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Background: The clinical implementation of pharmacogenomics (PGx) has often involved
teams that include pharmacists. PGx laboratories often provide baseline information within the
laboratory report that is based on Food and Drug Administration and Clinical Pharmacogenomics
Implementation Consortium guidance, but information is often provided independent of concur-
rent disease states or medication use, among other clinical factors. Major challenges to widescale
implementation of PGx include lack of physician experience or confidence in interpreting the data.
The purpose of this paper is to describe how pharmacists can help further personalize PGx
information and identify clinical recommendations for a given patient.

Methods: This work was performed as a secondary objective of a study evaluating genetic
biomarkers of opioid addiction risk. This portion of the study utilized a descriptive analysis
of pharmacist consult reports that consist of individualized, patient-level clinical recommen-
dations that take into account current medications, current health conditions, and PGx data.
A panel of 60 common PGx targets were tested among patients being treated for chronic pain
or opioid use disorder (OUD). A pharmacist consult report was generated and compared with
standard laboratory reporting of general PGx information.

Results: Of the 252 patients, PGx reports for 198 (78.6%) contained red and/or yellow clinical
decision support flags for medications with actionable or informative PGx guidance for currently
prescribed medications. Pharmacists recommended modifications to current prescriptions for 31
(53%) of the patients with actionable flags and 17 (12%) of the patients with informative flags.
Drug classes most commonly included medications for cardiology, depression and anxiety, pain
(opioids) and gastrointestinal management. Taken together, 24.2% of the actionable and infor-
mative flags had immediate clinical value based on the pharmacist’s review. An additional 217
(86%) received one or more clinical recommendations not related to PGx.

Conclusion: While PGx provides another opportunity for pharmacotherapy personalization,
PGx data must be considered within the context of other patient-specific factors. Pharmacists
were able to streamline the PGx report flags and identify other pharmacotherapy interventions
following application of patient-specific data, thereby developing a brief report of recommenda-
tions for the patient’s prescriber(s). Engaging clinical pharmacists in the PGx clinical decision
process may help to facilitate more widespread PGx implementation.
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Introduction

Pharmacists have been increasingly involved in the clinical implementation of
pharmacogenomics (PGx), the use of genetic information to optimize medication
use.'? Groups including the clinical pharmacogenetics implementation consortium
(CPIC) have assisted with the development and dissemination of evidence-based

guidance for utilizing PGx in clinical practice.” Work is underway by CPIC and
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others to enhance implementation via clinical decision
support (CDS) in electronic health records (EHRs),* but
examples of successful and robust implementation are
limited. More rapid and widespread adoption of PGx
requires clinicians to be able to interpret laboratory reports
without automated CDS tools.

Many PGx laboratories have provided information to the
ordering health-care professional based on FDA and CPIC
guidance, commonly in the form of a PDF report, to facilitate
clinical decision making. Color coding/flags or similar keys
are used to annotate drug-gene interactions in a way that
seeks to clarify the clinical significance of the interaction.’
Evolving FDA guidance highlighted the need to further
clarify laboratory annotations of “clinically actionable” and
“informative” recommendations in the laboratory test
reports, as definitions for these terms are neither universally
understood nor agreed upon by a single review body.® For
context, red flags generally correspond with “medication has
potentially reduced efficacy, increased toxicity or the patient
has an increased risk for the indicated condition” and yellow
flags correspond with “guidelines exist for adjusting dosage,
increased vigilance or the patient has a moderate risk for the
indicated condition.” Guidance was considered actionable if
“recommendations (based upon expert groups and consortia)
are suitable for implementation in a clinical setting” and
informative if “there are insufficient or contradictory findings
documenting the impact of a given genetic polymorphism or
drug interaction; implementation in a clinical setting is
optional”.

An inherent limitation of providing general PGx gui-
dance via laboratory reports is that the information is
often given independent of concurrent disease states,
concurrent medication use, and other patient characteris-
tics (eg, age and renal function). Similar to how pharma-
cists have previously demonstrated aptitude for
pharmacotherapeutic optimization, recent studies indicate
that pharmacists can provide a key role in interpreting
PGx through individual consults to assist clinicians to
optimize drug therapy.”’ The purpose of this paper is to
describe how pharmacists can help further personalize
PGx information and identify clinical recommendations
for a given patient. This work was performed as
a secondary objective of a study designed to identify
genetic mutations associated with opioid use disorder
(OUD). Secondary objectives included an evaluation of
PGx testing and establishing a workflow for incorporat-
ing pharmacists into the PGx testing process. This paper
describes the secondary objective related to PGx process.

Methods

Patient Enrollment

Recruitment took place at several outpatient medical prac-
tices and addiction clinics in southwest Michigan. Patients
enrolled in the study were required to meet the following
criteria: (1) Patient had not had a prior PGx test, (2)
Patient was at least 18 years of age at the time of enroll-
ment in the study, (3) Patient received either buprenor-
phine or naltrexone for at least six continuous months
prior to enrollment in the study, or at least one of the
following long acting opioids (LAOs) for six months or
longer: morphine, oxycodone, methadone, and fentanyl,
(4) Patient did not take opioids for the purpose of mana-
ging cancer-related pain, and (5) Patient was sufficiently
fluent in English, signed the informed consent form, and
agreed to participate in the study. The study was approved
by the Michigan Department of Health and Human
Subjects and the Ferris State University Institutional
Review Boards. Due to a non-interventional design, this
study was not registered in a clinical trials database. All
other aspects of the Declaration of Helsinki were followed.

PGx Testing
Testing took place at Genemarkers, LLC in Kalamazoo,
MI, a CLIA certified laboratory.

The 60 single nucleotide polymorphisms (SNPs) tested
were common pharmacokinetic and pharmacodynamic genes
included on Genemarkers’ standard PGx testing panel at the
time the study was conducted (Appendix I, study subjects
were recruited between March 2018 and August 2018).
Since then, the laboratory’s PGx testing panels have been
updated to reflect changes in reporting based on FDA recom-
mendations to delineate actionable vs informative data based
on updated dosing guidelines. Diplotypes were exported from
Applied Biosystems Genotyper software, with genotype and
phenotype for the 60 PGx SNPs
Translational Software Inc. algorithms, which are commonly
throughout the PGx industry.
Translational Software Inc.’s algorithms generate “informa-

determined using

employed laboratory
tive” vs “actionable” and red/yellow/green flags for automated
clinical decision support notifications on each patient’s PGx
laboratory test report.

Pharmacist Consult Process

To ensure greater consistency in report interpretation,
a team of 3 clinical pharmacists reviewed each PGx report
in the context of the patient’s concurrent medications and
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health conditions as provided. While clinical practice gen-
erally involves one clinician to provide a consult, 3 clinical
pharmacists were identified to review the PGx report data
(including automatically generated flags) with the inten-
tion of: 1) triangulation of result, and 2) to ensure that
pharmacists with diverse clinical backgrounds reviewed
the data. Pharmacists were selected with expertise in phar-
macogenomics, pain management, and substance misuse,
with collective practice experience in both inpatient and
outpatient care. A list of clinical recommendations was
developed by the pharmacist team for the patient using
the available patient-specific data, plus information from
the FDA, CPIC, and PharmGKB.*’? Following consult
report generation, one of the three pharmacists provided
a subsequent review to verify the clinical recommenda-
tions. Data on whether the recommended changes were
implemented into patient treatment was not collected as
part of the study design as no attempt to intervene in
prescribing practices was made during the study.

Data Analysis

Patient demographic and characteristics were summarized.
Clinical recommendations from the pharmacist review
were categorized into four types: (1) PGx-guided recom-
mendations based on actionable flags, (2) PGx-guided
recommendations based on informative flags, (3) PGx-
guided recommendations not identified in the PGx report,
and (4) recommendations not related to PGx. The number
and percent of recommendations per each type were
reported.

Results

Of the 394 patients
a comprehensive medication list was available for 252
patients; 183 from the OUD cohort and 69 from the chronic
pain cohort. Several of the recruiting sites were specialty

recruited into the study,

clinics with limited scope of practice; thus, they did not
have current, comprehensive medication lists for the
patients. The pharmacy consult results described in this
paper include all 252 patients. Characteristics of the 252
patients are summarized in Table 1.

Of the 252 patients, reports for 198 (78.6%) contained
red and/or yellow flags for medications with actionable or
informative PGx guidance for currently prescribed medica-
tions. Of these, 59 (29.7%) had flags with actionable PGx
guidance and 139 (55%) had flags corresponding with infor-
mative guidance. Through the consult process, the pharma-
cists recommended modifications to current prescriptions for

Bright et al
Table | Patient Characteristics of 252 Patients
Patient Characteristics n %
Sex
Female 150 | 59.52%
Male 102 | 40.48%
Race/ethnicity
Caucasian 231 | 91.67%
African American 10 3.97%
Hispanic 3 1.19%
Asian | 0.40%
Other 7 2.78%
Age, mean (standard deviation) 53.70 (le.0l)
Chronic pain* 183 | 72.62%
Opioid use disorder®* 69 | 27.38%
Pharmacy Consult Recommendation for muscle [ 0.40%
relaxant®*
Pharmacy Consult Recommendation for 20 7.94%
gastrointestinal medication®™**
Pharmacy Consult Recommendation for opioid/pain | 13 5.16%
medication***
Pharmacy Consult Recommendation for 14 5.56%
antidepressant™®**
Pharmacy Consult Recommendation for cardiac 16 6.35%
medication***

Notes: *Patients with chronic pain were defined as using long-acting prescription
opioid full agonists (morphine, oxycodone, methadone or fentanyl) without an
opioid use disorder diagnosis for at least six months prior to enrollment in the
study. **Patients with opioid use disorder were defined as being diagnosed with
opioid use disorder who were taking buprenorphine or naltrexone at least six
months prior to enrollment in the study. ***Patients may have received a pharmacy
consult recommendation in more than one drug class listed.

31 (53%) of the patients with actionable flags and 17 (12%)
of the patients with informative flags (Figure 1). Drug
classes most commonly included medications for cardiol-
ogy, depression and anxiety, pain (opioids) and gastrointest-
inal management (Table 1). Taken together, 24.2% of the
actionable and informative flags had immediate clinical
value based on the pharmacist’s review. An additional 15
of 252 patients (6%) received pharmacist-identified PGx-
guided recommendations not flagged.

The pharmacy consult process produced additional
medication recommendations related to PGx that were not
identified in the automated clinical decision support notifi-
cation process because either 1) the condition did not appear
to be treated with medication or 2) there was not an immedi-
ate prescribing need. Examples of recommendations for

untreated conditions included initiating a medication to
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Figure | Overview of pharmacy consult results.

treat uncontrolled anxiety or depression, with attention to
a CYP2C19 and/or CYP2D6 genotype; examples of recom-
mendations for future prescribing included avoiding trama-
dol or codeine for future pain management in patients with
CYP2D6 UM and/or PM genotypes, and to carefully titrate
methadone if being used to treat OUD or chronic pain in
patients with altered CYP2B6 genotypes.

The pharmacy consult process appeared to serve as
a means for identifying additional prescribing issues not
related to PGx. Of the 252 patients, 217 (86%) received
one or more clinical recommendations not related to PGx.
The most common recommendation was to add a naloxone
prescription to the current prescription of opioids or medi-
cations for OUD (77% of 252). Also, 34% received
a recommendation to add or increase short-acting opioids
(SAO) to the current prescription of opioids as a break-
through pain agent, and 15% received a recommendation
to initiate gabapentin or titrate the dose of gabapentin.
While pharmacist consult reports may not be a consistent
part of routine clinical practice, pharmacist input in

L

139 patients with PGx reports
containing informative

guidance

17 patients with immediately
actionable Rx
recommendations

N S

complex pharmacotherapy decisions that involve PGx is
not uncommon.

Discussion

PGx testing can improve medication management for both
immediate and future needs by tailoring prescribing to
each patient’s metabolism status as determined by genet-
ics. However, the amount of data described in a typical
PGx lab report can be onerous to a clinician with limited
familiarity in pharmacogenomics, particularly as data is
generated independent of the patient’s clinical history and
current conditions. Recent reports have suggested that up
to 50% of physicians surveyed are not comfortable inter-
preting genetic laboratory reports.'®'? This paper adds to
the growing body of evidence that clinical pharmacists can
utility of PGx and
prescribing.>*'>'> In addition, this study described

help improve the improve
a process for reducing PGx laboratory report information
to a single page of patient-specific clinical recommenda-
tions. Furthermore, while clinical decision support tools

722 submit your manuscript
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are becoming more routine for pharmacogenomic manage-
ment, the pharmacists in this study were able to reduce the
number of report-based alerts independent of sophisticated
clinical decision support informatics.

In this study, the pharmacists created a manual process
for analyzing standard laboratory PGx report guidance,
combined with patient-specific medication and clinical
condition data to assemble a set of simplified clinical
recommendations that were communicated to the prescri-
ber via a simple single-page recommendation sheet. Three
pharmacists were involved in the process for the purpose
of the study to ensure consistency of results and to reduce
the risk of bias. The pharmacists involved in this study
believe this could be accomplished in a clinical setting
with only one pharmacist. The clinical setting would pre-
sumably offer greater access to patient medical records,
which would help alleviate assumptions and “what-if’s”
from the decision process and streamline execution of
recommendations. Pharmacists that engage in clinical
reviews to optimize drug therapy based on drug-drug,
drug-condition, and other patient-specific factors would
already have familiarized themselves with the patient’s
history and drug therapy plans; therefore, adding
a pharmacogenomic review at that point in the care pro-
cess would be relatively efficient. The pharmacists also
noted that reports were generated faster with experience,
signaling that other clinicians may find that pharmacoge-
nomic reviews can be completed more efficiently over
time. An implementation study identifying process metrics
and/or clinical outcomes may be warranted to further sup-
port or refute the notion that pharmacists can contribute
efficiently and effectively to clinical implementation of
pharmacogenomics. However, this study clarifies that
implementation efforts that rely solely on clinical decision
support tools may be limited in their ability to capture all
potential recommendations, and may bring up many poten-
tial issues that may not be relevant to the patient’s immedi-
ate care.

The pharmacist’s clinical recommendations were com-
pared with the flags identified in the standard PGx laboratory
report. The pharmacy consult process identified 53% of the
actionable flags and 12% of the informative flags as imme-
diately clinically relevant. This finding supports the idea that
not all flags in a PGx report should necessarily be acted upon
if the patient is stable and not experiencing any difficulties.
More specifically, involving a pharmacist in the process
substantially reduced the number of flags for immediate
clinical application. The lower percentage of pharmacist

recommendations is likely a function of the point in the
care process where the PGx testing occurred. A substantial
portion of PGx guidance is related to identifying a starting
dose of therapy that can later be titrated based on clinical
response. Because testing took place long after much of the
drug therapy was initiated, PGx guidance/flags that only
informs starting doses would be relatively moot. This issue
should not be taken to imply that PGx data is of limited
value, but that pharmacists can help to ensure proper appli-
cation of PGx throughout the care process. In addition,
pharmacists identified additional recommendations (both
PGx-related and general clinical recommendations) not
highlighted in the report due to patient-specific factors not
captured in the automatic clinical decision support notifica-
tion process. Recommendations identified in this way often
referenced CPIC, FDA, PharmGKB, and/or related clinical
guidelines to the respective disease state(s) referenced and
highlight the need for reviewing additional patient-specific
characteristics, such as concurrent disease states and missing
or extraneous medications. These additional recommenda-
tions reinforce that pharmacist participation in the care pro-
cess may have benefits beyond PGx integration.

Limitations

The nature of the study design created a situation where
pharmacists were not provided with treatment history and/or
level of control/severity of clinical conditions. The list of
clinical conditions provided may have also been incomplete.
These limitations did not prevent recommendation genera-
tion, but recommendations often were given with qualifiers,
such as “if appropriate per the associated condition”. While
these are limitations of the analysis, they are not dissimilar
from real-world consult requests where limited information
may be provided to the consulting pharmacist and may
additionally over- or underestimate necessary interventions.
However, quantification of recommendations and associated
statistics are provided not for the purpose of application to
other patient populations, but only to objectively indicate
that recommendations were observed related to actionable
PGgx, informative PGx, unflagged but PGx-related, and gen-
eral (non-PGx) needs. Scalability of a consultation model
could certainly be debated,'® but work to initiate a consult-
based pharmacogenomics approach may create a simple
starting point similar to other early PGx implementation
models.'” Further work towards implementing robust clin-
ical decision support tools within an electronic health record
could follow this model over time as those services become
more widely accessible. Finally, recommendations do have
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some clinical subjectivity, but efforts were made to mitigate
the subjectivity by involving three pharmacists with diverse
clinical backgrounds.

Conclusion

While PGx provides another opportunity for pharmacother-
apy personalization, PGx data must be considered within the
context of other patient-specific factors. Pharmacists were
able to streamline the PGx report flags and identify other
pharmacotherapy interventions following application of
patient-specific data, thereby developing a brief report of
recommendations for the patient’s prescriber(s). Engaging
clinical pharmacists in the PGx clinical decision process
may help to facilitate more widespread PGx implementation.
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