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Purpose. As a preliminary evaluation of the outcomes of implementing
pharmacogenetic testing within a large rural healthcare system, patients
who received pre-emptive pharmacogenetic testing and warfarin dosing
were monitored until June 2017.

Summary. Over a 20-month period, 749 patients were genotyped for
VKORC1 and CYP2C9 as part of the electronic Medical Records and Ge-
nomics Pharmacogenetics (eMERGE PGx) study. Of these, 27 were pre-
scribed warfarin and received an alert for pharmacogenetic testing perti-
nent to warfarin; 20 patients achieved their target international normalized
ratio (INR) of 2.0-3.0, and 65% of these patients achieved target dosing
within the recommended pharmacogenetic alert dose (+ 0.5 mg/day). Of
these, 10 patients had never been on warfarin prior to the alert and were
further evaluated with regard to time to first stable target INR, bleeds and
thromboembolic events, hospitalizations, and mortality. There was a gen-
eral trend of faster time to first stable target INR when the patient was
initiated at a warfarin dose within the alert recommendation versus a dose
outside of the alert recommendation with a mean (+ SD) of 34 (+ 28) days
versus 129 (+ 117) days, respectively. No trends regarding bleeds, throm-
boembolic events, hospitalization, or mortality were identified with respect
to the pharmacogenetic alert. The pharmacogenetic alert provided phar-
macogenetic dosing information to prescribing clinicians and appeared to
deploy appropriately with the correct recommendation based upon patient
genotype.

Conclusion. Implementing pharmacogenetic testing as a standard of
care service in anticoagulation monitoring programs may improve dosage
regimens for patients on anticoagulation therapy.

Keywords: clinical decision support, CYP2C9, eMERGE PGx, pharma-
cogenetics, VKORC1, warfarin
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harmacogenetics is an area of phar-

macotherapy that factors individual
genetic variation into dosing consider-
ations to provide personalized or preci-
sion medicine to patients, potentially
improving the effectiveness and toxic-
ity profile of medications for a given
patient, as well as saving time and costs
by reducing the time needed to adjust
to an optimal dose of medication for an
individual. Implementation of pharma-
cogenetic testing has been slow, owing
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to several barriers—specifically, diffi-
culty of integration into the electronic
medical record (EMR), implementation
of clinical decision support (CDS) tools,
and interpretation and application of
the results in clinical practice'; however,
the practice is slowly gaining acceptance
and several institutions have engaged
in research to assess the full potential of
pharmacogenetics in clinical practice.>*

One such initiative is the “elec-
tronic MEdical Records and GEnomics
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(eMERGE) pharmacogenetics (PGx)”
study which has over ten participat-
ing institutions across the country.*?
Institutions involved in the eMERGE
PGx study selected specific drug-gene
interaction pairs for evaluation at their
site, genotyped participating patients,
and developed ways to integrate phar-
macogenetic testing results into their
EMR, with the goal of providing medi-
cation recommendations tailored to the
patient’s genotype.>® At a large tertiary
care facility in a rural region of the upper
Midwest, 749 patients were enrolled
in a pilot clinical pharmacogenetics
implementation study for 3 drug-gene
interaction pairs clopidogrel/CYP2C19,
simvastatin/SLCOIBI, and warfarin/
CYP2C9, VKORCI. Selection criteria for
study participation is discussed else-
where but, in summary, a patient was
eligible if over the age of 50 years and
with no prior use of clopidogrel, simvas-
tatin, or warfarin.?

Since there are known pharma-
cogenetics dosing guidelines for
warfarin/CYP2C9 and VKORCI,* war-
farin was selected as one of the drug-
gene interaction pairs to investigate at
this institution for the eMERGE PGx
study and is the focus of this case series.
Warfarin is a commonly prescribed anti-
coagulant medication and received the
most pharmacogenetics alerts among
the 3 evaluated medications during the
timeframe for the retrospective chart
review.

Figure 1. Pharmacogenetic alert.

KEY POINTS

e Pharmacogenetic alerts may
aid clinicians in establishing
a proper baseline dosage for
warfarin regimens and can be
implemented in a large rural
healthcare system.

¢ Pharmacogenetic results
explain some (but not all) of a
patient’s response to warfarin,
thus pharmacogenetic test-
ing should complement INR
checks and dosage based
upon clinical factors and does
not replace these monitoring
considerations.

e The use of pharmacogenetic
alerts may reduce the time to
first stable target INR, thus po-
tentially reducing the duration
of anticoagulant bridging thera-
pies.

Per standard of care procedures,
all patients prescribed warfarin at this
institution are offered enrollment in
the Anticoagulation Service (ACS), a
nurse-staffed, protocol-driven program
to manage patients on anticoagulation
therapy. Clinicians are directed to use
clinical judgement on initial warfarin
dosing at the time of patient enrollment

p
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into the ACS. General guidelines include
initiating treatment at a recommended
starting warfarin dose of 4-5 mg/day
for patients less than 75 years old or at
2-2.5 mg/day for patients 75 years and
older or with comorbidities (e.g., history
of liver disease, moderately to severely
elevated liver function tests, elevated
baseline international normalized ratio
[INR] value) in addition to other patient-
specific factors. When a patient with
pharmacogenetic testing is prescribed
warfarin, a dialog box (pharmacogenet-
ics alert, Figure 1) is displayed on the
provider’s computer screen and identi-
fies genetic variants that alter the metab-
olism and clearance of warfarin from
the body. The alert goes on to provide
the clinician with a recommendation for
initial warfarin dose based solely upon
pharmacogenetic factors. Clinicians can
then consider this recommendation and
contextualize it with other patient-spe-
cific factors to determine a reasonable
starting dose for the patient. The phar-
macogenetic alerts were added to this
standard of care and did not replace any
component of the normal process for
enrollment into the ACS, as these alerts
were intended as a notification to assist
the clinician with initial warfarin dosing.

While research on
pharmacogenetics implementation is

successful

available,* the clinical impact and out-
comes of the implementation may vary
from site to site due to organizational
factors like pre-planning, alignment
with organizational goals and objec-
tives, leadership commitment, effective
team communication, and appropri-
ate monitoring and follow-up of the
initiative.’ Regarding pharmacogenetic
monitoring implementation, additional
considerations may include site-specific
workflows, personnel experience and
expertise, and overall support pertinent
to the EMR as well as interpretation and
assessment of results.

Therefore, the aim of this article is
to provide a preliminary description of
outcomes associated with implementa-
tion of pharmacogenetic testing for war-
farin administration in the eMERGE PGx
patient cohort at this institution. Due to
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the small number of alerts (n = 27) and
variability in patient-specific factors
(e.g., INR goal, whether the patient was
already on warfarin at the time of the
alert, changes to therapy due to concur-
rent procedures), outcomes were quan-
tified descriptively in a series of case
studies. The primary outcomes of inter-
est were accuracy of pharmacogenetics
predicted warfarin dose, time to first
stable target INR, frequency of bleeds
and thromboembolic events, hospital-
izations, and all-cause mortality.

Establishing an appropriate dose
for anticoagulation therapy quickly and
accurately is important for preventing
clot formation and reducing the dura-
tion of enoxaparin bridging therapy in
select patients. In this case series, 10
patients received warfarin therapy for
the first time after pharmacogenetic
testing. There were few bleeding events
and thromboembolic (TE) events in
the cohort, and 1 death associated with
dysregulated coagulation, though low
medication adherence and compli-
cations associated with sepsis in this
patient make it difficult to draw any firm
conclusions with respect to morbidity
associated with warfarin or pharmaco-
genetics testing use. Therefore, phar-
macogenetics testing prior to first-time
anticoagulant administration may be a
useful service for establishing baseline
dosage regimens for warfarin.

Descriptive analysis

The protocol and amendments
for this retrospective case series were
approved by the healthcare system’s
Institutional Review Board and con-
ducted in accordance with good clinical
practices. Of the 749 patients genotyped
for warfarin as part of the eMERGE PGx
cohort, 27 patients were prescribed war-
farin, which corresponded to 27 warfa-
rin pharmacogenetics alerts between
November 2014 and June 2016; patient
demographics are listed in Table 1.

The pharmacogenetic alerts were
built into the EMR to be triggered
when a patient with an actionable vari-
ant was prescribed the corresponding
medication; in the case of warfarin, all
reported genotypes have an associated

therapeutic recommendation.*'

Pharmacogenetic recommenda-
tions for warfarin dosing were based
upon the Clinical Pharmacogenetics
(CPIC)
recommendation on pharmacogenetic
dosing at the time, which follows the
FDA Warfarin Prescribing Information
table on dosing by genotype, and are
listed in Table 2.

The 2 genes evaluated for warfa-
rin dosing were CYP2C9 and VKORCI.
Genotyping was performed for cyto-
chrome P-450, family 2, subfamily
C, poly-peptide 9 (CYP2C9) alleles
*2 (p.R144C, 1s1799853), *3 (p.I359L,
rs1057910), *5 (p.D360E, 1s28371686),
and *6 (p.K273Rfs, rs9332131). The
*1 allele was assigned in the absence
of detection of a queried variant.
Genotyping was also performed for vita-
min K epoxide reductase gene, VKORCI
(c.—1639G>A, rs9923231). The CYP2C9
gene encodes the primary CYP protein
involved in the metabolism of S-warfarin,
and VKORCI encodes the protein that
warfarin targets; in the European popu-
lation, these variants explain roughly

Implementation Consortium

18% and 30% (respectively) of the vari-
ability in stable warfarin dosing.!’ The
pharmacogenetics recommendations for
warfarin dosing were developed using an
INR goal of 2.0-3.0% thus, patients with
an INR value other than 2.0-3.0 (e.g.,

patients prescribed warfarin for orthope-
dic TE prophylaxis) were not included in
the analysis.

Approximately half of the patients
receiving warfarin therapy were pre-
scribed warfarin for atrial fibrilla-
tion/flutter (AF) while the remaining
patients received warfarin to treat or
prevent TE events. Of these 27 patients,
3 patients were prescribed warfarin for
orthopedic TE prophylaxis with an INR
goal value outside of 2.0-3.0 and were
excluded from analysis; of the remain-
ing 24 patients, 4 had not achieved the
target INR of 2.0-3.0 at the time of anal-
ysis (Figure 2) and were also excluded.
The 20 patients who achieved a target
INR value were evaluated for accuracy
of the pharmacogenetics predicted
dose versus the empirically determined
stable dose (Table 3). As the recom-
mended dose ranges are not continuous
(e.g., pharmacogenetics recommended
ranges are from 0.5-2 mg/day, 3-4 mg/
day and 5-7 mg/day),*'° a margin of
error for the alert recommendation of
+ 0.5 mg was adopted for the analysis.
Thus, a patient was considered to be
“within” the alert recommendation if
the stable dose was + 0.5 mg above or
below the recommended dose range.
For example, if the recommendation
was warfarin 3-4 mg/day, the patient
would be considered “within range” if

Table 1. Patient Demographics (n = 27)
Male Female

Variable % (n) % (n)
Age (years)

51-60 7(1) 15 @)

61-70 14 (2) 23 (3)

> 71 79 (11) 62 (8)
Ethnicity—Caucasian 100 (14) 100 (13)
Indication for warfarin

Atrial fibrillation/flutter 50 (7) 54 (7)

Thromboembolism —treatment 21.4 (3) 31 (4)

Thromboembolism— prophylaxis 21.4 (3) 0(0)

Orthopedic thromboembolism prophylaxis 7.2 (1) 15 (2)
Total 100 (14) 100 (13)
AM J HEALTH-SYST PHARM | VOLUME76 | NUMBER6 | MARCH 15,2019 389
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Table 2. Accuracy Among Warfarin Patients Who Achieved Stable
Warfarin Dosing (n = 20)

Dose Stable Within Dose Stable Outside

Pharmacogenetic Pharmacogenetic
Recommended Recommended
Variable Range Range
No. (%) patients 13 (65) 7 (35)

Stratified by pharmacogenetics alert dose recommendation (no. patients)

0.5-2 mg/day 0 1
3-4 mg/day 5 2
5-7 mg/day 8 4

Figure 2. Patient cohort outcomes.

Warfarin Outcomes of eMERGE PGx Cohort
N =749
[J Males and females >50 years old who had no history of clopidogrel, simvastatin or
warfarin use.
[J Patients recruited and genotyped for CYP2C9 and VKORC1 between July 2012 through
December 2013.

November 2014 - June 2016
[J eMERGE PGx patients could be prescribed warfarin in the course of
routine healthcare.
[0 If the patient was prescribed warfarin, the PGx alert would be
triggered, offering dosing recommendations for all tested genotypes

!

Warfarin PGx Alerts Triggered By June 2016
n=27

Excluded Patients (n=7)
[J Orthopedic Patients (n=3)
— [ Patients who never achieved stable INR
due to patient specific factors/procedures
between Nov 2014 — June 2017 (n=4)

Outcomes — Warfarin Patients (n=20)
[J Accuracy of PGx recommendation

Excluded Patients (n=10)
[J Patients on warfarin at time of PGx alert

Outcomes — Warfarin Patients (n=10)
[J Time to first stable target INR
[J Bleed/TE events
[J Hospitalization/mortality events

PGx = pharmacogenetics; INR = international normalized ratio;
TE event = thromboembolic event.

they stabilized at a dose between 2.5-  already on warfarin at the time of the

4.5 mg/day. Since 10 of the 20 patients  alert, these patients were excluded for

included in the initial cohort were additional evaluation. Therefore, the
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time to first stable target INR (Tables 3
and 4), rate of bleeds/TE events, hospi-
talization events, and all-cause mortal-
ity (Table 5) were further evaluated in
the remaining 10 patients.

Accuracy of the
pharmacogenetics alert

To assess the accuracy of pharmaco-
genetics recommendations for optimal
warfarin dose, the percentage of patients
achieving a stable INR value within the
pharmacogenetics alert recommended
warfarin dose with a + 0.5 mg/day mar-
gin of error was calculated for the total
number of patients who were prescribed
warfarin within the data collection
period, regardless of previous warfarin
exposure (Table 2). Of the 20 patients
who achieved stable warfarin dosing, 13
(65%) attained a stable INR with a dose
that was within the alert recommenda-
tion. This suggests that the PGx recom-
mendations are an appropriate guide for
establishing an appropriate dosage regi-
men for patients on warfarin.

Time to first stable target
INR value

The time to first stable target INR
value was defined as the number of days
to the first instance of 3 consecutive in-
range INRs that are at least 5 days apart
without dose modification to indicate
the patient has received the optimal war-
farin dose for anticoagulation. The time
to target INR was stratified by whether
or not the patient was initiated on a war-
farin dose that was within the pharma-
cogenetics alert recommended range
(Table 3), and whether the patient’s war-
farin dose stabilized within the dose rec-
ommended by the alert (Table 4).

With respect to starting dose, clini-
cians who followed the pharmacogenet-
ics recommendation for warfarin dosing
were able to optimize anticoagulation in
their patients in a shorter period of time
than clinicians who did not follow the
recommendation (regardless of the dose
the patient stabilized on) with a mean
+ S.D. duration of 34.3 + 27.6 days versus
129.3 + 117.0 days (Table 3).

Among patients whose warfarin dose
stabilized within the pharmacogenetics
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alert recommended range, the time to
first stable target INR value was shorter
in patients who were started at the rec-
ommended dose (n = 2) versus those
who were not (n = 3) (Table 4). Of the 5
patients who stabilized outside of the
alert recommendation, 4 were initiated
on a dose within the alert recommen-
dation, and these patients achieved a
mean + S.D. time to first stable target
INR value of 49 + 22.3 days. The remain-
ing patient achieved a stable dose within
4 days.

Bleeds, thromboembolic (TE)
events, hospitalizations and
mortality

There were 7 bleeding events and
1 TE event among 5 of the 10 patients.
Minor bleeding events occurred in 4
patients, moderate bleeding events
occurred in 2 patients, and no major
bleeds were reported within the patient
cohort. Regarding minor bleeds, 3 of the
4 patients had a target dose within the
recommended dose range, and one of
the 2 patients with a moderate bleed had

a target dose within the recommended
range. Eight hospitalization events
occurred in 3 patients, though only 1
hospitalization may have been related
to a bleed or TE event. This patient (Case
7) was the only patient who died during
the study period (Table 5).

Case series

Relevant clinical information for each
patientis summarized in Table 6. Bleeding
and TE events, hospitalization, and mor-
tality data were collected from the time of
the pharmacogenetics alert through the
manual data abstraction period (through
June 2017) via EMR review. Daily doses
of warfarin were calculated by taking
the weekly dose and dividing by 7. Drug
interactions were identified with the use
of a commercial drug interaction data-
base'? and reviewed for the impact on
bleeding risk/INR value.

Patients who were new to war-
farin. Case 1. A 77-year-old Caucasian
man was initiated on warfarin for AF at
the time of the pharmacogenetics alert.
The patient was initiated on a dose of

Table 3. Time to First Stable Target INR Value by Initial Dosing

Initiated at Recom-
mended Dose in
Pharmacogenetics

Did Not Initiate at
Recommended Dose
in Pharmacogenetics

Variable Alert (n = 6) Alert (n = 4)
Mean + S.D., days 34.3 +27.6 129.3 + 117.0
Median (range), days 29.5 (4-73) 107.0 (4-299)

warfarin within the alert recommenda-
tion (starting warfarin dose of 2 mg/
day), and the time to first stable target
INR value for this patient was 15 days.
Although the alert recommended war-
farin dose was 0.5-2 mg/day, the dose at
which this patient achieved a stable INR
value was 3.3 mg/day, which was not
within the + 0.5 mg margin of error of the
dose recommendation. The only medi-
cation that could potentially interact
with warfarin noted from the time of the
alert to the first stable INR was fish oil,
which may have increased bleed risk sec-
ondary to the inhibitory effect of fish oil
on thromboxane A2 levels'?; the patient’s
warfarin adherence was not described
in the EMR. There was no indication in
the EMR of procedures during INR sta-
bilization that required holding of war-
farin, nor were other factors influencing
INR values (e.g., diet, illness) reported.
This patient had 1 minor and 1 moder-
ate bleeding event and no TE events.
The minor bleeding event (bleed event
requiring home care) was for a pinched
fingertip, while the moderate bleeding
event (bleeding event requiring provider
evaluation) occurred after the patient bit
his tongue. The patient was not hospital-
ized during the data review period.
Case 2. A 67-year-old Caucasian
man was initiated on warfarin for AF,
1 day after the pharmacogenetics alert
was triggered. The patient was initiated
on a 5 mg/day dose of warfarin which
was within the alert recommenda-
tion (5-7 mg/day), and the time to first

Table 4. Time to First Stable Target INR (Days) Among Warfarin Patients by Recommendation and Initial Dose
(n=10)
Dose Stable Within Dose Stable Outside
Recommended Range Recommended Range in
Variable in Alert (n = 5) Alert (n = 5)
Stratified by Initial Dose
Was the patient initiated at a daily dose of war- Yes No Yes No
farin within the dose recommended within the
pharmacogenetics alert?
No. patients 2 3 4 1
Time to First Stable Target INR, days
Mean + S.D. 5+1.0 171 +106.2 49 +22.3 4+0
Median (range) 5 (4-6) 175 (39-299) 54 (15-73) 4 (not applicable)
AM J HEALTH-SYST PHARM | VOLUME76 | NUMBER6 | MARCH 15,2019 391
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Table 5. Warfarin Cohort Bleeding Events, Thromboembolism, Hospitalization, and Mortality Events®

Bleed or
Thrombo- Achieved
embolism Target Dose Patient Initiated

event Within Phar- on Warfarin Dose Initial
during macogenetics Within Pharma- Warfarin Stable
Throm- stabiliza- Alert Recom- cogenetics Alert Dose Warfa-
Bleed(s) boembo- Hospitaliza- tion period? mendaiton? Recommenda- (mg/ rin Dose
Case No. (Severity?) lism tion Event(s) (Y/N) (Y/N) tion? (Y/N) day) (mg/day)
1 2 (1 minor, 1 0 0 N N Y 2 3.3
moderate)
3 1 (moderate) 0 2 N Y Y 5 5.36
7° 2 (minor) 1 54 Y Y N 3¢ 6
8 1 (minor) 0 0 N Y N 5e 2.5
9 1 (minor) 0 1 Y Y N 2¢ 5.14

a Severity definitions: minor bleed = bleed requiring home care; moderate bleed = bleed requiring doctor visit; major bleed = bleed requiring
hospitalization or blood product transfusion.

®Death may have been related/impacted by a possible thromboembolic event; however, death was likely multifactorial, see patient case
description.

°“Possible strokes with right hemi-paresis” noted in EMR.

90ne of the 5 hospitalization events may have been related to a possible thromboembolic event (“Possible strokes with right hemi-paresis” noted
in EMR).

ePatient initiated on warfarin dose outside of PGx alert recommendation.

Table 6. Summary of eMERGE PGx Patients with a First Time Prescription of Warfarin at or After Time of Alert?

PGx Patient
Alert Initiated
Patient Rec. Starting Stable on Warfa-
Age (yr), Genotype Indica- Dose Warfarin Dose rin Dose Days to

Case sex (M/F), for CYP2C9, tion for (mg/ Dose (mg/ (mg/ Within PGx Stable B/TE & Hosp.

No. ethnicity VKORC1 Warfarin day) day) day) Alert Rec. INR Severity (Y/N)

1 77, M, W *2/*3, GA AF 0.5-2 2.0 3.3 Y 15 B—minor, N
moderate

2 67, M, W *1/1, GG AF 5-7 5.0 5.0 Y 6 None N

3 61, F W *1/1, GA AF 5-7 5.0 5.4 Y 4 B—moder- Y
ate

4 75, M, W *1/11, GG AF 5-7 5.0 4.3 Y 73 None

5 74, F, W *1/11, GG TE Tx 5-7 5.0 9.6 Y 64 None

6 61, F W *1/1, GG AF 5-7 5.0 9.6 Y 44 None

7° 77, M, W *1/11, GG TE Tx 5-7 3.0 6.0 N 175 B—minor, Ye
minor;
possible
TE

8 72, F W *1/1, AA AF 3-4 5.0 2.5 N 299 B—minor N

9 56, F, W *1/41, GA AF 5-7 2.0 5.1 N 39 B—minor Y

10 52, M, W *1/*1, AA TE PPx 3-4 5.0 5.0 N 4 None N

aAF = atrial fibrillation or flutter; B = bleed event; Rec. = recommended; Hosp. = hospitalization; TE = Thromboembolic event; TE
Tx = thromboembolism treatment; TE PPx = thromboembolism prophylaxis; W = white/Caucasian.

bPatient died during study period.

°Hospitalization was possibly TE related.

9Hospitalization was not bleed or TE related.
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stable target INR value for this patient
was 6 days. The warfarin dose at which
the patient achieved a stable INR value
was 5 mg/day. Potentially interact-
ing medications recorded at the time
of the alert to the first stable INR value
included fenofibrate and naproxen,
both of which increase bleeding risk in
patients taking warfarin'? the patient’s
warfarin adherence was not noted in the
EMR. No procedures were performed
during INR stabilization that required
holding of warfarin, nor were other fac-
tors influencing INR (e.g., diet, illness)
noted. This patient had no bleeding or
TE events, nor was the patient hospital-
ized, according to EMR review.

Case 3. A 6l-year-old Caucasian
woman was initiated on warfarin for
AF, 1 day after the pharmacogenetics
alert. The alert recommended warfarin
dose was 5-7 mg/day, and the dose at
which patient achieved stable INR value
was 5.36 mg/day. The patient was initi-
ated on a dose of warfarin within the
alert recommendation (starting dose of
5 mg/day), and the time to first stable
target INR value for this patient was
4 days. Potentially interacting medica-
tions reported at the time of the alert to
the first stable INR value included acet-
aminophen, aspirin, citalopram, glucos-
amine, and ranitidine—all of which can
increase bleeding risk.”> The patient’s
warfarin adherence was not described
in the EMR, nor did the patient undergo
procedures or other factors requiring
warfarin dose adjustment. This patient
had no TE events but did have 1 mod-
erate bleeding event (bit tongue) that
was treated with sutures. The patient
was hospitalized twice, once for acute
kidney injury and once for chronic
obstructive pulmonary disease (COPD)
exacerbation; however, neither of these
events were related to bleeding or TE
events. The patient was still alive at time
of data review.

Case 4. A 75-year-old Caucasian
man was initiated on warfarin for AF at
the time of the pharmacogenetics alert.
The patient was initiated on a dose of
warfarin within the alert recommenda-
tion (starting dose of 5 mg/day), and the
time to first stable target INR value for

this patient was 73 days. Although the
patientinitially received the alert recom-
mended dose of 5-7 mg/day, the warfa-
rin dose required for stabilization of the
INR value was 4.29 mg/day, which was
not within the + 0.5 mg margin of error.
There were no potentially interacting
medications noted in the EMR; how-
ever, the patient periodically consumed
alcohol during the stabilization period
which may have increased or decreased
the INR* and prolonged the time to first
stable target INR. The patient’s warfa-
rin adherence was not described in the
EMR. No procedures or other factors
affecting INR were documented during
the stabilization period. This patient had
no bleeding or TE events, and the patient
was not hospitalized during the data col-
lection period.

Case 5. A 74-year-old Caucasian
woman was initiated on warfarin for
deep vein thrombosis (DVT) treatment
at the time of the pharmacogenetics
alert. The patient was initiated on a dose
of warfarin within the alert recommen-
dation (starting dose of 5 mg/day), and
the time to first stable target INR value
for this patient was 64 days. However,
the stable warfarin dose was 9.64 mg/
day, which was not within the + 0.5 mg
margin of error (alert recommended
dose: 5-7 mg/day). Potentially interact-
ing medications noted during the stabi-
lization period included a 10-day course
of cephalexin, which can increase a
patient’s risk for bleeding while on war-
farin."> The patient’s warfarin adher-
ence may have been questionable, as
the patient missed several scheduled
enoxaparin injections and expressed
dissatisfaction with being on warfarin.
Additionally, the patient traveled several
times during the stabilization period, so
INR values were not always obtained at
ideal intervals. No procedures or other
factors influencing INR values were
noted in the EMR during the stabiliza-
tion period. This patient had no bleeding
or TE events, and there was no record of
the patient being hospitalized during the
data collection period.

Case 6. A 6l-year-old Caucasian
woman was initiated on warfarin for
AF at the time of the pharmacogenetics
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alert. The patient was initiated on a dose
of warfarin within the alert recommen-
dation (starting dose was 5 mg/day), and
the time to first stable target INR value
for this patient was 44 days. Although
the patient was initiated on warfarin
therapy within the alert recommended
dose of 5-7 mg/day, the stable dose was
9.64 mg/day, which was not within the
+ 0.5 mg margin of error. No potentially
interacting medications were noted,
and no information regarding warfarin
adherence or other factors influencing
INR values was found during the stabi-
lization period in the EMR. This patient
had no bleeding or TE events, and the
patient was not hospitalized during the
data collection period.

Case 7. A 77-year-old Caucasian
man was initiated on warfarin due to
chronic DVT. Although the pharmaco-
genetics alert recommended warfarin
dose was 5-7 mg/day, the patient was
not initially started on a dose within
the alert recommendation (starting
dose of 3 mg/day); however, the patient
achieved a stable warfarin dose of 6 mg/
day, which was within the alert-recom-
mended dose range. Since the patient
had stage IV lung cancer and was noted
to be on many medications that could
adversely impact warfarin function,
the time to first stable target INR value
for this patient was 175 days from the
alert to stable warfarin dose. Potentially
interacting medications included cispla-
tin, etoposide, fish oil, levofloxacin and
metronidazole, all of which can increase
the INR value and bleeding risk.” This
patient was also on aprepitant, which
may decrease INR, and dexametha-
sone, which can have variable effects
on the INR."* Medication adherence was
poor as reported by the patient and the
patient’s caregiver. At one point in ther-
apy, the patient’s caregiver stated they
were taking the patient off of warfarin
against medical advice, citing frustration
with the lack of a stable dose within the
target INR range. While adjusting warfa-
rin to a stable INR value, the patient had
a port placed which required holding of
warfarin for 5 days. The patient experi-
enced 2 minor bleeding events (epistaxis
and hematuria) that were both treated
393
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with home cares and monitoring, and 1
possible TE event near the time of death
(“possible strokes with right hemipare-
sis”) was noted in the EMR. During the
study period, the patient was hospital-
ized 5 times: 4 times were for indications
not related to a bleeding or TE event
(small bowel obstruction, planned chest
port placement, fever and diarrhea, and
ileus) while the final admission was for
sepsis and possible TE event. The patient
died due to complications associated
with sepsis and possible TE event.

Case 8. A 72-year-old Caucasian
woman was initiated on warfarin for AF,
3 days after the pharmacogenetics alert.
Although the patient was not initiated on
a dose of warfarin within the alert rec-
ommendation (starting dose was 5 mg/
day versus 3-4 mg/day per alert recom-
mendation), she achieved a stable dose
of 2.5 mg/day, which was within the +
0.5 mg margin of error. However, this
patient had difficulty achieving a stable
INR; the time to first stable target INR
value for this patient was 299 days, the
longest time to a stable INR value in the
patient cohort. Potentially interacting
medications included dronedarone (dis-
continued while determining stable dos-
ing), fluconazole, and paroxetine (which
was transitioned to sertraline during the
stabilization period), all of which can
increase INR values and risk of bleed
while on warfarin."* There was 1 docu-
mented instance of the patient missing
a dose of warfarin, but no other factors
affecting INR values were documented
in the EMR. This patient had 1 minor
bleeding event (bruising), no TE events,
and was not hospitalized during the data
collection period.

Case 9. A 56-year-old Caucasian
woman was initiated on warfarin for
AF at the time of the pharmacogenetics
alert. The patient was not initiated on a
dose of warfarin within the alert recom-
mendation (starting dose was 2 mg/day
versus 5-7 mg/day per alert recommen-
dation) but achieved a stable dose within
the recommended range (5.14 mg/day);
the time to first stable target INR value
for this patient was 39 days. Potentially
interacting medications included doxy-
cycline, and dabigatran anticoagulation
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therapy (both of which can increase
bleed risk in warfarin patients), and
phytonadione to reverse anticoagula-
tion post-procedure.”? The patient was
transitioned from dabigatran to warfarin
therapy over a 2-week period and did not
receive further dabigatran after 14 days
of warfarin treatment. During the titra-
tion period, the patient had a urinary
stent removed at an outside facility and
received phytonadione to reverse war-
farin anticoagulation. The patient’s war-
farin adherence was not documented
in the EMR. This patient had 1 minor
bleeding event (intermittent hematuria
due to kidney stones) and no TE events.
In addition to the urinary stent removal
procedure, the patient was hospitalized
at an outside facility for AF during the
data collection period.

Case 10. A 52-year-old Caucasian
man was initiated on warfarin for DVT
prophylaxis (due to hypercoagulable
state) at the time of the pharmacoge-
netics alert. The alert recommended
warfarin dose was 3-4 mg/day, but the
patient was initiated on and achieved a
stable dose of 5 mg/day, which was not
within the + 0.5 mg margin of error. The
time to first stable target INR value for
this patient was 4 days. No potentially
interacting medications were noted; no
information regarding warfarin adher-
ence or other factors influencing INR
values was reported in the EMR during
the stabilization period. This patient had
no bleeding or TE events, and the patient
was not hospitalized during the data col-
lection period.

Discussion

Warfarin is a coumarin-based
anticoagulant that reduces clotting
by inhibiting the activity of vita-
min K epoxide reductase (VKORC1)
to inhibit the activation of vitamin
blood
proteins.’*" Warfarin is commonly
prescribed to control hematologi-
cal disorders (e.g., Factor V Leiden),
reduce the risk of future TE events in
patients with a history of DVT, pul-
monary embolism, and stroke, and
is used for TE/DVT prophylaxis for
patients with cardiac arrhythmias as

K-dependent coagulation
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well as patients with artificial heart
valves.''® In 2014, over 23 million
patients in the United States received
a prescription for warfarin, though it
is slowly being replaced by more spe-
cific oral anticoagulants.'”'®

Although the anticoagulant effects
of warfarin are easily reversed by phy-
tonadione administration, its mecha-
nism of action decreases the expression
of multiple proteins and requires close
monitoring by providers to prevent
adverse bleeding events."*'¢ Patients
taking warfarin must be compliant with
dosage regimens and diligently follow
provider instructions regarding altera-
tions in warfarin dosage, both pre and
post surgical procedures. Since many
drugs, supplements, diet, and individual
factors such as age and body weight can
impact warfarin metabolism and clear-
ance, patients must exercise caution in
altering their medications and supple-
ments and monitor their dietary habits
to reduce the need for frequent dose
adjustments.'® Furthermore, warfarin
effectiveness is also dependent in part on
an individual’s genotype for drug metab-
olizing enzymes such as CYP2C9.*"
Therefore, establishing a stable warfarin
dose in the early phase of anticoagulant
therapy requires a significant amount of
patient and provider effort that could be
reduced by pharmacogenetic testing.

In the patient cohort analyzed for the
primary outcomes,
recommendations were usually accu-
rate and timely for establishing a stable
dosage regimen for warfarin. The alert
recommendation accurately predicted
stable dosing for 65% of our cohort with
a target INR value of 2.0-3.0 (n = 20).
Regarding patients who were new to
warfarin, the time to first stable target
INR value was also shorter in patients

pharmacogenetic

who were initiated at the alert recom-
mended dose versus those who were
not. For patients who stabilized within
the pharmacogenetic recommended
dosing, those who received an initial
warfarin dose within the alert recom-
mended range had a shorter time to tar-
get INR value than the patients who were
not initiated at a dose within the recom-
mended range. The pharmacogenetics
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alert recommendation may remain valu-
able even if the patient does not stabilize
in the genotype predicted dosing range:
starting the patient at the alert recom-
mended dosing resulted in a mean time
tofirststable target INR of49 daysin these
patients (n =4), which is still shorter than
for the patients who stabilized within the
range and were not initiated at the rec-
ommended dose (171 days, n = 3). It is
postulated that patients who initially
received warfarin at a dose outside of the
pharmacogenetics alert recommenda-
tion would have stabilized faster if they
had been initiated on a dose within the
recommended dose range (e.g., Cases 7,
8, and 9), though it is important to note
that these patients were on multiple
medications that can adversely impact
warfarin dosage. Medication adherence
was of particular concern for Cases 5 and
7, as reflected in comments in the EMR;
however, Case 5 did eventually achieve
a stable warfarin dose, despite the need
for a much higher daily warfarin dose.
Aside from noted nonadherence to war-
farin treatment and potential drug and
supplement interactions, patients may
achieve a stable warfarin dose outside of
the alert recommendation due to geno-
typic variations in unanalyzed proteins,
and/or global alterations in protein
expression and/or activity due to dis-
ease or medication use.'>*® For example,
patients were not genotyped for varia-
tions in CYP4F2, a cytochrome P450
enzyme that hydroxylates vitamin K to
reduce the amount of available vitamin
K.* Caldwell and colleagues determined
that a C>T variant in CYP4F2 (rs2108622,
pV433M) is linked to reduced protein
function, and necessitated an increase
in warfarin dose by about 1 mg/day in
patients homozygous for the T allele
within their cohort®* Patients with
reduced CYP4F2 activity require higher
warfarin doses to achieve therapeutic
INR to surmount the increased level of
vitamin K in circulation.” This genotypic
variant may have played a role in Cases 5
and 6, as these patients required higher
daily doses of warfarin.

Of the relevant drug-genotype inter-
actions assessed, 1 patient (Case 1) had
a genotype (CYP2C9*2/*3, VKORCI

G/A) and thus alert recommendation
that diverged significantly from the
standard dosage regimen (alert rec-
ommendation of 0.5-2 mg/day versus
5-7 mg/day, respectively). The remain-
ing patients appeared to receive dos-
age per standard recommendation (no
pharmacogenetic considerations) but
still required an adjustment period to
stabilize dosage. Since most patients did
not require alterations in warfarin dos-
ing for genotype, dosing changes were
likely made in response to external fac-
tors such as interacting medications,
surgical procedures, and overall health
status of the individual. Although there
were no apparent associations between
bleeding events, TE episodes, or hospi-
talization/mortality events and warfarin
dose, these adverse events appeared to
occur more frequently in patients with
multiple comorbidities; however, the
patient cohort was too small for rigorous
statistical analysis.

Two commonly used measures for
characterizing warfarin dosage regimens
are “time in therapeutic range” and
“time to first therapeutic INR.” Although
“time in therapeutic range” (usually
defined as a percentage of time patient
is in their therapeutic INR range) is the
more widely used measure for the pur-
poses of assessing warfarin dosing, this
unit of measure would not accurately
assess the current patient cohort, as
additional factors like supplements and
lifestyle factors influence warfarin dos-
ing independently of pharmacogenet-
ics. In contrast, reporting “time to first
therapeutic INR” without consideration
of pharmacogenetics factors would pro-
vide information about the duration of
time required to get a patient to his or
her target INR value; however, this mea-
surement did not account for the stabil-
ity of dosing and was not an appropriate
comparison for this data.

Therefore, “time to first stable target
INR” was assessed to better represent
the use of pharmacogenetics to establish
a starting dose and account for adjust-
ments in warfarin dosing during the
stabilization period. “Time to first thera-
peutic INR” has been used to assess the
need for duration of bridging therapy
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among different anticoagulants,** but
since only 1 patient in our cohort under-
went bridging therapy, no conclusions
can be made with respect to this clinical
factor.

Arecentlarge clinical trial that evalu-
ated pharmacogenetics-guided warfarin
dosing is the Genetic Informatics Trial
(GIFT), a multicenter study of 1597
patients randomized to either genotype-
guided warfarin dosing or clinically
guided warfarin dosing; the authors
concluded that genotype-guided war-
farin dosing reduced major bleeds, INR
value greater than 4, and venous throm-
boembolism (VTE).? Our case series
complements the GIFT study results, as
our data supports the accuracy of the
published dosing recommendations, as
well as a shorter time to first stable target
INR when patients were initiated within
the pharmacogenetics recommended
dosing range.

Analyzing patient outcomes in the
context of pharmacogenetics testing for
warfarin dosing was challenging and
resulted in a few important study limi-
tations including ethnic homogeneity,
small sample size, outliers, retrospective
data evaluation, and limited clinician
education prior to implementation. As
is often the case in many rural Midwest
settings, most of the analyzed population
identified themselves as non-Hispanic
Caucasian, which reduces the generaliz-
ability of these findings to other ethnic
groups.'® However, even in the context
of a Caucasian population, the ana-
lyzed population is very homogeneous
due to the regional makeup of the area.
The majority of the analyzed population
(70%, or 7 patients) did not have a geno-
type warranting deviation from stan-
dard dosing (5 mg/day for warfarin) and
received the recommendation to initi-
ate warfarin at a dose between 5-7 mg
daily. This genetic homogeneity was not
surprising given the average allele fre-
quencies of CYP2C9 *2 (rs1799853) and
*3 alleles (rs1057910) as well as VKORC1
G>A (rs9923231) among Caucasian indi-
viduals (13%, 7%, and 39% respectively)
in the analyzed population."

In addition to a small, homogeneous
patient population, outcome assessment
395
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was also challenging due to the presence
of a few significant outlier values in time
to first stable target INR and lack of war-
farin naive patients (10 out of 20 patients
had received warfarin therapy in the
past). It was also somewhat surprising
that within a cohort of 749 patients, only
27 patients received warfarin pharma-
cogenetics alerts. However, there was a
delay in genotyping which postponed
pharmacogenetics alert deployment.
Several study patients received their
first warfarin therapy prior to the alert
deployment, thus reducing our num-
bers. The study was designed to target
patients likely to need clopidogrel, sim-
vastatin, or warfarin within a 3-year
period (as predicted by age greater than
50 years); most patients were enrolled
due to potentially needing simvastatin
(as opposed to needing clopidogrel or
warfarin). A larger, more diverse sample
population is needed to assess adverse
outcomes associated with warfarin use
in patients with various genotypes and
in the context of first-time warfarin use.

Due to the retrospective nature of
the case series, it is difficult to verify and
assess warfarin adherence solely from
EMR data. Patient-specific situations
and clinical factors such as surgical pro-
cedures and hospitalizations may have
impacted diet, medication use, and INR
testing during the data collection period.
Furthermore, medical care received out-
side of the institution may not be captured
in the ACS portion of the EMR unless the
patient (or their provider) alerted the ACS
to these events. Analyzing data from addi-
tional sources such as physician notes or
patient questionnaires may be necessary
for a comprehensive study of patient out-
comes associated with pharmacogenetics
testing for warfarin dosage.

Furthermore,  integration  and
deployment of pharmacogenetics test-
ing involves a coordinated effort of clini-
cians, information technology experts,
research/genetics/pharmacist support
staff, and many other stakeholders.
Unfortunately,
was limited for this project. General

clinician involvement
education was made available via Grand
Rounds presentations and email com-
While

munications. clinician focus
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groups were conducted prior to the
implementation of testing for select
patient groups, attendance was sparse
(fewer than 10 clinicians attended); thus
most, if not all, of the clinicians who
received a pharmacogenetics alert had
no foreknowledge or experience with the
EMR alert. The standard care practice
warrants a warfarin dose of 5-7 mg/day if
the genotype is unknown. The clinician’s
lack of knowledge may have impacted
their decision-making and comprehen-
sion in response to the alert, though with
such a low number of alerts and no way
to track if the alert had an impact on the
clinician’s prescribing, it is unclear as to
what impact the alert had on clinician
prescribing habits. Despite this, the alerts
appeared to be triggered appropriately in
the EMR and were responded to by cli-
nicians. Research is ongoing regarding
clinician use of pharmacogenetic alerts
in clinical practice at this institution, and
future educational opportunities such
as computer-based training modules,
Grand Rounds, and presentations are
currently under development, with the
aim of increasing awareness and com-
prehension of the alerts.

Conclusion

Pharmacogenetic  alerts
established an appropriate baseline

usually

warfarin dosage regimen and decreased
time to first stable target INR value
among patients who were initiated on
warfarin therapy at this institution.
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