For instance, if the report 
is provided directly to the patient, the red (do not use 
a given drug)/yellow (use a given drug with caution)/ 
green (use a given drug) context may be misinterpreted 
as a need for immediate discontinuation of a medication. 
Not all red, yellow, or green indications in a report 

necessitate an immediate medication discontinuation or 
change. Pharmacists in the community setting must be 
adequately prepared to help patients interpret PGx data 
that they may have, either through a formal test ordered 
by a health-care professional, or by a DTC test provided to 
the patient.

Summary
Models of PGx services have been evaluated across 
health-care settings, with pharmacy being integral to their 
implementation. Pharmacists will continue to play 
a critical role in the appropriate application of PGx as 
testing expands beyond the traditional health-care loca-
tions. Community pharmacy models, first tested in the 
context of clopidogrel/CYP2C19, will expand to include 
other drug–gene pairs. Pharmacogenomics in concert with 
MTM will allow for further refinement and optimization of 
pharmacotherapy. Direct to consumer PGx data will drive 
further interaction between patients and pharmacists and 
will necessitate increased communication between health- 
care providers. New models of PGx implementation will 
be necessary to address different approaches to testing and 

Figure 1 Clinical workflow models for community pharmacist engagement.
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the community pharmacy will be a vital setting for appli-
cation of PGx.
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LLC and reports a pending patent. The authors report no 
other conflicts of interest in this work.
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