Issues in Emerging Health Technologies

Issue 104 e October 2007

v" Dosing algorithms tailored to individual
genetic, demographic, and clinical factors
may minimize the risk for bleeding
during the initiation of warfarin therapy.

Pharmacogenomic testing should be used
in addition to (rather than replacing)
routine International Normalized Ratio
(INR) monitoring.

Prospective studies are needed to
determine whether pharmacogenomic
testing improves patient outcomes,
identify which subgroups of patients may
benefit, and clarify the risks and costs
associated with the use of these tests.
Several randomized controlled trials are
currently evaluating the impact of
pharmacogenomics on dosing accuracy,
time to achieve and maintain target INR,
incidence of bleeding or thromboembolic
events, and monitoring requirements.

¥ In August 2007, the FDA updated the
product label for warfarin to include
genetic variations in CYP2C9 and
VKORCI1 as one of the factors to consider
for more precise initial dosing.
Guidelines for pharmacogenomics-based
warfarin dosing are under development.

Background

Wartfarin (Coumadin) is an oral anticoagulant
indicated for patients with a history of atrial
fibrillation, myocardial infarction, deep vein
thrombosis, or pulmonary embolism, and for
patients with certain types of artificial heart
valves.! Warfarin acts by interfering with the
synthesis of vitamin K-dependent clotting factors
in the liver.” Bleeding is the most common
adverse effect associated with warfarin.” While

Pharmacogenomics and Warfarin Therapy

the risk for bleeding events is highest in the first
90 days of therapy, it persists throughout the
course of warfarin therapy.! Pharmacogenomics-
based warfarin dosing has the potential to reduce
the risk for bleeding, increase dosing accuracy,
shorten the time to dose stabilization, and help
identify individuals who may require more
frequent monitoring with long-term therapy.

Reprinted with permission: JAMA 2006;Sept 27, Vol
296(12):1453-1454.Copyright © (2006), American
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The Technology

At least 30 genes have been associated with the
metabolism and action of warfarin.” Single
nucleotide polymorphisms in CYP2C9 (the gene
encoding cytochrome P450 2C9) and VKORC1
(the gene encoding vitamin K epoxide reductase
complex subunit 1) are strongly associated with
warfarin dose requirements.

CYP2C9 encodes the enzyme that metabolizes S-
warfarin, the enantiomer responsible for 60% to
70% of the anticoagulation response.” Many
different polymorphisms in CYP2C9 have been
described.® The most studied CYP2C9 alleles
include *1 (wild-type), and the partially
functional CYP2C9*2(430C>T) and
CYP2C9*3(1075A>C) variants. Studies have
shown that CYP2C9*2 and CYP2C9*3 variants
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have 12% and 5% respectively of the enzyme
activity of CYP2C9*1.? Individuals who carry
the CYP2C9*2 allele or the CYP2C9*3 allele, or
both alleles, metabolize warfarin more slowly,
increasing the risk for bleeding with standard
warfarin dosing.’

Vitamin K epoxide reductase (VKOR) is
involved in making vitamin K-dependent clotting
factors and is the target enzyme for warfarin.’
Anticoagulation is achieved by the inhibition of
VKOR activity resulting in a reduction of
clotting factors. There is evidence that specific
haplotypes can help determine dosing.” Single-
nucleotide polymorphisms found in haplotype A
(-1639G>A, 1173C>T, 1542G>C, 2255T>C,
3730G>A) versus wild-type alleles in haplotype
B can be used to determine whether patients
require low (genotype AA), intermediate
(genotype AB), or high (genotype BB) doses of
warfarin.

Current pharmacogenomic tests detect
CYP2C9*2(430C>T), CYP2C9*3(1075A>C),
and VKORC1 (-1639G>A) variants.*'° The tests
use polymerase chain reaction (PCR)
amplification of selected DNA fragments. Test
results are intended to help health care
professionals individualize warfarin dosing.
Whether other variants should be added to the
warfarin testing panel is not yet known.

Regulatory Status

In Canada, all pharmacogenomic tests intended
for diagnostic purposes and patient management
are categorized as Class III medical devices,
which require approval for marketing from Health
Canada.'" No tests are currently licensed in
Canada for pharmacogenomic testing for warfarin
dosing (Sebastien Landry, Health Canada,
Ottawa: personal communication, 2007 Jul 10).
However, some of the tests marketed in the US
are available to Canadians through direct order.

The US Food and Drug Administration (FDA)
has prepared guidance documents for the use of
phamacogenomic tests,'"* but FDA approval of
pharmacogenomic assays is not required for
clinical use. Tests that are commercially

available in the US include Genelex [Warfarin
(Coumadin) Target Dose Safety Test],® Clinical
Data, Inc. (PGxPredict: WARFARIN ™), and
Kimball Genetics, Inc. (Warfarin
DoseAdvise").'"” These tests must meet US
Clinical Laboratory Improvement Amendments
(CLIA) standards, but CLIA does not examine
the clinical validity or utility of the tests. Clinical
laboratories may also develop and validate tests
in-house that must also meet CLIA requirements.
Several manufacturers including AutoGenomics,
Third Wave Technologies, Luminex, and
Nanogen are developing genetic assays for FDA
approval. In September 2007, the FDA approved
the Nanosphere Verigene Warfarin Metabolism
Nucleic Acid Test."

Patient Group

In North America, warfarin is the anticoagulant
of choice for therapy that lasts longer than three
months."> One source estimates that there are
currently more than 200,000 Canadians in
publicly funded drug programs receiving long-
term therapy with warfarin.'

Current Practice

The International Normalized Ratio (INR) is a
standardization of the prothrombin time, a
measure of the anticoagulant effect of warfarin.
For most patients, a target INR of 2.5 (range 2.0
to 3.0) is indicated.' Traditional dosing
algorithms rely on trial and error for adjustments
after an initial dose of 5 mg or 10 mg in
Caucasians and 3.5 mg in Asians.” Current
guidelines recommend starting INR monitoring
after the initial two or three doses.'” Optimal
anticoagulation with warfarin requires close
monitoring because of a narrow therapeutic
window, wide variability in patient response, and
many drug and dietary interactions.'’” Follow-up
is especially important in older patients and those
at high risk for bleeding." As a result, INR
measurements every one to two days are initially
required to establish the target level of
anticoagulation. Steady state (a constant
concentration of drug in the blood) usually
occurs between three to five days after initiation
of warfarin therapy. Once the anticoagulation
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effect and warfarin dose have been stabilized for
at least one to two weeks, the INR is usually
monitored every two to four weeks throughout
the course of warfarin therapy."

The Evidence

Although studies have shown that genetic
polymorphisms in CYP2C9 and VKORC1 affect
warfarin dosing, no randomized controlled trials
have linked the use of pharmacogenomic testing
to improvements in clinical outcomes. Most of
the studies performed to date have been of
retrospective or cross-sectional design.
Consequently, individuals who stop warfarin
early because of adverse effects or those who
have difficulty attaining a therapeutic
maintenance dose may have been excluded.*
Furthermore, many studies were underpowered
to investigate the risk of bleeding.

Several retrospective studies evaluating the
effect of the CYP2C9 genotype on warfarin dose
and risk for bleeding have been conducted. A
recent meta-analysis of nine studies including
2,775 patients (99% Caucasian) reported that the
mean difference in daily dose for the
CYP2C9*2/*2 genotype was 0.85 mg (95% CI:
0.6 to 1.11; relative reduction 17%), 1.47 mg
(95% CI: 1.24 to 1.71; relative reduction 27%)
for the CYP2C9*2/*3 genotype, and 1.92 mg
(95% CI: 1.37 to 2.47; relative reduction 37%)
for the CYP2C9*3/*3 genotype, when compared
to the mean daily dose for the CYP2C9*1/*1
genotype.'® Results from three studies (n=1,757)
showed that the relative bleeding risk for the
CYP2C9*2/*2 genotype was 1.91 (95% CI: 1.16
to 3.17), 2.26 (95% CI: 1.36 to 3.75) for the
CYP2C9*2/*3 genotype, and 1.77 (95% CI: 1.07
to 2.91) for the CYP2C9*3/*3 genotype.'®

The risk for bleeding achieved statistical
significance in the meta-analysis, but the
evidence from individual trials is conflicting.
This may be due to differences in treatments,
monitoring regimens, or patient selection criteria
resulting in an underestimation of bleeding risk.
One study found that variant CYP2C9 alleles
were independent predictors of bleeding during
the initiation phase of anticoagulation (hazard

19-22

ratio=3.94, 95% CI: 1.29 to 12.06), but could not
determine if increased bleeding risk continued
once anticoagulation therapy was stabilized."
Another study reported that time to reach steady
state was six to eight days for those with a
CYP2C91*/2* genotype and 12 to 15 days for
those with a CYP2C91*/3* genotype.> This
delay in achieving steady state may have long-
term implications regarding INR monitoring,
especially when warfarin doses are being
modified. There is evidence that those with at
least one variant allele require a significantly
longer time (median difference 95 days) to
achieve a stable dose."”

The CYP2C9*2 and *3 alleles appear to be
prevalent in Caucasian populations at
frequencies of 10% to 15% and 5% to 10%
respectively.'”** In African-American
populations, approximately 2% to 4% carry the
CYP2C9*2 allele, while 1% to 2% carry the
CYP2C9*3 allele.”* In the Asian population, the
CYP2C9*2 allele is absent, and the frequency of
the CYP2C9*3 allele is 1% to 4%.% Less
common CYP2C9 alleles *4 (identified in the
Japanese) and *5 and *6 (found in African-
Americans) have not been shown to significantly
affect warfarin dose.”” This suggests that
genotyping for CYP2C9 alone may not be useful
in ethnic populations other than Caucasians.***’
Moreover, CYP2C9 genotype has been estimated
to independently explain only 20% of the
observed inter-individual variability in warfarin
response, when other clinical factors, such as
age, body weight, gender, and concomitant
medications, have been taken into account.®

Single-nucleotide polymorphisms in VKORC1
have also been correlated with differences in
warfarin dose requirements.”**>* The 1173C>T
and —1639G>A polymorphisms are those most
commonly associated with lower warfarin dose.”
However, their influence on bleeding risk during
the initiation of therapy has not been evaluated.
One retrospective study examined 186 European-
American patients on long-term warfarin
therapy.” The 10 most common polymorphisms
were used to construct five major haplotypes that
were then divided into groups of low warfarin
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dose (haplotype A) or high warfarin dose
(haplotype B). Daily warfarin maintenance dose
requirements differed significantly (p<0.001)
among the three haplotype combinations A/A,
A/B, and B/B (2.7£0.2 mg/day, 4.9+0.2 mg/day,
and 6.2+0.3 mg/day respectively). This
observation remained statistically significant
when controlling for CYP2C9 genotype.

When the genotype of 368 European-American
subjects was studied, polymorphisms in CYP2C9
and VKORC1 accounted for 6% to 10% and 21%
to 25% respectively of the variation in warfarin
dose. Evaluation of three secondary populations
of Asian-Americans, European-Americans, and
African-Americans revealed that haplotypes A
and B accounted for 99%, 96%, and 62% of
haplotypes respectively. Furthermore, the low-
dose haplotype A group was more frequently
found in Asian-Americans (89%) compared with
European-American (37%) and African-
American (14%) populations. Therefore, genetic
variations in VKORC1 may partly explain the
ethnic differences observed in clinical practice
and contribute more substantially to variations in
response than CYP2C9.

Other studies have shown that VKORCL1 and
CYP2C9 genotypes, in conjunction with other
demographic and clinical factors, account for
50% to 60% of the variability in warfarin dosing
requirements.’*****"73% A few dosing algorithms
that incorporate genetic, clinical, and
demographic factors have been developed, but
large prospective trials are needed to determine
their validity in various populations.**** Results
from prospective pilot studies****** indicate that
pharmacogenomics-based warfarin dosing is
feasible in a clinical setting; however, these
studies were underpowered to detect differences
in clinical outcomes.

Adverse Effects

Warfarin is commonly associated with
emergency-room visits due to bleeding
complications. One study estimates that there
were approximately 29,000 visits per year
between 1999 and 2003 in the US.*
Furthermore, between 1993 and 2006, a total of

9,766 cases of warfarin-related bleeding events
were entered into an adverse-event reporting
system, 10% of which resulted in death.* There
is evidence that patients on warfarin are outside
the target INR range one third of the time.*® A
recent meta-analysis showed that 44% (95% CI:
39% to 49%) of bleeding events occurred when
INRs were above the target therapeutic range,
and 48% (95% CI: 41% to 55%) of
thromboembolic events occurred when INRs
were below this range.** Studies are needed to
establish the risk of adverse effects associated
with possible inaccuracies in pharmacogenomic
testing (i.e. false-positives increasing the risk of
stroke or false-negatives increasing the risk of
bleeding).*’

Administration and Cost

Genotyping for CYP2C9 or VKORCL1 variants
can be accomplished using cheek swabs or blood
samples. In the US, the typical turnaround time
for test results averages 24 to 48 hours.*'’ Rapid
one-hour tests have also been developed to allow
for same-visit dosing adjustments.**
Pharmacogenomic testing will not replace
routine INR monitoring and will add to the costs
associated with warfarin therapy. Prices for some
of the commercial tests available in the US range
from US$400° to US$550.* A recent US policy
paper suggests that the additional cost may be
offset by reducing the expenses associated with
adverse events including bleeding and strokes.*
Two economic evaluations reported a marginal
cost of approximately US$6,000 to prevent one
bleeding event with testing for CYP2C9
polymorphisms.*®>' Further evaluations

incorporating the impact of pharmacogenomic
testing with reliable estimates of warfarin-related
adverse events are needed to confirm economic
benefit over standard practice.>

Concurrent Developments

Several new anticoagulants are currently under
development.> Both rivaroxaban (a factor Xa
inhibitor) and dabigatran etexilate (a thrombin
receptor antagonist) are in phase 3 trials for post-
surgical thromboprophylaxis in knee or hip
replacement patients, for prevention and treatment
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of venous thromboembolism, and for stroke
prevention in atrial fibrillation.”

The availability of portable point-of-care testing
devices allows for INR testing outside the
laboratory (e.g., in a clinic or patient’s home).'
Results are immediately available, facilitating
self-management of dosage by the patient or quick
adjustments by the physician. Results from a
meta-analysis indicate that patients using point-of-
care devices are at lower risk for death and
thromboembolic events, and have better INR
control than patients who rely on conventional
laboratory testing.'® However, no significant
difference in the rate of bleeding events was
observed.

Rate of Technology Diffusion

In August 2007, the FDA approved the addition
of pharmacogenomic information to the warfarin
product label.”* Although genetic variations in
CYP2C9 and VKORC1 have been added to the
list of considerations for warfarin prescribing,
specific dosing recommendations have not
changed.” Health care professionals are not
required to conduct genetic testing before
initiating warfarin therapy nor should genetic
testing delay the start of therapy. The FDA has
also added genetic information on the product
label for 6-mercaptopurine, azathioprine,
irinotecan, and atomoxetine.>

Several randomized controlled trials are
evaluating the impact of genetic testing on initial
dosing, time to reach and maintain the target
INR, rates of bleeding or thromboembolic
events, and INR monitoring requirements in
comparison to standard care.”*’ Other studies
are focusing on developing new nomograms and
algorithms that incorporate both genetic and
clinical information for more precise warfarin
dosing.**¢!

A recent report by the American College of
Medical Genetics provides an extensive review
of the evidence for genetic testing in warfarin
therapy and identifies areas where important
gaps in knowledge exist.’® Currently, there are no
evidence-based guidelines for interpreting and

using genetic testing in warfarin therapy. The
National Academy of Clinical Biochemistry has
assembled a committee of experts from
academia, industry, and government who are in
the process of formulating practice guidelines
intended for use by scientists, pharmacists,
clinical practitioners, and regulatory agencies.®
The FDA’s Critical Path Initiative has also
funded a research project to help develop
personalized dosing algorithms for patients
starting warfarin therapy.54

Implementation Issues

Challenges associated with pharmacogenomics
include standardization and quality control of
genetic tests, storage of genetic information, and
ethical issues, including confidentiality and
possible genetic discrimination.” Training in
accurate interpretation and provision of test
results (e.g., counselling for patients) will be
needed if genetic testing is established in routine
therapy.

There is evidence that variability in other genes
believed to be involved in the action and
metabolism of warfarin, including PROC (protein
C), APOE (apolipoprotein E), GGCX (gamma-
glutamyl carboxylase), CALU (calumenin), and
EPHX1 (microsomal epoxide hydrolase), may
also affect warfarin response.”*%*® When all
the alleles that influence warfarin response have
been identified in patients regardless of ethnic
background, a comprehensive dosing algorithm
that is applicable to the entire population can be
developed.

The precise role of pharmacogenomics is not
completely clear, and further evidence on its
clinical and economic utility will help define its
place in individualized warfarin therapy.
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Allele: Alternative form of a gene at a specific
location on the chromosome.

Genotype: Genetic composition (alleles) of
an individual in total or at a specific location
on the chromosome.

Haplotype: Set of polymorphisms that are
inherited together.

Pharmacogenomics: Process of genetic
testing to study the effect of genetic variations
on drug response in order to maximize
efficacy and minimize adverse effects.

Polymorphism: Nucleotide variations within
a gene.

Wild-type: Most common allele for a certain
gene in a population.

NCBI databank reference single-nucleotide
polymorphism numbers are CYP2C9*2
(rs1799853), CYP2C9*3 (rs1057910),
VKORC1 —-1639G>A (rs9923231), —1173C>T
(rs9934438), 1542G>C (rs8050894),
2255T>C (rs2359612), 3730G>A (1s7294).

Cite as: Ndegwa, S. Pharmacogenomics and warfarin
therapy [Issues in emerging health technologies issue 104].
Ottawa: Canadian Agency for Drugs and Technologies in
Health; 2007.
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