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) 	Coronary artery disease is a substantial public health concern in the United States.  Clopidogrel, an oral, antiplatelet medication, is a mainstay of medical therapy, but its activity is dependent on the CYP2C19 enzyme.  Enzyme activity varies across the population based on variability in CYP2C19 alleles that can lead to loss of enzyme activity.  Prasugrel and ticagrelor are newer alternatives to clopidogrel that avoid pharmacogenomic concerns but are more expensive and may be associated with more bleeding.  This review aims to evaluate the existing literature surrounding the role of pharmacogenomics in the management of patients who require oral P2Y12 inhibitor therapy, discuss the implementation of clinical programs to promote a personalized medicine-based approach utilizing pharmacogenomics, and describe challenges and future directions for pharmacogenomics-based practice models.
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[bookmark: _Toc512258739]BACKGROUND
[bookmark: _Toc106513528][bookmark: _Toc106717786]Myocardial infarction (MI) is a leading cause of morbidity and mortality in the United States.  Approximately 790,000 Americans experience an MI annually, the majority of which are first-time MIs.1  MI is a manifestation of coronary artery disease (CAD), plaque build-up in coronary arteries which can result in insufficient blood flow to the heart muscle tissue.  CAD is subdivided into stable angina and acute coronary syndrome (ACS).1  ACS is a medical emergency that includes MI as well as unstable angina (UA).  CAD is commonly managed either with medication alone or by percutaneous coronary intervention (PCI) with or without stenting which opens up plaque-occluded vessels to restore blood flow.1,2  Oral P2Y12 inhibitors are recommended in combination with aspirin as the first-line therapy for patients following stent-placement after UA or MI.2  Three oral P2Y12 inhibitors are currently available in the United States: clopidogrel, prasugrel, and ticagrelor.3–5  Clopidogrel was the first oral P2Y12 inhibitor approved by the FDA.3  It is labeled for secondary prevention of MI and stroke in patients who experience MI or UA managed with or without PCI and stenting.  Prasugrel and ticagrelor are newer, more potent P2Y12 inhibitors which are more expensive than clopidogrel.4,5
Clopiogrel must be converted to its active metabolite to exhibit an antiplatelet effect.  The primary enzyme that converts clopidogrel to its active form is cytochrome P450, family 2, subfamily C, polypeptide 19 (CYP2C19).3,6  Consequently, clopidogrel carries a Food and Drug Administration (FDA) black box warning for diminished antiplatelet effect in patients with two loss of function (LOF) alleles for the CYP2C19 gene.3  The CYP2C19 gene is most commonly expressed in the liver, but the enzyme can also be found in the small intestine.6  At least 25 different variant alleles of the gene exist with varying frequency in the population.6  These variants result in dramatically different enzyme functionality, of which only the most common alleles are well understood.6  The most-common, wildtype allele is CYP2C19*1, which codes for normal enzyme function.  Two common variants, CYP2C19*2 and *3 result in reduced enzyme function.  Finally, the CYP2C19*17 variant results in enhanced enzyme function.  

[bookmark: _Toc512258750]Table 1: Compiled frequencies of CYP2C19 alleles in selected populations
	Function
	CYP2C19 Allele
	Population Frequency

	
	
	American
	European
	East Asian

	Wild-type (normal)
	*1
	69%
	63%
	60%

	Loss of function
	*2
	12%
	12%
	29%

	
	*3
	<1%
	<1%
	9%

	
	*4, *5, *6, *7, *8
	<1%
	<1%
	<1%

	Increased function
	*17
	18%
	21%
	3%


Adapted from Scott et al.7

Rate of variant allele expression vary across regional and ethnic groups.7  Compiled rates by ethnicity provided by the Clinical Pharmacogenetics Implementation Consortium (CPIC) indicate that for Americans, the frequency of the *1, *2, *3, and *17 alleles are 69%, 12%, <1%, and 18% respectively (see Table 1).7  While these proportions are reasonably consistent with European (63%, 15%, <1%, 21%) and African (68%, 15%, <1%, 16%) populations, they are dramatically different from Asian populations.  East Asian allele frequencies are 60%, 29%, 9%, and 3% respectively, while South/Central Asian frequencies are 62%, 35%, 2.4%, and unknown.  In Oceanian populations, the *2 allele is the most common with a frequency of 61% (*1 = 24%, *3 = 15%, *17 = unknown).
Individuals can be classified into different categories of predicted phenotypes according to their alleles.6,7  Extensive metabolizers (EM) have two wildtype alleles (*1/*1).  Individuals with one wildtype and one loss-of-function (LOF) allele (*1/*2 or *1/*3) are called intermediate metabolizers (IM).  Poor metabolizers (PM) have a combination of any two LOF alleles (*2/*2, *2/*3, or *3/*3).  Ultrarapid metabolizers (UM) have at least one gain-of-function allele without any LOF allele (*1/*17 or *17/*17).  No clear categorization exists for individuals with a combination of LOF and enhanced function alleles (*2/*17 or *3/*17), but because the effect of the LOF allele cannot be completely overcome by the *17 allele, these patients are often grouped with the IMs.7


Because of the variability seen in the CYP2C19 gene and the dependence of clopidogrel on the CYP2C19 enzyme for activation, clopidogrel has been targeted for pharmacogenomic intervention.7  Pharmacogenomics is the application of individual genetic information to medication related decision making.  The purpose of this review is to examine the existing literature surrounding the role of pharmacogenomics in the management of patients who require oral P2Y12 inhibitor therapy, discuss the implementation of clinical programs to promote a personalized medicine based approach utilizing pharmacogenomics in these patients, and describe challenges and future directions for pharmacogenomics-based practice models.
7
[bookmark: _Toc106513529][bookmark: _Toc106717787][bookmark: _Toc512258740]Effects of CYP2C19 on clopidogrel activation, safety, and effectiveness
Numerous studies have been conducted investigating the relationship between CYP2C19 genotype and predicted phenotype with platelet activity and clinical outcomes.  Most commonly, clinical outcomes are assessed using the composite endpoint of major adverse cardiovascular events (MACE) for effectiveness and bleeding for safety.8  While the exact definition varies slightly from study to study, MACE generally includes MI, stroke, stent thrombosis, and death or cardiovascular death.  Typical MACE rates from large clinical trials range from 9.3% - 12.1% for ACS patients.9–11  Because MACE is not a commonly observed outcome, platelet function is often used as a surrogate for effectiveness.  Clopidogrel and other P2Y12 inhibitors reduce platelet activity, so high on-treatment platelet reactivity (HTPR) could indicate that the drug is not having sufficient clinical effect.7,12  Platelet function can be measured after the initial loading dose or later in the treatment course for large numbers of patients, making it simpler to assess compared to MACE.
Existing literature surrounding CYP2C19 and clopidogrel is summarized in Table 2.  Generally, these findings demonstrate that the *2 and *3 alleles are associated with increased risk for HTPR and MACE, though some failed to identify significant differences possibly related to insufficient power.13–33  The significant effects are most clearly observed in ACS trials where risk of MACE is relatively higher, and in East Asian populations, where a higher proportion of subjects with *2 and *3 alleles adds power to the assessments.17,21,22,24,26,27,31–34  Some studies have also suggested that the *17 allele may be associated with a lower degree of platelet activity.30,35  Several meta-analyses of the existing literature have supported the findings that PM/IM have increased risk for MACE compared with EM.36–41


[bookmark: _Toc512258751]Table 2: Summary of clinical trials examining the relationship between clopidogrel and CYP2C19 genetic polymorphisms
	Study
	Population
	Primary Region
	Significant Outcome
	Major conclusions

	Geisler (2008)42
	Patients undergoing PCI (n=237)
	Europe
	Platelet function
	CYP2C19*2 allele significantly associated with increased odds of elevated on-treatment platelet reactivity after clopidogrel loading dose

	Lee (2009)21
	Patients undergoing PCI with stent placement (n=387)
	East Asian
	Platelet function
	CYP2C19*3 allele independently associated with HTPR

	Collet (2009)14
	Age <45 receiving clopidogrel after MI (n=259)
	Europe
	Clinical MACE
	CYP2C19*2 allele significantly associated with increased MACE and in-stent thrombosis

	Hochholzer (2010)16
	Patients undergoing elective PCI with stent placement (n=760)
	Europe
	Platelet function
	CYP2C19*2 allele significantly associated with increased odds of elecated on-treatement platelet reactivity after clopidogrel loading dose

	Pare (2010)29
	Patients with ACS who underwent PCI (n=5059)
	International
	Clinical MACE
	Clopidogrel use in PM/IM associated with reduction in MACE compared to placebo

	Rideg (2011)30
	Patients who underwent stent implantation for stable angina (n=189)
	Europe
	Platelet reactivity
	CYP2C19*17 associated with the lowest degree of platelet reactivity while *2 and *3 were associated with the highest degree of platelet reactivity

	Bhatt (2012)28
	Patients with CAD or multiple risk factors prescribed clopidogrel (n=4819)
	International
	Clinical bleeding
	Significantly less bleeding in carriers of LOF allele suggesting higher platelet activity

	Namazi (2012)25
	Patients who underwent elective PCI (n=112)
	Middle East
	Platelet function
	No significant difference in platelet reactivity 

	Nishio (2012)26
	Patients who underwent PCI with stent implantation (n=160)
	East Asian
	Clinical MACE
	IM/PM associated with significantly more MACE compared to EM

	Oh (2012)27
	Patients who underwent PCI with stent implantation (n=1011)
	East Asian
	Clinical MACE
	CYP2C19*2 allele associated with significant increase in MACE

	Jeong (2013)17
	Patients undergoing PCI (n=155)
	East Asian
	Platelet function
	CYP2C19*2 and *3 alleles significantly associated with increased odds of elecated on-treatement platelet reactivity after clopidogrel loading dose and at 14 day follow up

	 (
Table 2 Continued
)Kim (2013)34
	Patients with acute MI and stable angina undergoing PCI (n=2188)
	East Asian
	Clinical MACE
	PM compared to EM associated with increased MACE in those with acute MI, but not stable angina

	Liu (2013)22
	Patients undergoing PCI with stent placement (n=109)
	East Asian
	Clinical MACE
	At least one LOF allele independently associated with increased risk of MACE

	Nakata (2013)24
	Patients with stable coronary disease who underwent stent placement (n=155)
	East Asian
	Platelet function
	CYP2C19 LOF genotype associated with more HTPR

	Tang (2013)31
	Patients who underwent PCI (n=670)
	East Asian
	Clinical MACE
	Increasing number of LOF alleles were associated with increased risk of MACE

	Zou (2013)33
	Patients who underwent PCI (n=617)
	East Asian
	Clinical MACE
	PM/IM associated with increased risk of stent thrombosis compared to EM/UM

	Karanzniewicz-Lada (2014)18
	Patients undergoing elective coronarography, PCI, stenting, or peripheral artery intervention (n=44)
	Europe
	Platelet function
	IM compared to EM had significantly higher platelet reactivity and significantly lower concentrations of clopidogrel active metabolite. 

	Kim (2104)19
	Health male volunteers (n=92)
	East Asian
	Platelet function
	PM/IM had significantly delayed time to maximal platelet inhibition compared to EM

	Pedersen (2014)35
	Healthy volunteers (n=31)
	Europe
	Platelet reactivity
	CYP2C19*17 associated with significantly lower platelet reactivity compared to *1 homozygotes

	Collet (2015)13
	Patients undergoing PCI with drug-eluting stent (n=1394)
	Europe
	Platelet function
	IM/PM significantly more likely than EM to be poor responders after load and at 14 days post-PCI

	McDonough (2015)23
	Patients receiving clopidogrel for secondary stroke prevention (n=522)
	International
	Clinical Stroke/ bleeding
	PM had increased risk of recurrent stroke in the Caucasian subgroup only.  No significant difference in bleeding was observed


	Doll (2016)20
	Medically managed ACS patients (n=2236)
	International 
	Clinical MACE
	No significant association observed in MACE between PM and EM

	Wang (2016)32
	Patients receiving clopidogrel for secondary prevention of stroke (n=2933)
	East Asian
	Clinical stroke
	Clopidogrel and aspirin compared to aspirin alone was associated with fewer recurrent events in EM only.  No difference was observed for PM/IM



[bookmark: _Toc512258741]Management of Intermediate and Poor Metabolizers
[bookmark: _Toc106513530][bookmark: _Toc106717788]Two types of strategies for treating patients PM and IM predicted phenotypes have been proposed: increasing the dosage of clopidogrel to overcome reduced levels of clopidogrel active metabolite and use of alternative oral P2Y12 inhibitors to avoid drug-gene interactions.  This section discusses the existing evidence supporting these management options.
[bookmark: _Toc512258742]High-Dose Clopidogrel
One strategy proposed for addressing reduced clopidogrel metabolite exposure due to LOF CYP2C19 variants.  Horenstein and colleagues demonstrated in healthy volunteers that PMs compared to EMs required quadruple the standard maintenance dose to achieve similar concentrations of clopidogrel active metabolite.43  In a study by Gladding and colleagues involving 60 genotyped patients who underwent elective PCI, platelet inhibition was reduced in patients with CYP2C19*2 and *4 alleles compared to wildtype homozygotes (median 10% vs 23%, p=0.03) after a normal 600 mg loading dose of clopidogrel.44  Increasing the loading and maintenance dose in these patients resulted in similar platelet inhibition compared to standard dose clopidogrel in EMs.44  A prospective, randomized evaluation by Collet and colleagues found that subjects with the CYP2C19*2 allele had significantly higher platelet activity that those without.45  For carriers of the *2 allele, but not homozygotes, the difference in platelet activity could be overcome with triple-dose clopidogrel.  Another prospective analysis in patients with stable coronary disease found that triple the clopidogrel standard maintenance dose was required for IMs to achieve similar platelet inhibition to EMs at normal dose.46  
[bookmark: _Toc512258743]Alternative Agents
[bookmark: _Toc512258744]Prasugrel
Prasugrel is another oral P2Y12 inhibitor with an FDA labeled indication for the reduction of thrombotic cardiovascular events in ACS patients who undergo PCI.4  Similar to clopidogrel, it irreversibly binds to the P2Y12 receptor on platelets, resulting in platelet inhibition.  While it is a prodrug, its metabolism to its active metabolite is not substantially dependent on CYP2C19 or any other known common genetic variation like clopidogrel is.47  Instead, prasugrel is activated primarily by CYP3A5 and CYP2B6, though genetic variations in these genes do not have a clinically relevant effect on efficacy.4  This finding was supported in a genetic subgroup analysis of the prasugrel approval trial which demonstrated superior effectiveness for prasugrel in preventing MACE compared to clopidogrel in IM and PM.48  
Additionally, prasugrel has been shown to overcome HTPR better than high-dose clopidogrel in patients with LOF alleles.49–52  Dridi and colleagues demonstrated that prasugrel overcame HTPR better than double-dose clopidogrel in a population that was not genotyped.52  A possible, genetically-based explanation for the finding was demonstrated in a study by Sardella and colleagues, where prasugrel successfully overcame high-on clopidogrel platelet reactivity in 100% of patients with CYP2C19*2 alleles compared to only 56.3% in the high-dose clopidogrel group (p=0.003).49  No significant difference between prasugrel and high-dose clopidogrel was observed in EM.49  Similar findings were observed by Alexopoulos and colleagues in a randomized, cross-over study in patients undergoing PCI with demonstrated HTPR.50  Rates of HTPR were lower for prasugrel compared to high-dose clopidogrel across all genotypes (7.5% vs 35.8%, p<0.01), however this difference was substantially larger when examining clopidogrel PMs/IMs (5.3% vs 47.4%, p<0.01).50  
[bookmark: _Toc512258745]Ticagrelor
Ticagrelor is the third FDA approved oral P2Y12 inhibitor.  Ticagrelor is not a prodrug, so it has antiplatelet activity without activation. Ticagrelor and its active metabolite reversibly inhibit platelet function.5  It does not require the activity of CYP2C19 for activation.  In a study of 174 coronary artery disease patients, ticagrelor demonstrated superior platelet inhibition compared to clopidogrel regardless of genotype.53  The platelet inhibitory effect did not appear to differ for ticagrelor across any predicted phenotype group.53  Slight differences in ticagrelor pharmacokinetics were observed based on genetic factors affecting other, non-CYP2C19 cytochrome p450 enzymes and intracellular transporters, but these effects have not been shown to impact clinical outcomes.54  
Prasugrel and ticagrelor have been studied together as clopidogrel alternatives for patients with IM or PM predicted phenotypes.  A large, multi-center, open-label pragmatic clinical trial by Cavallari and colleagues found that for patients with a LOF allele, those prescribed clopidogrel were more likely to experience MACE than patients prescribed alternative therapy (23.4 vs 8.7 events per 100 patient-years; HR: 2.26, 95% CI: 1.18-4.32).55  No differences were observed in rate of MACE between those with an LOF allele on alternative therapy and those without LOF allele (HR:1.14, 95% CI: 0.69-1.8
[bookmark: _Toc512258746]Clinical Pharmacogenomics Implementation
A 2018 publication by Empey and colleagues surveyed 12 existing clinical and research pharmacogenomics programs for clopidogrel use in the United States.56  While the majority (11) of programs utilized genetic testing in reactive manner, four programs used preemptive testing alone or in combination with reactive testing.  Preemptive testing, or testing before the need for antiplatelet therapy, has potential advantages versus reactive testing because it allows for initial selection of the most appropriate agent based on the patients predicted phenotype.  Reactive testing methods usually require initial selection of an agent without knowledge of the patient’s genetics, though rapid, point of care testing may help to ameliorate this concern.57,58  Without initial guidance, clinicians are forced into either a “step-up” or “step-down” approach.  The step-up approach is to start all patients on clopidogrel and transition IM/PM to alternative agents once genetic results are available.  This approach risks exposing patients suboptimal therapy until results are returned.  The step-down approach starts patients on either ticagrelor or prasugrel, then switches EM/UM to clopidogrel once genetic results are available.  This removes the risk of an initial poor response to clopidogrel but utilizes more expensive agents that may have a higher bleeding risk in patients who may not need them.10,11  Clinically, the feasibility of the step-down approach using prasugrel was demonstrated in the  TROPICAL-ACS study, but importantly, no genetic component was included.59  The applicability of the step-down approach in a pharmacogenomic model has not been proven.  Still, early selection of the appropriate agent is important.  In-hospital switching has been associated with increased risk of bleeding in prior retrospective studies.60,61  For these reasons, preemptive testing may be preferred to a reactive approach, though challenges with insurance coverage and payment limit the use of this approach.56
Irrespective of the testing model used, implementation of clinical programs faces a number of challenges.  Common challenges reported by Empey and colleagues were stakeholder buy-in, laboratory contracts with hospitals for new genetic testing, electronic health record (EHR) display of genetic results, development of clinical decision support, logistics, acceptance of clinical recommendations, and billing/reimbursement.56  These challenges are often connected.  For instance, unclear formatting of results in the EHR combined with a lack of clinical support can lead to provider confusion about results and subsequent rejection of or indifference to clinical recommendations.  Guidelines for standardization of terms for clinical pharmacogentic test results were published by the Clinical Pharmacogenetics Implementation Consortium (CPIC) in 2017.62  While this has proved beneficial within the field of pharmacogenomics, difficulties can arise in interpreting results for prescribers unfamiliar with pharmacogenomics terminology.  Programs are addressing these challenges through formal provider education through meetings or in-services, clinical note writing, direct communication with providers, EHR messaging and decision support (when available), and, most often, a combination of these methods.56  EHR clinical decision support in particular holds the promise of allowing genetic testing results to be applied to multiple medication, potentially leading to the expansion of the use of pharmacogenetics in clinical practice.  Additionally, CPIC offers recommendations on the components of a successful pharmaogenomic program for clopidogrel use.7  Sufficiently meeting the challenges of result interpretation and implementation will determine the long-term success of new and existing clinical pharmacogenomics programs.
A recently completed randomized prospective trial investigated the effectiveness of a pharmacogenomic approach to therapy in Italy.63 Patients hospitalized for ACS were randomized to either standard of care or pharmacogenomic therapy selection.  The study was stopped early after the enrollment of 888 patients for overwhelming efficacy of the pharmacogenomic approach.  The primary endpoint, a composite of MACE as well as significant bleeding events, occurred in 15.9% of patients managed with the pharmacogenomic approach and 25.9% of patients in the standard of care arm (HR: 0.58, 95% CI: 0.43-0.71, p<0.001).63  Two randomized clinical trials are currently in progress to demonstrate the effects of clinical pharmacogenomics program implementation in patients undergoing PCI.  The TAILOR-PCI trial will randomize a target 5000 PCI patients to either a conventional or pharmacogenomics approach to antiplatelet management.64,65  It will utilize a step-up approach of starting patients on clopidogrel and converting those with PM/IM phenotypes to ticagrelor in the pharmacogenomics management arm.  The second in-progress study is the POPGenetics trial.  Similar to the TAILOR-PCI trial, POPGenetics aims to randomize 2700 STEMI patients to conventional or pharmacogenomics management.  POPGenetics applies a step-down approach, switching pharmacogenomically managed patients without an LOF allele from ticagrelor or prasugrel to clopidogrel treatment.64–67  Interestingly, POPGenetics also includes a cost-effectiveness component which could aid in future hospital and payer decision making surrounding pharmacogenetics testing for PCI patients.66,67
[bookmark: _Toc512258747]Personal Experience and Public Health Impact
My experience with the pharmacogenomic consult service at the University of Pittsburgh Medical Center (UPMC) has provided me with firsthand experience utilizing a pharmacogenomic treatment approach for patients undergoing PCI.  The clinical service is responsible for coordinating blood sample collection between the cardiac catheterization clinical unit and the laboratory that completes pharmacogenomic testing.  Results are then interpreted and a pharmacist note is added to the electronic medical record that is viewable in both the inpatient and outpatient medical record.  Absent clinical characteristics associated with high bleeding risk, patients with an IM/PM phenotype who are started on clopidogrel are targeted for step-up intervention.  When these patients are identified, a recommendation for an alternative agent is made directly to the supervising provider.
In addition to the clinical component of the program, I am also involved with the ongoing research efforts of the group.  The initial results of the program are being evaluated in a retrospective fashion to describe impact in terms of the proportion of patients on appropriate therapy based on their predicted phenotype and clinical outcomes of MACE and bleeding.  Data are collected retrospectively and entered into a de-identified research database.  Data collection and analysis remain ongoing.
The public health impact of pharmacogenomic management strategies in PCI therapy selection are substantial.  Heart disease, particularly CAD is a leading cause of morbidity and mortality in the US.1 The nature of the genetic variability that affects clopidogrel response means that specific ethnic groups, most notably Asians, have disproportionally high rates of IM/PM phenotypes.  Using a pharmacogenomic approach in this setting can help to reduce the risk of MACE in these populations.  
Clinical pharmacogenomics programs also necessity a multidisciplinary approach to patient care and continued research.  Expertise in interpretation of genotypic results is required in the form of trained health professionals with an understanding of both genetics and medication pharmacokinetics.  In the UPMC model, pharmacists fill this role.  The pharmacist must communicate information about the predicted phenotype to the supervising provider so that appropriate therapy can be chosen based on a combination of genetic and clinical factors specific to the individual patient.  Research efforts should involve persons trained in public health disciplines such as epidemiology, human genetics, and biostatistics to appropriately design and execute future trials in this area.  Future efforts to involve health information specialists in creating clinical decision support within electronic health records can further help with result communication as well as application of results to other pharmaceuticals. 
[bookmark: _Toc512258748]Conclusion
Pharmacogenomics offer significant promise to optimizing antiplatelet therapy in patients with CAD.   The link between CYP2C19 LOF alleles, PM/IM phenotypes and increased risk of MACE has been well established through numerous trials and meta-analyses, and management strategies for these patients through the use of alternative agents are supported by existing literature.  Clinical pharmacogenomics programs have been implemented to incorporate pharmacogenomics-based approaches to antiplatelet management.  While substantial challenges exist for the widespread implementation of these programs, advances in EHR and clinical decision support technology offer opportunities to overcome some of these obstacles.  On-going studies seek to establish pharmacogenomics programs as viable systems to improve patient outcomes and deliver care in a cost-effective manner.  The results of these studies as well as the experiences of existing programs will guide the implementation of future pharmacogenomics programs both for clopidogrel and beyond.

[bookmark: _Toc512258749]bibliography
1. 	Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart Disease and Stroke Statistics-2017 Update: A Report From the American Heart Association. Circulation [Internet] 2017 [cited 2018 Mar 24];135:e146–603. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28122885
2. 	Jneid H, Anderson JL, Wright RS, et al. 2012 ACCF / AHA Focused Update of the Guideline for the Management of Patients With Unstable Angina / Non – ST-Elevation Myocardial Infarction ( Updating the 2007 Guideline and Replacing the 2011 Focused Update ). JAC [Internet] 2012 [cited 2017 Aug 9];60:645–81. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22809746
3. 	Plavix (clopidogrel) [package insert]. Bristol-Meyers Squibb [Internet] 2016 [cited 2018 Mar 8];Available from: https://packageinserts.bms.com/pi/pi_plavix.pdf
4. 	Effient (prasugrel) tablets [Package Insert]. Eli Lilly [Internet] 2016 [cited 2018 Mar 18];Available from: https://pi.lilly.com/us/effient.pdf
5. 	BRILINTA® (ticagrelor) [package insert]. AstraZenica [Internet] 2016 [cited 2018 Mar 22];Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/022433s020lbl.pdf
6. 	Scott SA, Sangkuhl K, Shuldiner AR, et al. PharmGKB summary: very important pharmacogene information for cytochrome P450, family 2, subfamily C, polypeptide 19. Pharmacogentet Genomics [Internet] 2012 [cited 2018 Mar 8];22:159–65. Available from: https://www-ncbi-nlm-nih-gov.pitt.idm.oclc.org/pmc/articles/PMC3349992/pdf/nihms-373480.pdf
7. 	Scott SA, Sangkuhl K, Stein CM, et al. Clinical Pharmacogenetics Implementation Consortium Guidelines for CYP2C19 Genotype and Clopidogrel Therapy: 2013 Update. Clin Pharmacol Ther [Internet] 2013 [cited 2017 Aug 9];94:317–23. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23698643
8. 	Hicks KA, Mahaffey KW, Mehran R, Nissen SE. 2017 Cardiovascular and Stroke Endpoint Definitions for Clinical Trials. Circulation [Internet] 2018 [cited 2018 Mar 21];137:961–72. Available from: http://circ.ahajournals.org
9. 	Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of Clopidogrel in Addition to Aspirin in Patients with Acute Coronary Syndromes without ST-Segment Elevation. N Engl J Med [Internet] 2001 [cited 2018 Mar 22];345:494–502. Available from: http://www.nejm.org/doi/pdf/10.1056/NEJMoa010746
10. 	Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus Clopidogrel in Patients with Acute Coronary Syndromes. N Engl J Med [Internet] 2007 [cited 2018 Mar 22];357:2001–15. Available from: http://www.nejm.org/doi/abs/10.1056/NEJMoa0706482
11. 	Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus Clopidogrel in Patients with Acute Coronary Syndromes. N Engl J Med [Internet] 2009 [cited 2018 Mar 22];361:1045–57. Available from: http://www.nejm.org/doi/pdf/10.1056/NEJMoa0904327
12. 	Tantry US, Bonello L, Aradi D, et al. Consensus and Update on the Definition of On-Treatment Platelet Reactivity to Adenosine Diphosphate Associated With Ischemia and Bleeding for the Working Group on On-Treatment Platelet Reactivity. J Am Coll Cardiol [Internet] 2013 [cited 2018 Mar 22];62:2261–73. Available from: https://ac.els-cdn.com/S0735109713053801/1-s2.0-S0735109713053801-main.pdf?_tid=718421ac-8d4e-40d4-9534-db920ff92e36&acdnat=1521751384_28fb59eec3c124e124b0a9241d927a80
13. 	Collet J-P, Hulot J-S, Cuisset T, et al. Genetic and platelet function testing of antiplatelet therapy for percutaneous coronary intervention: the ARCTIC-GENE study. Eur J Clin Pharmacol [Internet] 2015 [cited 2018 Mar 6];71:1315–24. Available from: http://link.springer.com/10.1007/s00228-015-1917-9
14. 	Collet J-P, Hulot J-S, Pena A, et al. Cytochrome P450 2C19 polymorphism in young patients treated with clopidogrel after myocardial infarction: a cohort study. Lancet [Internet] 2009 [cited 2018 Mar 6];373:309–17. Available from: https://www.sciencedirect.com/science/article/pii/S0140673608618450?via%3Dihub
15. 	Geisler T, Schaeffeler E, Dippon J, et al. CYP2C19 and nongenetic factors predict poor responsiveness to clopidogrel loading dose after coronary stent implantation. Pharmacogenomics [Internet] 2008 [cited 2018 Mar 6];9:1251–9. Available from: http://www.futuremedicine.com/doi/10.2217/14622416.9.9.1251
16. 	Hochholzer W, Trenk D, Fromm MF, et al. Impact of Cytochrome P450 2C19 Loss-of-Function Polymorphism and of Major Demographic Characteristics on Residual Platelet Function After Loading and Maintenance Treatment With Clopidogrel in Patients Undergoing Elective Coronary Stent Placement. J Am Coll Cardiol [Internet] 2010 [cited 2018 Mar 6];55:2427–34. Available from: https://www.sciencedirect.com/science/article/pii/S0735109710011514?via%3Dihub
17. 	Jeong YH, Abadilla KA, Tantry US, et al. Influence of CYP2C19*2 and *3 loss-of-function alleles on the pharmacodynamic effects of standard- and high-dose clopidogrel in East Asians undergoing percutaneous coronary intervention: The results of the ACCEL-DOUBLE-2N3 study [Internet]. J. Thromb. Haemost. 2013 [cited 2018 Feb 27];11:1194–7. Available from: http://doi.wiley.com/10.1111/jth.12200
18. 	Karaźniewicz-Łada M, Danielak D, Rubiś B, Burchardt P, Oszkinis G, Główka F. The influence of genetic polymorphism of Cyp2c19 isoenzyme on the pharmacokinetics of clopidogrel and its metabolites in patients with cardiovascular diseases. J Clin Pharmacol [Internet] 2014 [cited 2018 Mar 5];54:874–80. Available from: http://doi.wiley.com/10.1002/jcph.323
19. 	Kim H-S, Cho D-Y, Park B-M, et al. The effect of CYP2C19 genotype on the time course of platelet aggregation inhibition after clopidogrel administration. J Clin Pharmacol [Internet] 2014 [cited 2018 Mar 5];54:850–7. Available from: http://doi.wiley.com/10.1002/jcph.225
20. 	Doll JA, Neely ML, Roe MT, et al. Impact of CYP2C19 Metabolizer Status on Patients With ACS Treated With Prasugrel Versus Clopidogrel. J Am Coll Cardiol [Internet] 2016 [cited 2018 Mar 6];67:936–47. Available from: https://www.sciencedirect.com/science/article/pii/S0735109716000541?via%253Dihub
21. 	Lee JM, Park S, Shin D-J, et al. Relation of Genetic Polymorphisms in the Cytochrome P450 Gene With Clopidogrel Resistance After Drug-Eluting Stent Implantation in Koreans. Am J Cardiol [Internet] 2009 [cited 2018 Mar 6];104:46–51. Available from: https://www.sciencedirect.com/science/article/pii/S0002914909006663?via%3Dihub
22. 	Liu Y, Liu N, Li W, Shao H, Zhi H, Li J. Relationship of CYP2C19*2 and CYP2C19*3 gene polymorphism with clopidogrel response variability and recurrent cardiovascular events in Chinese patients undergoing percutaneous coronary intervention. Pharmacology [Internet] 2013 [cited 2018 Mar 5];91:165–72. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23429358
23. 	McDonough CW, McClure LA, Mitchell BD, et al. CYP2C19 metabolizer status and clopidogrel efficacy in the Secondary Prevention of Small Subcortical Strokes (SPS3) study. J Am Heart Assoc [Internet] 2015 [cited 2018 Mar 6];4:e001652. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26019129
24. 	Nakata T, Miyahara M, Nakatani K, et al. Relationship Between CYP2C19 Loss-of-Function Polymorphism and Platelet Reactivities With Clopidogrel Treatment in Japanese Patients Undergoing Coronary Stent Implantation. Circ J [Internet] 2013 [cited 2018 Mar 6];77:1436–44. Available from: http://jlc.jst.go.jp/DN/JST.JSTAGE/circj/CJ-12-1095?lang=en&from=CrossRef&type=abstract
25. 	Namazi S, Kojuri J, Khalili A, Azarpira N. The impact of genetic polymorphisms of P2Y12, CYP3A5 and CYP2C19 on clopidogrel response variability in Iranian patients. Biochem Pharmacol [Internet] 2012 [cited 2018 Mar 6];83:903–8. Available from: https://www.sciencedirect.com/science/article/pii/S0006295212000287?via%3Dihub
26. 	Nishio R, Shinke T, Otake H, et al. Effect of Cytochrome P450 2C19 Polymorphism on Target Lesion Outcome After Drug-Eluting Stent Implantation in Japanese Patients Receiving Clopidogrel. Circ J [Internet] 2012 [cited 2018 Mar 6];76:2348–55. Available from: http://japanlinkcenter.org/DN/JST.JSTAGE/circj/CJ-12-0476?lang=en&from=CrossRef&type=abstract
27. 	Oh I-Y, Park KW, Kang S-H, et al. Association of cytochrome P450 2C19*2 polymorphism with clopidogrel response variability and cardiovascular events in Koreans treated with drug-eluting stents. Heart [Internet] 2012 [cited 2018 Mar 6];98:139–44. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21700758
28. 	Bhatt DL, Paré G, Eikelboom JW, et al. The relationship between CYP2C19 polymorphisms and ischaemic and bleeding outcomes in stable outpatients: the CHARISMA genetics study. Eur Heart J [Internet] 2012 [cited 2018 Mar 5];33:2143–50. Available from: https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehs059
29. 	Paré G, Mehta SR, Yusuf S, et al. Effects of CYP2C19 Genotype on Outcomes of Clopidogrel Treatment. N Engl J Med [Internet] 2010 [cited 2018 Mar 6];363:1704–14. Available from: http://www.nejm.org/doi/abs/10.1056/NEJMoa1008410
30. 	Rideg O, Komócsi A, Magyarlaki T, et al. Impact of genetic variants on post-clopidogrel platelet reactivity in patients after elective percutaneous coronary intervention. Pharmacogenomics [Internet] 2011 [cited 2018 Mar 5];12:1269–80. Available from: http://www.futuremedicine.com/doi/10.2217/pgs.11.73
31. 	Tang X-F, Wang J, Zhang J-H, et al. Effect of the CYP2C19*2 and *3 genotypes, ABCB1 C3435T and PON1 Q192R alleles on the pharmacodynamics and adverse clinical events of clopidogrel in Chinese people after percutaneous coronary intervention. Eur J Clin Pharmacol [Internet] 2013 [cited 2018 Mar 6];69:1103–12. Available from: http://link.springer.com/10.1007/s00228-012-1446-8
32. 	Wang Y, Zhao X, Lin J, et al. Association Between CYP2C19 Loss-of-Function Allele Status and Efficacy of Clopidogrel for Risk Reduction Among Patients With Minor Stroke or Transient Ischemic Attack. JAMA [Internet] 2016 [cited 2018 Mar 6];316:70. Available from: http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.8662
33. 	Zou J-J, Xie H-G, Chen S-L, et al. Influence of CYP2C19 loss-of-function variants on the antiplatelet effects and cardiovascular events in clopidogrel-treated Chinese patients undergoing percutaneous coronary intervention. Eur J Clin Pharmacol [Internet] 2013 [cited 2018 Mar 5];69:771–7. Available from: http://link.springer.com/10.1007/s00228-012-1392-5
34. 	Kim H-S, Chang K, Koh Y-S, et al. CYP2C19 poor metabolizer is associated with clinical outcome of clopidogrel therapy in acute myocardial infarction but not stable angina. Circ Cardiovasc Genet [Internet] 2013 [cited 2018 Mar 6];6:514–21. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24019397
35. 	Pedersen RS, Nielsen F, Stage TB, et al. CYP2C19*17 increases clopidogrel-mediated platelet inhibition but does not alter the pharmacokinetics of the active metabolite of clopidogrel. Clin Exp Pharmacol Physiol [Internet] 2014 [cited 2018 Mar 5];41:870–8. Available from: http://doi.wiley.com/10.1111/1440-1681.12297
36. 	Jin B, Ni H-C, Shen W, Li J, Shi H-M, Li Y. Cytochrome P450 2C19 polymorphism is associated with poor clinical outcomes in coronary artery disease patients treated with clopidogrel. Mol Biol Rep [Internet] 2011 [cited 2018 Mar 24];38:1697–702. Available from: http://link.springer.com/10.1007/s11033-010-0282-0
37. 	Sofi F, Giusti B, Marcucci R, Gori AM, Abbate R, Gensini GF. Cytochrome P450 2C19*2 polymorphism and cardiovascular recurrences in patients taking clopidogrel: a meta-analysis. Pharmacogenomics J [Internet] 2011 [cited 2018 Mar 24];11:199–206. Available from: http://www.nature.com/articles/tpj201021
38. 	Mega JL, Simon T, Collet J-P, et al. Reduced-function CYP2C19 genotype and risk of adverse clinical outcomes among patients treated with clopidogrel predominantly for PCI: a meta-analysis. JAMA [Internet] 2010 [cited 2018 Mar 24];304:1821–30. Available from: http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2010.1543
39. 	Zabalza M, Subirana I, Sala J, et al. Meta-analyses of the association between cytochrome CYP2C19 loss- and gain-of-function polymorphisms and cardiovascular outcomes in patients with coronary artery disease treated with clopidogrel. Heart [Internet] 2012 [cited 2018 Mar 24];98:100–8. Available from: http://heart.bmj.com/lookup/doi/10.1136/hrt.2011.227652
40. 	Bauer T, Bouman HJ, van Werkum JW, Ford NF, ten Berg JM, Taubert D. Impact of CYP2C19 variant genotypes on clinical efficacy of antiplatelet treatment with clopidogrel: systematic review and meta-analysis. BMJ [Internet] 2011 [cited 2018 Mar 24];343:d4588. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21816733
41. 	Jang J-S, Cho K-I, Jin H-Y, et al. Meta-analysis of cytochrome P450 2C19 polymorphism and risk of adverse clinical outcomes among coronary artery disease patients of different ethnic groups treated with clopidogrel. Am J Cardiol [Internet] 2012 [cited 2018 Mar 24];110:502–8. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0002914912011800

42. 	Geisler T, Schaeffeler E, Dippon J, et al. CYP2C19 and nongenetic factors predict poor responsiveness to clopidogrel loading dose after coronary stent implantation. Pharmacogenomics [Internet] 2008 [cited 2018 Mar 6];9:1251–9. Available from: https://www.futuremedicine.com/doi/pdf/10.2217/14622416.9.9.1251
43. 	Horenstein RB, Madabushi R, Zineh I, et al. Effectiveness of clopidogrel dose escalation to normalize active metabolite exposure and antiplatelet effects in CYP2C19 poor metabolizers. J Clin Pharmacol [Internet] 2014 [cited 2018 Mar 5];54:865–73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24710841
44. 	Gladding P, Webster M, Zeng I, et al. The Pharmacogenetics and Pharmacodynamics of Clopidogrel Response: An Analysis From the PRINC (Plavix Response in Coronary Intervention) Trial. JACC Cardiovasc Interv [Internet] 2008 [cited 2018 Mar 6];1:620–7. Available from: https://www.sciencedirect.com/science/article/pii/S1936879808004378?via%3Dihub
45. 	Collet J-P, Hulot J-S, Anzaha G, et al. High Doses of Clopidogrel to Overcome Genetic Resistance: The Randomized Crossover CLOVIS-2 (Clopidogrel and Response Variability Investigation Study 2). JACC Cardiovasc Interv [Internet] 2011 [cited 2018 Mar 6];4:392–402. Available from: https://www.sciencedirect.com/science/article/pii/S1936879811001531?via%3Dihub
46. 	Mega JL, Hochholzer W, Frelinger AL, et al. Dosing Clopidogrel Based on CYP2C19 Genotype and the Effect on Platelet Reactivity in Patients With Stable Cardiovascular Disease. JAMA [Internet] 2011 [cited 2018 Mar 6];306:2221–8. Available from: http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2011.1703
47. 	Mega JL, Close SL, Wiviott SD, et al. Cytochrome P450 Genetic Polymorphisms and the Response to Prasugrel: Relationship to Pharmacokinetic, Pharmacodynamic, and Clinical Outcomes. Circulation [Internet] 2009 [cited 2017 Aug 9];119:2553–60. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19414633
48. 	Sorich MJ, Vitry A, Ward MB, Horowitz JD, Mckinnon RA. Prasugrel vs. clopidogrel for cytochrome P450 2C19-genotyped subgroups: Integration of the TRITON-TIMI 38 trial data. J Thromb Haemost [Internet] 2010 [cited 2018 Mar 5];8:1678–84. Available from: http://doi.wiley.com/10.1111/j.1538-7836.2010.03923.x
49. 	Sardella G, Calcagno S, Mancone M, et al. Pharmacodynamic effect of switching therapy in patients with high on-treatment platelet reactivity and genotype variation with high clopidogrel Dose versus prasugrel: the RESET GENE trial. Circ Cardiovasc Interv [Internet] 2012 [cited 2018 Mar 6];5:698–704. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23048056
50. 	Alexopoulos D, Dimitropoulos G, Davlouros P, et al. Prasugrel Overcomes High On-Clopidogrel Platelet Reactivity Post-Stenting More Effectively Than High-Dose (150-mg) Clopidogrel: The Importance of CYP2C19*2 Genotyping. JACC Cardiovasc Interv [Internet] 2011 [cited 2018 Mar 6];4:403–10. Available from: https://www.sciencedirect.com/science/article/pii/S1936879811001348?via%3Dihub
51. 	Varenhorst C, James S, Erlinge D, et al. Genetic variation of CYP2C19 affects both pharmacokinetic and pharmacodynamic responses to clopidogrel but not prasugrel in aspirin-treated patients with coronary artery disease. Eur Heart J [Internet] 2009 [cited 2018 Mar 6];30:1744–52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19429918

52. 	Dridi NP, Johansson PI, Clemmensen P, et al. Prasugrel or double-dose clopidogrel to overcome clopidogrel low-response – The TAILOR (Thrombocytes And IndividuaLization of ORal antiplatelet therapy in percutaneous coronary intervention) randomized trial. Platelets [Internet] 2014 [cited 2018 Mar 24];25:506–12. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24245960
53. 	Tantry US, Bliden KP, Wei C, et al. First analysis of the relation between CYP2C19 genotype and pharmacodynamics in patients treated with ticagrelor versus clopidogrel: The ONSET/OFFSET and RESPOND genotype studies. Circ Cardiovasc Genet [Internet] 2010 [cited 2018 Mar 6];3:556–66. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21079055
54. 	Varenhorst C, Eriksson N, Johansson Å, et al. Effect of genetic variations on ticagrelor plasma levels and clinical outcomes. Eur Heart J [Internet] 2015 [cited 2018 Mar 6];36:1901–12. Available from: https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehv116
55. 	Cavallari LH, Lee CR, Beitelshees AL, et al. Multisite Investigation of Outcomes With Implementation of CYP2C19 Genotype-Guided Antiplatelet Therapy After Percutaneous Coronary Intervention [Internet]. JACC Cardiovasc. Interv. 2017 [cited 2018 Feb 27];Available from: https://courseweb.pitt.edu/bbcswebdav/pid-24345059-dt-content-rid-23672579_2/courses/2184_UPITT_PHARM_5830_SEC1200/IGNITE paper - JACC CI.pdf
56. 	Empey PE, Stevenson JM, Tuteja S, et al. Multisite Investigation of Strategies for the Implementation of CYP2C19 Genotype-Guided Antiplatelet Therapy. Clin Pharmacol Ther [Internet] 2018 [cited 2018 Feb 27];Available from: http://doi.wiley.com/10.1002/cpt.1006
57. 	Roberts JD, Wells GA, Le May MR, et al. Point-of-care genetic testing for personalisation of antiplatelet treatment (RAPID GENE): a prospective, randomised, proof-of-concept trial. Lancet [Internet] 2012 [cited 2018 Mar 5];379:1705–11. Available from: https://www.sciencedirect.com/science/article/pii/S0140673612601615?via%3Dihub
58. 	So DYF, Wells GA, McPherson R, et al. A prospective randomized evaluation of a pharmacogenomic approach to antiplatelet therapy among patients with ST-elevation myocardial infarction: the RAPID STEMI study. Pharmacogenomics J [Internet] 2016 [cited 2018 Mar 6];16:71–8. Available from: http://www.nature.com/articles/tpj201517
59. 	Sibbing D, Aradi D, Jacobshagen C, et al. Guided de-escalation of antiplatelet treatment in patients with acute coronary syndrome undergoing percutaneous coronary intervention (TROPICAL-ACS): a randomised, open-label, multicentre trial. Lancet [Internet] 2017 [cited 2018 Mar 23];390:1747–57. Available from: https://www.sciencedirect.com/science/article/pii/S0140673617321554?via%3Dihub
60. 	Coons JC, Iasella CJ, Chanas T, et al. Comparative Effectiveness and Safety Analysis of Dual Antiplatelet Therapies Within an Integrated Delivery System. Ann Pharmacother [Internet] 2017 [cited 2017 Aug 8];51:649–55. Available from: http://journals.sagepub.com/doi/10.1177/1060028017706977
61. 	Alexopoulos D, Xanthopoulou I, Deftereos S, et al. In-hospital switching of oral P2Y12 inhibitor treatment in patients with acute coronary syndrome undergoing percutaneous coronary intervention: Prevalence, predictors and short-term outcome. Am Heart J [Internet] 2014 [cited 2018 Mar 23];167:68–76.e2. Available from: https://www.sciencedirect.com/science/article/pii/S0002870313007187?via%3Dihub
62. 	Caudle KE, Dunnenberger HM, Freimuth RR, et al. Standardizing terms for clinical pharmacogenetic test results: Consensus terms from the Clinical Pharmacogenetics Implementation Consortium (CPIC). Genet Med [Internet] 2017 [cited 2017 Aug 9];19:215–23. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27441996
63.    Notarangelo FM, Maglietta G, Becilacqua P, et al.  Pharmacogenomic approach to selecting antiplatelet therapy in acute coronary syndromes: PHARMCLO trial.  JACC [internet] 2018 [cited 2018 April 18]; epub ahead of print.
64. 	Tailored Antiplatelet Therapy Following PCI - Full Text View - ClinicalTrials.gov [Internet]. ClinicalTrials.gov. 2017 [cited 2018 Mar 24];Available from: https://clinicaltrials.gov/ct2/show/NCT01742117
65. 	Sibbing D, Gross L. CYP2C19 Genotyping in Percutaneous Coronary Intervention-Treated Patients: Ready for Prime Time? JACC Cardiovasc Interv [Internet] 2018 [cited 2018 Feb 27];11:192–4. Available from: https://courseweb.pitt.edu/bbcswebdav/pid-24345059-dt-content-rid-23672578_2/courses/2184_UPITT_PHARM_5830_SEC1200/IGNITE paper - editorial - JACC CI.pdf
66. 	Bergmeijer TO, Janssen PWA, Schipper JC, et al. CYP2C19 genotype–guided antiplatelet therapy in ST-segment elevation myocardial infarction patients—Rationale and design of the Patient Outcome after primary PCI (POPular) Genetics study. Am Heart J [Internet] 2014 [cited 2018 Mar 6];168:16–22.e1. Available from: https://www.sciencedirect.com/science/article/pii/S0002870314001483?via%3Dihub
67. 	Cost-effectiveness of Genotype Guided Treatment With Antiplatelet Drugs in STEMI Patients: Optimization of Treatment (POPular Genetics). ClinicalTrials.gov. 2017;

15
