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Executive Summary:  

· Regadenoson is a selective adenosine A2A receptor agonist that induces coronary vasodilation and is indicated for use in radionuclide myocardial perfusion imaging (MPI) in patients unable to undergo adequate exercise stress.  Regadenoson has much lower affinity for non-A2A adenosine receptor subtypes thought to be associated with some of the adverse effects associated with non-selective adenosine receptor agonists including adenosine and dipyridamole.
· Regadenoson is given as a non-weight based intravenous (IV) bolus of 0.4 mg over 10 seconds and has a rapid onset and short duration of action.
· Regadenoson has been evaluated in ADVANCE 1 and 2, two identically designed phase 3 randomized, controlled, non-inferiority trials that used adenosine as the comparator agent.  Patients with a clinical indication for a pharmacologic stress study underwent an initial adenosine stress test, followed by a second study where patients were randomized to receive either regadenoson or adenosine.  In both trials, regadenoson and adenosine were associated with similar but low rates of agreement compared to the first test in the detection of reversible perfusion defects (63% vs. 62%; 95% confidence interval [CI] -6.2%, +6.8%, meeting the pre-defined margin of non-inferiority).
· The most commonly reported adverse effects associated with regadenoson include dyspnea, headache, flushing, chest pain, and nausea.  Data from the combined analysis of the phase 3 trials showed that the adverse event profile of regadenoson was overall similar to that of adenosine.  Although most adverse events were short-lived in both groups, the duration of events was slightly longer in the regadenoson group, with most resolving within approximately 15 minutes.  Notable differences between the groups included a higher incidence of headache and gastrointestinal discomfort and a lower incidence of chest pain, flushing, and jaw pain with regadenoson.  Elevations in heart rate were more pronounced and lasted slightly longer with regadenoson.
· Like other pharmacologic stress agents, regadenoson may induce myocardial ischemia resulting in fatal cardiac arrest, life-threatening ventricular arrhythmias, or myocardial infarction.  Adenosine receptor agonists including regadenoson may be associated with hypotension due to arterial vasodilation. 
· Adenosine receptor agonists may cause conduction abnormalities including atrioventricular (AV) block or sinus node dysfunction.  Regadenoson is contraindicated in patients with second or third degree AV block or sinus node dysfunction (unless patient has a functioning artificial pacemaker).  In phase 3 studies, the incidence of AV block was numerically lower with regadenoson vs. adenosine:  first degree block 3% vs. 7%; second degree block 0.1% vs. 1%; no third degree block.   
· Adenosine receptor agonists may cause bronchoconstriction or bronchospasm resulting in respiratory compromise.  The safety of regadenoson in patients with known bronchoconstrictive disease, chronic obstructive pulmonary disease (COPD), or asthma has not been definitively established.  Excluded from phase 3 trials because of the use of adenosine as the active comparator (a known inducer of bronchoconstriction), evidence for the safety of regadenoson in patients with bronchoconstrictive disease is limited to two crossover pilot studies.  In 49 patients with moderate to severe COPD, bronchoconstriction occurred following regadenoson or placebo in 12% vs. 6% of patients respectively (p=NS).  In 48 patients with mild to moderate asthma, bronchoconstriction occurred following regadenoson or placebo in 4% of patients (p=NS).  Bronchoconstriction was defined by spirometry measurements; no patient discontinued the study prematurely due to an event, and only one patient in the COPD trial complained of associated symptoms.  Although it appears that regadenoson may be tolerated in these patient populations, larger trials are needed to confirm the safety and define its place in therapy.     
· The manufacturer states that no dose adjustments are necessary in patients with renal impairment.  A pharmacokinetic study showed reduced clearance and increased elimination half life of regadenoson in patients with impaired renal function, although other parameters remained unchanged.  Further post-marketing studies should clarify the safety of regadenoson in this population.  No studies have been conducted in patients on dialysis.  
· Resuscitation equipment and trained staff should be available prior to administration of regadenoson.  Serious adverse events may be reversed with administration of IV aminophylline.

· Methylxanthines, including caffeine and theophylline, may interfere with the vasodilatory actions of regadenoson and should be avoided for at least 12 hours prior to regadenoson administration whenever possible.  Dipyridamole may potentiate the vasodilatory actions of regadenoson and should be held for at least 2 days prior to regadenoson administration whenever possible.
Introduction1,2,3
Radionuclide MPI is used in the detection and risk stratification of coronary artery disease (CAD).  MPI evaluates coronary blood flow at rest and during stress with the use of radionuclide agents that show areas of reduced perfusion and restrictions in coronary blood flow.  Exercise is the preferred method of cardiac stress testing; however, when a patient is not able to exercise, pharmacologic agents are used to increase coronary blood flow.  The vasodilators adenosine and dipyridamole have traditionally been considered the agents of choice for pharmacologic stress testing.  Dobutamine, an inotropic agent, is an alternative generally reserved for use in patients with contraindications to adenosine or dipyridamole, primarily those patients with bronchoconstrictive or bronchospastic airway disease.

Adenosine and dipyridamole are non-selective adenosine receptor agonists that increase coronary blood flow through direct (adenosine) or indirect (dipyridamole) stimulation of the adenosine A2A receptor.  These non-selective agents also stimulate the A1, A2B, and A3 adenosine receptors, which are thought to be responsible for undesirable effects including AV block, bronchospasm, and peripheral vasodilation.  In contrast, regadenoson is a selective A2A receptor agonist with much lower affinity for the non-A2A receptors. 

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 regadenoson 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 1,4
Regadenoson is a coronary vasodilator that induces its effects through selective activation of the A2A adenosine receptor.  Regadenoson is a low affinity but potent agonist of the A2A receptor, with at least a 10-fold reduced affinity for the A1 receptor, and weak if any affinity for the A2B and A3 receptors.  
Table 1.  Selected pharmacokinetic/pharmacodynamic parameters of regadenoson and adenosine
	Parameter
	Regadenoson
	Adenosine

	Cmax
	1 – 4 min
	not given

	Metabolism
	unknown
	rapid cellular uptake, deamination

	Elimination
	57% unchanged in the urine
	cellular uptake, deamination

	Half-life
	1st phase:  2-4 min

2nd phase:  30 min

3rd phase:  2 hrs
	< 10 sec

	Coronary Blood Flow (CBF)
	Increased to >2x baseline in 30 sec; decreased to <2x baseline in 10 min
	Maximum response at 2-3 min after infusion onset; return to baseline within 1-2 min following cessation of infusion


Table 2.  Hemodynamic effects of regadenoson and adenosine (from phase 3 trials)
	Parameter
	Regadenoson (n=1337)
	Adenosine (n=678)

	Heart Rate (HR) elevation >40 bpm
	5%
	3%

	Systolic Blood Pressure (SBP) reduction >35mm Hg
	7%
	8%

	Diastolic Blood Pressure (DBP) reduction >25mm Hg
	4%
	5%


FDA Approved Indication(s) and Off-label Uses1,5
Approved by the FDA in April 2008, regadenoson is a pharmacologic stress agent indicated for use in radionuclide MPI in patients unable to undergo adequate exercise stress.
Results from a small pilot study suggest that the use of regadenoson in combination with low-level exercise MPI may be feasible and well tolerated, although the safety and utility of regadenoson in this setting requires further study.
Current VA National Formulary Alternatives

Adenosine, dipyridamole, and dobutamine injectable agents are listed on the VA National Formulary.

Dosage and Administration1 
Regadenoson is administered as a rapid IV bolus of 0.4 mg (5 ml) over approximately 10 seconds, immediately followed by a 5 ml saline flush.  Ten to 20 seconds following the flush, the radionuclide MPI agent is infused and may be given through the same catheter as the regadenoson.  Regadenoson should be administered in a peripheral vein with a catheter or needle that is 22 gauge or larger.
Reversal of Effects
In case of an overdose or severe or persistent adverse effects of regadenoson, aminophylline may be administered as a reversal agent.  Aminophylline at a dose ranging from 50-250 mg may be given by slow IV injection (e.g., 50-100 mg given over 30-60 seconds) to attenuate the effects of regadenoson. 
Efficacy 1,6,7,8  
Efficacy Measures
The efficacy of regadenoson has been examined in comparison to adenosine, an established agent used in pharmacologic stress testing.  
Primary Efficacy Endpoint  
· Strength of agreement between two sequential MPI studies to detect the presence and extent of reversible defects
· Images were evaluated independently by 3 readers utilizing a 17-segment model to assess perfusion patterns based on a 5 point rating scale (0 indicating normal activity to 4 indicating no activity).  
· Reversible defects were defined as a stress score greater than the rest score and a stress score of 2 or greater, and extent of reversible defects were categorized as no to minimal (0-1), small to moderate (2-4), or large (5 or greater).
· Median count of the number of reversible segments used across the three readers and categorized as:  0-1 no ischemia; 2-4 small to moderate ischemia; ≥5 large ischemia  
Secondary Efficacy Endpoints

· Presence or absence of any reversible perfusion defects
· Side-by-side comparison of reversibility of perfusion defects

· Summed stress score based on 17-segment model

· Overall image quality
Summary of efficacy findings (see Appendix 1 for additional details on clinical trials)
The efficacy and safety of regadenoson has been evaluated in two identically designed multicenter, randomized, double-blind, active comparator, phase 3 trials.  The ADenoscan Versus regAdenosoN Comparative Evaluation for MPI (ADVANCE) 1 and 2 studies were designed to demonstrate non-inferiority of regadenoson to adenosine in detecting reversible perfusion defects.  ADVANCE 2 and the combined results of ADVANCE 1 and 2 have been published. 
In both ADVANCE trials, patients with a clinical indication for a pharmacologic stress test underwent sequential MPI studies at approximately 7 days apart (median).  All patients completed an initial adenosine MPI study (140 mcg/kg/min 6 min IV infusion) and were then randomized to receive regadenoson (0.4 mg IV over 10 seconds) or adenosine (140 mcg/kg/min 6 minute IV infusion) for the second MPI study (2:1 ratio).  Agreement rates between the MPI studies were compared.  A total of 1871 patients with a median age of 66 years were included in the combined efficacy analyses (n=1240 regadenoson; n=631 adenosine); 69% were male, 75% were Caucasian, and the majority had co-existing conditions including CAD, hypertension, or angina.  A very small number of patients enrolled had a history of left bundle branch block (LBBB) or paced rhythm.9  For the primary endpoint, the average agreement rate between the initial and randomized MPI studies for detection of reversible perfusion defects was low overall but similar at 63% and 62% for adenosine-regadenoson and adenosine-adenosine respectively (95% CI -6.2% - 6.8%), which met the pre-defined non-inferiority requirement for regadenoson (< -13.3% mean difference between agreement scores).  Agreement was higher for both agents when no or minimal ischemia was observed on the initial scan.  For the secondary endpoints including additional evaluation of the sequential scans for the detection, presence and extent of reversible perfusion defects, image quality, and side-by-side comparisons, the adenosine-regadenoson and adenosine-adenosine groups produced similar results.  No significant differences were observed in subgroup analysis with respect to gender, age, obesity, or presence of diabetes.  For the individual ADVANCE 1 and 2 trials, efficacy results were similar and consistent to the findings of the combined analyses, and regadenoson was shown to be non-inferior to adenosine for the primary and secondary endpoints.

Table 3. Average agreement rates for randomized scan compared to initial adenosine study
	
	ADVANCE-1
	ADVANCE-2
	Combined Analysis

	Regadenoson
	62%
	63%
	63%

	Adenosine
	61%
	64%
	62%

	Rate Difference
	1%

(95% CI:  -7.5%, +9.2%)
	-1%

(95% CI:  -11.2%, +8.7%)
	0
(95% CI:  -6.2%, +6.8%)


Adverse Events (Safety Data)1,6,7 (See Appendix 1 for further details from clinical trials)
Overall, the adverse event profile of regadenoson was similar to that of adenosine in the combined analysis of the patients in the phase 3 trials (see Table 4).  Adverse events generally were short-lived in both groups, although the duration of events was slightly longer in the regadenoson group.  Most adverse reactions resolved within approximately 15 minutes.  Aminophylline was used to reverse an adverse event in 3% (46/1337) of regadenoson-treated patients and 2% (12/678) of adenosine-treated patients.  
Of note, patients comprising the safety population of the phase 3 trials had tolerated the first phase of an adenosine test.  Additionally, patients with known bronchoconstrictive disease were excluded from the trials.
Common Adverse Events

The most commonly reported adverse events associated with regadenoson included dyspnea, headache, flushing, chest pain, and nausea.  While headache and gastrointestinal discomfort were reported more frequently with regadenoson, chest pain, jaw pain, and flushing were reported less frequently (than with adenosine).  
Table 4. Adverse Events with Regadenoson vs. Adenosine from Phase 3 Trials Combined Analysis
	Adverse Event
	Regadenoson

(n=1337)
	Adenosine

(n=678)

	Chest pain*
	29%
	41%

	Dyspnea
	28%
	26%

	Headache*
	26%
	17%

	Gastrointestinal discomfort*
	23%
	17%

	Flushing*
	22%
	34%

	Throat, neck or jaw pain*
	7%
	14%

	Lightheadedness/dizziness
	8%
	7%


*p <0.05 for difference between groups
Deaths and Other Adverse Events

Among patients who received regadenoson in the phase 3 trials, 2 deaths were reported.  In both cases, death did not appear related to the study drug and occurred several days to weeks following regadenoson administration. 
Heart rate:  Regadenoson-treated patients experienced more pronounced elevations in heart rate for a slightly longer duration than the adenosine group (mean maximum increase of 23±11 beats per min [bpm] vs. 19±11 bpm), with most patients returning to within 10 bpm of baseline in approximately 10 min.
Electrocardiogram (ECG) changes:  Rhythm or conduction abnormalities including premature atrial or ventricular beats, supraventricular or ventricular arrhythmia, and AV block, were reported in 26% of patients following regadenoson administration.  Incidence of AV block was numerically lower with regadenoson vs. adenosine:  first degree block 3% vs. 7%; second degree block 0.1% vs. 1%; no third degree block.  None of the episodes required intervention (see Warnings for additional information). 
Tolerability

Two patients from the phase 3 studies prematurely discontinued due to an adverse event, infiltration of the IV.  Results of a patient tolerability questionnaire showed a small but statistically significant difference in comfort favoring regadenoson over adenosine (4 point scale where lower number indicates more comfort:  1.7 with regadenoson vs. 1.9 with adenosine).
Contraindications1
Regadenoson is contraindicated for use in patients with second or third degree AV block or sinus node dysfunction (unless patient has a functioning artificial pacemaker).
Warnings
Myocardial Ischemia1
Cardiac ischemia and myocardial infarction, leading to life-threatening ventricular arrhythmias or fatal cardiac arrest may occur with administration of pharmacologic stress agents.  Aminophylline may be administered to attenuate the effects of regadenoson (see Dosing and Administration).  Before administering regadenoson, resuscitation equipment and trained staff must be available.
SA and AV Nodal Block1
Adenosine receptor agonists may cause SA and/or AV nodal depression resulting in first, second, or third degree AV block or sinus bradycardia.  Although patients with known second or third degree AV block were excluded from phase 3 clinical trials, 3% of regadenoson-treated patients developed first degree AV block, and one regadenoson-treated patient developed transient, asymptomatic second degree block.  None of the episodes required intervention or were symptomatic.  

Hypotension1
Adenosine receptor agonists may cause hypotension resulting from arterial vasodilation.  In phase 3 clinical trials, slight and similar drops in blood pressure (BP) were primarily observed with either regadenoson or adenosine, although the effects were of longer duration with regadenoson.  Significant decreases in systolic (>35mmHg) or diastolic (>25 mmHg) BP occurred in 7% and 4% of regadenoson-treated patients respectively.  Caution should be used in administering regadenoson to patients with conditions that may predispose patients to a serious hypotensive episode including autonomic dysfunction, dehydration, left main coronary disease, valvular stenosis, pericarditis or pericardial effusions, or carotid artery stenosis with cerebrovascular insufficiency.
Bronchoconstrictive Disease1,10,11
The safety of regadenoson in patients with known bronchoconstrictive disease, COPD, or asthma has not been definitively established.  Adenosine receptor agonists (e.g., adenosine, dipyridamole) may cause bronchoconstriction and respiratory compromise in patients with reactive airway disease.  Because the phase 3 regadenoson trials utilized adenosine, a known bronchoconstrictive agent, as an active comparator, patients with known bronchoconstrictive or bronchospastic disease were excluded from the study population and therefore could not be evaluated.  Evidence for the safety of regadenoson in patients with bronchoconstrictive/bronchospastic disease is limited to two published pilot studies.

The RegCOPD trial was a randomized, double-blind, placebo-controlled crossover pilot trial that evaluated the safety of regadenoson administration (given as a 0.4 mg IV bolus) in 49 patients with moderate (n=38) or severe (n=11) COPD.  Short-acting bronchodilators were held for 8 hrs prior to and during the study.  The wash-out period between treatments was 7-14 days.  The study population had a mean age of 67 years, was predominantly Caucasian (85%), male (65%), and on 2-3 medications for COPD.  All patients completed both treatments; no one required oxygen or short-acting bronchodilator therapy or experienced bronchospasm, bronchoconstriction, or respiratory distress.  Outcome measures including change in forced expiratory volume in one second (FEV1), forced vital capacity (FVC), oxygen saturation, respiratory rate, maximum decline in FEV1, were statistically similar between regadenoson and placebo at all time points up to 120 minutes post-administration.  Bronchoconstrictive reactions (defined as ≥15% decrease in FEV1 from baseline) occurred twice as frequently in the regadenoson group (6/49 vs. 3/49; p=NS), although only one patient was clinically symptomatic with a report of throat tightness.  Dyspnea was reported after regadenoson administration in 61% of patients and none following placebo. 
A randomized, double-blind, placebo-controlled, crossover pilot trial was conducted in 48 patients with mild (n=24) or moderate (n=24) asthma to evaluate the overall safety of regadenoson (given as a 0.4 mg IV bolus) in this population.  All patients had bronchial hyper-reactivity (tested with standardized adenosine monophosphate challenge).  Bronchodilators and methylxanthines were withheld prior to and during the study (6 hrs for short-acting agents and 24 hrs for long-acting agents and methylxanthines).  The wash-out period between treatments was 1-14 days.  With a mean age of 27 years, the study population was comprised primarily of Caucasian (85%) males (65%).  Forty-seven of 48 patients completed the study, with one subject terminating early because of an asthma exacerbation that occurred 4 days following placebo injection.  Outcome measures of spirometry were no worse with regadenoson compared to placebo, and no significant differences in outcomes between mild and moderate asthma patients were noted.  Mean FEV1 values were similar at all time points between groups, while ratio of FEV1:baseline and post-treatment nadir FEV1 values were either similar between groups or numerically favorable to regadenoson at various timepoints.  Bronchoconstrictive reactions (defined as ≥15% decline in FEV1 from baseline) occurred in 2 patients following each treatment (2/47 following regadenoson vs. 2/48 following placebo).  None of the patients had a serious adverse event or terminated the study early, including one patient with a decline in FEV1 of 36.2%, who remained asymptomatic and improved spontaneously.  Dyspnea was reported following regadenoson in 34% of the patients vs. 2% following placebo.
Although these pilot trials suggest that regadenoson may be tolerated in these populations, larger trials are needed to confirm the safety and potential place in therapy of regadenoson for use in MPI in patients with bronchoconstrictive/bronchoreactive disease.

Precautions1,7
Pregnancy Category C:  
Regadenoson is an FDA Category C medication and has not been studied in pregnant women.  Regadenoson should only be used in pregnant women if the potential benefit to the patient justifies the potential risk to the fetus.  In rats given doses of 10-20 times the maximum recommended human dose (MHRD), reduced fetal body weights and significant ossification delays along with maternal toxicity were observed.  In rabbits given doses of 12-20 times the MHRD, increased fetal loss and rates of deformations along with maternal toxicity were observed.  It is unclear whether the fetal effects that occurred were a direct effect of regadenoson or a result of maternal toxicity.   
Nursing Mothers

It is unknown whether regadenoson is excreted in breast milk.  Based on the pharmacokinetics of regadenoson, the drug should be cleared 10 hours following administration.  If the decision is made to administer regadenoson to a nursing mother, consider interruption of nursing for 10 hours following drug administration, given the potential for serious adverse effects from regadenoson in nursing infants.    
Geriatrics

The median age of patients who received regadenoson in the Phase 3 studies combined (n=1240) was 66.  Patients ≥65 years of age comprised 56% of the study population and shared a similar adverse event profile as patients <65 years old.  In the subgroup of patients ≥75 years of age, which comprised 24% of the total population, adverse events were similar compared to younger patients, with the exception of a higher incidence of hypotension in those 75 years of age and older (2% vs. <1%).

Renal Impairment
The manufacturer states that no dosage adjustments are necessary in patients with renal impairment.  Pharmacokinetic parameters were evaluated in a small study of patients with varying degrees of renal impairment.  Compared to healthy subjects (n=6), patients with renal impairment (n=18) showed decreased renal clearance and fraction of unchanged drug in the urine and an increased elimination half-life and plasma AUC.  However, peak drug concentration and volume of distribution parameters were similar among all subjects.  As part of the FDA’s post-marketing requirement, additional studies will be done to further examine potential adverse effects of regadenoson in patients with moderate or worse renal impairment. 

Dialysis
The pharmacokinetics of regadenoson in patients on dialysis has not been evaluated.
Hepatic Impairment

No dosage adjustment in patients with hepatic impairment is necessary.  The pharmacokinetics of regadenoson in patients with hepatic impairment has not been evaluated.  However, greater than half of the drug is eliminated unchanged in the urine.  Additionally, decreased clearance of regadenoson does not affect peak plasma drug levels, when clinically meaningful pharmacologic effects are observed.

Look-alike / Sound-alike (LA / SA) Error Risk Potential  
The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

	Drug Name
	LA/SA Drug Name

	Regadenoson 0.4 mg/5 ml injection
	Adenoscan 3 mg/ml injection

	
	Adenosine 3 mg/ml injection

	
	Pegademase bovine 250 units/ml injection

	
	Adenocard 3 mg/ml injection

	
	Renografin-60 injection

	
	Regonol 5 mg/vial injection

	Lexiscan 0.4 mg/5 ml injection
	Lexiva 50 mg/ml oral suspension

	
	Omniscan 28.7 gm/100 ml injection

	
	Levulan topical

	
	Adenoscan 3 mg/ml injection

	
	*Leustatin 1 mg/ml injection


*Identified as a Hi-Alert drug by ISMP (Institute for Safe Medication Practices)

Drug Interactions1, 12,13
Methylxanthines
Methylxanthines, including caffeine and theophylline, are non-specific adenosine antagonists and have been shown to interfere with the vasodilatory actions of the non-selective adenosine agonists adenosine and dipyridamole.  Although the evidence is conflicting, some studies have demonstrated false negative stress tests as a result of methylxanthine ingestion prior to adenosine agonist administration.  Because of the inconsistent evidence for the interaction, the serious potential consequences (false negative test), and the unknown dose at which caffeine may significantly interfere, it is recommended to withhold methylxanthines for 24 hours (approximately 5 half lives) prior to stress testing when the use of adenosine or dipyridamole is anticipated.  
Preliminary information from a randomized, placebo-controlled, crossover trial of 41 healthy volunteers suggests that caffeine (200 mg orally administered, equivalent to approximately 2 cups of coffee) does not significantly affect regadenoson-induced coronary vasodilation, although elevation in heart rate typically observed with regadenoson was blunted by caffeine.  Additional study is needed to evaluate the potential effects of methylxanthines on imaging results in stress testing with regadenoson in patients with coronary heart disease.

The manufacturer recommends that consumption of methylxanthines be avoided for at least 12 hours prior to regadenoson administration whenever possible.

Dipyridamole

Dipyridamole may potentiate the vasodilatory effects of regadenoson and should be held for at least 2 days prior to regadenoson administration whenever possible.
Drugs that affect SA/AV nodes (e.g., calcium channel blockers, beta-blockers, nitrates, cardiac glycosides, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers)

Although not systematically studied, these drugs were co-administered to patients in clinical trials, where no apparent effects on efficacy or safety of regadenoson were observed.  
Acquisition Costs

Table 5. Acquisition costs of regadenoson and comparators*
	Drug
	Dose
	Patient Wt
	Cost/patient ($)

	Regadenoson (Lexiscan) 
	0.4 mg/5 ml
	all
	$134.89

	Adenosine (Adenoscan) 3mg/ml 20 ml SDV
	0.14 mg/kg/min x6 min
	<72 kg
	$98.85

	
	
	≥72 kg
	$197.70 (2 vials needed)

	Adenosine (Adenoscan) 3 mg/ml 30 ml SDV
	0.14 mg/kg/min x6 min
	<108 kg
	$142.80

	
	
	≥109 kg
	$285.60 (2 vials needed)

	Dipyridamole 5 mg/ml 10 ml SDV
	0.142 mg/kg/min x4 min
	<89 kg
	$2.11

	+ Dipyridamole 5 mg/ml 2 ml SDV
	Max dose of 60 mg
	≥89 kg
	$3.11 (10 ml + 2 ml vial needed)


SDV=single dose vial; *Prices as of 12/08; current prices can be obtained on vaww.pbm.va.gov 
Pharmacoeconomic Analysis
No published pharmacoeconomic analyses evaluating regadenoson were located.  
Conclusions
In clinical trials, the use of regadenoson during pharmacologic stress testing resulted in myocardial perfusion images similar to those of adenosine.  Though regadenoson is expected to be associated with comparable sensitivity and specificity in the detection and prognosis of CAD, these outcomes have not been studied.  Overall, adenosine receptor agonists as a class (adenosine, dipyridamole, and regadenoson) share a similar adverse effect profile with slight differences between agents.  The selectivity of regadenoson for the adenosine A2A receptor may prove beneficial with regards to the potential for conduction abnormalities and bronchoconstriction observed with non-selective agents.  Although preliminary study appears promising, definitive conclusions on the safety of regadenoson in patients with bronchoconstrictive lung disease cannot be made at this time.  Regadenoson has been associated with more pronounced and longer duration of heart rate elevations, which may be undesirable particularly in patients with history of LBBB or paced rhythm, conditions not well studied with regadenoson and known to be associated with high rates of false positives when increased heart rate occurs during stress testing.  Adenosine should remain the preferred agent in this setting at this time.  While considered short acting, the clinical significance of the longer duration of effect of regadenoson compared to adenosine remains unclear.  A significant advantage of regadenoson is the convenient dosage regimen.  In contrast to adenosine and dipyridamole, which require the use of a weight-based 4-6 minute IV infusion, regadenoson is administered as a non-weight based, single-dose, rapid IV bolus that requires no dosage calculations, IV admixture, or infusion pump.  Comparisons of drug costs for regadenoson and adenosine vary depending on patient weight and vial size of adenosine used but are approximately cost neutral at this time.  Dipyridamole is significantly less expensive than either regadenoson or adenosine, although this agent is associated with a significantly longer duration of action.  
Phase 3 trials with regadenoson studied a predominantly male population with a mean age of approximately 65 years and co-morbid conditions, which would be applicable to the VA population.  Based on currently available evidence, regadenoson may be considered an alternative to adenosine or dipyridamole for pharmacologic stress testing.  Choice of particular agent should consider the following:  patient-specific factors and co-existing medical conditions, risk of adverse events, potential need for rapid reversal of effects, patient’s experience with agent during a previous test, cost, and facility-specific resources (e.g., lab and pharmacy personnel and time and workload vs. drug cost).
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Appendix 1.  Published Phase 3 Clinical Trials for Regadenoson

	Citation
	Iskandrian AE, Bateman TM, Belardinelli L, et al. Adenosine versus regadenoson comparative evaluation in myocardial perfusion imaging: results of the ADVANCE phase 3 multicenter international trial. J Nucl Cardiol. 2007;14:645-58.

(ADVANCE MPI-2)

	Study Goals
	To evaluate the efficacy and safety of regadenoson compared to adenosine in MPI

	Methods
	Study Design 

ADVANCE MPI 2 was one of two identical multicenter, double-blind, randomized, active comparator, non-inferiority phase 3 trials.  All study subjects underwent an initial adenosine MPI study and were then randomized to receive either regadenoson or adenosine (2:1 ratio) in a second blinded MPI study conducted within 4 weeks of the first study.

Primary Endpoint:  the strength of the agreement between two sequential MPI studies of adenosine-regadenoson vs. adenosine-adenosine in the detection of the presence and extent of reversible defects.   

Secondary Endpoints:  incidence of induced reversible defects, image quality, presence, severity, and extent of reversible defects on side-by-side image comparisons, hemodynamic responses, adverse effects, safety, tolerability

Interventions:

· 1st imaging study (all patients):  adenosine 140 mcg/kg/min IV infusion for 6 min

· 2nd imaging study:

· Adenosine 140 mcg/kg/min IV infusion for 6 min + placebo IV bolus

· Regadenoson 400 mcg IV bolus over <10 sec + placebo IV infusion

· Identical imaging and radiotracer protocols were used for both studies in each patient
Data Analysis

Images were evaluated independently by 3 readers utilizing a 17-segment model to assess perfusion patterns based on a 5 point rating scale (0 indicating normal activity to 4 indicating no activity).  Reversible defects were defined as 1) stress score of 2 or greater; and 2) stress score greater than the rest score, and extent of reversible defects were categorized as no to minimal (0-1), small to moderate (2-4), or large (5 or greater).  A sum stress score (SSS) was calculated to denote overall extent and severity of reversible defects.  Side-by-side comparisons of the sequential studies were performed and rated as same, more severe, or less severe. 

For the primary endpoint, regadenoson would be deemed non-inferior to adenosine if the difference in agreement rates between the 2 sequential studies (adenosine-regadenoson and adenosine-adenosine) was less than 13.33%.

	Criteria
	Inclusion criteria

· 18 years of age or older

· Clinical indication for pharmacologic stress SPECT MPI study

Exclusion criteria

· Contraindication to adenosine (e.g., bronchoconstrictive/bronchospastic disease) 
· AMI or UA within 3 mos, or revascularization within 6 mos

· History of greater than 1st degree AV block, sick sinus syndrome in patients without a pacemaker, or symptomatic or high degree AV block on first adenosine study
· History of uncontrolled ventricular arrhythmia

· Cardiac transplant, hypertrophic cardiomyopathy, acute myocarditis or pericarditis, severe aortic stenosis, susceptibility to symptomatic hypotension, uncontrolled hypertension within 30 days

· Dipyridamole use within 30 hr, methylxanthine use within 12 hr, SL NTG use within 2 hr

· Participation in another study within 1 mo or previous participation in regadenoson trial

· Pregnancy, breast-feeding, or inadequate contraception for women of childbearing potential

	Results
	Study Population

· Safety population = 784 patients
· Efficacy population = 773 patients (11 patients excluded; images not evaluable)
· Primary efficacy analysis = 758 patients (15 patients with no/minimal reversible defects excluded to limit to ≤50% of study population)
Baseline Characteristics
Regadenoson

(n=517)

Adenosine

(n=267)

Age, yrs (mean)

64

64

% Male

66

62

% Caucasian

78

78

Weight, kg (mean)

82

83

BMI

29

29

% CAD History

70

67

% Angina History*

62

54

% US

51

55

*p=0.05

Primary Endpoint

Agreement rates between adenosine and regadenoson MPIs

0-1 Rev Def

2-4 Rev Def

≥5 Rev Def

Avg Agreement*

Regadenoson

82%

41%

67%

63%

Adenosine

82%

49%

62%

64%

*-1% difference; 95% CI: -11.2 to 8.7%; regadenoson deemed non-inferior to adenosine
Secondary Efficacy Endpoints

Side-by-side agreement rates of severity of reversible defects compared to initial adenosine study  

Less
Same
Greater
Regadenoson

9%
79%
12%
Adenosine

10%
78%
12%
No significant differences between regadenoson and adenosine
Agreement rates based on presence and type of perfusion defects

None
Fixed
Reversible
Mixed
Total
Regadenoson

79%
59%
56%
67%
68%
Adenosine

72%
47%
60%
71%
66%
Total stress score correlation:  r=0.87 regadenoson; r=0.84 adenosine (p=NS)

Image quality:  good or excellent in 88% regadenoson and 90% adenosine studies (p=NS)

Safety/Tolerability

Deaths:  none

Most frequently reported AEs:  headache, dyspnea, flushing, CP, nausea

Total symptom score for flushing, CP, dyspnea (0 none - 3 severe):  0.9 regadenoson vs. 1.1 adenosine (p <0.05)

Maximum ↑HR (mean):  25 bpm regadenoson vs. 20 bpm adenosine (p <0.05)  

Maximum ↓SBP/DBP:  13/10 mmHg regadenoson vs. 14/10 mm Hg adenosine (p=NS)

2nd degree AV block:  0 regadenoson vs. 3 adenosine (p <0.05) (exclusion criterion)

Tolerability patient questionnaire:  regadenoson better tolerated (p <0.05)

	Conclusions
	Authors of the study conclude that regadenoson provides comparable diagnostic information to adenosine and is better tolerated.  Note:  information on safety and tolerability of regadenoson is limited by the study design, as only patients who had no known contraindications to adenosine and who tolerated the 1st adenosine scan were randomized to the 2nd imaging study.


	Citation
	Effects of age, gender, obesity, and diabetes on the efficacy and safety of the selective A2A agonist regadenoson versus adenosine in myocardial perfusion imaging.  J Am Coll Cardiol Img. 2008;1:307-16.

(Combined Analysis of ADVANCE MPI-1 and 2)

	Study Goals
	1) To evaluate the efficacy, safety, and tolerability of regadenoson compared to adenosine in MPI by age, gender, body mass index, and presence of diabetes; 2) To evaluate the non-inferiority of regadenoson to adenosine in detection of reversible perfusion defects

	Methods
	Study Design 

ADVANCE MPI 1 and 2 were identically designed multicenter, double-blind, randomized, active comparator, non-inferiority phase 3 trials.  All study subjects underwent an initial adenosine MPI study and were then randomized to receive either regadenoson or adenosine (2:1 ratio) in a second blinded MPI study conducted within 4 weeks of the first study.

Primary Endpoint:  the strength of the agreement between two sequential MPI studies of adenosine-regadenoson vs. adenosine-adenosine in the detection of the presence and extent of reversible defects.   

Secondary Endpoints:  incidence of induced reversible defects, presence, severity, and extent of reversible defects, hemodynamic responses, adverse effects, safety, tolerability
Exploratory Subgroup Analysis:  age (<65 or ≥65 yrs); gender; BMI (≤30 or >30kg/m2); presence of diabetes
Interventions:

· 1st imaging study (all patients):  adenosine 140 mcg/kg/min IV infusion for 6 min

· 2nd imaging study:

· Adenosine 140 mcg/kg/min IV infusion for 6 min + placebo IV bolus

· Regadenoson 400 mcg IV bolus over <10 sec + placebo IV infusion

· Identical imaging and radiotracer protocols were used for both studies in each patient

Data Analysis

Images were evaluated independently by 3 readers utilizing a 17-segment model to assess perfusion patterns based on a 5 point rating scale (0 indicating normal activity to 4 indicating no activity).  Reversible defects were defined as 1) stress score of 2 or greater; and 2) stress score greater than the rest score, and extent of reversible defects were categorized as no to minimal (0-1), small to moderate (2-4), or large (5 or greater).  A sum stress score (SSS) was calculated to denote overall extent and severity of reversible defects.   

For the primary endpoint, regadenoson would be deemed non-inferior to adenosine if the difference in agreement rates between the 2 sequential studies (adenosine-regadenoson and adenosine-adenosine) was less than 13.33%.

	Criteria
	Inclusion criteria

· 18 years of age or older

· Clinical indication for pharmacologic stress SPECT MPI study

Exclusion criteria

· Contraindication to adenosine (e.g., bronchoconstrictive/bronchospastic disease) 

· AMI or UA within 3 mos, or revascularization within 6 mos

· History of greater than 1st degree AV block, sick sinus syndrome in patients without a pacemaker, or symptomatic or high degree AV block on first adenosine study

· History of uncontrolled ventricular arrhythmia

· Cardiac transplant, hypertrophic cardiomyopathy, acute myocarditis or pericarditis, severe aortic stenosis, susceptibility to symptomatic hypotension, uncontrolled hypertension within 30 days

· Dipyridamole use within 30 hr, methylxanthine use within 12 hr, SL NTG use within 2 hr

· Participation in another study within 1 mo or previous participation in regadenoson trial

· Pregnancy, breast-feeding, or inadequate contraception for women of childbearing potential

	Results
	Study Population

· Safety population = 2015 patients (3 patients excluded due to non-evaluable safety data)
· Efficacy population = 1871 patients (32 patients with non-evaluable images excluded, 115 patients with no/minimal reversible defects excluded to limit ≤50% of study population)
Baseline Characteristics

Regadenoson

(n=1240)

Adenosine

(n=631)

Age, yrs (mean)

66

65

% Male

70

68

% Caucasian

75

75

BMI

29

28

% CAD History

78

75

% Angina History

64

61

% Diabetes

32
34
Primary Endpoint

Agreement rates between adenosine and regadenoson MPIs

0-1 Rev Def

2-4 Rev Def

≥5 Rev Def

Avg Agreement*

Regadenoson

85%

49%

54%

63%

Adenosine

84%

53%

50%

62%

*95% CI: -6.2% to 6.8%; regadenoson deemed non-inferior to adenosine

Secondary Efficacy Endpoints

Agreement rates for presence or absence of ischemia compared to initial adenosine study

Ischemia

No Ischemia

Regadenoson

77%

78%

Adenosine

76%

77%

p=NS

Safety/Tolerability

Common AEs (regadenoson/adenosine):  chest pain* 29%/41%; dyspnea 28%/26%; flushing* 22%/34%; GI discomfort* 23%/17%; headache* 26%/17%; jaw, neck, throat pain* 7%/14% [*p <0.05]

Total symptom score for flushing, CP, dyspnea (0 none - 3 severe):  0.9 regadenoson vs. 1.3 adenosine (p <0.05)

ECG analysis (regadenoson/adenosine):  1st degree AV block* 2.8%/7%; 2nd degree* 0.1%/1.5%; no 3rd degree  (exclusion criterion) [*p <0.05]

Tolerability Questionnaire†

Regadenoson

Adenosine

Comfort level (scale 1-4)

1.7*

1.9

Comparison to 1st MPI study (scale 1-5)

2.2*

2.6

*p <0.05; †higher score denotes lower level of comfort
Subgroup Analysis

Efficacy similar across all subgroups

Tolerability overall similar across subgroups except:  younger patients reported higher symptom score; women reported more discomfort than men

	Conclusions
	Authors of the study conclude that regadenoson is as efficacious as adenosine and is better tolerated.  No clinically significant differences in efficacy or safety were demonstrated among the subgroups analyzed.  Note:  information on safety and tolerability of regadenoson is limited by the study design, as only patients who had no known contraindications to adenosine and who tolerated the 1st adenosine scan were randomized to the 2nd imaging study.


AE=adverse event; AMI=acute myocardial infarction; BMI=body mass index; CP=chest pain; DBP=diastolic blood pressure; ECG=electrocardiogram; HR=heart rate, IV=intravenous; MPI=myocardial perfusion imaging; NTG=nitroglycerin; Rev Def=reversible defects; SBP=systolic blood pressure; SL=sublingual; SPECT=single photon emission computed tomography; UA=unstable angina
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