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Multisite investigation of strategies for the clinical
implementation of pre-emptive pharmacogenetic testing
Julio D. Duarte 1✉, Rachel Dalton1, Amanda L. Elchynski1, D. Max Smith2,3, Emily J. Cicali1, James C. Lee4, Benjamin Q. Duong5,
Natasha J. Petry6,7, Christina L. Aquilante8, Amber L. Beitelshees9, Philip E. Empey10, Julie A. Johnson1, Aniwaa Owusu Obeng11,
Amy L. Pasternak12, Victoria M. Pratt13, Laura B. Ramsey14, Sony Tuteja15, Sara L. Van Driest16, Kristin Wiisanen1, J. Kevin Hicks17,
Larisa H. Cavallari1 and IGNITE Network Pharmacogenetics Working Group

PURPOSE: The increased availability of clinical pharmacogenetic (PGx) guidelines and decreasing costs for genetic testing have
slowly led to increased utilization of PGx testing in clinical practice. Pre-emptive PGx testing, where testing is performed in advance
of drug prescribing, is one means to ensure results are available at the time of prescribing decisions. However, the most efficient
and effective methods to clinically implement this strategy remain unclear.
METHODS: In this report, we compare and contrast implementation strategies for pre-emptive PGx testing by 15 early-adopter
institutions. We surveyed these groups, collecting data on testing approaches, team composition, and workflow dynamics, in
addition to estimated third-party reimbursement rates.
RESULTS: We found that while pre-emptive PGx testing models varied across sites, institutions shared several commonalities,
including methods to identify patients eligible for testing, involvement of a precision medicine clinical team in program leadership,
and the implementation of pharmacogenes with Clinical Pharmacogenetics Implementation Consortium guidelines available.
Finally, while reimbursement rate data were difficult to obtain, the data available suggested that reimbursement rates for pre-
emptive PGx testing remain low.
CONCLUSION: These findings should inform the establishment of future implementation efforts at institutions considering a pre-
emptive PGx testing program.
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INTRODUCTION
Pharmacogenetic (PGx) testing is increasingly used in clinical
practice as one approach to increase the implementation of
precision medicine. As cost efficiency of genotyping technology
has improved and the availability of clinical guidelines to inform
the use of PGx test results have become available, so has clinical
PGx testing become increasingly utilized [1, 2]. When testing for
PGx variants, genotyping can follow a reactive or pre-emptive
testing strategy. Reactive PGx testing refers to genotyping
performed after a decision is made to prescribe a medication or
in response to suspected drug-induced adverse effects or poor
pharmacotherapy response [3]. This requires the prescriber to
either wait for the test results before prescribing a medication or
prescribe without PGx information and then potentially change
the prescription once results are available. Pre-emptive PGx
testing, on the other hand, occurs when the testing is performed,
and results are made available, prior to any medication decisions

being made. The goal of pre-emptive testing is for PGx
information to be readily available at the time pharmacotherapy
decisions are being made to guide initial medication selection and
dosing. Pre-emptive testing can include a variety of strategies,
including PGx testing of large, unselected populations of
individuals; testing of selected populations likely to be treated
with a relevant drug; or panel-based testing where the initial use
of the test is reactive, but results relevant to future prescriptions
are available pre-emptively as discussed below.
PGx test results are relevant well beyond their initial use and are

applicable to guide future prescribing decisions [4]. This is
especially true given that multiple medications may be impacted
by a single pharmacogene (e.g., CYP2D6 or CYP2C19). In addition,
medications addressed in PGx guidelines are commonly used in
clinical practice, further supporting the value of panel-based PGx
test results. Of the top 300 prescribed medications in 2020, 34%
are moderately to strongly associated with genetic information

1Department of Pharmacotherapy and Translational Research and Center for Pharmacogenomics and Precision Medicine, University of Florida College of Pharmacy, Gainesville,
FL, USA. 2MedStar Health, Columbia, MD, USA. 3Georgetown University Medical Center, Washington, DC, USA. 4Department of Pharmacy Practice, University of Illinois at Chicago,
Chicago, IL, USA. 5Precision Medicine, Nemours Children’s Health, Wilmington, DE, USA. 6Sanford Health Imagenetics, Sioux Falls, SD, USA. 7Department of Pharmacy Practice,
North Dakota State University, Fargo, ND, USA. 8Colorado Center for Personalized Medicine and Department of Pharmaceutical Sciences, University of Colorado Schools of
Medicine and Pharmacy, Aurora, CO, USA. 9Department of Medicine, University of Maryland School of Medicine, Baltimore, MD, USA. 10Department of Pharmacy & Therapeutics,
University of Pittsburgh School of Pharmacy, Pittsburgh, PA, USA. 11The Charles Bronfman Institute for Personalized Medicine, Departments of Medicine and Genetics and
Genomics Sciences, Icahn School of Medicine at Mount Sinai, Pharmacy Department, The Mount Sinai Hospital, New York, NY, USA. 12Department of Clinical Pharmacy, University
of Michigan College of Pharmacy, Ann Arbor, MI, USA. 13Department of Medical and Molecular Genetics, Indiana University School of Medicine, Indianapolis, IN, USA.
14Department of Pediatrics, College of Medicine, University of Cincinnati, Divisions of Research in Patient Services and Clinical Pharmacology, Cincinnati Children’s Hospital
Medical Center, Cincinnati, OH, USA. 15Department of Medicine, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA. 16Departments of Pediatrics and
Medicine, Vanderbilt University Medical Center, Nashville, TN, USA. 17Department of Individualized Cancer Management, H. Lee Moffitt Cancer Center and Research Institute,
Tampa, FL, USA. ✉email: juliod@cop.ufl.edu

www.nature.com/gim

© The Author(s), under exclusive licence to the American College of Medical Genetics and Genomics 2021

1
2
3
4
5
6
7
8
9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-021-01269-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-021-01269-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-021-01269-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-021-01269-9&domain=pdf
http://orcid.org/0000-0001-9766-4038
http://orcid.org/0000-0001-9766-4038
http://orcid.org/0000-0001-9766-4038
http://orcid.org/0000-0001-9766-4038
http://orcid.org/0000-0001-9766-4038
mailto:juliod@cop.ufl.edu
www.nature.com/gim


that could be used to guide their prescribing [5]. Moreover,
multiple reports have found that approximately two-thirds of the
general patient population will be prescribed a pharmacogeneti-
cally actionable medication within five years [6]. While the exact
population for pre-emptive testing has not been widely estab-
lished or accepted, these data indicate that a high percentage of
the population will receive a medication impacted by PGx variants
at some point in their lifetime.
The strategies employed for pre-emptive PGx testing can be

separated into three categories. First, fully pre-emptive testing
involves genotyping patients (often using a multigene panel)
before any specific prescription associated with potential genetic
guidance was written. Next, partially pre-emptive testing entails
genotyping using a multigene panel in response to a specific
prescription where genetic guidance was sought (a reactive
approach), but with the inclusion of additional genes providing
pre-emptive data for subsequent prescribing. Finally, reactive
testing with planned reuse involves ordering PGx testing in
response to a specific prescription where genetic guidance was
sought, and only testing for the gene(s) associated with that
prescription (a reactive approach). However, a method is
implemented (usually an automated clinical decision support
tool), allowing use of the genotype data to inform future therapy
with other drugs. An example of reactive testing with planned
reuse would be a patient tested for CYP2C19 to inform an
antidepressant prescription but then having those data stored in
the electronic health record (EHR) with automated clinical decision
support tools built to alert prescribers of these genotype results
and relevant CYP2C19-guided antiplatelet recommendations if the
patient were to undergo percutaneous coronary intervention in
the future.
Historically, fully pre-emptive PGx testing (in the absence of an

immediate need for test results) has only been implemented at a
few institutions, often focused in the cancer setting [1, 7, 8].
However, multiple programs have recently implemented mixed
models of reactive and pre-emptive testing. The objective of this
project was to characterize institutions implementing pre-emptive
PGx testing within the National Human Genome Research Institute
(NHGRI)-funded Implementing GeNomics In pracTicE (IGNITE)
Network Pharmacogenetics Working Group as well as to compare
and contrast the strategies used to inform future pre-emptive PGx
implementation efforts.

MATERIALS AND METHODS
Members of the IGNITE Pharmacogenetics Working Group who repre-
sented institutions that were either currently offering, planning to offer, or
previously offered pre-emptive PGx testing were invited to participate in
an online survey. Briefly, the PGx Working Group includes both funded and
affiliate members of the IGNITE Network (https://www.genome.gov/
Funded-Programs-Projects/Implementing-Genomics-in-Practice-IGNITE).
Application for affiliate membership is open to institutions with an interest
in clinical genomic or pharmacogenomic testing. The IGNITE PGx Working
Group was formed in 2015 with the goal of broadly engaging institutions
that had implemented PGx in practice to share experiences with
implementation and collectively disseminate implementation strategies.
Implementation at each site occurred independently and in many cases
began prior to Working Group activities. Thus, the resources and capacities
of the institutions included in the Working Group, and the unfunded
affiliate member sites in particular, are expected to be similar to those at
other institutions that have implemented or are interested in implement-
ing PGx testing [9].
The survey was administered using a Research Electronic Data Capture

(REDCap) instance hosted at the University of Florida [10]. A copy of the
survey questions is provided in the Supplemental materials. The study was
approved by University of Florida Institutional Review Board as exempt
research. Survey questions were designed to assess implementation
strategies, priorities, and challenges encountered. The survey captured
general characteristics of the institutions (e.g., practice settings, stage in
the implementation process, and research versus clinical approach to

implementation) and specific strategies for implementing pre-emptive PGx
(e.g., how results were stored, types of providers ordering testing, clinical
decision support). The survey consisted of 34 questions and was estimated
to take the participants approximately 30–60minutes to complete.
Responses were exported from REDCap and analyzed using R version

3.6.3. For some questions, it was possible for each site to select multiple
responses and/or select “other” and enter a free-text response. Data were
summarized by calculating the proportion of sites that selected each
response. Free-text responses were either recoded as a similar response
from the survey or as a new response variable. A consensus between two
members of the study team was required before recoding. Any
disagreements were decided by a third study team member.

RESULTS
Representatives from 15 institutions completed the survey
(Table 1), representing over 60% of all affiliated institutions within
the IGNITE PGx Working Group. Most sites represented in the
survey were academic health centers, but nonprofit and for-profit
health systems were also represented. While two sites were still in
the planning stages, the rest of the sites had implemented some
form of pre-emptive PGx testing. Three sites had previously
implemented pre-emptive testing but were no longer offering this
type of testing at the time of the survey. Two of these institutions
ended pre-emptive testing because their programs were primarily
funded as part of a research effort that ended. Another institution
stopped pre-emptive PGx testing for multiple reasons including
poor third-party payer reimbursement and a perceived lack of
sufficient data supporting every gene–drug pair being tested for.

Implementation strategies used
The pre-emptive PGx testing model being utilized varied among
institutions, with approximately half implementing fully pre-
emptive testing (Table 1). In most cases, this involved testing
with a multigene panel. However, in some cases it involved testing
for a single gene to assist with drug prescribing in a population
selected for a high likelihood of being prescribed the target drug
(s), such as CYP2D6 genotyping prior to surgery to assist with
postoperative pain management or CYP2C19 testing at the time of
cardiac catheterization in the event the patient proceeded to
percutaneous coronary intervention and required antiplatelet
therapy. Another 33% of sites implemented partially pre-emptive
testing, and the remaining 33% implemented reactive testing with
planned reuse only. All sites reported that in addition to pre-
emptive PGx testing, reactive PGx genotyping was also offered at
their institutions. Where applicable, figures are presented with
testing strategy color-coded. Institutions implementing fully or
partially pre-emptive testing were combined to reflect their more
pre-emptive nature. The remaining institutions fell in the “reactive
with planned reuse” category and were labeled as such.

Implementation characteristics
All institutions reported that pre-emptive PGx testing efforts were,
at least in part, led by a precision medicine/PGx service
(Supplementary Figure 1A). This team also shared responsibility
at all sites for providing guidance on test interpretation
(Supplementary Figure 1B). Pharmacy service departments were
the next most common organizational units responsible for
leading testing efforts and interpreting results. In a majority of
institutions, the medication prescriber was most often responsible
for identifying patients for testing, ordering the PGx test, and
communicating results to the patient (Fig. 1). Along with the
medication prescriber, the patient (by self-referral) also initiated
testing in over 50% of institutions. When it came to actually
ordering the test, the PGx/precision medicine team shared
responsibility at nearly 50% of institutions.
Institutions were almost evenly split between targeting only

adults for pre-emptive testing (47%) and having no specific age
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target (53%). Similarly, institutions were nearly evenly distributed
between a solely outpatient-focused program (47%) versus having
no setting restrictions (47%), with only 6% focusing exclusively on
inpatients. Psychiatric and oncology patients were the most
commonly targeted patient populations, with 40% of institutions
targeting these patients for pre-emptive PGx testing (Fig. 2).
Once PGx results were obtained, nearly 70% of institutions

stored results within the laboratory results section and just over
50% used a specific PGx section within the EHR (Supplementary
Figure 2A). PGx results were most often communicated to the
prescriber via either a laboratory result or through a clinical
consultation note within the EHR (Supplementary Figure 2BA).

Implemented tests
The genes pre-emptively tested varied among sites, but CYP2C19,
CYP2C9, VKORC1, and CYP2D6 were tested at nearly all institutions
(Fig. 3a). Reflecting the popularity of testing these genes, selective
serotonin reuptake inhibitors (SSRIs), voriconazole, clopidogrel,
opioids, and warfarin were the drugs for which PGx recommenda-
tions or guidance were most commonly provided (Fig. 3b). Along
with the SSRIs, amitriptyline, nortriptyline, and atomoxetine had

some of the highest rates of automated clinical decision support
tools built within the EHR to provide PGx recommendations.
Within institutions not providing EHR alerts, all implementations
not part of a research project reported providing a consult note
within the medical record as an alternative method of providing
recommendations. Nearly all medications that were guided by
pre-emptive PGx data at more than one institution had Clinical
Pharmacogenetics Implementation Consortium (CPIC) guidelines
available to guide therapy.

Test reimbursement
Within the subset of nine institutions that billed for any type of
pre-emptive PGx testing at the time of the survey, respondents
reported an estimated maximum patient out-of-pocket costs of
$500 or less. Approximately 55% reported a maximum out-of-
pocket cost between $251 and $500, with the other 45% reporting
a cost of $250 or less (Supplementary Figure 3A). The estimated
cost did not appear to differ between pre-emptive or reactive with
planned reuse strategies. Only five sites were able to provide
estimates of third-party reimbursement rates for pre-emptive
testing. Of the sites that responded, most estimated that
reimbursement (of any amount) was received for less than 25%
of the tests completed (Supplementary Figure 3A).

DISCUSSION
The results of our survey reflect a relatively even distribution of
pre-emptive PGx testing models in clinical practice. Despite this,
we observed many common elements to each implementation,
such as leadership by a PGx or precision medicine team,
prescribers being primarily responsible for identifying which
patients to test, implementation of testing within the outpatient
setting, and inclusion of gene–drug pairs supported by CPIC
guidelines. These commonalities suggest that while a consensus
may not yet exist regarding the most effective overall pre-emptive
testing strategy to implement, there appears to be notable
agreement regarding many of the implementation logistics. The
most common overall strategy for pre-emptive testing was a fully
pre-emptive testing design (often in select populations with high
likelihood of exposure to relevant drugs) with many institutions
also implementing a partially pre-emptive strategy where testing
is completed reactively for a specific drug, but additional genes
are also tested for pre-emptively. The high rate of partial pre-
emptive testing may be because reimbursement for fully pre-
emptive testing with a panel (in absence of an immediate use of
test results) is currently a major challenge that likely limits broad
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Fig. 1 PGx test ordering and communication. Personnel responsible for ordering pre-emptive pharmacogenetic (PGx) tests (a) and
communicating PGx test results to patients (b).
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utilized within each category.

J.D. Duarte et al.

2338

Genetics in Medicine (2021) 23:2335 – 2341



use of this approach. On the other hand, a model that includes use
of some panel results immediately to guide prescribing may allow
for reimbursement for at least the gene relevant for immediate
prescribing decisions.
PGx implementation efforts and test interpretation services

were primarily led by PGx/precision medicine teams. While this
could be due to a desire to consolidate PGx expertise into a single
group, the lack of experience and comfort level in interpreting
PGx results by many health-care providers might also play a role
[11, 12]. The most common uses of panel-based testing were for
cancer-related supportive care as well as the management of
psychiatric disorders and cardiovascular disease. The number of
genes included on testing panels ranged from as few as 2 to over
40. Four pharmacogenes (CYP2C9, CYP2C19, VKORC1, and CYP2D6)
were consistently tested by ≥75% of institutions, suggesting a
consensus regarding the importance of pre-emptively testing for
those genes. Nearly all sites reported using pre-emptive PGx
testing to inform prescribing of SSRIs, voriconazole, or clopidogrel.
All of these medications, as well as a majority of those reported by
more than one institution, were associated with a CPIC guideline
to guide prescribing. However, other medications like oxycodone
and siponimod were informed by PGx at multiple institutions, but
did not have CPIC recommendations available at the time of the
survey. Additionally, many of the medications reported by only a
few institutions do not have CPIC recommendations available. This
likely reflects institution-specific decision making processes that
are used to determine which medications have sufficient evidence
to be informed by PGx data. It could also reflect the use of

commercial testing panels that often include a larger number of
pharmacogenes.
Our survey results also indicate that reactive testing with

planned reuse is associated with a similar out-of-pocket cost for
patients as more comprehensive panel-based testing. This might
seem counterintuitive since smaller panels test for far fewer
variants than larger panels, but a majority of the costs associated
with PGx testing are fixed, such as labor, equipment, and
overhead. The ability to batch samples for truly pre-emptive
panel-based testing, where there is no immediate indication for
the results, significantly reduces the labor cost compared to
reactive PGx tests in which only a few samples and, in some cases,
only a single sample may be run at a time. Despite the improved
cost efficiency associated with panel-based pre-emptive testing,
the fact that most institutions reported little to no reimbursement
from third-party payers remains a major barrier to broad scale pre-
emptive PGx testing across the nation. Indeed, only two
institutions reported receiving reimbursement for at least 50%
of patients tested. Reimbursement amounts vary greatly by
gene–drug pair, as do reimbursement success rates [13]. Even
when reimbursement occurs, anecdotal reports from our Working
Group suggest that the amount collected commonly does not
cover the cost of testing for the institution. Third-party payers may
be seeking additional research to provide prospective outcome
measures, defined target populations, predictive economic
models, and randomized trial data to support new reimbursement
policies [3]. However, requiring this magnitude of data, particularly
randomized trial data, prior to reimbursement has been proposed
to hold PGx testing to a higher standard than most other
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Fig. 3 Genes and medications targeted. Genes included in pre-emptive pharmacogenetic (PGx) tests (a) and the drugs informed by pre-
emptive PGx testing at >1 institution with or without electronic health record (EHR) clinical decision support alert/tool (b). *Availability of a
Clinical PGx Implementation Consortium (CPIC) guideline to guide prescribing. Shades represent test characteristics within each category.
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laboratory tests used to guide pharmacotherapy [14]. Movement
toward health care supporting value-based care and pre-emptive
health service may drive demand for pre-emptive PGx coverage
[3]. In fact, there are signs that some payers are beginning to
embrace pre-emptive PGx testing with some Medicare adminis-
trative contractors now providing reimbursement for multigene
PGx tests [15].
To optimize the value of pre-emptive testing, it is critical to

store the results as discrete data that are easily accessible and
build a mechanism to alert the prescriber to the availability of the
results and the appropriate action based on results. Ideally, results
should be placed in a section of the EHR for lifetime results.
Almost every site in this study reported storing PGx results as
discrete data somewhere within the EHR. This allows for
electronic clinical decision support to alert the prescriber at the
time a medication is being ordered if the patient has a genotype
associated with risk for reduced drug effectiveness or increased
toxicity. Automated computer decision support (CDS) is crucial to
sustainable pre-emptive PGx implementation because as the
number of patients being tested and drugs being informed by
the results increase, it becomes less feasible for a clinician
specializing in PGx to manually provide a recommendation each
time. A commonly used alternative to CDS, consult notes placed
in the EHR, provide decision support at the time they are written,
but they are unable to provide point of care decision support
each time a drug impacted by an actionable genotype is
prescribed.
In addition to the institutions surveyed as part of this project,

other institutions outside of the IGNITE Pharmacogenetics Work-
ing Group have reported their approaches to implementation of
pre-emptive PGx testing. St. Jude Children’s Research Hospital
launched the PG4KDS protocol in 2011, which uses fully pre-
emptive array-based PGx testing as part of routine clinical practice
and systematically introduces new gene/drug pairs as the
evidence evolves [16]. Mayo Clinic also offers fully pre-emptive
PGx testing through their RIGHT protocol, storing PGx data into
the EHR for clinical use, as well as using the data for research
[17, 18]. Outside of the United States, the Ubiquitous Pharmaco-
genomics Consortium developed a standardized pre-emptive
panel called the “PGx-Passport” that is based on the Dutch
Pharmacogenetics Working Group (DPWG) guidelines and consists
of 58 germline variant alleles within 13 pharmacogenes [19]. The
PGx-Passport is being used in their PREemptive Pharmacoge-
nomic testing for Preventing Adverse Drug REaction (PREPARE)
study, a prospective, randomized, controlled clinical trial in which
they are enrolling 8,100 patients from seven European countries
for partially pre-emptive PGx testing and quantifying the clinical
utility and cost-effectiveness of this panel-based approach to
guide dose and drug selection across multiple actionable
gene–drug pairs [20]. Several pharmacogenes are clinically tested
for across these additional sites, including CYP2C9, CYP2C19,
CYP2D6, CYP3A5, TPMT, NUDT15, SLCO1B1, DPYD, UGT1A1. This list
is nearly identical to the most-tested genes in our survey, further
indicating a consensus regarding pharmacogenes that are ready
for clinical implementation.
When designing a pre-emptive PGx testing strategy, there are

several factors to consider. One important factor is what genes
should be included in the panel. As discussed above, the genes
most often included in pre-emptive PGx testing (both within and
outside of the IGNITE PGx Working Group) all have CPIC guidelines
associated with them. CPIC is an international consortium whose
goal is to reduce barriers to clinical implementation of PGx testing
by providing evidence-based guidelines for the clinical use of PGx
information [2, 21]. As of May 2021, they have published 25
guidelines, many encompassing multiple pharmacogenes and
drugs. CPIC guidelines do not provide recommendations on

whether or not to test, but do provide guidance on how to use
PGx results if they are available. Thus, once institutions make a
decision on what pharmacogenes to include for testing, CPIC
guidelines can provide a valuable resource informing best
practices for how to clinically use the results. Another considera-
tion when designing a pre-emptive strategy is cost. As discussed
above, reimbursement experiences for clinical testing vary
significantly, so narrowing testing platforms to include fewer
genes with better reimbursement histories is a potential approach.
However, as also discussed, including more genes in a panel
increases clinical utility while generally incurring a similar cost. As
PGx panel reimbursement becomes more commonplace, we
expect these dynamics will change.
To our knowledge, this is the largest survey of institutions that

have implemented pre-emptive PGx testing into clinical practice.
The results of this survey provide important insights into how
institutions across the United States have implemented pre-
emptive PGx testing, the genes included for testing, and methods
for disseminating the results. As discussed above, many similarities
exist in how pre-emptive PGx testing is implemented among
institutions. However, some components are tailored to the
environment of the institution, and this work identified different
approaches for implementing pre-emptive PGx testing (e.g.,
location in EHR where pre-emptive PGx test results are stored
for future use, methods used for identifying patients for pre-
emptive PGx testing). These data should help inform efforts at
institutions considering implementation of pre-emptive PGx
testing by providing data on aspects where wide agreement
exists and where institution-specific methods should potentially
be explored.
This study also had some limitations. The majority of survey

respondents represented academic hospitals, which may limit the
applicability to community ambulatory settings. Furthermore,
specific genotype-guided recommendations were not captured in
this survey, nor did we capture the medication indications for
which PGx testing was provided. Although most sites were able to
report their estimated maximum out-of-pocket test costs, only a
few were able to provide estimates on the percentage of tests
reimbursed by third-party payers. While a comprehensive analysis
of reimbursement rates and financial impact on health systems
was beyond the scope of this study, this study highlights the
difficulty of obtaining these data in the current health-care
environment in the United States.
Pre-emptive PGx testing models varied among sites (e.g., fully,

pre-emptive, partially pre-emptive, and reactive testing with
planned reuse). However, institutions shared several commonal-
ities (e.g., prescribers identify candidates for testing, involvement
of a precision medicine or PGx service). More research is needed
on the clinical utility, clinical outcomes, and cost-effectiveness of
these programs. Future research should also explore mechanisms
for reporting pre-emptive PGx panel results and potentially billing
for pre-emptive test results when they are needed in the future.
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