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On February 27, 2007, an Approvable letter was sent to Solvay Pharmaceuticals, Inc.
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Comments cited in the letter included labeling changes and tighter release-rate
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. On December 20, 2007, the agency notified the
— _ , the

original dissolution specifications proposed by the agency on February 27, 2007 were
recommended for the Luvox® extended-release capsules. Minor labeling
- changes/corrections were also recommended. -

On December 28, 2007, Solvay Pharmaceuticals responded to the agency’s action letter
dated December 20, 2007. The sponsor accepted FDA dissolution specifications which
were the same as the FDA proposed specifications of February 27, 2007. These
specifications were based on the pivotal lots used in clinical pharmacology studies

A ——

labeling.

. The sponsor also accepted the FDA’s recommended

The dissolution method and specifications recommended by OCP for both 100 mg and
150 mg capsules are as follows:
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A. BACKGROUND

On February 27, 2007, an Approvable letter was sent to Solvay Pharmaceuticals, Inc.
regarding NDA 22-033 (LUVOX® 100 mg and 150 mg Controlled Release capsules).
Deficiencies cited in the letter included labeling changes and tighter release-rate
specifications. On June 21, 2007 the firm responded to the deficiencies listed in that
letter. — —

B. RECOMMENDATION _ ‘ ‘
The Office of Clinical Pharmacology has reviewed the pertinent parts of the “Clinical

<<

Pharmacology”, “Drug Interactions” and the “Dosage and Administration” Sections of

NDA 22-033
Fluvoxamine Maleate Controlled-Release Tablets
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the Labeling submitted in response to the Approvable letter sent by FDA dated February
27,2007. The labeling is acceptable as revised provided an agreement is reached
between the sponsor and the Agency regarding minor corrections in the labeling (See: D
below — COMMENTS TO BE SENT TO THE SPONSOR).

,// | | - / | //

The drug release specifications proposed by the firm are not acceptable at this time ——

pr—

Therefore, the dissolution method and specifications recommended by OCP in this
review are the same as that proposed in OCP’s review of F ebruary 8, 2007 and are as
follows:

USP Apparatus 2: Paddle Method

RPMs: 50 rpm

Volume: 900 mL

Medium: pH 6.8 Phosphate Buffer
Sampling Times: 2,4, 6,8, and 12 hours
Time % Released

2 hours

4 hours: /

6 hours:

8 hours:

12 hours:

C. COMMENTS TO THE MEDICAL DIVISION

1. — n —

2. OCP recommends the adoption of the multi-point drug release specifications as
outlined in OCP’s review of February 8, 2007, and which is mentioned above.

3. OCP has made minor corrections to the labeling (See V. Detailed Labelling
Recommendations later in the review)

4. The sponsor has added © ——

'——-_/-—_A =
‘ The
medical officer is requested to look at this.

NDA 22-033
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2. Dissolution: The dissolution method and specifications for both 100 mg and
150 mg capsules are as follows:

USP Apparatus 2: Paddle Method

RPM:s: 50 rpm

Volume: 900 mL

Medium: pH 6.8 Phosphate Buffer
Sampling Times: 2,4, 6, 8, and 12 hours
Time % Released

2 hours /

4 hours: -

6 hours:

8 hours: ’

12 hours:

3. Labeling: (also see V. Detailed Labelling Recommendations later

in the review)
II1. SIGNATURES
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ce list:
DFS: NDA 22-033

HFD-860: (NooryC, BawejaR, UppoorR, MehtaM, MarroumP)
HFD-120: (GrewalR, BenderW, LaughrenT, OliverT, FossomL, KongF, Cail, ClaffeyD)

NDA 22-033
Fluvoxamine Maleate Controlled-Release Tablets
Page 5 of 35



IV. REVIEW

A. BACKGROUND INFORMATION

Fluvoxamine maleate is a selective serotonin reuptake inhibitor used for the treatment of
Obsessive Compulsive Disorder (OCD). Fluvoxamine maleate is approved as 50, 100,
and 150 mg immediate release tablets. Solvay submitted an NDA for 100 and 150 mg
controlled-release capsules on April 28, 2006. An approvable letter was sent by the

agency on February 27, 2007. The current submission responds to deficiencies cited in
that letter. LR N

—

B. CURRENT SUBMISSION

The current submission was submitted in response to the AE letter sent by the Division of
Psychiatry Drug Products. The following information was submitted by the sponsor:

——er

o Updated Labeling

NDA 22-033
Fluvoxamine Maleate Controlled-Release Tablets
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW
DRUG: FLUVOXAMINE MALEATE CR PRIMARY REVIEWER: Andre Jackson

NDA: 22033 TYPE: NDA
FORMULATION: CR CAPSULES STRENGTH: 100 MG AND 150 MG
APPLICANT: SOLVAY Submission Dates: April 28, 2006

INDICATIONS: GENERALIZED ANXIETY DISORDER
ocDh
Generic Name: LUVOX CR

EXECUTIVE SUMMARY

Fluvoxamine maleate is a selective serotonin (5-HT) reuptake inhibitor (SSRI)
belonging to the chemical series, the 2 aminoethyl oxime ethers of
aralkylketones. Fluvoxamine maleate (molecular weight 434.4) is a white or off
white, odorless, crystalline powder which is sparingly soluble in water, freely
soluble in ethanol and chloroform and practically insoluble in diethyl ether.

The mechanism of action of fluvoxamine maleate in Obsessive Compulsive
Disorder (OCD) is presumed to be linked to its specific serotonin reuptake
inhibition in brain neurons. In preclinical studies, it was found that fluvoxamine
inhibited neuronal uptake of serotonin. In in vitro studies fluvoxamine maleate
had no significant affinity for histaminergic, alpha or beta adrenergic, muscarinic,
or dopaminergic receptors. Antagonism of some of these receptors is thought to
be associated with various sedative, cardiovascular, anticholinergic, and
extrapyramidal effects of some psychotic drugs.

Three controlled clinical studies were conducted to support the indications.
The first study was a 10-week multicenter parallel group study done to support
the OCD claim involving 250 subjects. The primary end-point was the Yale-
Brown Obsessive Compulsive Scale (Y-BOCS).

The second indication generalized anxiety disorder was studied in 2 controlled
clinical trials involving 600 subjects using the Liebowitz Social Anxiety Scale
(LSAS) as the primary endpoint.

Fluvoxamine immediate release is approved as 50, 100 and 150 mg tablets.
Fluvoxamine maleate is extensively metabolized by the liver; the main metabolic
routes are oxidative demethylation and deamination. The mean plasma half-life
of fluvoxamine at steady state after multiple oral doses of 100 mg/day in healthy,
young subjects was 16 hours.



Eight phase | studies were conducted by Solvay to describe the human
pharmacology and bioavailability/bioequivalence of Fluvoxamine CR following

~ oral administration to characterize the CR dosage form. Several of these studies
were for formulation selection.

Oral bioavailability of Luvox CR is not affected by food. In a dose proportionality
study involving fluvoxamine maleate CR at 100, 200 and 300 mg/day for 10
consecutive days in 20 normal subjects, steady state was achieved after about a
week of dosing. Maximum plasma concentrations at steady state occurred within
3-8 hours of dosing and reached concentrations averaging 47, 161 and 319
ng/ml, respectively. Fluvoxamine exhibited nonlinear, dose-dependent
pharmacokinetics. As the CR dose increased over the dose range from 100 mg
to 300 mg per day, plasma fluvoxamine concentrations increased higher than
corresponding increases in dose. Over the entire 3-fold dose range, AUC(0-24h)
increased 5.8-fold and Cmax increased 5.7-fold. Females have a 62% increase
in AUC and Cmax than do males under fasted conditions.

-The relative bioavailability [Frel(%)] of the fluvoxamine CR formulation was 84%
that of the LUVOX® Tablets. The Cmax-Cmin/Cavg for fluvoxamine CR was
reduced relative to that of LUVOX® tablet.(0.77+.0.3 vs 0.91+ 0.2).

The firm completed 3 pivotal studies related to dosage form characterization for
the to-be-marketed formulation:.
1.The to-be-marketed 100mg capsule formulation was used in:

a. the multiple dose proportionality study 1141106

b. the single dose food effects study 1141107

c. the pivotal clinical studies

2.The third'study was a muitipie dose study 1098002 comparing the 100 mg
fluvoxamine CR capsule to the marketed 100 mg Luvox IR product.

RECOMMENDATIONS

1. The Clinical Pharmacology and Biopharmaceutics section of NDA 22-033
is acceptable to OCPB.

COMMENTS TO THE SPONSOR

1. Dissolution

A. Final specifications for the 100 mg and 150 mg CR capsules



Dosage form: Capsule
Strength:

: 100 mg and 150 mg
Apparatus Type: USP Apparatus 1l (Rotating Paddles)
Media: Phosphate Buffer pH 6.8
Volume: 900 mL
Speed of Rotation: 50 rpm
Sampling Times: 2,4,6,8, and 12 hours
Specifications:
Time ‘ Per Cent Release
2hr )
4 hr
6 hr
8 hr
12 hr
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INTRODUCTION

Fluvoxamine maleate is a selective serotonin (5-HT) reuptake inhibitor (SSRI) that
was approved as LUVOX® Tablets (NDA 20-243) in the US for the treatment of OCD
on 05 December 1994 and for children and adolescents on 25 March 1997.
Elan Pharmaceuticals has developed a fluvoxamine maleate controlled release
formulation designed specifically for once daily administration. The controlled
release formulation provides for release of the drug, using rate-controlling
polymers, while maintaining therapeutic plasma concentrations over the once
daily dosing interval and minimizing peak to trough fluctuations.



QUESTION BASED REVIEW
GENERAL CLINICAL PHARMACOLOGY

WHAT IS THE DEGREE OF LINEARITY OR NONLINEARITY IN THE DOSE-
RESPONSE RELATIONSHIP FOR CR FLUVOXAMINE IN STUDY 11411062

The Study was a multiple dose study done in 20 young normal adults 21-45 yrs
old. 100 mg, 200 mg, and 300 mg of fluvoxamine maleate as a CR capsule was
administered once-daily for 10 days.

Table 1. Pharmacokinetic parameters following administration of the 100 mg, 200
mg, and 300 mg of fluvoxamine maleate as a CR capsule.

Parameter CR Dose | Arithmefic sD CR Doses Ratio (%) | 90% Clon
{mg) Mean Compared from Ratio
A ANOVA

DN-AUC(0-24h) 100 8.19 3.51 [ 200 mg/100 mg 165 143, 189

{ngehr/mL) 200 13.92 707 300 mg/200 mg 118 94, 149
300 19.26 11.93 | 300 mg/100 mg 195 142, 267
DN-Cmax 100 047 0.19 200 mg/100 m 165 143, 191
(ng/mL) 200 0.81 0.40 300 mg/200 mg 114 83, 156
300 107 0.66 300 mg/100 mg 189 140, 254
*DN = Dose-normalized
Conclusion

Nonlinearity is reflected in the dose-normalized (DN) AUC(0-24h) and Cmax
values. DN-AUC and DN-Cmax increased with dose; all pairwise comparisons
were greater than one indicating nonlinearity

Over the entire 3-fold dose range, AUC(0-24h) increased 5.8-fold and Cmax
increased 5.7-fold.

ARE THE MULTIPLE DOSE KINETICS FOR THE TO-BE-MARKETED
PROTOTYPE D 100 MG CR CAPSULE SIMILAR TO THE MARKETED 100 MG
LUVOX Study 109800272

The pharmacokinetics of fluvoxamine once daily for 10 days after multiple doses
of a fluvoxamine CR 100 mg capsule formulation (Prototype D) and 100 mg
LUVOX® Tablets in 14 healthy male subjects ages 21-44 are shown below.

Figure 1. Mean Plasma Concentrations Versus Time Curve
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Table 1 .Summary statistics for log-transformed pharmacokinetic

parameters
Parameter TREATMENT A TREATMENT B
Fluvoxamine CR (Elan Prototype ‘D) LUVOX® Tablets
Geometric Mean (90%CI) Geometric Mean (90%CI)
Cmax 98.45*% (73.61, 131.66) 112.60 (85.39, 148.48)
(ng/mL) .
AUC (0-24) 1627.26* (1202.56, 2201.93) 1800.03 (1341.40, 2415.47)
(ng/mL.hr) : ‘

* p<0.05, statistically significant relative to LUVOX® tablets
The 90% CI are calculated using the antilog of the 90% CI for the log-transferred AUC and Cmax

Parameter Ratio of A/B 90% CI Lower Bound | 90 % CI Upper Bound
Cmax 0.87 80.57 94.86
(ng/mL)
AUC (0-24) 0.90 85.09 96.04
(ng/mL.hr)

A = Fluvoxamine CR (Elan Prototype ‘D’) ; B = LUVOX® Tablets '

Conclusions:

1.The relative bioavailability [Frel(%)] of the fluvoxamine CR formulation was
91% that of the LUVOX® Tablets. The mean AUC (0-24) of the fluvoxamine CR

was lower than that of LUVOX® Tablets.

2.The fluxoxamine CR formulation had a reduced Cmax, Cavg, and




Cmax-Cmin/Cavg, compared to LUVOX® Tablets. However Fluvoxamine
prototype D had Cmax and AUC(0-24) 90% Cl within 80-125% of Luvox.

WHAT IS THE IMPACT OF DIFFERING IN VITRO DISSOLUTION PROFILES
ON THE PHARMACOKINETICS OF FLUVOXAMINE 100 MG CR CAPSULES
STUDY 1141109?

The study was a single dose study comparing :

Treatment A: Fluvoxamine maleate 100 mg CR capsules formulation 1 (Fast
Batch, formulated with the intended upper in vitro release specification) and
Treatment B: Fluvoxamine maleate 100 mg CR capsules formulation 2 (Slow
Batch, formulated with the intended lower in vitro release specification).

The firm did not supply any specific formulation or dissolution data to support the
formulations. :

The Study was a single dose study done in 36 young normal adults 19-42 yrs
old.

Table 1. Point Estimates (Ratios A * 100/B), 90% Confidence Intervals, and
“ANOVA

CVs for the Primary Target Parameter Cmax as Well as for AUClast and

AUC

Point estimate A* 100/B 90% Confidence Interval  Intrasubject coefficient of
Parameter [%] [%] variation [%]
AUC 105.88 100.1-112.0 14.0
AUC,. 106.38 100.9-112.2 133
Coe 121.10 114.7-127.8 13.4

Conclusions

1.BE was not demonstrated between the two fluvoxamine CR treatments with
distinct in vitro performances.

2. The relative bioavailability of the test treatment (Treatment A 100 mg
fluvoxamine maleate CR [Fast Batch]) as determined by AUC extrapolated to
infinity was 106% that of the reference treatment (Treatment B 100 mg
fluvoxamine maleate CR [Slow Batch]).

3. The test treatment has a comparable extent of absorption (as determined by
AUC) but an increased rate of absorption (as determined by Cmax: 121%)
compared to that of the reference treatment. The median time to reach peak
concentration was reduced for the test treatment (8.5 hrs) compared to that of
the reference treatment( ~12 hrs).



BIOPHARMACEUTICS

WHAT IS THE RELATIVE BA OF THE PROTOTYPE CR CAPSULES Study
06980017

The study was an open label, single dose, five treatment, five period,
randomised, crossover comparing four fluvoxamine CR 100 mg prototype

- capsule formulations with LUVOX® Tablet 100 mg (Solvay Pharmaceuticals
Inc.). Ten subjects ages 19-32 were used in the study. Only subjects who were
phenotyped as extensive metabolisers of CYP2D6 using dextromethorphan were
included in the study to minimize the variability associated with the disposition of
fluvoxamine.

Treatments Administered

The following were the treatments:

Treatment A:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted —
formulation 1

Treatment B:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted ~
formulation 2

Treatment C:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted —
formulation 3

Treatment D:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted -
formulation 4

Treatment E:

LUVOX® 100 mg tablet, smgle dose at TO hours, fasted - Solvay
Pharmaceuticals Inc.

Figure 1. Mean Plasma Concentration Versus Time Curve
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Table 1. Comparison of the relative BA for the 4 products tested compared to
Luvox.

APPEARS THIS WAY
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Parameter TREATMENT A TREATMENTB | TREATMENTC | TREATMENTD | LUVOX® | Criteriafor
Lot No PDIS300 | Lot No PD15381 LotNo PD15362 | Lot No PD15383 Mean + a(mmﬂh'b“
Mean+ Stdev Mean £ Sidev Mean+ Sidev Mean * Sidev Sidev M@)‘
AUCINF 019960 2747.132 0UM3t 5727312688 717 725457 £ 147194 + -
{ng/mLh) 886,705 450 540" 5.
Frel (%) BRAN £31.044 | 101488224078 | 91152+ 25714 | BAOSIL344D 2B0%
Crmax 40514 18401 40611217973 | 31381215035 | 22711:0.146° 44518+
bR k7]
{ngiml)
Relalivie 10662+ 5267 1et.ea 4178 77.55+ 3395 59352800 185%
Cmef%)
Lambdaz 0054 20014 G052+ 0013 00400011 01.048 0008 0054 =
. 0.022
)
tf 13,868 + 4 660 143584182 15.207 £5.305 B8 +ae7 MR :
6254
)
fmax 5600=0.843 8.900+2025 8.000+ 1.053 12400 + 5208 4200
13814
(h}
max 1402227 270£2 2 270+23 8201585 23
difference
(hest-rel)
ACE 8844282 678,530 | 977301+ 600L824 | 838.158 + 813.578 | 702.566 £416.032 | 10086143
(npfmih} £56.971
C4h 13781945 1885+ 14.03 1857+ 11.82 13.00+7.48 1373
1303
{ngimi)
Relatve 1144123704 120.05+43.26 128.5023381 1227815831 2110%
CMh(%)

*P £ D125, stakistically significant relative to LUVCX

4 Comnparison to the criteria for acceptance was based on the individual data.

Conclusions
1.The formulations showed a prolonged tmax relative to that of the reference
product (LUVOX® tablet). The tmax for formulation D was considerably longer.

2.The relative bioavailabilities of all the formulations were all >80% relative to
LUVOX® tablet. All treatments had a C24h greater than that of >110% of
LUVOX® tablet.

3.The sponsor selected prototype D to go into further development based upon
the formulation characteristics they wanted for a CR product.

WHAT IS THE EFFECT OF FOOD ON THE TO-BE-MARKETED PROTOTYPE
D FORMULATION Study 11411072

A single-dose, three-treatment, three-period, crossover study was conducted in
28 healthy volunteers, 15 males and 13 females ages ages 20-44.

10



Each subject received a single dose of fluvoxamine maleate 100 mg in the
form of a LUVOX tablet, a fluvoxamine maleate CR capsule under fasted
conditions and fluvoxamine maleate CR capsule under fed conditions.

Each subject was phenotyped to assess metabolic status of CYP2D6 using
dextromethorpan. Both extensive and poor metabolizers were enrolled into this
study.

Figure 1. Mean (SEM) Plasma Fluvoxamine Concentrations for Fed and
Fasting Fluvoxamine CR Treatments
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Table 1. Statistical Analysis Results for Fluvoxamine Pharmacokinetics
After Fasted and Fed Fluvoxamine CR Treatments

FAANS 1 UILLAS N2 8 UL T AU P UAAUIEIET. LY 23 LA I E8.

Ratic (%)
Least Squares Mean Treatments from 0% Cl on
Parameter Treatment from ANOVA' Compared ANOVA Ratio
AUC(0-inf) CR Fed 784.83 CR FediCR Fast” 110 102, 118
{ngshrimi) CR Fasted 71470
Cmax __CRFed 2538 CR Fed/CR Fast 11 100, 124
L) CR Fasted 2282

Least Squares Mean values based on 28 subjects.
“ANOVA results indicated statistical significance {p<0.05).
Supporting Documentation: Tabte 10.2.3

Conclusion: :
Food has no effect on the BA of Luvox CR capsules.

THE STUDY 1141107 WAS DESIGNED WITH MALE AND FEMALE SUBJECTS SO THE DATA
WERE FURTHER ANALYZED TO ADDRESS THE QUESTION OF GENDER
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WAS THERE AN EFFECT OF GENDER ON THE LUVOX CR FORMULATION
Study 1141107?

Table 1. Mean (SD) Results for Fluvoxamine Pharmacokinetic Parameters
Based on Gender

Treatment
Parameter Gender LUVOX Fluvoxamine CR Fluvoxamine CR
Fasted Fasted Fed
AUC|D-inf)y® Female 115047 (817.80) 1013.84 (573.86) 1050. 17 (520.80)
ngehrimL) | - Male 763.67 (363.90) $26.36 (187 45) 725.62 {305.20)
Cmax® Female 48,88 (21.28) 33 58 (20.71) .41 (17.07)
{ng/mL) Male 37.72 {16.38) 18.88 (5.01) 23,868 {10.61)

" Tmax Female 7i4-18) 14 {7-24) 17 (10-36)
{hr) Maie 8{4-8) 10 (7-30)_ 14 (7-24)
T2 Female 15 .44 (2.88) 18.53 (2.55) 168.14 2.71}3

{hn} Male 10.41 (2.58} 16.11 (2.83) 15,74 {3.0D)

; Asithmetic mean based on 28 subjects (15 males and 13 females).
For Tmax: Range {minimum-maximum) values depicted instead of SD.

? ANOVA results indicated a statistical significance (p<0.05) between gender when female and maie
vailues were pooled together from the three treatments. No stalistical analyses were conducted for
Tmax and T1/2 for gender.

Conclusion

1.Under single-dose conditions, a gender effect was demonstrated. Fluvoxamine
exposure, i.e., AUC and Cmax, were both significantly increased by 62% for
female subjects compared to male subjects.

WHAT IS THE EFFECT OF —— BOTTLE PACKAGING VS
— PACKAGING ON THE BE OF THE TO-BE-MARKETED PROTOTYPE
D FORMULATION STUDY 03000027

RATIONALE- '

The dissolution of the product packaged in ——  oottles following 6 months
storage at 25°C/60% RH did not meet the proposed release specifications for
this product. This study was designed to evaluate the in-vivo performance of the
fluvoxamine CR capsule product in both packaging configurations after storage
for at least 9 months at 25°C/60%RH, in order to support dissolution shelf-life
specifications wider than the proposed release specifications for this fluvoxamine
CR capsule product.

A single dose, 2-treatment, 2-period, crossover study was done to establish the
bioequivalence between the fluvoxamine 100mg CR capsule product packaged
in «—— bottles with fluvoxamine 100 mg CR capsule product packaged in

——————)

The sfudy was done in 22 males ages 19-45.
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Figure 1. MEAN PLOT .
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Table 1. Log-transformed Pharmacokinetic Parameters Geometric Mean
(n=22 subjects) Summary Pharmacokinetic Parameters

FT’&rameter Treatment A - Traatmont § -
— ' Count
Cmax 21.79 17.70*

{ng/mi)

90% ClI 89-95
AUClast 542 10 538.73
(ngéml.b)

9% Cl . 91-108

AUCall 554.16 553585
(ng/mi.h)

90% CI 82 — 108
AbUCinf 565.10 " 565.64

(ng/mi.h)
90% Cl 92-108

* P =0.03, statistically significant differen

Conclusions

1. Statistical analysis of the log-transformed parameters demonstrated that the
90% confidence intervals comparing the capsules packaged in bottles and
— . were within 80-125% in terms of AUC but not in terms of Cmax.

13



FORMULATIONS

Table 1. Quantitative and qualitative formulas.

Target 100 mg Target 150 mg .
Component Material wu;:;w.m myuglmm "Function and Ref.
Fiuvoxamine Majeate 00mg | 150mg Active Ingredient.
| ] Solvay DMF
Telc ] '

{
f {
>
:

1

Copolymer Typs B I

{sugar spheres)

P e

| _HordGetatin Gopauke | For Encapeustion | ForEncapsulstion | For Encapsutaton

—
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DISSOLUTION DATA

Firms Proposed Dissolution Method and Specifications:

Dosage form: Capsule
Strength: 100 mg and 150 mg
- Apparatus Type: USP Apparatus H (Rotating Paddies)
Media: Phosphate Buffer pH 6.8
Volume: 900 mL -
Speed of Rotation: 50 rpm
Sampling Times: 2,4,6,8, and 12 hours
Time (hour) Percent : Purpose
(%)Release
2
4

3 t
3 .
12 / /

NMT=Not more Than, NLTfNotiess than

3 PANEL 6.5.1
g Release Data — Prototype Biostudy Batches — Biopharmaceutical Lots
i da;:: Dizsoution Medar o Tlne Units Aange =
i and . Lot ) r remp i {Hours} Testes n e Mean M!;V
i Cmpsule 100 | POAS363 USPH | Phosohate Butfes pH EY as Net2 CEN 32 e
o - i had 1 as =3
FLPCHOSC 2 =7 130
4 516 X3
Mo 400 : 10 23
2 27 47
10 © s 4£
= 1028 18
Copsuie 190 | PO15538 | USPH | Phospicate BulterpH S0 pem as Ntz T s 218
mo - a2 1 a3 126
I LATHST 2 355 -1
4 538 74
Methad 40073 3 754 43
a 253 38
16 923 28
22 - 1008 22
* Used in siudy DB98001.
*Used in study 1088002: this baltch is supported by a formal stahbility program on let PD15383. The compasitien and manufachring process is
equivalent for both batches. ’

Lot number PD 15538 was used in Study 1098002 which compared Fluvoxamine
CR to 100 mg Luvox ‘
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ELTRCITET TP R

B gy

anzSheength, | N ; C
Capule 10mg | DES2S2 waP T Fhosphiste
Sufler i 6.8
IPPCAO T

Al used in shud

T

Release Data —~ CTM Batches”

y S1143104; Datches were realiocated Fom piwolal SEbiiily For USE 85 chnical SUpply.

Lot number DE 5252 was used in PK studies $S1141106 and S1141107

PANEL 6.5.7
] Release Data — CTM Batches*
Dok ipe Form Tk THacaTon emer Tpeed o CofeTsion RS
ana rvperat Time Testen Range % Reense
Meihodop {Hoursy asee | Max 1 Mhean [+1"3
Cacsule 150 mg DES188 - UEP B Prxcaphste SufMer Y 1 Neb 2.9 9.9
pH &R 2 i =T 253
XPP10232r30 FLreEnSC % 211 2.0
3 547 2.8
s To8 et
10 a2 2.4
2 w2 21
Cassule 150 mg DES207 usP N Pricaphaie Suffer S0 T 1 Ne§ T 32 s2.0
pHES 2 127 | =2
KPP1003273-0 FTLCLLET + 436 8.0
s BT 6.9
3 & a1
1 E- ¥ 22
) 2 : 261 a5
Capsule 150 mg DEEZIS usPa Phosphate Sulfer 50 rpm 1 Neb B 34 4T3
pHES z 1 75 s7.9
XPPHOO3213-0 LS 2 \ %5 1.5
5 L 57 £.8
8 725 123
1a 853 7.0
2 ! i o1t 3.3

"All used in shxly S1143104;

. were reaflocated from pivotal stability for use as clincal supply.
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Lots DE5188, DE5207 and DE5208 were all used in the Clinical study S1143104
for obsessive compulsive behavior.

CapsuleS0mg | DEGEMD | USPU | PhosphaieBuffer | S0rmm 1 N=8
pHES )
XFCHI007/0 SOCHFC 4
8
8
10
12

34
23
458
845
7.8
8y
a7

54
71
48
47
17
21
18

Lot DE6890 was used in the Clinical study $1143107
ANALYTICAL SECTION

Assay Validation - Fluvoxamine

Parameter | Fluvoxamine

Method LC\ Mass Spectrometric \
Mass Spectrometric Detection

Number of |4 Cycles

Freeze- QC'’s 4ng/ml, 800 ng/mli

thaw

Benchtop 4 hrs

Stability at

RT

Long term | 8 WEEKS

at-20°C

Extraction 114% @ 0.5 ng/ml

Recovery 126% @ 2 ng/ml

Low 114% @ 1000 ng/mi

High Internal standard 91%

17



L N ]

(] ¥ 7 7 7 ¥ ¥ 7 ¥
Mean | 11483 | 12892 | 10179 | 19780 | 11831 | 163 | 11671 | 1448
D 7o | 1238 | T84 478 558 316 54 o
%oV | 180 | 980 | 7T | 405 | 4w 14 487 7.80

FIRM’S PROPOSED LABEL
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APPENDIX
DETAILED STUDY REPORTS

Study-51141106-The Multiple-Dose Pharmacokinetics of Fluvoxamine

TITLE: The Multiple-Dose Pharmacokinetics of Fluvoxamine in Healthy Male
Volunteers After Administration of 100-, 200- and 300-mg Once-Daily Dose
of Fluvoxamine Maleate in Controlled-Release Capsules

STUDY INITIATION DATE: 21 June 1999

STUDY COMPLETION DATE: 6 August 1999

STUDY OBJECTIVES

To determine the multiple-dose pharmacokinetics and dose proportionality of
fluvoxamine after once-daily administration of 100 mg, 200 mg, and 300 mg of
fluvoxamine maleate as a CR capsule in healthy male subjects.

To evaluate safety and tolerability of multiple-dose administration of fluvoxamine
CR

capsule in healthy male subjects.

Overall Study Design and Plan - Description

This was an open-label, ascending, multiple-dose study to determine the
pharmacokinetics and dose proportionality of 100 mg, 200 mg, and 300 mg
fluvoxamine maleate after administration of fluvoxamine maleate CR capsules.
The '

study was conducted in healthy male subjects.

METHODS
Demographics

APPEARS THIS WAY
ON ORIGINAL
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Fluvoxamine Plasma Sample Collection and Handling

Whole blood samples (7 mL) were obtained priorto and at 1, 2, 3, 4, 5, 6, 7, 8,
9,10, 12, 14, 16, 20, and 24 hours after administration of the 100 mg and 200 mg
doses of fluvoxamine maleate CR on Days 7 and 17, respectively. On Day 27,
blood samples were obtained prior to and at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14,
16, 20, 24, 48, 72, and 96 hours after administration of the 300 mg dose of
fluvoxamine maleate CR.

In addition, predose blood samples were collected on the mornings of Days 1, 5,
8, 15, 16, 25, and 26 prior to drug administration. A total of 58 blood samples
(total volume 406 mL) were obtained by venipuncture from each subject for
pharmacokinetic analysis.

Pharmacokinetic Data Analysis

The following pharmacokinetic parameters were determined for fluvoxamine at.
the 100 mg, 200 mg, and 300 mg per day dose levels using observed data and
noncompartmental methods. All pharmacokinetic samples were collected within
the allowable time deviation (013 minutes) set in the protocol, subsequently
nominal

times were used for all pharmacokinetic parameter calculations.

Othe individual subject and mean plasma concentrations of fluvoxamine

Dthe area under the plasma concentration-time curve within a 24-hour dosing
interval after multiple dosing, AUC(0-24h), was calculated by applying the linear
trapezoidal rule up to Tmax and the log-linear trapezoidal rule thereafter

{the area under the plasma concentration-time curve, AUC(0-last), up to the last
observable concentration, Clast, attime, tlast, was calculated by applying the
linear trapezoidal rule up to Tmax and the log-linear trapezoidal rule thereafter
Othe terminal rate constant, Kel, was based on concentrations that were judged
to be in the terminal phase upon visual inspection and examination of residuals
by log-linear regression (a minimum of three points were used in the estimate)
Othe area under the plasma concentration-time curve extrapolated to infinity,
AUC(0-inf), was estimated by the following equation for the 300 mg/day dose:
AUC(0-inf) = AUC(0-last) + Clast/Kel Jthe percent of AUC(0-inf) extrapolated,
%AUCext, was estimated by the following equation for the 300 mg/day dose:
%AUCext = [AUC(0-inf) - AUC(0-last)JAUC(0-inf) 0100
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Othe maximum plasma concentration of the drug, Cmax, and the time of its
occurrence, Tmax

Otime required to achieve steady state conditions

Othe minimum plasma concentration, Cmin, regardless of sampling time

Othe mean plasma concentration within a dosing interval, Cav, was estimated by
the following equation (where (0= dosing interval of 24 hours):

Cav = AUC(0-24h)/0

Statistical Analysis of Pharmacokinetic Parameters

Descriptive statistics (sample size “n”, arithmetic mean, geometric mean,
standard deviation “SD”, standard error of the mean “SEM”, coefficient of
variation, minimum, and maximum) were provided for the pharmacokinetic
parameters. Steady state conditions were assessed within each dose level using
an ANOVA repeat-measures model with fixed effects for day and repeated effect
for subject. Predose concentrations for each dose (Days 5, 6, and 7; or 15, 16,
and 17; or 25, 26, and 27) were used in the analysis. Concentration data was
natural logtransformed for the analysis.

The primary endpoint in this study was the relationship between the
pharmacokinetic parameters for fluvoxamine and the dose of fluvoxamine
maleate. The endpoint was evaluated by 1) determining the extent of
pharmacokinetic differences between fluvoxamine maleate CR doses using
analysis of variance (ANOVA) methods, and 2) determining the dose
proportionality of AUC and Cmax using orthogonal linear and quadratic contrasts
incorporated into the ANOVA model. The general form of the statistic model
employed for analysis of the pharmacokinetic parameters was an

ANOVA with fixed factor for dose and repeated factor for subject. AUC and Cmax
were natural log-transformed for analysis. Differences between dose were tested
using contrasts in ANOVA and expressed as ratios with 90% confidence intervals
of the higher dose to the lower dose. The 90% confidence intervals were
generated using a standard t-test confidence interval approach. Dose
proportionality was assessed using linear (-1, 0, 1) and quadratic (-1, 2, -1)
contrasts on the dose.

P-values and 95% confidence intervals of the contrast estimates were presented.
The analysis was produced using PROC MIXED in SAS with an unstructured
covariance matrix. An effect in the analysis was considered significant if the p-
value was less than 0.05. Both dose-normalized and log-transformed AUC and
Cmax were analyzed.

The time to reach the maximal observed concentration, Tmax, was analyzed
using descriptive statistics.

Assessment of Steady State

Analysis of trough concentrations on Days 5-7 (100 mg), 15-17 (200 mg), and
25-27 (300 mg) demonstrated that fluvoxamine achieved steady state prior to the
final dose administration from which pharmacokinetic parameters were
calculated.
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Initially, steady state was attained after five consecutive days of once daily 100
mg fluvoxamine CR administration. Plot 1 illustrates individual and mean
fluvoxamine trough values for Days 5-7, 15-17, and 25-27. Individual trough
concentrations and statistical analysis for steady state (i.e., p-values) are located
in Tables 10.2.2 and 10.2.5, respectively.

Clinical study began: July 7, 1999
Sample analysis completed: November 22, 1999
Longest Possible Storage-139 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL
Linearity (Standard curve | 0.5-1000 ng/ml
samples) :
Quality Control (QC) 14, 120, & 600 ng/mL
Samples
Precision of Standards 2.7 %@0.5 ng/mi
(%CV) 4.5%@ 1000 ng/ml
Precision of QC Samples | 16.6%@4 ng/ml
(%CV) 9.9%@120 ng/mi
: 9.5%@ 600 ng/mi
Accuracy of Standards (%) | 99%@0.5 ng/mi
o 103%@ 1000 ng/mi
Accuracy of QC Samples | 102%@4 ng/ml
(%) - 96%@120 ng/ml
96%@ 600 ng/ml
RESULTS

Mean (SEM) Plasma Fluvoxamine Concentrations on Day 7 (100 mg),
Day 17 (200 mg), and Day 27 (300 mg)

APPEARS THIS WAY
ON ORIGINAL
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—o— Day 7 (100 mg)
i —o— Day 17 (200 mg)
150 ] —w— Day 27 (300 mg)
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Statistical Analysis Results on Multiple-Dose Pharmacokinetic
Parameters: AUC(0-24h) and Cmax

Parameler CR Dose | Arithmetic SD CR Dozes Ratio 90% Cl on

{mg) Mean Compared | (%)from |  Ratio
: ANOVA

AUC{0-24h) 100 81854 | 35062 | 200 mo/100ma | 329 286, 379
(ngehrfml) 200 | 278342 | 141363 | 300 mg200mg | 177 140, 24
300 | 577772 | 357976 | 300 mo/i00mg | 584 126, 800
Cmax 10| 4738 1945 | J00 331 286, 383
(ng/mL) 200 161.714 8024 | 300 171 125,235
300 31949 | 19799 | 300 mg/100mg | 566 121,761

Fluvoxamine exhibited nonlinear, dose-dependent pharmacokinetics. As the CR
dose increased over the dose range from 100 mg to 300 mg per day, plasma
fluvoxamine concentrations increased higher than corresponding increases in
dose.

This is reflected in the mean steady state AUC(0-24h) and Cmax values the
Table

Over the entire 3-fold dose range, the ANOVA indicated that AUC(0-24h)
increased 5.8-fold and Cmax increased 5.7-fold. Initially over the lower end of the
dosage range, as dose doubled from 100 mg to 200 mg fluvoxamine CR per day,
AUC(0-24h) and Cmax increased 3.3-fold. Over the upper end of the dose range,
the deviation from dose proportionality was less. As dose increased 1.5-fold from
200 mg to 300 mg, AUC(0-24h) increased 1.8-fold and Cmax increased 1.7-fold.

Fluctuation of fluvoxamine (peak to trough concentrations) within the dosing
interval remained relatively constant across the 100 mg, 200 mg, and 300 mg
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doses at 70% to 80%. Tmax values were similar across the CR doses, but
variable when comparing individual values within the same CR dose indicated by
mean (range) values of 9 (1-16), 9 (2-24), and 11 (1-24) hours for the 100 mg,
200 mg, and 300 mg CR doses, respectively. Oral clearance (CLss/F) and T1/2
mean (SD) values for the 300 mg dose were 1.15 (1.99) L/hr/kg and 29.97

(21 02) hours, respectively.

PANEL 7.3. Statistical Analysis Results of Key Phamnacokinetic

Paramelers for Dose Propoctionality
o Ratis (%)

: CRDgse | Aimelk CR Doecs fom | %0%Clan
| __Paramedy fma) | Meaw | SO | Covpared | ANCNWA | Ratio
DH-ALCID-24n} ihh # 16 181 | W entifii mo 168 1 1R

figeheml) | 200 Be | 7 |moMime] 8 4 i
) k1] 10X | 19 [ mej 185 12 77
DNCax | 100 | 047 | 019 [omomyilomg | tes | 13191 |
{nigmt) 20 081 140 | Mmyimg | 114 1%
300 17 66 | myfomg| 189 | N2 |

'DN Dose-nomalized

Deviations from linearity were statistically significant over the entire dose range
of 100 mg to 300 mg indicated by an increase in DN-AUC(0-24h) and DN-Cmax
of 2-fold and 1.9-fold, respectively.

Comment:

1. Nonlinearity is reflected in the dose-normalized (DN) AUC(0-24h) and Cmax
values. DN-AUC and DN-Cmax increased with dose; all pairwise comparisons
were greater than one indicating nonlinearity (Panel 7.3). -

2. Statistical significance regarding nonlinearity was also evident in the low dose
range comparison of 100 mg to 200 mg with DN-AUC(0-24h) and DN-Cmax
increasing 1.7-fold. The upper dose range comparison of 200 mg to 300 mg,
although not statistically significant, had evidence of nonlinearity with an increase
of 1.2-fold and 1.1-fold for DN-AUC(0-24h) and DN-Cmax, respectively.

Study 1098001~ Study to Determine the Pharmacokinetics of Fluvoxamine
After Multiple Doses of a Fluvoxamine CR 100 mg Capsule (Prototype C)

TITLE: A Pilot Study to Determine the Pharmacokinetics of Fluvoxamine After.
Multiple Doses of a Fluvoxamine CR 100 mg Capsule (Prototype C) and a 100
mg LUVOX® Tablet in Healthy Male Volunteers

STUDY INITIATION DATE: 13 November 1998
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STUDY COMPLETION DATE: 20 December 1998

STUDY OBJECTIVES

To determine the pharmacokinetics of fluvoxamine after multiple-doses of a
fluvoxamine CR 100 mg capsule formulation (Prototype C) and 100 mg LUVOX®
Tablet in healthy male subjects and to monitor the subjects for safety.

Overall Study Design and Plan — Description

This was an open-label, multiple-dose, two-treatment, two-period, balanced
randomized, crossover study to determine the pharmacokinetics of fluvoxamine
after multiple doses of a fluvoxamine CR 100 mg capsule formulation (Prototype
C) and reference tablet. The study was conducted in healthy male subjects.
Sixteen (16 ) subjects were planned for this study, with a minimum of 12 subjects
expected to complete both treatment periods. Only subjects who were
phenotyped as extensive metabolizers by CYP2D6 using dextromethorphan
were included in the study to minimize the variability associated with the
disposition of fluvoxamine. The duration of the study was approximately 30 days
from Day 1 of administration.

Sixteen (16) healthy subjects were planned to receive fluvoxamine 100 mg/day in
the form of either LUVOX® Tablets or as CR Capsule Formulation Prototype C -
for 10 consecutive days. Each subject was confined to the clinic for the duration
of each treatment period (Days -1 to 12 and Days 17 to 29).

A light supper was provided at approximately 21.00 hours. On the morning of
Days 1-10

and 18-27, each subject was administered a_100 mg dose of fluvoxamine
maleate, which was swallowed whole with 180 mL of tap water. Subjects were
required to fast overnight until four hours after drug administration on Days 10
and 27. Subjects were to remain upright for four hours after dosing on Days 10
and 27.

Pre-dose blood samples were collected on the mornings of Days 1to 10 and 18
to 27, prior. to drug administration.

In addition, blood samples (7 mL each) were obtained at the following times
following administration of both the reference and test treatments on Days 10
and27:1,2,3,4,5,6,7,8,9,10, 12, 14, 16, 20, 24, 30, 36 and 48 hours
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Demographic Data

Demographic Information

Trait Overall
Gender Male 12
Race Caucasian 12
Frame Size Small 1
Medium 8
Large 3
Age Mean 256
S.D. 8
Minimum 19
Maximum 43
N : 12
Weight (1b) Mean : 1€9.2
S.D. 27.5
Minimum 133.6
Maximam 222.0
N 12.0
Height (in) Mean 70.0
5.D. 3.2
Minimrm €4.6
Maximum 75.3
N 12.0

Treatments Administered

The primary objective of this study was pharmacokinetic evaluation so this study
was not blinded. The following were the treatments:

Reference Treatment : 100 mg LUVOX® (fluvoxamine maleate) Tablet

Test Treatment: 100 mg Fluvoxamine CR formulation (Prototype C)

Primary Pharmacokinetic Variables

The following pharmacokinetic parameters were derived from the plasma
concentration data: Cmax, AUC(0-24), tmax, tmin, Cmin, Cavg. For comparison
between the two treatments, Cmax-Cmin, Cmax/Cmin, Cmax-Cmin/Cmin, Cmax-
Cmin/Cavg and Frel[%] were also calculated.

Linear regression analysis was performed on the individual trough plasma
concentrations to determine whether the plasma concentrations on the
prespecified '

sampling day (Days 10 and 27) reflected steady state (Appendix

12.1.8.2). Following linear regression, data with a slope which was statistically
significantly different from zero was deemed to have not attained steady state,
otherwise steady state was assumed.

An analysis of variance (ANOVA) was performed on AUC (0-24) and Cmax
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transformed to the log base 10. ANOVA was also conducted on the
nontransformed

pharmacokinetic parameters, Cmax, AUC(0-24), tmax, tmin, Cmin,

Cavg, Cmax-Cmin, Cmax/Cmin, Cmax-Cmin/Cmin, Cmax-Cmin/Cavg, and
Frel [%] .

Bioanalytical Analysis
Screening of subjects — extent of CYP2D6 metabolism with dextromethorphan
All subjects were screened (pre-study) to establish their extent of CYP2D6
metabolism with dextromethorphan. Only healthy subjects who were phenotyped
as extensive metabolizers by CYP2D6 with dextromethorphan were included in
the study to decrease the variability associated with the disposition of
fluvoxamine. Samples were analysed for dextromethorphan and dextrorphan by
HPLC with fluorescence detection

Samples were analysed according to Test Method —, which is a procedure
recently adapted in - . from literature supplied by Solvay
Pharmaceutical, Inc., for the extraction of dextromethorphan and dextrorphan
from human urine. The method involves - e

Assay validation has been carried out over the concentration range of 0.05 -

5.0 ug/mi for dextromethorphan and 0.5 - 50 ug/ml for dextrorphan. This included
intra-day accuracy and precision, inter-day accuracy and precision, selectivity,
and recovery.

This assay has a limit of quantification of 0.05 Og/ml dextromethorphan and

0.5 ug/ml dextrorphan. The intra-assay reproducibility data for dextromethorphan
ranged from 99.31% to 111.18% across the calibration range. The intra-assay
precision for dextromethorphan measured by the coefficient of variation (%CV)
ranged from 2.03% to 14.57% across the calibration range. The intra-assay
reproducibility data for dextrorphan ranged from 99.39% to 112.74% across the
calibration range. The intra-assay precision for dextrorphan measured by the
coefficient of variation (%CV) ranged from 2.50% to 12.87% across the
calibration range.

Plasma Analysis Results
Clinical study’began: November 14, 1998

Sample analysis completed: January 7, 1999
Longest Possible Storage-54 days
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Parameter - Fluvoxamine v
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL
Linearity (Standard curve | 0.5-500 ng/mi
samples)
Quality Control (QC) 4,120, & 600 ng/mL
Samples :
Precision of Standards '3 %@0.5 ng/mi
(%CV) 6 %@ 1000 ng/mi
Precision of QC Samples | 12%@4 ng/mli
(%CV) 15%@120 ng/ml
7%@ 600 ng/ml
Accuracy of Standards (%) | 99%@0.5 ng/ml
99%@ 1000 ng/ml
Accuracy of QC Samples | 98%@4 ng/ml
(%) 98% @120 ng/ml
102%@ 600 ng/ml
RESULTS ’
Figure 1 . Mean Plasma Concentrations Versus Time Curve
’ MEAN PLOT
. 120 +
110 +
100 +
90 .
8o+
g 70+
§ o]
8 %01 =8= Fluvoxamine CR
40
30 1 B Luvox
20 4
10 +
0 } + } } t .l
216 220 224 228 232 236 240

Time(Hrs)

Table 1.Summary statistics for non-transformed pharmacokinetic
parameters
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Parameter

TREATMENT A TREATMENT B
Fluvoxamine CR LUVOX® Tablets
(Elan Prototype ‘'C’) Mean + SD
Mean £ SD
Cmax 91.85£63.67* 107.00 £ 73.52
{ng/mL})
AUC(0-24) 15643.18 + 1136.99 1738.55 + 1392.42
(ng/mL.hr)
Frel [%] 93.97 £15.77 -
(Trt AJTrt B)
Cmin 4451+ 34.78 43.76 £ 41.15
{ng/mL)
Cmax - Cmin 47.35+ 2941 * 63.23+£ 33.90
(ng/mL)
Cmax-Cmin/Cavg 085+022* 1.13+0.38
Cmax-Cmin/Cmin 132%051" 226 +1.09
Cavg 64.30 £47.37 72.44 £ 58.02
(ng/mlL)
Cmax/Cmin 2.32+051" 3.26+1.09
tmax 22490+ 1.97# 222.80 £ 2.15#%
(hr) (8.90 £ 1.97) (6.80 £ 2.15)
tmin 225.10 + 10.51# 227.30 + 11.94%
(hr) (9.1 £ 10.51) (11.3 £ 11.94)

*p<0.05, statistically significant relative to LUVOX® tablets

#Numbers in parentheses represent tmax and tmin as indicated from time of dosing on intensive
sampling day.

Table 2 .Summary statistics for log-transformed pharmacokinetic
parameters

TREATMENT A TREATMENT B
Parameter Fluvoxamine CR (Elan Prototype ‘C’) LUVOX® Tablets
Geometric Mean Geometric Mean
Cmax
(ng/mL) 70.07* 82.65
AUC[0-24)
{ng/mL.hr) 1119.04 1205.64

*p<0.05, statistically significant relative to LUVOX® tablets

Comments:
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1. The relative bioavailability (Frel [%]) of the fluvoxamine CR formulation was
92.8%(geometric means) that of the LUVOX® Tablet. The mean AUC(0-24) of
the fluvoxamine CR formulation was not different from that of LUVOX® tablets.

2. The test formulation had a reduced Cmax compared to the LUVOX® tablets.
The Cavg and Cmin of the test formuiation were not different from the LUVOX®
tablets. The Cmax-Cmin/Cavg for fluvoxamine CR was reduced relative to that of
LUVOX® Tablet.

3. There was no difference in the tmax of the two treatments tested. The tmin of
fluvoxamine CR and LUVOX® Tablets was also not different.

Study 1098002- Study to Determine the Pharmacokinetics of Fluvoxamine
After Multiple Doses of a Fluvoxamine CR 100 mg Capsule (Prototype D)

A Pilot Study to Determine the Pharmacokinetics of Fluvoxamine After Multiple
Doses of a Fluvoxamine CR 100 mg Capsule (Prototype D) and a 100 mg
-LUVOX([Tablet in Healthy Male Volunteer

STUDY INITIATION DATE: 10 November 1998

STUDY COMPLETION DATE: 09 December 1998

STUDY OBJECTIVES

To determine the pharmacokinetics of fluvoxamine after multiple doses of a
fluvoxamine CR 100 mg capsule formulation (Prototype D) and 100 mg LUVOX®
Tablets in healthy male subjects and to monitor the subjects for safety.

METHODS

DEMOGRAPHICS

PPEARS THIS WAY
A ON ORIGINAL

33



Trait Overall

Gender Male 14
Race Caucasian 14
Frame Size SBall 3
Mediuns 5
Large 6
Age Mean K3
s.D. 8
uininuns al
Maxisum 34
N 14
Weight (1b) uean 169.8
5.0. 21.1
Minisun 138.5
Haximumn 195.8
N 4.0
Height (inm) ¥ean 70.1
3.D. 2.6
Minizum 66.2
Maxisus 74.1
] 14.0

Overall Study Design and Plan — Description

This was an open-label, multiple-dose, two-treatment, two-period, balanced
randomised, crossover study to determine the pharmacokinetics of fluvoxamine
after multiple doses of a fluvoxamine CR 100 mg capsule formulation (Prototype
D) and reference tablet. Sixteen (16 ) healthy male subjects were planned for this
study, with a minimum of 12 subjects expected to complete both treatment
periods. Only subjects who were phenotyped as extensive metabolisers of
CYP2D6 using dextromethorphan were included in the study to minimise the
variability associated with the disposition of fluvoxamine. ‘

The duration of the study was approximately 30 days from Day 1 of
administration. Subjects received fluvoxamine 100 mg/day in the form of either
LUVOX® Tablets or as Fluvoxamine CR Capsule Formulation Prototype D for 10
consecutive days. Eachsubject was confined to the clinic for the duration of each
treatment period (Days -1 to 12 and Days 17 to 29).

In addition, blood samples (7 mL each) were obtained at the following times
following administration of both the Reference and Test treatments on Days 10
and 27:1,2,3,4,5,6,7,8,9,10, 12, 14, 16, 20, 24, 30, 36 and 48 hours

Pharmacokinetic Data Analysis

Non-compartmental pharmacokinetic analysis was performed on plasma
concentration data of fluvoxamine using WinNonLin-Pro Version 1.5. The data
analysis was conducted on all 14 subjects who completed the study.
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The following pharmacokinetic parameters were derived from the plasma
concentration data: Cmax, AUC (0-24), tmax, tmin, Cmin, Cavg. For comparison
between the two treatments, Cmax-Cmin, Cmax/Cmin, Cmax-Cmin/Cmin, Cmax-
Cmin/Cavg and Frel [%] were also calculated.

Statistical Analysis of Pharmacokinetic Parameters

Descriptive statistics (mean, standard deviation and coefficient of variation) were
provided for each pharmacokinetic parameter (Appendix 12.2.6.4).

Linear regression analysis was performed on the individual trough plasma
concentrations to determine whether the plasma concentrations on the pre-
specified sampling day (Days 10 and 27) reflected steady state (Appendix
12.1.8.3). Following linear regression, data with a slope which was statistically
significantly different from zero was deemed to have not attained steady state,
otherwise steady state was assumed. An analysis of variance (ANOVA) was
performed on AUC (0-24) and Cmax transformed to the log base 10. ANOVA
was also conducted on the non-transformed pharmacokinetic parameters, Cmax,
AUC(0-24), tmax, tmin, Cmin, Cavg, Cmax-Cmin, Cmax/Cmin, Cmax-
Cmin/Cmin, Cmax-Cmin/Cavg and Frel[%] i

Plasma Analysis Results

Study

Clinical study began:Nov 11, 1998

Sample analysis completed: December 18, 1998
Longest Possible Storage-37 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL
Linearity (Standard curve | 0.5-500 ng/mi
samples)
Quality Control (QC) 4, 120, & 600 ng/mL
Samples
Precision of Standards 2.5%@0.5 ng/ml
%CV) 4.3 %@ 1000 ng/ml
Precision of QC Samples | 8%@4 ng/ml
(%CV) 11%@20 ng/mi
8%@ 120 ng/ml
Accuracy of Standards (%) | 100%@0.5 ng/mi
99%@ 1000 ng/ml
Accuracy of QC Samples | 96%@4 ng/ml
(%) 100%@20 ng/mli
99%@ 120 ng/m|
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Samples were analysed for dextromethorphan and dextrorphan by HPLC with
fluorescence detection;y ———————
Samples were analysed according to Test Method TM098, which is a procedure
recentlyadaptedin ——— from literature supplied by Solvay
Pharmaceutical, Inc. for the extraction of dextromethorphan and dextrorphan
from human urine. The methodinvolves
— - Assay validation has been carried out over the
concentration range of 0.05 - 5.0 ug/ml for dextromethorphan and 0.5 - 50 ug/ml
for dextrorphan. This included intra-day accuracy and precision, inter-day
accuracy and precision, selectivity, and recovery. This assay has a limit of
quantification of 0.05 ug/ml dextromethorphan and 0.5 ug/ml .
dextrorphan. The intra-assay reproducibility data for dextromethorphan ranged
from 99.31% to 111.18% across the calibration range. The intra-assay precision
for dextromethorphan measured by the coefficient of variation (%CV) ranged
from 2.03% to 14.57% across the calibration range. The intra-assay
reproducibility data for dextrorphan ranged from 99.39% to 112.74% across the
calibration range. The intra-assay precision for dextrorphan measured by the
coefficient of variation (%CV) ranged from 2.50% to 12.87% across the
calibration range.

RESULTS
Mean Plasma Concentrations Versus Time Curve -

Fluvoxamine Bios 1098002 - QA'ed data

PLOT

120 -
_. 100 1
8
T 807
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E
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§ ~e—Fil.»mtzll_n'ﬂ«CR
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g 401
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'Y

20 T
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216 218 220 272 24 226 228 230 232 234 236 238 240
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Table 1. Summary statistics for non-transformed pharmacokinetic
parameters
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Parameter | TREATMENT A TREATMENT B
Fluvoxamine CR (Elan Prototype 'D’) LUVOX® Tablets
Mean + SD Mean * SD
Cmax © 114.87 +58.09 * 129.59 + 62.86
(ng/mL)
AUC(0-24) 1929.090 + 1048.27 * 2109.30 + 1085.63
{ng/mL.hr)
Frel [%] 91.01+10.83 -
(Trt AlTrt B)
Cmin 57.41+34.39 54.56 + 32.69
(ng/ml.)
Cmax - Cmin 5745+2740* 75.03+34.30
(ng/mL)
Cmax-Cmin/Cavg 077027 091+018
Cmax-Cmin/Cmin 1.26+ 092 1.59+0.51
Cavg 80.38+4368* 87.80+4523
(ng/mL)
Cmax/Cmin 226+092 2.59+0.51
tmax 22379+119* 222431224
{hr)
tmin 224 14 + 10.24 22479+1023
{hr) .

* p<0.05, statistically significant relative to LUVOX® tablets.

# Numbers in parentheses represent tmax and tmin as indicated from time of dosin

sampling day.

Table 2 .Summary statistics for log-transformed pharmacokinetic

parameters
TREATMENT A TREATMENT B
Parameter Fluvoxamine CR (Elan Prototype ‘D) LUVOX® Tablets
Geometric Mean Geomelric Mean
Cmax ]
(ng/mL) 98.45* 112.60
AUC{0-24)
(ng/mL.hr) 1627.26" 1800.03

* p<0.05, statistically significant relative to LUYOX® tablets

Comments:

1.The relative bioavailability [Frel(%)] of the fluvoxamine CR formulation was

91% that of the LUVOX® Tablets. The mean AUC (0-24) of the fluvoxamine CR

was lower than that of LUVOX® Tablets.

- 2.The fluxoxamine CR formulation had a reduced-Cmax, Cavg, Cmax-
-Cmin/Cavg, Cmax-Cmin and tmax compared to LUVOX® Tablets.

37

g on intensive




Study-0398002- Bioavailability of Four Elan Fluvoxamine CR 100 mg Tablet
Formulations Relative to LUVOX® 100 mg Tablet

A Single Dose Stixdy in Healthy Volunteers to Compare the Bioavailability of Four
Elan

Fluvoxamine CR 100 mg Tablet Formulations Relative to LUVOX® 100 mg
Tablet (Solvay

Pharmaceuticals Inc.)

STUDY INITIATION DATE: 09 July 1998
STUDY COMPLETION DATE: 02 September 1998

INTRODUCTION

Elan Pharmaceutical Technologies is developing a once-daily formulation of
fluvoxamine maleate (fluvoxamine CR). Currently, doses of fluvoxamine maleate
greater than 100 mg are dosed twice daily. Elan’s controlled release formulation
will facilitate once daily dosing resulting in ease of titration and patient
compliance. This is one of the pilot studies to evaluate four tablet formulations.

STUDY OBJECTIVES

The objectives of this study were:

0To compare the bioavailability of four Elan fluvoxamine CR 100 mg prototype
tablet formulations relative to LUVOX® 100 mg Tablets.

{To characterize the plasma concentration profile of the CR formulation
compared to LUVOX® Tablets.

OTo ensure the safety of the test formulations by monitoring the volunteers for
adverse events. '

Overall Study Design and Plan - Description

The study was an open label, single dose, five treatment, five period,
randomised, crossover comparing four Elan fluvoxamine CR 100 mg prototype
tablet formulations with LUVOX® Tablet 100 mg (Solvay Pharmaceuticals Inc.).
Fifteen (15) subjects were planned to be dosed as one group to ensure
completion of ten (10). All subjects were screened to exclude poor metabolisers
of CYP 2D6 using dextromethorphan, in order to minimize the variability in the
disposition of fluvoxamine. The duration of stay in the clinic was approximately
16 hours prior to dosing and 96 hours after dosing with a ten day

washout interval between each treatment period. The total duration of the study
was approximately 45 days from Day 1 of administration.

During each treatment period of the study, subjects received either one of the
Elan 100 mg fluvoxamine CR prototype tablets or one LUVOX® 100 mg Tablet
(SolvayPharmaceuticals inc.) according to the table of randomisation (Appendix
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12.1.5). Subjects were required to remain sitting or ambulatory for four hours
after dosing. At a designated time between 0800 and 1000 hours to be called TO,
the study drug was to be administered with 240 ml of tap water after at leasta 10
hour overnight fast. Lunch was to be served at T0+4 hours, an evening meal at
TO+9 hours, and a light supper at TO+12 hours. Breakfast, lunch, dinner and
supper were provided at approximately 09.30 hours, 13.00 hours, 18.00 hours
and 21.00 hours respectively on Days 2, 3 and 4. The same daily menu was to
be followed in each treatment period.

Disposition of Subjects :
Ten male subjects were enrolled in the study. All subjects were extensive
metabolisers of dextromethorphan.

Demographics
Subj. No: V.No: Seguence Age Height Weight Frame Smoker Sex

1 1367 DCEBA 36 181 88 Large Yes MALE
2 758 CBDAE 32 180 875 Large Yes MALE
3 1387 EDACB 37 176 83 Large Yes MALE
4 1352 EADBC 24 186 832  Medium  Yes MALE
5 1383 ABECD 35 1935 102 Large Yes MALE
7 1361 AEBDC 36 1845 80 Medium No MALE
9 243 EDACB 22 180.5 775  Medium No MALE
12 1015 AEBDC 23 181 77 Medium  Yes MALE
13 13711 DECAB 123 181 69 Small No MALE
14 %0 BACED 23 187 89" Large Yes MALE

The following were the treatments:

Treatment A : 100 mg fluvoxamine CR tablet formulation, single dose at TO
hours, fasted -

Treatment B : 100 mg fluvoxamine CR tablet formulation, single dose at TO
hours, fasted -

Treatment C : 100 mg fluvoxamine CR tablet formulation, single dose at TO
hours, fasted -

Treatment D : 100 mg fluvoxamine CR tablet formulation, single dose at TO
hours, fasted - '

Treatment E : LUVOX® 100 mg Tablet, single dose at TO hours, fasted - Solvay
Pharmaceuticals Inc.

Plasma Sampling
Venous blood samples (5Sml) were to be obtained via an indwelling cannula or by
direct venepuncture of the ante-cubital veins at the following times following each

drug administration for a total of 21 samples:0 (predose), 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 12, 14, 16, 20, 24, 30, 36, 48, 72 and 96 hours.
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Pharmacokinetic Data Analysis '
Non-compartmental pharmacokinetic analysis was performed on plasma
concentration

data of fluvoxamine using WinNonLin-Pro Version 1.5. The data analysis was
conductedon all 6 subjects who completed the study. The following
pharmacokinetic parameters were derived from the plasma concentration

data: AUC(0-=), Frel [%], CmaXx, tmax, C24h, AUCall, lambda z and t%. For
comparison with the reference product LUVOX® Tablet, Frel [%], relative Cmax,
difference in tmax and relative C24h for each formulation were also calculated.
The calculations of these comparative parameters were carried out within each
subject and then averaged. These averaged results were then used to assess if
the formulation met the criteria for acceptance.

Statistical Analysis of Pharmacokinetic Parameters

Descriptive statistics (mean, standard deviation and coefficient of variation) were
provided for each pharmacokinetic parameter (Appendix 12.2.9).

An analysis of variance (ANOVA) was performed on AUCall, AUC(0-=) and
Cmax data transformed to the log base 10. ANOVA was also conducted on the
non-transformed pharmacokinetic parameters, Cmax, AUCall, AUC(0-<), tmax,
C24h, Lambda z and t1/2.

Criteria for Acceptance

The following criteria were applied to determine the acceptability of the prototype
CR formulations.

URelative bioavailability (Frel [%]) > 80% compared to LUVOX® 100 mg tablet.
(JPeak concentrations (Cmax) < 85% and occurring > 3h (tmax) later compared
to LUVOX® 100 mg tablet.

(124-hour concentrations (C24h) > 110% of LUVOX® 100 mg tablet.

Study-0398002

Clinical study began: July 10, 1998

Sample analysis completed: September 3, 1998
Longest Possible Storage-55 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL

Linearity (Standard curve | 0.5-1000 ng/ml
samples)

Quality Control (QC) 4, 120, & 600 ng/mL
Samples

Precision of Standards 2.5%@0.5 ng/ml
(%CV) 6.8%@ 1000 ng/ml
Precision of QC Samples | 14%@4 ng/ml
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(%CV) 12% @120 ng/mi
8%@ 600 ng/ml

Accuracy of Standards (%) | 98%@0.5 ng/ml
93%@ 1000 ng/mi

Accuracy of QC Samples | 97%@4 ng/ml
(%) 95% @120 ng/mli
: 90%@ 600 ng/mi

RESULTS

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

PEARS THIS WAY
o ON ORIGINAL
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COMMENTS:

1. A test formulation was considered acceptable for further development by the
firm if it met the following criteria: relative bioavailability to LUVOX® 100 mg
tablet: >80%; relative peak

concentrations to LUVOX® 100 mg tablet: <85%, delayed tmax by >3h; relative
C24h to

LUVOX® 100 mg tablet: >110%

2. The relative bioavailabilities of Treatment A and Treatment B were greater
than 80% relative to LUVOX® tablet. On the basis of the selection criteria (Frel
>80%) Treatments A and B are within the acceptable limits. The Cmax data for
Treatment B, Treatment C and Treatment D were less than 85% relative to
LUVOX® tablets and within the selection criteria. Values observed for the
parameter, C24h for Treatment A, Treatment B, Treatment C, and Treatment D
were either similar to or less than the C24h reported for LUVOX® tablets.
Therefore, none of the four treatments fulfilied the selection criteria of C24h>

. 110% relative to LUVOX® tablets.

3. The tmax for Treatment A, Treatment B and Treatment C were slightly
prolonged compared to that of LUVOX® tablets and did not meet the selection
criteria of extending tmax >3 hours beyond that of LUVOX® tablets. Treatment D
showed a significantly longer tmax compared to LUVOX® tablets and was within
the criteria for selection. Although all of the Elan fluvoxamine CR 100 mg
prototype tablet formulations had reduced peak concentrations and prolonged
tmax relative to LUVOX100 mg tablet, none fully met the acceptance criteria set
for further development. All treatments were safe and well tolerated in this
population.

Study-0698001 Relative Bioavailability of Four Elan Fluvoxamine CR 100 ‘
mg Prototype Capsule Formulations Relative to LUVOX[1100 mg Tablet

TITLE: A Single Dose Study in Healthy Male Volunteers to Compare the Relative
‘Bioavailability of Four Elan Fluvoxamine CR 100 mg Prototype Capsule
Formulations Relative to LUVOX[0100 mg Tablet (Solvay

Pharmaceuticals Inc.)

STUDY INITIATION DATE: 06 Jul 1998

STUDY COMPLETION DATE: 03 Sep 1998

Primary Objective

To compare the relative bioavailability of four Elan fluvoxamine CR 100 mg
prototype capsule formulations relative to LUVOX® 100 mg tablet (Solvay
Pharmaceuticals Inc.)

Secondary Objective
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To characterize the plasma concentration profile of the CR formulation compared
to LUVOX® 100 mg tablet (Solvay Pharmaceuticals Inc.) and to monitor the
subjects for safety.

Overall Study Design and Plan — Description

The study was an open-label, single-dose, five-treatment, five-period,
randomised, crossover trial comparing four Elan fluvoxamine CR 100 mg
prototype formulations with LUVOX® 100 mg (Solvay Pharmaceuticals Inc.).
Fifteen subjects were planned to complete 10. Only subjects who were
phenotyped as extensive metabolisers of CYP2D6 using dextromethorphan were
included in the study to minimize the variability associated with the disposition of
fluvoxamine. The duration of the study was 45 days from Day 1 of administration.
Vital signs, ECG and clinical laboratory were performed at screening and in the
post study assessment. During the trial, vital signs were taken at 0, 1, 2, 3, 4, 6,
8,12, 16, 24, 48, 72 and 96 hours after dosing, ECG was taken at 24 hours post
dosing and adverse events were monitored throughout.

Demographics

Demographic Data

Subjeet Age Height weight

Numper  Initials &ender (vears) { com } { ¥g ) Frame Smoking Habits Aace

1 ] 27 167 62.8 Medium Non-Smoker Caucasian
2 1} 20 170 61.7 Medium  Non-Smoker Caucasian
3 » 28 171 71.9 tiedius  Neon-Smoker Caucasian
4 ] 28 178 69.5 Hedium Non-Smoker Caucasian
H] [} 21 171 74.5 M¥edium Non-Smoker Caucasian
[} " 19 188 7.3 Medium  Non-Smoker Caucasian
7 '] 19 183 77.6 Nedium Non-Smoker Caucasian
8 (] 26 17 7.3 Nedius  Non-Swoker Caucasian
9 [ 32 178 76.6 Hedium Non-Smoker Caucasian
11 ] 21 182 §9.7 Small  Non-Smoker Caucasian
¥ean 24 176 711

Std. Dav. 3 [ 6.3

Range:

winimum 19 167 53.7

Maximum 32 188 78.3

N 10 10 10.0

Pharmacokinetic Sampling

Venous blood samples (5 mL) were obtained via an indwelling cannula or by
direct venepuncture of the ante-cubital veins before dosing and at the following
times following each drug administration: 1, 2, 3,4, 5,6, 7, 8, 9, 10, 12, 14, 16,
20, 24, 30, 36, 48, 72, and 96 hours.

Pharmacokinetic Data Analysis

Non-compartmental pharmacokinetic analysis was performed on plasma
concentration data of fluvoxamine using WinNonLin-Pro Version 1.5. The data
analysis was conducted on all ten subjects who completed the study.

The following pharmacokinetic parameters were derived from the plasma
concentration data: AUCinf, Cmax, tmax, C24h, AUCall, Lambda z and t'. For
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comparison with the reference product LUVOX®, Frel [%], relative Cmax,
difference in tmax and relative C24h for each formulation were also calculated.
The calculation of these comparative parameters were made within each subject
and then averaged. The average results were then used to assess if the
formulation met the criteria for acceptance.

Statistical Analysis of Pharmacokinetic Parameters

Descriptive statistics (mean, standard deviation and coefficient of variation) were
provided for each pharmacokinetic parameter (Appendix 12.2.6.4).

An analysis of variance (ANOVA) was performed on AUCall, AUCinf and Cmax
data transformed to the log base 10. ANOVA was also conducted on the non-
transformed pharmacokinetic parameters, Cmax, AUCall, AUCInf, tmax, C24h,
Lambda z and t%.

The following criteria were applied to determine the acceptability of the prototype
CR formulations:

ORelative bioavailability (Frel [%]) > 80% compared to LUVOX® 100 mg tablet.
O Peak concentrations (Cmax) < 85% and occurring > 3h later (tmax) compared
to LUVOX® 100 mg tablet.

(024-hour concentrations (C24h) > 110% of LUVOX® 100 mg tablet.

Treatments Administered

The following were the treatments:

Treatment A:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted - 1
Treatment B:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted - 2
Treatment C:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted - 3
Treatment D:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasted - 4
Treatment E: _

LUVOX® 100 mg capsule, single dose at TO hours, fasted - Solvay
Pharmaceuticals Inc.

Analytical
Study-0698001

Clinical study began: July 7, 1998
Sample analysis completed: September 3, 1998
Longest Possible Storage-58 days

Parameter Fluvoxamine
Method LC-MS/MS
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Sensitivity/LOQ 0.5 ng/mL
Linearity (Standard curve | 0.5-1000 ng/mi

samples)

Quality Control (QC) 4, 120, & 600 ng/mL
Samples

Precision of Standards 2.4%@0.5 ng/mi
%CV) 6.8%@ 1000 ng/mi
Precision of QC Samples | 23%@4 ng/ml
(%CV) 6%@120 ng/ml

15%@ 600 ng/ml
Accuracy of Standards (%) | 98%@0.5 ng/ml
93%@ 1000 ng/ml
Accuracy of QC Samples | 107%@4 ng/ml
(%) 99% @120 ng/ml
89%@ 600 ng/ml

Results

Mean Plasma Concentration Versus Time Curve
MEAN PLOT (ALl data - QA’ed)

Plasma Concentration (ag/mi}

~©- A.100mg Fluvoxamine (Elanl) Lot PDIS360 9~ C - 100mg Flovoxamice (Elen3) Lot PD15362 9~ E - 100mg Fivoxamine LUVOX (Solvay)
=5~ 5. 100mg Frovoxamioe (Blan2) Lot PD15361 ™™ D - 100mg Fiuvexamise (Eland) Lot PD15363

Summary statistics for log-transformed pharmacokinetic
parameters
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TREATMENT A

TREATMENTEB TREATMENT C | TREATMENTD TREATMENTE
LotNo LotNo LotNo LotMo
Parameter PD15360 PD15361 PD15362 PD15363 LUvoXx
GeometricMean | GeometicMean  GeometricMean | Geomelric Mean Geomadric Mean
Cmax 37.88 3745 28.03 2100 39.61
{ng/ml)
AUCinf 73416 804.18 715.54 83156 815.28
{ngimlLh)
AUCall 71813 788.80 80083 815.81 788.32
{ngidmih)

"p < 0.0125, statistically significant ralative to LUVOX

Summary statistics for non-transformed pharmacokinetic

parameters

PPEARS THIS WAY
A ON ORIGINAL
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Parameter TREATMENT A TREATMENT B TREATMENTC | TREATMENTD | LUVOX® | Crbedator
Lot No PDI5380 | LotNo PD1S3DT Lot No PDAS362 | Lot No PDAS383 Maan ‘W“""’-“"ﬁ
Mean £ Stdew Mean + Stiey Meanf Sidev | Meandt Sidev Sidev m@)‘
AUCINF 818.000 £ 747132 1014.213¢ 872731 £688.717 126457 + 1047194 + -
{ngimih) 885705 450 540* 850337
Frel (%) 85201 231.644 | 10148824038 | 01182125714 | 8205313440 - 280%
Crnaot 40514 = 16.4D01 40811217873 | 31381+ 15036 271119.148° 443578 -
23132
(rgimi}
Relative 108622 5267 101.58141.78 7755123395 5835+ 2808 - £85%
Cmadq¥}
Lamixta 2 605420014 0052 £0013 0.040£ 0011 Q.048 + D 008 0054 = -
A 0022
L)
! 13,888 £ 4 000 14350 +4.102 15257 £5.305 15.168 £ 3707 Hin: -
8254
{h)
frmax 56000843 8900£2.025 8.000+ 1683 12400 * 5208 4200 -
. 1314
h)
fmax 1402227 27021 270231 820585 - 2%
difference
{tesi-ref}
AUCaH 884420 £ 678.632 | B77.301:8D0.824 | 838,158 + 613578 | T2 588 241602 | 10DAA14 L -
{ngymih) 568.971
C24h 13791045 15.85+ 14.03 1887 £ 11.82 1308+740 1?5\733 +
{ngimd)
Relasive 1144123788 1288524325 126.50 £ 3361 12270£56821 - 210%
C24h{"%)

* P £0.0125, stasistically significant relative tn LUVOX

+ Comparisen to the criteria for acceptance was based on the individual data.

COMMENTS:

1. A test formulation was considered acceptable for further development if it met
the following criteria: relative bioavailability to LUVOX® 100 mg tablet > 80%:;
relative peak concentrations to LUVOX® 100 mg tablet < 85%, delayed by > 3h;
relative C24h to LUVOX® 100 mg tablet > 110%.

2. The relative bioavailabilities of all the Elan formulations met the acceptance
criteria (>80% of the LUVOX® tablet). The Cmax of treatments C and D were
significantly reduced compared to the reference and met the acceptance criteria
of reducing the peak concentration to <85% of LUVOX® tablet.

3. The concentrations at 24 h (C24h) of all treatments met the accéptance criteria
of 2110% of LUVOX® tablet. The tmax of treatment D was significantly longer
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than that of the reference and met the acceptance criteria of delaying the time to
maximum concentration by more than 3 h beyond that of LUVOX® tablet. The
tmax of treatments B and C was just marginally shorter than the required 3 h
extension beyond that of the reference.

4. In conclusion, all the Elan formulations showed a prolonged tmax relative to
that of the reference product (LUVOX® tablet), although only Treatment D met
the acceptance criteria. Two formulations had a reduced Cmax and met the
acceptance criteria and a further two did not meet the criteria. The relative
bioavailabilities of all the formulations were all >80% relative to LUVOX® tablet.
All treatments had a C24h greater than that of >110% of LUVOX® tablet.

Study -0798005- Effect of Food on the Relative Bioavailability of a

Fluvoxamine CR 100 mg Formulation C

A Pilot Study to Determine the Effect of Food on the Relative Bioavailability of a
Fluvoxamine CR 100 mg Prototype Formulation

STUDY INITIATION DATE: 11 October 1998

STUDY COMPLETION DATE: 04 November 1998

STUDY OBJECTIVE

The objective of the study was to assess the effect of food on the relative
bioavailability

of a fluvoxamine CR 100 mg prototype formulation and to monitor the subjects
for

safety.

Overall Study Design and Plan - Description ,

This was an open-label, single-dose, two-treatment, two-period, randomised,
crossover study which assessed the effect of food on a fluvoxamine CR 100 mg
prototype formulation. Sixteen (16) healthy volunteers were dosed as one group
on two separate occasions. Only subjects who were phenotyped as extensive
metabolizers by CYP2D6 using the dextromethorphan procedure described in
Appendix 1 of the protocol (Appendix 12.1.1) were included in this study in order
to minimise the variability associated with the disposition of fluvoxamine. Full vital
signs and safety assessments (clinical laboratories, ECGs and adverse event
monitoring) were performed at screening, at various times during the study, and
during the post-study examination.In each treatment period, subjects were to
receive the 100 mg fluvoxamine CR prototype formulation under either fasting or
fed conditions

A light supper was provided at approximately 21.00 hours on Day -1 of each
treatment
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period. Subjects then fasted overnight for a period of at least ten hours. Subjects
who were randomised to the Test treatment received a high fat breakfast (see
below) thirty minutes prior to dosing and completely consumed this breakfast by
five minutes prior to dosing.

2 eggs (fried in butter)
2 strips bacon

2 slices toast with butter
40z hash browns

1 glass whole milk (240 ml)

Treatments Administered

The primary objective of this study was pharmacokinetic evaluation so this study
was not blinded. The treatments were as follows:

Treatment A: ‘

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fasting
Treatment B:

100 mg fluvoxamine CR capsule formulation, single dose at TO hours, fed

Demographic Summary for All Subjects
Trait Female sale Overall
Gendar Female 3
Male 13
Race Caucasian . 3 13 16
Frame Size Small . 2 2
Mediun 2 8 10
lLarge 1 3 a4
Age Mean 23 28 27
$.D. 3 7 6
Minimum 20 19 19
Maxisuw 25 38 38
N 3 13 16
weight (kg) Hean 65.7 72.6 7.3
' S$.D. 4.9 5.3 5.8
Minimum £0.3 62.7 60.3
Maximum €9.9 79.9 7%.9
N 3.0 13.0 16.0
keight (cm) Mean 167 162 169
5.0 2 5 5
Minimuz 166 162 162
Maximum 168 178 178
N 3 13 16

Drug Concentration Measurements
Pharmacokinetic Sampling
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Venous blood samples (7 ml) were obtained by direct venipuncture of the ante-
cubital veins at the following times following each drug administration (expressed
as Hours): 0 (pre-dose), 1, 2, 3,4, 5, 6,7, 8,9, 10, 12, 14, 16, 20, 24, 30, 36, 48,
72 and 96 hours. (Total blood volume = 294 mL per subject)

Pharmacokinetic Data Analysis

Non-compartmental pharmacokinetic analysis was performed on plasma
concentration data of fluvoxamine using WinNonLin-Pro Version 1.5. The data
analysis was conducted on all 16 subjects.

The following pharmacokinetic parameters were derived from the plasma
concentration data: AUC(0-inf), Cmax, tmax, AUCall, Lambda_z, and t%. For
comparison with the reference fasted treatment, Frel [%] was also calculated.
The calculation of this relative parameter was carried out on an individual subject
basis and the mean of all of these individual results averaged.

Statistical Analysis of Pharmacokinetic Parameters

Descriptive statistics (mean, standard deviation and coefficient of variation) were
provided for each pharmacokinetic parameter (Appendix 12.2.6.4).

An analysis of variance (ANOVA) was performed on AUCall, AUC(0-), and
Cmax data transformed to the log base 10. ANOVA was also conducted on the
non-transformed pharmacokinetic parameters, Cmax, AUCall, AUC(0-=), tmax,
Lambda_z, and t' (Appendix 12.1.8.2). Geometric mean values (fed/fasted
ratios) were calculated for Cmax, AUC(0-=), and AUCall. The 90% confidence
intervals were determined for the log-transformed ratios (fed/fasted) of Cmax,
AUC(0-«), and AUCall.

Study -0798005

ANALYTICAL

Study -0798005

Clinical study began: October 12, 1998

Sample analysis completed: November 16, 1998
Longest Possible Storage-35 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 10.5 ng/mL

Linearity (Standard curve | 0.5-200 ng/ml
samples)

Quality Control (QC) 4, 120, & 600 ng/mL
Samples

Precision of Standards 2.4%@0.5 ng/mi
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(%CV) 9.2%@ 200 ng/mi

Precision of QC Samples | 12%@4 ng/ml

(%CV) 9%@120 ng/mi
10%@ 600 ng/ml

Accuracy of Standards (%) | 99%@0.5 ng/ml
102%@ 1000 ng/mi

Accuracy of QC Samples | 106%@4 ng/ml

(%) 102% @120 ng/ml
100%@ 600 ng/ml

RESULTS

‘Mean Plasma Concentration versus Time Curve

8 8
:

8
N

Plasma Coneentration (ng/mh)
2 &

o
s

o

MEAN PLOT

40 48 56 64
Tume(Hrs)

-6 Fasted
o~ Fed

Summary statistics and mean percent ratio (fed/fasted) for log transformed

pharmacokinetic parameters

Fastad Fed Maan Porcont
PK PARAMETER LotNo PD16537 Lot No PD15637 {Fedi/Fastod)
Mean Moan (%)
AUC(D-0) 604.308 606.888 115.30
(ng/ml_h)
AUCall {ng/mL.h} 506.820 685.043 11478
Cmax (ng/mL) 2_5.435 20.108 114.44

Summary statistics for non-transformed pharmacokinetic parameters
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Fastad Fed

PK PARAMETER Lot No PD15537 Lot No PD15637
Maan + SD Mosn + SD
AUC({0-o5) (ng/mL.h) 667.434 + 326.065 780.028 £ 319.427
Frel %) 118.816  20.104
Cmax (ng/mL) 28.828 £ 8.140 T340 £12.763
Lambda_z (h") 0.056 £ 0.016 0.053 £ 0011
t% (h) 13219 £ 3.378 13613+ 3.036
tmax () 7126 2,655 8.000 £ 2066
AUCall (ng/mL.h) 658.105 + 320.106 747.626 £ 316,368
COMMENTS:

1.The geometric mean values for AUCInf of fluvoxamine CR administered fasted
or fed did not differ by more than 15%. In addition, the geometric mean values for
Cmax of fluvoxamine CR administered fasted or fed did not differ by more than
14%. The tmax, half life and lambda z values were similar when the fed
treatments were compared to fasted confirming that food had a minimal effect on
the pharmacokinetics of fluvoxamine from this formulation.

2.The 90% confidence intervals for AUCInf (104-128%) suggest that a food effect
cannot be determined in terms of AUC. However, the absence of a food effect on
Cmax is indicated by the confidence intervals of the geometric mean data for
Cmax (100-131%).

Study-S1141107- Single-Dose Pharmacokinetics of Fluvoxamine, :
Administered as the100-mg LUVOX® Tablet (Fasting) and the Controlled-
Release 100-mg Capsule (Fasting and Fed Conditions)

The Single-Dose Pharmacokinetics of Fluvoxamine, Administered as the
100-mg LUVOX® Tablet (Fasting) and the Controlled-Release 100-mg
Capsule (Fasting and Fed Conditions) in Healthy Male and Female
Volunteers

STUDY INITIATION DATE: 13 Sep 1999

STUDY COMPLETION DATE: 18 Dec 1999

STUDY OBJECTIVES
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To determine and compare the pharmacokinetics of fluvoxamine after a single
dose of a fluvoxamine CR 100 mg capsule formulation and a 100 mg LUVOX
tablet in healthy subjects.

To determine the effect of food on the pharmacokinetics of fluvoxamine after a
single dose of a fluvoxamine CR 100 mg capsule formulation in healthy subjects.

Overall Study Design and Plan — Description

This was an open-label, single-dose, three-treatment, three-period, balanced
randomized, crossover study conducted in 28 healthy volunteers, 15 males and
13 females. Each subject received a single dose of fluvoxamine maleate 100 mg
in the form of a LUVOX tablet, a fluvoxamine maleate CR capsule under fasted
conditions, and fluvoxamine maleate CR capsule under fed conditions. Each
dose was separated by at least a 7-day washout. During the screening period,
each subject was phenotyped to assess metabolic status of CYP2D6 using
dextromethorpan. Both extensive and poor metabolizers were enrolled into this
study. All subjects were admitted to the clinical research unit in the evening on
Days ~1, 7, and 14 and remained confined until the mornings of Days 5, 12, and
19, respectively. On the mornings of Days 1, 8, and 15, each subject was
administered a 100-mg dose of fluvoxamine maleate as a tablet or capsule. For
two of the study periods, subjects were required to fast from 10 hours before until
4 hours after drug administration. For one study period, subjects received a high-
fat breakfast prior to dosing.

Treatments Administered

Fluvoxamine CR 100 mg capsules and LUVOX 100 mg tablets were used in this
study.

Demographic Data

Subject Demog’raphic and Baseline Characteristics

Variables Total (N=28) Made (n=15) Female (n=13)
Age (years): Mean (SD) 32.1 (8.84) 298 (7.02) 34.8 (9.81)
Range 20.3-447 204 -43.5 203447
Ethnicity N(%):
Caucasian 24 (86%) 12 (80%) 12 (92%)
African-American 2{7%) 2{13%) 0
American indian/Native Alaskan 2{7%) 1(7T%) 1(8%)
Metabolic Phenotype N{%):
Extensive Metabolizer 27 (96%) 14 (93%) 13 {100%)
Poor Metabolizer 1{4%) 1(7%) 0
Weight (kg): Mean {3SD) 73.0 (9.95) 179{7.71) 67.4 (9.49)
Range 5$62~91.2 65.8-91.2 56.2 - 88.0
Height (cm). Mean {SD) 173.1 {9.29) 178.8 (6.77) 166.5 (7.23)
Range 152.4 - 1930 167.6 - 193.0 152.4 -~ 1727

Supporting Documentation: Appendix 12.2.4

PHARMACOKINETIC SAMPLING
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Whole blood samples (7 mL) were obtained prior to the dose and at 1, 2,3,4,5,
6,7,8,9,10, 12, 14, 16, 20, 24, 30, 36, 48, 72, and 96 hours following dose
administration.

PHARMACOKINETIC DATA ANALYSIS

The following pharmacokinetic parameters were calculated for fluvoxamine after
each treatment using observed data for 28 subjects and noncompartmental
methods: AUC(0-inf), %AUCext, AUC(0-last), AUC(0-96h), Cmax, CL/F, Kel,
T1/2,

and Vz/F.

STATISTICAL DATA ANALYSIS .

Descriptive statistics (n, arithmetic mean, geometric mean [for AUC and Cmax
only], standard deviation [SD], standard error of mean [SEM], median, minimum,
and maximum) were provided for all pharmacokinetic parameters indicated
above for each treatment group, and for each treatment by gender group. The
gecmetric mean was calculated using log-transformed, nonzero data and back-
transforming the mean result (exponentiating) to obtain the final value.

For the equivalence testing between formulations (a single dose of fluvoxamine
CR 100-mg capsule formulation versus a LUVOX 100-mg tablet, each under
fasted conditions), the following analysis was performed:

The equivalence tests were performed on natural log-transformed AUC and
Cmax with the LUVOX 100-mg tablet as the reference formulation and the
fluvoxamine CR 100-mg capsule under fasted conditions as the test formulation.
DTmax was analyzed by nonparametric methods|6].

For the comparison of the food effect (after a single dose of fluvoxamine CR 100-
mg capsule under fed conditions vs. fasting conditions) the following analysis
was performed:

OThe equivalence tests were performed on natural log-transformed AUC and
Cmax. Fasting was the reference condition, and fed was the test condition.
{OTmax was analyzed by nonparametric methods.|

ANALYTICAL
Clinical study began: September 20, 1999

Sample analysis completed: February 2, 2000
Longest Possible Storage-137 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL
Linearity (Standard curve | 0.5-1000 ng/ml
samples)
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Quality Control (QC)
Samples

4,120, & 600 ng/mL

Precision of Standards
(%CV)

1.52 %@0.5 ng/mi
5.23%@ 1000 ng/ml

Precision of QC Samples | 13.7%@4 ng/mi
(%CV) 11.3%@120 ng/ml
12.8%@ 600 ng/mi

Accuracy of Standards (%) | 99%@20.5 ng/ml

101%@ 1000 ng/ml

Accuracy of QC Samples | 99%@4 ng/ml
(%) 100% @120 ng/mi
94%@ 600 ng/ml
RESULTS

Mean (SEM) Plasma Fluvoxamine Concentrations for LUVOX Fasting and
Fluvoxamine CR Fasting Treatments

LWJKFM&
Fhirooen s CH Eaeilvg

Bean Fiwwr coiamins Conosrdotion angint )

Hatmbubed THie fiws]

Mean (SD) Values of Key Fluvoxamine Pharmacokinetic Parameters
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Parameter Treatment Arithmetic Mean' sp*?
AUC(O-inf) | LUVOX Fasted® 95933 520.71
(ng®hrimL) CR Fasted” 806.31 450.92
CR Fed 87647 447.49

Cmax LUVQX Fasted® 41.88 18.98
{ng/ml) CR Fasted’ 2578 15.66
CR Fed 38.76 1518

Tmax LUVOX Fasted® 6 4-18
{hr) CR Fasted® 15 7-30
CR Fed 16 7-36

T2 LUVOX Fasted 15.96 271

(hr) CR Fasted 16.34 2.68

CR Fed 15.93 387

. Mean (SD) values based on 28 subjects.

= For Tmax: Range {minimum-maximum) values depicted instead of SD.

* ANOVA results indicate statistical significance (p<0.05) between LUVOX and fluvoxamine CR
fasted freatments. An ANOVA was not conducted on T1/2.

4 Signed rank test results indicate statistical significance (p=<D.05) between LUVOX and fluvoxamine
CR fasted treatments.

Statistical Analysis Results for Fluvoxamine Pharmacokinetics After Fasted
and Fed Fluvoxamine CR Treatments

AU Al 1 UIRAAD LESIND 3 AN I INAW LSAAREIEENIL, Nad L & WRALE D S AN
Ratio (%)
Least Squares Mean Treatments from 0% Cl on
Parameter Treatment from ANOVA' Compared ANOVA Ratio
AUC({D-inf) CR Fad 784.63 CR Fed/CR Fast* 110 102, 118
{ng¥hrimL ) CR Fasted 71478
" Cmax CR Fed 25.38 CR Fed/CR Fast 11t 100, 124
/ml ) CR Fasted 22.82

Least Squares Mean values based on 28 subjects.
ZANOVA results indicated statistical significance (p<0.05).
Supporting Docurmnentation: Tabie 10.2.3

Mean (SEM) Plasma Fluvoxamine Concentrations for Fed and Fasting
Fluvoxamine CR Treatments
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Mean (SD) Results for Fluvoxamine Pharmacokinetic Parameters Based on
Gender
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P bt )

Treatment
Arithmetic Mean' (SD}’
Parameter Gender LUVOX -Fluvoxamine CR Fluvoxaniine CR
Fastad Fasted Fed
I\U(‘:(t)—inf)1 Female 1150.47 {617.80) 1013.64 (573.86) 1050.17 g_gg_sﬂ)_
| _(ngshriml) Male 783.67 (363.00) 626.38 (187.45) 725.92 {305.29)
Cmax® _Female 46.88 (21.28) 32.58 (20.71) 34.41 (17.97)
{ng/mL) Male 37.72 1{18.358) 19.88 (6.01) 23.88 {10.81)
Tmax Femaile 7 (4-18) 14 (7-24) 17 (10-38)
{hr) Male 8 (4-) 18 (7-30) 14 (7-24)
T2 Female 15.44 (2.88) 18.53 {2.55) 18.44 271
(hr) Male 186.41 {2.58) 16.11 (2.83) 15.74 (3.09)

An'(hmetlc mean based on 28 subjects {15 males and 13 famales).

For Tmax: Range {(minimum-maximum) values depicted instead of SD.

3 ANOVA results indicated a statistical significance (p<0.05) belween gender when female and male
values were pooled together from the three treatments. No statistical analyses were conducted for
Tmax and T1/2 for gender.

Pharmacokinetics Conclusions

1. Under single-dose fasting conditions the relative BA for the CR formulation
was 91% compared to Luvox.
,  2.Under single-dose conditions, no food effect was demonstrated after
fluvoxamine CR administration.
3.Under single-dose conditions, a gender effect was demonstrated.
Fluvoxamine exposure was significantly increased for female
subjects compared to male subjects by 62%.

4. Exposure to fluvoxamine was greater for female subjects compared to male
subjects. The magnitude of the gender effect was similar for all three treatments.
This was reflected in AUC(0-inf) and Cmanx values. Compared to males, mean
AUC(0-inf) for females were 1.4-, 1.6-, and 1.4-fold higher with LUVOX fasting,
fluvoxamine CR fasting, and fluvoxamine CR fed treatments, respectively.
Similarly, mean Cmax values were 1.2-, 1.6-, and 1.4-fold higher for females
compared to males for the same treatments.

Study-0300002- Bioequivalence Between a 100 mg FIuvoxamme CR
Capsule Product Packaged in — 3ottles and in

A Single Dose Study in Healthy Male Volunteers to Establish the
Bioequivalence Between a 100 mg Fluvoxamine CR Capsule Product
Packaged in '—— Bottles and ir ————

STUDY INITIATION DATE: 24 May 2000

STUDY COMPLETION DATE: 09 Jun 2000

BACKGROUND

The dissolution of the product packagedin ~—— . bottles following 6 months
storage at 250C/60% RH did not meet the proposed release specifications for
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this product. This study was designed to evaluate the in-vivo performance of the
fluvoxamine CR capsule product in both packaging configurations after storage
for at least 9 months at 250C/60%RH, in order to support dissolution shelf-life
specifications wider than the proposed release specifications for this fluvoxamine
CR capsule product.

STUDY OBJECTIVES

The primary objective of this study was to establish the bioequivalence between
fluvoxamine CR capsule product packaged in — bottles or «—
Safety

and tolerability were also assessed.

OVERALL STUDY DESIGN AND PLAN - DESCRIPTION

This was an open-label, single-dose, 2-treatment, 2-period, randomised,
crossover study to establish the bioequivalence between fluvoxamine CR
capsule product packaged in — ™ Hottles with fluvoxamine CR capsule product
packaged ~——— The study was conducted in healthy male volunteers
who were extensive metabolisers of dextromethorphan.

Subjects were dosed as one group on two separate occasions. In order to
minimise the intersubject variability associated with the disposition of
fluvoxamine, subjects were included in the study only if they were phenotyped as
extensive metabolisers of dextromethorphan by CYP2D6

TREATMENTS ADMINISTERED

Treatment A: Fluvoxamine CR 100 mg capsule,
Treatment B: Fluvoxamine CR 100 mg capsule, — packed)

A 10.5 hour overnight fast was observed prior to dosing. The subjects remained
fasting for 4 hours postdosing. The subjects were not allowed to consume any
water 1 hour predose through 2 hours postdose. Subjects were required to
remain sitting or ambulatory for 4 hours after dosing.

DEMOGRAPHIC DATA

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS ‘v‘!’&‘!

AT e T BRI A

61



Gender Male =3
Raca Asian 1
Caurasisn 23
Frame 8ize Swoall 1
Mediun 21
Large 2
Age Meam 28
8.p. L7
Minimam 15
Mascinum 45
4 24
weight (kg) Mean 77.9
8.0, 5.1
qinimam 60.4
Maxinom 104.0
N 24.0
Height (em) Mean 180
8.D. 7
Mininmum 187
Maximum 153
- 24

PHARMACOKINETIC SAMPLING

Venous blood specimens (5 mL) were obtained by direct venepuncture of the
antecubital veins at the following times following each drug administration
(expressed as Day:Hours:Minutes):

1:00:00 (predose), 1:01:00, 1:02:00, 1:03:00, 1:04:00, 1:05:00, 1:06:00, 1:07:00,
1:08:00, 1:09:00, 1:10:00, 1:12:00, 1:14:00, 1:16:00, 1:20:00, 2:00:00, 2:06:00,
2:12:00, 3:00:00, 4:00:00, 5:00:00.

PHARMACOKINETIC DATA ANALYSIS

The following pharmacokinetic parameters were derived from the plasma
concentration data: Cmax, AUCall, AUClast, AUCInf, tmax, lambda_z, t1/2,
Frel(%) and relative Cmax %.

STATISTICAL DATA ANALYSIS

Descriptive statistics (n, arithmetic mean, coefficient of variation CV%, SD, SE,
median, minimum, maximum) for AUCinf, AUCall, AUClast, Cmax, tmax,
lambda_z, and t1/2, were provided for assessment of pharmacokinetic
parameters obtained between the 2 treatments.

For equivalence testing, two one-sided t-tests for the natural log-transformed
target parameters (AUCinf, AUClast, AUCall and Cmax) were performed.

The equivalence of the target parameters were concluded when the 90%
confidence intervals for the ratios of Test Treatment B (I count bottles)
to Test TreatmentA. ——_. ' means (population geometric means) fell
within the equivalence range, [0.80, 1.25] for AUCinf, AUClast and Cmax.

ANALYTICAL

Study-0300002
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Clinical study began: May 25, 2000
Sample analysis completed: June 27, 2000
Longest Possible Storage- 33 days

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ ' 0.5 ng/mL
{ Linearity (Standard curve | 0.5-1000 ng/ml
samples)
Quality Control (QC) 4, 120, & 600 ng/mL
Samples
Precision of Standards 1.86%@0.5 ng/mli
(%CV) 6.01 %@ 1000 ng/mi
Precision of QC Samples | 12.6%@4 ng/ml
(%CV) 17.2%@120 ng/mi
9.5%@ 600 ng/mi
Accuracy of Standards (%) | 100%@0.5 ng/ml
100%@ 1000 ng/ml
Accuracy of QC Samples | 90%@4 ng/m
(%) 97% @120 ng/mi
102%@ 600 ng/ml
RESULTS
Table 1
Dissolution of 100mg fluvoxamine capsules — NDA stability program
Mean 1+ SD
m 10 ‘ﬁmis % 12mis . ) m
N | N5 | N8 | n=B {___(Release)
1 22 1.8 25 38

+-08 | +-13 | +-08 | +15

2 156+- | M3+- 128 142
1.8 54 H-1.9 | +-68

4 425 +- 3a.1 375 403

8

8

33 | +26 | 407 | +30

B3B8+ | 518+ | 482 | 621 j
58 81 | +24 | 62

TaBH- | 627 | 547 | 633
70 | 470 | 430 | 464 L

16 |97+ | 779 | 705 | 788

51 | #37 | +-25 | +-59

12 | 976 | 862 | 823 | 861 I

+-38 | #-38 | #-20 | +-41

Bold indicates data will not meet the proposed release specifications

MEAN PLOT - CROSSOVER DATA
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Log-transformed Pharmacokinetic Parametérs Geometric Mean (n=22

subjects)
Summary Pharmacokinetic Parameters

Parameter | Treatment A - Treatmant B - MDD (%) Power
: P — Couﬂt 4’, -
Bottles
Cmax 21.79 17.70* 312,238 0.63
{ng/mnl)
90% Ci 6995
AlUClast 54210 538.73 155,134 0.99
{ng/ml.h}
90% Ci 91 - 108
AUCatl 554.16 55355 153,133 0.99
(ng/ml.h)
90% Ci 92~ 108
AUCinf 5685.10 56564 153,133 0.99
{ng/mi.h) :
90% Ci 92 - 108

* P = 0.03, statistically significant difference between the two treatments -

DISCUSSION AND OVERALL CONCLUSIONS

Statistical analysis of the log-transformed parameters demonstrated that the 90%

confidence intervals comparing the capsules packaged in bottles —_—

were within 80-125% in terms of AUC but not in terms of Cmax. The fluvoxamine

capsules packaged in —— »sottles showed a lower mean Cmax compared to
—— . No differences were observed between the capsules packaged

bottles ——— in terms of the untransformed parameters, tmax

in
and t2.
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To summarise, the pharmacokinetics of fluvoxamine capsules packaged in

~="bottles and stored at 25°C/60% RH for at least 9 months were equivalent
in terms of extent of absorption, but displayed a slower rate of absorption
compared to fluvoxamine capsules packaged in 3 and stored at
25°C/60% RH for the same period. This study therefore shows that there is an in-
vivo impact of the slowing of the dissolution of the ~—— packaged product over
time and does not justify a wider shelf-life dissolution specification for this product
than the currently proposed release specification.

Study-S1141109- Single Dose Bioequivalence of Two Fluvoxamine Maleate
100 mg CR Capsules Slow Release vs Fast Release

A Pharmacokinetic Study to Investigate the Single Dose Bioequivalence of Two
Fluvoxamine Maleate 100 mg CR Capsules in Healthy Male Subjects

STUDY RATIONALE

The present study was conducted to demonstrate the in-vivo bioequivalence
between two batches of fluvoxamine maleate CR with distinct in vitro dissolution
performances (the so-called “side batch” approach). “Side batches” are batches
representing the intended upper and lower in vitro release specification derived
from the defined manufacturing process by setting process

parameters within the range of maximum variability expected. The findings of this
bioequivalence study will enable the manufacturing processing tolerance.limits to
be clearly '

defined.

STUDY OBJECTIVES

The objective of this study was to assess the in-vivo bioequivalence of two 100
mg capsule formulations of fluvoxamine maleate CR, following a single 100 mg
dose, administered in the fasted state.

OVERALL STUDY DESIGN AND PLAN - DESCRIPTION

This study was to have an open-label, randomized, single-dose, two-sequence,
two-period, crossover design. Subjects were to be in the fasted state having had
a 10-hour overnight fast. There was to be a 7-day washout interval between the 2
dose administrations. The subjects were to be confined to the clinic during each.
study period. During the study, the subjects were to remain in an upright position
(sitting or standing) for 4 hours after the treatment was administered. Water was.
to be restricted 1 hour predose and 1 hour postdose, and food was to be
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restricted 10 hours predose until 4 hours postdose. During the study, the subjects
were not to be allowed to engage in any strenuous activity.

PHARMACOKINETIC SAMPLING TIMES

For pharmacokinetic purposes, 5 mL blood samples were to be collected during
each study period at Hour O (predose), and at 1, 2, 3, 4,5,6,7,8,10, 12, 16, 24,
36, 48, 60, and 72 hours postdose.

TREATMENTS ADMINISTERED

Treatment A: Fluvoxamine maleate 100 mg CR capsules formulation 1 (Fast
Batch, formulated with the intended upper in vitro release specification)
Treatment B: Fluvoxamine maleate 100 mg CR capsules formulation 2 (Slow
Batch, formulated with the intended lower in vitro release specification)

Identity of Investigational Products

A: Drug: Fluvoxamine maleate 100 mg CR capsule

Manufactured by Elan Pharmaceuticals, Ltd.

Lot No: 0000031959

Expiration date: 15 JUN 2004 :

Subjects randomized to Treatment A were to receive a single oral dose of one
fluvoxamine maleate 100 mg CR capsule taken with 240 mL of water.

B: Drug: Fluvoxamine maleate 100 mg CR capsule

Manufactured by Elan Pharmaceuticals, Ltd.

Lot No: 0000031960

Expiration date: 15 JUN 2004

Subjects randomized to Treatment B were to receive a single oral dose of one
fluvoxamine maleate 100 mg CR capsule taken with 240 mL of water.

DEMOGRAPHIC DATA

Summary of Demographics
Trait Querall
Gender Mala 36
Race Asian
Cascamian EXY
Frap= Size Srall 18
Medivm 18
Mean as
e 0 €
Mindmam 19
BMaeionm 4
X 36
Weight (lg) Mean 7.5
£ .0
. 3
Maccionm 902.9
)] 36.0
t (cm) Me 178
Hadigh Heen 8
Mindreom 162
Meoclmm 183
b 38
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- PHARMACOKINETIC DATA ANALYSIS
The primary parameters for the assessment of bioequivalence were to be AUC
and Cmax.

STATISTICAL DATA ANALYSIS

The maximum plasma concentration (Cmax) and its corresponding time (tmax)
were recorded from the observed plasma concentration-time profiles. Individual
subject data were inspected and the last three to five non-zero plasma
concentrations were selected to determine the elimination-rate

constant (Az). Using those plasma concentrations selected, individual Az values
were determined by linear regression of the respective natural logarithm of
fluvoxamine plasma concentration versus time curve. The terminal half-life (t1/2)
were calculated by t1/2 = In2/Az. The area under the concentration versus time
curve, AUClast up to the time point (t) of the last concentration above the lower
limit of quantification (Ct) were calculated by the linear trapezoidal rule.
Extrapolation of AUClast to time infinity, AUC was achieved by dividing the
observed Ct by the elimination rate constant (Az) and adding the resulting
residual area to AUClast.

For calculation of the. PK characteristics the following rules were applied:

. At time points in the lag-time between time zero and the first concentration equal
or above LLOQ, concentrations below LLOQ were calculated as zero.
(OConcentrations below LLOQ between two concentrations equal or above
LLOQ, were calculated with half the LLOQ.

[Trailing concentrations below LLOQ were not used in calculations.

After log (In) transformation of the AUC and Cmax the test treatment was to be
tested against the reference treatment by mixed model analysis of variance
(ANOVA) with fixed effects:

Sequence, Period, and Treatment and Subject within Sequence as random
effect.

After antilogarithmic transformation the resultant ratio of geometric means and
90% confidence intervals (Cls) was to be calculated. The test treatment was to
be considered bioequivalent to the reference treatment if the 90% Cls for the
ratio of mean AUC and Cmax were contained within a range of 0.80-1.25.

ANALYTICAL
Study-S1141109

Clinical study began:August 5, 2003
Sample analysis completed: September 19, 2003
Longest Possible Storage-45 days :

Parameter Fluvoxamine
Method LC-MS/MS
Sensitivity/LOQ 0.5 ng/mL
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Linearity (Standard curve | 0.5-200 ng/ml

samples) .

Quality Control (QC) 4, 120, & 600 ng/mL
Samples _

Precision of Standards 1.2%@0.5 ng/ml
(%CV) 3.3%@ 1000 ng/ml
Precision of QC Samples | 7% @4 ng/ml

(%CV) 3% @120 ng/ml

4%@ 600 ng/ml
Accuracy of Standards (%) | 99%@0.5 ng/ml
97%@: 1000 ng/ml
Accuracy of QC Samples | 97%@4 ng/ml

(%) 100%@120 ng/mi
96%@ 600 ng/ml

RESULTS

Figure 1. Geometric Mean Concentration-Time Course of Fluvoxamine for
Treatments A and B

B

Moan Concentration {ng/mL)
&

&

o

0 8 12 18 24 30 36 42 48 54 a0 &8 2
Nerminal Time (h)

S tan <K n =B~ me

Table 2 Summary Results of the Primary and Sécondary Model-
Independent

Fluvoxamine Pharmacokinetic Characteristics

Treatment Dose N [ . Coun AUC,, AUC tin
mg h _ag'mL b*ngfml h*np/ml h

A 100 36 8.56 303 768 815 137

B 100 36 119 251 721 770 133

For t,, and ty the arithmetic means are given. For the Cyyy, AUC,,,, and AUC, the geometric mean is presented
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Table 3 Point Estimates (Ratios A * 100/B), 90% Confidence Intervals, and
ANOVA :

CVs for the Primary Target Parameter Cmax as Well as for AUClast and
AUC

Point estimate A* 100/B 90% Confidence Interval Intrasubject coefficient of
Parameter [%%] [%4] ‘variation [%4]
AUC 105.88 100.1-112.0 14.0
AUGC,, 106.38 100.9-112.2 133
Coonx 121.10 114.7-127.8 134

Pharmacokinetic Conclusions
In conclusion, bioequivalence was not demonstrated between the two
fluvoxamine CR treatments with distinct in vitro performances. '
The relative bioavailability of the test treatment (Treatment A 100 mg fluvoxamine
maleate CR [Fast Batch]) as determined by AUC extrapolated to infinity was
106% that of the reference treatment (Treatment B 100 mg fluvoxamine maleate
CR [Slow Batch]). The test treatment has comparable extent of absorption (as
determined by AUC) but an increase rate of absorption (as determined by Cmax:
121%) compared to that of the reference treatment. The median time to reach
peak concentration was reduced for the test treatment compared to that of the
reference treatment; however, the half lives of the two treatments were
comparable. The 90% confidence intervals based on log-transformed data were
100.1-112.0% for AUC and 114.7-127.8% for Cmax.

APPEARS THIS WAY
ON ORIGINAL
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PHARMACOMETRICS REVIEW
CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS i?EVIEW

DRUG:Fluvoxamine CR PRIMARY REVIEWER: Andre Jackson
NDA: 22033 TYPE: NDA

FORMULATION: STRENGTHS: 100 mg and 150 mg
APPLICANT: Submission Dates: April 28, 2006
INDICATIONS:

Generic Name:

PHARMACOMETRICS REVIEW

LABEL

There was no claim for labeling from the firm related to the analysis
presented in this pop pk study.

Clinical ReportNo.. 5114310301
Clinical Report Date: 28 July 2000

Protocot No.: 51143103
Protocol Title: lation Pharmacokinatics of Fluvexamine CH in
e gouggammom»‘a Compusive Disorday
INTRODUCTION

The primary objective of this study was to establish the efficacy and safety of
fluvoxamine CR (100 mg to 300 mg/day) compared to placebo for a 12-week period
in adults with OCD meeting DSM-V criteria (300.3). The secondary objective of this
study was to establish the tolerance of fluvoxamine CR and to evaluate the
population phammacokinetic parameters for fluvoxamine CR.

The primary objective of this analysis is to characterize the pharmacokinetics of
fluvoxamine CR in outpatients with OCD and to determine whether a concentration-
effect relationship exists between fluvoxamine plasma concentrations and change
from Baseline Y-BOCS scores and adverse events.
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STUDY DESIGN

The trial consisted of a one-week screening period followed by 12 weeks of
treatment with either fluvoxamine CR (100 to 300 mg/day) or placebo. Subjects
randomized to fluvoxamine CR were titrated in 50 mg increments per week between
100 and 300 mg/day at bedtime over the first six weeks of treatment. Thereafter, the
dose was to remain constant for the duration of the double blind period. Clinic visits
occurred at screening, Baseline (Day 1), weekly for the first two weeks (Weeks 1
and 2), and every two weeks for the remainder of the study (Weeks 4, 6, 8, 10 and
12). Safety visits were made at Weeks 3 and 5. During the safety visit, the subjects
were to visit the clinic, be evaluated for adverse events and concomitant medications
and receive the appropriate blister package of study medication. Subjects had the
ophmdy to enter a 40 week double blind extension protocol after completion of this
study. ‘

Efficacy assessments consisted of the Y-BOCS, and Clinical Global Impression -
Severity (CGI-S) Scale and Clinical Global impression — Improvement (CGI-i) Scale.
The Y-BOCS and CGI-S scales were performed at screening, Baseline, the end of
Wn%e?'(g 2, 4,6, 8, 10 and 12; the CGH was done at the end of Weeks 2, 4, 6, 8, 10
a .

KEY INCLUSION CRITERIA
1. Male or female. All females were required to have a negative serum pregnancy
test (8-hCG) at the Screening visit. Females of childbearing potential, including
females less than two years post-menopausal, must have been using a medically
acceptable method of birth control as listed below and not planning a pregnancy:

. A stable dose of oral contraceptive for at least three months prior to

Day 1 (Baseline)

. Intrauterine device (IUD) for at least two months prior to Day 1
(Baseline)

» Various barrier methods (diaphragm or combination condom-
spermicide)

2. Aged 18 years or older; there was no upper age limit

3 lg%y; 3a Diagnostic and Statistical Manual 4th edition (DSM-IV) diagnosis of OCD
(300.3)

4. Score at least 21 on the Y-BOCS at the Screening and Baseline visits

5. Score <16 on the 17-item Hamilton Depression Scale (HamD} at the Screening
visit )

KEY EXCLUSION CRITERAI
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1. Lifetime or current DSM-IV diagnoses of the following disorders were
exclusionary:

Schizophrenia and Other Psychotic Disorders

Bipolar Disorders

Pervasive Developmental Disorders: Autistic Disorder, Redf’s Disorder,
Childhood Disintegrative Disorder, Asperger's Disorder, Pervasive
Developmentaf Disorder Not Otherwise Specified (NOS)

Tic Disorders: Tourette’s Disorder, Chronic Motor or Vocal Tic
Disorder, Transient Tic Disorder, or Tic Disorder NOS

Dementia

Alcohol or Substance Abuse or Dependence, unless the Alcohol or
Substance Abuse or Dependence has been in Full Remission for at
least six months prior to Day 1 (Baseline). (Caffeine-related disorders
and nicotine-relatad disorders were an exception to this exclusion and
were allowed) ,

The foliowing Paraphilias: Exhibitionism, Pedophilia, Voyeurism,
Genderual I\gasoduyn, Genderual Sadism

2. A DSM-V diagnosis within the past six months, treatment for these disorders
within the past six months, or a current DSM-IV diagnosis of the foiiowing
disorders was exclusionary:

L J

METHODS

MDD subjects with secondary depression (defined as Depression NOS
or Dysthymia and a HamD 17 item total score <16 at the Baseline visit)
were permitied in the study

Panic Disorder Without Agoraphobia, Panic Disorder With
Agoraphobia, Agoraphobia Without History of Panic Disorder, Social
Phobia, Posttraumatic Stress Disorder, Generzlized Anxiety Disorder
Attention-Deficit/Hyperactivity Disorder

Factitious Disorders and Dissociative Disorders

APPEARS THIS WAY
ON ORIGINAL
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Table 1 Demographics

e Height (in.} Wei BSA BMI
IContinuous Covariates fﬁ.} e ﬂe;ojht {m% {
n 108 100 100 100 100
mean 378 80.5 170.0 1.856 285
standard deviation 121 37 524 0.302 a.0
minimum 181 58.0 100 1.420 176
maximum 70.0 740 367 3.058 55.5
Categorical Covariates
Race 85 Whites/3 Blacks/3 Criental/t Native American/d Hispanicid Other
{Gender 39 Males/81 Females
Afechol 91 =4 drinks per wesk/B > 4 drinks per week
[Smoker 98 rien-smokessi2 smokers :
[On Concomitant
Medications at time .
of blood sample™ 128 yes! 53 no
Dose*
109 mg n= 8
150 mg n= 14
200mg n=16
250 mg n= 17
300 mg n=117
350 mg n= %
500 mg n=1
800 mg n= §. i s
" Subj may be counted twice due o mulfiple sampling events.
upporiing Data:
endix 11.9.2 Demographic Analysis and NONMEM Datadile Preparation (LISTING)

GENERAL APPROACH TO PK ANALYSIS

The complete data set was randomly split into two groups. One group consisted of
~80% of the data and was used for mode! development and building. The other

oup of ~20% was used for validation. The ral modeling approach taken
g)med the guidelines set forth in Ette and L%rﬂ and Bz?no et al.® Model
selection was based on physiological and phammacological rationale and the
principle of parsimony — simpler models were chosen over more complex model's
when statistically justified.™ First, exploratory data analysis (EDA) was undertaken to
examine the basic structure of the concentration-time data and to identify any
outliers. Second, population pharmacokinetic models were developed without
covariates. Using conditional estimation methods, individual pharmacokinetic
parameter estimates were obtained. Third, individual covariates were screened to
determine if there was any relationship between individual pharmacokinetic
parameter estimates and individual covariates. Fourth, any significant covariates
identified previously were entered into the population model to identify the population
model that best described the data. Fifth, appropriate methods were used to
evaluate the performance of the model. Lastly, once the final covariate model was
identified, individual pharmacokinetic parameter estimates were again estimated and
summarized by descriptive statistics.

BASE MODEL DEVELOPMENT
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Fluvoxamine concentration-time data was analyzed by nonliniear mixed-effects
modeling using NONMEM, Version V to develop a base structural population
phamacokinetic model. The base model was identified by comparing different
structural phamacokinetic models, e_g. a one-compartment model with oral
absorption. The general approach is to identify the structural mode! and then refine
the model by adding or removing random effects from the model. Random effects
(between-subject variability on the pharmacokinetic parameters) were assumed to
follow a log-normal distribution

P~ 0" exp(n) ®
where P is the parameter of interest, j is the jth subject, 0 is the estimate of the
population mean and 1 is the deviation from the population mean for the jth subject
under the assumption that 1~ N(O,m’ ) BB For g 1-compartment model, random
effects were initially modeled on dlearance. For a 2-compartment mode, random
effects were initially modeled on clearance and volume of the central compartment.
Additional random effects were then added or removed from the model sequentially.
The basis for addition or removal of model terms was based on whether the models
were nested or non-nested, all other things being equal, e.g., precise standard error
of the parameter estimates, unbiasedness of residual plots, and precise estimation
of the variabifity associated with the random effects. If multiple random effects were

APPEARS THIS WAY
ON ORIGINAL
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included in the model, a diagonal covariance matrix for the random effects was
used. Also, residual error was modeled as a combination of additive and proportional
emor '

Yi =Gy (1 +es )+ ey )
The significance of the additional off-diagonal covariance terms was evaluated using
the nested model selection criteria with a significance level of 0.05. Note that the
NONMEM objective function value (OFV) is equivalent to —2 times the log-likelihood
function.
Three possible residual variance models were examined:

u(\tkiiﬁvc;andpmporﬁmalerrorn‘nodﬂ Yﬁ=cﬂ(1+%)+% {5)
» Proportional error model Yy =Cy(t+e5) (6)
« Additive error model Yi=Gi+g M

where Y is the observed concentration for the ith subject’s jth concentration, C is the
predicted concentration, and ¢ are the residual errors under the assumption that

g~ N(O,crﬁ) - Additive alone and proportional random error models (reduced modeis)
were compared to the APEM (full model) for improvement in the goodness of fit as
follows:

1. The APEM (full) model was compared to a proportional error (reduced) model.

2. Ifthe difference in the NONMEM OFVs (reduced - full) in Step 1 was less than
the critical value from a chi-squared distribution with 1 degree of freedom at
0.05, the proportional error model was considered the superior model.

3. IfinStep2,ihepmpom*malemmodelwasﬂ1esupedoqnndel,memidua!
variance estimate was compared o the residual variance estimate from the
additive error only model. The model with the smallest residual variance
estimate was considered the final residual variance model.

4. [fin Step 2, the APEM was the superior model, the APEM (full) was compared
to the additive error (reduced) model.

5 Ifthe differeﬁce in the NONMEM OFVs (reduced - full} in Step 4 was less than
the critical value from a chi-squared distribution with 1 degree of freedom at
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0.05, the additive error model was considered the superior model. Otherwise,
the final variance model was the APEM.

Model selection was dependent on whether models were nested or non-nested. For
nested models, the following selection rationale and criteria was used. It has been
shown that if two models are nested and the full mode! having p model parameters
15 compared to a reduced mode! with q mode! parameters, such that q < p and the
set of parameters in q is a subset of the parameters in p, then difference in the
NONMEM OFVs between the two models (reduced — full) has a chi-squared
distribution with p-q degrees of freedom under the null hypothesis that the additional
model parameters in the full model are zero '3 Thus, for this analysis if the
difference between the OFVs for two nested madels (reduced — full) was greater
than the critical value based on a Chi-square test with p-value 0.05, assuming both
OFVs were obtained using the same estimation method, the full model was
considered the superior model.

The Akaike Information Criterion (AIC) can be computed from the NONMEM OFV as

AlC=0FV+2p (8)
where p is the number of estimable parameters in the model. In comparing two non-
nested models, M1 and M2, the difference in the AICs was computed as

AAIC=OFVig —~OFVi +2(paa —Pas)- @
i pur = pua, the model with the smailest AIC was chosen, ali other things being
equal. if py; # pyz and AAIC < 0, model M1 was chosen; otherwise, model M2 was
chosen as the superior model. :

Once the base model was identified, individual subject pharmacokinetic parameters
for which random effects were included in the model were calculated by the posterior
conditional estimation technique using the POSTHOC step with first order
conditional estimation (FOCE) in NONMEM.

Once Bayesian Post-Hoc estimates for the random effects were determined, the
data set was examined for outliers by examining weighted residuals. Data points
with weighted residuals greater than 4 were considered outliers. Qutliers were
documented and removed from the model. The model was re-fit and the individual
subject pharmacokinetic characteristics recalculated. At this point, no further outlier
removal was done.

COVARIATE SCREENING

For covariates that were continuous in nature, phamacokinetic parameters were
regressed against the covariate using quadratic linear regression to identify
covariates of significance. The F-test testing the overall “significance” of the model
was used as the criteria for covariate significance. Covariates having an F-test p-
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value of less than 0.05 were considered stafistically significant. Also, scatter plots of
plasma concentrations vs. covariate overlaid with a nonparametric locally weighted
scatter plot smoather (LOESS) were used to help identify functional relationships /™

For covariates that were categorical in nature, analysis of variance was used to test
for differences in the rank-transformed pharmmacokinetic parameters between
groups. The variable DOSE was analyzed by three different analyses: as a
categorical variable, as a confinuous variable, and as a dichotomous variable with
subjects assigned to group 1 (less than 300 mg) or group 2 (300 mg). When dose
was treated as a categorical variable, polynomials were used to assess
the trend between dose and pharmacokinefic response. " Also, box and whisker
plots of pharmacokinetic parameters for each of the groups were used to identify
differences between groups. -

The covaniates to be screened were selected a priori foilowing Intemnational
Conference on Harmonization (ICH) Guidelines.!" The potential covariates
examined were defined by the sponsor prior to initiation of the modeling process.
Specifically, the following covariates that were screened include: age, height, weight,
dose, body surface area, body mass index, race, gender, smoker {current cigarette
use), alcohol use (Y or N}, and concomitant medication (Y or N within 3 days of
blood sample collection). No specific concomitant medications were examined. If
both BSA and BMI were statistically significant, the one with the largest coefficient of
determination to the pharmacokinetic parameter of interest was to be tested in the
covanaie model. ’

COVARIATE SUBMODELS

Once significant covariates were identified, they were then added to the base model
incrementally and tested by NONMEM to determine if they were indeed statisficaily
significant. The covariate with the highest correlation was entered first into the
model. Covariates were then entered into the model based on rank-order coefficient
of determination. By default, covariates that were continuous in nature were entered
into the model in a covariate-normalized linear manner

P = 05+ y; ] Xy, -M(Xy;)]. (10)

where Py is the jth parameter, 8 is the intercept, 8., is the siope relating the
covariate, Xy, to the pharmacokinetic parameter, and M(X) is the median of Xy
Centering of covariates has a number of advantages including: reduced numerical
instability in the parameter estimates when there are high comrelations among the
parameters, the extended least squares algorithm is least likely to terminate with
rounding errors, and more meaningful estimates in that the 8, represents the
population mean parameter estimate at the mean of X,,, while 9, represents the rate
of change in the parameter per unit change in X, .'8) if éle scatter plot between the
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covariate and the pharmacokinetic parameter indicated a log-finear relationship, a
multiplicative model was used

Pr=[o0-MOG ¢ i
Combinatory linear and log-linear models were developed as needed.

Categorical covariates were entered into the model using dumrhy variables (0 or 1)
using a fractional change model. For the linear model with a dichotomous covariate

Py =8 (1+6X;), (12)
where 149y is the fractional multiplier for X,y Thus when X; = 1, P, = 6,(1 + ;).
When X: =0, P, = 6. For a multiplicative model

Pj= 65" . (13)
Thus when X;; =1, Pj=eg‘.WhenX1, =0, P,= 6. The level of significance for
inclusion into the model was 0.05.

In addition, pharmacokinetic parameters were summarized stafistically by
1. Race

Gender

Age (<30, 30-40, 40-50, 50-60, 60-70, 70+)

Age (<30, 30-40, 40-50, 50-60, 60-70, 70+) by Gender

Smoker vs. non-smoker

Body mass index (<19, 20 to 24, 25 to 29, 2 30)

Concomitant medications (yes or no)

N o e w N

8. Dose (mg)
Box and whisker piots were used to graphically summarize the distribution of the
phamacokinetic parameters by siratification. Descriptive statistics, including mean,
median, n, standard deviation, minimum, and maximum, were used to summarize
the phammacokinetic parameters by stratification.

PHARMACODYNAMIC ANALYSIS

APPEARS THIS way
ON ORIGINAL
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For each subject, the average steady state plasma fluvoxamine concentration was
computed from the POSTHOC parameter estimates under the final NONMEM
model. Comelation analysis of pharmacokinetic estimates against the primary
efficacy measure, Y-BOCS, was used to assass whether any pharmacokinetic-
pharmacodynamic correlation existed. The dependent variable of interest was
Y-BOCS score at end-study minus Y-BOCS score at Baseline. Also, subjects were
classified into responders and non-responders. Responders were defined as having
a decrease of 8 points or greater in their Y-BOCS score at Week 6, Week 12, 0r
end-study. Average steady-state plasma concentrations were then compared
between responders and non-responders.

The top five adverse events on Weeks 6 and 12 were identified as follows. On
WeeksBandmmbjecEwerequeﬁedmoccmenceofmyadverseevmts. If
ﬂwyrepoﬂedanadverseeventmateventwascodedonmeCaseReponFam-
Aﬂercmmleﬁonofhestudy,allstbjeds(acﬁvemdplacebo)wereﬂrenre-cadedto
0 or 1 about the absence or presence of a particular adverse event. The total
nunberofsm:jectsrepmﬁngaparﬁwlar'advemeevematﬁm“eekorinpmwous
weeks was then tabulated. The five adverse events with the greatest frequency
weremenidentiﬁedandmmedintothepharmacodynanicanalysis. Logistic

ion was used to determine whether a difference in a steady-state
fmhvmnineplasmcmcermm existed between subjects vereagemcng_ ng the
adverse event and those that did not. Appropriate transformations were used, if
needed, to meet the assumptions of the statistical test.

The nature of the relationship between total number of adverse events and
fiuvoxamine plasma concentrations over time was examined. The total number of
adverse events reported by a subject on Days 43 and 85 was counted. By definition,
the total counts on Day 85 should be equal to or greater than Day 43. Since the
dependent variable in this case is not continuous, but rather count data, Poisson
regression was used."" The dependent variable was total number of adverse
events, while the independent variables (both continuous) were visit number and
fluvoxamine plasma concentration. The mode! deviance residuals were examined for
nomality. if the residuals were not normally distributed, various transformations
were to be examined to ensure residual normality.

APPEARS THIS WAY
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PARAMETER STABILITY

The stability of the parameter estimates in the covariate model was compared to the
stability of the parameter estimates in the base model. The condition numbser,
computed as the ratio of the largest eigenvalue to the smallest eigenvalue of the
variance-covariance matrix, for the covariate model was compared to the condition
number for the base model. A condition number less than 20 indicates good stability
in the parameter estimates ['®l

A nonparametric estimate of the standard emor of the parameter estimates was
‘estimated using the delete-1 jackknife.I"® The jackknife is a computer-intensive, non-
parametric method in the sense that it does not assume a normal error distribution or
even homoscedasticity, whereby the standard error of a test statistic can be
calculated. Briefly, for the nonlinear case define 8 and 84i) as the vector of

parameter estimates with and without the ith observation deleted, respectively. Then
d

efine the ith pseudo-value as
R =nBb-(n-1)-8§) (14)
The average of all pseudo-values,
>R
P=‘=1—n- (15)
is called the jackknife estimate of 6 with variance-covariance matrix
. [ ~ .
= R-P)(R-P 16
=L (A-PIA-P) (16

The square root of X is the jackknife standard error of the estimate. The jackknife
standard errors were compared to the parametric standard errors. A 95% asymptotic
confidence interval was calculated for each parameter as

- 8,8y} = 8 Zy oo5 + SE(8) (17)
where:

6 and 6, are the lower and upper confidence interval estimates, respectively;

8 is the parameter estimate;

Zy 505 is the inverse cumulative distribution from a Z-distribution with 0.995
probability or 2.576; and

SE(é) is the standard error of the parameter estimate based on parametric theory.

'MODEL PREDICTABILITY

APPEARS THIS WAY
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At the time of creation of the NONMEM data file, approximately 20% of the data was
randomly removed and saved for mode! performance assessment. The predictive
validity of the model was examined by comparing the model predicted plasma
concentration for a typical subject (setfing all eta’s equal to zero). For each subject,
the relative error for each observation was calculated

Ln(%)-Ln{¥;)

%) x100%, (18)

RE; (%)=
where: '
Yy is the ith observed concentration for the jth subject; and
Y, is the cormesponding predicted concentration.
Relative errors were summarized 'by descriptive statistics.

ANALYTICAL

A total of 189 plasma samples from 106 human subjects was analyzed for
fluvoxamine by Elan Corporation PLC. During the study, the back calculated
calibration standards had coefficients of variation ranging from 1.80 to 9.82% with an
accuracy of 97.57 to 104.63%. The quality control samples had coefficients of

variation ranging from 2.93 to 11.32% with an accuracy of 94.25 to 104.54%.
Samples were received in two fots on 13 January 2000 and 10 March 2000.

Test and Reforance Substance Stability:

The drug is stable in plasma over 4 freezo-thaw cycles.
Samples containing Fluvoxamine are stablo stored at -20°C
for up fo 12 woeks.

Samples centaining Fluvoxamine are stable stored at -80°C
for up to 15 woeks.

Extracts containing drug are stable in the fridge for three days
{72 hours) prior 1o injecion.
Exﬁaeboonﬁnhg&ugarest&bmhaaﬁasamplerlrayfor
twoo days (72 hours) prior to injoction.

Extracts may be re-injocted on day two after initial injection on
day one.

Drug is stable in plasma on the benchtop for up to 4 hours at

room temperature. .
8. Reforence standard aliquots are stable for up to 7 months at
fridge tempaerature.

[ S

Noe o koW

MODELLING RESULTS

Figure 1 presents a histogram of blood sample collection times. Most samples were
collected between 10 to 20 h post dose, although two samples were collected more
than 144 h post-dose. Figure 2 presents a scatter plot of observed fluvoxamine
plasma concentrations from the time of most recent dose. Figure 3 presents Figure 2
from 0 to 48 h post-dose. The data indicate that all information related to the
absorption phase was not captured with the blood sampling design and that at most,
efimination kinetics can be characterized.

81



Figure1  Histogram of Sample Distribution Times

FE= S W W L
2 6 10 14 20 36 60 84 108 132=144h
Midpoint of Sampling Bin (h after most recent dose)

Figure2  Scatter plot of fluvoxamine plasma concentrations vs. time from
most recent dose {linear scale)
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Figure3  Scatter plot of fluvoxamine plasma concentrations vs. time from
most recent dose upto 48 h

[//

The best fit model was the 1-compariment model with intravenous administration
(model M1B.NMN). This model was re-fit using first order conditional estimation, a
more precise estimation algorithm within NONMEM {mode! M1BFO.NMN). The
resulting OFV decreased by 35.7 points, a value that was highly significant (p<0.01).
This model was then deemed the base model. Figure 4 presents the predicted
(PRED) vs. observed plasma concentrations under the base model. Predicted

plasma concentrations in this plot assume that each subject has the typical

values in the population for clearance (90.5 L/h) and volume of distribution
(5540L).

APPEARS THIS WAY
oM GRIGINAL
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Figure4  Predicted vs. observed concentrations under base model (1-
compartment with intravenous administration, model
M18FO.NMN)

PHARMACODYNAMIC RESULTS

CORRELATION BETWEEN FLUVOXAMINE PLASMA
CONCENTRATIONS AND EFFICACY

Figure 34 and Figure35pmentascatlerp!otofdlangefr6m Baseline in Y-BOCS
scores against predicted steady-state plasma concentrations and observed plasma
concentrations at the time of measurement, respectively. There was no correlation

between either predicted or observed plasma concentrations and change from
Baseline in Y-BOCS scores.

Subjects were categorized into responders or non-responders at the time of
measurement. A responder was a subject that had a change from Baseline Y-BOCS
score of at least 8 points or greater. Figure 36 presents a box and whisker plot of
predicted average-steady state plasma concentrations, observed plasma
concentrations, and apparent oral clearance for responders vs. non-responders.
There was no difference between groups in any variable. Appendix 11.11.4
presents the results from this analysis.
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Figure 34  Scaiter plot of change from Baseline in Y-BOCS scores against
predicted fluvoxamine plasma concenirations

10

Change in YBOCS from Bassline

. .
»® *

)

-30 »
Pearson's r: 0.0814 (p = 0.3538)
40 ¥ L L] 1 L -
0 50 o0 150 200 250 300
Predicted Fiuvoxamine Average Steady-State
Plasma Concentration (ng/mL)

Note: Solid fine is least-squares fit 1o the data. Subjects may be counted twice on different visits.

APPEARS THIS WAY
ON ORIGINAL
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Figure 35  Scatter plot of change from Baseline in Y-BOCS scores against
ohserveid fluvoxamine plasma concentrations at time of
measurement

77

Observed Fluvaxamine Piasma Conceniration
at Time of Measurement (ng/mL) _

Note: Sofid line is least-squares fit to the data. Subjects may be counted twice on different visits.

DISCUSSION

These resuits indicate that the fluvoxamine plasma concentration-time data were
best modeled using a 1-compartment model with intravenous absorption. Clearly,
this moded is not the best model to characterize the pharmacokinetics of fluvoxamine
CR, which is an oral sustained release formulation. A better model would be one
where zero-order absorption kinetics are used. However, since fluvoxamine CR is to
be administered in the evening prior to bedtime, collection of the blood samples
necessary to characterize the absorption phase is difficult to impossible. Most
subjects retumned the next moming or afternoon for biood sampling. Hence, the
majority of blood samples were collected between 10 and 20 h post-dose. At this
time, absorption and distribution of the drug was complete. As such, the only phase
that could be characterized was the elimination phase. Nevertheless, theoretical
studies that have shown that even if the absorption phase model is misspecified, or
missing as in this case, apparent oral clearance can be estimated with a small
degree of underprediction. Similarly, if no absorption data are present, apparent
volume of distribution will also be estimated with no bias ®! For this study, even
though the structural pharmacokinetic model was misspecified to account for the
lack of absorption phase, it is expected that the apparent oral clearance and volume
estimates will be unbiased and reflective of the true population values.

86



COMMENTS

1. The formulation developed by the firm is a CR formulation for which the
Tmax is reported to be 7 hrs with a 13 hr half-life.

2. Aprevious study S1141106 which investigated multiple doses from 100-
300 mg QD indicated that following multiple dosing nonlinearity is reflected
in the dose-normalized (DN) AUC(0-24h) and Cmax values. This was not

supported by the current pop pk analysis by the firm.

3. ltis very likely that the data modeled at 10 hrs contains absorption
information while that at 20 hrs may be elimination which makes any
predicted steady-state levels based on the model to be questionable.

4. The firm could have supported their position by doing a qualification not
only based upon the single dose post-hoc predictions but also by
comparing their predicted steady-state data with the data previously

obtained from study S1141106.

5. The POP PK/PD analysis presented by the firm is inconclusive so there
may be a relationship found between PK and PD if better quality data
were analyzed.

6. Due to the poor quality of the data OCP did not replicate the firm’s base
and final model analysis.

APPEARS THIS WAY
ON ORIGINAL
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number- 22-033 Brand Name Luvox
OCP Division (I, 11, III) DiVI Generic Name Fluvoxamine Maleate
Medical Division Psychiatry Drug Class Serotonin(SSRI)
OCPB Reviewer Andre Jackson Indication(s) SAD and OCD
OCPB Team Leader Raman Baweja Dosage Form Capsules

) Dosing Regimen Once-a-day

Date of Submission April 28, 2006 Route of Administration Oral
Estimated Due Date of OCP Review January 11, 2007 Sponsor Solvay Pharmaceuticals
PDUFA Due Date March 1, 2007 Priority Classification 1S
Division Due Date January 28, 2007

atfiling

submitted

Clin. Pharm. and Biopharm. Information
“X” ifincluded | Number of Number of

studies
reviewed

Critical Comments If any

STUDY TYPE

Table of Contents present and

sufficient to locate reports, tables, data,

etc.

L]

Tabular Listing of Ali Human Studie:

HPK Summary ‘

| Labeling

Reference Bloanalyticai and Analyticai

Methods

I._Clinical Pharmacology

Mass bhalance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase |) -

Healthy Volunteers-

single dose:

multiple dose: | x

1. Biostudy 1098001-
(fluvoxamine CR
capsule prototype C
vs Luvox)

2, Study 1098002--
{fluvoxamine CR
capsule prototype D
vs Luvox)

Patients-

single dose: | NA

muitiple dose: | NA

Dose proportionality -

fasting / non-fasting single dose: [ NA

fasting / non-fasting multiple dose: | x

Study S$1141106- 100mg,
200mg and 300 mg once daily
dosing

Drug-drug interaction studies -

In-vivo effects on primary drug: | NA

In-vivo effects of primary drug: | NA

In-vitro:
Subpopulation studies -
ethnicity: | NA
gender: | NA
pediatrics: | NA
geriatrics: | NA

renal impairment: | NA

hepatic impairment. | NA

PD:

Phase 2:

Phase 3:

PK/PD;

Phase 1 and/or 2, proof of concept:




Phase 3 clinical trial:

Study S1143103 (POP PK study
to determine if a concentration-
effect relationship exists

between plasma concentration,
adverse events and change .
from baseline Yale-Brown OCS
scores )

Population Analyses -

Data rich:

Study CR $1143104 (Evaluate
the POP PK for fluvoxamine)

Data sparse:

Il. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

1.Study 0398002 (4 Elan CR
formulations vs Luvox 100
mg)

2.Study 0798005 (effect of
food on BA of fluvoxamine
CR)

3.Study 0698001(4 Elan CR
formulations vs Luvox 100

mg)

Bioequivalence studies -

traditional design; single / multi dose: | x 1. Study 0300002 (BE
100 mg fluvoxamine
CR capsulr in’
botties v¢ ——

2. Study S1141109 (BE
of two fluvoxamine
100 mg CR capsules)
replicate design; single / muiti dose:

Food-drug interaction studies: X Study S1141107 (100 mg Luvox
fasting vs CR 100 mg capsule
fasting and fed)

Dissolution: X

(IVIVC):

Bio-wavier request based on BCS

BCS class

1ll. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies
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Filability and QBR comments

X" It yes Comments

Application fileable ? X Reasons if the application is not filable (or an attachment if applicable)
For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm ? 1.The organization of the analytical data is not
clear. The firm has included the same validation
data in several locations.

2.For study reports 0300002 and S1141109 there
was no specific analytical data for these studies
(i.e., calibrators and QC samples).

3.For study S1141106 the analytical report could
not be located.

4.For several studies only summary data was
provided for QC there was no data for calibrators.
5.The firm should audit the analytical data for all
of their studies and provide the location of
summary calibration and QC data.

QBR questions (key issues to be 1.What is the BA of the CR product relative to IR Luvox.

considered) 2. Does the fluvoxamine CR product exhibit linear kinetics

3.Is the CR product BE to IR Luvox

4. Is there any evidence of dose dumping for the CR product

§. is there a relationship between fluvoxamine CR plasma levels and adverse
events and change from baseline Yale-Brown OCS scores

Other comments or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

‘CC: NDA HFD-850 (Electronic Entry or Lee), HFD-130 (CSO0), HFD-860 (Jackson, Mehta, Baweja ), CDR
(Biopharm-CDR)
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