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I. Warfarin Background

http://upload.wikimedia.org/wikipedia/commons/7/7e/Warfarin.svg


• One of the most widely used anticoagulants.
– Wisconsin Alumni Research Foundation (WARF); Coumadin®
– ~2 million new prescriptions/year

• Used for prevention of thrombosis and embolism.
– Atrial fibrillation
– Heart valve prosthesis
– Recurrent stroke
– Deep vein thrombosis
– Pulmonary embolism

• Impairs synthesis of vitamin K dependent clotting factors:
– Factor II, VII, IX, X, protein C and protein S

• Inhibits vitamin K reductase – key enzyme in vitamin K
recycling.
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• Complicated clinical use:
– Wide inter-individual differences in drug response
– Narrow therapeutic range
– High risk of bleeding or stroke

• Hemorrhage risk is greatest during first weeks to months
of therapy.
– Second most common drug, after insulin, to send patients to ER
– Under-used because of its toxicity

• Requires frequent monitoring by international normalized
ratio (INR) blood test.
– Normal range ~1
– Dosing is adjusted to maintain a therapeutic range of ~2-3
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• Warfarin dosing variability is due to many factors:
– Drug-drug interactions
– Diet (vitamin K)
– Alcohol
– Smoking
– Genetics

• Two generalized clinical scenarios can occur:
– Warfarin ‘sensitivity’ = decreased dosage: frequent and leads

to INR > target range. Increased risk of severe bleeding events.

– Warfarin ‘resistance’ = increased dosage: infrequent and leads
to INR < target range. Increased risk of embolism/stroke.
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II. Warfarin Pharmacokinetics

EXCRETION

CYP450
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II. Warfarin Pharmacokinetics

Klein et al, Pharmacogenomics J, 2001. (http://www.pharmgkb.org/)



• CYP2C9 (10q24) is major enzyme involved in warfarin
metabolism.
– Required for excretion of more polar metabolite.

• Polymorphic CYP2C9 variants with decreased activity
result in deficient warfarin clearance.
– ~30 known alleles: http://www.cypalleles.ki.se/cyp2c9.htm
– *2 and *3 most common deficient alleles among most ethnic

groups.

• Individuals who carry deficient CYP2C9 alleles are
sensitive and have lower warfarin dose requirements.
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II. Warfarin Pharmacokinetics

~25% dose reduction

~35% dose reduction

Herman D, et al, Pharmacogenomics J, 2005; 5, 193-202.
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II. Warfarin Pharmacokinetics

Herman D, et al, Pharmacogenomics J, 2005; 5, 193-202.

CYP2C9 Genotype
EM IM PM



• Vitamin K epoxide reductase complex subunit 1
(VKORC1) is major target of warfarin inhibition.

• Inhibition of VKORC1 by warfarin decreases the
regeneration of reduced vitamin K.

• Reduced Vitamin K is necessary for gamma-
carboxylation of coagulation factors.
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Klein et al, Pharmacogenomics J, 2001. (http://www.pharmgkb.org/)



• VKORC1 gene (16p11) has only recently been identified
(2004).

• Common VKORC1 SNPs associated with therapeutic
warfarin dose.

II. Warfarin Pharmacodynamics

Two haplotype
groups (A and B)
associated with
dose

Rieder MJ, et al., N Engl J Med. 
2005 2;352(22):2285-93.



• Five VKORC1 SNPs are in strong linkage disequilibrium.

II. Warfarin Pharmacodynamics

-1639G>A 1173C>T

Geisen C, et al., Thromb Haemost. 2005;94(4):773-9.



• -1639G>A results in reduced hepatic expression of
VKORC1, which is likely responsible for decreased
warfarin requirements.

II. Warfarin Pharmacodynamics

-1639A -1639G

Yuan HY, et al., Hum Mol Genet. 2005 1;14(13):1745-51.



II. Warfarin Pharmacodynamics

Sconce E, et al, Blood, 2005; 106: 2329-33.

CYP2C9 Genotype
EM IM PM



II. Warfarin Pharmacodynamics

• Warfarin resistance is due, in part, to VKORC1 coding
region mutations. D36Y

Loebstein R, et al., Blood. 2007 15;109(6):2477-80.



II. Warfarin Pharmacodynamics

• Warfarin sensitive and resistance markers occur at
different frequencies in various ethnic subgroups.

Scott S, et al., Am J Hum Genet. 2008 82(2):495-500.



II. Warfarin Pharmacogenetics

Klein et al, Pharmacogenomics J, 2001. (http://www.pharmgkb.org/)



II. Other Genes Involved in Warfarin Variability

• Genotyping of 100 patients for SNPs in 5 genes
(CYP2C9, VKORC1, CALU, GGCX, EPHX1) within the
warfarin pathway identified significant dosing association
with CALU-R4Q variant as well as CYP2C9 and
VKORC1.

Vecsler M, et al., Thromb Haemost. 2006;95(2):205-11.



II. Other Genes Involved in Warfarin Variability

• Genotyping of 201 patients for SNPs in 29 genes within
the warfarin pathway identified significant dosing
association with VKORC1, CYP2C9, PROC, and non-
genetic factors (age, bodyweight, comedications,
indication)

accounted for 62% of variability.

• Weaker associations with other genes (EPHX1, GGCX,
ORM1-2) could explain up to ~10%, but needs to be
validated in larger cohort.

Wadelius M, et al., Hum Genet. 2007;121(1):23-34.



III. FDA Recommends Warfarin Label Revision

• Explains that an individual’s genetic makeup (CYP2C9
and VKORC1) may influence response to the drug.

• Testing may help optimize the use of warfarin and lower
the risk of bleeding complications from the drug.



III. FDA Recommends Warfarin Label Revision

• FDA revision stops short or recommending routine
CYP2C9/VKORC1 testing for patients that are
prescribed warfarin.

• Prospective trials that predict stable dose, examine
complications and evaluate cost-benefit are needed.

• What to test for?
– CYP2C9: *1, *2, *3, *4, *5, *6, *8, *11, *13?
– VKORC1: -1639G>A, 1173C>T, D36Y, V29L, A41S, V45A,

R58G, V66M, L128R?
– Others: GGCX, CALU, EPHX1?

• VKORC1 nomenclature?
– -1639 G and A - haplotype B and A
– *1 and *2



• ACMG Policy Statement published February 2008:
ACMG Working Group on Pharmacogenetic Testing of
CYP2C9, VKORC1 Alleles for Warfarin Use. Genet Med.
2008;10(2):139-50.

– Insufficient evidence at this time to recommend for or
against routine CYP2C9 and VKORC1 testing in
warfarin-naïve patients.

– Prospective clinical trials are needed to provide
evidence of benefit, disadvantage, and costs.

– Although not fully endorsed, “CYP2C9 and VKORC1
testing may be useful, and warranted, in determining
the cause of unusual therapeutic responses to
warfarin therapy.”
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III. FDA Recommends Warfarin Label Revision

• February 2008: A rapid-ACCE review of CYP2C9 and
VKORC1 alleles testing to inform warfarin dosing in
adults at elevated risk for thrombotic events to avoid
serious bleeding. Genet Med. 2008;10(2):89-98.

– Review literature to address analytical validity, clinical
validity, clinical utility, and ethical, legal, and social
implications.

– Overall analytic sensitivity and specificity will be 98%
or higher for CYP2C9 genotyping, but not enough
information available on VKORC1 testing.



III. FDA Recommends Warfarin Label Revision

McClain MR, et al., Genet Med. 2008;10(2):89-98.



III. FDA Recommends Warfarin Label Revision

• February 2008: A rapid-ACCE review of CYP2C9 and
VKORC1 alleles testing to inform warfarin dosing in
adults at elevated risk for thrombotic events to avoid
serious bleeding. Genet Med. 2008;10(2):89-98.

– Gaps in knowledge:
• which variants to include in panel
• external proficiency testing
• validated dosing algorithms
• evidence of clinical utility, economics
• ethical, legal, and social implications



III. FDA Recommends Warfarin Label Revision

• The College of American Pathologists (CAP) has
established a working group (CAP/ACMG/others) to
develop an annual Pharmacogenomics (PGx) Survey.

– Twice per year participating clinical labs receive 25 μg
of DNA:

• CYP2C19
• CYP2C9
• CYP2D6
• UGT1A1
• VKORC1

http://www.cap.org/apps/cap.portal


IV. Algorithm-mediated Dose Selection

• Several groups have attempted to estimate the optimum
initial warfarin dose needed to maintain stable and
optimum anticoagulation using genetic and non-genetic
variables.

• Examples:
Sconce E, et al (2005):
√dose (mg/day) = 0.628 - 0.0135(age) - 0.240(2C9*2) -
0.370(2C9*3) - 0.241(VKORC1-1639) + 0.0162(height)

Gage B, et al (2008):
dose (mg/day) =



IV. Algorithm-mediated Dose Selection

Sconce E, et al, Blood, 2005; 106: 2329-33.
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IV. Algorithm-mediated Dose Selection

Wu A, Pharmacogenomics. 2007; 8(7):851-61.



I. Warfarin Background
A. Uses – AF, DVT, strokes
B. Mechanism – Impairs vitamin K dependent clotting factors

II. Pharmacogenetics
A. Pharmacokinetics: CYP2C9 – EM, IM, PM
B. Pharmacodynamics: VKORC1 – -1639G>A (1173C>T), D36Y
C. Others – GGCX, CALU, EPHX1

III. FDA Recommendation
A. PGx Testing – CYP2C9 and VKORC1
B. Techniques – Molecular assays available with good sen./spec.

IV. Algorithm-mediated Dose Selection
– Multiple regression equations available that include genetic/non-genetic
variables but require prospective validation in pan-ethnic cohorts.

stuart.scott@mssm.edu

Summary



CYP4F2 genetic variant alters required warfarin dose.
Caldwell MD, Awad T, Johnson JA, Gage BF, Falkowski M,
Gardina P, Hubbard J, Turpaz Y, Langaee TY, Eby C, King
C, Brower A, Schmelzer JR, Glurich I, Vidaillet HJ, Yale SH,
Zhang KQ, Berg RL, Burmester JK.

Blood. 2008 Feb 4; [Epub ahead of print]
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Dumaual C, et al., Pharmacogenomics. 2007; 8(3):293-305.
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Dumaual C, et al., Pharmacogenomics. 2007; 8(3):293-305.
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CYP4F2 genetic variant alters required warfarin dose.

Journal Club

Figure 1
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Figure 2



CYP4F2 genetic variant alters required warfarin dose.
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Figure 3



CYP4F2 genetic variant alters required warfarin dose.
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