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

g B 1gencrahzed 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 topiramatc. Topiramate is available as 25,
50, 100, 200, and 300 mg tablets.
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Topamax M (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-mcdxyledlylidene)-b-D-ﬁuctopymnose
sulfamate. : ‘

Topiramate is rapidly and well-absorbed after oral administration. Following 400
mg multiple oral dosing every 12 hours, peak plasma concentration of 27 Hg/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 kg to 0.8 Vkg. 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 ar.¢ 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 approximaitely 21 hrs. Oral clearance is approximately 29 ml/min
in humans following oral administration. Clearance of topiramate is not affected by age
(18-67 years), gender or race. The mican renal clearance of topiramatc is 14 mV/min.
Multiple q 12h dosing of 50 and 100 mg doses of topiramate for at least 14 days results in

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

The pﬁarmacokinctics of topiramate is affected by renal impairment. Oral clearance
decreased by 56% in the severe group (creatinine clearance <30 ml’min/ 1.73m?2) and by
46% in the moderate group (creatinine clearance 30-69 ml/min/1.73m?2) as compared to
normals. Topiramate is effectively removed from the plasma by hemodialysis.

In three multicenter clinical siudies 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 reduction in seizure rate increases with increasing plasma
topiramate concentrations up to 5.2 pg/mL. At plasma topiramate concentrations above
5.2 ug/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 objective of the Sponsor is to evaluate the safety and efficacy
of topamax tablets for the treatment of partial onset seizures in children, Lennox-gastaut

syndrome, and generalized tonic-clonic seizures. The Spor_;sé} has 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
indicate that median percent reduction and percent responders were greatest in the mid-
range plasma topiramate concentrations >3.2 to <5.4 ug/mL. There was no correlation
between percent reduction in the average monthly partial onset seizure rate and plasma
topiramate concentration or the average 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:

V'/—‘ ?.: e = e et g g e b . ‘\
»,___._,- PO - )
. - /ﬁ:refore, the sentenol' g
? ) : L »
_, _ _ :
\ ‘ ~ - %hould be deleted.
2. Under Oral Contraceptive Pharmacokinetics please add:
“v‘ ——————— -‘ N ' .
APPEARS THIS WAY
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Recommendation: ‘
~ From a pharmacokinetic point of view this NDA is acceptable to the Office of Clinical
Pharmacology and Biophaﬁnaceutics. The Sponsor is requested to incorporate all the ‘Labelling'

changes. : -
Please convey the Labelling Comments to the Spor-xsgr."'

v

o ~ Iftekhar Mahmood, Ph.Dl 7 /S/ ﬁk/é‘/ 7%

| [ )y 48
RD/FT initialed by Chandra Sahajwalla, Ph.D. / S/ / L\”\

‘v

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, Malinowski), 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'/pediatric patients with
partial onset seizures with or without secondary generalized seizures. 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
inclusion 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 on
days1, 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 comrelation 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 >3.2t0 <5.4 pg/mL. There was no
correlation between percent reduction in the average monthly partial onset seizure rate and

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

~ rate for all seizures (Tp = 0.082, p= 0.452).
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o : @ 6: Study Design for Pr@

Duration
56 days | BASELINEPHASE |

Subjects receive AED (one or two AEDs)

I_DOUBLF,BLIND TREATMENT PHASE: TITRATION PERIOD l

d

56 days* PLACEBO TOPIRAMATE (MG/DAY)
Dosage by Subject Weight
125 mg 175 mg 225 mg 400 mg
16-249kg  25-339kg 34429 kg 243Xkg
6841 (S5.74ThY  M15.84keY (20§ T™h)
! |
56 days lgomu;m.mn TREATMENT PHASE: STABILIZATION PERIOD |
TRIAL COMPLETION l tm WITHDRAWAL
LONG-TERM OPEN-LABEL DRUG
EXTENSION STUDY TAPERING
*  Ifa subject was unable 10 tol the study medicat the investigator was permined to

reduce th:mbjea'sdougeulomaimzjnium:levem:mbjeawumzivingnzhe
time the dose-limiting adverse event occurred.
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Table 20: Changes in Plasma Concentrations of Concomifant AEDs From the
Bascline Phase to the Double-Blind Phase
(Randomized Subjects With Available Data; Protocol YP) i

————_Topiramase
Baseline Mean Baseline B Mean .
Concomitany " Mean (SD) Change (SD) Mean (SD) © Change (SD) .
AED _(ughml) N (up/ml) N (ug/ml) N value!

N

Carbamazzpi 26 93 249) 25 03 (L6) 25 89 @45 25 08 @18 o4z
~Valproic Af::‘ 12756 (4034) 10 42 ¢ 628) 10 833 (3478 10 .8 (2047) 0389
Lamotrigine S 35 (136 5 07 %) s 13 (5.39) 5 08 ©4) o017
Phenytoin 3128 _(136) 9 12 Qe 7 98__(670) 6 19 Q96 o.0;

* One-way ANOVA paring topi wilh placet with respect 1o mean change from baseline,

APPEARS TH)s WAY
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Table 21: Perceny Seizure Rate Reduction and Treatment Responders by Plasma
Topiramate Concentration Stratum

(All Available Plasma Sam'jlcs During Stabilization; Protocol YP)
Seizure Type

Plasma Stratum ’ Median Percent Percent Responders
_(ug/mL) N Reduction No. %

Partial Onset Scizures

€32 13 18.1 5 38

23210<5.4 ’ 14 515 8 57

254 14 303 5 36

Al Seizures

<32 13 10.6 s 38

23210<54 14 515 8 57

25.4 14 304 5 36
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and Bicavailability
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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, placebo-controlled trial to
compare 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
were 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 cach 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 average monthly seizure rate based on all seizures and plasma topiramate concentration

(Ty = 0.257, p= 0.032).
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A diagrammatic representation of the study 'gc'éign is presented in Figure 8.

@n 8: Study Design for Protocol YTC )

Duration
da;
P S6dey BASELINE PHASE
- Sebjeas reccive AED (sme or twe AEDY)
4
" | iNeLicILE
NO
' YES - Randamlsation
S6days * UBLE-BLIND TREA TMENT PHASE: TITRATION PERIOD
TOPIRAMATE (MC/DAY)
: (Dotage by Subjea Weighi)
PLACERO 175 ag L5mg 40 mg
25-339kp 30294 43 kg or move
(35-74 ) (7554 1b) (93 b or reowe)
. A y
34 days

OUBLE-BLIND TREATMENT PHASE: STABILIZATION PERIO]

'

- TRIAL COMPLETION

-

LONG-TERM OPEN-LABEL
EXTENSION STUDY

® 17 & sudjert was umadie

Ih.bpu‘lhgu‘t\hl
sdvar event ooowrved.

o wiorcr ee

/¢

TRIAL
WITHDRAWAL

i

DRUG TAPERING
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Table 24: Changes in Plasma Concentrations of Concomitapt AEDs From the Bascline Phase 1o

the Double-Blind Phasée
(Randomized Subjects Withi Available Data: Protoco} YTC)
— Phxbo —_— e Topimmate
Concomitant AED Mean (SD) Change (SD) Mean (SD) 4 Change (SD)
N (u N _(ugml) N _(ugmt) N_ugml) P-value*
Valproic Acid 20 94.2(28.94) 20 04(16.05) 20 96.4(40.20) 19 -Ls(1411) 0.696
Phenytoin 12 173(7.59) 12 .0.5(6.55) 15 145(8.63) 12 -2.5(4.89) 0.404
Qrblmicpine 9 9.6(301) 9 07(0383) 13 89(433) 11 -14(201) 0.009
Lamotrigine 11 65(425) 9 0.6(1.79) 6 43(209) [ 1.2(2.03) 0.581
Phenobarbita) 7 29.9(14.22) 7 1.2(17.36) 9 21.0(11.83) ? -3.4(8.02) 0.294
V * One-way ANOVA paring topi with placch with respect 10 mean change from baseling.

APPEARS Tyig Way
ON GRizinaL

Table 25: Percent Seizure Rate Reduction and Treatment Responders by
Plasma Topiramate Concentration Stratum
(All Available Plasma Samples During Stabilization; Protoco} YTC)

Scizure Type/ Median Percent Responders
Plasma Topiramate Stratum ‘N Reduction No. % -
PGTC Scizures
<5.04 ugMi : 12 395 5 42
5.04 t0 <8.46 pg/mlL 12 60.83 7 58
28.46 pg/M1 11 515 6 55
All Seirures
<5.04 pg/ml 12 29 4 3
5.04 10 <8.46 pg/mlL 1? ;?g :I, ::
28.46 pug/M1 !

ON ORIGINAL
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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 (Ty=
0.140, p= 0.263) and plasma topiramate concentraﬁon was found.
. The combined data analysis from protocols YTC and YT'C-E indicated that except
 for the weak but statistically signiﬁcant correlation between plasma toi)iramatc
concentration and efficacy in the <16 year old group (PGTC and all sejzures) and among
females (all seizures), no other statistically significant correlation were found.

APPEARS THIS WATY
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Figure 9: Study Design for Protocol YTC-E

Doration - ,
56 days B
* Sabjects receive AED (ame or twe AZDR)
Edighsliey
3 & mars POTC ———me i INELIGIBLE
) NO
' YES - Randauizstien
S6days * hnwnum TREATMENT PHASE: TITRATION PERIOD|
TOPIRAMATE (MG/DAY)
(Dosgs by Subjens Weight)
PLACEBO 175 mg 25wy 40 myg
25-31.9xg 349K 43kg or g
{35- 4 ) (75-94 1) (95 b or more)
l y
84 days

OUBLE-BLIND TREAT! JENT PHASE: STABILIZATION PERIOD)

¢ \

. TRIAL
TRIAL COMPLETION WAL
LONG-TERM OPEN-LABEL
EXTENSION STUDY DRUG TAPERING

* M e subject wis mabic w ierse G sandy

® roduce
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Table 26: Change in Plasma Concentrations of Concomitamt AEDs From the Baseline Phase 1o the
‘ _ - Double-Blind Phase _ :
(Randomized Subjects With Available Data: Protocol YTC-E)
Placebo Topiramate
) Bascline Mean Baseline Mean
Concomitant Mean (SD) Change (SD) Mean (SD) Change (SD)

AED N _ gml) N ggml) N  qemy N _(ug/ml)  p-valuc’
Lamotrigine 15 165(3548) 13 0.5 (1.87) 13 6.2 (4.00) 13 -0.20(0.81) 0.214
Carbamazepine 14 8.6 (2.55) 13 0.5(124) 11 1100745 11 -04(152 0.146
Valproic acid 13 723(28.10) 13 6.0(13.40) 12 1488 (190.25) 8 -264 (85.28) 0.189
Pheaytoin _ 8 323@3t17) 8 -0.5(5.62) 7 2672802 7 2.7 (6.18) 0309

* Onc-way ANOVA comparing topiramate with placebo with Tespect to mean change from baseline

APPEARS 1155 yay
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Table 27: Percent Seizure Rate Reduction and Treatment Responders
by Plasma Topiramate Concentration Stratum
(All Availab)e Plasma Samples During Stabilization; Protocol YTC-E)

Median Treatment
Reduction Responders
Seirure Type/
Plasma Topiramate Stratum N Reduction % N %
PGTC Seizures
<5.01 pg/ml. : 9 251 4 44
25.01 to <9.67 pug/mlL 11 68.5 8 73
29.67 ug/mL 11 353 4 36
Al seizures
<5.01 pg/ml. 10 246 4 40
25.01 10 <9.67 pg/mlL 11 50.0 6 55
zg,m 1 40.0 5 45
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Table 17; Steady-State Plasma Concentrations of Topiramate as a Function of Age

FEA

POSS

IBLE COPY

(Overall Pediatric Population: Topiramate-Treated Subjects in Double-Blind Studies, A
YTC, and YTC-E Combined)
{ STEADY-STATE PLASMA TOPIRAMATE MEDIAN
: CONCENTRATION AVERAGE
: (ug/mL) STABILIZATION
AGE N MEAN (SD) MEDIAN RANGE DOSE
—_(YEARS) : 4 (mg/kg/day)
<7 36 5137 44 -70.0-18.1 59
8§-1 30 53(23) 5.2 1.8-99 58
12-16 30 5.9(28) 4.9 23-122 6.0
>16 61 6.9 3.4) 5.7 0.5-14.3 4.9

* Onc subject in the <7 group, one subject in the
included because they did not have concentration

8-11 group, and 9 subjects in the

>16 group are not

measurements during 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, Prmocoli —"7
. YP, YTC, and YTC-E Combined)
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(.9) 44 1.7-18.1 5.8
8-11 MALE 20 5.6 (2.6) 53 20-99 5.8
FEMALE 10 4.8(1.5) 48 1.£-6.8 5.8 Ai”\')(;" RS THI; W;\Y
12-16 MALE 14 6.0 (3.0) 5.1 25-122 6.0 ON ORIGINAL
FEMALE 16 58(2.8) 46 23-108 6.1
>16 MALE 32 6.7 (3.3) 5.4 2.4-143 4.1
FEMALE 29 72(3.5) 6.2 0.5-14.0 5.2

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

and 9 subjects in the >16 group are not

included because they did not bave concentration measurements during the stabilization period.

Table 19; Steady-State Plasma Concentrations of Topi

Enzyme-Inducer Status

famate as a Function of Age and AED

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

YP, YTC, and YTC-E Combined)

STEADY STATE PLASMA MEDIAN
TOPIRAMATE CONCENTRATION AVERAGE
AGE TYPE O (ug/mlL) STABILIZATION
(Ycars) AED" N* MEAN(SD) MEDIAN RANGE DOSE -
(mﬂ@x!
<7 No Inducer 16 6.6(4.3) 5.7 1.5-18.1 5.7
Inducer 20 40(2.8) 31 00-129 6.1
T SR AT
8-11  Noldueer 12 7207 72 47-99 60 L i AT
Inducer 18 4.1(1.8) 38 1.8-8.1 56 GH OkIGINAL
12-16  No Inducer 11 6.6(33) 64 23-122 59
Inducer 19 55(.5) 43 25-108 6.1
>16 No Inducer 19 100Q3.1) 112 49-143 43
) Inducer 42 55(29) 5.0 0.5-11.9 5.2
! : AED enzyme inducers included carbamazepine, ethotoin, phenobarbital, ang phenytoin
an subject in lthIgrc.mp. one subject in the 8-11 group, and 9 subjects in the >16 group are not
.' . included because they did not have concentration measurements during the stabilization period.
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: Table 28: Mcan Changes in Plasma Concentrations of Concom:unl AED:s from Ba.selme 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(SDY N Mean (SD) __ p-Value
Valproic acid (ug/mL) __ Baseline 33 85.6(3020) 32 116.1(12041)
Change 33 265100 27 89(4722)  0.193
i ine - .8 (592)
Carbamazrpine (ug/ml)  Bascline 23 9.0(272) 24 9.8 (
Change 2 0.6 (1.08) 22 0.9 (1.82) 0.002
- igi ' ' 6(3.56)
: Lamotrigine (ug/mL) Baseline 2% 1232715 19 5635
e Change 2 0.6 (1.79) 19 02(1.42) 0.530
¢ i i 4.(17.56)
. ml Basclinc 20 233@2L16) 22 184Q
: Fhenytoin (wg/mL) Change 20 0.5 (6.04) 19 -0.6(583) 0.968
Phenobarbital (ug/ml)  Baseline 10 392(3063) 15  25.4(19.85) -
henobarbital (ug/el) Change 10 1.1(6.16) 13 -1.4(7.12) 0.381
bapentin (Wg/mL. Bascline 6 9.1(437) 11 8.4(5.44)
Gabspentin (ig/mL) Change 6 08 (222) 8 0.5(1.99) 0.807

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

tARS THIS way
TNORNGINAL

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

Seizure Type Median Percent Responders
Plasma Topiramate Stratum N Reduction No. %
PGTC Scizures
<5.04 ug/ml. 22 28.7 9 4]
5.04 10 <8.53 pg/mL 21 685 15 71
28.53 pp/mlL 23 44.6 10 43
All Seizures .
<5.04 pg/ml. 23 8.9 8 3s
5.04 to <8.53 pug/mL 21 539 13 62
28.53 yp/ml. 23 515 12 52
APPEARS THIS WAY
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Table 30: Percent Seizure Rate Reduction and Treatment Responders by Sex gnd
Plasma Topiramate Concentration Stratum in Protocols YTC and YTC-E Combined
(All Subjects With Plasma Samples During Stabilization) .

Scizure Type Median Percent Rcspondas
Plasma Topiramate Stratum N Reduction No. - %
PGTC Seizures
Female .
| <513 pgmlL 10 165 3 30
- 5.13 10 <8.53 pg/mL - 13 68.5 9 69
’ 28.53 pg/ml n 443 5 45
] _.Malc
B <5.02 pg/mL 6 349 3 50
5.02 to <B.46 pg/mL 14 653 9 64
28.46 pg/mL 12 440 5 42
Al Sdmm
Female
<5.13 pg/mL. 10 29 2 20 ‘ .
5.1310 <B.53 pg/mL 13 520 8 62
28.53 pg/mlL 11 518 v 6 55
Male :
<5.04 ug/ml. 7 89 3 43
5.04 to <8.53 pg/mL 14 60.0 8 57
28.53 pg/ml 12 502 6 50

A ogy
| APPEARS THIS way
‘Table 31: Percent Scizure Rate Reduction and Treatment Responders by Age and o H D A N
Plasma Topiramate Concentration Stratum in Protocols YTC and YTC-E Combined ! s AL

(All Subjects With Plasma Samples During Stabilization)

Scizure Type Median Percent Responders
Plasma Topiramaie Stratum N Reduction No. %
PGTC Scinures
<16 years ’
' <4.09 pg/ml ' 4 -5.3 1 25
-4.09 10 <B.41 pg/mL 6 46.4 3 50
28.41 pg/mlL 5 68.5 ' 3 60
>16 years
<5.04 pg/mlL 17 46.7 3 47
5.04 to <8.61 pg/mL 16 83.2 1 69
28.61 pg/mL 18 447 8 44
All Seizures
<16 years
<4.09 pg/mlL q 69 0 0
4.09 10 <8.41 pg/ml 6 37.6 3 50
28.4] pg/ml. 5 54.0 3 60
>16 years
<5.04 pg/ml. 18 353 8 44
5.04 10 <B.61 pug/ml. 16 - 66.0 9 56
28.61 pg/ml 18 51.5 10 56
: o
APPEARS THIS 'WAY
b )
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Table 32: Mean Changes in Plasma Concentrations of Concomitant AEDs from Bascline to
Double-Blind Phase
(Overall Pediatric Population: Topiramate-Treated Subjects in,
Double-Blind Studics, Protocols YL, YP, YTC and YTC-E Combined)

Placcbo Topirarfate
Concomitant AED Evaluation® N . Mea(SD) .- N Mecan (SD) p-Value®
Carbamazepine (ug/ml) Baseline 31 9.1(2.71) 31 8.7 (2.55) |
Change .29 -0.1 (1.64) 31 0.7(1.96) 0.186 |
~Clonazapam (ug/L) - Bascline 10 20.4 (20.8) 7 249 (18.37) -
' Change 9 -2.1(7.56) 7 -8.5(9.91) 0.162
< Felbarnate (jig/mL) Baseline 9 72.1(38.0) 7 62.3 (24.6)
_ ‘ Change 7 -2.4 (6.86) 7 43(10.5) 0.182
‘Gabapentia (ug/mlL) Baseline 6 4.2 (2.10) 12 7.0(4.05)
Change 6 -0.3(0.35) 12 04(2.14) 0957
Lamotrigine (ug/mL) Baseline 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 15.3 (7.85) 18 11.7 ( 6.70)
Change 19 07(3.28) 18 0.71 (3.76) 0.227
Primidone (ug/mL) Baseline 13 6.2(4.51) 6 84(6.27)
Change 10 0.5(1.83) 6 2.1(467) 0.345
Valproic acid (ug/mL) Baseline 44 93.9 (36.8) 44 1023 (386) .
Change 42 09 (23.6) 42 7.1 (17.0) 0.167

: Change is mean change for subjects with measurements at bascline and a1 the end of the doubic-blind phase.

p-Value for difference in mean change from bassline in plaz:ko and ¢

opiramatc groups, deicrnined by onc-way analyuis of
variance.

VIl.  LABELING

No substantive pharmacokinetic labeling changes are proposed to be added to
the TOPAMAX® (topiramate) Table:s label from these supplemental NDAs.

Minor editorial changes 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 °
Pharmacentical Research Institute
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E. INTEGRATED ANALYSIS OF CONCOMITANT PLASMA AED
CONCENTRATIONS __FOR DOUBLE BLIND TRIALS

(PROTOCOLS YP,'{ __ YTC,” AND YTC-E®)
The concomitant plasma AED concentrations from Protocol "~} 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 coinparisons between groups, the only AED
showing é 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 topiramate-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 .due to the

POSSIBLE COPY

change in lamotrigine concentration would therefore be expected to favor

1 . F'Ous
placebo rather than topiramate treatment. Overall, the data in Table 24 may <
be interpreted as indicating that the therapeutic efficacy seen for topiramate Lﬁf"’“
relative to placebo treatment in the double-blind studies was not mediated e

through changes in plasma AED concentrations. Also, the concentrations of

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

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 topiramate-treated and i)laccbo-lmated subjects, these data

provide no evidence of significant drug interactions in terms of an effect of
topiramate on other AEDs,

APPEaRS THIS WAY

ON ORIGINAL
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3. Studies Evaluating Concomitant AED Concentration Change,
Relating Plasma Concentrations of Topiramate to Clinical Efficacy
and Safety Measurements (Phamxacokinetic/Phanmcodynanﬁc
Correlations), and Evaluation of Topiramate Concentrations by
Subgroup |

Plasma concentrations of concomitant AEDs and_.:(épix‘amate determined from

- subjects during the double-blind phase of the four double-blind studies - .
(Protocols YPDYTC, and Y’I‘C-E)"’""""” were analyzed for change in -4
concomitant antiepileptic drug concentration with the addition of topiramate therapy,

and the relationship of plasma concentrations of topiramate to clinical safety and

In addition, topiramate Concentrations in differen; subgroups (e.g., age, sex) were

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

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

!1"1”

clinically insignificant, and indicate that the topiramate effects observed in these

concomitant AED(s). There was no consistent relationship between efficacy and
plasma topiramate concentration. For pediatric subjects, each of the seven
heuropsychiatric 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

-
Q.
o
O
ki
—f
studies were not mediate” through changes in plasma . concentrations of QQ
—
O
(I ]
-
(o
| S
&

< : greater than in the placeho group in the four double-blind trials that included

¥,
A
)
Py

pediatric subjects, there was N0 apparent relationship between the plasma

-
'k
.concentration of topiramate and the occurrence of the adverse event. Topiramate B

Y
o eimantilh ¢t

mean and medijan steady-state concentrations ar 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  aduj data compared in
Study EPPD-001.
4
a g
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Study #2: Comparative bioavailability of topiramate from two 100 mg tablet
formulations (formula #1 and 37) adxmmstcrcd in the fasted state to hcalthy male subjects
(MS 212).

The objective of this single dose study was to comparc thc lOO mg market image

tablets (formula #37, Batch # R4539, manufactured at” ' )
o » Date of Mfg: July, 1991) and 100 mg tablets used in clinical trials (formula
#1, Batch # #R4504 manufactured at{___ __ _IDpateof

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

The study was a randomized, complete, two-way crossover. Eighteen healthy
male subjects who took part in this study (age ranging from 20 to 31 years, weight ranging
from 153 to 190 lbs), received a 100 mg oral dose of topiramate 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 samples were analyzed for topiramate by

‘vahdated\ T 7 - ) Using 500 ul
plasma, the limit of detection was 0.1 pg/mL. '

Results: ' :

The pharmacokinetic parameters Cmax, Tmax, AUC (0-infinity), oral clearance
(CL/F), and half-life of topiramate from the two treatxﬂcnts 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 (ng/ml) 1.5+03 1.5+ 3.1
Tmax (hrs) 29126 29126
AUC(0-inf) 58.6+9.5 1 595+104
(Hg.h/ml) '

CL/F (InV/min) 29.2+5.0 289+5.38

. Mean £ SD

Lz




- 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 intervals for AUC and Cmax of the market image tablet
(B) were within + 20% of the mean values for treatment A. Tmax for both treatments was
comparable (2.9 hrs). Therefore, it can be concluded that thgﬁiarket image tablet is
bioequivalent to the tablet used in the clinical trials. The foHowing table summarizes the
market vs clinical bioequivalence study of tdpiramate 100 mg tablet.

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

Parameter Lower limit (%) Upper limit (%)
AUC (0.1) ' 96.8 107.5
AUC (0-inf) 96.2 106.8
Crnax 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 m

15

Conc. (ug/ml)

05 T

(Protocol MS-212)
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g Tablet Bioequivalence Study
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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) administered as a 400 mg dose in
the fasted state to healthy male subjects (MS 213). |

 The objective of this study was to compare the bioavai]ability of topiramate
between the 100 mg tablet (formula #1,Batch # R4504, manufactured af—g;» )

{ : “lused in clinical trials and the 400 mg | tablct (foxmula
#36, Batch # R4541, manufactured at( _,Date
of Mfg July, 1991) administered at an equal 400 ; mg dosagc to hcalthy male subjects
under fasted 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 image (formula
#36) with 240 ml of water following 2 10-h overnight fast.

Ten ml 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 samplcs were

analyzed for topnramate by validated,

L l’I’hp limit of derection 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 (0.9 276.5 £ 38.8 268.4 + 62.3

(0-inf) 302.1 +42.5 293.0 + 64.9
(ug-/mi) Sl AL
Cmax (u_g/m]) 8.2+13 78114
Tmax (hrs) 20+ 1.7 231+14
CL/F (ml/min) 240+35 *26.4 +10.8
T1/2 (hrs) 272143 28.1+53

Pt
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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 can be concluded that 1 X 400 mg
market image tablet is bioequivalent to 4 X 100 mg tablets used in the clinical trials. The
"féilowing 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 (0-1) 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 THIS WAY
CN ORIGINAL
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Figure 5: Mean Topiramate Plasma Concentrations, 400 mg Tablet Bioeqﬁiva]ence Study
(Protoco] MS-213)
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Sty A

V- PHARMACOKINETICS OF TOPIRAMATE IN PEDIATRIC
SUBJECTS

Pharmacokinetic data on topifamate use in pediatric subjects were obtained in
one phannaéokinclic study (Protocol EPPD-001).” In addition, steady-state
plasma levels of topiramate and concomitant AEDs were d;lermmed in the
double-blmd phases of the four double-blind studies that mcluded pediatric
subjects (Protocol{ _ YP, YTC, and YTC- -E). 102 plasma topiramate

— concentrations in the double-blind studies were exammcd for dependence on
‘ _.ageand sex.
~A. PHARMACOKINETIC STUDY IN PEDIATRIC SUBJECTS WITH
EPILEPSY
Pharmacokinetic-Profiles in Children
ddimacoxkinetic Profiles in Children
In Protocol EPPD-001,’ the pharmacokinetics of topiramate were assessed in
18 subjccts with seizures inadequately controlled on one or two standard
AED:s, Subjects were stratified according to three age groups: 4 to 7 years, 8
to 11 years, and 12 10 17 years. Dcmographlc data are summarized in
~ Table 13.
"TST POS
SIBLE COPY
Table 13: Demographic Characteristics
(Al] Subjects: Protocol EPPD-001)
Age Group (Ycars) 1LY
4.7 8-11 12-17 Total
(N=6) N=6) (N=6) (N=18) e
Age (vears) ! )
Mean (SD) 5.5 (1.05) 9.7(1.21) 15.0 (1.90) 10.1 (4.22) :
Median 55 9.5 15.0 95
Range 4-7 8-1 12-17 4-17 !
Gender '
Males/Females &0 an n 13/5 ,
Weight (kg) iliii
Mean (SD) 20.1 (3.5) 33.8¢6.1) 64.6 (30.8) 39.5(25.7) e
Median 215 33.2 541 332 i ,
Range 14.2-23.4 27.341.1 395-123.2 14.2-123.2 ’ ” !
Al
During a two-week baseline period, the background AED regimen was :
stabilized.  Thereafier, subjects received ascending topiramate dosage
regimens of 1, 3, 6, and 9 mg/kg/day administered in q12h intervals for one
5 —
\ @& 39
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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 (C.,.’.') increased in
proportion to dose and generally were achieved in appro)fimale]y one to two

hours across all ages and dosage groups. Oral plasma clearance (CL/F) of
. topiramate was independent of dose.

- BESTPOSSIBLE .

Table 14: Mean (SD) Sicady-State Plasma Topiramate Pharmacokinetic Parameters in Pediatric

¥

Subjects
(All Subjects; Protocol EPPD-001)
Ages4-7 Ages 8- 1)
(g12h Dosing Unless lodicated (q12b Dosing Unless Indicated Ages 12-17
Otherwise) : Otherwise) - (q12h Dosing)
Twge'  Tage  Tage® Taget  Target  Tarper Taget  Targe Target
Dose Dose Dose Dosc Dosc Dose . D:Tk; 3m 9m
| g Impkg 9ympng Iog/xg  3mghg 9Impng m g
Parameicr a?fke) N=6)  (N=$) MW=5)  (N=6) (N=6) N=6)  (N=6) (N=6)
Con 232 391 - 1055 2.74° 429 11.50 172 5.28 12.37
{(ug/mL) (0.64) (2.16) (191 ©77) 049  (313) 0.68) (247) (4.61)
laws 18 1.2 1.0 0.8° 238 22 T 10 11 1.8
®) (1.2 (0.5) ©.7) (0.4) 22) (1.6) (0.6) 0.7) (1.2)
AUCg, 23.5 30.7 85 212° 40.7 1027 147 482 m.
(ug-/mL) (9.1) (189)  (29.5) 8.2) (162)  (34.8) 8.6) (30.0) (54.8)
CLF 19.5 188 220 22° 24 25.0 483 473 50.1
(mnl/min) (5.6) (6.4) 0.2) (8.6) (9.0) (8.1) (33.6) O G4.7)

: 924h wpiramate therapy.

Dala from Subject 13 excluded from analysis as outlier data.

N = 2 for Coas and tee - includes only qi 2h topiramalc-oeaed subjects.

N = 5 for AUCg, and CL/F (all subjects, excluding Sutject 4). Subject 4 data excluded
from analysis because subject received an additional dosc dhrring the sampling interval

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 AUGo values or for weight-normalized

CL/F values (results presented  in  Clinical ~ Study Report  for
"Protocol EPPD-001).
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Table 15: Mcan (SD) Dose-and Weight-Nomnalized Steady-State Plasma Topiramate K 3
Pharmacokinetic Parameters ' ’ l\i’,‘
(All Subjects; Protocol EPPD-001) . ’Zg
Ages4-7 AgesB-11 ' . 3
(912h Dosing Unless Indicated (3!2h Dosing Unlcas Ages 12-17 - 3
Otherwise)- Indicated Otherwise) , (q12h Dosing)
Turget®  Target  Tarpe® Taesget  Toget Targer ' Taget Tamgn Target
l;rosc Dose 1;?,, Dose Dost Dose” lbﬂe 390!3 9D°l=
lmg/kg Imghg 9mppy lmghke 3mghg 9mgng mg/kg 3mghz 9mpig
(N=6) (N=6) (N=5) (N=5)  (N=6) (N=6) (N=f) (N=6) (N=6)
. Com (Rg/mL/400 mg 1037 728 75 1263 8.15 7.85 1037 9385 8.62

Glydmeand0kg) @39 @36 020 (35 009 e c8)  073)  2®)

AUCy, Wg-biml 200 515 561 . sos 85’ T4 702 89 87 715
 dose M“,‘gm (28 (%8 (000 (45 G469 @83 (508) (489) (36.3)

CLF (olmis70 680 650 729 %6 w91 s29 529 519 528
¢ ko 57 099 @1 @0 013 74 e 6L5) @)

:q24h'opinmmelhaapy
Data from Subject 13 luded from lysis as outlier daia,
:N:waC_

N:sfurAUCmandGJF(au:ubjects,exchding Subject 4). Subject 4 dars excluded
mmw.uammmmm»wﬁumm;mww

~ Concomitant AEDs (one or two per subject) represented in this study were
the enzyme-inducers phenytoin, carbamazepine, phenobarbital, and ethotoin,
and the non-inducers valproic acid and gabapentin. In this 4 to 17 year-old
population, weight-normalized topiramate CL/F was found to be higher, and
dose- and weight-normalized Coax and AUG,, weie lower, in subjects
receiving enzyme-inducing concomitant AED:s than in subjects not receiving
lhc.enzyme inducers (Table 16). Analysis of variance showed the differences

between groups for each parameter to be statistically significant. B

Subjects who were receiving non-enzyme inducing concomitant AEDs had a ;
mean (+SD) half-life of 15.4 (£2.3) hours and subjects receiving enzyme

inducing concomitant AEDs had a mean (+SD) half-life of 7.5 (£2.1) hours.
There was no discernible dependence on age within this group of subjects.
| Diﬁ'ercnces in these half-life values are in agreement with differences in plasma

clearance estimates for the two enzyme induction status groups, respectively.
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Table 16: Effect of Concomitant AED:s o peas (25D) Dosc-Normalized and Weight. , B
Normalized Steady-State Plasma Topiramate Pharmacokincn‘c Parameters ;

(Al Subjects; Protocol EPPD-001) »
’ Subjects with Concomitant Subjects Without Concomitang

Inducery Inducers
T Tager b Target,” Targy Target
ey T;:: 2o Deee Do
1 3mehe 9mpng ‘ mg/ks 9 mpiy
Parameter (N=11) (N=11) (N=10) (N=5) N=6) (N=6)
Com (2/mLV400 wg daily gose Tt T s 13.98° 1165 1013
a8 1) (097 16D @m) (2sp)
o e (B) 0.6 18 15 1.3 147 14
©3  an 06 (.4 1.3)
AUC s, (g m1 7200 mg dose . 515 466 1233 1139 jo9,
- 234 70 kg) 0 as3) g Gsn) M) @
" CL/F (miLAmin) 69.8 69.2 74 29.5° 317 351

.1 .
(20.8) 1749 (49 (11.0) (10.3)

; junctive topiramate therapy (400 mg/day) in earlier lopiramate studies
b (Studies Ms.21s, MS-216, and MS-218) 11516 comparison’ indicated

e

LT P ReTR
5
o
o
E
&
£
g
3
g

]
&
ay
g
&
2
o
&
&
[=4
3
a8
<
o
-~
)
o
g
5
Q.
8
5
oo




NDA 20-505

ATTACHMENT E .
PROPOSED PRODUCT DISSOLUTION METHOD AND SPECIFICATION

T e ey v - s

APPEARS THis way =
ON ORIGINAL

Item GIVolmnellPage

= e

m .




