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ABSTRACT

Warfarin is the most widely used oral anticoagulant for the prevention and treatment
of various cardiovascular diseases. However, its complications represent an important
clinical problem. The drug has a very low therapeutic index and there is significant inter-
patient and inter-isomer variability in both pharmacokinetics and pharmacodynamics; these
are affected by a large number of genetic and non-genetic factors. Genetic variation in
CYP2C9 and VKORC1 has been most extensively studied in relation to warfarin dose
requirements.

Two systematic reviews were conducted to identify studies on warfarin
pharmacokinetics and pharmacodynamics in human subjects by searching MEDLINE and
EMBASE. A total of 75 and 15 original reports on warfarin pharmacokinetics and
pharmacodynamics, respectively, were identified. The overall results of the PK systematic
review show the presence of wide inter-study (ISV) and intra-study (inter-individual)
variability in CL, t;», V/F, and AUC (0,0) for R-, S-, and racemic warfarin. This makes it
difficult to estimate the true degree of inter-individual variability that exists for warfarin
pharmacokinetics, and hence the effect it has on individual dose requirements. The warfarin
PD systematic review showed that PKPD based dosing algorithms can improve
anticoagulation therapy with warfarin. New modelling approaches should take into
consideration the differences in pharmacodynamic characteristics between warfarin
enantiomers and the growing evidence of the importance of genetic variation in CYP2C9 and
VKORCI.

To evaluate the impact of genetic polymorphisms, clinical factors and concomitant
medications on the disposition of S-warfarin, a population pharmacokinetic analysis was
conducted. Data from 281 consecutive patients (n=708 observations) were included in the
analysis. The final population pharmacokinetic model contained effects for CYP2C9, weight,
gender, and co-medication on clearance. None of the covariates included had a significant
effect on the volume of distribution. CYP2C9 genotype alone explained around 26% of the
inter-individual variability in S-warfarin clearance. The impact of the CYP2C9*2 and
CYP2C9*3 alleles was estimated to be 76% and 53%, respectively, of the observed value for
S-warfarin clearance in wild type individuals. CYP2C9*3/*3 was associated with an 81.8%
reduction in S-warfarin clearance. The final model suggested a 5% reduction in S-warfarin
clearance with co-administration of CYP450 enzyme inhibitors while amiodarone resulted in
a 27% decrease in S-warfarin clearance.

Health care resource use, and overall cost associated with warfarin therapy over a 6-
month period from the perspective of the UK National Health Service was evaluated.
Complete six month data were available for 254 patients. During the study period a total of
930 anticoagulation visits (median 3 per patient, IQR 1, 5) and 4059 INR measurements
(median 15 per patient, IQR 10, 20) were recorded. Of the 70 patients who had experienced a
warfarin related adverse event, 16 (6.3%) required hospitalisation. VKORC]1 status was
associated significantly with hospitalization. The odds of hospitalization in carriers of
VKORCI TT (rs9923231) was 4.2 (95% CI, 1.3, 13.1; p=0.028). The mean duration of
hospital stay for any one admission was 7.5 days (median 5.5; range | to 26 days).

A genotype/phenotype study was undertaken to relate the genetic diversity in
VKORCI1 to the expression of VKOR in 25 human liver tissues. The results showed that the
four genotyped SNPs have the same allelic frequencies and were in very strong linkage
disequilibrium. Unfortunately, VKOR was not detectable using mass spectrometry.

In summary, the thesis shows both the clinical and economic importance of genetic
and non-genetic factors in determining variability in responses to warfarin. There is a need to
improve the dosing and monitoring strategies used when prescribing warfarin to patients.
The work presented here will assist in the development of a more robust dosing algorithm
particularly during the induction phase.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































