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! Pharmacokinetics 
! Pharmacodynamics 
! Documentation of health benefits and 
long-term safety  
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NOACs: chemical structure 

Ferri N and Corsini A G Ital Cardiol 2015;16(9 Suppl 1):3S-16S 



Sites of action of warfarin, apixaban, dabigatran, 
and rivaroxaban 

Desai J 
et al 
Gast 
End 
78:227-2
39 
2013 
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Summary pharmacokinetic characteristics of newer anticoagulants 

DeWald TA, Becker RCJ  Thromb Thrombolysis. 2014 Feb;37(2):217-33 



Rapid Absorption 

A single 150 mg dose in 
12 healthy males. 

•  Rapid absorption (Cmax in  up to 2 hours) 
•  Food delayed Cmax by 2 hours 
•  Surgery delayed Cmax by 4 hours 

 Stangier J.: Clin Pharmacokinet 2008:47:285-295 





Foods does not affect the pharmacokinetic 
profile of apixaban   

, ◊ Fasted (n = 23); ■ Fed (n = 22 

Frost C et al Br J Clin Pharmacol. 2013 Nov;76(5):776-86  
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Summary of absorption, metabolism, and excretion of 
dabigatran, rivaroxaban, and apixaban 

Gong IY and Kim RB Canadian Journal of Cardiology 29 (2013) S24eS33 



FDA 2012 



P-GP Inhibitors 
Amiodarone: Dabigatran exposure in healthy subjects was 
increased by 60 % in the presence of amiodarone 

 Verapamil: When dabigatran 150 mg was coadministered with 
oral verapamil, the Cmax and AUC of dabigatran were 
increased,but the magnitude of this change differs, depending on 
timing of administration and formulation of verapamil 

 Clarithromycin: Dabigatan exposure (AUC) in healthy subjects 
was increased by about 19 % in the presence of clarithromycin 
without any clinical safety concern 

Current US labeling for dabigatran with rifampicin a P-GP 
inducers should be avoided 

Pradaxa® – Summary of Product Characteristics   
 



Semin Thromb Hemost. 2015 Mar;41(2):195-207 





JA C C VO L . 6 4,  2 0 1 4 Flaker et al. 
 O C T O B E R 1 4 , 2 0 1 4 : 1 5 4 1 – 5 0 



Adjusted outcomes of rivaroxaban vs warfarin stratified 
by amiodarone use at baseline 

Steinberg BA et al. Heart Rhythm 2014;11:925–932) 



Efficacy of edoxaban vs. warfarin in patients with and without amiodarone at baseline 



Safety of edoxaban vs. warfarin in patients 
with and without amiodarone at baseline 

European Heart Journal (2015) 36, 2239–2245 
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Summary pharmacokinetic characteristics of newer anticoagulants 

DeWald TA, Becker RCJ  Thromb Thrombolysis. 2014 Feb;37(2):217-33 



Profilo concentrazione-tempo dei NOA in base alla 
funzionalità renale ed epatica, alla co-somministrazione di 

inibitori ed induttori di P-gp e CYP3A4 

Gong IY and Kim RB  Canadian Journal of Cardiology  29 (2013) S24eS33 



Plasma concentration profiles  of rivaroxaban and apixaban   
in atrial fibrillation patients 

Gong IY and Kim RB  
Canadian Journal of Cardiology  29 (2013) S24eS33 
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Comparative 
pharmacodynamics 
of warfarin and of 

NOAs 

Desai J et al Gast End 
78:227-239 2013 



Rivaroxaban: similar onset and offset of 
action to enoxaparin 

Kubitza et al, 2005 
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Time Course of the Dilute 
Thrombin Time and Ecarin Clotting 
Time before and after the 
Administration of Idarucizumab 

N Engl J Med 2015;373:511-20. 



Lancet 2014; 383: 955–62 

Stroke or systemic embolic events subgroups (A) and 
major bleeding subgroups (B) 



 

 

The American Journal of Medicine (2015) 128, 1007-1014 

RR and 95% CI of 
all treatment arms 
in the phase III 
trials comparing 
NOAC  with 
warfarin for the 
overall composite 
outcome 



Bleeding rates of newer anticoagulants 

DeWald TA, Becker RCJ  Thromb Thrombolysis. 2014 Feb;37(2):217-33 



Reilly PA et al. J Am Coll Cardiol 2014;63:321–8 

Major Bleeding Event and Ischemic Stroke/SEE Vs 
Trough Plasma Concentration of Dabigatran 





Plasma concentration over time at steady state 
after treatment with rivaroxaban or apixaban 

 
 Clinical Pharmacology: Advances and Applications 2014:6 179–187 

Inset: Individual plasma 
concentration–time profiles  



Anti-FXa activity over time at steady state on day 4 of 
treatment with rivaroxaban or apixaban 

Clinical Pharmacology: Advances and Applications 2014:6 179–187 

Inset: Individual plasma 
concentration–time profiles  





•  Because NOACs have plasma half-lives of12 h, the twice-daily 
dosing regimen is less prone than the once-dailydosing 
regimen to hazardously high peaks or hazardously low troughs 
in anticoagulant concentrations and associated actions. 

 
•  The continuity of drug action is greater with twice-daily than with 

once-daily dosing, despite the fact that a few more doses are 
skipped with twice-daily than with once-daily dosing.  

 
•  This paradox is explained by the disproportionately greater 

impact on drug action of skipping a once-daily than a twice-
daily dose. 

Europace Advance Access published February 17, 2015 



Once-daily vs. twice-daily dosing: difference between 
intake and predicted biological impact in general 

Europace. 
2015 Feb 17. 
pii: euu311. 



Major gastrointestinal bleeding 

Gomez-Outes A et al Thrombosis. 2013;2013:640723 







Discon'nua'on*rates*of*NOACs*in*real*world*

Pan$et#al.$Presented$at$the$ESC$Congress$2014.$Abstract$#5112.$

**$Analysis$controlled$for$other$variables$including$age,$gender,$$onset$of$embolic$or$primary$ischemic$stroke,$dyspepsia$or$stomach$discomfort,$congesEve$heart$
failure,$coronary$artery$disease,$diabetes,$hypertension,$renal$disease,$myocardial$infarcEon,$history$of$TIA$or$stroke$and$history$of$bleeding.$

*$Effect$size$is$versus$apixaban$which$acts$as$a$reference$category.$

RetrospecEve$cohort$study$NVAF$paEents$newly$prescribed$a$NOAC$or$newly$prescribed$warfarin$without$
knee/hip$replacement$surgeries$in$the$Eme$period$of$Jan$1$–$Dec$31,$2013$

Discon'nua'on*rates*of*OACs*

Dabigatran*vs.*apixaban*:$$$$$HR**$=$1.581$(CI:$1.451–1.721),$P<0.0001$
Rivaroxaban*vs.*apixaban*:$$HR**$=$1.125$(CI:$1.121–1.317),$P<0.0001$
Warfarin*vs.*apixaban*:$$$$$$$$$HR**$=$1.638$(CI:$1.514–1.772),$P<0.0001$

70$

60$

50$

40$

30$

20$

10$

0$

0$ 30$ 60$ 90$ 120$ 150$ 180$ 210$ 240$ 270$ 300$ 320$ 360$ 380$
Time$from$anEcoagulant$iniEaEon$(days)$

%
$o
f$p

aE
en

ts
$w
ith

$d
isc

on
En

ua
Eo

n$

Apixaban*(n=2956)$

Dabigatran*(n=4495)*

Rivaroxaban*(n=12$080)*

Warfarin$(n=14$340)*



Savelieva I and Camm JA Clin Cardiol 2014 Jan;37(1):32-4 

Characteristics of  Novel Oral Anticoagulants Compared With Warfarin 


