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Why Direct Thrombin Inhibitors?
The Critical Role of Thrombin
• Thrombin is a link between vessel injury, coagulation, 

and platelet response

ADP=adenosine diphosphate.
Coughlin SR. Nature. 2000;407:258-264. Monroe DM et al. Arterioscler Thromb Vasc Biol. 2002;22:1381-1389.
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Bivalirudin
• Highly specific direct thrombin inhibitor
• Synthetic peptide analog of hirudin
• 20 amino acids MW = 2180 daltons, very low 

immunogenic potential
• No non-specific binding
• Reversible binding to thrombin
• Elimination by proteolytic and renal mechanisms 

¡ Majority proteolytic
¡ Clearance reduced ~20% in mild or moderate renal 

impairment
¡ No active metabolites

FDA approval:FDA approval:
Patients undergoing PCI; patients with or at risk of HIT/TSPatients undergoing PCI; patients with or at risk of HIT/TS



Moderate
and high
risk ACS

(n=13,819)

Study Design – First RandomizationStudy Design – First Randomization
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Aspirin in all
Clopidogrel

dosing and timing
per local practice

Aspirin in all
Clopidogrel

dosing and timing
per local practice

UFH/Enox
+ GP IIb/IIIa
(n=4,603)

Bivalirudin
+ GP IIb/IIIa
(n=4,604)

Bivalirudin
Alone 

(n=4,612)

R*

*Stratified by pre-angiography thienopyridine use or administration*Stratified by pre-angiography thienopyridine use or administration

Moderate and high risk unstable angina or NSTEMI 
undergoing an invasive strategy (N = 13,819)

Moderate and high risk unstable angina or NSTEMI 
undergoing an invasive strategy (N = 13,819)

Medical
management

PCI

CABG

56%

11%

33%
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Days from Randomization

10

20 UFH/Enoxaparin + IIb/IIIa
Bivalirudin + IIb/IIIa

Bivalirudin alone

Estimate
P

(log rank)

30 day

7.4%
0.367.8%
0.347.9%

—

Estimate
P

(log rank)

16.3%
0.3816.5%
0.3116.4%

1 year

—

p=0.55

Bivalirudin alone vs. Hep+GPI
HR [95% CI] = 1.05 (0.95-1.17)

Bivalirudin+GPI vs. Hep+GPI
HR [95% CI] = 1.05 (0.94-1.16)

Ischemic Composite Endpoint
(Death, MI, unplanned revascularization for ischemia)

Ischemic Composite Endpoint
(Death, MI, unplanned revascularization for ischemia)

UFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin AloneUFH/Enoxaparin + GPI vs. Bivalirudin + GPI vs. Bivalirudin Alone
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Estimate

Major Bleed only (without MI) (N=551) 12.5%
28.9%Both MI and Major Bleed (N=94)

3.4%No MI or Major Bleed (N=12,557)
MI only (without Major Bleed) (N=611) 8.6%

Impact of MI and Major Bleeding (non-CABG) in 
the First 30 Days on Risk of Death Over 1 Year

28.9%

12.5%
8.6%

3.4%



TwoTwo--Year FollowYear Follow--up from a Prospective, up from a Prospective, 
Randomized Trial of Heparin Plus Randomized Trial of Heparin Plus 
Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa Inhibitors vs. Inhibitors vs. 

BivalirudinBivalirudin and and PaclitaxelPaclitaxel--Eluting vs. Eluting vs. 
BareBare--Metal Metal StentsStents in STEMIin STEMI

Gregg W. Stone MDGregg W. Stone MD
For the HORIZONSFor the HORIZONS--AMI InvestigatorsAMI Investigators



HHarmonizing armonizing OOutcomes with utcomes with RRevascularevascularizizatiationon and and SStentstents in in AMIAMI

3602 pts with STEMI with symptom onset 3602 pts with STEMI with symptom onset ≤≤12 hours12 hours

Emergent angiography, followed by triage toEmergent angiography, followed by triage to……

Primary PCIPrimary PCICABGCABG –– Medical RxMedical Rx––

UFH + GP UFH + GP IIb/IIIaIIb/IIIa inhibitorinhibitor
((abciximababciximab or or eptifibatideeptifibatide))

BivalirudinBivalirudin monotherapymonotherapy
((±± provisional GP provisional GP IIb/IIIaIIb/IIIa))

Aspirin, Aspirin, thienopyridinethienopyridine
R 

1:1

3006 pts eligible for 3006 pts eligible for stentstent randomizationrandomization R 
3:1

Bare metal EXPRESS Bare metal EXPRESS stentstentPaclitaxelPaclitaxel--eluting TAXUS eluting TAXUS stentstent

Clinical FU at 30 days, 6 months, 1 year, and then
yearly through 5 years; angio FU at 13 months

Clinical FU at 30 days, 6 months, 1 year, and then
yearly through 5 years; angio FU at 13 months



Primary Management Strategy*Primary Management Strategy*
UFH + GP IIb/IIIa
Inhibitor N=1802

Bivalirudin Monotherapy
N=1800

Primary PCI Deferred PCI CABG Medical Rx

**Primary ITT analysis includes all pts regardless of treatmentPrimary ITT analysis includes all pts regardless of treatment



Diff = Diff = 0.0% [-1.6, 1.5]
RR = 0.99RR = 0.99 [0.76, 1.30]

PPsupsup = 1.00= 1.00

Primary Outcome Measures (ITT)

Diff = Diff = -3.3% [-5.0, -1.6]
RR = RR = 0.60 [0.46, 0.77]

PPNINI ≤≤ 0.00010.0001
PPsupsup ≤≤ 0.00010.0001

Diff = Diff = -2.9% [-4.9, -0.8]
RR = RR = 0.76 [0.63, 0.92]

PPNINI ≤≤ 0.00010.0001
PPsupsup = 0.006= 0.006

1° endpoint 1° endpoint

**Not related to CABGNot related to CABG
**MACE = All cause death, **MACE = All cause death, reinfarctionreinfarction, ischemic TVR or stroke, ischemic TVR or stroke



30 Day Bleeding Endpoints30 Day Bleeding Endpoints
UFH + GP UFH + GP IIb/IIIaIIb/IIIa

(N=1802)(N=1802)
BivalirudinBivalirudin
(N=1800)(N=1800) P ValueP Value

Protocol Major, non CABG*Protocol Major, non CABG* 8.3%8.3% 4.9%4.9% <0.0001<0.0001

Protocol Major, AllProtocol Major, All 10.8%10.8% 6.8%6.8% <0.0001<0.0001

Protocol MinorProtocol Minor 15.4%15.4% 8.6%8.6% <0.0001<0.0001

Blood transfusionBlood transfusion 3.5%3.5% 2.1%2.1% 0.010.01

TIMI MajorTIMI Major 5.0%5.0% 3.1%3.1% 0.0030.003

TIMI MinorTIMI Minor 4.6%4.6% 2.8%2.8% 0.0080.008

TIMI Major or MinorTIMI Major or Minor 9.6%9.6% 5.9%5.9% <0.0001<0.0001

GUSTO LT** or SevereGUSTO LT** or Severe 0.6%0.6% 0.4%0.4% 0.650.65

GUSTO ModerateGUSTO Moderate 5.0%5.0% 3.1%3.1% 0.0030.003

GUSTO LT GUSTO LT -- SevSev -- ModMod 5.6%5.6% 3.5%3.5% 0.0030.003

**Primary endpoint; **Life threateningPrimary endpoint; **Life threatening



30 Day 30 Day StentStent Thrombosis (N=3,124)Thrombosis (N=3,124)
UFH +    UFH +    

GP GP IIb/IIIaIIb/IIIa
(N=1553)(N=1553)

BivalirudinBivalirudin
(N=1571)(N=1571)

PP
ValueValue

ARC definite or probable* 1.9%1.9% 2.5%2.5% 0.330.33

- definite 1.4%1.4% 2.2%2.2% 0.110.11

- probable 0.5%0.5% 0.3%0.3% 0.260.26

- acute (≤24 hrs) 0.3%0.3% 1.3%1.3% 0.00090.0009

- subacute (>24 hrs – 30d) 1.7%1.7% 1.2%1.2% 0.300.30

**Protocol definition of Protocol definition of stentstent thrombosis, CEC adjudicatedthrombosis, CEC adjudicated



30 Day Mortality: 30 Day Mortality: Cardiac and Non CardiacCardiac and Non Cardiac

Number at riskNumber at risk
BivalirudinBivalirudin 18001800 17581758 17511751 17461746

17421742 17291729 16661666
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa 18021802 17641764 17481748 17361736

17281728 17071707 16301630

D
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)
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 (%
)

Time in DaysTime in Days

2.9%

1.8%

Heparin + GPIIb/IIIa inhibitor (n=1802)
Bivalirudin monotherapy (n=1800)

0.3%
0.2%

Cardiac

Non cardiac

HR [95%CI] =
0.62 [0.40, 0.96]

P=0.029



HHarmonizing armonizing OOutcomes with utcomes with RRevascularevascularizizatiationon and and SStentstents in in AMIAMI

UFH + GP IIb/IIIa
N=1802

Bivalirudin
N=1800

R 
1:1

RandomizedRandomized

* * Biomarkers WNL and no DS >50% by core lab determination (30 day Biomarkers WNL and no DS >50% by core lab determination (30 day FU only)FU only)

11--Year FU EligibleYear FU Eligible

22--Year FUYear FU N=1672 (94.4%) N=1693 (95.6%)

N=1772 N=1771
•• •• •• Withdrew Withdrew •• •• ••
•• •• •• Lost to FU Lost to FU •• •• ••

2626
1313

2222
1919

3602 pts with STEMI3602 pts with STEMI

•• •• •• Not true MI* Not true MI* •• •• ••3030 2929

11--Year FUYear FU N=1733 (97.8%) N=1730 (97.7%)
•• •• •• Withdrew Withdrew •• •• ••
•• •• •• Lost to FU Lost to FU •• •• ••

1313
4848

1212
2525



TwoTwo--Year Major Bleeding (nonYear Major Bleeding (non--CABG)*CABG)*

**Intracranial intraocular, retroperitoneal, access site bleed reqIntracranial intraocular, retroperitoneal, access site bleed requiring intervention/surgery, uiring intervention/surgery, 
hematomahematoma ≥≥5 cm, 5 cm, hgbhgb ↓↓ ≥≥3g/dL with or 3g/dL with or ≥≥4g/dL w/o overt source; 4g/dL w/o overt source; reoperationreoperation for bleeding;            for bleeding;            
or blood product transfusionor blood product transfusion

18001800 16031603 15711571 15401540 12901290
18021802 15351535 15051505 14531453 12181218

p<0.001p<0.001

HR [95%CI]=HR [95%CI]=
0.64 [0.51, 0.81]0.64 [0.51, 0.81]
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00 33 66 99 1212 1515 1818 2121 2424

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa



TwoTwo--Year Major Adverse CV Events*Year Major Adverse CV Events*

**MACE = All cause death, MACE = All cause death, reinfarctionreinfarction, ischemic TVR or stroke, ischemic TVR or stroke

18001800 15841584 15141514 14011401 11601160
18021802 15771577 15191519 14001400 11431143

p= 0.99p= 0.99

HR [95%CI]=HR [95%CI]=
1.00 [0.86, 1.17]1.00 [0.86, 1.17]

18.7%18.7%
18.8%18.8%
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BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa



TwoTwo--Year AllYear All--Cause MortalityCause Mortality

18001800 16901690 16581658 16261626 13571357
18021802 16691669 16371637 15791579 13241324

p= 0.070p= 0.070

HR [95%CI]=HR [95%CI]=
0.77 [0.58, 1.02]0.77 [0.58, 1.02]

4.8%4.8%
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BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

MonthsMonths

3.1%

2.1% 1 month
P=0.049

Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa



TwoTwo--Year Year ReinfarctionReinfarction

18001800 16441644 16031603 15531553 12961296
18021802 16221622 15771577 15011501 12451245

p= 0.045p= 0.045

HR [95%CI]=HR [95%CI]=
0.75 [0.57, 0.99]0.75 [0.57, 0.99]
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Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

MonthsMonths



TwoTwo--Year Death or Year Death or ReinfarctionReinfarction

18001800 16441644 16031603 15531553 12961296
18021802 16221622 15771577 15011501 12451245

p= 0.012p= 0.012

HR [95%CI]=HR [95%CI]=
0.77 [0.63, 0.94]0.77 [0.63, 0.94]
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Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

MonthsMonths



22--Year Year StentStent ThrombosisThrombosis
(ARC Definite/Probable)(ARC Definite/Probable)

16111611 15091509 14751475 14441444 12041204
15911591 14821482 14491449 13861386 11531153

p= 0.73p= 0.73

HR [95%CI]=HR [95%CI]=
0.94 [0.67, 1.32]0.94 [0.67, 1.32]

4.3%4.3%
4.6%4.6%
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Number at riskNumber at risk
BivalirudinBivalirudin alonealone
Heparin+GPIIb/IIIaHeparin+GPIIb/IIIa

BivalirudinBivalirudin alone (n=1800)alone (n=1800)
Heparin + Heparin + GPIIb/IIIaGPIIb/IIIa (n=1802)(n=1802)

MonthsMonths



22--Year Year StentStent Thrombosis* (N=3,202)Thrombosis* (N=3,202)
UFH + GPIUFH + GPI
(N=1591)(N=1591)

BivalirudinBivalirudin
(N=1611)(N=1611)

PP
ValueValue

ARC definite or probable, ARC definite or probable, ≤≤24 hours24 hours 0.3%0.3% 1.5%1.5% <0.001<0.001

-- definite, definite, ≤≤24 hours24 hours 0.2%0.2% 1.5%1.5% <0.001<0.001

-- probable, probable, ≤≤24 hours24 hours 0.1%0.1% 0.0%0.0% 0.320.32

ARC definite or probable, >24h ARC definite or probable, >24h –– 2y2y 4.4%4.4% 2.9%2.9% 0.030.03

-- definite, >24 hours definite, >24 hours –– 2 year2 year 3.6%3.6% 2.6%2.6% 0.110.11

-- probable, >24 hours probable, >24 hours –– 2 year2 year 0.8%0.8% 0.3%0.3% 0.080.08

ARC definite or probable, ARC definite or probable, ≤≤2 years2 years 4.6%4.6% 4.3%4.3% 0.730.73

-- definite, definite, ≤≤22--yearyear 3.8%3.8% 3.9%3.9% 0.710.71

-- probable, probable, ≤≤22--yearyear 0.8%0.8% 0.3%0.3% 0.050.05

**All KaplanAll Kaplan--Meier estimates; all CEC adjudicatedMeier estimates; all CEC adjudicated
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THE LANCET

Available at www.thelancet.com

Presentation slides available at www.timi.org
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Extrinsic Pathway
Tissue factor, FVII 

Thrombin
(F IIa)

Fibrin Formation
Platelet Aggregation

Intrinsic Pathway
FXII, FXI, FIX, 
FVIII, PL, Ca2+

Prothrombin
(F II)

Factor V

OTAMIXABAN
• Specific, Direct, IV, Factor Xa Inhib

– Proximal inhib of coag cascade

• Small molecule
– Inhibits clot-bound factor Xa,

which is inaccessible to
large molecule & indirect inhibitors

• Favorable PK/PD profile
– Short-acting (half-life 30 min)
– Wt-based bolus & infusion
– No need for monitoring
– No significant renal elimination

Common Pathway
Factor X ® Factor Xa

Coagulation 
Cascade



Clinical Efficacy CompositeClinical Efficacy Composite
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Cohen M et al. Circulation 2007:115:2642
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947 patients undergoing non-urgent PCI
Greater reduction in thrombin generation w/ OTAM vs. UFH

mg/kg/hr



Study Design:Study Design:
Phase II, DosePhase II, Dose--RangingRanging

Mod-to-High Risk NSTE ACS (ST deviation or Å biomarker)
w/ Planned Early Invasive Strategy

OTAM
0.035

(n=125)

OTAM
0.035

(n=125)

RAspirin +
Clopidogrel

Blinded bail-out 
eptifibatide if rec. 

ischemia or 
thrombotic

complic. during 
PCI

OTAM / UFH until end of 
PCI (or longer if indic)

Eptifibatide until 18-24 h 
after end of PCI

1° EP: Death, MI, Urgent Revasc, Bail-out IIb/IIIa thru 7 d1° EP: Death, MI, Urgent Revasc, Bail-out IIb/IIIa thru 7 d

Coronary angiography ± PCI within 3 daysCoronary angiography ± PCI within 3 days

OTAM
0.070

(n=676)

OTAM
0.070

(n=676)

OTAM
0.140

(n=658)

OTAM
0.140

(n=658)

OTAM
0.175

(n=671)

OTAM
0.175

(n=671)

OTAM
0.105

(n=662)

OTAM
0.105

(n=662)

UFH +  
Eptifi.
(n=449)

UFH +  
Eptifi.
(n=449)

at or before randomization

Follow-up at Day 30, Day 90, Day 180Follow-up at Day 30, Day 90, Day 180
25

double-blind



Cardiac ProceduresCardiac Procedures
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Primary Efficacy EndpointPrimary Efficacy Endpoint
Death, MI, Urg Revasc, or Bailout GP IIb/IIIaDeath, MI, Urg Revasc, or Bailout GP IIb/IIIa
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0.61
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P=0.34 for trend across OTAM Dose Arms

RR vs UFH
(95% CI)
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n=125 n=676 n=662 n=658 n=671 n=449

RR 0.60 (95% CI 0.38-0.94)
P=0.02

mg/kg/hr



Primary Endpoint over 180 DaysPrimary Endpoint over 180 Days
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Death or MIDeath or MI
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n=125 n=676 n=662 n=658 n=671 n=449

RR 0.54 (95% CI 0.32-0.91)
P=0.02

mg/kg/hr



Thrombotic ComplicationsThrombotic Complications
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mg/kg/hr

2.52
(0.82-7.74)

2.06
(0.89-4.78)

RR vs UFH
(95% CI)

PCI Subset, PCI Subset, n=2032 (63%)n=2032 (63%)

Defined as: abrupt or side 
branch closure, distal 
embolization or no/slow reflow, 
or new thrombus



Primary Safety EndpointPrimary Safety Endpoint
TIMI Major or Minor Bleed unrelated to CABGTIMI Major or Minor Bleed unrelated to CABG
(defined as (defined as bleed with ¯ in Hgb of ³3 g/dL or ICH)
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TIMI Minimal BleedingTIMI Minimal Bleeding
(defined as any overt (defined as any overt bleed with ¯ in Hgb of <3 g/dL)
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TIMI major bleedingTIMI major bleeding
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ConclusionsConclusions
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anticoagulation
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Excessive 
bleeding
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0.105

OTAM
0.105

Decreased risk of death or 
ischemic events,

with comparable risk of maj/min 
bleeding c/w UFH + eptifi

Otamixaban 0.105-0.140 mg/kg/h appears to be best range 
for further study as a replacement for UFH + GP IIb/IIIa
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