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Outline of Talk

• Polymorphisms that affect warfarin dose

– Cytochrome P450 2C9 (CYP2C9) SNPs affect

warfarin metabolism

– Vitamin K epoxide reductase (VKORC1) SNPs

affect warfarin sensitivity

• Pharmacogenetic dosing algorithms

– Prior to warfarin administration

– After 3 or 4 days of warfarin administration

– www.WarfarinDosing.org
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CYP2C9 variant

wild type

Summary of CYP2C9 Studies

• CYP2C9*2 & *3 triple the risk of an elevated INR

and of adverse events when warfarin is initiated

• CYP2C9*2,*3, and probably*5, *6 variants

decrease S-warfarin clearance

• Prospective genotyping facilitates higher initial

doses in patients who are CYP2C9*1/*1

• Prospective genotyping allows for lower initial

doses in poor metabolizers

– Which may prevent hemorrhage (1 of 3 small RCTs)

– Initial dose escalations should be cautious in poor metabolizers
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 Pharmacogenetics & Warfarin

 Retrospective Study Goals:

• To determine which VKORC1 SNPs predict
dose

• To understand how to combine these SNPs
with CYP2C9 & clinical factors to estimate
the therapeutic dose of warfarin



Demographic & Clinical Factors in

Retrospective Cohort

Results of Stepwise Regression

in Derivation Cohort (N = 1015)



Prospective Validation

Patient scheduled for elective orthopedic surgery

Consent pt., obtain DNA & clinical data

Determine CYP2C9 and VKORC1 genotype

Pharmacogenetics-based warfarin taken pre-op

      To OR

Dose refinements per WarfarinDosing.org

Monitored by anticoagulation service for 1 month
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Prospective Validation (N = 292)

• R2 = 54%

• Pharmacogenetics-therapy was well accepted

• Frequency of INR > 4 was low

– However, poor metabolizers can overdose after a dose

escalation

Gage BF.  Clin Pharmacol Ther 2008 Feb



High Accuracy of Genotyping Platforms

King C et al. Am J Clin Pathol 2008

Autogenomics
Third Wave

Warfarin Dose Revision Based on INR4

• Goal: To combine genetic and clinical

information to estimate the (new) warfarin

dose after the initial 4 doses

• Motivation:  Improved accuracy of dose

refinements should improve INR control

• Genes:

– VKORC1 (warfarin sensitivity)

– CYP2C9 (S-warfarin metabolism)

• Population: Orthopedic patients



 Wash U Derivation Cohorts

Genetic Cohort

(N=86)

Clinical Cohort

(N=179)

Age, mean (SD) 60 (14) 59 (15)

BSA, mean (SD) 2.0 (0.3) 2.0 (0.3)

Male, % 49 49

African-Am, % 13 13

Caucasian, % 86 86

Other Race, % 1 1

Variables

Genetic

Cohort*

(N=179)

Clinical

Cohort

(N=233)

Age in years, mean (SD) 57 (12) 59 (15)

BSA, mean (SD), m 2.0 (0.3) 2.0 (0.3)

Male % 48 47

African-American % 9 12

Caucasian % 89 87

Other Race %  1  1

 Wash U + Kaiser Validation Cohorts

*Includes 38 participants at Kaiser Permanente Colorado



Accuracy of INR4 Algorithms in

Validation Cohorts

Algorithm R2 < 1 mg error

Clinical 48% 70%

Pharmacogenetic 70% 73%

Lenzini P. et al. J. Thromb Haemost. July 2008 (epub ahead of print)

Non-randomized



Pharmacogenetic INR4 Algorithm in the Pooled Orthopedic

Cohorts (N = 232)

Entry    Variable
Change in dose,

%

R  after

entry, %

1 Average Doses 1-3 + 15 54

2 ln(INR4)  20 68

3 CYP2C9*3  27 71

4 Statin  13 73

5 Current Smoker + 14 74

6 VKORC1-1639 A  10 75

7 CYP2C9*2  10 76

8 ln(EBL) + 3 77

Lenzini et al. J Thromb Haemost 2008

Findings of Dose Revision Algorithms

• Dose revision (DR) algorithms combine
genotype, clinical factors, and initial INR
response to predict the therapeutic warfarin
dose.
–  INR3  or  INR4  DR algorithms explain 77% of

variability (R2) in warfarin dose, in derivation
cohorts of orthopedic patients

– R2 ~63% in medical patients (not shown)

• This approach will be evaluated in a multi-
centered, RCT.
– But the control arm will use a clinical DR

algorithm that also is accurate, R2 ~50%.



Example: www.WarfarinDosing.org



Very slow metabolizer

Warfarin sensitive

New dose 1.3 mg/d.

Grice G. et al. J Thromb Haemost 2007



Recommendation (for now)

When to recommend VKORC1 and CYP2C9

genotyping (select all that apply):

• outpatient with highly variable INRs

• inpatient in the ICU starting warfarin

• outpatient starting warfarin & enoxaparin

• none of the above

Summary

• The maintenance warfarin dose can be estimated from

clinical and pharmacogenetic factors

– ~ 50% of the variance in the warfarin dose can be predicted

from a regression model using 2 genes and several clinical

factors;

• or from a clinical model that includes INR3 or 4

– 63% 70% of the variance can be predicted from a

pharmacogenetic model that includes INR3 or 4

• CYP2C9 and VKORC1 genotypes do not need to be stat for

patients to benefit

• www.WarfarinDosing.org is non-profit and publicly

available

– Please try it and let me know what you think
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