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 Abstract 

   Coumarin    derivates have been considered an ideal target of  personalized 
medicine because of their pharmacological characteristics as vitamin K 
antagonists. Thus, many pharmacogenetic investigators have focused in 
this fi eld, developing numerous warfarin algorithms based on CYP2C9 
and VKORC1 genotypes. These pharmacogenetic algorithms include both 
genetic and nongenetic factors. 

 Coumarin derivates (warfarin in the UK and USA, acenocoumarol and 
phenprocoumon in European countries) are the most prescribed oral anti-
coagulants in the prevention and treatment of thromboembolic events 
associated with atrial fi brillation, prosthetic valves, venous thromboembo-
lism, and orthopedic surgery. 

 Vitamin K antagonists have demonstrated effi cacy in anticoagulation 
although they have a narrow therapeutic window. Patients need frequent 
monitoring by measuring the prothrombin time.    The main challenge for 
physicians is to introduce patients as soon as possible within the therapeu-
tic range (INR 2–3) in the beginning of therapy as the risk of undercoagu-
lation, INR <2 (risk of thrombus), or overanticoagulation, INR> 4 (risk of 
bleeding), is higher in this period. 

 The adjustment of the dose to achieve effective and stable anticoagula-
tion depends on several environmental factors including age, gender, 
weight, concomitant medications and interactions with foods containing 
vitamin K, smoking status and alcohol intake, and genetic factors. 

      Pharmacogenetics of Oral 
Anticoagulants 

                         Enrique     Jiménez-Varo     ,     Marisa     Cañadas-Garre     , 
       Margarita         Aguilera    ,     Desiree     Gonzalez     Callejas    , 
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1  Introduction 

1.1      Main Indications for 
Anticoagulation Therapy 

    Since the 1950s, coumarin derivates (warfarin, 
acenocoumarol, and phenprocoumon) have been the 
cornerstone for prevention of stroke and systemic 
embolism in patients with atrial fi brillation (AF) 
and for prevention of recurrent venous thrombosis 
in patients with venous thromboembolism (VTE) 
and in patients with prosthetic heart valves (Hirsh 
 1992 ; Hirsh et al.  2001 ; Daly and King  2003 ; Davis 
et al.  2011 ; Dahl  2012 ).  

1.2      Management 
of Antithrombotic Therapy 

1.2.1      Oral Anticoagulation with 
Coumarin Derivates 
in AF Patients 

 Starting long-term oral anticoagulation therapy 
depends on stroke recurrence risk factors 

present in the patient. The AF Investigators and 
Stroke Prevention in Atrial Fibrillation (SPAF) 
group developed a scheme for assessing the risk 
of stroke through the CHADS 2  (congestive heart 
failure, hypertension, age ≥ 65 years, diabetes 
mellitus, stroke) system (Camm et al.  2010 ; 
Furie et al.  2011 ; Skanes et al.  2012 ; You et al. 
 2012 ). This system assigned two points to a 
stroke antecedent and one point to other condi-
tions (congestive heart failure, hypertension, 
age ≥ 65 years, diabetes mellitus). Risk assess-
ment of thromboembolic and hemorrhagic 
events based on CHADS 2  classifi cation is 
described in Table  21.1 .

   Other clinically relevant nonmajor risk factors 
include female sex, age 65–74 years, and vascu-
lar disease (complex aortic plaque and peripheral 
arterial disease). The CHADS 2  classifi cation was 
modifi ed including new parameters to improve 
the evaluation of the embolism risk, especially 
for patients classifi ed with CHADS 2  score < 2, 
creating the CHA 2 DS 2 -VASc (congestive heart 
failure, hypertension, age ≥ 75 [doubled], diabe-
tes mellitus, stroke [doubled], vascular disease, 

 Allelic variants in    CYP2C9*2 (Arg144Cys, rs1799853), CYP2C9*3 
Ile359Leu (rs1057910), and VKORC1 (rs9923231, rs9934438) gene 
 polymorphisms have demonstrated an infl uence of about 40 % on 
coumarin- required dose. 

 Despite of knowledge that pharmacogenetic models can improve dos-
ing recommendations according to CYP2C9 and VKORC1 polymor-
phisms and thus would decrease the risk of thrombus and bleeding events 
during initial phases of anticoagulation, the translation of pharmacoge-
netic algorithms into clinical practice is a challenge to pursue in the 
advancement of personalized medicine. 

 On the other hand, a new wave of oral anticoagulants has been devel-
oped to improve the effi ciency and safety of anticoagulant therapy and 
avoid the several drawbacks of vitamin K antagonists. This new genera-
tion of anticoagulants is expected to be the alternative in prevention of 
stroke and systemic embolism in non-valvular atrial fi brillation patients. 

 In this chapter, we will review the most relevant pharmacogenetic studies 
performed with coumarin derivates, the application of pharmacogenetics in 
predicting the optimal coumarin derivates’ initial dose based on genetic and 
environmental factors, genetic tests available for determination of main gene 
polymorphisms associated to warfarin sensitivity, the development of new 
oral anticoagulants (dabigatran, rivaroxaban, apixaban), and comparison of 
different pharmacological therapies available to use in patients with non-
valvular atrial fi brillation requiring long-term anticoagulation. 

E. Jiménez-Varo et al.



437

age 65–74, and sex female). According to this 
new classifi cation, the European Society of 
Cardiology (ESC) recommendations for vitamin K 
antagonists (AVKs) treatment are made in func-
tion of CHA2DS2-VASc scores (Camm et al. 
 2010 ):
 –    CHA2DS2-VASc ≥ 2 (one major risk factor or 
≥2 risk factors not clinically relevant) treat-
ment with oral anticoagulant (OAC) with a 
dose adjusted to INR 2–3  

 –   CHA2DS2-VASc = 1 (1 risk factor for not 
clinically relevant) OAC treatment with a dose 
adjusted to INR 2–3 or aspirin 75–325 mg. 
OAC preferable to aspirin  

 –   CHA2DS2-VASc = 0 (no risk factors) aspirin 
75–325 mg daily or no antithrombotic therapy. 
Preferably aspirin to antithrombotic therapy    
 This modifi cation of CHADS2 is not consid-

ered in other countries like USA and Canada (Furie 
et al.  2011 ; Skanes et al.  2012 ; You et al.  2012 ).  

1.2.2      Oral Anticoagulation with 
Coumarin Derivates in VTE 

 Anticoagulant therapy is effective in prevention 
of recurrent venous thrombosis in patients with 
VTE. This treatment begins with low molecular 
weight heparin (LMWH) or unfractionated hepa-
rin (UFH) and oral anticoagulant therapy one day 
after. Double anticoagulation LMWH + OAC is 
maintained until INR range 2–3 is reached on 
two consecutive days, which happens approxi-
mately in the fi rst 4–5 days (Duran Parrondo 
et al.  2003 ). 

 Anticoagulant therapy is advisable to be main-
tained for 6 weeks to 3 months in patients with 

symptomatic distal or proximal thrombosis after 
surgery and at least 6 months in patients with 
idiopathic proximal thrombosis. OAC is recom-
mended indefi nitely in situations of idiopathic 
recurrent thrombosis or inherited or acquired 
thrombophilia (Duran Parrondo et al.  2003 ).  

1.2.3      Oral Anticoagulation 
with Coumarin Derivates 
in Patients with Prosthetic 
Heart Valve 

 The risk of thromboembolism in the fi rst 
6 months after implantation of a prosthetic valve 
is particularly high (Eitz et al.  2008 ). There are 
three approaches for anticoagulant therapy in 
patients after valve surgery, depending on the 
bleeding risk score:
 –       Subcutaneous UFH prophylactic dose + OAC 

started from the fi rst postoperative day  
 –   Intravenous UFH + OAC from the second 

postoperative day. HNF to reach therapeutic 
INR  

 –   LMWH + OAC since the fi rst postoperative 
day. LMWH to achieve therapeutic INR    
 After the fi rst 6 months, the risk of bleeding 

is greatly reduced if the patient is regular and 
adherent with the treatment and complies with 
the drug dosage regimens; due to these, patients 
must take lifetime oral anticoagulation (Eitz 
et al.  2008 ).   

1.3      Drugs Pharmacology 
and Pharmacokinetics 

1.3.1      Vitamin K Antagonists 
   Warfarin 
 Warfarin is worldwide prescribed. This coumarin 
derivate is administered as a racemic mixture of 
R-warfarin and S-warfarin. The S-enantiomer 
has an anticoagulant activity of 3–5 times greater 
than the enantiomer R-warfarin (Choonara et al. 
 1986 ). S-warfarin is mainly metabolized by 
CYP2C9. Although R-warfarin is also metabo-
lized through the CYP2C9 pathway, there are 
other minor isoenzymes involved in the metabo-
lism of this enantiomer, such as CYP1A1, 
CYP1A2, CYP2C8, CYP2C18, and CYP2C19 
(Rettie et al.  1992 ; Zhang et al.  1995 ; Wienkers 
et al.  1996 ; Ngui et al.  2001 ).  

   Table 21.1    Risk assessment of thromboembolic and 
hemorrhagic events (Camm et al.  2010 ; Furie et al.  2011 ; 
Skanes et al.  2012 ; You et al.  2012 )   

 CHADS 2   Description  Score 

  C  (congestive heart 
failure) 

 Recent history of 
congestive heart failure 

 1 

  H  (hypertension)  History of hypertension  1 
  A  (age ≥ 65 years)  Age ≥ 65 years  1 
  D  (diabetes mellitus)  History of diabetes 

mellitus 
 1 

  S   2   (stroke)  History of stroke  2 
 Transitory ischemic 
accident 

  Total score possible   6 

21 Pharmacogenetics of Oral Anticoagulants
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   Acenocoumarol 
 Acenocoumarol is the main oral anticoagulant 
prescribed in many European countries (Beinema 
et al.  2008 ; Markatos et al.  2008 ; Spreafi co et al. 
 2008 ; López-Parra et al.  2013 ). It is orally 
administered as a racemic mixture of enantio-
mers (R-) and (S-). Biotransformation is per-
formed in the liver by Cytochrome P450. The 
most important metabolism enzyme of this drug 
is CYP2C9  isoenzyme, which performs a 
hydroxylation at position 6, 7, and 8 of both 
enantiomers. The S-enantiomer is rapidly metab-
olized ( t  1/2  < 2 h); therefore, the anticoagulant 
activity depends on R-acenocoumarol enan-
tiomer. Unlike S-acenocoumarol enantiomer, 
R-acenocoumarol enantiomer is also  metabolized 
by CYP1A2, CYP3A5, and CYP2C19 isoen-
zymes (Thijssen et al.  2000 ).  

   Phenprocoumon 
 Phenprocoumon, like other coumarin derivates, 
is administered as a racemic mixture of the 
S- and R-enantiomers. Bioavailability is over 
90 %, and it is stereoselectively metabolized by 
Cytochrome P-450 to inactive hydroxylated 
metabolites (Alberio  2003 ). Approximately 65 % 
of phenprocoumon dose is eliminated through 
the urinary tract and the remaining 35 % by the 
fecal via (Toon et al.  1985 ). CYP2C9 and CY3A4 
are the main isoenzymes in the metabolism of 
phenprocoumon (Ufer  2005 ). The two enantio-
mers R- and S-phenprocoumon reach their half-
life time around 110–130 h from the fi rst-dose 
administration (Jähnchen et al.  1976 ).   

1.3.2      Mechanism of Action 
of Vitamin K Antagonists 

 Vitamin K antagonists exert their effect by inhib-
iting vitamin K epoxide reductase complex 1 
(VKORC1), decreasing vitamin K. Vitamin K is 
an essential cofactor in the carboxylation of glu-
tamate residues at the N-terminal region of the 
vitamin K-dependent proteins, synthesis of 
 vitamin K–dependent coagulation factors 
 (factors II, VII, IX, and X), and fi brinolytic pro-
teins, such as protein C and S (Fig.  21.1 ). These 
vitamin K–dependent proteins are inhibited by the 
action of coumarin derivates.    When antagonizing 

these vitamin K dependent coagulation factors,  
no interaction between them and the calcium 
present in the vascular subendothelium occurs. 
The inhibition of coagulation factors causes low 
plasma levels of prothrombin, which generates 
the formation of fi brin required to trigger coagu-
lation (DrugBank  2012b ; The Pharmacogenomics 
Knowledge Base  2012 ).

1.3.3         Pharmacokinetic Differences 
Between AVKs 

 The differences between these molecules lie on 
their pharmacokinetics properties. Acenocoumarol 
presents a half-life time of 8–11 h, whereas war-
farin half-life time is fourfold the acenocoumarol 
half-life, from 34 to 42 h, and reaches its maxi-
mum plasma concentration peak at 90 min after 
oral administration, and phenprocoumon has a 
half-life time of 110–130 h after initial oral 
administration (Shirolkar et al.  2010 ). Main dif-
ferences in pharmacokinetics of vitamin K antag-
onists are shown in Table  21.2 .

2           Pharmacogenetics 
of Vitamin K Antagonists 

 Although coumarin derivates are effective, the 
management of oral anticoagulation therapy is 
complicated. The pharmacokinetic and pharma-
codynamic properties lead to a variable, unpre-
dictable, and independent response in each 
individual treatment. 

 The anticoagulant activity is measured by a 
standardized laboratory test, the international 
normalized ratio (INR). The beginning of antico-
agulation therapy is the most problematic period 
due to the risk of thrombi (associated to an 
INR < 2), and the risk of bleeding (associated to 
INR > 4) is higher in the fi rst 3 months (Hylek 
et al.  2003 ; Ufer  2005 ). This risk is high because 
each patient requires individualized doses to 
achieve stability. 

 Currently, clinicians prescribe an initial dose 
of coumarin derivates based on clinical parame-
ters, and dose adjustment is made by titration. The 
fi rst INR monitoring is performed at day 3 or 4 
after beginning anticoagulant therapy. Depending 

E. Jiménez-Varo et al.
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   Table 21.2    Pharmacokinetics    of vitamin K antagonists   

 Drug   t  1/2  (h) 

 Main isoenzyme
metabolism 

 References  R-enantiomer  S-enantiomer 

 Warfarin  34–42  CYP2C9  Choonara et al. ( 1986 ), Rettie et al. ( 1992 ), 
Zhang et al. ( 1995 ), Wienkers et al. ( 1996 ), 
Ngui et al. ( 2001 ) 

 CYP1A1 
 CYP1A2 
 CYP2C18 
 CYP2C19 
 CYP3A4 

 Acenocoumarol  8–11  CYP2C9  Beinema et al. ( 2008 ), Markatos 
et al. ( 2008 ), Spreafi co et al. ( 2008 ), 
López-Parra et al. ( 2013 ) 

 CYP1A2 
 CYP3A5 
 CYP2C19 

 Phenprocoumon  110–130  CYP2C9  Jähnchen et al. ( 1976 ), Alberio ( 2003 ), 
Ufer ( 2005 ), Shirolkar et al. ( 2010 )  CYP3A4 

   CYP1A1  Cytochrome P450 family 1, subfamily A, polypeptide 1;  CYP1A2  Cytochrome P450 family 1, subfamily A, 
polypeptide 2;  CYP2C18  Cytochrome P450 family 2, subfamily C, polypeptide 18;  CYP2C19  Cytochrome P450 family 2, 
subfamily C, polypeptide19;  CYP3A4  Cytochrome P450 family 3, subfamily A, polypeptide 4;  CYP2C9  Cytochrome 
P450 family 2, subfamily C, polypeptide 9;  CYP2C3A5  Cytochrome P450 family 3, subfamily A, polypeptide 5  

  Fig. 21.1    Mechanism of action of coumarin derivates. 
 CYP1A1     Cytochrome P450 family 1, subfamily A, poly-
peptide 1;  CYP1A2  Cytochrome P450 family 1, subfam-
ily A, polypeptide 2;  CYP3A4  Cytochrome P450 family 
3, subfamily A, polypeptide 4;  CYP2C9  Cytochrome 
P450 family 2, subfamily C, polypeptide 9;  CYP2C8  
Cytochrome P450 family 2, subfamily C, polypeptide 8; 
 CYP2C18  Cytochrome P450 family 2, subfamily C, 
polypeptide 18;  CYP2C19  Cytochrome P450 family 2 

subfamily C, polypeptide19;  CYP2C3A5  Cytochrome 
P450 family 3, subfamily A, polypeptide 5;  VKORC1  
vitamin K epoxide reductase complex, subunit 1;  R-W  
enantiomer R-warfarin;  S-W  enantiomer S-warfarin;  R-A  
enantiomer R-acenocoumarol;  S-A  enantiomer 
S-acenocoumarol;  R-P  enantiomer R-phenprocoumon; 
 S-P  enantiomer S-phenprocoumon;  inhibition VKE  
 vitamin K epoxide;  VKH  vitamin K hydroquinone;  CO   2   
carbon dioxide;  O   2   oxygen       
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on the INR value obtained, the initial dose is 
increased, decreased, or maintained until three 
consecutive INR values are obtained within the 
therapeutic range with a dose variation lower than 
10 %, which is considered as a stable anticoagula-
tion status. The main goal of oral anticoagulation 
therapy is to keep the patient in INR therapeutic 
range. Patients treated with oral anticoagulants 
need periodic monitoring of anticoagulant doses 
to maintain a stable anticoagulation status. 

 There are several factors that affect the antico-
agulant activity. Age, sex, weight, concomitant 
drugs (   CYP450 inducers or inhibitors), other asso-
ciated diseases, alcohol and smoking status, vita-
min K intake, and genetic factors are responsible 
for interindividual dose–response variability. 

 For all these reasons, coumarin derivates 
have been considered as an ideal target for 
personalized medicine. Studies have focused 
on fi nding genetic markers that can predict a 
better response to treatment in terms of effi -
cacy and safety. 

2.1      Main Gene Polymorphisms 
Involved in Oral 
Anticoagulant Therapy 

 The most studied genetic variations correspond 
to genes encoding CYP2C9 and vitamin K epox-
ide reductase complex 1 (VKORC1). Genetic 
variations in these two genes are responsible for 
approximately 30 % of the variability in the vari-
ability dose required (Rieder et al.  2005 ; Li et al. 
 2009 ). Table  21.3  shows the main gene polymor-
phisms involved in anticoagulant response and 
the associated effect.

2.1.1        CYP2C9 
    CYP2C9 isoenzyme is important in the liver. It is 
responsible of metabolizing approximately 15 % 
of drugs that undergo phase I metabolism (Evans 
and Relling  1999 ). Two common polymorphisms 
in CYP2C9 have been described. These SNPs 
(single nucleotide polymorphisms) are CYP2C9*2 
(Arg144Cys, rs1799853) and CYP2C9*3 (Ile359-
Leu; rs1057910). These allelic variants encode 

enzymes with reduced activity of 12% and 5% 
respectively compared to the wild-type allele 
(Rettie et al.  1994 ; Haining et al.  1996 ; Takanashi 
et al.  2000 ). Carriers of either allele variant 
CYP2C9*2 or CYP2C9*3 have more overantic-
oagulation risk (risk of bleeding), require lower 
doses, and need more time to achieve stable INR 
than wild-type patients for this gene (Aithal et al. 
 1999 ; Becquemont  2008 ). 

 Allelic variant frequencies differ between 
races, for example, CYP2C9*2 polymorphism is 
extremely rare in Asian population, the other 
allelic variant CYP2C9*3 was not found in this 
population (Rosemary and Adithan  2007 ), and in 
African Americans is around 6 % of the popula-
tion (Limdi et al.  2008 ).    However, 15–30 % of 
white individuals have any allelic variant for this 
gene (Jonas and McLeod  2009 ). 

 CYP2C9*8 (Arg150His, rs7900194) is mani-
fested in 10–12 % of African American individu-
als (Scott et al.  2009 ; Perera et al.  2011 ). This 
allelic variant is responsible for a decrease of 
enzyme activity. Therefore, individuals carrying 
this minor allelic variant needed lower warfarin 
dose to achieve optimal levels of INR compared 
with wild-type individuals (Cavallari et al.  2010 ). 
These data have been corroborated by another 
study conducted with South African individuals 
with similar results (Mitchell et al.  2011 ).  

2.1.2      VKORC1 
 Oral anticoagulants act by inhibiting vitamin K 
regeneration. This effect is performed through 
inhibition of vitamin K epoxide reductase. The 
vitamin K epoxide reductase complex 1 
(VKORC1) gene encodes this protein and is 
located on the short arm of chromosome 16. It 
contains three exons and two introns and encodes 
a membrane protein of 163 amino acid residues 
(D’Andrea et al.  2005 ). It is located in the endo-
plasmic reticulum membrane (Cain et al.  1997 ). 
Several polymorphisms in the VKORC1 gene are 
associated to warfarin dose variability, mainly 
located in the noncoding region (Spreafi co et al. 
 2008 ). Four haplotypes (VKORC1*1,*2,*3,*4) 
have been associated to variability in warfarin 
dose in Caucasian population (Osman et al.  2006 ). 

E. Jiménez-Varo et al.
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VKORC1*1 haplotype corresponds to absence of 
polymorphism; VKORC1*2 haplotype with 
C1173T allelic variation (rs9934438), which is in 
linkage disequilibrium with the G1639A polymor-
phism (rs9923231) in the 5′-upstream region and 
with the C2255T  polymorphism (rs2359612); 
VKORC1*3 haplotype with the G9041A poly-
morphism (rs7294); and VKORC1*4 haplotype 
with C6009T (rs17708472) polymorphism 
(Loebstein et al.  2007 ; Stehle et al.  2008 ). 
According to Geisen et al. ( 2005 ), these haplo-
types cover about 99 % of the genetic variability in 
European population. The VKORC1*2 haplotype 
is associated with coumarin derivate sensitivity, 
and haplotypes *3 and *4 are associated with an 
increase in warfarin dose requirements to achieve 
the same level of anticoagulation than wild-type 
patients for this gene (Rieder et al.  2005 ,  2007 ; 
Wadelius et al.  2005 ; Cini et al.  2012 ). 

 VKORC1 *2 is the most prevalent haplotype 
among Caucasian and Asian population. These 
haplotype alters the binding site of the transcrip-
tion factor, which leads to decreased expression 
of the protein (Wang et al. 2008). According to 
HapMap Project (dbSNP Short Genetic Variation, 
2012), VKORC1*2 haplotype frequency popula-
tion observed in Caucasians is 39.8 % for wild- 
type, 40.7 % for heterozygous mutant, and 
19.5 % homozygous mutant. It has been described 
that this VKORC1 polymorphism has an infl u-
ence of 11–30 % of warfarin dose variability in 
Caucasian and Asian populations (Veenstra et al. 
 2005 ; Carlquist et al.  2006 ; Obayashi et al.  2006 ; 
Borgiani et al.  2007 ; Wadelius et al.  2007 ). 
However, the infl uence of this polymorphism in 
warfarin dose variability in North American 
blacks is 4–10 % (Takahashi et al.  2006 ; Momary 
et al.  2007 ; Schelleman et al.  2007 ).   

2.2      Other Gene Polymorphisms 
Involved in Anticoagulant 
Response 

2.2.1      CYP4F2 
 CYP4F2 catalyzes vitamin K1 hydroxylation in 
the liver. It is reported an allelic variant 
(rs2108622; V433M) in CYP4F2 gene that has 

infl uence on required dose of coumarin derivates. 
The allelic variant CYP4F2*3 is responsible for a 
reduced enzyme activity. Therefore, CYP4F2 
V433M polymorphism has been associated with 
warfarin resistance (Caldwell et al.  2008 ). 
Although there is an association between the 
presence of CYP4F2*3 polymorphism and 
increased dose required, the infl uence of this 
polymorphism on total variability warfarin dose 
is of 1–2 % (Scott et al.  2010 ). However, several 
studies have shown that the presence of the allelic 
variant CYP4F2 V433M is associated to isch-
emic stroke and myocardial infarction (Fava et al. 
 2008 ; Fu et al.  2009 ).  

2.2.2      CYP2C19 
 Acenocoumarol anticoagulant activity lies 
mainly on R-acenocoumarol, which is metabo-
lized mainly by CYP2C9, but other CYP450 
 isoenzymes, including CYP1A2 and CYP2C19, 
are also involved. Although polymorphisms in 
these isoenzymes have not shown infl uence on 
the required dose, taking concomitant drugs 
metabolized by CYP450, such as proton pump 
inhibitors, mainly metabolized by CYP2C19, 
may increase the risk of overanticoagulation in 
long-term oral anticoagulation therapy (Teichert 
et al.  2011b )  

2.2.3      GGCX 
 The gene encoding gamma-glutamyl carboxylase 
has been studied as a potential candidate gene 
that affects the pharmacodynamics of warfarin. 
The gamma-glutamyl carboxylase enzyme cata-
lyzes biosynthesis of vitamin K–dependent coag-
ulation factor. GGCX is an essential cofactor in 
the reduction of vitamin K    epoxide 2–3 to bio-
logically active vitamin K hydroquinone, respon-
sible for synthesizing coagulation factors that 
trigger the coagulation cascade (Stafford  2005    ). 
A Swedish study examined the effect of a poly-
morphism in the GGCX (rs12714145) resulting 
in a small but signifi cant association with the 
dose of warfarin (Wadelius et al.  2005 ). Another 
variant allele in the GGCX gene (rs11676382) is 
associated with a reduction in the required dose 
of warfarin and a total implication of 2 % in the 
dose variability (King et al.  2010 ).  
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2.2.4      CALU 
 Calumenin, encoded by CALU, binds to GGCX 
and inhibits the binding site of vitamin K epox-
ide. It produces an inhibition of the anticoagulant 
effect. An allelic variant (rs339097) in CALU 
gene has been described to predict higher warfa-
rin doses in African-American and in a Egyptian 
population (Wajih et al.  2004 ; Shahin et al.  2011 ).   

2.3      Infl uence of Gene 
Polymorphisms in Oral 
Anticoagulant Response: Drug 
Effi cacy, Prognosis, and 
Adverse Drug Effects 

 Early research focused on the infl uence of 
CYP2C9 polymorphisms on the variability of the 
anticoagulant response. A small study conducted 
in England compared 36 patients with doses of 
≤1.5 mg/day warfarin with 100 individuals from 
a random control group who had started as stan-
dard anticoagulation therapy (Aithal et al.  1999 ). 
The goals were to analyze the effect of CYP2C9*2 
and CYP2C9*3 polymorphisms in the dose and 
the incidence of bleeding complications. In the 
low-dose group, 89 % (29/36) had at least one 
variant allele for CYP2C9. The incidence of 
major bleeding was higher in the low-dose group 
compared with the random controls (ratio 3.68 
[1-43-9.5]  p -value = 0.007). 

 An Italian study was one of the fi rst to mani-
fest that patients carrying CYP2C9*2 and/or 
CYP2C9*3 polymorphisms require lower doses 
of warfarin to achieve therapeutic INR range and 
had a higher rate of bleeding complications than 
wild-type patients for this gene (Margaglione 
et al.  2000 ). The study recruited 180 Caucasian 
patients and concluded that patients with 
CYP2C9*1 (wild-type) required higher dose than 
patients with a variant allele CYP2C9*2 or 
CYP2C9*3 (6.7, 5.2, and 3.8 mg, respectively). 
Fifty-nine bleeding episodes occurred (10 major 
and 49 minor events) in 36 patients;    the incidence 
of bleeding episodes in patients with a variant 
allele CYP2C9*2 and/or CYP2C9*3 haplotypes 
was 27.9 % while only 12.8 % of wild-type 
patients showed some hemorrhagic event. 

 Despite the evidence that some patients 
 carrying *2 or *3 polymorphisms in CYP2C9 
metabolism isoenzyme showed warfarin sensitiv-
ity and increased risk of overanticoagulation, this 
could only explain 10 % of the warfarin dose 
variability (Gage et al.  2004 ). For this reason, 
research efforts focused on polymorphisms in the 
target of coumarin derivates (Li et al.  2004 ; Rost 
et al.  2004 ).    It has been described that the pres-
ence of polymorphisms in the VKORC1 associ-
ated to the required dose of coumarin derivates. 
The identifi cation of polymorphisms in the 
VKORC1 led researchers to study the infl uence 
of genes encoding VKORC1 and variability in 
the warfarin- required dose variability. 

 Several studies showed association between 
the presence of VKORC1 haplotypes and dos-
age requirements and with low required dose 
(sensitivity) warfarin (D’Andrea et al.  2005 ; 
Rieder et al.  2005 ; Wadelius et al.  2005 ; Yuan 
et al.  2005 ) . Rieder et al. ( 2005 ) identifi ed 10 
SNPs and two haplotypes related to variability 
in the dose required. Common haplotypes (H1, 
H2, H7, H8, and H9) were clustered forming 
two distinct evolutionarily distant groups desig-
nated A (H1 and H2) haplotype and B haplotype 
(H7, H8, and H9). The A haplotype was associ-
ated to warfarin sensitivity and B haplotype was 
associated to warfarin resistance. Patients were 
classifi ed according to the haplotypes, being the 
A/A haplotype low dose, A/B haplotype inter-
mediate dose, and B/B haplotype high dose. The 
maintenance dose of warfarin varied from 
2.7 ± 0.2 mg/day for low dose (A/A) to 
4.9 ± 0.2 mg/day for intermediate dose (A/B) 
and 6.2 ± 0.3 mg/day for high dose (B/B) 
( p -value < 0.001). 

 Aquilante et al. ( 2006 ) tested the impact of 
CYP2C9 and VKORC1 polymorphisms on war-
farin response in a cohort of 350 patients with 
stable INR and dose. Patients with the AA genotype 
for VKORC1 3673 SNP received 22.5 mg/week 
less than GG carriers for this gene ( p -value < 0.001). 
On the other hand, patients carrying one allelic 
variant CYP2C9*2 or CYP2C9*3 (*1/*2 or 
*1/*3) required 9.5 mg/week less than wild-type 
patients (*1/*1). In addition, patients carrying 
two allelic variants (CYP2C9*2/*2, CYP2C9*2/*3, 
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or CYP2C9*3/*3) needed a dose of 14.1 mg/
week lower than wild-type patients. 

 The infl uence of GGCX gene polymorphisms 
in addition to VKORC1 polymorphisms was ana-
lyzed in 201 patients, mostly Caucasian, treated 
with long oral anticoagulation therapy (Wadelius 
et al.  2005 ). They found fi ve common SNPs, four 
of them in linkage disequilibrium (rs9923231, 
rs9934438, rs2359612, and rs7294) and a fi fth 
SNP (rs11150606) with lower allele frequency 
(4 %). These SNPs were responsible for approxi-
mately 30 % of the variability in the required 
dose of warfarin. The GGCX gene polymorphism 
(rs12714145) showed a small but signifi cant 
association with the dose of warfarin. 

 Allelic variants in CYP2C9 and VKORC1 and 
clinical factors can explain 54 % of the dose vari-
ability. An allelic variant (rs2108622) in CYP4F2 
gene was identifi ed in a small sample (Caldwell 
et al.  2008 ) which contributes to increase the 
prediction of the required dose of warfarin to 
56 %. CC carriers (wild-type) require lower 
doses than CT or TT patients for this gene. This 
allelic variant is associated to coumarin derivates 
resistance. 

 The main objectives when a patient starts oral 
anticoagulation therapy with coumarin derivates 
are the time necessary to reach the INR therapeutic 
range and time within therapeutic range (TTR). 
Pharmacogenetics aims to improve the achieve-
ment of these goals through genotyping patients. 
Schwarz et al.  2008  evaluated the infl uence of 
CYP2C9 and VKORC1 polymorphisms on war-
farin anticoagulation response in Caucasian pop-
ulations. Patients with A/A haplotype for 
VKORC1 gene reached INR therapeutic range 
and overanticoagulation (INR > 4) before the 
remaining patients. Allelic variants in CYP2C9 
were not decisive in achieving INR therapeutic 
range. However, patients carrying a variant allele 
CYP2C9*2 or CYP2C9*3 reached INR > 4 
before wild-type patients for this gene. These 
fi ndings are consistent with those found by 
Millican et al. ( 2007 ) in which those VKORC1 
allelic variant carriers showed initial sensitivity 
to warfarin in a Caucasian cohort. 

 Personalized medicine and genetic algorithms 
should be useful for multiracial population; 

infl uence of genetic polymorphisms has been 
also evaluated in other populations different from 
Caucasian. Limdi et al. ( 2009 ) studied the infl u-
ence of genetic polymorphisms in CYP2C9 and 
VKORC1 in a cohort of 521 patients that included 
African Americans and European Americans. 
They observed the infl uence of CYP2C9 and 
VKORC1 gene polymorphisms in TTR and risk 
of overanticoagulation (INR > 4). African 
Americans showed other allelic variants in addi-
tion to CYP2C9*2 and CYP2C9*3 allelic vari-
ants, CYP2C9*5, CYP2C9*6, and CYP2C9*11, 
while American European allelic variants showed 
only CYP2C9*2 and CYP2C9*3. Furthermore, 
the genotype frequency of VKORC1 G1639A 
polymorphism was higher among the European 
population than in the African population (60.4 % 
vs. 20.1;  p -value < 0.001).    Carriers of an allelic 
variant in CYP2C9 and VKORC1 reached the 
therapeutic INR range sooner than wild-type 
patients for these genes. On the other hand, 
VKORC1 polymorphism is more decisive than 
CYP2C9 polymorphisms in reaching the INR 
therapeutic range. Patients carrying CYP2C9 
and/or VKORC1 allelic variant showed more 
overanticoagulation incidence ( p -value < 0.0001) 
than patients without allelic variants for these 
genes. Overanticoagulation frequency was lower 
in African American patients (60 episodes in 46 
patients) than European American patients (98 
episodes in 78 patients,  p -value = 0.017), so genetic 
polymorphisms in CYP2C9 and VKORC1 infl u-
ence on the variability of warfarin dose in both 
populations. 

 Prediction of the required warfarin dose before 
starting oral anticoagulation treatment with cou-
marin derivates is based on the determination of 
genetic polymorphisms that alter pharmacoki-
netics (CYP2C9), and pharmacodynamics 
(VKORC1) is more accurate than the dose 
prediction based on clinical parameters. The 
question is whether genetic polymorphisms keep 
their infl uence after the stable dose has been 
established for each patient. A recent study (Lund 
et al.  2012 ) tested the infl uence of VKORC1 
G1639A CYP2C9*2 and CYP2C9*3 polymor-
phisms, during the fi rst 3 months of anticoagula-
tion therapy in 557 patients. The main goal was to 
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assay the prevalence of INR > 5 (risk of bleeding), 
and the secondary aims were to quantify rate of 
bleeding events, time to reach the therapeutic 
range of warfarin stable dose, and time to achieve 
stable anticoagulation. Thirty-two percent of 
patients with genotype AA in VKORC1 had some 
INR > 5 in the fi rst month, while patients with AG 
or GG genotype who showed INR > 5 were 12.4 
and 5.7 %, respectively ( p -value < 0.001). In the 
same analysis, repeated at the third month, 
VKORC1 polymorphisms had no infl uence in 
presenting INR > 5 (AA 2.9 %, AG 3.2 %, and 
GG 5.2 %). Patients with the AA genotype for 
VKORC1 presented more bleeding events than 
wild-type patients for this gene (4.9 % vs. 0.47 %, 
 p -value < 0.009). Allelic variants in CYP2C9 
showed no infl uence on INR > 5 or bleeding rate. 
VKORC1 and CYP2C9*2 polymorphisms also 
showed an infl uence on required stable doses 
between genotypes: (1) AA 2 mg, AG 4 mg, and 
GG 4.5 mg for VKORC1 genotype; (2) 4 mg for 
CYP2C9 wild-type; and (3) 3.6 mg for CYP2C9*2. 
According to these results, the determination of 
CYP2C9 and VKORC1 genotypes prior to therapy 
initiation is positive, but polymorphisms showed 
no infl uence after the fi rst month. 

 In conclusion, polymorphisms in CYP2C9 and 
VKORC1 are responsible for approximately 40 % 
of the variability in dose (Bodin et al.  2005 ; 
Manolopoulos et al.  2010 ; Teichert et al.  2009 , 
 2011a ; Wadelius et al.  2009 ). Environmental fac-
tors together with genetic factors account for at 
least 50 % of the variability in the required dose of 
coumarin derivates (Cadamuro et al.  2010 ; 
D’Andrea et al.  2008 ; Hirsh et al.  2001 ; Limdi 
and Veenstra  2008 ; Schelleman et al.  2008 ). 
Individuals carrying CYP2C9 (*2,*3) and/or 
VKORC1 (*2) allelic variants need lower couma-
rin derivate dose than wild-type patients to achieve 
the same level of anticoagulation (Schalekamp 
et al.  2006 ).    After CYP2C9*2 and CYP2C9*3 
allelic variants, CYP2C9*5, CYP2C9*6, 
CYP2C9*11 allelic variants also show promi-
nent prevalence in African Americans, com-
pared to Caucasian population. The SNP 
G1639A in VKORC1 gene was higher among the 
European population than in the African popula-
tion (Limdi et al.  2008 ). VKORC1 G1639A and 

CYP2C9*2 and CYP2C9*3 polymorphisms 
showed infl uence in the initial required warfarin 
dose (D’Andrea et al. 2005; Rieder et al. 2005; 
Lund et al.  2012 ).  

2.4      Application of CYP2C9 and 
VKORC1 Gene Polymorphisms 
in the Management of 
Anticoagulant Therapy. 
Development of a Treatment 
Protocol: Pharmacogenetic 
Dosing Algorithms 

 Environmental factors together with genetic 
factors account for at least 50 % of the variability 
in the required dose of coumarin derivates 
(Cadamuro et al.  2010 ; D’Andrea et al.  2008 ; 
Hirsh et al.  2001 ; Limdi and Veenstra  2008 ; 
Schelleman et al.  2008 ). In 2007, the FDA (Food 
and Drug Administration) accepted that CYP2C9 
and VKORC1 genotypes may be useful in recom-
mending initial warfarin dosage (FDA News and 
Events  2012c ). In 2010, the determination of poly-
morphisms CYP2C9*2 (rs1799853), CYP2C9*3 
(rs1057910), and VKORC1 (rs9923231, rs9934438) 
was included in a table of recommended starting 
dose of warfarin (FDA. U.S. Food and Drug 
Administration  2012a ). 

 Several dosing algorithms including demo-
graphic, clinical, and genetic variants (CYP2C9 
and VKORC1) as predictors of the required dose 
of coumarin derivates have been proposed. The 
goals of these studies were improving effi ciency 
and reducing adverse events (bleeding and throm-
bosis) that occur during initiation of oral antico-
agulation therapy (Sconce et al.  2005 ; Gage et al. 
 2008 ; International Warfarin Pharmacogenetics 
Consortium et al.  2009 ; Wadelius et al.  2009 ; 
Lenzini et al.  2010 ; Markatos et al.  2008 ). 

 Studies conducted to predict warfarin, aceno-
coumarol, or phenprocoumon dose can be classi-
fi ed according to their particular objectives. 
Many pharmacogenetic studies have focused on 
searching a prediction of warfarin maintenance 
dose. These maintenance doses of warfarin 
include genetic factors (CYP2C9 and VKORC1) 
and also demographic and clinical parameters 
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(age, sex, weight, amiodarone). These studies 
provided a basis for studies focused on developing 
algorithms that could be able to predict the initial 
required dose of warfarin before starting antico-
agulation therapy with coumarin derivates. Other 
type of studies in the prediction of the required 
dose included dose adjustments depending on the 
INR values obtained in the fi rst few days of therapy. 

2.4.1     Pharmacogenetic Warfarin 
Dosing. Online Resources: 
Warfarin Dosing and IWPC 
Algorithms 

 Advances in pharmacogenetics and personalized 
medicine have encouraged researchers to conduct 
numerous investigations looking for warfarin phar-
macogenetic dose algorithms, which include genetic 
and clinical factors in order to improve the manage-
ment of oral anticoagulation therapy. Most of the 
developed algorithms are not powerful enough to 
recommend its use in a clinical setting. Two of the 
best-validated algorithms have been developed 
by Gage et al. and by the International Warfarin 
Pharmacogenetics Consortium (IWPC) (International 
Warfarin Pharmacogenetics Con-sortium (IWPC) 
Algorithm  2012 ) and are available online. 

 Gage et al. ( 2008 ) recruited a diverse multi-
centric cohort of 1,015 patients, 83 % Caucasian 
and 64 % women, to develop this algorithm. 
VKORC1 3673G > A was the most important 
factor in the prediction of warfarin initial dosing. 
CYP2C9*2 and CYP2C9*3 allele variants pre-
dicted 19 and 33 % of reductions in the therapeu-
tic dose of warfarin, respectively. The derivation 
cohort was able to explain a 53–54 % of the vari-
ability in the stable therapeutic dose of warfarin. 

 IWPC algorithm was widely validated by  several 
research groups that collected clinical and genetic 
data from more than 5,000 patients who were under 
warfarin treatment and with INR range of 2–3. This 
study classifi ed patients into three ranges:
 –    Low dose: ≤21 mg/week  
 –   High dose: ≥49 mg/week  
 –   Intermediate dose: 21–49 mg/week    

 The pharmacogenetic algorithm obtained a 
prediction of 35 and 38 % variability in warfarin 
dosing in the low and high dose, respectively. 

In both cases, low-dose (≤21 mg/week) and 
high- dose (≥49 mg/week) pharmacogenetic 
algorithm was more capable to predict the vari-
ability dose than clinical algorithm dose (35 % 
vs. 24 %,  p  < 0.001    and 32.8 % vs. 13.3 %, 
 p -value < 0.001, respectively). Both groups (low 
dose and high dose) represented 46 % of the total 
cohort. This algorithm resulted to be more useful 
for patients who are in one of these groups.    
Thus, the pharmacogenetic algorithm is not 
recommendable for patients who are within the 
middle group. 

 Both algorithms are available online for free 
use and simple application, by inserting patient 
parameters in a calculation table. The algorithm 
developed by Gage and colleagues is available on 
the website   www.warfarindosing.org    , and IWPC 
algorithm is in the    pharmgkb website. These 
pharmacogenetic algorithms have proved to 
be more accurate in predicting warfarin dose 
compared to other pharmacogenetic algorithms 
(Sagreiya et al.  2010 ; Shaw et al.  2010 ; Bazan 
et al.  2012 ). Table  21.4  shows the different algo-
rithms and required parameters to calculate the 
individualized dose warfarin.

2.4.2        CoumaGen-II: A Randomized 
Trial and Clinical Effectiveness 
Comparing Two 
Pharmacogenetic Algorithms 
and Standard Care for 
Individualizing Warfarin Dosing 

 A total of 504 patients were randomized into 
three arms in the CoumaGen-II trial (Anderson 
et al.  2012 ). Recruitment period was 2 years and 
the follow-up was 3 months. The population was 
divided in three groups. Two pharmacogenetic 
(PG) algorithm groups and a control standard 
clinical group were designed. Nomenclature PG-1 
and PG-2 was used to designate the pharmacoge-
netic groups. The algorithm of PG-1 group was 
based on the algorithm developed by the IWPC 
group with slight modifi cations. PG-2 algorithm 
incorporated two modifi cations; the fi rst modifi -
cation was not including CYP2C9 allelic variants 
in the PG algorithm. Considering that this isoen-
zyme exerts its effect on the elimination route of 
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this molecule, i.e., after the third day ( t  ½ : 15–42 h), 
they hypothesized that it should not affect the initial 
sensitivity to this drug (Schwarz et al.  2008 ). 
The second change was a reevaluation of the dose 
after 4 or 5 days (3 or 4 doses), based on INR 
values. They made two kinds of comparisons to 
evaluate clinical effectiveness between groups. 
The fi rst comparison was blind, randomized 
comparison between groups using pharmacoge-
netic algorithm (PG-1 vs. PG-2) and the second 
comparison was between a combined algorithm-
guided group (PG-1 + PG-2) vs. control standard 
clinical group. The main objectives were to 
calculate the percentage of “out of range” (OOR) 
time and the percentage of “in therapeutic range” 
(TTR) time at months one and three after initiation 
of oral anticoagulation therapy with warfarin. 
The groups PG-1 and PG-2 obtained similar 
results for both TTR as OOR (Table  21.5 ). However, 
there were differences between combined phar-
macogenetic subgroups (PG-1 + PG-2) compared 
with the control group. Differences in these 
parameters were found at months one and three 
and are shown in Table  21.5 .

   Despite this study shows some limitations, as 
control group was not randomized and there were 
differences in baseline characteristics, it demon-
strates that it is more accurate to adjust individual-
ized dose using the pharmacogenetic algorithm 
rather than clinical dosage. This study constitutes 
an advance in personalized medicine and serves 
as contrast source to ongoing clinical trials.  

2.4.3     Acenocoumarol 
Pharmacogenetic Algorithms 

 Many studies have been developed for warfarin 
pharmacogenetic algorithms. On the contrary, 
there are only three pharmacogenetic algorithms 
described in patients receiving acenocoumarol. 

 The fi rst study included 193 Caucasian 
Spanish patients with atrial fi brillation, thrombo-
embolic disease, valve replacement, and other 
conditions with stable anticoagulation dose 
adjusted to INR 3–4 for patients with prosthetic 
valves and INR 2–3 for the remaining patients 
(Verde et al.  2010 ). The aim of the study was 
to evaluate the infl uence of allelic variants of 
CYP2C9 (*2 and *3) and VKORC1 (G1639A, 
C497G, and C1173T) on the acenocoumarol dose 
to build an “acenocoumarol-dose genotype 
score” (AGS) in order to predict the dose required 
to achieve a stable and effective anticoagulation. 
Data from this study suggested that the AGS 
algorithm could be used to help in discriminating 
patients requiring high acenocoumarol doses to 
achieve stable anticoagulation. Particularly, the 
mean AGS was higher in the high-dose (>28 mg/
week) compared with the low-dose (<7 mg/
week) group. An AGS > 70 was associated with 
an increased odds ratio (OR) of requiring high 
acenocoumarol dosage (OR: 3.347; 95 % CI: 
1.112–10.075;  p  = 0.032). 

 The second pharmacogenetic study includes 
phenprocoumon-treated patients in addition to 
acenocoumarol-treated patients. They collected 

    Table 21.5    Results of TTR and OOR at month 1 and month 3 of CoumaGen-II trial   

 PG-1 group 
( n  = 245) 

 PG-2 group 
( n  = 232)   p -value 

 Combined PG 
group ( n  = 477) 

 Parallel controls 
( n  = 1,866)   p -value 

 TTR month 1, 
mean CI 

 70.2 (67.2–73.3)  67.5 (64.5–70.6)  Pni = 0.12  68.9 (67.2–70.6)  58.4 (56.8–60.0)  <0.001 
 Ps = 0.22 

 OOR INRs % 
month 1, mean CI 

 30.6 (27.6–33.7)  31.8 (28.8–34.8)  Pni = 0.0025  31.2 (29.2–33.5)  41.5 (39.9–43.2)  <0.001 
 Ps = 0.59 

 TTR month 3, 
mean CI 

 71.7 (68.7–74.6)  70.8 (67.9–73.6)  Pni = 0.019  71.2 (69.2–73.3)  58.6 (57.0–60.2)  <0.001 
 Ps = 0.68 

 OOR INRs % 
month 3, mean CI 

 30.3 (27.3–33.2)  30.3 (27.5–33.1)  Pni = 0.0068  30.3 (28.5–32.6)  42.3 (40.8–43.8)  <0.001 
 Ps = 0.99 

  Data from Anderson et al. ( 2012 ) 
  TTR  indicates time into therapeutic range,  OOR  out of range,  INR  international normalized ratio,  PG  pharmacogenetics, 
 ni  non-inferiority,  s  superiority,  CI  indicates 95 % confi dence interval  

E. Jiménez-Varo et al.
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data from over 1,000 patients with atrial fi brillation, 
thromboembolic disease, valve replacement, and 
other conditions in the Netherlands. They devel-
oped genotype-guided and non-genotype- guided 
algorithms to predict the maintenance dose by 
using genetic information (CYP2C9 and 
VKORC1) and clinical parameters. Their phar-
macogenetic algorithm was validated exter-
nally in 229 patients treated with phenprocoumon 
and 168 with acenocoumarol explaining 59 and 
49 % of the variability in maintenance dose of 
phenprocoumon and acenocoumarol, respec-
tively (Van Schie et al.  2011 ). 

 The third published algorithm is a Spanish 
study that enrolled 147 patients with thromboem-
bolic disease who had stable anticoagulation 
status or within INR 2–3 range. They developed 
an algorithm that included clinical parameters 
(age, weight, and concomitant medications) and 
allelic variations in VKORC1, CYP2C9, CYP4F2, 
and APOE genes. The goal was to evaluate the 
infl uence of clinical and genetic variables in 
acenocoumarol maintenance dose. The pharma-
cogenetic algorithm was able to explain 60.6 % 
of acenocoumarol variability dose. The two different 
allelic variants introduced were CYP4F2 and 
APOE that explain 3.6 and 1.3 % in the variability 
dose, respectively (Borobia et al.  2012 ). 

 Despite the small sample size of these studies, 
which may lead to controversial results and not 
enough statistic power, they have reached similar 
results, demonstrating that acenocoumarol phar-
macogenetic algorithm is useful to predict dose 
requirement and explains variability in antico-
agulant dose response. Currently there are three 
clinical trials ongoing that are expected to be pow-
erful enough to resolve the question of whether it 
is really useful to genotype patients prior to 
coumarin derivative therapy (ClinicalTrials.gov 
identifi er NCT00839657; ClinicalTrials.gov iden-
tifi er NCT01006733; ClinicalTrials.gov identifi er 
NCT01119300 (Warfarin), NCT01119261 (Aceno-
coumarol), NCT01119274 (Phenprocoumon)).  

2.4.4     Ongoing Clinical Trials 
for Coumarin Derivates 

 The COAG trial (Clarifi cation of Optimal Anticoa-
gulation through Genetics) aims to improve 

anticoagulation control for patients by using 
clinical plus genetic information to guide warfa-
rin therapy initiation. This trial is intended to 
enroll 1,238 patients to evaluate time within ther-
apeutic INR range and risk of presenting INR > 4. 
This study is currently recruiting participants diag-
nosed with stroke, venous thrombosis, atrial 
fi brillation, or atrial fl utter. They are comparing 
two approaches (clinical vs. genetic guidance) in 
warfarin dosing to examine the utility of using 
genetic information for warfarin dosing; they 
have designed two different groups, a genotype- 
guided dosing algorithm warfarin group and a 
clinical-guided dosing algorithm warfarin group. 
Each study arm includes a baseline dose-initia-
tion algorithm and a dose-revision algorithm 
applied over the fi rst 4–5 doses of warfarin ther-
apy. The fi rst aim of effi cacy is percentage of 
TTR and the second effi cacy goal is occurrence 
of INR > 4 or serious clinical event. Outcomes are 
expected in 2013 (National Heart, Lung, and 
Blood Institute  2012 ). 

 The GIFT (Genetic Informatics Trial of 
Warfarin to Prevent DVT) plans to recruit 1,600 
patients. They hypothesize that the use of genetics 
to guide warfarin therapy will reduce the risk 
of venous thromboembolism (VTE) postopera-
tively. They further hypothesize that using a target 
INR of 1.8 is non-inferior to using a target INR of 
2.5 in thrombi prevention. The primary endpoint 
is to evaluate nonfatal thromboembolism, nonfatal 
major bleeding, or INR > 4; and the secondary 
endpoint is TTR. Results are expected in 2015 
(Washington University School of Medicine  2012 ). 

 EU-PACT (European Pharmacogenetics of 
Anticoagulant Therapy) trial aims to enroll 970 
patients with venous thromboembolism or atrial 
fi brillation. The main objective of this trial is to 
demonstrate that a dosing algorithm containing 
genetic information is able to increase the time 
within therapeutic INR range during anticoagula-
tion therapy with each of warfarin, acenocoumarol, 
and phenprocoumon compared to a dosing regi-
men that does not contain this information. 
Secondary outcomes of the study include cost- 
effectiveness, number of thromboembolic and 
bleeding events, time to reach stable dose, and 
number of supratherapeutic INR peaks. The design 
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is a two-armed, single-blinded, randomized 
controlled trial. One arm is constituted by a gen-
otype-guided dosing algorithm group starting 
anticoagulation therapy with warfarin, acenocou-
marol, or phenprocoumon and the other group 
of patients is being dosed according to a non-
genotype- guided dosing.    Primary outcome mea-
sures are to assay TTR and INR>4. Secondary 
outcome measures include supratherapeutic or 
undertherapeutic INR range; time to achieve a 
stable dose; quantify number of dose adjustments 
and number of major bleeding events or throm-
boembolic events followed for three months  
(Utrecht Institute for Pharmaceutical Sciences 
 2012 ). This trial is expected to be powerful enough 
to answer questions regarding clinical implemen-
tation of genotype dosing, if genetic dosing 
algorithm increases the TTR-INR range during 
anticoagulation therapy, cost- effectiveness, number 
of thromboembolic and bleeding events, time 
to reach stable dose, and number of suprathera-
peutic INR peaks. Outcomes are expected in 
November 2012 (Johnson et al.  2011 ).   

2.5      Pharmacogenetic Tests 

 The challenge of pharmacogenetic tests is to 
improve effi cacy and safety of anticoagulant 
treatment with coumarin derivates. Several 
genetic tests have been developed, based on per-
forming determination of CYP2C9 and VKORC1 
polymorphisms. Implementation of these tests 
aims to be useful at predicting the individualized 
warfarin-required dose. 

 Currently, there are several available pharma-
cogenetic tests approved by the FDA, such as 
Verigene Warfarin Metabolism, eSensor Warfarin 
Sensitivity, INFINITI Warfarin Assay, eQ-PCR LC 
Warfarin Genotyping kit, and ParagonDx Genetic 
Warfarin Assay, and other genetic tests that have 
been developed but are not authorized by the FDA 
yet, such as Luminex, Invader, and SimpleProbe 
Warfarin Assay (King et al.  2008 ; Babic et al. 
 2009 ; Langley et al.  2009 ; Lefferts et al.  2010 ; 
Maurice et al.  2010 , Infi niti Warfarin Assay  2012 ). 
Table  21.6  shows the main characteristics of a 
selection of the most important pharmacogenetic 

tests available for determination of warfarin 
sensitivity. Test, company, genotyping methodol-
ogy, gene polymorphisms, time after DNA isola-
tion, FDA status, advantages, and limitations are 
detailed, and differences between different 
genetic tests are also described in Table  21.6 .

   Genetic tests are intended to be useful at 
multiracial populations; some genetic tests 
include allelic variants more prevalent in black 
and Asian populations. For example, Infi nity 
performs the determination of CYP2C9*3, *4, 
*5, *6, and *11 allelic variants, and eSensor 
genetic test determines CYP2C9*5, *6,*11,*14, 
*15, and *16 allelic variants, which are more 
common in non- Caucasian populations, in addi-
tion to the common CYP2C9*2 and CYP2C9*3 
allelic variants. 

 One of the most important variables in the 
choice of the genetic test is its cost-effectiveness. 
Maurice et al. ( 2010 ) compared the performance 
of a variety of commercial genotyping assays 
(Verigene, eSensor, Invader, and Luminex), to 
detect variants in the CYP2C9 and VKORC1 
genes, used in genotype-based warfarin dosing 
algorithms (Maurice et al.  2010 ). According to 
their results, Verigene Warfarin Metabolism Test 
offers an acceptable cost per genotyped sample 
when determining from 1 to 24 samples, without 
a great increase in the price. Based on that study, 
Verigene is also the easiest system to operate and 
the least complex to perform, based on pipetting 
steps. Furthermore, it has the shortest turnaround 
time, due to the avoiding of the nucleic acid 
amplifi cation step. Unlike the other systems, 
Verigene does not require separate external con-
trols for each assay run; internal controls are pre-
loaded into the test cartridges, and external 
controls are only run to verify the performance 
of each new batch of cartridges. On the other 
hand, eSensor, Luminex, and Invader have added 
costs and hands-on time because of their require-
ment for 2–3 external controls per run, even for 
single sample analysis. This results in a signifi -
cant cost advantage of Verigene for single sam-
ple analysis that is reduced as the sample run 
size increases, so it has the same price for 1, 8, 
or 24 samples. It is the least expensive system 
for single and eight sample analysis and second, 

E. Jiménez-Varo et al.
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behind Invader test, in cost-effectiveness for 24 
samples. Despite this advantages, Verigene is 
only available for warfarin metabolism, F5/F2/
MTHFR, and CYP2C19 genetics test, so it does 
provide a broad panel of polymorphisms to 
study, unlike, for example, Luminex assay, which 
uses a method based on multiplex PCR, and 
allele-specifi c primer extension, which allows 
determination of more polymorphisms than the 
other systems.    Verigene is therefore a closed sys-
tem that cannot determine other polymorphisms 
outside its genotyping kit, while other genotyp-
ing tests offer the possibility of including gene 
polymorphism determinations chosen by the 
researchers. The versatility of the instrument is 
another factor to take into consideration in the 
cost-effectiveness of the selected genotyping 
platform.    

 The use of genetic testing for warfarin dosing 
may not be useful for the entire population that 
is susceptible of starting coumarin derivative 
treatment. A limitation of these genetic tests is 
that they are based on the identifi cation of war-
farin sensitivity, and therefore, allelic variants 
associated to coumarin derivate resistance can-
not be determined. Furthermore, the use of 
closed genetic testing can signifi cantly increase 
health costs.   

3      New Oral Anticoagulant 
Drugs 

 Chronic treatment with VKAs (warfarin, aceno-
coumarol, and phenprocoumon) has been the treat-
ment of choice for stroke prevention in atrial 
fi brillation patients and prevention and treatment of 
venous thromboembolism during the last 60 years 
(Dezee et al.  2006 ; Kamali and Pirmohamed  2006 ; 
Banerjee et al.  2011 ; Wartak and Bartholomew 
 2011 ). Because of several coumarin derivate draw-
backs (Francis  2008 ), such as narrow therapeutic 
margin, delayed onset of action, many drugs and 
dietary interactions, the high interindividual vari-
ability in the anticoagulant response, and the neces-
sity of periodic monitoring of anticoagulants doses, 

pharmaceutical development has focused on the 
search for new molecules that improve oral 
anticoagulation therapy. 

 The new anticoagulants can be classifi ed in 
function of their mechanism of action into three 
groups (Douketis  2011 ):
    1.    Oral direct thrombin inhibitor. Dabigatran 

etexilate   
   2.    Oral factor Xa inhibitor. Rivaroxaban, apixaban, 

betrixaban, edoxaban, and eribaxaban   
   3.    Parenteral factor Xa inhibitor. Idrabiotaparinux    

     Ximelagatran, the fi rst oral direct thrombin 
inhibitor which was evaluated in a clinical trial 
compared to warfarin in prophylaxis and treat-
ment of VTE and stroke prevention in atrial 
fi brillation patients was not approved by FDA 
because it showed hepatotoxicity (Francis 
et al.  2003 ; Schulman et al.  2003 ; Colwell 
et al.  2005 ). 

 Dabigatran etexilate and rivaroxaban are 
currently available on the market. In 2008, dabi-
gatran etexilate was authorized for the prevention 
of VTE after major orthopedic surgery by the 
European Medicines Agency (EMA). Based on 
the RE-LY study results, the FDA (Food and Drugs 
Administration) approved dabigatran etexilate 
in the prevention of stroke and systemic embolism 
in adult patients with non-valvular atrial fi brillation 
(FDA News and Events  2012a ). After the results 
shown in the ROCKET AF study, in 2010, the 
FDA approved the use of rivaroxaban in the 
prevention of stroke and embolism in adult 
patients with non-valvular atrial fi brillation (FDA 
News and Events  2012b ). 

3.1      Oral Direct Thrombin 
Inhibitors 

3.1.1    Dabigatran Etexilate 
 Dabigatran etexilate is rapidly absorbed and is 
hydrolyzed by plasma and liver esterases to 
active dabigatran (Baetz and Spinler  2008 ). It is 
absorbed in the stomach and intestine and depends 
on an acid environment. Its absorption is dimin-
ished by 30 % when dabigatran etexilate is 
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coadministered with proton pump inhibitors 
(Francis  2008 ). To facilitate the absorption of 
dabigatran etexilate, capsules contain tartaric acid. 
The peak plasma concentration of dabigatran is 
reached within 2–3 h after oral administration. 
The half-life time of dabigatran is around 12–17 h, 
and steady state is attained within 3 days of treat-
ment with this new oral anticoagulant (Liesenfeld 
et al.  2011 ). 

 The oral bioavailability of dabigatran etexilate 
in capsules is 6.5 % and can be increased by up to 
75 % when the active substance is separated 
from the capsule, so it should not be separated. 
It has a low plasma protein binding (35 %). 
Dabigatran is not metabolized by the CYP450 
isoenzymes; microsomal esterases are responsible 
of its metabolism. Pharmacologically active acyl 
glucuronides are formed through conjugation 
metabolism. It is mostly eliminated unmodifi ed 
(80–85 % of the dose) and partially in the form of 
glucuronides through glomerular fi ltration 
(Eriksson et al.  2009 ). 

    There are no known interactions with food, 
and direct interaction with alcohol intake in ani-
mal models has not been described (Liesenfeld 
et al.  2011 ). The prodrug dabigatran etexilate, 
but not the active form dabigatran, is a 
P-glycoprotein (p-pg) substrate (Liesenfeld et al. 
 2011 ). Dabigatran interaction may occur with 
p-pg inhibitors, such as amiodarone (increased 
50–60 % dabigatran area under the curve), quini-
dine, verapamil, or ketoconazole (contraindi-
cated), and p-pg inducers such as rifampicin, 
carbamazepine, and St. John’s wort (Eriksson 
et al.  2009 ; Schulman and Majeed  2012 ). 

 Plasma and liver esterases hydrolyze the 
 biotransformation of dabigatran etexilate into 
dabigatran. Dabigatran binds to thrombin 
reversibly and competitively inhibiting its abil-
ity to convert fi brinogen to fi brin in the coagula-
tion cascade. Since thrombin (serine protease) 
enables the conversion of fi brinogen to fi brin in 
the coagulation cascade, its inhibition prevents 
thrombi formation. Dabigatran also inhibits free 
thrombin, fi brin-bound thrombin, and thrombin-
induced platelet aggregation (Brighton  2010 ). 

   RE-LY (Evaluation of Long-Term 
Anticoagulation Therapy) 
 Dabigatran etexilate was compared to warfarin in 
the RE-LY (Randomized Evaluation of Long- 
Term Anticoagulation Therapy) study in 18,113 
patients with atrial fi brillation (AF) recruited 
during two years. Patients were randomized to 
dabigatran 110 mg twice a day, dabigatran 150 mg 
twice a day, or warfarin INR dose adjusted. The 
main objective of this study was to evaluate the 
effectiveness in the prevention of thromboem-
bolic events, stroke, and hemorrhage of dabiga-
tran, compared with standard warfarin dosing. 
The dose of 110 mg twice daily showed similar 
effi cacy to warfarin in preventing stroke and sys-
temic embolism. The incidence of major, minor, 
and intracranial bleeding was signifi cantly lower 
in dabigatran 110 mg compared with warfarin 
(2.87 % vs. 3.57 % dabigatran warfarin,  p  = 0.003). 
However, the incidence of myocardial infarction 
was higher with dabigatran 110 mg and 150 mg 
twice a day than with warfarin (0.82 %, 0.81 %, 
and 0.64 %, respectively) (Connolly et al.  2011 ). 
A meta-analysis published in January 2012 con-
cluded that dabigatran was associated to 33 % of 
increased myocardial infarction or acute coronary 
syndrome risk (OR 1.33, 95 % CI 1.03–1.71, 
 p  = 0.03) compared to warfarin, enoxaparin, and 
placebo (Uchino and Hernandez  2012 ).    

3.2      Oral Factor Xa Inhibitors 

3.2.1    Rivaroxaban 
 Rivaroxaban is orally administered. It has a nearly 
100 % bioavailability. It has 92–95 % protein 
binding (FDA. U.S. Food and Drug Administration 
 2012b ). Rivaroxaban is a p- glycoprotein substrate 
and is transported through the membrane. About 
2/3 of the dose is metabolized; metabolism is con-
ducted through CYP3A4, CYP2J2, and CYP450-
independent mechanisms (Perzborn et al.  2011 ). 
Approximately one third of the administered dose 
is excreted unmodifi ed by the kidneys, another 
third is metabolized to inactive metabolites and 
eliminated by the kidneys, and the last third of the 

21 Pharmacogenetics of Oral Anticoagulants



456

dose metabolized to inactive metabolites and 
eliminated via fecal. The half-life time in young 
subjects is 5–9 h and in older individuals is 
11–13 h (FDA. U.S. Food and Drug Administration 
 2012b ). Rivaroxaban has a low renal clearance 
(3–4 l/h). Toxicity can be reversed using activated 
charcoal and supportive measures such as 
mechanical compression and hemodynamic sup-
port. If the bleeding does not stop, activated pro-
thrombin complex concentrate, prothrombin 
complex concentrate, and recombinant factor 
VIIa can be administrated. 

 Rivaroxaban is an oral anticoagulant that 
inhibits directly factor Xa. Factor Xa is required 
to perform the conversion of prothrombin (FII) 
into thrombin (FIIa). Thrombin is a serine prote-
ase required for the conversion of fi brinogen to 
fi brin, which is responsible for triggering the 
coagulation cascade. 

 A molecule of factor Xa can generate more 
than 1,000 molecules of thrombin. Therefore, 
rivaroxaban is useful in blocking the coagulation 
cascade; rivaroxaban exerts its effect irreversibly 
(DrugBank  2012a ). 

   ROCKET AF (Rivaroxaban Once-Daily Oral 
Direct Factor Xa Inhibition Compared with 
the Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial 
in Atrial Fibrillation) 
 Rivaroxaban, a factor Xa inhibitor, was studied 
in the prevention of stroke and systemic embo-
lism in patients with non-valvular atrial fi brilla-
tion. The ROCKET AF study compared the 
effi cacy of rivaroxaban versus warfarin in 14,264 
patients with non-valvular atrial fi brillation with 
moderate to high risk of stroke (Patel et al. 
 2011 ). Patients were randomized to rivaroxaban 
20 mg or warfarin dose adjustment. The results 
of this study showed that rivaroxaban was not 
inferior to warfarin in preventing stroke and sys-
temic embolism. The incidence of stroke or sys-
temic embolism was 1.7 % in the rivaroxaban 
group and 2.2 % in the warfarin group. Moreover, 
the incidence of bleeding was 14.9 and 14.5 % in 
warfarin and rivaroxaban groups, respectively. 
The incidence of intracranial hemorrhage in a 
year was lower in the rivaroxaban group (0.5 % 

vs. 0.7 %). The incidence of gastrointestinal 
bleeding was higher in the rivaroxaban group 
compared to warfarin (3.2 % vs. 2.2 %).   

3.2.2    Apixaban 
    Apixaban is the latest highly selective and 
reversible inhibitor oral direct factor Xa. It is 
orally administered twice daily, and like the 
other new oral anticoagulants (dabigatran and 
rivaroxaban), it does not require dose monitor-
ing routine laboratory. It has a high oral bio-
availability, reaching peak plasma concentration 
at 3 h after oral administration, with a half-life 
time of 9–14 h (Raghavan et al.  2009 ; Weitz 
 2010 ). It is metabolized by hepatic metabolism 
via CYP3A4, CYP3A5, and sulfotransferase 
1A1 and by kidney and intestinal metabolism. 
It is eliminated through multiple pathways, 
renal and intestinal routes. It has a renal elimi-
nation of 25 % and the remaining 75 % through 
the hepatobiliary system (Deedwania and Huang 
 2012 ; Eriksson et al.  2009 ). 

 Two phase III randomized trials have been 
performed to evaluate the effi cacy and safety of 
apixaban in prevention of stroke and systemic 
embolism in AF patients. The fi rst trial was 
“Apixaban Versus Acetylsalicylic Acid to Prevent 
Stroke in Atrial Fibrillation Patients who 
have Failed or are Unsuitable for Vitamin K 
Antagonist Treatment” (AVERROES trial) and the 
second was “the Apixaban for Reduction in Stroke 
and Other Events in Atrial Thromboembolic 
Fibrillation” (ARISTOTLE trial) (Diener et al. 
 2012 ; Granger et al.  2011 ). 

   AVERROES Trial 
 AVERROES trial was a randomized study which 
included 5599 AF patients with increased risk of 
stroke and intolerance to therapy with vitamin K 
antagonists. Patients were randomized into two 
groups: the fi rst group to apixaban 5 mg twice 
daily or 2.5 mg twice daily if the patient was 
≥80 years, ≤60 kg body weight, or serum creati-
nine of ≥1.5 mg/dl plus aspirin placebo and the 
other group to aspirin (81–324 mg daily) plus 
placebo apixaban. The aims were effi cacy 
(preventing stroke or systemic embolism) and 
safety (major bleeding). Major bleeding was 
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defi ned as the overbleeding with one or more of 
the following clinical parameters: drop in 
hemoglobin level of ≥2 g/dl over 24-h period or 
transfusion of ≥2 units packed cells and critical 
bleeding or fatal bleeding. Patients treated with 
apixaban obtained lower incidence of stroke and 
embolic system compared to the aspirin group 
(1.6 % vs. 3.7 % per year,  p -value < 0.001). 
Ischemic stroke was lower in apixaban group 
compared to aspirin (1.1 % vs. 3.0 % per year, 
 p -value < 0.001), and hemorrhages were also 
lower in the apixaban group compared to aspirin 
(6 vs. 9).    No signifi cant differences in the rate of 
death per year were found (3.5% apixaban group 
vs 4.4% aspirin group,  p -value < 0.07). This study 
concludes that apixaban is more effective than 
aspirin in preventing stroke and systemic embo-
lism in patients who are not eligible for oral anti-
coagulation therapy with vitamin K antagonists 
(Eikelboom et al.  2010 ; Connolly et al.  2011 ).  

   ARISTOTLE Trial 
 ARISTOTLE trial was a double-blind, ran-
domized study that included 18,201 patients 
with atrial fi brillation and at least one risk fac-
tor for stroke. Patients were randomized into 
two groups: apixaban group (5 mg daily or 
5 mg twice daily if the patient was ≥80 years 
with body weight ≤60 kg or creatinine concen-
tration ≥1.5 mg/dl) and warfarin group with 
dose adjusted to INR 2–3. The fi rst effi cacy 
objective was to evaluate the incidence of sys-
temic embolism and stroke, and the fi rst safety 
aim was bleeding and death from any cause. 
The result of the fi rst effi cacy endpoint was 
1.7 % in the apixaban group vs. 1.60 % per 
year in the warfarin group ( p  < 0.001 for non-
inferiority and  p  < 0.01 for superiority). 
Bleeding rate was lower in apixaban group 
compared with warfarin group in a year 
(2.13 % vs. 3.09 %,  p  < 0.001), and the rates of 
death from any cause were 3.52 % in the apixa-
ban group compared to 3.94 % in the warfarin 
group ( p  = 0.047). ARISTOTLE trial concluded 
that apixaban was superior to warfarin in the 
prevention of stroke or systemic embolism 
results with less bleeding and death in both 
cases (Granger et al.  2011 ). 

 Apixaban has been approved in Europe for the 
prevention of venous thromboembolic events VTE 
in adults following a hip or knee replacement 
operation in 2011 (European Medicine Agency 
 2012a ). Apixaban showed greater effi cacy to 
warfarin in the prevention of stroke and systemic 
embolism in AF patients in the ARISTOTLE 
study. Apixaban is currently being evaluated by 
the FDA to obtain approval for the prevention of 
stroke and systemic embolism in AF patients.    

3.3      Strengths and Limitations of 
the New Oral Anticoagulants 

 The new oral anticoagulants dabigatran, rivarox-
aban (approved by the FDA for the prevention of 
stroke and systemic embolism in patients with 
AF), and apixaban (currently under review by the 
FDA for authorized for prevention of stroke and 
systemic embolism in AF patients) have showed 
to be not inferior in effi cacy and safety compared 
to warfarin in preventing stroke and systemic 
embolism in AF patients in Phase III studies 
(Connolly et al.  2011 ; Diener et al.  2012 ; Granger 
et al.  2011 ; Patel et al.  2011 ). They are consid-
ered as the alternative to coumarin derivates in 
long-term oral anticoagulation therapy. 

 They have a rapid onset of action compared to 
coumarin derivates. This feature could allow 
avoiding bridge therapy with parenteral antico-
agulants (UHF or LWMH). Figure  21.2  shows 
the comparison of action mechanisms of VKA 
vs. new oral anticoagulants.

   One of the main limitations of VKA is that 
they present a high variability interindividual 
dose response. The new oral anticoagulants have 
a predictable anticoagulant response, and there-
fore a daily fi xed dose can be given, and routine 
laboratory monitoring is not required in patients 
without severe renal impairment (Kubitza et al. 
 2005 ,  2008 ; Connolly et al.  2009 ; Schulman et al. 
 2009 ). No routine laboratory monitoring is a 
priori an advantage because it can increase the 
number of patients receiving long-term oral 
anticoagulation therapy. However, the daily fi xed 
dose can cause a potential decrease of treatment 
adherence with consequent therapeutic failure. 
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To avoid this potential poor adherence, education 
is needed in patients who start anticoagulation 
therapy with the new oral anticoagulants. In the 
case of dabigatran and apixaban, they are admin-
istrated in a twice-daily dose, while daily dose of 
rivaroxaban can be administrated once after the 
fi rst weeks (European Medicine Agency  2012b ). 

 New oral anticoagulants are less dependent of 
CYP450 metabolism compared to VKA; there-
fore, drug and dietary interactions are reduced. 
The presence of food increases the time to reach 
peak plasma concentration (≈4 h) and decreases 
30 % in plasma levels of rivaroxaban (Kubitza 
et al.  2006 ). 

 Dabigatran is metabolized by CYP450- 
independent mechanisms. The prodrug dabiga-
tran etexilate and rivaroxaban are substrates of 
p-glycoprotein and transported through the mem-
brane. Pg-p inductor drugs (rifampicin, carbam-
azepine, or St. John’s wort) or Pg-p inhibitor 
drugs (ketoconazole, verapamil, amiodarone, or 
quinidine) may decrease or increase the antico-
agulant response, respectively. Ketoconazole is 
contraindicated in patients taking dabigatran 
(Schulman and Majeed  2012 ). Factor Xa inhibi-

tors (rivaroxaban and apixaban) are metabolized 
by CYP3A4, and therefore, concomitant drugs 
that are inhibitors (ketoconazole, ritonavir, 
erythromycin, or clarithromycin) or inducers 
(rifampicin) of this isoenzyme can infl uence the 
plasma drug concentration (Giorgi and Miguel 
 2012 ). Table  21.7  shows the molecular structures 
involved in pharmacodynamics and pharmacoki-
netics of new oral anticoagulants (dabigatran, 
rivaroxaban, and apixaban).

   In the RE-LY study, dabigatran group showed a 
higher incidence of myocardial infarction com-
pared to warfarin group. A recent analysis suggests 
that warfarin may be protective against myocardial 
infarction (Lip and Lane  2010 ). However, in the 
Phase III studies conducted with other new oral 
anticoagulants (rivaroxaban and apixaban), the rate 
of myocardial infarction was lower compared to 
warfarin group (Lip et al.  2010 ). 

 Although new oral anticoagulants have a 
shorter duration of the anticoagulant effect 
 compared to VKA, there is no antidote available 
to reverse the anticoagulant effects if toxicity 
occurs (Schulman and Bijsterveld  2007 ; 
Wittkowsky  2010 ). 

  Fig. 21.2    Comparison of action mechanisms of VKA vs. new oral anticoagulants in the inhibition of coagulation 
cascade factors       
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 Because of the relevance of renal elimination 
in new anticoagulants (dabigatran and rivaroxa-
ban), creatinine clearance (CL CR ) of each patient 
has to be analyzed before starting anticoagulant 
therapy. Patients with moderate renal clearance 
(CL CR < 50 ml/min) or severe renal impair-
ment (CL CR < 30 ml/min) can exhibit pro-
longed time excretion and increased drug 
concentrations in plasma (Stangier et al.  2010 , 
(European Medicine Agency  2012b ). Dabigatran 
is contraindicated in patients with severe renal 
impairment (CL CR < 30 ml/min) (European 
Medicines Agency  2012c )). 

 Dabigatran absorption is favored by an acidic 
environment, so the capsules contain tartaric 
acid. In the RE-LY study, dabigatran showed a 
higher rate of dyspepsia compared to warfarin 
patients, which contributed to a discontinuation 
in the dabigatran anticoagulation therapy in 2 % 
of patients (Connolly et al.  2009 ). 

 One of the most important limitations is the 
cost of the new oral anticoagulants, which is far 
superior to the known coumarin derivates. 
According to Freeman (AÑO), dabigatran may be 
cost-effective in patients with age ≥ 65 years with 
non-valvular atrial fi brillation and an increased 
risk of CHADS2 ≥ 1 (Reeman et al.  2011 ). 

 Although they are not ideal oral anticoagu-
lants, dabigatran, rivaroxaban, and apixaban have 

suitable properties to become real alternatives to 
traditional anticoagulation therapy with coumarin 
derivates.   

4      Future Perspectives 

 Prediction of the initial dose of coumarin deri-
vates using CYP2C9 and VKORC1 polymor-
phisms increases effi cacy and minimizes the 
toxicity of VKA in the fi rst months of treat-
ment. The inclusion of genotyping in the clini-
cal setting reduces the risk of hospitalization 
for bleeding or thrombosis by approximately 
30 % in outpatients treated with warfarin 
(Epstein et al.  2010 ). These results are consis-
tent with the conclusions reached by Eckman 
et al. ( 2009 ), when evaluating the cost-effec-
tiveness of genotype- guided dosing of warfarin 
versus standard induction therapy for non-val-
vular atrial fi brillation patients. The genotype-
guided dosing resulted cost-effective in patients 
at high risk of bleeding but not for typical non-
valvular atrial fi brillation patients, except for 
when the following conditions were complied: 
the genotyping was capable of reducing 32 % 
the rate of bleeding events, and it was available 
in 24 h and costs less than 200 dollars. Currently, 
PCR real-time techniques allow performing 

   Table 21.7    Molecular structures involved in pharmacodynamics and pharmacokinetics of new oral anticoagulants   

 Genes  Drugs  Effects  References 

 ABCB1 
(P-glycoprotein) 

 Dabigatran  Transport through 
the membrane 

 Eriksson et al. ( 2009 ), 
Liesenfeld et al. ( 2011 ), 
Schulman and Majeed ( 2012 )  Rivaroxaban  Interaction with p-gp 

inductors and inhibitors 
 CYP3A4  Rivaroxaban  Hepatic metabolism. 

Interactions with 
CYP3A4 inductors 
or inhibitors 

 Perzborn et al. ( 2011 ), 
Giorgi and Miguel ( 2012 )  Apixaban 

 CYP2J2  Rivaroxaban  Hepatic metabolism 
of rivaroxaban 

 Perzborn et al. ( 2011 ) 

 CYP3A5  Apixaban  Hepatic metabolism 
of apixaban 

 Eriksson et al. ( 2009 ), 
Deedwania and Huang ( 2012 )  SULT1A1 

   ABCB1  indicates ATP-binding cassette, subfamily B;  CYP3A4  Cytochrome P450 family 3, subfamily A, polypeptide 4; 
 CYP2J2  Cytochrome P450 family 2, subfamily J, polypeptide 2;  CYP3A5  Cytochrome P450 family 3, subfamily A, 
polypeptide 5;  SULT1A1  sulfotransferase 1A1  
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genotyping of CYP2C9 and VKORC1 within 
24 h, and the cost of the genotyping method can 
be available for less than $40 per patient if it is 
performed “in-house,” at the hospital laboratory 
facilities. If genotyping- guided dose is implemented 
in clinical anticoagulant therapy, it can reach a 
30 % reduction of thromboembolism or bleed-
ing events in typical non-valvular atrial fi brilla-
tion patients. 

 Furthermore, VKAs still remain a recom-
mended option for anticoagulation therapy in 
patients who are already on anticoagulant ther-
apy with VKAs and with good INR control, for 
new patients with non-valvular atrial fi brillation 
except if there are any criteria that justify initiat-
ing treatment with the new oral anticoagulants, 
and also for atrial fi brillation patients with val-
vular involvement. Thereby, VKAs will keep 
being a real possibility for anticoagulant therapy 
despite of the increasing trend of using new oral 
anticoagulants in prevention of stroke and sys-
temic embolism for patients with atrial fi brilla-
tion. However, there are some situations in which 
the new oral anticoagulants may have a benefi t 
compared with the VKAs, such as patients with 
known hypersensitivity or contraindication to 
the use of VKA, patients with antecedents of 
intracranial hemorrhage or ischemic stroke 
patients with high-risk clinical and neuroimag-
ing criteria for intracranial hemorrhage, and 
fi nally in patients treated with VKAs which have 
been presented thromboembolic and/or major 
bleeding episodes despite a good control of INR 
(Spanish Agency of Medicines and Health 
Products  2012 ). 

 Dabigatran has demonstrated to be cost effec-
tive compared to warfarin in preventing stroke 
and systemic embolism in patients with non-valvular 
atrial fi brillation (Davidson et al.  2013 ; González-
Juanatey et al.  2012 ). Although the new mole-
cules are presented as the future in the prevention 
of thrombotic events in patients requiring long-
term oral anticoagulation, the high cost of these 
molecules is a limitation in the clinical imple-
mentation, especially for some countries. In those 
countries, if new molecules cannot be introduced 
in their hospitals, routine genotyping of patients 
with a high bleeding risk starting long-term oral 

anticoagulation with coumarin derivates or poor 
INR control remains a real possibility to be con-
sidered to improve the effi ciency and safety of 
treatment.     
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