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Executive Summary:  

· Prasugrel is a thienopyridine agent that inhibits platelet activation and aggregation irreversibly for the life of the platelet, similar to clopidogrel.  Prasugrel is approved for the reduction of thrombotic cardiovascular (CV) events including stent thrombosis in patients with acute coronary syndromes (ACS) managed with percutaneous coronary intervention (PCI).
· Like clopidogrel, prasugrel is a pro-drug that requires activation to produce its pharmacologic effect.  In contrast to the activation of clopidogrel, conversion to the active metabolite with prasugrel occurs quickly and is more efficient.  Prasugrel exhibits more rapid, profound and consistent anti-platelet activity compared to clopidogrel with less inter-subject variability in response.  Following a loading dose of 60 mg of prasugrel or 600 mg of clopidogrel, significant differences in inhibition of platelet aggregation (IPA) with 20 umol/L ADP were noted at 30 minutes (31% vs. 5%; p <0.05) and maintained through 24 hours (69% vs. 33%; p <0.05).  Similarly, IPA with maintenance doses of 10 mg/day of prasugrel and 150 mg/day of clopidogrel over a 2-week period were greater with prasugrel (61% vs. 47%; p <0.05).
· The recommended dose of prasugrel is a one-time 60 mg oral loading dose followed by a maintenance dose of 10 mg orally once daily, given with background aspirin therapy (75-325 mg daily).   A reduced maintenance dose of 5 mg orally once daily is recommended for patients weighing less than 60 kg due to an increased bleeding risk with higher maintenance doses in this population, although efficacy and safety with this dose has not been prospectively studied.  
· The effects of prasugrel compared to clopidogrel in moderate-to-high risk patients with ACS undergoing PCI were evaluated in the pivotal phase 3 TRITON-TIMI 38 study.  Of note, in patients with unstable angina (UA), non-ST-elevation myocardial infarction (NSTEMI) or post-ST-elevation myocardial infarction (STEMI), study drug was not initiated until coronary anatomy was known to be suitable for PCI (and thus coronary artery bypass [CABG] surgery deemed unlikely).  Compared to clopidogrel, treatment with prasugrel was associated with a reduction in the composite primary efficacy endpoint of CV death, nonfatal MI, or nonfatal stroke (9.9% vs. 12.1%; HR 0.81; 95% CI 0.73-0.9; p <0.001; NNT 46), which was driven by a reduction in nonfatal MI, evident early on in therapy (within days).  In a post-hoc analysis, probable or definite stent thrombosis was also significantly reduced in the prasugrel vs. clopidogrel group (1.1% vs. 2.4%; HR 0.48; 95% CI 0.36-0.64; p <0.001; NNT 77), a finding that was observed with both bare metal and drug eluding stents.  The improvement in efficacy outcomes with prasugrel was accompanied by an increased risk of bleeding compared to clopidogrel.  
· The most common adverse events reported with prasugrel are related to bleeding.  Significantly more patients on prasugrel discontinued the drug due to adverse events compared to clopidogrel (7.2% vs. 6.3%; p <0.05).  In TRITON-TIMI 38, prasugrel was consistently associated with excess bleeding events compared to clopidogrel, including serious and non-serious events, fatal events, and across many subgroups evaluated.  TIMI major bleeding occurred in 2.4% of prasugrel vs. 1.8% of clopidogrel treated patients (HR 1.32; 95% CI 1.03-1.68; p=0.03; NNH 167).  In the small portion of patients who underwent CABG after treatment with a thienopyridine (3%), prasugrel treatment was associated with significantly higher rates of bleeding vs. clopidogrel (TIMI major bleeding 13.4% prasugrel vs. 3.2% clopidogrel; HR 4.73 [95% CI 1.9-11.82]; p <0.05; ARI 10.2%; NNH 10).  

· Prasugrel was associated with an excess number of newly diagnosed malignancies compared to clopidogrel (1.5% vs. 1.2%), with common sites of the lung, colon, and prostate.  It is unclear whether this observation is random or if there may be a causal relationship.  

· Prasugrel is contraindicated in patients with prior transient ischemic attack (TIA) or stroke and in patients with active pathological bleeding.  Prescribing information includes a boxed warning on bleeding risk and cautions use in patients 75 years of age and older, those with low body weight of <60 kg (may consider lower maintenance dose), or those likely to undergo CABG.
· In effort to better define those patients who may or may not benefit from use of prasugrel considering both the efficacy benefit and increased bleeding risk, the net clinical benefit was calculated as part of a post-hoc analysis.  No net benefit from prasugrel therapy was observed in patients 75 years of age and older or those with a body weight <60 kg, while those with a previous TIA or stroke were shown to have net harm from prasugrel therapy.  On the other hand, statistically significant net clinical benefit was observed with prasugrel in patients with diabetes mellitus (DM) or those presenting with STEMI.
· In contrast to clopidogrel, prasugrel does not appear to be associated with clinically significant drug interactions via the cytochrome P450 system.

· Prasugrel has to date only been evaluated in patients with ACS undergoing PCI.  The efficacy and safety of prasugrel 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 unstable angina UA and myocardial infarction ([NSTEMI and STEMI]).
  Management of ACS is based on clinical presentation and risk assessment and may include medical management, 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 with aspirin plus a thienopyridine (ticlopidine, clopidogrel, or prasugrel) has been shown to significantly reduce secondary cardiovascular events compared with aspirin alone and is recommended by current national guidelines. 
,
,
,
  The use of ticlopidine, the first available thienopyridine in the US, 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]).  Clopidogrel has been shown to have a variable response between individuals, may be associated with potentially clinically significant drug interactions, and requires hours to achieve anti-platelet response following a loading dose.  Prasugrel is a new 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.    
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 considering prasugrel 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
 
Like clopidogrel, prasugrel is a prodrug belonging to the thienopyridine class and inhibits platelet activation and aggregation through specific and irreversible binding of its active metabolite to the platelet adenosine 5’-diphosphate (ADP) P2Y12 receptor.  

Pharmacokinetics/Pharmacodynamics 
Prasugrel is rapidly hydrolyzed to an inactive thiolactone, which is then converted to the active metabolite (R-138727) in one step via the CYP P450 system, primarily by CYP 3A4 and CYP 2B6, and to a lesser extent by CYP 2C19 and CYP 2C9.7,
  In contrast, activation of clopidogrel involves a 2-step process, both of which are dependent on CYP enzymes.  Following oral administration of clopidogrel, the majority of the drug is de-activated (about 85%).  The remainder is metabolized to an intermediate compound and then to the active metabolite.
  
At least 79% of the prasugrel dose is absorbed after oral administration.  Absorption and activation are rapid, with peak plasma concentrations of the active metabolite occurring in about 30 minutes.  The active metabolite is highly protein bound and is inactivated through S-methylation or conjugation with cysteine.  The elimination half-life of the active metabolite is about 7 hours (range 2-15 hours).  However, similar to clopidogrel, the duration of effect lasts for the life of the platelet, returning to baseline in approximately 5-9 days after discontinuation of prasugrel.  Approximately 68% of the dose is excreted in the urine and 27% in the feces as inactive metabolites.7   
Prasugrel is approximately 10-fold more potent than clopidogrel (and 100-fold more potent than ticlopidine); however, the active metabolites of each drug exhibit similar concentration-dependent potency.  This suggests that the increased potency of prasugrel is related to the greater exposure of the active metabolite.
 
Results from the PRINCIPLE-TIMI 44 trial, a phase 2, 2-week crossover study in 201 patients undergoing cardiac catheterization and planned PCI, showed that prasugrel (60 mg load and 10 mg daily maintenance) exhibits a more rapid and profound anti-platelet effect than high doses of clopidogrel (600 mg load and 150 mg daily maintenance).
  At 6 hours following the loading dose, IPA was 75% with prasugrel vs. 32% with clopidogrel (p <0.0001).  Significant differences were apparent at 30 minutes following the loading dose (31% with prasugrel vs. 5% with clopidogrel) and persistent throughout the 14-day treatment period (mean IPA 61% with prasugrel vs. 46% with clopidogrel).  A smaller number of patients treated with prasugrel were considered hyporesponsive, defined in this study as IPA with 20 umol/L ADP <20% (2.4% vs. 12.8%; p=0.02).  Of note, IPA is a surrogate marker and has not been shown to consistently correlate with outcomes.  
The effects of certain genetic variants of the CYP 450 enzyme system (CYP2C19, CYP2C9, CYP2B6, CYP3A5, and CYP1A2) involved in the activation of clopidogrel and prasugrel were evaluated by Mega et al.
  In 238 healthy subjects from 6 studies, carriers of a reduced-function allele were not found to have attenuation of the pharmacokinetic or pharmacodynamic response with prasugrel.  In a sub-study of 1466 patients from TRITON TIMI-38 where genetic information was available, no statistically significant associations were found between the CYP P450 variants studied (including variants of CYP2C19) and the occurrence of the primary efficacy endpoint (cardiovascular death, nonfatal MI, or stroke), stent thrombosis, or TIMI non-CABG major or minor bleeding in patients that received prasugrel.  In contrast, carriers of reduced-function alleles of CYP2C19 have been shown to have an attenuated pharmacokinetic and pharmacodynamic response to clopidogrel and may be at higher risk of subsequent cardiovascular events.
  
Conversion of salt to free base form
 

The hydrochloride (HCl) salt is the approved form of prasugrel.  Upon storage, it was found that a portion of the HCl salt form may convert to the free base form (ranging from 45-86%), which has been shown to have reduced bioavailability and delay of IPA effect in the setting of elevated gastric pH (e.g., with the use of proton-pump inhibitors [PPIs], H2 blockers).  The delay in effect observed with prasugrel in this scenario is not expected to be clinically significant, and the extent of IPA with prasugrel still exceeds that of clopidogrel at all time points.

FDA Approved Indication(s) and Off-label Uses7
Prasugrel is approved for use in the treatment of ACS to reduce the rate of thrombotic CV events including stent thrombosis who are to be managed with PCI as follows:  
· Patients with UA or NSTEMI
· Patients with STEMI when managed with primary or delayed PCI

Potential areas for off-label use of prasugrel may include non-cardiac stenting, the need for antiplatelet therapy in true aspirin allergy, medical management of ACS (without stenting), and as an alternative to clopidogrel where hyporesponsiveness or failure is suspected despite compliance.

Current VA National Formulary Alternatives

The current VA National Formulary alternative is clopidogrel, which is restricted to Criteria for Use for the following indications:  PCI, UA/NSTEMI, STEMI, CABG, cerebral ischemic events, non-cardiac stenting, need for antiplatelet therapy in patients with a true aspirin allergy or extended release aspirin-dipyridamole therapy induced headaches (see http://vaww.pbm.va.gov or www.pbm.va.gov for more information on the Clopidogrel Criteria for Use).
Dosage and Administration7
The recommended dose of prasugrel is a one-time 60 mg oral loading dose followed by a maintenance dose of 10 mg orally once daily.  Prasugrel may be given without regard to meals and should be used with background aspirin therapy (75-325 mg daily).

Low Body Weight:  A reduced maintenance dose of 5 mg orally once daily is recommended for patients weighing less than 60 kg due to an increased bleeding risk with higher maintenance doses in this population, although efficacy and safety with this dose has not been prospectively studied.

Renal Impairment:  Dose adjustments are not needed in patients with mild or moderate renal impairment;   however, there is limited experience available in patients with end-stage renal impairment.
Hepatic Impairment:  Dose adjustments are not needed in patients with mild or moderate hepatic impairment.  The effects of prasugrel in patients with severe hepatic disease are unknown; however, these patients are generally at an increased risk of bleeding.

Storage and Handling:  Dispense product in original container.  Keep container closed and do not remove desiccant from bottle (see Pharmacokinetics/Pharmacodynamics section on salt to free base conversion).
Discontinuation:  Prasugrel should be discontinued in active bleeding, stroke or TIA, and at least 7 days prior to elective surgery.  However, premature discontinuation of thienopyridines including prasugrel in patients managed with PCI and stent placement confers an increased risk of cardiac events including stent thrombosis, MI, and death. 
Efficacy (Pivotal Clinical Trial) 
Primary Efficacy Endpoint
 
Composite of the following:
· Death from cardiovascular (CV) causes 
· Nonfatal MI – an event distinct from the index event, defined by symptoms suggestive of ischemia/infarction, electrocardiogram (ECG) data, cardiac biomarker, or pathologic evidence of infarction 

· Nonfatal stroke

Key Secondary Efficacy Endpoints15 
· Stent thrombosis (not prespecified and was a post-hoc analysis)
· Composite of CV death, nonfatal MI, nonfatal stroke, or rehospitalization due to cardiac ischemic event

· 30 and 90 day event rates for the primary endpoint and the composite of CV death, nonfatal MI, or urgent target-vessel revascularization

Efficacy in ACS patients undergoing PCI – TRITON-TIMI 38
The effects of prasugrel were compared to clopidogrel in the pivotal TRITON-TIMI 38 study (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction), where13,608 patients with moderate-to-high risk
 ACS (UA, NSTEMI, STEMI) and scheduled PCI were followed for a median duration of 14.5 months.
  Except for patients with STEMI where primary PCI was planned, randomization did not occur until after the coronary anatomy was known to be suitable for PCI.  All patients were given background aspirin therapy and were randomized to receive prasugrel (60 mg oral loading dose and 10 mg orally daily) or standard dose clopidogrel (300 mg oral loading dose and 75 mg orally daily), with loading doses administered to the majority of patients during PCI.  The study population was comprised of 74% presenting with UA/NSTEMI and 26% with STEMI.  Compared to clopidogrel, treatment with prasugrel was associated with a reduction in the composite primary efficacy endpoint of CV death, nonfatal MI, or nonfatal stroke (9.9% vs. 12.1%; HR 0.81; 95% CI 0.73-0.9; p <0.001), which was driven by a reduction in nonfatal MI, evident early on in therapy (within days).  A large part of the treatment benefit observed with prasugrel was noted within the first few weeks, although the treatment effect appeared to persist throughout the duration of the study.12,
  In a post-hoc analysis, probable or definite stent thrombosis was also significantly reduced in the prasugrel vs. clopidogrel group (1.1% vs. 2.4%; HR 0.48; 95% CI 0.36-0.64; p <0.001), a finding that was observed with both bare metal and drug eluding stents.
  The improvement in efficacy outcomes with prasugrel was accompanied by an increased risk of bleeding compared to clopidogrel (see Adverse Events and Net Clinical Benefit sections for additional details).   
The treatment benefit of prasugrel with respect to the composite primary efficacy endpoint tended to be greater in younger patients, males, those weighing >60 kg, with a creatinine clearance >60 ml/min, and without prior CABG, while patients with a history of TIA/stroke tended to do worse on prasugrel with an overall net harm (see Net Clinical Benefit section).12,15 
Factors that could have favored prasugrel by the study design include both the loading dose of clopidogrel used (300 mg vs. 600 mg) as well as the timing of the loading dose of study drug (75% of patients received drug during PCI), given the delayed anti-platelet effect of a 300 mg dose of clopidogrel.
  The validity of the stent thrombosis endpoint has been questioned because events were not confirmed by the clinical event committee through direct angiography review as is the current required standard of the Academic Research Consortium (ARC).,
  In addition, the definition and significance of nonfatal MI in this trial have been scrutinized.
,
  
Table 1.  Efficacy Outcomes from TRITON-TIMI 38 (at 15 months)
	Endpoint
	Prasugrel

(n=6813)
	Clopidogrel

(n=6795)
	HR

(95% CI)
	P Value
	ARR
	NNT

	Composite of CV death, nonfatal MI, nonfatal stroke*
	9.9%
	12.1%
	0.81 (0.73-0.9)
	<0.001
	2.2%
	46

	
CV Death
	2.1%
	2.4%
	0.89 (0.7-1.12)
	0.31
	0.3%
	-

	
Nonfatal MI
	7.3%
	9.5%
	0.76 (0.67-0.85)
	<0.001
	2.2%
	46

	
Nonfatal stroke
	1%
	1%
	1.02 (0.71-1.45)
	0.93
	-
	-

	Stent thrombosis (post-hoc)
	1.1%
	2.4%
	0.48 (0.36-0.64)
	<0.001
	1.3%
	77


*Primary Endpoint
For further details on the efficacy results of the TRITON-TIMI 38, refer to Appendix.

Selected Additional Analyses from TRITON-TIMI 38
Patients with DM
A pre-specified sub-group analysis was conducted to compare the effects of prasugrel and clopidogrel in the setting of DM, a condition shown to be associated with worse outcomes in ACS.
  In the 3146 (23% of the study population) patients with DM, prasugrel was associated with a significant reduction in the composite primary endpoint of CV death, nonfatal MI, or nonfatal stroke (12.2% prasugrel vs. 17% clopidogrel; HR 0.7; 95% CI: 0.58-0.85; p <0.001; pinteraction=0.09; ARR 4.8%; NNT 21), which was of greater magnitude than the reduction seen in patients without DM (9.2% prasugrel vs. 10.6% clopidogrel; HR 0.86; 95% CI 0.76-0.98; p=0.02) or in the whole study population.
  Similar to the population as a whole, the reduction in the primary endpoint in the DM analysis was driven by the reduction in MI.  Non-CABG TIMI major bleeding rates with prasugrel were not significantly different than with clopidogrel in patients with DM, though an overall trend of higher bleeding rates were observed in patients with DM vs. no DM.  
Patients with STEMI

The number of patients with STEMI included in TRITON-TIMI 38 was capped to be reflective of the presentation of ACS in the general population.  The trial was not prospectively designed or powered to show superiority of prasugrel to clopidogrel in this population alone.13,
  In the pre-specified analysis of the STEMI sub-population which included 3534 patients, prasugrel was associated with a significant reduction in the composite primary endpoint (CV death, nonfatal MI, or nonfatal stroke) compared to clopidogrel at 30 days (6.5% vs. 9.5%; HR 0.68; 95% CI 0.54-0.87; p=0.0017) and at 15 months; (10% vs. 12.4%; HR 0.79; 95% CI 0.65-0.97; p=0.0221).  Effects in the STEMI subgroup were consistent with that of the UA/NSTEMI group, and no significant interaction of presenting syndrome (UA/NSTEMI vs. STEMI) and benefits of prasugrel were noted (p=0.7686).  For the individual endpoints of CV death, all-cause death, MI, and stent thrombosis, prasugrel was shown to be statistically superior to clopidogrel at 30 days, while at 15 months, only MI and stent thrombosis remained significantly improved with prasugrel vs. clopidogrel.  Of note, bleeding unrelated to CABG surgery was not found to be significantly different between prasugrel and clopidogrel treatments, although this finding should be interpreted cautiously due to some differences in patient characteristics between groups that could account in part for the results.  
Recurrent Cardiovascular Events
In a separate analysis of TRITON-TIMI 38, patients experiencing an initial nonfatal event (MI or stroke) treated with prasugrel were found to have a reduction in recurrent CV events (MI, stroke, CV death) compared to patients on clopidogrel (10.8% vs. 15.4%; HR 0.65; 95% CI 0.46-0.92; p=0.016).
  Results remained consistent when several sensitivity analyses were performed.  However, recurrent bleeding events on prasugrel vs. clopidogrel could not be adequately assessed, as 42% of patients experiencing an initial major bleeding event discontinued therapy.

Table 2. Key Endpoints by Sub-Group from TRITON-TIMI 38 (at 15 months)12,15,22,24
	Endpoint
	Total Population
	DM
	STEMI
	Previous TIA/CVAδ

	
	PRAS n=6813
	CLOP

n=6795
	PRAS
n=1576
	CLOP
n=1570
	PRAS

n=1769
	CLOP

n=1765
	PRAS

n=262
	CLOP

n=256

	Composite of CV death, nonfatal MI, nonfatal stroke
	9.9%*
	12.1%
	12.2%*
	17%
	10%*
	12.4%
	17.9%
	13.7%

	
CV Death
	2.1%
	2.4%
	3.4%
	4.2%
	2.4%
	3.4%
	3.4%
	5.9%

	
Nonfatal MI
	7.3%*
	9.5%
	8.2%*‡
	13.2%‡
	6.8%*‡
	9%‡
	11.1%
	9.8%

	
Nonfatal stroke
	1%
	1%
	NR
	NR
	1.6%
	1.5%
	5.7%*
	0.8%

	Stent thrombosis
	1.1%*
	2.4%
	2%*
	3.6%
	1.6%*
	2.8%
	NR
	NR

	TIMI Major Bleed (non-CABG)†
	2.4%*
	1.8%
	2.5%
	2.6%
	2.4%
	2.1%
	5%
	2.9%


*p<0.05; †data are for patients who received ≥1 dose of study drug; ‡includes fatal and nonfatal events; δCVA >3 mos prior or any TIA history
Adverse Events (Safety Data)

Safety data for prasugrel were derived primarily from the pivotal TRITON-TIMI 38 study, which included a total of 13,457 subjects with ACS managed by PCI and treated with prasugrel (n=6741) or clopidogrel (n=6716).12  Key safety endpoints evaluated were non-CABG TIMI major or life-threatening bleeding, and TIMI major and minor bleeding. 
Deaths and Other Serious Adverse Events (Sentinel Events) 
In the TRITON-TIMI 38 study, the occurrence of all-cause death was similar between treatment groups (2.8% prasugrel vs. 2.9% clopidogrel).12  The only other deaths reported in the clinical development program were from the JUMBO TIMI-26 trial, a phase 2, dose-ranging safety study (n=904), where three deaths occurred in the prasugrel group versus none in the clopidogrel group, a difference that was not statistically significant.

Other serious adverse events that occurred significantly more frequently with prasugrel compared to clopidogrel in TRITON-TIMI 38 included bleeding and neoplasms, which are discussed further below.12 
Bleeding
In TRITON-TIMI 38, prasugrel was consistently associated with excess bleeding events compared to clopidogrel, including serious and non-serious events, fatal events, and across many subgroups evaluated.12,15 
Non-CABG-related bleeding

Bleeding events were reported significantly more frequently in patients receiving prasugrel compared to clopidogrel (See Table 3).  Many of the events occurred early on in therapy, although the difference in risk persisted throughout the study period (median duration 14.5 months).12,15  A landmark analysis of the TRITON-TIMI 38 population suggested that excess in major bleeding associated with prasugrel was predominant during the maintenance phase of therapy.16
Table 3. Non-CABG-Related Bleeding Events from TRITON-TIMI 38a
	Endpoint
	Prasugrel

(n=6741)
	Clopidogrel

(n=6716)
	HR

(95% CI)
	P Value
	ARI
	NNH

	TIMI majorb or minorc bleeding
	5%
	3.8%
	1.31 (1.11-1.56)
	0.002
	1.2%
	83

	TIMI majorb bleeding
	2.4%
	1.8%
	1.32 (1.03-1.68)
	0.03
	0.6%
	167

	Life threatening bleedingd
	1.4%
	0.9%
	1.52 (1.08-2.13)
	0.015
	0.5%
	200

	Fatal bleeding
	0.4%
	0.1%
	4.19 (1.58-11.11)
	0.002
	0.3%
	333


a
Data shown for patients who received ≥1 dose of study drug 
b
Clinically overt (including imaging), hemoglobin drop of ≥5 gm/dL, and includes ICH
c
Clinically overt (including imaging), hemoglobin drop of 3 - <5 gm/dL

d
TIMI major bleed that is fatal, requires inotropes, surgical intervention, transfusion (≥4 units in 48hrs), or is a symptomatic ICH
Bleeding by Subgroup
Compared to clopidogrel, the relative increase in bleeding risk with prasugrel remained fairly consistent (approximately 1.3) when examined across subgroups by gender, age, and ethnicity.12  Though relative risk of bleeding was similar between clopidogrel and prasugrel in patients ≥75 years of age, outcomes secondary to bleeding were worse with prasugrel.  Fatal bleeding or ICH occurred in 1% and 0.8% of prasugrel-treated patients ≥75, respectively, vs. 0.1% and 0.3% respectively in clopidogrel-treated patients <75.12  The number of bleeding events that occurred in patients weighing <60 kg was about doubled in the prasugrel vs. clopidogrel group, though the portion of low weight patients in the study population was small (<5%).12   
Intracranial hemorrhage (ICH)12
ICH occurred in 20 patients (0.29%) treated with prasugrel vs. 16 patients (0.24%) treated with clopidogrel, though twice as many events were fatal with prasugrel (9 events vs. 5 events).

CABG-related bleeding12,15  
In the small portion of patients who underwent CABG after treatment with a thienopyridine (3%), prasugrel treatment was associated with significantly higher rates of bleeding than clopidogrel, a risk that was particularly high within the first 3 days of discontinuing prasugrel and persisted through 7 days following a dose of prasugrel (TIMI major bleeding 13.4% prasugrel vs. 3.2% clopidogrel; HR 4.73 [95% CI 1.9-11.82]; p <0.05; ARI 10.2%; NNH 10). 
Neoplasm

Prasugrel treatment was associated with an excess number of newly diagnosed non-benign (malignant or undetermined) neoplasms compared to clopidogrel.7  Common sites included the lung, colon, and prostate.  The overall number of events was small, and the magnitude of the observed difference between treatment groups was sensitive to how the event was classified; however, the trend was consistent (FDA final classification:  1.5% prasugrel vs. 1.2% clopidogrel; RR 1.29; 95% CI: 0.96-1.72).12  Cancer deaths were also slightly higher with prasugrel.  It is unclear whether this observation is random or if there may be a causal relationship.  Additional evaluation of clopidogrel data from previous studies did not reveal a signal with this similar drug, and non-clinical data do not support a tumor promotion effect of prasugrel, per the FDA review.12    
Common Adverse Events7
The most frequently reported adverse effects with prasugrel are generally related to bleeding (described above).  Other commonly reported adverse events are listed below.  
Table 4. Non-hemorrhagic events reported more frequently with prasugrel and in more than 2.5% of patients
	Event
	Prasugrel
	Clopidogrel

	Hypertension
	7.5%
	7.1%

	Headache
	5.5%
	5.3%

	Dyspnea
	4.9%
	4.5%

	Nausea
	4.6%
	4.3%

	Hypotension
	3.9%
	3.8%

	Bradycardia
	2.9%
	2.4%

	Rash
	2.8%
	2.4%

	Pyrexia
	2.7%
	2.2%


Other Adverse Events7
Other important adverse events reported included severe thrombocytopenia, abnormal hepatic function, allergic reactions, and angioedema, all of which occurred rarely in <0.5% of prasugrel and clopidogrel-treated patients.  Anemia occurred in 2.2% and 2% of prasugrel- and clopidogrel-treated patients, respectively.
Tolerability7,12 
Significantly more patients on prasugrel discontinued the drug due to adverse events than patients on clopidogrel (7.2% vs. 6.3%; p <0.05).  Discontinuations due to hemorrhagic events, both serious and non-serious, were also significantly more frequent with prasugrel (2.5% vs. 1.4%; p <0.05).
For further details on the safety results of the clinical trials, refer to the Appendix.

Contraindications

Prasugrel is contraindicated in patients with active pathological bleeding (e.g., peptic ulcer, intracranial bleeding) and in patients with a history of prior TIA or stroke.7  Patients who received prasugrel with a remote TIA/stroke history (those with recent events within previous 3 months were excluded from clinical trial) were shown to have an increased rate of stroke compared to clopidogrel (6.5% vs. 1.2%).
Warnings and Precautions

Boxed Warning:  Bleeding Risk7
Prasugrel can cause significant, sometimes fatal bleeding and is contraindicated in patients with active pathological bleeding or a history of TIA or stroke.  

Prasugrel is generally not recommended for use in patients ≥75 years and older due to an increased risk of fatal and intracranial bleeding and an unclear benefit, except in high-risk situations (e.g., DM, history of prior MI) where its effect appears to be greater and its use may be considered.

Prasugrel should not be used in patients who are likely to undergo CABG surgery due to an increased bleeding risk.  When possible, prasugrel should be discontinued at least 7 days prior to surgery.

Additional risk factors for bleeding include body weight <60 kg, propensity to bleed, concomitant use of medications that increase the risk of bleeding (e.g., warfarin, heparin, fibrinolytic therapy, chronic use of non-steroidal anti-inflammatory drugs [NSAIDs].

Bleeding should be suspected in any patient who becomes hypotensive and has recently undergone coronary angiography, PCI, CABG, or other surgical procedures in the setting of prasugrel.  If possible, manage bleeding without discontinuing prasugrel.  Discontinuing prasugrel, particularly in the first few weeks after ACS, increases the risk of subsequent cardiovascular events.    
Thrombotic Thrombocytopenic Purpura (TTP)7
Although not reported in the clinical development program for prasugrel, TTP has been reported with the use of other thienopyridines, sometimes after brief exposure (<2 weeks).  
Pregnancy and Lactation7
Prasugrel is a FDA Pregnancy Category B medication.  There are no adequate and well-controlled studies in human pregnancy.  Animal reproductive and developmental toxicology studies did not reveal evidence of fetal harm, structural malformations, or effects on behavioral or reproductive development; however, animal studies are not always predictive of a human response.  Prasugrel should only be used during pregnancy when the potential benefit to the mother outweighs the potential risk to the fetus.
It is not known whether prasugrel is excreted in human milk, although metabolites of prasugrel were found in rat milk.  Because many drugs are excreted in human milk, prasugrel should only be used during nursing if the potential benefit to the mother outweighs the potential risk to the nursing infant.

Net Clinical Benefit

In TRITON-TIMI 38, the efficacy benefit of prasugrel was offset by an increase risk of bleeding compared to clopidogrel.  In effort to better define those patients who may or may not benefit from use of prasugrel, the net clinical benefit was calculated as part of a post-hoc analysis.  The composite outcome of all-cause mortality, nonfatal MI, nonfatal stroke, or non-CABG-related nonfatal TIMI major bleeding was examined among sub-groups.  Although considered exploratory, the following findings were noted.  No net benefit from prasugrel therapy was observed in patients 75 years of age and older or those with a body weight <60 kg, while those with a previous TIA or stroke were shown to have net harm from prasugrel therapy.15  On the other hand, statistically significant net clinical benefit was observed with prasugrel in patients with DM or those presenting with STEMI (see Table 5).22,24
Table 5. Net Clinical Benefit Among Selected Subgroups
	Endpoint
	Previous TIA/CVA
	Age ≥75, Wt <60 kg, or previous TIA/CVA
	DM
	STEMI

	
	PRAS

n=262
	CLOP

n=256
	PRAS

n=1320
	CLOP

n=1347
	PRAS
n=1576
	CLOP
n=1570
	PRAS

n=1769
	CLOP

n=1765

	Composite of CV death, nonfatal MI, nonfatal stroke
	17.9%
	13.7%
	16.1%
	16%
	12.2%*
	17%
	10%*
	12.4%

	TIMI Major Bleed (non-CABG, nonfatal)
	5%
	2.9%
	4.3%
	3.3%
	2.5%
	2.6%
	2.4%
	2.1%

	Net clinical benefit: all-cause death, nonfatal MI, nonfatal stroke, non-CABG nonfatal TIMI major bleed
	23%*
	16%
	20.2%
	19%
	14.6%*
	19.2%
	12.2%*
	14.6%

	
Absolute risk change 
	ARI 7%
	n/a
	n/a
	ARR 4.6%
	ARR 2.4%

	
Number needed to treat or harm  
	NNH 14
	n/a
	n/a
	NNT 22
	NNT 42


*p <0.05
Risk Evaluation and Mitigation Strategy (REMS)7
The REMS approved by the FDA for prasugrel includes a Medication Guide that is to be dispensed to patients with every prescription.  In addition, the manufacturer will have a Dear Healthcare Provider Letter and Prescriber Brochure available as part of the communication plan for providers.
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 four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name prasugrel:  pravachol, praziquantel
LA/SA for trade name Effient:  Effexor
Drug Interactions

Drugs that increase gastric pH7,12
Co-administration of prasugrel with H2 blockers or PPIs resulted in a reduction of Cmax but not AUC of the active metabolite of prasugrel and slight delay in biologic effects (see Pharmacokinetics/ Pharmacodynamics section).  In TRITON-TIMI 38, prasugrel was administered without regard to co-administration of H2 blockers or PPIs.  About 40% of patients reported PPI use, and no differences in efficacy were seen when compared to those who did not receive a PPI. 
Inhibitors and inducers of CYP P450 enzyme system7
Based on pharmacokinetic testing, inducers or inhibitors of CYP P450 enzymes are not expected to have a clinically significant impact on the active metabolite of prasugrel.  In addition, in-vitro testing demonstrated that prasugrel’s main metabolites are not likely to cause clinically significant inhibition of CYP1A2, CYP2C9, CYP2C19, CYP2D6, or CYP3A, or induction of CYP1A2 or CYP3A.  Although prasugrel is a weak inhibitor of CYP2B6, the drug is not anticipated to have a clinically relevant interaction with drugs primarily metabolized by this enzyme.

Warfarin and Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)7
Co-administration of warfarin or chronic use of NSAIDs with prasugrel increases the risk of bleeding.  Patients receiving these medications were excluded from TRITON-TIMI 38.  
Other medications that increase the risk of bleeding7
Aspirin (75-325 mg/day), heparin, and glycoprotein IIb/IIIa inhibitors were commonly used in clinical trials and can be administered with prasugrel.  
Acquisition Cost 
	Drug/Dose
	Cost* per day
	Cost* per year

	Loading Dose
	
	

	
Prasugrel 60 mg x1
	$22.44
	-

	
Clopidogrel 300 mg x1
	$11.63
	-

	
Clopidogrel 600 mg x1
	$23.26
	-

	Maintenance Dose
	
	

	
Prasugrel 10 mg tablet once daily
	$3.74
	$1365.10

	
Prasugrel 5 mg tablet once daily
	$3.67
	$1339.55

	
Clopidogrel 75 mg tablet once daily
	$2.93
	$1069.45


*VA Prices as of 1/2/10; check VA pricing sources for update information 
Pharmacoeconomic Analysis

A pharmacoeconomic analysis for prasugrel vs. clopidogrel was conducted from the perspective of the US healthcare system in a pre-specified subgroup from the TRITON-TIMI 38 study including 6705 patients from 8 countries (including US) for a median follow-up period of 14.7 months.
  Drug costs were estimated at $4.62/day for clopidogrel and $5.45/day for prasugrel using 2009 pricing, and all other resource use was estimated in 2005 US dollars.  Overall, the economic study subset showed similar baseline characteristics and primary clinical endpoint results as the entire study population.  Mean index hospitalization costs did not differ significantly between treatment groups, with lower costs for peri-procedural MI offset by higher costs for peri-procedural bleeding with prasugrel.  Costs associated with re-hospitalization were lower with prasugrel, primarily due to a significantly lower incidence of repeat PCI, even though hospitalizations for bleeding were higher with prasugrel.  Cumulative medical care costs (including drug, index, and re-hospitalizations) were found to be $221 per patient lower with prasugrel (95% CI -759 to 299).  Life expectancy with prasugrel was projected as 0.102 life-years gained mainly due to reduction in nonfatal MI.  Prasugrel remained economically dominant across a number of sensitivity and sub-group analyses.  When costs of generic clopidogrel (expected to be available in 2011) were considered (estimated at $1/day), the net cost with prasugrel increased to $996 per patient (no longer cost saving and associated with an incremental cost effectiveness ratio (ICER) of $9277 per life-year gained).  Considering more conservative assumptions (generic clopidogrel cost, loss of life expectancy for bleeding, and costs in added years of life), the ICER for prasugrel increased to $18,458.  Overall, prasugrel was found to be an economically attractive option in the treatment of ACS with planned PCI in this subset of patients in many scenarios, though cost savings is lost with the availability of generic clopidogrel.  Cost savings with prasugrel was primarily driven by fewer re-hospitalizations for PCI; it is unclear whether this economic subset is representative of the entire study population in this regard.  Life expectancy estimates for nonfatal MI and the lack of impact on life expectancy estimated with major TIMI bleeding could have influenced the primary results.      
Conclusions

In patients with ACS undergoing PCI, dual anti-platelet therapy with aspirin plus a thienopyridine has been shown to significantly reduce secondary cardiovascular events and is recommended in current national clinical practice guidelines.  Clopidogrel is currently the most widely used thienopyridine but requires several hours to achieve a significant anti-platelet effect and is associated with variability in anti-platelet response between individuals.  There has also been recent concern of potentially clinically significant drug interactions with clopidogrel, affecting the anti-platelet response.  Prasugrel is a new thienopyridine that exhibits a more rapid, consistent, and profound anti-platelet response compared to clopidogrel, although is associated with more bleeding.  Prasugrel appears to lack clinically significant drug interactions mediated by the CYP 450 system.    

In a moderate-to-high risk ACS population undergoing PCI, prasugrel was shown to significantly reduce the composite primary efficacy endpoint of CV death, nonfatal MI, and nonfatal stroke compared to clopidogrel, which was driven by a reduction in nonfatal MI.  A significant reduction in stent thrombosis was also demonstrated with prasugrel, though this was not a prespecified analysis (e.g., post-hoc).  Although a large treatment benefit was seen early in the study, efficacy appeared to be maintained throughout the duration of the study (median 14.5 months).  The early treatment effect differences observed with prasugrel and clopidogrel may have been attributed to the timing of the administration of the drugs (within 1 hr of PCI in 75% of patients), as well as the lower loading dose of clopidogrel used, both of which favor prasugrel.  Compared to clopidogrel, prasugrel was overall associated with a significantly higher risk of bleeding, including major and fatal bleeding events.  Prescribing information includes a boxed warning regarding bleeding risk.  Prasugrel should not be used in patients likely to undergo CABG due to increased risk of bleeding with thienopyridine treatment, which was shown to be several-fold higher with clopidogrel vs. prasugrel.  In TRITON-TIMI 38, study drug was not administered in UA/NSTEMI or post-STEMI patients until coronary anatomy was known to be suitable for PCI.  An exploratory landmark analysis suggested that there may be an increased risk of bleeding with chronic therapy over time.  Considering both the treatment benefit and bleeding risks with prasugrel, net clinical benefit was analyzed.  Patients with prior TIA/CVA showed a net harm from prasugrel treatment, and its use is contraindicated in this population.  No net benefit was seen in patients 75 years of age and older or those with low body weight of <60 kg.  On the other hand, patients with DM or STEMI appeared to achieve a greater net benefit from prasugrel therapy.  
Place In Therapy

Use of prasugrel should follow the evidence currently available.  Prasugrel may be considered as an option in the management of patients with moderate-to-high risk patients with ACS and undergoing PCI who do not have any contraindications (TIA, stroke, or active bleeding) or other risk factors for bleeding as identified in or otherwise excluded from TRITON TIMI-38, who have not already been loaded with clopidogrel, and who are not candidates for CABG surgery.  In patients with UA/NSTEMI or post-STEMI, coronary anatomy should be known to be suitable for PCI prior to administration of prasugrel.  Prasugrel may be considered in the management of definite or probable stent thrombosis in patients documented to be compliant with aspirin and clopidogrel.  Prasugrel should be administered in combination with daily aspirin therapy.  Duration of use beyond the median of 14.5 months from TRITON TIMI-38 has not been investigated.  Other areas of interest for prasugrel use include:  
· Use in aspirin allergy:  For patients with ACS and/or undergoing PCI who have an aspirin allergy, dual anti-platelet therapy with aspirin and a thienopyridine has been shown to be superior to aspirin alone and is recommended in national guidelines.3,4,5,6  Aspirin desensitization may be considered if possible to provide the known benefits of dual anti-platelet therapy.  Use of prasugrel monotherapy has not been studied to date.  Prasugrel monotherapy is not recommended over clopidogrel monotherapy in these patients until more information is known about the benefits vs. risks.

· Use in sub-optimal platelet response to clopidogrel:  Prasugrel has been shown to exhibit less variability in anti-platelet effect between individuals than clopidogrel.  However, there is no evidence to provide additional guidance on the use of prasugrel as an alternative to clopidogrel in patients with a sub-optimal platelet response at this time.  Prasugrel should be used with caution in the absence of safety or efficacy data in these situations.  
· Use when thienopyridine plus proton-pump inhibitor (PPI) is indicated:  The evidence for the clopidogrel-PPI interaction is conflicting (See VA PBM Services document on clopidogrel and PPI interaction: http://vaww.national.cmop.va.gov/PBM/Clinical%20Guidance/Clinical%20Recommendations/PBM%20Response%20clopidogrel-omeprazole%20FDA%20alert%20(1%2023%2010).doc).  While prasugrel does not appear to have a clinically significant interaction with drugs that elevate gastric pH or those that affect they cytochrome P450 enzyme system and is an appealing alternative, the use of prasugrel as an alternative to clopidogrel in patients that require PPI therapy cannot be recommended in the absence of data that demonstrates safety of prasugrel, a more potent anti-platelet agent, in this patient population likely at higher baseline bleeding risk.  
Though there is interest in use for additional indications, prasugrel’s role in other areas has not yet been determined and its use is not recommended until there is supportive evidence available.  Several studies are underway that will help to clarify the place in therapy for prasugrel including TRILOGY-ACS (medical management of ACS), TRIGGER-PCI (sub-optimal platelet response with clopidogrel); GeCCO (genotype evaluation of CYP2C19 extensive metabolizers).  Individual cases that are outside of these recommendations should be adjudicated at the local facility according to the policy and procedures of its P&T Committee and Pharmacy Services.    
Prepared April 2010. Contact person: Lisa Longo, Pharm.D., BCPS, Pharmacy Benefits Management Services 
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Appendix:  Pivotal Clinical Trial. 

	Study
	Eligibility Criteria
	Endpoints/Interventions
	Results and Conclusions

	Wiviott (2007)15,22,24
TRITON-TIMI 38

N=13,608

MC, DB, AC, RCT
706 sites, 30 countries, including US

Mean duration 14.5 mos

Supported by research grants from Daiichi Sankyo and Eli Lilly

	Inclusion criteria

Age ≥18; moderate-to-high riska ACS (UA/NSTEMI ≤72hr of symptom onset; STEMI and primary PCI ≤12hr of symptom onset; post-STEMI >12hr and ≤14 days after symptom onset with planned PCI

Exclusion criteria
Cardiogenic shock, refractory ventricular arrhythmia, NYHA IV HF, fibrinolytics within 24 hr, active internal bleeding, bleeding diathesis, increased bleeding risk, hemorrhagic stroke, intracranial neoplasm, AV malformation, aneurysm, ischemic stroke ≤3 mos, INR >1.5; platelets <100K/mm3; Hgb <10g/dL; thienopyridine ≤5 d of PCI; oral anticoagulation or anti-platelet that cannot be discontinued for study duration; daily use of NSAID sor COX-2 inhibitors; pregnant or breastfeeding, severe hepatic dysfunction, intolerance or allergy to ASA or thienopyridines
	Treatments

PRAS 60mg LD, 10mg/d MD

CLOP 300mg LD, 75mg/d MD

*LD admin only after coronary anatomy known to be suitable for PCI in UA/NSTEMI, post-STEMI, up to 24h prior to PCI

Primary Endpoint

Composite of CV death, nonfatal MI, nonfatal CVA
Secondary Endpoints

Stent thrombosis;

Composite of CV death, nonfatal MI, nonfatal CVA, or rehospitalization due to cardiac ischemic event;

30d, 90d event rates for primary endpoint and composite of CV death, nonfatal MI, urgent TVR 

Efficacy analysis based on ITT;

Safety analysis used treated data set
	Baseline:  Mean age 61yr; UA/NSTEMI 74%; STEMI 26%; 99% PCI; 95% stent; LD before PCI 25%, during PCI 74%; >1hr post-PCI 1%

Key Efficacy and Safety Endpoints

PRAS
CLOP
HR

Efficacy (n=13,608)

N=6813

N=6795

Primary-composite of CV death, nonfatal MI, nonfatal CVA†
9.9%*

12.1%

0.81 (0.73-0.9)

Stent thrombosis (not prespecified)
1.1%*

2.4%

0.48 (0.36-0.64)

Composite of CV death, nonfatal MI, nonfatal CVA, rehospitalization for ischemia

12.3%*

14.6%

0.84 (0.76-0.92)

Composite of CV death, nonfatal MI, urgent TVR (30 and 90d)

NR

NR

0.78 (0.69-89)

Safety (n=13,457)

N=6741

N=6716

Non-CABG TIMI major bleeding

2.4%*

1.8%

1.32 (1.03-1.68)


Life-threatening bleeding

1.4%*

0.9%

1.52 (1.08-2.13)


Fatal bleeding

0.4%*

0.1%

4.19 (1.58-11.11)

TIMI minor or major bleeding

5%*

3.8%

1.31 (1.11-1.56)

CABG-related TIMI major bleeding (3% of population)

13.4%*

3.2%

4.73 (1.9-11.82)

Net Clinical Benefit

Composite of CV death, nonfatal MI, nonfatal CVA, non-CABG nonfatal TIMI major bleeding

Prior TIA/CVA (n=518)

23%*

16%

1.54 (1.02-2.32)

Age ≥75, wt <60 kg, or history of CVA/TIA (n=2667)

20.2%

19%

1.07 (0.9-1.28)

STEMI (n=3534)

12.2%*

14.6%

0.81 (0.67-0.97)
DM  (n=3146)

14.6%*

19.2%

0.74  (0.62-0.89)
*p <0.05; †difference due to reduction in nonfatal MI with prasugrel (7.3%* vs. 9.5%)
Other adverse events:  increase in malignancies (lung, colon, prostate) of 1.5% vs. 1.2%; significance unclear
Conclusions:    Prasugrel treatment led to significant reduction in primary endpoint of CV death, nonfatal MI, or nonfatal CVA compared to clopidogrel, which was offset by an increased risk of bleeding.  Patients ≥75 yr or wt <60 kg showed no net benefit, patients with prior TIA/CVA showed net harm, and patients with STEMI or DM showed net benefit with prasugrel.
Study assessment:

· Timing of LD and clopidogrel LD used may have favored prasugrel
· Results driven by nonfatal MI; definition changed during study which resulted in more events, clinical significance of biomarker positive events is controversial


AC=active comparator; ASA=aspirin; CAD=coronary artery disease; CV=cardiovascular; CVA=cerebral vascular accident; DB=double-blind; HF=heart failure; LD=loading dose; MC=multicenter; MD=maintenance dose; MI=myocardial infarction; MN=multinational; NYHA=New York Heart Association; NR, Number randomized; RCT=randomized controlled trial; TVR=target vessel revascularization; 

aModerate-to-high risk=TIMI risk score of ≥3; TIMI Risk (one point each): age ≥65; ≥3 CAD risk factors; known CAD with >50% stenosis; ASA use in past 7 days; severe angina within preceding 24 hrs, elevated cardiac markers
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