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A Randomized, Double-Blind, Placebo-
Controlled Parallel-Group Study to Assess
the Efficacy and Safety of Nebivolol,

a Novel B-Blocker, in Patients With Mild
to Moderate Hypertension

Robert J. Weiss, MD;' Michael A. Weber, MD;2 Albert A. Carr, MD;3 Will A. Sullivan, BS#

This double-blind, multicenter, randomized
placebo-controlled study evaluated the antibyper-
tensive efficacy and safety of nebivolol, a selec-
tive f,-adrenoreceptor blocker with vasodilating
effects, in patients with mild to moderate hyper-
tension (sitting diastolic blood pressure [SiDBP]
>95 mm Hg and <109 mm Hg). A total of 909
patients were randomized to receive placebo or
nebivolol 1.25, 2.5, 5, 10, 20, or 40 mg once
daily for up to 84 days. The primary end point
was the change in trough SiDBP from baseline
to study end. Nebivolol significantly reduced
trough SiDBP (8.0-11.2 mm Hg compared with
2.9 mm Hg with placebo; P<.001) and trough
sitting systolic blood pressure (a 4.4-9.5-mm Hg
decrease compared with a 2.2-mm Hg decrease
with placebo; P<.002). The overall adverse event
experience was similar in the nebivolol (46.1%)
and placebo (40.7%) groups (P=.273). Once-
daily nebivolol is an effective antibypertensive in
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he clinical benefits of B-blockers are well

established in the treatment of hypertension
and cardiovascular (CV) disease. Adverse events
(AEs) and adverse metabolic effects associated
with the use of traditional B-blockers may be a
concern, however.!> B-blocker use may result in
an undesirable increase in peripheral vascular
resistance in hypertensive patients.> Some patients
may therefore not be able to fully realize the clini-
cal benefits of B-blockers due to the limitations of
some of the currently available agents.

Several studies have documented that B-blockers,
as a class, are a heterogeneous group with differ-
ences in pharmacodynamic and pharmacokinetic
effects of potentially significant clinical relevance.*
Since hypertension generally requires lifelong ther-
apy, antihypertensive treatment strategies with
B-blockers should provide clinical benefits and be
effective and well tolerated to ensure long-term
patient compliance.

Nebivolol is a new B-adrenergic—blocking drug
that combines a high degree of B, selectivity with
endothelium-dependent vasodilating effects with-
out sympathomimetic activity.’~ In randomized
clinical trials, nebivolol has been shown to lower
blood pressure (BP) in a dose-dependent manner in
patients with hypertension.®® Most of the clinical
experience with nebivolol has been in patients out-
side of the United States, however. Therefore, the

Q www.lejacg.com

VOL. 9 NO. 9 SEPTEMBER 2007 THE JOURNAL OF CLINICAL HYPERTENSION 667

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq, a Blackwell Publishing imprint, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484. Copyright 2007 by Le Jacq. All rights reserved.
No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing
from the publishers. The opinions and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please
3| contact Karen Hurwitch at KHurwitch@bos.blackwellpublishing.com or 781-388-8470.

(o)) (@




WLE JACQ

668

objective of this study was to evaluate the efficacy
and safety of monotherapy with nebivolol in a US
population with mild to moderate hypertension.

METHODS

Study Population

Male and female patients aged 18 years or older
with mild to moderate hypertension, defined as
mean sitting diastolic BP (SiDBP) >95 mm Hg and
<109 mm Hg, were eligible to participate in the
study. Patients were not included if they had second-
ary or malignant hypertension; body mass index
(BMI) 235 kg/m?; bronchospasm, bradycardia, or
any other known contraindication to [B-blocker
therapy; uncontrolled diabetes mellitus (hemoglobin
A,. 210%); recent (within 6 months) myocardial
infarction or stroke; heart failure; hemodynami-
cally significant valvular heart disease; clinically
significant thyroid, renal, or hepatic dysfunction;
peripheral vascular disease; positive pregnancy test
result; or previous exposure to nebivolol.

Patients were stratified across all treatment
arms by nebivolol metabolism based on oxidative
genotype (poor vs extensive metabolizers), history
of diabetes mellitus, self-reported race (black vs
nonblack), age (younger than 65 years vs 65 years
or older), and sex.

Study Design

This double-blind, randomized, placebo-con-
trolled parallel-group study was conducted at
70 sites in the United States. A central institu-
tional review board approved the protocol, and
all patients provided written informed consent
before undergoing any study-related procedure.
The study was conducted in accordance with the
general principles of the Declaration of Helsinki
and was in compliance with the regulations set
forth in the US Code of Federal Regulations and
the Good Clinical Practice Guidelines.

At the screening visit, patients were examined
and a medical history was obtained to determine
patients’ eligibility for enrollment in the study.
Following screening, all patients entered a 4-week,
single-blind placebo run-in/washout phase. Patients
previously on antihypertensive medication were
allowed an additional 2-week single-blind placebo
run-in/washout. At the end of the placebo run-in/
washout period (day 0), baseline and demographic
characteristics were recorded and eligible patients
were randomized to receive placebo or once-daily
nebivolol 1.25, 2.5, 5, 10, 20, or 40 mg in a dou-
ble-blind manner for 84 days. Patients in the 40-mg
nebivolol group were initiated at 30 mg once daily;

THE JOURNAL OF CLINICAL HYPERTENSION

the dosage was increased to 40 mg once daily after
2 weeks, only if their sitting heart rate (HR) at
trough was >55 beats per minute (bpm). Patients
returned to the study unit for assessments on days
14, 28, 56, and 84 of the double-blind treatment
period, at which time BP and HR were measured,
compliance with study medication was monitored,
and use of concomitant medications was recorded.
Clinical laboratory parameters were measured at
screening, at randomization, and at day 84.

Concomitant therapy with oral and ophthalmic
B-blockers, angiotensin-converting enzyme inhibi-
tors, angiotensin II receptor blockers, calcium chan-
nel blockers, diuretics, and o -receptor blockers was
prohibited during the single-blind run-in phase and
during the double-blind treatment period.

Primary and Secondary End Points

The primary efficacy end point was change from
baseline to day 84 in mean SiDBP at trough (24+2
hours post-previous morning’s dose). Secondary
efficacy end points included changes from baseline
to day 84 in mean sitting systolic BP (SiSBP) at
trough, mean SiDBP and SiSBP at peak (2-3 hours
postdose), and mean supine and standing diastolic
BP (DBP) and systolic BP (SBP) at trough and peak.
Another efficacy variable was the responder rates
of treatment groups, defined as the proportion of
patients with an SiIDBP <90 mm Hg at the end of
the study or an absolute reduction of >10 mm Hg
in SiDBP from baseline.

Efficacy and Safety Assessments

BP was measured at trough and peak using an auto-
matic sphygmomanometer and appropriately sized
cuff in the supine, sitting, and standing positions.
Three separate measurements were taken 2 minutes
apart in the same arm: first after the patient had
been at rest in the supine position for at least 5 min-
utes, then after sitting for 1 minute, and finally after
standing for 1 minute. The mean of 3 readings in
each position was calculated and recorded. Trough
BP and HR measurements were taken at screening
and randomization and on days 14, 28, 56, and 84
of the treatment period; peak BP and HR measure-
ments were taken at randomization and on days 28
and 84 of the treatment period.

Safety was assessed by clinical review, vital
signs (including HR), 12-lead electrocardiograms
(ECGs), and clinical laboratory evaluations includ-
ing chemistry panel, hematologic profile, and uri-
nalysis. All AEs occurring during the study were
documented as to type, onset, duration, intensity,
and relation to study drug.
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Table II. Effect of Nebivolol on Blood Pressure and Heart Rate in Patients With Mild to Moderate Hypertension

NEesivoroL Dosg

VARIABLE Praceso 1.25 MG 2.5 MG 5 MG 10 MG 20 MG 40 MG

Trough SiDBP, mm Hg
No. 81 83 82 165 166 166 166
Baseline mean 100.3 98.9 99.8 99.6 99.5 99.4 99.3
Mean change (SD) 23.2(7.7) 8.0 (7.7) 8.7 (7.7) 8.6 (8.0) ~9.4 (8.1) 9.9 (8.7) ~11.3 (8.3)
LS mean change from baseline (SE)* -2.9(1.1) -8.0 (1.1) -8.5(1.1) -8.4 (1.0) -9.2 (0.9) -9.8 (0.9) -11.2 (0.9)
Step-down trend test P value <.001 <.001 <.001 <.001 <.001

Trough SiSBE, mm Hg
No. 81 83 82 165 166 166 166
Baseline mean 154.9 152.2 150.1 152.6 155.8 151.9 153.1
Mean change (SD) —4.7 (12.2) -7.8 (12.0) -9.0 (14.7) -9.9 (11.6) -10.7 (13.2) —11.5 (14.8) —13.6 (13.0)
LS mean change from baseline (SE)* +2.2 (1.9) —4.4(1.9) -6.3 (1.9) -5.9 (1.6) -7.0 (1.6) 6.5 (1.6) -9.5 (1.5)
Step-down trend test P value .002 <.001 <.001 <.001 <.001

Trough sitting heart rate, bpm
No. 67 69 68 148 136 145 149
Baseline mean 73.9 72.3 73.5 72.7 71.5 73.3 71.7
Mean change (SD) 0.2 (8.7) -2.7 (8.9) —4.3(8.1) -6.5 (9.0) -6.5 (8.0) -9.7 (8.5) -9.8 (7.8)
LS mean change from baseline (SE)* +2.4 (1.1) -1.4 (1.1) -2.4 (1.1) -4.9 (0.9) -5.5(0.9) -7.9(0.9) -8.9(0.9)
Step-down trend test P value .002 <.001 <.001 <.001 <.001 <.001 <.001

Abbreviations: bpm, beats per minute; LS, least-squares; SIDBP, sitting diastolic blood pressure; SiSBP, sitting systolic blood pressure.
ment, and covariates baseline blood pressure, nebivolol metabolism rate, diabetes status, sex, race, and age group.

From an analysis of covariance with factor, treat-
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Figure 1. Placebo-subtracted least-squares mean reductions in trough sitting diastolic blood pressure (SiDBP) (A) and
trough sitting systolic blood pressure (SiSBP) (B) from baseline to study end. “P<.001 vs placebo. *P=.002 vs placebo.

RESULTS

Disposition of Patients and Baseline Characteristics
At the end of the single-blind placebo run-in
phase, 913 patients were randomized to double-
blind treatment. Four randomized patients failed
to take any study medication; the ITT population
comprised 909 patients who were distributed as
follows: placebo, n=81; nebivolol 1.25 mg, n=83;
nebivolol 2.5 mg, n=82; nebivolol 5§ mg, n=163;
nebivolol 10 mg, n=166; nebivolol 20 mg, n=166;
and nebivolol 40 mg, n=166 (all doses once daily).
Of the 166 patients randomized to nebivolol
40 mg, 147 patients (88.6%) had their dosage
increased from the initial 30-mg once-daily to a
40-mg once daily dose, and 19 patients remained
at a 30-mg dose. Compliance, determined by the
amount of patients’ returned medication by study
personnel at each clinic visit, ranged from 95.5%
to 98.7% in the ITT population overall.

A total of 777 patients (85.5%) completed the
study: 82.7% in the placebo group and 85.7% in
the nebivolol groups combined. The discontinua-
tion rates ranged from 10.2% to 19.9% across the
nebivolol dose groups, compared with 17.3% in
the placebo group. The most common reasons for

not completing the study were withdrawn consent
(5.3%), AEs (2.5%), and loss to follow-up (2.5%).

VOL. 9 NO. 9 SEPTEMBER 2007

Treatment groups were comparable with respect
to demographics and baseline characteristics (Table
I). Overall, the majority of patients were men
(57.0%), nonblack (85.5%), and younger than 65
years (78.8%). It is noteworthy that 9.7% of the
patients were diabetic and 43.9% of all patients
were obese (BMI 230 kg/m?).

Efficacy

All nebivolol treatments effectively lowered BP.
The least-squares (LS) mean reductions in trough
SiDBP and SiSBP from baseline to final visit (day
84) were significantly greater with nebivolol dos-
ages ranging from 1.25 to 20 mg once daily than
with placebo (SiDBP, P<.001; SiSBP, P=.002 for
nebivolol 1.25 mg; P<.001 for all other doses)
(Table II). Placebo-subtracted LS mean reductions
in trough SiDBP and SiSBP ranged from 8.3 mm
Hg and 11.7 mm Hg, respectively, at maximum
doses, with little difference, however, in SBP effect
from 2.5 to 20 mg (Figure 1).

Nebivolol also significantly decreased peak
SiDBP (LS mean reductions from baseline of 9.1
to 13.9 mm Hg vs 5.4 mm Hg with placebo;
P=.00S5 for nebivolol 1.25 mg; P<.001 for all other
doses) and peak SiSBP (LS mean reductions from
baseline of 7.6-14.0 mm Hg vs 3.1 mm Hg with
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Figure 2. Responder rates by treatment, defined as average trough sitting diastolic blood pressure <90 mm Hg at study
end or a decrease of 210 mm Hg. “P=.008 vs placebo. "P=.001 vs placebo. ‘P<.001 vs placebo.

group was evaluated separately, only patients treat-
ed with nebivolol 20 or 40 mg had a significantly
higher incidence of AEs (P<.044 and P<.009,
respectively) than patients in the placebo group.
The most frequently reported treatment-emergent
AFEs are summarized in Table III. Headache was
the most common treatment-related AE experi-
enced by 6% to 9% of nebivolol-treated patients
and 7.4% of the placebo-treated patients. Of note,
the incidence of AEs commonly associated with
B-blocker use was low in the nebivolol groups
combined, including fatigue (3.6% vs 2.5% with
placebo), erectile dysfunction (0.2%), decreased
libido (0.1%), bradycardia (0.7%), and depression
(0.2%). No dose-dependent trends were observed
for any type of AE.

No deaths occurred during the course of the
study. There were 12 patients who had a seri-
ous AE (SAE) during the double-blind treatment
period: 11 in the nebivolol group and 1 in the
placebo group. Of the 11 SAEs in the nebivolol
group, 2 were considered possibly drug-related: 1
patient on nebivolol 20 mg had an abnormal ECG
with inferior T wave changes, and another patient
on nebivolol 40 mg had an abnormal ECG with
ST changes. Both resolved spontaneously without
discontinuation of study drug treatment. There

VOL. 9 NO. 9 SEPTEMBER 2007

were no increases in orthostatic hypotension with
nebivolol compared with placebo.

There were few laboratory parameters with any
significant changes during the study. There were no
significant changes in any of the laboratory param-
eters associated with CV risk (total cholesterol,
low-density lipoprotein cholesterol, triglycerides,
or glucose; data not shown), except for high-densi-
ty lipoprotein cholesterol (HDL-C), which showed
statistically significant decreases from baseline to
study end for nebivolol (LS mean changes from
baseline ranging from 0.383-1.887 mg/dL across
the nebivolol dose groups). Increases in serum uric
acid and phosphorous were statistically significant
for nebivolol doses >5 mg (placebo-subtracted
changes ranged from 0.24-0.31 mg/dL) and >10
mg (placebo-subtracted increases ranged from
0.07-0.17 mg/dL), respectively. The number of
patients with values shifting from normal at base-
line to outside the normal range at study end was
not statistically significant for these parameters,
however. There were also statistically significant
changes from baseline to study end in hematologic
laboratory values at nebivolol doses of 5 to 40 mg.
Specifically, the mean placebo-subtracted changes
at these doses ranged from -0.11 to -0.15 g/dL
for hemoglobin and from -0.41% to -0.70% for
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hematocrit. The magnitude of these reductions as
well as the changes in HDL-C may not be clinically
relevant. Among the 10 patients treated with
nebivolol who had clinically significant low hema-
tocrit and/or hemoglobin levels at the end of the
study, all had demonstrated below-normal values
at baseline; there was no evidence of a dose-related
effect on these parameters.

DISCUSSION

The results of the present dose-ranging study
indicate that once-daily nebivolol is an effective
antihypertensive agent in patients with mild to
moderate hypertension. The decrease in SBP and
DBP observed with all doses of nebivolol was sig-
nificantly greater than that observed with placebo.
High response rates were achieved in patients
treated with nebivolol, ranging from approximate-
ly 46% to 65%. Nebivolol treatment also showed
safety and tolerability comparable to placebo over-
all, except at high doses, with incidences of AEs
and withdrawal rates comparable to those of pla-
cebo over the duration of this trial. The trough-to-
peak ratios indicate that BP control was sustained
for the full 24-hour period and was devoid of
wide trough-to-peak variation, an important safety
aspect for a once-daily antihypertensive drug.

The strengths of the current study include the
randomized controlled trial design and the com-
position of the study population: 43.0% were
women, 14.5% were black, 21.2% were aged 65
years or older, 9.7% were diabetic, and 43.9%
were obese. Thus, the patients studied can be
regarded as representative of the general US hyper-
tensive population.'0-13

The findings of this study are of further inter-
est because of nebivolol’s pharmacologic profile,
which involves both highly selective blockade of the
B,-adrenergic receptor and endothelium-dependent
vasodilating action.'®!’ The selectivity of nebivolol
at clinically relevant doses for the B,-adrenoceptor
was shown to be 321-fold higher in human myo-
cardial tissue than for the B,-adrenoceptor. This is
higher than other B-blockers currently available.
Metoprolol, for example, demonstrated only a
74-fold higher B,- vs B,-adrenoceptor selectivity
ratio,'* and atenolol was shown to have 2 to 4
times less B,- vs B-adrenoceptor selectivity than
nebivolol.'® Studies in normotensive and hyperten-
sive persons have noted that nebivolol modulates
nitric oxide release and its bioavailability within the
vascular bed, thereby promoting vasodilation and
reducing peripheral vascular resistance.®'S In addi-
tion, a number of studies have consistently shown
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that nebivolol preserves left ventricular function,
whereby it increases stroke volume and cardiac
output and maintains cardiac chronotropism dur-
ing exertion.!>!” As a result, nebivolol possesses a
beneficial hemodynamic profile that distinguishes
it from many cardioselective B-blockers.

The magnitude of the effects of nebivolol on
BP observed in this study were comparable with
those observed in an earlier nebivolol dose-ranging
study.® In a 4-week, randomized, double-blind pla-
cebo-controlled study conducted in 509 patients
with essential hypertension (DBP >95 mm Hg) in
Europe and the United States, nebivolol at dosages
of 1, 2.5, 5, and 10 mg once daily produced base-
line and placebo-corrected reductions at trough
in mean supine SBP/DBP of -3.7/-2.7, -5.5/-3.8,
-6.1/-5.9, and -5.1/-6.9 mm Hg, respectively.
Response rates, defined as an achieved supine
DBP at trough of <90 mm Hg and/or a reduction
of >10 mm Hg, ranged from 38% to 57% with
the above dosages. The population of this study
was also heterogeneous and comparable to that
of the present study where nebivolol at 1.25 to
10 mg once daily produced baseline and placebo-
corrected reductions in trough SiSBP/SiDBP rang-
ing from -6.6/-5.1 mm Hg to -9.2/-6.3 mm Hg,
respectively. In other European trials, nebivolol has
consistently demonstrated antihypertensive effica-
cy similar to that of other B -adrenergic receptor—
selective B-blockers!®2% and of other major classes
of antihypertensive agents, including angiotensin-
converting enzyme inhibitors,?"?? calcium channel
blockers,?>?* and angiotensin receptor blockers.?

Interestingly, the reported frequencies of sexual
dysfunction and central nervous system AEs, such
as fatigue and depression, were not statistically
different from those found with placebo.?® The
low incidence of adverse effects with nebivolol
may be attributable to its B,-selectivity and its
nitric oxide-mediated vasodilatory effects.?6-28
All doses of nebivolol significantly decreased HR
in a dose-dependent manner compared with pla-
cebo. Nebivolol was not associated with adverse
metabolic effects or clinically significant adverse
changes in laboratory parameters associated with
CV risk, although the small decrease in HDL-C
may warrant further investigation.

The good tolerability with nebivolol found in
the present study is also consistent with previ-
ous studies showing a low AE rate of only 0.5%
in 5740 patients with mild hypertension?’ and a
lack of significant adverse metabolic effects with
nebivolol for serum lipids, carbohydrate metabo-
lism, and insulin resistance.3*32 A meta-analysis
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