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Introduction

In his 2015 State of the Union Address, former President Obama announced the Precision
Medicine Initiative signaling continued U.S. government support toward individualized
disease detection, prevention, and management strategies.> Pharmacogenomics is one
component of precision medicine and promises to optimize drug therapy through the
incorporation of an individual’s genetic information in drug prescribing decisions. Genotype
specifically influences pharmacokinetics and pharmacodynamics and allows for prediction
of risk for adverse drug effects and likelihood of drug effectiveness.

Following decades of research into genetic determinants of drug response,
pharmacogenomics is entering clinical practice at institutions across the U.S. and
Europe.2"11 Guidelines by the Clinical Pharmacogenetics Implementation Consortium
(CPIC) and Dutch Pharmacogenetics Working Group (DPWG) have facilitated the adoption
of genotype-guided therapy by informing implementation priorities and strategies.12:13
These guidelines specifically provide recommendations for how to translate genotype results
to prescribing decisions for gene-drug pairs with evidence supporting their incorporation in
clinical practice.

Clinical validity is well established for gene-drug pairs addressed by the CPIC and DPGW.
However, evidence supporting the clinical utility of testing is much more limited. While
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randomized controlled trials (RCTs) are considered the gold standard for establishing
clinical utility and informing treatment guidelines, few have been done in the field of
pharmacogenomics. Some in fact argue that RCTs should not be the level of evidentiary
support required for pharmacogenomic implementation.14-16 Rather, genotype may be
viewed as one of a number of patient-specific factors that influence drug response, as
shown in Figure 1. Laboratory tests such as serum creatinine, hemoglobin, and serum
potassium are routinely ordered prior to initiating drug therapy to guide drug and dose
selection in the absence of RCT evidence to support this approach. Genotype is essentially
another laboratory test that can be considered in the context of other patient-specific factors
to enable individualized drug therapy. Nonetheless, demonstrating value with genotype-
guided therapy is needed to influence policy makers and key stakeholders in genomic
medicine, including providers and third party payers. Herein, we discuss existing data and
on-going efforts to generate evidence in support of genotype-guided therapy approaches and
reimbursement for pharmacogenomic testing.

Building Evidence to Support Pharmacogenomic Implementation

Randomized Controlled Trial Evidence

Table 1 summarizes gene-drug pairs investigated in RCTs, which include HLA-B*57:01-
abacavir, TPMT-thiopurines, and CYP2C9%VKORCI-warfarin. In the case of abacavir, the
PREDICT-1 trial of nearly 2,000 patients showed that prospective screening for the HLA-
B*57:01, with avoidance of abacavir in patients testing positive for the allele, resulted

in a significant reduction in the risk for immunologically confirmed hypersensitivity
reactions, with a 100% negative predictive value.l” Based on these data, the Food and
Drug Administration (FDA), European Medicines Agency, CPIC, DPWG, and Human
Immunodeficiency Virus treatment guidelines recommend HLA-B*57:01 screening prior to
initiation of abacavir-containing regimens.18:19 Similarly, 7PV 7-guided thiopurine dosing
was shown to reduce the risk for adverse hematologic reactions in variant allele carriers,
with CPIC and DPWG guidelines available and 7PMT genotyping routinely incorporated
into thiopurine dosing decisions at many institutions.3.7:8:20.21

Genotype-guided warfarin dosing is probably the most extensively studied
pharmacogenomic intervention, with three large RCTs investigating the efficacy of
genotype-guided warfarin dosing.22-24 Only the most recent trial, GIFT, had sufficient
power to examine clinical outcomes with warfarin pharmacogenomics, whereas previous
trials focused on the endpoint of time in therapeutic range. Among patients who underwent
elective hip or knee arthroplasty, GIFT demonstrated a 27% relative risk reduction in the
composite outcome of death, venous thromboembolism, major bleeding, or an international
normalized ratio (INR) = 4 with a genotype-guided dosing approach versus dosing based
on clinical factors.2# These findings are consistent with data from the EU-PACT trial,
which demonstrated greater time in the therapeutic INR range with genotype-guided dosing
compared to a traditional dosing approach.23 In contrast, the COAG trial, which included a
more racially diverse population than either the EU-PACT trial or GIFT, found no difference
in time in therapeutic INR range between genotype-guided dosing versus clinically-guided
dosing.22 In the subset of African Americans, genotype-guided dosing led to lower time
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in therapeutic range compared to clinical dosing, which is probably because the study did
not genotype for many of the variants influencing warfarin dose requirements in African
Americans.2® Other factors that may have contributed to disparate findings across studies are
summarized elsewhere.26:27

CPIC guidelines for genotype-guided warfarin dosing were originally published in 2011
prior to the release of data from large RCTs.28 Even so, the guidelines strongly
recommended using genotype data to dose warfarin when such data are available based

on the strong and consistent evidence that genotype influences dose requirements. The
guidelines were updated in 2018 to emphasize the importance of genotyping persons

of African ancestry for variants important in this population.2® However, based on the
disparate results of the EU-PACT and COAG trials and controversy this generated, there
are few examples of genotype-guided warfarin dosing in practice, and most of these involve
pharmacogenomic panel-based testing where warfarin-related genotypes are included in
among numerous other genotypes with implications for other drug responses.2:6.8:30

Alternative Methods of Evidence Generation

With the rapidly growing number of discoveries in the field of pharmacogenomics,
conducting a RCT for each gene-drug pair is impractical from a time and cost perspective
and a more efficient approach is needed to generate evidence to support translation into
patient care. Pharmacogenomic clinical trials are especially challenging since for any
given gene-drug pair only a small portion of the population carries a variant allele(s)
associated with drug toxicity or ineffectiveness. Otherwise the drug would never have
reached the market. In this regard, pharmacogenomics is a study of outliers, and very

large study populations may be needed to detect significant effects. A RCT may be also
unethical when the consequences of drug exposure in a genetically predisposed patient can
be life-threatening. Such is the case with the HLA-B*15:02allele, which is found most
often in persons of southeastern Asian ancestry and significantly increases the risk for
carbamazepine-induced Stevens-Johnson syndrome and toxic epidermal necrolysis. In lieu
of a RCT, a prospective cohort study of 4877 carbamazepine candidates was conducted
and showed that, compared to historical incidence rates, genetic screening with avoidance
of carbamazepine in HLA*15:02 positive patients significantly reduced the occurrence

of severe cutaneous reactions.3! The FDA-approved carbamazepine labeling includes a
boxed warning about the risk for severe cutaneous reactions in individuals with the HLA-
B*15:02allele and states that genotyping should be done prior to carbamazepine use in
at-risk populations (i.e. southeast Asian populations). Similar data exist with HLA-B*58:01
screening to predict risk for several cutaneous adverse reactions to allopurinol.32 Guidelines
by both CPIC and the Canadian Pharmacogenomics Network for Drug Safety address risk
associated with the HLA-B genotype for carbamazepine, and CPIC provides additional
guidelines for allopurinol.33-35

One alternative approach to an RCT is to gather evidence as part of continuing clinical

care in a learning health system model through practice-based pragmatic studies.36:37 Unlike
RCTs, pragmatic studies are conducted in the context of clinical practice and reflect the
effectiveness of an intervention in a real-world setting.38 As such, an advantage of pragmatic
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study results is that they are more generalizable than those from RCTSs, which have strict
eligibility criteria and are conducted in controlled settings to minimize selection bias and
confounding and maximize internal validity.3° Pragmatic studies are also less rigorous by
nature and thus more efficient to conduct. On the other hand, the major limitation with
pragmatic studies is that there is less control for sources of bias creating greater uncertainty
and necessitating statistical techniques such as propensity score matching to account for
differences between treatment groups.3?

Pragmatic and Observational Studies of CYP2C19-Guided Antiplatelet Prescribing

CYP2C19-clopidogrel is an example of a gene-drug pair with evidence of benefit from
pragmatic studies. Clopidogrel is a prodrug, and the CYP2C19 enzyme has a critical role
in clopidogrel bioactivation. Approximately 30% of Whites and African Americans and up
to 60% of Asians carry a nonfunctional CYP2C19allele leading to impaired clopidogrel
bioactivation and lesser clopidogrel-mediated effects, the consequences of which are
greatest for patients undergoing percutaneous coronary intervention (PCI).40-42 Specifically,
numerous studies have demonstrated an increased risk for adverse cardiovascular events
after PCI in clopidogrel-treated patients with a nonfunctional allele compared to similarly
treated patients with normal or increased function alleles.%43 Two RCTSs investigating the
clinical utility of CYP2C19-guided clopidogrel prescribing after PCI are going but not
expected to be completed until 2019 to 2020 (ClinicalTrials.gov Identifier: NCT01742117
and NCT01761786).44

A number of institutions have clinically implemented CYP2C19testing to guide post-PCI
antiplatelet therapy ahead of clinical trial results.*® In fact, CYP2C19-clopidogrel is one

of the most common gene-drug pairs implemented in practice.8 As part of the National
Institutes of Health-funded Implementing GeNomics In pracTicE (IGNITE) Network
Pharmacogenomics Working Group, seven U.S. institutions pooled data for 1,850 patients
who were genotyped for CYP2C19variants at the time of emergent or elective PCI, with
genotype results placed in the electronic health record.846:47 Consistent with a pragmatic
study design, alternative antiplatelet therapy (e.g. prasugrel or ticagrelor) was recommended
in patients with one or two nonfunctional alleles (i.e. intermediate or poor metabolizers), but
the ultimate prescribing decision was left to the discretion of the physician. Approximately
31% of patients had a nonfunctional allele, and alternative therapy was prescribed in 61%
of these patients, while the remainder were treated with clopidogrel. In contrast, only 15.5%
of patients without a nonfunctional allele were prescribed prasugrel or ticagrelor. After
propensity scoring to account for differences between groups, the risk for major adverse
cardiovascular events (defined as the composite outcome of death, myocardial infarction,

or ischemic stroke) over a median follow-up of approximately 5 months, was significantly
higher in carriers of a nonfunctional allele prescribed clopidogrel versus alternative therapy
(adjusted hazard ratio 2.26, 95% CI 1.18-4.32). There was no difference in risk for
cardiovascular events between carriers of a nonfunctional allele prescribed alternative
therapy and those without a non-functional allele. The group is currently conducting a cost
effectiveness study based on these data.
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These data are consistent with findings from a Dutch study of patients genotyped at

the time of elective PC1.9 In contrast to the U.S. study, alternative antiplatelet therapy
was only recommended in poor metabolizers (with two nonfunctional alleles). Over an
18-month follow-up period, there were significantly more adverse cardiovascular events
in poor metabolizers treated with clopidogrel versus alternative antiplatelet therapy. An
additional study, conducted in Spain, compared outcomes between patients who received
genotype-guided antiplatelet therapy after PCI and historical controls who were mostly
treated with clopidogrel.10 Both CYP2C19and ABCBI genotypes were determined, and
alternative therapy was prescribed to patients with either a CYP2C19non-functional allele
or the ABCB1rs1045642 TT genotype. Compared to controls who underwent PCI prior
to genotype implementation, there were significantly fewer cardiovascular events in the

genotype group.

Pragmatic Trial of Pharmacogenomic-Guided Treatment of Depression and Anxiety

Both the CYP2D6and CYP2C19 genes influence the pharmacokinetics and response

to multiple antidepressants, and there are other genes in the serotonergic pathway

with potential effects on antidepressant drug response.#8:42 The clinical effectiveness of
genotype-guided management of depression and anxiety has been the subject of several
pragmatic clinical trials and observational studies.59-52 In a recent multi-center study,

685 patients with depression and/or anxiety who were either new to treatment or had
inadequately controlled symptoms were randomized to a genotype-guided approach to
therapy or usual care.30 Patients were blinded to treatment assignment. Patients in the
genotype group were tested using a commercially available panel of 10 genes, including
CYP2D6and CYP2C19. Genotype results were provided to the physician to consider when
making drug prescribing decisions. Patients in the genotype arm reported greater response
rates for both depression and anxiety at 8 and 12 weeks compared to those in the control
group. A smaller pragmatic trial®2and observation study>! also showed favorable effects
with a genotype-guided strategy of antidepressant prescribing.

Pragmatic Trials of Panel-Based Pharmacogenomic Testing

The examples discussed above focus on individual drugs or drug classes. As of early 2018,
CPIC and DPWG guidelines are available for at least 19 gene-drug pairs. Thus, a panel-
based approach to testing whereby multiple variants with implications for multiple drugs are
tested at once has been proposed as a more practical approach to pharmacogenomic testing
than testing genes one at a time. Over 90% of the population is estimated to have at least
one variant associated with reduced drug response or increased risk for toxicity, supporting
a panel-based approach done preemptively so that genotype data are readily available to
inform prescribing decisions across a person’s lifetime.>3

Initial efforts have established the feasibility of incorporating multiple genotypes from
panel-based testing into clinical care, and pragmatic trials are examining the clinical utility
of this strategy.2:326.11 The INdiana GENomics Implementation: an Opportunity for the
UnderServed (INGENIOUS) trial, funded by NHGRI, is examining the economic impact
of genotyping for 43 variants in 14 pharmacogenes on the incidence of adverse events and
healthcare cost.5 The Ubiquitous Pharmacogenomics Consortium, funded by the European
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Commission’s Horizon-2929 program, is examining similar outcomes with panel-based
pharmacogenomic testing in the PREemptive Pharmacogenomics testing for prevention of
Adverse drug REactions (PREPARE) trial.11 The trial is being conducted in seven European
countries using a block-randomized design. Participating countries are randomized to an
18-month block of pharmacogenomics-guided prescribing or standard of care, after which
they switch to the opposite strategy for a second 18-month block. The trial is targeting
enrollment of 4,050 total patients during each block. The pharmacogenomics panel includes
50 variants in 13 genes, and drug therapy recommendations are provided according to
DPWG guidelines.

Reimbursement for Pharmacogenetic Testing

Reimbursement for pharmacogenomics testing involves many constantly moving parts. First
there must be evidence (i.e. clinical validity) to obtain a Current Procedural Terminology®
(CPT) code. Once a CPT® code is obtained, like a catalog number, a value must be assigned
to it. Then payers whether governmental or private decide whether or not to reimburse the
pharmacogenomics test (or panel). This section will provide an overview of evidence needed
for reimbursement for pharmacogenomics.

Billing and reimbursement for medical services including pharmacogenetics testing are
codified by a code set that is maintained and administered by the American Medical
Association (AMA). CPT® codes are considered level 1 Healthcare Common Procedure
Coding System (HCPCS, pronounce as “hickspicks™) which is overseen by the Centers

for Medicare and Medicaid Services (CMS). To obtain a CPT® code, the medical service
must demonstrate clinical validity (Figure 2). CPT® codes are assigned categories. Category
| are procedures that are consistent with contemporary medical practice and are widely
performed. Category |11 are temporary codes for emerging technology, services and
procedures. For molecular pathology procedures in which pharmacogenomics falls, the
AMA created additional criteria to help guide category | status as follows:>*

For Mendelian and somatic disorders, there is a demonstrated relationship between
biomarker and phenotype (ie, clinical validity).

Biomarkers (eg, SNPs) that have an association but not a proven causative effect

to a known clinical phenotype(s) should have demonstrated clinical usefulness

(eg, high positive predictive value, high negative predictive value, directing therapy/
management).

The US government, through programs like CMS, pays for approximately half of the
country's health care.>® CMS uses Medicare Administrative Contractors (MACS), who

are private health care insurers, to administer the Medicare program. The MACs are
responsible for various geographic jurisdictions to process Medicare Part A and Part B (A/B)
medical claims such as pharmacogenomic testing for Medicare fee-for-service beneficiaries.
Medicare Part A is hospital insurance which includes, but not limited to, inpatient care in
hospitals, nursing homes, skilled nursing facilities, and critical access hospitals. Medicare
Part B covers two types of services: 1) medically necessary services that are needed to
diagnose or treat a medical condition and that meet accepted standards of medical practice,
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and 2) preventive services. Pharmacogenomics testing can occur in both inpatient and
outpatient setting and would be covered in Part A/B. Title XVIII of the Social Security

Act, Section 1862(a)(1)(A) prohibits Medicare payment "...for items or services which

are not reasonable and necessary (often equated to clinical validity) for the diagnosis and
treatment of illness or injury..." with certain exceptions. The MACs use a process called
Local Coverage Determinations (LCDs) to determine whether they will cover a particular
service on a MAC-wide, basis. National Coverage Decisions (NCDs) are issued by CMS for
the entire country.

Most if not all the MACs have issued LCDs limiting pharmacogenomics testing
reimbursement to few medications and associated gene testing.>® For a medical test, the
MAC:s are using the concept of reasonable and necessary to equate to clinical utility. While
there is no standardized definition for clinical utility, in its simplest form, is equated to a
change in medical management. Testing for pharmacogenomic variants can determine if a
medication is predicted to be effective at current dosage, should be discontinued, or should
be a dosing change which should equate to a change in medical management of a patient.

Government reimbursement has an impact on private insurance. Often when the MACs

or CMS make LCDs or NCDs to limit coverage on services such as pharmacogenomics
testing due to not being reasonable or necessary, private insurance companies often follow
these same decisions. This is usually determined by the employer’s contract with the private
insurance companies. In some instances, employers have determined that a covering a
service may make them a differentiator and save them money in the long term. In addition,
because reimbursements from government programs like Medicare and Medicaid are lower
than the average cost of serving those patients, laboratories or other providers may charge
privately insured patients higher rates in order to recoup their costs. This increase in private
sector prices to adjust for government payment levels is called “cost-shifting,” and is a
controversial concept.

CPIC evaluates both clinical and research studies of pharmacogenes and administered
medications and publishes the drug gene pair clinical validity!2. The stance of CPIC is

to guide medication dosing or selection if the pharmacogenomic results are already present
in the medical record. They do not make statements on whether or not pharmacogenomics
testing should be performed prior to or concurrently to medication administration. This is
left to the U.S. FDA in the package insert for a medication and to the prescriber to follow.
The FDA also can make determinations of a boxed warning, commonly referred to as a
“black box” warning for prescribers about serious adverse reactions. It is still up to the
medical practice of the prescriber based on their knowledge of the patient to follow (or
not) boxed warnings. Even with a boxed warning for pharmacogenomic testing, there is no
requirement for testing to be performed. As such, payers would prefer that CPIC support
pre-emptive testing in their guidelines.®’

Research projects such as the National Institutes of Health-sponsored IGNITE Network
and the Ubiquitous Pharmacogenomics Consortium PREPARE trial are using pragmatic
trials to build further evidence of clinical utility of pharmacogenomics as well as other
genomics. While the IGNITE network as a whole aims to identify and addresses barriers to
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implementing genomics, the INGenious project when completed will look at the economic
value of panel-based pharmacogenomics testing.>8 Similar data are expected from the
PREPARE trial. Together, these data may demonstrate a cost-savings to the healthcare
system with pre-emptive pharmacogenomic testing.

Conclusion

Pharmacogenomic research and implementation continues to be an active area in molecular
medicine. In some cases such as with abacavir and HLA-B*57:01, pharmacogenomics

can help reduce the frequency of adverse drug reactions (ADRS) by allowing pre-emptive
identification of at-risk individuals in whom the drug can be avoided. In other cases,

such as with clopidogrel and CYP2C19testing, pharmacogenomics allows for predicting
patients unlikely to respond in whom alternative therapy may be initiated. Together, such
examples can have a tremendously positive impact on morbidity and mortality of patients.
The trial-and-error approach to prescribing where one-drug-fits-all that is current practice
all too often results in a medication being ineffective, thus causing wasted treatment time,
high health care and drug costs, and, most importantly, therapeutic failures or alternatively in
a medication causing toxicity, also causing significant medical expenditure and threatening
patient life and well-being. As additional evidence is gained for the clinical benefit of
genotype-guided therapy, it is expected that reimbursement for pharmacogenomic testing
will follow of which both are critical to support broader adoption and sustainability of
pharmacogenomics in practice.
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KEY POINTS

The evidence gap in outcomes with pharmacogenomic testing and testing
reimbursement are major challenges to pharmacogenomic implementation.

While randomized controlled trials (RCTs) are considered the gold standard
for establishing clinical utility and informing treatment guidelines, few have
been done in the field of pharmacogenomics.

Conducting a RCT for each gene-drug pair is impractical from a time and
cost perspective, and more efficient approaches are needed for evidence
generation.

Outcomes data with pharmacogenomic testing are emerging from pragmatic
and observational studies, and further data are expected from on-going
pragmatic clinical trials.

It is expected that reimbursement will follow evidence for benefit with
pharmacogenomic testing.
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SYNOPSIS

While pharmacogenomic testing has entered clinical practice in some centers, the
demand for evidence of clinical benefit with genotype-guided therapy approaches and
reimbursement for testing hinder wider adoption. Few randomized controlled trials have
been done in the area of pharmacogenomics, and financial, time, and ethical concerns
limit the ability to conduct an RCT for each gene-drug pair example. Thus, more
practical approaches are needed, such as evidence generation through practice-based
pragmatic studies. This review provides a summary of existing outcomes data and on-
going efforts to generate evidence in support of genotype-guided therapy approaches and
reimbursement for pharmacogenomic testing.
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Figure 1.
Patient-Specific Factors commonly influencing drug response
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Figure 2.
The process map for requesting a new CPT® from the American Medical Association

(AMA) with how the US governmental payer determines a reimbursement value. The CCA
= coding change application, CMS = Centers for Medicare and Medicaid Services, PFS

= Physician fee schedule, CLFS = Clinical Lab fee schedule, RUC = Specialty Society
Relative Value Scale Update Committee or Relative Value Update Committee (pronounced
"ruck®)
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Examples of randomized controlled trials of genotype-guided therapies

Gene-Drug
Pair Trial Acronym Patient Population Summary of Results
HLA- PREDICT-1% 1956 patients with HIV randomized Immunologically confirmed hypersensitivity occurred
B*57:01- to prospective genetic screening with in 0% of patients in the prospective-screening group vs.
Abacavir avoidance of abacavir in patients 2.7% of controls, p<0.001
screening positive or to abacavir use
without screening
TPMT- TOPIC?0 783 patients with inflammatory bowel Adverse hematologic reactions did not differ between
Thiopurines disease randomized to pretreatment genotype versus control patients in the population
screening with thiopurine dose overall, but were less common in 7PMT variant allele
reduction in carriers of a variant carriers in the genotype versus control group (2.6% vs
allele according to DPWG guidelines 22.9%, RR, 0.11, 95% CI 0.01-0.85)
or to usual thiopurine dosing without
screening
CYP2CY/ COAG>® 1015 patients randomized to genotype- Mean percent of time in therapeutic range in the
VKORC1- guided dosing or clinically-guided first 4 weeks was similar between the genotype- and
warfarin dosing clinically-guided groups (45.2% and 45.4%) for the
population overall. Among Blacks, the mean time in
range was lower with genotype- vs. clinically-guided
dosing (35.2% vs 43.5%, p=0.01)

EU-PACTZ 455 patients randomized to genotype- Mean percent of time in therapeutic range in the initial
guided dosing or fixed dosing (5-10 mg | 12 weeks was lower in the genotype group vs the
day 1, then 5 mg/day days 2-3, then control group (60.3% vs 67.4%, p<0.001)
adjustment based on INR)

GIFT?4 1597 older patients (=65 years) The rate of the composite outcome of death, venous
undergoing elective hip or knee thromboembolism, major bleeding, or INR >4 during
arthroplasty randomized to genotype- the initial 4-6 weeks was 10.8% in the genotype-
guided dosing or clinically-guided guided arm and 14.7% in the clinically-guided arm,
dosing representing a 27% reduction in the primary endpoint

CYP3A5 Not available 280 renal transplant recipients A higher proportion of patients in the genotype-guided
Tacrolimus randomized to CYP3A5-guided group achieved therapeutic tacrolimus levels at day
tacrolimus dosing or standard dosing60 10 post-transplant compared to those in the standard
dosing group (43.2% vs 29.1%, p=0.03).
CYP2C19 TAILOR-PCI 5270 patients undergoing PCI for Estimated to be completed in 2020. The primary
clopidogrel (ClinicalTrials.gov an acute coronary syndrome or outcome is the occurrence of a major adverse

ID NCT01742117) stable coronary disease randomized to cardiovascular event, defined as nonfatal myocardial
CYP2C19genotype-guided antiplatelet | infarction, non-fatal stroke, cardiovascular mortality,
therapy, with clopidogrel avoided in severe recurrent ischemia, and stent thrombosis at one
carriers of a nonfunctional allele, or to year
routine clopidogrel

POPular Genetics 2700 patients with ST-segment Estimated to be completed in 2019. The primary

(ClinicalTrials.gov elevation myocardial infarction endpoint is the composite of death, myocardial

ID NCT01761786)* undergoing PCI randomized to infarction, stent thrombosis, stroke, and major bleeding
CYP2C19-genotype guided antiplatelet | at one year.
therapy, with clopidogrel avoided in
carriers of a nonfunctional allele, or to
routine ticagrelor or prasugrel

Cl, confidence interval; DPWG, Dutch Pharmacogenetics Working Group; INR, international normalized ratio; HIV, human immunodeficiency
virus; PCI, percutaneous coronary intervention; RR, relative risk
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