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Is higher exposure of nebivolol, e.g. observed in poor metabolizers (PM),
associated with more suppression of adrenal function, luteinizing hormone, or
testosterone levels in male?

No. Exposure response analyses were performed for nebivolol based on data
from Study NEB-PK-03 (Effects of Nebivolol on Adrenal Function, Luteinizing
Hormone, and Testosterone Levels in Healthy Male Volunteers). Detailed study
design is referred to Dr. Keren Hicks' review. Nine safety endpoints were
measured in Study NEB-PK-03, which included area under the curve from time
zero to 120 minutes (AUC0-120 min) of ACTH-stimulated (IV dose of 250 ug)
serum cortisol levels, AUC0-120 min of serum aldosterone levels after the IV
administration of ACTH (250 pug), sex hormone binding globulin, total
testosterone level, free testosterone level, mean luetinizing hormone value, peak
post-ACTH cortisol level, peak post-ACTH aldosterone above basal level, and
peak post-ACTH cortisol above basal level. Under nebivolol 10 mg QD regimen,
steady state trough concentration for either I-nebivolol or d-nebivolol was not
found to be related to change in any of the 9 safety endpoint after 7 weeks of
treatment in healthy male volunteers despite that 4 poor metabolizers achieved
significantly higher exposure of I-nebivolol or d-nebivolol (Table 1, Figure 1 and
Figure 2). The exposure of I-nebivolol or d-nebivolol was set to be zero for
subjects taking placebo. No significant difference was observed between placebo
and nebivolol groups in terms of change from baseline for any of the 9 endpoints
(Table 2). The only endpoint suggesting a relationship with nebivolol exposure is
free testosterone level as indicated by the marginal significant p-values in both
regression analysis and t-test. However, the direction of this relationship is
opposite of hormone suppression, which is highly influenced by one outlier
observation in nebivolol group (patient 59038 with 18 unit increase in free
testosterone level at the end of study). The same influence was also observed for
total testosterone level. Four poor metabolizers had higher peak post-ACTH
aldosterone above basal level compared to either extensive metabolizers (EM) or
placebo subjects (Table 3). Overall, these results do not support the observation
from animal data which suggested suppression of male hormone by nebivolol.
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Endpoint Group N Mean Lower Upper P-value
- Area Under Curve Nebivolol 42 -058 -287 172~ -
(0-120 min) Placebo 48  1.01 -0.30 2.33
Aldosterone Difference
(Nebivolol-Placebo) --159 412 094 0.21
Area Under Curve Nebivolol - 42 044 -0.93 1.80
(0-120 min) Cortisol Placebo 48 0.77 -0.54 2.07
‘Difference :
‘ (Nebivolol-Placebo) -0.33 -219 153  0.73
Free Testosterone Nebivolol 42 1.00 -0.10 210
Level Placebo 48 -0.25 -110 0.60
Difference
(Nebivolol-Placebo) 1.25 -0.10 2.60 0.07
Free Testosterone Nebivolol 41 059 -0.14 1.32
Level* Placebo 48 -0.25 -1.10 0.60
Difference
(Nebivolol-Placebo) 084 -029 197 0.14
Mean Luetinizing Nebivolol 42 0.04 -044 052
Hormone Value Placebo 48 0.1 -0.23 045
Difference
(Nebivolol-Placebo) -0.07 -0.64 049 0.80
Peak Post-ACTH Nebivolol 42 -0.20 -1.77 1.37
Aldosterone Above Placebo 48 -0.32 -1.68 1.05
Basal Difference
’ (Nebivolol-Placebo) 012 -1.93 216 0.91
Peak Post-ACTH Nebivolol 42 0.20 -0.56 0.96
Cortisol Placebo 48 028 -0.40 0.96
Difference
(Nebivolol-Placebo) -0.08 -1.08 092 0.87
Peak Post-ACTH Nebivolol 42 0.1 -1.41 1.64
Cortisol Above Placebo 48 -1.08 -2.41 0.24
Basal Difference
(Nebivolol-Placebo) 1.20 -0.79 3.18 0.23
Sex Hormone Nebivolol 42 -0.57 -1.93 0.80
Binding Globulin Placebo 48 060 -0.50 1.70
' Difference
(Nebivolol-Placebo) -1.17  -2.88 0.54 0.18
Testosterone, Total Nebivolol 42 2664 -6.66 59.95
Placebo 48 -290 -31.74 25.95
Difference
(Nebivolol-Placebo) 29.54 -13.67 7275 0.18

* Without an influential point in nebivolol group

Table 3. ANOVA comparison results for peak post-ACTH aldosterone above basal

level
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Group Estimate N Lower Upper P-value*
Nebivolol (PM) 6.90 4 230 1150

Nebivolol (EM) 094 38 -244 055

Placebo -0.31 48 -1.64 1.01

Difference (PM-Placebo) 7.21 2.43 12.00 0.004
Difference (PM-EM) 7.84 3.01 12.68 0.002
Difference (EM-Placebo) -0.63 -2.63 1.37 0.532

* Not adjusted for multiple comparisons; PM, poor metabolizers; EM, extensive

metabolizers.
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Background

Reference is made to the NDA 21-742, nebivolol tablets, which is currently under review. In the
February 10, 2005 letter the Agency provided the OCPB comments to the sponsor. The
submission contains the sponsor’s responses td the OCPB comments.

Reésponse to comment 1.
The sponsor is satisfied with comment 1 regarding the granting the requested biowaiver for the
2.5 mg dosage strength of the nebivolol tablet.

Response to comment 2.

The dissolution data for nebivolol tablets was reevaluated based on the available data to date.
The dissolution specification of NLT —— (Q) in 30 minutes is recommended for the 2.5, 5, and
10 mg tablets strength.

Response to comment 3.

The FDA pointed out that due to a failure to assess the active metabolites in the clinical studies,
the sponsor could not explain why the striking differences in the levels of the parent drug in
extensive (EM) and poor metabolizers PM) of CYP 2D6 did not show any differences in the drug
effect.

The sponsor argued that the pharmacokinetics of the active metabolites was assessed .in. this
NDA. This argument was based on the mass- -balance study (reports NEBI-0136 and NEBI-0142)
where the metabolism of nebivolol was characterized in 3 EM and 3 PM healthy subjects. In this
study performed in healthy subjects, the total radioactivity was detectable in urine and feces up
to 17 days, and it was detected up to 7 days in whole blood and plasma. The half-life of the total
radioactivity in whole blood in EMs blood was calculated as 86 hours (2 subjects, 39 and 132
hours) and in PMs 73 hours (N=3) and 44 hours (1 EM subject) and 60 hours (3PMs) in plasma.
The distribution and excretion of the active metabolites (4-hydroxy (A8), 8- and 5-hydroxy (A6),
4,8- and 4,5-dihydroxy (A3) and their conespondmo glucuronides (GR, G6, and G3) were
properly assessed. In general, all these active metabolites and their glucuronides were formed in
EM subjects and not in PM subjects. However, their contribution to the pharmacodynamic
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‘effects was not assessed and the final conclusions 6nly Speculated that the similar effecf in PMs

and EMs is possibly due to the effect of the active metabolites in EMs which substituted the
effect of the parent drug in PMs.

Glucuronide Conjugates e

The mass balance study showed that the major metabolites of nebivolol are glucuronides of the
unchanged drug, which was reported as GUD. The drug is represented by two stereoisomers, d-
and I-nebivolol, from which only d-nebivolol has beta-blocking activity. Moreover, the 5-, and 8- -
hydroxy metabolites of both sterecisomers can form glucuronides as well. In the clinical
pharmacology studies, the sponsor assayed in bulk all glucuronides and reported that ‘the main
active metabolite, glucuronide of the unchanged parent drug, was measured in studies NEBI 126,
127, 270, 136, 142, 124, 125, 2118, and 302°. In the above mentioned studies glucuronide -
conjugates (bulk measurements) were assessed up to 24 (majority of studies) and up to 96 hours

in studies 125 (5 patients) and 124 (7 patients). The attempt to describe the pharmacokinetic

properties of the mixture of more then a dozen substances which have different chemical and

physiologic properties does not make any sense. Moreover, in all these studies (except for the

mass balance studies (136 and 142), the half life of the ‘glucuronides’ was calculated in the

range of 3 to 15 hours (EMs) and up to 30 hours in PMs while the total radioactivity was

detected in plasma up to 7 days. This indicates that the characterization of the pharmacokinetic

profile was not complete. In addition, when the AUC values measured to the last data point were

compared to the extrapolated AUC values,: the measured part represented less than 50%.

Therefore based on these data, the characterization of the terminal phase of the plasma .
concentrations vs time profile was impossible and the half-life, clearance, and volume of
distribution values calculated by the sponsor for the glucuronides cannot be considered reliable.

Therefore, the Agency concluded that the pharmacokinetics of the main metabolites of nebivolol

(glucuronide conjugates) was not properly characterized.

In conclusion,

1. The mass balance study properly characterized the metabolic profiles of d- and 1-
nebivolol in 3 EM and 3PM healthy subjects; however, the described groups were
very small to adequately describe the variability and only 2 out of 3 subjects in the
EM group had similar results.

2. None of the active metabolites (4-hydroxy, 8- and 5-hydroxy, 4,8- and 4,5-dihydroxy-
nebivolol and their corresponding glucuronides were measured in the clinical studies
to evaluate their impact into the overall pharmacodynamic effect.

3. The sponsor attempted to describe the pharmacokinetics of the major metabolite of
nebivolol, namely, glucuronide of unchanged drug. However, the assay measured the
sum of glucuronide conjugates of d- and I-nebivolol and above mentioned active
metabolites. This approach. is not acceptable and the pharmacokinetic parameters ‘
calculated by the sponsor do not reflect the properties of any specific metabolite. o

Response to comment 4.

The relationship between pharmacokinetics and pharmacodynamics of nebivolol was not
established. The reasons include poor study design and inability to measure all
pharmacologically active moieties.

Sponsor:
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The estimated placebo-subtracted trough-to-peak ratio of diastolic blood pressure was
approximately 0.9 or greater at all doses. Although this limited degree in fluctuation is ideal
with respect to clinical efficacy it makes pharmacokinetic modeling extremely difficult. Since
patients maintained on nebivolol appear to have a relatively stable reduction in blood pressure,
efforts to construct a pharmacodynamic relationship are somewhat limited.

FDA comment:
The sponsor claims that the obtained data do not show a proper pattern for the relationship
between PK and PD.

Sponsor: The PK/PD analysis conducted previously is believed to adequately reflect the
Ppharmacodynamic performance of nebivolol for the following reasons:

a. The pharmacokinetics of nebivolol and related mozetles is well understood and

: . was taken into account

FDA comment:
The pharmacokinetics of d- and l-nebivolol was previously described in studies NEBI-126 and
NEBI-127. In these studies, the limitation of the assay for the low doses of drug and failure to
obtain plasma samples at least up to 3 half-lives led to poor characterization of the nebivolol
pharmacokinetics particularly for the low doses and for the PM subjects. Nevertheless, the
parameters estimated in these studies by the non-compartmental method were used by the
sponsor as a comparator of the population model estimated parameters. Moreover, all parameters
(except for clearance (CL) and volume of distribution of the central compartment, (Vd)) obtained
in healthy subjects were fixed for the patient population data analysis in order to estimates the
patient’s CL and V. The sponsor assumed that the pharmacokinetics of d- and l-nebivolol in
healthy subjects and patients were similar but this assumption was never tested. Although the
pharmacokinetic parameters estimated for d- and l-nebivolol were sited as “comparable” for the
. bealthy and patient population, the clearance in the patient population was reduced for d-
nebivolol by 20%, in EMs and 55% in PMs; and for l-nebivolol, no change for EMs and
increased 2.5 times for PMs).

b. Nebivolol-related moieties follow a similar plasma concentration versus time
profile as nebivolol and its glucuronides and as such correlate with nebivolol as
well as one another

FDA comment:
Pharmacokinetics of all three moieties measured in the clinical studies: d-, I-. nebivolol and

nebivolol glucuronides were quite different with respect to all parameters. D- and l-nebivolol

plasma concentrations were added at all sampling times and this combined quantity was used for
the PK and PK/PD modeling; however, only d-nebivolol has a pronounced beta-blocking
activity. The exposure to d-nebivolol was much smaller (both AUC and Cmax) and the half-life
shorter compared to l-nebivolol. In studies in healthy subjects (NEBI-126 and NEBI-127),
nebivolol glucuronides were inadequately characterized for the low doses of nebivolol (2.5 and 5
mg). The sponsor failed to measure the plasma concentrations of the nebivolol glucuronides for
EMs (not enough assay sensitivity) and for PMs, the plasma concentrations of nebivolol
glucuronides were not measured long enough to characterize the terminal phase of elimination
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‘and the estimations of the AUC values and clearance values were deemed not acceptable. -
- Therefore, the sponsor’s .claim regarding the similarity in pharmacokinetics of the measured
nebivolol moieties in plasma is not supported by the submitted results.

c. Sampling measurements were designed to be clinically practical within the
confines of the study and to assess both maximal and mmzmal responses of
concentrations and effects

d. The data was based on a population PK data set, providing a large number of
measures over a broad range of dosage regimens (1.25 to 40mg/day) and clinical
scenarios in mild-to-moderate hypertensive patients.

FDA comment: ,

The plasma saipling in this study was poorly designed. Although the number of samples (3-4
per subject) was sufficient, the sampling occurred only at the peak and trough plasma
concentrations and there was no information about the plasma concentration profiles in between
these points. The Population PK Guidance for the industry recommends having 3-4 plasma
samples per patients  which are obtained in a few intervals to properly characterize the ﬁ111
plasma concentration time profile.

In conclusion, the population model described the pharmacokinetics of d- and I-nebivolol with a
lot of assumptions and particularly was based on the parameters obtained from healthy subjects.
Due to poor study design, the pharmacokmetlc profiles were not properly characterized and the
effects of the important covariates were not assessable

Sponsor: Our analysis suggests that a saturable effect model best describes the . relationship
between nebivolol plasma concentration and diastolic blood pressure [NEB-302PKPD], which
may explain the relatively high trough-to-peak ratio for blood pressures and may in part explain
nebivolol's similar effectiveness in patients classified as either EMs or PMs.

FDA comments:

1. The sponsor’s estimated EC50 values (50% of the drug concentration responsible for
the maximal effect) are not correlated with the activity of f§1—adrenoceptor (Ki 7-8
mol/L or 5-15 ng/ml., Maack et al 2001). The sponsor’s estimation of EC50 for the
sitting diastolic blood pressure was 0.068 ng/mL. This value is 220 fold higher than
Ki. Moreover, the average d-nebivolol plasma concentrations measured in Study
NEBI-302 was about 6 ng/ml, this value was the same order of magmtude as-the Ki
value. The EC50 values estimated by the sponsor do not -reflect the Ki for B~
adrenoceptor activity of nebivolol. The ECSO value for heart rate was estimated by
the sponsor as 0.016 ng/mL. The same comments as above for DBP are apphcable for
the heart rate response model.

2. The data available in this study did not allow to evaluate if there is a lag time between
the pharmacokinetics and pharmacodynamics of the drug. The model proposed by the
sponsor 1s not able to rule this out. The hysteresis could only be assessed if the full
plasma concentration vs. time profile with the corresponding PD measurements was
taken into consideration.
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3. Based on all of the above, the PK/PD model proposed by the sponsor is not
acceptable. The attempt to déscribe the data with a linear PK/PD model (FDA»
rev1ewer) did not lead to a better model fit.

Response to comment 5.

The Agency recommended to evaluate the PK/PD relationship in African-American patients. The
sponsor’s response to perform a small single dose study in African-American and Caucasian
patients is acceptable. The protocol of this study should be submitted for review.

" RECOMMENDATION

;The Office of Clinical Pharmacology and Biopharmaceutics reviewed the sponsor’s response.
‘The following dissolution method specifications and method are recommended:

Condition FDA Recomme_ndation
Dissolution Medium 0.0IN HCL
Paddle Speed 50 rpm
~ USP Apparatus I !
Volume 900 mL
Specifications — in 30 minutes

" The sponsor’s responses to the original FDA comments 3 and 4 are not acceptable. The FDA

comments to the sponsor responses should be conveyed to the sponsor.

- Date

Elena Mishina, Ph. D.
Clinical Pharmacology Reviewer

Patrick Marroum, Ph. D.
Cardio-Renal Team Leader

cc list: NDA 21-742, MehulM, MarroumP, MishinaE, HFD 110 BIOPHARM
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1 EXECUTIVE SUMMARY
. 1.1 RECOMMENDATIONS:

The Office of Clinical Pharmacology and Biopharmaceutics has reviewed NDA 21-742 and finds
the clinical pharmacology and biopharmaceutics sections acceptable provided the labeling
comments are adequately addressed. The requested biowaiver for the 2.5 mg dosage strength of
the nebivolol tablet is granted.

" The following dissolution method and specifications are recommended:

Condition FDA Recommendation

Dissolution Medium  0.01N HCL

Paddle Speed 50 rpm

USP Apparatus II

Volume 900 mL
Specifications —— +in 15 minutes

1.2 COMMENTS:
Issues not addressed by the sponsor include:

I. The pharmacokinetics of the active metabolites of nebivolol was not assessed. This
led to the inability to explain why the striking difference in pharmacokinetics of the
parent drug in extensive and poor metabohzers of CYP2D6 did not show any
differences in the drug effect.

2. The relationship between pharmacokinetics and pharmacodynamics of nebivolol was
not established. The reasons include poor study design and inability to measure all
pharmacologxcally active moieties.

3. The sponsor is requested to evaluate the PK/PD relationship in African-American
hypertensive patients.

: Date_
Elena Mishina, Ph. D. » e
Clinical Pharmacology Reviewer

Date

Robert Kumi, Ph. D.
Clinical Pharmacology Reviewer

Patrick Marroum, Ph. D.
Cardio-Renal Team Leader
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CPB Briefing was held on January 26, 2005

Attendees: Drs. K. Hicks, J. Hunt, A. Karkowsky, R. Kumi, S. Lemtouni, P. Marroum, M.
Mehul, E. Mishina, A. Selen, N. Stockbridge.

cc list: NDA 2_1-’742, MehulM, MarroumP, MishinaE, HFD 110 BIOPHARM
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1.3' Summary of OCBP Findings

1.3.1 . Background

Bertek Pharmaceuticals Inc. is seekmg approval of nebivolol munedlate release tablets 2.5, 5,

and 10 mg for the treatment of hypertension.

Nebivolol is a selective $1-adrenergic receptor antagonist that is also believed to increase nitric
oxide concentrations within vascular endothelial cells. In addition to these properties, nebivolol
" is also postulated to have an antioxidant and anti-proliferative properties. Some of the
metabolites of nebivolol (hydroxy-nebivolols and nebivolol glucuromdes) have shown similar
pharmacologic activity in vitro as nebivolol itself. v

1.3.2 Currevnt Submission

Item 6 of NDA 21-742 contains 90 study reports including population PK and PK-PD analyses
using the combined database of several studies. This review focused on studies involving the
clinical pharmacology (19), in vitro metabolism and protein binding studies 4), a QT study, a
population PK and PK/PD study, and a bjopharmaceutics (tablet dissolution) study. The
remaining studies were not reviewed because’ they did not provide additional information. Dr.
Kumi focused on the in vivo drug-drug interaction studies. Dr. Mishina reviewed the
pharmacometrics data analy51s performed by the sponsor and the rest of the studies, summarized
- the findings of both reviewers in the QBR, the Executive Summary and the Recommendations
for the Labeling.

PK

Healthy Subjects

Nebivolol is a weak base with a pKa of 8.5 and is slightly soluble in water and highly lipophilic.
Nebivolol contains four chiral centers which could result in its composition of 16 different
stereoisomers. The active drug is a racemic mixture of two sterecisomers, d-nebivolol and I-
nebivolol (SRRR- nebivolol and RSSS- nebivolol). These stereoisomers differ in pharmacologic
properties. D-Nebivolol is responsible for the B-blocking effect, and the l-isomer increases nitric
oxide in the endothelial cells. In addition, the sponsor claimed that if administered alone, d-
nebivolol has less B-blocking activity compared to the administration of nebivolol as a racemic
mixture. .

Nebivolol undergoes polymorphic metabolism involving cytochrome P450 2D6 (CYP2D6); a
drug metabolizing enzyme that is deficient in about 7% of Caucasians, 2% of African '
Americans, and 2% of Asians (poor metabolizers, PM). The pharmacokinetics and metabolic
disposition of d- and l-nebivolol are significantly affected by the subject’s CYP2D6 genotype.
When the racemic nebivolol is administered, the pharmacokinetics of d- and I-nebivolol is quite
different. In the EM population, following oral administration under steady-state conditions, the
apparent mean elimination half-life and clearance of d- and l-nebivolol are 13 and 17 hours, and
960 and 500 L/hr, respectively. In PMs, both d- and I-nebivolol are sustained in plasma longer.
The half-life and clearance of d-nebivolol are 22 hours and 50 L/hr respectively. The half-life of
I-nebivolol was not calculated appropriately (over 70 hours) and the clearance is about 9 L/hr.
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The exposure (AUCI) to the 1-1somer is about 2-fold larger for the EMs, and 2-5 f(ﬂd larger for -

the PMs than the exposure to the d-isomer. Nebivolol does not accumulate in plasma of EMs |
when administered QD. The fluctuations of d- and I-nebivolol around Css were very large, over
460% in EMs and 40-100%. in PMs. - '

Absorption

Peak concentrations of d- and I-nebivolol reached at 1. 5-2 and 4 hours post-dosing in extensive
and in poor metabolizers respectively. The absolute bioavailability of nebivolol is not known.
The relative bioavailability of nebivolol tablets compared to an oral solution was approximately
87% for extensive metabolizers and 111% for poor metabolizers. Food has no impact on the
bloavallablhty of nebivolol. -

Distribution

The apparent plasma protein binding of d- and l-nebivolol averaged 98.13% and 97.85%

respectively measured at room temperature over the clinically relevant concentration range.

The main binding protein is human serum albumin (HSA). The binding to al-acid glycoprotein

is 74.14% for d- nebivolol and 71.53% for l-nebivolol. The blood to plasma concentration ratio

of d- and I-nebivolol averaged 1.11 and 1.28, respectively. In healthy subjects, the mean volume
- of distribution of d-nebivolol is about 16000 L (EM) and 1300 L (PM), and for l-nebivolol it is

11000 L (EM) and 950 L (PM). The sparse data available from the hypertensive patients did not

allow to calculate the volume of distribution.

Metabolism

In vitro (human microsomes) nebivolol is metabolized primarily by CYP2D6 isoenzyme and to a
lesser extent by CYP3A4.

Healthy subjects

In vivo, nebivolol is metabolized primarily by direct glucuronidation and hydroxylation at either
the alicyclic (4 or 4 position) or aromatic (5/5° or 7/7" vs. 8/8” positions) ring. In plasma, most
of the metabolites detected were glucuronides of unchanged drug in addition to oxidative N-
dealkylated acid. Nebivolol glucuronides (G-UD) comprised a large amount of the EM plasma
profile followed by glucuronides G-1, G-3, G-6 — G-9, and G-11 and non-conjugated metabolites
A-3, A-10, and unchanged nebivolol. In PM plasma G-UD was the largest component, followed
by A-10, and G-8 and unchanged nebivolol. .

Due to the stereo complexity of the parent molecule and difficulties in the synthesis of stereo and
structural specific reference materials, the sponsor did not identify the definitive structures of the
stereo-specific hydroxyl and glucuronide metabolites. The chiral inversion between d- or I-
nebivolol has not been seen in animals and in man.

Appears This Way
On Original

Page 17 of 302



. Clinical Pharniacolegy Review NDA 21-742, Nebivolol 1/28/2005

- : EM Male Subjects* - “
@0 B o S . O A : @
T o ,
G-UD (U=2.66% & BI=T) A~ (Ur2.13%; Fec¥ND, & PEY} ©i {(&Q 2% & BeY)y

.JCU“““O@\F

UD @30, Fac058% & PIY)

L hnmnnmnunqnmJ

R =H: A-6 {U1=ND; Pec=2 88%; & F=NI} R=H: -8 (Ur=3D; Fec=1 64%; & P=ND)
R = E/figluc: G-6 {Ur<5 93% & DY} A5 (Ur=ND; Fecd 41%: & PIND) R = Hffffgine: .8 (Urs.53% & DY)

© OR B QR ) OR B OR "8 .
| " ‘/E:[AJA’ r ‘JEIRJ/\’ mr
R=H: A-1 (FHDG Fec034%; & PIENDy R=H A3 (Ur B 83%; Bee= 8- & PFY} R= BA&{EII%’EFQ@ 3% K TEND)
R=HEMgew Gl (U3 6% EPY)  B=HEHguc 63 (8% &PEY) R =Higiae G0 (Ul 68% & DY)

B oox on B om A 6R H o
Aad SO TN
F F > F
H

o3 T Fecs] 475 : R=H: A7 (U1 24%; Facel 1% & PE=Y)
| Fec=1 53%; & PI=ND} A~ (T=NE, Fece] 42%; & BN :
recst s PN At (U= Fec=l o) R = HHgluc 6-7 U= 3% & PEY)

Figure 1: Proposed Metabolic Pathways of Nebivolol Following a Single Oral Dose in Male
EM Subjects
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Excretion .
In urine of EM subjects, 38.4% and of the nebivolol dose was recovered as glucuromde
conjugates of unchanged drug or hydroxylated and N-dealkylated metabolites. In PM’s urine
66.5% of the administered dose was recovered, out of which 34.2% were the glucuronides of
unchanged nebivolol. In feces 43.6% (EM) and 13.1% (PM) of the nebivolol dose recovered
with more unchanged drug in PM than EM subjects.

Renal impairment

There is no difference in the mean unbound nebivolol in plasma in renally impaired subjects

compared to the healthy volunteer’s data. In subjects with moderately and severely impaired -
renal function the clearance of d-nebivolol decreased by 30% and 55% compared to the healthy

subjects. The clearance -of l-nebivolol is decreased by 34% for patients with severe renal

impairment. No formal studies have been conducted in patients receiving dialysis.

Hepatic impairment’

In moderately hepatic impaired subjects, the unbound fraction of nebivolol in plasma is increased
as compared to the healthy subjects (1.90 vs. 2.45%). Compared to healthy subjects, the
exposure to d- and l-nebivolol (AUCI) in patients with moderate hepatic impairment increased
10- and 5-fold, half-life increased 2.5 and 1.6 times and the apparent clearance decreased by 86
and 75%. The low 2.5 mg dose is recommended as a starting dose for these patients.

The pharmacokinetic of nebivolol in severely impaired patients have not been studied and
nebivolol is contraindicated to them.

PK/PD drug-drug interaction information

Apart from fluoxetine, a CYP2D6 inhibitor, no clinically relevant PK/PD interactions were
observed between I-nebivolo! or d-nebivolol (10 mg QD) and comedications (given at
therapeutic doses) used in hypertension therapy. Fluoxetine increased nebivolol (CYP2D6
substrate) exposure: approximately 3-fold increase in Cmax and ~ 8-fold increase in AUC of d-
nebivolol and approximately 2-fold increase in Cmax and ~ 5-fold increase in AUC of I-
nebivolol. Nebivolol did not significantly alter (increases or decreases < 14 %) the AUC or
Cmax of digoxin, losartan, hydrochlorothiazide, warfarin (R and S), furosemide or

- ramipril/ramiprilat. Repeated administration (4, 8, 12, 16, 22, 28, 36 and 48 hours after nebivolol

administration) of activated charcoal (Actidose- Aqua®) with nebivolol (single dose) did not lead
to a drug-drug interaction. However, based on the findings in poor metabolizers (increased
nebivolol apparent oral clearance) and historical data with other beta-blockers (such as nadolol,
propranolol, and sotalol), coadministration of nebivolol and charcoal should be avoided.

Pharmacodynamic (PD) inferactions were not typically evaluated in the drug interaction stﬁdiés;
however, no clinically significant PD changes were observed in the studies where PD was
evaluated.

Nebivolol does not cause significant displacement in the plasma protein binding of diazepam,
digoxin, diphenylhydantoin, hydrochlorothiazide, imipramine, or warfarin at their therapeutic
concentrations. Similarly, the changes in nebivolol plasma protein binding are not clinically
significant (< 10 % increase in nebivolol free fraction) when nebivolol is incubated with digoxin,
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--diphenylhydantoin, - hydrvochlorothiaZidé,’v ~ indomethacin,  propranolol, -suifamé&uiiin&;, g

tolbutamide, warfarin, imipramine, diazepam or enalapril. ‘ .
Patients : | ' .

Due to poor study design the pharmacokmetlc proﬁles of the parent drug and active metabohtes
of nebivolol in patients were not characterized.
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‘Pharmacogenetics -
Despite the drastic difference in the nébivolol pharmacokinetic disposition between the extensive
and poor metabolizers of CYP2D6, the pharmacodynamics was not affected by the genetic
polymorphism. Dose adjustment was not needed for the poor metabolizers. The pharmacologic
contribution of various metabolites of nebivolol to the overall clinical activity either directly
and/or via possible back conversion from their respective glucuronide metabolites ‘might be
important but it was not accounted for in this NDA

Expeosure-Response Relationships

The sponsor attempted to describe the effect of d- and l-nebivolol on the decrease of diastolic
blood pressure and heart rate in hypertensive patients. The Emax model proposed by the sponsor
estimated an unreasonably low EC50 value for the effect nebivolol on diastolic blood pressure
(0.068 ng/mL). This value is 220 fold higher than in vitro affinity of nebivolol to Bl—
adrenoceptor in human myocardium (Ki 5-15 ng/mL). Moreover, the average d-nebivolol plasma
concentrations measured in Study NEBI-302 was about 6 ng/mL, which was the same order of
magnitude as the Ki value and the effect of lowering blood pressure with nebivolol was
achieved.

The same comments as above for DBP are applicable for the heart rate response model -
(estimated by the sponsor EC50 of 0.0017 ng/mL). The EC50 values estimated by the sponsor do
not reflect the physiologic parameters for B—adrenoceptor activity of nebivolol; moreover, the
data obtained by the sponsor were not sufficient to evaluate the time course of effect.

The PK/PD population models proposed by the sponsor were deemed unacceptable.

Factors inﬂuen\cing the drug effect

Although the sponsor did not find any of the demographic covariates except for the genotype
important in the models, an increase of clearance of d- and I-nebivolol was found if the patients
were African American and poor metabolizers.

Effect of nebivolol on QT and QTc¢ interval

Nebivolol prolongs the QT interval but does not prolong the corrected QTc interval due to the
decrease in heart rate which is common for B-blockers.

After dosing 40 mg/day for 7 days, only twenty subjects out of 71 had elevation of QTcF more
then 30 msec on all days of the study, and the individual QTcF values were less than 455 msec
for males and less than 460 msec for females. '

Biopharmaceutics
The following dissolution method and spec1ﬁcat10ns are recommended:

Condition FDA Recommendation
Dissolution Medium 0.0IN HCL
Paddle Speed 50 rpm
- USP Apparatus II
Volume 900 mL
Specifications ——— in 15 minutes
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The requested biowaiver for the 2.5 mg dosage strength of the neblvolol tablet is granted based
on comparablhty of the dissolution profiles in 3 media.

 Issues not addressed by the sponsor include: -

1. The pharmacokinetics of the active metabolites of nebivolol were not assessed. This
led to the inability to explain why the striking difference in exposure to the parent
drug in extensive and poor metabolizers of CYP2D6 did not show any dxfferences in
the drug effect.

2. The relationship between pharmacokinetics and pharmacodynamics of nebivolol was
not established. The reasons include poor study design and inability to measure all
pharmacologically active moieties.

3. The sponsor is requested to evaluate the PK/PD relationship in African-American -
hypertensive patients.

Conclusions and Recommendaﬁons for the Labeling
Since nebivolol stereoisomers have different pharmacokinetic properties, the CLINICAL
PHARMACOLOGY Section is rewritten to include the finding for both entities.

(
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2 QUESTION BASED REVIEW
© 21 General Attributes

Hlstory of Neblvolol Development and Current Marketmg Status

Nebivolol Hydrochloride (HCL) is currently marketed by Menarini International Operations of
Luxembourg as Nebilet Tablets; Smg are approved in over 30 countries in Europe, Central
America, and South America for the treatment of hypertension. The product is an immediate
release tablet that was originally developed and marketed by Janssen Pharmaceutica. Nebivolol
was first marketed in the Netherlands and Germany in January 1997. The sponsor is seeking the
approval of nebivolol hydrochloride in the United States as an oral agent for the treatment of
hypertension. :

Highlights of chemistry and physical- chemncal properties of the drug substance and
product

The chemical name for nebivolol is (H)[2R*[R*[R*(S*)]1}-c, '~ [unmobis(methylene)] bis[6-
fluoro-3,4-dihydro-2H-1-benzopyran-2- -methanol] hydrochloride. Nebivolol is a racemate
composed of d-nebivolol and -nebivolol with'the stereochemical designations of [SRRR]-
nebivolol and [RSSS] nebivolol, respectively. Nebivolol’s molecular formula is

(C22H25F2NO4- HCL) molecular welght 1s 441.90 kD, with the following structural formula

OH

* - HCI

* stereogenic centers

Nebivolol is a weak base with a pKa of 8.5 and is slightly soluble in water (~ Img/mL, pH 5.5)
but exhibits lower solubility in 0.1IN HCL (0.066mg/mL pH 1.0, 37 ° C). Nebivolol is highly
lipophilic expressed by a partition coefficient of 10715 (log P = 4.03) between n-octanol and an
aqueous buffer solution of pH 11.8. Nebivolol contains four asymmetric carbons (C2, C11, C2'
and C11'). Theoretically, the four chiral centers of nebivolol could result in nebivolol being: -
composed of 16 different stereoisomers. The active drug is composed of only two stereoisomers,
d- nebivolol and }- nebivolol (SRRR- nebivolol and RSSS- nebivolol). The tablets for oral
administration contain nebivolol hydrochloride equivalent to 2.5 mg, 5 mg, and 10 mg of
nebivolol. —

T———

What are the proposed mechanisms of action and therapeutic indication?
Nebivolol hydrochloride is a selective §1-adrenergic receptor antagonist. The sponsor also found
that it increases nitric oxide concentrations within vascular endothelial cells. In addition to these
propertties, nebivolol also has antioxidant and anti-proliferative properties. Some of metabolites
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of nebivolol (hydroxy-nebivolols and nebivolol glucuronides) have shown similar pharmacologic
activity in vitro as nebivolo] itself. 4 _ _ :
Nebivolol is proposed for use in the management of . - hypertension as
monotherapy or in combination with other antihypertensive agents.

What are the proposed dosages and route of administration?

The recommended starting dose is 5 mg once daily, with or without food as monotherapy or in
combination with other antihypertensive agents. The clinical effects of doses exceeding 40 mg as
monotherapy and 20 mg in combination have not been studied. ’

2.2 General Clinical Pha.rmacology

What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

The sponsor’s biopha'rmaceutics/pharmacokinetics_ program was designed to obtain basic

information on the absorption and metabolism of nebivolol, its pharmacokinetic and
pharmacodynamic behavior, the influence of polymorphic metabolism, and the effect various
disease states may have on the pharmacokinetic profile of nebivolol. The program includes 16
Phase I studies utilizing 260 volunteers, and a, population ‘pharmacokinetic analysis from a Phase
I study in over 800 hypertensive patients. .Metabolite identification and profiling was also
investigated in conjunction with an in vivo 14C mass balance study. Several eirculating
metabolites of nebivolol have been identified in the plasma of both poor and extensive
metabolizers which likely possess significant pharmacologic activity in vivo, inclading the major
group of metabolites, ghucuronides. In addition, the program also addressed the drug interaction
potential of nebivolol via several in vivo studies utilizing specific markers - of various
isoenzymes, along with agents likely to be co-administered in the intended patient population.
Schematically the total clinical pharmacology program is shown below (Figure 3).
The clinical pharmacology data included in this application consists of 17 completed
pharmacokinetic studies conducted in healthy volunteers, 10 in-vitro mechanism of action
studies, an electrophysiology study conducted in healthy volunteers and 61 in-vivo
pharmacodynamic studies.

Appears This Way
On Original
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Figure 3: Schematic presentation of the clinical pharmacology program

Was there a reasonable basis for selecting the response endpoints and were they
measured properly to assess efficacy and safety in the clinical pharmacology studies?
Nebivolol hydrochloride is a selective B1-adrenergic receptor antagonist that also increases nitric
oxide concentrations within vascular endothelial cells.

The primary response endpoint measured in clinical pharmacology and clinical studies (NEB302,
'NEB305) was the lowering of the sitting diastolic blood pressure at trough at the staff end of
treatment compared to baseline. The potential of nebivolol to prolong the QT interval duratlon
was assessed in the separate clinical pharmacology study (NEB122).

The primary efficacy and safety endpoints were measured properly.

Were the correct moieties identified and properly measured to assess clinical
pharmacology?
Not entirely.
The sponsor was able to assay in plasma, urine and feces d-nebivolol, l-nebivolol and the total
concentration of the nebivolo! glucuronides.
The pharmacokinetics of d- and l-nebivolol was assessed separately after single and multiple
doses, in special populations, and in the pharmacodynamlc studies. It was shown that the
pharmacokinetic properties of these two substances are quite different. Nevertheless, in the
Package Insert the sponsor referred to the pharmacokinetic parameters of the and of so called d,I-
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neblvolol, which is not a separate. m01ety but a sum of d—neblvolol and l-nebivolol plasma
‘concentrations at each sampling point. Although several of the hydroxy metabolites of nebivolol

“have' similar B-blocking effects as the parent drug, none of them was measured in the
~ pharmacokinetic studies. This led the sponsor to the wrong conclusions regarding the exposure-

response relatxonshxp of nebivoloL. For example, no explanation was prov1ded for why a 40 fold -
difference in exposure to the parent drug between extensive and poor metabolizérs of CYP2D6
'did not result in differences in the efficacy and safety of nebivolol.

The concentration of the mixture of nebivolol ghicuronides was determined by the subtraction of
the total nebivolot content obtained after enzymatic glucuronidation of the plasma samples. The
sponsor estimated the pharmacokinetic parameters of the mixture of glucuronides, as it is a
single molecular entity which is not a valid approach since each of them could have distinct
pharmacokinetic properties. The AUC and half-life for the mixture of nebivolol glucuronides
was underestimated and the clearance overestimated due to incomplete plasma sampling. Some
of the nebivolol glucuronides have pharmacologic activity but the sponsor had never assayed
them separately except for the mass-balance study in 6 volunteers.

Assay Validation
The assay validation reports were provided for each of the studies. The results provided for the
assay validation of d-, I-nebivolol and nebivolol glucuronides in plasma using high performance
liquid chromatography with tandem mass spectrometnc detection were acceptable. The assay
validation for the parent drug and metabolites by radio-HPLC i in mass-balance study was also
acceptable.

Nebivolol Exposure-response (efficacy and Safety)

Were the relationship between efficacy endpoints and safety endpoints and drug
plasma concentration described?

" Yes.

The sponsor performed a population PK/PD data analysis based on the data obtained from part of
the patients involved in the pivotal clinical study NEB302; however, the approach as well as the
model adopted by the sponsor was deemed unacceptable.

The sponsor attempted to evaluate the relationship between the plasma concentrations of the sum
of d- and I-nebivolol and sitting diastolic blood pressure changes (efficacy endpoint) and

-between the. plasma concentrations of d,l-nebivolol and heart rate (safety endpoint). An Emax

model was proposed by the sponsor for both relationships.
Figure 4 shows the population prediction for the diastolic blood pressure vs. d,}-nebivolol plasma

* concentrations. The predictions are very poor. Moreover, the model diagnostics plots indicate

that the populatlon predictions for the diastolic blood pressure and heart rate do not correlate
with the observed values (see NEB302 review in Appendix).

The model developed by the sponsor estimated an unreasonably low EC50 values for both the
lowering of the diastolic blood pressure (0.068 ng/mL) and lowering of the heart rate (0.0017
ng/mL). It is well recognized that for the Emax saturable model, the estimation of EC50 (50% of
the drug concentration responsible for the maximal effect) should correlate with the receptor
activity measured by Ki. The most comprehersive assessment of Ki of nebivolol in human
myocardium is described in Maack et al 2001. In this paper the authors estimate the Ki of the
pl-adrenoceptor as about 7-8 mol/L which reflects a concentration at the effect site of 5-15
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'ng/mL The effect site is the heart; therefore, d-neblvolol (the isomer with the preferentlal BI— '

adrenoceptor activity) plasma concentrations would be the closest approxunatlon of the drug
concentration which drives this effect. '

- The sponsor’s estimation of the- EC50 for the s1ttmg dlastohc blood pressure (0.068 ng/mL) is

220 fold higher than Ki. Moreover, the average d-nebivolol plasma concentrations measured in
Study NEBI-302 was about 6 ng/mL, this value was the same order of magnitude as the Ki-

“ value. The EC50 values estimated by the sponsor do not reflect the physiologic parameters (Ki) -

for B—adrenoceptor activity of nebivolol.
The same comments as above for DBP are applicable for the heart rate response model.
Although the sponsor attempted to describe the exposure-response relationship, the estimation of

~ the parameters for these relationships (diastolic blood pressure vs. sum of d- and l-nebivolol and

heart rate vs. sum of d- and l-nebivolol) were not physiologically plausible, and therefore, the
models were not acceptable. :
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Figure 4: Diastolic blood pressure vs. sum of d- and I-nebivolol plasma concentrations.
Circles, observed values, lines, population predicted values (upper curve for the peak and
lower curve for the trough plasma concentrations). Upper panel, EMs, lower panel, PMs.
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. What factors mﬂuence the drug effect? _ : ‘
Although all demographic covariates were tested, the sponsor did not find any of them
significant. The phannacokmetlcs of d-.and l-nebivolol in extensive and poor metabo lizers were
strikingly different but the model describing the relationship between the sum of d- and I-
nebivolol and DBP predicted the same effect in EMs and PMs. This fact probably could be

explained by the effect of other metabolites which occur in EMs and have similar to the parent
drug affinity to the B-receptors as the parent drug.

Many of the proposed metabolites. of nebivolol, including the ‘major metabolites nebivolol

glucuronides, have demonstrated pharmacologlc activity in vitro similar in nature and magmtude

to nebivolol itself, Table 1.

Table 1: Summary of Ki values for nebivolol, its enantiomers, proposed metabolites, other
known metabolites, and commonly prescribed 8-blockers

Al Nebivolol 0.7 225 ' 320
d-Nebivolol 0.401 ) 104 251
4-Hydroxy Nebivolol 0.681¢ 101 148
8-Hydroxy Nebivolol 452 | ' 306 68
“Nebivolol Glucuronide(s) 105 580 v 53
5-Hydroxy Nebivolel ) 0.972 309 ) 52
4-Hydroxy-8-Phenol Nebivolol . 19.8 397 _ 20
4-Hydroxy-5-Phenol Nebivolol ’ 565 69 2
I-Nebivolol 715 >10° -
Betaxolol 6.19 376 93
Metoprolol 43 3186 67.8
Bucindolol 2.35 235 10
Carvedilol 3.84 3.84 1.0
Propranolol : -3.63 3.63 10

Table 1 lists the Ki values estimated in vitro for nebivolol, its metabolites and other B-blockers

The most important differences in drug effect were expected in African American patients. The
post-hoec estimates of clearance obtained by the sponsor were analyzed by race (Table 2).

Appears This Way
On Original
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‘Table 2: Déscf.iptive' statistics obt'ainéd for_ CIQarancé from the posthoc estimates: co;npégsons of
- EMs vs. PMs and Caucasians vs. Blacks for d- and l-nebivolol :

, : . EM B PM~
" d-nebivolol White Black White Black |
Mean 716.3 5009 614 1189
Standard Error - C 4.1 9.0 21 124
"Median 698.5 583.6 420 109.9
Standard Deviation 378.0 361.5 53.5 74.5
- Minimum' 249 39.0 A71 . 444
Maximum 2741.0 1980.3 262.1 211.5
’ I-nebivolol ' ' :
Mean ‘ 454.6 401.4 27.0 78.7
Standard Error 23 6.7 1.7 2.5
Median 453.3 382.8 8.2 85.9
Standard Deviation 21563 | 266.2 4.5 14.9
Minimum 7.2 24.2 4.0 53.3
Maximum ' 1628.8 2519.8 180.3 89.4

In EM subjects, there was no apparent change'in clearance for any of the studied races. However,
the median clearance values for the PM subjects were 2-3 times larger for the Blacks both for d-
and I-nebivolol, Figure 5. It is difficult if not impossible to quantify the effect of race in this
study because the signal may be diffused: Blacks were represented by only 18% of the analyzed
population and there were only 49 PMs included in this study.
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Figure 5: Clearance vs. race in PM subjects: d-Nebivolol, left panel, I-nebivolol, right panel

Since there was a very small number of black poor metabolizers in the studied group (N=2),
these results should be interpreted with caution. The Agency recommended to the sponsor to
study the effect of nebivolol in blacks in a separate study.

Was the time course of effect studied?
No.
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The data set analyzed included the data which were not sufficient to evaluate the time course of
drug effect. Although the number of samples (3-4 per subject) was sufficient to use population
modeling approach, the sampling- occurred only at the peak and trough plasma concentrations
and there was no information about the drug effect amd plasma concentrations in between of

these points.

Were the models proposed by the sponsor acceptable9
No.
Apparently, the pharmacokmetlc plasma sampling and effect measurements for this study were
not properly designed. The Population PK Guidance for the industry recommends having 3-4
plasma samples per patients covering the full plasma concentration vs. time profile. The time
course of the effect was not assessed by the sponsor. Moreover, the assumptlon that the effect of
the drug correlates with the sum of d- and I-nebivolol plasma concentrations is not valid. The B-
blocking effect of I-nebivolol is not significant. In the mean time, some (4- and 8- -hydroxy)
metabolites of d-nebivolol have similar pharmacologic activity as the parent drug. Unfortunately,
their plasma concentrations were not measured in the clinical studies. It is possible that some or -
all of these factors led to .the dlfﬁculties in correlating the effects of nebivolol and its plasma
concentrations.
The attempt to describe the data with a linedr PK/PD model by this reviewer did not lead to a
better model fit. :

Does nebivolel prolong the QT or QTc interval?

Nebivolol prolongs the QT interval but does not prolong the corrected QTec interval due to the
decrease in heart rate which is.common for B-blockers.

The effects of nebivolol on the electrocardiographic intervals of normal healthy volunteers were
evaluated at the highest doses of drug (20 and 40 mg, for 7 days). The subjects were stratified by
sex and randomized in a 1: 1: 1: 1 ratio to one of four treatment groups: nebivolol, atenolol
(active-control), moxifloxacin (positive-control), or placebo. Each of the nebivolol and the
atenolol groups included 3 PMs. The QT intervals were corrected for variations in HR using a
population correction factor, Bazett’s and Fridericia’s formulas, the latter was preferred at low
heart rates.

The data submitted by the sponsor included only the sum of d- and l-nebivolol plasma
concentrations. The plasma nebivolol profiles for Days 1, 4, and 7 were similar to the profiles
described in the pharmacokinetic studies (NEB126 and NEB127). The comparisons of the QTc
interval changes are shown in Table 83. The administration of moxifloxacin increased the QTc
interval calculated with any correction method, with a 6 msec change detectable in this study.
~The sponsor compared nebivolol versus placebo at 2 hours after dosing on Day 7 (peak effect),
the mean difference in QTc interval (95% CI) was 1.14 msec (- 4.09 , 6.38) using the population
correction factor and 0.68 msec (- 4.57 , 5.93) using Fridericia’s formula. The sponsor admitted
that the upper bound of the 95% confidence interval was slightly higher than 6 msec for the
population corrected data, and concluded that the difference between nebivolol and placebo
treatments were not statistically significant (based on the small mean differences).

The treatment with nebivolol and atenolol (active control) showed similar results, with mean
reductions in QTc of approximately 5 msec for both treatments at the time of peak effect.

The relationship between all QTcF changes vs. nebivolol plasma concentration obtained from the
subjects on Day 7 at 10 hours post-dose are shown in Figure 6 below.
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Figure 6: Change in QTcF vs. Plasma Nebivolol Concentrations

No trend was observed in this plot. Therefors, no correlation was observed between QTcF and
nebivolol plasma ¢oncentrations.

After repeated doses of nebivolol over 7 days at the highest possible dose of 40 mg/day, the
individual QTcF values were less than 455 msec for males and less than 460 msec for females.
From the 71 subjects had participated in the nebivolol group, twenty subjects on all days and
nine subjects on Day 7 had an increase of QTcF over 30msec. For the PM subjects (n=3) who
received nebivolol, none had a change in QTcF above 20 msec.

Therefore, nebivolol does not prolong the QTc interval when administered chronically at the
highest studied clinical dose of 40 mg daily.

Is the dose and dosing regimen selected by the sponsor acceptable?

Yes. :

The proposed dosage regimen is acceptable because sufficient efficacy and safety were shown in
the pivotal clinical trials using the proposed regimen (See Medical Review). The
antihypertensive efficacy of nebivolol in oral, once-daily doses ranging from 1.25 mg to 40 mg,
has been demonstrated in three randomized, double-blind, placebo-controlled, monotherapy trials
conducted in the US and Europe. The sponsor proposed to individualize the dose of nebivolol to
the needs of the patient. The recommended starting dose is 5 mg once daily, with or without food
as monotherapy or in combination with other antihypertensive agents. Once daily regimen will
provide sufficient nebivolol plasma concentration to lower and maintain the sitting
systolic/diastolic blood pressure from -12.4 to -7.1/-11.3 to -8.0 mmHg.

What undesirable effects of nebivolol are dose limiting?

Bradycardia is a dose limiting effect of nebivojol. In the clinical pharmacology part of Study
NEB302 from 750 patients receiving nebivolol, forty had a heart rate less than or equal to 50
bpm, and only 2 paticnts had bradycardia after nebivolol doses below 5 mg.
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Do pharmacokmetlc parameters change with time?

No.

1/28/2005

The - sponsor compared the pharmacokinetic parameters of the sum of d- and I—nebwolol
estimated after single and multiple daily 10 mg doses of nebivolol. The 90% Cls confidence
intervals for the ratio of single dose and steady state PK parameters were estimated. Although all
ClIs were skewed, the difference was found only for CPEAK and half-life estimated in PM
subjects. The steady state half-life was 28% larger compared to single dose. The CPEAK values
were over 3-fold higher under steady state conditions in comparison with the single dose value.
Although the sponsor explains this increase by a low number of PM subjects (N=6), it could be
also attributed to the non-linear kinetics of nebivolol.

‘Since d- and l-nebivolol have different pharmacologic and pharmacokinetic properties, their

parameters after single and multiple doses were compared by this reviewer. In EMs, the
parameters of d- and I-nebivolol did not change significantly (90% CIs were in the range of 80 to

125%), Table 3.

Table 3: Comparison of the pharmacokinetic parameters of d—neblvolol after single and

multlple 10 mg dose of nebivolol

I’oor Melabohzers

“Evtene Meihaen | BN 0% T LaE | P
Coufideace {PAs) Squagcs Hean Con ﬁdurce
. (n* 6y < !n(er_\'ai(%}* (nzﬁ) thm(%)” _ Intersal (%)* E
1552{!‘39411

L0 EE5)

BAEIL.

.....

In PMs for d-nebivolol there was no difference between single dose and steady state parameters
except CPEAK which increased by 55%. The mean AUClast values were more than 80% of the
mean AUCI values for d-nebivolol The fluctuations of d- and l-nebivolol around Css were very

large, over 460% in EMs and 40-100% in PMs.

Table 4: Comparison of the pharmacokinetic parameters of I-nebivolol after single and

multiple 10 mg dose of nebivolol

§i 9103

| swsainm

CPEAK (ag/mLy Cara-iis 3583 (23.51)

KEL (hr') 0.044 (20.84) 101 922110 0.011 (4041 893 63,3 ~115
HALF (hry 16.69(26.15) 101 9.6 - 111 73373832 1% 90.1 - 162
TPEAK (hr) 1.250 (46.19) i 8§47 137 5667 (£9.75) 131 147018

In PMs, the estimation of the half-life of l-nebivolol as 73 hours is not acceptable since plasma
samples were collected only up to 72 hours not covering at least 3 half-lives. The mean AUClast
values were about 54% of the mean AUCI values for l-nebivolol pointing out that the parameters
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“estimated for l-nebivolol, particularly, the accumulation ratio :value' may be unreliable. Tﬁéréfbre-'

only CPEAK (increase by 355%) and TPEAK (mcrease by 31%) could be compared for PMs
Table 4. '
Since only d-nebivolol has B-adrenoceptor properties, and the changes in its parameters were not
significant except for only CPEAK; it is not expected that the difference in I-nebivolol

_parameters at steady state be of clinical significance.

The pharmacokinetic profile of nebivolol glucuronides was not completely characterized and
therefore any comparison of the pharmacokinetic parameters is meaningless. The only
parameters which could be compared for glucuronides are CPEAK and TPEAK. After repeated
administration of nebivolol, CPEAK values in EMs were not changed, while in PMs CPEAK
values. increased by 53%. The fluctuations of nebivolol glacuronides plasma concentratlons
around Css values were very large (400%, EMs and 140%, PMs).

.Are the pharmacokinetics of nebivolol in healthy subjects and in hypertensive patient

different?
A formal comparison of the nebivolol pharmacokinetics in healthy subjects and in patients was

not performed. When the sponsor modeled the population PX in study NEB302, they assumed

that there is no influence of disease on the pharmacokinetics of nebivolol. The pharmacokinetic
parameters of nebivolol were estimated based on rich data sets from studies NEB126 and
NEB127 in healthy subjects. 'In these studies the limitation of the assay for the low doses of drug
and failure to obtain plasma samples at least up to 3 half-lives led to poor characterization of the
nebivolol pharmacokinetics. The parameters estimated in these studies by the non-
compartmental method were used by the sponsor as a reference to accept the population model
estimation. In order to estimate the clearance and volume of distribution of the central
compartment for the sparse data set in the patients, the sponsor fixed the majority of parameters
estimated for the healthy subjects. The clearance values estimated for d- and l-nebivolol are
compared in Table 5. The clearance in the patient population was reduced for d-nebivolol by
20% in EMs and 55% in PMs. For l-nebivolol, no change was observed in EMs and the
clearance increased 2.5 times in PMs. Considering the variability in parameters, the differénces

between healthy subjects and patients are not statistically significant.

Table 5: Comparison of mean (%CV) clearance values estimated in healthy subjects and in
patients using NCA or NONMEM

EM ' PM
' CL/ F (L/hr) Healthy Patients Healthy Patients
- NCA NONMEM | NONMEM | NCA NONMEM | NONMEM
d-Nebivolol 1041(49) | 822(53) 635(3) 39(24) 31(53) 49(13)
-Nebivolol 494(46) 416(41) 413(3) 9(23) 7(40) 18(24)

*NCA- noncompartmental method
**NONMEM - population method

What are the characteristics of drug absorption?

After a single oral administration of nebivolol in solution, the drug was rapidly absorbed with
CPEAK reached at 2 and 4 hours post-dosing in extensive and in poor metabolizers respectively.
The absolute bioavailability of nebivolol was not reported. The relative bioavailability of
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7+ nebivolol tablets compared to ‘an oral solut1on was. approxnnately 87% for extensive .
metabolizers and 111% for poor metabolizers; therefore, polymorphic ‘metabolism did not

significantly influence the absorption of nebivolol. After a high fat meal, CPEAK and the extent
of absorption (AUCI) were not significantly affected by food in both EMs and PMs. The time to

~ peak plasma concentration’was delayed by about 1 hour in extensive metabolizers, and was

unchanged in poor metabolizers.

What are the characteristics of drug distribution?
Protein binding and red cell partitioning have not been determined in patients with the target:
disease.

Healthy Volunteers

The plasma protein binding of d- and - nebivolol averaged 98.13% and 97.85% respectively
measured at room temperature over the clmlcally relevant concentration range. The protein
binding of one enantiomer was not influenced by the presence of the other. Changes in pH
influenced the binding of both enantiomers, at higher pH the binding of both d- and l-nebivolol
was increased. In the pH range of 7.0 to 7.7, the binding of d- nebivolol increased from 96.17%
to 98.51% and that of l-nebivolol from 95.36% to 98.46%. The investigation of the binding to
purified human plasma proteins showed that the enantiomers were predominately bound to
human serum albumin (HSA). The binding to HSA at a normal physiological concentration of
4.3% was 99.29% for d-nebivolol and 98.91% for l-nebivolol The binding to purified al-acid
glycoprotein at a normal physiological concentratlon 0f0.07% was 74.14% for d- nebivolol and
71.53% for l-nebivolol.

The in vitro binding of >H-d,l-nebivolol to human plasma proteins was not mgmﬁcantly changed
(97.63 to 97.82% at 1 ng/mL) when tested in the presence of high concentrations of various
drugs. Additionally d, I- nebivolol at concentrations of 25 ng/ml did not alter the binding of
various marker compounds when tested at their normal therapeutic plasma concentrations.

The blood to plasma concentration ratio of d- and l-nebivolol averaged 1.11 and 1.28,

respectively. Overall, the plasma protein binding and the distribution of nebivolol enantiomers in
blood is similar with only minor differences in the stereospecific partitioning of l-nebivolol into
red blood cells.

The volume of distribution of the central compartment of d-nebivolol was about 16000 L (EM)
and 1300 L (PM), and for l-nebivolol it was 11000 L (EM) and 950 L (PM).

Hypertensive patients :

The sparse data available from patients did not allow to calculate the volume of distribution
using the noncompartmental method. According to the results of the population PK data analy51s,
the Vd of d-nebivolol was about 3700 L for EMs and 1800 L for PMs, and for I-nebivolol it was
3000 L for EMs and 870 L for PMs.

Subjects with hepatic impairment

In moderately hepatic impaired subjects, the unbound fraction of nebivolol in plasma was
increased as compared to heaithy subjects. The least squares mean for the percentage of unbound
nebivolol in a healthy individual in plasma was 1.90%, while for a moderate hepatic impaired
subject, the percent of unbound nebivolol in plasma was 2.45%. This corresponds to a
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statlstlcally significant (p< 0.05) increase in the percent of unbound nebivolol cuculatmg in the
plasma in a moderately hepatic impaired individual relative to a healthy subject.’

These results may indicate the need to decrease the initial dose of nebivolol when admlmstermg

nebivolol to patient with moderate hepatic impairment. -

Subjects with renal impairment

For renally impaired subjects, the mean unbound nebivolol in plasma was 2. 12% (mild); 2.11%
(moderate), and 2.02% (severe). None of these values were statistically dlfferent from the
healthy volunteer’s data. :

Metabolism . : ,

In vitro studies with human microsomes confirmed that nebivolol is metabolized primarily by
CYP2D6 isoenzyme and to a lesser extent CYP3A4. Utilizing human hepatocytes both d- and 1-
nebivolol demonstrated glucuronidation of nebivolol, oxidative N-dealkylation as. well as
alicyclic and aromatic hydroxylation at the benzopyran moiety.

Healthy subjects

The mass-balance study of nebivolol in 3 EM and 3 PM subjects satisfactorily described its
nmetabolic pathways (Figure 7 and Figure 8). In patients, the formation of the metabolites was not
studied and only the sum of glucuronides was quantified in plasma.

In vivo, nebivolol is metabolized primarily by direct glucuronidation and hydroxylation at either
the alicyclic or aromatic ring. Alicylic oxidation occurs at either the 4 or 4° position, resulting in
alcohol or keto derivatives while hydroxylation in the aromatic rings is thought to predominate at
the 5/5” or 7/7” vs. 8/8” positions to yield phenolic metabolites. Hydroxylation results in mono-,
di-, and tri-hydroxylated metabolites which are further metabolized by conjugation via
glucuronidation. N-dealkylation results in hydroxy acid and dxhydroxylated cleavage products
were also identified. Due to the stereo complexity of the parent molecule and difficulties in the
synthesis of stereo and structural specific reference materials, the sponsor did not identify the
definitive structures of the stereo-specific hydroxyl and glucuronide metabolites. The chiral
inversion between d- or l-nebivolol has not been seen in animals and in man.
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Figure 7: Proposed Metabolic Pathways of Nebivolol Following a Single Oral Dose in Male
EM Subjects
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in addition to oxidative N-dealkylated acid.' Nebivolol glacuronides (G-UD) comprised a large
amouit of the EM plasma profile (maximum of 52.9 ng/mL at 2 hours). The plasma of EM
- subjects also .contained glucuronides G-1, G-3, G-6 — G-9; and G-11 and non-conjugated
metabolites A-3, A-10, and unchanged nebivolol In PM plasma G-UD was the largest
. component (173.0 ng/mL at 4 hours), followed by A-10, and G-8 and unchanged nebivolol.

Excretion : :

In urine of the EM and PM subjects, 38.4% and 66.5% of the nebivolol dose were recovered. In
urine, the major products were conjugated metabolites; N-dealkylated oxidative and
hydroxylated conjugates, and small amount of unconjugated metabolites. In EM’s urine
glucuronide conjugates of unchanged drug or hydroxylated and N-dealkylated metabolites were
found. In PM’s urine 34.2% of the administered dose were glacuronides of unchanged nebivolol.
Minor amounts of conjugates of monohydroxy-nebivolol and non-conjugated metabolites were
also present (Table 6. ' '

Table 6: Profiles of Metabolites in Pooled (0-168 hr) Urine (% of Dose)

“EM (Subjects 133 e  PMUS
%Dose in Pooled Urine: 36:82% ‘
‘Region.  Met Code UHPLE R
1 G- 7.18% :
2 3.75%
3 7.45%
4 1231%
5 10.61%
& 16.01%
7 1.06%
8 13:67%
9 4.56%
10 1.33%
1 3.36%
12 7:23%.
90.62%
“Unknown: 9.38%.

The fraction of the nebivolol dose recovered in feces of EM and PM subjects was 43.6% and
13.1%, respectively. All metabolites in feces consist of non-conjugated, hydroxylated, or
oxidative (ie., keto) metabolites with transformations occurring on the aliphatic rings and/or
aromatic rings. Levels of unchanged drug were much higher in PM than EM subjects. The EM
fecal extract contained nine groups of non-conjugated metabolites and unchanged drug. The PM
fecal extract contained five minor groups of metabolites and unchanged drug, Table 7.
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EM (Subjects 153)

‘% Dose i Pooled Feces: 4175% .
' % Distribution  %Dose. . %Distibug
Me;ﬁmm! Exteacts ' 53:43% ‘ 22.31%.
Regsou _ MerCode  %HPLC . %Dose.
i Al "2.43% ' 0.54%.
b A2 4:84% 1.08%
3 A3 27.98% ©6.24%
S A4, 6.35% : 142%
E A-S 10.78% 341% 3.29%.
6 A6 1292% 2.88% 534%
71 AT 545% 1:22% 2:08%
‘g AGHAS 7.33% 1.64% 19, 78%
£ A9 L% 0.38% :
10 UD 4.38% 0.98%
Subtotal: 84.18% 18.79%
. Haknown: 15.82% 352% g _
ps_ 4657% L 194%  1039% 0

Does nebivolol inhibit any of the cytochrome P450 isozymes?

No. Nebivolol does not inhibit either CYP2D6 pathway or other isozymes that include CYP1A2,
CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2E1, CYP3A4/5, and CYP4AY/11 (in
vitro study). Therefore, nebivolol would not be expected to inhibit the metabolism of
concomitantly administered drugs that are metabolized by these enzymes.

Was the pharmacokinetics of nebivolol linear in the proposed dose range?
Yes for some of the analyzed entities.

The design of the dose proportionality study did not allow to describe l-nebivolol ,
pharmacokinetics in PMs because the plasma samples were not obtained long enough to cover at
least 3 half-lives of the drug. For the same reason, the pharmacokinetic of the nebivolol
glucuronides were not properly characterized. The assay sensitivity did not allow to measure the
d-nebivolol plasma concentrations after the lower doses of 2.5 and 5 mg to estlmate the terminal
half life.

Conclusions about dose proportionality were made based on the parameters calculated for the
sum of d- and l-nebivolol. Noteworthy, d-nebivolol eliminated from blood faster than -the 1-
isomer, therefore, at later times only the l-isomer was mé4sured in plasma.

The pharmacokinetics of d- and I-nebivolol in healthy EM subjects after smgle doses of
nebivolol were described properly for the doses of 5, 10 and 20 mg but not for the low 2.5 mg
dose. The estimation of l-nebivolol half-life in EMs as 24 hour is not reliable particularly for the
lower doses of 2.5 and 5 mg, where the drug was detected in plasma up to 36 and 48 hours
respectively.

In PMs, the results are acceptable for d-nebivolo] but not for I-nebivolol. The estimation of half-
lives of the I-isomer as 74 hours might not be accurate since the last plasma sample was obtained
at 72 hours and the ratio of AUClast/AUCeo for I-nebivolol was below 80%.
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" In PMs, d-nebivolol pharmacokinetics was linear in the dose range from 2.5 to 20 mg In EMs,
CPEAK changes across dose were linear but AUCL and AUCI increased more than dose

proportionally with an increase by 100% from 2.5 mg to 20 mg dose. Since the pharmacokinetic

- profiles for the low doses were not completely charactérized conclusions about linearity could

not be made.
Afier the administration of racemic nebivolol, the exposure estimated as AUCL and AUCI of the .
l-isomer was about 2-fold larger for the EMs, and 2-5 fold larger for the PMs than the d-isomer.

2.3 Intrinsic Factors

What is the inter- and mtra-subject variability of the PK parameters in volunteers and
patients, and what are the major causes of variability? -

Nebivolol is a highly variable drug. The inter-individual variability of the pharmacokinetic
parameters estimated  for d- and I-nebivolol from the population PK data analysis in healthy
volunteers ranged from 40% (clearance) to 160% (Ka) Inter-occasmn variability was estimated

“in the range of 13 to 130%.

What intrinsic factors influence exposure?

Healthy subjects «

Although age, gender, race, weight, dose level, genetic polymorphism, kidney dysfunction,

diabetic status, and concomitant medications were evaluated as covariates in the model, only
genotype was included as a significant covariate in the population PK model for healthy subjects.

For the extensive metabolizers the clearance values were 26-fold (d-nebivolol) and 56-fold (I-
nebivolol) higher than the clearance values calculated for the poor metabolizers.

Patients

All parameters of the population model (except for clearance and volume of distribution of the
central compartment) were fixed to the values obtained in healthy subjects. The effect of
covariates (gender, race, age, smoking status, diabetic status, nebivolol dose level, creatinine
clearance, body weight and concomitant medications) was tested only for oral clearance.
Although some patients had hepatic abnormalities, the covariates related to the hepatic function
were not tested. Only creatinine clearance had a significant influence on clearance. The clearance
values of d- and I-nebivolol in EM patients decreased slightly with decreased creatinine

~ clearance. The estimates of CL/F in EM patients vs. creatinine clearance values are illustrated i n

Figure 9 for d- nebivolol and 1- nebivolol, respectively. There were only 49 PMs in this study
with the distribution of clearance values being very skewed; therefore, the conclusions about the
effect of the covanates on clearance of-the PM subjects could not be made.
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Figure 9: Clearance of d-Nebivolol (left) and I-nebivolol (right) vs. creatinine clearance in
EM patients. Lines are the results of linear regression.

Previous studies indicated that d- and - nebivolol are mainly eliminated by metabolism. In EM
subjects, only 38% of the nebivolol dose was recovered in urine. It is not expected that the
change in renal function will affect their total-body clearance. Although the total urine recovery
was 67% in PMs, the insufficient amount of data does not allow to make a conclusion on the
influence of the renal function on the clearance values.

What is the impact of any differences in exposure on efficacy or safety responses?

 The relationship between effect and nebivolol plasma concentrations could not be established
based on the data obtained by the sponsor. The impact of the active metabolites to the effect was
not assessed. The time course of the effect was not properly studied.

Elderly
Age appears not to be a clinically relevant covariate for d- and I-nebivolol pharmacokinetics.

Pediatric Patients
No studies were conducted in pediatric subjects.

CYP 2D6 Poor Metabolizer Phenotype

The extensive metabolizers of CYP2D6 produce the active metabolites of nebivolol which are
equipoterit to the parent drug; therefore, the dose adjustment for nebivolol according to CYP2D6
phenotype appears not to be necessary.

Gender
Gender did not have any effect on the d- and I-nebivolol pharmacokinetics.

Race

The most important changes could be in the Affican-American group of patients. The reviewer
compared the clearance values estimated for different races using the box plots. [n EM subjects,
there is no apparent change in clearance for any of the studied races. However, the median
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Clearance values for the PM subjects were 2—3 times Iarger for the Blacks both for d- and I-
nebwolol (Flgure 10, Figure 11)
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Figure 11: Clearance of I-nebivolol in PM subjects

It 1s difficult if not impossible to quantify the effect of race in this study because the signal may
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be diffused: Blacks were represented by only 18% of the analyzed population and there was a

total of 49 PMs in this study. An additional study is needed to evaluate the effect of race as a
covariate on the pharmacokinetics and the pharmacodynamics of nebivolol. -

Renal impairment

The sponsor adequately characterized the pharmacokinetic of each of d-, I-nebivolol and

nebivolol glucuronides in the EM subjects with mild, moderate and severe renal impairment. The

sponsor assumed that since nebivolol is a racemic mixture, the parameters should be calculated
for the sum of plasma concentration of d- and l-nebivolol. Since l-nebivolol was' detectable in
plasma longer than the d-isomer, the last plasma measurements reflect only the l-isomer and
estimation of the parameters of this mixture is not feasible and therefore, any obtained estimates
would not be deemed reliable. A

If compared to the values calculated for the healthy subjects in studies NEBI126 and NEBI127,
~ the decrease in clearance of d-nebivolol was 30% in patients with moderately impaired renal
function and 55% in patients with severely impaired renal function. The decrease in clearance of
l-nebivolel was 34% for patients with severe renal impairment. In the Package Insert the sponsor
proposed to use an initial low dose of nebivolol (2.5 mg) with followed by dose titration for
patients with severe renal impairment. Nebivolol should be used with caution in patients
receiving dialysis, since no formal studies thave been conducted in this population. These
recommendations are acceptable. ‘

Hepatic impairment

Compared to healthy subjects, the exposure to d- and l-nebivolol (AUCI) in patients with
moderate hepatic impairment increased 10- and 5-fold, half-life increased 2.5 and 1.6 times and
the apparent clearance decreased by 86 and 75%. The exposure to nebivolol glucuronides
(AUCI) in patients with moderate hepatic impairment increased 13-fold, half-life increased 4.4
times and the apparent clearance decreased by 52%. The comparison of nebivolol glucuronides
parameters should be interpreted with caution because the parameters reflect the behavior of the
mixture of many compounds whose pharmacokinetic characterization was not complete for the
healthy subjects at low nebivolol dose of 5 mg due to assay limitation.

The pharmacokinetic of nebivolo! in severely impaired patients have not been studied.

Increasing the dose in hepatically impaired patients should be performed with caution. No formal
studies have been performed in patients with severe hepatic impairment; therefore, nebivolol
- should be contraindicated for these patients.

What pharmacogenetics information is there in the application and is it important or not?

- The effect of genetic polymorphism on the pharmacokinetics of nebivolol is clear. However, the
drastic differences in nebivolol PK between EMs and PMs did not lead to changes in
pharmacodynamics. It seems appropriate that the genotype was tested in the PK and the PK/PD
model but there will be no impact on dose selection, safety, or efficacy of drug based on the
phenotype of the patient.

In the general US population only approximately 7% of Caucasians, 2% of African Americans or
Asians exhibit the genotype for CYP2D6 deficiency. Despite the pharmacokinetic disposition
difference, the clinical efficacy studies have not hoted any marked differences in the activity and
adverse effects of nebivolol in these two population subgroups. The pharmacologic contribution
of various metabolites of nebivolol to the overall clinical activity either directly and/or via a

Page 44 of 302



Clinical Pharmacology Review NDA 21-742, Nebivolol R . ' 1/28/2005

possnble back conversion from their respectlve glucuromde metabolites account “for the
pharmacokinetic/metabolic differences noted between the two population subgroups -

2.4 Extrinsic Factors ‘ : -

What extrinsic factors influence nebivolol exposure and/or response?
The effects of smoking and concomitant medications were evaluated by the sponsor in the
PK/PD model. None of the tested covariates was found to be significant but since the model is
not accepted by the Agency, the conclusions on the effect of these covariates could not be
accepted.

Drug-drug interactions

Is there an in vitro basis to suspect in vivo drug-drug interactions?
In vitro metabolism information indicates that nebivolol is primarily a CYP2D6 substrate and
subject to oxidative metabolism. CYP3 A4 also plays a minor role in nebivolol metabolism.
Consequently, CYP2D6 inhibitors or inducers may alter nebivolol exposure (pharmacokinetics).
In vitro data also indicate that nebivolol is subject to glucuronidation. Several nebivolol
metabolites have been obseived; the occurrence of metabolites appears to be stereoselective and
the metabolites are hydroxylated and glucuronidated products of the respective enantiomers.
Since nebivolol does not inhibit either CYP2D6 pathway or other isozymes that include
CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1L, CYP3A4/5,
and CYP4A9/11, nebivolol would not be expected to inhibit the metabolism of concotmtantly
administered drugs that are metabolized by these enzymes.
The induction potential of nebivolol was not evaluated.

Does nebivolol undergo plasma protein binding displacement interactions with
commonly prescribed medications?
In vitro, nebivolol does not cause significant displacement in the plasma protein binding of
diazepam, digoxin, diphenylhydantoin, hydrochlorothiazide, imipramine, or warfarin at their
therapeutic concentrations. Similarly, the changes in nebivolol plasma protein binding are not
clinically significant (< 10 % increase in nebivolol free fraction) when nebivolol is incubated
with  digoxin, diphenylhydantoin, hydrochlorothiazide, indomethacin, propranolol,
sulfamethazine, tolbutamide, warfarin, imipramine, diazepam or enalapril.

Is nebivolol a substrate and/or an inhibitor of P-glycoprotein transport processes?
The potential role of PGP and other transporters on nebivolol PK was not evaluated in this NDA.~

* In vivo studies with medications that are likely* to be administered for treatment of
hypertension
In several clinical PK/PD studies, orally administered nebivolol did not show any clinically
relevant interactions with some of the drugs commonly used in hypertension therapy. The major
class of antihypertensives that the applicant did not evaluate was calcium channel blockers.
Generally, nebivolol did not significantly alter (inicreases or decreases < 14 %) the AUC or Cmax
of the coadministered drugs. The only clinically significant drug-drug interaction was observed
with a model CYP2D6 inhibitor, fluoxetine. Relative to nebivolol alone, fluoxetine increased
nebivolol exposure:
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'1) Approximately 3-fold increase in Cmax and ~ S-fold increase in AUC of d-nebivolol

2) Approximately 2-fold increase in Cmax and ~ 5-fold increase in AUC of I-nebivolol

Based on in vitro information, nebivolol is metabolized to some degree by CYP3 A4, thus;
ideally, the effect of CYP3 A4 inhibition and induction stiould have been evaluated. Based on a
literature report, cimetidine, a non-specific CYP inhibitor, caused ~ 20 % increase in nebivolol
(both enantiomers) AUC and Cmax. Drug—drug interaction studies were conducted with the
following drugs:

1. Diuretic hydrochlorothiazide (Study 0128)- multiple dose

2. Cardiac Glycoside digoxin (Study 0174)- multiple dose

3. Aanticoagulant warfarin (Study 0181)- single dose

4. Antidepressant ‘fluoxetine* (Study0184)- single dose

5. Diuretic furosemide (Study 0213)- multiple dose

6. Diuretic spironolactone (Study 0214)- multiple dose

7. ACE inhibitor ramipril (Study 0220)- multiple dose

8. Angiotensin Receptor Blocker  losartan (Study 02104)- single dose

9. H;Receptor Antagonists cimetidine and ranitidine (Kamali ef el, 1997)- single dose

* fluoxetine was used as a mode! inhibitor, not typically used in hypertension therapy
The drug interaction studies were conducted in healthy volunteers, who were either extensive or
poor metabolizers.

In Study 02118, activated charcoal (Actidose-Aqua®) was administered repeatedly (4, 8, 12, 16,
22,28, 36 and 48 hours after nebivolol administration) with nebivolol to determine if nebivolol
undergoes enterohepatic recycling (EHR). The information obtained from the study was
insufficient to 1) determine the extent or significance of EHR and 2) determine if a drug-drug
interaction would occur if charcoal and nebivolol were administered at the same time. Based on
the findings in poor metabolizers (increased nebivolol apparent oral clearance) and historical
data with other beta-blockers, where charcoal was administered simultaneously with the beta-
blocker, coadministration of nebivolol and charcoal should be avoided.

Overview of Drug-Drug Interaction Labeling Recommendations
As shown in the preceding sections, there is a low potential for nebivolol to undergo drug-drug
interactions with comedications that are likely to be prescribed in hypertension. Cautionary
language should be included to capture the potential for increased nebivolol exposure in the
presence of a CYP2D6 inhibitor, such as fluoxetine. In general, the applicant’s proposed labeling
is acceptable. For most studies, the applicant describes the study and presents the study findings.

~ Please see Detailed Labeling Recommendations for OCPB labeling revisions.

2.5 General Biopharmaceutics

What are the solubility characteristics of nebivolol?
Nebivolol hydrochloride is slightly soluble in water at approximately 1mg/mL. The solubility in
gastric fluid and diluted hydrochloric acid soldtions is lower than that in water. In addition,
nebivolol hydrochloride is very hydrophobic with a contact angle of approximately 80°.
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‘The solubility of neblvolol HCL drug substance was assessed in 0.1N HCL (pH 1), O 01N HCL
(pH 2), acetate buffer (pH 4), and phosphate buffer (pH 6). Nebivolol HCL is much more soluble
at pH 2 and pH 4 than at pH 1 or pH 6 at 37 ° C (Table 8) :

Table 8: Summary of nebivolol solubility

Was an adequate link established between the clinical and to be marketed Jformulations
of nebivolol?
Yes.
The 5mg, 10mg and 20mg to-be-marketed formulations deviate from the clinical formulations
only in the addition of colorants to the tablets for identification purposes (SUPAC- IR level I
change). The 5mg, 10mg and 20mg market formulatxons are proportlonally sumlar to one
another, as the change e : o

e £ Wlthln the SUPAC-IR level II range of + 10%

o

The quantltatlve comp031t10n of the clinical formulations for nebivolol tablets is expressed in the
followmg table on a mg per tablet and % w/ w basis in Table 9.
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Based on submitted data on the composition and comparable dissolution performance of the

' 2.5mg strength the sponsor requested a biowaiver.

The composition of the ~——=—— "2 5mg strength tablets are proportlonately similar and the
dissolution profiles of the ~———  2.5mg tablets in 4 media, water and buffers of pH 1, 2,4,
and 6 are sufficiently similar as evidenced by the results of the f2 test. Based on the
demonstrated compositional and dissolution similarity of the ~———=> 2 5mg tablets an in
vivo bioavailability waiver is granted.

. Was there an impact of food on the bioavailability of nebivolol?
No. - : , ‘
Food did not affect either the extent or the rate of unchanged nebivolol

How do the dissolution condtttons and specifications ensure in vivo performance and

) quélt(v of the product?

Dissolution testing for initial stability testing of clinical lots of Nebivolol Tablets was performed
at time points of 15, 30, 45, and 60 minutes as specified in the current dissolution procedure,
Figure 12.
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Figure 12: Dissolution profiles for various clinical lots for 900mL dissolution volumes

Are the sponsor proposed dissolution medium and specifications acceptable?

Yes, with revision.
The sponsor proposed the dissolution spec1ﬁcat10n as in 60 minutes. From the
submitted dissolution data it is obvious that the drug dissolves on average —"= in 15
minutes for the proposed tablet strength of 2.5, 5, and 10 mg.

Condition FDA Recommendation
Dissolution Medium  0.0IN HCL

Paddle Speed 50 rpm

USP Apparatus II

Volume _ 900 mL

Specifications < in 15 minutes

2.6 Analytical section

How the active moieties are identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies?
The sponsor developed and validated two bioanalytical assays for the individual d- nebivolol and
I- nebivolol enantiomers and total nebivolol (conjugated + non- conjugated) in human plasma.
An HPLC with tandem mass spectrometric method was used for the determination of d- and I-
nebivolol in human plasma. Three standard curye ranges were validated and used to assay the
appropriate samples from all of the studies. The selection of standard curve range was based
upon dostng parameters and the metabolic status of the individual subjects.
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An HPLC with mass spectrometric detection for the determination of total nebivolol (conjugated
and non- conjugated) in human plasma has been developed in order to determine the extent of
glucuronidation of the parent nebivolol compound. This assay is designed to liberate nebivolol -
from nebivolol glucuronides through enzyme hydrolysis, with subsequent analysis for nebivolol. -

Which metabolites have been selected for analysis and why?

The 4- and 8-hydroxy metabolites of nebivolol have the similar in vitro B-blocking activity as d-
nebivolol. None of them were quantified in plasma and their. pharmacokinetic properties are
- usknown. Multiple metabolites of nebivolol formed glucuronides in vivo. Some of the
glucuronides have pharmacologic activity. Only the sum of nebivolol glucuronides was
measured in the clinical pharmacology studies.

Therefore, the impact of the active metabolites on the pharmacodynamic effect could not be
assessed. This is a major deficiency in this application.

Were the validation characteristics of the assay acceptable?
Yes. ' -
Both assays have their validation reports, see individual study reviews.

What is the overall conclusion regarding NDA 21-742?

Overall the clinical pharmacology and biopharinaceutics section is acceptable.
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4.2 Individual Study Reviews

4.2.1 Single Dose, Dose-Ptoportlonahty Pharmacokinetic Stady of Nebivolol
Hydrochloride in Healthy Volunteers Characterized According to Their.
Metabolizing Status (NEBI- 0126)

DRUG STUDIED: Nebivolol HCL Tablets, 2.5mg, Smg, 10mg, and 20mg
Mylan Pharmaceuticals Inc.
2.5mg Lot # R1H1180
Smg Lot # R1H1181
10mg Lot # R1H1182
20mg Lot # R1J1650
INVESTIGATOR(S) AND STUDY SITE: Thomas S. Clark, M. D., M. S. c————__

OBJECTIVES:

To investigate the single dose pharmacokinetics of nebivolol at four dose levels (2.5mg, Smg,
10mg, and 20mg of free base nebivolol) in healthy, adult volunteers characterized according to
their CYP2D6 metabolizing status.

The single dose pharmacokinetics and dose proportionality of nebivolol absorption, among both
extensive and PMs, was assessed by statistical comparisons of various pharmacokinetic
parameters derived from the plasma concentration- time curves of d-nebivolol, 1-nebivolol, and
d, l-nebivolol. :

STUDY DESIGN:

This was a randomized, single dose, dose proportionality, four periods, pharmacokinetic study to
investigate the single dose pharmacokinetics of nebivolol in healthy, adult volunteers
characterized according to their metabolizing status. Sixteen healthy, non- smoking, male and
female adult volunteers, 8 extensive metabolizers (EMs) and 8 poor metabolizers (PMs) between
the ages of 20 and 50 entered into this study.

The randomization scheme for this study was as follows:

Extensive Metabolizers [EM]
ABCD - Subject s 4 and 6
BDAC — Subject s 1 and 7
' CADB — Subject s 2 and 8
DCBA Subject s 3 and 5

Poor Metabolizers [PM]
ABCD — Subject’s 11 and 13
BDAC — Subject’s 12 and 16
CADB - Subject’s 10 and 14
DCBA — Subject’s 9 and 15

After an overnight fast (at least 10 hours) each subject received a single, oral dose of nebivolol
according to the randomization scheme (2.5mg, 5mg, 10mg, or a 20mg tablet). Subjects received
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a standard meal and snack 13.5 houts and 10.5 hours pnor to dosmg and 4 hours and {0 hours
after dosing. Subjects consumed 240mL of ambient temperature water 1.25 hours prior to' dosing
and 1 hour after dosing. Water was not pemutted from 1 hour prior to dosing until 1 hour after
dosing, but’ was. allowed at all other times. Lead II ECGs were measured prior to dose
administration, and at 4, 8, 12, 24 and 48 hours after drug administration with the PR and QT
intervals promptly evaluated. All subjects were monitored throughout confinement for adverse
reactions to the study formulatlons and/or procedures. Serial blood samples, 10mL, were
collected within 45 minutes prior to dosing and at the following times relative to dosing: 0.25,
0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 10, 24, 36, 48, and 72 hours. The treatments, formulations, lot
numbers and manufacturing date are shown in Table 10. .

Table 10: Drug Description

Manufactaring

‘ 'i‘réatnient Dose C Lot #'s Date
A 2.5mg (1 x 2.5mg) nebivolol HCl tablet R1H1180 April 14, 2000
B Smg (1 x 5mg) nebivolol HCI tablet RIH1181 April 17, 2000
C 10mg (1 x 10mg) nebivolol HCH tablet RiH1182 April 17, 2000
D 20mg (I x 20mg) nebivolol HCI té,bie{ R1J1650 June 14, 200t
ASSAY.

The assay utilized two different standard curve ranges, one for EMs 2.5, 5, and 10mg dose in
EMs and the 2.5mg dose in PMs, Table 11. Another standard curve was utilized for the 20mg
dose in EMs and the 5mg, 10mg and 20mg dose in PMs. The method for the analysis of d-

- nebivolol and I-nebivolol in human plasma (heparin) was performed using high performance

liquid chromatography with tandem mass spectrometric detection. Chromatograms were shown.

Table 11: Assay Characteristics for d- and 1-Nebivolol

Parameter Measure ’ ! Reviewer Comment
_ Assay for Extensive Metabolizers (Curve I) ,
1| Linearity - {0.02ng/mL to 1.5ng/mL . Satisfactory
Precision (CV %) | d-nebivolol < 8.57% I-nebivolol < 7.03% Satisfactory
Accuracy d-nebivolol I-nebivolol Satisfactory
{ Betweenday | between -5.00% and 10.00% | between -7.88% and 7.78%
LLOQ 0.02ng/ml o _ Satisfactory
Specificity ' Satisfactory
Assay for Poor Metabolizers (Curve II)
Linearity linear from 0.2ng/mL to 15ng/mL ' Satisfactory
Precision (CV %) | d-nebivolol < 4.67% = - l-nebivolol < 5.47% Satisfactory
Accuracy d-nebivolol l-nebivolol Satisfactory
Between day between -5.28% and 17.0% Jbetween -6.92% and 4.83%
LLOQ 0.20g/mL Satisfactory
Specificity i Satisfactory
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RESULTS ' '
- Fifteen volunteers completed the clinical phase of this study Subject # 7 was discontinued prior -
to dosing Period 4 due to an adverse experience, Table 12. »

-

Table 12: Demographic Data

| Racet | Height Frame Eniry Vmght
S (inchcs)_ Size (iixs) ;
W 075 L
W 178
Wb 7 e 300
w 69 L 181
W 71, N 163.
W 645 B 158.
W 63 L 154
W1 6425 T a9
W £5.50.. = 147,
W 64 & 166
W 65 M 153
N T 146
W 72 M 1%
W 69§ 1. ) 192

Mean (% CV) pharmacokinetic parameters for d-, I-, and d,l-nebivolol are shown in Tables 4-6.
Mean (% CV) dose-normalized pharmacokinetic parameters for d-, I-, and d, l-nebivolol are
shown in Tables 7-9, respectively. The pharmacokinetic parameters for linearity testing for d-
nebivolol, and I-nebivolol are presented in Table 13, Table 14.

Mean d-, I-, and d, I-nebivolol CPEAK, AUCL and AUCI values increased with the ascending
dose levels, while TPEAK values were similar among the increasing doses and ranged in EMs
from 1.1 to 1.8 hours for d-nebivolol, and 0.9 to 1.6 hours for I-nebivolol. In PMs, the mean
TPEAK values ranged from 3.7 to 4.3 hours for d-nebivolol, and 6.7 to 8.3 hours for l-nebivolol.
The mean CPEAK was increased approximately 4 to 5- fold, and 3 to 4- fold in PMs as
compared to EMs for d-nebivolol, and l-nebivolol, respectively. Mean t1/2 increased roughly 2
to 5- fold, and 3 to 5- fold in PMs as compared to EM subjects for d-nebivolol, and I-nebivolol.
The increase in AUCL in PMs relative to EMs was by 16 to 35- fold, and 27 to 35- fold, for d-
and l-nebivolol. The mean apparent clearance of d-, and I-nebivolol was on average 36 and 55-
fold larger, respectively, in EMs compared to PMs. The mean t1/2 values for d-, and l-nebivolol
for EMs were 9, and 19 hours, respectively. For PMs, the mean t1/2 values were 23, and 73
hours, respectively. Although the pharmacokinetic parameters differ dramatically between the
extensive and PM groups, the sponsor reported that the incidents of adverse events did not
increase.

In comparing the pharmacokinetic parameters between the d- and I- enantiomers of nebivolol,
the EMs and PMs have several things in common. The AUCL and AUCI are consistently larger
for 1-nebivolol relative to d-nebivolol (2- fold for EMs and 2 to 5- fold greater in PMs). CPEAK
was approximately 2 fold higher for EMs, but only between 10 and 57% higher in PMs for I-
nebivolol as compared to d-nebivolol. T1/2 for I-nebivolol was 2 to 3- fold longer for all subjects
relative to d-nebivolol. The apparent clearance of I-nebivolol was 2 to 4 times smaller for all
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~ subjects as compared to d-nebivolol The sunﬂar stereoselectmty in the pharmacokmetlcs was -
prevtously described for another substrate of CYP2D6, ﬂuoxetme
Table 13: Mean (%CV) d-Neblvolol PK Parameters .
Treatment Parameter ~ [EM Group; 6 males 2nd 2 females} )
Dasc of . :
nebivolel) AUCL AUCE CPEAK TPEAK KEL BALF T3 VaiF
ot sbjectsl | uac it | gxhormty | (agmb) - @t) ar {hr) (L) @
Ar25mg) | 0.765(7563) | 0970(80.62) | 0208008) | 1.123(31.43) | 0290(8381) | S068(90.48) | 1969(3662) | $&33¢i7.00
{u=8] . . ,
B: (5wg) 1988 R182) | 1345(7369) | 0437 (37.72) | 1300(5040) | 0.005(55.20) | 89I5(3499) | 1566(56.18) | 15858(47.79)
fu=38; .
C: {10mg} 5.164(6345) | 576505947 | 0988(420) | 14D (747 | 0063(132) | 111701446 | 1059¢2092) | 112 (563
fr=71 N .
D:(20mg) | D367(7624) | 1425(725%) | 1605(50.00) | 1.750(2643) | 0060(11.1D | 1i83{15.63) | 1038¢3567) | 193875957
[n=8i : .
- Treatwment Parameter — {PM Groups; 4 males and 3 fomales]
Dose of ) .
. nebivolol) AUCL PUTE| CPEAK TPEAK KEL HALF aF VAlF
P ofsubjects] | (ugxhemil) | exhemi) | (rgrmt) ) ol (h) (Lo ®
A:23mg) | 26430442 | 3186Q359) | 0.898(26.08) | 3857 (195) | 003((1606) | 23.00(1826) | 4138 (398) | 1390 (18.89)
fr=7
B: (Gmg) 59.25@6.03) | P2A5(1968) | 2.116(16.78) | B394 (307 | ODO9(TTAL | J486¢18.18) | 3577 (188D | 13903679
=11 : :
"C: (10mg) TIZ8R0335) | 1274 (21.67) | 3801 (1846) | 4286(37.47) | 0031(1089) | 22.73(1097) | 40.79 (2063 | 1330 (21.56)
fe=74 4. . .
D:(0mg) | 2252C086) | 263.0(1037) | 8265 (1265) | 37142996y | 0031(27.76) | 323(23R | 9287y | B9
fo=7 '
Table 14: Mean (%CV) -Nebivolol Parameters
Treatment _ . s 2 fapales!
(Bose of Parameter - [EM Group: 6 males zad 3 females}
nebivelol) - -
#of AUCL AUCT CPEAK TPEAK KEL HALF R VEE
subjects} | (@gxhvml) | (ngxbr/iml) (eg/mL) ) @ (&r) (Lfbr} @
A:Q3mg | [3BE548) | 2494 (2569) | 0302(033) | G8I5(2643) | 0012(57.40) | HO9(4300) | A2 (LD | 17301 4196y
jn=38 :
B:(Smg} | 4223(35.10) | 4398(3065) | G876(3923) | L500(3040) | OB33(15.76) | 20.17(1538; | 30230010 | 1650{8200)
fu=3{ i
Ciiomg) | 9.726(3L31) | 1060883 | 1959A191) | 1357(46.18) | 0O (L46) | 1611 (2087 | S06.6(29.09) | 12124 (48.05)
fa=Tj ' ) _ ) .
D: Qomg) | 2.79(4260) | 2577 (3117) | 3.043(39068) | 1625(3155) | 0045(1638) | 1583(17.55) | 417505.19) | 11039 (46.56)
jn=8}
Treatmeot Parameter - {PM Groop; 4 males 2ud 3 femalkes]
{Dase of
nebivolol) : Q
1 of AUCL “AUCT CPEAK TPEAK KEL HALF CUE VAE
subjects] {ag < hc/ml} {ng x hr/mL) {ag/mi) ¢hr} (e Yy (hr) (L) [t %)
A:(2Smg) | 519603261 | 168(451) | (022(1380) | 8.286(8838 | 00101954 | 7321 (1850) | 10860631y | 1002179
fn=7{
B:(3mg) | 132010} | 2730 (1747 | 2623(19.11y | 8386 (8838 | GO (33561 | 72614280 | 9362419611 | 933.1(30.14]
n=7| :
C:(iemg | 270 (19.01) | 545.002768) | 349318031 | 274399 | 0010080 | 01319901 | 9696 (233 | 938.9(31.79)
fn=71
1 (20mg) G118 (2642} 1319 24.09) £2.98 {17.56} 6,714 (1146 00t {33167 75.83 (49,96} 796Gt (2045 811.2(27.86)
{n=7]
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In order to assess linearity over the studled dosage range, the sponsor compared the dose
normalized parameters (CPEAK, AUCL, and AUCI), Figure 13, Table 16. In the PMs; nebivolol

-PK was linear after the dose range between 2.5 to 20 mg. In the EMs, CPEAK was linear across

all doses but AUCL increased approximately 2 fold when the 2.5 mg dose was compared to the
20 mg dose. The increase in AUCI values between the lowest and highest dose was from 20% (I-
nebivolol) to 84% (d-nebivolol). The sponsor attributed this change to improper characterization

- of the plasma concentration curve for the EMs at the lower dosage strengths due to assay

limitations. According to the data on file, this is. possible, however, only with regards to the 2.5
mg dose. The sponsor could compare the AUC over the same time interval (24 hours). An
example of mean plasma concentrations vs. time plot for d-nebivolol is shown in the Figure 1
below.

000

Maan Ploamo Concensentions {sg/on)

T T T 4 ¥ 5 ¥ 1 v T v t
L) + 2 " 2% 35 £ 2 ‘e 24 - = T2
Timse Qrowrs)

e g B) ek G(Ne 8] 4o Ok 7} Rkt O (Nx B}

A {4edivetot HEE, 2.3=3) 8 ('i:a *ofql HE1, Sme}
€ (Bebivetel RC1, i0mg} © {Kedisois! HCI, 2Bng)

Figure 13,

Figure 13: Mean d-neblvolol plasma concentrations vs. time for EMs (left panel) and PMs
(right panel).
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On Original

2
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} . ' oy S - L
' Table 15: Mean (% CV) dose-normalized pharmacokinetic parameters for d-nebivolol
Parameter Trcam.eat. - EM GROUP 56 males and 2 feniales)
A=15mg B=5mg C=lbmg D=20mg
{o=8} fa=8{ fa=71 {n=8{
aCPEAK 0.166 (40.08) 0175 (37.72) 2195 (44.20) 0.160(50.10)_
AAUCL 6612 (1563 0.795 {81.82) 1,033 (63.43) 1367 (76.24)
RAUCT 0.776 (80.62) 6.939 (13691 1133 (3947 1355 (7250)
Parameter’ Treatment — PM GROUP (4 males and 3 ferfxa!es)
A=LSmg B=5Smg Ceibmg D=26wg
{n=7j fn=7f [n=7} fa=7]
eCPEAK 0.718 (26.08) 0.847(16.78) 0,760 (18.46) 0826 (2265
wAUCL 2115 G440 23.72 (26.03) 3256 20.13) 22.53 (20.86)
"AUCT 3549 (23.59) 28,86 (19.68) 3548 21.67) 36311927

* Normatized based upon the amount of d-acbivolol admini
achivelol, the amount of duchivolol admi

o Tor cach Treatment, Sinoc nobh
istered for cach treatment would be equivalent fo % e dose of nebivelel.

$ol is 2 racemic mixture of denchivolo! and &

Table 16: Mean (% CV) dose-normalized pharmacokinetic parameters for I-nebivolol

- Treatment ~ EM GROUP (6 males and 2 females)
p Parameter -
A=25mg B=Smg C=10mg D=20mg
{n=8] =8| fa= T} fn=8}
nCPEAK 0.514 (30.25) €.330 (39.23) 0.392¢41.91} 0.504 (39.04)
aAUCL 1.234 (35.48) 1.689 (35.10) 1.945(31.91) 2.279 (42.60)
aAlUCt 1.995 (25.69) 1.999 (30.65} 2.120 (28.83) 2377¢41.17)
- Treatmient — PM GROUTP (4 males aad 3 ferales)
Pacameter
A=2.3mg B=5mg C=10mg D=20mg
In=7} [a=7] [n=7] fn=17]
aCPEAK 0.818 (23.80) 1.049 (19.11) 1.099 (18,93} 1298 (17.86)
aAUCL 43.17(32.61) 32.86 (22.10) 54.62 (19.11) 61.18 (26.42)
aAUCI 1014 (34.31) 110.0¢17.47) 1030 (27.68) 131.9(24.06)

* Normalized based upon the amount of -nebivolol administered for each treatiuent. Since nebivolod is a racemic mixture of d-nebivelol and i

nebivolol, the amount of {-nebivolol adwinistered for each treatment would be equivalent to ¥ the dose of nebivolol.

The analysis of variance performed on the dose-normalized parameters are shown in Table 17
and Table 18. The results confirm dose linearity for the PM subjects. For the EM group, the
increase of CPEAK, AUCL, and AUCI were not linear with the increasing dose. The changes
were not dose proportional when the parameters were compared for the lower doses (treatments
A and B), and since the pharmacokinetic profiles for the small doses were not completely
characterized the conclusions about non-linearity may be not valid.
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Table 17: Geometric Mean Ratio
d-Nebivolol

.

1/2812005

(%) and 90% CI for the Dose-Normalized Parameters of

v Treatment — EM GROUP (6 males and 2 females)
Parameter - . _
GMR 90 % Coafidence GMR 90 % Confidence ‘GMR 98 % Confidence
BrvsA ntervals CvsB latervals DvwC Intervals -
5.0mg vs2 Smg 10mg vs $.0mg 20mg vs 10mg
1lanCPEAK 103 81+ 131 122 95~ 136 73 3794
lanAUCL 127 101 - 139 i62. 127 - 266 106 84133
lanAUCH 128 99~ 157 51 119-193 00 78127
Treatment’ — PM GROUP (4 males and 3 females)
Parameter
GMR 90 % Confidence GMR -9¢ % Ceonfidence GMR 90 % Confidence
Bvs A Intervais . CwvB Iatervals DwC Intervals
5.0mg vs 2.5mg 16mg vs 5.0mg 20mg vs 10mg
naCPEAK 119 110-129 LN 83-97 107 99 ~ 116
t
mAUCL 3 101 -125 9% 87107 99 89110
InnAUCE 114 106-122 &8 82-94 103 96 -111

* Treatment A = 2.5mg nebivolol: B = 5.0mg nebivolo); C = 10mg nebivolol; D = 20mg nebivolo]

Table 18: Geometric Mean Ratio (%) and 90% CI for the Dose-Normalized Parameters 0.f

I-Nebivolol

Treatment’ - EM GROUP (6 males and 2 females)
Parameter
GMR 94 % Confideace GMR 90 % Cenfideace GMR 98 % Confidence
Bys A Tntervals CwsB Intervals DvC Intervals
5.0a1g vs 2.3mg 10mg vs 5.0mg 20mig vs 10mg
laaCPEAK 168 88-132 121 98 - 150 2 58-90
1naAUCL 136 120- 155 124 108 - 142 107 94123
turAUCI 108 93 -126 12 % - 131 103 $9 - 120
Treatment — PM GROUP (4 males and 3 females)
Parameter
GMR 96 % Confidoace GMR 90 % Confidence GMR 90 % Confidence
BysA Intervals CvwsB Intervals DvsC Intervals
5.0umg vs 2.5mg Hmg vs 5.0mg 20mg vs H0mg
laaCPLAK 127 116 - 140 106 96 -- 117 118 108 - 130
lnnALCL, 126 109 - 147 107 92-124 109 94 - 126
lanAliCt 104 86 126 €9 83118 123 05 149

3y

¥ Treatment A = 2.3my nebivolol; B = 3.0mg nebivolel: C = 10mg nebivolol: D~ 20myg nebivolol

-

The trellis plots of the individual plasma concentrations for d-, and I-nebivolol are shown in

Figure 14 and Figure 15.
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Figure 14: d-Nebivolol Plasma concentratlons vs. time. 0-EMs, 1-PMs. Doses: 2.5 mg (1),

Smg (2), 10mg (3), and 20mg (4)

-
QOO

[-Nebivolol, ng/mL

Time, hrs

Figure 15: -Nebivolol Plasma concentrations vs. time. 0-EMs, 1-PMs. Doses: 2.5 mg (1),

Smg (2), 10mg (3), and 20mg (4)
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Since nebivolol is administered as a racemic mixture of d- and I-isomers, the pharmacokinetic

parameters were calculated for the combined measurements of both isomers Table 19,

Table 19: Mean (%CV) d,l—Nebivbldl Parameters

-

Parameder - {EM Genap: S maky ané?-fcmsiai

ik

1 B (Snigy

19279 2138

TERIR0A | AETE

| Mgy

TEB SR

TR |

s

AR 07T

ATCL ATCH CPEAR TREAK KEL | WALF V"
(og xhiriml} | (ng xbr/nily {ugrasly L
TAOTERTE | R0T (S | O aE oy
T e3REsh | Ton @ | Sn ey | isn ks 1o
T ER@E | BEGen | SE s | e o
“HRGI | e | s | s eEy o :
Baraiiicter - (PN Groeis 4 inalés wid S
CaueL | aua GPEAK | TPEAK KL o i:
(6g s fmi) (ag xiwimby (aymLy R e ¥ 0y :
[XGSmg [ W | I | TG
e : :

Dose-normalized parameters for the mixture of both isomers are shown in Table 14.

Table 20: Mean (% CV) dose-normalized pharmacokinetic parameters for d,l-nebivolol

0 Treatmeat - EM GROUP (6 males and 2 females)
Parameter
A=23mg B=3mg C=10mg D=20mg
fn=8] {n=8} fo=7] {a=8|
aCPEAK 0.238 (33.83) 0263 (37.54) 0.292 (40.15) 0232 (42.07)
nAUCL 0.961 (43.78) 1277 (46,57 1515 (41.81) 1.835 (54.28)
nAUCE 1.460 (£0.55) 1.467 (46.09) 1,581 (40.04) 1.884 {53.80)
. Treatmeat — PM GROUP ({ males and 3 femates)
Parameter .
A=235mg B=3mg C=10mg D=20mg
n=7j [a=7] {o=7]| fa=7]
aCPEAK 0.737 (23.50) G933 (18.58) 0.921 ¢18.70) 1047 (1767
nAUCL 3216 (28.80 383602128 38.59 (18.29 $1.85 23,10
aAUCE SQZIen 34972044 GL3IZ (24068 FLA2{13.07)
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‘Based on the Table 11, the sponsor concluded that in PMs, CPEAK, AUCL and AUCI values for
d,l-nebivolol were dose proportional. However, for the EMs, the changes were not dose-
proportlonal particularly, when the lower doses were used for companson (Table 21).

-

Table 21: Geometric Mean Ratlo (%) and 90% CI for the Dose-Normallzed Parameters of
d,1-Nebivolol

i : . Treatmciit - EM GROUP.
| Pavimeter : d-nebivolel , ‘ of .
Estinate 9% Confidence Estimate 0% Conﬁdmcelmma! O Estimate’
v : Imerval . .
CREAK 0.984 FrIST 0.9% $9-1i0
auct o | Be-s v 1234
AUCHK 1.329 214 Liw
) Treatment - PM
Farameier d-nebivéiol 3 “Eiehivolel:
Egtinate | 90%Coufidence: | Rstimate {90% Confidéncelngenal [ Estihate
intetva! ) 1 ; :
CREAK 1044, 09-109 - 121
avee | ewe | ss-ted | A
*{ Hilized themived procedure power-modal, 2snoted by the.cquation. log,Y Hlog a + Wéogr X

“whre the variabli b (slope) is fived. TH tost i§ perfomhzd'w we.ifbisequiteo 1. I the
between the varigbles tosted.

Table 22: Mean (% CV) pharmacokinetic parameters for nebivelol glucuronides

Treatment
(Dqse of Parameter — [EM Groups 6 males and 2 females]
mebivolof) AUCL AUCY CPEAK TPEAK KEL HALF CcuRs VAt
{# of subjectst | (ngxhr/mL) | (ogx hrvmL) {ng/ml) i} (ac Y (b L) {x)
3 {2.5mg} - )
A['§= 8 42,45 (38.07) 52.81 (3244} 8.973(33.51 3250 (20.57) 0.2349 (13.05) 2998 (14.27% 32.02{33.61) 2233 (32‘671
: (Smg
B‘:: slgg) H068(43.95) | 194068300 | 20013230 | 225009400 | 620601719 | 32170168 | s6292928) | 20902624
't (E0myg) .
¢ ’ii ;!;g) 222¢40.50) | 264.8(37.95) 10.04(29.02) 2.2%6 (’I 33) 0.£940(3835) | 4045 (35.89) 4238 (36.41) 16.6{23.62)
2 {20 . X . . < )
i Di,(F ;;;g) G437 Q6.15) | 633.7(23.79) | 91.30(28.00) 2300 21.38) | IMIQLID | $3356(1893) 3246 (238D 246.7(28.10)
Treatatent .
{Dase of Parameter - [PM Group: 4 males and 3 females]
achivolol) AUCL AUCT CPEAK TPEAK KEL HALF CrEt VAFT
[# of subjects] | (ag xhe/fmb) | (ng x hefml) {ng/ml) (hey tbr ™) (he) {Litir} (L}
AT
.a.‘l :;;.g! SEAEGLTN | O6MIQTSY | ALY | 400000001 | 020314y | 2006103 | sesceis | ete07sn
B: {S
ln{;‘lg’ PUTO48) | 1416419.06) TIT(I0ASY | 383749799 | 0023025410 | 29.30{2949) | 1.619¢1959) 158.8 (45.55)
C: gy 2426 (23384 EEES YRS RV 15761800 3Hbet by 9.0381 (3931 2356 (2061 3.809 (20.48) 142.8 {4044}
{n=7
D:liio;‘;g) SER e 6283 ¢27.36) 3287 (2064 1000 0000 | 0.0269¢33.94 321647224 3.389(26.43) 143.5 14923}
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The sponsor concluded that for the EM subjects, the mean nebivolol glucuronides values were

- approximately 16-fold hlgher for both CPEAK and AUCI, while for the PM subjects the CPEAK
values were roughly 17- fold higher and AUCI values were 4.5- fold larger for nebivolol

glucuronides as compared to d, 1-nebivolol. The mean half-lives of both the PM and EM subjects

“for nebivolol glucuronides were shorter than the parent compound (d, l-neblvolol) half-lives for
. the respective treatment groups, Table 22.

The results from the ANOVA analysis of the dose-normahzed natural log transformed
pharmacokinetic parameters for CPEAK, AUCL, and AUCI support linearity in the PM group
for nebivolol glucuronides across all dosage strengths investigated. In the EM group, normalized
CPEAK displayed linearity, while normalized AUCL and normalized AUCI values increased
more than proportional with dose.

_Table 23: Mean (% CV) dose-normalized pharmacokinetic parameters for nebivolol

glucuronides
. Treatment - EM GROUP (6 mates and 2 femates)
Parameter :
A=25mg B=3myg C=10mg D=20mg
=8 =8, =7 fo=8}
aCTEAK 3389335 02523 I 3.565 {25.00)
@AUCL 16.98 G807 3137 (42.95) 3555 (40.56) BRI E)
sAGCI HBGIAN 3588 (3530) AL (1795) BYCTEERE)
. TFreatment - PM GROUP (4 males and 3 femates)
Parawmeter
A=L5mg Bsmg C=l0mg D=20mg
=7 =T =T n=Tj
ACPEAK 1396 (3719 ENTRENES) 13776 (18.60) TCA 0.6
RACCL 1357 B39 3330489 TH26 (33,39 3567 (36.10)
PO I8 3833 (19.16) 5735 (31003 3143 (07.56)
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©  Table 24: Geometric Mean Ratlo and 90% CI for PK Parameters of Neblvolol

Glucuronides
' Treatment” ~ EM GROUP (6 males and 2 femates)
Parameter .
MR 90% Confidence GHR 39 % Confidence ~ MR 96 % Confidence
BysA Intervals CwsB Intervals DvsC futervals
| S.0mgvs25me thmg vs S.0mp 20mg vs 10mg )
laaCPEAK 112 99-126 108 95-122 - 7 94 - 121
BmAUCL 126 164 - 152 124 102 - 152 126 163- 154
Ianalict ite 96 - 140 13 96-139 22 101 - 147
P’nm““- Treatment” — PM GROUP (4 males am'f 3 fewales)
GMR. 90 % Confidenee GMR 99 % Confidence GMR 98 % Confidenice
BusA Inlervals CwB Intervsls D Intervals
5.9mg vy 25mg ) 10mg ve 3.0mg i ) 20mg vs 10mg
1uaCPEAK 101 91 - 142 112 HIL - 125 106 95« 118
lanAUCL 116 99-123 10g 90- 111 104 94- 116
I AUCT 198 96-121 96 §5- 18 {5 102- 129

The trellis plot for the nebivolol glucuronides plasma concentrations vs. time for all treatments
in EM, and PM subjects is shown in Figure 16.
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Nebivolol Glucuronides, ng/mL
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Figure 16: Nebivolo! glucuronides plasma concentrations vs. time. 0-EMs, 1-PMs. Doses:
2.5 mg (1), Smg (2), 10mg (3), and 20mg (4) . ‘

COMMENTS:

The sponsor properly characterized in this study the pharmacokinetics of d- and -
nebivolol in healthy subjects (EMs and PMs) after single doses of nebivolol S, 10
and 20 mg). However, the pharmacokinetics of all analytes after the low 2.5 dose was
not properly described due to the assay limitations and kel, AUC, clearance and half-
life were not estimated correctly. The study design and assay limitations did not allow
for the proper characterization of the pharmacokinetic of the nebivolol glucuronides.
This study showed that d- and 1-isomers of nebivolol have different pharmacokinetic
characteristics and pharmacologic activity. It is unclear why the kinetics of the
mixture of two substances (d,l-nebivolol) was presented as it was one substance.

After oral administration, both d- and l-nebivolol metabolize to several hydroxyl
derivatives, therefore in the body nebivolol glucuronides are represented by a
complex mixture ' of several substances from which some components have
pharmacologic activity. The method of the assay used by the sponsor did not allow to
separate them, therefore, the pharmacokinetics of these metabolites was not
characterized and their impact on the overall nebivolol activity is unclear.

For PMs, the estimation of half-live of the l-isomer as 74 hours might not be accurate
since the last plasma sample was obtained at 72 hours and the ratio of
AUClast/AUCeo for I-nebivolol was below 80%.
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5. The estimation of l-nebivolol half-life in EMs as 24 hour is not reliable particularly
for the lower doses of 2.5 and 5 mg, where the drug was detected in plasma up to 36
and 48 hours respectively. : ' : _

6. After the ‘administration of racemic nebivolol, exposure estimated as AUCL and
AUCI of the l-isomer was about 2-fold larger for the EMs, and 2-5 fold larger for the
PMs than the d-isomer. In PMs, nebivolol PK (all analytes) was linear in the dose
range from 2.5 to 20 mg. In EMs, CPEAK changes across the dose were linear but
AUCL and AUCI increased less than dose proportionally. The analysis of variance
performed on dose-normalized parameters confirm the dose linearity for the PM .
subjects. For the EM group, the increase of CPEAK, AUCL, and AUCI weré not
linear with increasing doses. The changes were not dose proportional when the
parameters were compared with the lower doses (treatments A and B), and since the
pharmacokinetic profiles for these doses were not completely characterized the
conclusions about non-linearity may be not valid. :

7. The sponsor has calculated mean half-lives of nebivolol glucuronides for both the PM
and EM subjects shorter than the sum of parent compounds (so called d,I-nebivolol)
half-lives. This is an unusual finding. Most likely, the sponsor failed to measure the
plasma concentrations of the nebivolol glucuronides for EMs (not enough assay
sensitivity) and for PMs, the plasina concentrations of nebivolol glucuronides were
not measured long enough to characterize the terminal phase of elimination. The
sponsor recognized that in the report, however, the results of data analysis are
presented in the report. All nebivolol glucuronides parameters except for the CPEAK
calculated in this study cannot be considered as plausible.

CONCLUSIONS: . ‘
In both EMs and PMs, the exposures (AUCL and AUCI) were consistently larger for Fnebivolol
relative to d-nebivolol (2- fold for EMs and 2 to 5- fold greater in PMs). The Cmax value was
approximately 2 fold higher for EMs, but only between 10 and 57% higher in PMs for I-
nebivolol as compared to d-nebivolol. T1/2 for I-nebivolol was 2 to 3- fold longer for all subjects
relative to d-nebivolol. The apparent clearance of I-nebivolol was 2 to 4 times smaller for all
subjects as compared to d-nebivolol.

In the PMs, nebivolol PK was linear for the dose range between 2.5 to 20 mg. In the EMs, Cmax
was linear across all doses but AUCL increased approximately 2 fold when the 2.5 mg dose was
compared to the 20 mg dose. The increase in AUCI values between the lowest and highest dose
was from 20% (l-nebivolol) to 84% (d-nebivolol). The sponsor attributed this change to improper
characterization of the plasma concentration curve for the EMs at the lower dosage strengths due
to assay limitations. According to the data on file, this is possible, however, only with regards to
the 2.5 mg dose. _

For the EM and PM subjects, the mean Cmax values of nebivolol glucuronides were about 16-
fold higher when compared to the Cmax values of d,l-nebivolol. The calculated mean half-lives
of nebivolol glucuronides for both the PM and EM subjects were shorter than the same values for
the parent compounds. The failure to measure the plasma glucuronide concentrations long
enough led the sponsor to unacceptable characterization of the plasma concentration vs. time
profile and the conclusions about the comparisoii of the exposure to the nebivolol glucuronides
could not be made.
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4.2, 2 Smgle—Dose, Relative Bloavallablhty and Food Effect Study of Nebivolol
Hydrochloride in Healthy ~ Volunteers Characterized ' According to Their |
Metabollzmg Status (NEBI- 0127)

DRUG STUDIED: Nebivolol Tablets, 10mg Nebivolol
. Oral Solution, 40mL (0.25mg/mL)
Mylan Pharmaceuticals Inc. ' _
INVESTIGATORS: Thomas S. Clark, M.D, M.S. ——e
STUDY SITE: '

OBJECTIVES:

To determine the relative bloavallabﬂxty of neblvolol tablets compared to nebivolol oral solution
under fasting conditions, and

To compare the rate and extent of absorption of neb1volol tablets under fed and fasting
conditions in healthy, adult volunteers characterized according to their metabo lizing status.

The single- dose pharmacokinetics of neb1v0101 absorption, among both extensive and. poor
metabolizers, was assessed by statistical comparisons of various pharmacokinetic parameters
derived from the plasma concentration- time curves of d-nebivolol, l-nebivolol, and d, I-
nebivolol.

STUDY DESIGN:

This was a single-center, randomized three-way crossover, single-dose, open-label
pharmacokinetic study. After a supervised overnight fast (at least 10 hours), each subject
received a single, oral dose of nebivolol as either a single, oral 10mg tablet (Treatment A) or
40mL (0.25mg/mL) of oral solution (Treatment C) under fasting conditions, or a single, oral
10mg tablet (Treatment B) under fed conditions.

Subjects received a standard meal and snack 13.5 hours and 10.5 hours, respectively, prior to
dosing and 4 hours and 10 hours after dosing. Subjects receiving Treatment B (10mg tablet under
fed conditions) received a standard high fat breakfast 30 minutes prior to dosing. Breakfast for
Treatment B consisted of 2 eggs fried in butter, 2 strips of bacon, 2 slices of toast with butter, 4
oz. of hashed brown potatoes, and 8 ounces of whole milk. In addition, all subjects consumed
240mL of ambient temperature water 1.25 hours prior to dosing and 1 hour after dosing.

Serial blood samples, 10mL, were collected within 45 minutes prior to dosing and at the
following times relative to dosing: 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 14, 24, 36, 48, and 72
hours.

Nineteen subjects were entered into the study, and eighteen subjects completed this study. There
were 12 EM and 6 PM subjects.

The treatments, formulations, lot numbers and manufacturing date are shown in Table 25.
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~‘Table 25: Drug bescription

- Table 26: Assay Characteristics for d- and I-Nebivolol

- 17282005

Manufacturin

k iy s
Treatment. | - Dose . Lot #s & Date

A 10mg nebivolol tablet (fasting conditions) RIH1182 4/17/2000

B 10mg nebivolol tablet (fed conditions) _RIH1182 4/17/2000

Gr. APer 1 - R1J2736 9/13/2001

Gr. A Per 2 - R1J2737 9/272001

c* 40mL (0.25mg/mL) nebivolol oral solution | Gr. A Per 3 - R1J2738 10/11°20G1
(fasting conditions) Gr. D Per 2 - R1J3326 11/08£2001

’ Gr. CPer 2 - R1J3349 117122001
Gr. C Per 3 — R1J3350 11/26/2001

Note: * A new oral solution was manufactured within 48 hours of dosing when required by the
randomization schedule to ensure appropriate potency levels of nebivolol,

ASSAY:

The assay utilized two different standard curve ranges, one for EMs and another for PMs. The

method for the analysis of d-nebivolol and I-nebivolol in human plasma (heparin) was performed

using high performance liquid chromatography with tandem mass spectrometric detection.

1

Parameter Measure _ , Reviewer Comment
, Assay for Extensive Metabolizers (Curve I)

1 Linearity - 1 0.02ng/mL to 1.5ng/mL Satisfactory
Precision (CV %) | d-nebivolol < 9.12% I-nebivolol < 6.59% Satisfactory
Accuracy d-nebivolol I-nebivolol Satisfactory
Between day between -5.66% and 3.81% between -3.65% and 4.16%

LLOQ 0.02ng/mL Satisfactory
Specificity Satisfactory

Assay for Poor Metabolizers (Curve II)

Linearity linear from 0.2ng/mL to 15ng/mL Satisfactory
Precision (CV %) | d-nebivolol < 4.91% l-nebivolol < 4.8% Satisfactory
"Accuracy T d-nebivolol I-nebivolol Satisfactory
Between day between 4.40% and 11.7% between -3.67% and 9.67%

LLOQ 0.2ng/mL ' ' Satisfactory
Specificity Satisfactory

Chromatograms were shown.

RESULTS:
Table 27 provides the demographic data on the subjects participated in the study.
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Table 27: Subject Demographlcs v

e . | Height | Frame “Entry Wenght Exit Weight |
,__Sex-, Race Size. | (bs)’ - (xbs)___g
.M LW L] 187 186 ]
M W R T D (] ' 163
M ‘W L 155 156
4 M- W L 113 i an
‘M W ‘M £50 151
M W L I 181
1M W L 215 218
M1 - W M 152 156
P F 1 W L 157 | IEE)
TF W T T R
1F - W L 147 B L1

F w L 164 166

B W M 142 143
M W L 181 184
'™ W M 163 163

F W M 146 142
| R W L 146 I 143
1M W L 220 ' 225
1M W M 165 i 166

Table 28-Table 31 provide the summary PK parameters for d-nebivolol, I-nebivolol and d, 1-
nebivolol and nebivolol glucuronide in EM and- PM subjects. Figures below display the plasma
concentrations profiles for d-nebivolol, I-nebivolol and d, I-nebivolol and nebivolol glucuronide
in EM and PM subjects for each treatment.

Within each group, EMs and PMs, the mean d-nebivolol, l-nebivolol and d, I-nebivolol CPEAK,
AUCL and AUCI values were similar between treatments. Between dosage form comparisons
revealed that the relative bioavailability with respect to AUCI for the nebivolol tablets relative to
the oral solution (used as the reference) both administered under fasting conditions was
approximately 87% for extensive metabolizers and roughly 111% for poor metabolizers
(calculated for d,}-nebivolol). In poor metabolizers, food does not affect the rate or extent of
nebivolol absorption with all least square mean fed to fasting ratios comparing the 10mg tablet
for LnAUCL, LnAUCI, and LnCPEAK for d-, I-, and d, l-nebivolol falling within 80% to 125%.

In extensive metabolizers, the least square mean fed to fasting ratios for LnAUCL, LnAUCI, and
LnCPEAK for the racemic mixture (d, -nebivolol) also fell within the 90% confidence limits of
80% to 125%. For d-nebivolol, the least square mean fed to fasting ratios (%) comparing the
10mg tablet for LnAUCL, LnAUCI, LnCPEAK are 142%, 139%, and 98%, respectively, and for
I-nebivolol, the least square mean fed to fasting ratios for LnAUCL, LnAUCI , and LanCPEAK
were 94%, 97%, and 75%, respectively.

-
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~Table 28: Mean (%CV) d-Nebivolol PK Parameters )
— FROTOCOL NUMBER NEBEOT27
EM GROUP Treatment A’ Treatent B Treatment C Least Square Mean 90% Coufidence.
N=12 10mg tablet - fasting 10mg tablet - fed 10mg solution -fasting Ratio®(%) Taterval* (%)
: ' . A A BA ARG

AUCL (ng = heiml} 6.559 (89.50) 405 (60.86) 7.898 (93.81) 142 819 120-169 | 690-974
AUCI (ng x h/mi) 7.127 (82.30) 9,048 (57.40) 8423 (87.33) 135 B85 [ 19-1e2 [77-972)
CPEAK (agimi) 1145 (51.59) 1.218(37.72) 1371 (76.19) 9756 54 789121 | 71.5-109
TPEAK (hr) 1417 (47.19) 2417 (39.73) 1083 (43.27)

KEL (br ) "0.066 (16.10) 0.068 (13.249) 6.063 (19.08)

HALF (8r) 10.77 (17.05) 1028 (11.53) 1137 (18469

CIES {hn 1047 (49.10} 7354 (56.33) §49.1 (44.75)

VAF (L) 16062 (34,94} 10373 (44.21) 13898 (49.13)

PM GROUP Treatmear A Treatment B ; Jnieaig‘f': c Lenst Square Mcan 90% Confidence )
N=6} 10mg tables - fasting | 10mg tablet - fed et Ratio®(%4) Interval®(%)

A aC [ B ac |

AGCL (ng x he/mL) 1154 (2330 31418 114.14 (33.82) 124 101 121-127 | 982-103°}
AUCT (ng x omLy YRRy} {8811 (2736} ETRYeIkY) 14 103 11€-136 [ 983- 108
CPEAK (ng/mL) 4321 (2963) 5.143 (04.19) 3.606 (35.16) 120 ) 97.5-149 | 96.2-147
TPEAK (hr) 3833 (38.40) 1,000 (44.7) 3667 (41.06)

REL () 0028 (12.83) 0,025 (16.92) 0.030 (11,90}

HALF () 2528 (13.56) 3541 (15.79) 7326 (11.08)

CUF (Lhr) 3877 (23.61) 3144 (24.06) 3598 (2341}
VE (L) 1399 (22.80) 1141 (35.65) 1328 (23.12)

*Used Log Transformed Parameters
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Figure 17: Mean Plasma d-Nebivolol Concentrations vs. Time in EM (upper panel) and PM
(lower panel) subjects '
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