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L Executive Summary

Darifenacin, a selective muscarinic M; receptor antagonist, is proposed to be indicated for the
treatment of overactive bladder with symptoms of urge urinary incontinence, urgency, and
frequency. The sponsor seeks the approval of two ER tablet dosage strengths, 7.5 mg and 15 mg.
The proposed starting dose of darifenacin is 7.5 mg once daily without regard to meals. For those
patients requiring greater symptom relief, the dose may be increased to 15 mg once daily as early
as two weeks after starting therapy. The sponsor’s rationale of developing an extended release
tablet was to reduce the incidence and severity of side effect of drug by minimizing the peak to
trough ratio of darifenacin and to allow once daily dosing.

A. Recommendations

From the viewpoint of the Office of Clinical Pharmacology and Biopharmaceutics, Human
Pharmacokinetics and Biopharmaceutics section of the NIDA 21-513 is acceptable.

Final decision regarding the QT safety should be made in the context of these limitations:
¢ No prospectively planned, positive controlled QT study was conducted.
e There were lack of placebo controlled studies except in one study (Study 1015) with a
limited number of subjects (n=10).
o Most of the ECG readings were from one measurement at screening, 4 hour post-dose at
steady and at follow-up visits.
* No ketoconazole alone arm was studied.

B. Phase I'V commitment
C. Summary of Clinical Pharmacelogy and Biopharmaceutics Findings
Pharmacokinetics

Immediate Release/Extended Release Pharmacokinetics

Single Dose Pharmacokinetics
The AUC,, and Cyy values of darifenacin after a single dosing with ER tablets were higher by 66
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— 151 % and lower by 43 — 71%, respectively, than that with IR capsules at all doses. The mean
Trax values were between 9.5 to 11.5 hours following a single dose administration of 7.5 - 20 mg
ER tablets. The observed apparent t,; of ER tablets was 11 to 13 hours while much shorter t;
was observed with IR capsules (1.8 — 3.9 hrs). The CV% values of AUC for ER formulations
were 46 — 89 %.

Multiple Dose Pharmacokinetics

Mean steady state total exposure to darifenacin in healthy male subjects was 27.9 ng*hr/mL from
7.5 mg ER once daily dosing and 79.6 ng*hr/mL from 15 mg ER once daily dosing. Mean peak
concentrations at steady state were 1.92 ng/mL and 5.08 ng/mL, respectively. Assuming 98%
protein binding, mean peak unbound darifenacin concentrations at steady state were estimated to
be 0.04 ng/mL from 7.5 mg ER dosing and 0.10 ng/mL from 15 mg ER dosing. The steady state
plasma concentration vs. time profile from ER tablet dosing was uniform across the dosing
interval and peak to trough fluctuations were small across the proposed dose range (PTFR 0.7 -
0.9). The inter-subject variability was 47 ~ 69 % for steady state AUC. The T,y values were
between 7.0 — 8.1 hours. The estimated t;, from ER tablets was around 12.8 — 18.7 hours.
Steady state was achieved by Day 6 of dosing for both the ER tablets 7.5 mg and 15 mg.

Darifenacin pharmacokinetics from ER tablets are both time- and dose-dependent. Darifenacin
exposure from 15 mg ER tablets at steady state was 86% higher than after a single dose and
doubling of the ER tablet dose increased steady state exposure by approximately 150 %. Time-
dependency appears to be related to a reduction in the contribution of CYP2D6 metabolism to
darifenacin oral clearance after repeated dosing. Dose-dependency may be related to increasing
saturation of CYP3A4-mediated gut wall metabolism at higher doses, combined with a dose-
dependent reduction in the contribution of CYP2D6-mediated metabolism at steady state.

Dose-Proportionality

Both Cpae and AUC of darifenacin increased proportionally with dose after a single 1.v. dose of
0.6 mg to 6 mg darifenacin (Study 219). However, the pharmacokinetics of oral darifenacin at
steady state were not dose proportional for either the IR capsules or ER tablets.

Absorption

Absorption of darifenacin from the GI tract was rapid. Following administration of an oral
solution in the fasting state, darifenacin rapidly appeared in the peripheral circulation and Ciay
occurred approximately 1 hour after dosing. The rate of absorption of darifenacin from ER
tablets is limited by the rate of release of the drug from the tablet matrix. In a single ER dose
pharmacokinetic study, Cp,, occurred at around 10 hr while pooled data from studies using
repeated ER tablet dosing indicate that C, from 7.5mg and 15 mg ER tablets at steady state is
achieved approximately 7 hours after drug dosing. The mean absolute bioavailability of
darifenacin from 30 mg ER tablets was estimated to be 37% at steady state in a mixed EM and
PM population. Low oral bicavailability is mainly due to extensive first-pass metabolism.

Food Effect

Total darifenacin exposure following a single ER dose was not altered by the consumption of
food while peak darifenacin exposure was 22% higher and T was 3.3 hours shorter in the
presence of food. Once darifenacin plasma concentrations have reached steady state, ingestion of
food had no effect on the pharmacokinetics of darifenacin from ER tablet dosing. Peak steady
state darifenacin exposure and total exposure from dosing with 30 mg ER tablets was similar in
both fed and fasted states. Therefore, darifenacin can be administered without regard to food
intake. '
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Distribution

Darifenacin is a lipophilic base and is approximately 98% bound to plasma proteins (primarily to
alpha-1-acid glycoprotein). Darifenacin protein binding is lower among subjects with reduced
hepatic function. Mean f, was 3.3 and 4.5 % in subjects with mild and moderate hepatic
impairment, respectively, compared with 1.7 % in subjects with normal hepatic function. Protein
binding is not altered by renal impairment. The steady state volume of distribution is about 276 1.
(range { 1L) after i.v. administration. Based on free darifenacin concentrations in animal
cerebrospinal fluid and plasma, darifenacin showed negligible penetration of the blood brain
barrier.

Metabolism

Darifenacin is extensively metabolized by liver following oral dosing. Metabolism is mediated
by CYP2D6 and CYP3A4 enzymes. Three major metabolic routes are (1) monohydroxylation in
the dihydrobenzofuran ring, (2) dihydrobenzofuran ring opening and (3) N-dealkylation of the
pyrrolidine nitrogen. The products of the hydroxylation and N-dealkylation pathways are major
circulating metabolites but none contributes significantly to the overall clinical effect of
darifenacin. The major circulating metabolites were UK-73,689 and UK-148,993 (~60 % and 7%
of circulating radioactivity following a radiolabeled dose, respectively).

Elimination

Following administration of an oral dose of "*C-darifenacin solution to healthy subjects, about
60% of the radioactivity was recovered in the urine and 40% in the feces. A small percentage
(3% of the total dose was excreted as unchanged. The mean clearance of darifenacin is about 36
L/hr (range .© 1 L/hr) after i.v. administration.

Special Populations

Elderly
Darifenacin exposure from ER tablets is higher among elderly subjects. It is estimated that CL/F
decrease with age by 6.2% per decade.

Sex
Darifenacin exposure is lower in males than in females. Darifenacin CL/F was 39% higher and
steady state AUC was 28% lower in males than in females.

Race

The effects of race on darifenacin pharmacokinetics among subjects in Western studies have not
been established because a small number of non-white subjects were enrolled. However,

- darifenacin exposure seems to be lower among Japanese subjects in studies conducted in Japan
than subjects in Western studies.

CYP2D6 Genotype

.Taotal exposure of darifenacin at steady state following administration of 7.5 mg ER tablets and
15 mg ER tablets was about 164% and 99 % higher in PM subjects compared to EM subjects,
respectively. Corresponding values for mean peak exposures were 145% and 89%, respectively.
Due to considerable inter-subject variability in darifenacin exposure in both EM and PM
populations, AUC,4 CV% across the dose range tested was 48-71% for EMs and 20-61% for
PMs. Therefore, there was a high degree of overlap between ranges of individual exposures in
EM and PM populations.
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The sponsor submitted the subgroup analysis on the safety data based on CYP2D6 EM/PM status.
Based on the submitted data, the sponsor proposed that no special dosing requirements are
necessary for CYP2D6 PMs. The dosing recommendation based on CYP2D6 EM/PM status will
be finalized at the time of labeling.

The sponsor claimed that there were no difference between CYP2D6 PMs and EMs with respect
to the incidence and severity of adverse events or the nature and incidence of laboratory test
abnormalities. However, discontinuations due to treatment related adverse events by CYP2D6
genotype and dose were higher in CYP2D6 PMs. In OAB fixed dosc Phase 3 studies, the rates of
discontinuation were 1.6 % (7.5mg), 4.8 % (15mg), and 15.0 % (30mg) in PM subjects whereas
0.4 % (7.5mg), 1.3 % (15mg), and 7.3 % (30mg) of EMs discontinued due to treatment related
adverse events.

Renal Insufficiency

Regression analysis showed that there was no relationship between darifenacin clearance and
renal function. In addition, plasma protein binding of darifenacin did not decrease in subjects
with renal impairment. Hence, unbound darifenacin exposure will not be increased by
diminished renal function.

Hepatic Insufficiency

Mild hepatic impairment (Child Pugh A) did not alter pharmacokinetics of darifenacin. While
protein binding was lower in patients with mild hepatic impairment than subjects with normal
hepatic function (mean f: 3.3 vs. 1.7 %) steady state unbound darifenacin exposure was similar
between groups. Clearance of darifenacin was lower in subjects with moderate hepatic
impairment (Child Pugh B) than subjects with normal hepatic function (steady state CL/F 56
mL/min vs. 149 mL/min). Steady state total darifenacin exposure was 168% higher among
subjects with moderate hepatic impairment than subjects with normal hepatic function. Protein
binding was also lower in subjects with moderate hepatic impairment (mean f,: 4.5 vs. 1.7 %).
After adjusting for plasma protein binding, steady state unbound danfenacin exposure was
estimated to be 300 — 370 % higher in subjects with moderate hepatic impairment than subjects
with normal hepatic function. Subjects with severe hepatic impairment (Child Pugh C) were not
been studied. The sponsor proposed that the daily dose of darifenacin should not exceed 7.5 mg
for patients with moderate hepatic impairment while patients with severe hepatic impairment
should not take darifenacin. There are no special dosing requirements for patients with mild
hepatic impairment.

Drug-Drug Interactions

Darifenacin is extensively metabolized via CYP2D6 and CYP3A4 enzyme pathways. In vitro
metabolism studies and in vive pharmacokinetic studies have shown that darifenacin inhibits
CYP2D6.

Table 1. The Summary of Drug-Drug Interaction Studies (EM Subjects)

| Mean Ratio of AUC,, [ Mean Ratio of Cpay
Effect on Darifenacin
Ketoconazole 400 mg QD 533 T (7.5 mg) 5.67 T{7.5 mg)
11.6 T (15 mg)* 10.0 T (15 mg)*
10.6 T (30 mg) 9.5 T (30 mg)
Erythromycin 500 mg BID 1.95T (30 mg) 2.28 T (30 mg)
Fluconazole 200/100 mg QD 1.84 T (30 mg) 1.88 T (30 mg)
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Paroxetine 20 mg QD 133 T 30 mg) 1.36 T (30 mg)
Cimetidine 800 mg BID 1.34 T (30 mg) 1.42 T (30 mg)

Effect of Darifenacin on
Midazolam 7.5 mg oral 1.17 7T (30 mg) No Change (30 mg)
COC (0.15/0.03 mg LNG/EE) No Change (10 mg TID) No Change (10 mg TID)

Digoxin 0.25 mg

1.16 T (30 mg)

1.20 T (30 mg)

Imipramine 25 mg TID

1.7 T (30 mg)**

1.57 T (30 mg)

Desipramine

2.63 T (30 mg)**

2.56 T (30 mg)

Effect of Darifenacin on

Darifenacin 7.5 mg

Darifenacin 15 mg

Darifenacin 30 mg

Debrisoquine MR 227

3257

7257

'n=3, **mean ratio of AUCyy

The main conclusions from the drug-drug interaction studies are as follows:

Co-administration of potent CYP3A4 inhibitors with darifenacin caused a significant
increase in darifenacin exposure but the magnitude of the effect varied across the
darifenacin dose range. Mean steady state darifenacin exposure in EM subjects was
about 5 and 12 folds higher when ketoconazole was co-administered with darifenacin 7.5
mg and 15 mg, respectively, than when darifenacin was administered alone. Co-
administration of ketoconazole and darifenacin 30 mg showed about 11 fold increase in
total exposure than when darifenacin 30 mg was administered alone. The sponsor
proposed that the maximum daily dose of darifenacin should not exceed 7.5 mg when co-
administered with potent CYP3 A4 inhibitors.

Co-administration of moderate CYP3A4 inhibitors, ervthromycin and fluconazole, with
darifenacin 30 mg increased mean steady state darifenacin exposure in EM subjects by
about 2 folds. The effects of moderate CYP3A4 inhibitors on darifenacin exposure from
1.5 and 15 mg at steady state are predicted to be proportionately smaller than those seen
with darifenacin 30 mg dosing.

Co-administration of paroxetine, a CYP2D6 inhibitor, with darifenacin 30 mg increased
mean steady state darifenacin exposure by 33% in EM subjects. At darifenacin doses of
7.5 mg and 15 mg at steady state, the effect of concomitant use of a CYP2D6 inhibitor
with darifenacin in EMs 1s predicted to be similar to the difference between EM and PM
subjects when dosed with darifenacin alone. The magnitude of this difference is
consistent with the difference in darifenacin exposure between EM and PM subjects.
Co-administration of 2 mixed CYP P450 inhibitor, cimetidine, with darifenacin 30 mg
increased mean steady state darifenacin exposure by 34% in EM subjects.

A 17% decrease in total midazolam exposure was observed when oral midazolam was co-
administered with darifenacin compared with midazolam administered alone. There was
no change in Cpay.

Co-administration of darifenacin inhibited the metabolism of CYP2D6 substrates in a
dose-dependent manner. Among EMs, the debrisoquine metabolic ratio was increased
120 % following repeated dosing with 7.5 mg ER tablets, 225% with 15 mg ER tabiets,
and 625% with 30 mg ER tablets. Darifenacin dosing with either 7.5 mg or 15 mg doses
does not cause complete phenocopying of EM subjects to a PM phenotype. However,
caution should be taken when darifenacin is co-administered with drugs predominantly
metabolized by CYP2D6 and which have a narrow therapeutic window.

Darifenacin had no effect on the pharmacokinetics of the active components of the
combined oral contraceptives (LNG, EE).
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e  (Co-administration of darifenacin increased steady state digoxin peak exposure by 20%
and total exposure by 16% than when digoxin was taken alone. Standard therapeutic
drug monitoring for digoxin should be continued.

+ Co-administration of datifenacin with a single dose warfarin did not alter the prothrombin
time than when warfarin was administered alone. However, standard therapeutic
prothrombin time monitoring for warfarin should be continued.

QT Analysis in Clinical Pharmacolegy Studies

No prospectively planned, positive controlled clinical study was conducted to evaluate the effect
of darifenacin on QT interval. A pooled analysis of the effect of darifenacin on QTc interval was
performed on the ECG data collected in 2 clinical pharmacology studies and 2 clinical studies.
ECGs were recorded 4 to 9 hours post-dose at steady state following administration of doses
ranged from 3.75 mg to 60 mg. ECGs were digitized and centrally read. Most of the ECG
readings were from only one measurement at screening, 4 hour post-dose at steady state, and at
follow-up visits. More frequent measurements were done in one study where QTc intervals were
read at screening, 4, 8, and 24 hours post-dose following a single dose darifenacin 15 mg and at
steady state (Hepatic Impairment Study). The supra-therapeutic plasma concentrations (~ 23 fold
increase in C,, compared to Cp,, seen at 15 mg dose) were achieved with co-administration of
darifenacin 30 mg and ketoconazole 400 mg for 6 days (Study 1007). In general, there were no
apparent QT signals at steady state following administration of darifenacin 3.75 mg — 60 mg (a
pooled analysis of four controlled studies). At supra-therapeutic concentrations of darifenacin,
the mean change of 12 msec from baseline (range: - [ 1 msec) in QTcF was observed.
The sponsor recently submitted the QT data from a DDI study where darifenacin 7.5 mg or 15 mg
were co-administered with ketoconazole 460 mg. This study showed a consistent mean increase
of 10 — 12 msec in QTcF. The sponsor stated that the mean increases of 10-12 msec in QTcF are
not a clinically meaningful signal citing that ketoconazole itself is known to increase QT interval.
However, the sponsor did not conduct a study of ketoconazole arm alone to evaluate the effect of
ketoconazole on QT interval. As a result, although sponsor’s retrospective analysis of chinical
trial database, and dose-tolerability study showed no apparent QT signals, due to the absence of a
positive control arm, adequate data on placebo group, and limited number of (JT measurements,
these may not serve as a definitive study to address the issue of darifenacin’s potential effect on
QT prolongation.

Exposure-Response Information

Darifenacin 7.5 mg and 15 mg were associated with a median reduction of 2.0 and 3.2
incontinence episodes per week from baseline to Week 12, respectively. Treatment effect was
observed as early as at Week 2. Subjects treated with darifenacin 15 mg were associated with a
higher median improvement in the number of incontinence episodes per week, compared to that
of subjects treated with darifenacin 7.5 mg. Darifenacin 7.5 mg and 15 mg were also associated
with the improvement in number of micturitions and in number of episodes of urgency.
Treatment effect was about 0.8 episodes per day for both outcomes and did not appear to be dose
dependent. Darifenacin 30 mg appeared to have the largest treatment effect with a median
reduction between 4.2 and 6.3 incontinence episodes per week. However, Darifenacin 3.75 mg
was not associated with a significant reduction in number of incontinence episodes per week
(reduction of 0.7 per week).

Adverse events associated with darifenacin appear to be similar to that of other antimuscarinic
agents. The majority of adverse events occurred in the first two weeks of the treatment and was
dose-dependent. Darifenacin 7.5 mg was well tolerated. Dry mouth, constipation and dyspepsia
were the most cornmonly reported events and they occurred in 20 %, 15 %, and 3 % of the
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subjects treated with darifenacin 7.5 mg for 12 weeks, respectively. In subjects treated with
darifenacin 15 mg, the corresponding adverse events occurred in 35%, 21%, and 8%,
respectively.

Bioequivalence

Bioequivalence was established between the proposed commercial formulation 7.5 mg, 15 mg
and 30 mg tablet strengths and the corresponding clinical research tablets at steady state.
Bioequivalence was also established between the proposed commercial 30 mg tablet and the early
research 30 mg tablet at steady state. In the absence of an established IVIVC model,
bicequivalence was demonstrated between batches of proposed commercial 7.5 mg and 15 mg
ER tablets produced at two proposed manufacturing sites. Bicequivalence studies were of a
crossover design, but because the proposed commercial tablets are an extended release product
and show both time- and dose-dependent pharmacokinetics, bioequivalence was assessed after
repeated dosing.

In-Vitro Dissolution Specification

Test Tine Amount Dissolved {Q;
| (hours)
L+ {Individuals) L, {Mean) L; tindividuals)
1 \ 10 to 30% !
g \ 56 10 76% \
24 \ > B5% \

1L Question-Based Review
A. General Attributes

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

Darifenacin is moderately lipophilic and basic and is soluble in water.
Physico-chemical properties

Darifenacin hydrobromide drug substance is a white to almost white crystalline powder. It
comprises of crystalline irregular shaped plates and prismatic particles.

+ Structural formufa:

Ph

¢ Molecular Weight: 507.5 (salt); 426.6 (free base)

8/83



¢ Molecular Formula: Cy3H3oN,0-HBr

o TUPAC name: (S)-2-{1-[2-(2,3-dihydrobenzofuran-5-ylethyl]-3-pyrrolidinyl}-2,2-
diphenylacetamide hydrobromide

* pK,: 9.20+0.0]1 (measured in water with 10% methanol co-solvent at 25°C)

s logP:
—gies ot
E' P eiom darifenacin. H* 0.22 1+ 0.06

* Aqueous solubility at various pH levels (at 37°C)

_[ﬂ T M buffer - T very slightly soluble
[ pH. |  buffer slightly soluble
| pii | buffer . slightly solublke
..E.’E’.. ' buffer slightly soluble
‘ _& butler slightly solubke
pii, «  buffer slightly soluble
pH ' buffer slightly soluble
H .. buifer slightly soluble
* sliphthy soluble
slightly soluble

Formulation -

An extensive formulation development was undertaken with several formulations being explored,
including an IR capsule and tablet dosage forms. Since it was apparent that three times a day
dosing was required to maintain therapeutic plasma concentrations over an entire day with an TR
formulation, an ER formulation was developed to provide once daily dosing regimen. In addition
to the ER tablet formulations, a number of exploratory clinical studies were also undertaken using
ER capsules and ER suspension formulations.

The TBM formulations of darifenacin 7.5 and 15 mg ER tablets are composed of darifenacin
hydrobromide, dibasic calcium phosphate, hydroxypropyl methylcellulose and magnesium
stearate. Following 1 the ER tablets are film-coated with a colered coat and clear
over-coat -{ 7 1In addition to the TBM
strengths of 7.5 mg and 15 mg, a 30 mg formulation was developed and used in clinical trials.
The unit weight, tablet size and shape are the same for the 7.5 mg, 15 mg and 30 mg strengths.
The excipient levels are the same for each formulation with the exception of ‘T /dibasic
calcium phosphate. To keep the unit weight constant, differences in tablet strengths are
accommodated by adjusting the quantity of ——
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Initial Formulations

Phase 2 /3
Formulations

Proposed
Commercial
Formulations

e— -

oa
15 mg 371033 15 mg Shallow cnnvex
> roundg, e .
T / with g{af'_ -
oal tabie,
T—

— table
Tomg N 30 myg
9 ) >
a1ir1015
=== =4

MaTidas .5 mg Shallow cohvex
>__’_— round, white ., w1,
with o i
- table,

S

MN.B.: The 30 mg formulation is not being commercialised at thrs Line,

The Early Clinical Research, Clinical Research and Proposed Commercial Formulations are the
same except for the following:

Initial Formulations {(Earty Clinical Research Formulation)

» The tablet

3 is different from the TBM formulation; I d

Phase 2/3 Formulations (Clinical Research Formulation)

+ Thetablet C

3 are different from the TBM formulation; the £ I

level is different; [

Proposed Commercial Formulations (TBM)

¢ 8 mm round shallow convex shaped tablets are film-coated with a color coat and clear

over-coat

u

e The unit weight, tablet size and shape are the same for the 7.5, 15, and 30 mg strengths
¢ The excipient levels are the same for each formulation with the exception of the ,
dibasic calcium phosphate
s The thickness of the film coat is increased from — (Clinical Research Formulation) to
— (TBM); addition ofa —
system are not changed

the core tablet and the matrix release

Table 2. Composition of Darifenacin Hydrobromide MR Tablets, 7.5 mg and 15 mg'
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2.5 me Tablket® 13 e Tabiet!

Hydroxypropyt Methylcellulose 2208 | USP

Magnesium Siearale NF

Pharm White Filnr{oat Solid I
Pharm Light Peach FilnrCoat Sold —

Usp
Pharm
ISP

Total Weight 208500 IR 500

. . et
M Grade Fimetion o i
Darifenacin Hydrobromide Pharm Active Ingredient
Dibasic Calcium Phosphaic usp

- - e

' Al quantities are caleulated to Liree decinial places.
* 8.0 mm roand shallow convex, white film-coated rablets with clear over-coat. debossed with "Plizer” on top and
appropriate debossing on bottom.

apgropriate debossing on bottom.
Equivalent to 7.5 mg of darifenacin based on a drug substance theorctical potency of ~—
Equivalent to 15 mg of darifenacin based on a drug substance theoretical potency of —

Te Whiter — vcomains Lactose Monohydrate { Ny Hydroaypropyl Methyleellujose
Titantam Dioxide {USP}, and Triscetln (USP).
7 *Orange — ( contains Laclose Monohydrate (NFr. Hydrexypropy] Methvleeliujose
Titanium Dioxide (LSPL. Triacetin {UISP) and FD&C YeHow & 6 Aluminium Lake.
* Vehick for fitm-coats. |  -—— hY
? ' Clear — contains Hydroxypropy] Methyloelhukose LaPyand Triseatin {USPY
r J

What is the proposed mechanism of action?
Darifenacin is a selective, competitive muscarinic M-receptor antagonist. It inhibits muscarinic
M;-receptor mediated bladder and gastrointestinal smooth muscle contraction.

What is the proposed indication and dose?

Darifenactn is indicated for the treatment of overactive bladder. For all patients, the
recommended starting dose is 7.5 mg daily. For those patients requiring greater symptom relicf,
the dose may be increased to 15 mg daily as early as 2 weeks after starting therapy.

B. General Clinical Pharmacology

What is the basis for selecting the response endpoints, i.e., ciinical or surrogate endpoints,
or biomarkers (also called pharmacodynamics, PD) and how are they measured in clinical
pharmacelogy and clinical studies?

The primary efficacy endpoint of darifenacin was change in number of incontinence episodes per

week from baseline to Week 12. The changes in number of micturitions and in number of
episode of urgency from baseline to endpoint were defined as two of the secondary endpoints.
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Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and expeosure response relationships?
Yes.

What are the basic pharmacokinetic characteristics of Darifenacin?

The intrinsic PK properties of darifenacin have been evaluated from administration of single i.v.
bolus deses over the range 0.6-6 mg. Independent of i.v. dose over the range studied, darifenacin
had a Vd,, well in excess of total body water (V,, 168-276 L) while clearance was in the range 36-
54 L/h, resulting in values of t,; between 3.5 and 4.5 h. Dose proportionality analyses showed
that both Cy,, and total darifenacin exposure increased proportionally with dose indicating that
darifenacin i.v. PK are linear with dose. However, the pharmacokinetics of oral darifenacin at
steady state were not dose proportional for either the IR capsules or ER tablets.

How does pharmacokinetics of ER formulation compare with IR formulation?

Estimates of t;, from ER tablets (12.8 — 18.7 hrs) were considerably longer than corresponding
values from IR capsule formulations (3 — 4 hrs} indicating that the extended release profile of the
ER tablets causes absorption rate-limited elimination. The bioavailability was about 73% higher
following the ER tablet formulation than corresponding IR capsule formulation at steady state.
The inter-subject variability in darifenacin exposure was higher for both ER (CV % of 57%) and
IR (CV % of 66%) formulations than for 1.v. dosing (CV% of 21%). The Cu., of the ER and IR
formulations were similar but C,.;; and Cy4 were both 70-79% higher from the ER tablets than the
iR capsules. The ER tablet formulation showed smaller fluctuations in darifenacin plasma
concentrations compared with IR capsule formulation, —— ).

Three studies were conducted to compare the pharmacokinetics of ER and IR formulations of
darifenacin (Studies JP-95-501, 218, 222).

Single Dose Comparison (Study JP-95-501): A single-blind, two cohort, two step, four period,
nine treatment, escalating dose design, placebo-controlled crossover study was conducted in 20
healthy Japanese male subjects aged 20-30 years to compare the PK of darifenacin following
administration of a single IR capsule and ER tablet after a two-week washout period between the
two formulations. During each period of the first step, subjects in the first cohort received an IR
capsule 5 mg, ER tablet 5 mg, or placebo while subjects in the second cohort received an IR
capsule 7.5 mg, ER tablet 7.5 mg or placebo. During each period of the second step, subjects in
the first cohort received IR capsule 15 mg (2 x 7.5 mg), ER tablet 15 mg or placebo, while
subjects in the second cohort received IR capsule 20 mg (4 x 5 mg), ER tablet 20 mg or placebo.
Plasma (up to 72 hrs) and urinary (up to 96 hrs) concentrations of darifenacin were obtained at
intervals after drug administration in each period. Log-transformed AUC,;, Cpae and
untransformed T .. were compared using ANOVA.

Figure 1. Mean Profiles for Plasma Concentrations of Darifenacin Following a Single Dose of
ER Tablets and IR Capsules
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Table 3. The Pharmacokinetic Parameters of Darifenacin

Parameters of N Ratio of Q0% ClI for ratio of]
Darif . CR tablet | IR capsule ans (%)° neans®
5mg
IAUC,," ing-himL) 6.31 303 267 .88 111,37 388.0
I e (NGmML) 0.39 1.35 28.95 16.92, 49.52
RT,." th} 14.68 2.19 67017 547.10, 820.93
¥ (h} 9.50 0.94 8.56" 411, 13.02
7.56ng )
UC,,” (nghymL) 8.15 4.91 165.93 106,20, 258.27
o (NMGFALY a4 1.0 ar.2? 2275, 6107
RT,," (h} 18.20 3.7 484 88 378.27,621.54
_* {h) 11.00 1.69 9.31° 4.11, 14.52
32.58 13.22 246.48 159.15. 381.74
1.94 3.39 57.37 42.64_77.20
16.60 382 434.84 312.91. 60427
9.75 1.13 8.63° 4.17.13.68
Uc,,” (ng-h/mL}) 40.29 16.03 251,29 176.89. 356.9%
- {NGML) 2.18 3.81 57.33 4191 7842
MRT,.* (h} 7.1 383 44€.70 327.98, 604.41
* (h) 11.50 1.00 10.50" 3.69, 17.31

{h). Gl = confidence interval.

Back transformed from the log scale. “difference batwoen Arithmetic means

The AUCy; and Cr,. values of darifenacin after dosing with ER tablets were higher by 66
— 151 % and lower by 43 — 71%, respectively, than that with IR capsules at all doses.
The mean T, values were between 9.5 to 11.5 hours after dosing with ER tablets and
these values were higher than that of IR capsules (0.9 to 1.7 hrs) at all doses.

The mean cumulative urinary excretion rates of darifenacin 96 hours following single
dose oral administration were low for both ER (<0.3 %) and IR (<0.2 %) formulations.
More than 60% of the darifenacin excreted in the urine up to 96 hours post-dose had been
excreted by 24 hours post-dose, and 90% or more by 48 hours following administration
of ER tablets.

The observed apparent t;; of ER tablets was 11 to 13 hours while much shorter t,,, was
observed with IR capsules (1.8 — 3.9 hrs).

The CV values for the AUC+, of ER and IR darifenacin administered were 46 — 89% and
70 - 118%, respectively.

Steady State Comparison: Study 218 An open, randomized, four-way crossover study without
washout was conducted in healthy male subjects aged 21 to 40 vears to evaluate the effect of dose
on the PK of darifenacin after ER tablets (7.5, 15, and 30 mg once daily for 10 days} and IR oral
capsules (2.5, 5, and 10 mg three times daily for 10 days) in fasting state, and to determine the
time to reach steady state of darifenacin after administration of ER formulation. During three
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periods, subjects were administered ER tablets at three dose levels (7.5, 15, 30 mg) once daily for
10 days per period without washout. For the remaining period, subjects received IR capsule at
one of three possible doses (2.5, 5, 10 mg) three times datly. For debnisoquine phenotyping,
subjects were given debrisoquine (10 mg tablet) to take tmmediately after emptying their bladders
before bed on the day before the follow-up visit. All urine was then collected from the time of
dosing until attending the clinic the next day at the follow-up. Baseline blood samples were taken
pre-dose on the morning of the first day of the first treatment period. Subsequently, plasma
concentrations of darifenacin were obtained pre-dose on Days 3, 5, 7, 9, and 10 and at intervals
up to 24 hours on Day 10 of each treatment period (0.5, 1,1.5,2,2.5,3,4,6, 8, 8.5,9,9.5, 10,
10.5, 11, 12, 14, 16, 16.5, 17, 17.5, 18, 18.5, 20, and 24 hours forIR; 0.5, 1, 1.5,2,2.5,3, 4,6, 8,
10, 12, 14, 16, 18, 20, and 24 hours for ER). Log-transformed and dose-normalized (to 15mg)
AUCy,, Chax, and untransformed T, were analyzed using ANOVA.

Table 4. Summary of Steady State Darifenacin PK Parameters from IR Capsule and ER Tablet
Dosing. .

1R capsules unadiusted mean CR ableis unadjusied mwean
2.5mg lid S tid I0mg tid 7.5mg od P 3me od Simg od
(N9 (N=81} {N=8} (N=25) {N=26) LN ~25)

AU the h/ml} 15.3 491 167 J6.8 751 138
Cian (np/mi) 1.78 3.83 14.4 249 4.63 113
i T {11} 1.7 1.9 1.4 70 7.5 %.1
Emmimi) (1.6317 1.67 6596 .28 3.13 7 2
T4 (np/mi) 0552 1.03 454 0918 a0 GO0
CaaCae 5.06 32 3.17 228 14 j.o0
FTFR. 2.8 1.65 1.3% 11.798 627 0632
Source: Study 137-218 Tables 5.1.1-8.1.7

Gieonetric inean for AUC, Cane Uzt Cungy Coma Tz and PTFR. Arithmete mean for g,

e  Absorption of darifenacin was rapid after IR dosing with mean T, values of 1.4 -1.9
hours. The Trax values were longer for the ER formulations (7.0 ~ 8.1 hrs).

Table 5. Comparison of Steady State Darifenacin PX Parameters from IR Capsule and ER Tablet
Dosing (Dose Normalized).

Ratio or difference between adjusted means (90% C1)

IR 2.5mg tid vy IR Smy tid vs IR Tihog nd vx

CR 7 5mg od CR 15mg od CR 3ome od
ALUIC, (ng himb 1.61 (1.3, 198) 1.75¢1.44. 217y L3O (121 1 86)
| C gouns {127m031) 0.96 (0.76, 1.20) 1.17(0.92, 1,48) 1.03 (081, [ 30)
| T () 46322 6.7 56(35.7%) 70¢4.9,92)
C o (n/ml) 1.61(1.31, 1.98) 1.75(1.41,2.17) EHENES
| Czq {nz/mly 1.96 (147, 2.60) 220 (1.64, 2.6%) 1.65(1 37. 2 48}
CragC24 .49 (0.38, 6.63) 0.53 (0.41. 0.69) 0,56 (0.45_0.72)
PITR (.39 (0.29, 6.52) 0.41 (D30 0.55) D42 (031, 057

Sovrce: Study 137-218 Table 5 4

Geometric mean for AUC, Caouv. Cavery T, Cman’Cag and PEFR. Arthmolic mean for 1w

* The AUC,, values for darifenacin were 50 ~ 75% higher after ER tablets than after IR
capsules. The overall ratio between geometric means indicates that C,, for the ER tablet
was 5% higher than for the IR capsule.

*  The C;4 values were about 100% higher after ER than after [R dosing.

s The PTFR for darifenacin was about 60% lower after administration of ER tablets than
after IR capsules

Figure 2. Mean Plasma Concentrations of Darifenacin at Steady State on Day 10

14/83



Figure 3. Mean Trough Plasma Concentrations of Darifenacin
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Multiple Dose Comparison: Study 221

Table 6. Comparison of Steady State Darifenacin PK Parameters from IR Capsules 10 mg t.i.d.
and ER Tablets 30 mg Once Daily Dosing

Adpugted mean Ralio or difference
IR copsules CR tablets hetween adjusted
i0mg bid 3img od megns (900 C)
{Na22) {N=24)
ALIC, (ng h/mil) 178.2 30E.7 1 73 ¢t 47, 2.03)
Cog {ng/ml) 17.63 19.91 -
Cgq Ingsmb) 4 34 378 L79¢0.52. 2.12)
Crom (0p/ml) 7.42 12.6 LIO 47197
kg (/) 018 0.10 L0001 -0 0F_ G013
PIFR 1.67 0.75 Ao {35 0.610

Source: Srudy 137-221 Tables 5.1 4 and 5.1.5
Geometric mean for AUC,,, Cuu, Cap, Cuuws 80d PTFR. Adithemetuc meun for ky

» The inter-subject variability in darifenacin exposure was higher for both ER (CV % of
57%) and IR {CV % of 66%) formulations than for i.v. dosing (CV% of 21%).

* The ER tablet formulation showed smaller fluctuations in darifenacin plasma
concentrations compared with IR capsule formulation (0.75 vs. 1.67).

e (.. of the ER and IR formulations were similar but C,,,, and C,, were both 70-79%
higher from the ER tablets than the IR capsules.
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Figure 4. Mean Plasma Concentrations on Study Days 1 (i.v. infusion) and 10 at Steady State
(ER tablet and IR capsule)
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Is the dose selected for ER justified by pharmacokinetic comparison with IR formulation?
Pharmacokinetics (ADME)

Absorption

Absorption of darifenacin from the GI tract is rapid. Following administration of an oral solution
in the fasting state, darifenacin rapidly appeared in the peripheral circulation and C,,,x occurred
approximately 1 hour after dosing. The rate of absorption of darifenacin from ER tablets is
limited by the rate of release of the drug from the tablet matrix. In a single ER dose
pharmacokinetic study, Cpax occurred at around 10 hr while pooled data from studies using
repeated ER tablet dosing indicate that Cp,, from 7.5mg and 15 mg ER tablets at steady state is
achieved approximately 7 hours after drug dosing. Estimates of the rate of absorption from the
ER tablets were low. Low oral bioavailability is mainly due to extensive first-pass metabolism.

Absolute Bioavailability

The intrinsic pharmacokinetics properties of darifenacin were evaluated from administration of
single i.v. bolus doses (0.6 — 6 mg) in two studies (Study 219, Study 221). A steady state Vd and
clearance of darifenacin were 168 — 276 L and 36 — 54 L/hr, respectively, witha t;; of 3.5 — 4.5
hrs. Darifenacin i.v. pharmacokinetics showed dose proportionality. The mean absolute
bioavailability of darifenacin from 30 mg ER tablets was estimated to be 37% at steady state in a
mixed EM and PM population.

Low bioavailability of darifenacin from oral dosing is mainly due to extensive first-pass
metabolism since it is predominantly cleared by metabolism. In addition, darifenacin undergoes
significant metabolism in the gut wall. The time- and dose-dependent bioavailability with oral
darifenacin is proposed to be related to the metabolism of darifenacin. At steady state, there is a
reduction in the relative contribution of CYP2D6 metabolism to darifenacin oral clearance with
time which results an increase in bisavailability of darifenacin. In addition, it is proposed that
dose-dependency reflects increasing saturation of CYP3A4-mediated gut wall metabolism at
higher doses. While the reduction in CYP2D6 contribution at steady state is apparently related to
dose and could contribute to the dose-dependency at steady state, darifenacin oral bicavailability
also departs from linearity after a single oral dose. Therefore, the sponsor proposed that it is
more likely that dose-dependency arises from concentrations of darifenacin in the gut wall
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saturating CYP3Ad4-mediated gut wall metabolism. I[ncomplete absorption is unlikely since very
little unchanged darifenacin is recovered from feces (<2% of a radiolabeled dose).

Study 219 (Dose proportionality, Single escalating dose): A double blind, randomized,
placebo controlled, four-period, four-treatment, four-way crossover study was conducted in 8
healthy white male subjects (7 EM, 1 PM) aged 22 to 38 years to evaluate the PK of darifenacin
after administration of a single i.v. dose of 0.6 mg, 2 mg, 6 mg, or placebo infused over 30
minutes after a 7-day washout period between treatments. Debrisoquine phenotyping {a single
dose of 10 mg) was performed for all 8 subjects. Plasma concentrations of darifenacin were
obtained pre-dose on Day 1 and at intervals up to 72 hours post-dose in each study period. Log-
transformed AUC,, AUC,, Cpax, CL, and V., were analyzed using ANOVA. The values for
AUC,, AUC,, and C,,x were dose normalized to 2 mg prior to analysis. The power law model
was fitted for AUC,, AUC,, and Cp., 10 evaluate dose proportionality based on regression
analysis.

Figure 5. Mean Plasma Concentrations of Darifenacin after a Single i.v. Dose (0.6 mg, 2 mg, and
6 mg)
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Table 7. Summary of Darifenacin PK Parameters from a Single i.v. Dose (0.6 mg, 2 mg, and 6
mg)

Unadjusted mean Dase proporticnahty p value
Q6mg| 2mg | &mg | vonsiant (95% 1)
{N=8} | (N=8) | (N=§

AUC (ngtvml) | (16 | 373 | 119.8 | 1.02(0.99.1.06) 01199
AUC (e WD) | 113 | 370 [ 1194 | 1.01(0.981.05) G 4733
[Com(ng/ol) | 638 | 7330 [ 73.12 | 105 (0.96, 113} .26
() 04 | 04 | 05 - -
kg (1) 0309 | G192 | 0.168

Lz (1D 33 | 38 | 43

CL (i-h) 516 | 537 | 501

Vel 186 | 180 | 16%

Source: Stedy 137-219 Tables 5 1.4 and 513
Cieometric mean for AUC, AUC and Came. Aritlunetic mean [or Lya,. ha and b

e The pharmacokinetics of darifenacin were dose proportional after i.v. doses of 0.6 mg to
6 mg darifenacin.

s CL (50— 54 L/hr) and V; (168 to 186 L) were both independent of dose.
* The inter-subject variability was <25% for all PK parameters. Inter-subject variabilities
of AUC and C,., were 7.0% and 18.8%, respectively.

Table 8. Comparison of Darifenacin Exposure from a Single i.v. Dose (0.6 mg, 2 mg, and 6 mg).
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Dose normalized mean Ratio between dose wormalized means (90% CH

06mg | 2mg | fimg | 2mgvsG6mg | 6mpys 0.6y | Gmg vs Zig
AUC (nghmi | 388 | 373 39.9 10.96 (0.90, 1.02)[1.e3 (097 1 103[1.07 (161, 1.74)
AUC, (e hml) | 376 | 370 | 398 J0.98 (093, 1.04)|1 06 (1 00 L1108 (1.7, 1.14)
Coagg (g 1) 2194 | 3330 | 24.38 |1.06 (0.4, 1 25111 ¢0 w41 30)[1 05 (.89, 1 20

Sowrce: Study £37-219 Table 5.1.4
Geamelric mean for AUC, AUC, and €, dose normalized 10 2mg darifenacin

CYP2D6 Phenotyping:

» The AUC, and AUC;; at 6 mg darifenacin was higher (156 ng*hr/mL for both) in one
PM subject than in 7 EM subjects {ranges, 1g*hr/mL and -——  ng*ht/mL).
However, Cpax values for 0.6 mg, 2 mg and 6 mg darifenacin for the PM were within the
range of values obtained for the EMs.

—

Study 221 (MD, Phenotype): An open label, randomized, three-period, three-treatment, three-
way crossover study was conducted in 26 healthy male subjects aged 20-45 years to evaluate the
absolute and relative BA of darifenacin at steady state. Subjects were administered a single 4 mg
i.v. dose (30 minute infusion) with washout period of 17 days, ER tablets 30 mg once daily for 10
days and IR capsules 10 mg (2 x 5 mg) t.i.d. for 10 days with washout period of 7 days in each
study period. At the end of study period, subjects were instructed to take a 10 mg debrisoquine
tablet after they emptied their bladders the evening before the follow-up visit and collect urine.
Plasma concentrations of darifenacin were obtained at intervals on Day 1 for the i.v. regimen (up
to 72 hours post-dose) and pre-dose on Days I, 3, 5, 7, and 9 and at intervals on Day 10 for the
oral regimens (up to 72 hours post-dose). Log-transformed AUC,4 and C,, were analyzed by
using ANOVA. Steady State was achieved by Day 6 for all formulations. Absolute
bioavailability was assessed by comparing AUC,, for both the IR and ER formulations with AUC
obtained for the IV dose. AUC was dose normalized to 30 mg. Relative bioavailability was
assessed by comparing AUC,, on [R with AUC,, on ER.

Table 9. Summary of Darifenacin PK Parameters

Unadjusied mean Ratrer or difference Between dose noimadized
adjusted 1neans (K, 1)t
iv K caps CR by TR capsules v i CR 1ablets vy v
dmg 10mg tid | 30mg od
{N=23) (N=22) (N=23)
AUCT ngh'oyd} 113.0 178.2 2913 U2210.18 0.25) 0.37{0.32 .44y
[ e (1AE27MEY 57.45 §7.65 18.97 €04 (0.4, 0 D3) .05 (0,04, 0.06)
(Vs (D) 0.5 id 9.7 - _
/) 0 152 0.098 0.098 =032 (D065 -0.038)]-0 052 (4066, (1 139
E:.!ih) 4.5 7.1 7.1 - B
JF %) - 213 37.1 .
(1. (L) 36.1 - - - -
Ve (1) 276 - - -

Source: Study 137-221 Fables 5 1.1, 51 2and 5.1 4

Geomelsic mean for AUC and Caae. Arthimetic mean tor g, and kg Hanmonic mean $or 45,
* ALUC and C oy a1t dose notmadized to 30mg. T AUCy, v CR and IR foramdatons, and ALVC T iv

dose.

¢ The Absolute bioavailability of darifenacin at steady state was estimated to be 37% for

the 30 mg ER tablets and 22% for the IR capsules in a mixed EM and PM population.
e Mean CL of darifenacin was 36.1 L/hr (range
) after the IV infusion.

(range . ——

2D6 PM
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ranged from = —

( ——
¢ For the ER and IR formulations, AUC;4 values of 203 to 284 ng*hr/mL and 115 to

204 ng*hr/mL., respectively, were within the range of values for the EMs+ ~—

ng*hr/mL which was within the range of values for the EMs

ng*hr/mL).

ng*hr/mL and

Distribution

Darifenacin has a steady state V, of 168-276 L indicating that darifenacin is extensively
distributed into body tissues. Darifenacin is highly bound to plasma proteins. Equilibrium
dialysis of human plasma samples mixed with darifenacin in vitro indicated that darifenacin is
98% bound corresponding to f, of 2%. Plasma protein binding of darifenacin is lower among
subjects with hepatic impairment but is not reduced by renal impairment. In vitro studies indicate

¢ Following IV administration, the AUC,, of darifenacin for the PM subjects (n=4)

ng*hr/mL, respectively).

that darifenacin is bound to a-1-acid glycoprotein.

Table 10. Estimated f, from Subjects with Varying Degrees of Renal and Hepatic Impairments

Renal or hepalie |

turw:tson calegor

Normal Mild Moderate Serere
Renal N 1 3 4 2
impairment [, (%) 2.0 2.3 1.2 1.
A1371004)  [Range - 1.7-28 N 9 135
{Hepatic |5 9 5 5 -
impairment |6, (%) 1.7 33 53
A1371003)  [Range 1.3-22 e 1161

Source: Study A1371604 Table 509, Seudy AFITIONH Tables 33 110533

Metabolism and Excretion

Darifenacin is cleared almost exclusively by metabolism and has a high hepatic extraction ratio of
0.73. In vitro studies and clinical interaction data have demonstrated that CYP3A4 and CYP2D6

mediate the clearance of darifenacin in human.

The relative amounts of the metabolites recovered from urine and feces suggests that about 40%
of the darifenacin dose is metabolized via the hydroxylation pathway, while 40% of the
darifenacin dose is metabolized via the ring-opening pathway and 10% is N-dealkylated.
Darifenacin is rapidly cleared from the peripheral circulation. Clearance of darifenacin was in the
range 36-54 L/hr with t;; between 3.5 and 4.5 hours following i.v. infusions of darifenacin
solution. Clearance of darifenacin is primarily achieved through metabolism. Less than 2% of a
dose is excreted unchanged in urine indicating that the renal contribution to total clearance is

minimal.

Study 209: Study of the Absorption, Metabolism, and Excretion of a Single Oral Dose of [Cy
Darifenacin following Multiple Dosing with Darifenacin 5 mg three times daily.

An open study of the absorption, metabolism, and excretion of a single oral dose of Mci
darifenacin following multiple dosing with darifenacin 5 mg three times daily was conducted in 6
healthy male subjects aged 18 to 45 years (1) to measure the cumulative amount of drug-related
radiolabelled material excreted in the urine and feces following a single oral dose of 5 mg ['“C]
darifenacin at steady state; (2) to determine the time course of elimination; (3} to characterize
urinary and fecal radioactivity as unchanged darifenacin or metabolites; (4) to quantitate blood
and plasma total radioactivity and unchanged drug concentrations during the 9 days immediately
following dosing. Subjects were administered oral IR darifenacin 5 mg capsules three times daily
for 5 days, then twice on Day 6. A single dose of 15u Ci radiolabelled ['*C] darifenacin was
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‘administered on Day 6. PK parameters were derived from plasma concentrations of darifenacin,
UK-148,993, and total radioactivity obtained pre-dose on Day 6, and at fixed intervals post-dose
up to Day 15. Urine and feces were collected to determine the route and rate of excretion, and
identification of metabolites.

Table 1. The Mean PK Results of Darifenacin, UK-148,993 and Total Radioactivity.

|  Poormetabolisars | Extensive matabolisers | All subjacts
Darfenadn
AUC, (ng-hmi)” 206 (3.6) 15.0 (29.5) 176 (19.9)
C. (Pgenly” 5.48 (2.39) 462 (4.74) 5.07 (3.26
T (' 0.7 {0.3) 1.3 {1.4) 1.6 (1.0}
LiK-148.003
AUC; (ng.himi)* 37.9 (117} 40.3(27.5) 39.1 (192
C_, (ng/mb)* £.95(1.95) 10.46 (5.38) 9.68 (3.85)
T (h' 0.5 (0.0 0.7 (0.3 0.8(0.2)
Total raciioactivity
ALIC: (ng 340 (54.1) 4 {10.3) 327 {38.2}
equivalents. ymi)
Cing 10G (19.1) 11 {303 106 (23.6;

X iy

T.. (M 0.8 {0.3) 0.7 (0.3) 0.8 (0.3)
k, {hy* 0.0607 {0.0024) 6.0750 {0.0540) 0.0678 (0.0251)
tpih}® 11.4 (0.5) 9.3 (6.3 10.2 (4.0)

*Geometric mean. " Arfhmelic mean. *Hamonic mean.

Table 12. The Cumulative Radioactive Excretion in Urine and Feces

Mean cumulative excretion (sd)
Lirine 58% {47%)
Faaces A3% (4%:)
Total 1091%

An estimated 101% of the dose was excreted in the feces and urine combined.

The cumulative radioactive excretion in urine and feces over 216 hours 1s expressed as a
percentage of the administered dose.

A high proportion of radicactivity (71%) was excreted during the first 48 hours of
dosing. Mean cumulative radioactivity excretion reached a plateau by 144 hours for
feces and by 120 hours for urine.

The major circulating metabolite was the dihydrobenzfuran ring opened acid metabolite
(UK.-73,689) accounting for about 60% of the chromatogram. Another circulating

- metabolite was the dihydrobenzfuran ring hydroxylated metabolite (UK-148,993)

accounting for 7 % of the chromatogram.

The major urinary metabolites were UK-346,036 (N-dealkylation) representing 20 % of
the excreted dose. UK-73,689 and UK-222,247 each represented 4% of the dose in urine.
UK-88,862 represented a mean of 24% of the excreted dose in urine.

In feces, UK-222,247 was one of the major metabolites with 17 % of the dose excreted in
the feces. UK-148,993 was also present in the feces (7% of the dose).

In EMs, a phenyl mono-hydroxylated version of darifenacin was excreted in the feces,
representing 5% of the dose.

Unchanged darifenacin was present in small amounts in both urine and feces (<2 %).

RBC penetration:
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Maan radicactivity (ngsiml
Whoie blood Plasma
0.5 hours 61.0 88.0
1 hows 58.5 95,2
1.5 hours 47.2 T7.8
2 hours 7.7 4.3
2.5 hours 31.5 533
3 hours 26.4 42 €
4 howus 23.0 32.7

The concentration of radioactivity in whole blood was about 60% of that in plasma
indicating poor penetration of darifenacin into RBC. The mean blood to plasma ratic was
0.68.

Figure 6. Schematic Representation of the Pathways for Darifenacin Metabolism in Humans.
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In Vitro Metabolism

In vitro studies using microsomes to determine the enzyme pathways involved in metabolism of
darifenacin demonstrated that darifenacin is metabolized via CYP2D6 and CYP3A4 pathways.
Hydroxylation of darifenacin to form UK-148,993 was mediated by high affiniiy (K, 4 pM) and
low affinity (K., 47 pM) components. Inhibition studies with quinidine and ketoconazole showed
that the high affinity component was comprised of both CYP2D6 and CYP3 A4 whereas the low

- affinity component was entirely CYP3A4. Similar studies on the N-dealkylation of darifenacin to
UK-88,862 and UK-73-689 showed that this route of metabolism was mediated by CYP3A4 only
(K 102 pM).
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The primary metabolic route of darifenacin at steady state appeared to be the CYP3A4 route for
both phenotypically EMs and PMs. In vitro testing against a standard probe CYP3 A4 substrate,
midazolam, ketoconazole exhibited an inhibitory K; value of 0.1 uM while paroxetine had a value
of 38 pM. Fluconazole was selected as a CYP3A4 inhibitor with in vitro K; value of 11 pM.

Darifenacin is a competitive inhibitor of both CYP2D6 (ICsq 2-6 M) and CYP3A4 (ICse 5 uM
vs. midazolam) in vitro. Its metabolite, UK-148,993 is a weaker inhibitor of both CYP2D6 (ICs,
16 uM) and CYP3A4 (ICs, > 45 pM) but may act as a mechanism-based inhibitor of CYP2D6
(ICso 8 uM afier pre-incubation). Neither UK-88,862 nor UK-73,682 inhibited CYP2D6 or
CYP3A4.

Pharmacokinetics of Extended Release Tablets
Relative Bioavailability

ER Tablets vs. Solution: There were no studies which compared the bioavailability of the 18 hr
release ER tablets (TBM, Early Clinical Research and Clinical Research formulations) with that
of the oral solution. However, Study 214 compared darifenacin PK from a single & hr release ER
tablet with those of an oral solution and a solution delivered to the ileocaecal region by
intubation.

ER Tablets vs. IR Capsules: The bioavailability of darifenacin from ER tablets was compared
with the IR capsule formulations after a single dose (Study JP-95-501) and at steady state (Study
218, Study 221). The biocavailability of darifenacin from ER tablets was consistently higher than
that from corresponding IR capsules. Total darifenacin exposure after a single ER tablet dose
was 166-251 % higher than after an equivalent IR capsule dose. Similar results were seen at
steady state. The relative bioavailability from the ER tablet 30 mg once daily regimen compared
with IR capsules 10 mg t.i.d. in Study 221 was 173%, while the total exposure from 7.5 mg, 15
mg, and 30 mg ER tablets was 50-75% higher than from the IR capsule dosing in Study 218. The
sponsor postulated that the differences in bioavailability between ER and IR formulations arise
from regional differences in gut wall CYP3A4 expression Darifenacin delivered to the distal
regions of the intestine from ER tablets is potentially subject to lower gut wall first-pass
extraction compared with a dose delivered to the top of the GI tract from IR capsules.

ER Tablets vs. Solution (Study 214): An open label, randomized, four-period, four-treatment,
four-way crossover study was conducted-in 9 healthy white male subjects aged 23 to 41 years to
evaluate the effect of site of drug delivery and formulation of the PK of darifenacin, Subjects
were administered a single dose of one of four treatments in a fasting state with two weeks
washout between doses: (1) an oral solution of 15 mg, (2) a solution of 15 mg delivered to the
ileocaecal region of the gastrointestinal tract by intubation, (3) an 8 hr release ER tablet of 20 mg,
(4) an 8 hr release ER capsule of 20 mg. Plasma concentrations of darifenacin were obtained pre-
dose and at fixed intervals up to 96 hours post-dose. Log-transformed AUC,, C,,, and AUC,, and
untransformed T.., were analyzed using ANOVA. The PK parameters for the ER tablet and ER
capsule groups were dose normalized prior to analysis (multiplying by 0.75).

Table 13. Summary of Darifenacin PK Parameters
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Unadjusted mean Ratio or difference between dose normulived
adjusted mcans (hrca C1y*
Oral Tleocoecat [ 8h release | Neovaceal solution Rh release UR abler
solution | osolution | CR tablet v ol silntion vy ol gobution
[§RGHY) (15mg} {20mg)
(Negy | ety | een)
ALIC (ng.hini) 207 465 68,5 132 {1.14. 2 ul) 4T (1 26225
ALC, {ng.héml) 303 438 66.9 148 (1.12. 1963 EAT (LT 180y
C g 112NN 10492 14.93 4.32 1.37(0.99%. 1 37 U3 (0.23. 043
| Lo () 035 3 7.1 0.8-08 >0 G030 #2y
kg (/hy 6,210 i.138 0073 J-GUSZ(A001 GBI 3 (0 ITR D115y
[tz (h) 3.2 44 9.5 - .

Source: Study 137-214 Tables 31,15 1.3 and Table 5.2

Geonwttie nwan for AUC, AUC, 30 Cuaee Atithmetic ean for Tye Ky ond s
* AUC, AUC, 2l C ., dose-nonimaficed w 15mg,

Darifenacin BA was higher (67%) when the drug was administered as an 8 hr release ER
tablet than when given as an oral solution indicating that delivery of the drug as an 8 hr
release ER tablet reduced the extent of first pass metabolism.

Delivery of the drug from ER tablets slowed that appearance of darifenacin in the
peripheral circulation compared with oral solution (a lower C,.x and increased Tp,.,) and
caused absorption rate-limited elimination (a longer t, of 9.5 hr) relative to
administration by intubation (4.4 hours) or as the oral solution (3.2 hours).

Delivery of darifenacin as a solution by intubation directly to the ileocaecal region of the
Gl tract resulted in a 52% increase in systematic availability of darifenacin compared
with that obtained from the oral solution, with a similar rate of absorption.

ER Tablets vs. IR Capsules: Single dose comparison (Study JP-95-501): A single-blind, two
cohort, two step, four period, nine treatment, escalating dose design, placebo-controlled crossover
study was conducted in 20 healthy Japanese male subjects aged 20-30 years to compare the PK of
darifenacin following administration of a single IR capsule and ER tablet. During each period of
the first step, subjects in the first cohort received an IR capsule 5 mg, ER tablet 5 mg, or placebo
while subjects in the second cohort received an IR capsule 7.5 mg, ER tablet 7.5 mg or placebo.
During each period of the second step, subjects in the first cohort received IR capsule 15 mg, ER
tablet 15 mg or placebo, while subjects in the second cohort received [R capsule 20 mg, ER tablet
20 mg or placebo. Plasma and urinary concentrations of darifenacin and UK-148,993 were
obiained at intervals after drug administration in each period.

Figure 7. Mean Profiles for Plasma Concentrations of Darifenacin (ER Tablets)

ac
104 sl Smg
————  7.5mg
=-a-e PHMYg
————  20mg

&0 72

Time atver dose (h)

Table 14. Summary of Single Dose Darifenacin PK Parameters from IR Capsules and ER
Tablets.
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TR capsule unadjusied mean CR tablet unadjusted mean

Smg 7 5mg 15mg 20mg smg 7. 5mg 13 2ing

Ny | (N=8) | (N=8) ] N=8) | (N-%) | (N80 | onesy | (e

AUC, (ng himil) 3.0 4.9 132 16.0 63 [ 324& 403
| Cogy (nR'1orl) 135 1.10 .39 3.81 130 041 194 218
| T oo (11} 0.9 1.7 1.1 1.0 s oo 9% HLh]
MRF (h) 22 38 38 38 147 18.2 1466 [

Sonrce: Study JP-93-501 Tables 33 1,3223.523and 5.2

Geometric mean for AUC, Can. and MRT. Arithmetic meun 101 [

AUC, of darifenacin after dosing with ER darifenacin were higher by between 66 and 151
%o than that with IR darifenacin at all dosecs.

Ciuax values of after administration of ER darifenacin were lower by between 43 and 71%
than that with IR darifenacin at all doses.

Tumax values were between 9.5 and 11 hours after dosing with ER darifenacin and these
values were higher than that of IR darifenacin (0.9 to 1.7 hours) at all doses.

The mean cumulative urinary excretion rates of darifenacin 96 hours following single
dose oral administration were low for both ER darifenacin (0.22 - 0.26%) and for IR
darifenacin (0.09 - 0.19%). More than 60% of the darifenacin excreted in the urine up to
96 hours post-dose had been excreted by 24 hours post-dose, and 90% or more had been
excreted by 48 hours post-dose.

Table 15. Comparison of Single Dose Darifenacin PK Parameters from IR Capsule and ER
Tablet Dosing.

. Ratio betwesn adjusted means {90% CI)
IR capsule Smg v | IR capsules 7.5my (IR capsules [Smyg vs [IR capsules 20mg vs
CR tablet Smg vi CRteblet 7.3my | CRtablet 15mg CR tublet 20my

AUC, 208(1 FF,388) | 166(1.06259) | 246(1.59, 382} | 251177357
(s )

) | 029¢0.17,050) | 037(0.23, 0.611 | 0.57(G4%, 0.771 | 0.57 (0.42, 0.78)
MRT 6,70(5.47,821) | 485(3.78,6.22) | 435(3.13 6,04} | 4.47(3 28, 6.09)

Source: Study JP-95-501 Table 5.2
Geometric mean for AUC, Co.., and MRT.

AUC, was 1.66 — 2.51 fold higher from the ER tablets across the dose range tested.
However, Cy., was 43-71% lower from the ER tablets than the IR capsules.

The CV% values for darifenacin AUC, of ER (CV% 46 - 89%) and IR (CV% 70-118%)
darifenacin indicated moderate variability among the subjects.

ER Tablets vs. IR Capsules: Study 221: (Refer to Absolute BA section for study design, 30

mg)

Table 16. Summary of the Statistical Apalysis. of Steady State Darifenacin PK Parameters
Comparisng the IR and ER Formulations.

Parameter Mean Ratio (%) ¢ Diffarence [9G%, Ci)
IR 10mg tid CR 20mg od

AUC,, (ng.h/mA == 178 302 172.9 147 3, 203.0]

C_ . (ng/mi) " 742 126 170.1 [147.0. 196.9]

C,, {rgiml) * 4.84 3.78 179.6 151 &, 211.5]

PTF {ratio} " 1.67 Q.75 4G.1 {351 B80.8]

k, (hy 0.1Q 0,10 -0.0061[-0.014 Q.0131

Sowce: Table 5.1.5. "Adjustad geomatric mean; "Adjusted arthmetic mean, "CR vs IR gives F,,.
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o  The F,, of darifenacin for the ER tablet compared with the IR capsule was 173%. (90%
CI 147.3,203.0)

* The PTF for darifenacin at steady state was lower for the ER formulation compared with
the IR formulation (0.75 vs. 1.67).

o  The Cq,, of darifenacin was similar for the ER and IR formulations (17.7 — 19.9 ng/mL),
and t,; values were the same for both formulations (t;,, of 7.1 hr).

Figure 8. Mean Plasma Concentrations of Darifenacin on Study Days 1 (i.v. infusion) and 10
(ER Tablet and IR Capsule).

Study 218: (Refer to ER/IR PK Comparison section for study design)

Table 17. Ratios of the Dose Normalized (to 15 mg) Means for AUC:4 and C,,, (ER tablets 7.5
mg, 15 mg, and 30 mg once daily for 10 days and IR capsules 2.5 mg, 5 mg, and 10 mg t.i.d for
10 days)

AUC, C...
Comparison: Ratio Between 90% Confidence | Ratio Between | 90% Confidence
Geometric Means Interyal Geometric Interval
(%) Means (%)
7.5mg od/2.5mg tid 181 131. 198 95.6 76 0 120
15mg od/Gmg tid 175 141, 217 117 92.1. 148
‘30mg odA ey tid 160 - 121,186 103 80.7. 130
overall odioverad tid 162 145, 181 105 92.3 119

s The total exposure from 7.5 mg, 15 mg, and 30 mg ER tablets was 50-75% higher than
from the IR capsule dosing

Dose Proportionality

Dose proportionality analyses showed that both C...x and AUC of darifenacin increased
proportionally with dose indicating that darifenacin i.v. pharmacokinetics linear with dose (Study
219). However, the pharmacokinetics of darifenacin at steady state were not dose proportional
for either the IR capsules (2.5 mg, 5 mg and 10 mg t.i.d. for 10 days) or ER tablets (7.5 mg, 15
mg, and 30 mg once daily for 10 days). Doubling the darifenacin dose resulted ina 151%
increase in AUC, for the ER tablets (dose proportionality constant 1.33, 95% CI 1.21, 1.45) and
160% for the IR capsules (dose proportionality constant 1.38, 95% C1 1.14, 1.62) and there were
similar trends in Cyax, Caves, and C,4 parameters (Study 218). Doubling the darifenacin dose
resulted in a 138% increase in C,y for the ER tablets.
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Table 18. Analysis of Darifenacin Dose Proportionality for ER Tablets (7.5 mg, 15 mg and 30
mg once daily for 10 days) and IR Capsules (2.5 mg, 5 mg and 10 mg t.i.d. for 10 days)

Slopes of the Regression of log{paramater} against log{dose}
Darifenacin Silope 95% Confidenca intervel pvake
ALIC IR 1.38 1.14, 1.82 0.0022
AUC, CR 1.33 1.21,1.45 «0.0001
C IR 1.20 0.938, 1.47 0.1321
C..CR 1.28 1.12, 1.36 ¢.0004
C. IR 1.44 111,176 ¢.00890
C.CR 1.40 1.23, 158 «0.0001

. Both IR and ER formulations did not exhibit dose-proportionality for AUC,, Cpay and Coy

Yariability in Pharmacokinetics

Darifenacin exhibits time-dependent, non-linear pharmacokinetics as a function of a reduction in
the extraction ratio upon repeated dosing and it appears to be related to a reduction in the relative
contribution of CYP2D6-mediated metabolism.

Estimates of inter-subject variability in steady state darifenacin exposure from ER tablets in
individual Western studies ranged between 33 and 91%, and the CV% for estimates of mean
steady state darifenacin AUC,4 derived from pooling of data from all relevant Phase 1 studies was
47-69% across the dose range tested. The variability in oral BA of darifenacin is likely to be
caused by a combination of factors including dose, formulation, CYP2ZD6 genotype, co-
administration of CYP3A4 inhibitors, race, gender, age and hepatic function. In addition, first-
pass extraction may be another source of inter-subject variability in darifenacin PK. Inter-subject
variability was higher following oral dosing than i.v. administration (AUC CV% 57% for ER
tablets 30 mg vs. 21% for single i.v. dose, Study 221) but was similar between oral formulations
(AUC,, CV% 57% for ER tablets 30 mg vs. 66% for IR capsules 10 mg t.i.d., Study 221). This
indicates that the passage of darifenacin from the (I tract into the systemic circulation adds to the
PX variability.

Single Dose Pharmacokinetics

Darifenacin exposure at steady state was higher than predicted from single dose data.
Darifenacin exposure from 15 mg ER tablets at steady state was 86% higher than after a single
dose and doubling of the ER tablet dose increased steady state exposure by approximately 150%.
The AUC,, and C,, values of darifenacin after a single dosing with ER tablets were higher by 66
— 151 % and lower by 43 — 71%, respectively, than that with IR capsules at all doses. The mean
T,..x values were between 9.5 to 11.5 hours following a single dose administration of 7.5 — 20 mg
ER tablets. The observed apparent t, of ER tablets was 11 to 13 hours while much shorter t;
was observed with IR capsules (1.8 — 3.9 hrs). The CV% values of AUC for ER formulations
following a single dose administration were 46 — 89 %,

Multiple dose Pharmacokinetics

Mean steady state total exposure to darifenacin in healthy male subjects was 27.9 ng*hr/mL from
7.5 mg ER once daily dosing and 79.6 ng*hr/mL from 15 mg ER once daily dosing. Mean peak
concentrations at steady state were 1.92 ng/mL and 5.08 ng/mL, respectively. Assuming 98%
protein binding, mean peak unbound darifenacin concentrations at steady state were estimated to
be 0.04 ng/mL from 7.5 mg ER dosing and 0.10 ng/mL from 15 mg ER dosing. The steady state
plasma concentration vs. time profile from ER tablet dosing was uniform across the dosing
interval and peak to trough fluctuations were small across the proposed dose range (PFTR 0.7 ~
0.9). The inter-subject variability was 47 — 69 % for steady state AUC. The Ty, values were
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between 7.0 — 8.1 hours. The estimated t,, from ER tablets was around 12.8 — 18.7 hours.
Steady state was achieved by Day 6 of dosing for both the ER tablets 7.5 mg and 15 mg.

Darifenacin pharmacokinetics from ER.tablets are both time- and dose-dependent. Darifenacin

exposure from 15 mg ER tablets at steady state was 86% higher than after a single dose and

doubling of the ER tablet dose increased steady state exposure by approximately 150 %. Time-
dependency appears to be related to a reduction in the contribution of CYP2D6é metabolism to
darifenacin oral clearance after repeated dosing. Dose-dependency may be related to increasing
saturation of CYP3A4-mediated gut wall metabolism at higher doses, combined with a dose-
dependent reduction in the contribution of CYP2D6-mediated metabolism at steady state.

Study 218: An open label, randomized, four period, six treatment, four-way crossover study was

conducted in 26 healthy male subjects to assess the effect of dose on the stcady state PK of

darifenacin.

Table 19. The Summary of PK of Darifenacin using IR and ER Formulations at Steady State.

Parameter CR tablets IR capsules

7.5mgod | 15mpod | 30mpod | 25meud | Smead | 10mg ud
Plasmu AUC; (ng.h/ml} 3038 150 187.6 153 401 [66 8
Blood AUC, (ng.vml) 210 51 1776 104 273 1135
Oral Clearance { mlfminfkg) 35 70 56 172 13t 63
Extraction Ratio 0.76 072 .67 {83 0.83 0.71
Relative Systemic Availability 22 26 3n 12 lé 28
(%4}

» The relative systemic availability increased with increasing dose. The relative systemic
availability values for the ER tablets were higher than those for the IR capsules.

What are the characteristics of the exposure-response relationships (dose-response,
concentration-response) for efficacy and safety?

Efficacy _ .

The primary efficacy endpoint of darifenacin was change in number of incontinence episodes per
week from baseline to Week 12. The changes in number of micturitions and in number of
episode of urgency from baseline to endpoint were defined as two of the secondary endpoints. In
general, darifenacin 7.5 and 15 mg showed a statistically significant improvement in the number
of incontinence episode per week over the placebo in a 12-week period. The darifenacin 15 mg
treatment group experienced a statistically significant median reduction of 10.4 in the number of
incontinence episodes per week from baseline compared to that of 5.9 to 7.6 in the placebo group.
The darifenacin 7.5 mg treatment group experienced a statistically significant median reduction
of 8.1 and 9.0 in the number of incontinence episodes per week from baseline compared to that of
5.9 to 7.6 in the placebo group. However, subjects treated with darifenacin 15 mg were
associated with a higher median improvement in the number of incontinence episodes per week,
compared to that of subjects treated with darifenacin 7.5 mg (an improvement of 3.2 vs. 2.0
episodes per week, respectively). The changes in the number of micturitions per week and the
number of episodes of urgency from baseline to Week 12 showed the following: Darifenacin 7.5
mg and 15 mg showed a statistically significant improvement in both micturition and urgency
outcomes over placebo in a 12-week period. The effects of darifenacin on the number of
micturations and number of episodes of urgency were similar for the 7.5 mg and 15 mg groups
(an improvement of about 0.8 — 0.9 episodes per day for both outcomes across the two treatment
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groups. Improvement in incontinence outcome did not seemn to be affected by the incontinence

severity at baseline for the darifenacin 7.5 mg group while it seemed to be associated with
severity of incontinence at baseline for the darifenacin 15 mg group. The earliest time point to
observe the treatment effect was at Week 2 for both darifenacin 7.5 mg and 15 mg groups.

As indicated carlier, the median reduction in number of incontinence episodes per week was 2.0
and 3.2 for darifenacin 7.5 mg and 15 mg, respectively. Darifenacin 30 mg appeared to have the
largest treatment effect with a median reduction between 4.2 and 6.3 episodes per week.
Darifenacin 3.75 mg was not associated with a significant reduction in number of incontinence
episodes per week (reduction of 0.7 per week).

Safety

Adverse events associated with darifenacin appear to be similar to thal of other antimuscarinic
agents. The majority of adverse events occurred in the first two weeks of the treatment and was
dose-dependent. Darifenacin 7.5 mg was well tolerated. Dry mouth, constipation and dyspepsia
were the most commonly reported events and they occurred in 20%, 15%, and 3% of the subjects
treated with darifenacin 7.5 mg for 12 weeks, respectively. In subjects with darifenacin 15 mg,
the corresponding adverse events occurred in 35%, 21%, and 8%, respectively.

CYP2Dé Genotype

Table 20. Discontinuations due to Treatment Related Adverse Events by CYP2D6 Genotype and
Dose (OAB Fixed Dose Phase 3 Studies)

Subjeets dizcontinved — n (34)

Paor metiabelivers Etlensve metnbolizess

Darifenacin: '

7.5mg (N = 64 PM, 236 EAD 1{1.6%;) | {0 4%5)

15mg (N = 42 PA, 230 EM) 2 (4,8%) 3¢ 3%

30mg (N = 20 PM, 233 EM) 3 (15.0%) 17 (7. 30}

7.5V Smag (N = 106 PM, 466 3 (2.8%) 4 (0 9%5)

EM)
Folterodine: (N = 14 PM, 167 EAM) 0 Q2%
Piacsbo: (N » 20 PAS, 103 EM) i} 2 () 9%}
Source: Table 30.5

* Discontinuations due to treatment related adverse events by CYP2D6 genotype and dose
were higher in CYP2D6 PMs than in EMs. [n OAB fixed dose Phase 3 studies, the rates
of discontinuation were 1.6 % (7.5mg), 4.8 % (15mg), and 15.0 % (30mg) in PM subjects
whereas 0.4 % (7.5mg), 1.3 % (15mg), and 7.3 % (30mg) of EMs discontinued due to
treatment related adverse events.

QT effects of darifenacin

Six Phase 1 and Phase 3 studies were evaluated (o assess the QT effects of darifenacin. These
studies included a wide range of darifenacin exposures including 60 mg ER (mean C,., 8-fold
higher than the proposed highest 15 mg dose). In general, there were no apparent QT signals at
steady state following administration of darifenacin 3.75 mg — 60 mg (a pooled analysis of four
controlled studies). There were no apparent mean differences from placebo for heart rate and
QTc, overall or in any of the sub-groups analyses based on age and sex. No heart rate cffects
were demonstrated. However, the mean change of 12 msec from bascline (range: C 3
msec) in QTcF was observed at supra-therapeutic concentrations (mean Cpa, 23 fold higher than
the proposed highest 15 mg dose) of darifenacin.

CGeneral Comments:
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e The concentration-response relationship for QTc prolongation was characterized with
exploration of concentrations that were higher than those achieved following the
anticipated therapeutic doses of 7.5 mg and 15 mg (Study 1007, darifenacin +
ketoconazole drug interaction study).

¢ The duration of darifenacin dosing was sufficient to ensure that steady-state
concentrations were achieved.

¢ An attempt was made to assess the peak effect of darifenacin on the QTc¢ interval by
performing ECG recordings at time point around the C,,,.

¢ There was absence of a concurrent placebo-placebo control group in Studies 1005 and
1007.

®  There was a lack of a concurrent positive control group to establish assay sensitivity in
all five studies.

ECGs were recorded 4 to 9 hours post-dose at steady state following administration of doses
ranged from 3.75 mg to 60 mg. ECGs were digitized and centrally read. The supra-therapeutic
plasma concentrations were achieved with co-administration of darifenacin 30 mg and
ketoconazole 400 mg for 6 days (Study 1007). Three studies (Studies 1005, 1007, and 1015)
submitted under Section 6 of the NDA were reviewed to assess the QT effects of darifenacin.
Two Phase 3 studies (Studies 1002 and 137-684) and a pooled analysis of 4 controlled studies
(Studies 1002, 1007, 1015, and 137-684) were reviewed by the Medical Officer (refer to MO
review). The following summarizes the QTc safety results from the pooled analysis
(administration of darifenacin 3.75 mg — 60 mg):

* In general, there were no apparent QT signals with darifenacin (AQTcF from baseline:
darifenacin 2.2 msec vs. placebo 1.9 msec).

¢  The percentage of subjects with an individual increase in QTcF from baseline of 30 — 60
msec was 7.2 % for darifenacin-treated group (vs. 5.7% for placebo group).

e The percentage of subjects with a maximum individual increase in QTcF from baseline of
> 60 msec was the same for both darifenacin (0.4%) and placebo (0.4%) treated groups
(all showed QTcF < 500 msec).

* There were no additional risks of QT prolongation in females and in elderly populations
{= 65 years and < 65 years).

¢ No female subjects exhibited a maximum on-treatment QTcF values of > 470msec.

In male subjects, both the mean changes from baseline (4.6 msec vs. 0.6 msec) and the
percent of subjects with QTcF change from baseline > 30 msec (7.6 % vs. 5.5%) were
slightly higher in darifenacin-treated group compared to placebo treated group. Four
male subjects exhibited 2 maximum on-treatment QT¢F of more than 450msec.

At the supra-therapeutic concentrations of darifenacin, the mean change of 12 msec from baseline
(range: - -~ msec) in QTcF was observed when darifenacin 30 mg was co-administered
with ketoconazole 400 mg once daily for 6 days (Study 1007). The mean corresponding plasma
concentration of darifenacin at the time of ECG measurements was 103.7 ng/mL, with a range of

- ng/mL (4 hour post-dose on Day 6). The sponsor stated that the mean increase of 12
msec in QTcF is not a clinically meaningful signal citing that ketoconazole itself is known to
increase QT.

The mean change of QTcF from baseline was -0.51 msec (range: - msec) when
darifenacin 30 mg was co-administered with placebo once daily for 6 days. The mean
corresponding mean plasma concentration was 11.8 ng/mL (range of  — ng/mL).
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Danfenacin 30 mg alone does not appear to result significant changes in QTc prolongation.
However, no placebo-placebo control group was evaluated in the study.

The worst case scenario of PMs administered ketoconazole and darifenacin was not fully
explored by the sponsor. However, the limited data indicate that effect of ketoconazole on
darifenacin peak exposure in a PM who received 7.5 mg dose of darifenacin was similar to the
effect of ketoconazole in EMs who received higher doses of darifenacin (15 mg, 30 mg).

Figure 9. The Mean Peak Exposure of Darifenacin in EM and PM Subjects (Studies 1035, 1007,

1015)
250
=5 200 1
E
o 150 1
=
= 100 1
E
[ &2 50 ——
0 AMT -,
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(Source: Studies 1035, 1007, and 1015): QTc reading at 4 hour post-dose on Day 6 (D 30 + K), and on Day 14 (D 60)

Note. No QTc data are available for Sdy 1035 (DDI study of Darifenacin 7.5 or 15 mg plus ketoconazole 400 mg)

*Dase titration due to AES (Darifenacin 15 mg group: Darifenacin 15 mg + Ketoconazole 400 or Placebo on Days 1-3, then
Darifenacin 7.5 mg + Ketoconazole 400 mg or Placebo on Days 4-6), (Darifenacin 30 mg group Darifenacin 30 mg + Ketoconazole
on Days 1-3, then Darifenacin 15 mg + Ketoconazole 400 mg on Days 4-6)

Table 21. The Peak Exposure of Darifenacin in EM and PM Subjects (Studies 1035, 1007, and

1015)
Cm-llx
D75 I DI5+P D75 + D30+P D 60 D15+ Keto D15 + D 30 + Keto D30+
+P Keto (Days 1-3),D Keto | (Days 1-3),D Keto
7.5+ Keto L5 + Keto
(Days 4-6) {Days 4-6)
EM Study | Studies Study 1035 | Study 1015 | Swdy Study 1035 Study Study 1007 Study
1035 1035 & {n=10) {n=8) 1015 (n=5) 1035 {n=3) 1007
(n=9) | 1007 {n=30) (n=3) (n=9)
(n=5) Study 1007
(n=9)
2.1 6.8 13 1911 5360+ 18(8.3-334) [ R 102.0 13%.0
©6- | (55-7.5) | (3.2-30.5) 253 (65.5 - (26.9 - 150 (42.5 -
4.0) 153 70.9) 177)
(7.8-28.5)
PM Study | Studies Study 1035 | Studies Study Study 1035 NA Study 1007 Study
1035 1035 & (n=1} 1015 & 10i5 {n=1) {n=2) 1007
(=1} | 1007 1007 (n=5) (n=2)
(@=2) {o=4)
59 6.9 554 23 (374, 719 = 58.9 NA 97.5(79, 115) 191.5
(6.2,7.6) 982,213, | 357 (143,
3.3 240)
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Table 22. The Plasma Cg,, Data for Phase 1 Subjects in Multiple-Dose Studies using the ER
Formulation (EM Subjects)

Darifenavin

Jomg CR +
Darifenacin Darifenacin Darifenscin Darifenucin hetaconarole
1. 8me CR 15mp CR 30me CR Gl CR LG
N 161 114 223 33 9

ng/mi (nM) ng/ml (nM) gg}ml {aM) ngind tnM) ng'mi (v
Geomeiri¢ . 49.64 129 49
can 192 (4.5 308(159) 14.76 134 .60 (116361 (203 54)

Arithmetic P A 3621 13943
mean 223(523) 626 (14.67) 17 23 (40.39) 131 0 (059

Maxinmuam C ’ _—I

Source: Module 2.7 2, Sammary Table A 2.2 2 and Study A 1371007 Summane Table 1.2 Now.
nM vajues calculated by dividing ngfmi values by (14266, based on the molar weight of dariienacin
free base of 426.6 Daltons.

Study 1007 (see DDI section for study design): Sixteen subjects (12 EM, 4 PM) received
darifenacin 30 mg once daily on Days 1 to 6 and either ketoconazole 400 mg or placebo once
daily on Days 1 to 6 after a minimum washout period of 7 days between two freatments. A 12-
lead ECG was performed within 3 weeks before the start of the study, 4 hours post-dose on Day
6, and at follow-up visit 14 days afier the final dose. The baseline QTc¢ reading was the mean of
the screening and follow-up QTc measurements.

* The mean change of 12,05 + 14.35 msec from baseline (range: - —— msec)in
QTCcF was observed when darifenacin 30 mg was co-administered with ketoconazole 400
mg once daily for 6 days. The mean corresponding plasma concentration of darifenacin

at the time of ECG measurements was 103.7 ng/mL, witharangeof =~ -~ ng/mL (4
hour post-dose on Day 6).
e The mean change of QTcF from baseline was -0.51 + 11.82 msec (range: - —

msec) when darifenacin 30 mg was co-administered with placebo once daily for 6 days.
The mean corresponding mean plasma concentration was 11.8 ng/mL (range of ™~
— pg/mL).

¢ The highest darifenacin Cy,, -~ ng/ml.} was observed in a CYP2D6 PM subject

following co-administration of darifenacin 30 mg and ketoconazole 400 mg. An increase
" of 24.5 msec in QTcF from baseline of 361.5 msec was observed in this subject.

« The highest increase in QTcF from baseline was 45.5 msec following co-administration
of darifenacin 30 mg and ketoconazole 400 mg. This male subject was a CYP2D6 PM
who had his darifenacin dose reduced at Day 4 to darifenacin 15 mg due to
antimuscarinic AEs (baseline QTcF 368.5 msec, Cp=C4=.7 ng/mL).

Table 23. Individual Mean Changes in QT¢ from Baseline by Treatment
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Figure 12. The Relationship between Baseline QTcF and Mean Change in QTcF

(a) Baseline QTcF vs. A QTcF
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Table 24. Individual QTc Reading with Corresponding Darifenacin Concentrations at 4 Hour
Post-Dose on Day 6

(a) Darifenacin 30 mg + Ketoconazole 400 mg Treatment Group

Darifenacin 30 mg + Ketoconazole 400 mg

Subject

Crnax
ng/mL

Cal t=d hr
ng/mL

Screening
QT.F
msec

Tmn
hr

Baseline
QT.F
msec

QTcF
(@ 4 hr

Day 6
msec

AOTF
(Screentng)
msec

AQT.F
(Baseline)
msec

001
002

—

003% P

o0a |

004

005

6 T
0Q7*

008"

009

010

011

012

013*

014* (PM)
015 (PM)
016 (PM)

C

1

Mean 73 11334 [1037 | 354

f 3537

| 3657

{1169 }_12.03 J

*Subjects 003, 007, 008, 013, and 014 were dose down titrated (Darifenacin 30 mg + Ketoconazoele 400 mg on Days |-3, Darifenacin

15 mg + Ketoconazole 400 mg on Days 4-6)
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)} Darifenacin 30 mg + Placebo Treatment Group

Subject T | Caan Cuan | Screening | Baseline
hr ng/mL | ng/mL | QT F QT.F
msec msec

AQTF AQTF
(Screening) | (Baseling)
msec msec

607+
008

009
010 !

011

012
013* (PM)
014 (PM) |
015 (PM)
016 (PM)

J} |

Mean 6 |142 |118 |354 [3537 [3513 [-075 | -0.406

*Subjects 003, 007, and 013 were administered darifenacin 15 mg + placebo on Days 1-6.

Study 1035 (see DDI section for study design): A randomized, placebo controlled, two-period
crossover study was conducted in healthy male subjects to determine the effects of ketoconazole
on the pharmacokinetics of two doses of darifenacin (7.5mg and 15mg). Subjects were
administered with either darifenacin 7.5 mg or 15 mg for 6 days and ketoconazole 400 mg once
daily for 8 days after a minimum washout period of 7 days between two treatments. A 12-lead

ECG was recorded pre-dose and at 4 hr post-dose on Day 6.

Table 25. Mean Changes from Baseline by Treatment Group (Darifenacin 7.5 mg Group)

Measunemants Danfenacin 7.6 mg and Daritenacin 7.5 mg and
ketoconazole Placebo
_Sublect (N} [ 7
Fredericia's correction {QTcF)
- Mean Baseline” and 8D (ms) 390 (16.8) 380 {23 4)
Mean changs from baselinae (ms) 12 2
Standard Deviation for the thapnge 17.8 157
Min and max change (ms) cC )
Bazatt's correction (QTcB)
Mean Basefine” (ms) 383 {20.3) 373 (28.7)
Mean change from baseline (ms) 7 1
Standard Dewviation for the change 19.2 187

Min and max chargje (ms)

Bourca: Table 3.1 and Table 4 of repan on promimia y atiaiysis 1G5 W1 0A1d TOM Study A1371035

Table 26. Mean Changes from Baseline by Treatment Group (Darifenacin 15 mg Group)

Measurements Darifenacine 15 mg and Darifenacine 18 mg and
ketoconazole Palceba

Subject (N} 3] 8

Fredericla’s correction (QTcF)

Mean Baseline* and 5D (ms) 388 ({11.2) 376 (10.6)

Mean change from baseline (ins) 10 -3

Standard Deviation for the change 13.6 13.9

Min and max change (ms) o 3__

Bazett's correction (QTcB)

Mean Basefine* and SD (ms) 386 (15.5) 377 (14.7)

Mean change from baseline (ms) 1 -8

Standard Deviatlon for the change 20.4 189

Min ad max change (ms)

i —_—
Source: Table 3.1 and Table 4 of report o premnnary soaysis 101 Wi aaia Tom siiey 41371035
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* This study showed a consistent mean increase of 10 — 12 msec in QTcF from baseline

when darifenacin 7.5 mg or 15 mg was co-administered with ketoconazole 400 mg.

Study 1015: A randomized, double blind, parallel group, placebo controlled study was
conducted in 62 healthy male and female subjects (56 EM, 6 PM) aged 50 years or over to
evaluate PK, safety and toleration of multiple oral doses of darifenacin 60 mg. Subjects were
administered with cither darifenacin 60 mg (n=42), darifenacin 30 mg (n=10}, or placebo (n=10)
for 14 days. Plasma concentrations of darifenacin were obtained pre-dose on Days I to 14 and at
1,2,3,4,6, 8, 12, 18, and 24 hours post-dose on Day 14. ECGs were measured on the morning
of Day 1 prior to darifenacin administration, at 4 hour post dose on Day 14 and at follow-up
visits,

¢ The mean difference between QTcF change from baseline following administration of
darifenacin 60 mg when placebo corrected was an increase of 2.74 msec. The placebo
corrected mean change in QTcF following darifenacin 30 mg was 1 msec.

* The largest mean changes in QTcF observed in the darifenacin 60 mg and 30 mg groups
were a decrease of 7.6 msec and of 9.4 msec, respectively.

* A 10.4 msec decrease was the largest mean change in QTcF observed from baseline in
the placebo group.

¢ The highest darifenacin peak exposure following administration of darifenacin 60 mg
was 126 ng/mL. The mean Cp,y values of EM and PM subjects following darifenacin 60
mg were 53.6 +25.3 ng/mL (n=30) and 71.9 + 35.7 ng/mL (n=5), respectively. The
estimated mean concentrations of darifenacin at 4 hour post-dose on Day 14 were about
43 ng/mL and 58 ng/mL in EMs and PMs, respectively.

Table 27. Individual Mean Changes in QTc from Baseline by Treatment

------ QTc (Bazzetts) {mgeci------- ------QTC (Fridericias) igesci---
Basaling --Change from baseiina-- E2ssline - -Chande fram baseline-
Day : pay 14 Lay i ay 1 Tay 14 Day i
pre-doge  pre-20se  dh post doge pra-doge pre-ga2e 40 poEt Aose
Darifemarin £0m3 B 1B i 3¢ i 13 3
Kean 447,087 -1.561 -4.034 4JB. 101 <2635 -7.6ZE
8. ey, 18.5958  17.3%21 18,7032 15,0286 13 MH) 15,4918
Ricimm
Maxinum C .\
!
DBarifemcin cing L] 2 z 2 2 b Z
- 3w Mean 404,560  -0.570 1,082 196,585 2.405 1.225
std. pev. 9.6308 4,0834 7.3539 15,7288 &, 0093 74458
Mimimm
o [ ]
Darifsnacin £0ng L] 2 i 2 2 2 2
-» Flacabo Nean §01.720 RS £.1% 106,810 B0 -4.550
g, Dev. AT AMIELS 32,570 3BT 36433 24,0690
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------ Qfc [Bstzatis! (msec) -~---(C [Fridericlas) (meeci---
Eseling --Thangs [rom bacelifiz-- Eageline --Change from baseline-
day 1 Bay 11 bay if bay L Ry i bay W
pre-gose pre-dasz b post dose pre-dose pre-doge  4h poac dose
Narlfenacin ¥omg E § 3 k] g 5 3
¥ean 416.786 L1437 -0 {M4.BRT -2.9% -3.434
£ra. Dev. 16,4815 135523 12,3312 19,088 13,008k 14,9085
Kinimum ’
¥aximm [
artfeniacin 3omg E 1 1 1 1 1 1
~» Blacehs ¥ean 1430 BEGD 0,160 M4 £.718 -1.953
std. Dey.
Hnlmm (
Faxtmm
Double $lind Placehe ¥ i 11 5 jid 11 3
¥ean 8.9 ZEw -£.726 0T.MS 0 1289 -10.369
std. Dev. 20,2761 19.%47% 18,563 43 17,201 1s.021%
¥inimm
¥aximum {_ ‘B

Table 28. The Day 14 Darifenacin Pharmacokinctic Parameters for EM and PM Subjects

Darifenacin 60mg Darifenacin | Darifenacin | Darifenacin 30mg
E0mg— 60—
10mg Placebo
EM (N=34) | PM (I=3) | EM (N=2) | EM (n=11 | EM(N=E) | PM (F=1)
AUC, 775 964 53% 740 254 544
{ng himly
C o 47.5 64 5 283 343 7.0 374
| (mggimt)
| Toe (BY* 54 18 7.0 00 4.0 12.0
Coufng/mly § 32.3 40.2 224 JO.8 le 27
Coin 17.9 19.4 I5.9 176 347 1.t
| (nggieml)
PFTF 0.%6 091 055 034 103 l.16
{acalar) "
1y (e 18.8 14.0° 4.8 NID [ 7.5
ky (1703 | 0.0AT 00507 0.0 N 0. 103" 0.092
CL¥ 774 622 1t 811 1% 35.1
(ml'mim)

Source: Tables 5.£.1t05.19
*Arithmetic mean, ** hurmoenic mean, all other means are geonietric, *N=1 7; P N=3: *N=| I N=3

Figure 13. Mean Plasma Concentrations of Darifenacin
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Study 1005: An open, two-period, parallel, group study in three groups of subjects (healthy,
subjects with mild [Child Pugh A] or moederate {Child Pugh B] hepatic impairment) was
conducted to evaluate the PK of darifenacin between healthy subjects and subjects with hepatic
impairment. Subjects received oral darifenacin single dose of 15 mg in Period 1 followed by
multiple 15 mg oral doses for 6 days in Period 2. Plasma darifenacin concentrations were
obtained: pre-dose onDay l and at 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 32, and 48 hours post-dose
(Period 1) and pre-dose on Days 1 to 6 andonDay 6 at 1, 2,3, 4,6, 8, 10, 12, 16, 20, and 24
hours post-dose (Period 2).

s The result of this study was not included in the pooled analysis since this was not a
placebo controlled study.

¢ The QT analyses were conducted by two independent consultants. The analysis of QTcF
change at 4 hour post-dose from baseline was done by T

7 The analysis of maximum post-dose QTcF change from baseline was done by

L

s  The mean change of -0.9 to 6.7 msec in QTcF at 4 hour post-dose from baseline and the
mean maximum post-dose change of 4.7 to 11.9 msec in QTcF from baseline were
observed following single dose or multiple dose administration of darifenacin 15 mg in
healthy subjects or patients with mild to moderate hepatic impairment.

+ No subject experienced a maximum individual increase in QTcF from baseline of > 60
msec in any group or in either dosing period.

Table 29. Mean Values for QTcF in Healthy Subjects and Subjects with Mild or Moderate
Hepatic Impairment.

Parifenacin Darifenacin
Sh-u_;le Duyxe Atultiple Doss
Hesltbhy Nuwmber cvaluable 12 1}
T CITeF (masce) Moan Bascliug 077 3089
Mean Chanpe from bascline LR ) HERY)
Child Pugh A Nupunber eval nablc 14 B
QTeF {mseg) Mcan Bascline +08.4 0067
Mcan Chitge_fmm bascling .5 4.7
Child ’IIF Number cvaluablc i2 12
QFcF (msec) Mean Bascline 172 3287
Mean Chanpe from baseling A 9.3

“Source: QT Appendix Toable 7
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Table 30. Maximum Individual Increase in QTcF

Diarifenacis w Davifeaucin Mualttiple Dome
Fealthy: 12 12

Numbcr (%) Nmber (%0
Chaige m QTcF K] 9(74.0)
from hasctine : [0 1483
{0} u
Chitd Pugh A Jsn bl 14 15
Huraber (%) Number (%)
Change in QTcF U - Ximpcc 2 {64.3) LRREY)
from baseline 30 . <60msce 2(143y L6
olmscc 1k (0} By
Child Pugh & Number cynluablc: 12 12
MNumber (3} Neomler (M)

Change in QTcF O - <Omaco EYRZY Y 10 (83 )
from bawcline 30 - <GOnsec [T (T

. Abeace 80 H{y
Source. QT Appendix Table 8

How does the systemic exposure change with various intrinsic and extrinsic factors?

Is there a need for dosage adjustment or contraindication/caution with these factors?

The effects of age, gender, race, hepatic and renal impairment, and CYP2D6 genotype status on
the systemic exposure of darifenacin were evaluated. No dosage adjustment is warranted. [n
patients with moderate hepatic irpairment, darifenacin dosage should not exceed 7.5 mg while
darifenacin should be contraindicated in patients with severe hepatic impairment. There are no
special dosing requirements for patients with mild hepatic impairment. The maximum daily dose
of darifenacin should not exceed 7.5 mg when co-administered with potent CYP3A4 inhibitors.
Therefore, use of potent CYP3A4 inhibitors with darifenacin 15 mg should be contraindicated.
Caution should be taken when darifenacin is co-administered with drugs predominantly
metabolized by CYP2D6 and which have a narrow therapeutic window. Standard therapeutic
drug monitoring for digoxin and warfarin should be continued when these drugs are co-
administered with darifenacin.

C. Intrinsic Factors
Population Pharmacokinetics

Effect of Age

Darifenacin exposure from ER tablets is higher among elderly subjects. It is estimated that CL/F
decrease with age by 6.2% per decade. However, based on no consistent difference in the
efficacy of darifenacin treatment in patients < 65 and > 65 years of age and age had little apparent
impact on safety or toleration (see MO review), no dose adjustment is required.

Effect of Sex
Darifenacin exposure is lower in males than in females, Darifenacin CL/F was 39% higher and
steady state AUC was 28% lower in rnales than in females.

Effect of Race

The effects of race on darifenacin pharmacokinetics among subjccts in Western studies have not
been established because a small number of non-white subjects were enrolled. However,
darifenacin exposure seems to be lower among Japanese subjects in studies conducted in Japan
than subjects in Western studies. The difference in darifenacin exposure may be related to
extrinsic factors (e.g., diet). Hence, data from Japanese studies cannot be extrapolated to patients
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in Western countries. Given the differences in exposure between subjects in Japanese and
Western studies, the sponsor recommends that for Japanese OAB patients in Japan should be
primarily based on the comparison of efficacy and safety data between Japanese and Western
Phase 3 studies.

Renal Impairment

Darifenacin is mainly cleared by metabolism and about 3% of total dose is present in the urine
and feces as unchanged. Therefore, changes in renal function are not likely to have a direct effect
on darifenacin clearance. However, renal disease may alter other factors which may affect
plasma concentrations or protein binding.

Study 1004: An open, parallel group study was conducted in 24 subjects (18 M, 6 F) aged 23 to
65 years with varying degrees of renal function to evaluate the effects of impaired renal function
on the PK of darifenacin. Subjects were assigned to one of the following groups based on their
serum creatinine clearance (CLcr) at screening and Day 0, estimated using the Cockcroft and
Gault equation:

(1) normal (CLcr> 80 mL/min), (2) mild (CLcg 51 — 80 ml./min), (3) moderate (CLcg 30 - 50
mi/min), (4) severe (CLcg < 30 mL/min).

Six subjects were assigned to each group. Subjects were administered 15 mg ER darifenacin
once daily for 6 days. Plasma concentrations of darifenacin were obtained pre-dose on Days 1 to
6andatl,2 3,4,66,8, 10,12, 16, 20, and 24 hours post-dose on Day 6. Urine concentrations of
darifenacin were obtained from urine samples taken 0-6, 6-12, 12-18, and 18-24 hours post-dosc
on Day 6. An additional blood sample was taken at 6 hours post-dose on Day 6 to determine
plasma protein binding of darifenacin. The genders, ages and weights of subjects in all four
groups were similar. All subjects were EM except one subject in the severe renal impairment
group was a PM (excluded from the analyses). The primary analysis was a regression analysis
based on regressing CL/F and CLjy for darifenacin against Day 6 CLcg. As a secondary analysis,
log transformed AUC;4, Cras, CL/F and CLy were analyzed using a one-way ANOVA with renal
impairment group as the factor in the model.

Table 31. A Regression Analysis Based on Regressing CL/F and CLg for Darifenacin

[ Perameter B Iutereept (95% CI) Slape (95% CT) R
oG LE va. Jokly ] 5.39 (4.59, 5.99) 0.G67 {-0.501. 6,634) 5,063
InCLy v oClcy 0 0,637 {-1.40, 0.129} 1.50(0.888. 2.10) 0,358

e There was no association between darifenacin clearance and the severity of renal
impairment (CLcg of 10 to 136 ml/min).

e There was a weak association between renal clearance and the severity of renal
impairment.

¢ Renal impairment had no apparent effect on plasma protein binding of darifenacin (mean
fy: norma!l 2.0%, mild 2.3%, moderate 1.2%, severe 1.1%).

Figure 14. A Regression Analysis of CL/F versus Serum Creatinine Clearance on Day 6 for
Darifenacin
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Darifenacin CLF {L/)

Serum creatinine clearante (L/h)

» There is no relationship between darifenacin clearance and renal function.

Figure 15. A Regression Analysis of CLg versus Serum Creatinine Clearance on Day 6 for
Darifeinacin

i
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Serun Crogtining Cleomnee {Ctary (1/7)

Table 32. Raw Mean Pharmacokinetic Parameters of Darifenacin on Day 6

Paramwter Norms? renal Mild renal Moderste renal Severs rensl

o fimetion (n=6) hnl"‘!ﬂ !na-‘:z impairment (n=6) impairment {n=3")
Durifewsein

| AU, (nghéml) 4.5 6.1 116 52.9

( J] 3.03 521 B35 5.46

| CLF {i/h) ] 37 t74 129 284
Ck(m 5.66 .65 1.4 0.65
Tenem (H) 6.3 &7 5.2 54
UK-1
AL (nghi/ml) 49 8 79.6 Fl4 54.0

[ Cous (ng/mi} 4 495 7.0 1.8
Toum h) 5.0 4.7 4.8 4.2

Moans presented are geamet tic for AUCq4, Cog,, CLIF and Clg, and anithmotic for T,
*n=5 for Cla Tn=3for CLu

¢ The analysis of the log transformed PK parameters AUC;4, Cp. CL/F and CLg between
the renal function groups indicated no clear relationship with the severity of renal
impairment.

* In general, AUCy4 and Cy.y were higher and CL/F and CLy were lower in subjects with
renal impairment than in subjects with normal renal function.
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o There were statistically significant differences in darifenacin exposure and clearance
between subjects with normal renal function and those with moderate renal impairment,
while no differences between normal and mild or severe groups were seen.

Figure 16. Mean Trough Plasma Concentrations of Darifenacin
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Figure 17. Mean Plasma Concentrations of Darifenacin on Day 6
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Hepatic impairment

Study 1005: An open, two-period, parallel group study in 3 groups of subjects (12 healthy
subjects, 15 subjects with mild [Child Pugh A, score 5-6], 12 subjects with moderate [Child Pugh
B, score 7-9] hepatic impairment) was conducted to compare the single and multiple dose
pharmacokinetics of darifenacin between healthy subjects and subjects with hepatic impairment.
White subjects aged 45 to 65 years (28 M, 13 F) were administered oral darifenacin single dose
of 15 mg in Period 1, followed by multiple 15 mg oral doses for 6 days in Period 2. Plasma drug
concentrations were taken at pre-dose on Day 1 and at 1,2,3,4, 6,8, 10, 12, 16, 20, 24, 32, and
48 hours post-dose in Period 1, and pre-dose on Days 1 to 6 andon Day 6 only at 1, 2, 3, 4, 6, §,
10, 12, 16, 20, and 24 hours post-dose in Period 2. Additional samples were taken at 6 hours
post-dose on Day 1 of Period 1 and Day 6 of Period 2 for determination of plasma protein
binding of darifenacin. Twelve-lead ECG measurements were taken al screening, on admission
the day before dosing (both periods), at 4, 8, and 24 hours post-dose on Day | (Period 1), and
pre-dose Day 3, at 4, 8, and 24 hours post-dose on Day 6 (Period 2), and at follow-up. For EM
subjects onty, AUC,5 and Cq.x of Day 1 single dose and AUC,, C ., unbound AUC;4 and
unbound C,., of Day 6 multiple dose were log transformed prior to ANOVA. T, and f,
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(fraction of darifenacin unbound/free fraction (%)) was analyzed as untransformed parameters
{Tmax: Day 1 and Day 6, f,;: Day 6). The age, weights and sexes of the subjects in all three groups
were matched.

Table 33. The Effect of Hepatic Impairment on Steady State Pharmacokinetic Parameters of
Darifenacin in EM Subjects

Hepatic funclion category,  [Ratio or difTerence between wliusted means (95% 1y
unadjusted menns

Normal Mild  Moderans Mild vs Normd Mioderale vs Normal

(N=12) | N30 | N
ALIC,, ing h/mib} 101 63 .4 269 0.65 {7101 (6 368 (1 64 48
1C o { niz/mil}y 6.00 395 4.2 G.66(0.41, 106 2360044, 3 88
[ T (B3 1.0 9.3 113 0.7 (-3.09 370 1.3(-3.31_3.88)
Coaip (D/rust 2.9 138 6 80 - -
Cogm (Rg/nl) 4.19 172 11.2 - -
CLF (ml!min) 149 126 55.7 - -
BPTFR, .87 .88 058 - -
) L7 3.3% 4.5% L7 {h3. 50)% 2814, 42p*

Source: Study A 371005 Tables 5.5.1 10 53.3 and 5.4
Geometric mean for AUC, Co, Cains Cow ated CLAF . Arithmetic mcan for T, and
*pe0.05. TN 3 N-S

* There was an increase in AUC,g (168%) and C,,.x (136%) for Child Pugh B subjects
compared with healthy subjects at steady state on Day 6.

* Clearance of total darifenacin was lower among subjects with moderate hepatic
impairment than subjects with normal hepatic function (steady state CL/F 56 mL/min vs.
149 mL/min).

* There was no difference between Child Pugh A subjects and healthy subjects.

e  After multiple dosing with darifenacin, there was an apparent correlation between
fraction of unbound darifenacin and extent of hepatic impairment. There was an increase
in f, between Child Pugh B and Child Pugh A subjects compared with healthy subjects.

Table 34. The Results of the Statistical Analysis of Single Dose Darifenacin Pharmacokinetic
Parameters for EM Subjects

Rauny
cdifteronce o
Bevenetne

P Comparison Raw wmeans* means™ ¢ a5 Cl
AUC g (/i) Chiki Pugh I3 - Healthy 162 -34.0 10149, {152%, 336%a)

Child Pugh A - Healthy 46,1 - 540 85 3% 142 0%. | 69%)
Cawn (g/ml) Child Pugh B - Healthy 5.86~2.4] Z44% (135%%, 44 1%

Child Pupgh A . Healihy 238 -4 9_1R (548, 1 79%
Tamlh) Child Pugh B - Healthy 178 1 1a7 61 0.7}, 12,93

Child Pugsh A - Healthy 143117 36 (423, 9.39;

" means are grometric {AUCas und Cau) and anthmetic (Tews); © Ihe mlios {expressad a3 pencertages) and cotrespanding
confidence interva s (C1), are baclktmns formed from the log seale for AU and Oy, diFersmos betwareh miea ns (Toue?

¢ There was an increase in AUC,5 (301%) and C,, (244%) for Child Pugh B subjects
compared with healthy subjects for Day 1 single dose.
» There was no difference between Child Pugh A subjects and healthy subjects.

Figure 18. Mean Plasma Concentrations of Darienacin at Steady State on Day 6 in EM Subjects

42/83



= &
28 GJ‘
. =) 7 4
2 ‘5:-9/'6
i %
144 O
"E ‘S-Mﬁ OOk
E :1 ___‘_,/“——_,,_________h_‘_*--“_
;:r—"""'—‘_.'—‘-.—__.__—'—- '“__':—*"t:.——ru—k—--—-;
: L .' Flarras ‘ﬁ!l.":—t dume {n} ‘.0 ¥ ?4
Bubject Group:  B—8—m Chid Pugh _ ®—=—® ChidPughA_ 4= 4= pmotny B

Table 35. The Effect of Hepatic Impairment on Steady Statc Unbound Darifenacin PK
Parameters {EMs only)

Hepatic finction category, Rate or difference between adjusted
unadjusted means means (93% Cl)

Normal | Mild | Moderale| RIild v Normal  [Moderate »v Normal
N-9) | N-5) | (N-5)
Unbound AUC; (nehimd) | 2,12 2.24 10.0 1.06 (0.54. 2.07) | 4691239, 921"
Unbound Cpy, (ng/ml} 0128 | 0136 | 0509 | 106156 203 | 397 (208 7595
Unbotnd CL/F {mi/min) 7066 6700 1507 - -
Source; Study AI371005 Tables 5.3.1 1053 . 3and 5.4
Geometric mean for unbound AUCs., unbound Cau, gnd unbound C11
* .05

¢ After multiple dosing with darifenacin, the fraction of darifenacin unbound was higher

for Child Pugh B and Child Pugh A subjects compared with healthy subjects (difference
between means: 2.79% and 1.65%, respectively).

There was an increase in unbound AUC;4 and unbound C,.,, for Child Pugh B subjects
compared with healthy subjects on Day 6 but no difference between Child Pugh A
subjects and healthy subjects.

Unbound darifenacin exposure from use of 15 mg and 7.5 mg darifenacin in subjects with
moderate hepatic impairment corresponds approximately to unbound exposures achieved
by use of 60 mg and 30 mg respectively, in subjects with normal hepatic function.

Table 36. The Results of Steady State Darifenacin Pharmacokinetic Results in PM Subjects

Raw Means
Group Child Pugh B | Child Pugh A | Healthy
@=1) (@=2) (=0)
AUC,, (ng*hr/mL) | 457 142 -
| Cpuy (ng/mL) 28.0 8.0 -
| Crig (ng/ml) 10.3 2.9 -
C,. (ng/mL) 19.0 59 -
CL/F (mL/min) 328 106.0 -
PTF (scalar) 0.93 0.87 -
T pax (hT) 10.0 9.0 -
Unbound AUC,, 13.7 3.30 -
{ng*hr/ml.)
Unbound C,, 0.840 0.184 -
| (ng/mL)
Unbound CL/F 1094 5016 -
(L/hr)
CYP2D6 Genotype
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Darifenacin is metabolized via CYP3A4 and CYP2D6 enzyme pathways. Therefore, any
alteration in CYP2D6 expression or activity is likely to affect the pharmacokinetics of
darifenacin. To evaluate the impact of CYP2D6 genotype on darifenacin pharmacokinetics,
subjects were categorized as EMs and PMs based on a pre-defined scheme for mapping CYP2D6
allele combinations to phenotype. Comparison of darifenacin exposure between predicted
phenotype categories suggests that the difference between EM and PM populations at steady state
diminishes with increasing dose. This trend appears to be related to a dose-dependent reduction
in the relative contribution of CYP2D5-mediated metabolism where this pathway appears to get
saturated at higher doses.

Table 37. Mean Steady State C,.,, and AUCy.4 of Darifenacin ER Tablets Based on Pooled Data
by Predicted CYP2D6 Phenotype

Darifenacin dose
7 S od 15mp od 30mg od A5mu od GOrmse od

EM N G5 104 185 22 30)

AUCH (ng hvml) 263 74.9% 2072 3866 7753

Counz (np/ml) .82 481 13.73 235,25 47 323
PM N & 10 40 I 5

AUC 4 (g Ivmly 69.6 1491 3776 349 o 264 3

Cogur (ngfml) 4.46 9.11 2G.5% 2620 64.54
PMIEM  JALUC,, 2.64 L.99 1.58 116 1.24
ralQ 2.45 1.89 1 50 i 04 i 56

* N=103

* Total exposure at steady state was on average 164% higher in PM subjects compared to
EM subjects following administration of 7.5 mg ER tablets, and 99% higher following
administration of 15 mg ER tablets.

* Corresponding values for mean peak exposures were 145% and 89%, respectively.

Figure 19. Steady State Darifenacin Exposure of Darifenacin ER Tablets Based on Pooled Data
by Predicted CYP2D6 Phenotype

o E£EMms B PMs

:

:

:

Darflenacin AUC,, (ngvml)
8

L

7.5mg 15mg 30mg 45mg 60mg

o &
B, o -

.’?
& % x"i

* Due to considerable inter-subject variability in darifenacin exposure in both EM and PM
populations, AUC,, CV% across the dose range tested was 48-71% for EMs and 20-61%
for PMs. Therefore, there was a high degree of overlap between ranges of individual
exposures in EM and PM populations.

b. Extrinsic Factors
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Drug Interactions

Table 38. The Summary of Drug-Drug Interaction Studies (CYP2D6 EM Subjects)

| Mean Ratio of AUC,,

I Mean Ratio of C .

Effect on Darifenacin

Ketoconazole 400 mg QD 533 T (7.5 mg) 5.67 T (7.5 mp)
11.6 T (15 mg)* 10.0 T (15 mg)*
10.6 T (30 mg) 9.5 T (30 mg)
Erythromycin 500 mg BID 1.95 T (30 mg) 2.28 T (30 mg)
Fluconazole 200/100 mg QD 1.84 T (30 mg) 1.88 T (30 mg)
Paroxetine 20 mg QD 1.33 T (30 mg) 1.36 T (30 mg)
Cimetidine 800 mg BID 1.34 T (30 mg) 1.42 T (30 mg)

Effect of Darifenacin on

Midazolam 7.5 mg oral 1.17 T (30 mg)** No Change (30 mg)
COC (0.15/0.03 mg LNG/EE) | No Change (10 mg TID) No Change (10 mg TID)
Digoxin 0.25 mg 1.16 T (30 mg) 1.20 T (30 mg)
Imipramine 25 mg TID 1.7 T (30 mg)*** 1.57 T (30 mg)
Desipramine 2.63 T (30 mg)*** 2.56 T (30 mg)
Effect of Darifenacin on | Darifenacin 7.5 mg | Darifenacin 15 mg Darifenacin 30 mg
Debrisoquine MR 2271 3.25 T 7257

"n=3, "mean ratio of AUC., ***mean ratic of AUCx,

Figure 20. Darifenacin Total Exposure Following Co-administration of CYP P450 Inhibitors

2000 4
E 1750 *
R
g 1000 . ]
g 750 * % é
500 *
x zs:; & E % El = =
g £ EE £ ggaiﬁ‘s%
RN R L
Darifenacin alone Darifenacin plus interactant
{ponied data)

THE EFFECTS OF CYP3A4 INHIBITORS ON DARIFENACIN AT STEADY STATE
Data from in vitro siedies indicate that CYP3A4 1s a major component of darifenacin metabolism.,
Therefore, four drug interaction studies were conducted with a selection of CYP3A4 inhibitors
(ketoconazole, fluconazole, erythromycin) to evaluate the extent of inhibition of CYP3A4-
mediated metabolism of darifenacin at steady state.
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Study 1022: The Effects of Erythromycin on the Pharmacokinetics of Darifenacin at Steady
State (Darifenacin 3¢ mg ER)

A randomized, placebo controlled, parallel group study was conducted in healthy white male
subjects aged 18 to 55 years (23 EM, 7 PM) to evaluate the effects of erythromycin on the
pharmacokinetics of darifenacin at steady state. In addition, the ratios of 3-
hydroxyquinine/quinine and the pharmacokinetics of darifenacin were compared to determine if
there were any correlations. Subjects were administered darifenacin ER 30 mg once daily on
Days 1 to 13 and erythromycin 500 mg or placebo b.i.d. on Days 7 to 13. Seven to 10 days
following the final dose subjects received a single oral dose of 600 mg quinine at the follow-up
visit. Plasma concentrations of darifenacin were obtained pre-dose on Days I to 13 and at 1, 2, 3,
4,6,8,10, 12, 16, 20, 24, 36*, 48* (*Day 13 only) hours post-dose on Day 6 and Day 13. At the
follow-up visit, blood samples were taken 6 hours post quinine dose for assay of quinine and 3-
hydroxyquinine concentrations. For EM subjects only, darifenacin log-transformed AUC54, Cunax
and untransformed T, were analyzed using ANOVA. No formal was carried out on the
quinine/3-hydroxyquinine ratio.

Table 39. The Results of the Statistical Analysis of Darifenacin Pharmacokinetic Parameters of
11 EM Subjects.

Paramates Ratio/Difterence Ratie/Difference’ 890% Confidence

(ncluding 3% Confidence interval) Intervat

ofbetwaen acfusted means
Doy 13-Day 6 Day 12 = Day & DCay 12 - Day € Darifenach + Erythrommyecin

Daritersacin + Daritenacin + -

Edythioamyain Plocabo Day 13 — Day § Darferadn_+ Placebo
AUC, (ng h/mi) 287 (7214, 332) 136 {110, 176) 195 €143 267
Con (nQ/mi} 315 {254, 3924 138 (111, 172 228 157, 3100
Tt 0.8 i-1.5 3.1y 01(-22 2.4} 07 25, 40

The ratios. expressed as percentages, are preserted for AUC, and C,_, and 1he differences for T, .
*RatiaDiferanca Betwean Adiusted Means

®  On comparison of the darifenacin + erythromycin group with the darifenacin + placebo
group from Day 6 to Day 13, AUC,, and C,,, were greater in the darifenacin +
erythromycin group by 95% and 128 %, respectively and T, increased by about 40
minutes.

Table 40. The Darifenacin Pharmacokinetic Parameters at Steady State (22 EMs {11 per group],
7 PMs [4 in the darifenacin + erythromycin, 3 in the darifenacin + placebo]).

Paramater Raw Means

Darlienacin + Erythromycin Darifenacin + Placeho

EM & EM PM
Dayg |Day13 | Day6 | Day13 | Day6 | Day 13 [ Day s | Day 13

AUC,, 243 B46 373 735 188 258 364 536
{ng.b/mi)
C,, (rgmi} 15.9 50.0 226 47.5 134 8.5 24.2 34.8
Tom () 2.5 3.4 7.8 33 3.6 3.7 20 5.7
The moans presented are geometric for AUC,, and C,_ and arithnetic for T,

¢ Inthe darifenacin + erythromycin group (EMs), there was an increase in AUC,q, Cox and
Tumax 0f 167%, 215% and about 45 minutes, respectively, from Day 6 to Day 13,

¢ Inthe darifenacin + placebo group (EMs), there was an increase in AUC,, and C,,, of
36% and 38% respectively, but no evidence of any change in T, from Day 6 to Day 13.

* AUCyand Cqy,, of darifenacin were higher in the PMs than in the EMs on Day 6 and on
Day 13 in both treatment groups

* The increases in concentration from Day 6 to Day 13 in each treatment group were
proportionally similar for the EMs and PMs.
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*  On comparison of the darifenacin + erythromycin group with the darifenacin + placebo
group, from Day 6 to Day 13, the darifenacin concentrations seen in the PMs did not
increase as much as those seen in the EMs.

Table 41. The Ratio of Quinine/3-Hydroxyquinine in EM and PM Subjects

Quinine/3-hydroxyquinine

Mean + SD (range)
EM PM
Darifenacin + Darifenacin + Darifenacin + Darifenacin +
Erythromycin {n=11) | Placebo (n=11) | Erythromycin (n=4) | Placcbo (n=3)
5315 6.6x2.0 6723 94+3.0
| » t l . [:_ j

¢ No clear correlation was apparent between the ratio of quinine/3-hydroxyquinine and the
change in darifenacin AUC,4 from Day 6 to Day 13 in the presence and absence of

erythromycin.

Study 1024: The Effects of Fluconazole on the Pharmacokinetics of Darifenacin at Steady State
(Darifenacin 30 mg ER)

A randomized, placebo controlled, two-period crossover study was conducted in 17 white healthy
male subjects (12 EM, 5 PM) aged 18 to 55 years to investigate the effects of fluconazole on the
pharmacokinetics of darifenacin at steady state. Subjects were administered with darifenacin 30
mg and either fluconazole (a loading dose of 200 mg on Day 1 then 100 mg on Days 2 to 9) or
placebo once daily on Days 1 to 9 after a minimum washout period of 14 days between the study
periods. Plasma darifenacin concentrations were taken pre-dose on Days 1 to 9 and at 1, 2, 3, 4,
6, 8, 10, 12, 16, 20, 24, 36, and 48 hours post-dose on Day 9. The Darifenacin log-transformed

AUC34, Cpax and untransformed T,y of EMs were analyzed using ANOVA.

Table 42. The Results of the Statistical Analysis of Darifenacin Pharmacokinetic Parameters of

EM Subjects.
Paramelter Acddusted means Ratiosdiflerence betwesn 90% confidence
Darifenacin + Daxitanacin + adjusted means® Interval
Fluconazole Placebo
AUC,, (ng h/mi} 507 275 184%, {153, 222)
Crae {NG/MI) 355 18.9 18895 {152, 232)
T__{h} 45 4.8 -0.1 -1.5.1.3)

" ratio (AUC,, snd C,); difference (T,_)

¢ Co-administration of darifenacin with fluconazole increased darifenacin AUC,, and Cy,
by 84% and 88%, respectively, compared to co-administration of darifenacin and

placebo.

¢ T was similar in the presence and absence of fluconazole.

Table 43. Summary of Darifenacin and UK-148,993 Pharmacokinetic Results in EM and PM

subjects,
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Parameter Darfersacin Raw Means® UK-148,003 Raw Means”
Darifenscin + Fluconazol Doarifaracin + Placebo Darifenacin + Fluconarole Darifenacin + Placebo
EM PM EM P Ew P Y PHd
subjects Suljecs Subjects Subjacts subjects Subjects Subjects Subjects
=17 (=4} =12 =5} {n=12) {ni=41 n=12 n="5
AUC,, ing. himi) soT 1150 75 516 266 450 188 299
C, (ng/miy 35.5 886 18.9 334 16.6 304 12.5 19.1
Ty (M) 45 35 46 54 4.0 13 34 46
C,, {ngimiy 14.2 285 78 12.6 N:C NG NiC NG
C,, (ng/imi) 21.1 480 15 215 N/C N KAC NiC
PTF {(statan) 6.97 086 0.83 073 N/C N/C N/C NiC
CLF {miAmin) 59.2 26.0 109.1 5.2 NiC N'C NiC NG
k, im} 0.084* 0.060 0.08¢° 0.074° 0041* 0.037" G054 0.037
te (M} 82" 1.7 1.7 a4 7.1 159,00 129" 187
“means ara, geometric (AUC,. C_,, C_,. C,, PTF and CLF). arithmelic (T__, and 1,,) and harmonic

{k)*n=10;*n=11;"n=4,“ n=7, M= 6, " n=2, N/C = not calculated.
* The relative increase in darifenacin and UK-148,993 was similar for EMs and PMs when
darifenacin was co-administered with fluconazole compared with placebo. However, the
exposure to darifenacin was approximately doubled in PMs compared to EMs.

® There was a small increase in t;, when darifenacin was administered with fluconazole
compared to placebo for both EM and PM subjects.

Table 44. Summary of Darifenacin PK Parameters in 5 PM Subjects

AUC24 ng"hr/mL Crax !ngme)
Subject | Darifenacin + | Darifenacin + | Ratio Darifenacin + | Darifenacin + | Ratio
Fluconazole Placebo Fluconazole Placebo

2 ,T. o alam C 1219

13 N J NA NA 1 L 1] NA

14 ;¢ 7237 ¢ 11293

15 < T11313 s 1| 1.34

16 < 7230 C 71 L8 |

Study 1035: The Effects of Ketoconazole on the Pharmacokinetics of Darifenacin at Steady State
(Darifenacin 7.5 mg and 15 mg ER)

A four-treatment, two-way, randomized, placebo controlled, two-period crossover study in two
cohorts was conducted in healthy white male subjects aged 18 to 45 years to investigate the
effects of ketoconazole on the steady state pharmacokinetics of darifenacin at doses of 7.5 mg and
15 mg. Subjects received darifenacin 7.5 mg or 15 mg once daily on Days 1 to 6 and either
ketoconazole 400 mg or placebo once daily on Days 1 to 8 after a minimum washout period of 7
days between the study periods. Each dosing was administered ten minutes after a standard
breakfast had been completed. A maximum of 24 subjects were planned to be enrolled for the
study in two cohorts of 12 (10 EM and 2 PM). Plasma concentrations of darifenacin were
obtained pre-dose on Days 1to 6 and at 1, 2, 3,4, 6, 8, 10, 12, 16, 20, 24, 36, 48, and 72 hours
post-dose on Day 6. At 4-hour post-dose on Day 6, an ECG recording was taken after each
subject had been resting supine for five minutes. For EM subjects, darifenacin log-transformed
AUC;4, Crax and untransformed T, were analyzed using ANOVA.

Treatments:

A: Darifenacin 7.5 mg + ketoconazol 400 mg for 6 days followed by ketoconazole 400 mg alone
on Days 7 and 8

B: Darifenacin 7.5 mg + placebo for 6 days followed by placebo alone on Days 7 and 8

C: Darifenacin 15 mg + ketoconazole 400 mg for 6 days followed by ketoconazole 400 mg alone
on Days 7 and 8

48/83



D: Darifenacin 15 mg + placebo for 6 days followed by placebo alone on Days 7 and 8

Table 45. A Summary of Statistical Analysis of Darifenacin 7.5 mg Pharmacokinetic Results for
EM Subjects

Parameter Adjusted peometric mean fference/ralic 90% C1
Darifenacin 7.5mg | Darifenacin 7.5mg (%} (%)
+ Ketoconazole + Placebo
{n =9} (n=9}
AUCy (ap.himl) 139 6.1 533 [386, 737]
| Co {BE/ml) 10.9 1.93 567" [420. Fed]
Tous (B} 479 2.99 1.R0™ [0.38, 322}

Larithmetic mean (T, s *ratio of means; *difference between means

¢ Co-administration of ketoconazole 400 mg with darifenacin 7.5 mg increased steady state
darifenacin AUC,; and C., by 5.3- and 5.7-folds, respectively compared with co-
administration of darifenacin with placebo.

*  Statistical analysis was not carried out on darifenacin 15 mg data as only 3 subjects were
included in the statistical summaries. However, the mean data from the 3 subjects who
received darifenacin 15 mg showed that AUC,. and C,.,, for darifenacin increased by a ratio
of 11.6 and 10.0, respectively, in the presence of ketoconazole 400 mg compared with
placebo.

Table 46. The Darifenacin Pharmacokinetic Results of EM Subjects

Parameter Raw Means'
Darifenacin 7.5mg Darifenacin Darifenacin t5mg { Darifenacin
+ Ketoconazole 7.5mg + Placebo - Ketocomazole { t5mg + Placebo
{r=10) n=9) tn = 3 (n=3)

[ ATC1e (ng.Wml) 143 238 110 957
- LAUC (oghiml) 179 316 1670 137
ATUC, (o, bimb) 174 32.2 1660 134
[ Cos (ng/mly 112 1.91 67.6 677
| Cop (ng/ml) 2.60 0.67 0.0 296
| Gae (igml) 5.94 1.08 46.2 399
L)) 4.90 300 6.67 5.33
[k, () 0.08 0.06{n=8) 0.09 0.09
by, (h) 8.67 11.9(n=8) 7.37 800
PTF 142 107 0.79 0.86
CLIF (I/h) 420 199 P 110

lgeometric mean (AUC, AUC,4, AUC s, Coness Cains Covs tip, PTF, CL/F), arithmetic mean (T,,,,); harmonic mean (k)
Subjects with down-titrated doses of darifenacin are exciuded.

* Four subjects in darifenacin 15 mg and ketoconazole treatment group and 2 subjects in
darifenacin 15 mg and placebo treatment group had their dose of darifenacin reduced
from 15 mg to 7.5 mg. Dose reductions were due to treatment related adverse events
such as abnormal vision, dry mouth and constipation.

Table 47. Pharmacokinetic Data of Darifenacin in PM Subjects
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Prrameter Raw Valaes'
Darifenacin 7.5mg Darifenacin Darifenacin 13mg | Darifenacin
+Ketoconazole | 7.5mg+ Placsbo |+ Ketoconazole | 15my + Placeto

(o= 1} {n=1} (=1 n=1)
AUC (ng.himl) 1600 119 1330 111
[ AUG; (ng Wmi) 939 759 231 87.7
[AUC,. (nz b/mi) 1360 i28 1330 109
[ Cos (aprml) 54 538 589 b7
[C o (/i) 2721 1.59 120 41
| Cys (upfonl} 39t i 38.8 165
[Tun (8] .00 4.00 840 34
k() 806 0.03 LX) .09
(1, (0} 123 3.1 74 74
*IF 0.85 1.28 0.93 9.7
CLF (i) 470 340 HL3 135

Igeometl‘ic mean (AUC, AUC,,, AUC,..t, Coaaxs Cinis Cavs t12, PTF, CL/F), arithmetic mean (T,,,,); harmonic mean (k)
The darifenacin dose was down-titrated in one CYP2D6 PM with darifenacin 15 mg.

Study 1007: The Effects of Ketoconazole on the Pharmacokinetics of Darifenacin at Steady State
(Darifenacin 30 mg ER)

A randomized, placebo controlled, two-period crossover study was conducted in healthy white
male subjects (12 EM, 4 PM) aged 20 and 52 years to investigate the effects of ketoconazole on
the steady state pharmacokinetics of darifenacin. Subjects received darifenacin 30 mg once daily
on Days 1 to 6 and either ketoconazole 400 mg or placebo once daily on Days 1 to 6 after a
minimum washout period of 7 days between the study periods. Each dosing was administered 30
minutes after a standard breakfast. Plasma concentrations of darifenacin were obtained pre-dose
onDays1-6andatl,?2, 3,4,6,8,10, 12, 16, 20, and 24 hours post-dose on Day 6. A 12-lead
ECG was performed within 3 weeks before the start of the study, 4 hours post-dose on Day 6, and
at follow-up visit 14 days after the final dose. The original traces were sentto &~ 1

r T, for bitmapping, digitizing and analysis. For EM subjects, darifenacin log-
transformed AUC,,, Cyuy and untransformed To,, were analyzed using ANOVA.

Table 48. A Summary of the Statistical Analysis of the Darifenacin Pharmacokinetic Results for
EM Subjects, n=9 (no dose down titration).

Parameter Adjusied geometric mean” Differencefratio | 0% confidence
intervalg

Darenagin + | Darffenacn +
ketoconazole placebo
2080

AUC,, (ng. himi) 196 1081%" [B44. 1335]
C... (ng/mi} 128 13.4 052 4% [781.6. 1160.8)
T (h 7.2 3.2 4.0¢ [2.8,5.2]

* arthmetic mean (T_); * ratio of means: © diffsrence between means

» Co-administration of ketoconazole 400 mg with darifenacin 30 mg caused a 10.6 and 9.5
fold increase in steady state darifenacin AUC,, and C,,, respectively.

Table 49. Darifenacin Pharmacokinetic Parameters for EM/PM Subjects

EM rM

PK D30+K D30+P | DI5+K® | DIS+P | D30+K D30+ P D15 +K* DIES+P
Parameters® | (n=9} (n=9) {n=3) (n=2) (n=2) {(n=3) {n=2) (n=1}
AUCo.24 23384 204.0 1889.3 180° 3496.0 3310 1592.0 93.6

T a
Conax 139.0 13.8 102.0 59 1915 | 54.4 | 97.5 | 7.6

L -
Tonax 7.2 31 6.0 12.0 10 AW /U ] 30
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[ | | ] | [ 6. 12) [ (.8.29) [ @ 10 [

*Arithmetic mean

*Subjects were dosed darifenacin 30 mg + keto 400 mg Days 1-3, and darifenacin 15 mg + keto 400 mg Days 4-6
“AUC,.,, in one EM was not done, therefore n=1

D = darifenacin, K = ketoconazole, P = placebo

s The AUC,;, observed in PM subjects was about 2 fold higher than the average seen in EM
subjects (darifenacin + placebo treatment group).

¢ In the presence of darifenacin and ketoconazole compared to darifenacin and placebo, 2 PM
subjects showed a 6.5 and 10.2 fold increase in AUC,,.

s Two out of 4 PM subjects (50%) had their dose down-titrated in the presence of ketoconazole
compared with 25% of the EM subjects.

s The increases in AUCy4 in PM subjects who did not down-titrate (n=2), in the presence of
darifenacin and ketoconazole compared to dariferacin and placebo, were similar to those of
the EM subjects.

Figure 21. Mean Plasma Concentrations of Darifenacin at Steady State on Day 6 (EM Subjects)
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Figure 22. Mean Trough Plasma Concentrations of Darifenacin (EM Subjects)
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THE EFFECT OF MIXED CYP P450 INHIBITOR, CIMETIDINE ON DARIFENACIN
AT STEADY STATE
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Study 1010: The Effects of Cimetidine on the PK of Darifenacin at Steady State

A randomized, placebo controlled, two-period crossover study was conducted in healthy white
male subjects (16 EM, 4 PM) aged 18 to 55 years to evaluate the effect of cimetidine on the
steady state pharmacokinetics of darifenacin. Subjects were administered darifenacin 3¢ mg ER
tablet once daily and either cimetidine 800 mg tablet or placebo twice daily for 6 days. Treatment
periods were separated by a minimum of 7 days washout period. Plasma concentrations of
darifenacin were obtained pre-dose on Days 1 to 6 and at 1,2, 3,4, 6, 8, 10, 12, 16, 20, and 24
hours post-dose on Day 6. For EM subjects only darifenacin log-transformed AUC,,, C. and
untransformed T, were analyzed using ANOVA,

Table 50. Comparisons of Darifenacin Pharmacokinetic Parameters in EM Subjects (n=13).

Pararmalor i Moans Ratio of / Cifference 80% Confidanca
Carifonacn + Darfanacn + Botwoon Maans ntorval
Cimatidine Placobo
{ng.himl) 216 182 14% 110, 163
C_ {ng/mi) 17.1 120 142% 120, 168.
T_{nj 6.80 534 15 -15.44

The mesans preseried are gecrnstric fr ALC, ard C_ and adbmetic for T_, AUC,, and C,, are presanied as raics ond expressed a3
percentages. T s presenied 23 3 difemce:
-Two subjects excluded from the statistical analysis because data from both periods are not available.

e There was a 34% and 42% increase in mean darifenacin AUC,, and Cp,y respectively and
a 1.5 hour increase in mean Ty, following dosing with darifenacin + cimetidine
compared to darifenacin + placebo in the EM subjects.

Table 51. Pharmacckinetic Results of Darifenacin at Steady State

Parameler Darifenacin + Cimelidine Darifenacin + Mlaceho
EM (N = 15; PMIN=4; EM (N = 15} PM (N = 3)

AUG,, {ng.hémi) 216 281 166 209
C__ ng/ml) 16.8 18.0 122 130
T__ {h) 6.4 5.3 .3 11.0
C e (n¥Fml) 4.64" 712 405" B.52
C,. [ng/mi) 9.01 11.7 6.92 872
PTF 1.27* 0.99 0.97+ 0.73
CLIF (1h) 139 107 181 142

Themeans presenied ane gecmeticlor AUC, C, . C_ C_, PTF and CLF and alhmeli for TN = 14:*'N = 12

¢ The trends in darifenacin concentration secn in the EM subjects were similar to those
seen in the PM subjects.

THE EFFECTS OF CYP2D6 INHIBITOR ON DARIFENACIN AT STEADY STATE
Study 1008: The Effects of Paroxetine on the PK of Darifenacin at Steady State

A randomized, placebo controlled, parallel group study was conducted in healthy white male
subjects (18 EM, & PM) aged 18 to 55 years to evaluate the effects of paroxetine on the
pharmacokinetics of darifenacin at steady state. Subjects received darifenacin 30 mg ER once
daily on Days 1 to 16 and either oral paroxetine 20 mg or placcbo once daily on Days 7 to 16. A
standard breakfast was served 30 minutes prior to administration of darifenacin, Plasma
concentrations of darifenacin were obtained pre-dose on Days 1 to 16 and at 1, 2, 3, 4, 6, 8, 10,
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12, 16, 20, and 24 hours post-dose on Day 6 and Day 16. For EM subjects, darifenacin log-
transformed AUC,4, C,ax and untransformed To,, were analyzed using ANOVA.

Table 52. Results of the Statistical Analysis of Darifenacin Concentrations (18 EM, 9 per

treatment group)
Pararmeter Ratio/Differcnce Ratio/Diffreres:
(including 90% Confidence {90% Canfidence
Interval) Interval)
ofPbetween adjusted Mceaus
Day 16 —Day 6 | Day 16 —Dayv 6 (Day 16 — Day &
Darifersacin + Darifenacin + Darn + Par) - {Day
Paroxctine Placeba 16 — Day ¢ Dan +-
Plac)
AUCa(ng h/mE* 167 (131, 213) 125 (98, 160) 133 (94.4_188)
C o (ng /> 173 (138, 217) | 127 {101, 1593 136(98.7, |88)
T o (H)* * 1.8 (-6.4,2.8) | -3.0(-7.6,1.6) 1.2¢(-5.3, 7.7)

-The ratios, expressed as percentages, are prescntéd for AUC, ;4 and C,,,, and the differences for Ty, are presented in
hour.

e (Co-administration of paroxetine increased the AUC;,and C,,, of darifenacin at steady
state by 33% and 36%, respectively.

Table 53. A Summary of the Raw Mean Darifenacin Pharmacokinetic Parameters (Day 6 and
Day 16) for 18 EM Subjects (9 per treatment group) and 8 PM Subjects (4 per treatment group).

Parameter Raw Means
Darifenacin + Paroxetine Darifenacin + Placebo
EM M EM M
Doyt | Day 16} Day6 | Dayi6 | Day6 | Daylic | Day6 | Daylé
AUC4ng.h/ml) 185 | 308 | 381 | 347 | 213 | 266 | 369 | 266
Cun(ng/ml) 115 19.9 26,2 253 13.8 17.5 220 19,8
Tﬁh) 7.4 5.7 5.3 2.5 B.1 5.1 7.8 7.5

e The PM subjects have higher plasma concentrations of darifenacin than the EM subjects on
Days 6 and 16 in both groups.

The EM subjects have an increase in AUCy, and C,,, from Day 6 to Day 16 in both groups
¢  The increases observed in the EM subjects are greater in the darifenacin + paroxetine group
than in the darifenacin + placebo group.

e No format analysis was performed in PM subjects after co-administration of a CYP2D6
inhibitor. However, visual inspection of data indicates that darifenacin exposure is not
increased by paroxetine co-administration in PM subjects.

* The raw darifenacin means for AUC,4 and C,,., showed that darifenacin plasma
concentrations were higher in PM subjects than in EM subjects. The raw means also showed
that paroxetine caused an increase in darifenacin AUC,,; and Cp., in the EM subjects and not
in the PM subjects.

» D+ Paroxetine Group (6 EM and 3 HEM): | subject (ID 4420005, EM) with a negative
difference of 72 ngh/mL in AUC and a negative difference of 4 ng/ml. in Cmax

* The darifenacin + placebo group had 6 HEM and 3 EM.

Table 54. The Summary of Pharmacokinetic Parameters of Darifenacin in PM Subjects

Parameter Ratio (test/ref) Ratio (test/ref)
Range Range

53/83



Day 16 —Day 6 Day 16—~ Day 6
Darifenacin + Paroxetine Darifenacin + Placebo
AUCqz4 07-32 06-24

| (ng*hr/mL)
Cruax (ng/mL) 0.74 -3.38 0.82--2.12

¢ Contribution of CYP2D6 to darifenacin metabolism at steady state is inversely related to
dose, and is highest at low doses. Therefore, the difference in darifenacin exposure between
EMs and PMs at steady state should be greater at lower doses.
Total exposure from concomitant use of a CYP2D6 inhibitor with darifenacin in EM subjects
cannot exceed that seen in the corresponding PM population.

THE EFFECTS OF DARIFENACIN ON CYP3A4 SUBSTRATES

In vitro human microsomal data have shown that darifenacin has the potential to inhibit CYP3A4
mediated metabolism (ICss 1.2pM). Of the 3 probe substrates tested the greatest inhibition was
observed for midazolam (DM-01137-01E). Therefore, midazolam was used as the probe
substrate in a clinical study to determine the effect of darifenacin dosing on CYP3A4 activity in
vivo. However systemic plasma concentrations of darifenacin achieved after proposed clinical
doses are 0.609nM. Based on these data, darifenacin does not likely to inhibit the metabolism of
midazolam in vive.

Stady 1031: Effect of Darifenacin on the Pharmacokinetics of Oral Midazolam

A randomized, double-blind, placebo controlled, two-period, crossover study was conducted in
30 healthy male subjects (14 EMs, 13 HEMs, 3 PMs) aged 18 to 45 years to investigate the
effects of steady state darifenacin on the pharmacokinetics of a single oral dose of midazotam.
Subjects received darifenacin 30 mg ER or a placebo once daily on Days 1 to 6 and a single oral
dose of midazolam 7.5 mg on Day 6 only of each study period under fasting conditions. The
treatment periods were separated by a minimum of 7 days washout period. Plasma concentrations
of darifenacin were obtained pre-dose on Days 1 to 6 and plasma concentrations of midazolam
were obtained pre-dose and at 0.5, 1, 1.5,2, 3,4, 5, 6, 8, 12, 16, and 24 hours post-dose on Day 6.
For all subjects with PK data, midazolam log-transformed AUC;4, Cpay, and untransformed Tonax
were analyzed using ANOVA. No statistical analyses were performed for darifenacin.

Table 55. The Results of the Treatment Comparisons (EM/PM Subjects)

Parameter Adjusted Means Ity G Ol

{unitss Midazolan) -+ Midazotam + Difference

Darifenacin Placebo
AUC (ng.h/indy 85.8 75.8 L7 O, 297,
Cimx {NE'MB 34,2 4.7 WE.O% B2 6%, | PR
Tuy (h) (). 0.7 0,2 0.0 0.3

Means are geometric for AUC and g and arithmetic for 1.
The ratios, expressed as percentages, are presented for AUC and Coy and 1he differenecs B Do
* The co-administration of midazolam with darifenacin 30 mg at steady state resulted in 17
% increase in mean midazolam AUC and no effect on C,,, and Trax compared o co-
administration of midazolam with placebo.
¢ Both the EM and PM subjects were used in the PK analyses. The effects on the PK
parameters were apparently similar for EM and PM subjects (considerable overlap for all
of the parameters). ‘
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Table 56. The Midazolam Pharmacokinetic Parameters (EM/PM Subjects)

Midazokun + Darifenacin Midseclam -+ Placche
N~30 N3G
§4.5 20
B8.8 EhR.)
338 147
0.9 7
ki ih) 2.9 3.7
| kg D) 0.24 ¢.19
Means are geonwiric for AUCy, AU, and Cen, arithinetic for Tre and b, and harmonic for ky

Parameter (units)

AU, (ng h/mD)

AUIC (ng himi}

Cingy (ngmk)
[T th)

* There was an apparent decrease in midazolam t,,, following darifenacin administration.

Table 57. The Midazolam Pharmacokinetic Parameters of 3 PM Subjects

Parameter Midazolam + Darifenacin Midazolam + Placebo
Mean (range) __| Mean (range)

AUC4 (ng*hr/mL) 103.3 ¢ 796 ,

AUC (ng*hr/mL) 108.2, / 83.1- /

Conex (ng/mL) 379. / 4791 {
T, () 0. / 067 |

ti (hr) 2.8( ]l | ]
| kg (hr') 0.245 : 0.174

THE EFFECTS OF DARIFENACIN ON ORAL CONTRACEPTIVES
Study 205: Effect of Darifenacin on the Pharmacokinetics of Oral Contraceptives

A double-blind, placebo controlled, two-period crossover study was conducted in 22 healthy
sterilized white female subjects (11 EM, 7 HEM, 3 PM) aged 18 to 45 years to investigate the
effect of orally administered darifenacin on the steady state plasma concentration profile of an
OC. Subjects were administered a combined OC containing 0.15 mg LNG and 0.03 mg EE

C 3 5n Days 1-21, and 2 capsules of oral darifenacin 5 mg [R t.i.d. or placebo on
Days 11-15. Days 22-28 were the washout period. Subjects then received OC on Days 29-43
and either placebo or 2 capsules of oral darifenacin 5 mg IR t.i.d. on Days 39-43. The morning
dose of darifenacin or placebo was given with the OC and taken immediately after a standard
light breakfast. Blood samples for LNG and EE were collected pre-dose, and at fixed intervals up
to 24 hours post-dose (1, 2, 3, 4, 6, 8, 10, 14, 24 hours) on Day 15 and Day 43. Blood samples
for darifenacin were also collected pre-dose and at intervals up to 8 hours post-dose (1, 2, 4, 8
hours). The log transformed AUC,4 and C,,., and untransformed Tp.. of LNG and EE were

analyzed using an ANOVA.
Period 1 Period 2
Days 1-10 | Days 11-15 Days 16-21 { Days 22-28 | Days 29-38 | Days 39-43
OC only OC + Darifenacin | OC only Washout OC only OC + Placebo
or Placebo period ot Darifenacin

The evening before the follow-up examination, subjects were administered 10 mg debrisoquine
tablet after emptying their bladders. All urine produced in the following 12 hours was collected.

Table 58. Summary of the Effects of Darifenacfin on Pharmacokinetics of LNG and EE
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Levonorgestral Darffenachn Placeba Ratio/difference of 90% C1
N=21 N=21 adjusted means

AUC,, (ng.Vmi)" 137 142 Q0.961 {ratio} 0.912, 1.013

Craa (NG/MIY* 10.9 11.9 0.911 (ratio} 0.828, 1.004

T (hours)” 2.0 1.8 0.25 (difference} -0.09. 0.58

Adjusted geomelric mean; d Adjusted arithmetic mean; Cl = Confidence interval

Ethinyloestradiol Darifenacin Placebo Ratio/difference of 30% Ci
N=21 N=21 adjusted means

AUC,, (ng.Wmh~ 804 906 ©.987 (ratio} 0.947, 1.630

Chua {ngdmil)” 92.1 98.7 ©.833 (ratio} 0.860, 1.012

T {(houTrs)” 2.3 20 0.33 (difference} 0.02, 0.64

Adjusted geometric mean; " For some subjacts AUC,, was used instead of AUG,, because the
concentration was below the level of quantification at 24 hours post dose, © Adjusted arithmetic
mean, Cl = Confidence interval

e There was no apparent effect of darifenacin on LNG or EE PK parameters

* Although this study was conducted using IR capsule formulation of darifenacin given
three times daily, the data can be extrapolated to use of the proposed ER tablet dosing
regimen since the interactions were explored at steady state darifenacin concentrations
using a 30mg total daily dose.

Table 59. A Summary of the Mean Pharmacokinetic Parameters for Darifenacin.

Darifenacin | UK-148,993 | Ratio for darifenacin to UK-148,993
MN=21 N=21 MN=21
AUC,, (ng.t/mi)' 85.0 104 0.820
C. {(ng/mby" 17.7 19.1
T o (ROUTSY 2.8 2.6

THE EFFECTS OF DARIFENACIN ON CYP2D6 SUBSTRATES
In-vitro data has shown that darifenacin is a moderate inhibitor of CYP2D6 with an 1Csg of 6uM.

Figure 23. Changes in Debrisoquine Metabolic Ratio Produced by Repeated Darifenacin Dosing
(Studies 1023, 1038, 1045)

0 Baseline B End of Treatment x PMs*
128
.‘% 64 x ® *
. 3
2 a2 " - "
2 .
Z 16 3
[ 12.6
E a -] " o N
2 . ;
= 4 [}
8 a
2 2 .
g
1 &
é | j
054 - , e .
7.5mg 15my 30mg

Sowrce: Appenddix B Figure A4 1

* Subjects with baseline debrisoquine metabolic ratio »12 o, not inchuded 1 sunwnary stanisties.
Medhan indieated by a horizontal line within box. Top ad hosom of box represent 75th and 25th
percentiles and whiskers indicaie the 1.3 imerquantile mange  Any wdividual value outside this range
is marked with a symbol.
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Study 1038: The Effects of Multiple Doses of Darifenacin 30 mg ER Tablets on the
Debrisoquine Metabolic Ratio of Healthy Male Subjects

An open study was conducted in white healthy male subjects aged 18 to 45 years (11 EMs, 2
UEMSs, 3 HEMs, 3 PM5s) to compare the debrisoquine metabolic ratio (phenotype) pre-darifenacin
dosing and at steady state following multiple doses of darifenacin 30 mg tablets. Each subject
received 30 mg darifenacin once daily for 7 days and a single dose of 10 mg debrisoquine at
- Week -1 and on Day 7. Subjects were requested to void their bladders before being administered
a single oral dose of debrisoquine. Plasma concentrations of darifenacin were taken at pre-dose
onDays 1 to 5 and at pre-dose and at 1, 2, 3, 4, 6, &, 10, 12, 16, 20, and 24 hours post-dose on
Day 6. The total volume of urine excreted in the 8 hours post-debrisoquine dosing was collected
~ at Week-1 and on Day 7. Statistical analyses were performed using ANOVA for the log-
transformed metabolic ratio of debrisoquine and 4-hydroxydebrisoquine. The differences
between treatment means of the metabolic ratio at baseline compared with the metabolic ratio
post-treatment were compared. No formal analyses of darifenacin AUCy, Ciax and Tinax were
performed.

Table 60. The Statistical Analyses of the Debrisoquine Metabolic Ratio in EM Subjects

Adjusted Means Anli-log
Baseline Post-ireatment Ratio of 904 Cl for ratio of
N=|6 N=16 means Mns
Metabolic ratio 0.357 4.09 7285, (579%., 9055)

Adjusted means presented are geometric, back transformed from the log-seale

o Administration of darifenacin inhibited metabolism of the CYP2D6 substrate
debrisoquine.

e The estimated ratio of means for the debrisoquine MR between post-treatment and
baseline was 725%.

¢ For EM subjects in general, there was a concentration dependent increase in debrisoquine
MR with the greatest effects seen in those subjects with highest darifenacin exposure.

e The presence of darifenacin 30 mg did not result in any EM individual becoming
phenotypically PM (MR>12.6).

Figure 24. Change in Debrisoquine/4-Hydroxydebrisoquine Ratio from Baseline to Post-

Treatment
w0.0
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Table 61. The Darifenacin and UK-148,993 Pharmacokinetic Parameters

Parameter (1Lits) Darifenacin 1IK- 148,993
EMds PMs Edds Phis
N- 16 N:3 N6 N2
AUC,, (ng.h/ml) 1343 350 132 2T
. ng.mi) B.3R 20.3 R.73 16.0
T th [ 6.9 5.2 51
C s g M) 4.21 12.2 FRE] PNE]
C (ng/mi) 5.41 14.6 5.51 15.3
PTY (scatar) {1,656 0,60 .79 059

Means are geometric for AUC,, € C_ C_ and PTF and arithnetic tor 1

STUDY 1023 (Refer to Bioequivalence section for study design)

Table 62. The Debrisoquine/4-hydroxydebrisoquine MR Data for the EM Subjects.

m% Rato 90% Cl
' a9 L 'z.g 2.2 20,37

DarMenacin 15myg (N=17) 0.7 30 43 38 54

* At steady state of darifenacin, the MR of debrisoquine to 4-hydroxydebrisoquine was
about 2 fold greater for darifenacin 7.5 mg and about 4 fold greater for darifenacin 15
mg, compared to baseline (Week -1) values.

¢ One PM in the darifenacin 7.5 mg group had a MR of 1.06 whereas one PM in the
darifenacin 15 mg group had a MR of 2.31.

» The debrisoquine/4-hydroxydebrisoquine MR data were pooled from two formulations of
15 mg ER tablets. However, since the two formulations of 15 mg ER tablets failed to
show the bicequivalence, the MR data of debrisoquine should not be combined to assess
the effects of darifenacin 15 mg on CYP2D6.

Study 1045 (Refer to Bioequivalence section for study design)

The effect of darifenacin on the debrisoquine MR and the duration of CYP2D6 inhibition after
the discontinuation of darifenacin were investigated by comparing the debrisoquine metabolic
phenotype pre-darifenacin dosing and at steady state for 15 mg darifenacin dose and at 1, 3, 5,
and 7 days after the final dose of darifenacin.

Table 63. The Debrisoquine MR Data for the EM Subjects only

Geomatric mennys" Ratio of change from GO Ct

Tinepont N~ 24 haseline {test/reference

Waek —1 (Hasctine) 9.57

Day 7 (Period 2) 1.87 2238 2.50. 148

Day & {Pedod 2) 208 366 301, 444
[ Day 10 {Puriod J) 05 &7 63,7 1k
| Ciay 12 (Peviod 2) D.85 51 36. 1 6%
| Day 14 (Period 2) 582 47 32,164

! geometric means are back trandformed From the log scale. Pmummary statistics ane given for 20 rulyects cnly.

“ tgst = MR post-trestme nt; reference=MR ai bacline,
Debrisoquine MR data from both tneatinerts were pooked fo this talble.

¢ Co-administration of darifenacin with debrisoquine inhibited the metabolism of
debrisoquine but the 15 mg dose did not cause complete phenocoping of EM subjects to a
PM phenotype (MR > 12.6) except in 2 EM subjects.
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» Inhibition of debrisoquine metabolism declined rapidly after cessation of darifenacin
dosing and by 5 days after the end of treatment the mean inhibition was reduced to 1.5
times baseline value. ,

¢ In4 PMs, ratios of change from baseline were as follows: 1.54, 0.91, 2.16, 0.97 on Day 7
of Period 2.

» There is a relationship between increasing darifenacin exposure (AUC and C,,,,) and
increased CYP2D6 inhibition as seen by the consequent change in the MR of
debrisoquine to 4-hydroxydebrisoquine.

Figure 25. Mean Debrisoquine Metabolic Ratio before Treatment and After Cessation of
Darifenacin Dosing in EM Subjects
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Study 1009: The Effects of Darifenacin on the Pharmacokinetics of Imipramine at Steady State.

A randomized, placebo controlled, two-period, crossover study was conducted in healthy male
subjects (12 EM, 2 PM) aged 18 to 55 years to evaluate the effects of darifenacin on the steady
state pharmacokinetics of imipramine and desipramine. Subjects were administered darifenacin
30 mg ER or placebo once daily on Days I to 12 and imipramine 10 mg three times daily on
Days 1 to 3 followed by imipramine 25 mg three times daily on Days 4 to 10 with a minimum of
14 days washout period between them. Pre-dose blood samples were obtained on Days 1 to 10
andat0.5,1,1.5,2,25,3,3.5,4,5,6, 8,10, 12, 18, 24, 48, and 72 hours post-dose on Day 10
for the measurement of imipramine and desipramine plasma concentrations. For EM subjects, the
log-transformed AUCs;, Cay and untransformed T, were analyzed using ANOVA. No
statistical analyses were performed for the PM subjects.

Table 64. The Results of the Statistical Analysis for the Imipramine and Desipramine
Pharmacokinetic Parameters in EM Subjects

Parameter (unitsy Adlustes Mesns Ratio/Difference of GI% Confickence
Irtyp LR imip ne + Featwasn Intenal
Crarffenacin Placabo Adusted Means

imipracire —

AUC, (ng hinl) 302 178 17055 142, 2453}

G LM} 455 208 157% (131, 189)

T (M} 3.1 2.7 0.4 09 1.7)

Dasipramine

AUC (ng hami} 508 140 363% 22T 459

o (M 70.8 19.3 J56% 7284 4475

Tonll) 4.2 4.1 0% (18 23
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¢ Co-administration of imipramine with darifenacin resulted in a 57% and a 70% increase
in imipramine Cpay and AUC;;, respectively and a 256% and a 263% increase in
desipramine C_,, and AUCy,, respectively.

Table 65. The Imipramine and Desipramine Pharmacokinetic Parameters for the EM and PM
Subjects on Day 10.

Parameter {urits) Imipramine Casipramine
Imipramine + Imigraming + Imipramine + Imipcaring +
Darenacin Plg_:ebo Daffenacin Plaseto

EM Subjects jn = 12)

AUC (g himi) X2 178 473 “

o g/l 468 28 662 159

| L 12 31 27 40 al

PM Subjeets {n=2)

Auc, SQMrii 173 108 465 523

| C. {ngfmby 206 437 B6.0 104

[ T ) 33 28 53 78

The means presontod are geometric for AUC,, and C__, and arithmetic for T_.

e There was reduced exposure to imipramine and desipramine in the presence of
darifenacin in 2 PM subjects.

e The AUC;; results indicated that the plasma concentrations of imipramine were slightly
higher in the PM subjects compared to EM subjects during imipramine and placebo
dosing.

s  When imipramine was co-administered with darifenacin, the plasma concentration of
imipramine in the PM subjects slight dropped, whereas in the EM subjects it increased by
70%.

e The AUC;; showed that the plasma concentration of desipramine for the PM subjects was
slightly lower during imipramine and darifenacin dosing compared to imipramine and
placebo dosing. The desipramine plasma concentration in the EM subjects was 3.6 fold
higher during imipramine and darifenacin dosing compared to imipramine and placebo
dosing.

¢ The AUC;; showed that the plasma concentrations of desipramine were similar for the
EM and PM subjects during imipramine and darifenacin dosing whereas they were
approximately four fold higher in PM subjects when imipramine was dosed with placebo.

THE EFFECT OF DARIFENACIN ON WARFARIN
Study A1371030: Effect of Darifenacin on the Pharmacodynamics of Warfarin

This was a double blind, randomized, placebo controlled, (wo-way crossaver study in 14 healthy
male subjects aged 18 to 45 years to evaluate the effects of co-administration of darifenacin and
warfarin on prothrombin time. Subjects were administrated oral administration of darifenacin 30
mg or placebo tablets once daily for {1 days and a single oral dose of warfarin 30 mg (6 tablets of
warfarin § mg) on Day 6. Blood was collected to assess prothombin time at screening, pre-dose
on Day 1, pre-warfarin dosing on Day 6 and at 6, 12, 24, 36, 48, 60, 72, 96, 120, and 144 hours
post-warfarin dose and at follow up. AUEC for prothrorobin time and the maximum change in
prothrombin from baseline were analyzed using ANOVA,

Table 66. The Effects of Steady State Darifenacin on Pharmacodynamic Parameters Following a
Single Warfarin Dase
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LUnndjusted means Difference beoween
Warfarin Warfarin + Darifenacin]  adjusted means
(N=14) 30mg od (he=14) 195% C1)
Baseline PT time (sec) 11.0 11.1 -
Max. change in PT time (sec) 9.4 9.2 SLRT (<122 0.07)
AUF_C!SCcAh) patintd 2 b 169 (-51.5, B2 3)
PT INR (%) 0.91-2.34 (4942 78 -

Source: Study AT371030 Tables 3.1, 5.2 and Section 13, Fable 24
INR, miernational normalized ratio

¢ Co-administration of darifenacin 30 mg with a single 30 mg dose of warfarin did not alter
the pharmacodynamic effects of warfarin treatment.

e No significant differences in prothrombin time parameters were observed when warfarin
was administered in combination with darifenacin compared with warfarin alone.

THE EFFECT OF DARIFENACIN ON DIGOXIN

Study 1021: The Effect of Darifenacin on the Steady State PK of Digoxin

A double blind, randomized, placebo controlled, parallel group study was conducted in 24
healthy male subjects aged 18 to 45 years to investigate the effect of multiple dose darifenacin on
the steady state pharmacokinetics of digoxin. Subjects were administered digoxin 0.25 mg once
daily on Days 1 to 17 and darifenacin 30 mg ER or placebo once daily on Days 8 to 17 one hour
before breakfast. Plasma concentrations of digoxin were taken pre-dose on Days 1 to 17 and at
0.5,1,1.5,2,3,4,5,6, 8, 12, 16, and 24 hours post-dose on Days 7 and 17. Urine samples for
the measurement of digoxin were collected for 24 hours on Days 7 and 17 timed immediately
before dosing of digoxin and ending exactly 24 hours later. The log-transformed AUC,4, Cra,
and untransformed renal clearance and Ty, of digoxin were analyzed using ANOVA.

Table 67. The Results of the Comparisons between Treatments

Parameter C'omparison RativrDitterence i CF
(units) Between
Adpnsiod Mesns

Plasina @
ALz, (Dray 17 - Duy T darffonacin + digoxin) - (Day 17 116" FORY, 1230 G)
{ng.h/mi; - Day 7 placebo + digoxiin) d}'

Bay 17 - Day 7 daritenacin + digoxin 11734, [TE ST b LU ey

Day 17 - Day 7 piacebo + digoxin 8. 106 93 79, 3%
| D (Xxy 17 - Day T darittnacin + digoxin) - (Day 17 1260 HH%s, 1359 (?p
ng/roky - Dxay 7 placebo + digexin) ‘_p .

Day 17 - Day 7 darifenocin + digoxin 14K RN SR P AR 6

Day 17 - Day 7 placebo + digoxin KN T, N b", 96.8%, o
Toaa (Day 17 - Iay 7 darifenacin + digoxin} - (Day 17 n2 G003 Q
) - Dray 7 plucebo + digexin

Day 17 - Day 7 darifenacin + digoxin 0.2 G0 0

Dav 17 - Day 7 pliu_sbo + digoxin -(3.0) -2 6.1 O
Ltine 0
[ 9 (Day 17 - Day 7 darfibnacin + digoxin} -{Day 17 29 ES YRR e o) -A
(mliniin) - Day 7 placebo = digoxin)

Day 17 - Day 7 darifenocin + digoxin T.04 S0 IRA

Day 17 - Day 7 piacebo + digoxin -15.2 354 500

Source: Table 5.3
The ratios, expressed as percailages, ore presented for AUC,, and ¢, and the diflerences ate
presemied for 1, and CE,.

¢ Comparison of digoxin AUCy4 and C,,, as the differences from Day 7 to Day 17 in the
absence and presence of darifenacin indicated small increases of 16% and 20 %,
respectively, in the presence of darifenacin. The renal clearance increased by 22.9
mL/min but Ty, did not change in the presence of darifenacin.

»  Co-administration of darifenacin on Days 8 to 17 produced a small increase in the
digoxin trough levels. The effects observed on the digoxin PK were not considered to be
clinically relevant.
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Figure 26. Mean Trough Plasma Concentrations of Digoxin
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Table 68. The Digoxin Pharmacokinetic Parameters

Parameter (Lnits} Dewrifnacn 1 Erooxin Phivetho : Dhigoxin
Dxay 7 Dy 17 a7 T 1 -
New 12 N | N-12 N 12
pr— o
Plasma
AL A} 1346 15§ 12.3 126
[ Cg (rgehnily 1.8 [ 175 133
T €9 [H] i 1.0
Lrine
L, (mbinin) I 167 | 173 | 150 | 174

Maans are goomtric fr ALK,y and G, and acithmetic fr T, and CT.

Table 69. Individual PK Parameters of PM Subjects (Darifenacin + Digoxin Group)

Subject | AUG,4 (ng*ht/mL) Chax (ng/ml)
Digoxin Darifenacin + | Ratio Digoxin ‘ Darifenacin + Ratio
Day 7 Digoxin Dav 17 | | Day7 Digoxin Day 17
001 : 7 109 r 77069
003 L | 1.08 | L 112
018 ST119 s
Table 70. Individual PK Parameters of PM Subjects (Placebo + Digoxin Group)
Subject | AUC,, (ng*he/mL) Cruax (ng/mL)
Digoxin Placebo + Ratio Digoxin l Placebo + Ratio
Day 7 Digoxin Day 17 | Day 7 Digoxin Day 17
017 7109 1.11
024 T‘: a 0.90 E ] 1.05

The effects on the PK parameters of digoxin were apparently similar for EM and PM

subjects (ie, there was considerable overlap for all the parameters investigated).

In the darifenacin + digoxin treatment group the ratio of Day 7 to Day 17 for the PMs for
AUC,, ranged between 1.08 and 1.19 and fell within the range of the ratios calculated for
the EM and HEM subjects : L. T and for C,,,, ranged between 0.69 and 1.12 for

the PMs (overall EM and HEM range: ¢ 1.

In the placebo + digoxin treatment group, AUC,, ratios for the PMs were 0.90 and 1.09
and fell within the range calculated for the EM and HEM subjects « © 1 Yand for
Cenax they were 1.05 and 1.11 which fell within the EM and HEM subjects range of T

—
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General Biopharmaceutics

Pfizer production facilities using the proposed commercial process have been utilized (1.
Brooklyn, USA, T T 3. Ilertissen, Germany). However, only the
Brooklyn and C 7 sites are the proposed manufacturing sites for the USA supply.

What are the differences between clinical formulation and to be marketed formulation?
Is to be marketed formulation bioequivalent to clinical trials formulation?

The TBM formulation is bioequivalent to clinical trial formulation (clinical research formulation)
at steady state. Throughout the development of the proposed commercial ER formulation the
tablet core composition has not been medified, qualitatively or quantitatively. Some
modifications were made to the clinical research tablet to ensure commercial acceptability. &

J The core tablet and the
matrix release system were not changed (see Formulations for more detail).

Three bioequivalence studies at steady state were conducted £ }

2 Study 1016 was conducted to evaluate the bioequivalence between the
initial formulation developed (early clinical research formulation), the formulation used in the
Phase 2/3 clinical studies (clinical research formulation) and the TBM formulation, at a dose of
30 mg. Studies 1023 and 1033 evaluated the bioequivalence of the 7.5 and 15 mg formulations,
respectively. Study 1023 failed to demonstrate the bioequivalence between the proposed
commercial 15 mg ER tablet and the clinical research formulation. Using the same lots of drug
product, Study 1033 subsequently demonstrated the bioequivalence of the two 15 mg ER
formulations. This study included a greater number of subjects to provide a more precise
estimate of any difference between the two formulations.

In the absence of an established IVIVC model, two additional bioequivalence studies were
conducted to confirm the bicequivalence of batches of the proposed commercial 7.5 mg (Study
1040) and 15 mg (Study 1045) ER tablets produced at the Brooklyn C T sites.

1. Bioequivalence

Study 1023: Bioequivalence Study of Darifenacin ER 7.5 mg and 15 mg at Steady State (TBM
vs. Clinical Research Formulations)

An open, randomized, two-way crossover, two cohort study was conducted in healthy male
subjects aged 20 to 40 years to compare the steady state PK of darifenacin following multiple oral
doses of the 7.5 mg and 15 mg TBM tablets and the 7.5 mg and 15 mg clinical research tablets in
the fasted state. In addition, the debrisoquine metabolic phenotype pre-darifenacin dosing and at
steady state for both 7.5 mg and 15 mg doses were compared. Darifenacin was administered once
daily for 6 days in Period 1 and for 7 days in Period 2 with a minimum of 7 days washout
between the treatment periods. Subjects were administered debrisoquine 10 mg tablet orally once
at Week -1 prior to Period 1 and on Day 7 of Period 2 after voiding their bladders. In each study
period, a pre-dose blood sample was taken on Days 1 to 6 and at 1,2, 3,4, 6, 8, 10, 12, 16, 20 and
24 hours post-dose on Day 6. The total volume of urine excreted in the 8 hour post debrisoquine
dosing was collected at Week -1 and on Day 7 of Period 2. Darifenacin log-transformed AUCs4,
Crax and untransformed T ., were analyzed using ANOVA. There were 14 HEM, 20 EM, 2
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UEM (one in each cohort) and 2 PM subjects (one in each cohort). The mean MR of
debrisoquine to 4-hydroxydebrisoquine data were summarized for EM subjects only. No formal
analysis was done in 2 PM subjects.

Table 71. The Comparisons of Darifenacin Pharmacokinetic Parameters in EM/PM Subjects

-Fammeter sled Means Ratio/Difference 90% Confidence

{units) Cotrmercial Cimical Ressarch Interval

Tabet T
7. N=20)
29.7 0.7 96.7% 86.2. 106
| Congye (nog/rmil} 1.94 2.08 83.6% 54.8. 104
' Vg (M) 8.1 i3 o8 -1.2 2.7

Darifenacin 15mg (N=18}

AbICae (g hiei) 63.2 748 B84.4% 758 840
_(f‘._m} 414 4.91 84.3% 727,979
__=('I'I) 6.9 6.3 [+X5] -0.8, 1.7

The means presented are geomelric for ALIC 14 Bd Creey and arithmetic for Ty,

The ratios, sxpressed as percenlages, are presented for AUC 24 and Crex and the differences 101 Tma

e For darifenacin 7.5 mg, the ratios and 90% ClIs for AUC,, and C,, were within the 80-
125% limits. The 7.5 mg TBM and clinical research tablets were considered to be
bioequivalent at steady state.

s For darifenacin 15 mg, the lower 90% Cls for both AUC,4 and C,,,,, were outside of the
lower limit of the bioequivalence range and therefore, the two formulations failed to
show the bioequivalence.

¢ For both darifenacin 7.5 mg and 15 mg, there was no difference in Ty, between the
formulations.

Figure 27. Mean Plasma Concentrations of Darifenacin at Steady State on Day 6
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Figure 28. Mean Trough Plasma Concentrations of Darifenacin
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Study A1371033: Bioequivalence Study of Darifenacin 15 mg at Steady State (TBM vs. Clinical
Research Formulations)

An open, randomized, two-way crossover study was conducted in healthy male subjects aged 19
to 44 years to compare the steady state pharmacokinetics of darifenacin following multiple oral
doses of the 15 mg TBM tablet and the 15 mg clinical research tablet in the fasted state.
Darifenacin was administered once daily for 6 days in each period with a minimum of 7 days
washout between the treatment periods. In each study period, a pre-dose blood sample was
obtainedon Days 1 to6andat 1,2, 3,4, 6, 8, 10, 12, 16, 20 and 24 hours post-dose on Day 6.
Darifenacin log-transformed AUC;4, Cp,, and untransformed T, were analyzed using ANOVA.
There were 16 EM, 15 HEM, 5 PM and 1 UEM subjects.

Table 72. The Darifenacin Pharmacokinetic Parameters at Steady State on Day 6

Parameter i A(%justl:d Mcar‘ts‘ _ Raua, AP Comtidence
Comrmeercial Clinical Pdiflorenee Inderyal
Tablet Research
Fablet
AUE'Q“I‘}BJIINI} B3.0 85.0 FO%S (21 4% 1 Ha)
Crare 'l ) 5.76 5.58 FOAS (21.1%%, | 17%%)
T (1) 6.4 7.5 C1.54 (-3.15.0.07)

The nwans presented are gooawtrie [or AUCy, amd C . and arithmefic for T,,. The rauns
exprassed as percentapes are presented for AUCy and Cagy and the differences for Tae .

¢  The ratios and 90% ClIs for AUCy4 and C.., were within the 80-125% limits. The 15 mg
TBM and clinical research tablets were considered to be bioequivalent at steady state.

Figure 29. Mean Plasma Concentrations of Darifenacin 15 mg at Steady State on Day 6

65/83



T T T v T T
L] - L] 1 Ll 20 z24
Pienned time post dose (M)

-—e—m DO TAR. 15mg - M. TAR. 15mg

Figure 30. Mean Trough Plasma Concentrations of Darifenacin
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Study A1371016: Bioequivalence Study of Darifenacin 30 mg at Steady State (TBM vs. Early
Clinical Research vs. Clinical Research Formulations)

An open, randomized, multiple oral dose, three way crossover study was conducted in white
healthy male subjects aged between 19 to 40 years to determine the bioequivalence of darifenacin
at the steady state following multiple oral doses of the TBM tablet, the clinical research tablet,
and the early clinical research tablet in the fasted state. Subjects received darifenacin 30 mg once
daily for 6 days with a minimum of 7 days washout between the treatment periods. In cach study
period, a pre-dose blood sample was taken on Days 1 to 6 and at 1,2, 3, 4, 6, §, 10, 12, 16, 20,
and 24 hours post-dose on Day 6. Darifenacin log-transformed AUCy4, Cpysy and untransformed
Trax were analyzed using ANOVA, The comparisons were made between TBM tablet vs. clinical
research tablet, clinical research tablet vs. early clinical research tablet, and TBM tablet vs.
clinical research tablet.

Table 73. The Darifenacin Pharmacokinetic Resuits at Stecady State on Day 6
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Parameter Commurcial Tablel | Ciical Research | Early Clinical Research Tablet
{unis) 30mg Tablet 30mg 30mg
N=21 N=20 N=21
ALIC,, {ng, himl) 200 199 191
[(Con (g 130 125 2.4
T, () 3.3 93 97
| Co (¥} 4.33 6.54 541
G, (ngAmi) 8.30 8.29 ‘ 797
PTF (scaiar) 0.85 0.63 078

The means presented are geometnic for AUC,,, C,,,. G,y C, and PTF and arithmetic for T,

Table 74. The Results of the Comparisons between Formulations at Steady State on Day 6

Parameter Comparison Rt Mierence Batwoen 0% Corfidenco
{urls} Adjusted Maeans interval
AUC,, Comm. tah vs. cin. res. tab, 100.1% (88.3%, 113.5%)
{ng.himn |_Clin. res. tab. vs early cin. res. tab. 105.0% (82.6%, 119.1%}
Comm. 18b vs. eary clin. res. tab. 105.1% {93.0%, 118.9%}
Cm Comm. tab vs. clin. fes. @b, 103.4% (89.6%, 119.2%)
{ngfml) Clin. res. tab. vs eary clin. nes. tab. 101.4% (87.9%, 117.0%)
Comm. tab vs. early clin. res. tab. 04.9% (91.2% 120.6%)
T, | ___Comm. tab vs. cin. res. tab. 0.8 (4.1,2.6)
h Clin, res. tab. vs oary cfin. res lab. 06 (3.9 2.8}
Commn. tab vs. clin. ros. tab. -1.3 {-4.6, 1.9)

Key. comm=commercia, lab=tlabiet, vs.=varsus, cin=clinical; res=research
The ratios, expressed as percentages, are presented for AUC,, and C__ and the differences for T__

¢ For darifenacin AUC,; and C,,, the 90% CI for all comparisons between formulations
were within the range 80 % to 125%. All three formulations were considered
bioequivalent to each other.

Study A1371040: Bioequivalence Study of Darifenacin 7.5 mg at Steady State (TBM
formulations, manufactured at the Brooklyn and C T sites)

An open, randomized, multiple dose, two-way crossover study was conducted in 26 healthy white
male subjects aged 18 to 41 years to compare the steady state pharmacokinetics of darifenacin
following multiple oral doses of the 7.5 mg commercial tablets manufactured at the Brooklyn and
t “J sites in the fasted state. Darifenacin was administered once daily for 6 days with a
minimurn of 7 days washout between the treatment periods. In each study period, a pre-dose
blood sample was taken on Days 1 to 6and at 1,2, 3,4, 6, 8, 10, 12, 16, 20 and 24 hours post-
dose on Day 6. Darifenacin log-transformed AUC;4, Cpay and untransformed T, were analyzed
using ANOVA. There were 11 EM, 13 HEM and 2 PM subjects.

Table 75. The Comparisons of Darifenacin Pharmacokinetics between Formulations

Parameter Adiusted Means Ratio Dilferance 902
(units} " T j Brooklyn Tablet Berveen Adgtisted Confidence
Tablet 7.5myg 7.5mg Mueans Internval
N-=26 N==25

AUCss (np h/ml) 27.5 25.7 107" 97.0%,, 118%

Ch illgx’m!) |89 .82 1049, 02 8%, 1%
L"". (h} &, 6.8 MR -1.7, (.1

The ratios. expressed as percentages, are presented for AUC,, and C, and the differences for 1,

¢ The 7.5 mg darifenacin tablets manufacturcd at the T 1 site were considered to

be bioequivalent to the Brooklyn produced tablets.

Figure 31. Mean Plasma Concentrations of Darifenacin at Steady State on Day 6
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Figure 32. Mean Trough Plasma Concentrations of Darifenacin
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Study A1371045: Bioequivalence Study of Darifenacin 15 mg at Steady State (TBM
formulations, manufactured at the Brooklyn T, T sites)

An open, randomized, multiple dose, two-way crossover study was conducted in 26 healthy male
subjects aged 19 to 43 years to compare the steady state PK of darifenacin following multiple oral
doses of the 15 mg TBM tablets manufactured at the Brooklyn . f 2 sites in the fasted
state. In addition, the effect of darifenacin on the debrisoquine MR and the duration of CYP2Dé
inhibition after the discontinuation of darifenacin were investigated by comparing the
debrisoquine metabolic phenotype pre-darifenacin dosing and at steady state for 15 mg
darifenacin dose and at 1, 3, 5, and 7 days after the final dose of darifenacin. Darifenacin was
administered once daily for 6 days in Period 1 and for 7 days in Period 2 with a minimum of 7
days washout between the treatment periods. Subjects were administered with debrisoquine 10
mg tablet orally once at Week -1 prior to Peried 1 and on Days 7 {co-administered with
darifenacin 15 mg), 8, 10, 12, and 14 of Period 2 after voiding their bladders. In each study
period, a pre-dose blood sample was taken on Days 1 to 6 and at 1,2,3. 4, 6,8, 10, 12, 16, 20 and
24 hours post-dose on Day 6. The total volume of urine excreted in the 8 hours post-debrisoquine
dosing was collected at Week-1, and in Period 2 only on Days 7, 8, 10, 12, and 14. Darifenacin
log-transformed AUC;4, Cpay and untransformed T, were analyzed using ANOVA. There were
11 EM, 11 HEM and 4 PM subjects. The phenotyping data were analyzed for EM subjects only
but no formal statistical analyses were done.
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Table 76. The Results of the Statistical Analysis of the Darifenacin Pharmacokinetics

Ratkv
Adjusted meams” difference batween
Parameter Comparison geometric means™ 9%

AUC {ng himl) —— _Brookiyn 70.4/721 9774 {87 6%, 1094
Coux (ng/ml} | =™ /Brooklyn 4571455 O, (97 9%, 122%)

T(h) | — - Brookiy 2764 08 ¢10,26)
* oveans are georeitic (AUCz; and () and asithmetic (T}, the ratios (Sxpeessed a5 percentages) and ceeresponding
confidence intervals (C1), are back transirmed from the log seale for AUCs and Co,,: © ditfirence between mesns (T

e The 15 mg darifenacin tablets manufactured at T 1 were considered to be
bicequivalent to the 15 mg darifenacin tablets manufactured at Brooklyn.

Figure 33. Mean Plasma Concentrations of Darifenacin at Steady State on Day 6
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Figure 34. Mean Trough Plasma Concentrations of Darifenacin
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2. IVIVC under fasting conditions

The sponsor stated that an IVIVC was investigated but was not achieved due to high
predictability error. '

To assist in setting the dissolution specification acceptance criteria and to facilitate potential post-
approval changes to the formulation or manufacturing site, an IVIVC was investigated but was
not achieved. Formulations were prepared with different release rates, using the 30 mg strength
tablet. These formulations had release rates which were approximately 10 % different from the
proposed commercial formulation. Data from the in-vitro dissolution study with the in-vivo data
from the clinical study A1371036 generated a correlation which predicted the in vivo
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performance of the formulations in terms of AUC but was not able to predict accurately the Cyax
for a rapidly releasing formulation. A rank-order relationship only was demonstrated.

Study 1036 described the development of a Level A IVIVC model for the 30 mg darifenacin ER
formulations and the external validation of this model using the 7.5 mg ER formulation. The
modeling incorporated obtaining impuise response parameter estimates from the dosing of
darifenacin IR 12 mg tablets. (2 x 6 mg). '

Overall, the internal predictability of the models was considered to be inconclusive. Therefore,
evaluation of the external predictability of the models was undertaken. Prior to assessing the
external predictability of the models, the results from the Study 1036 indicated that the 7.5 mg
ER and 30 mg ER formulations had different relative BA at single dose. As the models were
developed using the 30 mg ER concentration-time data, some correction of the model parameters
were undertaken to predict the 7.5 mg ER formulation data. Therefore, both a; and a, were
corrected by multiplying by the average BA of the 7.5 mg ER formulation relative to the three 30
ER formulations, based on the geometric AUC,; values for each formulation.

Both the individual two-stage approach and the mean convolution approach predicted both Cpuax
and AUC for the 7.5 mg ER formulations within the limits (PE of 10 % or less) to establish
external predictability. While the mean two-state model predicted C.c within 10 %, the PE
associated with AUC was 11% outside the limits to demonstrate external predictability. The
individual convolution-based IVIVC model failed to demonstrate external predictability for the
7.5 mg ER formulation, with a PE of about 17% for C,.

Study 212: PK of Darifenacin after 6 days Oral Administration of Capsule 7.5 mg tid and 3 ER
Matrix Tablets (20 mg)

An open, randomized four-way crossover pilot study was conducted in healthy male subjects
aged 18 and 45 years to determine the optimum release rate from ER tablets for an once daily
dosing regimen. The pharmacokinetics of darifenacin after multiple oral administrations of three
ER matrix tablets (20 mg) and an IR capsule (7.5 mg t.i.d.) were compared. During each of the
first 3 periods, subjects were dosed for 6 days with 3 ER darifenacin formulations (slow, medium
and fast release). During the 4™ period, all subjects received IR darifenacin capsules three times
daily for 6 days. All four study periods occurred sequentially and continnousty with no washout
in-between. Plasma concentrations of darifenacin were obtained at intervals up to 24 hours on
Day 6 of each period.

Fast release 20 mg darifenacin ER tablet: in vitro release of 4 hours
Medium release 20 mg darifenacin ER tablet: in vitro release of 8 hours

Slow release 20 mg darifenacin ER tablet: in vitro release of 18 hours

Table 77. Pharmacokinetic Results
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Pharmacokinetic Results: Raw gaometric maans (N = 13)

Carlfanacin CR

Dantenadin

121,235
“dosa normakEad 10 7.6mg #d; —FTER = PaakiTrough Fluctustion Ratio; - sithmotic moan

¢ Biocavailability of the ER formulations of darifenacin relative to the IR formulation

Darifenacin: Fasi{ MMadfm Siow iR

AUC (ng.hmi)” 88,1 112 R L] 102

C e G~ 12.3 8.42 T.72 A

<4 (ngimi)* 0.50 206 4.23 213

e {IMFmLY 371 4.7z 4.9% 423

CrndCom 24.5 4.57 182 486

PTFR™ 3.19 1.48 o5z 1.85

T (oo 17 £.7 &4 1.2

Sipfisticsl Comparigons; FastCRAR Madtimt CRAR Stow CRAR

AUC,*

Ratio of Geometric Means (%} 8e.4 1140 117

0% Confldence litervats 76.4 102 94.8 127 101 136

C_-

Ralo of Geometric Mesns (%) 119 a8 747

0% Confidence Intervals 98.0, 146 737,110 513 008
e

R;uo aof Geometrle Means (95} 24.0 4.3 2060

90% Confidencs |riacvals 16.6. 348 851, 127 138 2RG

C_- ——

RAU0 of Geometric Means (%) Be.s 1 17

0% Confidance lnisrvals 783 103 948 12¢ 101, 126

[ e

Ratic of Geometric Means (%} 457 95 ar.4

90% Confidenca Irtervals 325 760 822 14% 245 570

PTFR™*

Ratio of Geomatric Meong (%) 58 &1 279

909 Corfidence iarvals 0, 113 18.8. 393

increased as release rate decreased while C,., was decreased.

o The slowest release 20 mg darifenacin ER tablet (in vitro release of 18 hours) showed the

lowest Cpp/Ca4 and PTFR.

Study 1036: The Effect of Varying In Vitro Dissolution Rates on the Single Dose PK of

Darifenacin 30 mg ER Formulations

An open, randomized, five-way crossover study was conducted i healthy white male subjects
(10 EM, 8 HEM, 2 PM) aged 18 to 45 years to determine the PK of darifenacin following single
oral doses of three 30 mg ER formulations (TBM, fast-releasing and slow-releasing), a 7.5 mg
TBM ER formulation, and 12 mg (2 x 6 mg) IR tablets in order to allow a comparison with the in
vitro dissolution data associated with these formulations. Subjects were administered a single
dose of darifenacin in a fasting state and remained fasted for 4 hours post-dose. The release rates
for the slow and fast formulation were 80% in 20 and 9 hours, respectively. The treatment
periods were separated by a minimum of 3 days or 7 days between doses, whichever was the
longest. Plasma concentrations of darifenacin were obtained pre-dose and at 0.5, 1, 1.5,2,2.5, 3,
4,6,8,10,12, 18, 24, 30, 36, and 48 hours post-dose.

Treatment groups:

moow»

Darifenacin 30 mg ER TBM tablet
Darifenacin 30 mg ER Fast-Releasing tablet
Darifenacin 30 mg ER Slow-Releasing tablet
Darifenacin 7.5 mg ER TBM tablet
Darifenacin 12 mg (2 x 6 mg) IR tablet

Table 78. The Darifenacin PK Parameters
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Paramyter (units) Dari 30mg Dari 3kmg | Deridmg | Dari7.5mg | Dan B2me
CR Comm, CRF-R CRS-R CRComm | 2 x omg)p iR
Tab. Tab, ‘Fab, Tabh. Tab,
AUCy (ng himl) 12t (N=19) 124 (N=19) | 105 (N=193 | 2000 (N=-203 | 207N -20)
AUC (ng.h/mi) 110 (N-8) 130 (N=19) | QL5 {N=%) | 283 ¢N=113 | 211 N-20)
£n (ng/ml) 491 (N-19) | 895 (N=I1T) | 44T (N=193 | LOJZIN-200 | 4908 20y
| Toua (1) 133 N-1 | 6AN-19) | 228 (N=195 | 9.6/N-2n 1.4 (N2
ke () 0.0371 0.0701 0.0443 00426 2168
(N-1T) {N-19} {N<14) (N-16} (N 2013
ty () I8.7 (N=17) GO N1 | IS6N-T4 | 163N 163 | 324N 20

Maeans are geonietric for AUC . AUC and C,,,, arithmatic for T, and I, and hanmonic for k.
Key: Dari=darifenacin: Comm.=commercial, Tab =tablel; F-R=fast-releasing; S-R-=show-refeasing.

¢ The PK parameters for the ER formulations were the greatest for the fast-releasing
formulation and then decreasing with the standard and slow-releasing formulations,
respectively.

Figure 35. Mean Darifenacin Concentrations following a Singie Oral Dose of Darifenacin
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%aPH, poreeat pradiction error. MAPPE, maan absolute porcen pradiiion civor

Internal Predictability

+ All 4 approaches predicted AUC for the 30 mg ER formulations within the limits to
establish internal predictability.

* The two-stage IVIVC model, based on mean concentration-time data, failed to predict
with sufficient accuracy Cuay for the fast ER formulation (%PE=32.8).

* The two-stage model developed using individual deconvolution failed to predict Cpay
for the fast ER formulation (%PE =28.3)

* The IVIVC model determined using the convolution-based approach and mean
concentration-time data failed to predict C,,., for the fast ER formulation.

s The individual convolution-based model failed to predict the C,,, for any of the three
30 mg ER formulations within the acceptance criteria for internal predictability.
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External Predictability

Table 79. External Validation Statistics for the Mean Two-Stage IVIVC Model for the 7.5 mg

ER Formulations
Treatment | Crmx | Cows Crras AUC AUC AUC Conar AUC
pred. obs. ratio pred. obs. FALo |%PE] JEPE|
7.5 mg 105 | L1 0.95 26.59 2990 | 089 5.30 1106

Cr, oitts = ag/mL; AUC units = ng.bvml.

* The mean two-stage model, with correction of the a; and a, parameters for the difference
in the BA of the 7.5 and 30mg ER formulations, predicted the C,,, of the 7.5 mg ER
formulation with the limit to establish external predictability. However, the %PE of
11.06% for AUC fell outside the limit to conclude exteral predictability.

Table 80. External Validation Statistical for the Individual Two-Stage IVIVC Model for the 7.5
mg ER Formulation

Treatmen! | Coan | Cr Coms AUC AUC AUC Cones AUC
pred. | obs. ratio pred. obs, ratio | |{%PE} | BPE|

75mg | 101 | 105 | 097 | 2366 | 21.64 | 1.09 | 322 | 0.3
Conn units = ngfmlL; AUC units = np.h'mi.

* The two-stage IVIVC model based on individual deconvolution satisfied the external
predictability for both Cp,, and AUC.

Table 81. External Validation Statistics for the Mean Convolution IVIVC Mode for the 7.5 mg
ER Formulation

Treatment | Cone | Comnx Cirax AUC AUC AUC Crax AUIC
pred. | obs ratio pred. obs. ralio | |%PE| | |[%PE|

7.5mg 1.08 1.11 0.94 27.44 29.90 0.92 6.18 §22
Coay ¥nits = ng/ml; AUC units = ng Wml

e The mean convolution-based IVIVC model based on individual deconvolution satisfied
the external predictability for both Cpe, and AUC.

Table 82. External Validation Statistics for the Individual Convolution-Based IVIVC Model for
the 7.5 mg ER Formulation

Treatment | Comao | Come Comr AUC AUC AUC Cron 1 AUC
pred. obs. ratie pred. obs. ratio {7 PE] |5ePE]
1.5 mg 0.87 | 105 0.83 2029 | 2164 094 | 1672 | 621

Cra units = agfml; AUC onits = ng.himhl.

* The individual convolution-based model failed to predict the C,,. of the 7.5 mg ER
formulations within the limit to establish external predictability.

3. Effect of Food
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Is there any effect of food on the pharmacokinetics of ER formulation? How is it addressed
in the label?

Total darifenacin exposure following administration of a single 30 mg ER tablet was not altered
by the consumption of food while peak darifenacin exposure was 22% higher and T, was 3.3
hours shorter in the presence of food. Once darifenacin plasma concentrations have reached
steady state, ingestion of food had no effect on the pharmacokinetics of darifenacin from ER
tablet dosing. Peak steady state darifenacin exposure and total exposure from dosing with 30 mg
ER tablets was similar in both fed and fasted states.

The proposed label states that there is no food effect on multiple-dose pharmacokinetics from ER
tablets. Therefore, darifenacin ER tablets may be taken with or without food, and should be
swallowed whole and not chewed, divided or crushed.

Three food effect studies (Studies 226, 670, JP-95-502) on the pharmacokinetics of darifenacin
following administration of ER tablets were reviewed. Two studies evaluated the effect of food
following administration of a single ER tablet while Study 226 evaluated the effect of food at
steady state. The composition of meals in three food effect studies was as follows:
* Studies 226 and 670: a standard high fat breakfast (a total of 1,000 calories with ~50% of
the total calorific content from fat)
s Study JP-95-502: a low fat content (a total of 600 calories with ~15% of the total
calorific content from fat)

Study 137-670: The Effect of Food on the Bioavailability of a Single Dose Darifenacin 30 mg

An open, single dose, randomized two-way crossover study was conducted in 24 healthy males
(14 EM, 8 HEM, 2 PM) aged between 18 and 39 years to investigate the effect of food on the
single dose bioavailability of 30 mg darifenacin. Subjects received oral darifenacin 30 mg once
in the fasted or fed state after at least a 10-day washout between doses. Subjects in the fed group
were dosed within 5 minutes after consuming a standardized high fat breakfast consisting of 2
slides white toast with butter, 2 eggs fried in butter, 2 slices of bacon, 2 ounces of hash brown
potatoes and 8 ounces whole milk. Plasma concentrations of darifenacin were obtained pre-dose,
andatl,2,3,4,6,8,10,12, 16,20, 24, 36, 48, 60, 72, 84 and 96 hours post-dose. Log
transformed C,, and AUC and untransformed T, were subject to ANOVA.

Table 83. Pharmacokinetic Parameters of Darifenacin after a Single Dose Darifenacin 30 mg

Unadjusted meang Ratio or difference between
Fasted Fed adjusted means ($0%C 1)
{N==23) (Nw=23)
ALIC (g h/mi) 11454 1341 (LG3 (0 R3_ 1 3]
ALICz4 (np B/mi) Td4 5 133.5 .
Coaax (ngimil} 5 87 T A3 1.2241.09, 1,373
Y P15 .1 3.3 (6.4, -0 2)
| b1z Ch) 7.5 7.2 -
Source: Study 137-670 Taubles 3 1 and 52

s Geometric mean for AUTC, AUC, arid e, Avithinctic moun 1oy T, and G

+ Single dose administration of 30 mg darifenacin with food resulted no change in AUC, a
higher Ci (T 22%) and a shorter Tpy (3 3.3 hrs) compared with administration in the fasted
state.

o The CV% of AUCy were 65.9% (fasted) and 73.3% (fed). The CV% of Cp. were similar
(70%) in fasted and fed states.

e There was no apparent change in the systemic clearance of darifenacin.
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Figure 36. Mean Plasma Darifenacin Concentrations following a Single Dose Darifenacin 30 mg

Study JP-95-502: The Effect of Food on the Bicavailability of a Single Dose Darifenacin 15 mg
(Japanese) ’

An open label, single dose, randomized two-way crossover study was conducted in 8 healthy
Japanese males aged between 25 and 37 years to investigate the effect of food on the single dose
bioavailability of 15 mg darifenacin. Subjects received oral darifenacin 15 mg once in the fasted
or fed state with a 2-week washout between study periods. Subjects consumed a 600-calorie
breakfast and were administered 15 mg darifenacin 30 minutes after (breakfast at 8:00 a.m., study
drug at 9:00 a.m.). Subjects were to take a daily calorie intake of approximately 2,800 kcal
during the hospitalization. Subjects were then prohibited from eating and drinking until 4 hours
after administration. Plasma concentrations of darifenacin were obtained pre-dose, and at 1, 2, 4,
6, 8, 12, 24, 36, 48, and 72 hours post-dose. Urine collection was conducted 0-24, 24-48 and 48-
72 hours post-dose, and urinary concentrations of darifenacin and UK-148,993 were measured.
Log transformed C.x and AUC, and untransformed T,,,, were subject to ANOVA.

Table 84, Pharmacokinetic Parameters of Darifenacin after a Single Dose Darifenacin 15 mg

Unudjusied means Ratio or difYerence hatween
Fasted Fed adjusted incans 90, C1)
(N=R8) {(Ng)
1 AUC, (np hiinl) 33.3 42} 126 (091, 1.75)
Conax (NR/mi} 1.76 3.59 2,04 ¢£.37, 3.04)
Tong {h) 9.3 5.3 3R -75. 00
MRT (h) 16.5 15.0 1O (L7, 1.2)

Sowrce: Study JP-95-502 Fables 5.1 and 5.2
Geometric mean for AUC, Caum and MRT. Arithmetic mean for To

¢  The bioavailability of darifenacin in the fed state was increased by 26%. Absorption of
darifenacin was shorter in fed subjects but the Ci.., in the fed state were 2-fold higher to those
in the fasted state,

® The CV% of AUC;;, were 64% (fasted) and 37% (fed). The CV% of Cyu Were 79% and 58%
in fasted and fed states, respectively,

¢ In the fasted treatment group, the mean cumulative urinary excretion rates of darifenacin and
UK-148,993 with respect to administered dose up to 72 hours post-dose of darifenacin were
0.338% and 1.470%, respectively. In the fed treatment group, the mean cumulative urinary
excretion rates of darifenacin and UK-148,993 were 0.381% and 1.881%, respectively.

Figure 37. Mean Plasma Concentrations of Darifenacin following a Single Dose 15 mg
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Table 85. Summary of Darifenacin Pharmacokinetic Parameters after a Single Dosc of 15 mg
Darifenacin

Conar AU o MRE Ty T

inghoky frxy himLy L) th:

422 ®3 Amthmetic Mean 42 A543 151 EE)
S50 1.68 269 4.6 €3 S0 245 170 Fal 14
CWV(%) 79 o4 27 658 V%) 23 37 [ L] -]
Geomalric Mean 1.76 335 Bs NC Geometiic Mean 350 21 1548 NS
Harmonic Moan NC NG HC T4 Hamonie Misan NC NC NE 43
N, °
iy [ 1
HC Not Cadocilted NG Tt Colodates

Stedy 137-226: The Effect of Food on the Bioavailability of Darifenacin 30 mg at Steady State

An open, randomized, two-way crossover, multiple dose study was conducted in healthy male
subjects aged 18 to 45 years, in both the fed and fasted states to determine the relative
bioavailability of oral darifenacin ER tablets at steady state. Subjects received oral darifenacin 30
mg once daily for 10 days in the fasted or fed state. Fed and fasted study periods were separated
by at least a 10-day washout period. The high fat breakfast consisted of scrambled eggs (100g),
two white bread rolls (100g), butter or margarine (20g) and whole milk (140mL). The
approximate fat content of the meal was 53g. Within 5 minutes of completing the meal,
darifenacin was administered and the subjects remained fasted for the next 4 hours. Plasma -
concentrations of darifenacin were obtained from blood collected pre-dose on Days 1, 4, 6, 8, and
10 and at fixed intervals post-dose (1, 2, 3,4, 6, 8, 10, 12, 16, 20, 24 hours) on Day 10. The log
transformed AUC,;4, Cpax, Ciin, Cav and peak:trough fluctuation for darifenacin were subject to
ANGVA,

Table 86. The Mean Pharmacokinetic Data for Darifenacin in the Fed and Fasted States {n=24)

Fasled Fed Ralio (%) 90% Ci
between means

AUC,, . (ngh/miy 160.88 182.90 101.1 92.3, 110.8
Craa (N/MIY 11.84 12.02 101.5 91.5, 112.6
C . (ng/mi) 4.50 4.47 §9.2 84 8 1161
C... (ng/miy 7.54 7.62 101.1 92.3, 110.8
Peak: Trough fluctuation” 0.94 0.92 98.2 82.5, 1169
L (hrs)* 5.83 6.63 - -

*Geometric mean, *Arithmetic mean
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e There was no evidence of a food effect with respect to darifenacin, for any of the
measured pharmacokinetic parameters.

e The CV% of AUC,, were 57% (fasted) and 66% (fed). The CV% of Cpax were 65% and
73% in fasted and fed states, respectively.

[ ]
Figure 38. Mean Plasma Concentrations of Darifenacin at Steady State on Day 10
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4. In vitro Dissolution

In the absence of an IVIVC, the proposed dissolution specification acceptance criteria have been
established following ICH Q6A guidance. The methodology selected utilized basket apparatus

(USP apparatus ), rotatingat rpminT . J held at 37°C
+ 0.5°C. The dissolution profile of darifenacin was determined at 1, &, and 24 hours using
L 3 Darifenacin hydrobromide tablets are monolithic (non-

dispersing) formulations where release rate is dependent on the exposed surface area to the
medium. Basket apparatus was selected for agitation due to T

) 3 7 A rotation speed of — rpm was selected in line
with general pharmacopoeial practice since no major change in tablet dissolution profile was
observed with a range of basket rotation speeds. In terms of dissolution medium, [ T was
selected in light of solubility and ionic strength considerations. The solubility of darifenacin
hydrobromide in J was — og/mL.

Table 87. The Sponsor’s Proposed In-Vitre Dissolution Acceptance Criteria

Test Time Amount Dissolved (Q))
| (houry)
L {Indrviduals) L; (Mean) L, {Individuals)
1 10 to 30%
b 56 to 76" 1
24 > B5%

s The sponsor’s proposed in-vitro dissolution specification is acceptable,

The specification ranges are based on the release data of batches used in Phase 2/3 clinical trials
and stability data, -7 obtained from tablets manufactured by the proposed
commercial process. The release data of = batches of the 7.5 mg ER tablets and ~ batches of the
15 mg ER tablets were submitted. However, only the data from - batches of the 7.5 mg and 4
batches of the 15 mg were evaluated since the rest of the batches were either film-coated but not
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over-coated with a clear film-coat, or they were manufactured from sites other than the proposed
sites for the U.S. supplies.

Release Batches Time Point (hr) | Darifenacin 7.5 mg | Darifenacin 15 mg

1
8

Stability Batches

Dari 7.5 mg Dissolution Rate

Batch No Site of Time Point @ | Time Point @ | Time Point @
Manufacture 1 hr g hr 24 hr

EPP 1014

EPP 1015 C 1| NA l

EPP 1099 L 1 | NA

N0049 Brooklyn 1023, 1040

No051 Brooklyn NA | o T
N0057 Brooklyn NA '

Dari 15 mg Dissolution Rate
Batch No Site of BE Study Time Point @ | Time Point @ | Time Point @
Manufacture 1 hr 8hr 24 hr

EPP 1016 r 1 1045 ;

N0O53 Brooklyn NA |

NO0S5 Brooklyn 1023, 1033, ‘
1045 !

NOO59 Brookiyn NA

The mean release data for batch N0053 (15 mg) did not meet the acceptance criterion at 8 hours,
However, the mean data for the core tablets and the registration stability data for this batch were
within the acceptance range.

Figure 39. Basketsat — rpm — at.—7pmin A for Darifenacin
Hydrobromide 7.5 mg MR Tablets,
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Figure 40. Dissolution Profiles for Darifenacin Hydrobromide MR Tablets, in ¢
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F. Analytical Methods

The method for analyzing darifenacin and UK-148,993 in plasma utilized — for sample

preparation with separation and detection of the analytes and internal standards by & J
The analytical procedure employed . { } . .
1 The overall method precision

values for the analysis of plasma QC samples (CV’s) were [ T for
darifenacin at target concentrations of 0.15, 3, 7, and 20 ng/mL (1:5 dilution), respectively and
L 1 for UK-148,993 at target concentrations of 0.3, 6, 14, and 40 ng/mL,

respectively. The mean accuracy for the assay at all concentrations ranged from 9.5 to 12.0 % for
darifenacin and -11.3 t0 9.0 % for UK-148,993. The lower limit of quantification for darifenacin
and UK-148,993 concentrations in plasma was -— ng/mL and ~— 1g/mL., respectively. The
upper limits of the calibration were ~—1g/mL and —ng/mL for darifenacin and UK-148,993,
respectively. '

Iv. Appendix
A Cover Sheet and OCPB Filing/Review Form
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

Ganeral Information About the Submission

Information Information
NDA Number 21-513 Brand Name Enablex
QCPB Division (1, i, 1) DPE Il Generic Name Darifenacin Hydrobromide
Medical Dlvision DRUDP Drug Class M;-selective muscarinic receptor
antagonist
OCPB Reviewer Myeng-Jin Kim Indication(s) Treatment of Overactive Bladder
OCPB Team Leader Ameeta Parekh Dosage Form Extended Release Tablet
Dosing Regimen 7.5 mgM5 mg QD
Date of Submission 03-DEC-2002 Route of Administration Oral
Estimated Due Date of OCPB Sponsor Novartis Pharmaceuticals
Review Corporation
PDUFA Due Date Priority Classification 18
Division Due Date

Clin. Pharm. and Biopharm. Information

“X" if included at | Number of Number of Critical Comments If any
filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables,
data, etc. .
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bicanalytical and X
Analytical Methods
I._Clinlcal Pharmacology
Mass bhalance: X 1
Isozyme characterization: X
Blood/plasma ratio: X 1
Plasma protein binding: X 5
Pharmacokinetics (e.g., Phase ) -
Healthy Volunteers-
single dose: | X 9
multiple dose: | X 7
Patients-
single dosa: | X
multiple dose: | X
Dose proportionality -
fasting / non-fasting single dose: | X
fasting / non-fasting multiple dose: | X
Drug-drug interaction studies -
In-vivo effects on primary drug: | X 7
In-vivo effects of primary drug: | X 7
In-vitro: | X 5
Subpopulation studies -
ethnicity:
gender:
pediatrics:
geriatrics: | X 2
renal impairment: | X 1
hepatic impairment: § X 1
PD:
Phase 2: | X
Phase 3: | X 4
PK/PD:
Phase 1 and/or 2, proof of concept: | X 8
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Phase 3 dlinical trial: X 11
Population Analyses -
Data rich:
Data sparse: | X 4
I. Blopharmaceutics
Absoluts bioavailability: X 2
Relative bioavailability -
solution as reference; | X 1
altemats formulation as reference: | X
Bloequivalence studies -
traditional design; single / multi dose: | X 9
replicate design; single / multi dose: | X
Food-drug interaction studies: X 7
Dissolution: X
(IVIVC): X 2
Blo-wavler request based on BCS
BCS class
lil. Other CPB Studies
Genotypel/phenotype studies: X
Chronophammacokinetics
Peadiatric development plan
Litorature References
Total Number of Studies 87
Filability and QBR comments
X if yes Comments
Application filable ? X Reasons f the application is pot filable {or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?
Comments sent to firm ? Comments have been sent to firm {or attachment inciuded). FDA letter date
if applicable.

QBR questions (key issues to be
considered)

What are basi¢c PK (ADME) characteristics of darifenacin?
How does PK of ER formulation compare with IR formutation?

What Is the basis for dose-selection?

How Is exposure-response (efficacy and safety) relationship characterized?

Is there a PK/PD relationship for efficacy and safety parameters?

Is PK altered by various intrinsic and extrinsic factors?

Is dose adjustment needed In special populations, based on CYP2D6 genotype or
with concomitant medications, particularly in the presence of CYP3A4 or CYP2D6
inhibitors?

Is to-be-marketed formutation bicequivalent to clinical trials formulation?

Other comments or information not
inciuded above

The to-be-marketed and clinical trial formulations are linked via multiple-dose BE

studies. This will be a review issue,

At the Pre-NDA meeting on June 8, 2002, the following requests were made by the

Clinical Pharmacology and Biopharmaceutics to submit the following information

with the original NDA:

*  The solubility and permeability data of darifenacin hydrobromide.

*  The CYP2D6 genotype/PK/PD assessment to address the exposure response in
terms of safety and efficacy; these data could be submitted to the Ctinical
Pharmacoiogy section In ASCIl or SAS format.

Please submit these data for review. If these data have been already submitted with

the original NDA, please provide the location of these data in the NDA submission,

Primary reviewer Signature and Date

Secondary reviewer Signature and
Date

CC: NDA 21-513, HFD-850 (L. Lesko, S. Huang), HFD-380 (Z. Li, M. Hirsch), HFD-870 (A. Parekh, H. Malinowski,

7. Hunt), CDR (B. Murphy)

CPB Briefing attendees on 09/29/03: S.Al-Habet, D.J.Chatterjee, M.Hirsch, 5-M. Huang, V. Jarugula, L. Kenna, I.Lau,
J.Lazor, P.Lee, L.Lesko, Z.Li, H.Malinowski, S.Nallani, A. Orencia, 5.0ritz, A Parekh, C. Sahajwalla.
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Filing Memo

Clinical Pharmacology and Biopharmaceutics Review

NDA: 21-513
Compound: Darifenacin Hydrobromide
Sponsor: Pfizer Global Research & Development

Date: 17-JAN-2003
Reviewer: Myong-Jin Kim

Background:

Darifenacin hydrobromide is an M3-selective muscarinic receptor antagonist which has been
developed for the long-term treatment of overactive bladder. The sponsor is seeking approval of
an extended release (ER) once a day matrix tablet formulation of 7.5 mg and 15 mg dosage
strengths.

Formulations:

Seven (7) ER tablet formulations were used during the course of the darifenacin clinical program
(4 h release, 8 h release, fast-releasing, slow-releasing, early clinical research, clinical research,
and to-be-marketed). However, only data from the early clinical research, clinical research and
to-be-marketed tablets are used to support the claims made in the proposed labeling. T

- J To link these formulations of
darifenacin, BE studies of steady state exposure have been conducted between the to-be-marketed
and clinical research formulations at 7.5 mg, 15 mg, and 30 mg tablet strengths, and between the
to-be-marketed and early clinical research formulations at 30 mg tablet strength. In addition, 2
BE studies were conducted to compare to-be-marketed tablet batches made at different
manufacturing sites. A multiple-dose study design was used in these BE studies at steady state.

It should be noted that the sponsor is seeking approval of 7.5 mg and 15 mg dosage strength.

Darifenacin is proposed to be a substrate of CYP3A4, CYP2D6 and P-gp. Thirteen studies are
submitted to address DDI. CYP2Dé6 genotype and phenotype (debrisoquine Smg or 10 mg) were
determined for most subjects in the clinical program.

Three studies (2 studies with a single-dose, I study under steady state conditions) were conducted
to examine the effect of food on the PK of darifenacin following administration of ER tablets.

Recommendation:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
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Evaluation II find that the Human Pharmacokinetics and Bioavailability section for NDA 21-513

is fileable.
B
14
Myong-Jin Kim, P .D. Date
[ [~
<
Ameeta Parekh, Ph.D., Team Leader Date
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Myong-Jin Kim
10/2/03 11:36:46 AM
PHARMACOLOGIST

Ameeta Parekh

10/2/03 02:28:22 PM

BIOPHARMACEUTICS

Labeling has not been worked on at this time.



NDA 21-513 Enablex Extended Release Tablets
Darifenacin hydrobromide, 7.5 and 15 mg

Controlled Substance Staff Review

Not applicable to this application.
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