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) TOPAMAX (topiramate) Tablets were approved on December 24, 1996 for the
adjuncuve treatment for adults with partial onset seizures. The Sponsor RW Johnson plan
to market toplramate for 3 new treatment indications: partial onset seizures in children,

i ) lgcncrahzed tonic-clonic seizures. In support of these 3
new indications, four randomized, placebo—controlled double blind studies were
conducted to evaluate the safety and efficacy of topiramate. Topiramate is available as 25,
50, 100, 200, and 300 mg tablets.
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TopamaxTM (topiramate) is a chemical compound classified as a sulfamate-
substituted monosaccharide, claimed by the Sponsor to be an antiepileptic. Chemically
Topamax is designated as 2, 3:4,5-bis-0( 1-mcthylethylidene)—b—D-fructopymnose
sulfamate. : '

~ Topiramate is rapidly and well-absorbed after oral administration. Following 400
mg multiple oral dosing every 12 hours, peak plasma concentration of 27 pg/mL is
reached in about two hours. There is no effect of food on the bioavailability of topiramate.
The volume of distribution of topirzmate following 100 to 1200 mg oral dose ranged from
0.55 I/kg to 0.8 Ukg. Plasma protein binding of topiramate is about 17 percent.
Topiramate is not extensively metabolized. At least six minor inactive metabolites formed
through hydroxylation or hydrolysis of the isopropylidene groups and glucuronidation
have been identified from Plasma ari¢ urine of humans. About 70% of the dose of
topiramate is excreted unchanged in human urine. The mean elimination half-life of
topiramate in humans is approximately 21 hrs. Oral clearance js approximately 29 ml/min
in humans following oral administration. Clearance of topiramate is not affected by age
(18-67 years), gender or race. The rican renal clearance of topiramatc is 14 ml/min.
Multiple q 12h dosing of 50 and 100 mg doses of topiramate for at least 14 days results in

. topiramate Crax and AUC values that increased in a linear and dose-proportional manner.

The pharmacokinetics of topiramate is affected by renal impairment. Oral clearance
decreased by 56% in the severe group (creatinine clearance <30 ml'min/1.73m2) and by
46% in the moderate group (creatinine clearance 30-69 ml/min/1 73m2) as compared to
normmals. Topiramate is effectively removed from the plasma by hemodialysis.

In three multicenter clinical studies designed to compare the safety and efficacy of
different doses of topiramate (200-1000 mg/day) in patients with refractory partial
epilepsy, the median percent fe&ﬁction in seizure rate increases with increasing plasma
topiramate concentrations upto 5.2 pg/ml. At plasma topiramate concentrations above
5.2 pg/mL, a decrease from the peak seizure rate reduction is observed.
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Summary of the Present NDA
In this NDA the main ok.)jcctive of the Sponsor is to evaluate the safety and efficacy
of topamax tablets for the treatment of partial onset seizures in children, Lcnnox-gastéut
syndrome, and generalized tonic-clonic seizures. The Spoqsdi'fhas submitted 3 studies. A
pharmacokinetic and pharmacodynamic study whiéh relates the plasma concentration and
'.50% reduction in seizure in the group of patients with partial onset seizures (in children),

Lennox-gastaut syndrome, and generalized tonic-clonic seizures. The results of this study

2 3

indicate that median percent reduction and percent responders were greatest in the mid-
range plasma topiramate concentrations >3.2 to <5.4 pg/mL. There was no correlation
between percent reduction in the average monthly partial onset seizure rate and plasma
topiramate concentration or the avérage monthly seizure rate for all seizures (Study #1).

. The remaining 2 studies deal with the bioequivalence studies which were submitted
in the original NDA and were reviewed (Studies #2&3). A study describing the
pharmacokinetics of topamax in children was also reviewed but has not been submitted in
this NDA. For the benefit of the reader the pharmacokintics of topamax in children has
also been included in this review (Study #4)
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Labelling Comments
The Sponsor is requested to make following changes in their labelling:

1. Under Pediatric Pharmacokinetics please add:
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2. Under Oral Contraceptive Pharmacokinetics please add:
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Recommendation:

From a pharmacokinetic point of view this NDA is acceptable to the Office of Clinical

Pharmacology and Biopharmaceutics. The Sponsor is requested to incorporate all the ‘Labelling'
changes.

Ve

Please convey the Labcllmg Comments to the Sponso(

- ~ Iftekhar M@M Ph.DI ﬂ /S/ ﬁ.}é/zﬁf

3§ / <3
RD/FT initialed by Chandra Sahajwalla, Ph.D, / S/ - LL\‘*\

Division of Pharmaceutical Evaluation I
Office of Clinical Pharmacology and Biopharmaceutics

CPB Briefing: June 2, 1998

CC: NDA 20-505, HFD-120, HFD-860 (Mahmood, Sahajwalla, Mahnowslu) HFD-340
(Viswanathan), CDR (Barbara Murphy) and FOI (HFD-19) files.
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Study #1: Pharmacokinetic and Pharmacodynamic Relationships:

Pediatric partial onset seizures (Protocol YP): »
This was a multicenter, randomized, double-blind, placebo-controlled trial to

compare the safety and 'efﬁcacy of different topiramate doses /in'/pediatn'c patients with
partial onset seizures with or without secondary gcneralized';eizurcs. Total daily doses of

125 mg, 175 mg, 225 mg, and 400 mg based on subject's body weight to approximate a
«dosage of 6 mg/kg per day as adjunctive therapy were given to 86 subjects. As part of
inclysion criteria, subjects were required to have at least six partial onset seizures during
the baseline phase, with at least one partial onset seizure occuring during each 28-day
period, while being maintained on a stable regimen of one or two standard AEDs. The
double-blind phase consisted of a 56-day titration period and a 56-day stabilization period.
Blood samples for determination of topiramate plasma concentrations were obtained cn
daysl, 15, and 29 of the titration period and on days 43, 57, 85, and 113 of the
stabilization period. Concentrations of topiramate were determined by a validated capillary
gas chromatography method.

Percent reduction in seizure rate was defined as:

' Seizure rate = 100*(B-S)/B

Where B = baseline seizure rate and S= stabilization period seizure rate.

The average monthly seizure rate for a time period was calculated as the total number of
seizures reported during the period divided by the number of days in the period multiplied
by 28. The baseline seizure rate was calculated as the average monthly seizure rate for the
pretreatment period. The subjects were declared responders if there was a 50% or greater
reduction in seizure frequency. The stabilization seizure rate was defined for each subject
as the average monthly seizure rate over the portion of the stabilization period completed
by that subject. The percent reduction in seizure rate was plotted against the mean plasma
topiramate concentration. Kendall's correlation coefficients for these two variables were
calculated for all subjects and for males and females separately.

The mean plasma concentration of topiramate for the entire period of the trial was

3.6 + 1.98 pg/mL. Median percent reduction and percent responders were greatest in the
mid-range plasma topiramate concentrations stratum >3.2 to <5.4 pg/mL. There was no
correlation between percent reduction in the average monthly partial onset seizure rate and

plasma topiramate concentration (T = 0.067, p=0.537) or the average monthly seizure

~ rate for all seizures (Tp = 0.082, p= 0.452).
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Duration
56 days

56 days*

56 days
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@6: Study Design for

| BASELINEPHASE B
Subjects receive AED (one ar two AEDs)
I DOUBLE-BLIND TREATMENT PHASE: TITRATION PERIOD l
PLACEBO TOPIRAMATE (MG/DAY)
Dosage by Subject Weight
125 mg 175 mg 225 mg 400 mg
16-249kg  25-33.9kg 34429kg 243Xkg
MASETR  155.741h  15.64keY (205 Th
v JV
I DOUBLE-BLIND TREATMENT PHASE: STABILIZATION PERIODj
TRIAL COMPLETION I [ TRIAL WITHDRAWAL ]
LONG-TERM OPEN-LABEL DRUG
EXTENSION STUDY TAPERING
If a subject was unable to tok the study medication, the investigaior was pamitied to

reduce the subjea’s dosage or to maintain it at the level the subject was recriving at the

time the dose-limitine sdverse event oocurred.
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Table 20: Changes in Plasma Concentrations of Concomitant AEDs From the
Bascline Phase to the Double-Blind Phase

(Randomized Subjects With Available Data; Protocol YP)
——— e Placcbo e ___Topinmaic
Baseling Mean Baschine R Mean .
~""  Concomitant " Mean (SD) Change (SD) Mean (SD) " Change (SD) .
‘ AED N ) N (ug/ml) N (pg/ml) N p-value
i 26 9.3 (249) 25 03  (160) 25 89  (246) 25 08 (218) 0.428
“Valproic Acid 12756 (4034 10 42 (1628) 10 833 (3478 10 115 (2047) 0389
s Lamotrigine S 35 (136 5 07 (%) 5 78 (5.39) 5 08 (049) o0.017
Phenytoin 9 128 (7.36) 9 _-12 (66 7 98 (6.70) [ 19 (9) o.01
* One-way ANOVA paring topi with placeb wilh respect 1o mean change from baseline,

APPEARS THIS WAY
ON ORIGINAL

Table 21: Percent Seizure Rate Reduction and Treaunent Res

ponders by Plasma
Topiramate Concentsation Stratum

_(All Availablc Plasma Sam-les During Stabilization; Protocol YP)
Seizure Type
Plasma Stratum ’ Mcdian Percent Percent Responders
_(up/mL) N Reduction No. %
Partial Onset Seizures
32 13 18.1 5 38
232t0<54 ’ 14 51.5 8 57
254 14 303 5 36
All Scizures
€3.2 13 10.6 5 38
23210<54 14 515 B 57
25.4 14 30.4 b 36
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Human PK and Bﬁav—aililm'e_cﬁn.cal Summaiy

opiramate
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Primary Generalized Tonic-Clonic seizures in adults and children

(Protocols YTC and YTC-E):
Protocol YTC:

This was a multicenter, randomized, double-blind, placcbo—controllcd trial to
cornpare the safety and efficacy of different topiramate doses as adjunctive therapy in
patients with Primary Generalized Tonic-Clonic (PGTC) seizures with or without other
generalized seizure subtypes. Total daily doses of 175 mg, 225 mg, and 400 mg based on
subject’s body weight to approximate a dosage of 6 mg/kg per day as adjunctive therapy
wcre/given to 72 subjects. As part of inclusion criteria, subjects were required to have at
least 3 PGTC seizures during the baseline phase, with at least one PGTC seizure occuring
during each 28-day period, while being maintained on a stable regimen of one or two
standard AEDs. The titration period consisted of an initial 28-day interval and two 14-day
intervals and a 84-day stabilization period. Blood samples for determination of topiramate
plasma concentrations were obtained on days 1, 29, and 43 of the titration period and on
days 57, 85, 113 and 141 of the stabilization period. The percent reduction in PGTC
seizure rate was plotted against the mean plasma topiramate concentration. Kendall's
correlation coefficients for these two variables were calculated for all subjects.

* The mean plasma concentration of topiramate for the entire period of the trial was

5.1:+2.51 pug/mL. There was no significant correlation (Tp = 0.189, p= 0.118) between

percent reduction in the average monthly PGTC seizure rate and plasma topiramate
concentration. There was a significant but weak correlation between percent reduction in
the avcrége monthly seizure rate based on all seizures and plasma topiramate concentration

(T = 0.257, p= 0.032).
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A dia_grammalic Tepresentation of the study 'gc‘gign is presented in Figure 8.

Figure 8; Study Design for Protocol YTC
Duration
- . Sedap BASELINE PHASE
- Sebjects reccive AED (one or twe AEDs)
%
—_— l INELIGIBLE
xO
' YES . Randemisation
S6days ¢

'OUBLE-BLIND TREATMENT PIIASE: TITRATION PERIOD

' '

TOPIRAMATE (MC/DAY)
(Dosage by Subjent Weiphs)
PLACEBO 7Sy DS mg 400 mg
-9k W429%g 43 kg or move
05-34 m) (7594 1p) {95 b or mcarc)
———
t l ’
. 84 days

TRIAL COMPLETION Wi D AL
LONG-TERM OPEN LABEL
EXTENSION STUDY DRUG TAPERING
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Table 24: Changes in Plasma Concentrations of Concomitap( AEDs From the Bascline Phase to

the Double-Blind Phase
(Randomized Subjects Withi Available Data: Protocol YTC)
—_— _Plaxbo —_—  Topinmae
) ) Bascline Mean Baseline Mean
o Concowitant AED Mean (SD) Change (SD) Mean (SD) 4 Change (SD)
] N _(upml) N_(ugml) N (up/ml) N P-value®

) Valgroic Acid 20 94.2(28.94) 20 0.4 (16.05) 20 96.4 (40.20) 19 -15(4.11) 0.696
f Pheaytain 12 173(7.59) 12 -05(6.55) 15 14.5(8.63) 12 -25(4.89) 0404
Qrbmiqim 9 9.6(301) 9 07(0.83) 13 89(433) 11 -14(201) » 0.009
Lamotrigine 11 65(4.25) 9 06(179) 6 43(2.09) 6 1.2 (2.03) 0581

Phenobarbital 7 299(14.22) 7  12(136) 9 21.0(11.83) 7 34(8.02 0294

* One-way ANOVA

paring topi with placcho with respect 10 mean change from baseline.

APPEARS THIS way
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Table 25: Percent Seizure Rate Reduction and Treatment Responders by
. Plasma Topiramate Concentration Stratum
(All Available Plasma Samples During Stabilization; Protocol YTC)

Seizure Type/ Median Percent Responders
Plasma Topiramate Stratum ‘N Reduction No. % -
PGTC Scizures )
<5.04 pg/M1 12 395 5 4?2
5.04 to <B.46 pg/ml. 12 60.8 7 58
28.46 pg/M1 1 515 6 55
Al Seizures
<5.04 pg/ml 12 29 4 33
5.04 to <B.46 ng/ml. 12 59.0 ki 58
28.46 pe/Ml n 515 7 64

APPEARS THIS WAY
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Protocol YTC-E: ‘

. This trial was conducted in Europe and the USA whereas Protocol YTC was
conducted in Costa Rica and the USA. The design and sample size of protocol YTC-E is
similar to protocol YTC. No significant correlation between percent reduction in the

average monthly PGTC seizure rate (Tp = 0.113, p= 0.382) or in all seizure rate (Tp =

0. 140 p=0.263) and plasma topiramate concentraﬁon was found.
The combined data analysxs from protocols YIC and YTC-E indicated that except

- for the weak but statistically s1gmﬁcant correlation between plasma topu'amate

concentration and efficacy in the <16 year old group (PGTC and all seizures) and among
females (all seizures), no other statistically significant correlation were found.
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Figure 9: Study Design for Protocol YTC-E

Dorstion -

56 days

S6days *

84 days
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'

'

PLACEBO

17Seg
28 X7
(5534 )

l

TOPIRAMATE (MG/DAY)
(Dasage by Subjea Weighy)
mg 400 mg
M09 4)kg or more
1554 ») {95 b or mowe)

y

OUBLE-BLIND TREAT! JENT PHASE: STABILIZATION PERIOD)

i

TRIAL COMTLETION

\

WITHDRAWAL

<N S

LONG-TERM (WEN-LABEL
EXTENSION STUDY
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Table 26: Change in Plasma Concentrations of Concomitant AEDs From the Bascline Phase to the
' . _ - Double-Blind Phase ] :
(Randomized Subjects With Available Data: Protocol YTC-E)
~——————Placebo — Tovimmaic
) Baseline Mean Baseline : Mean
Concomitant Mean (SD) Change (SD) Mean (SD) Change (SD)

AED N_Ggml) N gmb) N ymy N _(uml) _ p-value’
Lamouigine IS 165(3548) 13 05(187) 13 62(d00) 13 -020(0.81) 0214

Carbamazepine 14 8.6 (2.55) 13 0.5(1.249) 11 1100745y 11 .04 (152) 0.146
Valproic acid 13 723(28.10) 13 6.0(13.40) 12 1488 (190.25) 8 -264 (8528) 0.189
Phenytoin ) 8 1233117 8 -0.5 (5.62) 7 2672802 7 2.7 (6.18) 0.309
* One-way ANOVA ooméa.ﬁns topiramate with placebo with respect to mean change from baseline

RPPEARS (145 way
OR UitiGiriaL

Table 27: Percent Seizure Rate Reduction and Treatment Responders
by Plasma Topiramate Concentration Stratum
(Al Available Plasma Samples During Stabilization; Protocol YTC-E)

Median Treaimeat
Reduction Responders
Seizure Type/
Plasma Topiramate Stratum N Reduction % N %
PGTC Scizures
<5.01 pg/ml. . 9 25.1 4 44
25.01 t0 <9.67 pg/mL 3! 68.5 8 73
29.67 pg/mL 11 353 4 36
All seizures
<5.01 pg/ml 10 246 4 40
25.01 to <9.67 pg/mlL 11 50.0 6 55
29.67 pg/ml. 11 40.0 5 45

APPEARS THIS WAY
ON ORIGINAL




avaria ey

te:

irama

Top!

Human PK and Bioavailability Technical Summary

BEST POSSIBLE COPY

1S ViAY

ON CRIGINAL

P
e 24
L46NNIr6L wcw.._ANw._.Q._u—On_v.u.wo.;.zEO....&S..:HUOE&&I&Qw_o tad

{aa

Quuendoy o .

(w/Bn) NOILYMINZONOD 3LVNVHIJOL Nvan

AP
ltzm6/Volume2/Page285

oz el 9 /3 [ 48 oL 8 9 1 4 14 0 N
P | N .-.L..g».».—.-.-.. ad ».._.....p..s_ o
; ooy—-
: 1
- 0St— o
. s n
- 00t~ @
[ 3
- 0SZ- § A
00z 3 o
F 1 )
- ot~V
- -]
F 00L—
. F |
P poo H
. « ¢ E®" 3
.................................................................................... ..Oua---:-.:-n..l 0 4
e 3 [ m
. ® . ® ® 4 L 3 :
o L ~ 0% s m
. b ° ® I
° (] ° see o [ ~ 00}
[ ] : * R
]
- os1 m.m
_ 58
3-01A 1020104d g
QOIH3d NOLLYZIHBVLS JHL HO4 NOLLVHINIONOD 3LVAVHIdOL NYanN o .m
»
Ea

SNSY3A NOILVZIIGVLS OL INM3SVE ROU4 31VY JUNZII8 JINOIO-DINOL NI NOILLONA3Y %

T-DLX 10903044 - nopenuuCy) deunsnydo |, uvapy sneray uoRsziIqeIS 0] aujjaseq woij ey 3INZRG JU0I)-du0 ], uj uopInpay W21 Jo j014
\

Y

Z'61 xtpuaddy

T e Ink s :
oty b




A RN S S R P AN

Table 17: Steady-State Plasma Concentrations of Topiramate as a Function of Age

EE T

Y Lol S

0SSIBLE COPY

(Overall Pediatric Population: Topiramate-Treated Subjects in Double-Blind Studies, Pmtocow.
. YTGC, and YTC-E Combined)
{ STEADY-STATE PLASMA TOPIRAMATE MEDIAN
; CONCENTRATION AVERAGE
Lo (ug/mL) STABILIZATION
AGE N* MEAN (SD) MEDIAN RANGE DOSE
—_(YEARS) : (mg/kg/day)
<7 36 5.1(3.7) 44 -70.0-18.1 59
8§-11 30 53(23) ‘52 1.8-99 58
12-16 30 5.9(2.8) 4.9 23-122 6.0
>16 61 6.9 (3.4) 5.7 0.5-143 4.9

* Onc subject in the <7 Eroup, one subject in the 8-11 group, and 9 subjects in the
included because they did not have concentration measurements during

>16 group are not

the stabilization period.

Table 18: Steady-State Plasma Concentrations of Topiramate as a Function of Age and Gender

(Overall Pediatric Population: Topiramate-Treated Subjects in Double-Blind Studies, Protocol{ _dj
) YP, YTC, and YTC-E Combincd)
STEADY STATE PLASMA
TOPIRAMATE CONCENTRATION _ MEAN
AVERAGE
(ug/mL) STABILIZATION
AGE SEX N* MEAN (SD) MEDIAN RANGE DOSE
—(Years) {(mg/kg/Day)
<7 MALE 19 5207 47 0.0-136 6.0
FEMALE 17 50(3.9) 44 1.7-18.1 58
8-11 MALE 20 56(2.6) -53 20-99 5.8
FEMALE 10 4.8(1.5) 48 1.£-6.8 5.8 A?’r”.ARS THIJ WAY
12-16  MALE 14 6.0(3.0) 5.1 2.5-122 6.0 ON ORIGINAL
FEMALE 16 58(2.8) 6 23-108 6.1
>16 MALE 32 6.7(3.3) 54 24-143 4.1
FEMALE 29 72(3.5) 6.2 0.5-14.0 57

* One subject in the <7 group, one subject in-the 8-11 group,

Enzyme-Inducer Status

YP, YTC, and YTC-E Combined)

and 9 subjects in the >16 group are not
included because they did not have concentration measurements during the stabilization period.

Table 19; Steady-State Plasma Concentrations of Topiramate as a Function of Age and AED

(Overall Pediatric Population: Topiramate-Treated Subjects in Double-Blind Studies,

Poeeaf )

STEADY STATE PLASMAA MEDIAN
TOPIRAMATE CONCENTRATION AVERAGE
AGE TYPE O (ug/mL) STABILIZATION
(Years) AED* N* MEAN (SD) MEDIAN RANGE DOSE .
(me!
<7 No Inducer 16 6.6(4.3) 57 1.5-18.1 5.7
Inducer 20 40(2.8) 3.1 00-129 6.1 )
8-11  Nolndueer 12 72007 72 47.99 6.0 " PR
Inducer 18 4.1(1.8) 38 18-8.1 56 GN O&iGinAL
12-16  No Inducer 11 6.6 (3.3) . 6.4 23.122 59
i Inducer 19 55(2.5) 4.8 25-108 6.1
>16 No Inducer 19 100 3.1) 112 49.143 48
;\ ] Ix.lduca 42 35.5(2.5) 5.0 0.5-119 5.2
: : AED enzyme inducers included carbamazepine, ethotoin, phenobarbital, ang phenytoin
{ Oncsubjeuintheﬂgmup,onesubjeainmel-llmp.md9submsmthe>l6ymp
. r . m nm
f . included because they did not have concentration during the stabilization period.
: X3
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: : Table 28: Mean Changes in Plasma Concentrations of Concomitant AED: from Baseline to the
: Double-Blind Phase in Protocols YTC and YTC-E Combined :
¢ (Randomized Subjects With Available Data) .
! ) B Placebo . Topiramate ]
Concomitant AED Evaluation N Mean (SD) N Mean (280134)1) p-Value
V ic acid 'ml.) Baseline 33 85.6(3020) 32 116.1 (120.
wlproie efmh) Change 33 261510 27 -89(47.22) 0.193
Carbamazepioe (ug/ml)  Baseline - 23 9.0(272) 24 9.8 (592
Change 22 0.6 (1.08) 2 -0.9 (1.82) 0.002
- Lamotrigine (ug/ml Baseline 26 123Q715 19 56(3.56)
e ) Change 22 0.6 (1.79) 19 02(1.42) 0.530
! i i .4 (17.56)
) 'mL] Bascline 20 233 (21.16) 22 184 (1
Fhenytoin (ug/mL) Change 20 -0.5 (6.04) 19 0.6 (5.83) 0.968
ital (ug/ml. Baseline 10 39.2 (30.63) 15 25.4 (19.85) -
Phenobash ) Change 10 1.1(6.16) 13 -1.4(7.12) 0.381
bapentin (ug/mL Baseline 6 9.1(4.37) 11 8.4 (5.44)
o o ) Change 6 -0.8 2.22) 8 0.5(1.99) 0.307

* p-Value for difference in mean change from baseline in placebo and topiramate groups, determined by
one-way analysis of variance.

APPEARS THIS WaAY
JNOGINAL

Table 29: Percent Seizure Rate Reduction and Treatment Responders by Plasma
Topiramate Concentration Stratum in Protocols YTC and YTC-E Combined
(All Subjects With Plasma Samples During Stabilization)

Seirure Type Median Percent Responders
Plasma Topiramate Stratum N Reduction No. %
PGTC Scizures
<5.04 pug/ml 22 287 9 41
5.04 10 <8.53 pg/ml 21 685 15 71
28.53 pp/mL 23 44.6 10 43
All Seizures .
<5.04 pg/ml. 23 8.9 8 3s
5.04 10 <8.53 pg/ml. 21 539 13 62
28.53 pp/mL 23 515 12 52
APPEARS THIS WAY

ON ORiIGiNAL




N

Technical Summary

Topiramate:  Human PK and Bioavailability : -
BEST POSSIBLE COPY
‘Table 30: Percent Seizure Rate Reduction and Treatment Responders by Sex and
Plasma Topiramate Concentration Stratum in Protocols YTC and YTC-E Combined
(All Subjects With Plasma Samples During Stabilization) -
Selzure Type Median Percent Respondas
Plasma Topiramate Stratum N Reduction No. .- %
PGTC Seizures
Female .
| <513 pg/ml 10 165 3 30
- 5.13 to <8.53 pp/ml. 13 68.5 9 69
! 28.53 ug/ml 11 448 5 45
_Male
<5.02 pg/ml 6 349 3 50
5.02 10 <8.46 pg/mL 14 653 9 64
28.46 pg/mlL 12 440 s 42
Al Sn'n;m
- Female
<5.13 pg/ml. - 10 29 2 20
5.13 10 <8.53 ug/mL 13 52.0 8 62
28.53 pg/mL 1 515 » 6 55
Male :
<5.04 ug/ml. 7 8.9 3 43
5.04 t0 <8.53 pg/ml. 14 60.0 8 57
28.53 pp/ml_ 12 502 6 50
- APPEARS THIS way
‘Table 31: Percent Scizure Rate Reduction and Treatment Responders by Age and oy 4] R ;A, N
Plasma Topiramate Concentration Stratum in Protocols YTC and YTC.E Combined C Ml AL

(All Subjects With Plasma Samples

During Stabilization)
Scizure Type Median Pescent Responders
Plasma Topiramate Stratum N Reduction No. %
PGTC Scizures
<16 years
' <4.09 pug/mi. 4 -53 1 25
-4.09 10 <8.41 pp/ml 6 46.4 3 50
28.41 pg/mL 5 68.5 3 60
>16 years
<5.04 pg/m1. 17 46.7 3 47
5.04 10 <B.61 pg/ml 16 832 11 69
28.61 pg/mL 18 447 8 44
All Seirures
<16 ycars
<4.09 pg/mL 4 49 0 (1]
4.09 (0 <8.41 pg/mL 6 376 3 50
28.4] pg/ml 5 54.0 3 60
>16 years
<5.04 ug/ml. 18 353 8 “
5.04 10 <8.61 up/ml 16 - 66.0 9 56
28.61 yg/mL 18 51.5 10 56
. 1
APPEARS THIS WAY
ON CRIGINAL
—
e 5
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Table 32: Mean Changes in Plasma Conoentm.ions' of Concomitant AEDs from Baseline to

Double-Blind Phase

(Overall Pediatric Population: Topiramate-Treated Subjects in,
Double-Blind Studies, Protocols YL. YP, YTC and YTC-E Combined)
Placebo Topirarhate
Concomitant AED Evaluation® N Mea(SD) .- N Mean (SD) p-Valuc®
Carbamazepine (jg/ml) Baseline 31 9.1(2.71) 3] 8.7(2.55)
Change 29 -0.1 (1.64) 3] 0.7(1.96) 0.186
.~ Clonazapam (ug/1) - Baseline 10 20.4 (20.8) 7 24.9(18.37) .
' Change 9 -2.1(7.56) 7 -8.5(9.91) 0.162
4 Felbarnate (ug/mL) Baseline 9 72.1 (38.0) 7 62.3 (24.6)
} Change 7 -2.4 (6.86) 7 4.3 (10.5) 0.182
‘Gabapentin (ug/mL) Baseline 6 4.2 (2.10) 12 7.0(4.05) R
Change 6 -0.3 (0.35) 12 -04.(2.14) 0.957
Lamotrigine (ug/mL) Baselinc 16 53(3.12) 16 6.1(4.77)
) . Change 16 0.9(1.69) 15 -0.9 (2.30) 0.020
Phenobarbital (ug/ml) Baseline 18 27.3(9.99) 13 26.9(13.9)
Change 17 1.7 (6.80) 13 -1.1 (6.01) 0.253
Phenytoin (ug/mL) Baseline 19 153(785) 18 11.7(6.70)
Change 19 0.7 (3.28) 18 0.71 (3.76) 0.227
Primidone (jg/mL) Baselinc 13 62(451) 6 8.4(6.27)
Change 10 0.5(1.83) 6 21(4.67) 0.345
Valproic acid (pg/mL) Baseline 44 93.9(36.8) 44 102.3 (38.6)
Change 42 -0.9 (23.6) 42 -7.1(17.0) 0.167
Change is mean change for sub with at bascline and at the end of the double-blind phase.

b p-Value for difference in mean change from bascline in plac:to and topiramate groups, deicrmnined by one-way analysis of

Vill. LABELING

No substantive pharmacokinetic labeling changes are proposed to be added to

the TOPAMAX® (topiramate) Table:s

label from these supplemental NDAs

Minor editorial changcs and reworcing of pharmacokinetic information is

made in the proposed label. Please refer to Item 4C of this supplemental

-NDA for the proposed annotated labeling.

IX. LITERATURE SURVEY

Only one abstract relevant to the Pharmzcokinetics of topiramate in the three
new indications, considered in these three Supplemental New Drug
Applicatiors, has been published in the literature. This abstract reports the

The R, W. Johnson
Pharma

ceutical Research Institute

Item 6/ Volume 1/Page 179
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E.  INTEGRATED ANALYSIS OF CONCOMITANT PLASMA AED
| CONCENTRATIONS _FOR  DOUBLE BLIND TRIALS
(PROTOCOLS YP'(_ T AND YTC-E")

The concomitant plasma AED concentrations from Protocofl )YP, YTC
and YTC-E were combined for an integrated analysis: Values oBtained for the
plasma concentrations of each AED across the double-blind phase
.~ (both titration and stabilization periods) were averaged for each subject to
compare changes from baseline during placebo and topiramate treatments. In
Table 32, mean changes in plasma concentrations from baseline to the double-
blind period are shown for those AEDs used by at least five pediatric subjects

’

in each treatment group. In cohpaxisons between groups, the only AED
showing a statistically significant difference between groups for change in
plasma concentration was lamotrigine, which showed a mean decrease of
0.9 mg/L (from a baseline value 6.1 mg/L) among lopiramate-treated subjects
and a mean increase of 0.9 mg/L (from a baseline value of 5.3 mg/L) among
placebo-treated subjects. Any difference in the therapeutic effect Vdue to the
change in lamotrigine concentration would therefore be expected to favor
placebo rather than lopiramaie treatment. Overall, the data in Table 24 may
be interpreted as indicating that the therapeutic eflicacy seen for topiramate
relative to placebo treatment in the double-blind studies was not mediated
through changes in plasma AED concentrations, Also, the concentrations of

the AEDs at baseline and during double-blind treatment were sufficiently

P£ST POSSIBLE CopY

similar in each treatment group to allow a fair assessment of adverse events

for topiramate adjunctive therapy as compared to placebo adjunctive therapy.
Finally, given the small changes in concomitant AED concentrations and their
comparability in topiranmte—trcafed and i)lacebo-lreated subjects, these data
provide no evidence of significant drug interactions in terms of ap effect of
topiramate on other AED:s.

APPEARS THIS WAY
ON ORIGINAL
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Topiramate: Human PK and Bio_availability Technical Summary

3. Studies Evaluating Concomitant AED Concentration Change,

Relating Plasma Concentrations of Topiramate to Clinical Efficacy
and Safety Measurements (PhammcokhelidPham)acodynm:ﬁc
Corrclations), and Evaluation of Topiramate Concentrations by

Subgroup ,

Plasma concentrations of concomitant AEDs and,-(épiramate determined from

- subjects during the double-blind phase of the four double-blind studies

(Protocols YPQYTC, and AY'I‘C-E)m""”"3 were analyzed for change in

- concomitant antiepileptic drug concentration with the addition of topiramate therapy,
and the relationship of plasma concentrations of topiramate to clinical safety and

efficacy measurements (pharrnacokinetic/pharmacodynanﬁc correlations), respectively,

In addition, topiramate concentrations in different subgroups (c.g., age, sex) were

evaluated. These analyses are provided in Section V1L of this technical summary.

il

Overall, the results from these analyses showed that changes in plasma concentration
of each concomitant AED from the baseline Phase to the double-blind phase were
-clinically insignificant, and indicate that the topiramate effects observed in these

e
Q.
(-
O .
— |
studies were not mediate? through changes in Plasma . concentrations of QQ
Sy
D
(o€,
o
Q.
| S
D

concomitant AED(s). There Wwas no consistent relationship between efficacy and
plasma topiramate concentration.  For pediatric subjects, each of the seven
neuropsychiatric adverse events—somnolence, anorexia, fatigue, nervousness,
difficulty with memory, difficulty with concentration/attention, and aggressive
reaction—for which the incidence in the topiramate group was at least five percent
greater than in the placebo group in the four double-blind trials that included

pediatric subjects, there was no apparent relationship between the plasma

e 1 T

-concentration of topiramate and the occurrence of the adverse event. Topiramate

mean and median steady-state concentrations at the target dose of approximately
6 mg/kg in most subjects were lower in the pediatric subjects than in adults, even
though the median mg/kg dose was slightly higher in the pediatric subjects. These
results are consistent with the pediatric and adult data compared in
b Study EPPD-001. -

® g
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Study #2: Comparative bioavailability of topiramate from two 100 mg tablet
formulations (formula #1 and 37 admxmstered in the fasted state to healthy male subjects
(MS 212).

The objective of this single dose study was to comparc the 100 mg market i unage

tablets (formula #37, Batch # R4539, manufactured at___— | D
"y Date of Mfg: July, 1991) and 100 mg tablets used in clinical trials (formula
#1, Batch # R4504, manufactured at{__ ' ____IDate of

Mfg Febraury, 1991). The clinical tna] was conducted from October 12, 1991 to
November 9, 1991.

. The study was a randomized, complete, two-way crossover. Ei ghteen healthy
male subjects who took part in this study (age ranging from 20 to 31 years, weight ranging
from 153 to 190 1bs), received a 100 mg oral dose of topiramaté as one tablet on each
dosing day, separated by a three-week washout period. Seven ml venous blood samples
were collected at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 30, 36, 48, 60, 72,
84, 96, 120, 144, and 168 hours Plasma samp]es were analyzed for topiramate by

'vahdated\ T ") Using 500 pl
plasma, the limit of detection was 0.1 pg/mL. '

Results: 7 .
The pharmacokinetic parameters Cnax, Tmax, AUC (0-infinity), oral clearance

(CL/F), and half-life of topiramate from the two treatments are summarized in the
following table.

PK parameters Treatment A (Formula #1) Treatment B (Formula #37)
(Clinical reference) (Test) |

T1/2 (hrs) 39.1+11.7 39.0+ 8.1

Cmax (ug/ml) 1.5+0.3 1.5+3.1

Tmax (hrs) 291256 29+26

AUC(0-inf) 58.6+9.5 595+ 104

(ug-h/ml)

CL/F (mV/min) 292+50 289+ 58

. Mean + SD '

02




7"90% Confidence Interval for the ratio of the two treatment means on log scale

% dence Interval
Parameter Lower limit (%) Upper limit (%)
AUC (0.1 ' 96.8 107.5
AUC (0-inf) 96.2 106.8
Cmax 89.9 104.6

Ratio = mean for market/mean for clinical
Conclusions:

The market image 100 mg tablet is bioequivalent to the 100 mg tablet used in the
clinical trials.

APPEARS THIS WAY
ON ORIGINAL
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Figure 4: Mcan Topiramate Plasma Concentrations, 100 rg Tablet Bioequivalence Study
(Protocol MS-212)

15

J " Treatmen A

Treatment B

Conc. (ug/mL)
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Study #3: Comparative bioavailability of topiramate from a 100 mg tablet formulation
(formula #1) a 400 mg tablet formulation (formula #36) adrmmstered as a 400 mg dose in
the fasted state to healthy male subjects (MS 213).
The objective of this study was to compare the bloavallablhty of topiramate

between the 100 mg tablet (formula #1,Batch # R4504, manufictured ay )

oo ____lused in clinical trials and the 400 mg | tab]et (formula
#36, Batch # R4541, manufactured at( _,Date
of Mfg July, 1991) administered at an cqual 400 mg dosage to healthy male subjects

¢ underfasted conditions.

_The study was a randomized, complete, two-way crossover. Eighteen healthy
‘male subjects took part in this study in a crossover fashion separated by a three-week .
washout period between treatments. :
Treatment A: A single oral 400 mg dose as four 100 mg tablets of clinical trial (formula
#1) with 240 ml of water following a 10-h overnight fast.
Treatment B: A single oral 400 mg dose as one 400 mg tablet of market i image (formula
#36) with 240 ml of water following 2 10-h ovemlght fast. ‘

Ten ml blood samples were collected at 0, 0.25, 0.5, 0 75,1,15,2,3,4,6, 8,
12, 16 24, 30, 36, 48, 60, 72, 84, 96, 120, 144, and 168 hours Plasma samples were

analyzcd for toplramate by VahdatedL _ N \—ﬁ)
L T IThp hrrut of detection was 0.5 ug/mL
Results:

The pharmacokinetic parameters Cmax, Tmax, AUC (0-infinity), oral clearance
(CL/F), and half-life of topiramate froin the two treatments are summarized in the
following table.

PK parameters Treatment A (Formula #1) Treatment B (Formula #36)

(4 X 100 mg tablets) (1 X 400 mg tablets)
(Clinical reference) (Test)

AUC (0-1) 2765 + 38.8 2684+ 623
gt o oaer

(0-inf) 302.1 +42.5 293.0 + 64.9
(1g.Wml) ‘ '
Cmax (ug/ml) 8.2+13 78+14
Tmax (hrs) 20+ 1.7 23+14
CL/F (mV/min) 240+35 : "26.4 + 10.8
T1/2 (hrs) 272 +43 28.1+5.3

»

31




.

Statistical comparisons of AUC and Cmax by ANOVA indicated that there were no
significant differences between the two treatments. The two, one-sided tests procedure
showed that the 90% confidence interval for AUC and Cmax of the market image tablet
were within + 20% of the mean values for treatment A. Tma,(/for both treatments was
comparable ( approximately 2 hrs). Therefore, it ¢an be concluded that 1 X 400 mg
market image tablet is bioequivalent to 4 X 100 mg tablets used in the clinical trials. The

'following table summarizes the market vs clinical bioequivalence study of topiramate.

'90% Confidence Interval for the ratio of the two treatment means on log scale

90% Confidence Interval

Parameter Lower limit (%) Upper limit (%)
AUC (0.y) 85.7 104.6
AUC (0-inf) : 87.1 103.7
Cmax 84.6 103.1

Ratio = mean for market/mean for clinical

Conclusion:
One 400 mg market Image tablet is bioequivalent to 4 X 100 mg clinical trial

tablets,

APPEARS TH‘lS WAY
GN ORIGINAL
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Figure 5: Mean Tepiramate Plasma Concentrations, 400 mg Tablet Bioequivalence Study
(Protocol MS-213) )
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V. PHARMACOKINETICS of TOPIRAMATE IN  PEDIATRIC
SUBJECTS |

Pharmacokinetic data op topifamate use in pediatric subjects were obtained in

one phamméokinetic study (Protoco] EPPD-001).° In addition, steady-state

Plasma levels of topiramate and concomtant AEDs were defermined in the

double-blind phases of the four double-blind studies that "i;)cluded pediatric

subjects (Protocol.{:}’YP, YTC, and »YTC-E)..’”“’“" Plasma topiramate

— concentrations in the double-blind studies were examined for dependence on
.. age and sex.

“A. PHARMACOKINETIC STUDY IN PEDIATRIC SUBJECTS WITH
EPILEPSY

Pharmacokinetic-Proﬁles in Children
——=—c=axinetic Frofiles in Children

In Protocol EPPD-001,° the Pharmacokinetics of topiramate were assessed in

18 subjects with seizures inadequately controlled On one or two standard

AEDs. Subjects were stratified according to three age groups: 4 to 7 years, 8

Cto 11 years, and 12 to 17 years. Demographic data are summarized in

~ Table 13.
RTST POSS
o IBLE cOpY
Table 13: Demographic Characteristics
(All Subjects; Protocol EPPD-001)
Age Group (Years)
4.7 8-11 12.17 Total
(N=6) =6) (N=6) (N=18)
Age (years)
Mean (SD) 5.5 (1.05) 9.7@1.21 15.0 (1.90) 10.1 (4.22)
Median 55 9.5 15.0 9.5
Range 4.7 8-1 12-17 4-17
Gender
Males/Females 0 42 kg ) 13/5
Weight (kg)
Mean (SD) 20.1 (3.5) 33.8¢6.1) 64.6(30.8) 395 (25.7)
Median 218 332 54.1 332
Range 142.23 4 27.341.1 39.5-1232 14.2-123.2

During a two-week baseline period, the background AED regimen was
stabilized. Thereafter, subjects received ascending topiramate dosage




S e

week each. Blood samples were collected afier. one week of treatment at the

1,3, and 9 mg/kg/day dosage levels for determination of plasma topiramate
pharmacokinetic profiles. | ’

Topiramate Pharmacokinetics were found to be linear in 4 to 17 year-old
subjects (Table 14).  Peak plasma concentrations (Cou) increased in
proportion to dose and gererally were achicqu in approximately one to two
hours across all ages and dosage groups. Ofal plasma clearance (CL/F) of

e topiramate was independent of dose.
T BEST POSSIBLE ¢
‘ - - A £ L" W
Table 14: Mean (SD) Steady-State Plasma Topiramate Pharmacokinetic Parameters in Pediatic
Subjects ‘
(All Subjects; Protocol EPPD-001)
Ages4.7 AgesB-1] -
(9125 Dosing Unless Indicated (912b Dosing Unless Indicated Ages12.17
) Orherwise) Otherwise) (912h Dosing)
Taget'  Tage  Targe” Twget  Target  Targes Target  Target  Targer
Dose Dose Dose Dosc Dose Dose . D:-,ek‘ 30«: 0 Dose
: Imghg Imghg gmep, 1mg/ke  3mghs 9 meng m J mg/kg
: !( Parameter MN=6) N=6)  “(Nas) N=5) (N=6) N=6) (N=6) =6) (N=6)
i Cous 232 3.9 10.55 274° 429 11.50 172 528 1237
. (ug/mL) ©6) @18 (91 ©7) 49 @3 0.68) (247) (4.61)
[ 18 1.2 10 0.8° 28 22 10 11 L8
®) (1.2) ©.5) ©.7) (0.4) 22 (1.6) (0.6 ©o.n 1.2
' AUCGq, 235 307 785 212° 40.7 102.7 147 48.2 1111
(sg-/ml) 9.1) (18.9) (29.5) (8.2) (16.2) (34.8) (8.6) (30.0) (54.8)
CLF 19.5 18.8 220 2.2* 2.4 25.0 483 473 501
(mLAnin) (5.6) (6.9) a.2) 8.6 .0 (8.1) 636 @1y @47
* 24b 1opiramatz therapy, ' o

Daia from Subject 13 excluded from analysis as outlier data
¢ N =2 £or Cpe; and te, - includes only Qi 2h topiramate-treated subjects.
® N =5 for AUC,, and CLIF (all subject, exchuding Sutpect 4). Subject 4 data excluded
ﬁomlnalysisbeausembjeclmedvedmldddmddmchinglhﬂnpﬁn;inm
Dose- and weight-normalized estimates of pharmacokiretic parameters are
shown in Table 15. Analysis of variance revealed no statistically significant
differences (>0.05) among target doses or age groups for the dose- and
weight-normalized plasma C., or AUCs values or for weight-normalized It

CLF  values (results presented  in  Clinical Study Report for i
‘Protocol EPPD-001).

w 32
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Table 15 Mean (SD) Dose-and Wcight~Normalized Stcady-sm; Plasma Topiramate

' acokinetic
' ' ' (All Subjects; Protoco) EPPD-001)
. Ages 4.7 ! Agcs.!-ll '
. (912h Dosing Un.hc;-Mﬂmd (125 Dosing Un!n; ) (:fz: 12-17
— Gl W e ek N R e mos (4

Com (HR/L/400 g 1037 928 g3 1263° 315 78 1037  ggs 8.62
: daﬂydonemdmkg) @39 236 (24 G35) 009 @6s) G 071

AUCy, (g bvml 2200 515 s61 . s 855 14 992 89 g7 g
: m..,,,“,‘gm ™ as g @0 iy Ga @) 08 @ @
«
: CL/F (mLimin/ip 650 650 g 66° 497 g9 529 519 gy
¢ o 57  @9s) 2 @200 113) (174 (34.6) 0G15) @53
: quh'opimummpy. .
DaufmmSubjea l!nchded&omlnﬂyﬁsuouuiadm
€ N=2forc.,
¢ N =S5 for AUCo, and CLF g subjects, exchuding Subject 4), Subject 4 data excludeg
&mnlnal}ﬂsbeause received an additiony) gll':“mphn‘lﬂlﬂ'vnl

dose- and Weight-nonnalizcd Coax and AUG,, weie lower, in subjects
receiving €nzyme-inducing concomitant AEDs thap in subjects not Tfeceiving
thc‘cnzyme inducers (Table 16). Analysis of variance showed the differences
between groups for each Parameter to be Statistically significant,




- ————
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Table 16: Effect of Concomitans AEDs on Mean (£SD) Dosc-NOmalizcd and Weigh;-
N i Steady-Stare Plasma Topiramate Phamacokincn‘; Parameters
(Al Subjects; Progocg) EPPD.00})
) Subjects wih Concomitang Subjects Withont Concomitan;

' Do  pe Dose Do’ Dose o
lmghg 3 mgng mgikg Imeghg 3mpny o mg/ikg
Parameter MN=11)  Nspp) ;,, 10) M) MN=6)  (nag)
Com (/356 daily dose 78 33 639 et T Ty
8 a8y (o 6 am oy
o (b) 7

. ' 06 18 15 13 14 .
- 0.3) an  qa 0.6) e 03)
B AUC s, (ug-bvmt g mg dose o3 sis 466 133 4139 100.2
- aad 70ky) 1. sy (9.4) 038 (@33 (23.2)
: a/x-*(mum) 69.8 69.2 74.1 295 317 351
08) (174 (14.9) (L0 (o3 (9.5)
% ()" 7.5 154
.1 Q.3)

'quac_wg.-immmqmwmmmbm. o
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