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Recommendations

* Areview of the in vitro dissolution data showed that a paddle speed of 100 rpm is
discriminatory and therefore, the dissolution method is found to be acceptable.
The following dissolution method and speciﬁcation_are recommended:

The dissolution method is USP Apparatus II, paddle épeed of 100 rpm, in 0.IN
HCL dissolution medium at 37°C, The vessel volume is 900 ml. The four time
point specification expressed as % label claim is not more than = at 1-h, not

less thap

at 18-h, and not less than

= and not more than ~— at 8-h, not less than~ ~and not more than

s at 24-h.

* A biowaiver for the level IJ site change can be granted for all capsules strengths.

1. Dissolution Method and Specification

Two teleconferences (12-Se
- the Agency’s recommendati

pt and 20-Sept 2006) were held with the sponsor to discuss
ons for the dissolution method and specification.

FDA Comment #1: The sponsor has proposed a rotation speed of 100 rpm for USP

Apparatus I

<

- -~ 7

Spoasor’s Response: The sponsor believes that, as was depicted in Table 3 below
that the paddle rotation speed of 100 rpm results in’appropriate discrimination. The
Sponsor stated that the higher paddle rotation speed is appropriate with a controlled

release formulatiop
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FDA’s Response: Figure 4 below shows the mean in vitro dissolution data for 14
controlled-release formulations using a paddle speed of 100 rpm. The in vivo PK
parameters for three of the formulations are presented in the Table.  The
dissolution method was able to detect small in vivo differences in formulations.
Therefore, it was concluded that a paddle speed of 100 rpm is discriminatory.

Geometric Mean (Range) of PK Parameters for R(+) Carvedilol

Formulation | Dose Cmax, ng/ml | AUC, ng;l;/_m.lw

399-G 20 mg | 5.38 (2.10-12.2) | 48.8 (23.2-101)

402-D 30 mg | 26.2 (7.16-67.7) | 159 (56.4-659)

400-E 60 mg | 40.0 (16.8- 108.9) | 322 (138-649) |
Figur= 4 Mean in vitre dissolution data
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FDA Comment #2: The recommended range at any dissolution time pointis —.
deviation from the mean dissolution profile obtained from the clinical lots. The
sponsor has proposeda —— for the 8-h time point. Without support from in vivo

BE data, the reviewer recommends a specification of NLT and NMT—____ .

Sponsor’s Response: The sponsor stated that most individual values were ,
after scale-up some were as high as - The sponsor confirmed that the commercial
batches were not tested clinically and the changes in the batches were related to scale-
up and a new manufacturing building.

Frequency Histogram of % Released at 8 Hours (Initial)
45 | . = ' »

Number of Occurences

T Y T

40 45 50 - 55 60 65 70 7%

% Released 28 batches (312 capsules)

The sponsor proposed an interim range of ™™™ witha post-marketing commitment
to tighten that range based on the results of the = —— commercial batches.

FDA’s Res onse: The sponsor’s specification is acce table.
p p p p
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FDA Comment #3: The last time point should be the time point where at least
80% of the drug has dissolved. Based on the dissolution profiles for the
biobatches and commercial batches, it is recommended

———

Sponsor’s Response: The sponsor proposed adding an additional 18-h time point
with a specification of ===, to control release rates across formulations.
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Batch Number
FDA’s Response: The sponsor’s proposal.is acceptable.

A



2. Dose Amount for Population PK Analyses of R(+) and S(-) Carvedilol

During labeling discussions with the sponsor-it was revealed that the dose amount was
incorrect in the data files used for population PK analysis. GSK re-ran the model with

-~ the correct dose amount for each enantiomer and is reporting a population CL/F estimate

of 90 L/h and 213 L/h for R(+) and S(-) carvedilol, respectively, for label. These values
are acceptable as the ratio of the CL/F values for the enantiomers are comparable to ratio
previously reported.

It is important to note that this dose error does not have any impact on the pivotal PKPD
analysis to assess the relationship between plasma S(-) carvedilol concentrations and
beta-blockade.

3. Study report for Alcohol Interaction Study

The report submitted by the sponsor is considered preliminary. Therefore, labeling
statements about alcohol will remain until a final clinical study report has been received
and reviewed.

4. Bioanalytical Reports

Bioanalytical reports to support the pivotal pharmacokinetic studies are acceptable.
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1 EXECUTIVE SUMMARY

GlaxoSmithKline has developed a controlled-release (CR) capsule formulation of
carvedilol that allows for once daily dosing. The capsules are filled with drug-layered

immediate release (IR) microparticles —_ CR microparticles that are drug-
layered and then coated with nethacrylic acid copolymer
A

.- The capsule strengths of 10 mg, 20 mg, 40 mg and
80 mg provide similar exposure levels of carvedilol over a 24-h interval as those achieved
with BID dosing of immediate release (IR) tablets at 3.125 mg, 6.25 mg, 12.5 mg, and
25 mg, respectively. :

The sponsor is seeking approval of the CR formulation for the treatment of essential
hypertension, mild to severe chronic heart failure (CHF), and to reduce mortality in
clinically stable survivors of the acute phase of a myocardial infarction who have a left
ventricular ejection fraction < 40%. The sponsor submitted seven clinical studies with the
final CR formulation: one efficacy and safety study in patients with essential
hypertension; one pharmacokinetic-pharmacodynamic study in patients with essential
hypertension; one pharmacokinetic study in patients with CHF or post-MI LVD, and four
pharmacokinetic studies in healthy volunteers. :

To support the hypertension indication, the sponsor conducted a double-blind, placebo-
controlled, 8-week trial to evaluate the antihypertensive effects of 20 mg, 40 mg, and
80 mg carvedilol CR administered once daily to patients with essential hypertension.
There was a dose-related blood pressure response: mean (90% CI) differences in diastolic
BP from placebo were -4.03 (-6.41, -1.65), -7.56 (-9.95, -5.16), and -9.19 (-11.59, -6.79)
for the 20 mg, 40 mg and 80 mg dose groups, respectively. The sponsor also conducted
an_exposure-response analysis for the mean change in blood pressure vs. model-
predicted, steady state AUC values. ©

To support the heart failure and mortality indications, the sponsor demonstrated that D
exercise-induced heart rate at trough concentrations (PDmin) observed with carvedilol
CR capsules was equivalent to those observed with IR tablets; 2) the input rate carvedilol
“CR has no effect on the concentration-effect model; and 3) the steady state exposure to
R(+) and S(-) carvedilol observed with carvedilol CR capsules are comparable to those
observed with IR tablets in patients with mild to severe CHF or post-MI LVD.

1.1 Recommendations .

The office of Clinical Pharmacology / Division of Clinical Pharmacology 1 (OCP/DCP 1)
has reviewed the information contained in NDA 22-012. This NDA is considered
acceptable from a clinical pharmacology perspective. '

A biowaiver for the level II site change cannot be granted for all capsules strengths until
the sponsor has submitted multipoint dissolution data in several media using
methodology which incorporates the following recommendations:

* The recommended range at any dissolution time point is —  deviation from the
mean dissolution profile obtained from the clinical lots. Without support from in vivo
BE data, the reviewer recommends a specification of NLT ~ and NMT — for
the 8-h time point.

NDA 22-012 Page 3 of 194



¢ The last time poinf should be the time point where at least 80% -of the drug has
dissolved. Based on the dissolution profiles for the biobatches and commercial
batches, it is recommended - —

* The sponsor has proposed a rotation speed of 100 rpm for USP Apparatus [I. —-

/ / A4

a

The sponsor did not include instructions for switching patients currently maintained on
the immediate release tablets. It is recommended that the following language be included
in the Dosage and Administration section of the label.

Patients controlled on conventional tablets lone or in combination with other
medications may be switched to COREC CR capsules at the total daily doses
shown in the table below. Subsequent titration to higher or lower doses may be
necessary as clinically warranted. :

Total Daily Dose of Total Daily Dose of

Conventional Tablets COREG CR Capsules

6.25 mg 10 mg

12.5 mg 20 mg

25 mg omg
_ 50 mg 80 mg N

There should be satisfactory agreement between the sponsor and the Agency on language
in the package insert. '

Comments to be conveyed to the sponsor:

® The sponsor is required to submit a bioanalytical report for each pharmacokinetic
study as described in the Guidance for Industry, Bioanalytical Method Validation
(May 2001). The bioanalytical report documents the application of the validated
bioanalytical methods to routine drug analysis. '

* When submitting NONMEM data sets as XPT data files, please consider verifying
that data formats do not change. Your submitted datasets supporting the population
pk analysis could not be run because the formats of the date and time columns were
incorrect and could not be corrected without access to the original data file.

* In future submissions please consider providing a model developrhent decision tree
and/or table which give an overview of major modeling steps and decisions.

1.2 Phase 4 Commitments
No Phase 4 commitments are recommended.

NDA 22-012 Page 4 of 194
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13 Summafy of Important Clinical Pharmacology and Biopharmaceutics
Findings
Exposure (Dose)-Response Relationship

Exercise heart rate and concentration data collected in patients with essential
hypertension showed that carvedilol CR has the same blocking effects as the immediate
release formulation. The exercise-induced heart rate at trough concentrations (PDmin)
observed with 20 mg and 80 'mg once daily carvedilol CR capsules was equivalent to
those observed with 6.25 mg and 25 mg BID dosing of IR tablets. The 90% confidence
intervals of the CR:IR ratio fell within the 80 to 125% equivalence interval. Similar
findings were observed for PDmax and AUEC.

A direct effect Emax PKPD model was used to describe the relationship between steady
state plasma concentrations of S(-) carvedilol and changes in exercise-induced heart rate
in patients with essential hypertension. The population estimates for E0, EC50, and Emax
were 126 bpm (BSV of 8%), 4.25 ng/ml, and 15.1 bpm, respectively. When the same
model was applied to plasma concentration and heart rate data for the CR and IR
formulations separately, -the distribution of parameter estimates from 1000 bootstrap

datasets was similar. This provides evidence that the concentration-effect relationships
for the CR and IR formulations are the same.

When carvedilol CR was administered to patients with essential hypertension, there was a
trend for dose-related blood pressure response: mean (90% Cl)-differences-in diastolic BP
from placebo were -4.03 (-6.41, -1.65), -7.56 (-9.95, -5.16), and -9.19 (-11.59, -6.79) for
the 20 mg, 40 mg and 80 mg dose groups, respectively. The sponsor also conducted an
exposure-response analysis for the mean change in blood pressure vs. model-predicted,
steady state AUC values. The decrease in both mean systolic and diastolic BP was
described by an Emax model.

Pharmacokinetics in Heart Failure Patients and Post-MI Patients with LVD

The steady-state pharmacokinetics of carvedilol CR was characterized in patients with
mild to severe heart failure and post-MI patients with LVD. Patients received [R tablets
(3.125 mg, 6.25 mg, 12.5 mg, and 25 mg) for 14 days then received an equivalent CR
dose (10 mg, 20 mg, 40 mg and 80 mg). At all dose levels, exposure to R(+) and S(-)
carvedilol observed with carvedilol CR capsules were comparable to the exposure
observed with IR tablets. Using pooled data across dose groups, the 90% confidence
intervals of the CR:IR ratios for Cmax, AUC, and Ctau fell within the 80% to 125%
equivalence interval. :

General Pharmacokinetic Properties

Following single-dose administration of a 60 mg CR capsule and 25 mg q12h IR tablets
under fed conditions, mean and CV% values for Cmax and AUC were comparable for
R(+) and S(-) carvedilol. The relative bioavailability of carvedilol CR is approximately
81% for R(+) and 89% for S(-) carvedilol. Tmax values were 3 to 4 hours longer with the
CR capsule. Due to stereoselective first-pass metabolism, plasma levels of R(+)
carvedilol were higher than those observed for S(-) carvedilol.

NDA 22-012 ' Page 5 of 194



Steady-state exposure to R(+) and S(-) carvedilol following once daily administration of
20 mg and 80 mg CR capsules were equivalent to the exposure with 6.25 mg and 25 mg
q12h IR tablets, respectively. The 90% confidence intervals for the geometric mean
CRIR ratios for AUC, Cmax and Ctau fell within the equivalence bounds of 80-125%.
Tmax values were 3 to 4 hours longer with CR capsules. The fluctuation between peak
and trough concentrations was comparable between the CR and IR formulations.

Evening administration of 80 mg CR capsule with food resulted in an approximate 10%
decrease in AUC of both R(+) and S(-) carvedilol and a decrease in Cmax of 15% to 19%
compared to morning administration with food. There was also a decrease in rate of
absorption with evening administration as Tmax values were. 1.5 hours longer. Diurnal
variation in the pharmacokinetics of carvedilol is also observed with the IR formulation.

With repeat administration of 80 mg CR capsule in healthy subjects, the within-subject
variability for AUC and Cmax was less than 30%. These values are similar to IR
carvedilol (study 271, historical data).

There is an approximate dose proportional increase in Cmax and AUC of R(+) and S(-)
carvedilol following single dose administration of 10 mg, 20 mg, 40 mg and 80 mg CR
capsules with food. ' '

There is no evidence of dose dumping when carvedilol CR is administered with a high fat
meal, or sprinkled with applesauce. Administration of 80 mg CR capsule with a high-fat
meal increased AUC and Cmax by 20% compared to a standard meal. Administration of
80 mg CR capsule with sprinkled over applesauce following a standard meal did not
affect AUC but decreased Cmax by 20% compared to administration with a standard
meal. Compared to the administration of carvedilol CR under fasting conditions, a high
fat meal increased AUC and Cmax by 60% and 107%, respectively, as well as increased
Tmax by 1 hour. ' )

Concomitant administration of a proton-pump inhibitor, pantoprazole, with a pilot
formulation of carvedilol CR did not increase the exposure to carvedilol. The 90%
confidence intervals for the geometric mean ratios for AUC and Cmax fell within the
equivalence range of 80% to 125% when comparing administration of carvedilol CR with

and without pantoprazole. The formulation used in this study consisted of ——
i So— mircoparticles —_—

| There is some evidence of potential dose dumping if carvedilol CR is administered with

alcohol. An in vitro dissolution study has shown that ethanol over the concentration range
of 4% to 24% causes a concentration-related increase in the rate of release from the CR
capsules. The sponsor recommends that patients be instructed to take carvedilol CR in the
morning with food and to separate the ingestion of any alcohol-containing products by at
least two hours. The sponsor is also conducting a randomized, open-label, single-dose,
four-period crossover study to determine the effects of alcohol on the pharmacokinetics
of carvedilol CR. : '

Biopharmaceutics Highlights :

The controlled-release capsules containing 10 mg, 20 mg, 40 mg and 80 mg of carvedilol
phosphate are filled with drug-layered immediate release (IR) microparticles

NDA 22-012 ' Page 6 of 194



CR microparticles that are drug-layered and then coated with _
™ methacrylic acid copolymer _—

The proposed dissolution method is USP Apparatus II, paddle speed of 100 rpm, in 0.IN
HCL dissolution medium at 37°C. The vessel volum¢ is 900 ml. The

Clinical Pharmacology NDA Briefing

A required office-level briefing was held on 11 September and attended by Femi
Williams (MO), Eugenia Nash (Chemist), Larry Lesko, Shiew Mei Huang, Mehul Mehta,
John Lazor, Dennis Bashaw, Atik Rahman, Felix Frueh, Patrick Marroum, Kellie
Reynolds, Joga Gobburu, Peter Hinderling, Lydia Velazquez, Wei Qiu, Lei Zhang, Seong
Jang, Vikram Ayra, Chistoffer Tornoe, Gilbert Burckart, and Christine Garnett,

Christine Garnett, Pharm.D.
RD/FT Initialed by Patrick Marroum, Ph.D.
Joga Gobburu, Ph.D.
Mehul Mehta, Ph.D.

cc:

Division File: NDA 22-012

HFD-110 (CSO/Robb)

HFD-110 (MO/Williams)

HFD-860 (Garnett, Marroum, Gobburu, Mehta),
Central Documents Room (CDR-Cliriical Pharmacology)

NDA 22-012 _ Page 7 0f 194
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-2 QUESTION BASED REVIEW
2.1 General Attributes of the Drug

211 What are the highlights of the chemistry and physical-chemical
properties of the drug substance and the formulation of the drug
product? :

Carvedilol phosphate is identified structurally as l-(9H—Carbazol—4-yloxy)—3-[[2-(2-

methoxyphenoxy)ethyl]amino]-2-propanol dihydrogen phosphate. Carvedilol is a

nonselective B-adrenergic blocking agent with al-blocking activity. It is a racemic

mixture with the following structure:

OCH3
/\/O
O N
H
! O OH
N
H e H,PO, e 1/2 H,O

Carvedilol has molecular weight of 513.5 (406.5 carvedilol free base) and a molecular
formula of C24Hy6N2O4oH3P040 5 H,0. There is one chiral center and therefore has two
potential enantiomers. '

The sponsor has formulated oncé-daily controlled-release capsules containing 10 mg, 20
mg, 40 mg and 80 mg of carvedilol phosphate. The capsules are filled with drug-layered

immediate release (IR) microparticles an — ‘CR microparticles that are drug-

layered and then coated with -_— -nethacrylic acid copolymer
— . The capsules contain IR microparticles,

microparticles _____ in an active drug content ratio of ™ ina

combined quantity sufficient to provide the label claim strength expressed as carvedilol
phosphate . Table 1). ‘ '

Table 1. Composition of Carvedilol CR Capsules

Carvedilol CR Capsule Strevngths j
Capsule Component (expressed as carvedilol phosphate  —

10 mg 20 mg 40 mg 80 mg ’

Immediate Release Microparticles

— Miéroparticles

NDA 22-012 : Page 8 of 194
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2.1.2 What are the proposed mechanism of action and therapeutic
indications?

Carvedilol is a competitive adrenoreceptor antagonist which inhibits activity at ;- and

Br-adrenergic receptors as well as o receptors. The mechanism by which B-blockade

produces an antihypertensive effect has not been established.

Carvedilol (Coreg®) is currently approved as an immediate release (IR), twice-daily
(BID) formulation for the treatment of essential hypertension, mild to severe chronic
heart failure (HF), and to reduce cardiovascular mortality in clinically stable survivors of
the acute phase of a myocardial infarction (MI) who have a left ventricular ejection
fraction of <40% (with or without symptomatic heart failure).

Carvedilol Phosphate CR capsule strengths (expressed as carvedilol phosphate —~
of 10 mg, 20 mg, 40 mg, and 80 mg were selected to provide similar exposure levels of
carvedilol over a 24 hour period as those achieved with BID administration of COREG
tablets at 3.125 mg, 6.25 mg. 12.5 mg, and 25 mg, respectively.

2.1.3 What are the proposed dosages and routes of administration?

The proposed starting dosage regimen of carvedilol phosphate CR for adults with
essential hypertension or with left ventricular dysfunction following myocardial
infarction is 20 mg po once daily in the morning with food. The dose can be titrated for
clinical response. Total daily dose should not exceed 80 mg.

For adult patients with heart failure, the proposed starting dose is 10 mg po once daily in
 the morning with food. The dose must be individualized based on tolerability.

The administration of carvedilol CR with alcohol should be separated by 2 h.

The capsules may be sprinkled over a spoonful of applesauce.*
2.2 General Clinical Pharmacology

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

Seven clinical studies were conducted using the final CR formulation to support the
proposed indications (Table 2). Individual reviews of these studies can be found in
Appendix 4.2. An in vivo interaction study with pantoprazole using a pilot formulation
with ~  microparticles was reviewed; however, eight additional studies that
utilized pilot controlled-release formulations were not reviewed.

NDA 22-012 - : Page 9 of 194



Table 2. Summary of Clinical Studies Using the Commercial Formulation

Study Design Treatment Endpoints
400 O, SD, R, 3 period A.25 mg Coreg IR QI12H x 2 Pharmacokinetics
Relative XO study in 36 .
Bioavailability | [SF/31M] adult E. Final 60 mg CR
volunteers B,C,D,F, and G were pilot

formulations
376 0O,SD, R, 4 period, A. 80 mg CR fasting Pharmacokinetics
Food Effect XO study in 22 ‘
[4F/18M] adult B. 80 mg CR standard meal
volunteers C. 80 mg CR high-fat meal
D. 80 mg CR sprinkle with
applesauce
903 O, SD, NR, 4 period | A. 10 mg CR Pharmacokinetics
Dose- XO study in 40
proportionality [18F/22M] adult B. 20 mg CR
volunteers C.40 mg CR
D. 80 mg CR
906 O, SD, PR, 3 period A. 80 mg CR in AM Pharmacokinetics
Diurnal variation | XO study in 22 .
[7E/15M] adult B. 80»mg CR in PM
volunteers Rl R
902 DB, R, PLC,MD, 5 A. Placebo Pharmacokinetics,
Steady-state PK period XO study in

and PD

121 mild to moderate
essential
hypertension patients
[59F/62M]

B. 6.25 mg IR BID vs. 20 mg CR QD
C. 12.5 mg IR BID vs. 40 mg CR QD
D. 25 mg IR BID vs. 80 mg CR QD

Pharmacodynamics,
PKPD

patients with heart
failure and post-
MILVD

[50F/137M] subjects
with stable, chronic

heart failure and post-

MILVD

B. 6.25 mg IR BID vs. 20 mg CR QD
C. 12.5 mg IR BID vs. 40 mg CR QD

367 DB, R, PLC, P study | Placebo Blood pressure
Phase III in in subjects with a 84[28F/56M]
. . . PopPK
patients with history of or current
hyperteasion essential CR 20 mg QD PKPD
. 87 [23F/64M]
hypertension
CR 40 mg QD
78 [35F/43M]
CR 80 mg QD
88 [28F/60M]}
1369 O, NR, MD; 2 period | A. 3.125 mg IR BID vs. 10 mg CR Pharmacokinetics
Phase III in XO study in 187 QDb :

O = open label, SD = single-dose, R = randomized, NR = Not randomized, PR=partially randomized, XO =
crossover study, F = female, M = male, PLC = placebo-controlled, P-= parallel, MD = multiple-dose

NDA 22-012
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2.2.2 What is the basis for selecting the response endpoints and how are
they measured in clinical pharmacology studies?

The primary endpoint for the phase III trial (367) in essential hypertension patients was to

compare the effects of carvedilol CR to placebo as measured by changes from baseline in

mean 24-h DBP using ambulatory blood pressure monitoring.

The primary endpoint for the phase III trial (369) in heart failure and post-MI LVD
patients was to compare the PK profiles of Coreg IR BID regimen and carvedilol CR QD
regimen.

The primary endpoint for the PKPD trial (902) in essential hypertension patients was to
describe the relationship between changes in ergometric heart rate and plasma
concentrations of S(-) carvedilol. '

223 Are the active moieties in plasma appropriately identified and
measured to assess pharmacokinetic parameters and exposure
response relationships?

The known active moiety of carvedilol in plasma consist of R(+) and S(-) carvedilol.

Nonselective B-adrenoreptor blocking activity is present in the S(-) enantiomer and o1-

adrenergic blocking activity is present in both R(+) and S(-) enantiomers at equal

potency.

2.2.4 Exposure-Response

2.2.41 What are the characteristics of the exposure-response relationships
for efficacy? '

B1-Blocking Effects

Study 902 was a randomized, double-blind, placebo controlled, multicenter study to
compare the 1-blocking effects of carvedilol CR capsule formulation to COREG IR
tablets at steady state in 122 adult patients with essential hypertension, by evaluating
heart rate response to bicycle ergometry (study 902, Appendix 4.2.5).

Exercise heart rate and concentration data shows that carvedilol CR has the same
blocking effects as the immediate release formulation (Figure 1). The exercise-induced.
~ heart rate at trough concentrations (PDmin) observed with carvedilol CR capsules was
equivalent to those observed with IR tablets (Table 3. The 90% confidence intervals of
the CR:IR ratio fell within a 80 to 125% equivalence interval. Similar findings were
observed for PDmax and AUEC (Table 4 and Table 5, respectively).

NDA 22-012 Page 11 of 194



Figure 1. Time Course of Mean S(-) Concentration Time Profile and Change in

Exercise-Induced Heart Rate from Baseline (study 902)

20
15105 g7 e

10

S-carvedilol, ng/ml

T T T T T T T T T T
t

6.25 mg IR /20 mg CR 25 mg IR / 80 mg CR

delta Heart Rate, bpm

0 4 8 12 16 20 24 0 4

‘Time

T T

12 16 20 24

Table 3. Beta-Blocking Effects in Patients with Essential Hypertension (study 902):

Statistical Analysis of PDmin%
(Reference Table 20/Section 7.1/Study 902)

Parameter | Comparison of Inferest Paint Estimate 90% Cl Within
CRiR ' subject SD*

PDmin Paoled Group? 1.00 {0.94, 1.07) 386

PDmin High Dose Group? 1.06 (0.97 115}

PDmin Low Blose Group® 094 {0.84, 1.05)

1. High and Low Dose Groups combined

2. COREG 25mg BID and carvedilol CR 80mg OO
3. COREG 6.25mg BID and carvedilol CR 20mg OP
4. Within-subject standard deviation )
Saurce: Table 7.1
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Table 4. Beta-Blocking Effects in Patients with Essential Hypertension (study 902):

Statistical Analysis of PDmax%

(Reference Table 22/Section 7.3/Study 902)

90% Cl

Parameter Comiparison of Point Estimate Sbw
fnterest
PDmax CRIR {Pooled)! 097 (0.92, 1.02) 382
PDmax CRUR (High Dose 1.02 (0.95, 1.08)
Group)?
POmax CRIR (Low Dose 692 (0.84, 1.00)
Group}?

I High and Low Dase Groups combined

2. COREG 25my BID and carvedilol CR 80mg OD
3. COREG 6.25mg BID and carvedifol CR 20mg CD
Source: Table 7.5

Table 5. Beta-Blocking Effects in Patients with Essential Hypertehsion (study 902):

Statistical Analysis of AUEC%

(Reference Table 21/Section 7.2/Study 902)

Parameter | Comparison of | Median $0% Bootstrap Ci
Interest {5th percentile, 95th percentile)
AUEC CRIR (Pooled)t | 1.02 (0.93, 1.10)
AUEC CRIR (High Dose | 1.03 {0.96, 1.10)
Group)? - ' -
AUEC CRIR {Low Dose | 100 {0.92, 1.09)
Group)®
1. High and Low Dose Groups combined
2. COREG 25mg BID and carvedilol CR 80mg OO
3. COREG &.25mg BID and carvedilof CR 20mg OD
Source: dafa on file, GSK

A direct effect Emax PKPD model was used to describe the relationship between steady
state plasma concentrations of S(-) carvedilol and changes in exercise-induced heart rate
in patients with essential hypertension (Table 6). The population estimates for E0, EC50,
and Emax were 126 bpm (BSV of 8%), 4.25 ng/ml, and 15.1 bpm, respectively. Due to
large variability in the HR data and the limited data at or above Emax, the PKPD model
did not support estimation of interindividual variability for most parameters.

NDA 22-012
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Table 6. Population PKPD Parameters
(Reference Table 28/Section 10)

Inter-Individual Variability as

Population Mean (% se'}
% CV (% se')

EO (bpm} 126 (1.3) 71.7(23.2)
EC50 (ng/mt) 425{#449) NE
Emax (bpm) 15.1 (11.5) NE
Amplitude 0.013 (15.4) NE
Tmax (h) 116 {72} NE
Residual Variahility 49(13.1}
% CV (% sel)

1. % se —percent standard efror
NE - Not Evaluated
Source: Table 10.1

The change in exercise heart rate from baseline vs. S(-) carvedilol concentrations are -
presented in Figure 2. This figure illustrate that the IR and CR formulations have

comparable concentration range and beta-blocking effects. When the same model was
applied to plasma concentration and heart rate data for the CR and IR formulations
separately, the distribution of parameter estimates from 1000 bootstrap datasets was
similar (Table 7). This provides evidence that the concentration-effect relationship for the
CR and IR formulations is the same.. e e

Figilre 2. Change from Baseline Exercised-Induced Heart Rate vs. S(-) Carvedilol
Concentrations

50 IR . 50
I SO
' Placeho -+ e
- | A B | ' . .
0 10 20 30 40 50 -20 -05 1.0 2.5 4.0

S-carvedilol, ng/mi Log(S-carvediloI), ng/ml
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Table 7. Median (5', 95t

Bootstrap Datasets

percentiles) for Model Parameters Calculated from 1000

Parameter IRCR Data IR Data Alone CR Data Aléne
EO 126 (123, 129) 127 (123, 131) 128 (123, 132)
EC50 4.1 (1.86, 9.66) 2.87 (0.920, 2694) 2.04 (0.470, 2116)
Emax 15.5(12.6, 18.5) 16.5 (13.2, 1240) 16.6 (12.7, 1112)
Amplitude 0.0123 0.0165 .00947
(0.0101, 0.0168) (0.0125, 0.0207) (3.74E-11, 0.0135)
Tmax 1.6 (10.3, 13.3) 10.9 (9.80, 124) 11.3 (2.08, 58.5)
BSV for EO (expressed as 0.0781 T 0.0777 ) 0.0796
CcVv) (0.0631, 0.0981) (0.0637, 0.0948) (0.0635, 0.0983)
Residual error (expressed 0.0483 0.0462 0.0436
as CV) (0.0431, 0.0536) (0.0401, 0.0525) (0.0392, 0.0484)
% runs with successful 99.6 99.2 97.8

convergence

Blood Préssure Effects

Study 367 was a double-blind, randomized, plzicebo-cqr}trqlﬁqu__,Qa_rallel group,

multicenter trial comparing 3 doses of carvedilol CR administered orce daily (20 mg,
40 mg, and 80 mg) in 284 patients with essential hypertension. '

Mean reductions from baseline in mean 24-h diastolic and systolic BP by ABPM was
statistically different from placebo (Figure 3). There is trend “for dose-related blood
pressure response.

Figure 3. Mean Blood Pressure Changes from Baseline Measured by 24-h ABPM

(Reference Figure 7 /2.5 Clinical Overview)
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The sponsor also conducted an exposure-response analysis for the mean change in blood
pressure vs. model-predicted, steady state. AUC values. The decrease in both mean
systolic and diastolic BP was described by an Emax model (Figure 4 and Figure 5).

Figure 4. PKPD Model for R-Carvedilol _
(Reference Figures 3 and 4/ Section 11/POPPK/Study 367)
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Figure 5. PKPD Model for S-Carvedilol
(Reference Figures 5 and 6/ Section 11/POPPK/Study 367)
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2.2.4.2 What are the characteristics of the ex

for safety?

posure-response relationships

The range of R(+).and S(-) carvedilol concentrations observed after the administration of
once daily 10 mg, 20 mg, 40 mg and 80 mg CR capsules is equivalent to the
concentrations following BID dosing of 3.125 mg, 6.25 mg, 12.5 mg, and 25 mg IR
tablets. Therefore, the AE profile of the carvedilol is related to the known pharmacology

of the drug and is similar to the IR formulation.

2.2.4.3 Does this drug prolong QT/QTc Interval?

The sponsor did not evaluate the effect of carvedilol CR on cardiac reploarization.

2.2.4.4 Is the dose and dosing regimen selected by the sponsor consistent

with the known E-R relationship?

The proposed dosing regimens are consistent with the ER relationship (described in detail

in section 2.2.4.1).

NDA 22-012
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2.2.5 What are the PK characteristics of the drug?

2.2.5.1 What are the single and multiple dose PK parameters?
Single Dose Pharmacokinetics ‘

The single-dose pharmacokinetics of R(+) and S(-) carvedilol were assessed in healthy
male and female volunteers following administration of 60 mg (1 x 60 mg Q24H)
carvedilol CR capsules and 50 mg (2 x 12.5 mg QI2H) IR tablets (Study 400,
Appendix 4.2.1). '

The controlled release formulation (regimeh E) provides comparable total daily exposure
to carvedilol compared to the immediate release formulation (Figure 6, Table 8). Median
Tmax values were 3 to 4 hours longer than conventional tablets.

Figure 6. Mean Concentration-Time Profile Following Single-Dose Administration

of 60 mg Carvedilol CR and 50 mg Immediate-Release Carvedilol (Study 400)
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Table 8. Summary of Single Dose Pharmacokinetic Parameters
(Reference Table 13/Section 7.0/Study 400)

Parameter Mean (CVb%) CR:IR 90% CI
60 mg q24h CR 25 mg q12h IR Ratio

R(t) carvedilol

Cmax, ng/ml 46.62 (62.7%) 46.12 (49.8%) 1.09 0.91, 1.30

AUC, ng h/ml 350 (45.7%) 375 (51.7%) 1.10 0.98, 1.23

Tmax, h 5.0 (1.5, 6.0) 1.5(0.5,3.0) 3.24 2,43

S(-) carvedilol

Cmax, ng/ml 19.75 (67.9%) 17.82 (49.2%) 1.09 0.90, 1.33

AUC, ng.h/ml 165 (43.0%) 143 (42.0%) 1.19 1.05, 1.35

Tmax, h 5.0(1.5,6.0) 1.5(0.5, 4.0) 3.50 2.01, 4:13
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Multiple Dose Pharmacokinetics in Patients with Essential Hypertension

The multiple-dose pharmacokinetics of R (+) and S(-) carvedilol were assessed in male
and female patients with essential hypertension following administration of low (6.25 mg
IR q12 h'/ 20 mg CR g24h) and high (25 mg IR q12h or 80 mg CR q24h) dose carvedilol
regimens in a crossover fashion (study 902, Appendix 4.2.5). Figure 7, Table 9, and
Table 10 summarizes the steady state pharmacokinetics of R(+) and S(-) carvedilol.

Steady-state exposure to R(+) and S(-) carvedilol following once daily administration of
20 mg and 80 mg CR capsules were equivalent to the exposure with 6.25 mg and 25 mg
q12h IR tablets, respectively. The 90% confidence intervals for the geometric mean
CR!IR ratios for AUC, Cmax and Ctau fell within the equivalence bounds of 80-125%.
Tmax values were 3 to 4 hours longer with CR capsules. The fluctuation between peak
and trough concentrations was comparable between the CR and IR formulations.

Figure 7. Mean Concentration-Time Profile Following Multiple-Dose
Administration of Carvedilol CR and Immediate-Release Carvedilol
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Table 9. Summary of Multiple-Dose Pharmacokinetic Parameters for R(+)
Carvedilol in Patients with Essential Hypertension

(Reference Table 9.5/ 105517/ Study 902)

264 (23.6%)

Mean (CVb%) Geometric

Parameter TR IR M(tg;/lllg;lo 90% CI

Low Dose Regimen (6.25 mg QI2H IR / 20 mg Q24H CR)

Cmax, ng/ml 14.5 (73.8%) 15.5 (71.8%) 0.94 0.82,1.09
- AUC, ng.h/ml 122 (80.4%) 111 (71.7%) 1.06 1.00, 1.12

Ctau, ng/ml 2.32 (153%) 2.43 (124%) 0.94 0.81, 1.10

Tmax, h 5(1-20) 1.5(0.5-4.0) 3.44 3.00, 3.94

% Fluctuation 268 (35%) 249 (33.4%) -- --

High Dose Regimen (25 mg Q12H IR / 80 mg Q24H CR)

Cmax, ng/ml 53.3 (65.5%) 54.5 (54.4%) 0.94 0.86, 1.03

AUC, ng.h/ml 457 (67.3%) 420 (61.2%) 1.05 1.00, 1.11

Ctau, ng/ml 7.32(99.7%) 7.95 (92.0%) 0.85 0.74,0.97

Tmax, h 5(1-10) 1.13 (0.08 —3.0) 3.5 - 3.00, 3.99

% Fluctuation 282 (43.0%) STt e --

Table 10. Summary of Multiple-Dose Pharmacokinetic Parameters for S(-)
Carvedilol in Patients with Essential Hypertension

(Reference Table 9.5/ 105517/ Study 902)

Geometric

Mean (CVb%) _
Parameter CR IR M(?;/llls;lo 90% CI
Low Dose Regimen (6.25 mg QI2H IR / 20 mg Q24H CR)
Cmax, ng/ml 5.61 (65.7%) 5.93(72.3%) 1.00 0.86, 1.16
AUC, ng.h/ml 49.9 (63.9%) 41.3 (57.2%) 1.18 1.10, 1.27
Ctau, ng/ml L.16 (113%) 1.01 (85.4%) 1.08 0.94, 1.23
Tmax, h 5(.5-13) 1.2 (0.5 -4.0) 3.5 3.00, 4.00
% Fluctuation 219 (35.7%) 218 (28.5%) - --
-High Dose Regimen (25 mg QI12H IR / 80 mg Q24H CR)
Cmax, ng/ml 21.6 (56.4%) 22:1(53.6) 0.97 0.85, 1.10
AUC, ng.h/ml 200 (54.0%) 175.(49.7%) 1.12 1.05, 1.19
Ctau, ng/ml 4.32 (84.6%) 4.24 (62.0%) 0.91 0.81, 1.02
Tmax, h 5.0 (1.0-10.0) 1.0 (0.08 - 3.0) . 3.5 3.21, 4.00

% Fluctuation

223 (24.8%)

243 (41.9%)
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The steady state exposure to the active metabolite, 4’-hydroxyphenyl (M4), was assessed
in study 902 at the high dose level. After administration of each formulation, the M4
concentrations were in parallel with total carvedilol concentrations (Figure 8). AUC and
Cmax were similar for the CR and IR formulations (Table 11). The mean metabolite to
total carvedilol ratio was 9 to 10% for both formulations.

Figure 8. Mean Steady-State Concentration-Time Profiles of Carvedilol and 4’-

hydroxyphenyl Carvedilol (M4) Following Administration of 25 mg BID IR Tablets

and 80mg QD CR Capsules

(Reference Figure 12/ Summary of Clinical Pharmacology)
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Table 11. Summary of Multiple-Dose Pharmacokinetic Parameters for the 4’-

Hydroxyphenyl (M4) Carvedilol Metabolite in Patients with Essential Hypertension
(Reference Table 26/Study 902) ’

Mean (CVb%)
| Parameter 80 mg QD CR 25 mg BID IR
Cmax, ng/ml 5.53 (43.0%) 6.16 (47.2%)
AUC, ng b/ml 46.9 (42.6%) 44.2(35.5%)
Tmax,h - | 5.0(1.0-10.0) 1.5 (0.5 -40)

-Multiple Dose Pharmacokinetics in Patients with Mild to Severe Heart Failure and
Post-MI Patients with LVD

The multiple-dose pharmacokinetics of R(+) and S(-) carvedilol were assessed in male
and female patients with mild to severe heart. failure and post-MI patients with LVD
(study 369, Appendix 4.2.7). Patients received IR tablets (3.125 mg, 6.25 mg, 12.5 mg,
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and 25 mg) for 14 days then received an equivalent CR dose (10 mg, 20 mg, 40 mg and
80 mg) for 14 days. Figure 9, Figure 10, and Table 12 summarize the steady state
pharmacokinetics of R(+) and S(-) carvedilol in this patient population.

At all dose levels, exposure to R(+) and S(-) carvedilol observed with carvedilol CR
capsules were similar to the exposure observed with IR tablets. Using pooled data across
dose groups, the 90% confidence intervals of the CR:IR ratios for Cmax, AUC, and Ctau
fell within an 80% to 125% equivalence interval.

Figure 9. Mean R(+) Carvedilol Concentration-Time Profile Following Multiple-
Dose Administration of Carvedilol CR Capsules and Immediate-Release Tablets to
Patients with CHF and Post-MI LVD (Study 369)
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Figure 10. Mean S(-) Carvedilol Colncentration-Time Profile Following Multiple-
Dose Administration of Carvedilol CR Capsules and Immediate-Release Tablets to

Patients with CHF and Post-MI LVD (Study 369)
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Table 12. Summary of Multiple-Dose Pharmacokinetic Parameters for R(+) and

S(-) Carvedilol in Patients with CHF and Post-MI LVD

(Reference Table 22/ 2.7.2 Clinical Pharmacology Summary)

Analyte | Regimen N AUC(0-t)) | Cmax! Tmax? Ctt
(ng-hrfmL) | (ng/mlL) (hr) {ng/mL)
R(+}- IR3.125mgbid | 36 53.5(794) |6.10(67.1) |1.95(0.00600) | 1.13(140)
~ |IR625mgbid _ [49  [103(734) | 11.0(612) |192(000603) |243(107)
IR126mgbid |46 | 252 (636) | 268(589) | 151(0.00-11.75) | 6.24(37.0)
IR 25mg bid 42 | 552(94.0) |606(703) | 151 (0.50-12.00) | 11.6 (144)
CR10mguid {36 | 64.9(858) | 648(920) | 4.04 (1.00-24.00) | 1.37 (114)
CR20mguid |49 | 109(70.0) | 106(586) |5.67(1.008.00) | 2.28(106)
CR40mguid |46 [ 248(703) | 230(69.0) |4.00(050-12.00) | 471 (119)
CR 80mg uid 42 551 (104) 938 (84.6) |6.00(3.00-16.00} | 9.91(169)
S(-}- IR3.125mghid | 36 209(736) {227(721) | 1.95(0.006.00) |0.519(123)
IR 6.25mg bid 49 43.0(66.5) [4.33(600) | 152(0.006.03) |1.24(88.1)
IR 12.5mg bid 46 108(59.4) | 11.0(599) | 1.50(0.00-11.75) [3.02(85.9)
IR 25myg bid 42 242(70.5) | 259(61.1) | 1.50(0.50-12.00) | 6.12(97.6)
CR10mguid =~ {36 27.7(768) |268(91.3) |4.04(1.00-24.00) [ 0.671(105)
CR20mguid |49 [ 48.9(66.9) | 435(614) |567(0.98800) | 1.24(911)
CR 40mg uid 46 122 (63.9) {102(664) | 4.00(0.50-24.00) | 2.82{(105)
CR 80mg uid 42 204(80.2) |227(71.0) |6.00(3.00-1600) | 5.72(119)

1. Geometric mean (CVb%)

2. Median (range)

2.2.5.2 How does the PK of the drug and its major metabolites in. healthy
adults compare to that in patients?

Figure 11 and Figure 12 presents a cross-study comparison of steady state exposure to
R(+) and S(-) carvedilol following administration of the CR capsules. Patients with heart
failure and post-MI patients with LVD have higher exposure to carvedilol

by AUC and Ctau) compared to patients with essential hypertension.

The steady state pharmacokinetics of carvedilol CR was not studied in healthy
volunteers.
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Figure 11. Mean (95% CI) of R(+) Carvedilol PK Parameters Stratified by Patient
Population
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Figure 12. Mean (95% CI) of S(-) Carvedilol PK Parameters Stratified by Patient
Population
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2.2.5.3 What are the characteristics of drug absorption?

According to the label, carvedilol is rapidly and extensively absorbed following oral
administration of immediate release tablets, with absolute bioavailability of
approximately 25% to 35% due to first-pass metabolism.

The absorption of carvedllol CR is slower than the IR formulation with peak
concentrations occurring approximately 5 hours after dosing.

2.2.5.4 What are the characteristics of drug distribution?”

According to the label, carvedilol is more than 98% bound to plasma proteins, primarily
albumin. The plasma-protein binding is independent of concentration over the therapeutic
range.

According to the population PK model, the V/F is 1000 L for R-carvedilol and 3050 L for
S-carvedilol, indicating substantial distribution into extravascular tissues.

2.2.5.5 Does the mass balance study suggest renal or hepatlc as the major
route of elimination?

Carvedilol is extensively metabolized. Following oral administration of radlolabelled
carvedilol to healthy volunteers, less than 2% of the dose was excreted unchanged in the
urine.

2.2.5.6 What are the characteristics of drug metabolism?
Carvedilol is metabolized by aromatic ring oxidation and glucruonidation.

The primary P450 enzymes responsible for the metabolism of both R- and S-carvedilol in

human liver microsomes were CYP2D6 and CYP2C9 and to a lesser extent CYP3A4,

2C19, 1A2, and 2EL. CYP2D6 is thought to be the major enzyme in the 4’- and 5°-
hydroxylation of carvedilol.

Carvedilol undergoes stereoselective first-pass metabolism with plasma levels of R-
carvedilol approximately 2 to 3 times higher than S-carvedilol following oral
administration of carvedilol CR. Plasma clearance values are 176 L/h and 399 L/h for the
R(+) and S(-) entaniomers, respectlvely
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2.2.5.7 What are the characteristics of drug elimination?
The metabolites of carvedilol are excreted primarily via the bile into the feces.

2.2.5.8 Based on PK parameters, what is the degree of linearity in the dose-
concentration relationship?

The dose-proportionality of R(+) and S(-) carvedilol were assessed in healthy male and
female volunteers following administration of 10 mg, 20 mg, 40 mg and 80 mg carvedilol
CR with food (study 903, Appendix 4.2.3). The mean Cmax and AUC increased
proportionally with dose. Table 13 summarizes the pharmacokinetic parameters.

Table 13. Statistical Analyses of PK Parameters: Power Model
{Reference Table 7/Section 7.3/Study 903)

Parameter | Effect | PointEstimate | 90% CI
R(+)-carvedilol
AUC{0-) Log (dose) 111 (1.08, 1.14)
AUC(0-t) Log(dose) 1.06 (1.03, 1.09)
Cmax Log (dose} 1.06 {1.02, 1.11)
_ S(-}-carvedilol
AUC(0-t) Log {dose} 1.20 (1.17,1.23)
AUC(0-t) Log {dose} 1.08 (1.05, 1.11)
Cmax Log(dose) ~1.08 _{1.05.1.14)

2.2.5.9 How do the PK parameters change with time following chronic
dosing?

Study 906 (Appendix 4.2.4) evaluated the effect of evening .dosing on the single dose
pharmacokinetics of R(+) and S(-) carvedilol compared to morming dosing. Evening
adminjstration of 80 mg CR capsule resulted in an approximate 10% decrease in AUC of
both R(+) and S(-) carvedilol and a decrease in Cmax of 15% to 19% compared to
morning administration. There was also a decrease in rate of absorption with evening
administration as Tmax values” were 1.5 hours longer. Diumal variation in the
pharmacokinetics of carvedilol is also observed with the IR formulation.

Based on population pharmacokinetic analysis of plasma R(+) and S(-) carvedilol
concentration from studies 902 and 367 there is no evidence to suggest that clearance
changes over time.

2.2.510 What is the inter- and intra-subject varlablllty of PK parameters in
‘volunteers and patients?

In the phase I studies where poor metabolizers of CYP2D6 were excluded, the percent

coefficient of variation for Cmax and AUC were approximately 50%.

Based on population pharmacokinetic analysis of plasma R(+) and S(-) carvedilol
concentration from studies 902 and 367, the between subject variability for CL/F and
Vc/F are 50% and 100%, respectively.

In patient with CHF or Post-MI, coefficient of variation for Cmax and AUC ranged from
60% to 100%.
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The within-subject variability which was computed for all studies is summarized in Table
14. The within-subject variability after replicate administration of the CR formulation
(study 903) was comparable to the variability observed with the IR formulation (Study
271, historical data).

Table 14. Within-Subject Variability in Volunteers and Patients

Study Within-Subject Variability | Inter-Day Variability (%CV)
(%CV)

400 R-carvedilol: 17.6% to 34.9%

Relative i o o

Bioavailability S-carvedilol: 19.8% to 34.9%

376 Total carvedilol: 24.5% to 29.1%

Food Effect

903 R-carvedilol: 18.4% to 26.7%

Dose-proportionality | g . vedilol: 18.5% to 27.7%

906 R-carvedilol: 23.8% to 31.3% R-carvedilol: 14.7% to 26.0% (vs. 16.5%

Diurnal variation . to 24.3% for IR in Study 271)

S-carvedilol: 24.5% to 32.0%
S-carvedilol: 15.9% to 29.9% (vs. 22.4% to
29.7% for IR in Study 271)

902 . R-carvedilol: 14.6% to 38.5%

ggady'“ate PRand | o arvedilol: 16.7% to 37.4% T e

369 R-carvedilol: 28.0% to 49.4%

Phase III in patients 1L o o
with CLIF and Post-MI S-carvedilol: 27.6% to 46.7%

LVD

Within-subject variability: CVw (%) = sqrt {exp(MSE) — 1] X 100
2.3 Intrinsic Factors

2.3.1 What intrinsic factors influence eXposure and/or response, and what
is the impact of any differences in exposure on efficacy or safety
responses?

The impact of heart failure and hypertension on the steady state pharmacokinetics of
carvedilol were assessed in studies 369 and 902, respectively. The impact of these
covariates is discussed in section 2.2.5.1.

2.3.2 Based upon what is known about E-R relationships and their
variability, what dosage regimen adjustments are recommended for
each group?

2.3.2.1 Elderly
No dose adjustment in the elderly.
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2.3.2.2 Pediatric Patients

The ‘assessment of the safety and effectiveness of carvedilol in pediatric patients is
ongoing under investigational IND 58,999 in Protocol 105517/321 entitled “A
Multicenter, Placebo-Controlled, 8-Month Study of the Effect of Twice Daily Carvedilol
in Children with Congestive Heart Failure Due to Systemic Ventricular Systolic
Dysfunction.”

2.3.2.3 Race
No dose adjustment for race.

2.3.2.4 Renal Impairment
No dose adjustment for renal impairment.

2.3.2.5 Hepatié Impairment

The use of carvedilol CR in patients with clinically manifest hepatic impairment is not
recommended. Administration of immediate release carvedilol to patients with cirrhotic
liver disease caused a 4- to 7-fold increase in exposure to carvedilol.

2.3.3 What pregnancy and lactation use information is there in the label?
Pregnancy Category C.

It is not known whether this drug is excreted in breast milk. - -- - - -

APPEARS THIS WAY
ON ORIGINAL
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2.4 Extrinsic Factors

2.4.1 What extrinsic factors influence exposure and/or response, and what
is the impact of any differences in exposure on efficacy or safety
responses? ‘

The sponsor performed the following in vivo drug interaction studies with the immediate

release tablets: rifampin, cimetidine, glyburide, hydrochlorothiazide, digoxin, torsemide,

and warfarin.

2.4.2 What are the drug-drug interactions?

2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?
The primary P450 enzymes responsible for the metabolism of both R(+) and S(-)
carvedilo! in human liver microsomes were CYP2D6 and CYP2C9 and to a lesser extent
CYP3A4,2C19, 1A2, and 2E1. CYP2D6 is thought to be the major enzyme in the 4> and
5> hydroxylation of carvedilol, with a potential contribution from 3A4. CYP2C9 is
 thought to be of primary importance in the O methylation pathway of S() carvedilol.

2.4.2.2 |s the drug a substrate of CYP enzymes? Is metabolism influenced
by genetics? ,

Carvedilol is subject to the effects of genetic polymorphism with_poor. metabolizers of
debrisoquin (a marker for cytochrome P450 2D6) exhibiting 2 to 3 fold higher plasma -
concentrations of R(+) carvedilol compared to extensive metabolizers. In contrast, plasma
levels of S(-) carvedilol are increased only about 20% to 25% in poor metabolizers,
indicating this enantiomer is metabolized to a lesser extent by cytochrome P450 2D6 than
R(+) carvedilol. The pharmacokinetics of carvedilol do not appear to be different in poor
metabolizers of S mephenytoin (patients deficient in cytochrome P450 2C19).

2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes?
According to the literature, carvedilol is not an inhibitor and/or inducer of CYP enzymes.

'2.4.2.4 Is the drug an inhibitor and/or an inducer of PGP transport
processes? '

- There is some evidence in the literature that carvedilol is a substrate and an inhibitor of
PGP (Bachmakov I et al. Characterization of beta-adrenoceptor antagonists as substrates
and inhibitors of the drug transporter P-glycoprotein. Fundamental & Clinical
Pharmacology 2006; 20(3):1472-82). The IC50 for P-gp inhibition is 0.16 HM. The
sponsor has already conducted in vivo drug-interaction studies with digoxin-carvedilol
and cyclosporine-carvedilol.

2.4.2.5 Are there other metabolic/transporter pathways that may be
important? _
It is not known if there are other metabolic/transporter pathways.

NDA 22-012 ‘ Page 29 of 194



2.4.2.6 Does the label specify co-administration of another drug?
This drug is not to be co-administered with another drug.

2.4.2.7 What other co-medications are likely to be administered to the
target population?
. Pharmacodynamic interactions are described in section 2.4.2.8.

2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the
exposure alone and/or exposure-response relationships are
different when drugs are co-administered?

Proton Pump Inhibitors: There is no clinically meaningful increase in AUC and
Cmax with concomitant administration of carvedilol CR with pantoprazole (study 387).

Inhibitors of CYP2D6: Interactions of carvedilol with strong inhibitors of CYP2D6
(such as quinidine, fluoxetine, paroxetine, and propafenone) have not been studied, but
these drugs would be expected to increase blood levels of the R(+) enantiomer of
carvedilol.

The following drug interaction studies were performed with the conventional carvedilol
tablet.

Rifampin: In a pharmacokinetic study conducted in 8 healthy male subjects,
rifampin (600 mg daily for 12 days) decreased the AUC and -Cpay-of carvedilol by
about 70%. :

Cimetidine: In a pharmacokinetic study conducted in 10 healthy male subjects,
cimetidine (1,000 mg/day) increased the steady-state AUC of carvedilol by 30% with
no change in Cpax: .

Glyburide: In 12 healthy subjects, combined administration of carvedilol (25 mg
once daily) and a single dose of glyburide did not result in a clinically relevant
pharmacokinetic interaction for either compound.

Hydrochlorothiazide: A single oral dose of carvedilol 25 mg did not alter the
pharmacokinetics of a single oral dose of hydrochlorothiazide 25 mg in 12 patients
with hypertension. Likewise, hydrochlorothiazide had no effect on the
pharmacokinetics of carvedilol.” '

Digoxin: Following concomitant administration of carvedilol (25 mg once daily) and
digoxin (0.25mg once daily) for 14 days, steady-state AUC and trough
concentrations of digoxin were increased by 14% and 16%, respectively, in 12
hypertensive patients.

Torsemide: In a study of 12 healthy subjects, combined oral administration of
“carvedilol 25 mg once daily and torsemide 5 mg once daily for 5 days did not result
in any significant differences in their pharmacokinetics compared with administration
of the drugs alone.

Warfarin: Carvedilol (12.5 mg twice daily) did not have an effect on the steady-state
prothrombin time ratios and did not alter the pharmacokinetics of R(+) and S(-)
warfarin following concomitant administration with warfarin in 9 healthy volunteers.
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2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-
drug interactions?

Catecholamine-depleting agents: Patients taking both agents with B-blocking

properties and a drug that can deplete catecholamines (e.g., reserpine and monoamine
oxidase inhibitors) should be observed closely for signs of hypotension and/or severe
bradycardia.

Clonidine: Concomitant administration of clonidine with agents with B-blocking
properties may potentiate blood pressure and heart rate lowering effects. When
concomitant treatment with agents with B-blocking properties and clonidine is to be
terminated, the B-blocking agent should be discontinued first. Clonidine therapy can then
be discontinued several days later by gradually decreasing the dosage.

Cyclosporine: Modest increases in mean trough cyclosporine concentrations were
observed following initiation of carvedilol treatment in 21 renal transplant patients
suffering from chronic vascular rejection. In about 30% of patients, the dose of
cyclosporine had to be reduced in order to maintain cyclosporine concentrations within
the therapeutic range, while in the remainder no adjustment was needed. On the average
for the group, the dose of cyclosporine was reduced about 20% in these patients. Due to

wide interindividual variability in the dose adjustment required, it is recommended that

cyclosporine concentrations be monitored closely after initiation of carvedilol therapy
and that the dose of cyclosporine be adjusted as appropriate.

Digoxin: Digoxin concentrations are increased by about 15% when digoxin and
carvedilol are administered concomitantly. Both digoxin and carvedilol slow AV
conduction. Therefore, increased monitoring of digoxin is recommended when initiating,
adjusting, or discontinuing COREG CR.

Calcium channel blockers: Isolated cases of conduction disturbance (rarely with
hemodynamic compromise) have been observed when carvedilol is co administered with
diltiazem. As with other agents with B-blocking properties, if COREG CR is to be
administered orally with calcium channel blockers of the verapamil or diltiazem type, it is
recommended that ECG and blood pressure be monitored.

Insulin or oral hypoglycemics: Agents with 3-blocking properties may enhance the
blood sugar reducing effect of insulin and oral hypoglycemics. Therefore, in patients
taking insulin or oral hypoglycemics, regular monitoring of blood glucose is
recommended.

24210 -Are there any unresolved questions related to metabolism,
active metabolites, metabolic drug interactions, or protein binding?

There are no unresolved questions.

2.4.3 What issues related to dose, dosing regimens, or administration are
unresolved and represent significant omissions?

Based on in vitro data, concomitant administration of COREG CR with alcohol may
- affect the modified release properties, potentially resulting in a faster rate of release and
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higher than expected peak and lower than expected trough plasma concentrations of
carvedilol phosphate (in vitro study described section 4.2.8.5)

The sponsor recommends that patients be instructed to take carvedilol CR in the morning
with food and to separate the ingestion of any alcohol-containing products by at least two
hours. The sponsor is also conducting a randomized, open-label, single-dose, four-period
crossover study to determine the effects of alcohol on the pharmacokinetics of carvedilol
CR. '

2.5 General Biopharmaceutics

2.5.1 Based on the biopharmaceutics classification system prin.ciples, in
what class is this drug and formulation? What solubility,
permeability and dissolution data support this classiﬁcation?

/ /S S

Hence, there was a concern that absorption might be compromised in a formulation that
released drug slowly, ' —_—

Figure 13. Carvedilol Solubility

pH Solubility Profile of Carvedilol Tt e

M

Carvedliol Solubility (meg/mL)

=]
-

pon

Permeability (in vitro) of a 60 uM solution of carvedilol across stripped rabbit ileum and
distal colon (mucosal-serosal) is compared below with that for mannitol. The values
indicate that carvedilol absorptive flux across ileal tissue is low and is moderate in the
distal colon. These findings suggest that solubility and permeability might be limiting
factors in intestinal absorption but that some absorption in the lower GI tract is feasible if
solubility in that region could be improved. -

Carvedilol Mam_litol
Tleum 0.009+0.003 civh 0.004+0.002 c/h
Distal Colon 0.065+0.032 crv/h - 0.010+0.012 cw/h
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2.5.2 What is the relative bioavailability of the proposed to-be-marketed
formulation to the immediate release formulation?

Based on the geometric mean AUC values, the steady-state relative bioavailability
(normalized to mg of carvedilol free base, Table 15) of R(+) and S(-) carvedilol is
approximately 82% and 89%, respectively (data obtained from Table 9 and Table 10,
* study 902). '

The single dose relative bioavailability 7 N s
approximately 81% for R(+) carvedilol and 89% for S() carvedilol (Table 8, study 400).
This study used the final formulation of carvedilol CR but with a slightly lower amount
of drug substance

— e —

[/

2.5.2.1 What data support or do not support a waiver of in vivo BE study?

To compare the commercial batches (SUPAC MR level 2-scale-up and level 2 site
change) to the clinical biobatches, multipoint dissolution proﬁles ‘were obtamed m the
proposed dissolution media (0.1N HCI) and three other media ( ~

. The similarity factor (F2) ranged from 55 to 97 when comparing the biobatches
(test) to the commercial batch (reference) prov1dmg evidence that the dissolution curves
are similar in the four media. :

A biowaiver for the level II site change can be granted for all capsules strengths once the
sponsor has submitted multipoint dissolution data in several media using methodology
which incorporates the following recommendations:

- o The recommended range at any dissolution time point is — deviation from the
mean dissolution profile obtained from the clinical lots. Without support from in vivo
BE data, the reviewer recommends a specification of NLT -—and NM1 —or
the 8-h time point. :

e The last time point should be the time point where at least 80% of the drug has
dissolved. Based on the dissolution profiles for the biobatches and commercial
batches, it is recommended to

e

e The sponsor has proposed a rotation speed of 100 rpm for USP Apparatus IL

/ / O
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2.5.2.2 What are the safety or efficacy issues, if any, for BE studies that fail
to meet the 90% Cl using equivalence limits of 80-125%7?

A bioequivalence trial comparing clinical to the to-be-marketed formulation was not
required for this submission.

2.5.2.3 If the formulation does not meet the standard criteria for
bioequivalence, what clinical pharmacology and/or safety and
efficacy data support the approval of the to-be-marketed product?

A bioequivalence trial comparing clinical to the to-be-marketed formulation was not
required for this submission.

2.5.3 What is the effect of food on the bioavailability of the drug from the
dosage form? -

The sponsor conducted a randomized, open-label, single-dose, four-period crossover
study (Study 376, Appendix 4.2.2) to assess the effect of food on the bioavailability of 80
mg of carvedilol CR. Study medication was administered under fasting conditions;
within 30 minutes of a high-fat breakfast (meal was equivalent to 1020 calories; 58g
carbohydrates, 33g protein, 58-75 g fat); within 30 minutes of a standard breakfast (meal
was equivalent to approximately 490 calories, 77g carbohydrates, 28g protein, and 13g of
fat), and sprinkled with applesauce administered 30 minutes after the start of a standard
breakfast.

There is no evidence of dose dumping when carvedilol CR is administered with a high fat
meal, or sprinkled with applesauce (Table 16). Administration of 80 mg CR capsule with
a high-fat meal increased AUC and Cmax by 20% compared to a standard meal.
Administration of 80 mg CR capsule with sprinkled over applesauce following a standard
meal did not affect AUC but decreased Cmax by 20% compared to administration with a
- standard meal.

Compared to the administration of carvedilol CR under fasting conditions, a high fat meal
increased AUC and Cmax by 60% and 107%, respectively, as well as increased Tmax by
1 hour.

APPEARS THIS WAY
ON ORIGINAL
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Table 16. Food Increases the Bioavailability of Carvedilol

(Reference Table 7/Section 7.3/Study 376)

Parameter | Comparison | Point Estimate | 90% ClI
Fasted vs Standard Meal
AUC(0-1)1 AB 0.73 (064,083)
AUC(O-t)! AB 0.73 (064,083)
Cmax! AB 0.57 (049,067)
Tmax? (hr) AB -1.00 {-2.00,0.00)
High-fat Meal vs Standard Meal
AUC(04)! CB 1.18 (104,135} -
AUC(O-t) CcB 1.19 (104,135)
Cmax! CB 1.19 (1.02,1.39)
Tmax? (hr) CB 0.00 (-0.50,050)
High-fat Meal vs Fasted
AUC(0)" CA 1.62 (142, 184)
AUC(0)! CA 1.64 (144, 187)
Cmax! CA 2.07 (1.78,242)
Tmax? (hr} - C-A 1.00 (0.50,2.13)
App]esauce* Standard Meal vs Standard Meal
AUC(0-t)! DB 0.99 (0.87,1.12)
AUC{0-t)! DB 0.89 (087,1.13)
Cmax' DB 082 (070,096}
Tmax? (hr) DB 0.00 {-0.50,100)
1. Point esfimate represents the rafio of adjusted geometric means between regimens
2. Point esfimate represents the estimated median difference between regimens
Regimen: -
Al 80 mg intact catvedilol phosphate CR under fasting conditions 5
B: 80 mg intact carvedilol phosphate CR foliowing a standard meal
C: 80 mg intact carvedilol phosphate CR following a high fat meal
0: 80 mg carvedilol phosphate CR sprinkied on applesauce following a standard meal

Source Data: Table 7.1, Table 7.2 and Table 7.5 to Tabde 7.9

2.5.4 When would a fed BE study be appropriate and was one conducted?
Not applicable.

2.5.5 How do the dissolution conditions and specifications ensure in vivo
performance and quality of the product?

The proposed product dissolution method and proposed specification for the carvedilol
CR capsules are shown in Table,17. The CR component of the capsules or CR
microparticles .is designed to release carvedilol phosphate based on pH and time
dependent mechanisms. In 0.IN HCI dissolution media, the release profile presents a
delayed release for approximately 2 hours and a gradual release of carvedilol phosphate
in the next 22 hours from the CR components (Figure 14).

Based on the review of the submitted data, it is recommended to tighten the 8-h time
pointto ~— mean dissolution value for commercial and clinical batches, to change the
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last time point where at least 80% of drug has dissolved ..~

—,
-F -

“Table 17. Proposed Product Dissolution Method and Specification (described in

section 2.4.2.3.4/ m3.2.P.2. Pharmaceutical Development)

Dosage Form:
Strengt‘hs:'
Apparatus Type:
Media:

Media Volume
Rotation Speed
Sampling Times:

Brief Description of the .
Dissolution Analytical Method:

Dissolution Specification:

Capsule

10jmg, 20 mg, 40 mg, 80 mg

USP Apparatus II (paddle)

0.1 N hydrochloric acid (HCI), pH 1.1-1.2
900 mL at 37°C

100 —

o —

s/ /

Figure 14. Dissolution Profiles of Commercial Batches of Carvedilol CR.  ~———

—

(Reference Table 16 in section m3.2.P.5.4. Batch

Analyses)
USP Apparatus Il
0.1N HCL, 100 rpm
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256 If different strength formulations are not bioequivalent based on
standard criteria, what clinical safety and efficacy data support
approval of the various strengths of the to-be-marketed product?

A bioequivalence trial was not required for this submission. -

2.5.7 If the NDA is for a modified release formulation of an approved
immediate product without supportive safety and efficacy studies,
what dosing regimen changes are necessary, if any, in the presence
or absence of PKPD relationship?

Refer to the response to Section 2.2.4 for further details.

2.5.8 If unapproved products or altered approved products were used as
active controls, how is BE to the approved product demonstrated?
What is the basis for using either in vitro or in vivo data to evaluate
BE?

No active controls were used in phase 3 trials.

2.5.9 What are Significant, unresolved issues related to in vitro dissolution
or in vivo BA and BE need to be addressed.

Not applicable.

2.6 Analytical Section

2.6.1 How are the active moieties identified and measured in the plasma?

A total of four validated bioanalytical methods were used to support the pivotal
pharmacokinetic studies (Table 18).

e’

Table 18. Analytical Methods Utilized for Pivotal PK Studies
Studies Validation Validation | Reference Method Validation Procedure Facility
Report No. Type Summary of Changes
376 CD2005- Partial RSD-101SNO/1 Selectivity, sensitivity, [MGSK
00085-00 L. Simplify the assay | and linearity 709
procedure by Bias and precision Swedeland
utilizingan T as precis Rd.
mass spectrometer Processed samples King of
oy e ’ Prussia, PA
Dilution above ULQ 19406
400,903 { CD2003- Partial SKF105517- Selectivity, sensitivity, GSK
00592-00 HUPLVALA and linearity 709
' . .. Swedeland
Bias and precision
Rd.
Processed samples King of
Prussia, PA
19406
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367, 369, | CD2004- Partial CD2003-00592-00 Selectivity, sensitivity, GSK
902,906 | 01420-00 1. Reduce plasma and linearity 709
volume . . . Swedeland
Bias and precision Rd
2. EDTA vs. Heparin Ki ) £
human plasma - ing o
Prussia, PA
19406
902 CD2005/010 | Full - Selectivity, sensitivity, GSK
57/00 and linearity 709
Bi d isi Swedeland
ias and precision Rd.
Stability in analytical King of
solution Prussia, PA
Stability at RT 19406
Free-thaw
Processed samples
Dilution above ULQ
APPEARS THIS wAY
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2.6.2 Which metabolites have been selected for analysis and why?
The active metabolite, M4 (SB-203231), was selected for analysis in study 902 only.

2.6.3 For all moieties measured, is free; bound, or fotal measured?
Total carvedilol as well as its enantiomers, R(+) and S(-) carvedilol, were measured.

2.6.4 What bioanalytical methods are used to assess concentrations?

Table 19 summarizes the bioanalytical methods used for analysis.

Table 19. ’Summary of Bioanalytical Methods

Studies Validation Extraction from Plasma Method Analytes Plasma
Report No. Concentration
Range
376 CD2005- —_ asing | HPLC-M/MS using | SKF-105517 / -
00085-00 acetonitrile containing an | ap i
isotopically labeled
internal standard, [2H5]-
skf-105517.
Plasma volume: 50yl °
400,903 | CD2003- — using | HPLC-MS/MS SKF- /
00592-00 acetonitrile containing an | using a T 77 [ 105517-S
isotopically labeled TurbolonSpray SKF
internal standard, [2H5}- | interface and 105 5-1 7R
skf-105517 followed by —_ )
derivation using GITC e
Plasma volume: 150m
367,369, | CD2004- S . using | HPLC-MS/MS SKEF- ' /
902,906 | 01420-00 acetonitrile containing an | using a 105517-S ({
isotopically labeled TurbolonSpray SKF
internal standard, [2HS}- | interface 105 5-1 IR
skf-105517 followed by /o )
derivation using GITC {
Plasma volume: 100ul
902 CD2005- —_ HPLC-MS/MS SB-203231 /
01057-00 | using an isotopically using a /
labeled internal standard, | TurbolonSpray
[2H6]-sb-203231 interface —
\__/
Plasma volume: 100pl -
NDA 22-012 Page 39 of 194




5 Page(s) Withheld

/ Trade Secret / Cohﬁdential

Draft Labeling

Deliberative Process




3 DETAILED LABELING RECOMMENDATIONS

The Office of Clinical Pharmacology (OCP/DPE-1) has reviewed the package insert
labeling for carvedilol CR capsules and finds it acceptable pending the following
revisions shown in appendix 4.1. Strikethrough—text is recommended to be deleted and
underlined text is recommended to be added.

"
A
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4.2 Individual Study Reviews

4.2.1 Study 400 (Relative Bioavailability)

A Randomized, Single Dose, Three Period Crossover Study of the Bioavailability of Six
Carvedilol ———  Modified Release Formulation Capsules in Relation to COREG
Immediate Release Formulation (TILTAB) Tablets in Healthy Adult Subjects

Protocol Number: SK&F-105517/400

Investigator

-

Study Site: The study was conducted at a single site.

|/ )/

Study dates: 16 December 2003 — 08 March 2004

4.2.1.1 Objectives

Study objective was to estimate the relative bio'availability_of six different modified-
release formulations of 60 mg carvedilol compared to 1 x 25 mg q12h COREG

 4.2.1.2 Study Design - - : B

This was a randomized, open-label; single-dose, three-period-crossover study. Each
subject was randomized to one of 33 sequences to receive three of the seven regimens
under fed conditions (high fat meal).

Table A 1. Study Treatments

REGIMEN TREATMENT MICROPARTICLES "
= o
A 50 mg --
(2 x 12.5 mg ql2h) COREG

60 mg carvedilol CR

60 mg carvedilol CR

60 mg carvedilol CR

60 mg carvedilol CR

60 mg carvedifol CR

Ql m m| O O W

60 mg carvedilol CR

The pilot CR formulations —

Healthy adult male and female subjects were included in the study. Subject who were
poor metabolizers of CYP2D6 were excluded from participation.

42121 Formdlations

e e

NDA 22-012 ~ Page 74 of 194



Table A 2. Prodﬁcts used in SK&F-105517/400

TREATMENT DRUG PRODUCT DRUG SUBSTANCE FORMULATION
BATCH NUMBER | BATCH NUMBER

carvedilol [R 4263V41 : - 12.5 mg COREG® tablet

carvedilol CR 031014116 03K9-002 & 1055A1-02 -1 60 mg CR capsule

carvedilol CR 031014138 03K9-002 & 1055A1-02 60 mg CR capsule -

carvedilol CR 031014140 03K9-002 & 1055A1-02 60 mg CR capsule

carvedilol CR 031014145 03K9-002 & 1055A1-02 60 mg CR capsule .

carvedilol CR 031014147 03K9-002 & 1055A1-02 60 mg CR capsule /™

carvedilol CR 031014149 03K9-002 & 1055A1-02 60 mg CR capsuk

4.2.1.2.2 Pharmacokinetic Assessments

Blood samples were collected in heparinized tubes pre-dose and at 0.25, 0.5, 0.75, 1, 1.5,
2,3,4,5,6,7,8,9, 10, 11, 12, 14, 16, 18, 21, 24, 32, and 48 hours after administration of
the CR formulations. For the IR formulation (regimen A), blood samples were collected
pre-dose and at 0.25, 0.5,0.75, 1, 1.5, 2, 3,4,6,8,12,12.25,12.5, 12.75, 13, 13.5, 14,
15, 16, 18, 20, 24, 32 and 48 hours after administration.

Plasma R(+) and S(-) carvedilol concentrations were analyzed at GSK (Upper Merion,
PA) using a validated method based on HPLC-MS/MS (validation report
“CD2003/00592/00). The performance of the assays is shown in Table A 3.

Table A 3. Performance of Analytical Methodology (collection in heparin)

ANALYTE | METHOD | RANGE' LINEARITY LLOQ QC INTER- INTRA-
(NG/ML) | (CORRELATION | (NG/ML) | SAMPLES BATCH BATCH | .

COEFFICIENT) (NG/ML) | PRECISION | ACCURACY 4§

(%CV) (%RE) '

SKF- HPLC- ’
105517-S MS/MS
SKF- HPLC-

105517-R MS/MS \

Calibration range consisted of 10 spiked samples over the specified range.

Plasma concentrations were analyzed by standard noncompartmental methods. Following
loge-transformation, AUC(0-t), AUC(0-t") and Cmax of carvedilol were analyzed
separately by an ANOVA model, fitting subject, period and regimen. Point estimates and
90% confidence intervals for the ratios for the difference between B:A, C:A, D:A, E:A,
F:A and G:A were computed.

The within-subject coefficients of variation (CVw) for AUC(0-t), AUC(0-t") and Cmax
were calculated based on the log.-normal distribution:
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CVw (%) = sqrt [exp(MSE) — 1] x 100

. where MSE was the mean squared error obtained from the ANOVA.

4.2.1.2.3 Safety Assessments

Assessments of safety included adverse events, clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

4.2.1.3 Study Resuits

4.2.1.3.1 Subjects

A total of 36 subjects were enrolled and 30 (83%) completed the study. Four subjects
withdrew consent, one subject was withdrawn for positive urine test, and the other

subject was withdrawn due to decreased blood pressure. A summary of demographic data
is presented (Table 4A).

Table A 4. Demographic Summary (Reference Table 10/Section 6.4.1/Study 400)

| Parameter Age (years) Height (m) Weight (kg)
Subjects Mean 30 1.75 1804
n=36 Sk 9.1 0.08 12.8
Range 18-53 1.61-191 618— 1107

85% Male, 14% Female; 75% White, 19% Black, 6% Other
Source: Section 12, Table 12.2

4.2.1.3.2 Pharmacokinetic Results

The results of pharmacokinetic analysis are presented in Figures A1-A2 and Tables AS5-
A7.

0t

.‘\-‘,«"; v
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Figure A 1. Median Time Course of R-Carvedilol Plasma Concentrations (Reference
Figure 1/Section 7.0/Study 400)

100 3

Medlan R-carvedilof Plasma Concentration {ng/mb.}

—O=- Reg A - 25 mg COREG IR Q12H (n=28)
—@— Reg B - 60 mg MR Capsule’ »
~—a— Reg C - 60 mg MR Capsule

—p— Reg D - 60 mg MR Capsuk /
—m— Reg £ - 60 mg MR Capsute /
—@— Reg F - 60 mg MR Capsul |

—0— Reg G - 60 mg MR Capsule

Sounrce: Section 13, Table 13.8 — Table 13.14

20 30 40 50
Time {hr)

Va / a=12)

Lgan=12)
/ Sin=11§
{n=12)
(=11}

) (n=12)

Figure A 2. Median Time Course of S-Carvedilol Plasma Concentrations (Reference
Figure 2/Section 7.0/Study 400)

Median S-carvadilot Plasma Conc¢entration (ng/mL}

-—O— Reg A - 25 mg COREG (R Q12H (p=23)
—&— Reqg B - 60 mg MR Capsule {

—4&— Reg C - 60 mg MR Capsule-

—y— Reg D - 60 mg MR Capsule

—a— Reg E - 60 mg MR Capsule

—&— Reg F - 68 mg MR Capsule

—0— Reg G - 60 mg MR Capsute

Source: Section 13, Table 13.24 — Table 13.30
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Time (hr}
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Table A 5. Summary of PK Parameters for R- and S-Carvedilol (Reference Table
13/Section 7.0/Study 400)

Y

(R}-Parameter
A . B C D E F G
n=28) | (=12) | (n=12) (n 13) m=12) | (=11 (n 12)
AUCpy 3w - 480 300 K77 in
*hried } {133-801) (1%-1272y | (160-716) {182—839) {138-64% {156-10%) (1?3—1041)
AUCzx k5 I 478 300 350 3 37 342
(ng*hrfmd } {133-801; (1%6-1272) | (160715 {182-83%) {138-649) (153-701; {17311
Cx {ngfmlb) i 449 219 262 341 116 282
(1.28-11.55) | (164-1541) | (0839.26) | (084-125) {1.32-706) | (129640) | {(0.80-1226)
Ceex (rgiml) a1 %.1 443 478 400 528 484
) (157825 | (167-1615) | 258929 | (19415%.7) | (16 3—108 9 | 2151282 | (28.8-116.4)
tmes (he)? 150 600 450 502 500 500
050-302) | (300603 | 2006000 | (1.50-800) {1 52-5 0 | 2006.17) (2.00-6.00)
HVD (hri2 345 582 446 567 568 49 505
(188495 | (35382 | 257650 | (310111 211843 | (351686 (223841
Retard - 149 12% 210 184+ 1262 1532
Quotient? (114224 | (0%-1.723 | (112345 | (079274 (0.73-215) {068-277)
(8)-Parameter
AlCps 13 172 17 152 153 166 147
{ng*hrfml} {63-278) {4113 {68-281) {J2-263) {11-213) {83-273) (83321)
AUCry 13 171 1 150 147 160 144
{ng*hrimd ) (63-278) S-412 (63-281) {72-263) 65-213) (632731 {85-3713
Cat (ngfmt ) 202 Z18 o 138 162 211 - |39 T 1.
(10765% | (097612 | @70-293) | (045445 | 068379 | (107445 (108539
Cax (ng/ml) 16.1 - 184. - 166 180 163 k] 8.1 .
(667-36.% | (669610) | 952358 | (80348 ({22622} (9.60-39.9 (8.35-548)
tex (hr}'! 150 6.00 5.00 5.03 502 500 500
(0504000 | (150603 | (200600) | (1.50-800) {152600) | (200-6.17) (200640
HVD (hrf 320 576 465 558 6.32. 481 539
(162448 | (3471003 { (297-7.06) | (266-1028} | 2351410y | (270804} | (162933
Retard - 178 1414 2294 2194 1213 1814
Quotient? (1.10-3.06) (1.06-1.63} (1.104.02) {0.80-4.41) | {074-244) (0.58-2.50)
1. Presented as median {rangs) :
2. Presented as anthmefic mean (rarge}; HYD = Half- vatue duration
3 n-8
£ a=9
APPEARS THIS WAY
0N ORIGINAL
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Table A 6. Statistical Analyses of PK Parameters for R-Carvedilol (Reference Table
14/Section 7.0/Study 400)

Parameter Camparisen Point Estimate? 90% C! CVu%
AUCpq BA 1.12 (1.00, 1.26} 176
AUCpg BA 1.13 (1.00, 1.26) 17.¢
Crox B:A 1.18 {0.99, 1.44) 283
Ca2 BA 0.83 {065, 1.06) 371
fmax 8-A 3.00R% {1.50h, 4.50h} -
AUCqaq CA 100 (0.89, 1.12)
AUCpq CA 1.00 {0.80, 1.12)
Crmax CA 1.7 (0.98, 1.40)
Cad CA 0.69 {055, 0.87)
tmax C-A 3.24h8 {2.25h, 4.38h)
AUCayg O:A 1.10 {0.98, 1.23)
AUCps DA 1.10 {0.99, 1.23}
Canax DA 1.16 {0.97, 1.39)
Ca2 DA 0.86 {0.68, 1.08}
tmax D-A 4.00h3 {2.50h, 5.01h}
AUCpa EA 1.0 (0.98, 1.23}
AUCpn EA 1.08 {0.96, 1.20}
Comax EA 1.09 (0.91, 1.30)
G2 EA 0.98 {0.78, 1.24)
fenax E-A 3.24p3 {2000, 4271 .
AUCga F:A 1.01 {090, 1.14)
AUCpg FA 1.00 (089,112} |
Cemax FA 1.16 {0.97, 140}
Ca® F:A 0.74 _(0.58, 0.95)
tmax F-A 29203 {1.12h, 3.52h)
AUCumy GA 1.04 (0.93, 1.16)
AUCp+ GA 1.06 10.94, 1.17) £
Crmax GA 114 {0.95, 1.36) B
Ca? GA 07t {0.56,0.90) %
e G-A Z.63n% {1.750, 3.50h)
1. Represents the ratio of adjusted geometric means befween regimens ‘
2. R-carvedilol concentration at 24 hours post-dose
3. Represents the estimated median difference between regimens
APPEARS THIS WAY
ey Y R
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Table A 7. Statistical Analyses of PK Parameters for S-Carvedilol (Referehce'-Table
15/Section 7.0/Study 400)

Parameter Comparison Point Estimate! 90%Cl - CVwd

AUCpg BA 122 {1.07, 1.39) 198
AUCpy BA 123 {1.08, 1.38) 187
Crax BA 1.20 {0.98, 1.48) 3.6
Cad BA 1.02 (0.81,1.28) 349
fmax B-A 2.50hn¢ (1.00n, 4.50h) -
AUCpy CA 104 {0.92, 1.19)
AUCpy CA 1.06 (294, 1.19)
Crax CA 1.10 10.90, 1.34)
Cas? CA 0.78 {0.62, 0.97)
o C-A 3.38n% {2.75h, 4.50h)
AUCpy DA .16 - {102,139
AUCwn DA 1.16 (1.03, 1.31)
Crar DA 1.14 {0.941.40)
[ DA 0.95 {0.76, 1.18}
v DA 3.75h% {250, 4.76h)
AUCig EA . 119 {1.05,1.35
AUCRy EA 115 {1.02, 1.30)
Cmax EA 109 {0.90,1.33)
Caf EA 1.02 (0.82,1.27)
fa E-A 3.50n% (2.01h, 4.13h)
- AlCpq FA B 1.09 {095.124) .|
AUCEn FA 1.06 {0.94, 1.21)
Crax ~ FA i 1.16° 1094 183
Cos FA 086 {0.68, 1.09)
b F-& 3.03h¢ {1.12h, 3.75h)
AUCpy GA 1.09 {0.96, 1.24)
AUCeq GA 11t (0.98, 1.25)
Cmax GA 107 . {0.88, 1.31} .,
Casl GA 081 {065 1.01) 4
trmac G-4A 2950 (2.00h, 4.0h) %y

Represents the ratio of adjusted geometric means between regimens
S—carvediol concentration at 24 hours post-dose
3. Represents the estimafed median difference between regimens

Ao -

4.2.1.3.3 Safety Results

Twenty-two of 36 subjects (61.1%) experienced 57 adverse events. A summary of
adverse events is presented in Table A8. The investigator considered 37 of the AEs to be
related to study medication with orthostatic hypotension being the most frequently
reported.

&
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Table A 8. Summary of Adverse Events (Reference Table 11/Section 9.2)

Adverse Event Number of Subjects

(preferved term} Regimen
b E

Total

)

Crihostatic hypofension?
Headache?

Dizzinesg

[ Fypotensi

9

Hyperuricaemia 1

Lower respiratory tract infection

Musile cramgp

Musele Spasms

Neutrophilia

PCO2 abrarmal

Praryngolaryrigeal pain

Pyuria

Renal insufficiency

Somnclence

Tendonific

Venipuncfure site bruise

| Vendpuncture site haemorhage

Venipuncture site inflammation

Total Number of AEs

Number of Subjects with AEs

Number of Subjects Exposed

1. On= sukjact had arthastatic hypotersicn twice foll
orae for the purpase of this table, . -
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Twenty-three subjects experienced 121 instances of vital sign changes with decreases in
BP being most frequently reported. A total of 9 subjects met the criteria for orthostatic
hypotension as defined in the protocol (a reduction in SBP of 20mmHg or more and/or a
reduction of DBP of 10mmHg or more for standing vs. supine measurements). Decreases
in blood pressure is an expected finding based on the pharmacology of the drug. '

4.2.1.4 Sponsor’s Cohclusions

e Based on AUC, R-carvedilol exposure following administration of a single 60 mg
carvedilol MR capsule was generally comparable to that from a 25 mg COREG
IR tablet given Q12H, while Cmax was, on average, approximately 9-19% higher
for the 60 mg carvedilo! MR capsules.

e Based on AUC and Cmax, S-carvedilol exposure following administration of a
single60 mg carvedilol MR capsule was, on average, approximately 4 to 23% and -
7 to 20% higher, respectively, compared to a 25 mg COREG IR tablet given
QI12H. '

NDA 22-012 v Page 81 of 194



¢ Median tmax was approximately 3 to 4 hours longer for both R- and S-carvedilol
following administration of a single 60 mg carvedilol MR capsule compared to a
25 mg COREG IR tablet given Q12H.

¢ The COREG IR tablet formulation and the six MR capsule formulations were
tolerated by healthy adult males and females.

¢ Decreases in blood pressure and orthostatic hypotension are consistent with the
known pharmacology of carvedilol in normotensive volunteers.

4.2.1.5 Reviewer’'s Comments on Study 400

The single dose relative bioavailability T Te——— is
approximately 81% for R(+) carvedilol and 89% for S(-) carvedilol. This study used the
final formulation (Regimen E) of carvedilol CR but with a slightly lower amount of drug

substance /,\\_

RPPEARS THIS WAY
ON ORIGINAL
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. 4.2.2 Study 376 (Food Effect)

A Study To Investigate The Effect Of Food And The Effect Of A Sprinkle Dose Regimen
On The Pharmacokinetics Of The Carvedilol Phosphate Modified Release Capsule In
Healthy Adult Subjects

Protocol Number: SK&F-105517/376

[nvestigator: / /

Study Site: The study was conducted at a single site.
Study dates: 24 January — 22 March 2005

4.2.2.1 Objectives

Following administration of a single dose of 80 mg of carvedilol CR to healthy
volunteers, study objectives were to describe the pharmacokinetics under fasting
conditions, with a high fat meal, and in a sprinkle-dose regimen using applesauce.

4.2.2.2 Study Design

This was a randomized, open-label, single-dose, four-period study. Each subject received
one the following regimens: '

* 80 mg carvedilol CR under fasting conditions.

* 80 mg carvedilol CR 30 minutes after the start of a high fat meal. The high fat
breakfast (meal was equivalent to 1020 calories; 58g Carbqhydrates, 33g protein,
58-75 g fat) consisted of the following: 2 eggs cooked in butter, 2 strips of bacon,
2 pieces of toast, 2 teaspoons of butter, 4 ounces of hash brown potatoes and 8
ounces of whole milk. )

¢ 80 mg carvedilol CR 30 minutes after the start of a standard meal. The standard
moderate calorie breakfast (meal was equivalent to approximately 490 calories,
77g carbohydrates, 28g protein, and 13g of fat) consisted of the following: cereal
(Corn Flakes or Special K), 200 ml skim milk, 1 strip of bacon (grilled), 1 egg
scrambled in milk, 2 slices of toast, 1 teaspoon of butter and % cup of fruit juice
(apple or orange). )

¢ 80 mg carvedilol CR sprinkled with applesauce administered 30 minutes after the
start of a standard meal. The contents of one 80 mg carvedilol phosphate CR
capsule were sprinkled on 1 tablespoon of applesauce in a dish. The capsule was
opened by slightly squeezing the capsule cap and body and carefully pulling them
apart over the applesauce. A second tablespoon of applesauce was then added to
the dish and the particles were folded into the applesauce. Subjects were to have
swallowed the applesauce without chewing, along with 240 mL of tepid water.

Healthy adult male and female subjects were included in the study.
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4.2.2.2.1 Formulations
Table A 9. Products used in SK&F-105517/376

FORMULATIONS

DRUG PRODUCT DRUG SUBSTANCE
BATCH NUMBER BATCH NUMBER

CR FORMULATION

carvedilol CR

X7194

SK&F105517-D
03K9-003

80 mg CR capsule —

4.2.2.2.2 Pharmacokinetic Assessments

Blood samples were collected pre-dose and at 0.25, 0.5, 0.75, 1, 1.5, 2,3,4,5,6,7,8,9
10, 12, 18, 24, 32, and 48 hours after administration.

Plasma total carvedilol concentrations were analyzed at GSK (Upper Merion, PA) using a
validated method based on HPL.C-MS/MS (validation report CD2005/00085/00) The

performance of the assays is shown in Table A 10.

Table A 10. Performance of Analytical Methodology

ANALYTE | METHOD
SKF- HPLC-
105517 MS/MS

RANGE!
(NG/ML)

QC INTER- INTER-

LINEARITY LLOQ
(CORRELATION | (NG/ML) | SAMPLES BATCH BATCH
COEFFICIENT) (NG/ML) | PRECISION | ACCURACY
(%CV) (%RE)

! Calibration range consisted of 10 spiked samples over the specified range.

e

/

Plasma concentrations were analyzed by standard noncompartmental methods.
Following log.-transformation, AUC(0-t), AUC(0-t’) and Cmax of carvedilol for the
carvedilol CR capsule were analyzed separately by analysis of variance (ANOVA) using
a mixed effects model fitting fixed effect terms for sequence, period and regimen, and
fitting subject (sequence) as a random effect.

. The within-subject coefficients of variation (CVw) for AUC(0-t), AUC(0-t’) and Cmax
were calculated based on the loge-normal distribution:

CVw (%) = sqrt [exp(MSE) — 1] x 100
where MSE was the mean squared error obtained from the ANOVA.

4.2.2.2.3 Safety Assessments

Assessments of safety included adverse events, clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

NDA 22-012

Page 84 of 194

"
ar



4.2.2.3 Study Results

4.2.2.3.1 Subjects

A total of 22 subjects were enrolled and 19 (86.4 %) completed the study. The 3 subjects
who did not complete the study withdrew voluntarily. A summary of demographic data is

presented in the following table.

Table A 11. Demographic Summary (Reference Table 4/Section 6.4.1/Study 376)

Group Parameter | Age Height Weight
(years) {cm) (kg)
All Subjects Mean 346 174.3 857
n=22 SD 115 8.75 15.56
Range 19-53 152.0-193.0 550-1145

18% Female, 82% Male; 73% White, 23% Black, 5% Mixed Race.

Source: Table 6.4 and Table §.5.

No enrolled subjects were poor metabolizers of CYP2D6.

4.2.2.3.2 Pharmacokinetic Results
Food increases the exposure to carvedilol as shown in Table A 12 and Table A 13.

Table A 12. Summary of PK Parameters (Reference Table 67/Section 7.2/Study 376)

Regimen/
Condition

N .

AUC(0-t)
{ng-hrimL}

AUC(0€)
{ng-hr/mL)

Cmax
{ng/mb)

Tmax

{hrf

A
Fasted

19

430 (454)

419 (44 8)

401(476)

4.00 (0.50-7.00}

B
Standard
Meal

18

584 (45 5)

574 (45 8)

695 (504)

5.00 (2.00-7.00)

C
High Fat
Meal

703 (48 4)

695 (48.1)

829 (521}

450 (2.00-8.02)

D
Sprinkled
with
Standard
Meal

585 (435)

577 (43.6)

57 6 (49.9)

1. Geometric mean (CVb%)
2. Median {range)

NDA 22-012
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Table A 13. Statistical Analyses of PK Parameters (Reference Table
7/Section 7.3/Study 376)

Parameter | Comparison | Point Estimate | 90% Ct
Fasted vs Standard Meal
AUC(0-t! AB 0.73 (064,083}
AUC{0-t)? AB 0.73 (064,083)
Cmax! AB 0.57 (0.49,067)
Tmax2 (hr) AB -1.00 {(-2.00.0.00)
High-fat Meal vs Standard Meal _
AUC(04H)! CB 1.18 (1.04.135)
AUC{G-t)! CB ' 1.19 {1.04,1.35}
Cmax! CcB 1.18 (1.02,139)
Tmax? (hr) CB 0.00 (-0.50,0.50)
, High-fat Meal vs Fasted '
AUcC{o-t)! CA 1.62 : (142, 184)
AUC(0-£) CA 164 (144,187)
Cmax! CA 2.07 (1.78,242)
Tmax2 (hr) C-A 1.00 {-050,2.13)
Applesauce + Standard Meal vs Standard Meal
AUC(0-H)! DB 099 (0.87,112)
AUC({0-t) DB 099 {087,113}
Cmax! 0B 0.82 (0.70,096 )
Tmax? (he) DB 0.00 (-0.50,1.00}

1. Point estimate represents the ratio of adjusted geometric means between regimens
2. Point estimate represents the estimated med!an difference between reglmens

Regimen:
A 80 myg intact carvedilo! phosphate CR under fasting conditions ~ o
B: 80 mg intact carvedilol phosphate CR following a standard meal
C: 80 myg intact carvedilo! phosphate CR following a high fat meal
D 89 myg carvedilol phosphate CR sprinkled on applesauce following a standatd meal

Source Data: Table 7.1, Tabtle 7.2 and Table 7.5 to Table 7.9. N

~

Within-subject variability for pharmacokinetic parameters was less than 30%.

4.2.2.3.3 Safety Resullts

Thirteen of 22 subjects (59%) experienced 32 adverse events. A summary of adverse
events is presented in Table A 14. The investigator considered 11 of the AEs to be related
to study medication with dizziness being the most frequently reported.
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Table A 14. Summary of Adverse Events (Reference Table 9/Section 8.2/Study 376)

Adverse Event Number of Subjects

Regimen

{Prefecred Term) A B C D Totat
: Fasted | Standard | High Fat | Sprinkled

Meal Meal with Meal

1 3B

~

Dizziness

Headache

Aknormal Dreams

Chapped Lips

Constipation

Contusion

Dysmeroerthea

Erythema

Haiulence

Hematoma

Nagopharyngitis.

Naucea

Paranasal Smus Hypersecretion
Pyrexia

Sinus Congestian

Throat lintation

Upper Respiratory Tract Infection
Ventricular Hyperirophy

Vision Blurred

Vomiting

Total Number of AEs

Number of Subjects with AEs - 6 -
Number of Subjects Exposed 2 20 28 )
Regimen A: 80 mg intact carvedill phosphate CR under &sting condiians; Regimen 8: 83 mg intsct canvedilal
phasphate CR following & standard meal; Regimen C: 80 mg intact carvediiol phosphaie CR fofowing a Hgh fal meal;
Regmen D: 80 mg carvediol ghosghate CR sprinkled on applesauce folloatng 3 standard mea.

Fifteen subjects had 38 instances of sitting vital sign changes. Decreases in blood
pressure is an expected finding based on the pharmacology of the drug.
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4.2.2.4 Sponsor’s Conclusions

e Administration of carvedilol CR with a high fat meal increased AUC and Cmax
by 20% compared to administration of a standard meal.

¢ Administration of carvedilol CR under fasting conditions resulted in a 27% and
43% decrease in AUC and Cmayx, respectively, compared to administration of a
standard meal.

e Administration of carvedilo! CR with applesauce following a standard meal did
not effect AUC by decreased Cmax by 20% compared to administration of a
standard meal.

o Carvedilol CR when administered under fasting and fed conditions is well
tolerated. The most frequent reported events were dizziness and headache which
are known AEs of carvedilol IR.
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4.2.2.5 Reviewer’s Comments on Study 376 :
The current label for Coreg states that immediate release formulation should be taken
with food to slow the rate of absorption and reduce the incidence of orthostatic effects.
The bioavailability of the IR formulation does not change in the presence of food.

It is recommended that the CR formulation is administered with food even though the
median time to peak concentrations with the CR formulation is 5 hours after dosing. Peak
concentrations increase by 20% when carvedilol CR is administered with a high fat meal
and decrease by 40% when administered under fasting conditions. To minimize the inter-
fluctuation in plasma concentrations, the reviewer concurs that carvedilol should be taken
with food.

This study provides evidence that dose dumping does not occur when carvedilol CR is
administered with a high-fat meal, or sprinkled with applesauce.

APPEARS THIS WAY .
ON ORIGINAL
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4.2.3 Study 903 (Dose Proportionality)

A Single Oral Dose Study to Assess the Dose Proportionality of Carvedilol Phosphate
CR Capsules in Healthy Adult Subjects

Protocol Number: SK&F-105517/903
[nvestigator: —_—

Study Site: The study was conducted at a single site.

Study dates: 06 October 2004 — 13 January 2005

4.2.3.1 Objectives

Study objective was to assess the dose proportionality of carvedilol CR capsules at doses
of 10 mg, 20 mg, 40 mg and 80 mg.

4.2.3.2 Study Design
This was a randomized, open-label, single-dose, dose-rising, four-period study. Each

- subject received one the following regimen. Each subject received 10 mg, 20 mg, 40 mg

and 80 mg under fed conditions (moderate calorie breakfast, standacdmeal) ina
crossover fashion. : e e

Healthy adult male and female subjects were included in the study. Subject who were
poor metabolizers of CYP2D6 were excluded from participation.

42321 Formulations

The carvedilol phosphase CR capsules are filled with carvedilol phosphase -
drug layered immediate release microparticles (IRp) and carvedilol phosphate
—  CRmicroparticles that were layered then coated witha ——

adtad”

Table A 15. Products used in SK&F—105517/903

FORMULATIONS | DRUG PRODUCT | DRUG SUBSTANCE CR FORMULATION
BATCH NUMBER | BATCH NUMBER

carvedilol CR X4553 03K9-004 & 03K9-005 10 mg CR capsule (/)
X4544 03K9-004 & 03K9-005 20 mg CR capsule ( )
X4551 03K9-004 & 03K9-005 40 mg CR capsule ( / )
X4552 03K9-004 & 03K9-005 80 mg CR capsulé (/)

4.2.3.2.2 Pharmacokinetic Assessments

Blood samples were collected pre-dose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4,5, 6, 7, 8, 10,
12, 18, 24, 32, and 48 hours after administration.
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Plasma R- and S-carvedilol concentrations were analyzed at GSK (Upper Merion, PA)
using a validated method based on HPLC-MS/MS (validation report CD2003/00592/00).

The performance of the assays is shown in Table A 16.

Table A 16. Performance of Analytical Methodology

ANALYTE | METHOD | RANGE' LINEARITY [ LLOQ QC INTER-
(NG/ML) | (CORRELATION | (NG/ML) | SAMPLES BATCH

(%CV)

COEFFICIENT) ' (NG/ML) | PRECISION | ACCURACY

SKF- HPLC-
105517-S MS/MS

SKF- HPLC-

105517-R MS/MS ' »

T Calibration range consisted of 10 spiked samples over the specified range.

Plasma concentrations were analyzed by standard noncompartmental methods. Following
log.-transformation, AUC(0-t), AUC(O -t’) and Cmax of carvedilol were analyzed
separately by a power model to assess dose-proportionality. Point estlmates and
associated 90% confidence intervals were constructed for slopes

An ANOVA model was also considered. A mixed effects model fitting fixed effect terms
for sequence, period and regimen, and fitting subject (sequence) as a random effect was
used to compute point estimates and 90% confidence intervals for the ratios of dose-
normalized AUC(0-t), AUC(0-t") and Cmax. )

The within-subject coefficients of variation (CVw) for AUC(0-t), AUC(0-t”) and Cmax
were calculated based on the loge-normal distribution:

CVw (%) = sqrt [exp(MSE) — 1] x 100
where MSE was the mean squared erfor obtained from the ANOVA.

4.2.3.2.3 Safety Assessments

Assessments of safety included adverse events, clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

4.2.3.3 Study Resulits

4.2.3.3.1 Subjects

A total of 40 subjects were enrolled and 38 (95%) completed the study. One subject had a
positive UDS and was withdrawn from the study and the other subject was withdrawn
since enrollment goal was reached. A summary of demographic data is presented in the
following table. :
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Table A 17. ‘Demographic Summary (Reference Table 9/Section 6.4.1/Study 903)

Group Parameter Age Height Weight
: (years) (m) (kg)
All Subjects Mean 329 1.68 745
n=40 sD 95 0.09 10.2
Range 18-54 149-1.84 60.1-98.0

55% Male, 45% Female .
60% Non Hispanic or Lafino, 40% Hispanic or Lafino
15% African Amencan, 78% White, 8% Mixed race

Source: Table 6.1, Table 6.5, Table 6.6

4.2.3.3.2 Pharmacokinetic Results

The exposure to R- and S-carvedilol increases proportionally with dose. The results of
pharmacokinetic analysis is shown in Table A 18 to Table A 21. Within-subject
variability for pharmacokinetic parameters was less than 30%.

Table A 18. Summary of PK Parameters for R-Carvedilol (Reference Table
10/Section 7.2/Study 903)

AUC(0-1)

o ot
A

Dose’ N AUC(0-t") Cmax
(ng-h/ml) | (ng-himL} (ng/mL) tmax (h)?
10 mg 39 B4(720) | 334(720) | 491627 | 500
' (2.00-8.03)
20 mg 39 735(4.1) | 684665 | 990(58.1) 5.00
. . ~ (2.00-8.00)
40 mg 39 158 (60.0) 141 (67 1) 20.8 (56.6) 500
" (1.50-6.02)
80 mg 38 328 (56.2) 291 (63.4) 435(54.4) ~ 500
(2.00-8.00}
Source: Table 74
1. Geometric mean (between subject CV%)
2. Single oral dose of carvedilot phosphate CR capsule
3. Median (range) .
APPEARS THIS waY
ON ORIGINAL
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Table A 19. Summary of PK Paraméters for S-Carvedilol (Reference Table
11/Section 7.3/Study 903)

Dose” N AUC(0-t) AUC(0-t) Cmax tmax
| (nghiml) | (nghml) | (ng/mL} )

10 mg 39 13.0 (56.6) 13.0 (56.6) 1.86 (54.6) 6.00
) {2.00-8.03)

20 mg 39 326 (45.4) 275(05) | 3.97(50.4) 500
{2.00-8.00)

40 mg 39 740 (44.1) 582 (54.9) 8.42 (50.5) 500
{1.50-7.00)

80 mg 38 155 (37.9) 120 (50.7) 17.8 (45.1) 5.00
' {2.00-8.00}

Source: Table 75

1. Geomelic mean (between subject CV%)
2. Singte oral dose of carvedilol phosphate CR capsule
3. Median (range)

Table A 20. Statistical Analyses of PK Parameters: Power Model (Reference Table
7/Section 7.3/Study 903)

Parameter | Effect | PointEstimate | 90% CI
R{+)-carvedilol L
- AUC(0-t) Log (dose} 111 {-...{108,1.14)
AUC(O-t) Log(dose) 1.06 (1.03, 1.09)
Cmax Log (dose) 1.06 (1.02.1.11)
S(-)-carvedilol
AUC(0-t} Log (dose} 1.20 (1.17.1.23) ‘
AUC(0-1) Log (dose) 108 (1.05,1.11) %y
Cmax Log(dose) 1.09 (1.051.14) %
APPEARS THIS WAY
ON ORIGINAL
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Table A 21. Statistical Analyses of PK Parameters:ANOVA Model (Reference Table

7/Section 7.3/Study 903)

Parameter [ Comparison | PoinfEstimate |  90%Cl | CVu{%)
R{#}-carvedilol
AUC{o-! BIA 1.10 {1.03, 1.18} 18.4%
CIA 119 {(111.1.27)
DiA 127 {1.18,1.3)
AUC(OLY BIA 102 10.96,1.10 16.0%
CiA 1.06 (0.93113)
DA 1.13 {1.05,1.20)
Cmax' BIA 101 (0.91.1.11} 26.7%
CiA 1.06 {0.96,1.17)
. DIA 1.3 {1.03,1.25)
Tmarc B-A 0.0 (-0.04,0.50)
CA 0.50 {-1.000.02)
0-A -0.49 {-0.51,0.00)
S{-) carvedilol
AUC(Y) RIA » 125 (1.17,1.34) 185%
Cia 142 {1.33.1.52)
DIt 1.52 {1.42.1.63) :
AUC(OHY BIA 1.08 {0.93, 1.13) 17 6%
Cla 1.12 (1.05,1.19)
DIA 1.18 (1.11.1.26)
Cmax’ BIA 107 (0.96,1.18) 27.7%
ClA 113 (102135 |- -
DIA 12 (1.10,135)
tmax BA 0.00 (0040497 |-
C-A 451 {-1.00,007)
oA 050 {-0.53.0.00)

Source: Table 72 and Table 7.3

1. Pointestimate reprecents ratio of adjusted geometric means befiveen regimens.

2. Paint esfimate represents esfimated median difference hetween regimens.
Regimen A- Single oral doge of carvediol phiosphate CR capsute 10 my
Regimen B Single oral doge of carvadilol phosphate CR capsule 20 my
Regimen C: Singlz oral dose of carveditol phosphate CR capsule 40 mg
Regimen D Single oral dose of carvedilol phosphats CR capsule B0 mg

4.2.3.3.3 Safety Results

Nineteen of 40 subjects (47.5%) expeﬁenced 39 adverse events. A summary of adverse
events is presented in Table A 22. The investigator considered 26 of the AEs to be related

to study medication with headache being the most frequently reported.
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Table A 22. Summary of Adverse Events (Reference Table 15/Section 8.2/Study 903)

Adverse Event Number of Subjects
Regimen {mg CR carvedilol)

Preferred Term) A (16) B (20} € {40) D (80) Total
Headache 2 4 5 3 10
Dizziness 2 2 1 1 5
Eievated Mood 0 1 0 2 3
Nausea 0 1 0 2 2
Abdominal Pain 0 f A 0 2

algia 1 1 0 0 2
Anxitiety 1 0 0 0 1
Cough 0 1 0 0 1
Diarthoea 1 1. 0 0 1

| Fatigue 0 1 @ 0 1
Laceration 0 1 0 0 1
Nasal Cangestion 0 1 0 0 1
Nasopharyngitis 0 0 1 0 1
Pollakiuria 0 0 0 1 1
Venipuncture Site Pain 1 0 0 0 1
Total Number of AEs 7 15 8 9 39
Number (%) of Subjects with AEs | 6 (15) 9 (23) 6 (15 | 821y -| 19 (47.5)
Number of Subejcts Exposed 40 39 33| 38 40

L. One subject experienced this AE more than once after administration of this same regimen. For the purposes
of this table, no AE was counted mote than once for each subject per treatment, but each AE is listed
individuatly in the source of this table. .

Source: Tabie 6.7, Table 8.1 and Table 8.2

Eleven subjects experienced 38 instances of sitting vital sign clfanges. No subject met the »}‘ ,
criteria for orthostatic hypotension. Decreases in blood pressure is an expected finding ¥
based on the pharmacology of the drug.

4.2.3.4 Sponsor’s Conclusions

* There was approximate dose proportional increases in Cmax and AUC of R- and
S-carvedilol enantiomers with increasing single oral doses of the CR formulation.

4.2.3.5 Reviewer's Comments on Study 903
This study provides evidence of dose proportionality.
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4.2.4 Study 906 (Diurnal Variation)

An Open-Label, Single Dose, Three Session, Partially Randomized, Crossover Study to
Assess Morning and Evening Dosing of Carvedilol Phosphate MR Capsules in Healthy
Adult Subjects :

Protocol Number: SK&F-105517/906

Investigator:

Study Site: The study was conducted at a single site.

/
Study dates: 10 January 2005 — 28 February 2005

4.2.4.1 Objectives

Study objective was to assess the diurnal variation in the pharmacokinetics of 80 mg
carvedilol CR capsule administered as a single dose under fed conditions.

4.2.4.2 Study Design

This was a partially-randomized, open-label, single-dose, dose-rising, three-period
crossover study. Each subject was randomized to ABA or BAA: = __ .

A. 80 mg carvedilol CR administered under fed conditions ifi the miorning
B. 80 mg carvedilol CR administered under fed conditions in the evening
Healthy adult male and female subjects were included in the study. Subject who were

poor metabolizers of CYP2D6 were excluded from partxcnpatlon

4.2.4.2.1 Formulations

The carvedilol phosphase CR capsules are filled with carvedilol phosphase: —
drug layered immediate release microparticles (IRp) and carvedilol phosphate
—— _ _R microparticles that were layered then coated with — "

_ The formulation used in this study is the final CR formulation. -
Table A 23. Products used in SK&F-105517/906

At

FORMULATIONS | DRUG PRODUCT | DRUG SUBSTANCE CR FORMULATION
BATCH NUMBER | BATCH NUMBER :

carvedilol CR 1 X7194 03K9-003 80 mg CR capsule ___

4.2.4.2.2 Pharmacokinetic Assessments
Blood samples were collected pre-dose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3,4, 5, 6, 7, 8, 9,
10, 12, 18, 24, 32, and 48 hours after administration.

Plasma R- and S-carvedilo! concentrations were analyzed-at GSK (Upper Merion, PA)
using a validated method based on HPLC-MS/MS (validation report CD2004/01420/00).
The performance of the assays is shown in Table A 24.
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Table A 24. Performance of Analytical Methodology (collection in EDTA)

ANALYTE | METHOD | RANGE' | LINEARITY LLOQ QC INTRA- INTRA-
(NG/ML) | (CORRELATION | (NG/ML) | SAMPLES | BATCH BATCH
COEFFICIENT) (NG/ML) | PRECISION | ACCURACY
(%CV) (%RE)
SKF- HPLC-

105517 | MSMS / /
SKF- HPLC-
105517-R | MS/MS

' Calibration range consisted of 10 spiked samples over the specified range

Plasma concentrations were analyzed by standard noncompartmental methods. A mixed
effects model fitting fixed effect terms for sequence, period and regimen, and fitting
subject as a random effect was used to compute point estimates and 90% confidence
intervals for the ratios for the difference PM-AM dosing for AUC(0-00) AUC(0-t),

~ AUC(0-t’) and Cmax.

The within-subject coefficients of variation (CVw) for AUC(O-t) AUC(O t ) and Cmax
were calculated based on the loge-normal distribution:

CVw (%) = sqrt [exp(MSE) — 1] x 100
where MSE was the mean squared error obtained from the ANOVA.

4.2.4.2.3 Safety Assessments

. . . Al
Assessments of safety included adverse events, clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

4.2.4.3 Study Results

4.2.4.3.1 Subjects

A total of 22 subjects were enrolled and 20 (91%) completed the study. One subjeét
withdrew consent and the other subject was withdrawn due to a pre-dose SBP
<110 mmHg. A summary of demographic data is presented (Table A 25).
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Table A 25. Demographic Summary (Reference Table 5/Section 6.4.1/Study 906)

Parameter Age (years) Height (m) Weight (kg)
Subjects Mean 322 1.74 81.1
n=22 SD 11.25 0.08 {114

Range 18 -50 161-192 645-1018

68% Male, 32% Female: 86% White, 14% African American; 5% Hispanic or Latino, 95% Not Hispanic or Lafino

1. Table 64 incomrectly reports that the weight of Subject 017 was 30.9 kg. The actual weight of Subject 017, which
was used in these calculations, was 959 kg.
Source: Table 6.3, Table 6.4, Table 6.5

4.2.4.3.2 Pharmacokinetic Results

The exposure to R- and S-carvedilol was decreased by approximately 10% for AUC and
<20% for Cmax when administered as a single oral dose in the evening compared to
morning administration. There was also a delay in Tmax. The results of pharmacokinetic
analysis are shown in Table A 26 to Table A 29. Overall, within-subject variability for
pharmacokinetic parameters was less than 32%.

Table A 26. Summary of PK Parameters for R-Carvedilol (Reference Table -
6/Section 8.1/Study 906)

Regimen N AUC{0-t) AUC(0-t?) Cmax tmax
(nghriml) | (nghrimL) (ng/mL) {hr}?
A{Admin 1) | 22 378(676) | 369(69.3) 439(578) | 5.00(1.50-8.00)
A(Admin2) | 20 398 (676) | 393(68.7) 479(647) 1 500(3.00-8.00)
B 22 |. 347(58.6) 343 (60.5} 37.3(66.5) 7.00 (3.00-10.00)
1. Geomefric mean (CVb%)
2. Median (range) : X
Regimen A 80 mg carvedilol phosphate CR administered in morning under fed conditions.

Regimen B: 80 mg carvedilol phiosphate CR administered in evening under fed tonditiohs
Source Data: Table 8.3

Table A 27. Summary of PK Parameters for S-Carvedilol (Reference Table
7/Section 8.2/Study 906)

Regimen N AUC(0-) "~ AUC(0-t) Cmax tmax
{ng-hr/mL) {ng-hefmL) {ng/mL) (hr)?
A(Admin1) | 22 | 151(872) 151 (59.0) 16.6 (55.0) 5.00 (1.50-8.00)
A{Admin2) | 20 | 168 (57.0) 166 (57 4) 18.7 (62.4) 5.00 (3.006.00)
B 22 | 143 (50.8) 140 (54.8) 135 (58.6) 7.00 (3.00-10.00)

1. Geometric mean (CVb%)
2. Median (range) ‘
Regimen A- 80 mg carveditol phosphate CR administered in moming under fed conditions
Regimen B: 80 mg carvedilol phosphate CR administered in evening under fed conditions
Saurce Data: Table 8.4
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Table A 28. Statistical Analyses of PK Parameters: Assessment of Evening to Morning
Administration (Reference Table 8/Section 8.3/Study 906)

Parameter Comparison of | Point Estimate! 90% Ci CVw%
Interest '
R(H)-CARVEDILOL
AUC(0-Y) B:A 0.92 (0.81,1.04) 238
AUC(0-t) B:A 0.93 (0.82 ,1.05) 238
Cmax B:A 0.85 (0.72 1.00) 313
tmax B-A 1.60 hr? (1.00, 2.50)
S(-}-CARVEDILOL
AUC(0-t) B:A 0.91 (0.80,1.03) 245
AUC(0-t) B:A 0.92 {0.81 ,1.05) 250
Cmax B:A 081 (0.69 ,0.96) 320
tmax B- 1.50 hi2 (0.56, 2.50)

1. Point estimate represents rafio of adjusted geometric means between regimens.

2. Point estimate represents estimated median difference between regimens.

Regimen A- 80 mg carvedilol phosphate CR administered in moming under fed condiions
Regimen B: 80 myg carvedilol phosphate CR administered in evening under fed conditions
Source Data: Table 8.5, Table 8.6, and Table 8.9

Table A 29. Statistical Analyses of PK Parameters: Assessmeérnt of Within-Subject Inter-
Day Variability (Reference Table 9/Section 8.3/Study 906)

Parameter Comparison of Point Estimate’ 90% Cl CVw%
Interest ‘ )

: v R{t)-carvedilol %y
AUC(0-4) Admin? - AdminiZ 1.00 (0.93 1.09) 147 y
AUC(0-t} © Admin2 : Admint?2 1.02 (0.94 1.11) 148 T

Cmax ’ Admin2 : Admin {2 1.07 (0.93 ,1.23) 26.0
fmax Admin? - Admin12 0.00 hr {-0.50,0.51)
: *-§(-)-carvedilol o
AUC(0) Admin2 - Admini?__ 103 (095 1.13) 159
AUC(0-t) Admin? - AdmintZ 105 (0.96 .1.15) 165
Cmax Admin2 : Admin{? 1.11 (0.95,1.31) 299
tmax Admin2 - Admin1? 0.00 hr (-1.00,0.01)

1. Point estimate represents ratio of adjusted geometric means between regimens.

2. Admin1 and Admin2 represent the first and second dosing occasions, respecfively of 80 mg carvedilol
phosphate CR dosed in morning under fed conditions (Regimen A).

3. Point estimate represents estimated median difference befween regimens.

Source Data: Table 8.7, Table 8.8. and Table 8.10

4.2.4.3.3 Safety Results

Sixteen of 22 subjects (72.7%) experienced 57 adverse events. A summary of adverse
events is presented in Table A 30. The investigator considered 16 of the AEs tobe related
to study medication with headache being the most frequently reported. All treatment-
related AEs resolved before the completion of the study.
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Table A 30. Summary of Adverse Events (Reference Table 11/Section 9.2)

Adverse Event Number of Subjects
(preferred term} Time of Administration (Regimen}
Moming Evening Total
Regimen A! Regimen B
Headache i g3 3 8
Biood pressure fluctuation : 3 42 [3
Nausea 2 5 &
Dizziness 3 2 4
Dyspepsia 2 1 3
Chest discomort 2 a 2
Arthropod bite 1] 1 i
Asthenia 1 ] 1
Chest walt pain 1 Q 1
Conslipation 1 a 1
Cough 1 0 1
Dizziness poshural [ 1 1
Enythema t a 1
Excoriation . G 1 1
Gastrossophageal reflux dsease 1 1] 1
| Hyperhidrosis { 0 1
Myalga 1 ] 1
Keck pain 1 9 1
Noctusia 1 a 1
Orthostatic hypotension ¢ i 1
Pharyngelaryngeal pain 1 e 1
Pyrexia 1 0 1
Rhinorrhicea ] 1 1 B
Sinwg congestion: ¢ 1 i .
Tinnitusg 1. . a e e il i
Vomiing 1 Q 1
Total Number of AEs 36 21 57
Number of Subjects with AEs 13 11 16
Number of Subjects Exposed 22 22 22
Number of Subject Sessions 7] 22 64
1. Subjects were admiristered Ragimen A in two sessions . .
2. Oneor more subjects repoded this AZ more than once in the same session. For the purpases of this fable, AEs %
reparied by one sutject in the same session are counfed cice. N
3. One or more subjecks reporad this AR foflowing dosing wih this regimen i more than one session. For e ¥

pusposes of this tshie, AEs reporied by one subject in dffevent sessions are counted separsiefy.

Regimen A: 80 my carvediled phosphate CR adminisiered in moeming under $ad condiiors

Regimen: B: 80 myg carvedill phasphate CR admirdsiered in evening under fed condifions
Twelve subjects experienced 52 instances of sitting vital sign changes with decreases in
BP being most frequently reported. A total of 6 subjects met the criteria for orthostatic
hypotension as defined in the protocol (a reduction in SBP of 20mmHg or more and/or a
_ reduction of DBP of 10mmHg or more for standing vs. supine measurements). Only one
of these subjects was symptomatic and the other five were considered asymptomatic.
Decreases in blood pressure is an expected finding based on the pharmacology of the
drug.

4.2.4.4 Sponsor’s Conclusions
¢ Evening administration of carvedilol CR resulted in an approximate 10% decrease
in AUC of both R(+)- and S(-)-carvedilol and a 15% to 19% decrease in Cmax of
both R(+)- and S(-)-carvedilol compared to morning administration. Additionally,
there was a decrease in the rate of absorption of both R(+)- and S(-)-carvedilol
with evening administration (Tmax delayed approximately 1.5 hours)
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- » The within-subject inter-day variability for AUC and Cmax following morming
' (fed) administration for CR carvedilol [both R(+)- and S(-)-carvedilol] was
similar to IR carvedilol (compared to historical data).

* The 80 mg dose of the carvedilol phosphate CR capsule formulation was
generally safe and well tolerated by healthy adult males and females when
administered in both the morning and evening in the fed state.

4.2.4.5 Reviewer’'s Comments on Study 906

This study provides evidence that the drug product’s formulation provide consistent
pharmacokinetic performance between individual dosage units: upon repeat

administration the within-subject variability was less than 30% for AUC and Cmax
parameters. There was a small difference between PK parameters when comparing
evening to morning administration; this is thought to be related to diurnal variation.

e n
Pt
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4.2.5 Study 387 (Pantoprazole Interaction Study)

Investlgatlon of the effect of repeat oral doses of pantoprazole on a single oral dose of the
—  modified release capsule formulation of carvedilol in healthy adult subjects

Protocol Number: SK&F-105517/387
[nvestigator: David Hoelscher, MD

Study Site: / /

Study dates: 12 September 2003 — 31 October 2003

4.2.5.1 Objectives

To evaluate the effect of repeat oral doses of pantoprazole on the pharmacokinetics of a
single oral dose of the . —— _ modified release capsule formulation of carvedilol
in healthy subjects

4.2.5.2 Study Design

4.2.5.2.1 Formulations

The carvedilol phosphase CR capsules are filled with carvedilol phosphase  —
drug layered immediate release microparticies (IRp) and carvedilol phosphate

— _ CR microparticles that were layered then coated with a ©

L —_— The formulation used in this study is a pilot CR formulation.

Table A 31. Products used in SK&F-105517/387

FORMULATIONS { DRUG PRODUCT | DRUG SUBSTANCE - CR FORMULATION

BATCH NUMBER | BATCH NUMBER

25 mg carvedilol CR | U03096 SK&F-105517 03K8-007 and | Pilot formulation
. . SK&F-105517-D 1055A1-02

4.2.5.2.2 Pharmacokinetic Assessments

Blood samples (approximately 3mL) were collected prior to dosing (Time 0) and at
nominal times of 0.25,0.5,0.75, 1, 1.5, 2, 3,4, 5,6, 7, 8, 10, 12, 18, 24,32, and 48 h
after administration.

Total carvedilol concentrations were analyzed at GSK (Upper Merion, PA) using a
validated method based on HPLC-MS/MS (validation report RSD-101SN0/1).

Plasma concentrations were analyzed by standard noncompartmental methods. Following
loge-transformation, AUC(-y, AUC(0-t), AUC(0-), and Cmax of carvedilol were separately
analyzed by analysis of variance (ANOVA), fitting terms for subject and regimen. Point
estimates and 90% confidence intervals for the difference of interest (B-A) were *
constructed using the residual variance. Point and interval estimates were then

exponentially backtransformed to construct point and interval estimates for the ratio of

interest (B:A).
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The within-subject coefficients of variation (CVw) for AUC(0-t), AUC(0-t") and Cmax
were calculated based on the loge-normal distribution:

CVw (%) = sqrt [exp(MSE) - 1] x 100
where MSE was the mean squared error obtained from the ANOVA.

4.2.5.2.3 Safety Assessments

Assessments of safety included adverse events,I clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

4.2.5.3 Study Results

4.2.5.3.1 Subjects

A total of 24 subjects were enrolled and 23 (96%) completed the study. One subject was
withdrawn from this study due to an AE. A summary of demographic data is presented
(Table A 32). ' ' :

Table A 32. Demographic Summary (Reference Table 6/Section 6.4.1/Study 387)

§0% Male, 50% Female; 87.5% White, 12.5% Black
Source: Section 12, Table DS1

4.2.5.3.2 Pharmacokinetic Resulfs

Group Parameter Age Height Weight
_{years) (cm) (kg)
All Subjects Mean 29 174 81.7
n=24 SD 99 89 S B A
' Range - 19-53 159-191 - - --1604-1239
Male Subjects Mean 29 180 886
n=12 sb 9.3 17 18.64
Range 2148 169-191 66.5-123.9
Female Subjects | Mean 29 168 748
n=12 sD 108 54 14.39
Range 19-53 159-176 60.4-103.8 :
4

Compared to carvedilol alone (Regimen A), subjects receiving pantoprazole + carvedilol
(Regimen B) had AUC values approximately 3 to 4% higher while Cmax was
approximately 10% higher. The corresponding 90% confidence intervals for the ratios of
AUC -1, AUC(0-t), AUC(0<), and Cmax for B:A were within 20% of unity. Median tmax
was identical for both treatment regimens. The results of pharmacokinetic analysis are
shown in Figure A 3, Table A 33 to Table A 34. Overall, within-subject variability for
pharmacokinetic parameters was less than 24%.
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Figure A 3. Median Carvedilol Time Course (Reference Figure/Section 7 /Study 387)

100

10 4

—&— Regimen A - 25mg Carvedilo’ / /’ AR Cap(n =23)

—0— Regimen B - 25mg Carvedilol ¥
+ Paantoprazole (n = 23)

MR Cap

Median Carvedilol Plasma Concentration (ng/mL)

01

Table A 33. Summary of PK Parameters for tot

T T T T T

10 20 30
Time (hr}

al Carvedilol-(Reference Table

8/Section 7/Study 387) : R
' Regimen A Regimen B

: Parameter (carv:gﬁlol alone) (pantoprazole + carvedilol)
N 23 ) 23
AUCpy {ng"hefml) 225 (30 - 564) 233 (81 - 642}
AUC@.r {ng'hr/ml) 223 (86 - 564) 231 (81 —-642)
AUCpo (ng'hrimb} 234 (93 - 485)2 243 (84 — 599)%
Coax {ngimt) 359 (159-101.7) 395(17.7-1351) -
tmax (e} 4.00(1.00 - 8.00) 4.00(1.50 -5.00)
%4 (he) 802 (4.09 - 14.09 884 (329-17.73¢
1. Presented as median (range) .
2 n=14, )
3 n=19,
4. n=15

Source: Attachment 2, Table 1 — Table 8
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Table A 34. Statistical Analyses of PK Parameters: (Reference Table

8/Section 8.3/Study 906)

Comparison

Parameter Point Estimate! 90% Cl CV%
AUCipy B:A 103 (098, 1.10) 11.31
AUCwn B:A 1.03 {0.98, 1.09) 10 54
AUC (o) BA 104 . (0.98, 1.11) 966
Crmax B:A 1.10 {0.98, 1.24) 2377
tmax (hr} B-A 02 {050, 0.50) -

1. Pointestimates represents raic of adjusted geometric means between regimens

2. Poini estimate represents estimated median difference between regimens

Regimen A a single aral 25 mg dose of the = R capsule formulation of carvedilol

Redimen B: 40 mg of pantoprazole once daily for 7 days with a single concomitant oral 25 mg dose of the
——— MR capsule formutation of carvediol on Day 7.

Source: Attachment 1, Table 1 - Table &

4.2.5.3.3 Safety Results

Thirteen of 24 subjects (54.2%) experienced 14 adverse events. A summary of adverse
events is presented in Table A 35. The investigator considered 9 of the AEs to be related
to study medication with headache being the most frequently reported.

Table A 35. Summary of Adverse Events (Reference Table 11/Section 9.2)

Adverse Event Number ofSubjects e

Regimen

—t
&

{Preferred Tetm)

Headache

Constipation

Dyspepsia

Acne

Blood Creatine Phosphokinase Increase
Cough

Dizziness

Dry Mouth

Fatigue

Somnalesence

Total Number of AEs

Number of Subjects with AEs 13

Number of Subjects Exposed 24 24

Regimen A: asingle oraf 25 mg dose ofthe — MR capsule formulation of carvedilot

Regimen 8: 40 mg of pantoprazole once dady for 7 days with a single concomitat oral 25 mg dose of the
- =~ MR capsule formutation of carvedilof on Day 7

Source: Section 12, Table DS6

oty | o | { o |t | [ND [N [ G2

-

14

Ninim O3 O (O] D[~ |O(N {1

Bm@o—h—h—s—uc.ﬂ-—\m-—sm

A total of 10 subjects experienced 24 changes in vital signs of potential clinical concern
during this study (Section 14, Table DS11). All changes in vital signs were decreases in
blood pressure. All of the vital signs of potential clinical concern were asymptomatic and
not considered clinically significant by the investigator. Decreases in blood pressure is an
expected finding based on the pharmacology of the drug. .
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4.2.5.4 Sponsor’s Conclusion

Concomitant pantoprazole therapy had no clinically relevant effect on the single dose
pharmacokinetic profile of a 25 mg carvedilol — _ MR capsule

4.2.5.5 Reviewer's Comments on Study 387

With ) - — ~ , thus potentially
altering the absorption rate of carvedilol. This study provides evidence that there is not.
dose dumping when carvedilol CR is co-administered with a proton-pump inhibitor.

- APPEARS THIS way
~ ON ORIGINAL
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4.2.6 Study 902 (Multiple-Dose PK and PKPD) .

A randomized, double-blind, placebo controlled, PKPD modeling, multicenter study to

- compare the B1-blocking effects of carvedilol CR capsule formulation to COREG IR
tablets at steady state in adult patients with essential hypertension, by evaluating heart
rate response to bicycle ergometry ‘

Protocol Number: SK&F-105517/902

Investigator: This was a multicentef study.

Study Site: The study was conducted at 9 clinical sites.
Study dates: 30 December 2004 — 27 June 2005

4.2.6.1 Objectives

Following administration placebo and 6.25 mg/20 mg or 20mg/80 mg of [R/CR to
patients with essential hypertension, study objectives were to

L. Establish the steady state PKPD relationship between B1-blockade and S()-
carvedilol concentration using heart rate during bicycle erogmetry

2. Compare the B1-blockade between the IR and CR formulations
3. Describe the pharmacokinetics of R(+) and S(-) carvedilol
4. Evaluate the safety and tolerability ‘ e e

4.2.6.2 Study Design

The design was double-blind, placebo controlled, repeat-dose crossover study in three -
parallel groups. The study consisted of five phases: screening; down titration/washout,
drug-free run-in, double-blind treatment (consisting of five sessjons as shown in Figure A :
4), and follow-up. %
¥,

APPEARS THIS WAY
ON ORIGINAL
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Figure A 4. Study Design of 902

WHDT BET BET BET SBETIPK SBETAK
Placebo I >
Low Target | 6.25mg IR BID __I‘20 mg CROD| Placebo
Dose Group [~ b i -
5 20 mg CR OD Al;szsmgmmg‘ Placeho
l “ CR ODmg
625 mg IR BID12.5 mg IR BID | 25 mg IR BID§ 80 mg CR OD
High Target |4 T e e e
Dose Group |
| 1295625 mg
pmgCRO{!) 40mg CROD |80mg CROD_ 25mg IRBID | RBID

Sessionn 1 Session 2 Session 3 Sessioni4 Session 5
Days 1-7 Days 17  Days18 Days 18 g’; a4

Healthy male and non-pregnant female subjects were included in the study if they had a
history of;,.or presented with, mild to moderate essential hypertension (sitting DBP > 90
mmHg and < 109 mmHg) and met one of the following critetia:”  ~ "

e Was newly diagnosed and/or previously untreated; or

e Had DBP controlled at initial screening while receiving no more than 2
medications and could be safely withdrawn; or

~

e Had DBP not controlled at initial screening while receiving no more than 2
medications (no beta-blockers) and these would be continued during the study

Subjects who were poor metabolizers of CYP2D6 were excluded from participation.

4.2.6.2.1 Formulations

During inpatient dosing, subjects took study drug 30 minutes after completion of a
standard/moderate calorie meal.

Table A 36. Products used in SK&F-105517/902

TREATMENT DRUG PRODUCT DRUG SUBSTANCE FORMULATION
BATCH NUMBER | BATCH NUMBER
carvedilol CR X4544 03K9-004 & 03K9-005 20 mg CR capsule
carvedilol CR X4551 03K9-004 & 03K9-005 40 mg CR capsule 7L_
carvedilol CR X4552 03K9-004 & 03K9-005 80 mg CR capsule {
carvedilol IR 041034504 -- 6.25 mg IR tablet '
carvedilol IR 041050106 - 12.5 mg IR tablet
carvedilol IR 041034506 -- 25 mg IR tablet

NDA 22-012
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4.2.6.2.2 Pharmacodynamic Assessments
Subjects were randomized to 1 of 6 sequences for bicycle ergometric tests (BET) as
follows:

Bi: Pre-dose, and 1.3, 6, 12, 18 hours post AM dose on Day 7

B2: Pre-dose, and 1.5, 4, 14, 21 hours post AM dose on Day 7

B3: Pre-dose, and 1.5, 4, 14, 24 hours post AM dose on Day 7

B4: Pre-dose, and 2, 6, 12, 18 hours post AM dose on Day 7

B35: Pre-dose, and 2, 9, 14, 21 hows post AM dose on Day 7

B6: Pre-dose, and 2, ¢, 12, 24 hours post AM dose on Day 7

The supine BET was performed for a total of 6 minutes with a 1 minute warm-up, 4

‘minute exercise period, and 1 minute cool down. Heart rate was collect via continuous

dual-lead ECG.

Pharmacodyamic Response Metrics

PD% 100*(EHRO-HER)/EHRO

PDmin% The pre-dose effect on Day 7 (effect at Ctau)
PDmax% Maximal effect obtained during 0-24 h dosing interval
AUEC% | AUC during 0-24 h dosing interval '

Bootstrap analyses were performed to estimate the mean and 90% confidence interval for
AUEC% between IR and CR formulations since full PD% curves were not collected in
each subject. This was performed by sampling [D with replacement to generate 3000
bootstrap datasets. Each dataset was analyzed by a mixed effects model and LSM
estimates were obtained for each formulation and dose group at each time point. AUEC
values were calculated from the LSM PD% profile. The median value and corresponding
90% confidence intervals (5™ and 95™ percentiles) for the ratio of AUEC between the two
formulations were constructed from the distribution of ratio estimates from the 3000
simulated datasets. v

Observed PDmin% and PDmax% were analyzed by a mixed effects model, fitting fixed
effect terms for dose group, sequence, period, formulation, and dose*formulation, and
subject (dose group) as random effect.

4.2.6.2.3 Pharmacokinetic Assessments
Blood samples were collected in EDTA tubes at times corresponding to BET (descrlbed

'in Pharmacodynamic Assessments). Pre-dose samples were obtained within

approximately 10 min prior to dosing.

Plasma concentrations were analyzed by standard noncompartmental methods. Following
loge-transformation, AUC(0-t), AUC(0-t’) and Cmax of carvedilol were analyzed
separately by an ANOV A model, fitting fixed effect terms for dose group, sequence,
period, formulation and dose group*formulation, and subject(dose group) as random
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effects.. Point estimates and 90% confidence intervals for the ratios for the difference -
between CR:IR were computed.

The within-subject coefficients of variation (CVw) for AUC(0-t), AUC(0-t") and Cmax
were calculated based on the loge-normal distribution:

CVw (%) = sqrt [exp(MSE) — 1] x 100
where MSE was the mean squared error obtained from the ANOVA.

4.2.6.2.4 Bioanalytical Assay

Plasma R- and S-carvedilol concentrations were analyzed at GSK (Upper Merion, PA)

using a validated method based on HPLC-MS/MS (validation report CD2004/01420/00
for R- and S-carvedilol and CD2005/01057/00 for metabolite). The performance of the

assays is shown in Table A 37.

Table A 37. Performance of Analytical Methodology (EDTA Plasma)

VA

Analyte Method | Range' | Linearity LLOQ | QC Intra- Intra-batch
(ng/ml) | (correlation | (ng/ml) | Samples batch accuracy
coefficient) (ng/ml) | precision (%RE)
(%CV) ]

S- HPLC-

MS/MS
R- HPLC-

MS/MS
Ve » A
metabolite I | ¥
' Calibration range consisted of 10 spiked samples over the specified range.

4.2.6.2.5 PKPD Assessments

Thie relationship between changes from baseline in mean DBP and predicted AUC for R-
and S- carvedilol was explored. Linear, log-linear, and Emax models were explored. A
complete review of the PKPD model is presented in the Pharmacometrics Review
(Appendix 4.3, QBR).

' 4.2.6.2.6 Safety Assessments

Assessments of safety included adverse events, clinical laboratory evaluations, and
concomitant medications. No formal statistical tests were performed for safety.

NDA 22-012 ‘ Page 109 of 194



4.2.6.3 Study Results

4.2.6.3.1 Subjects

The study was conducted at 9 centers (all in US). A total of 122 subjects were enrolled
and 105 (86%) completed the study. Table A 38 presents disposition of subjects by
treatment group and sequence.

Table A 38. Disposition of Subjects (Reference Table 15/Section 6.1)

Subject Disposition Number of Subjects
Total Screened 242
Total Screened but Not Used 120
| Total RandomizedEnrolled 122 ] :
Targel Dose Level Low Dase Groups High Dose Groups Placeba
Total 41 55 %
Treatment Sequence COREG/ Carvedital CR/ COREG/ Carvediol CR / Piacebo
Carvedilol CR? COREG? Carveddol CR3 COREG!
Total 20 21 27 28 2
Total Withdrawn Prior fo Dusing 1]
Total Withdrawn Affer Dosing 17
Target Dase Level Low Dose Groups High Dase Groups Placebo Tofal
Total 5 8 4 17
Treatment Sequence COREG/ Carvediol CR/ COREG/ Carvedilod CR/ | Placeho 7
Carvedil CR' COREG? Carvediol CR® COREG*
Adverse Event 1 1 1 2 2 1
Protocot Deviation [1] 1 [ 0 1 2
Cther 1 1 2 3 1 8
Total 2 3 3 5 4 17
Total Completed 105 - ) T -
Targef Dose Level Low Dase Groups - | High Dose Grogps - ~-  ~ — “ ] Placeba
Tetal 36 [¥] 7]
Treatmenl Sequence COREG/ Carvedlal CR7 | COREG/ Canedll CR7 | Placebo
Carvedifol CR COREG? Carvedidol CRY COREG*
Total 18 8 24 23 22
1. Subjects teceived COREG 5.25 mq in Sessions 1-3, carvedilol CR 20 mg in Session 4, and placebain Session 5.

2. Subjects received carvedilol CR 20 mq Sessions 1-3, COREG £:29 mg in Session 4, and placebo in Session 5

3. Subjects received COREG 6.25 my in Session 1, COREG 125 mg in Session 2, COREG 25 mg in Session 3, carvedilol CR 80 mg in Session
4, and carvedifol CR &0 mg followed by carvedilot CR 70 mg o Session 5.

4. Subjects received carvedilol CR 20 mg in Session 1, carvedilol CR 40 mg in Session 2, carvedilol CR 80 mg in Session 3, COREG 25 mg ir:
Session 4, and COREG 12.5 mg followed by COREG 6.25 mg in Session 5. )

Source: Table 6.1 - Table 65

Demographic characteristics are summarized in Table A 39
Table A 39. Summary of Demographics (Reference Table 16 and 17/Section 6.4.1)

Group ' Parameter Age (years) Height {(m) Weight (kg)

All subjects Mean 45 170 | 8.8

n=121¢ 3] 6 0.09 13.2
Range 22-55 150-192 57.0-1300

1. Subject 089 is not included = the summatry data, as this subject's diary card was lost price to transcription, so
dosing data for this subject was not recorded. This subject was a 53 year old female of ‘other’ race, 165 m
height, 96.3 kg weight

Source: Table 6.1
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Number (Percentage) of Subjects!
Gender ’ Race

White 53 (44)
flale 62 {61y { Black 327

American Hispanic 17 (14)

American Indian 1{1)
Female 59 (49} { Japanese 1

Cther 18 (13)

1. 1. Subject 69 is not included in the summary data, as this subject’s
diary card was lost pnar to tranecription, so dosing data for this subject
* was nof recorded. This subject was a 53 year old female of ‘other’ race,
1.65 m height, 96.3 kg weight.

Crctnnn- Takla £ 1

4.2.6.3.2 Pharmacodynamic Results

Similar trough, peak, and overall pharmacodynamic effect were observed for the
carvedilol CR and IR formulations (Table A 40 to Table A 42).

Table A 40. Summary of PDmin% (Reference Table 20/Section 7.1)

Parameter | Comparison of Interest Point Estimate 90% ClI Within
CRIR subject SD*
| PDmin Poaled Graup 1.00 (0.94, 1.07) 3.86
PDmin High Dese Group® 1.06 {0.97, 1.15)
PDmin Low Dose Group? 094 {084, 1.05)
1. High and Low Dose Groups combined - - T T e
2. COREG 25mg BID and carvedilol CR 80mg OD o
3. COREG 6.25mg BID and carvedilol CR 20mg OD
4.  Within-subject standard deviation
Source: Tatle 7.1
Table A 41. Summary of PDmax% (Reference Table 22/Section 7.3)
Parameter | Comparison of Point Estimate 90% Ci Sbw
Interest
PDmax CRR {Pogled)t 097 (0.92..1.02) 382
PDmax CR:R {High Dose 1.02 {0.95, 1.08)
Group)?
PDmax CRIR (Low Dose 092 (0.84, 1.00)
Group)? ‘

1. High and Low Dose Groups combined
2. COREG 25mg BIP and carvedifol CR 80mg CD
3. COREG 6.25mg BID and carvedilol CR 20mg CD

Source: Talle 7.5
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Table A 42. Summary of AUEC% (Reference Table 21/Section 7.2)

Parameter | Comparison of | Median 90% Bootstrap Cl
Interest {5th percentile, 95th percentile)
AUEC CRIR {(Pooled)t | 1.02 (0.93, 1.10)
AUEC CR:R {High Dose | 1.03 (0.96, 1.10)
Group)?
AUEC CRIR {Low Dose | 1.00 (0.92, 1.09)
Group)?

High and Low Dose Groups combined

1.

2. COREG 25mg BID and carvedilol CR 80mg OD
3. COREG 6.25mg BID and carvedilol CR 20mg 0D
S

aurce: data on fie, GSK

4.2.6.3.3 Pharmacokinetc Results
Carvedilol CR was equivalent to COREG with regard to R(+)- and S(-)-carvedilol AUC
Cr, and Cmax (Tables A38-A40). On average, steady state plasma concentrations of the
metabolite M4 were less than 10% of the plasma concentrations observed for carvedilol
following administration of both the COREG IR and carvedllol CR formulations (Table

NDA 22-012
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A 46).
Table A 43. Summary of PK Parameters for R-Carvedilol (Reference Table
23/Section 9.1) e
Regimen | N AUC(0) AUC(0-) Cmax tmax Ct
(ng-heiml) | {ng-hriml) {ng/mL) (e} (ng/mL)
A 33 | 89.7(717 857122 124(718) | 1.50(0.504 00) 141 (124)
C 45 1 362{612° | 362(612F | 486(544) | 1.13(0.08300) | 597(920)
D 33 | 94.7(804) 947 (80.4) 11.6(73.8) | 5.00 (1.50-20.00) 1.33 {153
F 45 | 382 (673) 382 (67.3) 45.5(655) | 5.00(1.00-1000) | 506(100
1. Geometric mean (CVb%}
2. Median (ranga)
3. N=#4
Regimen A- COREG 6. 25 mg every 12 hours
Regimen C: COREG 25 mg every 12 hours
Regimen D: Carvedilol CR 20 mg OD
Regimen F: Carvedilol CR 80 mg OD
" Source Data: Tabde 9.5
APPEARS THIS WAY
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Table A 44. Summary of PK Parameters for S-Carvedilol (Reference Table
24/Section 9.2)

Regimen { N AUC({0-t) AUC{0-£) Cmax tmax Ct
{ng-hrimL) {ng-hrimL) {ngfmL) (hrf (ng/ml}

A 33 | 3h6672 354577y | 465(123) | 1.17 (0.504.00) 0.748 (85 4)
C 45 | 159{49.7p 199(49.7¢ | 197536} [ 1.00(0.08-3.00) 3.64(62.0)
D 33 | 421(639) | 421(639) | 464(65.7) | 500(150-1300} | 0807 (113)
F 45 | 178 (%4.0) 178 (54.0) 19.0 (564} | 5.00(1.00-10.00} 3.33{84.6)

1. Geomefric mean (CVH%)

2. Median (range)

3. N=44

Regimen A: COREG 6.25 mg every 12 hours
Regimen C: COREG 25 myg every 12 hours
Regimen D: Carvedilol CR 20 mg OD
Regimen F: Carvedilol CR 80 mg 0D
Source: Table 9.5

Table A 45. Summary of Statistical Analysis (Reférence Table 25/Section 9.3)

Parameter | Group [ Comparison' | PE | 90%C T Ccvw%@
R{+}-carvedilol
AUC[O-H Pooled CRIR 1.06 (102 1.10) 146
High Dose 1.05 (1.00, T11)
Low Dose 1.06 (100, 1.1
AUCIO-t) Pooled CRIR 1.06 {102, 1.10 145 -
High Dose — 105 [ (TO01At) | - - -
Low Dase 1.0 {100, 1.13
Cmax Pooled CRIR — 0.9 {0.86, 1.03) 33
High Dose 0.94 0.83, 1.06)
Low Dase 094 082, 1.09)
Ct I_hPoated CRIR O.gg gg? gg% 385
igh Dase : {. 174, 0. R
Low Dose 0.94 0.81.1.10}
tmax (hr} Paoled CR-IR= 3.50 ~ (3.13,3.75)
High Dose 350 3.00,3.99
Low Dose 344 (306,394
S{-}-carvedilol
AUC{0-H Pooled CRIR 1.15 (1.16, 1.20 16.7
High Dose 112 {105, 1.19)
Low Dase 118 (1.10.120 |
AUCIO-) Pooled ~ CRIR EELE 110,121 163
"High Dose 117 106, 1.18
Low Dose 119 111, 1.27
Cmax Pooled CRIR 0.98 (089, 1.09 374
High Dose 097 {0.85, 1.10)
Low Dose . 1.00 (0.86, 1.16}
Ct Pooled CRIR .99 (091,108 337
High Dose (] (081,102
Low Dose 1.08 (0.94.1.23
tmax (hr} Paoled CR-IRz 350 3.25,3.78
High Dose 3.50 321,400
Low Dose 3.50 {3.00, 4.00)

L Pointestimate is the ratio of adjusted geometric means between regimeas.

2. Pointestimate is the estimated median difference between regimens.

3. CVw% represents a pooled estimate of within-subject variability across regimens.
Source: Table 9.1 - Table 94 : ’
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Table A 46. Summary of PK Parameters for M4-Metabolite (Reference Table
26/Sectlon 9.4) .

Treatment Regimen N AUC(0-t) Cmax tmax
{ng-hrimL})! (ng/mL})? {hrp2
C: COREG 25 mg BID 45 | 442(355%) | 6.16{472%) | 150(050-4.00)

F: Garvediol CR80mg 0D | 45 | 46.5(426%) | 553(43.0%) | 500{1.00-10.00)
1. Geametfric mean (Cvb%}) . .

2. Median (range}

Source: Table 325

4.2.6.3.4 PKPD Results

The relationship between plasma concentrations of S(-)-carvedilol and changes in
exercise-induced heart rate were described with an Emax model (Table A 47). Due to
large variability in the HR data and the limited data at or above Emax, the PK/PD model
did not support estimation of interindividual variability for most parameters.

Table A 47. Population PKPD Parameters (Reference Table 28/Section 10)

Population Mean (% sel) Inter-Individual Variability as
% CV (% sel)
EC (bpm) 126 (1.3) 7.7(232)
EC50 (ngfmt ) 4.25(449) ) v e o WNE
Emax {bpm}) 15.1{11.5) NE
Amplitude 0013(154) ' T T NE T
Tmax (h) 11.6 (7.2} NE
Residual Variability : 49(13.1)
% CV (% se'} :
1. % se - percent standard error .
NE — Nof Evaluated ) ¥
Source: Table 18.1
4.2.6.3.5 Safety Results

The number of patients with hypertension who received the carvedilol CR or COREG
and reported adverse events regardless of causality are described in Table A 48. The
percentages of subjects who reported AEs while receiving carvedilol CR (55/93 = 59.1%)
was, in general, less than the percentages of subjects reporting AEs while receiving a
comparable dosage of COREG (69/89 = 77.5%). Headache was commonly reported with
both formulations and as well with placebo.
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‘Table A 48. Summary of Adverse Events (Reference Table 31/Section 11.2.1)

Number (%) Subjects
Regimen
Adverse Event COREG? Carvedilol CR3 Ptacebo?
(preferred term) 62%5mg {125mg | 25mg | 20 mg | 40mg 86 mg o
BID BID BID Qn Qb QD '
Headache 20(308) | 7(269) [16(32.0)| 14 (208} | 5(192) | 10(196) | 12 {19.0)
Dizziness 6(9.2) 2(07) | 5(10.0) | 5(75) 0(0) 2(39) 4(63)
Orthostatic 3{46) 207y | 2(40) | 3(459) 0(0) 2(39) 579
Hypotension
Fafigue 23.1) 0(0) 00 3{4.5) 0{0) 0{0) 5 (79}
Nausea 281 | 138 | 2¢40) 00 1(3.8) 120 4(6.3)
Diarthea 4(6.2) 6{0) 1{20) | 2(30) 0 Q 2(39)
Total Number of 72 17 o1 54 14 28 74
AEs : .
Number (%) of 34 8 26 28 8 18 26
Subjects With AEs (23) | (469) | (520} | @18) | (308) | (372 41.3)
Number of Subjects 85 26 50 67 26 51 63
Exposed*
1. Only the most commanly reported adverse events are listed in this table, Adverse events are presentad
regardless of causality.

2. In this table, the placebo grouping includes fhe run-out periods [Session 5] for the two low-target dose groups who

previously received carveditol in Sessions 1- 4 in addifion to subjects receiving placebe-in-Sessions 1 — 4.

3. In this table, AEs atiributed 1o any dosage of COREG or carvedilol CR include events fhiat were reparted by
subjects in any treatment group who were feceiving the designated regimen (Sessions 1 - 4); AEs that occiared

in the down-Giration period are not included (Session 5).

4. Includes subjects exposed to the designated regimen at any time in Sessions 1 — 4; AEs that occumred in the
down-tifration period are not included {Session 5). Aithough Table 6.3 does not Indlude €xposure data for Subject

069, this table does include this subject in number of subjecis exposed.
Source: Table 11.1

A total of 57 subjects had vital sign changes that met the protocol-specified criteria for

orthostatic hypotension during this study (Table A 49). There did not appear to be

difference in the number of subjects who had orthostatic changes in SBP or DBP between

the COREG IR regimens and carvedilol CR regimens.

APPEARS THIS WAY
ON ORIGINAL
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Table A 49. Summary of Adverse Events (Reference Table 38/Section 11.6.2)

Number (%)' of Subjects with Occurrences of Orthostatic Hypotension
Regimen Systolic Biood Diastolic Blood
Preasure Preasure
A: COREG 6.25 mg PO Q12H 14 (21.5) 5(.7)
B: COREG 125 mg PO Q12H . 5(19.2) 2.0
BA: COREG 12.5 mg, then COREG 6.25 mg 140) 0¢0}
1 PO Q12H
C: COREG 25 mg PO Qf2H ' 13 {(26.0) 4 (8.0}
COREG IR tota : 33 11
D: Carvedilol CR 20 mg PO QD 16 (23.9) 8 (119}
E: Carvedilol CR 40 mg PO QD 1(3.8) 0 ()
ED: Carvedilol CR 40 mg, then 20 mg PO QD 3{(12.5) 0(0)
F: Carvedilol CR 80 mg PO QD 10 (19.6) 8(15.7)
Carvedilo! CR Total 30 16
Piacebo 12 {18.0) 8(12.7)
Tatal ' 79 35

1. The calculated percentage is the number of sutjects with an orthostatic change in the parameter (DBP or SBPj
- divided by the fotal number of subjects exposed to that regimen.
Source: Table 115

4.2.6.4 Sponsor’s Conclusions e

¢ On average, for carvedilol CR, the reduction of exercise-induced heart rate in
patients with hypertension was maintained over the entire 24 hour period.

. Compared to COREG, the carvedilol CR formulation provided equivalent Bl1-
adrenergic blockade at trough plasma concentrations.

¢ Similar peak pharmacodynamic effect and similar overall effect (based on AUEC)
were observed for the carvedilol CR formulation compared to the COREG
formulation.

* Carvedilol CR was equivalent to COREG with regard to R(+)- and S(-)-carvedilol
AUC, Cr, and Cmax. '

e After administration of each formulation, M4 metabolite concentrations declined
in parallel with carvedilol concentrations, suggesting that M4 metabolite
elimination is formation-rate limited. On average, steady state plasma
concentrations of the metabolite M4 were less than 10% of the plasma
concentrations observed forcarvedilol following administration of both the
COREG IR and carvedilol CR formulations. '

* The relationship between plasma concentrations of S(-)-carvedilol and changes in
exercise-induced heart rate were described with an Emax model. Due to large
variability in the HR data and the limited data at or above Emax, the PK/PD
model did not support estimation of interindividual variability for most
parameters.
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¢ There appeared to be a greater number of AEs of any causality and those that -
were considered related to study medication following administration of the

COREG regimens compared to the carvedilol CR regimens.

¢ Administration of COREG and the carvedilol CR formulation to male and female
patients with essential hypertension was generally safe.

4.2.6.5 Reviewer's Comments

The data presented in this report provides evidence that IR and CR formulations provide
equivalent beta-blocking effects. Evaluation of the concentration-heart rate relationship
(Figure A 5) is presented in the pharmacometrics review.

Figure A 5. Concentration and Exercise-Induced Heart Rate Data
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4.2.7 Study 369 (PK in CHF and Post-MI LVD Patients)

An open, nonrandomized comparison of pharmacokinetic profiles of carvedilol (SK&F-
105517) MR and IR on repeat dosing in chronic CHF patients and survivors of an
acuteMI and LVD

Protocol Number: SK&F-105517/369

Investigator: This was a multicenter study.

Study Site: The study was conducted at 32 clinical sites.
Study dates: 08 October 2004 — 05 August 2005

4.2.7.1 Objectives

Following multiple-dose administration of twice-daily immediate release and once-daily
controlled-release carvedilol formulations to patients with congestive heart failure and
asymptomatic survivors of a recent acute myocardial infarction with left ventricular
dysfunction, study objectives were to

e Compare the pharmacokinetic profiles
e Assess safety and tolerability of the CR formulation

4.2.7.2 Study Design

This was an open, nonrandomized, multicenter, cross-over PK study in a group of 188
subjects with stable, chronic heart failure (mild, moderate or severe symptoms) and
recent asymptomatic survivors of-an acute myocardial infarction who had LVD. This
study was divided into 3 phases: a screening/baseline phase, a treatment phase, and a
safety follow-up phase as illustrated in the following figure. Subject enrollment was
stratified for dose of COREG IR at study entry as well as heart failure and post MI LVD
group allowing approximately equal numbers of subjects in each strata.

Figure 1 Schematic of Study Design

Four dose levels of each study formulation was administered in the morning with food:
COREG IR 3.125mg bid; or carvedilol CR 10mg qd; COREG IR 6.25mg bid or
carvedilol CR 20mg qd; COREG IR 12.5mg bid or carvedilol CR 40mg qd; COREG IR
25mg bid or carvedilol CR 80mg qd).
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42721 Fbrmulations
Table A 50. Products used in SK&F-105517/369

FORMULATIONS | DRUG PRODUCT DRUG SUBSTANCE CR FORMULATION
BATCH NUMBER | BATCH NUMBER

carvedilol CR X43553 03K9-004 & 03K9-005 10 mg CR capsule ( s
X4544 03K9-004 & 03K9-005 20 mg CR capse'
X4551 03K9-004 & 03K9-005 40 mg CR capsule (™
X4552 03K9-004 & 03K9-005 80 mg CR capsul¢ /

To be enrolled, male and female subjects (18-85 y/o) had been diagnosed with clinically
stable mild, moderate or severe CHF of ischemic or nonischemic origin and had left
ventricular ejection fraction <35% and received background medications for HF. Stable
heart failure was defined as no change in New York Heart Association (NYHA) Class
and no hospitalization for heart failure or addition of intravenous (IV) diuretics,

-vasodilators or positive inotropes during the two weeks prior to Screening evaluation).

Subjects must have been euvolemic (the dose of diuretic must have been adjusted so that
the subject was neither volume overloaded nor volume contracted. Sitting (resting) heart
rate of >55BPM if subject was receiving B-blocker agent >68BPM if no B-blocker agent
was being used; sitting (resting) systolic blood pressure >85mmHg -Subjects. may have
been receiving a B-blocker drug (other than COREG) as CHF-orpost MELVD treatment,
however, only at dose levels below the total daily equivalent of 200 mg Toprol XL.

4.2.7.2.2 Pharmacokinetic Assessments .

Blood samples were collected at 0 (predose), 0.5, 1, 1.5,2, 3, 4, 6, 8, 12, 13, 14, 16, 20,
and 24 hours after dose administration on visit 3 and visit 4. As part of the PK evaluation,
all subjects who complete eligibility requirements successfully, had a blood sample
withdrawn at Screening for determination of CYP2D6 metabolizer status
(alleles*3,*4,*5,%6,%7, and *8). :

PK analyses of plasma R-carvedilol and S-carvedilol concentration-time data were

conducted using non-compartmental Model 200 of WinNonlin Professional Edition
version 4.1 (Pharsight Corporation, Mountam View, CA) according to the standard
operating procedures.

4.2.7.2.3 Bioanalytical Assay
Plasma R- and S-carvedilol concentrations were analyzed at GSK (Upper Merion, PA)

_ using a validated method based on HPLC-MS/MS (validation report CD2004/01420/00).

Both anlaytes are extracted from 100 pl of human plasma by protein precipitation using
acetronitrile containing the internal standard. Extracts are analyzed by HPLC MS/MS.

. The performance of the assays is shown in Table A 51.
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Performance of Analytical Methodology

Table A 51.

Analyte Method

(Protocol)

S- HPLC-
MS/MS

R- HPLC-
MS/MS

Range'
(ng/ml)

Linearity . LLOQ
(correlation | (ng/mli)
coefficient)

/
:

,QC

Samples
(ng/ml)

' Calibration range consisted of 10 spiked samples over the specified range.

Inter-batch
precision
(% CV)

Inter-batch
accuracy
(%RE)

[

4.2.7.2.4 Pharmacodynamic Assessments

S-carvedilol (the enantiomer with $1-blocking activity) concentration-time data obtained

in the current study and a previously developed PKPD model in healthy volunteers

(Study 395) were used to predict the B1-blocking effect (change in exercise-induced heart

rate) of carvedilol in heart failure subjects.

4.2.7.2.5 PK-PD Assessments .
B1-blocking effect at each time point was deﬁned as the percent change from. baselme in

the predicted exercise-induced heart rate (EHR):
PD(%) = 100 x (EHRO — EHR)/EHRO

where EHRO was the predicted exercise heart rate for a given subject at baseline (baselme

= 146 bpm) and EHR was the predicted exercise heart rate at each of the postdose
measurements for that subject.

The PD(%)-time data were analyzed by non-compartmental methods using the computer

program WinNonlin Professional, version 4.0 [WinNonlin, 2003] The followmg
pharmacodynamic parameters were computed:

PDmax (%) = maximal pharmacodynamic effect obtained over 24 hours on Day 14

PDmin (%) = pharmacodynamic effect at 24 hours postdose on Day 14
AUEC(%.h) = area under the effect curve during the 24 hour dosing interval on Day 14

4.2.7.2.6 Statistical Evaluation

The predicted AUEC, PDmin, and PDmax data were separately analyzed by a mixed
effects model, fitting fixed effect terms for disease strata (mild heart failure, moderate

heart failure, severe heart failure, or asymptomatic post MI LVD), dose group (level 1: IR

3.125mg bid or CR 10mg uid, level 2: IR 6.25mg bid or CR 20mg uid, level 3: IR
12.5mg bid or CR 40mg uid, level 4: IR 25mg bid or CR 80mg uid), formulation (IR or
CR), group-by-formulation interaction, and dose group-by-formulation interaction.
Subject was treated as a random effect. Point estimates and corresponding 90%
confidence intervals for the difference of interest (CR-IR) were constructed using the

NDA 22-012
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residual variance. Point and interval estimates for the ratio CR:IR were constructed by
expressing the point and interval estimates for the difference normalized to the mean IR
response. Point estimates and corresponding 90% confidence intervals for the ratio CR:IR
were also constructed by dose group for descriptive purposes.

4.2.7.2.7 Safety Assessments

Assessments of safety included daily recordings of adverse events, clinical laboratory
evaluations, and concomitant medications. No formal statistical tests were performed for
safety. ' '

4.2.7.3 Study Results

4.2.7.3.1 Subjects

The study was conducted at 32 centers (28 in US and 4 in Canada). A total of 188
subjects were enrolled and 174 (92.6%) completed the study. Of the 14 subjects who did
not complete the study 1 was never dosed and excluded from the ITT population, 5
discontinued due to AEs and 8 withdrew voluntarily.

The distribution of subjects by heart failure status and dose group was comparable with
the exception of the 3.125mg/10mg dose group of which there were no post-MI patients
(Table A 52).

Table A 52. Disposition of Patients (Reference Table 6/Section 6:1-1)~ -

Subject Disposition 3.125mgl | 6.25mg! | 125mgf | 25mg{ | Total
10mg 20mg | 40mg | 80mg
I&ild CHF
Enroltad? - - - - 53
ITT Population (Safety? 12 4 13 13 52 .
PK Populatior® 12 12 12 13 49 . .
Completed* 12 12 12 13 49
[§oderate CHF =
Enrolled’ - - - - M
{TT Population (SafetyR 14 13 -15 12 4
PK Population® 12 12 13 1 48
Completed? 12 12 13 12 43
Severe CHF .
Enrolfed® - - S 5
(T Population (SafetyP 12 13 13 13 5
PK Population? 12 12 12 12 48
Completed! 12 12 12 12 48
Post MELVD
Enralied: - - - - 30
{TT Population (Safety)? - 14 10 & 30
PK Population® - 13 8 & 28
Completedt - 13 ] ] 28
Total
Enrolied! - - - - 188
ITT Populatron (Safety)® B LY 51 44 1871
PK Populatior?® 36 49 45 42 173
Completedt 3 49 45 43 174

Data Sowece: Table 6.17

Enefod: Qubects assigned fo stuty madicatk

tnianit-to-Treat Enrclled subjects who received at feast one dose of study medicafion
PK Population: Sulkects evaluatie for FK

Comgleled: As dejeemined by the invesdgaice

£

Rl 2
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Demographic characteristics were balanced between heart failure status. The sponsor did’
not provide demographic summary by dose group.

4.2.7.3.2 Pharmacokinetics

Mean concentration-time profiles are presented Figure A 6 and Figure A 7. A summary
of R- and S-carvedilol PK parameters are shown in Table A 53 and Table A 54. The
results of the statistical analysis of PK parameters are shown in Table A 55 and Table A
56. Based on the pooled analysis, the 90% confidence intervals for geometric mean
parameters (AUC, Cmax, Cmin) fell within the 80% to 125% equivalence range.

Figure A 6. Time Course of Mean (95% CI) R-Plasma Carvedilol Concentrations
Stratified by Dose Group (original dataset)
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Figure A 7. Time Course of Mean (95% CI) S-Plasma Carvedilol Concentrations
Stratified by Dose Group (original dataset)
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Table A 53. Pharmacokinetic Parameters for R(+) Carvedilol (Reference Table

17/Section 8.2)

Data Source: Tables 8.05 and 8.06

1. Geometric mean {CWb%)

2. Median {range}

NDA 22-012

Regimen N AUC(o-Y)t . Cmax! Tmax? Cd
| (nghriml] {ng/mi) (hr} {ng/mi}

IR3125mghid | 36 536 (79.4) 6.10{67.1) 1.95 (0.00-6.00) 1.13(140)
IR 6 Z5myg bid 49 103 (734) 11.0(61.2) 1.92 {0.00-6.03) 243 (167)
IR 12 5mg bid 46 252 (63 6) 26.8 (58.9) 1.51(0.00-11.75) | 6.24(37.0)
R25mgbid | 42 | 552 (94.0) 606(703) | 151(050-12.00) | 11.6(144)
CR 10mg uid 36 64 9 (85.8) 6.48 {92.0) 404 1.00:24.00) 137 (114)
CR20mguid | 49 | 108(700) 106(586) | 5.67(100800) | 2.28(106)
CR 40mg uid 46 248 (76.3) 23.0(690) 4.00 (0 50-12.00} 4711 (119
CR80mgud | 42 | 551 (104) 538(846) | 600(300-16.00) | 9.91(169)
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Table A 54. Pharmacokinetic Parameters for S(-) Carvedilol (Reference Table

18/Section 8.3)

Regimen N AuC{o-4)t Cmax' Tmax? Ctl

{ng-hrfimL) {ngimk) {ht} {rvgfml}
IR3125mgbid | 36 | 209(736) 231 (12.1) 195 (0.006.00) | 0.519 (123)
IR625mgbid | 49 | 43.0(665) £33 (60.0) 152 (0.006.03) | 1.24(88.1)
IR 12 5mq hid 46 | - 108(594) 11.0 (59.9} 1.50 (0.00-11.75) 3.02 (85.9)
R25mgbid | 42 | 242(705) | 259(61.1) | 150{05012.00) | 6.12(97.6)
CR10mguid | 36 | 27.7(768) 268(913) | 404(1002400) | 0671(105)
CR20mgud | 49 | 489(669) 435 (614) 567(098800) | 124(911)
CR40mguid | 46 | 122(639) 102(664) | 400(05024.00) | 282(105)
CR80mguid | 42 | 254(302) 227(110) | 600(300-16.00) | 5.72(119)

Data Source: Tables 8.07 and 8.08
1. Geometric mean (CVb%)
2. Median {range}

Table A 55. Statistical Analysis of R-Carvedilol PK Parameters (Reference Table

19/Section 8.4)
Parameter Dose Group Comparison of Point 90% Ci CVw%?
Interest Eafimate
AUC(0-t Pooled CRIR 1.06 {1.01, 1.12) 2840
nghriml | 3.125mg IR/ 10mgCR | CRIR 121 | {1.09,1.35)
6.20mg IR/ 20mgCR | CRIR 106 | (087, 1.16)
12.5mg IR/ 40mg CR CRIR 098 {0.89, 1.08)
25mg IR/ 80mg CR CRIR 100 | (090, 1.10)
Cmaxt Pooled CRIR 085 (089, 1.02) 38.2
ngfml 3.125mg IRf 10mg CR CRIR 1.06 (0.92, 1.23)
6.25mqg IR/ 20mg CR CRIR 097 {0.85, 1.09)
12.5mg IR/ 40mg CR CRIR 087 (6.76,0.98)
25mg IR/ 80mg CR CRR 0.80 {0.79, 1.03}
Cr Paoled CRIR 092 {085 101 | 494
— agiml 3.125mg IR/ 10mg CR CRIR 1.21 (101,145 ’
» 6.25mg IR/ 20mg CR CRIR 0.94 (0.80, 1.10)
12.5mg IR/ 40mg CR CRIR 0.75 (0.64, 0.89)
‘ 25mg IR/ 80mg CR CRR 0.86 (0.72, 1.02)
tmax (hrf? Pooled CRIR 3.00 {259, 325)
3.126mg IRf 10mg CR CRIR 3402 {2.25,4.25)
6.25mg IRf 20mg CR CRIR 274 (2.21,3.25)
12 5mg IR/ 40mg CR CRIR 225 {1.50, 2.77)
25mg IR/ 80mg CR CRAR 400 {3.50, 4.48)

Data Source: Tables 8.0 and 8.03

I. Point estimate is the ratio of adjusted geometric means between regimens.
2. Point estimate is the esimated median difference between regimens.
3. CVw% represents a pooled estimate of within-subject variability across regimens.
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Table A 56. Statistical Analysis of S-Carvedilol PK Parameters (Reference Table

20/Section 8.4)
Parameter Dose Group Compdrison of Point 90% C1 CVwie?
Interest Estimate
AUGHH) Pooled CRIR 1.16 (1.10,1.22) 276
ng.hefml 3.125mg IRf 10mg CR CRIR 133 (1.19, 1.47)
6.25mg IR/ 20mg CR CRIR 1.4 (1.04, 1.24)
12.5mg IR/ 40mg CR CRIR 113 (1.03,1.249)
25mg IR/ 80mg CR CRIR 105 . | (095 1.16)
Cmax! Pooled CRIR 1.00 (0.94, 1.08) 39.0
ngimlL 3.125mg IR/ 10mg CR CRIR 1.18 {1.02,1.39)
6.25mg IRf 20mg CR CRIR 1.00 (0.88, 1.14)
12.5mg IR/ 40mg CR CRIR (94 (082, 1.07)-
25mg IR/ 80mg CR CRIR 089 (0.78, 1.02)
Ct Padled CRIR 103 {0.95, 1.12) 467
ng/mb 3.125mgq IRf 10mg CR CRIR 129 {1.09, 1.54)
6.25mg IR/ 20mg CR CRIR 1.01 {0.87,1.17)
12.5mg IRf 40mg CR CRIR 093 {0.80, 1.08)
25mg IR/ 80mg CR CRIR 0.94 {0.80*, 1.10)
fmax (hrp2 Pooled CRIR 3.00 {2.73,3.25)
3.125mg IR/ 10mg CR CRIR 3.03 (2.25,4.04)
6.25mg IRF 20mg CR- - CRIR: 2106~ --| - (2.25:-3:49)
12.5mg IR/ 40mg CR CRHIR 225 {1.50, 3.00)
25mg IR/ 80mg CR | CRIR 386 | (350,4.%)

Data Source: Tables 8.02 and 8.04 )
1. Point estimate is the ratio of adjusted geometric means between regimens.
2. Point estimate is the estimated median difference between regimens.

3. CVw% represents a pooled estimate of within-subject variability across naqrmens

4. 0.796.

There were 6 patients (776, 876, 1284, 1285, 1658, and 1659) who provided anomalous
PK data. ID 776, 876, 1284, 1285 had their CR-IR treatments switched and ID 1658 and
1659 had3 h and 24 h samples switched. The sponsor performed statistical analyses on
the original dataset (ITT analysis) as well as a modified dataset (changing treatments) and
by excluding these patients. There was little impact of the anomalous PK data on the

statistical analyses.

4.2.7.3.3 Pharmacodynamics

The sponsor used a PKPD model to predict the beta-blocking effects from the observed
plasma concentrations. A summary of parameters calculated from the predicted response

data is shown in Table A 57. The sponsor concluded that the predicted

pharmacodynamxc effect (AUEC, PDmin, and PDmax) was equivalent for carvedllol CR

compared to COREG IR.

NDA 22-012
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Table A 57. Summary of Predicted Responses (Reference Table 23/Section 9.1)

Dose Group N AUEC (%.h)! - PDmin (%) PDmax (%j)!
IR 3.125mg bid 36 36.1 {60.8%) 1.15(92.7%) 3.26 {48.6%)
IR625mgbid | 49 | 628 (495%) 2.1 (66.2%) 4.89 (32.9%)
IR125mgbid | 46 | 113(33.6%) 3.96 (48.1%) 775 (19.8%)
IR25mgbid | 42 | 168 (28.2%) 5.92 (40.8%) 10.0 (13.3%)
CR10mguid | 36 | 454 (57.7%) 1.35 (76.8%) 3.69 (52.9%)
CR20mguid | 49 | 685 (44.6%) 214 (61.7%) 4.86 (34.3%)
CR40mguid | 46 | 121(33.6%) 3.91 (50.5%) 7.41(24.6%)
CR80mguid | 42 | 171(30.0%) 5.76 (46.3%) 9.59 (16.8%)

Data Source: Table 824
1. Arithmetic mean (CVb%) -

4.2.7.3.4 Safety

The frequency and types of adverse experiences were similar across both treatment
periods, and each of the strata. The percentage of subjects reporting any adverse
experience was 26%, 22%, 14% and 20% for the 10mg, 20mg, 40mg, and 80mg
carvedilol CR groups, respectively. These numbers were comparable to the 21%, 19%,
16%, and 11% reported for COREG IR 3.125mg, 6.25mg, 12.5mg, and 25mg bid groups,
respectively. '

4.2.7.4 Sponsor’s Conclusions
e Atall dose levels, the pharmacokinetic parameters for R(+)- and S(-)-carvedilol
were similar for the two formulations. Based on the pooled analysis, AUC, Cmax,
and Ctau for R(+)- and S(-)-carvedilol were equivalentfor the CR and IR
formulations as point estimates and corresponding 90% confidence intervals for
the pharmacokinetic parameters were within bioequivalence limits of 80%-125%. -

e Based on the pooled analysis, carvedilol CR had an equivalent predicted overall
effect (AUEC), maxnmum effect (PDmax), and minimum effect (PDmm)
compared to COREG IR.

4.2.7.5 Reviewer’'s Comments

1. This study provides evidence that the steady-state pharmacokinetics of the CR
and IR formulations are equivalent in the target population.

2. Assessment of the individual concentration-time profiles confirmed the sponsor’s
claim of anomalous PK data for IDs 776, 876, 1284, 1285, 1658, and 1659.
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4.2.8 Dissolution Methodology

4.2.8.1 Dissolution Methodology and Specification

Table A 58 shows the product dissolution method and proposed specification for the
carvedilol CR capsules. The CR component of the capsules or CR microparticles is
designed to release carvedilol phosphate based on pH and time dependent mechanisms.
In 0.IN HCI dissolution media, the release profile presents a delayed release for
approximately 2 hours and a gradual release of carvedilol phosphate in the next 22 hours
from the CR components (Figure A 12).

Table A 58. Product Dissolution Method and Specification (described in section
2.4.2.3.4/ m3.2.P.2. Pharmaceutical Development)

Dosage Form: Capsule

Strengths: 10 mg, 20 mg, 40 mg, 80 mg

Apparatus Type: USP Apparatus I (paddle) _
Media: 0.1 N hydrochloric acid (HCI), i
Media Volume 900 mL at 37°C

Rotation Speed 100 ——

Sampling Times:

Brief Description of the Dissolution

] / 7
Analytical Method: !
Dissolution Specification: l / J

Figure A 12. Dissolution Profiles of Commercial Batches of Carvedilol CR
(Reference Table 16 in section m3.2.P.5.4. Batch Analyses)

USP Apparatus 1l
0.1N HCL, 100 rpm
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® - 24 hour, Not less than 80%

The limit at 24 hours ensures that the bulk of carvedilol phosphate in the dosage
form is adequately released from the dosage form during the test period.

4.2.8.4 Release Rates of Final Formulation: Biobatches vs. Commercial
Batches

To compare the commercial batches (SUPAC MR level 2 scale-up and level 2 site
change) to the biobatches (Table A 61), multipoint dissolution profiles were obtained in

the proposed dissolution media (0.1N HCI) and three other media /

———

= ). The similarity factor (f2) ranged from 55 to 97 when comp_aring the biobatches
(test) to the commercial batch (reference) providing evidence that the dissolution curves
are similar in the four media.

Table A 61. Batch Analyses (m3.2.P.5.4. Batch Analyses)

10 mg Capsules 20 mg Capsulés 40 mg Capsules 80 mg Capsules
Batch No. XS3027 XS3028 XS3029 XS3030
Baich Size I -— — -
Scale Production Production Production Production
Use Commercial Commercial Commercial Commercial
Date March 2006 March 2006 March 2006 March 2006
Batch No. X4553 'X4544 X4551 77T X4s52
Batch Size B -_— — -—
Scale Pilot Pilot Pilot Pilot
Use Clinical Clinical Clinical Clinical
Date February 2004 February 2004 February 2004 February 2004
Batch No. X7251 X6862 X7004 . X7194
Batch Size S — —
Scale Pilot Pilot Pilot Pilot
Use Stability & Clinical | Stability & Clinical Stability & Clinical Stability & Clinical -
Date March 2004 March 2004 ' March 2004 March 2004
NDA 22-012 Page 141 of 194
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'4.2.8.5 In Vitro Ethanol Interaction (Reference: Attachment Il, 24-March
Submission Cover Letter)

A dissolution study was performed to assess the potential for ethanol to affect in-vitro
drug release from carvedilol CR capsules. For this analysis, the proposed commercial
release method was employed (USP Apparatus II, 900 mL dissolution media, 100 rpm)
with the exception that varying levels of ethanol were incorporated into the medium.

A concentration-related increase in the rate of release of carvedilol was observed, with
release rate increasing with ethanol content (Figure A 21, Table A 62). Based on these
data, the sponsor is conducting a clinical study to more accurately assess the impact of
ethanol on the drug release profile.
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Figure A 21. Mean Release Rates as a Function of Ethanol Concentration

% Released
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Table A 63. Mean Release Rates as a Function of Ethanol Concentration
Time Level of Ethanhol
{hour) 0% 4% 8% 12% 16% 20% 24%
Qa Q Q 4] 0 1] ¢ 0
0.5 g 6 8 13 18 25 45
1 12 9 15 27 46 62 82
2 19 19 35 99 76 86 95
4 34 43 67 83 93 94 96
6 47 61 81 91 - 96 95 96
8 57 72 88 94 97 95 96
12, 71 84 94 96 97 95 96
18 83 91 96 96 97 94 95
24 89 4 96 NP NP NP NP

Note: NP = not performed

4.2.8.6 Reviewer’'s Comments

I. The recommended range at any dissolution time point is —, deviation from the
mean dissolution profile obtained from the clinical lots. The sponsor has
proposed a —  for the 8-h time point. Without support from in vivo BE data,

the reviewer recommends a specification of NLT —— ind NMT —

The last time point should be the time point where at least 80% of the drug has
dissolved. Based on the dissolution profiles for the biobatches and commercial

S

batches, it is recommended
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"The sponsor has proposed a rotation speed of 100 rpm for USP Apparatus II.

/ / / e

Capsule Strength Mean % Release at 8-h in 0.1 N HCI | Mean
Commercial Batch | Clinical Batch | Stability Batch

10 mg 68 57 63 63

20 mg 66 58 62 62

40 mg 67 58 62 62

80 mg 65 57 61 61

2. A biowaiver for the SUPAC level 2 site change and scale up for the commercial
batches cannot be granted until additional dissolution data is submitted using the
recommended method and specification.

3. The coefficient of variation for the mean dissolution profiles in the proposed
dissolution media is less than 10% for the commercial and pivotal biobatches.
Table A 64 to Table A 66 present these data. The same tables will need to be
generated with the recommended dissolution method and specification.
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Table A 64. Mean (%CV) Dissolution Data for the Commercial Batches

S3027 S3028 $3029 S$3030
10 mg Capsule 20 mg Capsule 40 mg Capsule 80 mg Capsule
Time Mean %CV Mean %CV Mean %CV Mean %CV
0.1 N HCI (Commercial Dissolution Media)
0.5 14.6 7.4 127 6.1 12.1 9.6 12.3 6.3
i 19.4 5.1 17.6 4.5 17.8 © 35 17.7 2.8
2 28.5 3.8 26.2 3.6 26.9 29 26.4 2.5
4 45.4 2.6 43.4 2.7 44.6 22 43.7 2.0
6 58.1 2.7 56.2 2.1 57.5 1.7 56.2 1.3
8 67.6 24 65.6 2.3 67.1 1.5 65.4 1.2
12 81.3 22 78.8 2.2 80.3 - 1.3 77.8 1.6
18 924 2.0 89.2 2.1 90.3 1.2 86.8 1.4
24 97.8 24 94.1 2.0 95.3 1.1 90.8 1.3
0.5 12.8 7.6 12.1 7.5 12.5 54 12.3 8.7
1 15.8 55 14.8 42 15.3 42 15.0 4.0
2 204 33 19.2 44 19.9 2.6 19.5 4.1
4 ) 33.2 2.5 314 3.2 323 2.4 31.2 3.0
6 45.8 24 44.0 2.7 ’ 449 1.5 42.7 2.5
8 56.8 2.2 54.7 2.4 55.7 1.4 52.5 2.1
12 70.0 2.1 68.3 2.2 69.0 0.9 64.8 1.5
18 78.8 2.2 76.6 24 770 7 T 0.8 7777720 1.5
24 82.6 2.2 80.3 2.1 . 80.0 . .08 __.._. ..742 1.0
0.5 17.7 6.5 18.8 4.4 18.4 49 17.3 38
| 31.8 5.5 35.6 3.0 354 . 37 35.0 1.2
2 49.8 4.8 51.8 2.7 52.4 1.9 51.8 1.2
4 63.3 32 63.2 1.5 63.8 > 09 62.8 1.0
6 69.6 2.8 68.9 1.4 69.4 1.0 679 1.0
8 74.6 2.5 73.9 1.8 74.2 1.3 72.3 0.9
10 794 2.5 78.6 1.8 78.4 0.9 76.4 1.2
12 83.5 22 829 1.6 82.4 0.8 80.2 0.7
i4 87.0 2.5 86.8 . 1.7 85.9 1.0 83.6 I.1
16 89.9 2.4 90.1 1.8 89.0 1.0 86.4 1.0
18 92.5 2.2 92.7 1.9 91.5 1.1 88.9 1.1
p—— -
0.5 22.1 11.0 21.00 18.8 17.3 6.2 17.2 42
1 40.6 .53 39.8 49 383 2.8 378 1.6
1.5 53.7 34 3524 3.6 51.6 1.7 50.6 1.0
-2 63.7 3.0 62.3 2.4 61.5 1.5 60.3 1.5
3 - 75.4 2.7 73.8 1.8 73.2 0.8 71.7 1.8
4 83.7 2.8 81.8 1.7 79.8 2.8 79.3 1.2
5 88.5 23 86.8 1.6 85.5 0.9 84.8 0.7
6 91.8 2.2 90.2 1.5 89.1 0.8 88.1 0.9
8 95.7 2.1 93.6 1.5 91.7 1.2 91.2 0.6
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Table A 65. Mean (%CV) Dissolution Data for the Biobatches: Clinical Batches

X4553 X4544 X4551 X4552
10 mg Capsule - 20 mg Capsule 40 mg Capsule - 80 mg Capsule
Time Mean %CV Mean %CV Mean- %CV Mean %CV
0.1 N HCI (Commercial Dissolution Media)
0.5 13.3 5.8 12.3 5.1 12.2 6.9 12.0 94
1 15.6 4.3 15.0 2.8 15.1 5.3 14.5 6.2
2 213 4.1 20.3 3.7 204 49 19.8 3.6
4 © 353 3.9 349 31 35.2 3.6 344 2.9
6 475 36 47.0 26 48.0 25 46.8 2.0
8 57.5 3.6 57.6 2.6 58.4 2.7 57.3 1.5
12 72.5 3.7 73.4 25 74.0 2.6 72.4 1.2
18 84.7 3.5 85.9 2.7 87.3 24 84.5 1.2
24 90.4 3.8 92.5 2.6 93.6 2.5 90.2 1.2
0.5 9.8 20.1 10.0 12.8 11.8 8.7 11.2 7.5
{ 11.9 10.4 12.4 6.4 133 5.8 13.0 33
2 154 5.8 15.8 "~ 36 16.4 4.8 15.7 3.1
4 26.1 6.6 27.1 2.5 274 24 26.2 1.5
6 38.1 5.8 39.2 2.8 39.2 1.0 371 ‘ 1.8
8 48.8 5.4 50.2 2.7 50.0 1.5 472 1.5
12 62.9 4.5 64.3 2.2 64.1 1.0 60.3 1.0
18 72.3 4.2 73.5. 2.6 - 733 - - 12----~683 1.0
24 : 76.4 4.1 77.5- 25 - 769 - - 13- =711 0.7
R
0.5 - 200 8.8 20.6 7.3 18.8 33 18.3 3.4
1 36.1 5.5 376 4.5 36.1 22 35.8 23
2 53.5 4.0 55.1 4.1 535 13 529 1.3
4 64.1 37 - 654 4.5 65.0 3 64.1 1.4
6 70.1 - 3.6 71.7 4.5 70.2 1.6 69.2 1.5
8 754 4.0 77.6 4.3 75.1 1.7 73.7 0.9
10 80.9 4.0 82.5 4.6 79.4 1.7 77.8 0.9
12 8s.1 3.6 87.4 4.5 833 1.6 81.8 0.8
14 89.0 - 35 9Ll 4.8 873 1.6 84.9 0.8
16 92.2 38 94.3 4.9 90.1 1.7 87.8 0.7
18 93.8 38 9.4 49 93.0 2.1 90.7 2.6
e ae—rut
0.5 19.3 12.0 18.2 11.0 21.1 9.1 20.6 7.9
1 38.4 59 36.3 5.7 39.3 4.0 385 34
1.5 535 4.7 51.1 33 538" 2.6 51.9 22
2 . 65.0 44 62.3 34 64.7 23 62.4 1.4
3 78.3 3.8 753 - 2.8 71.3 1.5 73.3 1.2
4 84.8 3.6 82.6 2.7 85.2 1.4 80.5 1.1
5 88.6 34 86.7 2.6 89.5 1.1 84.9 0.9
6 90.6 33 894 24 924 1.2 87.7 1.0
8 92.9 34 92.0 2.7 95.0 1.2 90.1 1.0
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Table A 66. Mean (%CV) Dissolution Data for the Biobatches: Clinical & Stability Batches

X7251 X6862 X7004 X7194
10 mg Capsule - 20 mg Capsule 40 mg Capsule 80 mg Capsule
Time Mean %CV Mean %CV Mean %CV Mean %CV
: 0.1 N HCI (Commercial Dissolution Media)
0.5 13.8 6.3 12.6 5.3 12.7 3.9 12.1 43
1 16.8 6.6 15.6 4.3 16.3 2.8 15.8 25
2 243 5.1 22.3 4.0 24.1 2.1 23.2 2.5
4 40.9 3.2 39.3 29 40.4 1.3 39.4 T
6 53.0 2.8 51.6 2.7 52.5 1.0 51.6 1.3
8 62.8 2.7 61.6 26 62.1 1.1 60.9 0.8
12 76.4 25 76.2 25 75.9 1.3 74.7 1.0
18 89.3 1.9 88.4 2.5 88.3 1.4 86.0 1.0
24 95.4 2.1 94.6 2.6 943 1.5 91.3 1.0
. —
0.5 125 8.0 11.6 6.8 12.1 6.6 11.8 5.3
1 14.3 6.8 13.1 5.1 13.7 4.8 136 - 38
2 17.8 5.8 16.7 3.0 17.3 3.8 16.6 3.1
4 29.9 4.1 28.8 4.0 28.8 3.0 271 - 2.5
6 42.8 3.7 41.5 4.0 41.3 2.6 38.4 2.6
8 53.9 33 . 526 4.1 52.2 2.0 48.8 2.5
12 67.8 2.4 66.7 3.0 66.1 1.5 61.9 2.0
18 77.1 2.4 75:8- 22 748 - - L& =700 1.1
24 81.0 2.4 79.9 . 20 - 783 . - E3eo. 728 1.0
——
0.5 17.7 6.5 192 6.2 18.6 3.6 18.0 4.7
1 31.8 55 37.9 2.1 360 39 353 5.8
2. 49.8 4.8 55.0 1.6 527 28 51.8 3.8
4 63.3 3.2 65.6 1.4 64.2 C 16 63.1 1.1
6 69.6 2.8 71.1 1.5 " 69.4 1.4 68.3 0.7
8 746 - 25 76.1 1.4 742 1.8 72.7 0.9
10 79.4 25 80.9 1.5 78.2 1.5 76.8 1.1
12 83.5 2.2 85.1 1.5 82.2 1.5 80.6 1.1
14 87.0 2.5 88.8 1.5 85.7 1.8 83.8 1.2
16 89.9 2.4 92.1 1.7 88.8 1.5 36.8 1.0
18 92.5 22 941 1.8 91.3 1.7 89.4 1.2
. ——
0.5 23.0 85 20.5 9.2 19.8 6.4 19.3 7.0
1 443 4.4 40.8 43 405 43 423 1.9
1.5 58.5 3.0 54.1 2.9 53.1 3.3 55.3 1.7
2 69.4 3.0 63.9 2.5 62.8 22 64.3 1.7
3 81.8 2.1 75.8 23 74.3 22 76.0 1.3
4 88.5 2.1 83.4 2.4 81.8 1.7 82.8 1.5
5 93.3 2.1 88.4 2.2 86.8 1.6 - 86.8 1.4
6 96.0 1.9 91.8 2.3 90.0 1.5 89.6 0.9
8 98.8 1.6 95.7 2.2 93.5 1.4 91.8 1.3
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4.3 Pharmacometrics Review

4.3.1.1 Regulatory Background

During the pre-NDA meeting with the sponsor (21 July 2005), it was agreed that to support the

heart failure / mortality indication the sponsor will have to demonstrate that both the PK and PD
after administration of carvedilol CR capsules are equivalent to those obtained from the IR
tablets. These data includes (1) observed PK data (Ctau, Cmax, AUC) from study 369, (2)
observed PD data (PDmin, PDmax, AUEC) from study 902, and (3) the concentration-effect
data. '

4.3.1.2 Question-Based Review

4.3.1.2.1 Is the observed f-blocking effect following administration of carvedilol CR
capsules equivalent to those observed with IR tablets?

Exercise heart rate and concentration data collected in patients with essential hypertension (study
902) shows that carvedilol CR has the same blocking effects as the immediate release
formulation. The exercise-induced heart rate at trough concentrations (PDmin) observed with
carvedilol CR capsules was equivalent to those observed with IR tablets (Table A 67). The 90%
confidence intervals of the CR:IR ratio fell within a 80 to 125% equivalence interval. Similar
findings were observed for PDmax and AUEC (Table A 68 and Table A 69, respectively).

Table A 67. Beta-Blocking Effects in Patients with Essential Hypertension (study 902):

Statistical Analysis of PDmin% C ' T
(Reference Table 20/Section 7.1/Study 902)

Parameter | Comparison of Inferest Point Esfimate 90% Cl Within
CR:IR v ) subject SD#

PDmin Pooled Group! 1.00 (0.94, 1.07) 386

PDmin High Dese Group? 1.06 {0.97, 1.15) '

PDmin Low Dose Groug* 0.94 {0.84, 1.05)

L. High and Low Dose Groups combined

2. COREG 25mg BID and carvediiol CR 80mg 00
3. COREG 6.25mg BID and carvedilof CR 20mg QD
4. Within-subject standard deviation .
Source: Tabie 7.1
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Table A 68. Beta- Blockmg Effects in Patlents with Essentlal Hypertension (study 902):

Statistical Analysis of PDmax%
(Reference Table 22/Section 7.3/Study 902)

Parameter Comparison of Point Estimate 96% CI SDw
Interest
PDmax CR:R (Pooled)! 097 {0.92, 1.02) 382
PDmax CRR {High Dose 1.02 {095, 1.08)
Group)? .
PDmax CRIR {Low Dose 0.92 {0.84, 1.00)
Group)®

1. Highand Low Dose Groups combined

2. COREG 25mgq BID and carvedilol CR 80mg OD
3. COREG 6.25mg BI0 and carvedilol CR 20mg OD
Source: Table 7.5

Table A 69. Beta-Blocking Effects in Patients with Essential Hypertension (study 902):

Statistical Analysis of AUEC%
(Reference Table 21/Section 7.2/Study 902)

Parameter | Comparison of | Median 90% Bootstrap Cl
Interest (5th percentile, 95th percentile)

AUEC CRIR (Pooled)t | 1.02 1(093,1.10)

AUEC CR:IR (High Dose | 1.03 (0.96, 1.10) o
Group)? ‘

AUEC CRIR {LowDose { 100 | (092, 1.09) T T
Group}? ' .

1. High and Low Dose Groups combined

2. COREG 25myg BID and carvedilol CR 80mg OD
3. COREG 6.25mg BID and carvedilol CR 20mg D
Source: data on file, GSK

4.3.1.2.2 Do the CR capsules and IR tablets have the same concentration-effect
relationship?

Administration of carvedilol CR capsules and IR tablets to patlents with essential hypertension
have the same concentration-effect relationship. This relationship is shown graphically in Figure
A 22. An Emax model was applied to the concentration-heart rate data for each formulation
separately. The median and 90% confidence intetvals for model parameters show that this
relationship is the same (Table A 73). Therefore, it can be concluded that the PKPD relationship
for carvedilol is not dependent on the input rate.

4.3.1.2.3 Is the observed exposure to R(+) and S(-) carvedilol following administration of
carvedilol CR capsules equivalent to the exposure with IR tablets?

The steady-state pharmacokinetics of carvedilol CR was characterized in patients with mild to
severe heart failure and post-MI patients with LVD. Patients received IR tablets (3.125 mg, 6.25
mg, 12.5 mg, and 25 mg) for 14 days then received an equivalent CR dose (10 mg, 20 mg, 40 mg
and 80 mg). At all dose levels, exposure to R(+) and S(-) carvedilol observed with carvedilol CR
capsules were similar to the exposure observed with IR tablets (Table A 70 to Table. A 72).

Using pooled data across dose groups, the 90% confidence intervals of the CR:IR ratios for
Cmax, AUC, and Ctau fell within the 80% to 125% equivalence interval.
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Table A 70. Summary of Steady-State Pharmacokinetic Parameters for R(+) and S(—)

Carvedilol in Patients with CHF and Post-MI LVD
(Reference Table 22/2.7.2 Clinical Pharmacology Summary)

Analyte | Regimen N AUC(0-)! | Cmax! Tmax? Ccd
{ng-he/mL) | (ng/mL) (hr) {ng/mL)
R{#}- IR3.125mgbid | 36 535(79.4) [ 6.10(67.1) | 1.95(0.00-6.00) 1.13 (140)
IR 6.25mg bid 49 103(734) | 11.0(61.2) | 1.92(0.00-6.03) 2.43(107)
IR 12.5mg bid 46 262(63.6) |268(58.9) | 151(0.00-11.75) |6.24(97.0)
IR 25mg bid 42 552(940) |606 (70.3) | 151(0.50-12.00) | 11.6(144)
CR 10mg uid 36 64.9(858) |648(92.0) | 4.04(1.00-24.00) | 1.37(114)
CR 20mg uid 49 109 {70.0) | 10.6 (58.6) | 5.67 (1.00-8.00) 2.28 (106)
CR 40mg uid 46 248 (70.3) | 23.0 (69.0) | 4.00 (0.50-12.00) | 4.71(119)
CR 80mg uid 42 . | 551 (104) 53.8(84.6) |6.00(3.00-16.00) |9.91(169)
${-}- (R3.125mgbid [ 36 209(736) {227 (721) [1.95(0.006.00) 0.519 {123)
IR 6.25mg bid 49 43.0(665) |433(60.0) | 1.52(0.00-6.03) 1.24 (88.1)
IR 12.5mgq bid 46 108(59.4) | 11.0(59.9) | 1.50(0.00-11.75) {3.02(85.9)
IR 25mg bid 42 242 (705) | 259(61.1) | 1.60(0.50-12.00) |6.12(976)
CR 10mg uid 36 27.7(76.8) | 268(91.3) | 4.04(1.00-24.00) | 0.671(105)
CR 20mg uid 49 489(66.9) |435(614) |{5.67(0.98-8.00) 1.24(91.1)
CR 40mg uid 46 122 (63.9) | 102(66.4) |4.000.50-24.00) | 2.82(105)
CR 80mg uid 42 254(80.2) | 227 (710} |6.00(3.00-16.00) [ 5.72(119)

1. Geometric mean (CVb%)

2. Median (range) _ . Lo e

Table A 71. Statistical Analysis of R(+) Carvedilol PK Parameters
(Reference Table 19/Section 8.4/Study 369)

Parameter Dose Group Comparison of Paint 90%Ci CVwie?
Interest Estimate
AUCIOY | Pooled CRR 1.06 (1.01,1.12) 280
ng hefml 3.125mgq IR/ 10mg CR CRIR 12 (1.08, 1.35)
6.25mg IR/ 20mg CR CRIR 1.06 {0.97,1.16) |
12.5mq IR/ 40mg CR CRIR 098 (0.89, 1.08)
25mg IR/ 80mg CR CRIR 1.00 {0.90, 1.10)
Cmax’ Pooled CRIR 095 {0.89, 1.02) 382
ng/ml 3.125mg IR/ 10mg CR | CRIR 106 (0.92,123)
8.25mg [R/ 20mg CR CRRR 0.97 (6.85, 1.09)
125mg I/ 40mgCR_ | CRIR 0.87 {0.76, 0.98)
25mgq IR/ 80mg CR CRIR 090 (0.79, 1.03)
Ce Podled CRIR 092 {0.85, 1.01) 494
ng/mL 3.125mg IR/ 10mg CR CRIR 121 (1.01,145)
6.25mg IR/ 20mg CR CRR 094 {0.80, 1.10)
12.5mg IR/ 40mg CR CRIR 0.75 {0.64, 0.89)
25mq IR/ 80mg CR CRIR 086 {0.72, 1.02)
tmax (P Pooled CRIR 300 {2.59, 3.25)
3.126mg IR/ 10mg CR CRIR 302 {2.25,4.25)
6.25mg IR/ 20mg CR CRJIR 274 2.21,325)
12.5mg IR/ 40mg CR CR-R 22 {1.50,2.77)
25mg IR/ 80mg CR CRAR 400 (3.50, 448)

Data Source: Tables 8.01and 8.03

1. Point estimate is the ratio of adjusted geometric means between regimens.

2. Point estimate is the estimated median difference between regimens.

3. CVw% represents a pooled estimate of within-subject variability across regimens.
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Table A 72. Statistical Analysis of S(-) Carvedilol PK Parameters
(Reference Table 20/Section 8.4/Study 369)

Parameter Dose Group Comparison of Point 90% Ct CVw%?
Interest Estimate

AUC(O-f! Pooled _CRIR 1.16 (1.10, 1.22) 278
ng.hefml 3.125mgq IR/ 10mg CR CRIR 133 (1.18, 1.47)
6.25mg IR/ 20mg CR CRIR 114 (104, 1.24)
12.5mg (R 40mg CR CRIR 113 (103, 1.24)
25mg IR/ 80mg CR CRIR 1.05 (0.95, 1.16)

Cmax' Pooled CRIR 1.00 {0.94, 1.08) 380
ng/ml 3.125mg IR/ 10mg CR CRiIR 1.18 {1.02,1.37)
6.25mg IRf 20mg CR CRiR 1.00 (0.88, 1.14)
12.5mg IR/ 40mg CR CRIR 0.94 {0.82, 1.07)
25mg IR/ 80mg CR CRiR 0.89 (0.78,1.02)

Cu Pooled CRR 1.03 (085,1.12) | 467
ng/ml_ | 3.125mg IR/ 10mg CR CRIR 1.29 (1.09, 1.54)
6.25mg IR/ 20mg CR CRiIR 1.01 0.87, 1.17)
12.5mg IR/ 40mg CR CRIR 093 | (0.80,1.09)
25mg IR 80mg CR CRIR 0.94 0.8+, 1.10)
tmax (hr)? Pocled CRIR 300 | (2.73,3.25)
3.125mg IR/ 10mg CR CRIR 383 {2.25,4.04)
6.25mg IRf 20mg CR CRIR 2.76 {2.25,3.49)
12.5mg IR/ 40mg CR CRIR 229 {1.50,3.00)
25mg IR/ 80mg CR CRIR - 386 {3.50, 4.25)

Data Source: Tables 8.02 and 8.04

1. Point estimate is the ratio of adjusted geamefric means betwaen regimens.

2. Pointestimale is the esfimated median difference between regimens. . R RS
3. CVw% represents a pooled estimate of within-subject vanabxrrty acrass reglmens

4. 0.796. e e

4.3.1.3 PKPD Analysis
4.3.1.3.1 Beta-Blocking Effects

43.1.3.1.1 Data

Data from study 902 were used in the PKPD analysis. The design of 902 is shown in Figure A 4.
A description of the data is presented in Table A 73. The dataset used for this analysis was
obtained from the 30-March submission and located in \\crt\datasets\902\4.

Table A 73. Data Used in PKPD Analysis

g

¥ U

Study Population Treatments . Sampling Times No. Subjects and Samples
902 Patients with Low Dose: 6.25 mg bid | B1: 0, L.5, 6, 12, 18 Low Dose: 36 subjects
hypertension IR and 20 mg qd CR contributing 365 observations

B2:0, 1.5, 4, 14,21

Enrolled: 122 High Dose: 20mg bid | p5. 1 5 4 14,24

High Dose: 47 subjects

Completed: 105 IR and 80 mg qd CR 0.2 6 1o 18 contributing 513 observations
Placebo : T Placebo: 22 subjects
B5:0,2,9, i4, 2t contributing 239 observations

B6:0,2,9, 12, 24

4.3.1.3.1.2 Graphical Exploration of Observed Data

The change in exercise heart rate from baseline vs. S(-)carvedilol concentrations are presented in
Figure A 22 and Figure A 23. These figures illustrate that the IR and CR formulations have
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comparable concentration range and beta-b locking effects. There were four individuals with very
low exercise induced heart rates (change from baseline >50 bpm): 2, 91, 102, and 126 (Figure A
24). With the exception of subject 91, low heart rates were observed with both the CR and IR
formulations.

Figure A 22. Change from Baseline Exercised-Induced Heart Rate vs. S(-)Carvedilol
Concentrations
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Figure A 23. Change from Baseline Heart Rate vs. S(-)Carvedilol Concentrations
Stratified by Dose Group (with subject ID as indicator)

Figure A 24. Individual Plots of Subjects with Low Exercise Iligluced Heart Rate

[/
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The mean time-course of change in exercise heart rate from baseline by dose group is presented
in Figure A 25, with individual profiles presented in Appendix A 3. These plots show that mean

and individual beta-blockade is comparable between the CR and IR formulations.

Figure A 25. Mean PK and PD Time Course.

6.25 mg IR /20 mg CR

25 mg IR /80 mg CR

20

10

S-carveditol, ng/ml

15 1 ;‘."l:: ’

T T T T T T T Tt

delta Heart Rate, bpm

4 8 12 16 20 24

4.3.1.3.2-PKPD Model

An Emax model best described the relationship between exercise heart rate and S(-) carvedilol
concentrations (refer to individual study 902 for details, Appendix 4.2.5). This model was based -
on the combined data for the IR and CR formulations. Model parameters are shown in Table A
74. Between-subject variability could not be estimated for EC50 and Emax (Appendix A 4 for
reviewer’s analysis of data). Parameter estimates are similar to an Emax developed using PKPD
data obtained in healthy volunteers who received doses up to 50 mg with IR tablets and two pilot

CR formulations (Appendix A 5).

Table A 74. Parameters for the Emax Model Describeing the S(-) Carvedilol and Beta

Time

8 12 16 20 24

Blocking Effects of Carvedilol Administered as CR Capsules and IR Tablets
(Reference Table 28/Section 10/Study 902)

Population Mean (% set) [nter-individual Variability as
% CV (% se!)
E0 (bpm) 126 (1.3) 171{23.2)
ECH0 (ng/mL) 475{449) NE
Emax (bpm} 15.1 (11.5) NE
Amplitude 0.013(154) NE
Tmax (h) 11602 NE
Residual Variability 49{13.1)
% CV (% se)

1. % se— percent standard efror

NE - Not Evaluated
Source: Table 10.1
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To determine if the PKPD model was different between formulations, the data was split by
formulation and re-analyzed using the Emax model. If the two formulations have similar beta-
blocking effects, then model parameters should be the same. The median and 90% confidence
intervals for model parameters were obtained using bootstrap techniques. The dataset was re-
sampled by subject ID with replacement and the resulting dataset was fit to the Emax model.
This procedure was repeated 1000 times each for three datasets: IR data alone, CR data alone
and combined IR and CR data.

Table A 75 lists the median parameter estimates and the 90% confidence interval computed from
the bootstrap distribution. Model parameters for the IR and CR formulations are the same. The
90% confidence intervals for Emax and EC50 are much wider when the individual formulations
were fit to the Emax model compared to the combined dataset. This most likely reflects
instability in the Emax model due to insufficient data at or around Emax.

Table A 75. Median (5", 95" percentiles) for Model Parameters Calculated from 1000

Bootstrap Datasets

Parameter IRCR Data IR Data Aloune CR Data Alone
EO 126 (123, 129) 127 (123, 131) 128 (123, 132)
EC50 4.1 (1.86, 9.66) 2.87 (0.920, 2694) 2.04 (0.470, 2116)
Emax 15.5(12.6, 18.5) 16.5 (13.2, 1240) 16.6 (12.7, 1112)
Amplitude 0.0123 0.0165. .. _ ... .00947
(0.0101, 0.0168) (0.0125,0.0207) |  (3.74E-11,0.0135)
Tmax 11.6 (103, 13.3) 10.9 (9.80, 124) 11.3 (2.08, 58.5)
BSV for E0Q (expressed as 0.0781 0.0777 0.0796
Ccv) (0.0631, 0.0981) (0.0637, 0.0948) (0.0635, 0.0983)
Residual error (expressed as 0.0483 v 0.0462 0.0436
CcVv) (0.0431, 0.0536) (0.0401, 0.0525) (0.0392, 0.0484)
% runs with successful 99.6 99.2 97.8

convergence

4.3.1.3.3 Dose-Response for Blood Pressure

The sponsor conducted a double-blind, placebo-controlled, 8-week trial to evaluate the
antihypertensive effects of 20 mg, 40 mg, and 80 mg carvedilol CR administered once daily to
patients with essential hypertension (study 367, schematic shown in Appendix A 2). The mean
(+SE) change from baseline in 24 h mean SBP and DBP for each treatment is shown in Figure A
26. Evident in this figure is a dose-response with the carvedilol CR.
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Figure A 26. Mean Blood Pressure Changes from Baseline Measured by 24-h ABPM

(Reference Figure 7 /2.5 Clinical Overview)

Corg CR Coreg CR Coreg CR
Plcebo 20mg 400g mg
(n=58) (069 (n63) (=69}
o DBP SBP DBP SBPY ogP SePt gsp sapt
o [
2] 04 Jf :
a8
£ 47
£
e -6
4] 68
79
‘10_
95"
q124 101
14~ 125~

thange from basefine in 24 hour mean blood pressus £5€
{infentto-treat efficacy poputation with kstobservation camied fanvard)

tSBPinfernces aw based on anad-foc anabsk

*Pyalses <0001 1or doge mhted tend fasts forchange from baseling in
mean DBPand SBP

The sponsor also assessed the exposure-response relationship between model-predicted steady
state AUC values and mean blood préssure changes. Table A 76 suminarizes the results of this

analysis. e

Table A 76. Summary of the Results of the Exposure Response Analysis for

Antihypertensive Effects of Carvedilol CR
(Reference Tables E2 and E3/ Study 367 PopPK)

Dose AUC Mean Change in Diastolic BP Meail Change in Systolic BP
ng.h/m.l Observed Effect | Emax Model-Predicted | Observed Effect | Emax Model-Predicted

R(+) Carvedilol '

20 mg 128 -4.4 -5.5 -6.8 -71.3

40 mg 231 ‘ -71.9 1.2 -10.1 ' 9.2

80mg | 479 96 9.0 25 112

S() Carvedilol '

20 mg 54 - -4.4 -5.1 -6.8 - 6.8

40 mg 101 -1.9 -7.1 -10.1 9.1

80 mg 211 -9.6 9.2 -12.5 . -5

The immediate release tablets were studied in placebo-controlled trials that utilized twice-daily
dosing, at total daily doses of 12.5 to 50 mg (Coreg label). These trials showed a dose-related

blood pressure response.

4.3.1.3.4 Popuiation PK Analysis
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4.3.1.3.4.1 Data

Data from studies 902 and 367 were used in the analysis of R(+) and S(-) carvedilol (Table A
77). The design of 902 and 367 is shown in Appendix A 1 and Appendix A 2, respectwely The
distribution of sampling times is shown in Figure A 27.

Table A 77. Data Used in PopPK Analysis

Study Population CR Treatments Sampling Times No. Samples
902 122 patients with 20 mg qd CR 5 samples per . 81 patients
hypertension treatment (10 total) contributing 1920
80mgqdCR R(+) and S(-
Placebo )earvedilol
observations
367 338 patients with 20 mg qd CR 4 samples 223 patients
hypertension contributing 861
40 mg qd CR R(+) and S()
80 mg qd CR carvedilol
observations
Placebo

Figure A 27. Histogram of Sampling Times
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4.3.1.3.4.2 Demographics

Table A 78. Summary of Demographics
(data source: 902_367_scar_mr_nonmem_lIndata_finalc.csv)

Covariate Study 902 (N = 81) Study 367 (N = 223) Total (N = 304)

Age (y) 46 (22 - 55) 53 (24 -85) 51 (22 - 85)

Weight (kg) 84 (57 -118) 90 (47 - 173) 88 (57-118)

Sex 38M/43F 144 M/ 79 F 182M/122F -

Race 33 (Caucasian), 173 (Caucasian), 206 (Caucasian),
24 (African American), 36 (African American), 60 (African American),
24 (other) 14 (other) 38 (other)

CYP2D6 Metabolizers 81 EM 211 EM/12PM 292 EM /12 PM

4.3.1.3.4.3 Pharmacokinetic Models

"Model parameters were estimated using nonlinear mixed effects modeling as implemented by
NONMEM (Version V, level 1.0) with FOCE-interaction.

NMTRAN code for the base and final models are presented in Appendices A 6to A 9.

4.3.1.3.4.3.1 Fixed Effects _

Due to limited sampling in study 367, the sponsor developed the structural models for R(+) and
- S(-) carvedilol using data from study 902. Once the structural-model was defined, data from

study 367 was included in the analysis.

A two-compartment model with first order absorption and elimination and a lag was selected for
the base structural model. The absorption phase consisted of two change points with different ka
values which is consistent with the microparticle CR formulation.-These change points were 0-2
h, >2-4 h, and >4 h post-dose. .

For the combined data, the NONMEM parameters V3/F, Q/F, ALAG, and the three change point
ka values were fixed.

4.3.1.3.4.3.2 Random Effects

Between-subject Variability was included on CL/F, V/F and ka, it was assumed that these
parameters were log-normally distributed.

Residual variability was described by a constant coefficient of variation model.

Inter-occasional variability (IOV) was included on ka and F.
4.3.1.3.4.4 Results
~ 4.3.1.3.4.4.1 Base Structural Model

R(+) Carvedilol

The population PK parameters for the final base model for R(+)carvedilol are presented in Table
A 79and goodness-of-fit plots in Figure A 28.
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Table A 79. Model Parameters for R(+) Carvedilol: Base Model

Inter-Individual
Pop. Mean Variability %2
(% CVY) (% CVY)

ka( Kaattime <2 hours {h-1) 0211 NE.
ka(  Kabetween 24 hours (1) 0.491 fixed NE.
Ka at fime > 4 hours {h-1) 10.1 fixed’ NE.
CUF (L) 176 (3.9) 59.7(108)
VofF (L) 1010(72) 106 (10.3)
VF (L) 2970 fixed NE.
Q(Lh) 754 fixed NE.
Alag (h) 0,693 fixed NE.
10V% in ka *(%CV) 122 fixed
I0V% in F *{%CV) 5030132
Random Residual Variabifity* 219089
{%CV)

Figure A 28. Goodness-of-Fit Plots for R(+) Carvedilol: Base Model

1. precision expressed as % coefficient of variation

2. expessed as % coefficient of variation
NE. - Not estiniated

//
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S(-) Carvedilol : ,
The population PK parameters for the final base model for R(+)carvedilol are presented in Table
A 80 and goodness-of-fit plots in Figure A 29.

Table A 80. Model Parameters for S(-)Carvedilol: Base Model

{nter-Individual
Pop. Mean Variahility % 2
(% CV 1) {%CVY)

ka{  Kaattime <2 hours el 0.150 fixed NE.
ka(  Kabetween 24 hours (1) 0.425 fixed NE.
Ka at fime > 4 hours (") 11.7 fixed NE.
CUF (Uh) ' 39934 509110
VoF (O 3050 (7 1) 104 (140)
VafF (L) 8360 fixed NE.
QL) 231 fixed NE.
Alag () 0,379 fred NE.
10V% in ka “(%CV) 128 fixed
V% in F %CV) 7310
Random Residual Variability** . 23809
(%CV)

1. precision expressed as % coefficient of variation
2. expressed as % coefficient of vaniation
N.E. - Not estimated

Figure A 29. Goodness-of-Fit Plots for S(-)Carvedilol: Base Model

at’
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43.13.4.4.2 Covariate Model

The influence of weight, age, sex, race and CYP2D6 metabolizer statiis on CL/F and V/F were
evaluated in a stepwise modeling approach, with a change in objective function of 10 as evidence
of statistical significance. The sponsor identified sex and 2D6 metabolizer status as statistically
significant covariates for CL/F. These covariates, however, did not decrease the between-subject
variability in CL/F (Table A 81). ’

Table A 81. Evaluation of the Sponsor’s Covariate Models

Covariate _ lModel |OFV DOFV v CL
S(-)Carvedilol

Base (#74) - : -2025.659 - 50.9
SEX (#81) CL*0*Female -2037.379 -1L72 49.5
R(¥)Carvedilol

Base (#77) - -1216.506 - 1597
2D6 (#105) CL*6*PM -1233.075 -16.57 573

Figure A 30. Distribution of CL/F Values for CYP2D6 EM and PM
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Figure A 31. Distribution of CL/F Values for Male and Female Patients
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4.3.1.3.4.5 Final PK Models

The final population model for R(+) carvedilol is shown in Table-A-82..Poor metabolizers have
approximately 45% lower clearance compared to extensive metabolizers (Figure A 30). Despite
the large change in CL/F values, this covariate did not reduce the BSV for CL/F.

Table A 82. Final Model Parameters for R(+)Carvedilol

lnteHndividua( . _ )
Pop. Mean - Variability % 2 . 5
. (CV) k) ¥
ka( Kaattime <2 hours (1) 0.2H1 fixed NE. %y
ka{  Kabetween 24 hours (1) 0.491 fixed N.E.
Ka at time > 4 hours (h™1) 10.1 fixed NE.
CLIF (L) 181{3.8) 57.3(111)
0 for CYP on CUF (Uh) 0.545 (120} -
VolF (L) 1020 (7.0) . 106 (13.0)
V3F U ’ 2970 fixed NE. -
Q(Uh) 75 4 fixed NE.
Alag (h) 0.693 fixed : NE.
{OV% in ka *(%CV) 122 fixed
10V% in F *(3%CV) 50.3{12.8)
Random Residual Variability™ _ 279(3.3)
{%CV)

1. precision expressed as % coefficient of vadation

2. expressed as % coeflicient of variation

N.E. - Not estimaied

Clevew= 1 * CLovews; 1=Extensive metabalizer of CYP206 or missing genotype status, 2=poor metaboiizer
of CYP2D6,
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The final population model for S(-) carvedilol is shown in Table A 83. Females had a 15% lower

CL/F compared to males (Figure A 31). These differences are not considered to be clinically
relevant.

Table A 83. Final Model Parameters for S(-) Carvedilol

fnter-Individual
Pop. Mean Variability % 2
{(%CV 9 ' {BCVY)

ka{  Kaattime <2 hours (h-1) 0.150 fixed NE.
ka(  Kabetween 24 hours (tr1) 0.425 fixed NE
Ka at time > 4 hours {h-1) 1.7 fixed NE.
CUF (U} 42737 495(126)
0, for gender on CLIF (L) 0.846 (5.0) -
Volf (L) 73040 (7.0) 104 (14.9)
VyF L) 8360 fixed NE.
Q{Lnh) i 231 fixed NE.
Alag (h} . 0.329 fixed NE.
I0V% in ka (%CV) 126 fixed
10V% in F *(%CV) 473(115)
Random Residual Variability™ 238(98)
(%CV)

1. precision expressed as % coefficient of variation

1. expressed as % coefficient of variation

N.E. - Not estimated " :

Cluorme= 2 * Claen s : T T

43.1.35 Exposure-Response Ana/yéis of Mean Blood PreSsure Changes

R(+) and S(-) carvedilol model-predicted AUC values were used to assess the relationship
between PK and the change from baseline in mean systolic and diastolic blood pressure for
patients in study 367 (N=193, representing 79% of carvedilol-treated patients).

An Emax model best described the PKPD relationship for both R(+) and S(-) carvedilol. Plots
are shown in Figure A 32 to Figure A 33. This analysis supports the dose-related reduction in
blood pressure response (Figure A 26).

Figure A 32. PKPD Maodel for R(+) Carvedilol
(Reference Figures 3 and 4/ Section 11/POPPK/Study 367)
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Figure A 33. PKPD Model for S(-) Carvedilol
(Reference Figure 5 and 6/ Section 11/POPPK/Study 367)
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4.3.1.3.6 Reviewer's Comments

" * DSI inspection of the ="~ e clinical site (enrolled 14 subjects) for study
367 found that there were several subjects that had protocol violations with respect to
pharmacokinetic sampling times. The reviewer determined that these protocol violations
have no impact on the population analysis of data because actual sampling times were

recorded and missing data were treated as missing.

4.3.1.3.7 PM Appendices
A 1. Design of Study 902

Study 902 was double-blind, placebo controlled, repeat-dose crossover study in three parallel
groups. The study consisted of five phases: screening, down titration/washout, drug-free run-in,

double-blind treatment (consisting of five sessions as shown below), and follow-up.

TP T T T T
Placebo r“%!_—?_i:t

Low Target [ 625 mg IR BID _ 20mg CRAD|  Placeba N
Daose Group [¥ - Mt hat
n 20 mg CR 0D No2smgirem|  praceso R
|
l 40 mg—20 mg
6225 mg IR B 12.5 mg IR BID IR BIOJ 80 mg CROD CROD
High Target |emaii g 2o MO IRBIQ | 25 mg R BIOS 80mg CROD | -
Dose Group I
| 1255625 mg
20 g CR OD| 40.mg CR 08 | 80 mg CR 0D 25mgRBID | RBD
Session 1  Session2  Session 3 Session4  Sessian 5
Days17 °  Dayst7  Deys1s Oays18  pas iy
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A 2. Design of Study 367

This was a double-blind, randomized, placebo-controlled, parallel group, multicenter study
comparing three doses of carvedilol CR with placebo in subjects with essential hypertension.
Following a four-week run-in/washout phase, eligible subjects were randomized in a 1:1:1:1
ratio to one of four treatment arms for double-blind treatment as follows: 20mg carvedilol CR
(20mg once daily for six weeks); 40mg carvedilol CR (20mg once daily carvedilol CR for 2
weeks, up-titrated at Week 2 to 40mg once daily for 4 weeks); 80mg carvedilol CR (20mg
carvedilol CR for 2 weeks, up-titritated to 40mg at Week 2 for 2 weeks, and up-titrated to 80mg
at Week 4 for 2 weeks); or placebo for six weeks. At the end of six weeks of treatment, subjects
receiving doses >20mg once daily were down-titrated over a two week period to 20mg once
daily while subjects in the carvedilol CR 20mg group continued to receive 20mg once daily and
subjects randomized to placebo remained on placebo. At the end of the two-week down-titration
phase, double-blind study medication was discontinued for all subjects. Thus, subjects received
blinded study medication for a total of eight weeks.

STUDY DESIGN SCHEMATIC

Coreg 367
DOUBLE BLIND TREATMENT
X Down-
80 MG (D titration
40 MG UID ‘ . e e
SCREENING . 20 MG D ) e e
25 days) e
’ ’ 40 MG AD :
Lf— 20 WG D
RUNAN f WASHOUT
24 Weeks 20 4G (D
Phoae follow-up :7
2 days post 4
PLACEBQ discontinustion §
pad ;
"8"‘ orto PGx PK 1 day gisioc to
dlyﬁ:: “ ) of SR
™ a N NET"E T
- > >
2-4WKs 2WKs 2wks 2WKS 2 wka

@mlmmmj

The primary objective was to compare the effects on DBP of three different doses of carvedilol
controlled release (carvedilol CR) to placebo as measured by changes from baseline in mean
24hr DBP using ambulatory blood pressure monitoring (ABPM).
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AS. Study 395

This was a single-blind, five-period, dose-rising study conducted in healthy subjects.
Sessions 1 through 4, subjects received the immediate release (IR) formulation in
ascending doses. In Session 5, subjects were randomly allocated to receive either the
~——  pilot controlled release (CR) formulation or the — pilot
MR formulation. Study sessions were separated by a minimum washout period of at least
7 days. Ergometric bicycle tests were carried out in all 5 sessions with the target
workload for exercise testing determined during screening. Plasma concentrations of

 R(#)- and S(-)-carvedilol were measured at the same timepoints as the exercise tests.

-~
-~

The results of the PKPD model are shown in the following table.

Population Mean (% s.e.) | inter-Individual Variability as % CV
« ’ (fos.e.l)

E0 (bpm) 146 (1.0) 5.1 (322)

EC50 (ng/ml) 171(252) 442(82.1)

Emax (bpm) ' 19292 21.8{495)

Baseline slope {3 0.017 (10.8) NE2

Baseline slope2* 0.005 (34.1) NE

24h @ (bpm) 6.3 (14.7) : NE

Inferoccastonal 5 21(194)
Vanability in E0 o ’ C e

Residual Variability - 30(13.2) S

% CV (% se)

1. % s.e. = percent standard error

2. NE=Not Evaluated

3. slopet for study 395 data

4_  slope2 for de Mey data

Source: Data on file, GSK
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4.4 Cover Sheet and OCP Filing/Review Form

Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
{ NDA Number » 22-012 Brand Name CoREG
OCPB Division (I, II, TIT) [ | Generic Name Carvedilol
Medical Division Cardiorenal Drug Class Beta-blocker
OCPB Reviewer Christine Garnett " [ndication(s) Hypertension, mild to

severe chronic heart
failure, and post-MI
LVD

OCPB Team Leader

Patrick Marroum

Dosage Form

Carvedilol Phosphate

_— R capsules
(10mg, 20mg, 40mg, and
80mg)

Dosing Regimen Once daily
Date of Submission December 21, 2005 Route of Administration | Oral
Estimated Due Date of OCPB August 29, 2006 Sponsor” "~ T 1 GSK
Review o S,
PDUFA Due Date October 20, 2006 Priority Classification 1S
Division Due Date September 20, 2006
Clin. Pharm. and Biopharm. Information .
“X”if Number of Number of Critical Comments If any
included at studies
filing submitted reviewed

‘*5;

STUDY TYPE

Table of Contents present and
sufficient to locate reports, tables,

data, etc.

Tabular Listing of All Human Studies

HPK Summary -

Labeling

Reference Bioanalytical and
Analytical Methods

[. Clinical Pharmacology

Mass balance:

Cross reference to IR

Isozyme characterization:

Cross reference to IR

Blood/plasma ratio:

Cross reference to [R
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Plasma protein binding:

Cross reference to IR

Pharmacokinetics (e.g., Phase I) -

Healthy Volunteers-

single dose: 10 Pivotal: 376, 903, 906, 400,
387, 395, 908, 902, 367, 369
Supporting: 393, 907, 399,
388, 386, 402 (pilot
formulations)
multiple dose: 3 Pivotal: 395, 908
Supporting: 402 (pilot
formulations)
Patients-
single dose:
multiple dose: 4 Pivotal: 902, 367, 369
Supporting: 907 (pilot
formulations)
Dose proportionality -
fasting / non-fasting single dose: 1 903
fasting / non-fasting multiple dose: B o
Drug-drug interaction studies - B
In-vivo effects on primary drug: 1 387 (effect of pantoprazole,
gastric pH)
In-vivo effects of primary drug: Cross reference to IR
In-vitro: 1 Alcohol
Subpopulation studies -
ethnicity: Cross reference to IR
- gender: Cross reference to IR
pediatrics: Cross reference to IR
geriatrics: Cross reference to .IR
renal impairment: Cross reference to IR
hepatic impairment: Cross reference to IR
PD:
Phase 2:
Phase 3: I 367 (hypertension trial)
PK/PD:
Phase 1 and/or 2, proof of concept: 2 395 (PK—PD in HV)

908 (PK-PD in HV)
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Phase 3 clinical trial: X 2 2 369 (heart failure PK-PD)
902 (hypertension PK-PD)
Population Analyses - .
Data rich:
Data sparse: X 1 1 367 population PK
II. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability -
solution as reference:
alternate formulation as reference: X (IR) 3 3 400 (SD), 369 (MD), 902
(MD) are pivotal studies for
BA. :
Bioequivalence studies -
traditionai design; single / multi dose: Registration ot used in
phase III study.
replicate design; single / multi dose:
Food-drug interaction studies: X 376 (Food effect at 80 mg)
Dissolution: X - S
(IVIVC): T / / o
, -
Bio-wavier request based on BCS Not submitted
BCS class Not submitted
III. Other CPB Studies
Genotype/phenotype studies:
Chronopharmacokinetics X 1 1 906: AM vs. PM dosing
Pediatric development plan X 1 0 Study on-going
Literature References
Total Number of Studies 16 i0 6 studies were conducted
with pilot formulations and
are considered supporting.
Fﬁability and QBR comments
“X” ifyes Comments
Application filable ? X -Reasons if the application is not filable (or an attachmgnt if

applicable)

For example, is clinical formulation the same as the to-be-

marketed one?
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Comments sent to firm ?

X 1) Please submit the following data to support the population
PK-PD analyses for studies 367, 395, 908, and 902:

+All datasets used for model development and validation
should be submitted as a SAS transport files (*.xpt). A
description of each data item should be provided ina
Define.pdf file. Any concentrations and/or subjects that
have been excluded from the analysis should be flagged and
maintained in the datasets.

*Model codes or control streams and output listings should
be provided for all major model building steps, e.g., base
structural model, covariates models, final model, and
validation model. These files should be submitted as ASCII
text files with *.txt extension (e.g.: myfile ctl.txt,
myfile .out.txt).

<A model development decision tree and/or table which
gives an overview of modeling steps.

2) Please submit dissolution data to support alcohol
interaction with drug product.

QBR questions (key issues to be
considered)

Does the CR formulation provide comparable exposure to the IR
formulation?

How does the intra- and inter-subject variability between the IR and CR
formulations compare? ’

Are the PK and Beta-blocking effects of Cl—{.v&]’u'i;a.lent to IR formulation in
hypertension and heart failure patients? — —-.-. - -

If answer to Q3 is yes, can we grant the indication for survival in post-MI
LVD patients?

Other comments or information not
included above

The assessment of the safety and €ffectiveness of carvedilol in pediatric
patients is ongoing — a Protocol 105517/321
entitled “A Multicenter, Placebo-Controlled, 8-Month Study of the Effect of
Twice Daily Carvedilol in Children with Congestive Heart Failure Due to
Systemic Ventricular Systolic Dysfunction.”

Primary reviewer Signature and Date

Christine Garnett

Secondary reviewer Signature and
Date

Patrick Marroum (clinical pharmacology)

Joga Gobburu (pharmacometrics)
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