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Abstract

Despite a substantial evidence base, implementation of pharmacogenetics into routine patient care

has been slow due to a number of non-trivial practical barriers. We implemented a Personalized

Anti-platelet Pharmacogenetics Program (PAP3) for cardiac catheterization patients at the

University of Maryland Medical Center and the Baltimore Veterans Administration Medical

Center Patients are offered CYP2C19 genetic testing, which is performed in our Clinical

Laboratory Improvement Amendment (CLIA)-certified Translational Genomics Laboratory.

Results are returned within five hours along with clinical decision support that includes

interpretation of results and prescribing recommendations for anti-platelet therapy based on the

Clinical Pharmacogenetics Implementation Consortium guidelines. Now with a working template

for PAP3, implementation of other drug-gene pairs is in process. Lessons learned as described in

this article may prove useful to other medical centers as they implement pharmacogenetics into

patient care, a critical step in the pathway to personalized and genomic medicine.
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INTRODUCTION

Pharmacogenetics, namely the use of a patient’s genetic information to treat disease more

effectively and minimize adverse drug effects, is an area within the broader scope of

genomic medicine that holds great promise for personalizing healthcare practice [McCarthy

et al., 2013]. As the number and availability of evidence-based pharmacogenetic tests

increase and the cost of testing decreases, we anticipate a surge in consumer and clinician

demand. However, despite a substantial evidence base for a number of drug-gene pairs, the

barriers to implementing pharmacogenetics in clinical settings are many, and adoption has

been slow [Manolio et al., 2013]. In this article, we describe the University of Maryland

Personalized Anti-platelet Pharmacogenetics Program (PAP3). We provide practical

information that may be useful to other institutions and for dissemination of evidence-based

pharmacogenetics and personalized medicine practices.

BARRIERS TO IMPLEMENTING PHARMACOGENETICS

Barriers to routine use of pharmacogenetics in a clinical setting that we encountered include:

logistics of performing timely genotyping in a Clinical Laboratory Improvement

Amendments (CLIA)-certified laboratory; electronic health records (EHRs) do not support

formats needed to record genetic results; lack of prospective genotype-directed randomized

clinical trials validating the advantage of using pharmacogenetic based dosing over standard

of care treatment algorithms; inexperience and lack of knowledge of many clinicians in

interpreting and acting on pharmacogenetic information; paucity of clear recommendations

for pharmacogenetic testing by professional associations; lack of a robust infrastructure to

provide decision support for genomic medicine; cost and reimbursement issues; and ethical

and medico-legal concerns. These barriers need to be addressed for pharmacogenetics to

become a routine part of health care.

The University of Maryland is one of eight implementation sites of the Translational

Pharmacogenomics Program (TPP) funded by the National Institutes of Health

Pharmacogenomics Research Network [Shuldiner et al., 2013]. The goal of the TPP is to

implement into patient care drug-gene pairs published in the Clinical Pharmacogenetics

Implementation Consortium (CPIC) guidelines [Relling and Klein, 2011], and to identify

barriers to implementation and develop and disseminate real-world solutions. Below, we

describe in some detail the University of Maryland’s PAP3 initiative.
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THE UNIVERSITY OF MARYLAND PERSONALIZED ANTI-PLATELET

PHARMACOGENETICS PROGRAM (PAP3)

Background

Clopidogrel is the most commonly prescribed anti-platelet agent for prevention of

myocardial infarction in patients who undergo percutaneous coronary intervention (PCI)

procedures. Despite its widespread use, there is great inter-individual variation in response

as determined by residual on-treatment platelet aggregation and recurrent cardiac events

[Gurbel et al., 2003]. Early studies published in 2006 – 2007 indicated that clopidogrel is a

pro-drug requiring activation by cytochrome P450 2C19 (CYP2C19) and that healthy

subjects and coronary artery disease patients with common loss-of-function mutations in the

CYP2C19 gene had decreased blood levels of active metabolite and increased residual on-

treatment platelet reactivity [Brandt et al., 2007; Hulot et al., 2006]. Subsequent larger

studies [Mega et al., 2010a; Simon et al., 2009] as well as a genome-wide association study

[Shuldiner et al., 2009] and meta analysis [Mega et al., 2010b] subsequently replicated these

findings and linked the most common loss of function variant, CYP2C19*2, to an increased

incidence of cardiovascular events, especially stent thrombosis. CYP2C19 loss of function

heterozygotes (intermediate metabolizers) and homozygotes (poor metabolizers) constitute

approximately 22 - 25% and 3 - 4%, respectively, of the general U.S. population [Fisch et

al., 2013; Scott et al., 2013b]. Most studies indicate a gene-dose dependent decrease in

clopidogrel responsiveness, with poor metabolizers at greatest risk for recurrent

cardiovascular events and intermediate metabolizers at intermediate risk relative to

clopidogrel-treated patients without any loss of function alleles (extensive metabolizers).

Interestingly, the association between CYP2C19 loss of function alleles and poorer

outcomes in clopidogrel-treated patients appears to be most marked in patients in whom

coronary stents have been placed, and less so (if at all) for other indications for clopidogrel,

e.g., atrial fibrillation, peripheral vascular disease, stable angina, stroke [Johnson et al.,

2012]. Furthermore, the role of concurrent use of CYP2C19 inhibitors, e.g., proton pump

inhibitors, on clopidogrel efficacy remains controversial [Depta and Bhatt, 2012; Scott et al.,

2013a].

The newer anti-platelet medications, prasugrel and ticagrelor, are unaffected by CYP2C19

metabolizer status but are associated with higher bleeding rates than clopidogrel and have

other contraindications, suggesting that these medications not be used in all patients, but

rather be reserved for CYP2C19 loss of function carriers. Indeed, in March 2010, FDA

added a boxed warning to the clopidogrel label to alert health-care professionals and patients

to the potential decreased efficacy of the drug in CYP2C19 poor metabolizers, the

availability of CYP2C19 genetic tests, and consideration of alternate therapy in CYP2C19

poor metabolizers (FDA Drug Safety Communication 3/12/2010).

Despite the aggregate of pharmacokinetic, pharmacodynamic, and clinical outcomes

evidence, the uptake of CYP2C19 genetic testing by clinicians is relatively low. Perhaps the

most significant barrier to widespread adoption is the absence of prospective randomized

clinical trials of genotype-guided anti-platelet algorithms to provide a more definitive

evidence base [Perry and Shuldiner, 2013]. As adverse event rates such as stent thrombosis
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have dropped over the last decade, a properly powered definitive trial would require several

thousand participants to demonstrate such a benefit. Recently, smaller prospective clinical

trials have begun to provide further support for CYP2C19 genetic testing. The non-

randomized prospective GIANT Trial studied 1,445 PCI patients of whom 319 (22%) were

CYP2C19 intermediate or poor metabolizers (IM/PMs). Eighty-five percent of IMs/PMs

received alternative anti-platelet therapy and experienced lower cardiovascular event rates

than IMs/PMs who did not receive alternative anti-platelet therapy (3.3% versus 15.6%)

[Chevalier, 2013]. In another recent study by Xie and colleagues, 600 Chinese PCI patients

were randomized and then received personalized anti-platelet therapy, which included

CYP2C19 genotyping and alternative anti-platelet therapy in CYP2C19 IMs/PMs versus

conventional treatment. Twenty-seven patients (9.3%) assigned to the conventional

treatment group experienced a cardiovascular event compared to 8 patients (2.7%) in the

personalized anti-platelet group (p<0.01) [Xie et al., 2013].

In the absence of a definitive prospective randomized clinical trial, the current PCI practice

guidelines, which were published by major professional organizations (ACCF/AHA/SCAI)

prior to the results of the GIANT and Xie studies, do not support the routine clinical use of

genetic testing to screen patients undergoing PCI [Levine et al., 2011]. Similarly, the FDA’s

boxed warning on the clopidogrel label provides latitude, falling short of mandating

CYP2C19 genetic testing, stating: “Tests are available to identify a patient’s CYP2C19

genotype; these tests can be used as an aid in determining therapeutic strategy. Consider

alternative treatment or treatment strategies in patients identified as CYP2C19 poor

metabolizers.” Thus the option to perform genetic testing is up to the individual clinician, an

option that for various reasons, including medical-legal considerations, is rarely taken at the

current time. However, growth in the evidence base for clinical benefit, such as seen in the

GIANT and Xie [Chevalier, 2013; Xie et al., 2013] and expanding awareness of cost savings

to the patient and health care systems [Reese et al., 2012] are expected to gradually shift

routine care to a more personalized anti-platelet therapy approach.

Overview of Personalized Anti-Platelet Pharmacogenetics Program PAP3 Implementation
Process

The objective of the PAP3 is to implement a process whereby: i) health care providers order

CYP2C19 genetic testing in patients undergoing cardiac catheterization; ii) CLIA-certified

CYP2C19 genetic testing is performed with high precision and a rapid turnaround time in

the University of Maryland Translational Genomics Laboratory (TGL); iii) results are

returned to prescribers in standard report formats that include patient genotype, metabolizer

phenotype, and suggested treatment algorithm; iv) in-service education programs regarding

pharmacogenetic testing and individualized therapy are offered to promote adoption of

genotype-guided anti-platelet therapy by clinicians; and v) effectiveness of the

implementation is measured, e.g., results turn-around time, changes in provider test ordering

and prescribing practices, efficacy of education programs, provider satisfaction, and clinical

outcomes and cost effectiveness.

Recognizing that the success of the implementation depends on the contributions of diverse

functional groups, a PAP3 advisory and working group was convened. Membership
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included leaders in cardiology (physicians, cardiac catheterization laboratory nurse),

biomedical informatics (hospital Chief Information Officer), the TGL (directors, genetic

counselor), pathology, finance, and other strategic representatives from the University of

Maryland Medical Center (UMMC) and the Baltimore Veterans Administration Medical

Center (BVAMC). The group met on a monthly basis to identify potential issues and discuss

approaches to managing necessary clinical processes, workflows, laboratory and information

system requirements, and financial implications.

At an early juncture the PAP3 advisory and working group decided to initiate CYP2C19

testing in cardiac catheterization patients under the auspices of an IRB-approved research

protocol to enhance our ability to obtain implementation metrics and outcome data for

analysis and sharing to establish best practices for clinical implementation. The last step in

the implementation process would be the transition of the optimized research protocol to

routine patient care. We decided to implement CYP2C19 genetic testing in the cardiac

catheterization laboratories at two clinical sites, UMMC and BVAMC, anticipating that

distinct processes and workflows would need to be established at each. The UMMC is an

800 bed academic medical center, serving Baltimore and the state of Maryland, southern

Delaware, and portions of southern Pennsylvania. The UMMC Cardiac Catheterization Lab

(CCL) performs approximately 900 left heart catheterizations per year. Adjacent to UMMC

is the BVAMC, a 137 bed acute medical and surgical care facility for the VA Maryland

Health Care System. The BVAMC performs approximately 250 left heart catheterizations

per year. Patient care is provided by the same UMSOM faculty interventional cardiology

physicians in both facilities.

Instrumental to the implementation process was an acknowledgement of the need for rapid

turn-around time from sample collection to return of results to the patient’s medical record

in order for clinicians to use the results to direct drug selection prior to patient discharge.

Several parallel efforts were initiated to bring this clinical service to a functional state,

including close attention to patient enrollment, sample acquisition/handling, TGL genotype

testing, result delivery to the medical record, and education and engagement of care

providers. Individualized workflows for each of these components were woven together to

comprise the full project (Figure 1).

Implementation of Personalized Anti-Platelet Pharmacogenetics Program at UMMC (Figure
1A)

Eligible individuals are male and female patients, 18 years of age and older, who undergo

left heart catheterization. These patients are at a high likelihood of requiring anti-platelet

therapy. An advantage of this approach is that elective patients undergoing cardiac

catheterization are funneled through the Catheterization Preparation and Recovery Unit

(CPRU) and thus recruitment efforts can be focused in one location. For hospitalized

patients undergoing cardiac catheterization on an urgent basis, close communication with

the inpatient cardiology and cardiology consultation services have been essential to patient

enrollment from these units. In the CPRU, research coordinators review patient charts,

approach and consent patients for participation, verify eligibility, and collect baseline

demographic and clinical information from patients before they are taken to the CCL for
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their procedure. Together with the UMMC laboratory information technology team, we

implemented computerized provider order entry for CYP2C19 test ordering. Once ordered, a

blood sample is collected, in most cases at the time of sheath insertion during the

catheterization procedure. Samples are accessioned in the hospital Laboratory Information

System (Cerner PathNet) and transported (“sent out”) to the TGL in the UMSOM for

processing and analysis.

In the TGL, genotype analysis is performed using the Verigene® System and the 2C19/CLO

+ Nucleic Acid Assay (Nanosphere, Northbrook, IL), which measures the three common

variants, *2, *3 and *17. Other loss of function variants (*4 - *10) are very rare and not

measured in this assay in its current release. CLIA-compliant reports are prepared, reviewed

and signed by the laboratory director or designee. These reports specify which variants were

measured and provide limitations with regard to potentially missing rare known or unknown

variants that are not measured. Results are entered into Cerner Pathnet, so results are

available in the EHR for clinicians to use at the point of care. The protocol procedure

specifies calling clinicians by telephone when there are “actionable” genotypes (i.e.,

predicted clopidogrel poor responders) so patient therapy may be changed to alternative

anti-platelet agent at the earliest possible time. With a turn-around time of approximately

five hours from sample receipt in laboratory to result, genotype results are available before

the next day’s maintenance dose in the majority of patients. However, CYP2C19 testing is

currently not available 24/7 and tests performed the morning following blood draw may not

be completed prior to patient discharge from the hospital. In these cases, telephone follow-

up with the referring physician is necessary.

Treating physicians are provided anti-platelet therapy treatment recommendations based on

current published CYP2C19 CPIC guidelines in which both IMs and PMs are recommended

alternative anti-platelet therapy [Scott et al., 2013b]; however, final selection of an anti-

platelet agent is determined by the physician’s clinical judgment. Clinical decision support

(CDS) delivered through the EHR is vital for scaling implementation of pharmacogenetic

(and ultimately pharmacogenomic) applications in diverse health care setting. Our

institution, like others, is adding new features and functions to the EHR systems. Currently,

however, the infrastructure for building computational algorithms and CDS within our EHR

is limited. For the time being, genotype-based anti-platelet therapy prescribing information

is hand delivered, faxed or emailed to the prescribing clinician once testing is completed.

Additionally, the recommendations are posted in common areas in the CPRU, and Cardiac

and Progressive Care units in the UMMC. Although not sustainable for more complex

genomic data, we have found these manual methods to be reasonably effective, highlighting

that implementing pharmacogenetic applications can be accomplished even in the absence of

a fully functioning integrated EHR. Since UMMC is a regional referral center, genotype

results with interpretation are also mailed to each patient and referring primary physicians

following discharge (see Supplemental Information).

Implementation of PAP3 at BVAMC (Figure 1B)

Similar to the UMMC effort, blood samples are sent to the TGL. In contrast to the UMMC

workflow, at the BVAMC the clinical pharmacist plays an important role to assist in
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ordering non-formulary alternative anti-platelet agents, when indicated. A second distinction

is that results are linked with CDS in the Computerized Patient Record System (CPRS), the

VA EHR that is available to all authorized VA providers. Another difference is that

notification letters are uploaded into CPRS which are then electronically cosigned by the

primary care physician. Since all VAMCs use the same CPRS, CDS developed as part of

PAP3 should be readily exportable nationally. In addition, all veterans receive the results of

their tests in the mail.

Progress to date

From March 2013 to December 9, 2013 at UMMC and BVAMC, 203 patients (170 at

UMMC and 33 at BVAMC) have been approached to participate and 166 (81.8%) consented

and enrolled under this protocol. Of those enrolled, 53 (31.9%) were IM/PMs; 27 of these

had a PCI of which 17 (63%) were prescribed an alternative anti-platelet therapy. The most

common reasons for not prescribing alternative therapy to clopidogrel in IMs/PMs were:

physician preference and patient factors; discharged before or right after CYP2C19 results

were available; already on alternate treatment; and lack of insurance.

Tracking Implementation Metrics

Case report forms are used to capture data from enrolled participants including the times of

test order entry, sample collection, sample accessioning, and recording of test result to the

EHR Examples of measurable outcomes at this stage of the project are time between test

order, sample delivery in TGL and report delivery to prescribers, genotype distribution, and

the proportion of tested patients with actionable genotypes. Additional evaluations include

how CDS was delivered, to whom it was communicated, and whether there was successful

contact with the primary decision maker. Finally, we track the number of new or revised

prescriptions written based upon genotype result, the time between test result and new or

revised drug order, and physician adherence to CPIC guidelines.

Education and Provider Support

To maximize involvement and utilization, providers must have a reasonable understanding

of both the scientific and clinical knowledge which forms the basis for genotype-directed

personalized anti-platelet therapy. Communicating the benefits of genotype directed anti-

platelet therapy to providers is accomplished by presenting the cumulative evidence from

pharmacokinetic, pharmacodynamic, and retrospective and small prospective clinical

outcomes studies and has been time consuming. In addition to a rigorous review of the

evidence base, a significant portion of the education process for health care providers is

developing an understanding and comfort using personalized genetic information within

their medical decision making process. Educational efforts targeting these objectives include

formal presentations at conferences such as Cardiovascular Medicine and Internal Medicine

Grand Rounds as well as multiple informal interactions such as in-service sessions for

providers and health care delivery teams. These education sessions and interactions must be

repeated over time, given provider turnover and reluctance to deviate from established

practices and adoption of new approaches. Our PAP3 implementation team includes

cardiologists, genetic counselors, nurses, and pharmacists. In our experience, education
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sessions appear to be most effective when educators of similar training background to the

audience deliver the presentations, e.g., interventional cardiologists to other cardiologists;

nurses to other nurses. Periodically, we provide updates to providers regarding the PAP3

project itself including the number of subjects recruited, turnaround time, number of

actionable genotypes, and the number of prescription changes. It has been our experience

that when education is approached in this manner, and providers are engaged in the project,

they are excited to participate in the program.

FUTURE DIRECTIONS AND CONCLUDING REMARKS

Herein, we describe our initial experience implementing a pharmacogenetics application for

patient care. Despite significant challenges navigating a complex and fragmented health care

system, we have realized successes in implementing a personalized anti-platelet

pharmacogenetics program. We found that establishing an infrastructure, garnering and

maintaining institutional support at high levels, and engaging and educating stakeholders to

establish a culture of early adopters were critical ingredients to our success.

As we move forward, we will continue to track implementation metrics and to utilize this

information iteratively to optimize workflow. A critical final step to any implementation

research project is to remove the research component altogether and establish a new

standard of care. We anticipate implementing additional drug-gene pairs based on published

CPIC guidelines (e.g., warfarin and CYP2C9/VKORC1 [Johnson et al., 2011], thiopurines

and TPMT [Relling et al., 2013], statins and SLCO1B1 [Wilke et al., 2012], codeine and

CYP2D6 [Crews et al., 2012], and seamless incorporation of the entire process into the

EHR. As others have done successfully [Bell et al., 2013] we plan to establish a

pharmacogenomics consult service which will be instrumental to providing providers with

up to date recommendations regarding the application of pharmacogenomic knowledge to

patient care. This service will consist of a multidisciplinary team of providers, including

physicians, genetic counselors and pharmacists. As reported by others [Farrugia and

Weinshilboum, 2013; Johnson et al., 2013; Pulley et al., 2012] we anticipate initiating

preemptive pharmacogenomic testing in patients at high risk for exposure to medications

with known pharmacogenomic impact.

Ultimately, to demonstrate clinical utility and cost effectiveness of pharmacogenomics in

patient care, large multicenter pragmatic clinical trials in diverse health care settings will be

necessary. Establishing the infrastructure and workflow such as that described is a first step

toward enabling these trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Workflow for CYP2C19 genetic testing at the University of Maryland Cardiac

Catheterization Laboratory (Panel A) and the Baltimore Veterans Administration Medical

Center (Panel B).
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