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Terapie Anticoagulanti
EVIDENZE ED OPINIONI A CONFRONTO



48% thromboembolic events

44% bleeding
TTR   ~  60%  

Oake N et al. CMAJ 2007;176:1589-94

Time in therapeutic range and adverse effets: a meta-analysis



Unpredictable response

Routine coagulation 

monitoring

Slow onset/offset 

of action
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Complications

Warfarin 

therapy has 

several 
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that make it 
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use in 
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Numerous drug-drug 
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Frequent dose 

adjustments

Narrow therapeutic 

window 

(INR range 2-3)

Vitamin K antagonists – major drawbacks





5 mg/d

3.0-3.5 mg/d

6.0-7.0 mg/d



Vitamin K-dependent clotting factors

(FII, FVII, FIX, FX, Protein C/S/Z)

Warfarin inhibits the vitamin K cycle

CYP2C9

Vitamin K-dependent 

clotting factors

(FII, FVII, FIX, FX, 

Protein C/S/Z)



Effect of CYP2C9*2 on Warfarin Dose

S. Sanderson et al.  
Genet Med. 2005 Feb;7 



Effect of CYP2C9*3 on Warfarin Dose

S. Sanderson et al.  
Genet Med. 2005 Feb;7 



5 mg/d

6.0-7.0 mg/d

3.0-3.5 mg/d

*2: 10.7% *3: 8.5 % 

*2: 0% *3: 1-2% 

*2: 2.9% *3: 0.8%



Warfarin: Significant Problems for Rats!



Warfarin Resistance and the VKORC1 gene

• Rare non-synonymous mutations in VKORC1 causative for warfarin resistance (15-35 mg/d)

• NO non-synonymous mutations found in ‘control’ chromosomes (n = ~400)

Rost, et. al. Nature (2004)



Warfarin maintenance dose (mg/day)

Inter-Individual Variability in Warfarin Dose: Genetic Liabilities
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VKORC1 common mutations

D’Andrea, et al., Blood (2005)

(6484)

(9041)



Effect of VKORC1 Inferred Haplotype on 
Warfarin Dose

Rieder MJ, Reiner AP, Gage BF et al. 

Effect of VKORC1 haplotypes on transcriptional regulation and warfarin dose. 

N Engl J Med. Jun 2005.

3673 = rs9923231 aka -1639, a promoter SNP (M. Wadelius; H. Yuan; E. Sconce)

6484 = rs9934438 aka C1173T, (M. Wadelius; H. Yuan; L. Bodin; D’Andrea); 

6853 = rs17886369

7566 = rs2359612



VKORC1 Haplotypes Associate with Dose

Adjusted for all significant covariates: age, sex, amiodarone, CYP2C9 genotype

25% variance in dose explained



5 mg/d

6.0-7.0 mg/d

3.0-3.5 mg/d

*2: 10.7% *3: 8.5 % 

*2: 0% *3: 1-2% 

*2: 2.9% *3: 0.8%

A: 37% B: 58%

A: 49% B: 14%

A: 89% B: 10%



Aklillu et al, Blood 2008

VKORC1: more haplotypes



Asp36Tyr is significant & dominant marker of warfarin resistance 



Evolution of Anticoagulation

1930s
Heparin

• parenteral
• narrow

therap. index
• unpredictable
• monitoring
• bleeding risk
• HIT

1950s
Warfarin

• drug interactions
• narrow

therap. index
• unpredictable
• monitoring
• bleeding risk

1980s
LMWH

• parenteral
• HIT
• must transition

to warfarin

1990s
DTI

• parenteral
• monitoring
• limited use to

HIT
• must transition

to warfarin

1990s
Xa Inhibitors

• parenteral
• must transition

to warfarin

2012 Oral
DTI / Xa Inh

• oral application 
• no monitoring



Benchmarks of new oral Anticoagulants

Dabigatran
Pradaxa®

Rivaroxaban
Xarelto®

Apixaban
Eliquis®

Edoxaban
Lixana®

molecular mass

[g/mol]

628 / 472
prodrug / drug

436 460 548

protein binding [%] 34-35 92-95 ca. 87 40-60

bioavailability [%] 6.5 80-100 >50 45-50

T(max) [h] 1-2 2-4 3-4 1-2

half-live [h] 14-17 7-11 10-14 9-11

Metabolism

CYP450 dependent

P-gp substrate

~ 15% (liver)

(No) 2%

CYP3A4

Yes

~ 60% (liver)

Yes, ~ 32%

CYP3A4

CYP3A5

CYP2J2

Yes

25% (liver)

Yes, minor

CYP3A4

(CYP3A5)

Yes

27% (liver)

Yes

CYP3A4

(CYP3A5)

Yes

excretion urine

excretion faeces

~ 85%

(77% active)

~ 15%

(8% active)

~ 67%

(~ 33% active)

~ 33%

(inactive)

~ 30%

(~ 24% active)

~ 70%

(majority active)

~ 35%

(~ 24% active)

~ 65%

(~ 49% active)

Weinz et al. 2009, Blech et al. 2008, Raghavan et al. 2009, Eriksson et al. 2009



Dabigatran: Probability of Major Bleeding Event and Ischemic Stroke

Reilly et al. Analysis from the RE-LY trial JACC Vol. 63, No. 4, 2014







Polymorphisms in CYP3A4

42 alleles ( to date )

Several alleles associated with increased / reduced / 

missing enzymatic activity or reduced transcription 

levels have been described

CYP 3A4*1B and CYP 3A4*20 alter CYP function

CYP 3A4*1B – 4% in Caucasians, 67% in Black sub.

Eiselt 2001 Pharmacogenetics, Westlind-Johnsson 2006 Clin Pharmacol Ther, 

Kang 2009 Clin Pharmacol Ther, Wang 2011 Pharmacogenetics





Dabigatran and carboxyl esterase

Laizure SC et al. Drug Metab Dispos. 2014 



Paré et al. Circulation 2013;127:1404-1412  

Genetic Determinants of Dabigatran Plasma Levels



Genetic Determinants of Dabigatran Plasma Levels

Paré et al. Circulation 2013;127:1404-1412  



Genetic Determinants of Dabigatran Plasma Levels

D’Andrea, Testa, Margaglione submitted

CES1 rs2244613



Genetic Determinants of Apixaban Plasma Levels

D’Andrea, Testa, Margaglione unpublished

ABCB1 rs4148738



• Less clear characterisation of pharmacogenetic factors 

• It is likely that there is no influence of direct 

pharmocogenetic factors in the majority of patients

• All new oral anticoagulants are interacting with P-gp

• For Dabigatran there is a dependency on CES genes 

• For Rivaroxaban there is a dependency on the CYP450 

genes affecting drug levels in both directions

• As monitoring is not intended, accumulation of 

pharmacogenetic effects (<1% of patients) will be seen only 

by the respective phenotypes (bleeding or thrombosis)

Conclusions – New oral Anticoagulants




