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Executive Summary

· Indications: Nebivolol (Bystolic®), a third-generation cardioselective beta-blocker with L-arginine/nitric oxide-induced vasodilatory properties, was FDA-approved on December 17, 2007 for the treatment of mild-to-moderate hypertension (HTN) in adults as either monotherapy or in combination with other antihypertensive medications.   Use of nebivolol in the management of any condition other than hypertension is currently an off-label indication in the U.S.  
· Efficacy: The safety and efficacy of nebivolol in the management of HTN has been assessed in three randomized, double-blinded, multi-center, placebo-controlled, 12-week monotherapy trials at doses ranging from 1.25mg to 40mg as part of the U.S. clinical development program (n=2,016 patients).  Two of these trials studied a general hypertensive population with mean age of 54 years, 55% male, 26% black, 7% diabetic, and 6% genotyped as poor metabolizers (PMs).  The third monotherapy trial exclusively studied 300 black patients with mean age of 
51 years, 45% male, 14% diabetic, and 3% genotyped as PMs.  Efficacy in reducing mean sitting systolic blood pressure/diastolic blood pressure (SBP/DBP) was similar across race and body mass index (BMI) (p<0.001 for 5mg, 10mg, and 20mg; common dose across all trials).  These three monotherapy randomized controlled trials (RCTs) enrolled 375 patients ≥ 65 years of age.  Distribution across all arms was as follows: placebo (n=30), 1.25mg (n=18), 2.5mg (n=18), 5mg (n=84), 10mg (n=94), 20mg (n=84), 30/40mg (n=47).  For the primary endpoint (least-squared (LS) mean reduction in trough sitting DBP, the 5mg dose approached statistical significance (p=0.053), while the 10mg and 20mg doses reached significance (p ≤ 0.002).  Placebo effect for the elderly subgroup was much larger than for the younger subgroup (< 65 years of age), which study authors attributed to small sample size.  For the secondary endpoint of LS mean reduction in trough sitting SBP, no statistical significance was achieved in the elderly subgroup.  A fourth placebo-controlled, U.S. trial demonstrated additional BP-lowering effects when nebivolol (5mg, 10mg, or 20mg daily) was administered concurrently with up to two other antihypertensive medications (ACEI, ARB, and/or thiazide diuretic).  Nebivolol demonstrated efficacy across the following subgroups: black or non-black, BMI ≥ 30 or < 30, age ≥ 65 years or < 65 years, male or female, and those with or without diabetes mellitus.  The SENIORS trial evaluated the safety, efficacy, and tolerability of nebivolol in the management of heart failure (HF) in elderly patients.  This was a randomized, prospective, multinational, multicenter, placebo-controlled, double-blinded, parallel-group study to evaluate the effects of nebivolol on mortality and hospitalization in 2,135 clinically stable elderly (≥ 70 years of age) HF patients (NYHA Functional Classes I-IV).  Patients were randomized to placebo or nebivolol (1.25mg once daily titrated to 10mg once daily over a 4-16 week period, as tolerated), with background HF therapy maintained.  Patients were followed from 12 to 39 months (average follow-up of 21 months).  Treatment with nebivolol resulted in a statistically significant decrease in the primary endpoint (all-cause mortality or cardiovascular hospitalization) vs. placebo.  The primary endpoint occurred in 332 (31.1%) nebivolol-treated patients vs. 375 (35.3%) placebo-treated patients (HR=0.86 95% CI 0.74-0.99; p=0.039).  Nebivolol was generally well-tolerated.  Bradycardia was the reason for study withdrawal in 18 nebivolol-treated patients (11.1%) vs. 4 placebo-treated patients (2.6%); no analysis reported.  
· Safety:  Nebivolol is generally well tolerated, with placebo-controlled studies demonstrating an adverse event-mediated discontinuation rate of 2.8% with nebivolol compared to 2.2% with placebo. Overall, the most common adverse events (AEs) contributing to discontinuation of nebivolol were headache (0.4%), nausea (0.2%), and bradycardia (0.2%).  The most common AEs in the three monotherapy RCTs that were reported at an incidence of >2% with nebivolol were headache, fatigue, dizziness, diarrhea, and nausea.  In controlled and open-label trials of nebivolol conducted globally (>5,300 patients), the following AEs were reported at an incidence of ≥ 1% with nebivolol (Forest, Data on File): headache, fatigue, dizziness, diarrhea, nausea, bradycardia, asthenia, abdominal pain, hypercholesterolemia, hyperuricemia, paresthesias, and laboratory abnormalities (↑ BUN, ↑ uric acid, ↑ triglycerides, ↓ HDL-C, and ↓ platelet-aggregation).
· Laboratory Monitoring: Although there are currently no manufacturer recommendations for laboratory monitoring, studies have shown nebivolol to affect lipid and carbohydrate profiles, glucose tolerance, as well as platelet activity.  In the placebo-controlled, monotherapy and add-on HTN trials, HDL-C was significantly decreased from baseline with nebivolol therapy compared to placebo. Reductions in HDL-C ranged from 
0.383 mg/dL to 6.1 mg/dL with daily doses up to 40mg. The clinical implications of these changes are unknown.  Statistically nonsignificant reductions in total cholesterol and LDL-C, as well as nonsignificant increases in triglycerides, were exhibited with nebivolol use.  Treatment with nebivolol was associated with increases in serum glucose but was reported to be clinically insignificant in the HTN treatment trials reviewed.  It is important to note that the effects of nebivolol on these parameters in these trials was only measured up to 9 months duration.  In the SENIORS trial, increases in fasting serum glucose for nondiabetic patients were 0.54 mg/dL and 0.9 mg/dL for nebivolol and placebo, respectively.  For diabetic patients, however, there were reductions in fasting serum glucose of 5.76 mg/dL and 1.98 mg/dL for nebivolol and placebo, respectively (no analysis reported).  Although not statistically significant, nebivolol was associated with fewer cases of new-onset diabetes mellitus vs. placebo (1.8% nebivolol vs. 2.1% placebo). 
· Dose: The initial recommended dose of nebivolol for most patients is 5mg once daily, without regard to meals.  The dose may be increased in 2-week intervals up to 40mg once daily, if BP goal is not achieved.  Doses greater than 40mg daily are not likely to provide additional benefit and may increase risk of AEs.  For patients with HF, mild-to-moderate hepatic dysfunction, and/or CrCl < 30 mL/min, the recommended starting dose of nebivolol is 2.5mg once daily, with cautious upward titration.  Nebivolol has not been studied in pediatric populations, severe hepatic dysfunction, or in hemodialysis/peritoneal dialysis patients.
· Cost: The monthly drug cost per patient for nebivolol is currently flat-priced at $30.90.  In comparison, the monthly drug costs per patient for traditional beta-blockers used in the management of HTN are as follows: 
$0.15 - $0.60 for atenolol, $0.60 - $2.40 for metoprolol tartrate, $2.40 - $6.00 for carvedilol, and $7.20 - $21.60 for labetalol.  Likewise, the monthly drug costs per patient for traditional beta-blockers used in the management of HF are as follows: $2.40 - $6.00 carvedilol, $3.60 - $12.90 for metoprolol succinate, and $8.70 - $13.20 for bisoprolol.
· Place in Therapy: A thiazide-type diuretic is recommended as initial therapy, either as monotherapy or in combination with other antihypertensive therapies, in the management of uncomplicated or essential HTN.  Therapy with other antihypertensive drug classes should be considered based upon inadequate control of blood pressure or in patients who have compelling indications for use of other antihypertensive therapies.  Due to the paucity of outcomes data regarding nebivolol’s unique L-arginine/nitric oxide-induced vasodilatory properties, despite being on the European market for over a decade, it is recommended that nebivolol be reserved for patients with HTN who do not tolerate or are not adequately controlled with antihypertensive agents currently recommended per VHA/DoD National Clinical Practice Guidelines for the Pharmacologic Treatment of HTN and on the VA National Formulary (VANF).  In addition, due to the paucity of data demonstrating superiority or equivalence of nebivolol over metoprolol succinate, bisoprolol and carvedilol (a third-generation beta-blocker with vasodilatory properties), nebivolol cannot be recommended for the treatment of heart failure.
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Introduction 1-4
Nebivolol (Bystolic, ® Forest Pharmaceuticals) is a third-generation, highly cardioselective, beta1-adrenergic receptor antagonist that was first marketed for the treatment of hypertension (HTN) in Europe in 1997.  It received subsequent approval in Europe in September 2005 for the treatment of mild-to-moderate heart failure (HF) in elderly patients ≥ 70 years of age.  Nebivolol recently received FDA approval in the U.S. on December 17, 2007 for the treatment of HTN in adults as either monotherapy or in combination with other antihypertensive medications.  Of note, no study to date has shown benefit of beta-blocker therapy for all-cause mortality or cardiovascular morbidity and mortality when used as monotherapy for uncomplicated or essential hypertension.  Use of nebivolol in the management of any condition other than HTN is currently an off-label indication in the U.S.

Beta-blockers are a heterogeneous class of antihypertensive agents that differ with regard to several pharmacologic properties, including beta1 / beta2 adrenergic receptor selectivity, lipophilicity vs. hydrophilicity, membrane-stabilizing activity, intrinsic sympathomimetic activity (ISA), and additional vasodilatory activity.  This class is generally divided into 3 categories or generations.  First-generation beta-blockers are considered beta1 / beta2 nonselective.   Second-generation beta-blockers are considered beta1 selective within their respective therapeutic dosing ranges.  Third-generation beta-blockers are unique in their additional vasodilatory properties.  The table below categorizes the currently available oral beta-blockers in the U.S.  These pharmacologic differences may have clinical implications.  For example, beta1 / beta2 nonselective agents may exacerbate asthma/coronary obstructive pulmonary disease (COPD), whereas beta1 selective agents are not as likely to demonstrate this ancillary effect.  Also, third-generation, vasodilating beta-blockers may have a lower risk of insulin resistance or impaired lipid and glucose metabolism vs. non-vasodilating beta-blockers.  
Classification of Oral Beta-Blockers Available in the U.S.

	I) First Generation: Nonselective beta1 and beta2 Blockade

	               - Propranolol, Propranolol LA, Nadolol, Pindolol, Penbutolol, Timolol

	II) Second Generation: Selective beta1 Blockade

	               - Metoprolol Tartrate, Metoprolol Succinate, Atenolol, Bisoprolol, Acebutolol, Betaxolol

	III)Third Generation: Nonselective beta1 and beta2 or Selective beta1 Blockade with Vasodilatation

	        Nonselective beta1 and beta2 Blockade with alpha1Vasodilatation

	               - Carvedilol, Labetalol

	        Selective beta1 Blockade with L-arginine/Nitric Oxide (NO)-induced Vasodilatation

	               - Nebivolol



The purposes of this drug monograph are to (1) summarize the available evidence of the safety, efficacy, tolerability, and other relevant pharmaceutical issues in evaluation of nebivolol for potential addition to the VA National Formulary (VANF), (2) define any potential advantages over current formulary alternatives, and (3) identify potential areas for preferred use in the veteran population.
Pharmacology1-4

Nebivolol is a lipophilic, third-generation, highly cardioselective, beta1-adrenergic receptor antagonist with vasodilatory properties.  Unlike other third-generation beta-blockers, such as carvedilol and labetalol, which cause vasodilatation via alpha1-mediated receptor antagonism, nebivolol is unique in that it causes peripheral vasodilatation via L-arginine/nitric oxide-induced release from endothelial cells and subsequent increased nitric oxide bioavailability in the endothelium.  Nitric oxide (NO) is a major endothelium-derived vasodilatory compound that is also reported to have antithrombotic, antiproliferative, and anti-inflammatory effects as well as lead to decreased myocardial oxygen demands.   

Nebivolol is a racemic mixture of equal parts d- and l- nebivolol.  The d-isomer is responsible for beta1-adrenergic receptor antagonism, while the l-isomer is primarily responsible for vasodilatation, with some contribution from the 
d-isomer.  Nebivolol demonstrates beta1-receptor selectivity that is 321-fold higher than for the beta2-receptor at doses less than or equal to 10mg in extensive metabolizers (EMs), which is a majority of the population.  Thus, it is the most cardioselective beta-blocker currently available.  However, at daily doses > 10mg or in poor metabolizers (PMs), it is reported to lose this potent cardioselectivity.  Nebivolol is devoid of membrane-stabilizing activity, intrinsic sympathomimetic activity (ISA), and alpha1 antagonist properties at therapeutic concentrations.
Pharmacodynamics/Pharmacokinetics1-2

The hemodynamic profile of nebivolol is different from traditional beta-blockers in that it increases stroke volume (SV) while reducing peripheral vascular resistance (PVR), which indicates maintenance of left-ventricular (LV) function.  Nebivolol has a neutral effect on cardiac output (CO) and is not associated with acute decreases in CO.

Nebivolol demonstrates linear pharmacokinetics and undergoes extensive first-pass metabolism, primarily via glucoronidation and CYP2D6 hydroxylation, producing several active circulating metabolites, including glucoronides and hydroxyl metabolites.  As a result of genetic polymorphisms in CYP2D6 activity, there are extensive metabolizers (EMs) and poor metabolizers (PMs), with most of the population being EMs.  Plasma concentrations of the d-isomer increased proportionately with dose in both EMs and PMs for doses up to 20mg daily.  Although the half-life of the d-isomer is ~12 hours in EMs and ~19 hours in PMs, the drug is administered once daily due to the beta-blocking activity of the active hydroxylated metabolites.  The clinical efficacy and safety profile observed in PMs was similar to that of EMs in clinical trials.  Thus, genetic differences in drug metabolism have not shown to affect drug pharmacodynamics.  Despite its high lipophilicity, distribution of nebivolol in obese patients is limited, with pharmacodynamic parameters unchanged.  In-vitro studies have demonstrated that at therapeutic concentrations, d- and l- nebivolol does not inhibit nor induce any CYP450 metabolic pathways.
	Peak Plasma Concentration
	t½
	Metabolism
	Elimination
	Bioavailability

	1.5 - 4hrs in EMs and PMs
	~12 hours in EMs 
~19 hours in PMs
	Glucoronidation
and CYP2D6 hydroxylation
	< 0.5 % of absorbed dose
found unchanged in urine
	96% in EMs
12% in PMs 
~98% albumin-bound
No food effects


FDA Approved Indication(s) and Off-Label Uses1-2

Nebivolol is FDA-approved for the treatment of HTN in adults as either monotherapy or in combination with other antihypertensive medications.  Of note, no study to date has shown benefit of beta-blocker therapy for all-cause mortality or cardiovascular morbidity and mortality when used as monotherapy for uncomplicated or essential hypertension.  Clinical trials including patients with HF and non-ischemic dilated cardiomyopathy have been completed.  There are currently no published trials of nebivolol post-acute coronary syndrome (ACS).  Use of nebivolol in the management of any condition other than HTN is currently an off-label indication in the U.S. 

Current VA National Formulary Alternatives in HTN or HF:

	Thiazide Diuretics
	ACEIs
	Long-Acting CCBs
	Beta-blockers
	Supplemental Agents*

	Chlorthalidone

Hydrochlorothiazide (HCTZ)
HCTZ/triamterene
Indapamide


	Benazepril
Lisinopril 
Captopril

Enalapril

Fosinopril


	Amlodipine

Felodipine 

Nifedipine

Diltiazem

Verapamil
	HTN
Carvedilol, Atenolol

Metoprolol Tartrate, Propranolol

HF
Carvedilol, Metoprolol Succinate, Bisoprolol
	Clonidine

Doxazosin

Hydralazine

Methyldopa

Minoxidil

Prazosin

Reserpine

Spironolactone

Terazosin 


*ARBs are restricted to criteria for use and may be considered in patients who are ACEI intolerant; alpha-blockers are not recommended as monotherapy for the treatment of HTN; loop diuretics are generally not recommended for the treatment of HTN  
Dosage and Administration1-2
General Recommendations
Nebivolol should be administered once daily, without regard to meals.  For most patients, the recommended starting dose is 5mg once daily.  The dose may be titrated at 2-week intervals, if needed, up to 40mg daily.  A more frequent dosing regimen is not likely to be beneficial and may increase risk of adverse events.

	Availability
	Initial Dose
	Titration Interval
	Maximum Dose
	Comments

	2.5mg
5mg
10mg
 unscored tablets
	
5mg once daily (see comments)
	Increase dosage at 
2-week intervals 
	40 mg once daily 


	- Starting dose of 2.5mg is recommended in HF, mild-to-moderate hepatic dysfunction, and CrCl < 30 mL/min, with cautious upward titration 
- No dosage adjustment necessary in patients who are poor metabolizers 
of CYP2D6
-Nebivolol has not been studied in severe hepatic dysfunction or in dialysis


Adverse Events1-4, 8-9

Nebivolol is generally well tolerated, with placebo-controlled studies demonstrating an adverse event-mediated discontinuation rate of 2.8% with nebivolol compared to 2.2% with placebo. Overall, the most common adverse events contributing to discontinuation of nebivolol were headache (0.4%), nausea (0.2%), and bradycardia (0.2%). 

In controlled or open-labeled trials of nebivolol conducted globally, which included >5,300 patients, the following adverse events were reported at an incidence of ≥1% with nebivolol (Forest, Data on File): headache, fatigue, dizziness, diarrhea, nausea, bradycardia, asthenia, abdominal pain, hypercholesterolemia, hyperuricemia, paresthesias, and laboratory abnormalities (↑ BUN, ↑ uric acid, ↑ triglycerides, ↓ HDL cholesterol, and ↓ platelet-aggregation). 

A worldwide spontaneous reports registry captured the following voluntarily-reported adverse events (note: due to the generation of these reports from an unknown population size, the frequency of events and a causal relationship to nebivolol treatment cannot be determined): abnormal hepatic functioning (increases in AST, ALT, and bilirubin), acute pulmonary edema, acute renal failure, second- and third-degree atrioventricular block, bronchospasm, erectile dysfunction, hypersensitivity reactions including urticaria, allergic vasculitis, and rarely angioedema, myocardial infarction, pruritis, psoriasis, Raynaud's phenomenon, peripheral ischemia/claudication, somnolence, syncope, thrombocytopenia, various rashes and skin disorders, vertigo, and vomiting. 

Combined analysis of three, 12-week, placebo controlled, monotherapy trials and treatment-emergent adverse events with an incidence ≥ 1% in nebivolol-treated patients is shown in the table below. Adverse events reported occurred at a higher frequency with nebivolol-treated patients than with placebo-controlled patients. 
	Adverse Event
	Placebo 

(n = 285), %
	Nebivolol 5mg 

(n = 459), %
	Nebivolol 10mg

(n = 461), %
	Nebivolol 20-40mg

(n = 677), %

	Headache
	6
	9
	6
	7

	Fatigue
	1
	2
	2
	5

	Dizziness
	2
	2
	3
	4

	Diarrhea
	2
	2
	2
	3

	Nausea
	0
	1
	3
	2

	Insomnia
	0
	1
	1
	1

	Chest Pain
	0
	0
	1
	1

	Bradycardia
	0
	0
	0
	1

	Dyspnea
	0
	0
	1
	1

	Rash
	0
	0
	1
	1

	Peripheral Edema
	0
	1
	1
	1


Laboratory Parameters1-4, 8-9, 14

Although there are no manufacturer recommendations for laboratory monitoring with nebivolol therapy, studies have demonstrated nebivolol to affect lipid and carbohydrate profiles, glucose tolerance, and platelet activity.

In the placebo-controlled monotherapy and add-on trials of nebivolol for HTN, HDL-C was significantly decreased from baseline to study end compared to placebo. Reductions in HDL-C ranged from 0.383 mg/dL to 6.1 mg/dL for nebivolol doses up to 40mg daily. The clinical implications of these changes in HDL-C are unknown.  Statistically nonsignificant reductions in total and LDL cholesterol, as well as nonsignificant increases in triglycerides, were exhibited with nebivolol use.  It is important to note that the effects of nebivolol on these parameters in these trials was only measured up to 9 months duration.
Treatment with nebivolol was associated with increases in serum glucose but was reported to be clinically insignificant in the HTN treatment trials reviewed.  In the SENIORS trial, changes in fasting serum glucose for nondiabetic patients were 0.54 mg/dL and 0.9 mg/dL for nebivolol and placebo, respectively.  For diabetic patients, there were reductions in fasting serum glucose of 5.76 mg/dL and 1.98 mg/dL for nebivolol and placebo, respectively.  Although not statistically significant, nebivolol was associated with fewer cases of new onset diabetes mellitus than placebo (1.8% nebivolol vs. 2.1% placebo). 

Nebivolol has been shown to directly inhibit platelet-aggregation, a function thought to be modulated through its NO-inducing properties.  In a comparison trial of nebivolol vs. metoprolol on platelet aggregation, nebivolol significantly decreased mean platelet volume (7.59 ± 0.78 fl vs. 7.42 ± 0.74 baseline, p<0.001) and plasma soluble P-selectin concentrations (1.29 ± 0.46 ng/mL vs. 1.21 ± 0.36 ng/mL baseline, p=0.002) at 6 months. Metoprolol treatment did not demonstrate any significant reductions on these parameters.  Despite these results, the manufacturer does not consider nebivolol to possess any clinically useful antiplatelet activity. 

Look-alike/Sound-alike 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 similar scores as well as clinical judgment, the following drug names may be potential sources of confusion:
	Drug Name
	Potential Name Confusion

	Nebivolol (generic) 

2.5, 5, 10 mg tablets
	Metoprolol (25mg, 50mg, 100mg) tablet,  Betaxolol (10mg) tablet, Nadolol (40mg, 120mg) tablet, Atenolol (25mg, 50mg, 100mg) tablet, Bisoprolol (5mg, 10mg)  tablet, Labetolol (100mg) tablet, Timolol (10mg) tablet, Carteolol (2.5mg, 5mg) tablet, Acebutolol (100mg, 200mg) capsule, *Propranolol (40mg) tablet, Carvedilol (25mg) tablet, Penbutolol (20mg) tablet, Pindolol (10mg) tablet, Nebupent vial for solution (inhalation)

	Bystolic (brand) 

2.5, 5, 10 mg tablets
	Bisoprolol (5mg, 10mg) tablet, BiDil (37.5mg) tablet, B-Scorbic tablet, Betoptic ophthalmic drops


* Identified as a High Alert Medication per ISMP (i.e., special precautions must be taken in the receipt, storage, distribution and administration of these drugs)
Contraindications1-2

Nebivolol is contraindicated in patients with severe bradycardia, heart block (2nd degree or greater), cardiogenic shock, decompensated cardiac failure, sick sinus syndrome without pacemaker placement, or severe hepatic dysfunction (Child-Pugh Score C).
Warnings1-2

Abrupt Cessation of Therapy: Patients with coronary heart disease (CHD) treated with beta-blockers should be informed that abrupt discontinuation of therapy may result in severe exacerbations of angina and the occurrence of myocardial infarction and ventricular tachycardia.  Patients without underlying cardiac disease should also be cautioned regarding interruption or abrupt discontinuation of beta-blocker therapy.  Patients requiring discontinuation of nebivolol should be monitored closely and instructed to reduce physical activity.  A tapering off regimen of 1-to-2 weeks is recommended, if possible.  In the event a patient develops worsening angina or acute coronary sufficiency, nebivolol should be restarted.  

Cardiac Failure: Nebivolol should be administered cautiously in patients who have compensated HF. As beta-blockade may result in further myocardial contractility depression and worsen severity of decompensation, cessation of nebivolol therapy should be considered if HF worsens. 

Angina and Acute Myocardial Infarction: Nebivolol has not been evaluated in patients with angina pectoris or acute myocardial infarction (post-ACS).  

Anesthesia and Major Surgery: Patients who are continued on nebivolol therapy and require surgery should be monitored closely if anesthetic agents with myocardial depression profiles, such as ether, cyclopropane, and trichloroethylene, are to be used.  Protracted severe hypotension may result in patients when attempting to reverse the beta-blocking effects of nebivolol with beta-agonists. 

Bronchospastic Disease: It is recommended that beta-blockers, in general, not be used in patients with bronchospastic disease. 
Diabetes and Hypoglycemia: Nebivolol should be used with caution in patients with diabetes mellitus, especially in patients subject to spontaneous hypoglycemia, as beta-blockers may mask some of the manifestations of hypoglycemia, particularly tachycardia. It is unknown whether nebivolol may potentiate insulin-induced hypoglycemia and delay recovery of serum glucose. 

Thyrotoxicosis: Clinical signs and symptoms of hyperthyroidism may be masked in patients receiving beta-blocker therapy.  Exacerbations of the symptoms of hyperthyroidism or thyroid storm have been reported in patients who abruptly discontinue beta-blocker therapy. 

Peripheral Vascular Disease: Beta-blockers should be used with caution in patients with peripheral vascular disease (PVD). Beta-blockers have been shown to precipitate or aggravate symptoms of arterial insufficiency. 

Non-dihydropyridine Calcium Channel Blockers: Given the negative chronotropic and inotropic properties of beta-blockers and non-dihydropyridine calcium channel blockers (e.g. diltiazem and verapamil), ECG and BP should be monitored closely, as concomitant use may result in heart block. 
Precautions1-2

CYP2D6 Inhibitors: Inhibition of CYP2D6 will likely lead to increased plasma level of nebivolol, thus potentially requiring dose-adjustment of nebivolol. 

Impaired Renal Function: Caution and consideration for dose-adjustment of nebivolol is recommended for patients with severe renal impairment (CrCl < 30 mL/min), as the apparent clearance of nebivolol was decreased by 53% in this patient population.  Nebivolol should be used with caution in patients receiving hemodialysis/peritoneal dialysis, as no formal studies have been conducted in these patients.
Impaired Hepatic Function: Caution and consideration for dose-adjustment of nebivolol is recommended for patients with moderate hepatic impairment (Child-Pugh Score B), as d-nebivolol peak plasma concentration increased 3-fold, AUC increased 10-fold, and apparent clearance decreased by 86% in this patient population.  Patients with severe hepatic impairment (Child-Pugh Score C) were excluded from studies; thus, nebivolol is considered contraindicated in this patient population. 

Risk of Anaphylactic Reactions:  While taking beta-blocker therapy, patients with a history of severe anaphylactic reactions may be more reactive to repeat challenge and may be more likely not to respond to usual doses of epinephrine. Alpha-blockers should be initiated prior to beta-blocker therapy for patients with known or suspected pheochromocytoma. 

Carcinogenesis/Mutagenesis/Impairment of Fertility:  Oral doses of nebivolol up to 40mg/kg/day were studied in mice (5x the maximum recommended human dose) and rats (10x the maximum recommended human dose) over 
2 years. A statistically significant increase in the incidence of testicular Leydig cell hyperplasia and adenomas was seen in mice receiving nebivolol 40mg/kg/day.  This was not thought to be clinically relevant in humans, as it was determined to be an indirect leutenizing hormone-mediated effect in mice.  Rats receiving nebivolol did not produce a tumorigenic effect.   A randomized, double-blinded, placebo-controlled study in human males demonstrated no significant effect on ACTH-stimulated mean serum cortisol AUC0-120min, serum LH, or serum testosterone with 6 weeks of nebivolol 10mg daily. In male rats and mice, spermatogenesis was effected when nebivolol at doses 10 and 5 times the maximum recommended human dose (240mg/kg/day), respectively, was given.  Impaired fertility in rats was not reversible, while mice demonstrated partial reversal. Nebivolol was shown to be non-genotoxic when tested. 

Pregnancy: Nebivolol is rated Pregnancy Category C. Nebivolol has not been studied in pregnant women. Rats receiving 1.25mg/kg/day and 2.5mg/kg/day of nebivolol produced pups with decreased body weight. At doses of 5mg/kg/day and higher (1.2x the maximum recommended human dose), there was an increase in late fetal deaths and stillbirths. No adverse effects on embryo-fetal viability, sex, weight, or morphology was observed in pregnant rabbits when doses up to 20mg/kg/day (10x the maximum recommended human dose) were administered. 

Labor and Delivery: The risk vs. benefit of nebivolol to the fetus should be evaluated prior to initiating therapy.

Nursing Mothers:  It is unknown whether nebivolol is excreted in human milk. Nebivolol and its active metabolites have been shown to cross the placental barrier and have been detected in breast milk of rats. Nebivolol is not recommended during human nursing due to potential for beta-blocker adverse events in infants (e.g. bradycardia).
 

Information for Patients: Patients should be advised to consult a physician with any difficulty in breathing or development of excessive bradycardia or signs and symptoms of worsening HF, such as weight gain or increased shortness of breath.  Patients subject to spontaneous hypoglycemia or diabetic patients receiving oral hypoglycemic agents and/or insulin should be cautioned that beta-blockers may mask the signs and symptoms of hypoglycemia, particularly tachycardia.  Nebivolol should be used with caution in these patients.  It is unknown whether nebivolol may potentiate insulin-induced hypoglycemia and delay recovery of serum glucose.
Demographics (Age): The manufacturer reports no differences in efficacy or incidence of adverse events between older patients (≥ 65 years of age) and younger patients. Nebivolol has not been studied in pediatric patients.  


Drug Interactions1-2

Nebivolol should be used cautiously when administered with digitalis glycosides and non-dihydropyridine calcium channel blockers (e.g. diltiazem and verapamil), as concurrent use can increase risk of bradycardia.  Nebivolol should not be combined with other beta-blockers.  Patients receiving catecholamine-depleting therapy, such as reserpine or guanethidine, should be closely monitored, as this may lead to excessive reductions in sympathetic activity.  If patients are receiving both nebivolol and clonidine, nebivolol should be discontinued several days prior to gradual tapering of clonidine.

Nebivolol is extensively hepatically metabolized by CYP2D6 enzymes.  Drugs that inhibit CYP2D6, including fluoxetine, paroxetine, quinidine, and propafenone, may increase nebivolol plasma levels.  Nebivolol dose-adjustment may be warranted in patients receiving CYP2D6 inhibitors or inducers based upon blood pressure (BP) response. Administration of fluoxetine 20mg/day for 21 days prior to a single dose of 10mg of nebivolol in 10 healthy adults resulted in an 8-fold increase in AUC and 3-fold increase in Cmax for d-nebivolol. Coadministration of 5mg of nebivolol with 400mg twice daily of cimetidine resulted in a 23% increase in plasma levels of d-nebivolol. The pharmacokinetics of nebivolol were not affected by repeated administration of activated charcoal.  Sildenafil AUC and Cmax were decreased by 21% and 23%, respectively, when concomitantly administered with nebivolol.  The effects on BP and HR were approximately the sum of the effects of nebivolol and sildenafil. 

The manufacturer reports no clinically significant increases in the pharmacokinetics of nebivolol when concomitantly administered with the following: acetaminophen, acetylsalicylic acid, atorvastatin, simvastatin, esomeprazole, ibuprofen, levothyroxine sodium, metformin, sildenafil, or tocopherol. No clinically significant changes in the pharmacokinetics of digoxin or warfarin were observed when administered with nebivolol.  In addition, digoxin and warfarin did not produce clinically significant changes in the plasma levels of d-nebivolol. 
Efficacy & Safety Measures in HTN1-5, 7-9 

Primary Endpoints
· Change in mean trough sitting DBP from baseline to study end

Secondary and Other Endpoints

· Change in mean trough sitting SBP from baseline to study end
· Change in mean peak sitting SBP/DBP from baseline to study end
· Change in mean trough and peak supine and standing SBP/DBP from baseline to study end
· Responder rate (% of patients with mean sitting DBP < 90mmHg at study end or absolute sitting DBP reduction of  ≥10mmHg)hn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 


 

· Mean 24-hour sitting SBP/DBP, as measured by ambulatory blood pressure monitoring (ABPM)
· Safety and tolerability
	Trial
	n
	Placebo
	Nebivolol 
1.25mg*
	Nebivolol 2.5mg*
	Nebivolol 5mg*
	Nebivolol 10mg*
	Nebivolol 20mg*
	Nebivolol 40mg*

	Weiss, 
et al8
	909
	+2.2 / 
-2.9
	-4.4 / -8.0 
0.002; <0.001
	-6.3 / -8.5

<0.001
	-5.9 / -8.4

<0.001
	-7.0 / -9.2

<0.001
	-6.5 / -9.8
<0.001
	-9.5 / -11.2
N/A

	RCT #2 
on-file
	807
	-0.4 / 
-4.6
	----
	----
	-4.2 / -7.8
NS; 0.002
	-3.5 / -8.5
NS; <0.001
	-6.7 / -9.1
<0.001
	---

	Saunders, 
et al9**
	300
	-0.4 / 
-2.8
	----
	-1.9 / -5.7
0.611; 0.084
	-3.0 / -7.7
0.383; 0.004
	-6.4 / -8.9
0.044; <0.001
	-7.6 / -8.9
0.005; <0.001
	-7.2 / -8.3
0.002; <0.001

	RCT #4 
on-file^
	669
	-0.1 / 
-3.3
	---
	---
	-5.7 / -6.6
<0.015; <0.001
	-3.7 / -6.8
<0.015; <0.001
	-6.3 / -7.9
<0.015; <0.001
	----


Clinical Trial Data in HTN

Placebo-Controlled, Monotherapy (1 of 3 with Data on File): The safety and efficacy of nebivolol in HTN management has been assessed in three randomized, double-blinded, multi-center, placebo-controlled, 12-week monotherapy trials at doses ranging from 1.25mg to 40mg as part of the U.S. clinical development program (n=2,016 patients).  Two of these trials studied a general hypertensive population with mean age of 54 years, 55% male, 26% black, 7% diabetic, and 6% genotyped as PMs.  The third monotherapy trial exclusively studied 300 black patients with mean age of 51 years, 45% male, 14% diabetic, and 3% genotyped as PMs.  Efficacy in reducing mean sitting SBP/DBP was similar across race and BMI (p<0.001 for 5mg, 10mg, and 20mg; common doses across all trials).  These three monotherapy RCTs enrolled 375 patients ≥ 65 years of age.  Distribution across all arms was as follows: placebo (n=30), 1.25mg (n=18), 2.5mg (n=18), 5mg (n=84), 10mg (n=94), 20mg (n=84), 30/40mg (n=47).  For the primary endpoint (least-squares (LS) mean reduction in trough sitting DBP), the 5mg dose approached statistical significance (p=0.053), while 10mg and 20mg doses reached significance (p ≤ 0.002).  Placebo effect for the elderly subgroup was much larger than for the younger subgroup (< 65 years of age), which study authors attributed to small sample size.  For the secondary endpoint of LS mean reduction in trough sitting SBP, no statistical significance was achieved in the elderly subgroup.

Combination Therapy (Data on File): A fourth placebo-controlled, U.S. trial demonstrated additional BP-lowering effects when nebivolol (5mg, 10mg, or 20mg daily) was administered concurrently with up to two other antihypertensive medications (ACEI, ARB, and/or thiazide diuretic).  Nebivolol’s efficacy was demonstrated across the following subgroups: black or non-black, BMI ≥ 30 or < 30, age ≥ 65 years or < 65 years, male or female, and those with or without diabetes mellitus.  Summary of change in SBP/DBP in these 4 U.S. clinical trials below:

*Least-Square (LS) Mean Reductions in Trough SBP/DBP (mmHg) with p-values vs. placebo 
**Study exclusively enrolled black patients only
^ Study of nebivolol add-on therapy to 1 or 2 baseline antihypertensive therapies (thiazides, ACEIs, or ARBs)
Long-Term Follow-up (Data on File): An open-label, 9-month extension study was conducted throughout 123 U.S. and European sites to evaluate the long-term safety and efficacy of nebivolol in self-selected patients who participated in the prior three U.S. monotherapy RCTs.  Nebivolol’s antihypertensive effects (5mg, 10mg, or 20mg daily) were maintained or increased with 9-months of treatment.  In a 4-week run-out phase of this trial, 18 patients were withdrawn from nebivolol monotherapy and continued on placebo to assess for rebound hypertension.  Mean sitting SBP/DBP increased but did not return to baseline values.  In addition, 13 of 18 patients (72.2%) remained classified as responders vs. 78.2% after the extension phase of the trial (p=NS).
For further details on the safety and efficacy results of these HTN trials, refer to Appendices 1 and 2.
Efficacy & Safety Measures in HF1-4, 6, 10-16

Primary Endpoints
· Composite all-cause mortality or cardiovascular (CV) hospitalization (time to first event)
· Change in Left Ventricular Ejection Fraction (LVEF) from baseline to study end
· Change in NYHA Functional Class from baseline to study end

Secondary and Other Endpoints

· CV mortality
· CV hospitalization
· Composite CV mortality and CV hospitalization
· All-cause mortality
· All-cause hospitalization
· Composite all-cause mortality and all-cause hospitalization
· Safety and tolerability
· Dose-response relationship
· Quality of Life (QOL)
Clinical Trial Data in HF

Comparator Studies in Heart Failure: One randomized, prospective, single-blinded, open-label, parallel-group, 
6-month Italian study10 compared the effects of nebivolol vs. carvedilol on LV function in 70 Caucasian patients with NYHA Class II or III HF and LVEF ≤ 40% (mean age 67 years; mean LVEF 34%).  Patients were randomized to one of the following  (n=35 per arm): (a) carvedilol 3.125mg twice daily  titrated to target 25mg twice daily if SBP >110 mmHg and HR >60 bpm, or (b) nebivolol 1.25mg daily titrated to target 5mg daily if SBP >110 mmHg and HR >60 bpm.  Standard background therapy with a loop diuretic, ACEI, and/or digitalis was continued, where applicable.  Carvedilol target dose was achieved in 77% of patients, while nebivolol target dose was achieved in 83% of patients.  Compared with baseline, LVEF increased in both carvedilol arm (33% ± 6% to 37% ± 11%) and nebivolol arm (34% ± 7% to 38% ± 10%), with non-significant between-group differences.  NYHA Class improved slightly in both arms, although only the carvedilol arm reached statistical significance (p<0.05).  AEs occurred in 20% of carvedilol recipients and 26% of nebivolol recipients, with 1 patient drop-out in each treatment arm.  The most common AEs in each arm were fatigue and dizziness.  

Another randomized, prospective, double-blinded, parallel-group Greek study11 compared the efficacy of nebivolol vs. carvedilol on LVEF and exercise capacity in 72 patients with HF (NYHA Classes II-III, nonischemic dilated cardiomyopathy).  Following a titration phase to target doses of 5mg daily of nebivolol and 25mg twice daily of carvedilol, patients were followed for 12 months.  LVEF was shown to significantly increase at 3 and 12 months from baseline in both the nebivolol and carvedilol arms (p<0.05). An intergroup-analysis revealed carvedilol was associated with a greater effect on LVEF at 3 months (32.1% ± 34.9% vs. 15.3% ± 15.9%, mean difference -16.7 ± 16.5, p=0.04) and 12 months (35.5% ± 31.9% vs. 20.7% ± 19.1%, mean difference -14.7 ± 6.4, p=0.002) compared with nebivolol.  Exercise duration significantly improved at 12 months in both the nebivolol arm (p=0.01) and carvedilol arm (p=0.01), with no significant between-group differences (p=0.85). An initial deterioration in exercise capacity was seen after 3 months in nebivolol-treated patients but was not observed in carvedilol-treated patients. 

Although nebivolol was likely under-dosed in these two studies, they are currently the only published prospective comparator trials and helped to pave the way for the following two larger-scale, placebo-controlled, HF trials.
ENECA12 evaluated the safety, efficacy, and tolerability of nebivolol as add-on therapy vs. placebo in the management of HF in the elderly. This randomized, prospective, multicenter, placebo-controlled, double-blinded, parallel-group study evaluated the effects of nebivolol treatment (mean dose 7.2mg; 64.2% achieved target 10mg daily) on changes in LVEF from baseline, NYHA Functional Class, and health-related quality of life (HRQOL) in patients > 65 years of age with NYHA Class II-IV HF and LVEF ≤ 35%. Improvement in LVEF was significantly greater in nebivolol-treated patients vs. placebo-treated patients (6.51% vs. 3.97%; p=0.027).  A subgroup analysis revealed that nebivolol-treated males with no prior MI history or with heart rate > 75 bpm demonstrated the highest relative improvement in LVEF.  In terms of NYHA Functional Class changes, 33 patients in the nebivolol group improved by one class compared to 34 patients in the placebo group.  The overall difference in functional status between the two groups was not statistically significant (p=0.835). Following 8 months of treatment, there was no difference in mean value of the sum score for the Minnesota Living with Heart Failure Questionnaire between nebivolol and placebo (-9.13% ± 13.78% vs. 
-11.01% ± 14.66% placebo; p=0.342). Bradycardia, hypotension, and dizziness were the most frequent drug-related AEs in patients treated with nebivolol. Nebivolol-treated patients (baseline: 76.90 ± 10.88bpm vs. 8 month: 67.08 ± 9.21bpm) had a significantly lower heart rate compared to placebo (baseline: 75.29 ± 9.96bpm vs. 8 month: 
75.00 ± 9.62bpm), with p<0.0001.

SENIORS13-14 evaluated the safety, efficacy, and tolerability of nebivolol in the management of HF in the elderly.  This was a randomized, prospective, multinational, multicenter, placebo-controlled, double-blinded, parallel-group study to evaluate the effects of nebivolol on mortality and hospitalization in 2,135 clinically stable elderly 
(≥ 70 years of age) patients with NYHA Classes I-IV HF.  Patients were randomized to placebo or nebivolol (1.25mg once daily titrated to 10mg once daily over a 4-16 week period, as tolerated) and were followed from 12 to 39 months (average follow-up 21 months).  Background HF therapy was maintained, where applicable.  Treatment with nebivolol resulted in a statistically significant decrease in the primary endpoint (all-cause death or CV hospitalization) vs. placebo.  The primary endpoint occurred in 332 (31.1%) nebivolol-treated patients vs. 375 (35.3%) placebo-treated patients (HR=0.86; 95% CI 0.74-0.99; p=0.039).  Nebivolol was generally well-tolerated.  There was an increased incidence of bradycardia in nebivolol-treated patients (11.1% vs. 2.6% placebo).  Bradycardia was the cause for study withdrawal in 18 nebivolol-treated patients and 4 placebo-treated patients (no statistical analysis reported).  A post-hoc analysis of the SENIORS trial has been published.16  This non-prespecified analysis should be viewed as hypothesis-generating only and has been reviewed in Appendix 4.

For further details on the safety and efficacy results of these HF trials, refer to Appendices 3 and 4.

Summary of Findings 

In reviewing the available safety and efficacy trials of nebivolol in the management of HTN, it is important to keep the following in mind:

· ACC/AHA guidelines no longer recommend beta-blockers as initial therapy for essential HTN
· Blood pressure is a surrogate end point and does not always correlate with hard outcomes, such as CV morbidity and mortality or stroke.  The effects of nebivolol on clinical outcomes in hypertensive patients have yet to be investigated.

In reviewing the available safety and efficacy trials of nebivolol in the management of HF, it is important to keep the following in mind:

· Compared with prior outcomes data from landmark beta-blocker trials in the management of HF across similar populations, it is unknown whether nebivolol demonstrates a similar risk reduction in mortality.

· The majority of head-to-head comparison trials with nebivolol have focused on comparisons with atenolol rather than with carvedilol, which is another third-generation beta-blocker with vasodilatory properties.  There are currently 2 small-scale comparison trials of nebivolol vs. carvedilol measuring surrogate endpoints, but a large-scale comparator outcomes trial has yet to be investigated.
Acquisition Costs*
	Dose/Regimen
	Price/Tablet
	Price/Patient/Month
	Price/Patient/Year

	Nebivolol 2.5mg to 40mg once daily (available as 2.5, 5, 10mg tablets)
	$1.03
	$30.90 (2.5 to 10mg)
$61.80 (20mg)

$123.60 (40mg)
	$375.95 (2.5 to 10mg)
$751.90 (20mg)

$1503.80 (40mg)


*Prices accurate per McKesson on 05192008
Price Comparison with Other Beta-Blockers on VANF
	Drug
	Price/Patient/Month
	Price/Patient/Year

	HTN Management

	Atenolol 12.5mg – 200mg once daily
	$0.15 - $0.60
	$1.83 - $7.30

	Metoprolol Tartrate 12.5mg -100mg twice daily
	$0.60 - $2.40
	$7.30 - $29.20

	Carvedilol 3.125mg - 25mg twice daily
	$2.40 - $6.00
	$29.20 - $70.00

	HF Management

	Carvedilol 3.125mg - 25mg twice daily
	$2.40 - $6.00
	$29.20 - $70.00

	Metoprolol Succinate 12.5mg - 200mg once daily
	$3.60 - $12.90
	$43.80 - $156.95

	Bisoprolol 2.5mg - 10mg once daily
	$8.70 - $13.20
	$105.85 - $160.60


*Prices accurate per McKesson on 05192008

Cost-Effectiveness Analysis17

Currently, there is one published study, conducted by the manufacturer, of an economic evaluation of nebivolol in the treatment of HTN, from the healthcare provider prospective.  This was a 6-week, post-marketing surveillance study conducted in Germany, where 8,682 moderately hypertensive, “real-world” patients (mean age 56.3 years) were started on nebivolol 5mg/day monotherapy.  Each patient was assumed to have at least one Framingham risk factor.  A baseline Framingham risk score was calculated for each patient.  Assuming treatment with nebivolol for 
> 1-year period, the author determined the number of CV events that would potentially be avoided, with applicable cost-containment values presented in Euros.  This study, however, is not a true cost-effectiveness analysis, as it does not compare nebivolol to alternative drug therapy.  Thus, there is currently no cost-effectiveness analysis data.

Conclusions

In clinical trials, nebivolol has demonstrated statistically significant reductions in BP compared with placebo and has proven at least as efficacious as other beta-blockers.  However, there is currently no hard outcomes data (i.e. mortality and CV risk), assessing nebivolol’s unique mechanism of L-arginine/NO-induced endothelial vasodilatation in the treatment of HTN.  Nebivolol demonstrates a statistically significant benefit over placebo in the treatment of HF in the elderly.  A comparative outcomes trial specifically of nebivolol vs. carvedilol (both third-generation beta-blockers with vasodilatory properties) has yet to be investigated.

Recommendations for Place in Therapy

A thiazide-type diuretic is recommended as initial therapy, either as monotherapy or in combination with other antihypertensive therapies, in the management of uncomplicated or essential HTN.  Therapy with other antihypertensive drug classes should be considered based upon inadequate BP control or in patients who have compelling indications for use of other antihypertensive therapies.  Due to the paucity of outcomes data regarding nebivolol’s unique L-arginine/nitric oxide-induced vasodilatory properties, despite being on the European market for over a decade, it is recommended that nebivolol be reserved for patients with HTN who do not tolerate or are not adequately controlled with antihypertensive agents currently recommended per VHA/DoD National Clinical Practice Guidelines for the Treatment of HTN and on the VANF.  In addition, due to the paucity of data showing superiority or equivalence of nebivolol with metoprolol succinate, bisoprolol and carvedilol (a third-generation beta-blocker with vasodilatory properties), nebivolol cannot be recommended for the treatment of heart failure.
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Appendices

A literature search was performed on PubMed/Medline (January 1966 to March 2008) using the key search terms nebivolol and Bystolic. Reference lists of review articles as well as the AMCP Dossier, provided by the manufacturer, have been searched for relevant clinical trials.  Studies were included for review that met the following criteria: studies performed in humans, studies available in the English language, studies involving > 60 patients, and studies that did not evaluate nebivolol for the treatment of essential or uncomplicated hypertension, as current guidelines in the U.S. do not recommend beta-blockers as first-line therapy for this indication.  For a collective review of these trials, please refer to Moen, et al and de Boer, et al in reference section.  However, the 4 major randomized, placebo-controlled clinical trials that evaluated nebivolol for essential HTN as part of the U.S. clinical development program were reviewed.  In addition, an open-label extension study in the U.S. and Europe that evaluated the long-term safety and efficacy of nebivolol in the treatment of essential HTN was reviewed.  The two major published trials evaluating nebivolol in the management of HF were also reviewed.  
Appendix 1: Evidence Table (Placebo-Controlled Monotherapy HTN Trials)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results/Conclusions
	Withdrawals/AEs

	Weiss, 
et al, 20078

Multicenter, prospective, randomized,
double-blinded, placebo-controlled, parallel-group

70 U.S. sites (Sept 2001 - March 2003)

Efficacy & Safety in mild-moderate HTN

n = 909 
ITT/LOCF 

84 days
Supported by Bertek, now part of Mylan


	Inclusion Criteria

Men and women ≥ 18 years of age with diagnosis of mild-to-moderate hypertension (defined as SiDBP ≥ 95 mmHg and ≤ 109 mmHg)
Exclusion Criteria

Diagnosis of secondary or malignant hypertension, BMI ≥ 35, bronchospasm, bradycardia, or other known contraindication to 
beta-blocker therapy,  uncontrolled diabetes (HgA1c ≥ 10%), ACS  within past 6 months, HF, clinically significant valvular heart disease, thyroid, renal, or hepatic dysfunction, peripheral vascular disease, pregnancy, previous exposure to nebivolol, or concomitant therapy with at least 1 prohibited medication that may have affected blood pressure (oral and opthalmic BBs, ABs, ACEIs, ARBs, CCBs, and diuretics)
	Endpoints

Primary: change in mean trough SiDBP (24 +/- 2 hours from previous morning dose) from baseline to day-84 

Secondary: changes in mean trough SiSBP, mean peak SiDBP and SiSBP (2-3 hours post-dose), and responder rate (% of patients with mean SiDBP < 90mmHg at study end or absolute SiDBP reduction of 
≥ 10mmHg hn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 
vs. baseline)
Run-In, Wash-out Phase
- 4-week, single-blinded, placebo run-in/washout phase.  Patients previously on antihypertensive therapies were allowed an additional 2-week single-blinded, placebo run-in/washout period.

Treatment Phase 
Placebo daily (n=81)
Nebivolol 1.25mg daily (n=83)
Nebivolol 2.5mg daily (n=82)
Nebivolol 5mg daily (n=165)
Nebivolol 10mg daily (n=166)
Nebivolol 20mg daily (n=166)
Nebivolol 40mg daily (n=166)

- patients stratified across treatments arms according to following: BMI (≥ 30  vs. < 30), diabetes mellitus (present  vs. absent), race (black vs. non-black), sex (male vs. female), and age (≥ 65 years vs. < 65years)

- Only the 40mg arm underwent titration (30mg daily x2 weeks, titrated to 40mg daily if HR > 55 bpm)

- Trough BP/HR measured on days 0, 14, 28, 56, and 84.  Peak BP/HR measured on days 0, 28, and 84.
	Baseline (mean): 78.8% < 65 yrs; 57% male; 85.5% non-black; 9.7% diabetic; 43.9% BMI ≥ 30
TX (mg/d)

T-SiDBP*

p

T-SiSBP**

p

Placebo

-2.9 ± 1.1
+2.2 ± 1.9
Nebivolol
1.25
-8.0 ± 1.1
<0.001
-4.4 ± 1.9
0.002
2.5

-8.5 ± 1.1
<0.001
-6.3 ± 1.9
<0.001
5
-8.4 ± 1.0
<0.001
-5.9 ± 1.6
<0.001
10
-9.2 ± 0.9
<0.001
-7.0 ± 1.6
<0.001
20

-9.8 ± 0.9
<0.001
-6.5 ± 1.6
<0.001
40
-11.2 ± 0.9
<0.001
-9.5 ± 1.5
<0.001
* Change from baseline in least-squares (LS) mean trough SiDBP (mmHg) ± SEM
**Change from baseline in least-squares (LS)  mean trough SiSBP (mmHg) ± SEM 
Note: significant reductions in BP apparent by week 2 and sustained until study end
TX (mg/d)
Response*

p
T-SiHR**
p
Placebo

24.7%
+2.4 ± 1.1
Nebivolol

1.25

45.8%
0.008
-1.4 ± 1.1
0.002
2.5

50.0%
0.001
-2.4 ± 1.1
<0.001
5
50.3%
< 0.001
-4.9 ± 0.9
<0.001
10
53.6%
< 0.001
-5.5 ± 0.9
<0.001
20

59.6%

<0.001

-7.9 ± 0.9

<0.001

40
64.5%
< 0.001
-8.9 ± 0.9
<0.001
* % of patients with mean SiDBP < 90 mmHg and/or absolute SiDBP reduction > 10 mmHg vs. baseline; p value vs. placebo 
**Change from baseline in mean trough sitting HR (bpm) ± SEM; p value vs. placebo  
- Significant reduction in peak SiDBP at all doses vs. placebo (range -9.1 to -13.9 mmHg vs. -5.9 mmHg placebo; p=0.005 for 1.25mg and p<0.0001 for all other doses) and in peak SiSBP at all doses vs. placebo (range -7.6 to -14.0 mmHg vs. -3.1 mmHg placebo; p=0.029 for 1.25mg, p=0.015 for 2.5mg, and p<0.001 for all other doses)


Study Conclusions
Nebivolol is an effective therapy for mild-to-moderate hypertension and is well-tolerated, with low incidence of typical beta-blocker AEs (fatigue, depression, erectile dysfunction) and neutral effects on serum glucose and LDL-C.  Of note, there were small differences in SBP lowering effects from 2.5mg to 20mg, while the effects on HR lowering were larger and dose-related. The finding of decreases in HDL-C may warrant further investigation.
	Completed TX Phase of Trial: (777/909)
Nebivolol: 710/828 (85.7%); W/D ranged from 10.2% to 19.9% across arms
Placebo: 67/81 (82.7%); W/D=17.3%
Safety (W/D / AEs)
- 382/828 (46.1%) AEs across nebivolol arms vs. 33/81 (40.7%) in placebo arm (p=0.273;NS) 
- 20mg and 40mg arms had significantly higher incidence of AEs vs. placebo (p<0.44 and p<0.009, respectively)
- 2 of 11 serious AEs (abnormal ECGs) in nebivolol arms were considered possibly drug-related but resolved spontaneously without study discontinuation.  No deaths reported in this study.
-Incidence of AEs typically associated with beta-blockers was low across all nebivolol arms: fatigue 3.6%, dyspnea 1.0%, bradycardia 0.7%, erectile dysfunction 0.2%, and depression 0.2%.
TX
W/D AEs

SAEs

Total  
AEs

Placebo 
(n=81)

1
1

33 (40.7%)
Nebivolol
(n=828)

22

11

382 (46.1%)
Most common AEs (> 2%) amongst nebivolol arms: HA (7.1% vs. 7.4% placebo), fatigue (3.6% vs. 2.5% placebo), nasopharyngitis (2.9% vs. 7.4% placebo), diarrhea (2.7% vs. 2.5% placebo), dizziness (2.8% vs. 3.7% placebo), and increased CRP (2.7% vs. 1.2% placebo).  None were dose-related.

Lab Parameters
HDL-C significantly decreased from baseline to study end vs. placebo (-0.383 to -1.887 mg/dL across dose-range; p=0.005 for 1.25mg, p=0.17 for 2.5mg, p<0.001 for all other doses).  Clinical implications of these changes unknown.


	RCT #2
On-File2
Multicenter, prospective, randomized,
double-blinded, placebo-controlled, parallel-group
89 U.S. sites (Sept 2001 - March 2003)
Efficacy & Safety in mild-moderate HTN
n = 807
ITT/LOCF 


84 days
Supported by Bertek, now part of Mylan

	Inclusion Criteria

Men and women ≥ 18 years of age with diagnosis of mild-to-moderate hypertension (defined as SiDBP ≥ 95 mmHg and ≤ 109 mmHg)

Exclusion Criteria

Diagnosis of secondary or malignant hypertension, BMI ≥ 35, bronchospasm, bradycardia, or other known contraindication to 
beta-blocker therapy,  uncontrolled diabetes (HgA1c ≥ 10%), ACS  within past 6 months, HF, clinically significant valvular heart disease, thyroid, renal, or hepatic dysfunction, peripheral vascular disease, pregnancy, previous exposure to nebivolol, or concomitant therapy with at least 1 prohibited medication that may have affected blood pressure (oral and opthalmic BBs, ABs, ACEIs, ARBs, CCBs, and diuretics)


	Endpoints

Primary: change in mean trough SiDBP (24 +/- 2 hours from previous morning dose) from baseline to day-84 


Secondary: changes in mean trough SiSBP, mean peak SiDBP and SiSBP (2-3 hours post-dose), and responder rate (% of patients with mean SiDBP < 90mmHg at study end or absolute SiDBP reduction of 
≥ 10mmHg hn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 


vs. baseline)
Run-In, Wash-out Phase
- 4-week, single-blinded, placebo run-in/washout phase.  Patients previously on antihypertensive therapies were allowed an additional 2-week single-blinded, placebo run-in/washout period.
Treatment Phase 
Placebo daily (n=75) 
Nebivolol 5mg daily (n=244)
Nebivolol 10mg daily (n=244)
Nebivolol 20mg daily (n=244)

- patients stratified across treatments arms according to following: BMI (≥ 30  vs. < 30), diabetes mellitus (present  vs. absent), race (black vs. non-black), sex (male vs. female), and age (≥ 65 years vs. < 65years)

- Trough BP/HR measured on days 0, 14, 28, 56, and 84.  Peak BP/HR measured on days 0, 28, and 84.
	Baseline (mean): 81.8% < 65 yrs; 53.5% male; 87% non-black; 4.6% diabetic; 40.1% BMI ≥ 30
TX (mg/d)

T-SiDBP*

p

T-SiSBP**

p

Placebo

-4.6
-0.4
Nebivolol

5

-7.8
0.002
-4.2
NS
10

-8.5
<0.001

-3.5
NS
20

-9.1
<0.001

-6.7
<0.001

* Change from baseline in least-squares (LS) mean trough SiDBP (mmHg); SEM values unavailable  
**Change from baseline in least-squares (LS)  mean trough SiSBP (mmHg); SEM values unavailable  
Note: significant reductions in BP apparent by week 2 and sustained until study end

TX (mg/d)

Response*

p

T-SiHR**

p

Placebo

49.3%
unavailable
Nebivolol

5

66.0%
0.009
-5.1
<0.001

10

66.8%
0.005
-6.5
<0.001

20

68.9%
0.002
-7.2
<0.001

* % of patients with mean SiDBP < 90 mmHg and/or absolute SiDBP reduction > 10 mmHg vs. baseline; p value vs. placebo 
**Change from baseline in mean trough sitting HR (bpm); SEM values unavailable
- Significant reduction in peak SiDBP at all doses vs. placebo (range -10.5 to -12.2 mmHg vs. -7.0 mmHg placebo; p<0.0001 for all doses) and in peak SiSBP at 10mg and 20mg doses only vs. placebo (range -9.5 to -10.7 mmHg vs. -4.7 mmHg placebo; p=0.004 for 10mg and p<0.001 for 20mg)



Study Conclusions
Nebivolol is an effective therapy for mild-to-moderate hypertension and is well-tolerated, with low incidence of typical beta-blocker AEs (fatigue, depression, erectile dysfunction) and neutral effects on serum glucose and LDL-C.  The finding of decreases in HDL-C may warrant further investigation.
	Completed TX Phase of Trial: (702/807)

Nebivolol: 641/732 (87.6%); W/D from each arm unavailable
Placebo: 61/75 (81.3%); W/D=18.7%

Safety (W/D / AEs)
- 311/732 (38.5%) AEs across nebivolol arms vs. 27/75 (36.0%) in placebo arm (p=NS)
- 20mg arm had significantly higher incidence of AEs vs. placebo (p=0.028)
- 3 of 6 serious AEs in nebivolol arms were considered possibly drug-related and resulted in study discontinuation (SOB, MI, ruptured AA).  No deaths reported in this study.
-Incidence of AEs typically associated with beta-blockers was low across all nebivolol arms: fatigue 3.8% and bradycardia 0.8%.  Incidences of dyspnea, erectile dysfunction, and depression unavailable. 
TX
W/D AEs

SAEs

Total  
AEs

Placebo 
(n=75)

4
1
27 (36.0%)

Nebivolol
(n=732)

18
6
311 (38.5%)

Most common AEs (> 2%) amongst nebivolol arms: HA (7.7%), fatigue (3.8%), nasopharyngitis (3.7%).  None were dose-related.  Placebo values unavailable.  

Lab Parameters
HDL-C decreased from baseline to study end vs. placebo across all doses, reaching significance for 10mg and 20mg arms only (-2.76 to -2.62 mg/dL, respectively; p-values unavailable).  Clinical implications of these changes unknown.



	Saunders, et al, 20079
Multicenter, prospective, randomized,
double-blinded, placebo-controlled, parallel-group
39 U.S. sites (Nov 2001 - August 2003)
Efficacy & Safety in Stages I-II HTN
n = 300
ITT/LOCF 


84 days
Supported by Bertek, now part of Mylan  
	Inclusion Criteria

Black men and women ≥ 18 years of age with diagnosis of mild-to-moderate hypertension (defined as SiDBP ≥ 95mmHg and ≤ 109 mmHg)

Exclusion Criteria

Diagnosis of secondary or malignant hypertension, BMI ≥ 40, bronchospasm, bradycardia, or other known contraindication to 
beta-blocker therapy,  uncontrolled diabetes (HgA1c ≥ 10%), ACS  within past 6 months, HF, clinically significant valvular heart disease, thyroid, renal, or hepatic dysfunction, peripheral vascular disease, pregnancy, previous exposure to nebivolol, or concomitant therapy with at least 1 prohibited medication that may have affected blood pressure (oral and opthalmic BBs, ABs, ACEIs, ARBs, CCBs, and diuretics)


	Endpoints

Primary: change in mean trough SiDBP (24 +/- 2 hours from previous morning dose) from baseline to day-84 


Secondary: changes in mean trough SiSBP, mean peak SiDBP and SiSBP (2-3 hours post-dose), and responder rate (% of patients with mean SiDBP < 90mmHg at study end or absolute SiDBP reduction of 
≥ 10mmHg vhn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 
s. baseline)
Run-In, Wash-out Phase
- 4-week, single-blinded, placebo run-in/washout phase.  Patients previously on antihypertensive therapies were allowed an additional 2-week single-blinded, placebo run-in/washout period.
Treatment Phase 
Placebo daily (n=49) 
Nebivolol 2.5mg daily (n=49)
Nebivolol 5mg daily (n=50)
Nebivolol 10mg daily (n=51)
Nebivolol 20mg daily (n=50)
Nebivolol 40mg daily (n=51)

- patients stratified across treatments arms according to following: BMI (≥ 30  vs. < 30), diabetes mellitus (present  vs. absent), race (black vs. non-black), sex (male vs. female), and age (≥ 65 years vs. < 65years)

- Trough BP/HR measured on days 0, 14, 28, 56, and 84.  Peak BP/HR measured on days 0, 28, and 84.
	Baseline (mean): 88.3% < 65 yrs; 45.3”% male; 100% black; 14.3% diabetic; 52.0% BMI ≥ 30; mean SiSBP/SiDBP 151.4/100.8 mmHg
TX (mg/d)

T-SiDBP*

p

T-SiSBP**

p

Placebo

-2.8 ± 2.1
-0.4±3.8
Nebivolol

2.5

-5.7 ± 2.1
0.084; NS
-1.9 ± 3.7
0.611; NS
5

-7.7 ± 2.1
0.004
-3.0 ± 3.7
0.383; NS
10

-8.9 ± 2.0
<0.001
-6.4 ± 3.6
0.044
20

-8.9 ± 2.1
<0.001
-7.6 ± 3.7
0.005
40

-8.3 ± 2.0
<0.001
-7.2 ± 3.5
0.002
* Change from baseline in least-squares (LS) mean trough SiDBP (mmHg) ± SEM
**Change from baseline in least-squares (LS)  mean trough SiSBP (mmHg) ± SEM 
Note: significant reductions in BP apparent by week 2 and sustained until study end

TX (mg/d)

Response*

p

T-SiHR**

p

Placebo

26.5%
-2.4 ± 2.7
Nebivolol

2.5

36.7%
NS
-4.4 ± 2.6
0.240; NS
5

58.0%
0.002
-3.9 ± 2.6
0.369; NS
10

58.8%
<0.001
-7.2 ± 2.5
0.008
20

64.0%

<0.001

-5.9 ± 2.6

0.009

40

56.9%
<0.001
-7.8 ± 2.6
<0.001
* % of patients with mean SiDBP < 90 mmHg and/or absolute SiDBP reduction > 10 mmHg vs. baseline; p value vs. placebo 
** Change from baseline in mean trough sitting HR (bpm)
- Significant reduction in peak SiDBP at all doses vs. placebo (range -8.6 to -12.3 mmHg vs. -3.8 mmHg placebo; p=0.008 for nebivolol 2.5mg; p<0.0001 for all other doses) and in peak SiSBP at 5mg and up only vs. placebo (range -10.6 to -12.2 mmHg vs. -3.0 mmHg placebo; p=0.011 for 5mg; p=0.005 for 10mg; p=0.002 for 20mg and 40mg)

Study Conclusions
Nebivolol is an effective therapy for mild-to-moderate hypertension (Stages I-II) in blacks and is well-tolerated, with low incidence of typical beta-blocker AEs (fatigue, depression, erectile dysfunction).  The finding of nonsignificant increases in serum glucose was generally not associated with adverse metabolic effects.  Of note, mean BP changes with the 40mg dose were numerically less compared with the 10mg and 20mg doses.  The finding of decreases in HDL-C may warrant further investigation.
	Completed TX Phase of Trial: (259/300)

Nebivolol: 218/251 (86.9%); W/D from each arm as follows: 2.5mg (n=7); 5mg (n=9); 10mg (n=4); 20mg (n=5); 40mg (n=8)
Placebo: 41/49 (83.7%); W/D=16.3%
 
Safety (W/D / AEs) 
- 113/251 (45.0%) AEs across nebivolol arms vs. 19/49 (38.8%) in placebo arm (p=0.474; NS) 
- No dose-related trends in incidence of AEs was noted.
- 1 of 4 serious AEs in nebivolol arms was considered possibly drug-related and resulted in study discontinuation (cerebral hemorrhage).  No deaths reported in this study.
-Incidence of AEs typically associated with beta-blockers was low across all nebivolol arms: fatigue 2.8%, bradycardia 0.4%, decreased libido 0.4% and dyspnea 0.4%.  Incidence of depression and erectile dysfunction unavailable.

TX
W/D AEs

SAEs

Total  
AEs

Placebo 
(n=49)

0
0
19 (38.8%)

Nebivolol
(n=251)

6
4
113 (45.0%)

Most common AEs (> 2%) amongst nebivolol arms: HA (5.6% vs. 4.0% placebo), dizziness (3.6% vs. 0% placebo), arthralgia (3.6% vs. 2.0%), diarrhea (3.2% vs. 2.0%), fatigue (2.8% vs. 0% placebo), nasopharyngitis (2.4%) vs. 0% placebo, and UTI (2.4% vs. 0% placebo).  None were dose-related.  

Lab Parameters
Nonsignificant increases in serum glucose and triglycerides across all doses, including placebo.

HDL-C decreased from baseline to study end across all doses, including placebo: placebo -0.8 mg/dL; 2.5mg nebivolol -3.2 mg/dL; 5mg nebivolol -5.2 mg/dL; 10mg nebivolol -1.4 mg/dL; 20mg nebivolol -3.9 mg/dL; 40mg nebivolol -6.1 mg/dL.  These HDL-C reductions did not appear dose-related and were only significant from placebo at 40mg dose (p=0.03).  Clinical implications of these changes unknown.


HTN=hypertension; ITT=intention-to-treat; BMI=body mass index; ACS=acute coronary syndrome; HF=heart failure; SiDBP=sitting diastolic blood pressure; SiSBP=sitting systolic blood pressure; SiHR=sitting heart rate; BBs=beta blockers; ABs=alpha blockers; ACEIs=angiotensin-converting enzyme inhibitors; ARBs=angiotensin-receptor blockers; CCBs=calcium channel blockers; BPM=beats per minute; W/D=withdrawals; AEs=adverse events; SEAs=serious adverse events; HA=headache; SOB=shortness of breath; MI=myocardial infarction; AA=aortic aneurysm; UTI=urinary tract infection; LDL-C=low-density lipoprotein cholesterol
Appendix 2: Evidence Table (Placebo-Controlled Monotherapy with Active Background HTN Trials)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results/Conclusions
	Withdrawals/AEs

	RCT #4 
On File2


Multicenter, prospective, randomized,
double-blinded, placebo-controlled, parallel-group
96 U.S. sites (Oct 2002 - Oct 2003)
Efficacy & Safety as add-on therapy in mild-moderate HTN
n = 669
ITT/LOCF 


84 days

Supported by Bertek, now part of Mylan
	Inclusion Criteria 
Men and women ≥ 18 years of age with diagnosis of mild-to-moderate hypertension (defined as SiDBP 
≥ 95mmHg and ≤ 109 mmHg)
Exclusion Criteria 

Diagnosis of secondary or malignant hypertension, BMI ≥ 35, bronchospasm, bradycardia, or other known contraindication to 
beta-blocker therapy,  uncontrolled diabetes (HgA1c ≥ 10%), ACS  within past 6 months, HF, clinically significant valvular heart disease, thyroid, renal, or hepatic dysfunction, peripheral vascular disease, pregnancy, or previous exposure to nebivolol
	Endpoints

Primary: change in mean trough SiDBP (24 +/- 2 hours from previous morning dose) from baseline to day-84

Secondary: changes in mean trough SiSBP, mean peak SiDBP and SiSBP (2-3 hours post-dose), responder rate (% of patients with mean SiDBP < 90mmHg or absolute SiDBP reduction of ≥ 10mmHg)hn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 


 vs. baseline, and mean 24-hour SiDBP and SiSBP, as measured by ABPM

Other: safety and tolerability
Run-In, Wash-out Phase
- 2-week ± 3 day single-blinded, placebo run-in/washout phase for patients previously on antihypertensive therapies 
Treatment Phase 
Placebo daily  (n=167)
Nebivolol 5mg daily (n=168)
Nebivolol 10mg daily (n=168)
Nebivolol 20mg daily (n=166)
-add-on therapy to stable regimen of 
1 to 2 of the following: ACEI, ARB, and/or thiazide diuretic
-Trough BP/HR measured on days 0, 14, 42, and 84.  Peak BP/HR measured on days 0, 42, and 84 
-ABPM measured using device calibrated to within 5 mmHg of the mean of 3 DBP measures
-At baseline and day 84, 24-hour ABPM measured every 20 minutes from 0600-2200 and every 30 minutes from 2200-0600
	Baseline (mean): 84.6% < 65 yrs; 55.0% male; 29.4% black;14.1% diabetic; mean BMI = 29.7; mean trough sitting SBP/DBP = 146/96 mmHg; mean trough sitting HR = 74 bpm
Percent of patients receiving add-on therapy in each treatment group
Add-on TX
Placebo
Nebivolol 
5
Nebivolol 
10
Nebivolol 20
Diuretic

43.1%

42.9%
45.8%
43.4%
ACEI
49.1%
50.0%
48.8%
49.4%
ARB
34.7%
31.0%
32.1%
30.7%
ACEI + ARB
0%
1.2%
0%
0.6%
ACEI + Diuretic
13.8%
13.1%
14.9%
11.4%
ARB + Diuretic
13.2%
10.1%
13.7%
13.3%
None
0%
0.6%
1.8%
1.8%
TX (mg/d)

T-SiDBP*

p

T-SiSBP**

p

Placebo

-3.3

-0.1

Nebivolol

5

-6.6

<0.001

-5.7

<0.015

10

-6.8

<0.001

-3.7

<0.015

20

-7.9

<0.001

-6.3

<0.015

* Change from baseline in least-squares (LS) mean trough SiDBP (mmHg); SEM values unavailable  
**Change from baseline in least-squares (LS)  mean trough SiSBP (mmHg); SEM values unavailable  
Note: significant reductions in BP apparent by week 2 and sustained until study end

TX (mg/d)

Response*

p

T-SiHR**

p

Placebo

41.3%

-3.0

Nebivolol

5

53.0%

0.028

-7.3

<0.001

10

60.1%
0.001
-7.6

<0.001

20

65.1%

<0.001
-10.6

<0.001

* % of patients with mean SiDBP < 90 mmHg and/or absolute SiDBP reduction > 10 mmHg vs. baseline; p value vs. placebo
** Change from baseline in mean trough sitting HR (bpm); SEM values unavailable


- Significant reductions in both peak SiDBP (up to -13.6) and SiSBP (up to -13.3)  from baseline at all doses vs. placebo (p<0.001 for both SiDBP and SiSBP).  All doses significantly decreased mean 24-hour ABPM (p<0.001 for SiDBP; p<0.005 for SiSBP)

Study Conclusions

Nebivolol once daily add-on therapy is an effective, safe, and well-tolerated therapy for mild-to-moderate hypertension despite therapy with at least 1 but not more than 2 of ACEI, ARB, and/or thiazide diuretic.  Nebivolol provided greater decreases in mean 24-hour ABPM (SiDBP and SiSBP) vs. placebo at all studied doses.  Finding of decreases in HDL-C may warrant further investigation. 
	Completed TX Phase of Trial: (598/669)

Nebivolol: 452/502(90.0%); W/D from each arm as follows: 5mg arm (n=16), 10mg arm (n=18), 20mg arm (n=16)
Placebo: 146/167 (87.4%) W/D=12.6%
Safety (W/D / AEs) 
- 202/502 (40.2%) AEs across nebivolol arms vs. 65/167 (38.9%) in placebo arm (p=0.763; NS).  
-No dose-related trends in incidence of AEs of any strength were noted.
- 4 of 7 serious AEs occurred in nebivolol arms, of which none were considered possibly drug-related.  There was 1 death reported in this study (75-yr old female died of cardiac arrest in nebivolol 5mg arm; considered remotely related to drug therapy).
-Incidence of AEs typically associated with beta-blockers was low across all nebivolol arms:  bradycardia 0.8%, decreased libido 0.4%, and depression 0.2%.  Incidences of fatigue, dyspnea, and erectile dysfunction unavailable
TX
W/D AEs

SAEs

Total  
AEs

Placebo 
(n=167)

4

3

65 (38.9%)

Nebivolol
(n=502)

21

4

202 (40.2%)

Most common AEs (> 2%) amongst nebivolol arms: HA (5.0% vs. 2.4% placebo), fatigue (3.6% vs. 2.4% placebo), UTI (3.2% vs. 3.6% placebo), dizziness (2.4% vs. 1.8% placebo), and nasopharyngitis (2.2% vs. 1.2% placebo).  None were dose-related.  

Lab Parameters
HDL-C decreased from baseline to study end across all doses:  (mean decrease from -1.3 to -2.5 mg/dL; 
p values unavailable).  No dose-relationship reported.  Clinical implications of these changes unknown.

	RCT #5 
On File2

Multinational,
multicenter, 
prospective, open-label,
parallel-group, 9-month extension 
123 U.S. and European sites (March 2002 - Sept 2003)
Efficacy & Safety in mild-moderate HTN
n = 845 total
ITT/LOCF 

273 days
Supported by Bertek, now part of Mylan

	Inclusion Criteria 
Men and women ≥ 18 years who successfully completed 
1 of the 3 RCTs from Appendix 1
Exclusion Criteria 

Diagnosis of secondary or malignant hypertension, BMI ≥ 40, bronchospasm, bradycardia, or other known contraindication to 
beta-blocker therapy,  uncontrolled diabetes (HgA1c ≥ 10%), ACS  within past 6 months, HF, clinically significant valvular heart disease, thyroid, renal, or hepatic dysfunction, peripheral vascular disease, pregnancy, previous exposure to nebivolol, or concomitant therapy with at least 1 prohibited medication that may have affected blood pressure (oral and opthalmic BBs, ABs, ACEIs, ARBs, CCBs, and diuretics)
 
	Endpoints

Primary: change in mean trough SiDBP (24 +/- 2 hours from previous morning dose) from baseline (end of feeder trial) to end of extension phase (6-month or 9-month)

Secondary: changes in mean trough SiSBP, mean peak SiDBP and SiSBP (2-3 hours post-dose), responder rate, defined in 2 ways: (a) % of patients with mean SiDBP 
< 90mmHg or absolute SiDBP reduction of ≥ 10mmHghn mean trough SiDBPn antihypertensive therapies were allowed an additonal 40mg  is an independent predictor of CV outcome. 


 vs. baseline, and (b) % of patients with mean trough SiDBP < 90mmHg at study end

Other: safety and tolerability
Treatment Phase 
No placebo arm
Nebivolol monotherapy x 28 days 
(5mg,10mg, or 20mg; dose based upon SiDBP, SiHR, and previous trial dose)

-After 28 days, nonresponders (mean SiDBP ≥ 90 mmHg) received adjunct: 
- thiazide / thiazide + triamterene
- amlodipine
- other

- Trough BP/HR measured on days 0 (last day of feeder trial), 28, 91, 182, and 273. Peak BP/HR measured on days 0, 91,182, and 273

Run-Out Phase
- 4-week follow-up of monotherapy patients to assess for rebound (days 7, 14, 28).  Double-blind, randomization (2:1) of placebo and nebivolol
	Baseline (mean): 83.1% < 65 yrs; 53.4% male; 76.7% nonblack; 6.3% diabetic; 
42.0% BMI ≥ 30; mean trough sitting SBP/DBP = 152/99 mmHg; mean trough sitting HR = 73 bpm
TX 

% Patients
T-SiDBP*
p
Response**
Nebivolol Mono
71.8% (n=607)
-12.3, -14.6, 
-15.0, -15.0
p=S
78.2%
Nebivolol 
+ Diuretic
24.4% (n=206)
-5.0, -7.1, 
-10.7, -12.0
p=S
65.5%
Nebivolol 
+ CCB
 2.5% (n=21)
N/A
N/A
40.0%
Nebivolol 
+ Other
1.3% (n=11)
N/A
N/A
72.2%
* Change from baseline in least-squares (LS) mean trough SiDBP (mmHg) on days 28,91,182,and 273; SEM values unavailable  
**% of patients with mean SiDBP < 90 mmHg and/or absolute SiDBP reduction > 10 mmHg vs. baseline or SiDBP <90 mmHg at study end 

- Reductions in trough SiSBP and peak SiDBP and SiSBP were significant and similar across all arms.  

-Overall, 74.0% of patients responded to therapy. Only 1.1% of patients required rescue medication during the 9-month trial.

4-Week Run-Out 
- 18 patients were withdrawn from nebivolol monotherapy and continued on placebo to assess for rebound hypertension
- SiDBP and SiSBP increased over the 4-weeks but did not return to baseline values
- 72.2% were still classified as responders (78.2% were responders in extension phase; p=NS)
- There were no reported withdrawal rebound effects.  There was 1 reported SEA (spontaneously resolving episode of vertigo)
Study Conclusions
Long-term use of nebivolol 5mg to 20mg once daily remained effective in patients with mild-to-moderate hypertension with or without adjunctive diuretic and/or CCB therapy.  Results indicate that the majority of patients who responded initially to nebivolol continued to respond with extended therapy duration.  Rebound hypertension did not appear to be of concern with nebivolol discontinuation.  Of note, it is interesting that serum glucose increased significantly in the nebivolol monotherapy arm, but not in the thiazide diuretic adjunct arms.

	Completed TX Phase of Trial: 832/845 (90.0%)
Safety (W/D / AEs) 
- 461/845(54.6%) AEs across all arms (compared with 45.0%, 46.1%, and 42.5% in feeder trials)

- 2 of 17 SEAs were considered treatment-related (impotence and severe RUQ pain). There were no deaths reported in this study.

TX

W/D AEs

SAEs

Total  
AEs

Nebivolol
(n=845)

31*
17
461 (54.6%)

AEs with the highest incidences were HA (5.4%), fatigue (4.6%), URTI (3.9%), arthralgia (3.8%), nasopharyngitis (3.7%), and dizziness (3.5%)

*26 of 31 W/D in nebivolol monotherapy arm

Lab Parameters
Mean serum glucose levels increased from baseline in the nebivolol monotherapy arm on day 182 (mean change +3.26 mg/dL).  This change was not reported as clinically significant, however.


RCTs=randomized-controlled trials; ABPM=ambulatory blood pressure monitoring; BMI=body mass index; SiHR=sitting heart rate; SiDBP=sitting diastolic blood pressure; SiSBP=sitting systolic blood pressure; W/D=withdrawals; AEs=adverse events; HA=headache; URTI=upper respiratory tract infection; UTI=urinary tract infection; BBs=beta blockers; ACEIs=angiotensin-converting enzyme inhibitors; ARBs=angiotensin-receptor blockers; CCBs=calcium channel blockers

Appendix 3: Evidence Table (Placebo-Controlled Monotherapy with Active Background HF Trials)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results/Conclusions
	Withdrawals/AE

	Edes, et al, 200512
(ENECA)
Multicenter, randomized, double-blinded, prospective, placebo-controlled, parallel group


70 centers
Poland, Hungary

Efficacy/Safety, Add-on therapy

n = 260

280 days


Sponsored by Berlin-Chemie AG

	Inclusion Criteria

Hospitalized patients or outpatients > 65 yrs old, NYHA Class II-IV HF, stable clinical course, LVEF ≤35%, and 2 wk minimum of stable meds for HF (ACEIs, ARBs, diuretics, and/or digitalis)
Exclusion Criteria

Acute coronary syndrome; MI w/in last 3 months; PTCA or CABG surgery within last month; obstructive or hypertrophic cardiomyopathy; hemodynamically relevant congenital or valvular heart disease; tachyarrhythmia resistant to therapy (>100/min); bradycardia (HR<50/min); beta-blocker therapy within 4 weeks of trial; intolerance or hypersensitivity to nebivolol
	Endpoints

Primary: change in LVEF from baseline of add-on nebivolol therapy

Secondary: change in NYHA functional status; QOL; hospitalization rate; safety 

Treatment Phase 
Placebo (n=126)

Nebivolol  (n=134)

 - 1.25mg Daily x7 days; dose doubled every 2 weeks if SBP > 110 mmHg and HR > 60 bpm up to target dose 10mg daily

- nebivolol administered as adjunct therapy with background, open-label ACEIs, ARBs, diuretics, and/or digitalis. 
-LVEF measured on days 0, 14, 84, 198, and 280.  NYHA classification evaluated at all study visits. QOL measured on days 0, 14, 0, 84, 198, 
and 280. 

	Baseline (mean): 72.0 years; 70.2% male; 99.3% Caucasian; BMI 26.1; 24.6% diabetic;  
52.2% NYHA II; 45.5% NYHA III; mean dose 7.2mg nebivolol; 64.2% reached target 10mg dose
  Primary Outcome: Change in LVEF from baseline
Tx 
LVEF Improvement
% Change
Placebo
(n=126)

3.97% ± 9.20%
19.2 ± 41.0
Nebivolol

(n=134)
6.51% ± 9.15%
35.7 ± 57.6
p=0.27

p=0.008

Mean ± SD; p value vs. placebo

  Secondary Outcomes: Change in NYHA Functional Status                
NYHA Class Status
Placebo

(%)
Nebivolol

(%)
p-value
Improved 2 Classes
3 (2.4)
2 (1.5)
NS; p=0.835
Improved 1 Class
34 (27.0)
33 (24.6)
NS; p=0.835
Remained Stable
67 (53.2)
81 (60.4)
NS; p=0.835
Worsened 1 Class

1 (0.8)
2 (1.5)
NS; p=0.835
Intention-to-treat (ITT) protocol 

Change in QOL: No statistical difference between from baseline to end of follow up between treatment groups (p=0.342)
Hospitalization Rates: No statistical difference in mean time to first hospitalization, nebivolol 15.92 days vs. placebo 15.77 days (p=0.507)

Kaplan-Meier Survival Curves: No statistical difference between nebivolol 67.47% vs. placebo 52.89% (p=0.696).
Study Conclusions
Nebivolol as add-on therapy significantly improved LV function in patients > 65 years with signs of HF and cardiomyopathy. Nebivolol was found to be safe and generally well-tolerated. 

	Completed TX Phase of Trial: (136/260)

Nebivolol: 124/134 (92.5%); W/D=7.5%
Placebo: 112/126 (88.9%); W/D=11.1%
Safety (W/D / AEs)
- 81/134 (60.5%) AEs in nebivolol group vs. 
78/126 (61.9%) placebo group (p=0.899; NS)
- 152 different types of AEs reported; overall, 360 AEs reported in both groups 

- 54 AEs thought to be drug-related (40 nebivolol and 14 placebo). Most common drug-related AEs were bradycardia, hypotension, and dizziness.
TX

SAEs

Total  
AEs

Placebo 

26
174
Nebivolol
(n=828)

22
186
Most common drug-related AEs (>2%) among nebivolol group: HF worsening (7.5% vs. 9.2% placebo), ventricular tachycardia (2.7% vs. 4.0% placebo), 
A-fib (2.2% vs. 4.6% placebo). 
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(SENIORS)
Multinational,
multicenter, 
randomized,
double-blinded,
prospective,
placebo-controlled,
parallel-group

160 centers from 10 countries 
(Czech Republic, France, Germany, Hungary, Italy, Netherlands, Romania, Spain, Ukraine, and U.K.)

Sept 2000 - Nov 2003
Efficacy/Safety in elderly patients with/without  
↓ LVEF (added to standard HF therapy)

n = 2,128 (ITT) 

1-year minimum 
follow-up (mean 1.75 years)
Sponsored by Menarini Ricerche SpA
	Inclusion Criteria

Patients ≥ 70 years old with history of HF and at least 1 of the following: documented hospital admission within previous 12 months with discharge diagnosis of HF,  and/or documented LVEF ≤35% within previous 6 months
Exclusion Criteria

New drug therapy for HF within 6 weeks prior to randomization; change in CV drug therapy within 2 weeks prior to randomization; HF due primarily to valvular heart disease; contraindication or previous intolerance to beta blockers (asthma or bronchospasm, 2nd or 3rd degree heart block without pacemaker in-situ, sick sinus syndrome, HR < 60 bpm, or SBP < 90 mmHg); current use of beta blockers; significant hepatic or renal dysfunction; cerebrovascular events within previous 3 months, on PCTA or cardiac surgery wait-list; other major medical conditions likely to ↓ survival throughout study period
Study Rationale
Prior landmark HF trials did not sufficiently study patients ≥ 70 years with preserved LVEF > 35%.  SENIORS trial thus focused on these patients with longer follow-up (mean follow-up duration of 21 months).
	Endpoints

Primary: composite all-cause mortality or  CV hospitalization (time to first event)


Secondary: CV mortality, CV hospitalization,  composite CV mortality or CV hospitalization, all-cause mortality, all-cause hospitalization, composite all-cause mortality or all-cause hospitalization 

-Hospitalization defined as admission of at least 24 hours
-CV hospitalization defined as those for cardiac reasons (worsening HF, ACS) or other CV causes

Treatment Phase
- Placebo arm (n=1,061)
- Nebivolol arm (n=1,067): nebivolol 1.25mg daily titrated up to target 10mg dose (or maximally tolerated dose) via dose-doubling every 1-2 weeks over 4-to-16-week dose-titration period 
- Maintenance period 12-29 months with 4 month visit, 6 month visit, and then every 3 months thereafter

Run-Out Phase
- 4-to-7 week down-titration treatment phase (open label)
	Baseline (mean): mean age 76.1 years; median age 75.2 years; 36.9% male; 64.5% LVEF ≤ 35%; mean sitting SBP/DBP 139/80.6 mmHg; diabetes 26.1%; NYHA Class I 2.9%; Class II 56.4%; Class III 38.7%; Class IV 2%;  prior MI 43.8%; prior CABG 9.2%; prior PCTA 3.8%; concurrent diuretic 85.7%; concurrent ACEI 82.2%; concurrent ARB 6.7%; concurrent aldosterone antagonist 27.6%; concurrent digitalis 39.4%
Nebivolol 
(n = 1,067)
Placebo 
(n = 1,061)
HR (95% CI)*
p
Primary Outcome
Composite all-cause mortality or CV hospitalization
332 (31.1%)
375 (35.3%)
0.86 (0.74 - 0.99)
0.039
*Unadjusted analysis

332 (31.3%)
375 (35.3%)
0.85 (0.74 - 0.99)
0.034
Secondary Outcomes
CV mortality
123 (11.5%)
145 (13.7%)
0.84 (0.66 - 1.07)
0.17; NS
CV hospitalization
256 (24.0%)
276 (26.0%)
0.90 (0.76 - 1.06)
0.20; NS
Composite CV mortality or CV hospitalization
305 (28.6%)
350 (33.0%)
0.84 (0.72 - 0.98)
0.027
All-cause mortality
169 (15.8%)
192 (18.1%)
0.88 (0.71 - 1.08)
0.21; NS
All-cause hospitalization
359 (33.6%)
364 (34.3%)
0.96 (0.82 - 1.10)
0.47; NS
Composite all-cause mortality or all-cause hospitalization
408 (38.2%)
443 (41.8%)
0.90 (0.78 - 1.02)
0.082; NS
 *Results reported as Hazards Ratios (HR) adjusted for pre-specified variables: gender, age (< median 75.2 years vs. 
  ≥ median 75.2 years), and LVEF (≤35% vs. >35%).  Age and LVEF considered as continuous variables.

- ARR=4.2%; RRR=11.9%; Risk Reduction=14%; NNT=24 (over 21 months)
- Kaplan-Meier survival Curve (time to event) shows divergence after ~6 months

- Pre-specified risk-factor variables: gender, age (< median 75.2 years vs. ≥ median 75.2 years), LVEF (≤35% vs. 
  >35%),  diabetes, prior MI.  No individual variable altered the effects of nebivolol on the primary outcome (p=NS).

- Mean Titration Dose: nebivolol arm: 7.7mg (± 3.6mg SD); 68% reached target 10mg; placebo arm: 8.5mg (± 3.1mg
  SD); 80% reached target 10mg.  Authors did not report reasons for certain % not reaching target dose.

- In a pre-specified cohort analysis of patients > 75 and < 85 years (n=459 or 43.0% nebivolol arm; n=482 or 45.4% placebo arm) HR=0.91 (0.74-1.13) for primary endpoint.  For patients > 85 years, HR=1.32 (0.73-2.37) for primary endpoint, with no differences between nebivolol treatment and placebo for CV hospitalization (p=0.95).

- In a post-hoc cohort analysis for age < 75.2 years and LVEF ≤ 35%, which is a similar population studied in prior landmark trials, (n=342 or 32.0% nebivolol arm; n=342 or 32.2% placebo arm), HR=0.62 (0.42-0.91; p=0.014) for all-cause mortality, which is not significantly different from composite HR=0.65 from prior trials.

Study Conclusions
Nebivolol is well-tolerated and effective in reducing CV mortality and morbidity in HF patient ≥ 70 years of age, regardless of LVEF.  Additional studies are needed comparing the long-term benefits of nebivolol with those of carvedilol (COPERNICUS), metoprolol succinate (MERIT-HF), and bisoprolol (CIBIS-II). 
	Completed TX Phase of Trial:
1,582/2,128 (74.3%)


Safety (W/D / AEs)
- 285/1,067 (26.7%) premature W/D for reasons other than death in nebivolol arm vs. 261/1,061 (24.6%) premature W/D for reasons other than death in placebo arm  

-AEs with the highest incidences were:  worsening HF (24.0% vs. 25.0% placebo); dizziness excluding vertigo (15.6% vs. 13.4% placebo); bradycardia (11.1% vs. 2.6% placebo); A. fib (7.3% vs. 7.0% placebo); HA (5.8% vs. 4.9% placebo); Lower-limb edema (5.2% vs. 2.3% placebo)

- Authors did not present statistical analyses on AE outcomes



NYHA=New York Heart Association; QOL=quality of life; HF=heart failure; LVEF=left ventricular ejection fraction; ACS=acute coronary syndrome; ACEIs=angiotensin-converting enzyme inhibitors; ARBs=angiotensin receptor blockers; PTCA=percutaneous transluminal coronary angioplasty; CABG=coronary artery bypass graft; BMI=body mass index; MI=myocardial infarction; W/D=withdrawals; SAEs=serious adverse events; A-fib=atrial fibrillation
Appendix 4: Evidence Table (Retrospective, Post-Hoc Analysis of the SENIORS Trial in HF)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results
	Conclusions

	Dobre, 
et al, 200716


Post-hoc analysis of SENIORS


160 centers from 10 countries 
(Czech Republic, France, Germany, Hungary, Italy, Netherlands, Romania, Spain, Ukraine, and U.K.)
Tolerability and dose-related effects substudy of SENIORS


No sponsorship indicated 

	Patient Population
Patients who successfully participated in the SENIORS Trial (Appendix 3)

Inclusion Criteria

Patients ≥ 70 years old with history of HF and at least 1 of the following: documented hospital admission within previous 12 months with discharge diagnosis of HF, and/or documented LVEF ≤35% within previous 6 months

Exclusion Criteria

New drug therapy for HF within 6 weeks prior to randomization; change in CV drug therapy within 2 weeks prior to randomization; HF due primarily to valvular heart disease; contraindication or previous intolerance to beta blockers (asthma or bronchospasm, 2nd or 3rd degree heart block without pacemaker in-situ, sick sinus syndrome, HR < 60 bpm, or SBP < 90 mmHg); current use of beta blockers; significant hepatic or renal dysfunction; cerebrovascular events within previous 3 months, on PCTA or cardiac surgery wait-list; other major medical conditions likely to ↓ survival throughout study period
	Endpoints

Primary: composite all-cause mortality or  CV hospitalization (time to first event)


Secondary: CV mortality, CV hospitalization,  composite CV mortality or CV hospitalization, all-cause mortality, all-cause hospitalization, composite all-cause mortality or all-cause hospitalization

Patient Stratification:
Patients in the nebivolol arm were stratified into 4 groups according to the dose achieved by the end of the titration phase:

- Intolerant to any dose - ID (0mg, n=74)

- Low dose - LD (1.25/2.5mg, n=142)

- Medium dose - MD (5mg, n=127)

- High dose - HD (10mg, n=688)
	Baseline (mean): mean age 76.1 years; median age 75.2 years; 36.9% male; 64.5% LVEF ≤ 35%; mean sitting SBP/DBP 139/80.6 mmHg; diabetes 26.1%; NYHA Class I 2.9%; Class II 56.4%; Class III 38.7%; Class IV 2%;  prior MI 43.8%; prior CABG 9.2%; prior PCTA 3.8%; concurrent diuretic 85.7%; concurrent ACEI 82.2%; concurrent ARB 6.7%; concurrent aldosterone antagonist 27.6%; concurrent digitalis 39.4%


   Primary Outcome: Composite all-cause mortality and CV hospitalization
Tx 
%
HR*
Placebo
(n=1030)

34.7
Nebivolol

0mg - ID

(n=74)
52.7
1.95 

(1.38 - 2.75)
1.25/2.5mg - LD

(n=142)
31.7
0.88

(0.64 - 1.20)
5mg - MD

(n=127)

29.8
0.73

(0.52 - 1.02)
10mg - HD

(n=688)

27.8
0.75

(0.63 - 0.90)
*Hazard Ratios (95% Confidence Interval) - adjusted for age, sex, heart rate, SBP, DBP, creatinine, HTN, MI, prior CABG, prior PTCA, aldosterone antagonists, antiarrhythmics, and calcium channel antagonists.  

  Secondary                 Composite of all-cause mortality        Composite of CV mortality or

  Outcomes:                        or all-cause hospitalization                      CV hospitalization 

Tx

%
HR*
%
HR*
Placebo
(n=1030)

41.1
32.4
Nebivolol

0mg - ID

(n=74)
62.2
2.11 

(1.54 - 2.89)
48.6

2.30

(1.61 - 3.30)
1.25/2.5mg - LD

(n=142)
43.0
1.04

(0.79 - 1.36)
28.9

0.86

(0.62 - 1.19)
5mg - MD

(n=127)

37.8
0.77

(0.57 - 1.04)
29.1

0.75

(0.53 - 1.06)
10mg - HD

(n=688)

33.9
0.78

(0.66 - 0.92)
25.1

0.73

(0.60 - 0.88)
*Hazards Ratio (95% Confidence Interval) – adjusted for age, sex, heart rate, SBP, DBP, creatinine, HTN, MI, prior CABG, prior PTCA, aldosterone antagonists, antiarrhythmics, and CCBs.  

Kaplan-Meier Survival Curves: Beneficial effects of high dose and medium dose nebivolol therapy appeared early and were constant throughout follow up. Patients intolerant to any dose of nebivolol had a higher risk of developing primary outcome event. 
	Study Conclusions
Nebivolol is well tolerated in elderly patients with HF. Nebivolol at target dose of 10mg significantly reduces the primary endpoint (risk of all-cause mortality or CV hospitalization) compared to placebo. Patients unable to tolerate a maintenance dose of nebivolol had 2x the risk of all-cause mortality or CV hospitalization. 


NYHA=New York Heart Association; HF=heart failure; LVEF=left ventricular ejection fraction; CV=cardiovascular; PTCA=percutaneous transluminal coronary angioplasty; CABG=coronary artery bypass graft; HR=heart rate; LD=low-dose; ID=intermediate-dose; HD=high-dose; MI=myocardial infarction; SBP=systolic blood pressure; DBP=diastolic blood pressure
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