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I nuovi farmaci anticoagulanti



Indicazioni alla terapia anticoagulante

• Trattamento e prevenzione trombosi venosa 
profonda

• Embolia polmonare
• Prevenzione di stroke in pazienti con fibrillazione 

atriale, valvole cardiache artificiali, trombi cardiaci
• Cardiopatia ischemica
• Durante procedure come il cateterismo cardiaco



Antitrombotici che hanno cambiato la 
pratica clinica

ANTICOAGULANTI

• Eparina a basso peso molecolare

ANTIAGGREGANTI PIASTRINICI

• Thienopyridine

• Inibitori Glycoproteina IIb/IIIa

MA……………..per gli anticoagulanti orali, 
l’inibitore della vitamina K (warfarin) rimane la 
sola opzione disponibile



STORIA DEL WARFARIN
• 1930s: giovenca morta per emorragia dopo aver mangiato 

foraggio conservato ricco di “trifoglio odoroso” (sweet 
clover silage)

• 1939: identificati bishydroxycoumarin (dicoumarol) ed il suo 
antagonista, la vitamina k (Koagulation)

• 1948: fama mondiale come potente topicida
– Chiamato Warfarin (Wisconsin Alumni Research 

Foundation)
Anticoagulante nell’essere umano? No, troppo tossico!?
• 1951: Un marinario assume un’ingente quantità di topicida 

a scopo suicidario e viene salvato con somministrazione di 
vitamina K



STORIA DEL WARFARIN
• 1953: Dwight Eisenhower ha una trombosi coronarica e 

vuole il farmaco più potente disponibile, il warfarin. Da 
questo momento il warfarin, pur restando un buon veleno 
per topi, diventa anche un medicinale ambito (“un farmaco 
che ha guarito il Presidente USA, amato eroe di guerra, è 
nei desideri di ogni buon americano”)

• USO CLINICO NEGLI ULTIMI 60 anni



Problemi con il  Warfarin
• Interazione con cibo e farmaci

• Variazioni genetiche nel metabolismo

• Stretta finestra terapeutica

• Inizio lento di azione
overlap con farmaci parenterali

Frequenti aggiustamenti 
del dosaggio e stretto 
monitoraggio dell’INR

Vitamin K antagonists



Enhances 
Antithrombin Activity

Warfarin



There is a 50-fold 
variation in warfarin 
maintenance dose!

(0.5 mg/day – 25 mg/day)



• 100 Sunnybrook Anticoagulation Clinic Patients



Potentially Preventable Strokes

Gladstone – Stroke 2009;40:235

Prospective data from 12 Ontario stroke centers 2003-7
All 597 patients with a 1st ischemic stroke 
+ known high risk AF 
+ no contraindication to anticoagulation
+ living independently
Excluded patients with new AF, mechanical heart valve

Stroke Outcome:

Disabling 60%

Fatal 20%

Best case
scenario



Potentially Preventable Strokes

Gladstone – Stroke 2009;40:235

Ischemic stroke + high risk AF 
+ no contraindication to 
anticoagulation (n=597)

Warfarin 
therapeutic

10%

Warfarin 
subtherapeutic

29%

Antiplatelet
therapy

30%

No 
antithrombotic

29%

Warfarin 
use
40%



Potentially Preventable Strokes

Gladstone – Stroke 2009;40:235

Ischemic stroke + high risk AF + no 
contraindication to anticoagulation 

+ previous TIA (n=323)

Warfarin 
therapeutic

18%

Warfarin 
subtherapeutic

39%

Antiplatelet
therapy

28%

No 
antithrombotic

15%

Warfarin 
use
57%



Potentially Preventable Strokes

Gladstone – Stroke 2009;40:235

Patients with ischemic stroke
Ideal candidates for anticoagulation

Any         Therapeutic 
warfarin   anticoagulation

Above patients       40% 10%

+ previous TIA        57%              18%



Perchè abbiamo biosgno di 
NUOVI farmaci anticoagulanti?

• Il warfarin necessita di alcuni giorni per 
essere efficace

• Il warfarin non è efficace in alcune situazioni 
(es. sindrome da antifosfolipidi) 

• Il warfarin interagisce con molti altri farmaci
• Il warfarin è pericoloso se non monitorizzato
• L’eparina induce trombocitpenia
• La profilassi con eparina è imperfetta
• L’eparina si associa ad osteoporosi



L’anticoagulante “IDEALE”
• Somministrazione per via orale, preferibilmente 

una volta al giorno
• Rapido inizio e termine dell’effetto
• Farmacocinetica e farmacodinamica prevedibili
• Bassa interazione con cibo e farmaci
• Dose fissa
• Ampia finestra terapeutica
• Facile utilizzo senza necessità di monitoraggio



Obiettivi nello sviluppo di nuovi 
anticoagulanti

• effetto dose risposta prevedibile
• assenza interazioni con cibo e farmaci
• possibilità di somministrazione a dosi 

fisse senza monitoraggio di laboratorio
• semplificare terapia anticoagulante a 

lungo termine



• La necessità maggiore dei nuovi anticoagulanti è 
nella prevenzione del cardio-embolismo nei 
pazienti con fibrillazione atriale permanente e nei 
portatori di valvole cardiache.

• Dal momento che, tuttavia, il costo per sviluppare 
un nuovo anticoagulante è alto, lo sviluppo clinico 
spesso inizia con studi nella prevenzione della 
trombosi venosa profonda (TVP) che richiedono 
popolazioni di studio più piccole e durate di follow-
up più brevi. Tale tipo di approccio presuppone 
che il successo nella prevenzione della TVP 
predice il successo per altre indicazioni………ma 
ciò è tutto da dimostrare

PREMESSA





Anticoagulants
• CURRENT DRUGS

– Unfractionated Heparin______________
– Low Molecular Weight Heparin________
– Lepirudin (DTI)____________________
– Bivalirudin (DTI) ___________________
– Argatroban(DTI)____________________
– Danaparoid_______________________
– Drotrecogin Alfa____________________
– Vitamin K antagonists (Warfarin)_______

• NEW/ in DEVELOPMENT DRUGS
– Fondaparinux_____________________
– Idraparinux_______________________
– SSR 126517______________________
– Rivaroxaban______________________
– Apixaban_________________________
– LY517717________________________
– YM150__________________________
– DU-176b_________________________
– Betrixaban________________________
– Ximelagatran*_____________________
– Dabigatran etexilate________________

*taken off the market Italics are Oral Drugs

Inhibit clotting factor activation reactions in the blood
TARGETED FACTOR
Antithrombin (indirectly Xa and IIa)
Antithrombin (indirectly Xa and IIa)
Thrombin (IIa)
Thrombin (IIa)
Thrombin (IIa)
Antithrombin
Va, VIIIa
Prothrombin (II), VII, IX, X

Xa
Xa
Xa
Xa
Xa
Xa
Xa
Xa
Xa
Thrombin (IIa)
Thrombin (IIa)



EPARINA

e altri farmaci Anticoagulanti Parenterali



Enhances 
Antithrombin Activity



Action of Heparin and similar 
drugs

Dark shaded region is a 
high-affinity pentasaccharide 
sequence

2: Unfractionated Heparin
3: Low-molecular weight Heparin
4: Fondaparinux (discussed later)

Image from Sterling T. Bennett’s chapter on Monitoring Anticoagulant Therapy



More about Heparin
• Fast action intravenously or by injection (not absorbed 

through the stomach or intestinal wall)
• peak after injection 2 - 4 hr
• Complex metabolism (long chains broken up)
• half life 1 - 5 hr; cleared by the reticuloendothelial system 

and some excreted in urine.

• A few Drug-drug interactions
• Toxicities: Bleeding & Heparin-Induced Thrombocytopenia

Relatore
Note di presentazione
reticuloendothelial system (meaning by the immune system’s macrophages or monocytes in the reticular connective tissue) 



Other Parenteral Anticoagulants

• Lepirudin (DTI) derived from hirudin from leech salivary 
glands

• Bivalirudin (DTI) approved for use during heparin-
induced thrombocytopenia (HIT) & percutaneous coronary 
interventions

• Argatroban (DTI) can be used in patients with risk of 
(HIT)

• Danaparoid no longer available in the U.S.
• Drotrecogin Alfa used in patients with sepsis; 

recombinant form of activated protein C that inhibits f Va 
and f VIIIa



Inibitori del FATTORE Xa
• Parenterale o Orale
• Meccanismo di inibizione Diretto o Indiretto

XIIXIIa

XIa XI

IXa IX
VIIIa

VIIaTF

X Xa
Va

II (prothrombin) IIa (thrombin)

Fibrinogen Fibrin Stabilized 
Fibrin

XIII XIIIa

Extrinsic pathway
Intrinsic pathway

Common pathway



New Anticoagulants

TFPI (tifacogin)

Fondaparinux
Idraparinux

Rivaroxaban
Apixaban
LY517717
YM150
DU-176b
Betrixaban
TAK 442

Dabigatran

ORAL PARENTERAL

DX-9065a

Xa

IIa

TF/VIIa

X IX

IXaVIIIa

Va

II

FibrinFibrinogen

AT

APC (drotrecogin alfa)
sTM (ART-123)

Adapted from Weitz & Bates, J Thromb Haemost 2007

TTP889

Relatore
Note di presentazione
There are many targets for novel anticoagulants in the coagulation pathway:
Tissue factor pathway inhibitor (TFPI) bound to Factor Xa inactivates the tissue factor (TF)–Factor VIIa complex, preventing initiation of coagulation
Activated protein C (APC) degrades Factors Va and VIIIa, and thrombomodulin (soluble; sTM) converts thrombin (Factor IIa) from a procoagulant to a potent activator of protein C
Fondaparinux and idraparinux indirectly inhibit Factor Xa, requiring antithrombin (AT) as a cofactor
Direct (AT-independent) inhibitors of Factor Xa include rivaroxaban (BAY 59­7939), LY517717, YM150 and DU-176b (all orally available), and DX-9065a (intravenous)
Oral, direct thrombin inhibitors include ximelagatran (now withdrawn) and dabigatran








Weitz JI & Bates SM. New anticoagulants. J Thromb Haemost 2005;3:1843–1853 



Fondaparinux
• Parenteral anticoagulant
• first selective factor Xa inhibitor approved by the FDA (2001)
• 55% better than enoxaparin (LMWH) at reducing risk of VTE
• synthetic pentasaccharide: “represents the oligosaccharide 

consensus sequence of heparin”
• Indirect inhibition: binds to antithrombin and

increases antithrombin’s affinity for
factor Xa by 300-fold 

http://www.fda.gov/cder/foi/nda/2001/21-345_Arixtra_chemr.pdf

Factor Xa Inhibitors

Relatore
Note di presentazione
Homogeneous; single target; adminstered once daily; no cross reactivity with HIT antibodies; high bioavailability; half life 17 hours;excreted in urine; no antidote











TRATTAMENTO DELLA TVP DEGLI ARTI INFERIORI
1 Trattamento anticoagulante iniziale

1.1.1 Nei pazienti con diagnosi strumentalmente 
confermata di TVP, è raccomandata la terapia iniziale a 
breve termine con:

• Eparina a basso peso molecolare (EBPM) per via SC 
(grado 1A)

• Eparina non frazionata (ENF) per EV (grado 1A)
• ENF a dosi aggiustate con PTT per via SC (grado 1A)
• ENF a dosi fisse per via SC (grado 1A) **
• Fondaparinux per via SC (grado 1A) **

• ** non presenti nel 2004



TRATTAMENTO DELLA TVP PROSSIMALE 
DEGLI ARTI INFERIORI

1 Trattamento anticoagulante iniziale

1.1.3 Nei pazienti con TVP,  è raccomandato che il 
trattamento con anticoagulanti orali inizi con EBPM, 
ENF o fondaparinux fin dal primo giorno piuttosto che 
più tardi 

(grado 1A)

1.1.3 Nei pazienti con TVP,  è raccomandato che il 
trattamento iniziale con EBPM, ENF o fondaparinux per 
almeno 5 giorni e finché INR > 2.0 per almeno 48 ore.

(grado 1A)



Indraparinux & SSR 126517 

• Hypermethylated form of fondaparinux = tighter 
binding to antithrombin

• Status: phase III clinical trials
• 80 hr half-life = subcutaneous injection once 

weekly
• SSR 126517 is a biotinylated form of 

indraparinux, prepared to have an antidote 
(avidin)

Factor Xa Inhibitors



Idraparinux versus Standard Therapy
for Venous Thromboembolic Disease

The van Gogh Investigators*
N Engl J Med 2007;357:1094-104.

2.5 mg sc
una volta ogni 7gg

ENF o EBPM + TAO



Extended Prophylaxis of Venous
Thromboembolism with Idraparinux

The van Gogh Investigators*
N Engl J Med 2007;357:1105-12.

Idraparinux      placebo





New Anticoagulants

TFPI (tifacogin)

Fondaparinux
Idraparinux

Rivaroxaban
Apixaban
LY517717
YM150
DU-176b
Betrixaban
TAK 442

Dabigatran

ORAL PARENTERAL

DX-9065a

Xa

IIa

TF/VIIa

X IX

IXaVIIIa

Va

II

FibrinFibrinogen

AT

APC (drotrecogin alfa)
sTM (ART-123)

Adapted from Weitz & Bates, J Thromb Haemost 2007

TTP889

Relatore
Note di presentazione
There are many targets for novel anticoagulants in the coagulation pathway:
Tissue factor pathway inhibitor (TFPI) bound to Factor Xa inactivates the tissue factor (TF)–Factor VIIa complex, preventing initiation of coagulation
Activated protein C (APC) degrades Factors Va and VIIIa, and thrombomodulin (soluble; sTM) converts thrombin (Factor IIa) from a procoagulant to a potent activator of protein C
Fondaparinux and idraparinux indirectly inhibit Factor Xa, requiring antithrombin (AT) as a cofactor
Direct (AT-independent) inhibitors of Factor Xa include rivaroxaban (BAY 59­7939), LY517717, YM150 and DU-176b (all orally available), and DX-9065a (intravenous)
Oral, direct thrombin inhibitors include ximelagatran (now withdrawn) and dabigatran








Weitz JI & Bates SM. New anticoagulants. J Thromb Haemost 2005;3:1843–1853 



Direct Thrombin Inhibitors

XIIXIIa

XIa XI

IXa IX
VIIIa

VIIaTF

X Xa
Va

II (prothrombin) IIa (thrombin)

Fibrinogen Fibrin Stabilized 
Fibrin

XIII XIIIa

Extrinsic pathway
Intrinsic pathway

Common pathway



VIIa

Xa
IXa

XIa
XIIa

Direct Thrombin inhibition
Tissue 
factor

Factor IIa
(thrombin)

Dabigatran

II



Ximelagatran

• First target-specific oral anticoagulant in trials
• Ximelagatran is the oral prodrug of 

Melagatran
• Hepatatoxicity

– Did not receive FDA approval in 2004
– On the market in Europe but pulled in 2006

• ‘proof of principle’
– “efficacious” as warfarin
– Wider therapeutic index
– Little dosage adjustment/ no monitoring 

Direct Thrombin Inhibitors





Dabigatran etexilate
• Prodrug converted to Dabigatran (471 mw) by esterases in 

blood after absorbed in stomach in microenvironment from 
tartaric acid capsule

• Peak 2hr; Half life 14 – 17 hr
• Not metabolized by cytochrome system = no anticipated drug 

interactions
• Farthest along in trials
• History: 

– early 1990s: German scientists at Boehringer-Ingleheim began 
research 

– 1996 Synthesized novel drug 
– 1999 Phase I trials 
– 2001-3 Phase II trials
– 2004-present Phase III trials
– 2008 announced to be entering European market soon as Pradaxa®

– RE-LY trial results in 2009

• Promising; improvement in liver safety

Direct Thrombin Inhibitors





Dabigatran for prevention of VTE after major 
orthopaedic surgery: phase III studies

Dabigatran doses of 150 and 220 mg once daily (od) were 
investigated in all three studies



Struttura del Dabigatran etexilate
Inibitore diretto della trombina, orale

Ingelheim/Germany, 27 March 2008  

Boehringer Ingelheim today 
announced that the European 
Commission has granted marketing 
authorisation of the novel, oral 
direct thrombin inhibitor, 

Pradaxa® (dabigatran etexilate) in all 
27 EU member states. 

It is anticipated that Pradaxa® will 
be launched in Germany and the 
United Kingdom in the coming 
weeks



“Dabigatran etexilate”

• 110 mg ( ½ cp): 1 - 4 h dopo chirurgia
• 220 mg/die
• 10 gg dopo protesi ginocchio
• 28-35 gg dopo protesi anca
• Se età > 75 aa o IRC moderata 150 mg 



Dabigatran: phase III studies

• RE-LY (stroke prevention in patients with AF)
– Planned enrolment 15,000 patients

– Dabigatran 110 and 150 mg bid compared with 
warfarin

– Treatment duration up to 3 years



Dabigatran: phase III studies

• Studi in fase III (non-inferiorità verso TAO) 

Re-COVER: TEV acuta, 5 gg LMWH poi 
random. (doppio cieco) a Dab. (150 mg x 2) o 
TAO x 6 mesi

Re-MEDY: prev. secondaria; dopo 3-6 m. di 
TAO, random., cieco; Dab. (150 mg x 2) o 
TAO x 18 mesi



New Anticoagulants

TFPI (tifacogin)

Fondaparinux
Idraparinux

Rivaroxaban
Apixaban
LY517717
YM150
DU-176b
Betrixaban
TAK 442

Dabigatran

ORAL PARENTERAL

DX-9065a

Xa

IIa

TF/VIIa

X IX

IXaVIIIa

Va

II

FibrinFibrinogen

AT

APC (drotrecogin alfa)
sTM (ART-123)

Adapted from Weitz & Bates, J Thromb Haemost 2007

TTP889

Relatore
Note di presentazione
There are many targets for novel anticoagulants in the coagulation pathway:
Tissue factor pathway inhibitor (TFPI) bound to Factor Xa inactivates the tissue factor (TF)–Factor VIIa complex, preventing initiation of coagulation
Activated protein C (APC) degrades Factors Va and VIIIa, and thrombomodulin (soluble; sTM) converts thrombin (Factor IIa) from a procoagulant to a potent activator of protein C
Fondaparinux and idraparinux indirectly inhibit Factor Xa, requiring antithrombin (AT) as a cofactor
Direct (AT-independent) inhibitors of Factor Xa include rivaroxaban (BAY 59­7939), LY517717, YM150 and DU-176b (all orally available), and DX-9065a (intravenous)
Oral, direct thrombin inhibitors include ximelagatran (now withdrawn) and dabigatran








Weitz JI & Bates SM. New anticoagulants. J Thromb Haemost 2005;3:1843–1853 



VIIa

Xa
IXa

XIa
XIIa

Direct Factor Xa inhibition
Tissue 
factor

Fibrinogen Fibrin clot

Factor II
(prothrombin)

Rivaroxaban
Apixaban

YM150
DU-176b 
LY517717

Betrixaban
TAK 442



Rivaroxaban & Apixaban
Rivaroxaban Apixaban

Company sponsor Bayer, Johnson & Johnson Bristol-Myers Squibb; Pfizer

# clinical trials 21 15

Molecular weight 436 460

Bioavailability 80% 50%

Peak , half-life (hr) 3, 5-9 3, 9-14

metabolism CYP 3A4, CYP2J2, CYP-ind.mech. CYP 3A4, CYP-ind.mech.

excretion 66% kidney, rest in feces 25% kidney, rest in feces

Factor Xa Inhibitors



Apixaban

• Oral, direct, selective factor 
Xa inhibitor

• Produces concentration-
dependent anticoagulation

• No formation of reactive 
intermediates

• No organ toxicity or LFT 
abnormalities in chronic 
toxicology studies 

• Low likelihood of drug 
interactions or QTc 
prolongation

He et al., ASH, 2006, Lassen, et al ASH, 2006
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Apixaban :Phase II

Apropos – orthopaedic surgery
Botticelli – treatment 

Adapt – advanced cancer 
Appraise 1 – ACS 



Lassen et al. Blood 2006
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Apixaban for Prevention of VTE After Major 
Orthopaedic Surgery

• Apixaban od and bid (total daily doses 5-20mg) were assessed 
relative to enoxaparin and warfarin, in 1,217 patients

20mg
Apixaban 

(Total Daily Dose)

10mg5mg Warfarin 
(INR 

1.8-3.0)

1,3 1,6
3,0

0 0
0

5

10

15

20

25

30

Enoxaparin
(30mg bid)

20mg
Apixaban 

(Total Daily Dose)

10mg5mg Warfarin 
(INR 

1.8-3.0)

Pe
rc

en
t

Pe
rc

en
t



Büller, Eur Heart J 2006
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Apixaban for the Treatment of DVT: 
The Botticelli-DVT Study

• Apixaban bid (5 and 10mg) and od (20mg) were assessed relative to 
low molecular weight heparin (LMWH) or fondaparinux followed by 
VKA, in 520 patients
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Apixaban : Phase III
Advance 1,2,3 – orthopaedic surgery

Adopt – medically ill

Aristotle -atrial fibrillation  

Appraise 2 - ACS



ADVANCE-1



ADVANCE-1



Rivaroxaban: oral direct Factor Xa inhibitor

• Predictable 
pharmacology

• High bioavailability 
• Low risk of drug–drug 

interactions
• Fixed dose
• No requirement for 

monitoring

Perzborn et al. 2005; Kubitza et al. 2005; 2006; 2007; Roehrig et al, 2005

Rivaroxaban® – rivaroxaban

N N O
N
H
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Cl
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Relatore
Note di presentazione
Rivaroxaban is a novel, oral, direct Factor Xa inhibitor1
Rivaroxaban has predictable dose-proportional pharmacokinetics and pharmacodynamics in healthy subjects, and showed no evidence of accumulation after multiple dosing2
Studies in healthy subjects showed that rivaroxaban had no clinically relevant interactions with acetylsalicylic acid or naproxen.3,4 Further studies demonstrated that the pharmacology of rivaroxaban was not affected by age, gender or weight to a clinically relevant degree, suggesting that fixed dosing should be possible for all patients5,6
The phase II development programme of rivaroxaban involved four studies of rivaroxaban for the prevention of venous thromboembolism (VTE) after major orthopaedic surgery7–10
All of the doses investigated in the three double-blind studies of rivaroxaban in this indication (5–60 mg), had similar efficacy compared with the low molecular weight heparin enoxaparin8–10
There were dose–response relationships between rivaroxaban and major bleeding in all of the studies; however, there were no significant differences in the observed incidence of major bleeding between rivaroxaban and enoxaparin in any study8–10 
These findings suggest that rivaroxaban has a wide therapeutic window
When efficacy and safety were considered together, rivaroxaban 10 mg once daily (od) was selected for further investigation in the RECORD programme10


1.	Perzborn E et al. J Thromb Haemost 2005;3:514–521.
2.	Kubitza D et al. Eur J Clin Pharmacol 2005;61:873–880.
3.	Kubitza D et al. J Clin Pharmacol 2006;46:981–990.
4.	Kubitza D et al. Br J Clin Pharmacol 2007;63:469–476.
5.	Kubitza D et al. J Clin Pharmacol 2007;47:218–226.
6.	Kubitza D et al. Blood 2006;108:Abstract 905.
7.	Eriksson BI et al. Thromb Res 2007;doi:10.1016/j.thromres.2006.12.025. 
8.	Eriksson BI et al. J Thromb Haemost 2006;4:121–128.
9.	Turpie AG et al. J Thromb Haemost 2005;3:2479–2486.
10.	Eriksson BI et al. Circulation 2006;114:2374–2381.



Rivaroxaban

• Specific, 
competitive, direct 
FXa inhibitor 

• Inhibits free and 
clot-associated 
FXa activity, and 
prothrombinase 
activity

• Inhibits thrombin 
generation via 
inhibition of FXa 
activity 
– Prolongs time to 

thrombin generation
Perzborn et al. J Thromb Haemost 2005; ICT 2004; Depasse et al. ISTH 2005; Kubitza et al. Clin Pharmacol Ther 2005;
Br J Clin Pharmacol, 2007; Graff et al. In press
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Relatore
Note di presentazione
Results of in vitro studies have shown that rivaroxaban is a direct, specific, competitive Factor Xa inhibitor.1 Studies in healthy subjects demonstrated that it has no direct effect on thrombin and does not require a cofactor2
Rivaroxaban inhibits free and fibrin-bound Factor Xa activity, prothrombinase activity, and Factor Xa generated via the intrinsic or extrinsic coagulation pathway in human plasma1,3
Rivaroxaban has potent anticoagulant effects, as demonstrated by its effects on global clotting tests (prothrombin time, activated partial thromboplastin time)2,4
Rivaroxaban does not affect platelet aggregation5–7
Recombinant FVIIa, given after the initiation of bleeding, partially reversed the anticoagulant effect of high-dose rivaroxaban8

Perzborn E et al. In vitro and in vivo studies of the novel antithrombotic agent BAY 59­7939—an oral, direct Factor Xa inhibitor. J Thromb Haemost 2005;3:514–521
Kubitza D et al. Safety, pharmacodynamics, and pharmacokinetics of single doses of BAY 59­7939, an oral, direct Factor Xa inhibitor. Clin Pharmacol Ther 2005;78:412–421
Depasse F et al. Effect of BAY 59-7939 – a novel, oral, direct Factor Xa inhibitor – on clot-bound Factor Xa activity in vitro. J Thromb Haemost 2005;3(S1):Abstract P1104. Poster presentation at the International Society on Thrombosis and Haemostasis XXth Congress, Sydney, Australia, August 6–12, 2005
Kubitza D et al. Safety, pharmacodynamics and pharmacokinetics of BAY 59­7939 – an oral, direct Factor Xa inhibitor – after multiple dosing in healthy male subjects. Eur J Clin Pharmacol 2005;61:873–880
Perzborn E et al. Biochemical and pharmacologic properties of BAY 59-7939, an oral, direct Factor Xa inhibitor. Pathophysiol Haemost Thromb 2004;33(S2):Abstract PO079. Poster presentation at the 18th International Congress on Thrombosis, Ljubljana, Slovenia, June 20–24, 2004
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Rivaroxaban 10 mg once daily is 
the optimum dose
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Rivaroxaban: VTE Treatment 
Trials



Approvazione rivaroxaban (Xarelto)



Phase III RECORD programme in VTE 
prevention

Oral rivaroxaban 10 mg od is being compared with subcutaneous 
enoxaparin in >11,000 patients worldwide

Relatore
Note di presentazione
The randomized, double-blind, active-comparator-controlled, parallel group
	RECORD studies will determine the efficacy and safety of rivaroxaban in
	approximately 11,500 patients undergoing orthopaedic surgery
Because the RECORD 1 and 2 studies will last for 5 weeks, they have the potential to establish rivaroxaban as the best therapeutic option for extended VTE prevention outside the hospital setting 
Results from these studies will form the basis of submission for marketing approval. The first submission is anticipated at the end of 2007




13-lug-2009 
Gazzetta Ufficiale, pubblicata la determina che rende disponibile l’innovativa molecola
Rivaroxaban, approvata anche in Italia la rimborsabilità
L’anticoagulante orale è indicato per la profilassi del tromboembolismo venoso negli interventi di 
chirurgia ortopedica maggiore di anca e ginocchio 
Milano, 10 luglio 2009 – E' disponibile anche negli ospedali italiani rivaroxaban, innovativa molecola 
anticoagulante orale, da assumere con un’unica compressa giornaliera, per la prevenzione del 
tromboembolismo venoso in pazienti sottoposti a interventi chirurgici di sostituzione dell’anca o del 
ginocchio. Il regime di rimborsabilità (in fascia H) è stato stabilito dalla determina pubblicata nella 
Gazzetta Ufficiale dell’8 luglio 2009. Già lo scorso settembre l’Agenzia europea per i medicinali 
(EMEA) aveva espresso parere positivo con l’indicazione nella prevenzione del tromboembolismo 
venoso (TEV) in chirurgia elettiva di anca e ginocchio.
In Europa si registra ogni anno più di un milione e mezzo di eventi tromboembolici, responsabili della 
morte di 544.000 persone, più del doppio della somma dei casi di cancro al seno, alla prostata, 
HIV/Aids e incidenti stradali.
L’efficacia della molecola è già stata dimostrata da quattro studi di fase III (RECORD1, RECORD2, 
RECORD3, RECORD4) che hanno coinvolto oltre 12.500 pazienti sottoposti a interventi chirurgici di 
sostituzione elettiva di anca o di ginocchio. I risultati dei quattro studi hanno evidenziato la superiore 
efficacia di rivaroxaban 10 mg rispetto al trattamento standard rappresentato dall’enoxaparina, in 
termini di incidenza di eventi tromboembolici. Rivaroxaban e enoxaparina hanno inoltre mostrato 
profili di sicurezza simili con una ridotta e sovrapponibile incidenza di sanguinamenti maggiori .
A causa dei limiti degli attuali trattamenti anticoagualanti standard, molti pazienti sottoposti a 
interventi di chirurgia ortopedica non ricevono una terapia anticoagulante adeguata per la 
prevenzione degli eventi tromboembolici potenzialmente fatali. Rivaroxaban, in formulazione orale e 
in monosomministrazione giornaliera, ha un’azione anticoagulante prevedibile, efficace e ben 
tollerata e, per questo, ha le potenzialità per diventare il trattamento standard nella prevenzione della 
trombosi venosa profonda e dell’embolia polmonare



• Two large, phase II studies of rivaroxaban for 
3 months for the treatment and long-term 
secondary prevention of VTE:

– ODIXa-DVT : Rivaroxaban 10–30 mg bid 
and 40 mg od

– EINSTEIN DVT :  Rivaroxaban 20–40 mg od 

– LMWH followed by a VKA comparator in both 
studies

Agnelli et al. Circulation 2007; Büller. Eur Heart J 2006

Rivaroxaban for the treatment and 
secondary prevention of VTE

Relatore
Note di presentazione
Two phase IIb, dose-finding studies of rivaroxaban for the treatment and secondary
prevention of DVT were undertaken.1,2
The studies enrolled >1150 patients with acute, symptomatic proximal DVT
In ODIXa-DVT (bid study), the primary endpoint was an improvement in thrombus burden (assessed by ultrasound) without recurrent VTE (recurrent DVT, PE or �VTE-related death), after 3 weeks’ treatment
In EINSTEIN-DVT (od study), the primary endpoint was a deterioration in thrombus burden (on either CUS or PLS) with recurrent VTE, after 3 months’ treatment
In ODIXa-DVT, the incidences of improved thrombus burden with the bid rivaroxaban doses after 3 weeks’ treatment were greater than with od rivaroxaban and standard therapy
After 3 months’ treatment, all rivaroxaban doses and regimens, in both studies, had similar efficacy to standard therapy for the prevention of recurrent VTE
Incidences of major bleeding with rivaroxaban were low in ODIXa-DVT (1.7–3.3% vs 0% with standard therapy)
Incidences of clinically relevant bleeding (the composite of major and clinically relevant, non-major bleeding) with rivaroxaban were low in EINSTEIN-DVT and similar to standard therapy (2.2–6.0% vs 8.8% with standard therapy)
The greater efficacy of bid rivaroxaban for thrombus regression early after DVT formation, relative to od rivaroxaban, suggest that a bid regimen may offer the optimum benefit to the patient in the first few weeks of treatment. Lower bleeding incidences with long-term od rivaroxaban, and improved compliance with od regimens, suggest that an od regimen would be the best choice for long-term treatment and secondary prevention of VTE. This approach is being investigated in phase III studies

Agnelli G et al. Treatment of acute, symptomatic, proximal deep vein thrombosis with the oral, direct Factor Xa inhibitor rivaroxaban (BAY 59-7939) – the ODIXa-DVT dose-ranging study. Eur Heart J 2006;27(Abstract Supplement):761
Buller HR. Once-daily treatment with an oral, direct Factor Xa inhibitor – rivaroxaban (BAY 59-7939) – in patients with acute, symptomatic deep vein thrombosis. The EINSTEIN-DVT dose-finding study. Eur Heart J 2006;27(Abstract Supplement):761





Nuovi anticoagulanti: 
potenziali svantaggi

• No antidoti (tranne che per idraparinux)
• Difficile monitorare l’effetto (se emorragia)
• Non escludibili altri negativi effetti
• Breve tempo di emivita (vantaggi/svantaggi)
• Difficile controllare la compliance
• Costi
• Rischio di sovra-utilizzo





The future of oral factor Xa and thrombin inhibitors
• The results of phase III trials of dabigatran etexilate, 

rivaroxaban and apixaban are promising for VTE 
prevention in patients undergoing orthopedic surgery. 

• Orally administered VKAs are the antithrombotics of choice 
in patients with AF, in those with prosthetic heart valves, 
and in those requiring continued out-of-hospital treatment 
for secondary prevention of VTE. 

• A clearer picture of the clinical utility of new oral 
anticoagulants will become apparent only when the results 
of the large ongoing phase III trials in patients with AF and 
in those with established VTE become available. 



• Based on experience with VKAs, it is likely that an oral 
agent that is effective for any one of these indications 
has the potential to be effective and safe for the others. 
Since, however, the optimal dosing regimens for the 
various anticoagulants are likely to vary from one 
indication to the next, a potentially valuable drug could 
be discarded and lost from clinical practice if it is 
evaluated using a sub-optimal dose. 

• Past experience with parenteral inhibitors indicates that 
both oral factor Xa and thrombin inhibitors will be 
effective for most indications. An exception might exist 
for prosthetic heart valves in which the contact activation 
pathway is likely to contribute to thrombogenesis.



• This prediction is based on the failure of fondaparinux (a 
parenteral factor Xa inhibitor) to prevent  atheter-related 
thrombosis in the acute coronary syndrome trials and its 
parallel inability to inhibit contact pathway activation of the 
coagulation cascade. On the other hand, thrombin 
inhibition (using bivalirudin) does not appear to be 
associated with catheter-related thrombosis. On the basis 
of these observations, it is conceivable that factor Xa 
inhibitors might be less effective than thrombin inhibitors 
(like dabigatran) in  reventing thromboembolic 
complications in patients with mechanical heart valves.



• In addition to the efficacy and safety demonstrated in the 
VTE prevention trials, the long-term safety and cost will 
also determine the acceptance and uptake of new oral 
anticoagulants into clinical practice. Dabigatran etexilate 
and  rivaroxaban have been approved for use in Europe 
and Canada and are priced similarly to prophylactic doses 
of LMWH. Additional efficacy data as well as long-term 
safety data will be obtained from phase III trials in patients 
with AF and VTE that are either in the later stages of 
completion or currently ongoing.



Clinical programme overview: 
50,000 patients to be enrolled

VTE prevention in 
hospitalized medically ill 
patients

Secondary prevention of 
acute coronary syndromes

Japanese Phase III study 
Stroke prevention in atrial 
fibrillation

• EINSTEIN-DVT 
• EINSTEIN-PE
• EINSTEIN-EXT

• ODIXa-DVT
• EINSTEIN-DVT

VTE treatment

• RECORD1    
• RECORD2
• RECORD3
• RECORD4

• ODIXa-HIP1 
• ODIXa-HIP2
• ODIXa-KNEE
• ODIXa-OD-HIP

VTE prevention after major 
orthopaedic surgery

Phase III Phase II

>42,000~8,000
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