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Executive Summary:  

· Ticagrelor is a cyclopentyltriazolopyrimidine anti-platelet agent.  In contrast to the thienopyridines (ticlopidine, clopidogrel, and prasugrel) that irreversibly bind to the P2Y12 adenosine diphosphate (ADP)-receptor for the life of the platelet, ticagrelor and its active metabolite reversibly interact with the P2Y12 receptor on the platelet to prevent signal transduction and platelet activation.
· Ticagrelor is indicated for the reduction of thrombotic cardiovascular events in patients with acute coronary syndrome (ACS) (unstable angina, non-ST elevation myocardial infarction [NSTEMI], and ST elevation MI [STEMI]).
· Ticagrelor exhibits more rapid, profound and consistent antiplatelet activity with a quicker recovery and less inter-subject variability compared to clopidogrel, as shown in patients with stable coronary artery disease. In the double blind, randomized ONSET/OFFSET study, significant effects on inhibition of platelet aggregation (IPA) (with 20 umol/L adenosine diphosphate [ADP]) were seen with ticagrelor at 0.5 hours after loading.  At 2 hours after loading, the inhibition of platelet aggregation (IPA) with 20 umol/L ADP was 88% with ticagrelor vs. 38% with clopidogrel.  IPA remained higher with ticagrelor after 6 weeks of maintenance dosing.  Upon discontinuation, IPA was similar with ticagrelor and clopidogrel for the first 48 hours, and then declined more rapidly with ticagrelor, with significantly lower IPA at 3-5 days.  IPA did not differ from placebo by day 5 with ticagrelor and day 7 with clopidogrel.  In the RESPOND study, ticagrelor was associated with consistently more profound platelet inhibition than clopidogrel including in patients deemed clopidogrel nonresponders, as assessed by several methods.     
· The recommended dose of ticagrelor is a loading dose of 180 mg orally followed by a maintenance dose of 90 mg orally twice daily, given with background aspirin therapy (75-100 mg daily).  Ticagrelor can be administered without regard to meals. No dose adjustment is needed for patients with renal impairment or mild hepatic impairment.  

· The effect of ticagrelor on reducing the risk of subsequent vascular events and death in 18,624 patients with ACS was compared to clopidogrel in the pivotal, phase 3, multicenter, randomized, double-blind, PLATO trial.  Eligible patients were hospitalized with ACS (with or without ST-segment elevation) with symptom onset of 24 hours or less and included medically and invasively managed patients.  Thirty-eight percent of the ACS population was diagnosed with STEMI, and 72% of the ACS population underwent planned invasive treatment.  The median duration of study drug exposure was 277 days.  For the primary composite endpoint of vascular death, MI, or stroke, ticagrelor was superior to clopidogrel (9.8% vs. 11.7%; HR 0.84 [0.77-0.92]; p <0.001), with significant improvements in the individual endpoints of vascular death and MI (no reduction in stroke).  Differences were apparent within 30 days and persistent for the trial’s duration.  Prespecified hierarchical testing of secondary endpoints showed superiority of ticagrelor over clopidogrel for the additional composite endpoints as well as the individual outcomes of MI and vascular death.  No benefit was found with ticagrelor for all-cause stroke, and there were a higher number of hemorrhagic strokes and strokes of uncertain origin with ticagrelor.  Because of the hierarchical testing design, ticagrelor was not found to significantly reduce all-cause mortality in the PLATO trial.  Of the 61% of patients who received a stent, fewer cases of definite stent thrombosis occurred in the ticagrelor vs. clopidogrel group (1.3% vs. 1.9%; HR 0.67 [0.5-0.91]; p=0.009).  In the 6% (n=1152) patients with a history of stroke/TIA and at higher risk of recurrent cardiovascular events, primary event rates were nearly doubled, though the treatment effect of ticagrelor vs. clopidogrel appeared to be maintained. Relative effectiveness and safety appeared to be maintained in patients ≥75 compared to younger patients; however, there was a trend of higher stroke risk with ticagrelor vs. clopidogrel in patients ≥75 years of age compared to patients <75 years of age (HR 1.58 vs. HR 1.02).
· The U.S. population included 1413 patients (7.6% of study population).  In contrast to the improved outcomes found with ticagrelor in the non-U.S. patients in PLATO, a trend of worse outcomes was observed in the U.S. subgroup (p=0.01 for treatment-by-region interaction).  The primary endpoint of vascular death, MI, or stroke occurred in 11.9% of ticagrelor and 9.5% of U.S. patients (HR 1.27; 95% CI 0.92-1.75; p=0.1459.  Additional investigations were conducted to explore potential reasons for the geographic differences in outcomes.  No systematic errors in trial conduct between regions were identified.  The possibility of a chance finding could not be ruled out.  After evaluating several baseline and clinical management variables, the only difference was found to be the aspirin dose.  Overall, lower maintenance doses aspirin were associated with lower event rates with ticagrelor, and higher maintenance doses of aspirin were associated with higher event rates with ticagrelor.
· In the PLATO trial, bleeding events were similar or higher with ticagrelor compared to clopidogrel.  Compared to clopidogrel, ticagrelor was associated with a statistically similar rate of major bleeding according to the PLATO study definition (11.6% ticagrelor vs. 11.2% clopidogrel; HR 1.04; 95% CI 0.95-1.13; p=0.43).  Ticagrelor-treated patients experienced significantly more non-coronary artery bypass graft (CABG) surgery-related major bleeding.  Ticagrelor was associated with a significantly higher risk of fatal intracranial hemorrhage compared to clopidogrel.  When nonfatal and fatal events were combined, there was a trend of increased risk with ticagrelor that approached statistical significance.  

· Ticagrelor is associated with an increase in Holter-detected bradyarrhythmias.  Patients with an increased risk of bradycardiac events were excluded from the PLATO trial.  In the subgroup of patients from PLATO who underwent two week-long periods of continuous electrocardiogram monitoring, clinical bradycardic adverse events (syncope, heart block, pacemaker placement, cardiac arrest) occurred in low and similar rates in the ticagrelor and clopidogrel groups.  In the total PLATO population, there was a nonsignificant excess of bradycardia and syncope related adverse events with ticagrelor.
· Dyspnea was reported significantly more frequently with ticagrelor compared to clopidogrel in PLATO and led to more treatment discontinuations, although the total number of patients discontinuing treatment was small.  Most cases of dyspnea were classified by the investigator as mild to moderate in severity and did not result in treatment discontinuation.  

· More patients on ticagrelor discontinued treatment due to adverse events compared to clopidogrel in the PLATO trial (7.4% vs. 6%; p<0.001).

· Ticagrelor is contraindicated in patients with a history of intracranial hemorrhage, active pathological bleeding, severe hepatic impairment, and hypersensitivity to the agent.  Boxed warnings are included in the prescribing information warning on the risk of bleeding and the reduced effectiveness of ticagrelor when used in combination with aspirin doses greater than 100 mg daily.

· Drug interactions with ticagrelor are related to its metabolism.  Ticagrelor is metabolized primarily by CYP3A4 and to a lesser extent by CYP3A5.  Ticagrelor and its active metabolite are weak substrates and inhibitors of P-gp transporter.  In addition, an increased risk of bleeding is anticipated if ticagrelor is administered with other agents that affect bleeding risk.
· Ticagrelor has only been evaluated in patients with ACS.  The safety and efficacy of ticagrelor for use in other situations is unknown at this time.

Introduction

The spectrum of ACS encompasses an array of clinical symptoms consistent with acute coronary ischemia and includes UA and MI ([NSTEMI and STEMI]).
  Management of ACS is based on clinical presentation and risk assessment and may include medical management, percutaneous coronary intervention (PCI), or CABG surgery.  UA and NSTEMI are considered closely related conditions that are usually caused by a narrowing of the coronary artery due to a thrombus.  The diagnosis of UA is made when there are no elevations of biomarkers (e.g., troponin, creatinine kinase-myocardial bands [CK-MB]).  In patients with STEMI, there is a high likelihood of complete occlusion of a coronary artery, and immediate consideration of reperfusion therapy (pharmacological or catheter-based) is indicated.
  Goals of treatment of UA/NSTEMI are to provide immediate relief of ischemia and prevent serious outcomes including death or MI.  In STEMI, the immediate goal is to restore perfusion.  

Platelet adhesion, activation, and aggregation are stimulated in ACS, and anti-platelet therapy is a key component of therapy.  Aspirin, consistently shown to be associated with improvement in outcomes including reductions in MI and/or death, should be administered to all patients with ACS and continued indefinitely, unless contraindicated (e.g., true aspirin allergy).1,2   

For those patients with ACS who undergo PCI, dual anti-platelet therapy (DAPT) with aspirin plus a P2Y12 antagonist (ticlopidine, clopidogrel, prasugrel, ticagrelor) has been shown to significantly reduce secondary cardiovascular events compared with aspirin alone and is recommended by current national guidelines. 
,
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  Ticlopidine, clopidogrel, and prasugrel are irreversible thienopyridine antiplatelet agents.  Clopidogrel requires a two-step process for activation, and prasugrel requires one-step for activation in the body.  The use of ticlopidine, the first available thienopyridine in the U.S., has largely been replaced by clopidogrel, due to less favorable tolerability and adverse event profile with ticlopidine (e.g., gastrointestinal complaints, neutropenia, and rarely, thrombotic thrombocytopenia purpura [TTP]).  Limitations of clopidogrel are that it may be associated with a variable response between individuals and potentially clinically significant drug interactions, and it requires hours to achieve anti-platelet response following a loading dose.  Prasugrel is a newer thienopyridine agent that exhibits a more rapid onset of action, more potent and consistent platelet aggregation inhibition, although is associated with an increased risk of bleeding.  Ticagrelor is a reversible non-thienopyridine antiplatelet agent that achieves a rapid, consistent and potent response.    

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating ticagrelor for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.
Pharmacology/Pharmacokinetics/Pharmacodynamics

Ticagrelor is a cyclopentyltriazolopyrimidine anti-platelet agent.  Both ticagrelor and its active metabolite, AR-C124910XX, reversibly and selectively inhibit platelet activation and aggregation mediated by the P2Y12 adenosine diphosphate (ADP)-receptor.  In contrast to the thienopyridines (e.g., clopidogrel, prasugrel, and ticlopidine) which irreversibly bind to the P2Y12 receptor for the life of the platelet, ticagrelor and its active metabolite reversibly interact with the P2Y12 receptor on the platelet to prevent signal transduction and platelet activation. 
Ticagrelor does not require metabolic activation to exert its pharmacologic effect.  CYP3A is primarily responsible for the metabolism of ticagrelor to its active metabolite.  Ticagrelor and its active metabolite are approximately equipotent, and the systemic exposure of the active metabolite is approximately 30-40% of the exposure of ticagrelor. 

Results from the double blind, randomized ONSET/OFFSET study that compared ticagrelor (180 mg load followed by 90 mg twice daily) and clopidogrel (600 mg load followed by 75 mg daily) for 6 weeks in 123 patients with stable coronary artery disease (and on low dose aspirin 75-100 mg) found that ticagrelor exerts more rapid and potent antiplatelet activity with a faster offset of action.
  Significant effects on inhibition of platelet aggregation (IPA) (with 20 umol/L ADP were seen with ticagrelor at 0.5 hours after loading.  At 1 hour, about 80% IPA was achieved, which was higher than the maximal IPA reached after loading with clopidogrel.  At 2 hours after loading, the inhibition of platelet aggregation (IPA) with 20 umol/L ADP was 88% with ticagrelor vs. 38% with clopidogrel.  More patients treated with ticagrelor achieved >70% IPA (90% vs. 16%) at 2 hours.  IPA remained higher with ticagrelor after 6 weeks of maintenance dosing.  Upon discontinuation, IPA was similar with ticagrelor and clopidogrel for the first 48 hours, and then declined more rapidly with ticagrelor, with significantly lower IPA at 3-5 days.  The data suggest that patients who miss one dose of ticagrelor have similar levels of platelet inhibition at the 24 hour mark as patients who are on maintenance clopidogrel therapy.  The finding that there was no significant difference in platelet inhibition between ticagrelor and clopidogrel until 72 hours may limit the usefulness of claims for reversibility of this agent.  IPA did not differ from placebo by day 5 with ticagrelor and day 7 with clopidogrel.  
In the randomized, double-blind, double-dummy crossover RESPOND study, the anti-platelet activity of ticagrelor and clopidogrel was evaluated in 88 patients with stable coronary artery disease and on aspirin 75-100 mg daily.
  Patients were stratified as clopidogrel responders or nonresponders based on their platelet response to a 300 mg one time dose and then randomized to ticagrelor (180 mg load followed by 90 mg twice daily) or clopidogrel (600 mg load followed by 75 mg daily) for 14 days.  Nonresponders were then crossed over to the other agent using the same load/maintenance dosing strategy for another 14 days.  Half of the responders switched to the other agent (with loading dose), while the other half continued on the current drug without an additional loading dose.  Ticagrelor was associated with consistently more profound platelet inhibition than clopidogrel including in patients deemed clopidogrel nonresponders, as assessed by several methods.  The study was not powered to detect differences in safety endpoints, though five serious adverse events and one major and three minor bleeding events were reported, all in the ticagrelor group.  
Table 1. Pharmacokinetics of Ticagrelor9
	Parameter
	Ticagrelor
	Active Metabolite (AR-C124910XX)

	Bioavailability
	36%
	n/a

	Tmax
	1.5 hr
	2.5 hr

	Protein Binding
	>99%
	>99%

	Metabolism
	CYP3A4 (major enzyme responsible for the formation of active metabolite); 
weak P-gp substrate and inhibitor
	Weak P-gp substrate and inhibitor

	Elimination
	Hepatic metabolism
	Biliary excretion

	Half-life
	7 hrs
	9 hrs


P-gp=P-glycoprotein
FDA Approved Indication(s)9
Ticagrelor is indicated for the reduction of thrombotic cardiovascular events in patients with ACS (UA, NSTEMI, or STEMI).

Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
There may be interest in the use of ticagrelor for elective coronary stent placement, non-cardiac stenting, antiplatelet therapy in true aspirin allergy, and as an alternative to clopidogrel where hyporesponsiveness or failure is suspected despite compliance.  The use of ticagrelor in settings other than ACS is off-label and not recommended.
Current VA National Formulary Alternatives

Clopidogrel, restricted to PBM Criteria for Use.
Dosage and Administration9
· Initiate at 180 mg orally; continue at a maintenance dose of 90 mg orally twice daily without regard to meals.

· Ticagrelor was studied in combination with aspirin.  After the initial loading dose of aspirin (typically 325 mg), use aspirin at a daily maintenance dose of 75-100mg with ticagrelor (see Warnings and Precautions).
· If a patient misses a dose, the next dose should be taken at the regularly scheduled time (doses should not be doubled).

· No dose adjustment is needed for patients with renal impairment or mild hepatic impairment.  No data are available for patients on dialysis or in patients with moderate hepatic impairment.  Ticagrelor is contraindicated in patients with severe hepatic impairment, given the hepatic metabolism of ticagrelor and increased bleeding risk in these patients (See Contraindications). 
Outcome Measures (Pivotal Clinical Trial)

Primary Endpoints
· Efficacy:  Composite of MI, stroke, or vascular death

· Safety:  Any major bleeding

· Life threatening major bleeding:  fatal bleeding, intracranial bleeding, or intrapericardial bleeding with cardiac tamponade, hypovolemic shock or severe hypotension due to bleeding that required pressors or surgery, hemoglobin drop of >5 g/dL, or transfusion of ≥4 units of red blood cells (discussed under Adverse Events/Safety section)
· Other major bleeding:  hemoglobin drop of 3-5 g/dL, transfusion of 2-3 units of red blood cells, or significantly disabling bleed (e.g., intraocular with permanent vision loss) (discussed under Adverse Events/Safety section)
Other Endpoints

· Composite of vascular death, MI, or stroke in the subgroup of patients planned for invasive management
· Composite of all-cause death, MI, or stroke
· Composite of vascular death, MI, stroke, severe recurrent cardiac ischemia, recurrent cardiac ischemia, transient ischemic attack (TIA), or other arterial thrombotic event
· Individual components of vascular death, all-cause death, MI, or stroke
Other Study Assessments
In addition to the primary and secondary endpoints, several predefined objectives were assessed including the occurrence of stent thrombosis and the consistency of treatment effects and safety over time and among various subgroups.
Summary of efficacy findings 

The effect of ticagrelor on reducing the risk of subsequent vascular events and death in patients with ACS was compared to clopidogrel in the pivotal, phase 3, multicenter, randomized, double-blind, PLATO trial (Study of Platelet Inhibition and Patient Outcomes).12  Eligible patients were hospitalized with ACS (with or without ST-segment elevation) with symptom onset of 24 hours or less.  Patients were excluded if they had a need for oral anticoagulation, an increased risk of bradycardia, or received fibrinolytic therapy.  A total of 18,624patients were randomized to receive ticagrelor 180 mg loading dose followed by 90 mg twice daily or clopidogrel 300 mg loading dose (for patients who had not received open label clopidogrel prior to randomization) followed by 75 mg once daily for a planned duration of 12 months (early exit from the trial occurred at 6 or 9 months if the target number of primary events was met).  Per protocol, additional study drug was administered to patients undergoing PCI after randomization.  With a median age of 62 years, the baseline characteristics of the treatment groups were well-matched.  Thirty-eight percent of the ACS population was diagnosed with STEMI, and 72% of the ACS population underwent planned invasive treatment.  The median duration of study drug exposure was 277 days and adherence to treatment was 83%.  For the primary composite endpoint of vascular death, MI, or stroke, ticagrelor was superior to clopidogrel (9.8% vs. 11.7%; HR 0.84 [0.77-0.92]; p <0.001), with significant improvements in the individual endpoints of vascular death and MI (no reduction in stroke).  Differences were apparent within 30 days and persistent for the trial’s duration.  Treatment effects were consistent across the great majority of subgroups tested, though the benefit of ticagrelor appeared to be less in patients from North America, with low body mass index for their sex, and without prior lipid-lowering therapy.  Prespecified hierarchical testing of secondary endpoints showed superiority of ticagrelor over clopidogrel for the additional composite endpoints as well as the individual outcomes of MI and vascular death.  No benefit was found with ticagrelor for all-cause stroke, and there were a higher number of hemorrhagic strokes and strokes of uncertain origin with ticagrelor.  Because of the hierarchical testing design, ticagrelor was not found to significantly reduce all-cause mortality in the PLATO trial.  Of the 61% of patients who received a stent, fewer cases of definite stent thrombosis occurred in the ticagrelor vs. clopidogrel group (1.3% vs. 1.9%; HR 0.67 [0.5-0.91]; p=0.009).  In the 6% (n=1152) patients with a history of stroke/TIA and at higher risk of recurrent cardiovascular events, primary event rates were nearly doubled, though the treatment effect of ticagrelor vs. clopidogrel appeared to be maintained.
   
Table 2. Selected Efficacy Endpoints from PLATO

	Endpoint
	TICAG

N=9333
	CLOP

N=9291
	HR (95% CI)
	P value

	Primary Endpoint 
	
	
	
	

	
Vascular death, MI, stroke
	864 (9.8)
	1014 (11.7)
	0.84 (0.77-0.92)
	<0.001

	Secondary Endpoints
	
	
	
	

	
All-cause death, MI, stroke
	901 (10.2)
	1065 (12.3)
	0.84 (0.77-0.92)
	<0.001

	
Vascular death, MI, stroke, severe recurrent ischemia, recurrent ischemia, TIA, other arterial thrombotic event
	1290 (14.6)
	1456 (16.7)
	0.88 (0.81-0.95)
	<0.001

	
MI
	504 (5.8)
	593 (6.9)
	0.84 (0.75-0.95)
	0.005

	
Vascular death
	353 (4)
	442 (5.1)
	0.79 (0.69-0.91)
	0.001

	
Stroke (all-cause)
	125 (1.5)
	106 (1.3)
	1.17 (0.91-1.52)
	0.22

	
Ischemic
	96 (1.1)
	91 (1.1)
	-
	0.74

	
Hemorrhagic
	23 (0.2)
	13 (0.1)
	-
	0.1

	
Unknown
	10 (0.1)
	2 (0.02)
	-
	0.04

	
All-cause death
	399 (4.5)
	506 (5.9)
	0.78 (0.69-0.89)
	<0.001


Note:  Statistical significance of secondary endpoints was tested in hierarchical sequence in the order listed above until the first nonsignificant difference was found (stroke).  Findings for endpoints after the first nonsignificant result are considered exploratory (e.g., all-cause death).
Efficacy in U.S. population
Because of a prespecified subgroup analysis that showed a trend of worse outcomes for the primary endpoint with ticagrelor compared to clopidogrel in the North American population, further analysis of the U.S. population was conducted prior to FDA approval.
  The U.S. population included 1413 patients (7.6% of study population).  In contrast to the improved outcomes found with ticagrelor in the non-U.S. patients, a trend of worse outcomes was observed in the U.S. subgroup (p=0.01 for treatment-by-region interaction).  In a separate analysis investigating stent thrombosis events from PLATO, a similar trend of more definite stent thrombosis events with ticagrelor vs. clopidogrel was observed in the North American population compared with less events with ticagrelor in the rest of the world.

Table 3. Selected efficacy endpoint events for U.S. vs. non-U.S. populations from PLATO
	Endpoint
	Region
	TICAG

NUS=707

NNon-US=8626

N (%)
	CLOP

NUS=706

NNon-US=8585

N (%)
	HR (95% CI)
	P

	1° Endpt: Vascular death, MI, or stroke
	US
	84 (11.9)
	67 (9.5)
	1.27 (0.92-1.75)
	0.1459

	
	Non-US
	780 (9)
	947 (11)
	0.81 (0.74-0.90)
	<0.0001

	Vascular death
	US
	24 (3.4)
	19 (2.7)
	1.26 (0.69-2.31)
	0.4468

	
	Non-US
	329 (3.8)
	423 (4.9)
	0.77 (0.67-0.89)
	0.0005

	MI
	US
	64 (9.1)
	47 (6.7)
	1.38 (0.95-2.01)
	0.0956

	
	Non-US
	440 (5.1)
	546 (6.4)
	0.8 (0.7-0.9)
	0.0004

	Stroke
	US
	7 (1)
	4 (0.6)
	1.75 (0.51-5.97)
	0.3730

	
	Non-US
	118 (1.4)
	102 (1.2)
	1.15 90.88-1.5)
	0.2964

	All-cause death
	US
	28 (4)
	24 (3.4)
	1.17 (0.68-2.01)
	0.5812

	
	Non-US
	371 (4.3)
	482 (5.6)
	0.77 (0.67-0.88)
	0.0001


Additional, post-hoc, exploratory investigations were conducted to evaluate potential reasons for the geographic differences in outcomes.  No systematic errors in trial conduct between regions were identified.  The possibility of a chance finding could not be ruled out.  In the post hoc evaluation of several baseline and clinical management variables, the sponsor proposed to the FDA that the only explanation for the difference was the aspirin dosage.  Higher doses of aspirin were used in the U.S.  At randomization, aspirin dose was ≥300 mg in 69% vs. 37% of U.S. and non-U.S. patients, respectively.  Aspirin dose was ≥300 mg in 53% vs. 1.5% of U.S. and non-U.S. patients, respectively at day 160 and remained about the same at day 180.  Overall, lower maintenance doses aspirin were associated with lower event rates with ticagrelor, and higher maintenance doses of aspirin were associated with higher event rates with ticagrelor. 
Table 4. Primary endpoint events based on aspirin dose in U.S vs. non-U.S.
	ASA dose
	TICAG
	CLOP
	HR (95% CI)

	
	N
	Events
	N
	Events
	

	ASA ≥300 mg
	
	
	
	
	

	
US
	324
	40
	352
	27
	1.62 (0.99-2.64)

	Non-US
	140
	28
	140
	23
	1.23 (0.71-2.14)

	ASA >100 to <300 mg
	
	
	
	
	

	
US
	22
	2
	16
	2
	Not calculated

	
Non-US
	503
	62
	511
	63
	1 (0.71-1.42)

	ASA ≤100 mg
	
	
	
	
	

	
US
	284
	19
	263
	24
	0.73 (0.4-1.33)

	
Non-US
	7449
	546
	7443
	699
	0.78 (0.69-0.87)


Stent Thrombosis

Of the total PLATO study population, 61% of patients (n=11,289) underwent stenting during the study or had a previous stent placed.15  According to the Academic Research Consortium (ARC) definition of stent thrombosis, 1.6% (n=177) patients had a definite stent thrombosis.  Ticagrelor was associated with a significant reduction in definite stent thrombosis (1.4% vs. 1.9%; HR 0.67; 95% CI 0.5-0.91; p <0.05) as well as definite or probable stent thrombosis and any stent thrombosis, compared to clopidogrel.  Related to the timing events, ticagrelor was not associated with a significant reduction in the risk of acute stent thrombosis (occurring within the first 24 hours; n=25) compared to clopidogrel, though the reduction in events seen with ticagrelor was statistically significant after the first 24 hours in the subacute (24 hours to 30 days) and late phases (greater than 30 days after stent placement).
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials.
Adverse Events (Safety Data)

Deaths 
Of the phase 1 and 2 studies, there were 13 deaths reported with ticagrelor, all occurring in the phase 2 DISPERSE-2 trial which evaluated the safety of two doses of ticagrelor and clopidogrel in NSTEMI ACS patients.  The breakdown of death by treatment group was 4 (1.3%) with clopidogrel, 7 (2.4%) with ticagrelor 90 mg twice daily, and 6 (1.7%) with ticagrelor 180 mg twice daily.  Differences between treatment arms were not statistically significant.

In the phase 3 PLATO study, there were 399 (4.5%) deaths reported with ticagrelor during the efficacy period, which was significantly lower than the 506 (5.9%) deaths in the clopidogrel group.  The FDA review includes additional adjudicated deaths that occurred after the treatment period, and the HR of 0.8 with ticagrelor remained consistent.
  However, in the U.S. population, there were more deaths in the ticagrelor group compared to the clopidogrel group: 28 (4%) vs. 24 (3.4%); p >0.05.  Vascular death (includes cardiovascular, cerebrovascular, bleeding, and other deaths without a clear nonvascular cause) accounted for 95% of deaths in both groups.  The number of bleeding deaths was low and similar between both groups. 
Other Serious Adverse Events
Serious nonfatal adverse events that occurred more frequently with ticagrelor vs. clopidogrel in PLATO included dyspnea, stroke, post-procedural hemorrhage, anemia, abdominal pain, and nosebleed.16
Bleeding

In the PLATO trial, bleeding event rates were similar or higher with ticagrelor compared to clopidogrel.12 
Major bleeding

Compared to clopidogrel, ticagrelor was associated with a statistically similar rate of major bleeding according to the PLATO study definition (11.6% ticagrelor vs. 11.2% clopidogrel; HR 1.04; 95% CI 0.95-1.13; p=0.43).  Consistent results were found when TIMI criteria were used to define major bleeding.  Risk of life threatening or fatal bleeding was similar between treatment groups.  Findings for the major bleeding endpoint were consistent across the great majority of subgroups tested, including patients 75 years of age and older.12  Patients with a history of stroke/TIA (6%) experienced more major bleeds than patients without such history, though there was no relative increase in bleeding risk with ticagrelor vs. clopidogrel in these patients.13  There was a significant interaction with treatment and BMI, where patients with a BMI of 30 kg/m2 or higher were more likely to experience major bleeding on ticagrelor. 
Non-CABG and CABG-related bleeding
Ticagrelor-treated patients experienced significantly more non-CABG-related major bleeding.  Of note, no excess of CABG-related major bleeding with ticagrelor was found, even though ticagrelor was held for a shorter period prior to surgery according to the study protocol (1 to 3 days for ticagrelor vs. 5 days for clopidogrel).    
Intracranial hemorrhage

Ticagrelor was associated with a significantly higher risk of fatal intracranial hemorrhage compared to clopidogrel.  When nonfatal and fatal events were combined, there was a trend of increased risk with ticagrelor that approached statistical significance.  In the 6% of patients with prior TIA/stroke in the PLATO trial, rates of intracranial hemorrhage were significantly higher compared to patients with no history of TIA/stroke (0.8% vs. 0.2%; unadjusted HR 3.95; 95% CI 1.82-8.55; p=0.0005).  A safety signal of increased intracranial bleeding with ticagrelor vs. clopidogrel in patients with stroke/TIA history was not identified (0.9% vs. 0.7%; p >0.05), though the number of events was small.13   In the pivotal study evaluating prasugrel with clopidogrel, prasugrel was associated with a significant excess of intracranial bleeding compared to clopidogrel in patients with prior TIA/stroke.
  According to the editorial accompanying the ticagrelor sub-study in patients with a history of TIA or stroke, the available evidence suggests that there is no compelling reason to select a novel antiplatelet agent over clopidogrel in these patients.

Table 5. Selected Bleeding Endpoints from PLATO.

	Endpoint
	TICAG

N=9235
	CLOP

N=9186
	HR (95% CI)
	P value

	Major bleeding*
	961 (11.6)
	929 (11.2)
	1.04 (0.95-1.13)
	0.43

	Life threatening or fatal bleeding
	491 (5.8)
	480 (5.8)
	1.03 (0.9-1.16)
	0.7

	
Fatal bleeding
	20 (0.3)
	23 (0.3)
	0.87 (0.48-1.59)
	0.66

	
Intracranial bleeding
	26 (0.3)
	14 (0.2)
	1.87 (0.98-3.58)
	0.06

	
Fatal
	11 (0.1)
	1 (0.01)
	Not given
	0.02

	
Nonfatal
	15 (0.2)
	13 (0.2)
	Not given
	0.69

	Non-CABG related major bleed*
	362 (4.5)
	306 (3.8)
	1.19 (1.02-1.38)
	0.03

	CABG-related major bleed*
	619 (7.4)
	654 (7.9)
	0.95 (0.85-1.06)
	0.32


 *as defined by PLATO study criteria
Common Adverse Events9
Table 6. Nonhemorrhagic adverse events reported more frequently with ticagrelor and in ≥3% of pts

	Adverse Event
	TICAG

N=9235
	CLOP

N=9186

	Dyspnea
	13.8%
	7.8%

	Headache
	6.5%
	5.8%

	Cough
	4.9%
	4.6%

	Dizziness
	4.5%
	3.9%

	Nausea
	4.3%
	3.8%

	Non-cardiac chest pain
	3.7%
	3.3%

	Diarrhea
	3.7%
	3.3%

	Back pain
	3.6%
	3.3%


Other Adverse Events

Bradyarrhythmias

Ticagrelor has been associated with an increase in Holter-detected bradyarrhythmias, first unexpectedly identified during phase 2 study.
  Patients with increased risk of bradycardia were excluded from the phase 3 PLATO trial (e.g., sick sinus syndrome, second or third degree AV block, or bradycardic-related syncope not protected by a pacemaker).12  In the total PLATO population, there was a nonsignificant excess of bradycardia and syncope adverse events reported with ticagrelor.  In a prospectively defined subgroup of about 2,900 patients from the PLATO study, one-week continuous electrocardiogram (ECG) was performed in the first week of the study and again at one month.
  Two-thirds of the patients completed the second part of the monitoring at one month.  Ventricular pauses of 3 seconds or longer occurred significantly more frequently with ticagrelor vs. clopidogrel in the first week, were primarily due to sinoatrial (SA) dysfunction, and were nocturnal.  At one month, ventricular pauses occurred less frequently in both groups, and the excess seen in the ticagrelor group was no longer statistically different.  Clinical bradycardic adverse events (e.g., syncope, heart block, pacemaker placement, cardiac arrest) occurred in low rates in both groups during ECG monitoring and throughout the study with no apparent differences between ticagrelor and clopidogrel treatment.  
Dyspnea

Dyspnea was reported significantly more frequently with ticagrelor compared to clopidogrel in PLATO and led to more treatment discontinuations, although the total number of patients discontinuing treatment was small.  Most cases of dyspnea were classified by the investigator as mild to moderate in severity and did not result in treatment discontinuation.  Dyspnea was more likely to occur within the first 7 days with ticagrelor. Analysis of the 2137 patients from PLATO who reported dyspnea showed that these patients 

experienced higher rates of the primary composite endpoint (MI, stroke, or vascular death) and bleeding in both the ticagrelor and clopidogrel groups, primarily driven by higher rates of MI. 
  The suspected cause of dyspnea was more commonly unknown/unexplained with ticagrelor and related to cardiac causes (e.g., heart failure) with clopidogrel. Clinical outcomes examined 31-360 days after dyspnea was reported showed favorable event rates with ticagrelor vs. clopidogrel for the primary endpoint as well as cardiovascular death and any cause death, though there was a nonsignificant excess of MI events in the ticagrelor group.  
Table 7. Incidence of Other Adverse Events from PLATO12 
	Other Adverse event
	TICAG
	CLOP
	P value

	Bradycardiac-related (n=18,481)
	
	
	

	
Bradycardia
	4.4%
	4%
	0.21

	
Syncope
	1.1%
	0.8%
	0.08

	
Heartblock
	0.7%
	0.7%
	1.00

	
Pacemaker insertion
	0.9%
	0.9%
	0.87

	Dyspnea (n=18,481)
	
	
	

	
Any
	13.8%
	7.8%
	<0.001

	
Requiring treatment discontinuation
	0.9%
	0.1%
	<0.001

	Holter monitoring substudy at wk 1 (n=2,866)
	
	
	

	
Ventricular pause ≥3 sec

	5.8%
	3.6%
	0.006

	
Ventricular pause ≥5 sec
	2%
	1.2%
	0.10

	Holter monitoring substudy at 1 mo (n=1991)
	
	
	

	
Ventricular pause ≥3 sec

	2.1%
	1.7%
	0.52

	
Ventricular pause ≥5 sec
	0.8%
	0.6%
	0.60


Tolerability

More patients on ticagrelor discontinued treatment due to adverse events compared to clopidogrel in the PLATO trial (7.4% vs. 6%; p<0.001).12
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials.

Contraindications9
· History of intracranial hemorrhage
· Active pathological bleeding
· Severe hepatic impairment 
· Hypersensitivity
Warnings and Precautions9
	The prescribing information includes a boxed warning on the risk of bleeding with ticagrelor and recommendations for concurrent aspirin dose to maximize effectiveness.9
Bleeding

· Ticagrelor may cause significant and sometimes fatal bleeding.

· Ticagrelor should not be used in patients with active bleeding or history of intracranial hemorrhage.

· Ticagrelor should not be used in patients undergoing CABG surgery and should ideally be stopped at least 5 days prior to any surgery.

· Evaluate the potential for bleeding in patients who have undergone recent surgery/procedures (e.g., CABG, PCI) and experiencing hypotension.

· If possible, manage bleeding without discontinuing ticagrelor (as discontinuation of ticagrelor is associated with a risk of subsequent cardiovascular events).
Reduced effectiveness

· Patients on aspirin in doses above 100 mg experience reduced effectiveness of ticagrelor.  After the initial loading dose of aspirin, use with aspirin in maintenance doses of 75-100 mg.


Moderate hepatic impairment9
Ticagrelor has not been studied in patients with moderate hepatic impairment.  Consider the likelihood of increased exposure, since ticagrelor is metabolized by the liver. 

Dyspnea9,

Dyspnea was more frequently reported with ticagrelor compared to clopidogrel in PLATO (14% vs. 8%), was usually mild to moderate in severity and occasionally required discontinuation.  Patients who develop dyspnea on ticagrelor should be examined for other underlying causes.  If dyspnea is suspected to be related to ticagrelor, treatment may be continued without interruption unless the dyspnea is intolerable.
A substudy of 199 patients from PLATO that evaluated pulmonary function did not identify any significant adverse effects on pulmonary function with ticagrelor at one month or about six months, irrespective of whether the patient had dyspnea.
Discontinuation9
Unnecessary interruptions or discontinuations should be avoided.  If ticagrelor must be discontinued (e.g., active pathological bleeding or surgery), restart therapy as soon as possible.  Premature discontinuation of P2Y12 inhibitors including ticagrelor in ACS patients confers an increased risk of cardiac events including stent thrombosis, MI, and death.

Strong inhibitors or inducers of CYP3A9
CYP3A is the major enzyme responsible for the metabolism of ticagrelor and activation of its active metabolite.  Avoid the concurrent use of CYP3A strong inhibitors (e.g., ketoconazole, itraconazole, voriconazole, clarithromycin, nefazodone, ritonavir, saquinavir, nelfinavir, indinavir, atazanavir, telithromycin) and strong inducers (e.g., rifampin, dexamethasone, carbamazepine, phenytoin, phenobarbital). 
Special Populations

Geriatric
In PLATO, 43% of patients were 65 years or older, and 15% were 75 years and older. Rates for the primary efficacy endpoint (composite of vascular death, MI, or stroke) and bleeding endpoints (including major and fatal bleeds) were higher in patients 75 years of age and older compared to younger patients in both the ticagrelor and clopidogrel treatment arms in PLATO.
   The hazard ratio for ticagrelor vs. clopidogrel remained favorable for the primary efficacy endpoint in the elderly population, though the difference was not statistically significant.  No significant interaction was found for age and treatment.12 There was a trend of higher stroke risk with ticagrelor vs. clopidogrel in patients ≥75 years of age compared to patients <75 years of age (HR 1.58 vs. HR 1.02).  The trend of a higher relative risk of major bleeding and non-CABG major bleeding with ticagrelor vs. clopidogrel remained consistent in patients <75 and ≥75 years of age.
Table 8. Selected Outcomes in patients ≥75 yrs vs. <75 yrs of age23
	
	Age
	N (events)
	TICAG (%)
	CLOP (%)
	HR (95% CI)

	Vascular death, MI, or stroke
	< 75 yrs
	1399
	8.6
	10.4
	0.84 (0.75-0.93)

	
	≥ 75 yrs
	471
	17.2
	18.3
	0.89 (0.74-1.08)

	Overall major bleeding
	<75 yrs
	1,545
	11.2
	10.8
	1.04 (0.94-1.15)

	
	≥ 75 yrs
	341
	14.2
	13.5
	1.02 (0.82-1.27)

	Non-CABG major bleeding
	<75 yrs
	482
	3.9
	3.2
	1.19 (0.99-1.43)

	
	≥ 75 yrs
	183
	8.3
	7.1
	1.18 (0.87-1.59)

	Stroke
	<75 yrs
	72
	0.9
	0.7
	1.02 (0.75-1.40)

	
	≥75 yrs
	28
	3.1
	1.4
	1.58 (0.93-2.70)


Pregnancy and lactation9
Ticagrelor is an FDA Pregnancy Category C drug.  There are no studies of ticagrelor use in pregnant women.  Animal studies revealed structural abnormalities of the fetus at maternal doses of 5 to 7 times the maximum recommended human dose.  Ticagrelor should be used in pregnancy only if the potential benefit justifies the potential risk.  It is unknown whether ticagrelor is excreted in human milk, though the drug is excreted in rat milk.  Given the potential for serious adverse effects to a nursing infant potentially exposed to ticagrelor, a decision to discontinue breastfeeding or discontinue the drug should be made.
Hepatic impairment9
Ticagrelor is metabolized by the liver, and patients with hepatic impairment are at increased risk of bleeding.  Ticagrelor was not studied in patients with moderate or severe hepatic impairment.  Ticagrelor is contraindicated in severe hepatic impairment and should be used in moderate impairment only if the potential benefit outweighs the risks.  No dose adjustments are needed in mild impairment.

Renal impairment9
No dose adjustment is needed in patients with renal impairment; patients on dialysis have not been studied.
Sentinel Events

No data 

Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Ticagrelor 90mg tab
Brilinta
	None
None
	None
None
	None
None
	Ticlopidine
Tigecycline

Tiagabine

Brevital

Brintellix

Pradaxa


Drug Interactions

Drug-drug interactions9
Medications that increase the risk of bleeding
An increased risk of bleeding is anticipated if ticagrelor is administered with other agents that affect bleeding risk (e.g., anticoagulants, fibrinolytic therapy, high-dose aspirin, non-steroidal anti-inflammatory drugs [NSAIDs], etc.).  
Heparin, low molecular weight heparin, glycoprotein IIb/IIIa inhibitors, and chronic low dose aspirin were commonly used during clinical trials with ticagrelor and can be co-administered.  

Interactions related to metabolism

Ticagrelor is metabolized primarily by CYP3A4 and to a lesser extent by CYP3A5.  Ticagrelor and its active metabolite are weak substrates and inhibitors of P-gp transporter.
Table 9. Ticagrelor Drug-Drug Interactions9,

	Co-administered drug
	Effect
	Recommendations

	Strong CYP3A4 inhibitors (e.g., ketoconazole, itraconazole, voriconazole, clarithromycin, nefazodone, ritonavir, saquinavir, nelfinavir, indinavir, atazanavir, telithromycin
	Ticagrelor:  2.4 fold and 7.3 fold increase in Cmax and AUC with ketoconazole
Active metabolite:  89% and 56% decrease in Cmax and AUC
	Avoid concomitant use

	Moderate CYP3A4 inhibitors

(e.g., diltiazem, amprenavir, fluconazole, erythromycin, aprepitant)
	Ticagrelor:  69% and 74% increase of Cmax and AUC with diltiazem

Active metabolite:  38% and 13% decrease of Cmax and AUC
	No adjustment needed

	Strong CYP3A4 inducers
(e.g., rifampin, dexamethasone, carbamazepine, phenytoin, phenobarbital)
	Ticagrelor:  73% and 86% reduction in Cmax and AUC along with a 67% reduction in t ½ with rifampin.  Platelet inhibition was maintained, though platelet recovery was quicker.
Active metabolite:  No change in Cmax and 46% reduction in AUC
	May reduce efficacy of ticagrelor; avoid concomitant use

	Substrates of CYP3A4
(e.g., simvastatin, lovastatin, atorvastatin, midazolam)
	Ticagrelor and active metabolite:  no clinically relevant effects on ticagrelor exposure based on studies with simvastatin, atorvastatin, or midazolam
Simvastatin: varying increases of up to 2-3 fold in Cmax and AUC; no change in tmax or t ½ 

Atorvastatin:  23% and 36% increases in Cmax and AUC; no change in tmax or t ½; not considered clinically significant

Midazolam:  27% and 32% reductions in midazolam Cmax and AUC; no changes in tmax or t ½ or in concentrations of midazolam’s active metabolite.
	Avoid coadministration with simvastatin or lovastatin in doses >40 mg 

No adjustment needed for atorvastatin

	Proton pump inhibitors
	No significant effects on antiplatelet activity of ticagrelor
	Can be co-administered

	Ethinyl estradiol/levonorgestrel
	Ethinyl estradiol: 31% and 20% increase in Cmax and AUC; not considered clinically significant
Levonorgestrel: no changes

Ticagrelor: no significant changes to Cmax and AUC
	No adjustments needed

	Digoxin
	Digoxin is a P-gp substrate with a narrow therapeutic index
	Monitor digoxin levels upon initiation and with any changes in therapy

	Aspirin
	Maintenance doses of aspirin >100 mg daily reduced effectiveness of ticagrelor
	Avoid maintenance doses of aspirin >100 mg daily


Drug-Lab Interactions9
Elevated serum creatinine:  In PLATO, an increase in serum creatinine of ≥50% occurred in more patients receiving ticagrelor compared to clopidogrel (7.4% vs. 5.9%).  Most patients continued therapy without progressive increases, and the effects tended to be reversible upon discontinuation.  Serious renal adverse effects were not different between ticagrelor and clopidogrel treatment groups.
Elevated serum uric acid:  In PLATO, patients treated with ticagrelor experienced greater increases in uric acid levels compared to clopidogrel (0.6 mg/dL vs. 0.2 mg/dL difference from baseline).  Effects were reversible within 30 days of discontinuation of treatment, and there was no excess of gout adverse events reported with ticagrelor.
Acquisition Costs

Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis

No published pharmacoeconomic analysis from the U.S. perspective using the U.S. results from PLATO (which differed from non-U.S. results) was identified.
Guidelines

Current guidelines for the management of cardiovascular disease from the American College of Cardiology Foundation /American Heart Association (ACCF/AHA)6,7 and the American College of Chest Physicians (ACCP)8 have incorporated recommendations for the newer antiplatelet agents.    
The ACCF/AHA UA/NSTEMI and STEMI guidelines do not prefer one agent over another.  The Committee recognizes that there may be benefits with the newer agents compared to clopidogrel that have been shown in one single, large clinical trial each for both prasugrel and ticagrelor.  The recommendations reflect use of the new agents that match subjects studied in clinical trials where the drugs have been shown to have benefit.  The more potent antiplatelet activity of prasugrel and ticagrelor are offset by increased bleeding risk.
The 2012 ACCF/AHA UA/NSTEMI Guidelines7 provides Class I (treatment should be performed) recommendations on the use of ticagrelor in the following situations:

· Invasive strategy:  For UA/NSTEMI patients at medium or high risk where an initial invasive strategy is chosen, dual antiplatelet therapy (DAPT) upon presentation is recommended (Level of Evidence [LOE] A).  In addition to ASA, the following is recommended for P2Y12 inhibitor treatment based on the timing of the initial treatment:   

· Before PCI:  clopidogrel (LOE B) or ticagrelor (LOE B)

· At the time of PCI: clopidogrel (LOE A), prasugrel (LOE B), or ticagrelor (LOE B).
The recommended duration of DAPT is at least 12 months (LOE B) unless the risk of bleeding outweighs the benefits of continued therapy (LOE C).
· Conservative strategy:  For UA/NSTEMI patients where an initial conservative strategy (non-invasive) is chosen, DAPT with ASA plus clopidogrel or ticagrelor is recommended as soon as possible and for up to 12 months (LOE B).
· ASA allergy or severe intolerance: For UA/NSTEMI patients unable to take ASA, clopidogrel (LOE B), prasugrel (for PCI-treated patients) (LOE C), or ticagrelor (LOE C) should be given.
The 2013 ACCF/AHA STEMI Guidelines6 provides Class I (treatment should be performed) recommendations on the use of ticagrelor in the following situations:
· Primary PCI:  For STEMI patients undergoing primary PCI, DAPT is recommended with aspirin plus clopidogrel (LOE B), prasugrel (LOE B), or ticagrelor (LOE B).

· Duration of DAPT for primary PCI is 1 year (LOE B) (IIb recommendation to continue beyond 1 year with DES); for delayed PCI after fibrinolytic therapy is at least 30 days and up to 1 year for BMS (LOE C) and at least 1 year for DES (LOE C)

The 2012 ACCP Chest Guidelines8 provides recommendations on the use of ticagrelor in the following situations:

· For patients in the first year after an ACS who have not undergone PCI, DAPT with aspirin plus clopidogrel or ticagrelor is recommended (Grade 1B), and ticagrelor is suggested over clopidogrel (Grade 2B).

· For patients in their first year after an ACS who have undergone PCI with stent placement, DAPT with aspirin plus ticagrelor, clopidogrel, or prasugrel is recommended (Grade 1B), and ticagrelor is suggested over clopidogrel (Grade 2B).

Prepared December 2013 by Lisa Longo, Pharm.D., BCPS
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to October 2013) using the search terms <ticagrelor>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were reviewed.

	STUDY
	Eligibility Criteria
	Interventions
	Endpoints
	Results and Conclusions

	Wallentin 2009

PLATO

MC, DB, RCT

N=18,624

ITT

Duration: Event driven, 6-12 months (median exposure 277 days)

Multinational (43 countries, 8% US)

Funding: Astra-Zeneca


	Inclusion criteria: 

Hospitalized with ACS (NSTEMI or STEMI) with onset ≤24 hrs; ≥18 yrs of age; not pregnant.  

If no ST elevation, must have ≥2 of the following: a) ST changes indicating ischemia; b) positive biomarker indicating myocardial necrosis; c) one or more of: age ≥60 yrs; prior MI/CABG, CAD with ≥50% stenosis in ≥2 vessels; prior stroke, TIA, carotid stenosis, or cerebral revascularization; DM; PAD; chronic renal impairment.  

If ST elevation, must have: a) persistent ST elevation ≥1mm in ≥2 leads; OR b) LBBB plus primary PCI planned
Exclusion criteria:

Contraindication to clopidogrel; on anticoagulant that cannot be stopped; fibrinolytic therapy (planned or within past 24 hrs); co-therapy with strong CYP3A4 inhibitors or inducers, CYP3A substrates with narrow therapeutic index; index event is acute PCI complication; PCI for index event performed prior to first study dose; increased risk of bradycardic events; dialysis; clinically important thrombocytopenia or anemia; any other condition that may influence study results or place patient at risk; pregnancy, lactation
	TICAG 180 mg LD, then 90 mg BID 

- If PCI >24 hrs after LD,  add’l 90 mg x1 

CLOP 300 mg LD, then 75 mg QD (LD omitted if recent tx with CLOP or ticlopidine)

-If PCI (any time), add’l 300 mg x1 at provider discretion

PLUS ASA 325 mg LD (160-500 mg allowed), then 75-100 mg QD (up to 325 mg QD permitted for up to 6 mos after stent)

CABG:

If possible, held for 5 days for CLOP and 1-3 days for TICAG

Co-meds: 

Allowed - GPIIb/IIIa antagonists, short term use of parenteral anticoagulants; 

Not allowed - oral anticoagulants

	1° Efficacy:  Composite of MI, stroke, or vascular death

1° Safety:  any major bleeding 
Life threatening major bleed:  fatal bleed, ICH, or intrapericardial bleed with tamponade, hypovolemic shock or severe hypotension due to bleeding that required pressors or sgx, Hgb drop of ≥5 g/dL, or ≥4 units of RBC 
Other major bleed:  Hgb drop of 3-to-< 5 g/dL, 2-3 units of RBCs, or significantly disabling bleed 
Other Endpoints

- Composite of vascular death, MI, or stroke in the planned invasive mgmt pts

- Composite of all-cause death, MI, or stroke
- Composite of vascular death, MI, stroke, severe recurrent cardiac ischemia, recurrent cardiac ischemia, TIA, or other arterial thrombotic event
- Individual endpts of vascular death, all-cause death, MI, or stroke
	Baseline (well matched b/t groups): median age 62 yr; age ≥75 yr 15%; female 28%; median wt 80 kg; wt ≤60 kg 7%; Caucasian 92%; Black 1%; Asian 6%; STEMI 38%; NSTEMI 43%; UA 17%; planned invasive strategy 72%
Treatments and Interventions: Time to randomized study drug:  11.3 hrs median (range 5-20 hrs); Duration: 277 days median (range 177-365 days); In hospital tx:  CLOP prior to randomization 46%; ASA prior to randomization 94%; GPIIb/IIIa inhibitor 27%; UFH 57%; LMWH 51%; PCI 64% (stent 60%; BMS 42%, DES 18%); CABG 10%
Efficacy:
Endpoint

TICAG

N=9333

CLOP

N=9291

HR (95% CI)

1° Endpt Vascular death, MI, stroke

9.8*

11.7

0.84 (0.77-0.92)

2° Endpts

All-cause death, MI, stroke

10.2*

12.3

0.84 (0.77-0.92)

Vasc death, MI, stroke, recurrent and severe recurrent ischemia, TIA, other arterial thrombotic event

14.6*

16.7

0.88 (0.81-0.95)

MI

5.8*

6.9

0.84 (0.75-0.95)

Vasc death

4*

5.1

0.79 (0.69-0.91)

Stroke (all-cause)

1.5

1.3

1.17 (0.91-1.52)


Ischemic

1.1

1.1

-


Hemorrhagic

0.2

0.1

-


Unknown

0.1*

0.02

-

All-cause death

4.5*

5.9

0.78 (0.69-0.89)

*p <0.05
Safety: 
Endpoint

TICAG

N=9235

CLOP

N=9186

HR (95% CI)

Major bleed

11.6

11.2

1.04 (0.95-1.13)

Life threat or fatal bleed

5.8

5.8

1.03 (0.9-1.16)


Fatal bleed

0.3

0.3

0.87 (0.48-1.59)


Intracranial bleed

0.3

0.2

1.87 (0.98-3.58)


Fatal

0.1*

0.01

Not given


Nonfatal

0.2

0.2

Not given

Non-CABG related major bleed

4.5*

3.8

1.19 (1.02-1.38)

CABG-related major bleed

7.4

7.9

0.95 (0.85-1.06)

Tolerability:  DC due to AEs: 7.4% TICAG vs. 6% CLOP


AE=adverse events; DB=double blind; DC=discontinuation; ITT=intention to treat; MC=multicenter; RCT=randomized, controlled trial; TIA=transient ischemic attack
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