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Combining different classes of antihypertensives is more effective for reducing blood pressure (BP)
than increasing the dose of monotherapies. The aims of this phase I study were to investigate
pharmacokinetic and pharmacodynamic interactions between nebivolol, a vasodilatory B;-selective
blocker, and valsartan, an angiotensin II receptor blocker, and to assess safety and tolerability of the
combination. This was a single-center, randomized, open-label, multiple-dose, 3-way crossover trial
in 30 healthy adults aged 1845 years. Participants were randomized into 1 of 6 treatment sequences
(1:1:1:1:1:1) consisting of three 7-day treatment periods followed by a 7-day washout. Once-daily oral
treatments comprised nebivolol (20 mg), valsartan (320 mg), and nebivolol-valsartan combination
(20/320 mg). Outcomes included AUC.; ss, Cimax,ss Tmax,ss> changes in BP, pulse rate, plasma angio-
tensin II, plasma renin activity, 24-hour urinary aldosterone, and adverse events. Steady-state phar-
macokinetic interactions were observed but deemed not clinically significant. Systolic and diastolic
BP reduction was significantly greater with nebivolol-valsartan combination than with either mono-
therapy. The mean pulse rate associated with nebivolol and nebivolol-valsartan treatments was
consistently lower than that associated with valsartan monotherapy. A sharp increase in mean
day 7 plasma renin activity and plasma angiotensin II that occurred in valsartan-treated participants
was significantly attenuated with concomitant nebivolol administration. Mean 24-hour urine aldo-
sterone at day 7 was substantially decreased after combined treatment, as compared with either
monotherapy. All treatments were safe and well tolerated. In conclusion, nebivolol and valsartan
coadministration led to greater reductions in BP compared with either monotherapy; nebivolol and
valsartan lower BP through complementary mechanisms.
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INTRODUCTION

Forest Research Institute, Inc, an affiliate of Actavis, Inc, Jersey

City, NJ. Hypertension occurs in one-third of adults in the
The study was supported by the Forest Research Institute. United States, 77% of whom are treated with antihy-
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study was conducted. Actavis is the US marketer of nebivolol. receiving pharmacologic therapy are unable to attain
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blood pressure (BP) control [systolic blood pressure
(SBP)/diastolic blood pressure (DBP) <140/90 mm
Hg]."” Over a 10-year period, there was a significant
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increase in the use of multiple antihypertensive agents
to help achieve BP control, with 48% of patients
currently treated with 2 or more drugs." Combining 2
antihypertensive drugs is associated with better effi-
cacy'* and tolerability*” than doubling the dose of
a monotherapy. Additionally, patients taking a single-
pill combination show better BP control rates versus
those on free-pill equivalents or monotherapies.®”
Although combinations consisting of a B-blocker and
angiotensin II receptor blocker (ARB) have been deemed
not very effective,® a recently completed randomized,
controlled, phase III trial demonstrated that a fixed-
dose combination of the B-blocker nebivolol and the
ARB valsartan was more efficacious in reducing BP than
either drug alone and was well tolerated.’”

Nebivolol is a third-generation vasodilatory
B-blocker with a high B, adrenoreceptor selectiv-
ity,'""!! and these properties may explain its better
tolerability compared with other B-blockers.'*'*'* In
addition to its BP reducing efficacy, nebivolol also
produces a negative chronotropic effect and nitric
oxide-dependent vasodilation.'® Single-dose pharma-
cokinetic (PK) studies have shown that the mean max-
imum plasma drug concentration (Cp,ax) of nebivolol
is achieved within 2—4 hours with an absolute bio-
availability of 12%-96% and a mean half-life of
17-50 hours, depending on CYP2D6 polymor-
phism.'*'* Despite the longer half-life and systemic
exposure of nebivolol in CYP2D6 poor metabolizers,
no dose adjustment is needed as the clinical effect
and safety profile were similar to those in extensive
metabolizers;'” it is postulated that this outcome may
be explained by the presence of several active metabo-
lites. Valsartan, a selective antagonist of the angioten-
sin II type 1 receptor, has a good safety and tolerability
profile,lé’17 but, like other ARBs, it has been shown to
increase levels of angiotensin II, plasma renin activity
(PRA), and aldosterone. Unlike nebivolol, it has no
measurable effect on heart rate.'® Studies have shown
that the Cyax of a single dose of valsartan is reached in
2—4 hours with a mean half-life of 6 hours and a mean
absolute bioavailability of 25%."®

Combining drugs with differing mechanisms of action,
such as a B-blocker and an ARB, may allow for greater
BP reductions while attenuating negative effects such as
increased angiotensin II and PRA induced by ARB treat-
ment. In a previous study, atenolol, another B1-selective
blocker, mitigated valsartan-induced increases in angio-
tensin IT and PRA."® The primary aim of this study was
to examine the PK and pharmacodynamic (PD) interac-
tions of short-term, concomitant, multiple-dose treatment
of nebivolol and valsartan at steady state in healthy
adults, with the additional aim of assessing the safety
and tolerability of the combined treatment.
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MATERIALS AND METHODS

Sample size

This was a pilot study and as such the chosen sample
size of 30 adults was not based on statistical calcula-
tion but on typical sample sizes used in drug interac-
tion studies.

Study population

Participants were required to be healthy men or
women, aged 18-45 years, nonsmoker for at least 2
years, with a body mass index of 18-30 kg/m?, and
a resting pulse rate (PR) of 50-100 beats per minute
(bpm). Men and women of childbearing age were
asked to use an effective method of contraception for
the duration of the study.

Key exclusion criteria included a contraindication to
B-blockers or ARBs, a resting SBP of =90 or =140 mm
Hg or DBP of <50 or =90 mm Hg, abnormal electro-
cardiogram results or QT interval prolongation (QTcF
=430 ms for men or =450 ms for women), consump-
tion of grapefruit or caffeine-containing products
within 48 hours or alcohol within 72 hours before
study drug administration, conditions that could affect
the pharmacokinetics or pharmacodynamics of nebi-
volol or valsartan, concomitant medication use within
14 days or hormonal medications within 30 days
before study drug administration, previous use of ne-
bivolol or valsartan, identification as poor metabolizer
(by means of CYP2D6 genotyping), serum sodium lev-
els of <135-145 mEq/L, serum potassium levels of
=5.3 mEq/L, or current pregnancy or breastfeeding.

This study complied with the International Confer-
ence on Harmonization Guidance on General Consid-
erations for Clinical Trials (ICH-E8; 62 FR 66113,
December 17, 1997), Nonclinical Safety Studies for
the Conduct of Human Clinical Trials for Pharmaceut-
icals (62 FR 62922, November 25, 1997), and Good
Clinical Practice: Consolidated Guidance (ICH-E6; 62
FR 25692, May 9, 1997). Study protocols and informed
consent forms were approved by the independent
institutional review board. All participants provided
written informed consent before study screening.

Study design and treatments

This study was designed as a single-center, random-
ized, open-label, multiple-dose, 3-way crossover trial
in healthy adults. Potential participants were screened
within 21 days before study entry, and eligible indi-
viduals were randomized into 1 of 6 drug treatment
sequences (1:1:1:1:1:1). Each sequence consisted of
three 7-day drug treatment periods followed by
a 7-day washout period, for a total of 36 days not
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including the screening visit. Once-daily treatments
consisted of nebivolol 20 mg tablets (treatment A),
valsartan 320 mg tablets (treatment B), or nebivolol
20 mg tablets plus valsartan 320 mg tablets (treatment
C). All treatments were given orally, with 240 mL of
water, under fasted conditions (no food before 10
hours of dose and after 4 hours of dose). For each
period, participants reported to the clinical site at least
1 day before the first day of the period (days 1, 14, and
27) and remained in-house for the duration of that
period.

PK/PD sampling and analytical methods

Blood samples were collected on days 1, 14, and 27
(0 hours before dose) and on days 7, 20, and 33 (0 hours
before dose and at 1, 2, 4, 6, 10, 24, 36, and 48 hours
after dose) in tubes containing K;EDTA and centri-
fuged at =2500g for 10 minutes at 4°C. The plasma
was then transferred into polypropylene tubes
and frozen at —70°C until assayed. Concentrations
of d-nebivolol, I-nebivolol (nonconjugated, d- and
[-nebivolol), total nebivolol glucuronides (nonconju-
gated nebivolol and conjugated nebivolol glucuro-
nides measured after enzymatic hydrolysis), and
valsartan were determined by means of independent,
sensitive, validated methods of high-performance lig-
uid chromatography coupled with tandem mass
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spectrometry (HPLC-MS/MS) using internal standards
labeled with stable isotopes. After off-line automated
plasma sample cleanup through mixed cation exchange
on the Quadra Liquid Handler (Tomtec, Hamden, CT),
nonconjugated d-nebivolol and I-nebivolol were quanti-
fied with an enantiospecific assay on a Chiralpak IA
column (250 X 4.6 mm, 5-pm particle size; Chiral Tech-
nologies Inc, West Chester, PA). Detection of the analytes
was performed by means of electrospray ionization
mass spectrometry (ESI-MS) in the positive mode on
an API 4000 (AB Sciex, Framingham, MA) with a detec-
tion range of 0.05-20.0 ng/mL. Total plasma nebivolol
was quantified using a separate method after the addi-
tion of B-glucuronidase in a 200 mM ammonium ace-
tate solution and incubation for 1 hour at 37°C.
Samples were enzymatically hydrolyzed, treated with
ammonium hydroxide, and cleaned up by a Quadra
Liquid Handler using liquid-liquid extraction with
methyl-tert-butyl ether. Detection of total nebivolol
(detection range 0.5 to 200 ng/mL) was carried out
using ESI-MS in the positive mode on an API 4000.
The quantification of d-nebivolol and I-nebivolol and
total nebivolol was carried out at Forest Research Insti-
tute (Farmingdale, NY). The quantification of valsartan
was carried out at Tandem Labs (Salt Lake City, UT)
using protein precipitation and detection with ESI-MS
in the positive ion mode. For each participant,

Table 1. Baseline characteristics and vital signs of the safety population.

Treatment sequence

1 2 3 4 5 6
All

Variables (n = 5) (n = b5) (n =5) (n =5) (n =5) (n = 5) (N = 30)
Age, y* 32.6 + 84 28.2 + 9.0 37.6 = 8.1 31.2 + 9.7 38.0 = 6.6 384 £ 56 34.4 = 8.3
Women, n (%) 3 (60) 2 (40) 1 (20) 3 (60) 4 (80) 2 (40) 15 (50)
Weight, kg* 66.4 + 19.6 76.6 = 125 84.9 + 13.6 709 + 128 68.8 = 126 76.3 = 7.6 74.0 = 13.8
BMI, kg/m? 23.6 = 3.7 27.2 + 2.1 26.7 = 1.6 26.1 + 2.2 25.0 = 2.7 27.2 = 1.8 26.0 = 2.6
Race, n (%)

Black 0 (0) 0 (0) 0 (0) 1 (20) 1 (20) 0 (0) 2 (6.7)

White 5 (100) 5 (100) 5 (100) 4 (80) 4 (80) 5 (100) 28 (93.3)
Ethnicity, n (%)

Hispanic 5 (100) 5 (100) 5 (100) 5 (100) 4 (80) 5 (100) 29 (96.7)
PR, bpm* 68.2 = 6.3 70.2 = 9.0 67.8 = 11.2 68.0 = 6.7 68.0 = 4.8 67.6 = 6.9 68.3 = 7.1
Systolic BP, 114.0 + 6.8 1148 +8.7 1184 = 13.2 1108 =175 1216 +8.3 115.6 =+ 13.2 1159 = 11.3

mm Hg*

Diastolic BP, 75.6 + 6.4 78.8 + 6.4 78.8 + 5.8 71.8 + 9.3 82.0 + 6.4 76.2 141 77.2 + 8.4

mm Hg*

*Data are presented as mean = SD.

BMI, body mass index; Sequence 1, treatments ABC; 2, ACB; 3, BCA; 4, BAC; 5, CAB; 6, CBA; A, nebivolol 20 mg; B, valsartan 320 mg;

C, nebivolol 20 mg plus valsartan 320 mg.
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concentration of d,I-nebivolol was calculated by
adding the concentrations of both nonconjugated
enantiomers; levels of nebivolol glucuronides
were determined by subtracting the corresponding
concentrations of nonconjugated d-nebivolol and
I-nebivolol from the total nebivolol concentration
(combined concentrations of conjugated and non-
conjugated molecules).

Blood samples for determining the PRA and the con-
centration of angiotensin II were collected on days 1, 14,
and 27 (0 hours before dose) and on days 7, 20, and 33 (0
hours before dose and at 2, 4, 12, and 24 hours after
dose) and processed as explained above. PRA analysis
was carried out at Quest Diagnostics using a validated
HPLC-MS/MS assay. Plasma samples were incubated
with a generation solution containing aminoethyl ben-
zenesulfonyl fluoride, a protease inhibitor that blocks
the conversion of angiotensin I to angiotensin II. This
solution also contained a double-isotope labeled angio-
tensin I degradation standard to correct for the degra-
dation by other proteases. Once angiotensin I was
generated, the samples were quenched and subjected
to solid-phase extraction, and isolation and detection
were performed with ESI-MS in the positive ion mode.
The detection range of the PRA assay was 0.127-129.651
ng-mL~1. Plasma angiotensin II levels were determined
using a commercially available enzyme immunoassay
that was validated at Keystone Bioanalytical, Inc. This
entailed partial purification of angiotensin II using phe-
nyl solid-phase extraction columns and quantification
through solid-phase immobilized epitope immunoassay.
Optical density was read at 414 nm and the detection
range was 1.955-62.5 pg/mL. Aldosterone levels were
determined from urine samples collected during 24-
hour periods, beginning at 8:00 aM (before dose) on days
1, 7,13, 20, and 26 and were measured using validated
HPLC-MS/MS at Keystone Bioanalytical. The assay en-
tailed liquid-liquid extraction for sample cleanup and
detection with ESI-MS in the negative ion mode with
a detection range of 0.1-50.0 ng/mL.

Safety and tolerability assessments

Safety and tolerability were assessed using descriptive
statistics based on the Safety population. Mean changes
from baseline were examined for each safety measure
except adverse events (AEs) using the last assessment
taken before the first drug dose in that period as baseline.

PK/PD parameters and statistical analysis

Outcome measures included the PK and PD parameters
and the safety and tolerability of the 3 treatments. The
PK assessments in plasma at steady state comprised
determination of the area under the curve (AUC) from
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time 0 to the dosing interval 7; (AUC.;ss), maximum
drug concentration (Cpaxss), minimum drug concentra-
tion (Ciings), average drug concentrations (C,y ss), time
of maximum drug concentration after dose (Timaxss),
drug half-life (T;,;), and fluctuation for the following
analytes: d-nebivolol, I-nebivolol, d,I-nebivolol [racemic
mixture of 2 enantiomers: d-nebivolol (SRs-nebivolol)
and I-nebivolol (RSsnebivolol)®’], nebivolol glucuro-
nides, and valsartan. Additionally, apparent total
clearance post-dose (CL/F) and apparent volume
of distribution post-dose (Vz/F) were determined for
d-nebivolol, I-nebivolol, d,I-nebivolol, and valsartan.

All PK analyses were based on the PK population,
defined as all participants who completed the study.
Descriptive statistical analyses were performed, and
natural-logarithm-transformed Cpnaxss and AUC., o
values were analyzed using analysis of variance
(MIXED procedure), with treatment sequence, treat-
ment, treatment period, and participant included in
the model. The effect of treatment sequence was tested
using participants nested within treatment sequence as
the error term (a = 0.05, 2-sided). In addition, a 2-
sided 90% confidence interval (CI) for the ratio of the
geometric means of Cpax s and AUCy_, s between ne-
bivolol plus valsartan (treatment C) and nebivolol
alone (treatment A) was calculated, and Tpaxss cOM-
parisons were performed using a Wilcoxon signed-
rank test. The criterion for no PK interaction effect
was met if the 90% Cls around the geometric mean
ratios for the Cpax s and AUC.,, were within the range
of 80%—-125%. Finally, the attainment of steady state was
determined through visual inspection of the PK concen-
tration profiles. Any plasma concentrations falling
below the lower limit of quantification method were
entered as zero.

The PD assessments comprised measurements of
plasma concentration of angiotensin II, PRA, 24-hour
urinary concentrations of aldosterone, and resting PR
and BP. PD analyses were based on the Safety popu-
lation, defined as all randomized participants who
received at least 1 dose of study drug. Descriptive sta-
tistical analyses were performed for all PD parameters.
All measures except for 24-hour urinary aldosterone
levels were analyzed using a general longitudinal lin-
ear model with time (as a class variable with unstruc-
tured  variance-covariance  matrix), treatment
sequence, drug treatment, treatment period, and par-
ticipant within treatment sequence as factors and base-
line value as a covariate. A general linear model that
included the same factors mentioned above, with the
exception of baseline as a covariate, was used to ana-
lyze the 24-hour urinary aldosterone data. For angio-
tensin II and PRA, a paired ¢ test was applied to
compare the sum of the baseline-corrected AUCs after
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Table 2. Pharmacokinetic parameters for each analyte by treatment.

Analyte
d-Nebivolol I-Nebivolol d,I-Nebivolol Nebivolol glucuronides Valsartan
(N = 28) (N = 28) (N = 28) (N = 28) (N = 26)
PK Parameters A C A C A C A C B C
AUCq.. ss/ 13.78 = 15.27 11.11 = 12.38 27.72 + 15.32 23.13 = 12.06 41.50 = 29.76 34.24 *+ 23.51 396.78 = 297.52 * 41,935.9 = 38,099.2 =
mean * SD, 297.94 251.96 15,640.1 17,685.9
ng-h/mL
CV% 110.81 111.41 55.26 52.13 71.72 68.66 75.09 84.69 37.3 46.4
Cmax,sss Ng/mL 2.75 = 1.55 1.50 = 0.96 5.29 = 2.06 3.03 £ 1.17 8.02 + 3.47 4.50 = 1.96 68.34 = 40.85 = 5550.4 + 5038.5 *
44.68 31.41 2016.6 2305.3
CV% 56.51 64.20 38.93 38.66 43.26 43.58 65.37 76.90 36.3 45.8
Chmin,sss NG/ML 0.11 £ 0.22 0.11 £ 0.19 0.30 = 0.21 0.31 = 0.19 0.41 + 0.42 0.43 + 0.36 2.12 + 234 2.07 + 2.05 457.3 = 288.5 463.2 = 284.2
CV% 199.04 167.13 70.90 59.65 102.75 84.53 110.28 99.05 63.1 61.3
Cav,ss, NG/ML 0.57 + 0.64 0.46 + 0.52 1.16 = 0.64 0.96 = 0.50 1.73 = 1.24 1.43 = 0.98 16.53 + 12.40 + 1747.3 = 1587.5 =
12.41 10.50 651.7 736.9
CV% 110.81 111.41 55.26 52.13 71.72 68.66 75.09 84.69 37.3 46.4
Trmaxss: N 1.32 = 0.67 2.11 = 1.57 1.25 + 0.65 1.96 + 1.37 1.32 + 0.67 1.96 + 1.37 1.96 + 0.61 293 +1.15 2.81 = 1.20 2.58 = 1.10
CV% 50.68 74.58 51.64 69.94 50.68 69.94 25.85 39.35 42.76 42.75
T1/2, h 6.88 + 2.61 7.85 + 3.12 12.66 = 1.91 1295 + 1.90 11.03 = 2.12 11.14 + 214  6.73 = 2.66 8.76 + 22.44 + 19.48 +
3.31* 14.351 11.43t
CV% 37.87 39.73 15.11 14.65 19.19 19.25 39.45 37.83 63.95 58.65
Flux, % 627.29 =+ 406.16 = 463.87 =+ 301.44 = 501.62 + 324.09 + 418.43 =+ 326.13 + 298.3 = 71.9 293.8 = 58.1
244.15 182.79 117.05 99.75 147.33 117.66 47.94 75.37
CV% 38.92 45.01 25.23 33.09 29.37 36.30 11.46 23.11 24.1 19.8
CL/F, L/h 1241.63 =+ 1539.72 + 435.53 =+ 515.08 + 635.31 * 760.56 = - — 8.7 = 3.2 10.6 = 5.4
749.77 932.83 180.93 212.04 300.25 357.26
CV% 60.39 60.58 41.54 41.17 47.26 46.97 - - 36.6 51.0
Vz/F, L 10,290.81 = 14,758.94 + 8066.66 + 9458.18 + 10,423.43 = 12,050.11 = - - 286.0 = 197.6 317.7 = 274.3
3911.72 6632.26 4055.50 3562.63 6796.50 5903.20
CV% 38.01 44.94 50.27 37.56 65.20 48.99 - - 69.1 86.3
*N = 26.
TN = 17.

A, nebivolol 20 mg; B, valsartan 320 mg; C, nebivolol 20 mg plus valsartan 320 mg; AUCy.. s, area under the curve from time 0 to the dosing interval (1) at steady state; C,yss.
average plasma drug concentrations at steady state; CL/F, apparent total plasma clearance after dose; Cpax,sss» maximum plasma drug concentration at steady state; Cmin ss
minimum plasma drug concentration at steady state; CV%, percent coefficient of variation; Flux, fluctuation; Tq,,, drug half-life; Tyaxss, time of maximum plasma drug

concentration after dose at steady state; Vz/F, apparent volume of distribution at steady state after dose; —, data not available.
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the single drug treatments with the AUCs after concom-
itant treatment. The values for angiotensin II and PRA
were log transformed for both analyses. All analyses
were performed using SAS software, version 9.1.3.

The outcome measures of drug safety and tolerabil-
ity comprised vital signs, clinical laboratory parame-
ters, and electrocardiograms (screening, days 14 and
27 before dose, and study completion). In addition,
AEs were monitored throughout the study, with those
occurring during treatment periods for the first time or
with an increased severity being considered treatment-
emergent adverse events (TEAEs).
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RESULTS

Study flow and baseline characteristics

Of 30 healthy participants (15 men and 15 women) ran-
domly assigned to 1 of the 6 treatment sequences,
4 (13.3%) discontinued the study because of the follow-
ing reasons: AE (n = 1, treatment sequence 4), protocol
violation (n = 1, sequence 5), consent withdrawal (n = 1,
sequence 1), or loss to follow-up (n = 1, sequence 2).
Baseline characteristics and vital signs of the Safety pop-
ulation are summarized in Table 1.

—a— Nebivolol (n=28)
—&— Nebivolol+Valsartan (n=28)

A

Valsartan
8000

6000

Mean =+ SD (ng/mL)

6 10 16 24 36 48

Time (hours)

+«©-+ Valsartan (n=26)
—e— Nebivolol+Valsartan (n=26)

Time (hours)

FIGURE 1. Plasma concentration—-time profiles of d,/-nebivolol (A) and valsartan (B) by treatment. Data are represented

on a linear scale.
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PK parameters

Mean values and CV% for PK parameters for each ana-
lyte by treatment are presented in Table 2. Plasma con-
centrations over time for d,I-nebivolol and valsartan are
shown in Figures 1A, B. The AUCy ;¢ and Cypaxss (g€0-
metric means) of d-nebivolol, I-nebivolol, d,/-nebivolol,
and nebivolol glucuronides were all significantly lower
after coadministration of nebivolol and valsartan (16%—
27% and 43%—45%, respectively), compared with admin-
istration of nebivolol alone. In addition, the mean T,y s
of all 4 analytes was 49%—60% longer after nebivolol-
valsartan coadministration, compared with nebivolol-
only treatment. An approximately 13% lower geometric
mean AUCy., ¢ and Caxss Of valsartan was observed
with nebivolol-valsartan than with valsartan alone
mean Ty, s Values were similar between the 2 treat-
ments (Table 3).

Interaction effects were observed at steady
state between nebivolol and valsartan for d-nebivolol,
I-nebivolol, d,I-nebivolol, nebivolol glucuronides, and
valsartan with 1 or more of the 90% Cls for AUC., s
and Caxss falling outside the 80%—125% range (Table 3).

PD parameters

Plasma concentration of angiotensin II did not change
with nebivolol administration, but its increase after

Table 3. AUCy., ss and Ciaxss by treatment for each analyte.
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nebivolol-valsartan treatment was smaller compared
with the one observed after the administration of val-
sartan alone (Figure 2A). At each time point, differ-
ences in angiotensin II concentration between
treatments were statistically significant (P = 0.004).
The PRA data showed a similar pattern (Figure 2B),
with between-group differences at each time point also
being statistically significant (P = 0.003).

On day 7 of treatment, urine aldosterone levels in
individuals receiving nebivolol or valsartan alone
increased over baseline by 27% or 23%, respectively,
whereas in those receiving nebivolol-valsartan combi-
nation, levels decreased by 23% (Figure 3). On the last
day of each treatment period (days 8, 21, and 34), dif-
ferences in aldosterone levels between concomitant ne-
bivolol-valsartan treatment and treatment with
each drug alone were both statistically significant
(nebivolol-valsartan vs. nebivolol, P = 0.003; nebivolol-
valsartan vs. valsartan, P = 0.002).

Mean SBP decreased after each treatment, reaching
lowest values 6 hours after dose on day 1. For all treat-
ments, SBP and DBP fell below baseline values for up to 7
days. The nebivolol-valsartan combination was associ-
ated with lower least square (LS) mean values of SBP
(days 7, 20, and 33; range: —18.7 to —23.6 mm Hg)
and DBP (—13.7 to —17.8 mm Hg) compared with nebi-
volol (SBP: —13.7 to —184 mm Hg; DBP: —99 to

Analyte
Nebivolol
d-Nebivolol I-Nebivolol d,l-Nebivolol glucuronides Valsartan
(N = 28) (N = 28) (N = 28) (N = 28) (N = 26)
AUCO-, s, Nng-h/mL
Nebivolol (A), geometric mean 10.01 25.01 35.56 335.47 —
Valsartan (B) — — — — 39,284.48
Nebivolol + Valsartan (C) 8.08 21.08 29.63 245.14 34,020.50
Geometric LS mean ratio, % 80.6 84.3 83.3 73.1 86.6
90% CI 75.5-86.1 79.6-89.3 78.6-88.4 68.2-78.3 78.3-95.8
P <0.001 <0.001 <0.001 <0.001 0.02
Cmax,ss: ng/mL
Nebivolol (A), geometric mean 2.47 4.97 7.46 59.71 -
Valsartan (B) — — — — 5175.64
Nebivolol + Valsartan (C) 1.30 2.81 413 34.20 4491.88
Geometric LS mean ratio, % 52.8 56.6 55.4 57.3 86.8
90% ClI 46.4-60.2 49.7-64.5 48.6-63.1 51.6-63.6 75.2-100.2
P <0.001 <0.001 <0.001 <0.001 0.10

AUC,_. ss, area under the curve from time 0 to the dosing interval () at steady state; Cpax,ss, maximum plasma drug concentration at
steady state; geometric LS mean ratio nebivolol, treatment C/treatment A; valsartan, treatment C/treatment B; A, nebivolol 20 mg;
B, valsartan 320 mg; C, nebivolol 20 mg plus valsartan 320 mg; —, not applicable.
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—13.9 mm Hg) or valsartan treatment alone (SBP: —12.3
to —17.3 mm Hg; DBP: —8.7 to —11.7 mm Hg), with
between-treatment differences reaching statistical signifi-
cance at various time points throughout the study
between concomitant and nebivolol or valsartan only
treatments (both SBP and DBP, P = 0.05; data not shown).

Valsartan was associated with a transient PR increase
after 6 hours of dose (LS means range: 2.7-4.6 bpm); with
nebivolol or nebivolol-valsartan, the greatest decreases
were observed within 4 hours after dose (LS means
range, nebivolol: —135 to —19.0 bpm; nebivolol-

e137

valsartan: —14.7 to —19.3 bpm), and PR generally re-
mained below baseline for the rest of the study. At all
time points, there were differences between valsartan
and nebivolol-valsartan treatment and between valsar-
tan and nebivolol alone (P = 0.001; data not shown).

Safety and tolerability

Ten participants reported TEAEs during the study: 2
(6.7%) while receiving nebivolol, 4 (14.3%) on valsar-
tan, and 4 (13.8%) on nebivolol plus valsartan. All 18
reported TEAEs were of mild or moderate severity.
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FIGURE 2. Plasma angiotensin |l concentration (A) and plasma renin activity (B) at the end of treatment periods (days 7,
20, and 33). *P < 0.0001, nebivolol versus combination and valsartan versus combination; TP = 0.0002, ¥P = 0.0003,
§ P = 0.0004, valsartan versus combination. SE, standard error of the mean.
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FIGURE 3. Twenty-four-hour urinary aldosterone excreted unchanged at the end of treatment periods (days 7/8, 20/21,
and 33/34). *P = 0.0019, valsartan versus combination and P = 0.0003, nebivolol versus combination. SE, standard error
of the mean.

One participant was withdrawn by study investigators DISCUSSION
at the end of period II because of potentially clinically

significant 1ab0rat01jy findings. No severe AEs or Results show a steady-state PK interaction between ne-
deaths occurred during the study (Table 4). bivolol and valsartan in healthy adults. Concomitant

Table 4. Adverse events.

Treatment
Nebivolol (A) Valsartan (B) Nebivolol + Valsartan (C)
(N = 30) (N = 28) (N = 29)
At least 1 TEAE, n (%) 2 (6.7) 4 (14.3) 4 (13.8)
TEAE
Cardiac palpitations 1(3.3) 0 (0) 0 (0)
Constipation 0 (0) 1(3.6) 2 (6.9)
Nausea 0 (0) 1(3.6) 1(3.4)
Asthenia 0 (0) 0 (0) 1(3.4)
Peripheral edema 1(3.3) 0 (0) 0 (0)
Increased alanine aminotransferase 0 (0) 1(3.6) 0 (0)
Increased aspartate aminotransferase 1(3.3) 0 (0) 0 (0)
Neck pain 1(3.3) 0 (0) 0 (0)
Hypesthesia 0 (0) 0 (0) 1(3.4)
Headache 1(3.3) 0 (0) 0 (0)
Cough 0 (0) 1(3.6) 0 (0)
Dyspnea 1(3.3) 0 (0) 0 (0)
Rhinorrhea 0 (0) 1(3.6) 0 (0)
TEAE leading to study withdrawal 1(3.3) 1 (3.6) 0 (0)
TEAE related to study drug 1(3.3) 2(7.1) 2 (6.9)
SAE 0 (0) 0 (0) 0 (0)
Deaths 0 (0) 0 (0) 0 (0)
SAE, serious adverse event.
American Journal of Therapeutics (2015) 22(5) www.americantherapeutics.com

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Nebivolol-Valsartan Combination: PK and PD Analysis

treatment with nebivolol and valsartan was associated
with a 13% decrease in the AUC. s and Cpaxss Of
plasma valsartan levels, and with 16%-27% and 43%-—
47% reductions in the AUC ., ss and Cynaxss Tespectively,
of nebivolol and nebivolol glucuronides, compared with
single drug treatments. Because of the shallow dose—
response relationships of both drugs, supported by fur-
ther population PD analysis conducted”*? these PK
interactions were deemed not clinically significant.

PD effects of nebivolol or valsartan alone on plasma
angiotensin II, PRA, urinary aldosterone, BP, and PR
were expected and are similar to those observed in pre-
vious studies.”>* However, concomitant nebivolol—
valsartan administration attenuated increases in PRA
and angiotensin II levels associated with valsartan
monotherapy (a known effect of ARB treatment*®°),
and it reversed elevated aldosterone levels observed
with both monotherapies. “Aldosterone escape” (or
“aldosterone breakthrough”) is a well-known phenom-
enon that affects a subset of ARB or ACEl-treated pa-
tients.>! The effects of B-blockers on aldosterone levels
are less well understood, but a 1992 study conducted in
China showed a decrease in plasma aldosterone levels
(as opposed to urinary aldosterone in our study) after 4
weeks of nebivolol treatment.*

The BP effect of coadministered nebivolol-valsartan
exceeded the effects of each drug alone, which is con-
sistent with the results of a large 8-week randomized
trial (N = 4161) that compared the efficacy of nebivo-
lol-valsartan single-pill combination with those of
monotherapies.” Our safety and tolerability data are
also consistent with previous studies on nebivolol or
valsartan alone'?'*172233 or in combination,” demon-
strating a generally mild side effect profile without
serious treatment-related AEs.

CONCLUSIONS

The results from this study on the combination treat-
ment of nebivolol and valsartan show clinically non-
meaningful PK effects, partially additive PD effects,
and good tolerability and safety in healthy volunteers.
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