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1. What should I learn from this topic?
The aim of this topic is to give you an understanding of the pharmacokinetics and pharmacogenomics of warfarin and how this affects the response to treatment. This should be read in association with Topic 6 (Factors affecting the INR)
By the end of this topic you should be able to:

1. Describe the relationship between plasma concentrations of warfarin and its therapeutic effect 

2. Describe how changes on plasma protein binding influence the therapeutic effect of warfarin
3. State the factors that can inhibit the metabolism of warfarin

4. Describe how the half-life of warfarin affects the onset of action of dose changes

5. List some of the factors that can influence an individual’s warfarin dose requirement
 2. Check your understanding 

Before you start reading this topic check how much you already know by taking a short quiz. You will have an opportunity to take the quiz again at the end of the module, where we will reveal the correct answers.  

a) The relationship between plasma concentration of warfarin and its effect on blood coagulation, as measured by the INR, is linear

True   /   False

b) The mean-plasma half-life of warfarin is approximately 40 hours. On initiating a fixed dose of warfarin, it would take 200 hours or 8 days to reach constant plasma concentration (or steady state)

True   /   False

c) As warfarin is 99% bound to albumin, hypoalbuminaemia caused by renal impairment can cause a reduction in anticoagulation response by reducing plasma protein binding. 
True   /   False

d) Liver impairment can result in an increased anticoagulant effect by impairing the metabolism of warfarin
True   /   False

f) Because of warfarin’s long half-life of 40 hours, it takes at least 2 days to see the effect of a dose adjustment on the INR
True   /   False

g) Which of the following factors may influence an individual’s response to warfarin? (select all that apply)

I. Ethnicity

II. Variability in clotting factor turnover

III. Eye colour

IV. Age

3. A brief introduction to pharmacokinetics 

Pharmacokinetics describes how the body handles a drug after administration and includes its absorption, distribution, metabolism and excretion. 
(image – kinetics1.svg)

Could this be a more interactive diagram … i.e. clicking on each of the steps brings the user to information as below about that stage?

Knowledge of the pharmacokinetics of warfarin is essential to understanding the response to therapy, and the factors that can affect this response.

4. Absorption of warfarin
Warfarin is a racemic mixture of stereoisomers, the R and S enantiomers, which are produced in equal proportions (Figure B). The S-enantiomer has more anticoagulant activity than the R-enantiomer, but has a more rapid clearance.
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Warfarin stereoisomers (placeholder - need copyright free)

Absorption describes how a drug reaches the bloodstream. Warfarin has high oral bioavailability, and after administration is rapidly absorbed from the GI tract. It reaches maximal blood concentrations within 90 minutes in most patients.  Its absorption is not affected by the presence of food or the pH of the gastric contents. 

5. What is the relationship between the plasma concentration of warfarin and its anticoagulant effect?
The absorption of a drug can determine its time of onset of action - the time interval between its administration and the first therapeutic effects – and the time of its peak effect. However, the relationship between plasma concentration of warfarin and its effect is complex. As warfarin’s effect on vitamin K clotting factors is a function of both their synthesis rate and degradation rates, there is no simple correlation between plasma concentration and therapeutic effect.
When starting warfarin treatment, it would normally take up to 8 days (5 half-lives) to reach constant plasma concentration (steady state). Therefore, when initiating warfarin therapy loading doses are used to bring the steady state forward. 

6. Distribution of warfarin

Distribution describes how drugs are dispersed throughout the fluids and tissues of the body. After absorption, warfarin circulates bound to plasma proteins; it is 99% bound to albumin. 
The degree to which a drug binds with plasma proteins is one of the most important factors that affect a drug’s distribution. When warfarin binds to albumin this effectively acts as a reservoir of the drug, reducing its plasma concentration. Therefore, clinical conditions that modify the levels of albumin - for example, hypoalbuminaemia brought on by renal dysfunction - may have an impact on the effect and toxicity of warfarin. 
However, because of redistribution of the displaced drug throughout the body, administration of another drug that displaces warfarin from its albumin binding site (e.g. NSAIDs), or uraemia, does not lead to an extended enhanced drug effect. However, there may be a temporary increase in anticoagulant response until the equilibrium between free and bound drug is re-established. The temporary increase can be significant and adjustment of warfarin doses may need to be considered. 

7. Metabolism of warfarin

Metabolism is the process by which drugs are converted into a form that can be excreted (metabolites). The rate of metabolism determines both the duration and intensity of a drug's action.

Warfarin is eliminated almost entirely by metabolism in the liver to inactive

metabolites by a family of enzymes known as cytochrome P- 450, of which CYP2C9 is the most important (Figure C).  Liver dysfunction can potentiate the response to warfarin both through impaired synthesis of clotting factors and decreased warfarin metabolism, as can the co-administration of drugs that inhibit cytochrome P- 450 enzymes.
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Warfarin metabolism (placeholder for copyright free version)

8. Excretion of warfarin

Excretion describes how drugs are removed from the body. Warfarin’s metabolites are excreted in the urine and the stools. 
Warfarin has a mean plasma half-life of around 40 hours. This is the time required for the concentration of the drug to reach half of its original value. 
The concept of half-life is important. Half-life, as well as other pharmacokinetic factors, varies with the age of the person and concomitant diseases, especially renal or hepatic impairment. Because of warfarin’s long half-life, it takes at least 48 hours to see the maximum effect of a change in dose. The duration of action of a single dose of warfarin is 2 to 5 days
9. Why is there interindividual variability in warfarin dose requirements?
A number of factors account for the marked variability in warfarin dose

requirement between individuals; 10- or 20-fold differences are not uncommon!
These include:

· Genetically determined differences in liver enzyme activity – leads to marked differences in metabolism. 

· Variation in vitamin K availability

· Variation in clotting factor turnover
· Differences in the extent of plasma protein binding

10. What is the impact of genetic differences on warfarin pharmacokinetics? (pharmacogenomics)
The role of pharmacogenomics is an area of interest, but with its potential role still to be realised, much research is being undertaken to develop pathways, which will utilise how genetics play a part in an individual’s reaction to a drug.

There are genetically determined differences in liver enzyme activity of different races. Analyses of studies have found people respond to warfarin differently based, in part, on whether they had variations of certain genes. Differences in the genome sequence can have dramatic effects on how individuals process warfarin. The gene variants associated with the greatest variation are the CYP2CP and the VKORC1 genes.

Analysis of the work being done suggests that a ‘one-dose fits all' approach is not appropriate especially amongst certain ethnic groups. 
If you would like to learn a little bit more about the pharmacogenomics of warfarin please click on the links below for these open access papers:
Limdi NA & Veenstra DL. Warfarin Pharmacogenetics.Pharmacotherapy. Sep 2008; 28(9): 1084–1097.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756787/
Limdi NA. Warfarin Pharmacogenetics: Challenges and Opportunities for Clinical Translation. Front Pharmacol. 2012; 3: 183. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3490409/)
11. Can women who are pregnant or breast-feeding take warfarin?

This question is considered in Topic 7 (Adverse effects of warfarin)

12.  Summary - Key pharmacokinetic facts for warfarin
	Oral absorption
	> 95%

	Plasma protein binding
	Strongly bound to plasma albumin - 99%



	Metabolism


	Extensive metabolism in liver by cytochrome P450 enzymes, of which CYP2C9 is most important



	Excretion
	Via kidneys and stools.

	Half-life
	40 hours

	Initial onset of action


	At least 5 days. Steady state reached at around 8 days

	Time for dose change to take effect


	At least 2 days

	Time for INR to return to normal after stopping treatment 


	> 5days


(Could this be done as a quiz to make more interactive / by way of revision?)

13. Demonstrate your understanding

Finally, please try to answer the pre-topic questions again. Did you get a higher score?
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