DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS

REVIEW OF CHEMISTRY AND MANUFACTURING CONTROLS NDA 20,505
letterdate stampdate rec'd by chemis! completed
INITIAL SUBMISSION: 29-DEC-94 30-DEC-94 3-JAN-95 27-MAR-95
CHEMIST REVIEW: #1 SPONSOR: R.W. JOHNSON PHARMACEUTICAL
RESEARCHINSTITUTE
REVIEW CHEMIST: M.Zarifa, Ph.D ADDRESS: Welsh & McKean Roads

Spring House, PA 19477
PRODUCT NAME:

Froprietary: TOPAMAX™ topiramate

USAN: none

Code Name/Number: RWJ-17021 3\ 19%
Other; Topiramate; Topiramat MAY

DOSAGE FORM/ROUTE OF ADMINISTRATION: 100 mg, 200 mg,

PHARMACOL.CATEGORY/PRINCIPALINDICATION: Epilepsy

STRUCTURAL FORMULA & CHEMICAL NAME:
C,,H,,No,S Mol. Wt. 339.36

2,3:4 5-Bi-O-(1-methylethylidene)-8-D-fructopyrancse sulfamate [CAS Registry Number 97240-79-4)

REMARKS: The n.d.s. is a D-fructopyranose derivative. It is soluble in water with marked increase
in slubility in alkaline media and in the presence of cosolvents like PEG 400. It is a weak acid having
low ionization potential and its partition favors the organic phase over the aqueous phase. All through
the application there are variations across the studies in the source of the n.d.s. anc the site of
manufacturing of the drug product. The sponsor, however presents sufficient data to support there are
no significant differences in impurity and dissolution profiles across these batches. The degradation
of the n.d.s. in solid form is accelerated by heat and humidity and in solution it hydrolyses in low pH
acid media to fructose and its subsequent degradation products. The sponsor is proposing an
expiration date of 24 months. The application contains deficiencies regarding the n.d.s. manufacturing,
n.d.s. and drug product specifications, and specifications for the coating materials. Also, the provided
stability commitment statement was found unacceptable.

CONCILUSIONS & RECOMMENDATIONS: Methods validation packages are on hand. Methods
valigdation request will be sent. Environmental Assessment has been requested. Establishment
inspection has been requested.

RECOMMEND THAT NDA 20-505 FOR TOPIRAMATE TABLETS IS NOT APPROVABLE.
SATISFACTORY CORRECTION OF CMC DEFICIENCIES IS REQUIRED. SEEC C DEFICIENCY
LETTER.

cc: ORIG: NDA -0—1 LQ\\}’;-C A /%—\
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS

REVIEW OF CHEMISTRY AND MANUFACTURING CONTROLS NDA 20,505
letterdate stampdate  rec'd by chemist completed
INITIAL SUBMISSION: 29-DEC-94 30-DEC-.94 3-JAN-95 27-MAR-95
AMENDMENT: 10-MAY-95 11.MAY-95 1B8-MAY.95 18-MAY-95
CHEMIST REVIEW; #2 SPONSOR: R.W. JOHNSON PHARMACEUTICAL
RESEARCHINSTITUTE
REVIEW CHEMIST: M.Zarifa, Ph.D ADDRESS: Weish & McKean Roads
Spring House, PA 19477
PRODUCT NAME:
Proprietary: TOPAMAX™ topiramate
USAN: none
Code Name/Number: RWJ-17021
Other: Topiramate; Topiramat

DOSAGE FORM/ROUTE OF ADMINISTRATION: 25, 100, 200,

PHARMACOL.CATEGORY/PRINCIPALINDICATION: Epilepsy o {..
R
Hy

STRUCTURAL FORMULA & CHEMICAL NAME: o
C,,H;No,S Mo!. Wt. 339.36

2,3:4,5-&-9_—(1-methylethylidene)-ﬁ-D-fructopyranose sulfamate [CAS Registry Number 97240-79-4]
REMARKS: The amendment introduces two additional dosage forms, the 25-

manufactured from a corimon granulation: tnat also includes the 100-mg tablet formulation. The sponsor
provides adequate 5-month stability data and stability studies are on-going.

NOTES.

CONCLUSIONS & RECOMMENDATIONS:

In CMC Review #1 it was recommended that NDA 20-505 FOR TOPIRAMATE TABLETS IS NOT
APPROVABLE. SATISFACTORY CORRECTION OF CMC DEFICIENCIES WAS REQUIRED.
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1 -0CT.g95 20-OCT-95 28.0CT 95 02.NOV 95
CHEMJ’ST REVIEW: #3 SPONSOR: Rw, 4 NS HA ACEUT!CAL
RESEAR H IN TITuT
REVIEW CHEMIST: M.Zarifa, Ph.D ADDRESS. Welsh g McKean Roag
prin House, PA 19477
PRODUCT NAME.
Propn'etary: TOPAMAX ™ oniramate
USAN: none
Code NamefNumber: RWy.q 7021
Other: Topiramate; Topiramat
DOSAGE FORMIROUTE OF ADMIN!STRATION: 25

100, 200
) PHARMACOL.CATEGOR

Y!PR!NC!PAL CATION:. Epﬂepsy
STRUCTURAL FO

RMULA g CHEMIC AL NAME:
Ci2HyNo, s Mol. wt. 339 36

INDi

2,3:4,5-@_;‘—Q~(1-met
[CA

hyiethyﬁdene)-B~D-fruz:t0pyranose Sulfamatea
S Registry Number 9?’240-794}
REMA KS: The amendments Provide informat:‘on in 'esponse to the CMC de
1995) and daig for tha fwo additiong; dosage form {
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS
REVIEW OF CHEMISTRY AND MANUFACTURING CONTROLS NDA 20,505

lefterdate ~ stampdate re¢'d by chemist  completed

INITIAL SUBMISSION: 23-DEC-94 30-DEC-94 3-JAN-95 27-MAR-95

AMENDMENTS: 20-NOV-95 21-NOV-95 11-DEC-95 11-DEC-95

CHEMIST REVIEW: # 4 SPONSOR: R.W. JOHNSON PHARMACEUTICAL
RESEARCH INSTITUTE

REVIEW CHEMIST: M.Zarifa, Ph.D ADDRESS: Welsh & McKean Roads

Spring House, PA 19477

PRODUCT NAME:

Proprietary: TOPAMAX™ topiramate
USAN: none

Code Name/Number: RWJ-17021

Other: Topiramate; Topiramat

DOSAGE FORM/ROUTE OF ADMINISTRATION: 25, 100, 200,

PHARMACOL.CATEGORY/PRINCIPAL INDICATION: Epilepsy

/ STRUCTURAL FORMULA & CHEMICAL NAME:
C,.H,NO,S Mol. Wt. 339.36

2,3:4,5-Bi-O-(1-methylethylidene)-B-D-fructopyranose  sulfamate
[CAS Registry Number 97240-79-4]

REMARKS: This amendment provides clarification that for the revised reguiatory specifications of the

A . . Adequate justification for this action is
provided in the NDA. See NDA Vol. 4 pp. 439-448 for details.

CONCLUSIONS & RECOMMENDATIONS: CORRECTION OF CMC DEFICIENCIES HAS BEEN DOME.
EER RECOMMENDATION FROM COMPLIANCE 1S “ACCEPTABLE.” RECOMMEND THAT

NDA 20-505 FOR TOPIRAMATE TABLETS !S APPROVED. THE PROPOSED EXPIRY DATE IS
ACCEPTABLE.
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DIVISION OF NEUROPHARMACOLOGICAL DRUG PRODUCTS

REVIEW OF CHEMISTRY AND MANUFACTURING CONTROLS NDA 20,505

letterdate stampdate rec'd by chemist completed

INITIAL SUBMISSION: 29-DEC-94 30-DEC-94 3-JAN-95 27-MAR-95
AMENDMENT: 27-JUN-96  28-JUN-96 01-JUL-96 11-JUL-96
CHEMIST REVIEW: #5 SPONSOR: R.W. JOHNSON PHARMACEUTICAL
RESEARCH INSTITUTE
REVIEW CHEMIST: M.Zarifa, Ph.D ADDRESS: Weish & McKean Roads
Spring House, PA 19477
PRODUCT NAME:
Proprietary: TOPAMAX'™ topiramate
USAN: none
Code Name/Number: RWJ-17021
Other: Topiramate; Topiramat~
P
DOSAGE FORM/ROUTE OF ADMINISTRATION: 25, \Jj(O,ZOO, x/)\_/
PHARMACOL.CATEGORY/PRINCIPAL INDICATION: Epilepsy
STRUCTURAL FORMULA & CHEMICAL NAME: cH ol
C,,H;;NO,S Mol. Wt. 339.36 )L &

CHsy

2.3:4 5-Bi-O-(1-methylethylidene)-p-D-fructopyranose sulfamare

REMARKS: The amendment responds to the “Approvable” letter (Dec 29, 1995}, The sponsor amends the
dissolution method to reduce the sampling time to 20 minutes and amends the dissolution specification to

n 20 minutes”. The sponsor provides revised ann>tated versions of package and insert tabeling
in accerdance to the Approvable letter. [n addition, the sponsor revises the “Appearance” specification for
each tablet strength to provide identification of the product by the trade name TOPAMAX and tablet strength
instead of the marketing company's logo and NDC code. This change is also incorporated in the revised
labeling.

CONCLUSIONS & RECOMMENDATIONS: The sponsor's responses are adequate. In CMC Review #4
the rec.mmendation was that NDA 20-505 FOR TOPIRAMATE TABLETS IS APPROVED. THE

PROPOSED EXPIRY DATE IS ACCEPTABLE.
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The pharmacokinetics of topiramate was affected by renal iinpairment. Oral
clearance decreased by 56% in the severe group {creatinine clearance <30 mi/min/ 1.73m2)
and by 46% in the moderate group (creatinine clearance 30-69 ml/min/1 73m2) as
compared to normajs. Topiramate was effectively reinoved from the plasma by
hemodialysis. Over 3 hours of hemodialysis about 19 mg of topiramate was removed from
the body. In subjects wita moderate to severe hepatic impairment, both Cmax and AUC of
topiramate increased by 29%, whereas its apparent clearance decreased by 29%.

Administration of topiramate (100-400 mg q 12h}) with phenytoin (130-300 mg
q 12h or 360-480 mg q 24h) led to a 20% decrease in total and free phenytoin clearance,
whereas topiramate clearance increased by 2.5 fold. Carbamazepine (CBZ) (300-800 mg
q 8h) given with topiramate (100-400 mg q 12h), was unaffected as was its.epoxide but
topiramate clearance increased two fold. Concomitant administration of valproic acid
(VPA) (500-2250 mg b.i.d.) with topiramate(100-400 mg q 12h) resulted in a 13%
increase in VPA clearance as well as a 15% increase in topiramate clearance. In another
study involving phenytoin-Topiramate and valproic acid-Topiramnate, oral clearance of
topiramate was about 2.4 fold higher in patients receiving phenytoin than those receiving
valproic acid, though renal clearance was unchanged ir both the groups. The percent of
topiramate dose excreted in urine was almost two fold higher in the group of patients who
received concomitant valproic acid than the group receiving phenytoin. This may suggest
that there is an increase in the metabolic clearance of topiramate in the presence of °
phenytoin. A single dose of digoxin increased its clearance by 13% in the presence of
steady state topiramate.

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 reduction in seizure rate was seen to increase with increasing plasma topiramate
concentrations up to 5.2 ug/mL. At plasma topiramate concentrations above 5.2 pg/ml., a
decrease fiom the peak seizure rate reduction was observed.

The Sponsor has established linkage between Phase IT and Phase I tablet
formulations. The Phase I tablet formulation was the same for pharmacokinetic and
clinical studies and will also be the marketed formulation. Dissolution in water using
paddle at 50 rpm is rapid as individual units for the biobatches show > than dissolved
in 20 minufes. 3
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Recommendation:
From a pharmacokinetic point of view this NDA is acceptable to the Division of
Biopharmaceutics. Detailed study reports are available in the Division of
Biopharmaceutics.

Comments:
1.The Sponsor is requested to incorporate ‘pharmacokinetic labelling' as outlined in the
Labelling section.

2. Based upon data provided by the Sponser, the Division of Biopharmaceutias is setting
the following methodology and speciﬁcaﬁbn for all strengths of topiramate tablets;

Please convey Comments 1 and 2 to the Sponsor.
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TOPIRAMATE SUMMARY
Absorption:

Absorption of oral doses of topiramate is rapid, with peak plasma concentration of

27 pg/ml occurring at approximately 2 hours following 400 mg oral doses every 12 hours.

The relative bioavailability of topiramate from a 100 mg tablet is approximately 82%

corrpared to a 100 mg oral dose of an aqueous solution.

Distribution:

The volume of distribution (V/F) of topiramate following 100 to 1200 mg oral
doses ranged from 0.55 kg to 0.8 I/kg. Topiramate is poorly bound to human plasma
proteins. Over the clinically relevant plasma concentration range of up to 33 pug/mkL (in-
vitro drug concentration ranged from 1 to 250 pug/mL), topiramate is approximately 17%
bound to plasma proteins. A low capacity binding site for topiramate in erythrocytes is
present. At topiramate concentrations (<4 pg/mL), a major portion of circulating

topiramate is bound to erythrocytes. This binding was saturated at concentrations above 4

pg/ml.

Metabolism:

The metabolism of topiramate has been investigated in humans. Unchanged
topiramate plus six trace metabolites (each <5% of the sample) were isolated, characterized
and identified from the plasma, urine, and feces of humans. The proposed pathways of
these metabolites are hydroxylation, hydrolysis and glucuronidation.

A total of 81.3 1 4.3% of the administered dose was recovered in excreta in 10-day
period. In urine 80.6 + 4.3% of the dose was excreted, whereas only 0.72 £ 0.3% of the
dose was excreted in feces. Unchanged topiramate accounted for 70% of the radioactivity

in urine. S
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In vitro incubations of topirarate (0.5 uM-1 mM) were conducted in human liver
microsomes. With CYP2Cmeph isozyme, 4'-OH-of S-(mephenytoin) as the specific
reaction was shown to be inhibited indicating that a potential interaction of topiramate with
phenytoin could possibly occur in-vivo. No other isuzyme appears to be involved in

topiramate oxidation.

Elimination:

The major route of elimination of unchanged topiramate and metabolites in humans
is via the kidneys. The mean total plasma clearance of topiramate was 29 ml/min. The mean
plasma elimination half-life of topiramate was 21 hours following single and multiple
dosing.

The mean renal clearance of topiramate was 14 ml/min across 100-1200 mg single
oral dose range. The mean renal clearance value for the 50 and 100 mg ql2h dosing
regimens was 17 ml/min.

Dose Proportionality and Multiple Dose Kinetics:

In a single dose study (n = 28), as the dose was increased from 100 mg to 1200 mg,
Cmax and AUC were almost 40% and 56% higher at the 1200 mg dose compared to 100
mg dose than they should be, had there been a linear relationship between the doses.

Multiple q 12h dosing (o =19) for 50 and 100 mg doses of topiramate for at least 14
days resulted in topiramate Cnax and AUC values that increased in a linear and dose-
proportional manner.

Concomitant maltiple-dose administration of topiramate 100~400 mg q12h (n=12)
regimens with phenytoin and 100-600 mg q12h ( o= 20\ regimens with catbamazepine -
show dose proportional linear kinetics of topiramate. Ukewise,.topmata-shnwed dose:n s
proportionality betwem.iOO-ﬁOOmg q12h (» =3) regimens in Lhepmsemof;pnundono.ﬂmmn

1'
L _(.
R ol .'
: _,;g. :




Between 100 to 400 mg b.i.d.(n =12) dosing, both Cmax and AUC(0-12) of
topiramate were 25% less than expected (slightly non-linear) at the 400 mg b.i.d. dose in

the presence of valproic acid.

Effect of Food:
There is no effect of food on the bioavailability of topiramate and therefore,

topiramate can be administered without regard to food.

Renal Impairment:

This study vias o single dose design in male and female subjects with renal
impairment compared to subjects with normal renal function who were matched to the
impaired subjects by gender, age, and weight. There were 3 males and 4 females in the
group with creatinine clearance <30 ml/min/1.73m? and matched subjects with creatinine
clearance >70 m/min/1.73m2. In the group of creatinine clearance 30-69 ml/min/1.73m?,
there was only one female along with 6 males and matched subjects with creatinine
clearance >70 ml/min/1.73m2.

Pharmacokinetics of topiramate in plasma and urine were affected by renal
impairment, since almost 70% of the drug is excreted unchanged in urine. Oral clearance
decreased by 56% in the severe group and by 46% in the moderate group as compared to
normals. A four-fold decrease in the severe group and two-fold decrease in the moderate
group was observed for renal clearance as compared to normals.

The group of subjects in 30-69 mY/min/1,73m? creatinine clearance was divided
into two (i) subjects with creatinine clearance 30-50 ml/min/1 73m2 (n=4)

(i) subjects with creatinine clearance 51-69 ml/min/1.73m2 (n=3).:There was no
difference in the pharmacokinetic parameters between groups.of:subjects whose creatinine
clearance ranged either from30-50 my/min/1.73m? or 51469 mV/ihin/d A3mvec: 1.
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Accumulation of topiramate would be expected to occur in epilepti:: patients with
renal impairment if chronically dosed at the same rate as patients with normal rena! function
as the elimination half-life had also increased by 2 fold.

Hemodialysis: Six subjects between 25 to 43 years of age with end-stage renal
disease were administered 100 mg dose of topiramate. Venous blood samples were
collected just prior to topiramate administration and at selected time points upto 104 hours
after dosing. Arterial blood samples were cellected during the hemodialysis period at 32,
33, 34, and 35 hours after dosing. Dialysate fluid samples were collected prior to
hemodialysis and for the intervals 32-33, 33-34, and 34-35 bours after dosing (total of 3
hours sampling).

Topiramate was effectively removed from the plasma by hemodialysis. Over 3
hours of hemodialysis aboat 19 mg of topiramate was removed from the body. The mean
hemodialysis clearance of topiramate from plasma was increased approximately 11 times
over the mean clearance of topiramate from plasma of the same subjects when they were

not on hemodialysis.

Hepatic Impairment:

The study was a single dose study in two male and three female subjects with
hepatic impairment (Child-Pugh Index 5-9) and in six healthy controls matched to the
hepatically- impaired subjects by age, gender, and weight. Both Cmax and AUC of
topiramate increased by 29%, whereas its apparent clearance decreased by 29% in subjects
with moderate to severe hepatic impairment. The decrease in topiramate oral plasma
clearance was primarily due to dwmased renal clearance (49%), although renal function
appeared to be normaul in these patients. There was no difference in non-renal clearance - -
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Drug Interactions:
(a) In-Vitro:

In vitro studies were conducted with human liver microsomes to characterize the
inhibitory spectrum of topiramate (0.5-1000 uM) using substrates and specific reactions
catalyzed by specific human cytochrome P450 isoforms. These studies were done to aid in
predicting potential interactions through a knowledge of the inhibitory spectrum of the
drug. . . — : , -

Inhibition of the 4'—hyid£9§ylation of S-mephenytoin and the 1"-hydroxyl: tion of

1'R-bufuralol (in CYP2D6-deficient microsomes) suggests the potential for an interaction

beiween topiramate and phenytoin in vivo.

{b) In Vivo:
Phenytoin-Topiramate Interaction:

The study was an open, escalating dose study conducted in 12 epileptic patients (7
men, 5 women). The patients were stabilized on phenytoin monotherapy (130-300 mg
q12h or 360-480 mg q24h; n = 6 in each group). The topiramate dose escalation began
with concomitant topiramate 100 mg gPM for 3 days, followed by 100 mg q12h for at least
11 days. Dose escalation continued by admiaistration of topiramate 100 mg gAM and 200
mg qPM for 3 days followed by 200 mg q12h for at least 11 days. Dose escalation was
completed by administration of topiramate 200 mg qAM and 400 mg qPM for 3 days
followed by 400 mg q12h for at least 11 days. After two weeks of stabilization on thie
maximium iolerated concomitant topiramate dose, phenytoir: doses were reduced by 25%
at intervals of 1 week cver the next 4 weeks. This was coutinued until patients were on
topiramate or on the low st achievable phenytoin dose. After at least 2 weeks
on the final dosage regimen, topiramate doses were decreased by 200 mg at intervals of at

least 1 week.
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Topiramate decreased mean total and free phenytoin clearance by 20% in
patients resulting in higher phenytoin plasma concentrations, howcver, the small sample
size is small. Therefore, it is recommended that patients be regularly monitored for their
clinical progress when combination therapy with topiramate is initiated.

Topiramate clearance increased by 2.5 fold during combination therapy with
phenytoin, resulting in lower plasma topiramate concentrations as compared to topiramate
monotherapy. Therefore, topiramate dosing regimen may require adjustment when .
administered +rith phenytoin.

Carbamazeplae-topiramate Interactions:

(i) Following a 3-week baseline period of carbamazepine therapy in 12 patients
(300 - 800 mg q 8h), topiramate dose escalation began with concomitant topiramate
dosing of 100 mg q12h, followed by 200 mg q12h and completed by administration of
topiramate 400 mg q12h. Steady state was achieved in each instance. After two weeks of
stabilization on the maximium tolerated concomitant topiramate dose, carbamazepine doses
were reduced by 25% at intervals of 1 week over the next 4 weeks. This was continued
until patients were on topiramate monotherapy or on the lowest achievable carbamazepine
dose along with topiramate. After en additional 2 weeks on the final dosage regimen of
topiramate doses were decreased by 200 mg at intervals of at least 1 week.

Concomitant administration of topiramate with carbamazepine docs not alter the
pharmacokinetics of carbamazepine and its epoxide. Therefore, carbamazepine dosage
adjustment may not be necessary when given with topiramate (topiramate dose = (0400
mg b. i. d.).

The steady-state topiramate plasma pharmacokinetics are linear and dose -+ -
proportional over the 100400 mig'b.i.d. dose range when given as adjunctive'therapy to :- -
carbamazepine. “Topiramiaté clédrhiice witti CBZ was increased by 2-fold-comiparedits ity vic
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doubled. However, the clinical condition of the patients should also be monitored to
optimize topiramate dose.

(i1) Six males and two females took part in this study. After 2 weeks of
carbamazepire topiramate dosing was initiated with 100 mg b .i. d. The
scheduled titration of topiramate dosage was increased at 1 or 2 week intervals in increment
of 100 mg (every 12 hour dosing) upto tolerated dose not to exceed 600 mg b.i.d. The
final pharmacukinetic profile was obtained at the end of the 8-week stabilization period at ..
the highest tolerated dose of topiramate (CBZ dosing continued alongside).
Pharmacokinetic parameters for topiramate were evaluated at steady state on 100, 300, and
600 mg b.i.d. topiramate dosing. The steady state topiramate pharma&;ﬁinctics over 100
to 600 mg b. i. d. range were linear in the presence of CBZ. The effect of topiramate on

CBZ or on its metabolite CBZE was not studied.

Valproic acid-Topiramate Interaction:

The study was an open, escalating dose study conducted in 12 epileptic patients (6
men, 6 women). Topiramate and/or valproic acid were administered 1 hour before or two
hours after meals. The study began with a three-week baseline period in patients with
pariial epilepsy who were stabilized on valproic acid (50C to 2250 mg b. i. d.). Patients
continued on their established valproic acid dosing regimen during topiramate dose
escalation. Topiramate dose escalation began with concomitant topiramate as 100 mg
q12h. Dose escalation continued with administration of topiramate 200 mg q12h and was
completed with 400 mg q12h. Steady state was achieved in each instance. After two
weeks of stabilization on the maximium tolerated concomitant topiramate dose, valproic
acid doses were reduced by 25% at intervals of i week over thg next 4 weeks. This was
continued.until.patients were on topiramat orcnthe lowestachievable .. ...y ..
valproic aciddose~:After an additional 2-weeks on mggqgl,g%ggggggixggq.oﬂmpiramatcﬁ e
its doses wcret,;qbe,giccrca.md by 200 mgmﬂnmww ‘ Yﬁﬁk‘?‘h’” s Y anned




The results of this study indicate that VPA increases the clearance of
topiramate by 15% when the highest dose of topiramate was administered (400 mg b.i.d.).
In turn, the 400 mg b.i.d. dose of topiramate showed a 13% increase in the clearance of

VPA;, this was the maximum change observed for VPA across the topiramate doses.

Phenytoin-Topiramate or Valproic Acid-topiramate Interaction:

Following a 2-week baseline period of either phenytoin 200-730 mg/day (n = 5) or
valproic acid 1000-3500 mg/day (n = 4) and while continuing on their established
anticonvulsant dosing regimen, patients were started on topiramate 100 mg b. i. d. for 2
weeks. The topiramate dose was titrated up to its maximum tolerated dose, not to exceed
600 mg b.i.d. Doses were titrated in increments of 100 mg over an 8-week period.
Patients were then maintained 2t the maximum tolerated topiramate dose for an additional 8
weeks (stabilization period). Topiramate pharmacokinetic parameters were assessed at the
100 and 300 mg b.i.d. doses only, since the number of patients with data at other
topiramate dos=s was limited to one patient on each dose.

Topiramate exhibited dose proportional pharmacokinetics when given along with
pheaytoin or valproic acid. The AUC(0-12), Cmax, Cmin(0), and Cmin(]2) were lower
by approximately 2.5, 2, 3, and 3 folds, respectively in group of patients who received
concomitant phenytoin than in patients receiving concomitant valproic acid. Oral clearance
was about 2.4 fold higher in patients receiving phenytoin than valproic acid, though renal
clearance was unchanged in both the groups. The perceat of topiramate dose excreted in
urine was almost two fold higher in the group of patieats who received concomitant
valproic acid than the group receiving phenytoin. This suggests that there is on increase in
the metabolic clearance of topiramate in the presence of phenytoine.. iy -~ - .

_ The study-does niot provide information on the effe: : of topiramate on either ..
phenytoin or valproicacid.. -




’rimidone-Topiramate Interaction:
This was an open, ascending dose study in 3 patients. Patients were already on a
2-week baseline of primidone, when topiramate dosing began as 100 mg
b .i. d. for two weeks. Titration of topiramate increased at 2-week intervals in increments
of 100 mg not to exceed 600 mg b.i.d. Pharmacokinetics were evaluated following
topiramate administration of 100, 300, and 600 mg b.i.d.
-AUC (0-12 b} appears ta be proportional between 100 to 600.mg b.i.d. topiramate S

dose in the presence of primidone. Oral clearance does not change across doses. This

study does not mention the effect of topiramate on the pharmacokinetics of primidone due

to inconsistent trough levels seen for primidone,

Phenobarbital-Topiramate Interaction:
Patients involved in a drug-interaction study for phenobarbital dropped out and the
study could not be completed. Population pharmacokinetic analysis (data obtained from

chase II clinical studies) indicated that there is no affect of phenobarbital on topiramate.

Digoxin-Topiramate interaction:

This was an open, sequential, two-period, two-treatment study in which the effect
of pretreatment with a 100 mg b.i.d. oral regimen of topiramate for 6 days was studied on
the pharmacokinetics of a 0.6 mg single oral dose of digoxin in 12 healthy male subjects.

Both Cmax and AUC (0-inf) of digoxin decreased by 16% and 12%, respectively
in the presence of topiramate. Pretreatment of digoxin with topiramate did not affect tmax
or t1/2 of digoxin. Oral clearance of digoxin increased by 13% in the presence of
topiramate. Digoxin was given to healthy volunteers as a single oral dose, but the results
could be more pronounced if digoxin-were dosed to steady state. The study does not

provide information on the cifect of digoxin on the pharmacokinetics of topiramate.
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Pharmacokinetic and Pharmacodynamic Relationships:

These studies were multicenter, outpatient, parallel, doubiz-blind, randomized,
placebo-controlled, adjunctive therapy clinical studies to coitpare the safety and efficacy of
different topiramate doses in patients with refractory partial epilepsy on a maximum of two
concomitant antiepileptic drugs. Following a baseline period, patients were randomly assigned
to placebo or to a t ~piramate dose. Dose groups ranged from 200 1o 1000 mg per day.
Topiramate doses were titrated up to the assigned dose or to the maximum tolerated dose.
Trough plasma samples (8-16 hrs postdose) were collected throughout the titration and
stabilization periods of the study. Percent mductio;i;;imre rate was defined as:

Seizure rate = 100 (B-S)/B

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

There was a decrease from baseline seizure rate due to topiramate therapy, however,
there was no correlation between percent reduction in sejzure rate and steady-state plasma
topiramate concentration. The median percent reduction in seizure rate was seen to increase
with increasing plasma topiramate concentrations up to 5.2 ig/mL. At plasma topiramate
concentrations above 5.2 pg/mL, a decrease from the peak seizure rate reduction was

observed.

Population Analysis for Age, Gender and Race:

Three phase II studies ( multicenter, outpatient, parallel, and randomized) were
designed to evaluate the safety and efficacy of 200, 400, 600, 800, and 1000 mg daily
doses of topiramate in two equally-divided doses compared with placebo as adjunctive
therapy for 427 patients with refractory partial epilepsy on a maximum of two concomitant

antiepileptic drugs. Topiramate dose was titrated up to the assigned dose or to the
maximuin tolem‘ted dose-(h:aemmts were usually weekly);-wm-h,g;sa, Cartibpel el




weight on both clearance and volume produced a significant reduction in the objective
function (2045.6 for no weight effect vs 2037.9 for weight effect). Based upon this
reduction of objective function, a model for both clearance and volume with weight as a
covariate was selected. Further analysis indicated that there was no affect of age, gender,
Or race on topiramate clearance. Race and gender appear=d to affect topiramate volume, but

not age.

Protein binding:
In-vitro protein binding study using equilibrium dialysis indicated that topiramate is
17% bound to plasma proteins over the concentration range of 1-250 jig/mL (the clinically

relevant plasma concentration of topiramats was as high as 33 pg/mlL).

Formulation Links:

The Sponsor has established linkage between Phase Il and Phase JI1 tablet
formulations (100 mg and 400 mg tablets). The Phase DI tablet formulations were the
same for pharmacokiuetic and clinical studies znd will also be the marketed formulation.
The Sponsor will market 100, 200

However, the Sponsor is requesting for bioavailability waiver for the 200 and
tablets claiming that both active and inactive ingrecients of 200 and . ‘ablets
- This request can be accommodated

based on linear kinetics of drug, compositional proportionality of ti'e three strengths and

the rapid dissolution profiles.

Dissolution:
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TOPIRAMATE LABELING

. Absorption:

Absurption of topiramate is rapid with peak plasma concentration of 27 Jg/ml
occurring at approximately 2 hours following 400 mg oral doses every 12 hours. The
bioavailability of tablet relative to solution is approximately 82%. Bioavailability of

topiramate is not affected by food.

Distribution:
The voiume of distribution ( V/F) of topiramate following 100 to 1200 mg oral
doses ranged from 0.55 I/kg to 0.8 Vkg. Topiramate is 17% bound to human plasma

proteins over the concentration range of 1-250 pg/mL.

Metabolism:

A totai 6f 81.3 + 4.3% of the administered dose was recovered in excreta in a 10-
day pericd. In urine 80.6 +4.3% of the dose was excreted as total radioactivity, whereas
only 0.72 +0.3% of the dose was excreted in feces. Unchanged topiramate accounted for
70% of the radioactivity in urine.

Unchanged topiramate plus six trace metabolites (each <5% of the sample) were
characterized from the plasma, urine, and feces in humans. The pathways for the

formation of these metabolites are hydroxylation, hydrolysis and glucuronidation.

Elimination:
Topiramate and its metabolites are excreted via the kidneys. The mean total plasma
clearance of topiramate was 29 mi/min with plasma elimination half-life of 21 hours. Tte

mean renal clearance for the 50 and 100 mg q12h dosing regimens was 17 ml/min.
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Dose Proportionality and Multiple Dose Kinetics:

Topiramate exhibited linear kinetics over the dose range of 50 to 100 mg given
every 12 hours. In epileptic patients who were maintained on either phenytoin,
carbamazepine or prinidone, topiramate showed linear kinetics over the dose range of 100-
600 mg q 12hr. However, in the presence of valproic acid topiramate levels were 23%
lower than linearly expected.

Special Populations:
Renal Impairment: -
Accumulation of topiramate would be expected to occur in epileptic patients with
renal impairment if chronically dosed at the same regimen as patients with normal renal
function. The oral clearance of topiramate was reduced in moderately (creatinine clearance
30-69 mV/min/1.73m2; 6M, 1F) and severely renally impaired subjects (creatinine clearancs
<30 ml/min/1.73m?Z; 3M, 4F) by 46% and 56%, respectively as compared to matched
normal renal function subjects (creatinine clearance >70 mV/min/1.73m2). A four-fold
decresse in the severe group and a two-fold decrease in the moderate group was observed
for renal clearance as compared to normals.
Hemodialysis:
Topiramate was effectively removed from the plasma by hemodialysis. Over 3
hours of hemodialysis about 19 mg of topiramate was removed from the body. The mean
hemodialysis clearance of topiramate from plasma was increased approximately 11 times
over the mean clearance of topiramate from plasma of the same subjects when they were
not on hemodialysis.
Hepatic Impairment:
In hepatically impaired subjects (2M, 3F), the oral clearance of fOPirAIALS, 4.5 sos st .-
decreased by 29% as compared to those with normal hepatic function. wersly it 2Ly R o,




Age, Gender and Race:

Clearance of topir: aate was not affected by age, gender or race.

Pharmacodynamics:

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 reduction in seizure rate was seen to increase with increasing plasma topiramate -
concentrations up to 5.2 pg/mL. At plasma topirmnaic_aﬁonccnwations above 5.2 pg/ml a

+ ——m

decrease from the peak seizure rate reduction was observed.

PRECAUTIONS:
Drug Interactions:
In-Vivo:
The dnug interaction data described in this section were obtained from controlled clinical
trials and st:dies involving healthy adults and patients with epilepsy. The results of these

interactions are summarized in the following table:

AED AED TOPAMAX ™
Co-administered Concentration Concentration
Phenytoin Increased decreased
CBZ No change decreased
CBZ-epoxide* No change

Valproic acid Decreased decreased
Phenobarbital . No change

* =1Is not administered but is an active metabolite of carbamazepine
AEI_)-':'AnﬁCPilcptiC dmg G RN, St
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Effects of Topiramate on the pharmacokinetics of other antiepileptic drugs:
Topiramate added to phenytoin: Topiramate decreases free and total phenytoin
clearance by 20% in patients resulting in higher phenytoin plasma concentrations.
Topiramate added to carbamazepine: Concomitant administration of topiramate with
carbamazepine does not alter the pharmacokinetics of carbamazepine and its epoxide.
Topiramate added to valproic acid: Topiramate showed a 13% increase in the

clearance of VPA.

Effects of other antiepileptic drugs on the pharmacokinetics of Topiramate:
Phenytoin added to topiramate: Topiramate clearance increased by 2.5 fold during
combination therapy with phenytoin, resulting in lower plasma topiramate concentrations as
compared to topiramate monotherapy. |
Carbamazepine added to topiramate: Topiramate clearance was increased by 2-fold in
the presence of carbamazepine as compared to its clearance in monotherapy.

Valproic acid added to topiramate: Valproic acid increases the clearance of topiramate
by 15%.

Phenytoin-Topiramate or Valproic Acid-Topiramate Interaction: Oral

clearance of topiramate was about 2.4 fold higher in patients receiving phenytoin than those
receiving valproic acid, though renal clearance was unchanged in both the groups. The
percent of topiramate dose excreted in urine was almost two fold higher in the group of
patients who received concomitant valproic acid than the group receiving phenytoin. This
may suggest that there is an increase in tne metabolic clearance of topiramate in the preseace
of phenytoin.

Digoxin-topiramate interaction:

A single dose of digoxin increased its clearance by 13% in the presence of sieady
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Renal:

In renally impaired patients {(creatinine clearance < 70 ml/min/1 .73m?2) and patients
on hemodialysis, topiramate should be administered with caution (see also Dosage and

Administration).

Hepatic:
In hepatically impaired patients, topiramate should be administered with caution as

the clearance of topiramate was decreased as compared te normal subjects.

Dosage and Administration:
Renal:

In renally impaired subjects with creatinine clearance less than 70 ml/min/ 1.73m2,

one half of the normal adult dose is recommended.

Drug Interactions:

Topiramate:

Based on the observed increase in clearance of topiramate by 2-2.5 fold upon
concomitant administration with phenytoin or carbamazepine, a higher dose of topiramate
may be required.

Phenytoin:
Caution should be exercised when topiramate and phenytoin are administered -

concomitantly, since free and total phenytoin clearance decreased by 20%.

2. -
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Bioavailability And Pharmacokinetic Studies Of Topiramate

Study #1: Comparative bioavailability of topiramate from two 100 mg
tablet formulations (formula #1 and 37) administered in the fasted state to
healthy male subjects (MS 212, April 1993).

The objective of this single dose study was to compare the 100 mg market image
tablets (formula #37, Batch # R4539, manufactured at McNeil Pharmaceuticals, Dorado,
Puerto Rico, Date of Mfg: July, 1991) and 100 mg tablets used in ¢linical trials (formula
#1, Batch # R4504, manufactured at McNeil Pharmaceuticals, Spring House, PA, Date of
Mfg: Febraury, 1991). The clinical trial was conducted from October 12, 1991t0 ~——-
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,

8, 60, 72, 84, 96, 120, 144, and 168 hours. Plasma samples were analyzed for
topiramaie by validated capillary gas chromatography with nitrogen phosphorus detection.
Using 500 pl plasma, the limit of detection was 0.1 pg/ml.

Results:

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

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

T2 (hrs) 391+£117 3901 8.1

Cmax (ug/ml) 1.5£03 1.5+3.1

Tmax (brs) 2926 29126

AUC(G-inf) (1g.n/ml) 586195 5951104

CL/F (m'/min) 2921+ 5.0 289+5.8

Mean 1. SD




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 vaiues for treatment A. Tmax for both treatments was
comparabie (2.9 hrs). Therefore, it can be concluded that the market image tablet is
bioequivalent to the tablet used in the clinical trials. The following table summerizes the
market vs clinical bioequivalence study of topiramate 100 mg tablet.

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

90% Confidence Interval
Parameter Lower limit (%) Upper limit (%)
AUC (0-t) 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.
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Study #2: 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, April 1993).

The objective of this study was to compare the bioavailability of topiramate
between the 100 mg tablet (formula #1,Batch # R4504, manufactured at McNeil
Pharmaceuticals, Spring House, PA ) used in clinical trials and the 400 mg tablet (formula
#36, Batch # R4541, manufactured at McNeil Pharmaceuticals, Dorado, Puerto Rico,
Date of Mfg: July, 1991) administered at an equal 400 mg dosage to healthy male subjects
under fasted conditions. T T

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 ovemnight 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 a 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. Piasma samples were
analyzed for topiramate by validated capillary gas-liquid chromatography with nitrogen
phosphorus detection. The limit of detection was 0.5 pg/mL.

Results:
The pharmacokinetic parameters Cmax, Tmax, AUC (0-infinity), oral clearance

(CL/F), and half-life of topiramate from the two treatinents 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-t) (rg.h/ml) 276.5 + 38.8 268.4 £ 62.3
AUC(0-inf) (0g-h/mi) 302.1 £ 425 293.0+ 64.9

Cmax (ng/mi) 82+13 78+ 14

Tmax (brs) 20+1.7 23114

CL/F (mV/min) 240£35 2641108

T12 (hrs) 272143 28.1+53

26

"":'ll'lw:;.




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. Tmax 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
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-t) 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.

Comments:

Topiramate concentrations can be measured as low as 0.1 pg/mL, but in this study
the limit of detection was 0.5 pg/mL.. This could have affected the extrapolation of AUC
from time *t' to infinity. Though only 10% of the extrapolated area has contributed to total
AUC (0-infinity) in this particular study, there is always a possibility that by stopping
sampling at much higher quantitation limit, a higher percentage of tail will be added to the
total area.
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Study # 3: Evaluation of the Relative Bioavailability of Topiramate from a
100 mg Tablet (Formula #1) with Reference to a Solution Dosage Form
and the Effect of Food on the Bioavailability of Topiramate from the
Tablet Dosage form (MS-174, September 1993).

OBJECTIVES:

The objectives of this study were to determine the bioavailability of 2 100 mg oral
tablet (Formula #1, clinically studied) of topiramate administered in the fasted state relative
to 100 mg of topiramate administered as an or.1, aqueous solution in the fasted state, and
to determine the oral bioavailability of the 100 mg tablet of topiramate administered in the
fed state relative to the 100 mg tablet administered in the fasted state,

FORKMULATION:

100 mg Tablet Batch No. R4314, Formula No. 1, manufactured at Spring House, PA.
Date of Mfg: August, 1987.

100 mg Powder Batch No. R4313, manufactured at Spring House, PA.

The clinical trial was conducted in November 1987.

STUDY DESIGN AND SAMPLING:

The study was an open, randomized three-way crossover in 21 healthy male
subjects. Each subject received all three 100 mg oral doses of topiramate separated by 7-
day washout periods. The treatments were as follows:

Treatmem A = 100 mg tablet, fasted
Treatment B = 100 mg tablet, fed
Treatment C = 102 mg solution, fasted.

One subject was excluded from the study because the treatments were administered
out of assigned order. The subjects’ age ranged from 21 o0 45 years and body weight was
from 144 10 192 pounds. Serial blood samples were collected upto 96 hours and urine

RESULTS:
Significant conceatrations of topiramate were found in the predose plasma and
urine samples from the second and the third treatment. Due to this carryover, standard
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statistical analysis of the data from all three treatment periods was not possible, therefore,
statistical analysis was only done from the first dosing period of this study. Data from 5
subjects (Treatment A), 6 subjects (Treatment B), 6 subjects (Treatment C) were analyzed
by ANOVA according to a single dose, 3 paralle] group treatment study design.

The statistical analysis showed that there is no difference between all three
treatments for AUC, CL/F and t1/2, but Cmax was an exception. However, the power of
ANOVA to detect at 20% difference from the reference mean from these parameters was
not sufficient to conclude bioequivalence. The two, one-sided test results showed that the
90% confidence intervals for the difference in means exceeded the 80%-]25% limits
required for demonstration of bioequivalence in all comparisons.

Pharmacokinetic "arrmeters (Mean + SD) of Topiramate in Plasma and

Urine
Parameter 100 mig Tablet 100 mg Tablet 100 mg
Fasted Fed Solution Fasted
(N=5) (N=6) (N=6)
Cmax (ug/mL) 1.95 £ 0.21 1.63 £ 0.15 2.27 £ 0.61
Tmax (h) 1.30 £ 0.97 4.17£2.04 2.58 + 2.80
AUC (0-t) (ug*h/mL) 50.75 £ 7.67 53.80 £ 941 61.72+ 103
AUC (0-e0)(ug*h/mL) 59.15£9.02 62.09 + 12.7 71.57+11.2
t1/2 (h) 26.92 + 4.66 33.02 + 4.28 34.86 + 149
Ur Excr (0-72 h) mg 4371+ 548 37.02+4.04 40.51% 6.22
CL/F (mL/min) 28.74 £ 4.63 27.83 + 5.81 23.77 13.73
CLR (mL/muin) 1473 £ 3.63 12.99 £ 2.30 | 12.21+ 2.31
R R T o
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CONCLUSIONS:

Due to incomplete wash-out between dosing periods, evaluation of relative
bioavailability was restricted to data from the first dosing period. Comparison across
parallel treatment groups indicated that the relative bioavailability of topiramate from the
tablet was approximately 82% with reference to the solution. The effect of food on the
bioavailability of clinical tablet was minimal; mean tmax was delayed by food by
approximately 3 hours. The mean pharmacokinetic parameters are summarized in Table 5
above. The data are from treatment period 1 only.

Comments: o

The earlier two bioequivalence studies had a 3-week washout period between
treatments. This study had a 7-day washout, which appeared inadequate, and therefore
periods 2 and 3 showed plasma levels for pre-dose.
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Study #4: Effect of Food on the Bioavailability of Topiramate from Oral
Administration of One 100 mg Tablet (Formula # 37) of Topiramate in
Healthy Male Subjects (MS-211, September, 1992).

OBJECTIVES:

The objective of this study was to determine the effect of food on the
bioavailability of topiramate following administration of a 100 mg market image tablet to
healthy male subjects.

FORMULATION:
100 mg Tablet Batch No. R4539, Formula # 37, manufactured at Dorado, Puerto
Rico. The study was conducted from October 13, 1991 to November 10, 1991.

STUDY DESIGN AND SAMPLING:

The study was a randomized, complete, two-way crossover study in which 18
healthy male subjects received both treatments (100 mg tablet administered in the fasted
condition, and 100 mg tablet administered in the fed condition), one on each of two
different dosing days. One subject was excluded from the study due to protocol violation.
The dosing days were separated by a washout period of 3 weeks. Blood samples were
collected for 168 hours (7 days) following each treatment. Topiramate concentration was
measured in plasma till 60 hrs using a sensitive and specific capillary gas chromatography.
‘The sensitivity of the assay was 0.5 pug/mL.

RESULTS:

The statistical analysis showed that there is no difference between the two
treatments for AUC, CL/F and t1/2 and Cmax. Tmax was delayed by food by about 1.6
hrs. The two, one sided tests for bioequivalence showed that the 90% confidence
intervals for AUC and Cmax were within + 20% of the mean for the fed and the fasted
treatment. The mean pharmacokinetic parameters are summarized in the table below. Data
on 90% CI can be found in Appendix 2.
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Pharmacokinetic Parameters (Mean + SD) of Topiramate in Plasms

100 mg Tablet
Fasted

100 mg Tablet
Fed

Cmax (ug/mL)

1.63 £ 0.26

1.46 £ 0.13

Tmax (h)

14 1.0

30t 1.6

et

AUC (0-t) (ug*VmL)

342172

b ———r

341+74

AUC(0.00) (g*h/mL)

598 86

57.319.1

t1/2 (h)

30453

282126

CONCLUSIONS:

285144

29.8 +4.7

The effzct of food on the bicavailability of a 100 mg market-image tablet
formulation may not be clinically significant. Though food is causing an almost 1.5 hour
delay for tmax, and there is an 11% decrease in Cmax and a 4% decrease in AUC, this

may not be clinically relevant.

Comments:

Due to the stoppage of sampling at quantitation limit of 0.5 pg/mL, the tail of
plasma conc vs time has contributed almost 73% of the total area.
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Study #5: Effect of Food on the Bioavailability of Topiramate from Oral
Administration of One 400 mg Tablet (Formula # 36) of Topiramate in
Healthy Male Subjects (MS-214, Nov 1992).

OBJECTIVES:

The objective of this study was to determine the effect of food on the
bioavailability of topiramate following oral administration of a 400 mg tablet of topiramate
to healthy male subjects.

FORMULATION: _'“ -

400 mg Tablet Batch No. R4541, Formula No. 36, manufactured at Dorado,

Puerto Rico (market image).

STUDY DESIGN AND SAMPLING:

The study was a randomized, complete, two-way crossover study in which
I8 healthy male subjscts received the two treatments, (a 400 mg tablet in the fasted
condition and a 400 mg tablet in the fed condition) on each of two dosing days. Subjects
who were dosed in the fed state received a standard breakfast (no mention of food content)
within 15 minutes prior to dosing. The dosing days werc separated by a washout period
of 3 weeks. Blood samples were coliccted for 168 hours (7 days) following each dose.
Topiramate concentration was measured in plasma using a sensitive and specific capillary
gas chromatography. The sensitivity of the assay was 0.5 pg/mL.

RESULTS:

The statistical analysis showed that there is no difference between the two
treatments for AUC, CL/F and t}2 but Cyax was an exception. The extent of absorption
of topiramate from the fed state was 12.6% greater than from the fasted state. The Crnax
was statistically different within the treatment groups, but 90% confidence interval
showed that the mean for the test was within & 20% of the mean of the reference. The
mean pharmacokiuetic parameters are summarized in the table below.
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Pharmacokinetic Parameters of Topiramate in Flasma

400 mg Tablet 400 mg Tablet
Fasted Fed

8001+ 1.00 - 6.98 £ 0.92

27219 48124

311.2 £ 1182 350.3 £ 197.9

AUC (0-t) 276.0 + 99.6 306.0 £ 149.7
(ug*h/mL)
t1/2 (h) 28.9 + 3.9 313+ 102

230+43 220160

CONCLUSIONS:

A 13% decrease in Cmax, a 13% increase in AUC and a 2-hr delay in tmax of
topiramate was noted. Although Tmax was proloaged by two hours in the fed state, the
trend was not the same with all subjects (there were subjects whose Tmax was lower in
the fec states than fasted), therefore the prologation of Tmay in fed st: ‘e may be an
artifact. The effect of food on the bioavailability of a 400 mg market-image tablet
formulation may not be clinically significant.
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Study # 6. An Ascending, Multiple Dose Safety Study of Topiramate in Healthy Men:
Pharmacokinetics, Safety and Tolerability (Protocol YB/CSS-81, Dec 1994).

OBJECTIVES:
The objective of this study was to assess the safety, acceptability and
pharmacokinetics of single and multiple oral doses of topiramate.

Formulation:

The drugs were provided by McNeil Pharmaceuticals as identically appearaing
matched tablets containing 50 mg of topiramate (Formula #2, Batch # R4239) or placebo,
or matched tablets containing 100 mg topiramate (Formula #1, Batch # R4226) or
placebo. Both tablet formulations were manufactured at McNeil Pharmaceutical Co.,
Spring House, PA.

STUDY DESIGN AND SAMPLING:

The study was a double-blind, placebo-controlled, paralle] group, ascending dose
study. Subjects were divided into three dose level groups of 14 subjects each. Within
cach group, ten subjects were randomly assigned to receive topiramate and four the
placebo according to the following dosing schedule:

Group 1 Day 1 50 mg topiramate {or placebo), single dose
Days3-16 50 mg topiramate (or placebo), once daily (q 24h)
Days 17-30 50 mg topiramate (or placebo), twice daily (g 12h)
Day 31 50 mg topiramate (or placebo), single dose

Group 2 Day 1 100 mg topiramate {or placebo), single dose
Days 3-16 100 mg topiramate (or placebo), once daily (q 24h)
Days 17-30 100 mg topiramate (or placebo), twice daily (q 12h)
Day 31 100 mg topiramate (or placebo), single dose

Group 3 Day 1 200 mg topiramate (or placebo), single dose
Days 3-23 200 mg topiramate (or placebo), once daily (q 24h)

Blood samples were collected after days 1 (up to 48 hours), 16 (up to 24 houss),
23 (up to 168 hours for the 200 mg group only), and 21 (up to 48 hours for the 50 and
100 mg groups only). Urine samples were collected after dosing on days 1 (up to 48
hours), 16 (up to 24 hours), 23 (up to 24 hours for the 200 mg group only), and 31 (up to
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24 hours for the 50 and 100 mg groups only). Predose plasma samples were obtained on
days 14 and 29 (50 and 100 mg groups only) to test for the attainment of steady state.
Concentrations of topiramate were measured in plasma, and urine by a capillary gas
chromatographic assay with nitrogen phosphorous detection. The sensitivity of the assay
was as follows-

Plasma: 0.1 pg/mL (for 50 mg dose), 0.5 pg/mL (for 100 and 200 mg dose)

and 1.0 pg/ml and 5.0 ug/ml for urine assays.

RESULTS: _

Single Dose: The absorption of topiramate was rapid With tmax reaching
between 2-3 hours. Intrasubject.variability for Cmax and AUC was between 15 to 30%.
Single dose plasma topiramate Cmpax, AUC and cumulative amount excreted in urine
increased in greater than proportional manner over the dose range of 50-200 mg. This
nonlincarity was evident from a decrease in oral clearance at higher doses. This greater
than proportional increase in Cmax and AUC may be due to the concentration dependent
binding of topiramate to erythrocytes. At concentrations (<4 pg/mL) topiramate is bound
to erythrocytes, whereas saturation of this binding occurs at concentration above 4 pg/mL.
In single dose study, there is a big difference between AUC 0-16 hours and O-infinity.
The extrapolation has caused an addition of 230%, 177% and 169% on the mean AUCs
of 50, 100 and 200 mg dose of topiramate, respectively. This large extrapolation may not
indicate true clearance of topiramate.

The mean pharmacokinetic parameters following a single 50, 100 and 200 mg
dose of topiramate are summarized in the following tables.
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Plasma and urine pharmacokinelic parameters following single dose of
Topiramate

50 mg Dose
(n =10)

100 mg Dose
(n =10)

200 mg Dose
(n=10)

0.52 £ 0.12

1.34 £0.23

3.55% 1.02

3.1. "3

25%+24

29113

52+13

15214

354167

AUC (0-eo)
(ug*h/mL)

172+ 3.0

42.1 £9.8

95.1 £ 19.6

t1/2 (h)

27074

247194

25.6t 0.3

Ur.Exc (%
Dose) {0-48 h])

29.73 £ 4.00

35.37+£17.32

38.69 £ 6.07

CL/F (mL/min)

49.9 £ 9.0

412178

364174

CLR (mL/min)

Mean + SD

23.81+9.6

224144

189+44

However, topiramate will be administered chronically and therefore a single-dose
pharmacokinetic study will not be of much clinical value.

Multiple Dose: Twice daily dosing of topiramate for 14 days showed a dose
proportional increase in Cmax and AUC. The multiple dose study indicated that oral
clearance was comparable within the dose range <t 50-100 mg q 12hrs. Once daily
dosing of topiramate for 14 days resulted a linear increase with dose and both AUC and

( oral clearance were independent of dose.

The mean pharmacokinetic parameters following multiple dosing of 50, 100 and
200 mg topiramate are summarized in ihe tables below.



Plasma and Urine Pharmacokinetic Parameters for Tupiramate after q 12h
dosing

50 mg Dose

100 mg Dose

Parameter (n=9) (n=10)
qi2h Day 31 ql2k Day 31
3.61+ 0.68 6.76 £ 2.81

1.9 £ 0.9

———a-y

3020

AUC (0-12 h) (ug*h/mL)

31.6 £ 6.6

57.2+15.8

t1/2 (b)

218 £ 3.6

206+ 24

Cmin (ss) {0 h] (ug/mL)

2.01 £ 040

345 1.27

Cinin (ss) [12 b] (ug/mL)

2.35 £ 0.59

3671133

CL/F (mL/min)

275+t 64

31.0+79

33 (\-i"

Urinary Excretion 63.7 £ 12.0 5231%9.0
% Dose [0-12 h]
CLR (mL/min) 17.8 £ 6.6 167+ 6.5

.
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Plasma and Urine pharmacokinetic Parameters following multiple dosing
of topiramate q 24h dosing

| AUC(0-24
| h) (ug*h/mL)

Cmmin (ss) [0
h] (ug/mL)
Cmin (ss) [24 0.80 % 1.63 308 + 287+
h] (g/mL) 0.17 0.36 115 0.90
CL/F 28.5 + 30.8 = 316t 300
(mL/min) 314 7.0 4.1 6.3
Urin Exc % 67.0 & 5701 559+ 496
Dose [0-24 h] 8.3 12.2 6.0 6.8
CLR 19.1 & 18.1 ¢ 175&% 149 %
(mL/min) 2.9 7.1 3.2 5.0
Mean + SD
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CONCLUSIONS:

Absorption of topiramate was rapid and the intersubject ariability in the
pharmacokinetics parameters was low. Multiple dose plasma Cryax and AUC increased in
proportion with dose (linear pharmacokinetics) following 12 and 24 hr dosing. Multiple
dose clearance and half-life following q 12h dosing and q 24h dosing regimens were
equivalent.



STUDY #7 An Ascending Single Dose Safety Study of Topiramate (RWJ-17021-000) in
Healthy Men: Plasma Pharmacokinetics, Renal Excretion, Safety, and Tolerability (Protecol
YA/CSS-82, Dec 1994).

OBJECTIVES: The objectives of this study were to assess the safety and acceptability of
single o-al doses of topiramate and to elucidate the topiramate pharmacokinetics including
renal excretion. The study was conducted in 28 healthy male volunteers.

FORMULATION: 100 mg Tablet Batch No R4198, Formula No. 1, manufactured by
McNeil Pharmaceuticals at Spring House, PA.
Doses: Multiple units of 100 mg tablets.

STUDY DESIGN AND SAMPLING:

Thae study was a double-blind, ptacebo-controlled study. Subjects were divided
into three groups of 12 each and were randomly assigned to receive topiramate or placebo.
Within each group six subjects were assigned to receive topiramate and six placebo.
Subjects who qualified for enrollment were assigned to one of three treatment groups.
Group 1 received either 100 or 200 mg topiramate or plucebo; Group 2 received either 400
or 800 mg topiramaie or placcbo; and Group 3 received 1200 mg of topiramate (n=4) or
placebo (n=3). A washout period of 1 week separated the dose level treatments. Each
group completed the study before the next group started. All treatment doses were given in

RESULTS:

Plasma: The study was terminated prématurcly because of an adversz event and
occurred in a subject receiving 1200 mg topiramate. As a result only four subjects received
1200 mg dose and none received 1600 mg dose. Cax and AUC data indicated a deviation
from linearity at higher doses. As the dose was increased from 100 mg to 1200 mg, Cmax
and AUC were almost 40% and 56% higher at 1200 mg dose compared to 100 mg dose
than it should be, had there been a lincar relationship betwesn the doses.

Urine: Approximately 23 and 34% of the administered dose was recovered in the
unne at 16 and 32 h, respectively, after dosing. A linear and proportional relationship
between the dose and the cumulative amount excreted at 16 and 32 h was observed in thls

. £ Jﬂ:&&vf(‘ “
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study over the dose range of 200-1200 mg. A slight deviation from proportionality occured
between the 100 and 200 mg dose ievels.

Plasma pharmacokinetics of Topiramate

Values are reported as Mean £SD
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Urine pharmacokinetics of Topiramate

Parameter | 100 mg 2x 100 4 x 100 8 x 100 12x 100
mg mg { mg mg
Cum 13.99 £ 43.77 £ 87.63£15 | 18328 | 31013 T
amount 1.99 8.82 .57 17.36 25.53
[0-16 h) . _
15.99 = 21.88 2191 £ 2291 T 2585 1
1.99 4.41  3.89 2.17 2.13
2448 65.48 1 140.49 £ ND —— 458.10
3.59 14.0 16.60 82.30
2448 32.74 ¥ 35.12 £ ND 3817
3.59 7.00 4.15 6.86
13.05 £ 14.60 £ 1446 £ 1404 £
2.34 2.51 )

ND = Not Determined
CONCLUSIONS:

Topiramate is rapidly absorbed. Plasma Crmax and AUC are not linearly related to
dose. Cumulative urinary excretion amount is linearly and propertionally related to dose at
doses from 209-1200 mg; the 100 mg dose deviated from this proportionality. Renal
excretion of unchanged topiramate is a major pathway of elimination.

Comments:

This study has a serious designing flaw. Plasma and urine samples were collected
till 32 hrs, which is just slightly over one half-life of topiramate. As a consequence,
AUC (0-inf) could not be determined accurately, since plasma concentrations at 400, 800
and 1200 mg dose are much higher than the detection limit. As a result, extrapolation of
AUC and calculation of oral clearance based upon this AUC will not reflect the true values
of these parameters. Therefore, any conclusion from this study will be qualitative,
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STUDY # 8: Evaluation of the Absorption, Excretion, and Biotransformation of a
100 mg Solution Dose of Topiramate-"C in Healthy Male Volunteers (MS-177, June
1993).

OBJECTIVES:

The objectives of this study were:
(1) To evaluate the absorption and excretion of topiramate following oral administration of
a 100 mg aqueous solution dose of topiramate—”C to healthy male volunteers.
(2) To obtain the pharmacokinetic parameters of total radioactivity and topiramate in
plasma and blood, to evaluate the amounts of topiramate excreted in urine, and to compare
these results to those obtained with unlabeled topiramate.
(3) To obtain biotransformation profiles of topiramate in plasma, blood, urine, and fecal
extracts,
(4) To isolate, identify, and quantify any significant metabolites of topiramate, where
possible.
(5) To propose metabolic pathways for topiramate in man; to compare and contrast the
proposed pathways with those obtained in animal species.

FORMULATION:
100 mg Aqueous solution 4C Lot No. 6473-18, manufactured at Spring House,
PA. Specific Activity 0.97 uCi/mg Total Radioactivity.

STUDY DESIGN AND SAMPLING:

The study was an open, single-dose study in which six healthy male subjects
received 100 mL of an aqueous solution containing 100 mg of topiramate-*C. Blood,
urine, and fecal samples were collected for 240 hours (10 days) following treatment. The
samples for total radioactivity and for topiramate were analyzed by liquid scintillation
spectrometry and capillary GC using flame ionization detection, respectively.

RESULTS:

Unchanged topiramate accounted for 40% of the dose in the 048 hour urine
sample and more than 85% of the sample in the 0.5-24 hour in plasma and blood,
indicating that topiramate was not extensively metabolized and the renal excretion (81% of
the dose) was the major route of elimination of the drug. A total of 81.3 + 4.3% of the
administered dose was recovered in excreta in 10-day period. In urine 80.6 1 4.3% dose
was excreted, whereas only 0.72 £ 0.3% dose was excreted in feces. Unchanged
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topiramate accounted for 73% of the radioaciivity in all excreta samples. Unchanged
topiramate plus six trace (<5% of the sample) metabolites were isolated, characterized and
identified from the plasma, urine, and feces in humans. The proposed pathway of these

metabolites are hydroxylation, hydrotysis and glucuronidation.

Plasma, Urine and Fecal Pharmacokineti: Parameters

Total Radioactivity

Topiramate

238 £0.42

2251048

Tmax (h)

1 1172 (h)

1.10+ 0.7 0.83 £ 0.61
AUC (0-240 h) 76.68 + 6.24 63.10+9.77
(ptg*h/mL)
91.00 £ 21.70 22461 6.14

| CL/F (mL/min)

21.8711.96

26951+ 4.14

| (% Dose) [0-120h]

Values are reported as Mean 1SD |

CONCLUSIONS:

Urinary Excretion 80.6 £ 4.3 59.3 £ 4.7
' (% Dose) [0-240 h)
[ Fecal Excretion 0.72 £ 0.30 ND

ND Not Determined

Topiramate is rapidly absorbed and is not extensively metabolized. Six trace (<5%
of the sample) metabolites were isolated, characterized and identified from plasma, urine,
and feces from hydroxylation, hydrolysis, and glucuronidation metabolic pathways. Renal
excretion is the major route of elimination of topiramate.
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STUDY# 9: The Pharmacokinetics and Renal Excretion of Topiramate in Male and
Female Subjects with Mild to Severe Renal Impairment and in Age, Sex, and Weight
Matched Subjects with Normal Renal Function (DM-92340, October 1993).

OBJECTIVES:

The objective of this study was to determine the pharmacokinetics and renal
excretion of topiramate in renally-impaired subjects (CLcr <30 ml/min/1 73m2, N=7 and
CLCR 30-69 mVmin/1.73m2, N=7) as compared to subjects with normal renal function
(CLcR 270 mV/min/1.73m2, N=14) following oral administration of one 100 mg tablet of
topiramate.

FORMULATION: 100 mg Tablet Batch No. R4504, Formula No. 1, manufactured at
Spring House, PA.

STUDY DESIGN AND SAMPLING:

This study was a single dose design in male and female subjects with renal
impairment compared to subjects with normal renal function who were matched to the
impaired subjects by gender, age, and weight. There were 3 males and 4 females in the
group with creatinine clearance <30 mU/min/1.73m? and matched subjects with creatinine
clearance >70 mi/min/1.73m?. In the group of creatinine clearance 30-69 mV/min/1.73m?,
there was only one female along with 6 males and matched subjects with creatinine
clearance >70 mY/min/1.73m2. Blood samples were collected for 336 hours following
each treatment. Urine samples were collectcd for 96 hours. Concentrations of topiramate in
plasma and urine were analyzed by gas chromatographic method with nitrogen
phc .phorous detection.

Human plasma: Linearity: 0.1-10 pg/ml., Sensitivity: 0.1 pg/mlL.
Human urine: Linearity: 1.0-100 pg/ml , Sensitivity: 1.0 pg/mL

RESULTS:

The absolute bioavailability of topiramate, estimated from oral and renal clearance
data was between 81 and 95%. However, the estimated bioavailability of topiramate using
renal vs oral data has not been examined thoroughly, therefore the reported bioavailability
may not be accurate. ' : SR

The results show that the pharmacokinetics of topiramate in plasma and urine were
affected by renal impairment, since almost 70% drug is excreted unchanged in urine. Oral
clearance decreased by 56% in the severe group and by 46% in the moderate group as .
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compared to normals. A four-fold decrease in the severe group and two-fold decrease in
the moderate group was observed for renal clearance as compared to normals.
“Furthermore, the group of subjects in 30-69 ml/min creatinine clearance was
divided into two (i) subjects with creatinine clearance 30-50 mV/min/1.73m2 (n = 4)
(ii) subjects with creatinine clearance 51-69 mU/min/1.73m2 (n = 3). There was no
difference in pharmacokinetic parameters betweea groups of subjects whose creatinine
clearance ranged either from 30-50 ml/min/1.73m2 or 51-69 mU/min/1.73m?2.
Accumulation of topiramate would be expected to occur in epileptic patients with
renal impairment if chronically dosed at the same rate as patients with nonnal renal
function, as the elimination half-life has also increased.
The mean pharmacokinetic parameters are summarized in the tables overleaf. . ——
Plasma and Urine Pharroacokinetic Parameters

(N=7 for each group)

'100 mg Tablet | 100 mg Tablet
CLCR <30 CLCR 270 CLCR 30-69 | CLCR 270
l Cmax (ng/mL) | 2.13 £ 0.25 2241048 1.89 £0.75 1.60 £ 0.40

‘ Tmax () 16£05  |3.0%40 11104 1408
|

[ AUC (0-o0) 1908 £49.9 | 88.14242 | 13684456 |738+12.1

(pg*h/mL)
{{ AUC (0-*) 173.5 £49.9 | 81.8£24.9 12341414 (16401 144
(L(ug*h/mL)

t122 (h) 588+ 11.2 31,6148 546112 375+ 82

CL/F (mL/min) | 9.24 &+ 2.25 2025+ 5.83 | 13381433 |23.1313.97

CL/F 0.12 £ 0.04 0.27 £ 0.06 0.15 005 0.28 + 0.06
| (mlminig)
Ur. Excr (% 17.65 £3.53 | 4594 £6.18 3002+ 11.16 | 4498 + 7.86
Dose){0-96 h}

2541042 6.18 + 2.83 13.13 + 2.80

10.82 £ 2.32

Values mmpoﬂadasMcan :&:SD "Lastmeasnredconocnmon PP
Creatinine clearance in ml/min/1.73m2 ¢ K mimees e F vt v anct o e



CONCLUSIONS:
Dosing: It is recommended that in renal failure patients (creatinine clearance <69

ml/min/1.73m?2) topiramate dose should be initiated at doses of 100 mg q.d. (normal dos:
=100 mg b.i.d.) The maintenance dose in normals is 200-800 mg b.i.d., therefore, the
recorr.nended maintenance dose of topiramate in renally-impaired subjects (creatinine
clearance <69)(is 200-800 mg per day.
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STUDY # 10: The Pharmacokinetics of Topiramate in Subjects w'th End-Stage Renal
Disease Undergoing Hemadialysis (DM-92352, MS-221, October 1993).

OBJECTIVES: The objective of this study was to determine the pharmacokinetics of
topiramate following administration of a single 100 mg oral dose in subjects with end-stage
renal disease undergoing hemodialysis.

FORMULATION: 100 mg Tablet Batch No. R4561, Formula No. 37, manufactured at
Dorado, Puerto Rice.
STUDY DESIGN AND SAMPLING: .

This study was a siugle dose study to determine the pharmacokinetics of topiramaie
following oral administration in eight subjects with end-stage renal disease. Two subjects had
significant protocol violations and were not considered in the data analysis. The remaining six
subjects were from 25 to 43 years of age and ranged in weight from 117 to 209 pounds.
Venous blood samples were collected just prior to topiramate administration and at sejected
time points to 104 hours after dosing (1., 2, 3, 6, 10, 16, 24, 36, 37, 38, 40, 48, 72, and 104
hours). Anerial blood samples were collected during the hemodialysis period at 32, 33, 34,
and 35 hours after dosing. Dialysate fluid samples were collected prior to hemodialysis and
for the intervals 32-33, 33-34, and 34-35 hours after dosing (total of 3 hours sampling).
Whole blood, plasma and dialysate fluid samples were analyzed for topiramate by validated gas
chromatographic methods with nitrogen phosphorous detection.

Human plasma: Linearity: 0.5-50 pg/mL. ; Sensitivity: 0.5 pg/mL
Dialysate Fluid: Linearity: 0.5-50 pg/mL ; Sensitivity: 0.5 jg/mL

RESULTS:

Topiramate was effectively removed from the plasma by hemodialysis. Over 3 hr
hemodialysis about 19 mg of topiramate was removed from the body. The mean hemodialysis
clearance of topiramate from plasma was increased approximately 11 times over the mean
clearance of topiramate from plasma of the same subjects when they were not on hemodialysis.
The mean pharmacokinetic parameters (n = 6) are summarized in the table below.
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Plasma Pharmacokinetic Parameters

Parameter 100 mg Tablet 100 mg Tablet
: Plasma Clcr >70 (ml/min)
H Cinax (ug/mL) 1.92 £ 0.48 1.60 £ 0.40 Jl

Tmax (h) 1.8x10 1.4 £ 0.3
AUC (0-32 h) 455 18.1 -
{(ug*h/mL) —
AUC (0-0) 166.8 £ 49.8 7381 12.1.
{ng*h/mL) _ _ -
11/2 (h) 78.4 + 27.5 375182
Dialysis Recovery® 18671183 ND
mg [32-35 h]
CL/F(ml/min) 10.8 3.4 23.13 £ 3.97
CLpY (mL/min) 12352157 -
[32-35 h]

Values are reported as Mean £SD.  ND Not Determined
2 Amount of topiramate removed from the body by dialysis. b Hemodialysis plasma

clearance.

CONCLUSIONS:

Topiramatc is removed by hemodialysis, resulting in a 50% decrease in plasma
concentrations. Titration of topiramate doses is recommended at the time of hemodialysis.
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STUDY #11: Evaluation of the Pharmacokiretics of Topamax™ (Topiramate) in Male and
Female Subjects with Moderate to Severe Hepatic Impairment and in Healthy Subjects Matched
by Age, Sex, and Weight (MS-209, October, 1993).

OBJECTIVES:
The objective of this study was to determine the effect of impaired hepatic functior on
the pharmacokinetics of a single 100 mg oral dose of topiramate administered in the fasted
state to subjects with moderate to severe hepatic impairment and in healthy control subjects
matched by age, weight, and sex. _

“— - rrl—— w——

FORMULATION: 100 mg Tablet Batch No.R4539, Formula No. 37, manufactured at
Dorado, Puerto Rico.

STUDY DESIGN AND SAMPLING:

The study was a single dose study in two male and three female subjects with hepatic
impairment (Child-Pugh Index 5-9) and in six healthy controls matched to the hepatically-
impaired subjects by age, gender, and weight. The subjects ranged in age from 37 to 48 years
and weighed from 141.5 to 226.6 pounds. Blood and urine samples were collected for 168 and
96 hours, respectively following administration of topiramate. Plasma and urine sample s were
analyzed for topiramate by validated gas chrom zographic methods with nitrogen phosphorous
detection. :

Human plasma: Linearity: 0.5-50 ug/mL , Sensitivity: 0.5 pg/mL
Urine: Linearity: 1.0-100.0 ug/mL ; Sensitivity: 1.0 ug/ml.

RESULTS:

The results of the study indicate that in hepatically impaired subjects Crnax and AUC of
topiramate increased by 29%, whereas there was a 29% decrease in oral clearance (0.27 vs
0.38 mV/min/kg). The renal clearance was measured only in three subjects. There was no
difference in non-renal clearance between the two groups, but renal clearance in hepatically
impaired subjects decreased by 50%. Since initiation of all antiepileptic drugs in epileptic
patients begins with a fixed dose and then is titrated to tolerable effective doses, the topiramate
dose is recommended to be titrated in this fashion. The moderate ircrease in Cpax and AUC
in hepatically impaired subjects may not be of any clinical significance and there might not be
any need to adjust topiramate dose in epileptic patients with liver impairment.

The mean pharmacokinetic parameters are summarized in the table below.
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Plasma Pharmacokinetic Parameters

Parameter 100 mg Tablet 100 mg Tablet
Hepatically- Impaired Healthy Matches
Cmax (Ug/mL) 223 ¢ 1.17 1.73 £ 0.21

Tmax () 1.95 £ 2.35 1.83 ¢ 1.43

AUC (0-*) (ug*h/mL) 39£119 348 12.1

AUC (0-e) (ng*h/mL) 72.2+10.3 359 % 15.5

172 () 33.61 £ 10.7 24.65 £ 4.99

Ur. Excr [0-96 h} ~ 30.64 1 4.75 4401 £ 045

CL/T (mL/min) 23.45 £ 3.27 31.78 £ 8.93

CL/F (mL/min/kg) 0.27 £ 0.05 0.38 £ 0.08

R (mL/muin) 1349 £ 3.44 26.44 £ 6.03

8.09 £ 5.30

CLNR (mlL/min) 7.85  1.51
Values reported as Mean £SD  * Last measured concentration.

CONCLUSIONS:

Hepatically-impaired subjects had a 29% increase in Cmax and AUC((-c0) of
topiramate. The decreased oral clearance of topiramate (29%) was primarily due to decreased
renal clearance (49%). Nonrenal clearance was unchanged.

Dosing: A 29% decrease in oral clearance of topiramate in the hepatically impaire< group
does not warrant dosage adjustment.
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STUDY #12: A Comparative Study of the Steady-State Pharmacokinetics of Phenytoin
(Dilantin® Kapseals® Brand) and of Topamax™ (T. opiramate) in Male and Female
Epileptic Patients on Monotherapy and During Combination Therapy (Study # MS 215, 26
October, 1993).

OBJECTIVES:

The objectives of this study were to investigate:
(1) the steady-state pharmacokinetics of phenytoin during phenytoin monotherapy,
(2) the steady-state pharmacokinetics of phenytoin at each of three escalating concomitant
topiramate doses, ) -
(3) the_steady-state pharmacokinetics of topiramate during topiramate monotherapy, and
(4) the steady-state pharmacokinetics of topiramate at each of three escalating topiramate

doses during concomitant fixed dose phenytoin therapy.

FORMULATIONS:

Topiramate:

100 mg Tablet Batch No. R4561, Formula No. 37,

200 mg Tablet Batch No. R4562, Formula No. 47, and

400 mg Tablet Batch No. R4563, Formula No. 36;

all manufactured at Dorado, Puerto Rico.

Phenytoin:

DILANTINR KAPSEALSR brand of sodium phenytoin in 30 mg and 100 mg capsules.

STUDY DESIGN AND SAMPLING:

The study was an open, escalating dose swudy conducted in 12 epileptic patients (7
men, 5 women). The patients were stabilized on phenytoin monotherapy (130-300 mg
q12h or 360-480 mg q24h; n = 6 in each group). The 30 and 100 mg capsule strengths of
DILANTINR brand of phenytoin was used. The topiramate dose escalation began with
concomitant topiramate 100 mg qPM for 3 days, followed by 100 mg q12h for at least 11
days. Dose escalation continued by administration of topiramate 100 mg gAM and 200 mg
qPM for 3 days followed by 200 mg q12h for at least 11 days. Dose escalation was
completed by administration of topiramate 200 mg qgAM and 400 mg qPM for 3 days
followed by 400 mg q12h for at Ieast 1 dzys. After twe weeks of stabilization on the
maximium tolerated concomitant topiramate dose, phenytoin doses were reduced by 25%
at intervals of 1 week over the next 4 weeks. This was continued unti] patients were on
topiramate monotherapy or on the lowest achievable phenytoin dose. After at least 2 weeks
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on the final dosage regimen, patients were allowed to enter a long term extension protocol;
otherwise, topiramate doses were to be decreased in decrements of no more than 200
mg/day at intervals of at least 1 week.

Serial blood and urine samples were collected during the baseline phenytoin
monotherapy period; during the concomitant topiramate dose escalation period; after
stabilization at the maximum concomitant topiramate regimen; and after achieving
topiramate monotherapy or the lowest possible concomitant dose of phenytoin. For
patients on the 12 h phenytoin dosing schedule, 10 ml blood samples were collected
following the administration f pheuytoin and/or topiramate-at time 0, 1, 2, 3,4, 6,9, and - -
12 hrs, whereas urine samples were collecizd for the intervals from 0-6 and 6-12 hours
postdosing. For patients on the q24 Hphienytoin, bloud samples were collected at time 0,
1,2,3,4,6,9, 12, 16 and 24 hrs, whereas urine samples were collected for the intervals
from 0-6, 6-12 and 12-24 hours postdosing. Plasma and urine samples for topiramate, and
total and unbound plasma concentrations of phenytoin were analyzed by validated analytical
methods.

RESULTS:
(i) Influence of Topamax on phenytoin:

The effect of concomitant topiramate therapy on the steady state pharmacokinetics
of total and unbound phenytoin was as follows:

Unbound phenytoin: Nine of the 12 patients had mean AUCgg ratios
(combination therapy/ monotherapy) for unbound phenytoin of 1.19 (range 1.04-1.45),
su~gesting that there was a decrease in phenytoin clearance in this group of patients. The
remaining three patients had a mean AUCgg ratio of 0.93 (range 0.87-0.97).

Total phenytoin: Almost similar pattern was observed with total phenytoin
AUCgs ratios as seen for unbound phenytoin.

(ii) Influence of phenytoin on Topamax:

Over the dose range of 100-400 mg q12h, topiramate exhibited linear kinetics.
Topiramate oral clearance was increased by 2.5 fold during combined therapy with
phenytoin as compare< to topiramate | cesulting in decreased steady-state
plasma topiramate concentrations. This decrease might be due to the induction of
topiramate metabolism by phenytoin.



Topiramate Plasma Pharmacokinetic Parameters (g 12hrs} during concomitant
Phenytoin therapy

—
Parameters 100 mg 200 mg 400 mg 400 mg Top
Steady State Steady-State Steady-State Mono
Cmax 4.12 £ 0.96 7.58 + 1.85 126 £2.42 25.8 +4.34
(ug/mL)
Trmax (h) 1.33 £ 0.49 1.40 £ 0.70 1.43 £0.53 2.25+0.96
AUCgg (0- 31.81 60.85 + 104.95 £ 25353
12 h) 7.45 16.38 20.1 31.56
(ug*h/mL)
CL/F 550 t 58.40 65.14 + 26.64
(mL/min} 12.33 14.70 9.95 3.70
Cav(ss) 2.65 £0.62 507+ 1.37 8.75 £ 1.67 21.13 &
(ug/mL} 2.63

Mean £SD.

CONCLUSION:

The results of this study indicate that topiramate may decrcase phenytoin clearance
by 20% in patients resulting in higher phenytoin plasma concentrations. However, due to
the small sample size it is difficult to make a definite conclusion. Therefore, it is
recommended that patients be regularly monitored for their clinical progress when
combination therapy with topiramate is initiated.

Topiramate clearance increased by 2.5 fold during combination therapy with
phenytoin, resulting in lower plasma topiramate concentrations as compared to topiramate

Therefore, topiramate dosing regimen may require adjustment when
administered with phenytoin.
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STUDY #13: A Comparative Study of the Steady-State Pharmacokinetics of - )
Carbamazepine (Tegretol®) and Topamax™ (Topiramate) in Male and Female Epileptic

Patients on Monotherapy, and During Combination Therapy (Study # MS 216, October,

1993).

OBJECTIVES:
The objectives of this study were to determine within patients with partial epilepsy:
(1) the steady-state pharmacokinetics of carbamazepine during carbamazepine

(2) the stc;dy-staib pharmacokinetics of carb_:nmchmc during concomitant therapy with

three uscalating topiramate doses, T
(3) the steady-state pharmacokinetics of topiramate at each of three escalating ‘opiramate

doses while receiving a fixed dose of carbamazepine, and

(4) the steady-state pharmacokinetics of topiramate while on fixed doses of topiraraate

FORMULATIONS:

Topiramate: ;
100 mg Tablet Batch No. R4561, Formula No. 37,

200 mg Tablet Batch No. R4562, Formula No. 47, and

400 mg Tablet Batch No. R4563, Formula No. 36,

all manufactured at Dorado, Puerto Rico.

Carbamezapine:

TEGRETOLR brand of carbamazepine provided by the investigator.

STUDY DESIGN AND SAMPLING:

The study was an open titration study in 12 patients (study schedule attached). The
study began with a 3-week baseline period (carbamazepine). Patients remained on
established CBZ therapy as the topiramate dose escalation began with concomitant
topiramate 100 mg qPM for 3 days, followed by 100 mg q12h for 11 days. Dose
escalation continued by administration of topiramate 100 mg QAM and 200 mg qQPM for 3
days followed by 200 mg q12h for 11 days. Dose escalation was completed by
administration of topiramate 200 mg gAM and 400 mg gPM for 3 days followed by 400
mg ql2h for 11 days. After two weeks of stabilization on the maximium tolerated
concomitant topiramate dose, carbamazepine doses were reduced by 25% at intervals of 1
week over the next 4 weeks. This was continued until paticnts were on topiramate
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or on the lowest achievable carbamazepine dose along with topiramate. After
additional 2 weeks on the final dosage regimen, patients were allowed to enter a fong term
extension protocol; otherwise, topiramate doses were to be decreased in decrement of 200
mg b.i.d. at intervals of at least 1 week.

Senal blood samples (10 ml) were collected for 8 hours during the baseline
carbamazepine monotherapy over 3-week period at time 0, 1, 2, 3, 4, 6, and 8 hrs. Blood
samples were obtained in the topiramate dose escalation period (end of weeks 2, 4, 6) and
at the end of carbamazepine dose reduction peried (end of week 11) at time 0, 1, 2, 3, 4, 6,
8, and 12 brs. During the thresaweek-baseline carbamezapine period, urine
samples were collecied for the 0-4 and 4-8 hour time intervals after the moming
carbamazepine dose. Urine samples were also collected at the 0-4, 4-8, 8-12 hour time
intervals after the moming topiramate dose at the end of weeks 2, 4, 6, and 11. Plasma
and urine samples for topiramate, and total and unbound plasma concentrations of
carbamazepine and its epoxide metabolite were analyzed by validated analytical methods.

RESULTS:
Carbamazepine pharmacokinetics:

The results of the study indicate that total carbamazepine pharmacokinetics remains
unchanged during concon.itart administration of topiramate doses of 100-400 mg b. i. d.
Similar results were obtained for unbound carbamazepine and for total and unbound
carbamazepine epoxide. The pharmacokinetic parameters of carbamazepine have been
summarized in the tables.

Topiramate pharmacokinetics:

‘Topiramate exhibited linear kinetics over 100400 mg b.i.d. dose when
administered concomitantly with carbamazepine doses of 300 to 800 mg q8h. Since only
three patients achieved monotherapy on topiramare, statistical comparison between
monotherapy of topiramate and co-adminis.ration with carbamazepine was not appropriate.
However, the overall result was a 40% decrease in topiramate AUC(0-12), Cmax. Cavg
and Cmin(() during concomitant carbamazepine therapy than during topiramate
monotherapy. Topiramate total clearance was almost two fold higher during concomitant
carbamazepine therapy as compared to monotharapy. Though there was no change in
renal clearance of topiramate between mono and concomitant therapy, there was almost
40% decrease in unchanged topiramate excretion in urine following concomitant
administration with caiL,amazepine. A 3-fold increase in nonrenal clearance indicates that
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the metabolic clearance of topiramate increases with concemitant administration of

carbamazepine.

The mean pharmacokinetic parameters of topiramate are summarized in the table below.

Topiramate Plasma and Urine Pharmacokinetic Parameters

g
| Top + CBZ

155133

341142

12106

37869

$28.3

1.0 1.0

1.7£0.6

329 1 303%

1234

51.118048

23%0.

8.7%1.6

221+0423

37t092

31106 0 | 11.it24 [ 25+102 43+074a

33.919.6 33.1£10.1 3x15.4 33.7t16.4

(33352180 |
17.4357

456t 8.8 |
15.516.1

17.4154

Mean $SD.  # Normalized to a 100 mg b.i.d. topiramate dose.

CONCLUSIONS:

The study indicates that concomitant administration of topiramate with
carbamazepine does not alter the pbarmacokinetics of carbamazepine and its epoxide.
Therefore, carbamazepine dosage adjustment may not be necessary when given with
topiramate (topiramate dose = 100-400 mg b. i. d.).

The steady-state topt plasma inetics are linear and dose
proportional over the 100-400 mg b.i.d. dose range when given as adjunctive therapy to
carbamazepine. Topiramate clearance with CBZ was increased by 2-fold compared t its
clearance i monotherapy. Therefore, to maintain equivalent topiramate concentrations
during concomitant widna:bamuﬁine.thetopimmmdoscmynwdwbc
doubled. However, the clinical condition of the patients should also be monitored to
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STUDY #14: A Comparative Smdy of the Steady-State Pharmacokinetics of Valproic
Acid (Depakote® Brand) and of Topamax™ (Topiramate) in Male and Female Epileptic
ll’;:;;r)ns (V] . and During Combination Therapy (Study # MS 218, October,

OBJECTIVES: The objectives of this study were to determine:

(1) the steady-state pharmacokinetics of valproic acid during valproic acid monotherapy,
(2) the steady-state pharmacokinetics of valp. dic acid during concomitant therapy with
three escalating topiramate doses,

(3) the sicady-swate pharmacokinetics of topiramate at each of three escalating tgpiramate
doses while on a fixed dose valproic acid therapy, and

4) the steady-state pharmacokinetics of topiramate while on fixed doses of topiramate
monotherapy.

FORMULATION:

Topiramate:

100 mg Tablet Batch No. R4561, Formula No. 37,

200 mg Tablet Batch No. R4562, Formula No. 47, and

400 mg Tablet Batch No. R4563, Formula No. 36,

all manufactured at Dorado, Puerto Rico.

Valproic acid:

DepakoteR brand of valproic acid, from a single lot of commercially available product,
supplied by the invesiigators.

STUDY DESIGN AND SAMPLING: .

The study was an open, escalating dose study conducted in 12 epileptic patients (6
mea, 6 women). Topiramate and/or valproic acid were administered 1 hour before or two
hours after meals (dosing scheme attached). The study began with a three-week baseline
pericd in patients with partial epilepsy who were stabilized on valproic acid (500 to 2250
mg b. i. d). Patients continued on their established valproic acid dosing regimen during
topiramate dose escalation. The topiramate dose escalation began with concomitant
topiramate 100 mg qPM for 3 days, followed by 100 mg q12h for 11 days. Dose
escalation continued by administration of topiramate 100 mg gAM and 200 mg gPM for 3
days followed by 200 mg q12h for 11 days. Dose escalation was completed by
administration of topiramsate 200 mg gAM and 400 mg GPM for 3 days followed by 400
mg q12h for at least 11 days. After two weeks of stabilization on the maximiura tolerated
concomitant topiramate dose, valproic acid doses were reduced by 25% at intervais of |
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week over the next 4 weeks. This was continued until patients were on topiramate
or on the lowest achievable valproic acid dose. After an additional 2 weeks

on the final dosage regimen, patients were allowed to enter a long term extension protocol;
otherwise, topiramate doses were to be decreased in decrements of no more than 200
mg/day at intervals of at lezst 1 week.

Ten ml venous blood samples were coliected after the moming valproic acid dose
during the 3-week baseline valproic acid monotherapy period attime 0, 1, 2, 3,4, 6, 9,
and 12 hrs. Same sampling scheme was maintained during the concomitant topiramate
dose escalation period and at the end of the valproic acid dose reduction period. In - -
addition, a moming predose blood sample for trough topiramate concentrations was
obtained weekly during the valproic acid dose reduction period, just prior to the next
valproic acid dose reduction (i.e. at the start of weeks 8, 9, and 10).

RESULTS:
Topiramate pharmacokinetics:

Between 100 to 4G0 mg b.i.d. dosing, both Cmax and AUC(0-12) were 25% less
than expected (slightly non-linear) at the 400 mg b.i.d. dose. Topiramate plasma Cmax
and AUC(0-12) were reduced by 15% during ~oncomitant steady-state valproic acid
therapy. Topiramate oral clearance was increased in the presence of valproic acid by 15%,
whereas its renal clearance and urinary recovery remained unaffected in the presence or
absence of valproic acid. However, these small differences in topiramate pharmacokinetics
may not be of any clinical significance.

Valproic acid pharmacokinetics:

There was approximately 13% increase in valproic acid oral cicarance when given
with 400 mg b. i. d. dose of topiramate as compared This was the
maximum change in oral clearance for valproic acid and was seen with the highest dose of
topiramate. No difference was noted for Cmax, Cmin and percent of dose excreted in urine
of valproic acid given alone or with topiramate.



The mean pharmacokinetic parameters are surnmarized in the table below.
Steady-State Plasma and Urine Topiramate Pharmacokinetic Parameters

400 mg 400 mg b.i.d{ 400 mg
bid + VA | +VA Topiramatr. |
(week 6) Monothe:apy ’

78+14( 141119] 239+29| S581088| 68112 |

100 mg b.i.d] 200 mg b.i.d
+VA +VA

Tmax (h) 124204 —8210] 16210F 19111 16113 §

| AUC(0-12) | 768+ 133 14191233 2374 129.1{ 568+ 8.0% 66.2% 11.82]
o*h/mL)
| Ur_Excr. 608+ 159 $50+223 3794109 414160] 444171 ]
| (% Dose) '
| [0-121)
CLF 223+42] 241143 285137 298+42| 259+46 ]

13.7+£50{ 129143| 110141 1241227 116132 |

551 1.1 100+ 1.8 1651+23] 391062

Values are reported as Mean £SD, @ Normalized to a 100 mg b.i.d. topiramate dose.

Conclusion:

This study indicates that VPA increases the clearance of topiramate by 15% when
the highest dose of topiramate was administered (400 mg b.i.d.). In turn, 400 mg b.i.d.
dose of topiramate showed a 13% increase in the clearance of VPA.
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STUDY #15: Steady-State Topiramate Pharmacokinetics in Patients with Partial
Epilepsy Following Twice Daily Oral Dosing of Topiramate as Adjunctive Therapy to
Phenytoin or Valproic Acid (Protocol YZL/CSS-102, October, 1993).

OBJECTIVES:

The objective of this study was to evaluate the safety, possible anticonvulsant drug
interactions, and pharmacokinetics of oral topiramate given in two equally divided daily
doses, as adjunctive therapy in patients with partial epilepsy who were stabilized on an
optimum dose of either phenytoin (200-730 mg/day) or valproic acid (1000-3500 mg/day).

FORMULATION:

50 mg Tabiet Batch No. R4325, Formula No.2 and

100 mg Tablet Batch No. R4324, Formula No.1, both manufactured at McNeil
Pharmaceuticals, Spring House, PA.

Phenytoin and valproic acid were supplied by the investigator.

STUDY DESIGN AND SAMPLING:

This was an open titration study in which 13 patients took part. Ten patients (5
Tnales, 5 females) had evaluable pharmacokinetic data and are considered in the data
analysis. Following a 2-week baseline period of zither phenytoin 200-730 mg/day or
valproic acid 1000-3500 mg/day and while continuing on their established concomitant
anticonvulsant dosing regimen, patients were started on topiramate 100 mg b. i. d. for 2
weeks. The topiramate dose was titrated up to their :naximum tolerated dose, not to exceed
600 mg b.i.d. Doses were titrated in increments of 100 mg over an 8-week pericd
(topiramate titration schedule attached). Patients were then maintained at the maximum
tolerated topiramate dose for an additional 8 weeks (stabilization period). Pharmacokinetics
were evaluated while at steady-state on 100 and 300 mg b.i.d. dose and at the end of the
stabilization period (days 21, 42, 70, and 126). Topiramate pharmacokinetic parameters
were assessed using <ata obtained at the 100 and 300 mg b.i.d. doses unly, since the
number of patient:, with data at other topiramate doses was limited to one patient on each
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RESULTS:

Topiramate exhibited dose proportional pharmacokinetics when given aiong with
phenytoin or valproic acid. The AUC(0-12), Cmax, Cmin(0). and Cmin(12) were lower
by approximately 2.5, 2, 3, 3 folds in group of patients who received concomitant
phenytoin than in patients receiving valproic acid. Oral clearance was about 2.4 fold higher
in patients receiving phenytoin than valproic acid, though renal clearance was unchanged in
both the groups. The percent of topiramate dose excreted in urine was almost two fold
higher in the group of patieats who received concomitant valproic acid than the group
receiving phenytoin. The result suggests that there is an increase in the metabolic clearance
of topiramate in the presence of phenytoin.

- A— -

Conclusion:

A 2 fold decrease in Cpax and 2.5 fold decrease in AUC (0-12) was observed
when topiramate was administered concomitantly with phenytoin as compared to
concomitant adminiswation with valproic acid. Furthermore, oral plasma clearance of
topiramate increased by 2.4 fol2 with concomitant phenytoin. Based upon these results,
there will be a need for topiramate dose adjustment when given with phenytoin,i.e. a
higher dose of topiramate will be required.

Comments:

This study does not provide information on the effect of topiramate on pheaytoin or
valproic acid
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STUDY #16: Topiramate Pharmacokinetics in Patients with Partial Epilepsy Receiving

Topiramate As Adjunctive Therapy to Carbamazepine Therapy. (Protecol YZT (CSS-103),
Nov, 1993).

OBJECTIVES: The objective of this study was to evaluate the pharmacokinetics of
topiramate in patients with partial epilepsy receiving topiramate as an adjunct therapy to
carbamazepine therapy.

FORMULATION:

50 mg Tablet Batch No. R4325, Formula No. 2 and
100 mg Tabiet- Batch No. R4324, Formula No. 1, both manufactured at Spring House,
PA. Carbamazepine was supplied by the investigator.

STUDY DESIGN AND SAMPLING:

Six males and two females took part in this study. The patients were on a 2-week
baseline menotherapy of carbamazepine. Topiramate dosing was initiated at 100 mg single
dose followed by 100 mg b .i. d (see attached scheme). The scheduled titratiun of
topiramate dosage was increased at 1 or 2 week intervals in increment of 100 mg (every 12
hour dosing) upto tolerated dose not to exceed 500 mg b.i.d. The final pharmacokinetic
profile was obtained at the end of the 8-week stabilization period at the highest tolerated
dose of topiramate (CBZ dosing continued alongside). Pharmacokinetic parameters were
evaluated following the first 100 mg single dose and at steady state on 100, 300, and
600 mg b.i.d. topiramate dosing. Blood and urine samples were collected for 72 hours
following the first dose of topiramat= ind for 12 hours following all other doses. Blood,
plasma and urine concentrations of topiramate were analyzed by a validated capillary gas
chromatographic method. Carbamazepine plasma trough levels were collected at the time
of the admission screen, during the baseline period, during the stabilization period and at
study termination.

RESULTS:

At steady state topiramate doses over 100 to 600 mg b. i. d. range were linear in the
presence of CBZ, and no statistical differences were found in pharmacokinetic parameters
acress the normalized doses. - '



The mean pharmacokinetic parameters are summarized in the table below.

Plasma and Urine Topiramate Pharmacokinetic Parameters

100 mg

Single Dosc + | Steady-State +
CBZ CBZ
8 8

Cmax (f/mL) | 1.87+0.62 | 466+0421 | 1342276 | 262+3.96
| Tmax () 1.17+105 | 138052 | 125042 | 1131063
| AUC (©-=) 314 1 10.7 ND ND ND
§ (ug*h/ml)
| AUC (0-121) ND 39.5+£332 | 11421162 | 22524293

g*h/ml)

CL/F (ol/min) | 592+213 | 425£353 | 4441560 | 450610
; 266°+126 | 37204841 | 3261147 | 3945: 1564
| (% Dose)
 [0-12 )
I CLR (mmin) | 192°+107 | 157°+313 | 1442656 | 1712470

Values are reported as Mean £SD.  ND = Not Determined
2At the end of the stabilization period
bThe data from Subject B was excluded because of missing urinary excretion data.

Comments:
The steady-state topiramate plasma pharmacokinetics are linear and dose
proportional over the 100-600 mg b.i.d. dose range when given as adjunctive therapy to

carbamazepine. The effect of topiramate on CBZ and its metabolite (CBZ-epoxide) was not
studied
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STUDY #17: Topiramate Pharmacokinetics in Patients with Partial Eptlepsy Receiving
Topiramate as Adjunctive Therapy to Primidone or Phenobarbital Therapy. (Protocol YZW
(CSS-104), Oct 1993).

OBJECTIVES: The objective of this study was to evaluate the pharmacokinetics of
topiramate in patients with partial epilepsy receiving topiramate as adjunctive therapy to
primidone or phenobarbital therapy.

FORMULATION: o

50 mg Tablet Batch No. R4325, Formula No. 2 and

100y Tablet Batch No. R4328, Formula No. 1; both manufactured at Sprinz House,
PA. The investigators suppliec primidone and phenobarbital (no mention of batch No).
STUDY DESIGN AND SAMPLING:

This was an open, ascending dose study in six patients. The patients were on a 2-
weck baseline monotherapy of primidone or phenobarbital, and topiramate dosing was
injtiated at 100 mg q am. for I week followed by 100 mg b .i. d. for two weeks. The
scheduled titration of topire.nate dosage was increased at 2 week intervals in increments of
100 mg every 12 hrs upto maximum tolerated dose not to exceed 600 mg b.i.d. The final
pharmacokinetic profile was obtained at the end of the 8-week stabilization period at the
highest tolerated dose of topiramate (please see attached dosing scheme). Pharmacokinetics
were evaluated following topiramate administration of 100, 300, and 600 mg b.i.d. Blood
and urine samples were collected for 72 hours following all three doses. Topiramate plasma
trough levels were obtained on study days 0-7 and at each titration phase visit. Blood,
plasma and urine concentrations of topiramate were analyzed by a validated capiliary gas
chromatographic method.

RESULTS:

The two patients who were supposed to receive phenobarbital dropped out of the
study. Therefore, the results discussed below are for patients on primidone. The results
of this study indicate a rapid absorption of topiramate in the presence of primidone, with
peak concentrations reaching between 1-2 hours. AUC (0-12 n) appears to be proportional
between 100 to 600 mg topiramate dose. The oral clearance does not change significantly
across doses.
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The mean pharmacokinetic parameters are summarized in the tables below.
Plasma and Urine Topiramate Pharmacokinetic Parameters

100mg bid | 300mgbid | 600me2bid |
x N 2 3 2 '

|

401£0.714 10.5 £ 2.61 2151+ 1.90

Cmax (g/mL)

1214312 1.83 £ 1.89 1.25+ 0354 ~

—

- g Tmax ()

—
prrremrr———

d AUC (0-121h) 30.8 + 4.24 91.2 + 9.86 166 % 15.1
| (ug*h/mL)

Ur.Exer (% 242+ 10.8 19.0 + 13.6 28.6 + 5.44
 Dose) [0-12 h)
| CL/F (mL/min) 54.7 + 7.54 553+ 5.9 60.6 £ 5.49

CLR (mL/min) 12.8 £ 4.09 10.0 £ 6.34 17.5 £ 4.88

| - :
Values are reported as Mean 1SD.

& At the end of the stabilization period.

This study coes not mention the effect of topiramate on the pharmacokinetics of
primidone or phenobarbital due to inconsistent trough levels of primidone and its active
metabolite phenobarbital (please see attached figures).

Comments:

Topiramate exhibited linear kinetics from 100 to 600 mg b.i.d. However, the
number of patients studied was small to evaluate pharmacokinetics of topiramate given as
an adjunct to primidone. Due to the inconsistent trough levels of primidone and its active
metabolite (phenobarbital), it was not possible to assess the effect of topiramate on the
pharmacokinetics of primidone.
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STUDY #18: A Pharmacokinetic Study to Evaluate Coadministration of Digoxin and
Topiramate in Healthy Male Volunteers (MS-219, Oct, 1993).

OBJECTIVES: The objective of this study was to evaluate the potential for a
pharmacokinetic interaction between topiramate and digoxin.

FORMULATION:

100 mg Topiramate Tablet Batch No. R4561, Formula No. 37, manufactured at Dorado,
Puerto Rico. Digoxin Capsules (0.2 mg (highest strength), LanoxicapsR (soft gel
capsule), Lot No: 1W5007, Burroughs Wellcome Co.) |

STUDY DESIGN AND SAMPLING:

This was an opern, sequential, two-period, two-treatment study in which the effect
of pretreatment with a 100 mg b.i.d. oral regimen of topiramate for 6 days on the
pharmacokinetics of a 0.6 mg single oral dose of digoxin was studied in 12 healthy male
subjects.

Treatment A: Subjects received a single, oral 0.6 mg dose of digoxin as three
0.2 mg digoxin capsules on day 1. The subjects were fasted overnight for 12 hours.

Treatment B: On the moming of the eighth day after receiving treatment A,
subjects received a single 100 mg oral dose of topiramate followed the next moming by a
100 mg b. i. d. regimen of topiramate for 9 days. After a 12-hr overnight fast following
the 13th dose of the topiramate multiple dose regimen, subjects received a second single
oral, 0.6 mg dose of digoxin as threc 0.2 mg digoxin capsules. The duration of the study
was 19 days for each subject. Blood and urine samples were collected for 72 hours after
each digoxin dose for measurement of plasma topiramate concentrations and/or for

RESULTS:

Digoxin: The results of this study indicate that both Cmax and AUC (0-inf) of
digoxin decreased by 16% and 12%, respectively in the presence of topiramate.
Pretreatment of digoxin with topiramate did not affect tmax or t1/2 of digoxin. Oral
clearance of digoxin increased by 13% in the presence of topiramate. It should be noted



that digoxin was given to bealthy volunteers as a single oral dose and the study does not
provide information on the effect of digoxin on the pharmacokinetics of topiramate.
The mean pharmacokinetic parameters are summarized in the table below .

Digoxin Alone

Digoxin with

Topiramate
5.82+1.39 490 1 1.08

Tmax (b)

0.88 ¥ 0.39

0791028

AUC(0-72h) 372+£7.1 33916.6
(ng*h/mL)
AUC {0-o0) 4961 11.2 436 10.2
(ng*h/mL)
t172 (h) 389168 36.014.7

Values are reported as M

COMMENTS:

CL/F (ml/min)

ecan 1 SD

2141 59 241+ 54

It is recomnmended that initiation or termination of topiremate therapy in patients on
digoxin therapy be made with careful sttention, monitoring for digoxin serum
concentrations so that adjustment in digoxin dosage may be made if necessary.
Furthermore, this study does not describe the effect of digoxin on the pharmacokinetics of

topiramate.
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STUDY TITLE #20: Pharmacokinetic/Pharmacodynamic Analysis: The Relationship of
Steady-State Topiramate Plasma Concentration to Clinical Efficacy and Safety in Double-Blind,
Placebo-Controlled, Adjunctive Therapy Trials (Protocols YD, YE, and Y3, December, 1994).

OBJECTIVES: The objective of this study was to compare the safety and efficacy of
topiramate 200, 400, 600, 800, and 1000 mg/day doses administered twice a day in patients
with refractory partial epilepsy on a maximum of two concomitant antiepileptic drugs. The
evaluation of the relationship between steady-state plastna topiramate concentration and clinical
safety and efficacy parameters is repc ted here. |
FORMULATION: 100 mg Tablet Batch R4330, Formula No. 1,

100 mg Tablet Batch R4328, Formula No. 1, and

100 mg Tablet Batch R4371, Formula No. 1;
all manufactured at Spring House, PA.

STUDY DESIGN AND S:#MPLING:

These studies were multicenter, outpatient, paraile], double-blind, randomized,
placebo-controlled, adjunctive therapy clinical studies o compare the safety and efficacy of
different topiramate doses in patients with refractory partial epilepsy on a maximum of two
concomitant antiepileptic drugs. Following a baseline period, patients were randomly assigned
to placebo or to a topiramate dose. Dose groups ranged from 200 to 1000 mg per day.
Topiramate doses were titrated up to the assigned dose or to the maximum tolerated dose.
Trough plasraa samples (8-16 hrs postdose) were collected throughout the titration and
stabilization periods of the study. .

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 (maximum of 12 weeks). The stabilization seizure rate was defined for
each subject 1.5 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
trough plasma topiramate concentration. Kendall's correlation coefficients for these two
variables were calculated for all subjects and for men and women separately.

!



Results:

No statistically significant correlation was observed between plasma concentration and
percent reduction in seizure rate (Attachment 1). Though there was no consistent correjation
between mean plasma topiramate concentration and percent reduction in average monthly
seizure rate, the median percent reduction in seizure rate and increasing plasma concentration
suggests a positive relationship between the reduction in seizure rate and increasing plasma
concentrations up to the 3.4 - 5.2 ug/mlL (Attachment 2 & 4). At plasma topiramate
concentrations of 5.2 ughnl, or greater, a decrease from the peek seizure rate reduction was —  —
observed. - -
CONCLUSIONS:

Although most patients experienced a decrease from their baseline seizure rate due to
topiramate therapy, there was no apparent correlation between percent reduction in seizure rate
and plasma topiramate concentration. The data suggest that the median percent reduction in
seizure raie increases with incmasiiig plasma topiramate concentration and peaks at mid-range
plasma topiramate conceritration, of 3.4- 5.2 ug/mlL.

It



STUDY # 21: Population pharmacokinetics of topiramate from three double-blind,
parallel, placebo-controlled, adjunctive therapy clinical studies (Protocols YD, YE, and Y3,
January, 1994).

OBJECTIVES: This study was designed to evaluate the safety and efficacy of different
doses of topiramate in patients with refractory partial epilepsy on a maximum of two
concomitant anticpileptic drugs. The secondary objectives of this study were to develop a
population pharmacokinetic model to evaluate (i) the effects of weight, age, gender, and race
on clearance and volume (ii) the effects of other antiepileptics on clearance of topiramate.

FORMULATION: 100 mg Tablet Batch R4330, Formula No. 1;—-
100 mg Tablet Batch R4328, Formula No. 1, and
100 mg Tablet Batch R4371, Formula No. 1; all
manufactured at McNeil Pharmaceutical, Spring House, PA.

STUDY DESIGN AND SAMPLING:

These three phase II studies ( muiticenter, outpatient, parallel, and randomized) were
designed to evaluate the safety and efficacy of 200, 400, 600, 800, and 1000 mg daily
doses of topiramate in two equally-divided doses compared with placebo as adjunctive
therapy for 427 patients with refractory partial epilepsy on a maximum of two concomitant
antiepileptic drugs (demographics and background of patients attached, Attachment 1) . The
topiramate dose was titrated up to the assigned dose or to the maximum tolerated dose
(increments were usually weekly). Plasma samples were collected from patients during
titration and stabilization phases of the protocol. Data included in the analyses were
restricted to the stabilization phase of the protocols and all ptasma concentrations were
assumed to be at steady state. The data base used in the analysis consisted of 265 patients
{19% female and 11% nonwhite).

Population Modeling:

Based upon previous pharmacokinetic analysis of topiramate data, a one-
compartment model with first order absorption was selected. A parameterization of this
model with terms for clearance, volume and absorption rate constant was used. The
bioavailability was assumed to be 1.0. Interindividual error terms were estimated for
Clearance, volume and abserption rate constant. Objective function was used to select the
model when covariatzs {age, race and gender) were used. Gender and race were sclected 0
that the underlying estimates were for white males. Both additive and mutiplicative error
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models were used for population analysis and it was found that the multiplicative error
mode] is superior based on minimum objective function (Attachment 2). Age was added to
the model as an additive team, and weight, race and gender as multipiicative terms on
clearance and volume. The effect of other antiepileptics (carbamazepine, phenytoin,
valproic acid, phenobarbital, primidoae and benzodiazepines) on topiramate clearance and
volume were also evaluated.

Results:
Effects of weight, race, gender and race on clearance gnd volume: - -

The addition of weight on clearance did not reduce the objective function
significantly ( 2045.6 for no weight effect vs 2044.5 for weight effect). The addition of
weight on both clearance and volume produced a significant reduction in the objective
function (2045.6 for no weight effec: vs 2037.9 for weight effect). Based upon this
reduction of objective function a model for both clearance and volume with weight as
covariate was selected (Attachment 3).

There was no effect of gender, age and race on topiramate clearance (Attachment 4).
Though there was no effect of age on topiramate volume, race and gender appeared to effect
topiramate volume (Attachment 4); (according to the Sponsor, only gender appears to effect
volume).

The equations for estimation of clearance and volume are as follows (as provided by

the Sponsor):

Clearance (L/hr) = 3.49 + 0.0065 * wt (kg) (1)
Volume (L) (males) = -35.1 + 2.27 * wt (kg) )
Volume (L) (females) = 0.66 [-35.1 + 2.27 * wt (kg)] ~———— (3)

TABLE
Summary of model predicted estimates for Topiramate clearance and volume from
NONMEM analysis (Sponsor's result}

Statistics Clearance ( L/hr) Volume (L) Males Volume (L) Famales
Mean £ SD 4.02 £0.12 152.9 + 36.5 834 1+ 29.3
Range 3.74-441 70.0-284.4 34.7-171

Using the control stream provided by the Sponsor wkich included weight on both
volumne and clearance, a NONMEM run at the FDA gave identical objective function
(2037.9) as described by the Sponsor. However, the parameters for clearance and volume
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were different than that reported by the Sponsor. The following equations were obtained at
the FDA:

Clearance (L/hr) = 6.71 + 0.0153 * wt (kg) @)

Volume (L) =-126 + 5.02 * wt (kg) (5)

*Effects of antiepileptics on clearance:

It is not possible to draw any conclusion from this study (please see comments).
According to the Sponsor the antiepileptics (carbamazepine, phenytoin, valproic acid,
phenobarbital, primidone and benzodiazepines) used in this study had no effect on .
topiramate clearance. |

TABLE
Summary of model cstimates for antiepileptic drug effect (Sponsor's result)

Statistics Clearance ( L/hr) -Topiramate Clearance ( L/hr) -Topiramate
Monotherapy with other antiepileptics

Mean £ SD 297 £ 0.12 3.86 £ 0.46

Range 2.68 - 3.39 3.04 - 6.76

Ceonclusion:

In short, it appears that weight does have an effect on the clearance and volume of
distribution of topiramate. Gender and race were identified as a covariates which influenced
volume but not clearance. Age has no effect either on clearance or volume. No conclusion
can be drawn from drug interaction study.

Comments:

The population pharmacokinetic study sponsored by R. W. Johnson has errors in
the analysis which makes the interpretation of the results very difficult
(i) The control stream provided by the Sponsor and run on NONMEM at the FDA, gave
identical objective functiou but different parameter values. This may be due to different
versions used by the Sponsor and the FDA.

(ii) The equation provided by the Sponsor for clearance is actually for volume not for
clearance.

75



(iii) The Sponsor concludes that the race has no effect on volume. Inclusion of race on
volume gives the lowest objective function i.e. race appears to have an affect on volume of

topiramate.

Model Objective Function
Weight only model 2037.9
Age on Volume 2036.5
Race on Volume 2033.3

(iv) For the drug interaction analysis, theta (3) has been skipped, whereas theta (11) has
been used twice, for volume and absorption rate constant. Therefore, it is difficult to assess

any conclusion from such a run.
In conclusion, it is difficult to assess the validity of the NONMEM analysis provided

by the Sponsor.
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-Protocols
Characteristic YD (n=120) YE (n=121) Y3 (n=25) Al Studies
Age (yrs) ' Mean: 36.6 ean: 35.7 Mean: 38.9 Mean: 36.4
STD: 109 STD: 114 STD: 108 STD: 11.1
Range: 18-67 Range: 18-67 Range: 20-63 Range: 18-67
Sex Male: 94 Male: 100 Male: 22 Male: 216
Female: 26 Female: 21 Femala: 3 Female: 50
Race White: 105 White: 106 White: 25 White: 236
Nonwhite: 15 Nonwhite: 15 Nonwhite: 0 Nonwhite: 30
Daily Dose 100: 1 100: 3 100: 4
Received (mg) 200: 42 200: 3 200: 1 200: 46
during Stabilization  300: 3 300: 2 300: 4 300: 9
400: 40 400: 11 400: 4 400: 55
500: 1 200. 2 500: 2 500: 5
600: 33 600: 35 600: 2 600: 70
800: 42 800: 12 - 800: 54
1000: 23 1000: 23
Weight (kg) Mean; 79.8% Mean: 82.3 Mean: 76.2 Mean: 80.6
STD: 168 STD: 189 STD: 9.7 STD: 17.3
Range: 44-129 Range: 39-141 Range: 59-98 Range: 39-141
Number of Patients  Carba: 81 Carba: 89 Carba: 20 . Carba: 200
Taking Pheny: 43 Pheny: 40 Pheny: 5 ‘Pheny: 88
Concomitant Anti- Valp: 34 vValp: 38 Valp: 2 Valp: 74
epileptic" Pheno: 15 Pheno: 11 Pheno: 3 Pheno: 29
Primi: 16 Primi: 14 Primi: 2 Pomi: 32
Benzo: 0 Benzo: 4 Benzo: 4

Benzo: 0O

a Weigfu was not recorded for one patient (white male who received a 400 my dose).
b: Carba = Carbamazepine; Pheny.= Phenytoin; Valp.« Valprolc Acid; Pheno.= Phenobarbital;
Primi.= Primidone; Benzo.= Benzodiazepines.

There was a wide cross-section of concomitant artiepileptics used in the studies;
8Pproximateiy two-thirds of the patients received two antiepileptics in addition to
tcpiramate.. Table 3 gives a breakdown of the distribution of the other
antiepileptics among the patients.
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Table /: Summary ol Parameter Estimates - Additive Vs. Multiplicati ;e Ermor Model

MW%

Parameter Additive Errors Muttiplicative Errors

Objective Function 2256.099  2250.869 2045599 2037968

inercept for Clearance (L) 3.87 335 4.04 236

Weight Effect on Clearance - fixed at 0 00675 fixed at 0 0.00765

(Lh/Kg) =

intercept for Volume (L) 875 63.0 60.0 - 830

Weight Efiect on Volume fixed at 0 0.380 fixed at 0 251

(Lkg) R

Absorption Rate (/h) 0.646 0.639 0.0293 1.01

interindividual Error Variance - 1.18 1.20 0.104 0.0978

for Clearance (L) (Lm) ) ()

Interindividual Emor Varniance B125 10400 8.16 1.04

for Volume (L) (N () 0)

Interindividug’ Error Variance: 1.72 j.586 132 1.01

tor Abscmtion Rate (/h) (m) 0 ()

intraindividual Error Variance 1.20 1.21 0.0502 G.0514 _
(mg/L) (mg/L) (} () )}

Residual analyses for the additive error models suggested that the absolute values
of the weighted residuals increased with increasing predicted values. Given the
much larger objective function values with an additive ercor model whether or not
weight was in the model, it was decided to continue the analyses for other effects }

with a multiplicative error structure only.

Note that earlier residual analyses for the additive and multiplicative models

identified one plasma cortentration 38.298 ug/mL f

or protocol YE, investigator 34,

patiant 5 which was an extreme value for this and all othsr patients; this point was
eliminated in the analyses above and ali further aralyses.
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To examine the effects of weight on the basic pharmacokinetic model, the
analyses of the basic mode! with multiplicative emors was repeated selectively
fixing the slope coefficiant for weight to zero for either the clearance orthe volume.
Resuits from these analyses are summarized in Table 5.

Table f‘ Summary of Parameter Estimates - Effects of Weight on Modets

No weight Weight effect  Weight effect _ Both weight

Parameter effects for clearance for volume effects
Objective Function 2045.599 2044508 2040.768 2037.968
Intercept for Clearance 404 3.76 4.02 3.36
(Lh)

Weight Effect on fixed ai 0 0.00317 fixed al 0 0.00765
Clearance (L/h/kg) .

Intercept for Volume (L) 60.0 3.60 -46.3 : -63.0
Weight Effect on Volume fixed at 0 fixed at 0 2.31 2.51
(Lkg) .

Absorption Rate (/h) 0.0283 0.0291 0.652 1.01
Interindividual Error 0.104 - 0.113 0.0949 0.0978
Varance for Clearance () '
Interindividual Error 8.16 0.0374 1.07 1.04
Variance for Volume ()

Interindividual Error 1.32 1.32 7.44 1.01
Variance for Absorption '

Rate () - .

Intraindividua! Error 0.0503 0.0519 0.0503 0.0515
Variance ()

Residual analyses of the multiplicative model without weight effacts in the model
did not strongly suggest that the addition 6f aweight effect for ciearance or volume
was needed. Based upon the estimates in the preceding table however, it is
apparent that first adding a weight term for volume was more beneficial in
obtaining a better fit to the data (X = 4.831; p=0.027) than addmg a weight term
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Tabie §: Efects of Adding Single Effects for Age, Sex, and Race

Likelihood Ratio

Objective Criteria for added

Model Function term
Weight only model 2037.968 —_—
Age Effect for Clearance 2035.756 2212
Age Effect tor Volume 2036.509 1.459
Sex Effect for Clearance 2037966 0.002 -
Sex Effect for Volume 2033.976 3992
Race Effect for Clearance 2037.901 0.067
Race E*ied for Volume 2033.288 4.670

Table 7: Summary of Parameter Estimates and Standard Errors

for Models with Race or Sex Effects for Volume

Objective Iintercept for Weight Effect Absorption
tAodel Function X Clearance, for Clearance Rate
¢ /v‘me Eftect 2033.976 3.36 0.0077 1.00
/4 (0.472} (0.0056) (0.332)
Race/Sontiedt, 1. | 200328 ..3.49. 0.00650 1.00
{0.443) {0.00525) -{0.300)
intercept for'  Weight Effect for Race Effect for  Sex Effect for
Model Volume Volume Volume Volume
Race Effect -67.5 2.67 -0.188 NA
{39.2) {0.83) {0.072)
Sex Effect -35.1v 227 v NA -0.170
- (34.5) (0.69) {0.110)
) Eror Error Variance Emor Variance  Intraindividual
Model Variance for for Volume - tor Absorption  Error Variance
Clearance
Race Effact 0.0998 1.04 0.729 0.0514
{0.0123) (0.425) (2.55) (0.00526)
Sex Effect 0.0924 1.07 7.72 0.0498
(0.0121) (0.540) (1.88) (0.00516)

T 608476
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The models with weight effects for clearance and volums and either a race or sex
effect for volume were then used as the basis to add another single age, sex, or
race effect or o remove the effect of weight on clearance and volume (Table 8).

B Table B: Etfects of Adding Single Age, Sex, and Race Effects or
s Removing Weight Effect from Mode! with Race Efiect for Volume

— - Objective~  Likelihood Ratio

Mo—c—!;l Function Criteria
Weight Effects for Clearance and Volume,
Race Effect for Volume 2033.298 —_——
Adding Age Effect for Clearance 2031.314 1.984
Adding Age Effect for Volume 2031.859 1.439
> Adding Sex Effect for Clearance 2033.276 0.022
Adding Sex Effect for Volume 2031.519 1.779
E Adding Race Effect for Clearance 2032.332 0.966
Removing Weight Effect for Clearance 2036.606 (3.308)
Removing Weight Effect for Volume - .. 2042.888 (11574)’ X 9 5’7

Since the reductions in the objective function (the Likelihood Ratio Criteria) are
small, no additional improvement in the fit of model would He expected with the
addition of another term to the model beyond this mods! with weight terms for both
clearance and volume and a race term for volume. Since the increases in the
. J*f objective function are relatively large when removing terms, no imptovement in the

, * . fitot this model would be expected by removing either of the weight terms from the
B modal.

Since only 119 of the patients in this analysis were nonwhite and thore are few -
- biological reasons 1o believe that there would be a race effect on the apparent
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volume of distribution, this mode! is not considered entirely plausible. The model
which does give an adjustment to the volume due to the sex of the patient is

biologically ptausible.

Table 9 summarizes the effect of adding or subtracting terms from: the mode! with
weight terms for both clearance and volume and a sex term for voluma. Since the
reductions In“the objective function (theLikelihood Ratio Criteriay &re small no
additional improvement in the it of model would be expected with thie addition of
another term to the model beyond this model. The only term that migtt be added
is an effect of race on volume, but this is not statistically significant ()(21 = 2.457,
p=0.117). Since the increases in the objecﬁve function agg relativeiy large when
terms are removed from the model, no improvemant in the fit of this model would
be expected by removing either of the weight terms from the mode!.

Table 9: Effects of Adding Single Age, Sex, and Race Effects or
Removing Weight Effect from Model with Sex Effect on Volume

Objective Uikelihood Ratio

Model Function Criteria
Weight Elfects for Clearance and Volume,
Sex Effect for Volume _ 2033.976 ——
Adding Age Effect for Clearance 2033.005 0.971
Adding Age Effect tor Volumne 2032.793 1.183
Adding Sex Effect for Clesrance 2033.921 0.055
Adding Hace Effect for Cleara-ce . 2033.628 0.348
Adding R_:‘ce Ettect for Yolume 2031.519 2.457
Removing Weight Effect for Clearance  2039.611 (5.635)
_Removing weight Effect for Volume 2039.086 (6.087)
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Table 11: Summary of Parameter Estimates and Standard Errors for Antiepileptics

. Carbamazepine Phenytoin Valprolc Acid
intercept for  Waeight Eilact Eftect for Effect for Efiect tor
Clearance for Clearance Clearance Clearance Clearance
220 0.00315 0.155 0276 0.0595
{0.60) {0.00489) (G.121) (0.149) (0.0605)
Phenobarbital - “Phimidone Benzodiazepine . o
Effect for Effect for Effect for Intercept for Weight Effect
Ciearance - -—Clearance Clearance Volume for Volume
0.00985 0.171 0705 -68.0 - 250
{0.0920) (0.119) _(0.319) (28.6) (0.59)
Enur Varance  Emor Variance for  Emor Varance  Intraindividual
Absorption Rate  for Clearzince Volume for Absorption  Emor Varlance
0.702 HN7s8 1.12 4.66 T 0.0494
_{0.145) {0.0100) (0.461) {4.30) (0.00525)

From this model and the estimated asymptotic standard ermors, it is anticipated that
neither phenobarbital nor valproic acid are contributing substantially to the
reduction in the objective function. The results of singularly removing sach of the
antiepileptics are summarized in Table 12.

-
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Table 12: Etfects of Removing One Antiepileptic irom Model When All Are Present

~

Objective Likelihood Ratio
Model Function Criteria
Al Antieplieptics 1956.609 —
Removing Carbamazspine 1991.806 35.197
Removing Phenytoin 2013.584 56.975
Ramoving Valprolc Acid ) -. 1960513 3.904
Removing Phenobarbital 1955880 0.271
Removing Primidona 1968565 11956
18.589

Removing Benzodazepines . 1975.198

From this table it i clear that removing the eftect of phenobarbital should have
little effect on the fit of the data ()I(z1 = 0.271; p=0.603). The results from removing

the next antiepileptic are as follows (Table 13):

D

Table 13: Eftects of Removing Second Antiepileptic from Model when all are present

Liketihood Ratio

Objective Criteria for
Model Function removing term

Al Antiepileptics except Phenobarbital 1956.880 —
Removing Carbamazepine 1972.602 15.722
w Phenytoin 2019.123 62.243
Removing Valproic Acid 1960539 3.659
Removing Primidone 1970.055 13.176
Removing Benrodiazepines 1875205 18.325

From the above 1abie it is not apparent that removing any other effect is needed.
Valproic acid has the smallest change but it is almost statistically significant




DRUG METABOLISM
Department #: DM-03367
Document ID #: AS00972

(Page 79 of 304)
09 Novermnber 1993

(X2, = 3.659; p=0.056) and would not be a very good candidate. The results of
the parameter estimation with phenobarbital removed are in Table 14.

Table 14: Summary of Parameter Estimates and Standard Errors for Antieplieptics with
Phencbarbital Removed

8 6, 9 % O
Intercept for Weight Effect Carbamazepine Phenytoin Valproic Acid
Clearance for Clagrance Effect for _- Effectfor- - Effect far
Clearance Clearance *Clearance
e 2.41 - 0.006895 0.110 © 0.202 0.0430
(0.432) (0.00383) ~ (0.071) (0.082) (0.0387)
8, Oy
Phenobarbital Primidone Benzodiazepine Intarcept for Welght Effect
Effect for Etiect for Effect for Volume for Volume
Clearance Clearance Clearance
fixed at 0 0.122 0.525 -67.5 2.50
{0.068) {0.192) {28.9) (0.60)
Eror Variance  Emor Variance for  Efror Variance  Intraindividual
Absorption Rate  for Clearance Volume for Absorption  Error Variance
0.705 0.0790 1.12 4.5, 0.0494
(0.155} (0.00997) (0.457) (4.47) (0.00526)

Table SD6 contains a listing of the observed and predicted plasma concentrations
from this mndal. Table SD7 contains a listing of the estimated values ot clearancs,
volume and steady-state trough plasma concentration from the parameter
estimates provided; Table 15 summarizes these parameters.




STUDY #22: Bioanalytical methods used for the analysis of topiramate in biological
samples from ciinical pharmacokinetic studies ( March, 1993).

Introduction:

R. W. Johnson. The structure of topiramate (2,
3:4,5-bis-O-(1-methylethylidene)-B-D-fructopyranose sulfamate) and the internal standard
(1,2:3, 4-bis-O-(1-methylethylidene)-B-D-galactopyranose sulfamate) are shown in the
Appendix.

Sample preparation:

Plasma (0.1 mL) was extracted under acidic conditions into methyl *-buty| ether and
the organic layer removed and back extracted with 0.2 M NaOH. Following acidification
of aqueous solution, a further extraction into methyl t-buty] ether was performed. The
organic layer was removed, evaporated to dryness, and redissolved in toluene/methanol,
An aliquot of this solution was injected for GC-NPD analysis.

The standard curve for plasma ranged from 0.5-50 pg/mL with a 100 pl aliquot,
whereas with 500 pl aliquot the range was from 0.1-10 pg/mL. Using 100 ul whole blood
or urine the range was 0.5-50pg/mL in both the fluids. Limi¢ of Quantitation (LOQ) of 0.1
Hg/mL and 0.5 pg/mlL were reported for plasma. LOQ values of 0.5 g/mi. were reported
for whole blood, urine and dialysate fluid samples. Quality control samples were prepared
for all the assays for topiramate in the appropriate biological matrix at the time of validation.
Three or four concentrations were chosen at values close to the LOQ, intermediate
concentrations and upper range of the standard curves. The accuracy was within 5% of
theroretical concentrations and the precision of all topiramate assays was less than 10%.

No interference was observed between topiraruate and internal standard. The recovery of
topiramate from plasma ranged from 68-100%, 92% from urine, 86% from whole blood
and 78% from dialysate fluid. Assays for plasma confirmed room tempecature stability for
up to 4 days and for three frecze/thaw cycles. Assays for urine, whole blood and dialysate
fluid confirmed room temperature stability for 3, 7, and 8 days, respectively, and for three
frecze/thaw cycles. Long-term stability of topiramate in frozen biological samples was
confirmed for upto 6 months for plasma and urine.
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Flgure SD1: Structures of (A) Topiramate (RWJ-17021-000) and the Intemal Standarg (8)
RWJ-35482-000
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range (Protocol MS-210).” The mean total body plasma clearance values
of topiramate following 50, 100, and 200 mg q24h dosing regimens for 14
days were 28.5 (3.4), 30.8 (7.0), and 31.6 {4.1) mL/min, respectively. With
50 and 100 mg q12h dosing regimens for 14 days, the plasma clearance
values were 27.5 (6.4) and 31.0 (7.9) mL/min, respectively (Protocol YB).5
The mean renal clearance of topiramate was 13.92 mL/min across &
100-1200 m.g single oral dose range (Protocol YA).8 The mechanisms of
renal elimination of topiramate may involve significant tubular reabsorption

- in the kidney. This is. supported by studies in:.fats where a significant
~increase in the renal clearance of topiramate was observed due to

coadministration with probenecid, suggesting reabsorpticin o/ topiramate in
the kidney by a carrier-mediated process. The mean renal clearance values
of topiramate following 50, 100, and 200 mg g24h dosing regimens for 14

days were 19.1 (2.9), 18.1 (7.1), and 17.5 (3.2) mU/min, respectively. The -

mean renal clearance values for the 50 and 100 mg g12h dosing regimens
were 17.8 (6.6) and 16.7 (6.5) mL/min, respectively (Protoco! YB).°

4. Protein Binding

The in vitro binding of topiramata to plasma proteins and to erythrocytes
of mouse, rat, rabbit, dog, monkey, and human was studied using
radiotracer methodology and microequilibrium dialysis techniques.25
45 topiramate (40 pCi/mg, Lot No. 5040-90) proved to be stable underthe
incubation conditions employed in these experiments. The drug was poorly
bound to plasma proteins of all species studied. Generally between 9% and
17% of added topiramate (1-250 pg/mL, final concentration) was vound to
plasma proteins. The clinically relevant topiramate plasma concentration
range has been found to extend as high as 33 png/mL An exception was

monkey plasma which bound 6% or less of added topiramate at
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concentrations greater than 40 pg/mL. Saturation of plasma protein binding
sites was evident in samples obtained from mouse, monkey and man. In
addition, there appeared to be a high affinity, low capacity binding site for
topiramate in the erythrocytes of all species studied. Binding constants for
this site in rat and dog biood were determined. The dissociation constant
for the high affinity site in dog erythrocytes (0.27 pg/mi, 0.80 uM) was
slightly lower than that in rat erythrocytes (0.38 ug/mL, 1.12 uM). The
binding capacity of this site for topiramate was twice as large in the rat
(21.83 pg/ml) as in the dog (10.80 ng/mk) erythrocytes. —— -

E. EXTERNAL FACTORS WHICH MAY INFLUENCE

PHARMACOKINETICS

1. Renal Impairment (Protocol MS-191A)'0

The objective of this study was to determine the pharmacokinetics and renal

excretion of topiramate in 18 renally impaired subjects as compared to 18 -

subjects with normal renal function following oral administration of one
100 mg topiramate tablet {(Formula No. 1, Batch No. R4504). The subjects
with normal renal function were matched to the subjects with renal
impairment by age (110 years®, gender, and weight (+20 pounds).

Statistical analysis was conducted for 28 of the subjects by comparison of
pharmacokinetic parameters from 14 renally impaired subjects vs. those
from 14 matched subjects with normal renal function. The paired subjects
included two groups of seven each with CLgp less than 30 mL/min/1.73M2
and 30 to 69 mL/min/1.73M2, respectively, who were each matched with
subjects having CLcg equal to or greater than 70 mL/min/1.73M2,
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Table 63: Duration of Ethanol-Induced Narcosis '
Preclinical Ethanol Interaction Study?4

Mean +SD
Treaiment Number of rats Duration (min)
Topiramate alone 5 0x0
Topiramate + ethano| 4 89 1+ 32
Ethanol alone 5 | 26 + 40

The duration of ethanol-induced narcosis was significantly longer (242%) for _
- the topiramate plus etRznol group than forthe ethano) alone group (P<0.05).

Interaction between topiramate and alcohol or other CNS depressant drugs:
has not been evaluated in clinical studies. Based on the results of the
preclinical study, it is recommended that topiramate should not be used
concomitantly with alcohol or other CNS depressant drugs.

= 8. Human Liver Microsomes23

In vitro human liver microsomal incubations were used to investigate the
effects of topiramate on the isoforms of Cytochrome P450 which are
responsible for oxjgative drug metabolism in the human.23 Varying
concentrations of topiramate (0.5 HM-1 mM) were incubated with
noninduced human Jiver microsomes and Compounds for which certain
metabolic pathways have besn demonstratedto beg specifically catalyzed by
single isoforms of cytochrome-P450. The substrates used were incubated
at concentrations close to the K, for the spéciﬁc pathways being studied.
The specific reactions studied were 6-, 7-, and 8-hydroxylation of
R-warfarin, 7-hydroxylation of coumarin, the 7-hydroxyiation of S-wartarin,
the 4'-hydroxylation of S-mephenytoin, the 1"-hydroxylation of bufuralol,




\ catechol formation from p-nitrophenol, and 10-hydroxylation of R-warfarin

- which are specific markers for the 1/.2, 2A6, 2C8, 2C ¢, 2D6, 2E1, and
{ 3A3/4 isoforms of cytochrome P450, respectively. The results are shown
“ in Table 64.

Table §4¢ Results of In Vitro Human Liver Microsomal Studies®

Human

P450

Isotorm Substrates Inhibition  Prediction

CYP1A2 R-Wartarin No No interaction with caffeine,

— . teenee {hoOPhylline -
CYP2AB Coumarin No No interaction with coumarin
CYP2CY S-Wartarin No No Interaction with phenyloin

involving this Isoform
CYP2C yg0n 1'R-buturalol®  Yes Potential inferaction with phenytoin
mephenyloin
CYP206 1'Rbufuralel No No Interaction with metoprotol, timolol,
1'S-bufuralol No bufuralol, sparteine, propafenone,
0 flecainide, nartriptyling, desipramine,
clomipraming, perphenazine,

thioridazine, debrisoquine,

i 4-hydroxyamphetamine, phenformin,
amiffamine, perhexiiine,
dextromethorphan, indoramin,
methoxyphenamine, codeine,
encalnide, imipramine, amitriptyline

CYP2E1 p-nitrophanol No No interaction with chlorzoxazone,
disuffiram, enflurane, haloihane,
senflurane, methoxyflurane

CYP3A3/4 R-Wartarin No No interaction with carbamazepine,
cyclosporin, midazolam, triazolam,
levostatin, digitoxin, tamoxitan,
dapsone, nifedipine, arythromycin,
azithromycin, lidocaine, quiniding,
acelylenic steroids, ergot akaloids,
benzphetamine, testosterune, cortisol,

eihy! momphine
. In a CYP2D6-deficient microsomal preparation
DM-93340 - 475




Incubations of 4C-topiramate (20 or 200 pM) were also caried out in
human liver microsomes. No metabolites were detected by TLC in any of
the incubations. i
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 PHARMACOKINETIC/PHARMACODYNAMIC RELATION ips?"

se multicenter, outpatient, parallel, double-biind, randomized,
placgbo-controlled, adjunctive therapy clinical studig§, Protocols YD, YE,
and Y3, were conducted to evaiuate the comparative efficacy and safety of
topiramate in patients with refractory partial epijopsy on & maximum of two
concomitan), antiepileptic drugs. In additin. the reiationship between
steady-state igpiramate plasma concentration and clinical efficacy and

' In each study, following a

safety was evalyated in these studie 2
12-week (Protocold, YD and YE) or §week baseline period (Protocol Y3),
patients were randonly assignegt’ to placebo or to a topiramate dose.
Topiramate dose grours wepé 200, 400, and 600 mg per day for
Protocol YD; 600, 800, and\}000 mg pur day for Protoco! YE; and 800 mg
per day for Protoco! Y3. A topiramate dose was titrated up (usually in
weekly increments) to jie assigged dose or the maximum tolerated dose.
Patients continued tg/be followed IR a double-blind fashion for an additional
12 weeks (Protogdfs YD and YE) ox 8 weeks (Protocol Y3) (stabilization
period) on thi imen. Patients then‘entered an open axtension or ware

tapered off topiramate.

Topirg dfte 100 mg tablets (Formula No. 1/Batch No. RA4330,
Protocls YD/YE; Formula No. 1/Batch No. R4328, Protocol YD.Y3; and
Formula No. 1/Batch No. R4371, Protocol YD) wera\used in these studies.
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