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This reviewer has concluded that no formal statistical review is needed for this NDA. The clear
statistical results showing efficacy, together with Dr. Armando Oliva’s comprehensive review and
the restricted labelling for this class of drugs makes a supplementary review by the assigned
statistician redundent.
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Rizatriptan Benzoate (Maxalt®; MLT®) Merck & Co., Inc.
5 and 10 mg Tablets and Orally Disintegrating Tablets P.O. Box 4, BLA-20
NDAs 20-864 & 20-865 West Point, PA 19486
Submission Dates:
June 30, 1997
October 31, 1997
l April 6, 1998

April 27,1998
Reviewer: Vijay K. Tammara, Ph. D.
Indication: Migraine
Classification: 1S

Type of Submission: Original — New Molecular ]intity

Rizatriptan (MK-0462 or L-705,126) is a selective 5-hydroxytryptamine,, receptor agonist. The
mechanism of action is presumably by acting both centrally and peripherally at 5-HT,, receptors
to produce cranial vessel constriction and inhibition of neuropeptide release and thereby exerting
its therapeutic effect. The proposed dose is 10 mg. If symptoms persist or return within 24
hours, a second dose can be taken. If a second dose is required, it should not be taken within 2
hours of the initial dose. If patient does not achieve satisfactory relief with 10 mg doses,
subsequent migraine attacks can be treated with 10 mg doses, however no more than 30 mg
should be taken in any 24 hr period. APPEARS THIS waY

ON CRIGIN A
The applicant has adequately studied the pharmacokinetics of rizatriptan at the proposed dose.

Absorption” APPEARS TH!S way

. ON OPap A
Rizatriptan is rapidly and completely absorbed following oral administration. The mean oral
bioavailability of the Maxalt Tablet is approximately , and mean peak plasma

concentrations (Cmax ) are reached in approximately 1-1.5 hours (Tmax). The presence of a
migraine headache did not appear to affect the absorption or pharmacokinetics of rizatriptan.
Food has no significant effect on the bioavailability of rizatriptan but delayed the time to reach
peak concentration by an hour. In clinical trials, Maxalt was administered without regard to food.
The bioavailability and Cmax of rizatriptan were similar following administration of Maxalt
Tablets and Maxalt MLT Orally Disintegrating Tablets. However, the apparent rate of absorption
is somewhat slower with Maxalt MLT, with Tmax averaging compared to Tmax
averaging with tablets.
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The pharmacokinetics of rizatriptan are linear in males and nearly linear in females following
intravenous doses up to 60 pg/kg. After oral doses of 2.5 to 15 mg, AUC and Cmax of oral
rizatriptan increased slightly more than proportionately. Lack of dose proportionality was noted
more in females than males. In males nonlinearity was observed at doses above 10 mg, whereas
in females nonlinearity was observed at doses above 5 mg. AUC of rizatriptan is approximately
30% higher in females than in males. APPEARS THIS WAY

ON ORIGINAL
When Maxalt 10 mg was administered every 2 hours for three doses on four consecutive days,
the plasma concentrations of rizatriptan increased within each day, consistent with its half-life,
but no pIasmé accumulation of the drug occurred from day to day. Similar results were observed
for the N-desmethy] rizatriptan.

o APPEARS THIS WAY
Distribution ON ORIGINAL

Rizatriptan is minimally bound (14%) to plasma proteins. The volume of distribution is
approximately 140 liters in male subjects and 110 liters in female subjects.

Metabolism APPEARS THIS WAY
ON ORIGINAL

The primary route of rizatriptan metabolism is via oxidative deamination by monoamine
oxidase-A (MAO-A) to the indole acetic acid metabolite, which is not pharmacologically active.
N-monodesmethyl-rizatriptan, a metabolite with activity similar to that of parent compound at
the 5-HT p,,p receptor, is formed to a minor degree. This does not contribute significantly to the
pharmacodynamic activity of rizatriptan. Plasma concentrations of N-monodesmethyl-rizatriptan
are approximately 14% of those of the parent compound, and it is eliminated at a similar rate.
Other minor metabolites include the N-oxide, the 6-hydroxy compound, and the sulfate conjugate
of the 6-hydroxy metabolite. None of these minor metabolites are pharmacologically active.

Based on analyses of urinary radioactivity after oral and i.v. dosing over 120 hrs, approximately
of an oral dose of rizatriptan was absorbed. However, absolute bioavailability was only
45%. Following oral administration of 'C-rizatriptan, rizatriptan accounted for about of
circulating plasma radioactivity. It was also observed that approximately of an oral dose is
excreted in urine as unchanged rizatriptan while is excreted as indole acetic acid metabolite,
indicating substantial first pass metabolism. Mean values of plasma clearance (CL) and renal
clearance (Clr) of rizatriptan were 1325 and 349 mL/min, respectively, following the i.v. dose. A
similar mean renal clearance (Clr) value was obtained following the oral dose. Elimination
half-life of radioactivity was about 6 hrs, where as that of rizatriptan was about 2-3 hrs,
indicating that metabolites may be circulating longer in plasma than the parent compound.
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In Vitro Metaboli ‘
In vitro metabolism of rizatriptan in rat liver, lung and kidney microsomes, and dog and human
liver microsomes was limited; only the N-oxide and/or indoleacetic acid (IAA) metabolites were
detected in significant quantities. However, N-desmethyl rizatriptan was not detected in vitro, -
although it was found to be ., of the parent in vivo. In a study with liver S9 fractions, the
oxidative deamination of rizatriptan to rizatriptan-IAA was determined to be catalyzed by
MAO-A based on the ability of clorgyline to inhibit the reaction (MAO-B inhibitors were -~ -
effective only at high concentrations). The reaction was independent of NADPH, and blocked
by SKF525A and ketoconazole only at high concentrations, indicating a small or negligible role
for the P, syStem in this pathway.

Cytochrome P450 isoforms:

The inhibitory activity of rizatriptan versus several P450 isozymes (1A2, 2C9, 2C19, 2D6, 2E]1,
3A4/5) was also evaluated in vitro. Rizatriptan was found to be not an inhibitor of the activities
of human liver cytochrome P450 isoforms; however, rizatriptan was found to be a weak
competitive inhibitor (Ki =1400 nM) of cytochrome P450 2D6, but only at high, clinically
irrelevant concentrations.

Elimination

The plasma half-life of rizatriptan in males and females averages The plasma
clearance of rizatriptan averages about 1 in males and about

in females; about » of this is renal clearance. Following an oral dose of
14C-labeled rizatriptan, about of the radioactivity is excreted in urine, and about of the
dose is excreted in feces. This shows that the metabolites are excreted primarily via the kidneys.
Approximately » of an oral dose is excreted in urine as unchanged rizatriptan while ~ is
excreted as indole acetic acid metabolite.

Special Populations

Renal Impairment: In patients with renal impairment (creatinine clearance 10 - 60 mL/min/1.73
m2), the AUC and Cmax of rizatriptan was not significantly different from that in healthy
subjects. However, in hemodialysis patients (creatinine clearance < 2 mL/min/1.73 m2), the

AUC for rizatriptan was approximately than that in patients with normal renal
function.

Hepatic Impairment: In patients with hepatic impairment (mild to moderate alcoholic cirrhosis),
the clearance of rizatriptan is altered to a statistically significant extent in

patients with mild-to-moderate hepatic insufficiency relative to a control group of healthy
subjects (p=0.02), may not be of clinical relevance. Patients with moderate hepatic insufficiency

3
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had a greater bioavailability =~ than patients with mild hepatic insufficiency. Plasma
concentrations of mono-N-desmethyl rizatriptan are reduced in patients with mild-to-moderate
hepatic insufficiency in comparison to concentrations in healthy subjects. However, these
observations could be a result of small sample size for moderate group (n=3). -

Age: The plasma concentrations of rizatriptan observed in elderly subjects (age range 65 .to 77
years) were similar to those observed in the younger subjects. However, renal clearance and -
urinary excretion tend to be lower in elderly.

ender: The AUC of rizatn'ptén (10 mg orally) was about _  in females as compared to
males, Cmax was and Tmax occurred at approximately the same time. Based on
clinical review, this apparent pharmacokinetic difference was of no clinical significance.

Race: The AUC and Cmax for rizatriptan were measured in Caucasian and African American
subjects in several studies, retrospectively. There were no effects of race noted for these
parameters.

Drug Interactions

Oral Contraceptives: In a study of concurrent administration of an oral contraceptive during 6
days of administration of Maxalt (10-30 mg/day) in healthy female volunteers (n=18), rizatriptan
did not affect plasma concentrations of ethinyl estradiol or norethindrone.

Propronalol: In a study of concurrent administration of propranolol 240 mg/day and a single dose
of rizatriptan 10 mg in healthy subjects (n=11), mean plasma AUC for rizatriptan was increased
by 70%, and a fourfold increase was observed in one subject. The AUC of the active
N-monodesmethyl metabolite of rizatriptan was not affected by propranolol. This increase is
most probably due to first-pass metabolic interaction between the two drugs since MAO-A plays
a role in the metabolism of both rizatriptan and propranolol.

Monoamine Oxidase Inhibitors: Rizatriptan is principally metabolized via monoamine oxidase,
‘A’ subtype (MAO-A). Plasma concentrations of rizatriptan may be increased by drugs that are
selective MAO-A inhibitors (e.g., moclobemide) or nonselective MAO inhibitors [type A and B]
(e.g., isocarboxazid, phenelzine, tranylcypromine, and pargyline). Maxalt 10 mg concomitantly
administered with the selective, reversible MAO-A inhibitor (n=12), moclobemide 150 mg t.i.d.,
showed mean increases in rizatriptan AUC and Cmax of respectively; and the
AUC of the active N-monodesmethyl metabolite of rizatriptan was increased

The interaction would be expected to be greater with irreversible MAO inhibitors. No
pharmacokinetic interaction is anticipated in patients receiving selective MAO-B inhibitors.
Administration of Maxalt to patients taking inhibitors of MAO is contraindicated.

4
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Nadolol/Metoprolol: No pharmacokinetic interaction was observed (n=12) between rizatriptan
and the beta-blockers nadolol (multiple doses; 80 mg b.i.d) or metoprolol (multiple doses; 100
mg b.i.d). Based on in vitro data, no pharmacokinetic interaction is expected with timolol or
atenolol. »

Paroxetine: In a study of concurrent administration of the selective serotonin reuptake inhibitor
(SSRI) paroxetine 20 mg/day for two weeks, with a single dose of Maxalt 10 mg in healthy
subjects (n=12), the plasma concentrations of rizatriptan and its safety profile were not affected
by paroxetine.

RECOMMENDATION:

These submissions (NDAs 20-864 & 20-865) have been reviewed by the Office of Clinical
Pharmacology and Biopharmaceutics and have been found to be acceptable for meeting the
Office’s requirements, provided that the sponsor incorporates all the labeling changes. The
sponsor is requested to adopt the dissolution methodology and specification as outlined in
Comment 3. Please forward Comments 1-3, Labeling Comments and this Recommendation
to the sponsor.

Comments To Be Sent To The Firm:

1) The sponsor is requested to investigate the possible interaction of rizatriptan with drugs that J
interfere with renal secretion e.g., cimetidine, since rizatriptan is renally secreted.

2) In future studies, the sponsor is requested to construct confidence intervals for drug-drug
interaction studies in addition to p-values. ]
3) The following dissolution methodology and specification for Maxalt 5 and 10 mg Tablets and
Orally Disintegrating Tablets (MLT) as requested by the sponsor are acceptable:

For Tablets:

Apparatus:  USP Apparatus 2 (paddles)
Medium: Water

Volume: 900 mL

Agitation:

Temperature:

Specification: Q =
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For MLT (Orally Disi ing Tablets):

Appa.xratus: USP Apparatus 2 (paddles

Vodum: et APPEARS THIS WAY
Agitation: ‘ ON ORIGINAL
Temperature:

Specification: Q=
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Labeling Comments:

See OCPB labeling in Appendix A. ,
/ v/ igb,l]a’g/
APPEARS THIS WAY _ .. VijayK. Tammara, Ph. D.

ON OR!GINAL Division of Pharmaceutical Evaluation I
First Draft Prepared on May 5, 1998
First draft initialed by Dr. Sahajwalla on May 11, 1998
Second Draft prepared on May 14, 1998 | APE:?Q? STHIS WAy
Second Draft Initialed by Dr. Sahajwalla on May 15, 1998 N 3RIG) NAL

Optional Inter-Division CP/B Briefing Date: May 20, 1998
Attendees: Vijay Tammara, Chandra Sahajwalla, Henry Malinowski, Randy Levin, Armando
Oliva, Glenna Fitzgerlad, Thomas Steele, Mei-Ling Chen, Arzu Selan, Shiew-Mei Huang, and

John Balian. _
/ S/ i A a2\af

FT Initialed by C. Sahajwalla, Ph. D.

CC: NDAs 20,864 & 20,865 (orig.), HFD-120, HFD-860 (Tammara, Sahajwalla, Malinowski),
CDR (Barbara Murphy).
APPEARS THIS WAY

NN ARIATRA
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TABLE OF CONTENTS
PHARMACOKINETICS: APPEARS THIS WAY
SII‘ELED_QSE_&IIDIES: ON ORIGINAL

A double-blind, placebo-controlled, altematmg panel 4- to 5- pcnod, mcremental single-dose
study of the safety and tolerability of MK-0462 followed by an open-label, single oral dose,
treatment period of sumatriptan 100 mg in healthy male volunteers

A three-part study to investigate the safety, tolerability, and pharmacokinetics of intravenous
rizatriptan, and the effect of food on the oral pharmacokinetics of rizatriptan with in healthy male
volunteers

A 4-Period, open, crossover study to examine the dose proportionality of single doses of
rizatriptan administered orally in solution followed by an open i.v. arm in healthy male vs female
volunteers

An Open, Four-Period Crossover Study to Investigate the Dose Proportionality of Four
Intravenous Doses of Rizatriptan in Healthy Female Subjects
APPEARS THIS WAY

MULTIPLE DOSE STUDIES: ON ORIGINAL

A two-part, double-blind, placebo-controlled, alternating panel, incremental, multiple dose study
of safety, tolerability, and preliminary multiple dose pharmacokinetic profile of rizatriptan in
healthy volunteers

A 2-Part, Double-Blind, Placebo-Controlled, Multiple Oral Dose Study to Determine the Safety,
Tolerability, and Pharmacokinetic Profile of Rizatriptan in Healthy Volunteers

A Double-Blind, Parallel, Randomized, Placebo-Controlled Study to Investigate the
Pharmacokinetics, Safety, and Tolerablhty of Multiple Doses of Rizatriptan in Healthy Male and

Female Subjects
APPEARS THIS WAY
BIOAVAILABILITY STUDIES: ON ORIGINAL

An Open-Label, Two-Period Crossover Study to Examine the Pharmacokinetics, Taste, Safety,

and Tolerability of Single Doses of Rizatriptan 10 mg Rapidisc™ and Rizatriptan 10 mg Tablet
in Healthy Male Subjects

10
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An Open-Labeled, Four-Period Crossover Study to Compare the Plasma Concentration Profiles

and to Estimate the Bioavailability of Single 10-mg Doses of Rizatriptan (in Three Formulations)
in Healthy Male Subjects

An Open-Labeled, Randomized, Two-Panel, Crossover Study to Determine The Absolute .
Bioavailability of 5-mg and 10-mg Rizatriptan in Final Market Composition (FMC) Tablet and
RAPIDISC™ Formulations

MASS BALANCE/METABOLISM:

An open study to investigate the disposition of a single oral and a single intravenous dose of “C-
rizatriptan in healthy male volunteers

In vitro Metabolism Studies APPEARS THIS Wi
In vitro Metabolic Interactions ) ON ORIGINAL
Pharmacodynamics of Metabolites

Distribution: Plasma Protein Binding

SPECIAL POPULATION STUDIES:

An Open-Label, Two-Period, Fixed Sequence Study to Investigate the Pharmacokinetics, Safety,
and Tolerability of Rizatriptan After a Single Oral Dose and a Single Intravenous Dose in
Patients With Defined Degrees of Renal Insufficiency '

An Open-Label Study to Determine the Influence of Hepatic Insufficiency on the
Pharmacokinetics of rizatriptan

A Double-Blind, Parallel, Randomized, Placebo-Controlled Single-Dose Study to Investigate the
Pharmacokinetics and Safety of Rizatriptan in Healthy Elderly (Greater Than or Equal to 65
Years of Age) Subjects

Effect of Race: A Retrospective Analysis APPEARS THIS way
ON ORIGINAL
DRUG INTERACTION STUDIES:

A double-blind, two-period, crossover study to investigate the effect of oral doses of rizatriptan
10 mg on oral contraceptive pharmacokinetics in healthy female volunteers

11
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A Double-Blind, Randomized, Three-Period, Placebo-Controlled, Crossover Study to Investigate
the Effects of Propranolol on the Pharmacokinetics of Rizatriptan and the Effects of Rizatriptan
on the Pharmacodynamics of Propranolol in Healthy Volunteers :

A Double-Blind, Randomized, Placebo-Controlled, Two-Period Crossover Study to Investigate
the Effects of Moclobemide on the Pharmacokinetics of rizatriptan in Young Healthy Subjects

A Double-Blind, Randomized, Two-Panel, Placebo-Controlled Study to Investigate the Effects
of Nadolol and Metoprolol on the Pharmacokinetics of Rizatriptan in Healthy Male and Female

Subjects

A Double-Blind, Randomized, Placebo-Controlled, Two-Period Crossover Study to Investigate
the Tolerability of Rizatriptan on a Background of the Selective Serotonin Reuptake Inhibitor
(SSRI), Paroxetine, and the Effects of Paroxetine on the Pharmacokinetics of Rizatriptan in

Young Healthy Subjects

PHARMACOKINETICS IN PATIENTS DURING MIGRAINE AND MIGRAINE FREE
PERIOD:

A Randomized, Double-Blind, Three-Period, Placebo-Controlled, Inpatient Study to Compare
the Pharmacokinetic Profiles of Intranasal (I.N.) rizatriptan and Oral rizatriptan 5 mg

NOTE: Figures and Tables referred in the text are provided in Appendix III.

During the review process the name of Rapidisc and RPD has been changed to Orally
Disintegrating Tablet (MLT®). Please, make a note of this change.

APPEARS THIS WAY
ON ORIGINAL

12
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PHARMA COKINETICS: ON ORIGINAL
SINGLE DOSE STUDIES:

TITLE: A double-blind, placebo-controlled, alternating panel, 4- to 5- period, incremental,
single-dose study of the safety and tolerability of rizatriptan followed by an open-label, single
oral dose, treatment period of sumatriptan 100 mg in healthy male volunteers (Protocol-002
volume 36, Page 1). . AFPLARS TiiS WAY
ON ORIGINAL
The objectives of the study were to: 1) assess the safety and tolerability of single oral doses of
rizatriptan over the dose range of 0.5 to 80 mg; 2) obtain preliminary pharmacokinetic
information on rizatriptan administered orally; and 3) obtain comparative pharmacokinetic data
for sumatriptan (100 mg) administered orally. APPEARS THIS WAY

ON ORIGINAL

Two panels (8 subjects /panel) underwent 4 treatment periods in an alternating dose fashion. The

dose levels for Panel A were 0.5, 2, 10, and 40 mg; dose levels for Panel B were 1, 5, 20, and 80
mg. During each treatment period, 2 subjects in each panel received placebo and 6 received
active treatment. However, due to occurrence of adverse clinical experience and hemodynamic
changes observed with 80 mg dose received by one subject, the dose for panel B treatment period
4 was decreased to 60 mg.  All subjects received oral sumatriptan in an open label treatment
period after completion of the rizatriptan treatment periods. Plasma samples were collected over
0-24 hrs post dose for all treatments. APPEARS THIS Way

ON ORIGINAL
RESULTS: The sponsor reported that the plasma concentrations for doses 0.5, 1, and 2 were not
measurable. ' APPEARS THIS WaY

ON ORIGINAL

The mean plasma concentration time profiles are presented in Figure 1 and the pharmacokinetic
data for individual subjects for all treatments are provided in Tables 1 and 2. The mean (sd)
pharmacokinetic parameters are summarized in the following Table:

Dose (mg) AUC,. Crax T oax (hr) T, (hr)
(ng.hr/mL) (ng/mL)

5 (N=6) 17.4 (3.6) 7.8 (2.9) 1.2 (1) 1.4 (0.2)

10 (N=6) 49.6 (11.7) 19.8 (6.6) 1.0 (0.6) 2.1(0.5)

20 (N=6) 101 (12) 39.4(16) 1.0 (0.6) 1.9(0.3)

40 (N=6) 265(95) 90.8 (47) 1.5(1.2) 2.5(1.1)

60 (N=4) 394 (28) 89.6 (16) 2.1(1.6) 2.2(0.8)

13
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The mean AUC, .. of rizatriptan increased with dose in a greater than proportional manner. Afier
dose normalizing the mean AUC, .. to 5 mg dose, the mean AUC, . after administration of 10, 20,
40, and 60 mg were 24.8, 25.3, 33.1, and 32.8 ng.hr/mL respectively, and significant pairwise
differences were observed between each of the above doses (p<0.05). However, the mean dose-
adjusted C,,, values to 5 mg after administration of 10,20, 40, and 60 mg were 9.9, 9.9, 11.3,

and 7.5 ng/mL respectively, and no significant differences were noted (»>0.1). Similarly no
significant difference was observed in T,,,, over the dose range of 5-60 mg i

Increases in systolic and diastolic blood pressures were observed following administration of
both rizatriptan and sumatriptan, but these increases appeared to be more pronounced after
administration of 60 mg of rizatriptan but not 10 mg of rizatriptan. No meaningful differences in
heart rate were observed for rizatriptan compared to placebo.

SAFETY: No serious clinical, laboratory, or other adverse events were reported during the study
except for 80 mg dose. The first subject dosed at the 80 mg dose level experienced several
clinical adverse experiences consisting of headaches, somnolence, dizziness, paraesthesia,
anxiety, and cold extremities and it was decided by the sponsor not to proceed with this dosing
further and the dose was reduced to 60 mg. Most commonly observed side effects following
administration of rizatriptan (5-60 mg) include somnolence, headache, and asthenia/fatigue.

In conclusion, AUC, . of rizatriptan increased with dose in-a greater than proportional manner
indicating nonlinearity in exposure above 5 mg doses; however such difference was not observed

for Cmax.

TITLE: A three-part study to investigate the safety, tolerability, and pharmacokinetics of
intravenous rizatriptan, and the effect of food on the oral pharmacokinetics of rizatriptan with in

healthy male volunteers (Protocol-007, volume 37, page 759).

The objectives of the study were to:(1) assess the safety and tolerability of intravenously
administered rizatriptan; (2) assess the disposition of intravenously administered rizatriptan; (3)
evaluate the effect of feeding on the time course and extent of oral absorption of rizatriptan; and
(4) evaluate the safety, tolerability, and pharmacokinetics of an infusion regimen designed to
maintain therapeutically relevant plasma concentrations for a 20-minute period.

This was a three-part (Parts A, B, and C) study. In parts A and C, the safety, tolerability, and
pharmacokinetics of single intravenous doses of rizatriptan were assessed in 8 healthy male
subjects (6 on active treatment and 2 on placebo) in a dose-escalation fashion. In part A, the
dose levels assessed were 5, 10, 20, 40, and 60 pg/kg as an i.v. infusion over 15 minutes. In part
C, the dose levels assessed were 90 pg/kg over 15 minutes and 120 pg/kg over 30 minutes (as a

14
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60 pg/kg loading dose over 10 minutes followed by a 60 pg/kg infusion over the next 20
minutes). Part B was a two-period, crossover, with-in subject assessment of the effects of food
on the oral pharmacokinetics of rizatriptan. In this part of the study, 40 mg of rizatriptan was
administered orally to 12 subjects following an overnight fast and again following a standard
breakfast (two eggs, two strips of bacon, toast with butter, 2-4 o0z of hash brown potatoes, and
one glass of whole milk). Plasma samples were collected over 0-24 hrs post dose for all

treatments.

APPEARS THIS WAY
RESULTS: 1 i ON ORIGINAL
Dose Proportionality: '

A total of 13 subjects entered the study and 11 completed the study. One subject discontinued
due to headaches of increasing frequency during i.v. dose escalation and another subject
discontinued due to pre-existing heart condition.

The sponsor reported that the plasma concentrations for 5 pg/kg dose were not measurable.

The mean plasma concentration time profiles are presented in Figure 2 and the pharmacokinetic
data for individual subjects for all treatments are provided in Tables 3 and 4. The mean (sd)
pharmacokinetic parameters obtained for all treatments following i.v. administration are
summarized in the following Table:

Dose (i.v.) AUC,.. V, CL (mL/min) | T,, (hr)
(ng’ke) (ng.hr/mL) L)

10 (N=5) 10.2 (1.9) 154 (34) 1296 (252) 1.9 (0.5)
20 (N=6) 19.5 (4.6) 117 (27) 1335 (178) 1.7 (0.4)
40 (N=6) 35.2(7.9) 157 (41) 1495 (327) 1.8 (0.3)
60 (N=6) 58.0 (15) 134 (26) 1363 (282) 2.0 (0.3)
90 (N=6) 138.4 (20) 91.6 27) 807 (133) 2.5 (0.7)

AUC,._, increased linearly up to 60 pg/kg, and above this dose increase was nonlinear. Dose
proportionality was assessed by dose-adjusted geometric mean AUCs for 10, 20, 40, and 60
ng/kg, which were 12.5, 12.6, 11.4, and 12.4 ng.hr/mL respectively, and no significant difference
between these dose groups was observed (p=0.38), supporting the conclusion of dose
proportionality. However, the dose-adjusted geometric mean AUC for 90 pg/kg dose was 21.7
and is significantly different from other dose levels (p<0.01) indicating non-linearity above 60
ug/kg dose level. This is further supported by analyzing geometric mean ratios as displayed in
the Table 5. :

15
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It also appeared that Vss and clearance were independent of dose over the 10-60 pg/kg dose and

dciecreased for 90 pg/kg dose. APPEARS THIS WAY
Effect of Food: ON ORIGINAL

The mean plasma concentration time profiles are presented in Figure 3 and pharmacokinetic .
parameters for individuals are presented in Tables 6 and 7. The mean pharmacokinetic
parameters are presented in the following Table:

Parameter (mean =+ sd) - | Fasted Fed Fed/Fasted Ratio
' (90% Confidence Interval)
AUC,_(ng.hr/mL) 33054  [397 95 ' 1.19
p-value 0.02 (1.07 - 1.32)
Crax(ng/mL) 76.8+324 |[723 £19.8 0.98
p-value 0.89 (0.76 - 1.27)
T e (h1) 1.6+£1.2 29 14 -—--
Range 05-4 0.75-4
p-value 0.04

The results indicate that food affected the rate of absorption (mean Tmax prolonged by 1.3 hrs
(80%)) and extent of absorption (20% increase in mean AUC) significantly, however peak
plasma concentration was not affected. However, dose-ranging and phase III studies of
efficacy and safety were conducted in patients without dosing restrictions relative to food

consumption. APPEARS THIS WAY

) ON ORIGINAL
SAFETY: There were no serious clinical, laboratory, or other adverse events reported during the
study.

TITLE: A 4-Period, open, crossover study to examine the dose proportionality of single doses of
rizatriptan administered orally in solution followed by an open i.v. arm in healthy male vs female

volunteers (Protocol-016, volume 39, page 1863).

The objectives of the study were to: (1) determine the plasma concentration profiles (AUC,
Cmax, and Tmax) and dose proportionality of rizatriptan single oral doses of 2.5 to 15 mg
administered as solutions to healthy volunteers; (2) compare the pharmacokinetics of rizatriptan
between men and women; (3) determine whether the clearance of rizatriptan is independent of
dose and whether it differs between men and women; and (4) further investigate the safety and
tolerability of single oral doses of rizatriptan from 2.5 to 15 mg.
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This was an open-label, 5-period, crossover study in 24 healthy volunteers (12 M: 12 F).
Subjects were stratified with regard to gender. Subjects received single oral doses of 2.5, 5, 10,
and 15 mg rizatriptan in solution on 4 separate days in Periods 1, 2, 3, and 4 according to a
randomized allocation schedule for a balanced, 4-period, crossover design. In Period 5, subjects
were given 4 mg rizatriptan i.v. infused over 30 minutes. There was at least a 7-day washout
interval between all doses. Plasma samples were collected over 0-24 hrs post dose for all
treatments. Urine samples were also collected at specific intervals over a period of 0-24 hrs.

RESULTS: The mean plasma concentration time profiles are presented in Figures 4 and 5; and
the pharmacokinetic data for individual subjects for all treatments are provided in Tables 8-22i.
The mean (sd) pharmacokinetic parameters are summarized in the following Table:

Mean (£SD, N=12) pharmacokinetic parameters of rizatriptan in healthy males receiving single
oral and i.v. solution doses.

Dose (mg)

Parameter -

4 iv. 2.5 p.o. 5 p.o. 10 p.o. 15 p.o.
AUC,. M:67.8 £ 15.7 M:16.0£7.0 M:32.8+ 8.9 M:72.0+£22.2 M:127 £ 45
(nghr/mL) |F:840%173 |F: 18751 [F:417£116 |[F:96.7+280 |F:161+42
Chnax ——- M:62+2.8 M:12.7+4.8 M:28.6 + 13.5 M:44.8+17.8
(ng/mL) F:6.1+19 F:13.2+£37 F:32.1+11.9 F:54.0+18.7
Tnax (hr) - M:0.77+ 0.5 M:0.73 £ 0.31 M:0.66 + 0.23 M:0.88 + 0.42

F:0.81£0.3 F:0.94 £ 0.41 F:0.73+0.2 F: 0.96 £ 0.55

T, (hr) M:32+09 M:25x1.2 M:2410.7 M:2.7+£1.0 M:25+0.6

F:2.7+£0.8 F:25+1.0 F:2.6+£09 F:26+04 F:25+03
Vss (L) M:141 £ 31 - — — -

F: 102 £ 29
CL (mL/min) | M:1042 + 281 - — — -

F: 821+ 148
Clr (mL/min) | M:225+ 35 M:225 £ 85 M:340 £ 122 M:295 + 121 M:271 £43

F: 174 £ 28 F: 179+ 27 F: 244+ 54 F:242 £ 135 F: 223+ 59
Ue M:234%75 M76+24 M:13.0+4.7 M:119+ 6.4 M:13.2+4.7
(% Dose) F:20.8+29 F:79+£20 F: 12135 F:13.5+69 F:13.8+32

For both males and females, slightly greater than dose proportional results were observed for
AUC and Cmax across the 2.5- to 15-mg treatments. The extent of the deviations from dose
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proportionality was greater in females than in males. Females appeared to have 30% higher
AUCs than males. For terminal half-life (t2) and time to maximum plasma concentration
(Tmax), generally consistent results were observed for each of the treatments for both males and
females.

Renal clearance was observed to be greater in males than females across all doses. Overall, there
was no significant difference in renal clearance (p>0.1). In females, a significant pairwise
difference in the percent of dose excreted in the urine (Urine%dose) between the 2.5 versus 5-mg
groups and 5-mg versus 15-mg treatments were observed (p < 0.050). Similar results were
observed in male subjects for Urine%dose. For systemic clearance (CL), the overall geometric
mean for males and females was 1010.8 and 807.8 mL/min, respectively; the difference between
sexes was significant (p = 0.022). Body weight did not appear to effect the systemic clearance

(Figure 6).
APPEARS THIS WAY
SAFETY: ON ORIGINAL
Clinica] Adverse Experiences--Niptiber of Subjects
Witha With ¢ Drug- | Wih a Serious Discortimed
With an Serivus Related Drug-Rekted Dustoan
Advrerse Adverse Adverse Adrrerse Adwerse
Evshiated | Experince | Experience | Died | Experince Experiance Experimce
24 19 1 0 13 0 ]

One female subject had severe abdominal cramps and pain at the right colon after a 15 mg
rizatriptan oral dose; the adverse experience was diagnosed as spastic colon and rated as serious
and probably not drug related. None of the subjects were discontinued from the study due to a
clinical adverse experience. There were no laboratory adverse experiences.

In conclusion, (1) the AUC and Cmax of oral rizatriptan increased slightly more than
proportionately between 2.5 mg and 15 mg doses; lack of dose proportionality was noted more in
females than males; (2) In males nonlinearity was observed at doses above 10 mg, whereas in
females nonlinearity was observed at doses above 5 mg; (3) the AUC of rizatriptan is
approximately 30% higher in females than in males; (4) the bioavailability of rizatriptan is
approximately 40%; (5) the apparent t'% of rizatriptan is between 2 and 3 hours in males and
females; (6) the Tmax of rizatriptan is less than 1 hour in males and females; (7) the systemic
clearance of rizatriptan is approximately _ inmales (1042 mL/min) than in females
(821 mL/min); (8) the majority.of the clearance of rizatriptan is nonrenal in males and females;
and (9) oral doses of rizatriptan up to 15 mg and an i.v. dose of 4 mg appear to be safe and well
tolerated by healthy males and females.
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TITLE: An Open, Four-Period Crossover Study to Investigate the Dose Proportionality of Four
Intravenous Doses of Rizatriptan in Healthy Female Subjects (Protocol-032, volume 50, page
9093).

The objectives of the study were to: (1) determine the plasma concentration profiles of rizatriptan
following single intravenous dose administration of 0.5, 1.0, 2.5, and 5.0 mg and to investigate
dose proportionality in healthy female subjects. (2) evaluate the safety and tolerability of single
intravenous doses of rizatriptan administered at 0.5, 1.0, 2.5, and 5.0 mg in healthy females.

This was an open, single-dose, four-period crossover study in 8 healthy female subjects to
investigate the dose proportionality of four treatments that are single intravenous doses of 0.5,
1.0, 2.5, and 5.0 mg (over 30 minutes) rizatriptan. The treatments were to be separated by 4 to 7
days. Plasma samples were collected over 0-24 hrs post dose for all treatments.

RESULTS: The mean plasma concentration time profiles following 1.v. administration of
rizatriptan in females are presented in Figure 7 and the pharmacokinetic data for individual
subjects are provided in Tables 23-28. The mean (sd) pharmacokinetic parameters for rizatriptan
in females following i.v. administration are summarized in the following Table:

Parameter Dose (mg)

0.5 1.0 2.5 5.0
AUC ., 9.0+1.1 18.7+2.1 49.1+£5.7 105.3+8.0
(ng*hr/mL)
Cl (mL/min) |940.7+132.9 |899.9+94.7 |858.9+101.4 | 796.6+62.0
Vdss (L) 90.7 £20.0 105.5+252 {102.8+11.9 |90.7+13.0
T,, (hr) 1.6+0.3 20+05 23+04 22+0.3

Clr (mL/min) | 129.6 £+ 50.5 1873£76.9 |[2392+763 |275.5+709

Ue (% dose) | 14.5+5.6 204+ 6.6 28.0+9.2 34.6+8.8

In females AUC appear to increase proportionally. Plasma clearance was significantly greater for
the 0.5 mg dose than that for the 2.5 and 5 mg doses (p=0.04 and 0.001, respectively). In
contrast, renal clearance was significantly less for the 0.5 mg dose than that for the 2.5 and 5 mg

dose (p=0.015 and 0.002, respectively). Urinary excretion of rizatriptan increased significantly
with increasing doses (p=0.01 and 0.001, respectively, for the 2.5 and 5 mg doses compared to

0.5 mg dose).
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SAFETY: Eight subjects reported one or more nonserious adverse experiences. Seven of these
subjects reported one or more adverse experiences that was rated as possibly, probably, or
definitely drug related. No serious adverse experiences were reported. One subject discontinued
from the study after experiencing dizziness, tachycardia, and diaphoresis. These experiences,
which occurred approximately 23 hours after receiving the 1.0-mg dose of rizatriptan, were
considered to be definitely not drug related.

The dose-adjusted AUC geometric means and geometric mean ratios (90% confidence interval), O
and statistical analysis are summarized below: e
90% Conf fdence Jternls far Dose-Adjsted o I.OIOAUC’_, (ngixinl) o
Geoxetric M an Rath in Relationto 0
m Gfor ) Ll
Geornetric 3k e | Geceetric 3 | Within-Schyect '
Trestmert N Ce cexetric hie oy Ratio Ratio SD ’
05mg s 179 : . 161

10mg s 186 104 ©97,112) m
25mg 8 195 1.09 (1.02,1.18) _————
SD} 8 21.0 1.18 gm, 1.26) w
Scmn iy Statist's for Dose-Afased (o LMOA% ;mm) (Jp]
. Dos N Gt:ﬂﬂt Medion Bmﬂ?‘l’b mcv 10 = 3D c

o {24 5. 3 .
Dsm‘z L 73 T8 | yﬁ%_ %— "m-%'é on; n-

long | 8 186 179 a0 0252 | 0010

5mg | 8 195 195 3: . [ J12]
50mg | 8 218 212 — h
Lid

In conclusion, the AUC,... for rizatriptan appear to increase linearly with dose in females up to 5
mg following i.v. administration. Systemic clearance appeared to be independent of dose,
however, renal clearance and % dose excreted in the urine increased significantly with increasing
doses. Single intravenous doses of rizatriptan from 0.5 mg to 5.0 mg appear to be safe and well
tolerated in healthy female subjects.

APPEARS THIS WAY
ON ORIGINAL

TITLE: A two-part, double-blind, placebo-controlled, alternating panel, incremental, multiple
dose study of safety, tolerability, and preliminary multiple dose pharmacokinetic profile of
rizatriptan in healthy volunteers (Protocol-010, volume 37, page 1119).

MULTIPLE DOSE STUDIES:

The objectives of the study were to: 1) assess the safety and tolerability of rizatriptan given as
multiple oral doses within one day and over several days, and 2) obtain preliminary
pharmacokinetic information on rizatriptan when given as multiple doses.

Sixteen healthy volunteers participated in this two-part study. In part I of the study incremental
multiple doses were given within a single day and in part I multiple-dosing over 5 consecutive
days was studied. Subjects were assigned to two panels (Panel A and B; n=8/panel) and each
panel has to undergo up to four treatment periods in an alternating dose fashion. Two subjects in
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each panel received placebo while the remaining 6 received active drug. Plasma samples were
collected over 0-24 hrs post dose for all treatments.

RESULTS: This study was terminated after the first treatment period due to the occurrence of
vasovagal syncope in 2/12 subjects who received 80 mg of rizatriptan over a 2 to 4 hr interval.

TITLE: A 2-Part, Double-Blind, Placebo-Controlled, Multiple Oral-Dose' Study to Determine
the Safety, Tolerability, and Pharmacokinetic Profile of Rizatriptan in Healthy Volunteers
(Protocol-018, volume 40, page 2495).

The objectives of the study were to: (1) assess the safety and tolerability of multiple oral doses of
Rizatriptan within 1 day and over several days; (2) To obtain pharmacokinetic information on
Rizatriptan when given as multiple oral doses; and (3) To assess the day-to-day variability in
plasma profile over the first 4 hours post dose for oral doses of Rizatriptan.

This was a 2-part, double-blind, placebo-controlled study in 12 healthy volunteers (6 M: 6 F) to
determine the safety and tolerability of rizatriptan when given as multiple oral doses within a
single day (Part I) and pharmacokinetic profile of rizatriptan when given as multiple oral doses
for 4 consecutive days (Part II). In part I, 5 mg rizatriptan was administered and in part IT 10 mg
rizatriptan was administered to subjects. Subjects who completed Part I could also participate in
Part II; subjects in Part II were not required to have participated in Part I. Plasma samples were
collected over 0-24 hrs post dose for all treatments.

RESULTS: The mean plasma concentration time profiles are presented in Figure 8 and the
pharmacokinetic data for individual subjects for all treatments are provided in Tables 29 and 30.
The mean (sd) pharmacokinetic parameters obtained for all treatments following 10 mg
rizatriptan multiple oral dose administration are summarized in the following Table:

AUC,.. AUC,,, Cna T Tin
(ng.hr/mL) | (ng.hr/mL)
Day 1 |M: 174106 |M: 172106 |M:23.4+17.2 | M: 6.442.1 | M:3.320.5
F: 21450 F: 211£52 F:24.4+72 | F:6.9+4.2 F:3.5+1.0
Day 4 |-- M: 175£73 | M:25.6892 |M:5.143.0 | M:3.2¢1.0
F:215+49 | F:30.9+12.7 | F:4.8+2.6 F: 3.0£0.5

Overall, the rizatriptan plasma concentration versus time profiles for Days 1 and 4 were similar.
Geometric mean values for AUC, ,, on day 4 and AUC,_ on day 1 were 184 and 177 ng.hr/mL,

respectively. Thus, the geometric mean ratio (GMR) was 1.04 [90% CI: 94-114)]. Geometric
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mean values for AUC,,, on day 4 and AUC,,, on day 1 were 184 and 175 ng.hr/mL,
respectively; the GMR was 1.05 [90% CI: 95-115]. Differences in plasma profile over the first 4
hours of dosing (following the first daily dose of rizatriptan) across days also were not significant
(p=0.1951); the geometric means for AUC,, on days 1, 2, 3, and 4 were 38, 44, 42, and

42 ng.hr/mL, respectively.- Similarly no difference in Cmax was observed, however, in females,
upon multiple dosing the Cmax was found to be greater by 25%, compared to first dose.

SAFETY: None of the subjects had a serious clinical or laboratory adverse experience,
discontinued the study because of a clinical or laboratory adverse experience, or died due to a
clinical or laboratory adverse experience. In Part I, 1 male subject (AN 003) receiving placebo
and 1 female subject (AN 006) at the Rizatriptan 5-mg dose each had 1 incident of mild headache
rated as possibly drug related; both subjects recovered without treatment and with no residual
effects. None of the subjects receiving rizatriptan reported a clinical adverse experience during
Part II. None of the subjects had a laboratory adverse experience considered to be drug related.

In conclusion, rizatriptan was well tolerated by healthy men and women at an oral dosing

regimen of 10 mg q4h for 3 doses per day for 4 consecutive days. At the above dosing regimen,
there is no evidence of significant accumulation of rizatriptan between Day 1 and Day 4. There
is little day-to-day variability in AUC of rizatriptan over the first 4 hours of dosing following a

10-mg dose on consecutive dosing days.

TITLE: A Double-Blind, Parallel, Randomized, Placebo-Controlled Study to Investigate the
Pharmacokinetics, Safety, and Tolerability of Multiple Doses of Rizatriptan in Healthy Male and
Female Subjects (Protocol-035, volume 51, page 9862).

The objectives of the study were to: (1) investigate the safety and tolerability of a multiple-dose
regimen of rizatriptan administered every 2 hours for three doses on 4 consecutive days; (2)
evaluate plasma concentration profile and renal clearance of rizatriptan when given as a single
10-mg dose and multiple oral doses q2h; and (3) evaluate plasma concentration profile and renal
clearance of the N-desmethyl metabolite of rizatriptan (L-706,248) when rizatriptan is given as a
single 10 mg dose and as multiple oral doses q2h.

This was a double-blind, parallel study in 36 healthy subjects (18 M; 18 F). Subjects received a
single dose of 10 mg rizatriptan or placebo on Day 1, and 10 mg rizatriptan or placebo orally
every 2 hours for three doses on Days 3, 4, 5, and 6. Plasma samples were collected over 0-24 hrs

post dose for all treatments.

DOSAGE/FORMULATION NOS.: Rizatriptan 10-mg tablet and matching placebo tablet were
used in this study. The formulation numbers are as follows: rizatriptan 10-mg tablet (E-8484R);

placebo to match the 10-mg tablet (E-8414).
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RESULTS: The mean plasma concentration time profiles following oral administration of 10 mg
rizatriptan tablet on days 1, 3, and 6 are presented in Figures 9 and 10 and the pharmacokinetic

data for rizatriptan and the N-desmethyl metabolite rizatriptan for individual subjects are
provided in Tables 31-34. The mean (sd) pharmacokinetic parameters for rizatriptan and the
metabolite following multiple doses are summarized in the following Table:

Overall: 202.7 + 58.8

Overall: 272.4 +151.4

Parameter (Rizatriptan) Day 1 Day 3 Day 6
AUC,,, (ng*hr/mL) M:59.7 £ 13.1 M:196.3 + 55.0 M:197.4 £ 37.6
’ . - F. 6731116 F:200.4 + 32.6 F:206.3154.6
Overall: 63.5 £ 12.6 Overall: 198.3 + 43.7 Overall: 201.8+ 45.5
AUC,_ (ng*hr/mL) M:59.8 £ 13.1 —_ —
F.674%+£11.6
Overall: 63.6 £ 12.6
Cmax (ng/mL) M:18.6+ 4.4 M:36.3+9.9 M:33.516.9
F:20.6+5.5 F:352+8.3 F:40.5+16.3
Overall:19.6 £ 4.9 Overall: 35.7 £ 8.9 Overall: 37.0+ 12.6
Tmax (hr) M:1.1+04 M:1.0+£05 M:08+0.4
F:0.7+0.3 F:0.9+05 F:1.2+05
Overall: 0.9+ 0.4 Overall: 1.0+ 0.5 Overall: 1.0+ 0.4
T, (hr) M22+04 M:201+04 M:26+0.3
F:21+03 F:20+056 F:1.8+0.3
Overall: 22+ 0.4 Overal: 2.0+ 0.4 Overal: 22+ 0.5
Clr (mU/min) M:198.7 £58.2 M:264.6 £ 144.9 M:145.4 £ 245
F:206.7 £63.2 F.278.2+165.8 F:212.0+93.5

Overall: 183.6+ 77.9

Ge cxretric Mea AUC (ngir/mL) for Rizeriptan After Multiple Dosing (D ay 6)
Corrpared with Single Dosing Doy 1)

Day 6 AUC jo3.y
vs.Dey 1 AUG,, ,

Day 6 AUC .,

vs. Dy 1 AUGy sy

Geometric  Geometric Ge oxretric Upper 90%
Blean Rileant BJeanr Ratio Corfidence Limit
Day6 Day 1t Doy 6/Day 1) (One-Sided) P-Vale
1963 1870 105 1.11 =0250
196.3 186 8 1.05 1.11 >0250

* Dose-adjusted by & factor of three.
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The geometric mean ratio of Day 6 to Day 1 was 1.05, and the upper 90% confidence limit for
the geometric mean ratio was 1.11, indicating that there is no accumulation of rizatriptan up on

multiple dosing (q2h for 4 days). Further, comparison of pharmacokinetic parameters of

rizatriptan between females and males indicated no s

ignificant gender effect or day-by-gender

interaction (Table 31).
Parameter (N- Day 1 Day 3 Day 6
desmethyl
rizatriptan) .
AUC,,, (ng*hr/mL) |M:84+1.4 M:23.0+25 M:253+1.9
F:86+14 F249147 F:27.11+6.4
Overall: 8.5 + 1.4 Overall: 23.9+ 3.8 Overall: 26.2 + 4.6
AUC,_ (ng*hr/mL) M84+14 — —
F:87+14
Overall: 85+ 1.4
Cmax (ng/mL) M:21+04 M:3.3+0.8 M:3.2+0.3
F:22+0.5 F:35+0.8 F:43+£13
Overall:l2.2 £ 0.5 Overall: 3.4 £0. 8 Overall: 3.7 £ 1.1
Tmax (hr) M:1.4+£0.5 M:1.3%0.5 M:15+0.5
F:16+0.5 F:13+05 F:13+04
Overal: 1.5+ 0.5 Overall: 1.31 0.5 Overall: 1.4+ 0.4
Tir (hr) M27+1.1 M:26+0.4 M:3.1+£06
F:19+08 F:24+06 F:1.9+03
Overall: 2.3+ 1.0 Overall: 2.5 £ 0.5 Overall: 2.5+ 0.8
Clr (mL/min) M:130.4 £ 56.6 M:178.2 £ 83.1 M:109.1 + 34.1
F:171.0+£50.2 F:192.2 + 108.8 F:155.4 £ 56.3
Overall: 150.7 £ 55.7 Overall: 186.2 £95.1 Overall: 135.6+ 52.1
Geoemetric Mewn AUC fngvbrinl)for L-706,248 Afer Mikipk Dosing (Day 6)
Conpared with Shgle Dosing (Day 1)
Geametric  Geometric e ametric Upper 0%
1T Mean Mohtd  Cofidece Limt
Diy6 Diyl'  @uy6Dayl)  (OmeSided)  P-Vine
Diy§AUC,,, 258 13 10 18 >02%
v. Dy 140Gy
Day6AUC k) 58 252 102 109 >0250
w. Dy 1 AUCos)

* Doss-adjusted by a factar of e,
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The data above show that the metabolite also does not accumulate. However, the mean Cmax on

Day 6 was significantly greater in females than in males (p<0.01) upon multiple dosing.

Vital signs (systolic blood pressure, diastolic blood pressure, and heart rate) were measured at
baseline, 30 minutes, and every hour for six hours. On the last day, additional vital sign
measurements at 7, 8, 10, 2, 16, and 24 hours were recorded. Diastolic blood pressure (DBP)
increased after multiple dosing. This was most apparent on day 3 where an average of 5 mm
increase in DBP was seen, and was statistically significant at most time points (Table 34; Figure
11). DBP in placebo patients went down. Systolic blood pressure (SBP) also increased but failed
to reach statistical significance. Heart rate changes were similar in the two groups.

SAFETY: All 36 subjects were included in the assessment of safety and tolerability. Twenty-
seven subjects reported one or more nonserious clinical adverse experiences. No laboratory
adverse experiences were reported and no subjects died during the study. No subjects
discontinued the study due to an adverse experience.

In conclusion, rizatriptan regimen of 10 mg every 2 hours for three doses on as many as 4
consecutive days appears to be generally well tolerated. Plasma concentrations (i.e., AUC) of
rizatriptan after administration of three 10-mg doses every 2 hours are approximately threefold
greater than the plasma concentrations following a single 10-mg dose. There is no unexpected
accumulation. A similar result was observed for the N-desmethy! rizatriptan.

BIOAVAILABILITY STUDIES:

TITLE: An Open-Label, Two-Period Crossover Study to Examine the Pharmacokinetics, Taste,
Safety, and Tolerability of Single Doses of Rizatriptan 10 mg Rapidisc™ and Rizatriptan 10 mg
Tablet'in Healthy Male Subjects (Protocol-033, volume 51, page 9551).

The objectives of the study were to: (1) compare the relative bioavailabilities of rizatriptan
Rapidisc™ and rizatriptan tablet; (2) compare the mean peak plasma concentrations (Cmax)
following a single dose of the rizatriptan 10 mg Rapidisc™ and rizatriptan tablet; (3) evaluate
the taste of rizatriptan 10 mg Rapidisc™; and (4) evaluate the safety and tolerability of a single
dose of the rizatriptan 10 mg Rapidisc™,

Twelve healthy male subjects received a single dose of rizatriptan 10 mg Rapidisc™, matching
placebo, and rizatriptan 10 mg tablet. Plasma samples were collected over 0-24 hrs post dose for
all treatments. The formulation numbers are as follows: rizatriptan 10 mg Rapidisc™ (E-8524);
placebo to match the 10 mg Rapidisc™ (E-8526); rizatriptan 10 mg tablet (E-8407R).
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RESULTS: The mean plasma concentration time profiles following oral administration of 10 mg
rizatriptan Rapidisc and tablet are presented in Figure 11 and the pharmacokinetic data for
individual subjects are provided in Table 35. The mean (sd) pharmacokinetic parameters for
rizatriptan following single dose administration of rizatriptan Rapidisc and tablet are summarized
in the following Table: ,

Parameter Rapidisc Tablet p-values
AUC,. (ng*hr/mL) 119140 123+ 44 >0.25
Cmax (ng/ml) 33.7+10.2 443 +19.6 0.019
Tmax (hr) 156+06 0.8+0.2 <0.01
Ty (hF) 20+£0.3 20104 —_

The results indicate that the mean AUC for the Rapidisc™ and for the tablet were similar.
However, the mean Cmax was significantly lower (p=0.019) for the Rapidisc™than for the
tablet. Mean Tmax was statistically significantly longer for the Rapidisc™ than for the tablet
formulation, p<0.01.

Taste Assessment: Overall, all 12 subjects rated the placebo Rapidisc™ as tasting better than or
average for a medication. Eight of the 12 subjects rated the rizatriptan 10-mg Rapidisc™ as
tasting better than or average for a medication. While the placebo Rapidisc™ appeared to have a
more acceptable taste than the Rapidisc™, in no subject was the taste so objectionable as to
preclude further evaluation of this formulation.

Safety: One subject reported a clinical adverse experience. No serious adverse experiences were
reported. No clinically significant trends were identified in blood pressure and heart rate changes.

In conclusion, the relative extent of absorption of the 10 mg rizatriptan Rapidisc™ is equivalent
to the 10 mg tablet. However, the Cmax is greater and Tmax shorter for the tablet than the
Rapidisc™ and the Rapidisc™ appear to be absorbed more slowly than the rizatriptan tablet.
Most subjects rated the rizatriptan 10 mg Rapidisc™ as tasting better than average or average for
a medication. A single dose of the rizatriptan 10 mg Rapidisc™ appears to be safe and well

" tolerated.

TITLE: An Open-Labeled, Four-Period Crossover Study to Compare the Plasma Concentration
Profiles and to Estimate the Bioavailability of Single 10-mg Doses of Rizatriptan (in Three
Formulations) in Healthy Male Subjects (Protocol-040, volume 56, page 12830).
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The objectives of the study were to: (1) compare the plasma concentration profiles of 10 mg
rizatriptan tablets used in the Phase ITb dose-finding study to the Phase III FMI formulation; (2)
compare the plasma concentration profiles of two 5-mg rizatriptan tablets used in the initial
Phase I study to the Phase IIl FMI formulation; (3) compare the mean peak plasma
concentrations (Cmax) following single 10 mg doses of the rizatriptan tablets in three
formulations; and (4) estimate bioavailability for each of the tablet formulations used in the
study.

This study (randomized crossover for the first three periods) was conducted in 18 healthy male
subjects to evaluate the equivalence and pharmacokinetics of single 10 mg doses of rizatriptan
tablets in three different formulations, and a fixed treatment in the fourth period with i.v.
rizatriptan to estimate the bioavailability for each tablet formulation. Four single-dose treatments
(3 oral, one I.V.), with at least 4 to 7 days separating each treatment. Plasma samples were
collected over 0-24 hrs post dose for all treatments.

DOSAGE/FORMULATION #S: Treatment A: rizatriptan two 5 mg oral tablets of initial Phase I
formulation; E-4845. Treatment B: rizatriptan one 10 mg encapsulated oral tablet of Phase IIb
formulation; E-8673. Treatment C: rizatriptan one 10 mg oral tablet of the final Phase III
formulation; E-8407R. Treatment D: rizatriptan one infusion over 30 minutes, 4-mL of 1 mg/mL
sterile solution for I.V. infusion, for a total dose of 4 mg.

RESULTS: The mean plasma concentration time profiles for rizatriptan of all formulations are
presented in Figure 13 and the pharmacokinetic data for individual subjects for rizatriptan for all
treatments are provided in Table 36. The mean (sd) pharmacokinetic parameters of rizatriptan
for all formulations are summarized in the following Table:

Parameter | Phase I Tablet | Phase IIb Tablet | Phase III Tablet | I.V.
AUC,. 507+ 154 495+ 14.6 53.2+144 494+ 8.4
(ng.hr/mL)

Cmax 180£5.6 16.8+5.5 19.6 £ 6.1 ——-
(ng/mL)

Tmax (hr) | 0.9+04 1.3+0.7 1.0+£0.6 ——

T,n (hr) 19+04 1.7+£03 1.8+£0.3 20 +1.0
Clr 3457+ 83.7 3533+76.7 34491+ 61.0 353.9+100.0
(mL/min)

Ue (%) 102+3.0 10.3+3.0 10.8+£26 254+52
F 041+0.1. 0.40+0.08 0.43+0.09 —
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Geoxetric Ms an Ratio with | i '
Geametric 1o 90% Corfidence Iterval ]
Phase o7 | Phase1/ | Phase b7 |

Prusel |Bueib | Pasell | Prasemm | Prasemm. | Prasel (aa]
A0 48.70 4770 5135 093 095 098 —
@gm (086,100) | ©.88,102) | ©51,1.05) L7
Gt B | 5% | Ba | 08 7 05 | 7L,
_Gghl) ©.25,097 | 081,100 | @82,105) ()
Bioavailability for Rizatrintan (Na} : Q.
o Geotctic Mean with 0% Confidance Interval e
' D
Pase] Prage I Phsse [ L
F 040 09 042 (a'a]

{036,044) (0.36,042) {038, 0.46)

The results indicate that the three tablet formulations are bioequivalent interms of mean AUC,,
and Cmax, except for the mean Cmax of Phase IIb formulation vs Phase Il formulation. The
data also indicates that the time to maximum concentration (Tmax ) is longer following dosing of
the Phase IIb formulation than the Phase III formulation ( p=0.073). The bioavailabilities of the
Phase I, IIb, and Phase III formulations of rizatriptan range from 36% to 46% based on 90%
confidence intervals. The mean bioavailability for the three rizatriptan tablet formulations in

healthy males was observed to be about 40%.

SAFETY: There were no serious clinical, laboratory, or other adverse experiences and no
subjects died during the study.

In conclusion, the mean AUC,_, of the Phase IIb formulation is equivalent to that of the Phase III
formulation of rizatriptan. However, the Phase IIb formulation of rizatriptan produces slightly
lower peak plasma concentrations than the Phase III formulation. The AUC,. and Cmax of the
Phase IIb and Phase III formulations are equivalent to those of the Phase I formulation. The
mean bioavailability for the three rizatriptan tablet formulations in healthy males was observed

to be about 40%.

TITLE: An Open-Labeled, Randomized, Two-Panel, Crossover Study to Determine The
Absolute Bioavailability of 5-mg and 10-mg Rizatriptan in Final Market Composition (FMC)
Tablet and RAPIDISC™ Formulations (Protocol-042, volume 59, page 14390).

The objectives of the study were to: (1) assess the absolute bioavailability of 5-mg and 10-mg

rizatriptan FMC tablets in females; (2) assess the absolute bioavailability of 5-mg and 10-mg
rizatriptan FMC RAPIDISC™ in females and 10-mg FMC RAPIDISC™ in males; and (3)
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compare the rizatriptan plasma concentrations following administration of the FMC
RAPIDISC™ to the FMC tablets in females.

This was an open-labeled, randomized, two-panel study. Panel I consisted of 12 healthy males
who received the 10-mg rizatriptan RAPIDISC™ in a single period; Panel II consisted of 12
healthy females who received 5-mg and 10-mg rizatriptan tablet, and 5-mg and 10-mg rizatriptan
RAPIDISC™, in a four-period, crossover fashion, with each separated by 4 to 10 days. In each
period, along with the oral dose, subjects also received a simultaneous intravenous infusion of
1.0-mg stable heavy-labeled isotope [triazole-,; C,, sN,] rizatriptan solution over 50 minutes to
permit estimation of absolute bioavailability. Plasma samples were collected over 0-24 hrs post
dose for all treatments.

DOSAGE/FORMULATION NOS.: Treatment A = 5-mg rizatriptan oral tablet; (E-8483R)
Treatment B = 10-mg rizatriptan oral tablet; (E-8484R) Treatment C = 5-mg rizatriptan oral
RAPIDISC™,; (E-8724R) Treatment D = 10-mg rizatriptan oral RAPIDISC™,; (E-8725R)

RESULTS: The mean plasma concentration time profiles for rizatriptan of all treatments are
presented in Figure 14 and the pharmacokinetic data for individual subjects for rizatriptan for all
treatments are provided in Tables 37-39. The mean (sd) pharmacokinetic parameters of
rizatriptan for all treatments are summarized in the following Table:

Mean pharmacokinetic parameters for rizatriptan following oral administration:

Parameter Male Females

10 mg Rapidisc | 5 mg Tablet | 10 mg Tablet | 5 mg Rapidisc | 10 mg Rapidisc
AUG,.. 56.3+16.9 345+£13.0 |73.9+234 33.2+9.8 75.9 £ 24.7
(ng.hr/mL) 135%
Cmax 16.6 + 6.0 104+£3.9 21.3+6.9 11.1+4.7 20.3+7.9
(ng/mL) 122%
Tmax (hr) 2.5+09 1.0+ 0.6 1.5+£0.8 1.6+0.8 25+14
T, (hr) 2.1+0.7 1.8+0.4 1.8+0.3 1.7 £0.4 1.7+£0.2
CIr (mL/min) | 388.8 + 78.7 3162+ 65.7 | 3200732 |[347.5+£117.0 |[350.7+62.2
Ue (%) 126 +£2.7 12.7+45 13.8+3.9 13.3+3.9 15.5+3.9
F 0.47+0.1 041+0.08 |0.45+0.05 0.42+0.06 0.47 £ 0.06

29




e

Maxalt®NDA 20-864
MLT®NDA20-865
Vijay Tammara

Mean pharmacokinetic parameters for rizatriptan following i.v. administration:

Parameter | Male Females » L
1 10 mg Rapidisc | 5 ing Tablet - |10 mg Tablet Smg- . 10 mg Rapidisc
, ‘ .o S Jr et o Rapidisc SR
AUC,. |119%20 16.6+3.6 16.243.8 15.6+3.5 159+3.6
(ng.hr/mL)
CL 1443422478 |1050.5+224.5 | 1081.6:239.4 |1121.24241.6 |1099.3+251.7
(mL/min)
MRT (hr) 1.9+0.5 20+04 12.0+0.3 1.9+0.5 - 21+04
T, (hr) 1.8+0.3 1.9+ 0.4 1.6£03 1.6 £03  |1.9+05
Clr 371.2+80.2 3135+ 824 - |323.6+65.6 |3129+86.5 |345.2+69.7
(mL/min)
Ue (%) 25.6+29 30.2+7.1 304+4.6 285+74 31.9+4.7
Vss (L) 162.4 + 40.9 125.9+37.3 127.5 £ 25.1 126.0+ 44.9 134.2 £ 28.5
Phammac okinstic Parametes (AU -, Genax)for Ristripten S1mg Teblet and RAPIDISC™in Farules S
®=12) (o T
Ge cxte tric o
| Geomermic lem Bian Ratio O
Rantriptn | Rorptan S2g | (RAPIDISC™ | 90% Corf ilence L
Smg Tibla | RamDISC™ | /Teble) btewd |p-Vhe -
AUC o (gdutel) | 3237 3166 098 ©91,107) | 0763 P
Cao (02 573 1039 107 ©93,123) | 0460 p—
(Jp]
Phhanmac olinetic Pareneters (AU g, Crm) £0F RBATiptan 1025g Teblet L4
d RAPIDISCT™in Ferzales (N=12) (@
G anmetric ﬁ-
Gemtgc Mem Bdean Ratio 90%
[ Rodrptm | Radrptn 10mg | (RAPIDISC™ | Confidence D
.| 10-mg Tiblet | RAPIDISCr™ ITablet) kterval | p-Vahie Ll
AUCH ”Q,Qg&mnl.) 70.70 7240 102 (094,1.11) | 0623 m

. -'v\--'»v,' ot
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The results indicate that the mean absolute bioavailability for tablets and rapidiscs in females and
males was about 0.45. Further, the data suggests that both AUC, .. and Cmax of the two
formulations i.e., tablet and rapidisc are equivalent at the 5 and 10 mg dose. However, the time to
maximum concentration is longer for both 5 and 10 mg Rapidisc formulation than for the 5 and
10 mg tablets (p=0.005 and 0.021, respectively). -In addition, the mean AUC,_. was found to be
statistically significantly greater in females when compared to males (1 by 35%; p=0.036) '
following the oral administration of 10 mg Rapidisc, but mean Cmax was not statistically
51gn1ﬁcantly different between females and males (p=0.233).

SAFETY: There was one serious clinical adverse experience of elective abortion. There were no
serious laboratory or other adverse experiences and no subjects died during the study.

In conclusion, the mean absolute bioavailabilities of the tablet and rapidisc formulations in
females and males ranged Both AUC, . and Cmax of the two formulations
were equivalent at the 5 and 10 mg doses, and the Tmax of the tablet formulation i is shorter than
the Tmax of the Rapidisc™ formulation at both the 5 and 10 mg doses.

MASS BALANCE/METABOLISM:

TITLE: An open study to investigate the disposition of a single oral and a single intravenous
dose of '*C-rizatriptan in healthy male volunteers (Protocol-013, volume 38, page 1473).

The objectives the study were to: (1) identify the major metabolites of rizatriptan that are present
in plasma, urine, and feces following intravenous and oral administration of “C-rizatriptan in
healthy volunteers and (2) investigate the primary route of elimination of rizatriptan when
administered intravenously and orally.

This was an open-label, two-period crossover study in 6 healthy male volunteers. In the first
period each subject received an i.v. infusion of 3 mg of “C-rizatriptan (75uCi) over 30 minutes
and in the second period following a two-week washout period each subject received a 10 mg
(two 5 mg capsules) oral dose of *C-rizatriptan (75uCi). Following the i.v., and oral doses
blood, plasma, urine, and fecal samples were collected over 0-120 hrs and were analyzed for total
radioactivity, parent compound, and metabolites.

RESULTS: The excretion/mass balance of '“C-rizatriptan was determined following i.v., and
oral administration. The mean plasma concentration of rizatriptan and total radioactivity time
profiles are presented in Figure-15 and the pharmacokinetic data for individual subjects for all
treatments are provided in Table 40. The mean (sd) pharmacokinetic parameters obtained for all
treatments are summarized in the following Tables:
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Pharmacokinetic parameters of rizatriptan and '*C-radioactivity in healthy males receiving a

single oral dose of 10 mg of '“C-rizatriptan.

Rizatriptan ‘*C-Radioactivity
AUC Cmax Tmax |- /2 - GLr AUC Cmax Tmax t1/2
(ng hr/ml){ (ng/ml) (hr) (hr) (mi/min) | (ng eq hr/ml) |[(ng eq/mi)|  (hr) (hr)
Mean 59.8 19.8 14 2.2 396 3338 59.0 1.8 56
S.b. 23.6 8.8 14 0.3 112 43.4 B2 12 0.5

—

Pharmacokinetic parameters of rizatriptan and C-radioactivity in healthy male receiving a

single i.v. dose of 3 mg of “C-rizatriptan.

Rizatriptan C-Radioactivity

AUC CL Vs CLr CLr/CL t1/2 AUC t1/2

(ng hr/iml)| (ml/min) () {ml/min) (hr) (ng eq hr/mi) (hr)

Mean 38.1 1325 154 349 0.26 25 125.2 5.9
S.D. 5.4 195 28 50 0.04 0.5 10.8 0.9

Mean (£8.D.) "*C-radioactivity in excreta of healthy males (N=6) receiving separately a 3 mg i.v.

dose and 10 mg oral dose of *C-rizatriptan

Dosc)Route Percent Dose excreted (0-120 hr)

Urine Feces Total *
3mgi.v. 89.5+3.2 44+14 93.8+2.6
10 mg p.o. 824+9.0. 11.5+24 93.9+8.8
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Quantitation of rizatriptan and metabolites (relative to total radioactivity) in human samples
following administration of a 3 mg i.v. dose and 10 mg oral dose of “C-rizatriptan separately in
healthy male volunteers (N=6) ,

LS
et
s

Sample % of Dose _ -
Rizatriptan - Rizatriptan-N-10- Rizatriptan-indole -
- | oxide acetic acid
Utine . |3 mgi.v. .29.3 3.7 34.6
(0-24hr) |10mgpo.. |14.0 | 2.3 51.0
Plasma |3 mgi.v. 24.4 | 90 35.6
(1-4hr) | 10mgp.o.. 26.6 5.8 ‘ 40.2

The major metabolite of rizatriptan in plasma and urine was identified as the indole-3-acetic acid
of rizatriptan. A minor metabolite was also identified as rizatriptan-N-10-oxide. Based on
analyses of urinary radioactivity after oral and IV dosing, approximately of an oral dose of
rizatriptan was absorbed. However, bioavailability was only 45%. Following oral administration
of "C-rizatriptan, rizatriptan accounted for about 18% of circulating plasma radioactivity. It was
also observed that approximately -of an oral dose is excreted in urine as unchanged
rizatriptan while is excreted as indole acetic acid metabolite, indicating substantial first pass
metabolism. Mean values of plasma clearance (CL) and renal clearance (Clr) of rizatriptan were
1325 and 349 mL/min, respectively, following the i.v. dose. A similar mean renal clearance (Cln)
value was obtained following the oral dose. Further, it was noticed that the elimination half-life
of radioactivity was about 6 hrs, where as that of rizatriptan was about 2-3 hrs, indicating that
metabolites may be circulating longer in plasma than the parent compound.

Further, from a pooled human urine following administration of 60 mg unlabeled rizatriptan in
six healthy male subjects, five metabolites were identified of which indole-3-acetic acid is the
major metabolite and the rest are minor metabolites which include the N-10-oxide, 6-hydroxy-
rizatriptan, the sulfate conjugate of 6-hydroxy-rizatriptan, and N-monodesmethyl rizatriptan. Of
these metabolites, N-monodesmethyl rizatriptan was found to have activity similar to that of
parent compound at the 5-HT, receptor, but the plasma concentrations of this metabolite were
approximately  , of those of parent rizatriptan and is eliminated at a similar rate. Thus, it may
not contribute significantly to the pharmacodynamic activity of rizatriptan.
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The metabolic pathway of rizatriptan is depicted below.

Sulfate Conjugate 6-Hydroxy-IN-oxide

From the structures of these metabolites, four metabolic pathways are evident, viz., oxidative

deamination, oxidative hydroxylation with subsequent sulfate conjugation,, N-dealkylation, and
N-oxygenation. A similar metabolic profile is observed in rats and dogs.

SAFETY: Three out of all 6 subjects reported a total of 5 (nonserious) clinical adverse
experiences that consisted of headache, nausea, and upper respiratory tract symptoms. All of the
clinical adverse experiences were mild in intensity and were rated as possibly or probably not
related to study drug. All symptoms resolved. There were no serious clinical adverse
experiences. No subjects were discontinued from the study due to a clinical adverse experience.

In conclusion, indole-3-acetic acid of rizatriptan is the major metabolite both in the circulation

and in the urine following both oral and IV administration. The major route(s) of elimination of
rizatriptan is nonrenal, with the kidneys being the primary route of elimination of the metabolites
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