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BACKGROUND

Warfarin, a derivative of dicoumarol, is the first clinical oral anticoagulant approved by the US FDA!. It has been
commonly applied in the treatment and prevention of thromboembolic events, such as deep vein thrombosis,
pulmonary embolism, atrial fibrillation, myocardial infarction and stroke, with typical annual prescriptions of
0.5% - 1.5% worldwide?>.

Mechanism of Action

Warfarin competitively inhibits the enzymatic activity of the vitamin K epoxide reductase complex 1 (VKORCI1),
whose catalytic property is essential for maintaining the dynamic equilibrium of vitamin K between the reduced
and oxidized states (Figure 1)*5. Through this mechanism, warfarin can deplete functional vitamin K reserves,
and thereby reduce the synthesis of active vitamin-K-dependent clotting factors II, VII, IX and X, as well as the
regulatory factors protein C, protein S and protein Z, leading to reduced formation of blood clots*.
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Figure 1. Mechanism of action and metabolism of warfarin
(Adapted of Quifiones et al. 2017*& Hunt and Levi 2018°).

Adverse Effects of Irrational Warfarin Dosing

As a narrow therapeutic index drug, warfarin therapy requires a persistent monitoring on drug intensity, which is
usually indicated by the prothrombin international normalized ratio (INR)?. In patients with supratherapeutic INR
(INR > 4), risks of bleeding and hemorrhage, as well as complications of warfarin necrosis, osteoporosis, purple
toe syndrome and calcification, may increase. It has been reported that 16% of major bleeding incidents and
2.9% of fatal incidents are associated with irrational warfarin uses. In contrast, for people lacking adequate dose
maintenance, i.e.,, INR < 2, the anticoagulant therapy normally inefficacious and the risk of thromboembolic
events increases®.

Gene Polymorphism and Drug Efficacy

Accumulated evidence has demonstrated a consistent and strong relationship between polymorphisms in
certain genes (in particular, genes coding for the cytochrome P450 family 2 subfamily C polypeptide 9 enzyme
(CYP2C9), VKORCI, and cytochrome P450 4F2 (CYP4F2)) and warfarin maintenance dose? Among the three
genes, VKORCI haplotype, the encoded enzyme of which directly targeted by warfarin, contributes to approxi-
mately 25% of the variance in warfarin dose requirements . Carriers of the AA genotype in the VKORCI promoter
region (c.-1639) have been detected associating with significantly increased sensitivity and lower dose
requirements ® of warfarin (Figure 2)°5°.

Warfarin is composed of two active enantiomers (i.e. the S- and R-warfarin), where the former possesses 4-6
times higher anticoagulation potency than the latter 21° . Of these two enantiomers, S-warfarin is primarily
metabolized by CYP2C9. Variants in the ¢.430 C>T and c.1075 A>C alleles of CYP2C9 reduced its enzymatic

activity by 12-70% and almost 100%, respectively, resulting in significantly decreased maintenance doses and
increased risks of serious and life-threatening adverse drug effects 81°

The CYP4F2 enzyme acts as an oxidase enzyme involving in vitamin K metabolism and blood clot formation. The
genetic variant CYP4F2*3 (c.1297 G>A) has been found to be associated with a 8-11% of reduction in enzymatic
activity and a 4-12% of increase in warfarin dose maintenance '°
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Figure 2. Patient sensitivity based on genotypes of VKORCI and CYP2C9°.

W ARF ARIN PERSONALIZED MEDICATION SOLUTION

Considering the narrow therapeutic index, the large interindividual variability upon warfarin requirements and
severe adverse effects of warfarin therapy, genetic polymorphism detection of key factors involving in warfarin
metabolism seems to be vital to maintain the INR in the therapeutic range of 2.0 to 3.0 and to decrease risks of
adverse drug effects. Tianlong Warfarin Personalized Medication Solution is designed to rapidly determine the
presence of genetic single nucleotide variants or polymorphisms (SNP), including CYP2C9*2 (c.430 C>T),
CcYP2c9*3 (c.1075 A>C), VKORCI (c.-1639 G>A) and CYP4F2*3 (c.1297 G>A) in specimen with its exclusive phar-
macogenomic reagents and the Fascan 48E multi-channel fluorescence quantitative analyzer. The results can
provide genetic clues to guide warfarin dosing in clinical practice.

Table 1. Protocol of genotype detection and warfarin dosing recommendation.

Gene Locus Genotype Genotype
*2CC/[*3AA Regular
CYP2C9*2 (c.430 C>T)
*2CC/*3AC Medium to Low
Low
CYP2C9*3 (c.1075 A>C) *2TT/*3AA
*2CT/[*3AC Low
*2CC/[*3CC Low
GG Regular
VKORCI (c.-1639 G>A) GA Medium to Low
AA Low
GG Regular
CYP4F2*3 (c.1297 G>A) GA Slightly higher
AA High

Clinical Significance
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