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Abstract

Objective—To determine the procedural feasibility of a pharmacist-led interdisciplinary service
for providing genotype-guided warfarin dosing for hospitalized patients newly starting warfarin.

Design—~Prospective observational study
Setting—483-bed hospital affiliated with a large academic institution

Participants—Eighty patients started on warfarin and managed by a newly implemented
pharmacogenetics service.

Intervention—Routine warfarin genotyping and clinical pharmacogenetics consultation

Measurements and Main Results—The primary outcomes were percent of genotype-guided
dose recommendations available prior to the second warfarin dose and adherence of the medical
staff to doses recommended by the pharmacogenetics service. Of 436 genotype orders during the
first 6 months of the service, 190 were deemed appropriate. For 80 patients on the service who
consented to data collection, 77% of genotypes were available prior to the second warfarin dose.
The median (range) time from the genotype order to the genotype result was 26 (7 to 80) hours,
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and the time to genotype-guided dosing recommendation was 30 (7 to 80) hours. Seventy-three
percent of warfarin doses ordered by the medical staff were within 0.5 mg of the dose
recommended by the pharmacogenetics consult service.

Conclusions—Providing routine genotype-guided warfarin dosing supported by a
pharmacogenetics consult service is feasible from a procedural standpoint, with the majority of
genotypes available prior to the second warfarin dose and good adherence to genotype-guided
dose recommendations by the medical staff.

Keywords

warfarin; pharmacogenetics; CYP2C9; VKORCL,; genotype feasibility; implementation;
pharmacogenetics service

Warfarin is a difficult drug to dose, and inappropriate dosing can have significant adverse
consequences. In fact, warfarin ranks as a leading drug-related cause of serious adverse
events and hospitalizations in older United States adults.! Warfarin dosing is complicated by
the significant inter-patient variability in the dose necessary to achieve therapeutic
anticoagulation, generally defined as an international normalized ratio (INR) of 2 to 3 for
most indications. Clinical factors, such as age, body size, liver function, and concomitant
medications, only partially explain the inter-patient variability in dose requirements.?

Substantial data demonstrate that genetic variation in cytochrome P450 2C9 (CYP2C9) and
vitamin K epoxide reductase complex 1 (VKORCL1) contributes to the inter-patient
variability in warfarin dose requirements.3 CYP2C9 polymorphisms affect Swarfarin
clearance, whereas VKORCL1 genotype impacts sensitivity to warfarin. While other genes,
most notable CYP4F2, have also been associated with warfarin dose requirements, CYP2C9
and VKORCI are the strongest genetic predictors of warfarin maintenance dose.*

The recently revised Food and Drug Administration (FDA)-approved warfarin labeling
provides dosing recommendations based on CYP2C9 and VKORC1 genotypes.’ In addition,
guidelines by the Clinical Pharmacogenetics Implementation Consortium (CPIC)
recommend genotype-guided warfarin dosing when genetic information is available for
clinical use.8 The CPIC guidelines further recommend using a pharmacogenetic-based
dosing algorithm to assist with warfarin dosing. Two algorithms shown to be the most
accurate for dose prediction are freely available through the http://www.warfarindosing.org
website.2 2 10 Despite FDA labeling revisions, consensus genotype-based dosing
guidelines, and readily available warfarin pharmacogenetic dosing algorithms, few medical
centers have incorporated genotype-guided warfarin dosing into clinical practice. Thus,
there is a paucity of data on the feasibility of genotype-guided warfarin dosing outside of the
controlled research environment.

Starting in August 2012, all patients newly starting warfarin during their hospitalization at
the University of Illinois Hospital & Health Sciences Center (Ul-Health) are genotyped,
with the goal of improving warfarin dosing and preventing adverse consequences associated
with inappropriate dosing. In conjunction with routine genotyping, a clinical
pharmacogenetics consult service was implemented to assist with genotype interpretation,
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provide genotype-guided dosing recommendations, and assist with anticoagulation
management. Herein, we describe the process and procedural feasibility of implementing
warfarin pharmacogenetics into clinical practice.

Description of the warfarin pharmacogenetics service

Ul-Health consists of a 483-bed tertiary hospital affiliated with the University of Illinois and
its seven health sciences colleges. Prior to implementation, the structure and procedures for
providing genotype-guided warfarin therapy, including the pharmacogenetics consult
service, were approved by the Anticoagulation Task Force and Pharmacy and Therapeutics
Committee at Ul-Health. Informatics and clinical decision support (CDS) tools were built
into the electronic health record (EHR) to trigger an automatic order for genotyping and a
pharmacogenetics consultation in response to an initial warfarin order for a hospitalized
patient newly initiated on warfarin (i.e. with no history of warfarin use within our medical
center or recorded as historical use during medication reconciliation within the previous 6
months). An automated alert appears in the EHR to inform the physician placing the
warfarin order that genotyping and a consultation with the pharmacogenetics service has
been ordered (Figure 1). The computer also provides an initial dose recommendation based
on conventional clinical factors including patient age, height, weight, self-reported race,
smoking status, amiodarone use, and the presence of a recent normal INR when these data
are available in the EHR. This initial dose is calculated based on a published algorithm with
the exception of indication of venous thromboembolism (VTE) since this diagnosis is not
always readily retrievable from the EHR early in an admission.2 When any of these clinical
data are missing, the computer alert appears without an initial dose recommendation. In this
instance, the ordering physician is referred to the institutional guidelines for warfarin use to
assist with selection of the first dose, which are directly accessible through an evidence link
at the bottom of the electronic alert.

The pharmacogenetics consult service operates 7 days a week and is jointly staffed by
faculty from the Colleges of Pharmacy, Medicine, and Pathology (Figure 2). Physician
coverage is provided by the Ul-Health cardiology and hematology services, which alternate
coverage on a 4-week basis. The clinical pharmacy team providing coverage remains the
same to provide continuity in care. Table 1 describes the functions and responsibilities of the
pharmacogenetics consult service.

Figure 3 shows the workflow and procedures of the service. A clinical pharmacist on the
service is alerted to each new warfarin genotyping order and pharmacogenetics consult via
an alert to a service inbox set up in the EHR. At the same time, the clinical laboratory
receives an alert for each genotyping order. The pharmacist manually screens the EHR to
determine the appropriateness of genetic testing and cancels orders deemed unnecessary
(e.g. warfarin use from an outside facility not recorded on admission) or inappropriate (e.g.
warfarin order for suspected heparin induced thrombocytopenia in which the serotonin
release assay was negative) and communicates this information to the laboratory. For orders
deemed appropriate, blood is drawn by the phlebotomy service at the next scheduled
collection time and sent to the Molecular Pathology Laboratory for genotyping.
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The pharmacogenetics consult team provides an initial patient assessment (consisting of a
review of the medical history, medications, laboratory results, patient demographics,
physical assessment) and clinical dose recommendation for the first dose (when not
provided automatically via the pharmacogenetics alert). The team targets completion of the
initial assessment within 24 hours of the consult order. Genotyping is performed by the
Molecular Pathology Laboratory, with results being available within 6-7 hours after
receiving a sample. Genotype results are expected to be available in time to inform the
second dose of warfarin. Generally, genotyping is started at 10 AM each morning for any
sample available, with results available by 4 pm, well before the scheduled administration of
warfarin at 9 pm. Genotyping is done using an eSensor® XT-8 system (GenMark DX,
Carlsbad, CA), which captures the following genotypes: VKORCL1 c.-1639G>A; CYP2C9
*2,*3,*%5,*%6, *11, *14, *15, and *16; and CYP4F2 p.V433M. Once results are available,
the laboratory alerts the consult service pharmacist and enters the results into the EHR, and
the pharmacist enters the genotype information into the consult note along with a genotype-
guided dose recommendation. In cases where the genotype reveals extreme sensitivity to
warfarin (e.g. VKORCL1 -1639AA genotype) or reduction in warfarin clearance (e.g.
CYP2C9 *2/*2, *1/* 3, or *3/* 3), the pharmacist also contacts the primary team directly to
alert them.

The clinical pharmacist on the team continues to provide daily patient assessment and dose
recommendations, which are refined based on INR response to previous doses and
documented in the patient’s EHR for the initial 7 days of warfarin therapy or until the
patient is discharged. Previously published algorithms, freely available through
www.warfarindosing.org89 along with clinical factors not included in the algorithms (e.g.
renal function, additional interacting medications) are used to assist with refined dose
recommendations. In the event that genotype results become available after the patient is
discharged, results are mailed to the patient with instructions to share them with their health
care provider managing warfarin, and this information is stored in the EHR. For all other
patients, the genotype results are included with the discharge instructions. In addition,
patients are provided with written educational materials at discharge, customized to include
the patient’s genotype. An example of information included in the patient educational
material is shown in Figure 4.

Patient recruitment and data collection

Genotyping

Patients receiving genotype-guided warfarin therapy were approached about providing
written, informed consent for the use of their data and leftover genetic sample for research
purposes. For consenting patients, time of the initial genotype and consult order, time to the
genotype results appearing in the EHR, time to the initial consult and genotype-guided dose
recommendation, and warfarin doses prescribed by the primary team were recorded. This
research was approved by the University of Illinois at Chicago Institutional Review Board.

We did not have IRB approval to report genotypes from the EHR that were determined as
part of clinical care; however all patients enrolled provided consent for the use of their
leftover DNA sample for research purposes. Thus, patients were genotyped for research
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purposes in the College of Pharmacy Pharmacogenomics Laboratory, which previously
served as the validation site for genotypes on the clinical platform. Patients were genotyped
for the same variants on the clinical platform (VKORC1 -1639G>A; CYP2C9*2, *3, *5, *6,
and *11; and CYP4F2 VV433M), using previously described methods.11-13

Data analysis

Results

Genotype frequencies were calculated and compared between race groups by Chi square
analysis. The primary outcome was the percent of time that the genotype-guided dose
recommendations were available prior to the second warfarin dose. Procedural feasibility
was prospectively defined as at least 70% of recommendations provided before the second
dose. The secondary outcome was the acceptance of genotype-guided dose
recommendations by the primary team, defined as the percent of time the dose ordered was
within 0.5 mg of the dose recommended by the team. Again, the goal acceptance rate was
prospectively determined to be at least 70%. Another outcome of interest was
recommendations provided by the pharmacogenetics team beyond warfarin dosing guidance.

Patient population

In the initial 6 months of the warfarin pharmacogenetics service, a total of 436 warfarin
genotype and consult orders were placed. Of these, 190 (44%) were deemed appropriate. Of
the 246 (56%) orders deemed inappropriate, the primary reason for an inappropriate order
was use of warfarin on admission from an outside medical center (n=223). Other reasons
were genotype already available from a prior admission (n=6), patient discharged prior to
blood for genotyping being drawn (n=3), substitution of an alternative anticoagulant (n=2),
and genotyping not felt to be indicated in a patient with significant multiple comorbidities
affecting warfarin disposition (n=1). In the remaining 11cases, the pharmacogenetics team
recommended against warfarin use, such as in the case of active cancer, where low
molecular weight heparin would be more appropriate (n=5) and a high suspicion for active
bleeding (e.g. recent large hemoglobin drop), for which the team recommended withholding
warfarin while the potential source for bleeding was interrogated (n=5);and a warfarin order
for suspected heparin induced thrombocytopenia in which the serotonin release assay was
negative (n=1).

Of the 190 patients with appropriate genotyping and consult orders, 65 (34%) were
receiving warfarin for prophylaxis of venous thromboembolism after major orthopedic
surgery and were not approached for study participation because of differing INR goals.
Twenty (11%) were discharged prior to being approached about study participation; this
included patients who were admitted and discharged over a weekend or holiday when
research staff were unavailable to obtain consent. A total of 105 (55%) patients were
approached about study participation, and 80 patients provided written, informed consent for
collection and use of their clinical data and left over genetic sample for research purposes.
Characteristics of the patients enrolled are shown in Table 2; most were of African ancestry.
Allele frequencies in the population overall were 0.23 for VKORCL1 -1639A, 0.08 for
CYP2C9*2, 0.01 for CYP2C9* 3, and 0.17 for CYP4F2 433M. None of the patients had a
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CYP2C9*5, *6, or *11 allele. African Americans had lower frequencies of the VKORC1
-1639A (0.07 versus 0.44, p<0.001), CYP2C9*2 or *3 (0.01 versus 0.17, p<0.001) and
CYP4F2 433M (0.04 versus 0.33, p<0.001) alleles than patients of other ancestries.

Procedural feasibility data

Among the 80 patients enrolled, the median time from the pharmacogenomic consult order
to the initial consultation, in which a clinical dose recommendation was provided, was 14
hours (range of 18 minutes to 28 hours). Eighty-nine percent of consultations were provided
within our goal time of 24 hours from when the initial consult was placed. The time from the
genotype order to the genotype result appearing in the EHR was 26 hours (range of 7 to 80
hours); 77% of genotypes were available prior to the second dose of warfarin. The primary
reason for delay was blood not reaching the laboratory in a timely manner. Of 62 (78%)
patients still hospitalized at the time the genotype results were returned, the time from the
genotype order to the genotype-guided dose recommendation provide by the
pharmacogenetics consult team was 30 (7 to 80) hours.

The median length of stay for the 80 patients enrolled was 5.5 days (range of <24 hours to
97 days). A total of 353 dose recommendations were provided for these patients. This
includes the recommendation provided in the initial clinical consult by the pharmacogenetics
team and subsequent daily dose refinement recommendations provided by the team
pharmacist via a follow-up note in the EHR. For patients hospitalized for >7 days, dosing
recommendations were provided for the initial 7 days or until a therapeutic INR was
achieved for 2 consecutive days. Figure 5 shows the doses recommendation by the
pharmacogenetics team versus the doses ordered by the medical staff. Overall, during the
initial 6 months of the service, 73% of warfarin doses ordered by the primary team were
within 0.5 mg of the dose recommended by the pharmacogenetics service. In 9 (3%) cases,
the pharmacogenetics team recommended a warfarin dose, but the primary team
subsequently decided to hold warfarin for a procedure, patient refusal to take warfarin, or
other reason. Adherence with dose recommendations increased over time, with 66%
adherence in months 1 to 2, 76% in months 3 to 4, and 80% in months 5 to 6.

Discussion

To our knowledge, we are among the first academic medical center to incorporate an
interdisciplinary genotype-guided consult service as part of standard care for patients newly
starting warfarin. As evidenced at our center, a routine clinical warfarin pharmacogenetics
service is feasible from a procedural standpoint, with the majority of genotype-guided
recommendation provided prior to the second warfarin dose. In addition, the medical staff
were, in most cases, adherent to dose recommendations by the pharmacogenetics service,
demonstrating acceptance of the pharmacogenetics service and dose recommendations.
Importantly, adherence to dose recommendations increased over time indicating that lower
adherence in the early weeks of the service may have been due to unfamiliarity with the new
procedure for warfarin dosing. Our approach to providing a formal clinical consultation for
each patient initiating warfarin is also unique and allows for interventions beyond providing
pharmacogenetic dose recommendations. This is best illustrated in cases where warfarin is
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deemed inappropriate or unnecessary by the pharmacogenetics service who communicates
this with the primary team, such as the case with active cancer or a recent drop in
hemoglobin.

A major practical challenge with clinical implementation of warfarin pharmacogenetics is
obtaining genotype results in a timely manner. However, previous data indicate that even
when genotype results are not available until 4 to 7 days after warfarin initiation, genotype-
guided dosing still allows for better prediction of the warfarin maintenance dose than dosing
based on clinical factors alone.1* 15> Nonetheless, it is desirable to obtain genotype results
sooner in order to better inform initial warfarin doses and avoid supra-therapeutic dosing in
patients with the extremely sensitive VKORC1 -1639AA genotype or delays in reaching
therapeutic anticoagulation in patients with insensitive genotypes. Thus, our goal is to obtain
genotype results in time to inform the second warfarin dose, and our data show this was
achievable nearly 80% of the time. Since the primary reason for a delay in obtaining
genotype is a delay in sample collection, mechanisms to reduce the time for blood collection
in response to a genotype order are being investigated.

Currently, one patient on average is genotyped each day as part of the warfarin
pharmacogenetic service. This may be perceived as an inefficient use of hospital resources.
However, our existing platform also allows for CYP2C19 testing for antiplatelet therapy,
which we have recently implemented. Thus, on some days, multiple genotypes for multiple
patients requiring warfarin or antiplatelet therapy may be determined simultaneously,
improving the efficiency of the genotyping process. In addition, we are exploring
approaches for preemptive genotyping, as is being done at other medical centers, in which
multiple variants are determined ahead of time to inform future prescribing of warfarin and
other drugs.16: 17 This would minimize the need for rapid genotyping for one patient at a
time.

While we focused on procedural feasibility in this paper, the financial feasibility also
deserves mention. Payment for consultations and genetic testing at our institution varies by
third party payer. As such, this could affect the ability to implement a similar approach in
other health systems. However, reimbursement by their party payers may change pending
the outcome of ongoing clinical trials of genotype-guided warfarin therapy.

Another challenge is establishing the clinical decision support for genotype-based warfarin
dosing. Currently, pharmacists are extracting clinical data from the EHR and entering these
data in addition to genotype into pharmacogenetic dosing algorithms freely available
through the world wide web. Such an approach is time consuming and subject to error in
transferring data from one source to another. In addition, this approach is not ideal for
situations when a pharmacist is not available. Thus, we are exploring means of integrating a
pharmacogenetic dosing algorithm directly into the EHR, as we have done for the initial
clinically-based warfarin dose. In addition, we are exploring a means of electronically and
securely transferring data from the EHR to an external site (e.g. warfarindosing.org) where a
dose may be calculated and returned to the EHR.
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Changing the perception and behavior of the ordering physician to increase adherence to
dose recommendations by the pharmacogenomics service can also be difficult. Strategies
implemented by Ul-Health to address this challenge include interdisciplinary continuing
education programs focused on warfarin pharmacogenomics before and shortly after service
inception. Additionally, several in-services and grand rounds were delivered during the
initial weeks of the service to various medical services and units that care for patients
requiring warfarin, including cardiology, neurology, medicine, and orthopedics. An internal
website was also developed prior to service inception to provide information about warfarin
pharmacogenetics and access to relevant guidelines, including institutional clinical warfarin
use guidelines. These latter guidelines were updated to incorporate dosing and monitoring
procedures based on warfarin pharmacogenetics. The website is directly and conveniently
accessible through the evidence link on the automated alert to the physician, triggered by the
initial warfarin order for a patient (Figure 1). The pharmacogenetics service is staffed by
residency-trained pharmacists from 8 am to 5 pm 7 days a week. Clinical pharmacists are
oncall and available by phone at all other times to consult with the medical staff and assist
with any questions regarding warfarin pharmacogenetics; our resident pharmacist-on-call
program with faculty service as back-up serves a vital role in this regard. Finally, in the
initial weeks of the service, a screen saver in the EHR was designed for all hospital
computers to alert the house staff of the new approach to warfarin dosing. The high
adherence rate to dose recommendations suggests that this combination of strategies was
successful. However, further or alternative education or communication models are likely
still warranted to near our goal of 100% adherence.

Conclusions and Future Directions

In summary, we have found that implementation of warfarin pharmacogenetics into routine
clinical practice is feasible from a procedural standpoint and well accepted by our medical
staff. The components of the service described herein, including the genotyping procedure,
CDS tools, and patient educational materials, may be exported to other institutions interested
in implementing a warfarin pharmacogenetic programs. In addition, the interdisciplinary
approach to the Ul-Health pharmacogenetics service represents a model for team-based care
including pharmacists, physicians, and laboratory personnel. Through the provision of
personalized warfarin dosing, the goal is to improve anticoagulation management and
reduce the risks for adverse events, namely bleeding and thrombosis, as a result of
inappropriate warfarin dosing. A future aim, therefore, is to examine the effects of
genotypeguided warfarin dosing in our diverse patient population on clinical outcomes, such
as time to achieve stable dosing and risk for adverse warfarin-related sequelae.
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Discern: (2 of 2)

€C .
< Pharmacogenomics Alert
Cerner

\Genetic testing to determine warfarin metabolism and sensitivity is now
routine for patients newly starting warfarin at UI-Health. Warfarin has a
narrow therapeutic index, and inappropriate dosing can increase
hospital length of stay and risk for bleeding. Genetic information can
assist in more effective warfarin dosing. If the patient was taking
warfarin as an outpatient, warfarin should be dosed accordingly. If this
patient is new to warfarin, and the goal INR is 2-3, an initial warfarin
|dose of 3.73 mg is recommended, which should be rounded to the
nearest 0.5 mg and considered in the context of clinical factors. If the
INR goal is not 2-3, please talk to you service pharmacist or page #
4361. A consult with the pharmacogenomics service will automatically
be provided to assist you with interpreting genotype results and dosing
warfarin. If you would like to learn more about the pharmacogenetics of
warfarin or the UI-Health warfarin dosing guidelines hit the evidence
link below. Please page the pharmacogenetics service at #4361 with
any questions.

E vidence link
Figure 1.

Alert to the clinician in response to an initial warfarin order for a patient with no history of
warfarin use within 6 months and no genetic information recorded in the electronic medical
record. The dose provided is for a 50 year old Caucasian male with a height of 5’3" and
weight of 130 pounds who smokes and is taking amiodarone.
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Pharmacy

Initial communication regarding the
appropriateness of the genetic
test order.
Further communication once
genetic test results

Jointly provide the initial
pharmacogenetic
consult

are available
Medicine Molecular
{Hematology/ Pathology
Cardiology)
Figure 2.

Warfarin pharmacogenetics consult team
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Clinical dose Genotype-guided dose
Day 1 Day 2 Day 3 Day 7-10
+ Initial warfarin order  + Patient seen + Pharmacogenetics Service
+ +/- clinical dosing « Mote placed in EHR follows patient and suggests
suggestion provided  « Pharmacogenetic dose daily doses until stable dose
+ Genotype ordered recommendation provided attained or discharge

* Pharmacogenstics
consult ordered

Figure 3.
Warfarin pharmacogenetic consult timeline
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Warfarin Genotyping
What is your genotype?

Genetic makeup is what determines a persan’s body traits, such as height and hair color. Genetic makeup
differs from person to person, which is why one person’s body traits are different fram another person’s,

How and why did you get warfarin genotyping?

A blood sample was used to determine your genetic makeup while you were in the haspital. Warfarin
genotyping helps determine if a person may he more sensitive (i.e. require lower doses) or resistant (i.e.
require higher doses) to warfarin, Warfarin (brand name Coumadin) is a blood thinner that helps prevent
inappropriate clotting, The dose of warfarin that best prevents clotting without increasingthe chance far
serious bleeding varies from person to person. Information about your genotype can help your doctor select
the right dose of warfarin for you,

What were your test results and what do they mean? {Note: This section is customized to include
genotype. Remove "hot available” and add results once available)

Your genotype is:

CYP2C9: Not available
VKORCI: Not avallable
CYPAF2: Not available

Your genotype shows that you have (increased/decreased/average) sensitivity to warfarin and may need
(low/high/usual) warfarin doses.

What should | do with my test result?

You should share your test results with your doctor who takes care of your warfarin. Your test results may
help your doctor better manage your warfarin, If your doctor has any questions or if your genotype results
were not available before you were discharged, please ask your doctor to call the Antithrombosis Clinic at the
University of lllinois Hospital and Health Sciences Center (:O(-300000).

Figure 4.
Information included in the patient educational information on warfarin pharmacogenetics.

The information is customized to include the patient’s unique genetic information.
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Prescribed Dose (mg)
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Figure 5.

Scatter plot of dose recommended by the pharmacogenetics service versus the dose ordered
by the primary team. The numbers within the circles indicate the number of times that dose
combination occurred. For circles without numbers, the combination only occurred once.
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Table 1

Functions and responsibilities of the pharmacogenomic consult service

. Selecting genotyping methodology

. Validating genetic tests

. Building the information technology infrastructure to support genetic testing
. Coordinating provider education

. Providing consultative services

. Serving as an information resource to support clinical decision making

. Exploring methods to improve workflow

. Examining use of ancestry-specific dosing models
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Table 2
Characteristics of patients enrolled
Characteristic Total n=80
Age (years) 50+ 18
Female sex 43 (54)
Self-reported race/ethnicity
African American 45 (56)
European 13 (16.5)
Hispanic 13 (16.5)
Other 9(11)
Warfarin indication
Deep vein thrombosis 25 (31)
Pulmonary embolism 20 (25)
Atrial fibrillation 12 (15)
VTE prophylaxis after major orthopedic surgery 11 (14)
Other 12 (15)
Genotype
VKORC1 -1639G>A
AA 8 (10)
AG 21 (26)
GG 51 (64)
CYP2C9
*1/%1 68 (85)
*1/%2 10 (13)
*1/*3 1(1)
*2/%2 1(1)
CYP4F2 V433M
W 56 (70)
VM 21 (26)
MM 3(4)
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