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7. Review of Clinical Studies

7.1 Overview of Clinical Development

The zolmitriptan development program was conducted according to ethical princip!eé’ derived
from the Declaration of Helsinki. All protocols were reviewed and approved by independent
IRB’s. Written informed consent was obtained from all subjects.

All data from case report forms received by the sponsor on or before 8/22/96 are included in
this original NDA. The abbreviated 4 month safety update has a cutoff date of 12/15/96. The
safety update and study 030, the hepatic failure PK tolerability study, are reviewed in section
9, (Four Month Safety Update), page 66, and section 7.5.2, (Study 030 (N=30)), page 35.

7.1.1 Patient Selection

The inclusion/exclusion criteria were similar across the nine clinical efficacy and safety trials
included in this NDA. Across all studies, patients had to have an established diagnosis of
migraine with our without aura as defined by the International Headache Society (IHS).
Enroliment was open to males and females. Women of child-bearing potential needed to be
non-pregnant or have no reasonable chance of becoming pregnant during the study.

Most studies required a history of migraines 2 1 year, with age of onset < 40-50 years. In
addition, patients were required to have an average of 1-6 headaches per month over the
previous 3-6 months.
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In general, patients with significant medical or psychiatric conditions were excluded. In
addition, patients receiving chronic concomitant medications which could potentially affect
safety and/or efficacy were also excluded. This requirement was relaxed in later trials.

Z.1.2_ Efficacy Evaluation

For all outpatient studies (008, 015, 017, 018, 026, 042), patients recorded their assessments
of symptoms on a diary card which was later reviewed with the investigator at a clinic visit.
Data were then transferred to the CRF. For inpatient studies (002, 006, 007), data on migraine
symptoms were collected from patients and entered directly onto the CRF.

In thg majority of studies, the primary efficacy variable was headache relief at 2 hours post-
dose. Headache relief was defined prospectively as an improvement from moderate or severe
headache pain pre-treatment to mild or no pain post-treatment. In study 018, the sumatriptan
comparison trial, “complete response” as defined below, was used as the primary efficacy
variable.

Efficacy was calculated by quantifying pre-treatment to post-treatment changes in headache
severity using a four point scale (none, mild, moderate, severe). In addition, a number of other
parameters were used to assess efficacy: presence/absence of associated symptoms such as
nausea, photophobia, or phonophobia; time to meaningful migraine relief (as defined by the
patient), use of rescue/escape medications, headache recurrence, degree of activities
impairment during migraine héadache, and time missed from paid employment. Headache
recurrence was defined as a migraine which responded to treatment, but returned (moderate
or severe pain) within 24 hours. An additional derived measure, “complete reszconse” was also
‘used-to assess efficacy. Complete response was defined as headache response at 2 hours
without recurrence within 24 hours of treatment.
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Z1.3 Safery Evalugtion

Each of the studies contributed safety data. Adverse experience (AE) reports, physical and
neurological examinations including vital signs, clinical laboratory tests, and ECG's were
collected in most studies. Particular attention was paid to the collection of safety data relating
to the cardiovascular system because of the known AE profile of sumatriptan.

1.4 i r ingle
The first phase | study (001, Table 2, page 8) established that single doses up to 25 mg were
safe and well tolerated. Study 002, an open-label uncontrolled study involving 18 patients
began in September, 1992. This study suggested that zolmitriptan was effective as 82%
reported headache relief 2 hours after a single 25 mg dose.

The first dose-range finding study (006) began in March, 1993. Eighty-four (84) patients
participated in this randomized, double-blind, placebo controlied, inpatient study. Patients
treated a single migraine attack with either zolmitriptan or placebo, doses of 1, 5, 25 mg were
tested. In this study, an optional second dose of study medication was allowed after 2 hours.

Response rates at 2 hours after the initial dose were 15%, 27%, 62%, and 81% for the
placebo, 1, 5 and 25 mg groups. Response rates for the 5 mg and 25 mg doses were
significantly different from placebo at the p<0.05 level, whereas the response rate for the 1 mg
tablet was not. The frequency of adverse experiences increased with increasing dose and was
relatively high in the 25 mg dose group.

While 006 was ongoing, a second, open-label, uncontrolled inpatient study (007) was initiated
in May 1993. Twenty (20) patients were enrolled in this study, which gained additional pilot
efficacy data, and gathered PK data during a migraine attack versus a headache free period.
Patients treated a single migraine headache with zolmitriptan 10 mg and received a second
dose during a migraine free period. Fifty five percent (55%) reported headache relief at 2 hours
post-dose.

The next study (008) was the first outpatient study in migraine patients. This large,

. randomized, double-blind, parallel design, placebo controlied study enrolled 1,181 patients
throughout Europe and Australia, and was initiated in September 1993. Based on 002, 007,
and interim results of 006, which suggested that the recommended dose of Zolmitriptan would
probably be between 5 and 20 mg, doses of 5, 10, 15, and 20 mg were examined in study
008. i

Two hour response rates in this study were 19%, 66%, 71%, 69% and 77% for the placebo, 5,
10, 15, and 20 mg groups, respectively. As with study 006, adverse events increased with
increasing dose. Thus the results of 008 suggested that a 5 mg dose provided near-maximal
efficacy, but was clearly associated with fewer adverse experiences than higher doses.

To further explore the low end of the dose-response curve, a multicenter trial (017) was
initiated in November, 1994. This large, randomized, double-blind, parallel-design, placebo
controlled study enrolled 1258 patients at 46 US centers and examined the effects of 1,25,5,
and 10 mg doses. This study allowed for an optional second dose to treat a persistent or
recurrent headache.
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The two hour response rates in 017 were 34%, 53%, 65%, 67%, and 67% for the placebo, 1,
2.5, 5, and 10 mg groups, respectively. This study demonstrated a relatively fiat dose-
response curve above 1 mg. The data indicated a substantial, and clinically meaningful
difference between 1 mg and 2.5 mg doses, with less marked trends for increased efficacy
with increasing doses above 2.5 mg. Thus, the 2.5 mg dose appeared to represent a point at
the beginning of the plateau of the dose-response curve for efficacy.

The adverse event profile in 017 indicated very little difference between 1 and 2.5 mg,
however adverse experiences increased sharply with doses above 2.5 mg. Thus, in this study,
2.5 mg represented a dose at which efficacy was nearly maximized while adverse experiences
were minimized.

While 017 was ongoing, a randomized, double-blind, placebo controlled comparison trial of
zolmitriptan and sumatriptan (018) was initiated in December, 1994. The purpose of this study
was to compare the safety and efficacy of zolmitriptan 5§ mg and sumatriptan 100 mg, and
placebo for the treatment of acute migraine headache. The primary efficacy variable used was
“complete headache response,” which was different from that used in all other clinical studies
(the 2 hour headache response). A total of 1311 patients were enrolled in this study. On
complete response, zolmitriptan and sumatriptan rates did not differ from each other or from
placebo (39%, 38%, and 32% respectively). Both were superior to placebo on a number of
secondary efficacy variables. Both were well tolerated and the safety profiles were
comparable.

Study 042 confirmed the efficacy of zoimitriptan 2.5 mg in that 62% of the Zolmitriptan treated
patients versus 36% of the placebo treated patients showed a response at 2 hours post-dose.

. i r ] fof
A large, uncontrolled, long-term treatment study (015) was initiated at clinical centers
throughout the world in December, 1994. Zolmitriptan 5 mg was used in this study. Patients in

this study treated multiple migraine attacks for up to 1 year with 5 mg doses. In addition, a
second, optional, 5 mg dose was available if needed.

A total of 2266 patients were enrolled, of which 2058 treated at least one migraine headache.
A total of 31,579 migraines were treated, ranging from 1 to 125 attacks per patient, with an
average of 15 attacks per patient. The overall 2 hour response rate of 81% was slightly higher
than seen in previous studies. More importantly, this response rate, as well as other efficacy
measures, was maintained over repeated exposures. The long-term safety profile was also
favorable (Section 8.6.3.3 Long-Term Study (015), page 50).

7.1.6 Studies for Migraine P ,
A small, randomized, double-blind, study (026) was initiated in September 1994 to determine
whether zolmitriptan would be effective in aborting a migraine attack if taken during the aura
phase. Successful prevention of a migraine headache was attributed to study medication if no
headache developed within 24 hours of study drug administration. Patients in this study
treated two migraine auras, one with zolmitriptan and one with placebo.

A total of 40 patients were enrolled and 30 were included in the efficacy analyses. All patients
who treated an attack with placebo in this study (n=21) went on to develop a migraine
headache, whereas 4 of 23 patients who used zolmitriptan did not develop a migraine
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headache. This was not statistically significant, but is encouraging and a larger study in the
future seems worthwhile.

7.2 Clinical Pharmacology Studies

This section contains a brief summary of the cfinical pharmacology studies (Table 2, page 8).
All safety results are reviewed separately in Section 8, Integrated Review of Safety, page 36.

linical = !
This was an open label study to determine the metabolic profile and rates and routes of
excretion of zolmitriptan and its metabolites. Six heaithy volunteers received a single oral dose
of zolmitriptan 25 mg containing 100 uCi of "C-labelled zolmitriptan. Blood, urine, and fecal

samples were collected. Total radioactivity in all samples was determined. Key conclusion:
64% of zolmitriptan is excreted in the urine and 27% in the feces.

7.2. linical /! 1 = en vs. Women, Young vs. Elder!

This was a double-biind, placebo controlled, randomized, balanced, four way crossover safety,
tolerability, PK, PD study in healthy young and elderly subjects. All 27 volunteers received four
treatments (placebo, 5, 10, 15 mg), which were administered at least one week apart.
Conclusion:

* In young adults, plasma concentrations of zolmitriptan were higher in women than men. In
the elderly, plasma concentrations of zoimitriptan and N-desmethyl zoimitriptan were
similar to those in young adults with no difference between genders.

A inical = rtension

This was a double-blind, randomized, four treatment, four period, cross over study designed to

evaluate safety, PK and PD of zolmitriptan and placebo in normotensive and hypertensive

volunteers. Each volunteer received a single dose of placebo, 5, 10, or 20 mg of zolmitriptan at
-weekly intervals in random order. Conclusions:

» There were no clinically significant differences in the pressor response to zoimitriptan
between volunteers with mild to moderate hypertension and normotensive volunteers or
between males and females.

* Female volunteers had zoimitriptan plasma concentrations which were about twice those of
males.

* zolmitriptan PK were dose proportional over the range of 5 to 20 mg.

2.4 Clinical 4 (N= jlur

This investigation was an open, single occasion, parallel group, PK and tolerability study in

renal failure patients-and normal volunteers. Subjects were administered a single oral dose of

zoimitriptan 10 mg. Conclusion:

* Zolmitriptan 10 mg was well tolerated by patients in renal failure and PK of both parent

compound and its active n-desmethyl metabolite were little different from those in matched
controls.

Z.2. lini ha = iogvailabili

. This was an open PK, tolerability study with three treatment periods. During the first period,
each subject received zoimitriptan 2.5 mg administered i.v. as a test dose. During the second
and third periods, subjects received a 3.5 mg i.v. dose or a single 10 mg tablet in a
randomized, balanced manner. Conclusion:

* Mean oral bioavailability of a 10 mg tablet was 49% (geometric mean 44%) in 6 men and 6

wiaman with o rotin actimoato ~f RAS/ Dpaintiiiah:r marms Aviim ja smmbabmlica s ~fic.. - .
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administration and the gender difference, which is particularly apparent after oral dosing, is
probably due to greater first-pass metabolism in men.

7.2.6 Clinical Pha l N= joavailabili

This was an open label, randomized, balanced, single dose, four period crossover PK study

with a washout period of at least 5 days between doses. Ten males and 10 females were

randomly assigned in a crossover design to receive zolmitriptan on four dosing occasions,
tablets (2.5 or 5 mg), on two dosing occasions and i.v. injections on two other occasions.

Conclusion:

* The absolute bioavailability of zoimitriptan was torthe 2.5 mg tabletand _ __ for the 5
mg tablet. No gender difference was observed at the lower dose. A small gender difference
was found for the 5 mg tablet (ratio male/female ). The absolute bioavailability for the 5
mg tabletwas . . in males in in females.

7.2 inical =24), Bioeguivalence

This was an open label, randomized, balanced, single dose, four period crossover PK study
with a washout period of at least 5 days between doses. Each subject received a single oral
dose of zolmitriptan 2.5 and 5 mg, both as the production process tablet and as the clinical trial

material (CTM) tablet. Conclusion: The production batch formulations were bioequivalent to the
CTM formulations at both the 2.5 and 5 mg doses.

2. linical = r
This was an open label, randomized, balanced, single dose, four period crossover PK study
with a washout period of at least 5 days between doses. Each subject received a single oral
dose of 2.5, 5, and 10 mg in a fasting state and single oral dose of 5§ mg after eating.

Conclusion: After doses of 2.5, 5, and 10 mg administered in the fasting state, the C ., and

AUC,... were proportional to dose and clearance was independent of dose.

7, lini = il

This was a double-blind, randomized, placebo controlled, dose escalating PK and tolerability

study. The dose was to be escalated as follows: 1, 3, 6, 12, 25, 50, 100, 200, 300 mg orally.

When the maximum well tolerated dose was reached, volunteers crossed over to receive the

alternative treatment (i.e., active or placebo) under doubie-blind conditions. Dose escalation

was stopped after 50 mg due to somnolence in most subjects. In addition, four volunteers
participated in an additional dosing occasion in which two 5 mg tablets (10 mg total) were

administered sublingually. Conclusions: i

» Zolmitriptan was absorbed after oral administration and plasma concentrations showed
considerable inter-subject variability.

* Dose proportionality of AUC was observed for zolmitriptan and its pharmacologically active
metabolite, N-desmethy! zoimitriptan, in the range of 6 to 50 mg. The UAC values of N-
desmethyi zolmitriptan were approximately half those of zolmitriptan and its plasma
elimination half life was similar to that of the parent drug (2.5-3 hours).

Zolmitriptan may be associated with water diuresis.
Zolmitriptan in this formulation was not absorbed sublingually.

.2.10 Clinical = Iy

This was a randomized, crossover PK and tolerability study of 4 treatment regimens given at 1
week intervals. One regimen was given openly as a single 10 mg dose to determine the single
dose PK of zolmitriptan and its metabolites. The other three regimens (PBO, 5 mg, or 10 mg)
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were each given in a double-blind fashion as repeat doses at 6 hourly intervals over 24 hours

(i.e., five doses over 24 hours). Conclusions:

» Peak concentrations of zolmitriptan and its metabolites were increased following multiple
dosing compared with single dosing. The half life of zolmitriptan was significantly longer
following multiple dosing compared with single dosing.

* The plasma concentrations of zolmitriptan and its metabolites were generally dose
proportional after multiple dosing withS and 10 mg. Other PK parameters were generally
independent of dose.

= ] i
This was a double-blind, placebo controlled, randomized, dose escalation, cross over PK,
tolerability study. The dose was to be escalated as follows: 0.5, 1, 2.5, 5, 10, and 20 mg.

Tablets were administered sublingually. Conclusion: There was no evidence of sublingual
absorption of zoimitriptan with this formulation.

7 Sons - = 14
This was a double-blind, placebo controlled, randomized, dose escalation PK, tolerability

study. Single oral doses of 1, 2.5, 5, and 10 mg were used. Conclusion: Zoimitriptan was well
tolerated across the dose range (1 to 10 mg) studied.

- = i

This was a double-blind, placebo controlled, randomized dose escalation PK study. There
were three treatment periods at weekly intervals. During each treatment period, subjects
received doses of zolmitriptan or placebo three time a day for 2 days. Zolmitriptan doses used
were 2.5 mg, 5 mg, and 10 mg. Conclusion: Zolmitriptan was well tolerated.

4 Clini =
This was an open, balanced, randomized, two period crossover study of single oral doses of
zolmitriptan solution 10 mg and a film coated 10 mg tablet. Conclusion: The rate of absorption

of zolmitriptan from the film coated tablet was observed to be slightly slower than from the

buffered solution but the bioavailability and Cmax were similar for the two formulations.
. = itiv

This was a double-blind, randomized, six way crossover design comparing single oral doses of

zolmitriptan 5, 10, 15, or 20 mg to a single dose of lorazepam 2 mg and placebo. Volunteers

completed a battery of psychometric tests prior to and at specified intervals after dosing.

Conclusions: i

* Doses of 5, 10, or 15 mg of zoimitriptan did not cause significant impairment of
performance on any of the tasks used in this study. At 20 mg, only one test showed any
effect of the study drug.

* Doses of 5, 10, 15, and 20 mg of zoimitriptan produced mild, transient increases in
subjective ratings of mental sedation which were dose related in intensity.

* This study suggested that zolmitriptan was unlikely to cause clinically significant sedation at
doses lower than 10 mg.

7.2.16_Clinical P} logy Study 010 (N=12). Caf,
This was a double-blind, randomized, balanced, 4 way crossover PK, PD study. Volunteers
received either a single zolmitriptan 20 mg tablet, 2 mg ergotamine and 200 mg caffeine (2

Cafergot tablets), the two drugs in combination, or placebo. Measures of cardiovascular
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parameters were made at baseline, and at intervals for 4 hours post dose with BP and heart

rate being measured for 24 hours post dose. Conclusions:

e At a dose 4-8x higher than that anticipated for acute migraine therapy, zolmitriptan was
well tolerated when administered alone or in combination with oral Cafergot.

« Both zolmitriptan and Cafergot had vasoconstrictor and pressor actions, but Cafergot had
less effect than zolmitriptan. When the two drugs were administered concomitantly, their
pressor effects were generally not significantly greater than those of zoimitriptan alone.

=]4), Propranolol

This was a randomized, double-blind blind, crossover drug interaction study of two treatment
regimens. Volunteers were randomized to receive either propranolol 160 mg/d for 7 days or
matching placebo in a blinded fashion. On the last day of each period, volunteers also
received a single zoimitriptan 10 mg tablet (unblinded). BP, heart rate and ECG were
monitored for 24 hours post dose. Conclusions:

e Zolmitriptan was well tolerated alone and in the presence of propranolol.

e Propranolol did not affect the small increases in blood pressure associated with
zolmitriptan.

* Metabolic clearance of zolmitriptan was reduced in the presence of propranolol, resuiting in
higher concentrations of zolmitriptan and lower concentrations of n-desmethy! zolmitriptan
and the indole acetic acid metabolite.

lini = 7 e toclopramide

This was an open, randomized, five arm crossover, drug interaction study in which subjects
were given five dose regimens:

1. zolmitriptan 10 mg alone

2. paracetamol 1 g alone

3. zolmitriptan + paracetamol (acetaminophen)

4. zolmitriptan + metoclopramide 10 mg

5. zolmitriptan + paracetamol + metoclopramide

Conclusions:

» Zolmitriptan was well tolerated whether given alone or in combination with metoclopramide
and /-or paracetamol.

¢ Zoimitriptan 10 mg appeared to both delay and reduce peak concentrations of paracetamol
and slightly reduced the extent of absorption.

¢ In the presence of paracetamol, zolmitriptan exposure increased with an 11% increase in
AUC,.,.. associated with a small reduction in CLa (9%). There was no associated change in
heart rate, BP, or AE profile.

¢ In these healthy volunteers, metoclopramide had no effect on the PK profile of zolmitriptan
or n-desmethyl zoimitriptan, or on the effect of zolmitriptan on paracetamol
pharmacokinetics.

linical 4 (N= jzotifen
This was a randomized, double-blind, crossover, drug interaction study of two treatment
regimens, given at least two weeks apart. Each subject took either 1.5 mg pizotifen or placebo
daily for eight days. On the last day of treatment, subjects were given a singie dose of
zolmitriptan 10 mg. Conclusions:

» Prior administration of pizotifen for one week did not affect tolerability to a single oral dose
of zoimitriptan 10 mg or increase its effect on blood pressure.

- I mrarmaa imAdinridiimls mimadifam rmarr Amba bbb mad paritam Haa Aleamrmdine A8 cmlomibeivmdm o
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2 linical = Fluoxetine

This study was a randomized, double-blind, placebo controlied, two period crossover drug
interaction study of the effect of multiple doses of fluoxetine on the PD and PK of a single
dose of zolmitriptan. During each dosing period, volunteers received a single fluoxetine 20 mg
dose or placebo for 28 days. On day 28, they aiso received zolmitriptan 10 mg in the fasting
state. Dosing periods between the treatment arms of the study were separated by a 35 day
washout. AE’s, vitals signs, ECG's and Holter monitoring were the safety monitors. Conclusion:
¢ Pretreatment with muitiple doses of fluoxetine did not affect the PD or PK of Zolmitriptan
and its metabolites.

7.2.21 Clini = nhibitor,

This was an open, randomized, crossover, drug interaction study of three treatment regimens.
Subjects received either selegiline, moclobemide, or nothing for 7 days, with a zolmitriptan 10
mg dose administered on the last day. BP and heart rate were monitored daily. Vital signs and
ECG were recorded before and for 24 hours after zoimitriptan dosing. Conclusions:

s Zolmitriptan was well tolerated. Adverse experiences were similar after all treatments, and
there was no clinically meaningful effect of either selegiline or moclobemide on the small
pressor response to zoimitriptan.

¢ Administration of selegiline was virtually without effect on the PK of Zolmitriptan and its
metabolites, indicating that MAO-B is probably not involved in their metabolism.

e Administration of moclobemide was associated with a small increase in plasma
concentration of zolmitriptan. Cmex and AUC,—.. of its active metabolite, n-desmethyl
zolmitriptan were increased 2.5 and 3 fold, respectively, while concentrations of the
inactive indole acetic acid metabolite were markedly decreased. The results indicate that
MAO-A is of little importance for metabolism of the parent compound but is important for
the conversion of n-desmethyl zolmitriptan to the indole acetic acid metabolite.

* The results suggest that inhibition of MAO-B has no implications for treatment with
zolmitriptan. inhibition of MAO-A is likely to result in substantial increases in concentration
s of the active metabolite, n-desmethyl zolmitriptan. At the dose of 10 mg employed in this
study, this was not associated with any increase in AE's or changes in BP. Since the
therapeutic dose is likely to be considerably lower than this does, the increased metabolite
concentration is probably of no clinical consequence.

7.2. linical /! 0. =]4), QOral

This was a double-blind, randomized, balanced, two period crossover, drug interaction study in
which 12 healthy volunteers received DHE 5 mg orally or placebo twice daily for 10 days with a
single oral dose of zolmitriptan 10 mg taken with the last dose. BP was taken at reguiar
intervals and a 24 hour Holter monitor was collected. Conclusion: There were no clinically
significant differences in tolerability, changes in BP, or PK of zolmitriptan and its metabolites
after zolmitriptan administration in the presence or absence of pretreatment with DHE 5 mg bid
for 10 days.

linical = tr r
This was initially a double-blind, dose escalating study using doses of zolmitriptan 2.5, 5, and
10 mg administered as an intranasal spray. All subjects then participated in an open,

randomized, three arm crossover design, receiving 10 mg as an intranasal spray, a tablet, and
an oral solution. Conclusions:
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¢ All formulations were well tolerated. AE's were typical of this class of drug, but there were
fewer following intranasal administration than following oral administration. Bad taste,
however, was commonly reported with intranasal Zolmitriptan.

*  Cmex values for zolmitriptan and n-desmethyl zolmitriptan were lower following intranasal
administration with a broader, flatter profile than with oral formulations.

¢ AUC,. for zolmitriptan was similar for all formulations.

.24 _Clini =
This was a randomized, balanced, open, three period crossover study in 12 healthy volunteers.
Zolmitriptan 2.5 mg were administered on three occasions with at least 5 days between doses.
The treatments were 2.5 mg as an intranasal solution pH=5.0, 2.5 mg as an intranasal solution

pH=7.4, and 2.5 mg tablet. Conclusions: The two intranasal solutions and the oral tablet were
‘well tolerated. PK data could not be analyzed in time for submission; full report will follow.

7.3 Controlled Clinical Studies

There were a total of 5 controlled trials (017, 042, 006, 008, and 018, Table 2, page 8).
Studies 017 and 042 were the only 2 that tested the 2.5 mg recommended dose. Higher
doses were used in the remaining 3 studies. Study 018 compared zolmitriptan to sumatriptan
and placebo.

Z.3.1 Clinical Study 017
7.3.1.1 Title

A muiticenter, double-blind, randomized, placebo-controlied, parallel group study to confirm the
efficacy and safety of 311C80 (zoimitriptan) in the treatment of acute migraine headache.

7.3.1.2 Objectives

7.3.1.2.1 PRIMARY:

* To determine the optimal dose or doses of oral zolmitriptan effective for the treatment of
migraine headache.

7.3.1.2.2 SECONDARY:

* To determine the safety of oral zoimitriptan by evaluating the incidence and nature of AE’s
and changes in ECG or clinical laboratory assessments.

* To determine the headache response over time, and time at which patients experience
meaningful migraine headache relief.

» To determine percentages of patients who were headache free, who had a “complete
response”, who had a recurrent headache, and who used escape medication.
To determine improvement in non-headache symptoms of migraine attack.
To determine the headache response in relationship to factors such as age, gender,
weight, presence of aura, duration of headache at treatment, usual duration of untreated
headache, initial headache severity, and menstruation.

* To determine the headache response to an optional second tablet of Zolmitriptan for the
treatment of migraine headache recurring or persisting 4 to 24 hours after initial treatment.

¢ To determine the effect of zolmitriptan on activities impairment during migraine headache,
on the time to resumption of normal activities, and on the time missed from paid
employment.
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7.3.1.3 Design

This was a mutticenter, double-blind, randomized, placebo-controlled, parallel group study
designed to assess the efficacy of placebo vs. 1, 2.5, 5, and 10 mg zolmitriptan (using a
1:1:2:2:2 allocation ratio) for the treatment of migraine headache. The treatment phase
consisted of outpatient treatment of a single, moderate or severe migraine headache with an
initial dose of zolmitriptan or placebo within 12 hours of headache onset or of waking with a
headache. Patients were allowed to use approved escape medication after completing the 4
hour headache assessment. Patients with a persistent or recurrent headache were eligible to
take an optional second dose of study medication from 4 to 24 hours after the initial dose. The
2™ dose was randomized to placebo or a repeat of the initial dose. The severity of the
headache and presence of photophobia, phonophobia, nausea, and/or vomiting were
assessed at pre-dose and at 0.5, 1, 2, and 4 hours after the first dose and at 2 hours after the
second dose. In addition, the patient evaluated the effect of the migraine on his or her normal
activities.

7.3.1.4 Number of Subjects

Total no. of patients (All-Treated Population) 1144
Total no. of patients receiving zolmitriptan 1004
Total no. of patients receiving placebo 140
Total no. of patients whose data were excluded from efficacy analysis 145
Total no. of patients whose data were excluded from safety analysis 0

7.3.1.5 Key Inclusion Criteria

male or female 12-65 yrs with migraine diagnosis (with or without aura)
* migraine history > 1 yr, age of onset <50 yrs, 1-6 migraines/mo. for the preceding 6 months
¢ normal laboratory values at screening, no evidence of heart disease
7.3.1.6 Duration of Treatment

Patients took one tablet for the treatment of a single migraine headache. Patients were eligible
to take an optional second tablet if the headache recurred or persisted 4 to 24 hours after the
initial dose.

7.3.1.7 Summary of Results

7.3.1.7.1 EFFICACY

Headache response rate at 2 hours, the primary efficacy measure, was 50, 63, 65, and 66%
for 1, 2.5, 5, and 10 mg zolmitriptan respectively, compared to 32% for the placebo group in
the All-Treated population (Figure 2). The odds ratios (odds of response relative to placebo) for
patients in the 1, 2.5, 5, and 10 mg groups were 2.3, 4.1, 4.4, and 4.4 respectively (p<0.001).

Figure 2: Headache Response Rates, Study 017
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All additional efficacy measures were evaluated in the Protocol-Preferred population.
Headache response to zoimitriptan was evident as early as 1 hour post-treatment. By four
hours, 57% of patients in the 1 mg group and 75% to 78% of patients in the 2.5, 5, and 10 mg
groups had a headache response. Complete response was more common in the zolmitriptan
groups than in the placebo groups (zolmitriptan doses: 30 to 50%, placebo: 17%). The
percentage of patients with recurrence after a headache response at 2 hours was lower in the
zolmitriptan groups (26% to 37%) than in the placebo group (46%) and appeared to be dose-
related. Zolmitriptan was also effective in providing relief from photophobia and phonophobia.
Doses of 2.5, 5, and 10 mg appeared to be more effective in relief of these symptoms than 1
mg. There were no clear difference in headache response at 2 hours in patients categorized
by age, weight, migraine history, or baseline characteristics other than severity. Males
appeared more likely to respond to higher doses of zolmitriptan compared to 1 mg or placebo.

The efficacy of a second dose of zoimitriptan for the treatment of moderate or severe,
recurrent or persistent headache was evaluated. Headache response rates 2 hours after the
second dose were 45 to 70% in the zoimitriptan groups compared to 35% in the placebo
group. A dose of 10 mg produced the highest response rates in the treatment of persistent or
recurrent headaches.

7.3.1.7.2 SAFETY

Zolmitriptan was well tolerated at all dose levels. There were no serious AE's. AE's were more
frequent in the zolmitriptan dose groups (39, 44, 58, and 67%) than in the placebo group
(30%), and less frequent in the 1 and 2.5 mg groups than in the 5 or 10 mg groups.

The most common AE’s were dizziness, asthenia, nausea, somnolence, paresthesia, warm

sensation, tightness reported in the throat or chest. The incidence of these AE’s appeared to
be dose-related but was similar for patients in the 1 and 2.5 mg groups. Zoimitriptan was not
associated with treatment emergent changes in clinical laboratory examinations or in ECG's.

7.3.1.8 Conclusions

e Zolmitriptan at doses of 1, 2.5, 5, and 10 mg was significantly more effective than placebo
in producing headache response at 2 hours.

* The dose relationship for efficacy, based on headache response at 2 hours, appeared
relatively flat for doses in the range of 2.5 to 10 mg. There was a trend for higher doses to
provide increased efficacy relative to the 1 mg dose.

» Zolmitriptan was aiso effective for the treatment of migraine symptoms suchas _
photophobia and phonophobia, and the 2.5, 5, and 10 mg doses were more effective in
relieving these symptoms than the 1 mg dose.

» The additional efficacy of higher doses was seen especially in the number of patients who
have a coraplete headache response or who were pain-free.

* Headache response 2 hours after a second dose were 45 to 70% in the zolmitriptan
compared to 35% in the placebo group. Doses of 10 mg produced the highest response
rates in the treatment of persistent or recurrent headache.

¢ Zoimitriptan was well tolerated. There were no serious AE’s. The overall incidence of AE’s
was lower in patients in the 1 and 2.5 mg dose groups than in patients in the 5 and 10 mg
groups. The most common AE's included dizziness, asthenia, hausea, somnolence,
paresthesia, warm sensations, and tightness reported in the throat or chest.

e Zolmitriptan does not alter hematology or clinical chemistry laboratory parameters. There

wara faw natiante with traatmant.amarnant lahnratnns valiiae hovand tha aynandand



Amando Oliva, MD, HFD-120 Medical Review Page 24 of 85
NDA 20-768, zolmitriptan, Zeneca 5/1/97

Zolmitriptan was not associated with treatment-emergent ECG abnormalities.

A dose of 2.5 mg is the appropriate initial dose for the treatment of migraine headache and
its associated symptoms. Higher doses of 5 or 10 mg provided some additional efficacy
benefit but had a higher likelihood of adverse experiences, while the lower dose of 1 mg of
zolmitriptan provided unacceptable efficacy for many aspects of migraine headache and
provided no clear safety advantage.

7.3.2_Clinical Study 042

7.3.2.1 Title

A multicenter, double-blind, randomized, placebo-controlled study to confirm the efficacy and
safety of a 2.5 mg dose of zolmitriptan in the acute treatment of migraine headache.

7.3.2.2 Objectives

7.3.2.2.1 PRIMARY

¢ To confirm the efficacy of a 2.5 mg oral dose of zolmitriptan for treatment of migraine
headache, as measured by headache response at 2 hours.

7.3.2.2.2 SECONDARY

* To determine the safety or oral zoimitriptan by evaluating the incidence and nature of AE’s,
changes in ECG’s, and changes in laboratory assessment.

* To determine (1) the headache response at 1 and 4 hours post-dose and the time at which
patients experienced meaningful migraine relief; (2) the percentages of patients who were
headache free, had recurrent headaches, and had compiete responses; (3) the
improvement in non-headache symptoms of migraine, including photophobia,
phonophobia, and nausea; (4) the percentage of patients who required other medications
as an escape therapy; (5) the headache response in relationship to factors such as age,
gender, weight, presence of aura, duration of headache at treatment, usual duration of
untreated headache, initial headache severity, and menstruation; and (6) the effect of
zolmitriptan on activities impairment during migraine headache and the time missed from
paid employment.

7.3.2.3 Design

This was a multicenter, double-blind, placebo-controlled outpatient study in which patients
were randomized to receive either 2.5 mg zoimitriptan or placebo (in a 2:1 ratio) to treat a
single moderate or severe migraine headache, with or without aura. Treatment was i
administered within 12 hours of headache onset or waking with a headache. Patients were
allowed to take escape medication after completing the 4 hours assessment. Patients
evaluated the severity of the headache, the presence of photophobia, phonophobia, and
nausea at pre-dose and at 1, 2, and 4 hours, and the effect of the migraine headache on
normal activities.

7.3.2.4 Number of Subjects

Total no. of patients _ 301
Total no. of patients receiving zolmitriptan ) 200
Total no. of patients receiving placebo 101
Total no. of patients whose data were excluded from efficacy analysis 31

Total no. of patients whose data were excluded from safety analysis 0
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7.3.2.5 Key Inclusion Criteria

* male or female 12-65 yrs with migraine diagnosis (with or without aura)
e migraine history > 1 year, age of onset < 50 yrs, 1-6 migraines/mo. for 6 months
¢ normal laboratory values at screening, no evidence of heart disease

7.3.2.6 Duration of Treatment
A single dose was administered.

7.3.2.7 Summary of Resuits

7.3.2.7.1 EFFICACY

The response rate at 2 hours was 62% for zolmitriptan vs. 36% for placebo (p<0.05).
Zolmitriptan aiso appeared to be more effective than placebo based on most of the secondary
efficacy measures.

7.3.2.7.2 SAFETY

No deaths or serious AE’s were reported. The overall incidence of AE’s was higher in the
zolmitriptan treatment group (48%) than in the placebo group (29%). The AE’s most frequently
observed by zolmitriptan treated patients were nausea, dizziness, paresthesia, tightness in
chest, and somnolence. No significant treatment emergent ECG or clinical laboratory
abnormalities were identified.

7.3.2.8 Conclusions

* There was a statistically significant difference in the 2 hour headache response rate
between the zoimitriptan treated group (62%) and the placebo group (36%). In addition,
zolmitriptan appeared to be more effective than placebo based on the 2 hour headache
response rate in most patient subpopulations.

» Zolmitriptan appeared to be more effective than placebo in treating migraine headaches,
based on most of the secondary efficacy measures.

¢ Zoimitriptan was well tolerated. The majority of AE's reported were mild or moderate in
intensity. There were no deaths or serious AE’s. The most common AE's experience by
zolmitriptan treated patients were nausea, dizziness, paresthesia, tightness in chest, and
somnolence.

7.3.3.1 Title

A single center, double-blind, placebo controlled dose finding study to investigate the efficacy,
safety and pharmacokinetics of oral doses of zolmitriptan in the acute treatment of migraine
with or without aura.

7.3.3.2 Objectives

7.3.3.2.1 PRIMARY

» To determine the efficacy of zolmitriptan within 2 hours of treatment.

» To approximate the optimal therapeutic dose.

» To obtain the side effect profile of various doses of zoimitriptan during a migraine attack.
7.3.3.2.2 SECONDARY

* To examine the PK of zolmitriptan up to 4 hours after the last dose during a migraine
attack.
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* To determine whether zolmitriptan may be effective in treating the non-pain
accompaniments of a migraine attack.
* To determine the headache recurrence rate after an initial response to zolmitriptan.

7.3.3.3 Design

This was a double-blind, placebo controlled, randomized study in which migraine patients (with
or without aura) were asked to attend the clinic during a moderate or severe headache.
Patients received the first dose of study drug (1, 5, 25 mg or placebo) at 0 hours and could
take an optional second dose (15, 20, 0 or 10 mg zolmitriptan, respectively) at 2 hours.
Escape medication was allowed at 3 hours for patients taking a single dose, and at 4 hours
post-first dose for those patients taking a second optional dose.

7.3.3.4 Number of Subjects

Total no. of patients 84
Total no. of patients receiving zoimitriptan 79
Total no. of patients receiving placebo 20
Total no. of patients whose data were excluded from efficacy analysis 4
Total no. of patients whose data were excluded from safety analysis 0
Total no. of patients whose data were excluded from PK analysis 0

7.3.3.5 Key Inclusion Criteria

* 18-55 yrs, with >1 year history of migraine, < 6 migraines per month
no cardiac, renal, hepatic disease, hypertension
* no prophylactic migraine medications, or other chronic daily medications

7.3.3.6 Duration of Treatment

Study medication was given for a single attack. The first dose was given within 12 hours of
headache onset or on waking with a headache. The optional second dose could be taken only
at 2 hours after the first dose.

7.3.3.7 Summary of Results

7.3.3.7.1 EFFICACY

Headache response rates at 2 hours were 15% for the placebo treatment group and 27, 62,
and 81% for the 1, 5, and 25 mg treatment groups, respectively. Logistic regression modeling
showed that 5 and 25 mg treatment groups had a statistically significantly improved chance of
producing a headache response compared to placebo. The dose of zolmitriptan, the intensity
of the headache pre-dose, and the age of the patient had an effect on the headache response
at 2 hours. Headache recurrence of moderate or severe intensity was experienced by
approximately one-third of the patients in each study group, with the exception of the 25 mg
treatment group where only 7% of patients had a recurrence. Both the 5 and 25 mg doses
appeared to be more effective in relieving photophobia and nausea than placebo.

7.3.3.7.2 PHARMACOKINETICS
The percentage of patients with detectable plasma concentrations of Zolmitriptan at 2 hours
increased with increasing dose. Within each treatment group, the median plasma

concentrations of zolmitriptan and N-desmethyl zolmitriptan were higher in patients responding
at 2 hours than non-responders, but the range was wide.

7.3.3.7.3 SAFETY



" AN P e T R A e B W i s St ) T BB TS s T o [ 5

Amando Oliva, MD, HFD-120 Medical Review Page 27 of 85
NDA 20-768, zoimitriptan, Zeneca 51/97

No serious AE’s were reported. Most AE's were mild in intensity and transient in duration. The
most common AE's with zoimitriptan were asthenia, somnolence, dry mouth, dizziness,
heaviness in arms and legs, and cold sensation.

7.3.3.8 Conclusions

» Zoimitriptan is efficacious in the acute treatment of migraine at doses of 5 and 25 mg and
has beneficial effects on the accompanying symptoms of photophobia and nausea.

¢ Plasma concentration is not clearly predictive of efficacy.

* The side effect profile of zoimitriptan during a migraine attack showed that doses up to 25
mg are well tolerated and that the 5 mg dose is clearly associated with fewer AE’s than the
25 mg dose.
There were no measurable effects on cardiovascular parameters at doses up to 25 mg.
Further dose-range finding studies involving larger numbers of patients are required to
determine the optimal dose or dose-range of zolmitriptan in the acute treatment of
migraine.

7.3.4 Clinical

7.3.4.1 Title

A multicenter, randomized, double-blind, placebo controlied, parallel group, dose-range finding
study to investigate the efficacy and safety of oral doses of zolmitriptan (5 to 20 mg) in the
treatment of acute migraine with or without aura.

7.3.4.2 Objectives

7.3.4.2.1 PRIMARY

To determine the optimal therapeutic dose for zolmitriptan by examining the efficacy (treatment
of headache pain at 2 hours post-dose) and side effect profile of four doses of zolmitriptan and
placebo during a single migraine attack.

7.3.4.2.2 SECONDARY

* To compare the efficacy of the four dose strengths of zolmitriptan and placebo by
examining: (1) headache pain at 1 hour post dose, (2) proportion of patients pain free at 1
and 2 hours post-dose, (3) use of escape medication at 2 hours post dose, (4) effect on
non-pain components of migraine, (5) headache recurrence rate up to 24 hours post dose
recurrence, (6) complete response rate, and (7) efficacy in different subgroups of patients,
such as in presence or absence of aura, by gender, by time from onset of headache to
administration of study drug.

7.3.4.3 Design

This was a double-blind, placebo controlled, randomized, parallel group study. Patients were
randomized in a ratio of 1:2:2:2:2 to receive placebo, 5, 10, 15, or 20 mg zolmitriptan and were
to treat a moderate or severe migraine headache with study drug. Baseline information on the
treated migraine was recorded in a standard diary by the patient. Information on the migraine
symptoms, AE’s and medication use were coliected at 1, 2 and 24 hours post-treatment.
Conventional escape medication, except for sumatriptan and ergotamine, were allowed 2
hours post-treatment. Sumatriptan and ergotamine could be taken as escape medication 12
hours post-treatment.

7.3.4.4 Number of Subjects
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Total no. of patients receiving zolmitriptan 852
Total no. of patients receiving placebo 99
Total no. of patients whose data were excluded from efficacy analysis 111
Total no. of patients whose data were excluded from safety analysis 0

7.3.4.5 Key Inclusion Criteria

* 18-65 yrs, > 1 year history of migraines, age of onset < 40 yrs, 1-6 migraines/month
* no HTN, cardiac, renal, hepatic, vascular, psychiatric, other neurological disease
* no chronic treatment with psychoactive drugs or drugs active at SHT receptors

7.3.4.6 Duration of Treatment

Patients took one study tablet for treatment of a single migraine attack within 6 hours of
headache onset or on waking with the headache.

7.3.4.7 Summary of Results

7.3.4.7.1 EFFICACY

The odds ratios representing the odds of having a headache response at 2 hours with a
particular zolmitriptan dose relative to placebo (after adjusting for gender, age, presence of
aura, baseline headache severity) was statistically significantly improved (p<0.001) at 2 hours
post-treatment with zolmitriptan in both the Ali-Treated (odd ratio: 6.0, 7.7, 7.2, and 10.2 for 5,
10, 15, and 20 mg, respectively) and Protocol-Preferred populations. For the All-Treated
population, the headache response rate was 21% in the placebo group and ranged from 61%
to 74% across the zolmitriptan dose groups. Secondary measures of efficacy also showed
improvement.

7.3.4.7.2 SAFETY

Zolmitriptan was well tolerated at all levels. The frequency of AE’s appeared to be dose
dependent. The most commonly reported AE’s were asthenia, dizziness, paresthesia,
heaviness in various parts of the body (excluding chest, neck, throat and jaw), somnolence,
warm sensation, dry mouth, and vertigo. The majority of AE’s were rated as mild or moderate
in intensity, not serious, and were transient, and resolved without intervention. One serious AE
(tachycardia) that resolved spontaneously without sequelae was reported in a patient with pre-
existing Wolff-Parkinson-White Syndrome. No clinically significant changes in the post-
treatment 12 lead ECG’s or clinical laboratory examinations were observed.

7.3.4.8 Conclusions

* Zolmitriptan was significantly superior to placebo in the acute treatment of migraine
headache at doses of 5, 10, 15, and 20 mg.

* Inthe dose range 5-20 mg, there was no linear dose-response relationship for efficacy and
the efficacy of 5 mg was comparable to that of the higher doses. There was a trend for
increased efficacy at 20 mg.

Zolmitriptan was also effective in treating non-pain symptoms of migraine.
Zolmitriptan was well tolerated at all doses with clear evidence that fewer AE’s occurred at
lower doses, which was notable clinically with 5 mg.

* Zolmitriptan did not consistently aiter any laboratory parameters or affect ECG's post-
treatment.

» Zolmitriptan 5 mg had a particularly favorable efficacy and safety profile with a lower
incidence of AE’s than with higher doses but with similar efficacy.
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7.3 ini
7.3.5.1 Title

A multicenter, randomized, double-blind, placebo controlled, parallel group study to compare
the efficacy and safety of 5 mg of zolmitriptan and 100 mg sumatriptan in the treatment of
migraine headache.

7.3.5.2 Objectives

7.3.5.2.1 PRIMARY

* To compare the “complete response” rates of zoimitriptan, sumatriptan, and placebo in the
acute treatment of migraine headache, as defined by the proportion of patients who have a
response at 2 hours post-dose and do not experience a recurrent headache within 24
hours of study drug administration.

7.3.5.2.2 SECONDARY

* To compare the efficacy of zolmitriptan, sumatriptan, and placebo as measured by the
following additional parameters: the proportion of patients (1) who exhibit a response at 1,
2, and 4 hours post-dose; (2) who are headache pain-free at 1, 2, and 4 hours post-dose;
(3) who use escape medication at 2 hours post-dose; (4) who experience a recurrent
headache within 24 hours after administration of study drug; (5) who exhibit varying
degrees of headache response; and (6) who had other migraine symptoms (i.e.,
photophobia, phonophobia, nausea, vomiting) treated effectively; the time to meaningful
migraine relief as defined by the patient; and measures of activities impairment at 1, 2, 4,
and 24 hours post-dose.

* To compare the safety profiles of outpatient administration of zolmitriptan, sumatriptan, and
placebo.

7.3.5.3 Design

This was a multicenter, double-blind, placebo controlled, paralle! group outpatient study in
which patients were randomized in a ratio of 8:8:1 to receive orally zolmitriptan 5 mg,
sumatriptan 100 mg, or placebo, respectively. The treatment phase consisted of outpatient
treatment of a single, severe or moderate migraine headache with or without aura. Patients
were allowed to take approved escape medications after completing the 2 hour assessment.
The patient evaluated migraine symptoms and their effects on normal activities at pre-dose
and at 1, 2, and 4 hours after treatment. The patient returned to the clinic as soon as possible
after treatment for post-treatment evaluations. -

7.3.5.4 Number of Subjects

Total no. of patients (All-Treated Population) 1058
Total no. of patients receiving zolmitriptan 498
Total no. of patients receiving sumatriptan 504
Total no. of patients receiving placebo 56
Total no. of patients whose data were excluded from efficacy analysis 181
Total no. of patients whose data were excluded from safety analysis 0

7.3.5.5 Key Inclusion Criteria

* 18-65 yrs, > 1 year history of migraines, age of onset < 50 yrs, 1-6 migraines/month
* no HTN, cardiac, renal, hepatic, vascular, psychiatric, other neurological disease
* no previous use of sumatriptan, zolmitriotan. or anv other 5-HT,-like agonists
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7.3.5.6 Duration
A single dose was administered.

7.3.5.7 Summary of Results

7.3.5.7.1 EFFICACY

The study did not demonstrate statistically significant differences between the treatment
groups (39, 38, and 32% for zolmitriptan, sumatriptan, and placebo, respectively). The
complete response results demonstrated a statistically significant treatment effect of
zolmitriptan (compared to placebo) for patients in the All Treated population who took study
drug to treat a migraine headache of moderate intensity. The protocol preferred analysis
approached statistical significance (p=0.086).

Statistically significant effects of zolmitriptan (as well as sumatriptan) compared to placebo
were demonstrated on a number of secondary efficacy endpoints in the All Treated population.
With regard to 2 hour headache response, zolmitriptan and sumatriptan response rates were
similar to each other and higher than for placebo. In the All Treated population, the zolmitriptan
and sumatriptan vs. placebo difference was statistically significantly at 2 hours post-dose; at 1
and 4 hours post-dose, both compounds were also statistically different from placebo in the All
Treated population. No difference were observed between zolmitriptan and sumatriptan for
these endpoints. Zoimitriptan and sumatriptan produced similar efficacy responses in the
secondary efficacy measures. The placebo response rate in this study was higher than
observed in previous studies of zolmitriptan. The small size of the placebo group and its
uncharacteristic high response rate hindered the conduct of any subgroup analyses.

7.3.5.7.2 SAFETY

Both zolmitriptan and sumatriptan were well tolerated. AE’s were more frequent in the
zolmitriptan and sumatriptan groups (58, 57, and 23%, respectively). The most common AE's
for zolmitriptan and sumatriptan were asthenia, dizziness, paresthesia, feelings of heaviness,
warm sensation, nausea, somnolence, and neck pain. Three serious AE’s were reported, one
in each treatment group. None were judged by investigators to have a reasonable possibility of
being caused by the study drugs.

The incidence of treatment emergent ECG abnormalities was similar in all three groups. Only
two patients (one zolmitriptan and one sumatriptan patient) had a significant change in ECG
between screen and foliow-up. The patient receiving zolmitriptan went from abnormal ECG at
screen to normal at follow-up. -

7.3.5.8 Conclusions-

* No statistically significant difference were observed among the three treatment groups for
the primary efficacy variable, complete response.
The placebo response rate was uncharacteristically high.
Statistically significant effects of zoimitriptan compared to placebo were also demonstrated
on a number of other analyses for secondary efficacy endpoints.

* Zzolmitriptan and sumatriptan were well tolerated and had comparable safety profiles.

7.4 Uncontrollied Clinical Studies

There were three uncontrolled trials, 002, 007, and 015 (Table 2, page 8). Studies 002 and
007 were small (n=18, and 20, respectively). Study 015 was the large, multiple attack, long
term safety study.
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7.4 linic
7.4.1.1 Title

An open study to investigate the pharmacokinetics and tolerability of oral zoimitriptan and to
obtain a preliminary indication of efficacy in patients with migraine.

7.4.1.2 Objectives

e To investigate the tolerability of zolmitriptan
To obtain a preliminary indication of efficacy of oral zolmitriptan
e To examine the absorption of oral zolmitriptan

7.4.1.3 Design

This was an open label, single treatment study. Headache symptoms were assessed pre- and
post-treatment with an oral dose of zolmitriptan 25 mg. Patients could take escape medication
at 2 hours if necessary. After blood sample collection at 4 hours, patients could leave the
clinic. Patients were contacted approximately 24 hours post-dose for assessment of any other
symptoms or headache recurrence.

7.4.1.4 Number of Subjects

Total no. of patients (All-Treated Population) 18
Total no. of patients receiving zoimitriptan

Total no. of patients receiving placebo

Total no. of patients whose data were excluded from efficacy analysis
Total no. of patients whose data were excluded from safety analysis
Total no. of patients whose data were excluded from PK analysis

-h
OO -0

7.4.1.5 Key Inclusion Criteria

¢ 18-45 yrs, with migraine headaches with or without aura
¢ No clinically significant abnormalities at screening
* no suspicion of heart disease, no regular medications

7.4.1.6 Duration
A single dose was administered.

7.4.1.7 Summary of Results

7.4.1.7.1 EFFICACY

Eighty-two percent (14/17) showed a significant response within 2 hours of dosing. There was
no apparent relationship between the pre-treatment duration of headache and the probability
of response. Symptoms of nausea, vomiting, and photophobia also declined. Of the14 patients
who responded within 2 hours post-dose, one took escape medication, therefore, 13 patients
could be assessed for headache recurrence. Twenty-three percent (3/13) had a recurrence
within 24 hours post-dose.

7.4.1.7.2 SAFETY

All patients reported AE's; however, these were generally mild to moderate in intensity and
none was serious.

7.4.1.7.3 PHARMACOKINETICS

The AUCo4 in the 17 female patients with migraine were similar to that observed in another
studv with healthv male volunteers.
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7.4.1.8 Conclusions

* Asingle oral dose of zolmitriptan 25 mg showed promising efficacy in the treatment of
migraine headache
* zolmitriptan was effective irrespective of the duration of the symptoms before treatment.

7.4.2 Clinical St
7.4.2.1 Title

An open study to investigate the pharmacokinetics and tolerability of oral zolmitriptan and to
obtain a preliminary indication of efficacy in patients with migraine.

7.4.2.2 Objectives

To obtain a preliminary indication of the efficacy of an oral dose of Zolmitriptan 10 mg
To investigate the tolerability to an oral dose of zolmitriptan 10 mg

To compare the absorption of oral zolmitriptan during and between migraine attacks
To explore the relationship between plasma concentrations, efficacy, and AE'’s.

7.4.2.3 Design

This was an open, nonrandomized, uncontrolled two-period study in hospitalized patients.
Each patient received a singie 10 mg oral dose of zolmitriptan for treatment of a moderate to
severe migraine attack and again on a subsequent occasion after being migraine free for at
least 48 hours. Patients were not treated during aura.

7.4.2.4 Number of Subjects

Total no. of patients (All-Treated Population) 20
Total no. of patients receiving zoimitriptan 20
Total no. of patients receiving placebo 0
Total no. of patients whose data were exciuded from efficacy analysis 0
Total no. of patients whose data were excluded from safety analysis 0
Total no. of patients whose data were excluded from PK analysis 0

7.4.2.5 Key Inclusion Criteria

18-55 yrs, with a history of migraine with or without aura
* no HTN, cardiac disease, other significant iliness, or taking regular medications.

7.4.2.6 Summary of Results

7.4.2.6.1 EFFICACY.
Responders were 11/20. Three of the 11 had a recurrence within 24 hours. Eight patients took
escape medication after 2 hours.
7.4.2.6.2 SAFETY

AE'’s were similar during and outside of the attack and were consistent with previous studies.
No clinically significant changes in BP or ECG were observed.

7.4.2.6.3 PHARMACOKINETICS g
Plasma concentrations showed considerable inter-subject variability. Median C ., and AUC
values over the first 4 hours were lower during a migraine attack than when studied a second

time during the migraine free period (median difference in the AUCo« 15.7 ngh/mL (95% ClI

6.9, 25.3)). Responders generally had higher plasma concentrations of zolmitriptan than
nonrasennnrsre riirinn an altank
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7.4.2.7 Conclusions

¢ An oral dose of zolmitriptan 10 mg showed efficacy in 11 out of 20 patients with acute
migraine in an open study.

e An oral dose of zoimitriptan 10 mg was generally well tolerated and was without clinically
important effects on biood pressure and ECG.

e Plasma concentrations of zoimitriptan and its metabolites were lower in the first 4 hours
post-dose during a migraine attack compared to a migraine free period.

4. ini 1

7.4.3.1 Title

Muiticenter, open study to investigate the long term effects of oral zolmitriptan in the treatment
of migraine headache.

7.4.3.2 Objectives

7.4.3.2.1 PRIMARY

To provide safety data for a clinically useful dose of zolmitriptan 5 mg in treating migraine
headaches on multiple occasions up to one year.

7.4.3.2.2 SECONDARY

To provide data on the response to zolmitriptan in the treatment of multiple migraine
headaches over an extended period of time; to provide insight into the pattern of use of
zolmitriptan; to obtain preliminary data on the treatment of recurrent migraine headache with
zolmitriptan; to pilot a migraine specific quality of life questionnaire; and to obtain data on
activity impairment during a migraine attack and recovery thereafter.

7.4.3.3 Design

This was an international, multicenter open study with patients treating multiple migraine
headaches. A single 5 mg dose could be followed with a second 5 mg dose within 2-24 hours
for headache recurrence. Approved escape medication was also allowed. After initial treatment
of a single headache, patients were given medication to treat the next 4 headaches.
Subsequently, sufficient medication to treat 12 headaches were given.

7.4.3.4 Number of Subjects

Total no. of patients (All-Treated Population) 2058
Total no. of patients receiving zolmitriptan _ 2058
Total no. of patients receiving placebo 0
Total no. of patients whose data were excluded from efficacy analysis 30

Total no. of patients whose data were excluded from safety analysis 30

7.4.3.5 Key Inclusion Criteria

migraineur who met admission criteria for a previous zolmitriptan study
¢ no HTN, heart disease or other medical condition, not pregnant
* no methysergide or other treatments that may affect safety and efficacy

7.4.3.6 Duration of Treatment

Patients had the opportunity to treat multiple migraines, of any intensity, for up to one year
from signing informed consent or until the end of January 1996, whichever was sooner.
Following treatment of a single migraine with one 5 mg tablet, a second 5 mg tablet (could be

R T
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7.4.3.7 -Summary of Results

7.4.3.7.1 EFFICACY

The two hour response rate was 81%. Meaningful migraine relief, as judged by the patient,
was 73%. Resolution of headache to pain free at 2 hours across all migraine attacks with a
baseline headache intensity of mild, moderate, or severe was 80, 57, and 35%, respectively.

Efficacy was not modified by gender, age, race, or weight, where sample size was large
enough to allow comparison. The two hour efficacy outcomes were maintained over repeated
(45) exposures. Menstrually related migraine attacks were as similarly responsive to
zoimitriptan as migraine attacks that were not menstrually related. The use of migraine
prophylactic medications had no effect on any of the efficacy measurements. The 2 hour
response rate was 90% to a second tablet for migraine headaches that initially responded to
zolmitriptan and had later recurred.

7.4.3.7.2 SAFETY

Sixty-three percent (63%) of patients completed the study. The primary reasons for premature
withdrawal were inadequate response to study drug (11%), consent withdrawn (11%), and
adverse experiences (8%). The AE’s that led to withdrawal were similar to the most frequently
occurring AE'’s that were reported in the study population. The type of AE's (asthenia, nausea,
somnolence, dizziness, and paresthesia.) were similar to those reported in previous studies.
The majority of AE’s (59%) were mild. The AE’s were of short duration, had an onset within 4
hours of administration, were judged to be attributable to study drug, and did not require
additional. The types and incidence of AE’s were not modified by gender, age, race, or weight
where sample size was large enough to allow comparison, although there was some indication
of a higher incidence of AE's in females. The use of migraine prophylactic medications or sex
hormones did not alter the type or incidence of AE's.

There were 43 serious adverse experiences reported by 39 patients. Two (throat constriction
and increase in frequency of migraine attacks) were considered to be possibly attributabie to
zolmitriptan. No patients died during the course of the study. There were no specific safety
concerns regarding the use of a second 5§ mg tablet. The frequency of reported AE's
decreased with repeated usage. Long-term use had no significant effect on ECG's, laboratory
assessments, or vital signs.

7.4.3.8 Conclusions

7.4.3.8.1 EFFICACY

* The two hour response rate was 81%. This is higher than in controlled trials and may be
due to the open design.

* Meaningful migraine relief was reported in 83% of all treated migraine attacks.

» The use of migraine prophylactic medications had no effect on efficacy.

7.4.3.8.2 SAFETY

* Zolmitriptan was well tolerated following repeated exposures. Eight percent discontinued
because of an AE. There were 43 SAE’s reported by 39 patients, of which 2 were
considered to be possibly attributable to zolmitriptan. No patients died.

» The AE’s were similar to those reported in previous studies. Twenty-five percent of treated
migraine attacks were associated with an AE. The majority of reported AE's were of mild
intensity, of short duration, had an onset within 2 hours of administration, were attributable
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» Demographic variables, other than gender, did not appear to modify the incidence or types
of AE’s. There was some indication that females have a higher incidence of AE’s
compared to males.

There were no specific safety concems regarding the use of a second 5 mg tablet.

The incidence of reported AE'’s appeared to decrease with repeated use, although this may
have been influenced by the changing population over time. The types of AE's remained
relatively constant. There was no indication that long term treatment resulted in the
emergence of previously unreported AE’s.

* Long term zolmitriptan does not have a clinically significant effect on standard measures of
clinical chemistry, hematology, urinalysis, or on the ECG.

7.5 Other Studies

Two additional studies (026, and 030) were performed. Study 026 looked at migraine
headache prevention in patients with migraine with aura who take zoimitriptan during an aura,
before the headache actually begins and is therefore called a prevention study. Study 030
provides PK/PD data in hepatic disease.

7.5.1 Clinical

This was a multicenter, double-blind, placebo controlled, two period crossover study to
investigate the efficacy of a 20 mg dose of zoimitriptan in the prevention of migraine headache
when taken during an aura. The main objective was to determine whether Zolmitriptan 20 mg is
able to prevent the development of headache when given during the migraine aura, as defined
by the proportion of patients who did not develop a headache within 24 hours after
administration of study drug.

Thirty (30) Patients with migraine with aura whose auras were typically followed by a migraine
headache were enrolled to treat two migraine attacks during the aura phase. They were
randomized in a 1:1 ratio to receive zoimitriptan 20 mg or placebo. A second dose could also
be taken at 2 hours during the headache phase, should it occur, and was always zolmitriptan.
If the first dose was zolmitriptan 20 mg, the second dose was 5 mg. If the first dose was
placebo, the second dose was 20 mg. Following treatment of one migraine, they were then
given the other treatment in a cross-over fashion to treat a second migraine attack. Escape
medication (except sumatriptan or ergotamines) could be used instead of the second dose of
study medication if a migraine headache was present. Escape medication could be taken any
time after 2 hours post-dosing with study medication. Study medication was provided to treat
two migraine attacks, with the optional second dose at 2 hours. -

Sixteen (16) patients completed both treatment periods. Zolmitriptan 20 mg was not statistically
significantly better than placebo in preventing migraine headache when taken during an aura.
Four of 16 patients responded (i.e., did not develop a headache within 24 hours) to the 20 mg
dose of zolmitriptan in the first or second treatment period. None of the patients responded to
placebo taken during aura. No serious AE's were reported. Most AE's were mild to moderate in
intensity and were transient. One patient withdrew from the study because of an AE (severe
chest tightness). No evidence of zolmitriptan related adverse effects on aura were seen.

7.3.2 Study 030 (N=30)

This study report was not included in the original NDA submission, but was submitted in the
abbreviated 4 month safety update submission on 3/24/97. The study compared the
pharmacokinetics of and tolerability of a single oral 10 mg dose of zolmitriptan in healthy
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all 30 subjects receive a single oral dose of zolmitriptan 10 mg. There were 3 parallel subject
groups. Group 1: patients with moderate liver disease (n=10); Group 2: patients with severe
liver failure (n=10), and Group 3: normal healthy volunteers matched in age, sex, and smoking
status (n=10).

Metabolism of zolmitriptan was reduced in patients with liver disease, resulting in higher Cmax
(approximately 50%, 31 ng/mL vs. 21 ng/mL), increased AUC (226%) and prolonged Tmax (12
hours vs. 4.7 hours) in severe liver disease (less so with moderate disease). Therefore, the
dose may need to be reduced in this population. Zoimitriptan 10 mg was generally well
tolerated in volunteers and patients.

8. Integrated Review of Safety

8.1 Background and Methodology

The evaluation of safety of zolmitriptan in the exposed population is centered on the
information provided in the integrated summary of safety, both paper and electronic versions.
In addition, individual narrative summaries for serious adverse events and discontinuations
were reviewed. Finally, adverse events SAS transport file datasets, converted to JMP format
were used for review and analyses.

Four-thousand-three (4,003) unique subjects participated in the zolmitriptan clinical
development program.. Of these 3,096 actually were exposed to zolmitriptan. FDA Table 10
summarizes total participation by study. Many patients participated in more than one study,
which explains the total of 6,011 patients.

The zolmitriptan clinical development program includes 36 studies, of which 31 are included in
the integrated safety database. The other five studies, and reasons for exclusion from the
safety database, are:

Study 091 (bioequivalence), data analysis ongoing

Study 311C~1 (dose response, pharmacokinetics of a single dose), Japanese study,
electronic database not available

Study 311C-2 (dose response, pharmacokinetics of muiltiple doses), Japanese study,
electronic database not available

Study 030 (liver failure patients), ongoing study

Study 043 (migraine patients). ongoing study

obr 0 P~

The 3,096 subjects exposed to zoimitriptan received almost 50,000 oral doses of the drug, in
doses ranging from 0.5-50 mg. A total of 2780 unique patients received zolmitriptan for the
treatment of migraine. Another 316 unique non-patient volunteers in the clinical pharmacology
studies received the drug. Most patients treated a single migraine with one or two doses of
zolmitriptan, but in the long-term safety study (015), over 2,000 patients treated multiple
migraine attacks for up to one year. FDA Table 11 summarizes the number unique subjects
exposed to zolmitriptan. Again, these differ from the totals in Table 10 since some subjects
participated in more than one study and are counted more than once in Table 10.
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Table 10: No. of Subjects Treated in the Zolmitriptan Clinical Development Program

Study Type #  Study Total Zolmitriptan  Placebo  Other
Number N N N N
1 o011 6 6 0 0
2 012 27 27 27 0
3 013 33 33 33 0
4 024 31 31 0 0
5 016 12 12 0 0
6 045 20 20 0 0
Clinical 7 025 24 24 0 0
Pharmacology 8 044 12 12 0 0
9 001 12 12 12 0
10 014 12 12 12 0
1" 009 13 13 13 0
12 028 8 8 0 0
13 023 13 13 0 13
14 010 12 12 12 12
15 021 14 14 14 0
16 033 15 15 0 15
17 034 13 13 13 13
18 035 20 20 20 20
19 038 12 12 12 12
20 039 14 14 0 14
21 032 12 12 12 0
22 041 12 12 0 0
Sub-total 347 347 180 99
23 017 1144 1004 140 0
Controlled 24 042 301 200 101 0
Treatment 25 006 84 79 20 0
Trials 26 008 951 852 99 0
27 018 1058 498 56 504
Sub-total 3538 2633 416 504
Uncontrolled 28 002 18 18 0 0
Treatment 29 007 20 20 0 0
Trials 30 015 2058 2058° 0 0
Sub-total 2096 2096" 0 0
Prevention 31 026 30 30 24 0
Sub-total 30 30 24 0
TOTAL 6011 5106* 620 603

* 30 patients exciuded from long term safety analysis (Study 015)

Table 11: Number of Unique Subjects Exposed to Zolmitriptan, by Study Type

Study Type Zoimitriptan
N
Clinical Pharmacology Studies 316
Controlied Treatment Trials 2,633
Uncontrolied Treatment Trials 17
Controlied Prevention Trial (026) 30
Total 3,096

In order to limit the array of dose groups to a manageable number and associate events with
the lowest dose of zolmitriptan, the sponsor and the FDA agreed to summarize safetv data for
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For example, AE’s occurring after a second dose of zolmitriptan or placebo in patients whose
first study drug was zolmitriptan are linked to the initial dose of zolmitriptan. AE’s occurring
after an optional second dose of zolmitriptan in patients whose first study drug was placebo
are also ascribed to the initial dose of zolmitriptan (i.e., the first dose of zolmitriptan taken by
the patient). This scheme is applied to other safety data as well (e.g., ECG, laboratory
abnormalities, etc.) unless otherwise specified.

8.2 Deaths
There were no deaths reported in the zolmitriptan clinical development program.

8.3 Serious Adverse Events

The integrated safety database of all zolmitriptan studies includes 43 patients who reported a
total of 48 SAE’s. Forty (40) of these 43 patients received Zolmitriptan, one received
sumatriptan, one received placebo, and one did not take any study medication after
developing breast cancer. Most of the subjects with SAE's (n=38, 37 who took Zolmitriptan)
were enrolled in Study 015, the long term safety study. The SAE’s were not exclusively related
to high doses of zolmitriptan. One occurred after zolmitriptan 15 mg exposure, but the
remainder occurred at doses of 5 mg or 5+5 mg. None occurred after a 2.5 mg dose, the
recommended initial dose. Table 12 lists all the serious adverse events, by COSTART
preferred term.

Table 12: Serious Adverse Events in the Zolmitriptan Development Program (N=3,096)

SAE n SAE n
OVERDOSE 4 INFECT 1
INJURY ACCID 3 INFECT URIN TRACT 1
OVAR DISORDER 3 ISCHEMIA CEREBR 1
REACT UNEVAL 3 MALABSOPR SYND 1
NEOPL 2 MENINGITIS 1
PAIN ABDO 2 MENS DISORDER 1
PAIN BACK 2 NEOPL BREAST 1
PYELONEPHRITIS 2 i NEOPL CERVIX 1

:SYNCOPERRIT $23%5% PAIN BONE 1
CARCINOMA 1 PAIN CHEST 1
CARCINOMA BREAST 1 PAIN LOC SPEC 1
CYST 1 PNEUMOTHORAX 1
DEPRESSION 1 A TR
EDEMA PERIPH 1 HYS !

HEADACHE 1 TIQHTNESSSTHROAT: camtionsing...
HEALING ABNORM 1 TORTICOLLIS 1 -
HEMORR VAGINAL 1 VASC DISORDER 1

Four of the 48 events were judged by investigators and this reviewer to be possibly related to
zolmitriptan exposure. These are highlighted in gray (only one of the two syncope events is
included in the four). A brief summary of these events follow:

1. 008-021-021115, Tachycardia (Cardiovascular). 35 year old female migraine patient with a history of Wolff-
Parkinson-White Syndrome (WPW) experienced tachycardia (estimated at 200 bpm) 30 minutes after
exposure to zolmitriptan 5 mg. She spontaneously converted to normal sinus rhythm, rate 110 bpm,
approximately 90 minutes after onset. No sequelae were reported. The patient described the episode as a
“typical” tachycardic episode.

2. 012-001-001112, Syncope (Cardiovascular). A 72 year old female volunteer received one dose of zolmitriptan
15 mg, which was followed by complaints of intermittent light-headedness between 2 and 6 hours post dose,
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normal. The next day, 26 hours post dose, while standing at a bus stop, she became dizzy, fell and hit her
head. Witnesses report < I min. loss of consciousness without evidence of seizure activity. Emergency medical
evaluation including vitals, ECG, laboratory, were normal.

3. 015-220-220505, Increased Migraine Headache Frequency, Reaction Aggravated (Body / General). 49 year
old female migraine patient received oral zolmitriptan in the open label long term safety study. During her 5
months in the study, she had treated 17 migraine headaches with zolmitriptan. Four days after her last dose of
study drug, the patient reported the frequency of her headaches increased from approximately 1 headache to
5 headaches per week for a period of 13 days. She was discontinued from the study.

4. 015-320-320020, Throat Constriction, Tightness Throat (Body / General). 46 year old female migraine
patient was enrolled in the open label long term zolmitriptan study. Two weeks after enrollment, she took
zolmitriptan 5 mg. The headache improved within 20 minutes but recurred after one hour. She took a second
dose of 5 mg approximately one hour after the first dose (in violation of the protocol). One-half hour later,
she experienced throat tightness and difficulty swallowing. She self treated with diphenhydramine 50 mg. She
denied rash, pruritus, warmth, palpitations, shortness of breath, cough. The symptoms gradually resoived
without sequelae after 4 hours. She was discontinued from the study. She had previously taken 10+10 mg in a
previous study without any adverse events.

8.4 Dropouts and “Other Significant Adverse Events”

Most subjects in the Clinical Pharmacology and placebo controlled patient treatment studies
took zolmitriptan for a short period of time, ranging from 1-4 exposures and thus had little
opportunity to drop out and the withdrawal rates are very low. In contrast, withdrawal rates
were much higher in the long-term safety study (015). There are theoretically five reasons why
a volunteer or a patient may have withdrawn from a study. These are: 1) death, 2) adverse
experience, 3) administrative (including withdrawal of consent), 4) inadequate response, and
5) protocol violators (including failure to retumn).

.4.1 _Drop-Quts in Clini /!
In the clinical pharmacology studies, 22 of the 347 non-unique individuals were withdrawn. Of
these subjects, 14 received zolmitriptan, 4 received placebo, and 4 received other drugs (in
drug-drug interaction studies). Across treatment groups, the reasons for withdrawal were

adverse experiences (n=13), administrative reasons (n=5), and protocol violations (n=4). AE’s
leading to withdrawal are discussed in section 8.4.4.

.4.2 Drop-Quts in ini jal,
In controlled patient treatment studies, 30 out of 2,633 zolmitriptan patients (1%), 1 out of 401
placebo patients (<1%), and 2 out of 504 sumatriptan patients (<1%) withdrew prematurely.
The reasons for withdrawal are summarized in FDA Table 13. None of the patients were
withdrawn because of death or adverse experiences.

' Table 13: Reasons for Premature Withdrawal from Controlled Treatment Studies

Reason Zolmitriptan Placebo Sumatriptan
(n=2,633) {n=401) (n=504)
Death 0 0 0
Adverse Experience 0 0 0
Administrative 1 0 0
Inadequate Response 2 0 0
Protocol Violation 27 1 2
TOTAL 30 1 2
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4. - in

A total of 757 of the 2,096 patients (36%) treated with zolmitriptan were withdrawn
prematurely. The majority were in the long term treatment study (015, n=755). The reasons for
withdrawal are summarized in FDA Table 14. There were no withdrawals due to deaths.

Table 14: Drop-outs from Uncontrolled Patient Treatment Studies

Reason Zolmitriptan %
(n=2,096)

Death 0 0
Adverse Experience 167 8
Administrative 225 10.7
inadequate Response 226 10.7
Protocol Violation 139 6.6
TOTAL 757 36

One hundred seventy nine (179) patients treated with zolmitriptan were withdrawn because of
AE’s. Most (n=167) were in study 015, the long-term open label treatment study. This is
understandable since the short duration of other trials and the limited exposures to Zolmitriptan
in those studies do not provide much opportunity for early withdrawals. In study 015, the 167
AE withdrawals represent 8% (167/2058) of the patients treated with zolmitriptan in that study.

Table 15: AE’s leading to withdrawal in Study 015

AE N % of Total % of Total AE

Treated Withdrawals
Unspecified by Investigator 17 <1% 10%
Dizziness 14 <1% 8%
Nausea 14 <1% 8%
Parasthesia 14 <1% 8%
Asthenia 13 <1% 8%
Pain - location specified® 11 <1% 7%
Reaction aggravated® 1 <1% 7%
Heaviness other than Chest or Neck 10 <1% 6%
Somnolence 10 <1% 6%
Warm Sensation 9 <1% 5%

“pain in any part of the body other than chest or neck
®generally refers to worsening of migraine headache

Most of the AE’s leading to withdrawal from all studies were similar to the most freque}\tly
reported AE’s during the clinical development program (Section 8.5). Two patients withdrew
due to treatment emergent diastolic hypertension (105 mm, and 110 mm).

4. ther Signi; Vi

There have been a total of 4 reports of syncope in 4 patients following oral zoimitriptan in the
clinical pharmacology studies. The syncope did not appear to be dose related (2 after 5 mg, 1
after 10 mg, and 1 after 15 mg). One occurred in an elderly volunteer (72 years) and was
considered an SAE. Two of the patients withdrew from the study. The two other reports were
not judged attributable to zolmitriptan and did not lead to withdrawal. There was an additional
report of syncope following i.v. zolmitriptan. This episode was not serious and not attributable
to zolmitriptan. It did not result in withdrawal.
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There were no reports of syncope in the controlled clinical trials. in the open label, long-term
study (015), there were eight reports of syncope. Six occurred after 5 mg and 2 occurred after
5+5 mg. The overall incidence of syncope was <1%. None of these events were judged
attributable to the medication because they were not temporally related to zoimitriptan
ingestion (all occurred at least 4 days from dosing). One event was reported as an SAE and
occurred 9 days after dosing.

8.5 Adverse Events Incidence Tables

8.5.1 Methods

8.5.1.1 Approach to Eliciting Adverse Events

AE's were recorded by the investigator in the case report forms (CRF) using standard medical
terminology, with notation of onset, duration, severity, seriousness, and attributability to study
drug, and any action taken. in the clinical pharmacology studies and inpatient treatment
studies, AE’s were identified by subject reports and by investigator observation or query. In
patient studies involving outpatients, AE’s were identified from review of patient diaries and
from direct investigator questions with regard to any new medical problems since the last visit.
In studies involving migraine headache treatment, headache was not regarded as an AE
unless they were unusual, or atypical and present after study drug administration.

8.5.1.2 Adverse Events Categorization and Preferred Terms

For the purposes of grouping similar AE’s and standardizing AE analyses, all AE’s recorded in
the case report forms (CRF “raw term”) were converted to “preferred terms” and assigned to
“body systems” using a project-specific, modified COSTART Dictionary (Coding Symbols
Thesaurus of Adverse Reaction Terms, 4™ Edition).

8.5.1.3 Generation of Adverse Events Incidence Tables

The sponsor generated summaries of adverse events in the clinical pharmacology studies are
presented in section 8.5.2, page 42.

The summaries of adverse events in controlled clinical trials (006, 008, 017, 018, 042) were
calculated by this reviewer directly from the SAS datasets provided in the NDA. All analyses
were done using JMP Version 3.1.6.2 and are presented in section 8.5.3, page 43. The
method used for these calculations are briefly outiined.

The “demographics” datasets contain information regarding total number of exposures to the
various study medications used. These data provide the denominator for adverse events
incidence calculations. FDA Table 16 summarizes the patient exposure data.

Table 16: Patient Exposures by Study

N N PBO Nexpossdto 1 25 6§ 10 15 20 25  suma
S enrolied mg mg mg mg mg mg mg 100mg
006 84 84 20 70 2 0 21 15 14 10 21 0
008 1181 951 99 8s2 0 .0 213 214 215 210 0 0
017 1258 1141 140 1001 40 207 279 2285 0 0 0 0
018 1311 1056 55 498 0O 0 48 0 O0 o0 o0 503
042 327 309 101 200 0 20 0 0 o0 0 __0 0
SUM 4161 3533 415 2630 162497 1011 814229 220 21 503

The actual adverse events are contained in the “AE” datasets for each study. These were
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information regarding one AE report. One patient may have muitipie entries, one for each
reported event. Furthermore, each event may be listed muitiple times per patient if the patient
experienced the same event on subsequent exposures. A patients who experienced no AE's
were also included as a single empty entry.

The first step was to delete those patients from the dataset who reported no adverse events.
The second step was to delete duplicate entries of the same AE for each patient, so that the
patient is not counted twice for that adverse event. After sorting the table by unique patient ID
(UPID) and by adverse event (AE), the boolean formula:

UPID = UPID., AND AE=AE,,
results in a “1” each time an adverse event occurs more than once for that particular patient,
and a “0” for each unique AE entry, or each 1* AE entry. Deleting the rows with a “1” resulted
in a table in which each AE reported by each patient is present only once.

This new table was summarized along the variable “AE” and summary columns were added for
each dose. Incidence columns were constructed by dividing the number of patients
experiencing an AE at a particular dose by the total number of patients exposed to that dose,
as summarized in Table 16. The table was sorted according to incidence of AE's in the
zolmitriptan 2.5 mg group, in descending order.

) verse Events in Clini tudi

Sponsor Table 17 (ISS, Vol. 211, p 47) summarizes the overall incidence of AE's regarded as
at least possibly related to medication in the clinical pharmacology studies. In general, the
overall incidence AE’s were higher for subjects receiving oral doses of 2.5 mg zolmitriptan than
for those receiving orally administered placebo. The overall incidences of subject exposures
with AE’s were comparable for doses of 2.5 mg and 5 mg zolmitriptan, and these doses had
incidence greater than for < 2.5 mg zolmitriptan. Exposures with AE’s rated as severe in
intensity were absent for doses of < 5 mg zolmitriptan and uncommon at higher doses.

Table 17: Overall Incidence of AE’s in Clinical Pharmacology Studies Combined

Oral Zoimitriptan - Oral Administration (mg)

PBO <25 25 >2.5-<5 5 >5-10 >10-20 >20-50

n=i36 | nNa22 n=100 n=5 n=183  n=419 n=116 n=24
# (%) Subjects with 38 5 52 2 101 252 74 23
21 AE (28%) : (23%) (52%)  (40%) (55%) (60%) (64%)  (96%)
# (%) Subjects with 0 0 0 0 0 0 1 _ 0
SAE's {0%) {0%) (0%) (0%) (0%) (0%) {<1%) (0%)
# (%) Subjects with -- 0 0 0 0 1 3 2 0
AE'’s rated severe {0%) {0%) (0%) (0%) (<1%) _ (<1%) (<1%) (0%)

Sponsor Table 18 (ISS, Vol. 211, p. 49) lists the most common AE's encountered in the clinical
pharmacology studies. The most common reported AE’s were asthenia, headache, neck pain,
neck tightness, nausea, dizziness, somnolence, and paresthesia. “Most common” in this
setting is defined as an AE occurring with an incidence of >5% for at least 3 of the 7 doses,
which was regarded at least possibly related to drug.
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Table 18: Most Common AE’s After Oral Doses in Clinical Pharmacology Studies

Oral Zolmitriptan - Oral Administration (mg)
# (%) Subject PBO <25 25 >2.5-<5 5 >5-10 >10-20 >20-50
Exposures with: n=136 n=22 n=100 n=5 n=183 n=419 n=116 n=24
asthenia 3 0 5 1 10 28 10 4
(2%) 0% (5%) (20%) (5%) {7%) (9%) (17%)
headache 19 1 24 0 46 100 20 4
{14%) {5%) (24%) {0%) {25%) (24%) {(17%) (17%)
neck pain 1 0 2 4] 12 16 12 2
(<1%) {0%) (2%) (0%) (7%) (4%) (10%) (8%)
neck tightness 1 0 2 1 9 22 6 3
(<1%) {0%) (2%) (20%) (5%) {5%) (5%) (13%)
nausea 5 0 2 0 16 34 17 3
(4%) (0%) {2%) (0%) (9%) (8%) (15%) (13%)
dizziness 1 0 7 1 13 28 14 0
(<1%) (0%) (7%) {20%) (7%) (7%) (12%) (0%)
somnolence 5 1 4 0 22 34 22 9
(4%) (5%) (4%) (0%) {12%) (8%) (19%) (38%)
paresthesia 2 1 2 1 7 26 5 2
{1%) (5%) (2%) ___(20%) (4%) (6%) (4%) (8%)
ver. ts i roll i

A total of 3533 patients participated in the 5 controlled clinical treatment trials contained in this
NDA (FDA Table 16: Patient Exposures by Study, page 41). Sponsor Table 19 (ISS, Vol. 211,
p. 50) contains the incidence of adverse events in the placebo-controlied treatment studies.
Figure 3 (ISS, Vol. 211, p. 50) graphically summarizes the same data. The bar graph shows
that all doses of zolmitriptan were associated with higher incidences of AE's, and the incidence
increases with increasing doses. The same trend is seen in the individual studies (sponsor

Figure 4, ISS Vol. 211, p. 50).

Table 19: Incidence of AE’s in Placebo-Controlled Treatment Studies (006, 008, 017, 018, 042)

Zolmitriptan (mg) Suma
PBO 1 25 5 10 15 20 25 100 mg
ne138  ne163 ned08  n=1012 neSi4  na215  na2i0  n=21 n=504
# (%) Patients 117 68 227 587 170 158 17 279
with 21 AE (29%) : (42%) (46%) (58%) (70%) (79%) (75%) (B1%) {55%)
# (%) Patients 1 0 0 2 0 0 0 -1
with Serious AE's . (<1%) i (0%) (0%)  {<1%) (0%) (0%) (0%) (0%) (<1%)
# (%) Patients 20 6 22 71 37 39 0 28
with severe AE's (5%) | (4%) (4%) (7%)  (11%)  (17%) (19%)  (0%) {6%)
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Figure 3: Overall Incidence of Patients with 2 1 AE, by Initial Dose, in Placebo-Controlled Treatment
Studies - all studies combined
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Figure 4: Incidence of Patients with AE’s in Controlled Treatment Studies
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8.5.3.1 Incidence of Particular AE’s

Among the patients receiving zolmitriptan in placebo-controlied treatment studies, a total of 25
AE'’s occurred with an incidence of 2 5% in at least one of the seven zoimitriptan dose groups.
Of these 25 AE's, the 10 most common, as defined as occurring with the highest incidences in
the zolmitriptan 2.5 mg group, are listed in order of decreasing incidence in FDA Table 20.

Most AE’s, including the most common AE’s, were of mild or moderate intensity. The incidence
of severe AE’s were < 1% for placebo and also < 1% for zoimitriptan doses of 5 mg or less. For
higher doses of zolmitriptan, the incidences of patients with severe AE’s ranged up to 3%



Amando Ofiva, MD, HFD-120 Medical Review Page 45 of 85

NOA 20-768, zoimitriptan, Zeneca 51/97

Table 20: The Most Common AE’s in Controlled Treatment Studies

’ Zoimitriptan Placebo
Adverse Event 25 mg

N=497(%) N=415(%)
nausea 45 (9.0) 15 {3.6)
dizziness 42 (8.5) 15 (3.6)
somnolence 30 (6,0) 12 (2.9)
paresthesia 29 (5.8) 5(1.2)
warm sensation 21 (4.2) 6 (1.5)
asthenia 16 (3.2) 13(3.1)
dry mouth 16 (3.2) 7(1.7)
tightness throat 13 (2.6) 3(0.7)
tightness chest 13 (2.6) 2(0.5)
heaviness, other than chest or neck 10 (2.0) 2(0.5)

8.5.3.2 Selecting Key Adverse Events Tables - 1% Table

Ad0J 1191SS0d 1539

For labeling purposes, data from the patient controlled treatment studies (006, 008, 017, 018,

042) were pooled and the incidence of adverse events were caiculated for zolmitriptan doses

2.5 and 5 mg. FDA Table 21 summarizes the adverse events reported in clinical trials.

Table 21: Adverse Events in Clinical Studies (006, 008, 017, 018, 042) having Incidence > 1% for

APPEARS THIS WAY
ON ORIGINAL

zolmitriptan 2.5 mg tablet.
ADVERSE EVENT TOTAL|{ PBO % | 1MG % | 25MG % | 5MG % | 10MG % | 15MG % | 20MG %
_ (N) 3533 | 415 162 497 1011 514 229 220
v A 258 15 1 361 | 6 i 37 | 45 ;i 905 | €3 (623 | 41 ! 798 | 32 : 1397 | 20 | 909
- iss 325 15 i 361 | 9 :55 | 42 i 845 | 96 : 95 | 67 : 1304 | 28 i 1223 | 34 i 1545
S, .«OLENCE 266 12 209 | 8 484 | 30 : 604 | 78 7721 85 : 107 | 20 : 873 | 28 1 1273
PARESTHESIA 271 5 12 8 1494 1 20 : 584 | 77 782 | 56 : 1089 | 22 i 961 | 38 i 17.27
_SENSATION WARM 180 6 145 | 5 309 | 21 (423 | 52 : 514 | 36 7 19 83 12 545
ASTHENIA 328 13, .5.313 | 8 : 494 ] 16 : 322 | 89 : 88 | 64 : 1245 | 36 : 1572 | 45 i 20.45
DRY MOUTH 135 7 169 ! 8 494 | 18 : 322 | 32 (347 | 25 : 486 | 20 : 873 | 12 . 545
TIGHTNESS THROAT 95 3...072 1 1 1062 ] 13 :262 | 28 {277 | 22 i 428 | 9 : 383 | 10 | 455
TIGHTNESS CHEST 68 2 048 | 1 i 062 | 13 : 262 | 15 i 148 | 21 i 400 | 9 ¢ 393 1. i 045
_HEAVINESS OTHER 193 2 048 | 2 123 1'10 i 201 |' 51 i 5041 30 : 584 | 36 : 1572 | 33 15
TIGHTNESS NECK 58 1 024 | 1 ;062 ] 10 : 201 | 18 (178 | 11 : 214 | 5 i 218 5 I 227
PAIN LOC SPEC 92 2 048 | 3 : 185 | 9 : 181 | 20 :287 | 18 : 35 1 12 & 524 9 i 409
SWEAT. 67 5 12 | o 0 8_i 181 | 25 12471 7 136 | 5 : 218 4 i 182
_PRESSURE OTHER 64 1 024 | 3 :i18 | 9 : 181 | 15 {148 | 3 | 088 | 13 i 568 5 1 297
PAIN NECK 92 4 096 | 0 0 8 1161 | 27 1267 | 11 214 | 8 i 349 7 318
__DYSPEPSIA 42 2 1048 | 5 :309 | 8 i 161 | 10 089 7 13 ] 0 0 3 i 136
_NERVOUSNESS 23 1 024 | o 0 7. 5341 ] 7 10691 3 : 058 | 1 0.44 3 i 136
THINKING ABNORM 28 |2 o048 | O 0 6.i3121 | 3 i 03| 8 18 | 3 1.31 3 1 136
MYALGIA s6 1 024 | 1 :06 ] 5 : 101 | 17 : 168 | 11 _: 214 | 9 i 363 8 364
..SENSATION UNUS SPEC 54 1 024 § 2 : 1231 6 :101 | 14 i 138 | 10 : 195 | 8 i 383 6_: 273
TIGHTNESS OTHER 47 1 024 | 4 :247 1 5 : 101 | 14 :138| 9 i 175 ] 6 : 262 3 136
RHINITIS 32 1 024 | 2 1123 ] 5 ¢ 101 9 :089| 5 o087 | 2 i 087 4 [ 182
_TREMOR 2 3 io072 1 1 0621 5 101 | 7 060 | 5 : 087 | 2 i 087 2_: 091
DIARRHEA 24 2 i o4 | 1 062 5 (10 6 _:0859 | 4 i 078 | 1 0.44 1_:045

in this table, only AE’s with incidences greater than 1% for the zolmitriptan 2.5 tablet are listed,
and for which the incidence was greater than placebo. The AE's for zolmitriptan 25 mg are not

included since the number of exposures to this dose were relatively small (N = 21) The

complete list of AE’s is found in FDA Table 32, page 79. Most of the adverse event terms are

seif-explanatory. The term “heaviness other” generally included heaviness in arms, legs, or
both “Pain Inn anar” ie a hatarnoenaniie ratannns whirh inchided rannrte Af nain Aictrikogtad
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to pressure in the head, arms, or abdomen. “Thinking abnorm” generally included
concentration difficulties or decreased mental abilities. “Sensation unus spec” is another
heterogeneous category which included strange or unusual sensations throughout the body,
including the reports affecting the face, arms, back, abdomen, and/or legs.

Sponsor Table 22 summarizes uncommon AE's after 2.5 mg or 5 mg administration.
Uncommon is defined as incidence of <1%, which include infrequent (0.1=AE<1 %) and rare

(<0.1%) events.

Table 22: Uncommon AE’s after Zolmitriptan 2.5 mg or 5 mg in Placebo-Controlled Migraine
Treatment Studies (Studies 006, 008, 017, 018, 042)

Body / Back Cardiovascular Nervous / CNS Skin
pain back arrhythmia agitation erythema
hypertension anxiety pruritus
Body / General hypotension ataxia rash
chills QT prolonged CNS stimulation rash vesc. bullous
fever tachycardia confusion
fiu syndrome thrombophilebitis abnormal coordination Special Senses
hypothermia vasodilation depersonalization abn. accommodation
infection depression amblyopia
accidental injury Digestive abnomal dreams diplopia
malaise increased appetite dystonia dry eye
neoplasm bloody diarrhea hyperkinesia eye disorder
pain fiatulence : hypotonia hyperacusis
jaw pain hematemesis insomnia lacrimation disorder
throat pain gum hemorrhage sleep disorder ear pain
photosensitivity increased saliva speech disorder eye pain
throat pressure thirst stupor parosmia
reaction unevaluated photophobia
jaw tightness Hemic /RBC Nervous / PNS taste perversion
unexpected benefit cyanosis paresthesia circumoral tinnitus
facial edema unusual sensation unspec. Abnormal vision
headache Metabolic / Nutritional visual field defect
edema Respiratory
Body / Neck peripheral edema bronchitis Urogenital / Female
neck heaviness SGPT increase bronchospasm dysmenorrhea
neck pressure cough increase uterine hemorrhage
Musculoskeletal epistaxis vaginal hemomrhage
Body / Thorax leg cramps hyperventilation menorrhagia
chest heaviness joint disorder pharyngitis B
chest pain tetany pneumonia Urogenital / Urinary
chest pressure twitch sinusitis hematuria
voice aiteration urinary tract infection
yawn polyuria
urine
urinary tract disorder
urinary urgency

Nausea is the most common reported AE in the 2.5 mg group. Although nausea is a common

symptom of migraine, it was reported more freq

uently as an adverse event following 2.5 mg

administration compared to placebo (9% vs. 3.6%). Although a clear dose/response

relationship does not exist across higher doses, all exposures of zolmitri

ptan greater than 1 mg

resulted in an incidence of nausea higher than in the placebo group.
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Asthenia, although reported commonly at high doses, appears at an incidence at 2.5 mg
comparable to placebo (3.2% vs. 3.1%, respectively). The other AE's listed in Table 21
generally occur at incidences after 2.5 mg exposures of at least twice that of placebo, although
numbers are small for many categories.

8.5.3.3 Additional Analyses and Explorations

8.5.3.3.1 INCIDENCE OF AE'S IN STUDIES 017 AND 042

Studies 017 and 042 are the only two clinical trials which used the recommended 2.5 mg dose.
Therefore, it is useful to pool just these two studies to look at adverse events incidences for
the 2.5 mg dose. FDA Table 23 summarizes the AE's occurring with greater than 2% incidence
in the zoimitriptan 2.5 mg group. All incidences are greater than placebo. There are 11 AE
categories, and these are identical to the top 11 categories in the AE summary table for all
clinical studies combined. It is worth noting that asthenia in this analysis does appear at a rate
higher than placebo (3.4% vs. 2%).

Table 23: Adverse Incidences, Studies 017 and 042, Zolmitriptan 2.5 vs. Placebo

ADVERSE EVENT N PBO % 2.5 MG %
N = 241 N = 497
DIZZINESS 156 9 3.73 51 10.26
NAUSEA 109 13 5.39 45 9.05
SOMNOLENCE 100 8 3.32 33 6.64
PARESTHESIA 107 5 2.07 31 6.24
SENSATION WARM 66 3 1.24 22 443
ASTHENIA 80 5 2.07 17 3.42
DRY MOUTH 42 6 2.49 17 3.42
TIGHTNESS THROAT 45 2 0.83 14 2.82
TIGHTNESS CHEST 46 2 0.83 13 2.62
HEAVINESS OTHER 33 1 0.41 11 2.21
TIGHTNESS NECK a2 1 0.41 10 2.01

8.5.3.3.2 INCIDENCE OF AE'S FOLLOWING ONE OR TWO DOSES OF ZOLMITRIPTAN

Patients in study 017 received an initial dose of 1, 2.5, 5, or 10 mg, or placebo, and were
allowed to take an optional second dose if the headache persisted. The second dose was
randomized to either placebo, or a repeat of the initial dose.

For each dose or dose combination of zolmitriptan evaluated, the overall incidence of AE’s in
patients who received one or two doses of zolmitriptan (35-74%) was greater than the
incidence in patients-who received one or two doses of placebo (27-30%). However, none of
the zolmitriptan doses evaluated showed a clinically importantly higher overall incidence of
patients with AE’s in those who receive two doses of zolmitriptan than in those who received a
single dose or a single dose followed by placebo. For example, the incidence of side effects in
the 2.5 mg groups was 43%, in the 2.5+0 group, 49%, and in the 2.5+2.5 mg group, 44%. No
serious AE'’s were reported in study 017.

Furthermore, the types of AE's were similar in incidence and nature for patients who received
two doses of zolmitriptan compared with those who received one dose with or without placebo.
There was no indication that a second dose of zolmitriptan consistently resulted in an
increased incidence of the most commonly reported AE’s. :

8.5.3.3.3 SUBGROUP ANALYSIS: GENDER
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Females predominated in the zolmitriptan development program. A total of 435 females and 63
males were exposed to zoimitriptan 2.5 mg. The overall incidence of AE’s was higher in
females than males for doses of 2.5 and 5 mg (48% vs. 30% for the 2.5 mg group, and 59%
vs. 51% for the 5 mg group, respectively). The incidence of severe AE's was low in all dose
groups and not different between females and males (5% vs. 3% in the 2.5 mg group). None
of the eight most common AE's appeared to occur more frequently in either sex.

8.5.3.3.4 SUBGROUP ANALYSIS: AGE

For the age categories with substantial numbers of patients, (i.e., 18-40 and >40-60 yrs), the
overall incidence of patients with AE’s was approximately the same for young adults and older
adults in each treatment group. The overall incidence of severe AE's was not consistently
related to age for groups receiving < 5 mg. For the higher doses of 10-20 mg, severe AE’s
were slightly more frequent in young adults than older aduits.

There was no clinically important relationship between age and incidence of the most common
AE’s for either 2.5 mg 5 mg. The age groups <18 yrs and >60 yrs were very smail (17 and 35,
respectively) and too small to merit specific discussion of their data.

8.5.3.3.5 SUBGROUP ANALYSIS: BODY WEIGHT

There was no indication of a consistent relationship between body weight and overall
incidence of AE’s or SAE’s , with the exception of the 20 mg zolmitriptan group. At this dose,
there was a 2 fold increase in AE’s and SAE's in the 50-80 kg compared with the >80 kg

group.

For the most common AE’s, there was no consistent relationship between incidence and body
weight for any dose of zolmitriptan, with the possible exception of increased incidence of
asthenia, heaviness other than chest or neck in the 50-80 kg patients exposed to Zolmitriptan
10-20 mg.

8.5.3.3.6 SUBGROUP ANALYSIS: RACE

Since 97% of the patients enrolled in the placebo-controlled treatment studies were white, the
numbers are too small to draw any meaningful conclusions about racial differences in AE
incidences.

8.5.3.3.7 SUBGROUP ANALYSIS: AURA, MENSES, CONCOMITANT MEDICATIONS

The overall incidences of AE's were slightly higher in patients whose headaches were not
preceded by aura than in those in whom an aura was present, but the magnitude for these
differences was small (e.g., 46% vs. 41% in the 2.5 mg group). -

Women experiencing a menstrual migraine were more likely to experience an AE after
zolmitriptan (all doses) compared with those who did not experience a menstrual migraine
(42% vs. 23%), however, incidences of AE's were similar in the 2.5 and 5 mg treatment groups
(e.8., 53% vs. 50%).

A substantial number of patients also received concomitant medications (approximately 10% or
greater). The most frequently used medications were analgesics (44-69%). The least
frequently used medications were the SSRI's (3-13%). There was no evidence, for either the
placebo, 2.5 mg, or 5 mg zolmitriptan groups that the overall incidence of AE’s was affected in
any systematic manner by the concurrent use of analgesics, antidepressants, SSRYI’s, other
antimigraine drugs, or oral contraceptives.

NN A A A e - e - - - - - = - . -
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it is apparent that there is a dose-response relationship between increasing doses of
zolmitriptan and the incidence of AE’s (although incidence is roughly the same for 1 mg and
2.5 mg, but less than the incidence for 5 mg) Three studies (001, 006, and 007) examined the
relationship between AE'’s and plasma concentrations of zolmitriptan and its metabolites.
Overall, there was a tendency towards higher zoimitriptan plasma concentrations with
somnolence or asthenia, but there was no direct relationship. There was no relationship
between the other frequently reported AE's and either zoimitriptan, or its active metabolite, n-
desmethy! zolmitriptan plasma concentrations.

8.6 Laboratory Findings

The sponsor developed a “Normal and Expanded Reference Ranges” for clinical hematology
and chemistry laboratory values. This table was discussed with and approved by the Division
during the Pre-NDA meeting (Appendix B: Normal and Expanded Laboratory Ranges, page
84). Baseline and post-dosing lab values were classified as either low, normal, or high, based
on these ranges. If the post-treatment lab value was outside the expanded normal range, and
it differed from the baseline value, then this abnormality was considered treatment emergent.
In the case of urine dipstick data, if the result was 2 2 units from baseline, then it was
considered treatment emergent.

8.6.1 Extent of Laboratory Testing During Development

Laboratory determinations were made at a variety of time points in the different studies. in the
clinical pharmacology studies, lab testing was done at screening, baseline, and, in some
studies, at post-treatment. In the clinical trials, lab testing was done at screening, post-
treatment, and and/or at follow-up. Clinical labs from unscheduled visits were not included in
the safety database. By protocol design, 7 of the 31 studies in the integrated safety database
did not collect post-treatment clinical laboratory data. One study (028) of the 31 studies did
collect post-treatment labs, but an electronic database was not available. Therefore, lab results
from eight studies are not included in this submission.

8. lection 1 r il -Contr mparisons

8.6.2.1 Clinical Pharmacology Studies

A total of 22 clinical pharmacology studies were done. Sixteen (16) of these studies contain
screen/baseline and post-treatment labs. Eight of the 16 were double-biind and 14 involved a
cross-over design. Zolmitriptan in the range 0.5 mg to 50 mg was used. Oral, sublingual,
intranasal, and intravenous routes were used.

8.6.2.2 Placebo-Controlled Studies

Six placebo controlled trials (006, 008, 017, 018, 026, 042) have laboratory safety data. Study
026 was the headache prevention study in patients experiencing an aura. All other trials were
headache treatment studies. A total of 3068 patients participated in these studies (2679
exposures to zolmitriptan, 405 to placebo). The safety data were pooled from these studies to
obtain the integrated laboratory database for the placebo-controlied trials.

8.6.3.1 Clinical Pharmacology Studies

Across oral doses of zolmitriptan, the percentages of exposures that were associated with at
least one-treatment emergent change in hematology values ranged from 0% to 3%, versus 1%
for nlacebo The treatment emeroent channes followino oral zolmitrintan involved three valiias
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eosinophils only. Overall 1.8% (10/543 exposures) of zolmitriptan oral exposures were
associated with treatment emergent changes, vs. 1% for placebo.

Treatment emergent changes in chemistry ranged from 0-8% in the zolmitriptan group, vs. 3%
for placebo. These changes were in sodium, alkaline phosphatase, ALT, and glucose. For oral
doses, the percent exposures associated with a change were comparable, 12/554 (2%) for oral
zolmitriptan and 2/78 (3%) for placebo.

8.6.3.2 Placebo-Controlled Studies

The percentage of patients exposed to zoimitriptan who developed a treatment emergent
hematology abnormality was 1% (26/2558) vs. <1% for placebo (2/387). The abnormalities
were evenly distributed “above” and “below” the expanded reference values and were
distributed among almost all hematological parameters (hemogiobin, platelet count, WBC, etc.,
except basophils).

The overall percentage of patient exposures that were associated with a treatment-emergent
change in chemistry was comparable between zolmitriptan (43/2581, <2%) vs. placebo (3/392,
<1%). The abnormalities seen were scattered among 9 of the 10 chemistry parameters
measured. The only exception was creatinine.

The overall percentage of patients with at least one dipstick urinalysis value that was 2 or more
units over baseline were comparable between zolmitriptan (163/2617, 6%) and placebo
(21/394, 5%). Most of these were in urinary blood values.

8.6.3.3 Long-Term Study (015)

A total of 2058 patients treated multiple migraine attacks for up to one year. Labs were
collected at screening and every three months. The analysis was limited to visits 2-7, when
sample size was high enough (n>50) to make analyses meaningful. A

Fewer than 1% of the patients had abnormalities in any one hematological parameter. The
abnormalities were distributed among 8 of the 9 parameters tested (expect monocytes). The
number of abnormalities decreased across visits, with no abnormalities reported after visit 7.

Fewer than 1% of patients had treatment emergent abnormalities in chemistry vaiues. The
abnormalities were distributed among all chemistry parameters tested except creatinine and
alkaline phosphatase. No abnormalities were reported after visit 8. -

Less than 1% had cﬁanges in urinary protein values, in contrast, 5-7% had post-treatment
changes in urinary blood. This may be due to urine sample collection during menses (9-11% of
samples were collected during this period).

8.6.3.4 Summary of Laboratory Data

Based on the available laboratory data, the following conclusions are possible:

¢ Zolmitriptan does not appear to have any clinically significant effects on standard
measures of clinical chemistry, hematology, or urinalysis. The incidence of treatment-
emergent abnormalities was low and comparable to placebo.

* The treatment-emergent changes in urinary blood values are likely due to the
predominantly female population and collection of urine specimens during menses.

* Most of the abnormalities seen occurred sporadicallv and no dose-related efferte were
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8.7 Vital Signs

Based on experience with sumatriptan, and with pre-clinical zolmitriptan studies, some effect
on the cardiovascular system is a likely class effect of 5HT,p agonists. As a result, blood
pressure and heart rate were monitored in all volunteers for a period of 10-24 hours,
depending on the individual study design. The most accurate assessment come from placebo-
controlled, double-blind studies. Threshold BP and HR values were established prospectively
(Table 24) and values which exceeded threshold formed the basis for analysis.

Table 24: Threshold BP and HR Changes Compared to Baseline, by Age

Age Systolic BP Diastolic BP HR

218 yrs <80 or 2180 mm <50 or 2105 mm S50 or 2120 bpm
& 2 A20 mm &2A15mm & 2A15 bpm

16-17 yrs <80 or 2149 mm <50 or 297 mm <50 or 2120 bpm
& 2 A20 mm &2 A15 mm & 2A15 bpm

13-15 yrs <90 or 2143 mm <50 or 291 mm <50 or 2120 bpm
&2 A20 mm &2A15mm & 2A15 bpm

12yrs <90 or 2133 mm <50 or 289 mm <50 or 2120 bpm
& 2 A20 mm &2 A15 mm & 2A15 bpm

In study 001, doses as high as 50 mg were administered. BP increases were observed,
particularly at the higher doses. The mean maximum systolic and diastolic BP changes from
baseline were 9 and 12 mm Hg, respectively, after zolmitriptan 25 mg, and 15 and 15 mm Hg
respectively, after zolmitriptan 50 mg. The maximum change was 30 mm Hg systolic and 35
mm Hg diastolic after zolmitriptan 50 mg, compared with 25 mm Hg systolic and 15 mm Hg
diastolic increased for placebo. Based on these results, the effects of Zolmitriptan on BP were
assessed in four placebo-controlled, double-blind trials: 010, 012, 013, 023. Doses of 5, 10,
15, and 20 mg were used. Zolmitriptan is associated with mean peak systolic and diastolic
blood pressure increases. These are shown in FDA Table 25 and graphically in Figure 5.

Table 25: Mean Peak Systolic and Diastolic BP Increases in Double-blind, Placebo Controlled
Clinical Pharmacology Trials (010, 012, 013, 023)

Mean systolic  Mean diastolic
Treatment N BP increase BP increase

(95% CI) (95% CI)
5 mg 29 1(2,4) 5(3,7)
. 10mg 30 2(-1,5) 6(3.8)
15 mg 24 3(-1,7) 6(3.8)
20 mg 30 5(27) 8 (6,11)

The increase in systolic BP was slightly greater in elderly patients, but there was no age-
related difference in diastolic BP changes. Normotensive volunteers experienced slightly
greater increases in diastolic BP compared to hypertensive volunteers (by 1-5 mm). These
differences were minor and not clinically significant. Renal failure patients had higher baseline
BP’s compared to normal volunteers, and they experienced a higher rise in systolic blood
pressures.
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Figure 5: Mean Systolic and Diastolic Blood Pressure Changes, Studies 010, 012, 013, 023
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BP changes were also studied in the combination drug trials with fluoxetine, pizotifen,
propranolol. The BP changes seen in these

moclobemide, selegiline, dihydroergotamine, and
settings were similar to the BP effects seen with Zolmitriptan alone.

Heart rate has been monitored in the clinical pharmacology studies, and no effects attributable

to zolmitriptan have been detected.
Figure 6: Mean HR, Placebo(Q), 5 mg (®), 10 mg (Q)or 15 mg (M) Zolmitriptan in Elderly

75 1

Tieart rate (bpm)

-
A r T T T v v 1

S0 ———
12 18 24

Time (h)
Figure 6 illustrates the relationship between HR and-dose in elderly patients. No consistent
pattemn is present. A similar pattern exists for young patients. No relationship between heart
bgroups analyses according to age, pre-existing

rate and treatment dose was apparent in su
hypertension, renal failure, or in the drug interaction studies.
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Four (4) were of syncope (5 mg x 2, 10 mg, 15 mg) and two of these resulted in withdrawal.
The other two were unrelated to treatment (one occurred after venipuncture, the other 24
hours after treatment). There was one report of palpitations.

The two patients withdrew as a result of BP/HR associated adverse events. One was a 28 year
old female who experienced hypotension and syncope 6 hours after a 5 mg dose. The second
was a 72 year old female who had a syncopal episode 26 hours after receiving a single 15 mg
dose (this case was previously described in section 8.4.5, Other Significant Adverse Event:
Syncope, page 40).

8.7.2 Patient Studies

Of the 5 placebo-controlied treatment studies, only one (006) was an inpatient study and thus
included baseline and period vital signs and ECG findings. The remaining 4 studies were
outpatient studies in which patients administered drug outside of a clinic setting. For these
studies, vitals signs were only recorded at screening since vital signs taken many hours to
days after treatment would be of little clinical value. This was also the case for study 026, the
outpatient migraine headache prevention study.

Patients in study 006 were randomized to placebo, zolmitriptan 1, 5, or 25 mg (n=20-25 per
arm). There were no significant changes in mean systolic or diastolic BP at 0.5, 1, or 2 hours
after dosing in any treatment group. Only one of 79 patients treated with zolmitriptan had a
change in diastolic blood pressure which exceeded threshold. This was a change from a
baseline DBP of 90 mm to a zolmitriptan 25 mg post-treatment DBP of 110 mm Hg at0.5, 1,
and 4 hour assessments.

Baseline and post-treatment BP and HR recordings were also recorded in two uncontrolied
patient trials, 007 and 015. In study 007, 20 patients received Zolmitriptan 10 mg for the
treatment of a single migraine attack. Eighteen of the 20 received a second dose during a
migraine-free period. BP and HR were measured at 15, 30, 45, 60, 90, 120, 180, and 240 min
post dose. No HR measurements exceeded threshold. Five of 38 patient exposures exceeded
BP threshold. Three had decreases in SBP (80, 90, and 80 mm), one had an increase in SBP
(190 mm), and one had an increase in DBP (105 mm). None resulted in withdrawal and none
resulted in an adverse event.

Study 015 was the open label, long term safety study using zolmitriptan 5 mg. Of the 2,058
patients who received zolmitriptan at least once, 98 (5%) had one or more threshold values for
BP or HR. Most of these were decreases in BP and all but one were decreases in HR. Two
patients led to withdrawal because of diastolic hypertension (see section 8.4.4, Adverse
Events Associated with Dropouts, page 40)

8.8 Electrocardiogram

8.8.1 Clinical i

Two lead 24 hour Holter recordings were done the majority of the clinical pharmacology
studies (except 023, 024, 025, 041, 044, and 045). There were no Zolmitriptan associated
effects on heart rate, ECG morphology, PR, QRS, QT/QTc intervals, nor on ST segments. A
comparison of ST segments in the double blind studies (001, 009, 010, 012, 014, 032) was
done. An ST segment event was defined as a 1 mm deviation for 1 minute relative to baseline.
It is noted that these changes may represent artifact in the vast majority of recordings, but an
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asymptomatic coronary vasospasm. The actual incidence of ST segment events was 10% on
active drug and 13% on placebo.

Asymptomatic rhythm disturbances were seen in 7 subjects tested. One was associated with
placebo, two were associated with vomiting and likely represent increased vagal tone. The
other 4 were unsustained ventricular tachycardia associated with 5 mg (1 case) and 10 mg (3
cases. The number of beats ranged between 5-14 beats. None had the morphology of '
Toursade de Pointe. and none had prolonged QTc¢ intervals. The incidence represents 0.6% of
all Holter monitors analyzed, which is similar to the rate of idiopathic ventricular tachycardia in
the general population (1%), according to a consulting cardiologist, Dr. Camm, St. Georges
Hospital, London. He aiso reviewed the tapes and agrees they probably have a benign,
idiopathic origin.

There were few treatment-emergent 12 lead ECG changes: 6% on placebo, 5% at 2.5 mg, 9%
at 5 mg, 2% at 5-10 mg, and 11% at doses above 10mg. The 2% at 5-10 mg represents the
greatest number of subject exposures (6/343). There were no patterns of abnormalities and
none were of clinical concemn. None resulted in adverse experiences or withdrawals.

8.8.2 Patient Studies

8.8.2.1 Methods

Standard 12 lead ECG's were performed at baseline and periodically acute post-dose in study
006, the placebo controlled inpatient study, and in study 007, the uncontrolled inpatient PK
study. These are the only patient studies in which ECG data are available acutely during
treatment. Therefore, these are the tracings that are most likely to detect acute
electrocardiographic changes that may result from treatment.

Pre- and post-treatment ECG's were also collected in the placebo controlled outpatient studies
(008, 017, 018, 042), and in the acute prevention of migraine headache during aura study
(026). In the long term safety study (015), ECG'’s were collected at baseline, every three
months, and at discharge. Since these ECG's were performed in the vast majority of cases
many days after therapy, they are less useful than the ECG's from studies 006 and 007, but
nonetheless can provide information about chronic, long-term or permanent ECG's changes
resulting from treatment.

All 12 lead ECG's were reviewed by 1 of 2 independent cardiologists who were blinded to
treatment but not to the sequence of ECG tracings (baseline vs. post-baseline). ECG's from
studies 006, 017, 018, 042, and 015 were sent to Dr. Galen Wagner at Duke University
Medical Center. Study 008 tracings were reviewed by a consultant cardiologist (Dr. Ward) in
London.

The CRF recorded the following ECG parameters:

¢ ventricular rate

* status of the ECG (normal, normal variants present, abnormalities present, or normal
variants and abnormalities present)

The independent cardiologist was able to compare baseline to post-baseline tracings. He
reported whether there was a significant change, and whether, in his opinion, the change

natantiaih, ranracantad an icrhamins avant
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In addition, for study 006 only, PR, QRS, QT, and QTc intervals were recorded and summary
statistics were tabulated for data obtained during the first 2 hours following treatment (PBO, 1,
5, and 25 mg)

The NDA inciudes individual patient narratives for any patient with ECG findings who 1) were
reported as treatment emergent AE which resulted in withdrawal, or 2) were judged by the
consulting cardiologist to represent a significant change from baseline, or 3) were judged to be
potentially ischemic by the consulting cardiologist.

8.8.2.2 Results

In study 006, 8/78 (10%) zolmitriptan treated patients and 1/5 (20%) placebo treatment
patients had treatment emergent ECG changes. One of the 8 zolmitriptan treated patients
actually exhibited the ECG changes after treatment with placebo but before treatment with
zolmitriptan. Two others had the same abnormalities noted at baseline, but had been checked
“normal variant® at baseline, which resulted in the same abnormalities being classified as
“treatment emergent” when they in fact were not. Individual review of all cases fail to reveal
distinctive ischemic changes. In particular, no ST segment elevations or depressions were
reported. The abnormalities detected are shown in sponsor Table 26 (1SS, Vol. 211, pg. 134).
Two of the 5§ true emergent ECG abnormalities associated with zolmitriptan were 1 degree AV
blocks.

Table 26: Treatment Emergent ECG abnormalities, Study 006

PTID 1" Dose_ Opt. 2™ Dose _ Assessment' ECG Abnormality
006-001-001039 __ PBO 10 1:00 SVT

006-001-001041 25 no 1:00 left axis deviation
006-001-001045 PBO no 4.00 sinus bradycardia < 50
006-001-001049 25 no 1:00;2:00  1* degree AV Block
006-001-001060 5 20 2:00 NS ST-T wave changes
006-001-001072 1 no 0:30; 1:00 sinus bradycardia < 50
006-001-001081 1 15 2:30 1* degree AV Block
006-001-001059 1 15 3:00 left axis deviation, RBBB®

006-001-001074 1 no 4:00 incomplete RBBB®
! the optional second dose was given at 2 hours

’NummwatmwmhMMbmmmmemmmms

Study 006 was the only study that measured PR, QRS, QT, and QTc intervals. For each of
these ECG parameters, no clinically significant changes in median values from baseline to2
hours following the first dose of study drug were observed for any treatment group.

In study 007, a total of 20 patients had baseline and acute post-treatment ECG’s done. All 20
patients received zolmitriptan 10 mg for the acute treatment of a migraine headache, and 18
subsequently received 10 mg during a headache free period. There were no treatment
emergent ECG changes.

A total of 2,512 zolmitriptan treated patients, and 387 placebo treated patients and 495
sumatriptan treated patients underwent baseline and post-baseline ECG's in placebo
controlled outpatient studies (008, 017, 018, 042). Treatment emergent ECG abnormalities
were 2-3% in the zolmitriptan groups, 2% in placebo group, and 4% in sumatriptan group. In
general, these were mild and of doubtful clinical significance. In many cases, the abnormalities
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Six of the 2,512 zoimitriptan treated patients and 1 of the 495 sumatriptan treated patients had
ECG changes rated as a significant change from baseline, as rated by the independent
cardiologist. Three of these patients (2 for zolmitriptan, and the one sumatriptan treated
patient) had ECG'’s rated as “potentially ischemic.” These are described beiow.

8.8.2.2.1 SIGNIFICANT ECG CHANGES RATED AS POTENTIALLY ISCHEMIC

In one patient (008-034-034003), a 36 year old female, the ischemic changes were noted at
screening (flattened T waves) but were absent on a subsequent post-treatment (zolmitriptan
10 mg) tracings. This patient enrolled in the long term safety study (015) and treated 32
headaches over 10 months and ECG’s remained normal.

The second patient (017-026-026032) was a 60 year old female who had non specific ST-T
wave changes at screening. She received zolmitriptan 1 mg (+ placebo as the second dose).
Five days later, her post-treatment ECG showed T wave inversion in the lateral leads in
addition to the previously seen non specific ST-T wave changes. This change prompted further
cardiac evaluation, resulting in a normal Thallium stress test and echocardiography. As a
result, the cardiologist deemed the findings of “no clinical importance.”

The third patient (018-222-000765) was a 43 year old female who used sumatriptan 100 mg
and experience chest pain 90 minutes later, lasting 5 minutes. The post-treatment ECG one
week later had ST depression in Vz, V3, and V., suggestive of ischemia by the independent
cardiologist. A follow-up ECG was normal.

8.8.2.2.2 SIGNIFICANT ECG CHANGES RATED AS NON-ISCHEMIC

The remaining three patients had significant ECG changes rated as non-ischemic by the
independent cardiologist.

The first patient (018-221-221751) was a 44 year old female who treated a single migraine with
zoimitriptan 5 mg. The screening ECG had non-specitic ST-T wave changes and T wave
inversions. Thirteen days after treatment, the post-treatment ECG had upright T waves. The
clinical significance of this change was unknown, however the patient enrolled in study 015
and treated 17 headaches over nine months with zolmitriptan 5+5 mg. She had one episode of
palpitations 30 minutes after a 5§ mg dose, lasting 10 minutes. No significant ECG changes
were found.

The second patient (017-001-001010) was a 56 year old female who received a single
zolmitriptan 5§ mg dose. The screening ECG had inverted T waves in V; and V, and was
judged normal. The post-treatment ECG 5 days later had non specific ST-T wave changes in
addition to the inverted T waves. The independent cardiologist considered the change benign
and consistent with “late transition”. The patient entered study 015 and treated 46 migraines
with zolmitriptan 5+5 mg over 12 months. The eight ECG’s during that study were variable with
T waves in V3 being inconsistently inverted. Both the investigator and independent
cardiologists interpreted the changes as lacking clinical importance.

The third patient (017-024-024039) was a 52 year old female who received a single
zolmitriptan 10 mg dose. The screening ECG was normal. The post-treatment ECG 6 days
later showed Q waves inferiorly indicative of an old myocardial infarction. Subsequent reviews
of old ECG which pre-dated study participation by about 5 years also showed small Q waves
inferiorly. The investigator and independent cardiologist judged the small Q waves to be

mavmaml el
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8.8.2.2.3 ECG ABNORMALITIES REPORTED AS ADVERSE EXPERIENCES

Across all patient studies, ECG abnormalities were reported as AE’s in 9 patients. None were
rated as serious, but 6 led to withdrawal. All were associated with zoimitriptan 5 mg ingestion
in study 015. Two consisted of QT prolongation, however in one of these cases, the
independent cardiologist felt the QTc intervals were within the range of normal. The other AE's
were due to extrasystole (1), 1* degree AV block (1), T wave changes (1), and non-specific
ECG changes (4).

8.9 Summary of Cardiovascular Safety Data

9.1 Clinical i

Oral zolmitriptan 0.5-50 mg resulted in small transient increases in blood pressure. There
appeared to be no clinically significant drug interactions. In studies of patients with controlied
hypertension or renal failure, zolmitriptan ingestion did not result in significant differences in
peak blood pressures and effects over time compared to young, healthy controls.

Heart rate was monitored in all clinical pharmacology studies and no effects attributabie to
zolmitriptan ingestion were detected. A small number of transient asymptomatic rhythm
disturbances recorded by 2-lead ECG Holter tapes occurred (one with piacebo) and are
thought to be consistent with the incidence in a normal healthy adult population.

Across all clinical pharmacology studies there were few treatment-emergent

12-lead ECG abnormalities. The incidence of treatment—-emergent abnormalities was not
dose—related. Administration of zolmitriptan has not been associated with any effect on ECG
morphology or PR, QRS, QT or QTc intervals. Furthermore, there is no evidence of ST
segment depression attributable to zolmitriptan administration.

8.9.2 Patient Studies

The small pressor effect observed in volunteers who received zolmitriptan in clinical
pharmacology studies has not been observed in patients with migraine headaches. In the
placebo—controlled inpatient study for the treatment of migraine headache (Study 006), in
which 84 patients were randomly assigned to receive placebo, 1, 5, or 25 mg zoimitriptan
during a migraine attack, no significant changes in mean SBP, DBP, or HR were observed in
any treatment group. The single patient who had a post—-baseline BP value which met the
threshold criteria for increased DBP received 25 mg zolmitriptan. Few patients had BP or HR
values which met the threshold criteria in the other 2 studies in which baseline and post-
baseline BP and HR.were evaluated (these were Study 007, the uncontrolled inpatient
pharmacokinetic and safety study, and Study 015, the long-term study). Similarly, few patients
across all patient studies had treatment-emergent adverse experiences potentially related to
BP or HR. Patients were rarely withdrawn from the long—term study for AE’s potentially related
to BP or HR.

Baseline and post-baseline 12-Lead ECG's were obtained in all but one patient study. QRS
complex and PR, QRS, QT and QTc intervals were measured in the inpatient treatment study
(Study 006). No clinically significant changes in median values from baseline to 2 hours
following the first dose of study drug were observed in any treatment group.

Few treatment~emergent ECG abnormalities were reported across all patient studies. The
incidence of treatment—emeraent abnormalities was not dosa—ralated and in ths niarahn-



Amando Oliva, MD, HFD-120 Medical Review Page 58 of 85
NDA 20-768, zoimitriptan, Zeneca 5/1/97

patients who received zolmitriptan in the long—-term study were withdrawn based on an
investigator evaluation of an ECG abnormality. None of the ECG abnormalities were
considered to be serious.

ECG's from most Patient studies were reviewed by an independent cardiologist. None of the
ECG's from patients in Study 006 were judged to be representative of a significant change
from baseline by the central cardiologist. Only 6 of 2,512 zoimitriptan—treated patients in the
placebo—controlled outpatient studies for the treatment of migraine headache had an ECG
judged by a central cardiologist to represent a significant change from baseline. The change
was judged to be potentially representative of an ischemic event in only 2 zolmitriptan—treated
patients (one on a screen ECG before administration of zolmitriptan and one on an ECG
obtained after administration of zolmitriptan). Thorough review of all ECG data for these
patients indicates that the changes described are unlikely representative of true ischemia.
Eleven of 6,689 post-screen ECG's from Study 015 were evaluated by the central cardiologist
as having a significant change from baseline. None of these changes were considered to
potentially represent an ischemic event.

One patient for whom the independent cardiologist did not report a significant change
comparing baseline to any post-baseline ECG, had an ECG abnormality reported as an
adverse experience (T wave change — coronary ischemia). The patient had a follow—up
evaluation including an exercise stress ECG which was reported to be normal. All ECG's for
this patient were subsequently re~reviewed by the central cardiologist. He reported that it was
highly unlikely’ that the ECG abnormality represented an ischemic event.

8.10 Long Term Safety

Study 015 contains long term safety data for zoimitriptan. it was the open label, international
(20 countries), multicenter study whose primary objective was to evaluate the long term safety
of multiple administrations. Duration of the study was one year. According to ICH guidelines,
safety should be established in 300 patients taking zolmitriptan for six months and in 100
patients for one year. Headache frequency should average 2 headaches per month per
patient.

FDA Table 27 summarizes the exposures to zoimitriptan in study 015. It enrolied 2296
patients. A total of 2058 patients treated at least one migraine attack. Each attack was treated
with 5 mg, and an optional 2™ 5 mg dose was permitted for headache recurrence after 2
hours. Six hundred seventeen (617) had headache frequencies of 2 or more headaches per
month for at least six-months, and 126 had 2 or more headaches per month for at least 12
months. These numbers satisfy ICH criteria.

Table 27: Study 015, Long Term Exposure to Zolmitriptan

Duration in Study : No. of Headaches ;| Headache Frequency
Population N - (months) Treated per Pt. (has/mo)
Mean SD Msan $D Mean SD
All Patients 2296 7.8 34 - 153 15.2 1.8 1.7
26 mos 1584 9.7 1.9 19.3 15.7 1.9 1.4
212 mos 209 12.5 0.4 30.7 17.9 24 1.4
26 mos and 617 104 1.8 33.9 14.0 33 1.2
2 2 has/mo
2 12 mos and 126 125 04 420 13.6 34 1.1
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The numbers differ from the sponsor generated numbers because the sponsor has used the
time between first and last headaches as the duration of exposure, as opposed to the actual
duration in the study, which is used here. The sponsor's values result in higher headache
frequencies but fewer numbers of exposures at 6 and 12 months. Patients could treated as
many migraines as desired.

The 2,058 patients treated a total of 31,579 attacks, and reported 16,248 AE's. On average,
each patient treated 15 attacks and approximately 50% of patients were exposed for 6-12
months. Fifty-four percent (54%) of the attacks were treated with one dose, and 46% were
treated with 2 doses. Of the 31,579 attacks, 7,921 (25%) had an associated AE. The number
of attacks associated with at least one AE was evenly distributed between the 5 mg (26%) and
the 5+5 mg (24%) groups.

The majority of AE's were mild or moderate in intensity (94%), of short duration (54% < 2
hours), and had an onset within 2 hours of taking zolmitriptan (59%). There were virtually no
difference in the AE characteristics between the 5 mg and 5+5 mg groups. Thirty-nine (39)
patients reported a total of 43 SAE’s. These are covered in the SAE section (8.3 Serious
Adverse Events, page 38).

The common AE's reported are summarized in sponsor Table 28 and were similar to those
reported in the placebo-controlled clinical trials. Incidences were higher, probably due to the
multiple exposures. As in the case for the placebo controlled trials, AE's were more common in
females than in males.

Table 28: Most Common® AE’s in Long Term Treatment Study (015)

Zolmitriptan Dose
5 mg (N=1858) 5+5 mg (N=1585)
asthenia 264 14% 220 14%
- pain-location specified® *128 7% 99 6%
heaviness, other than chest or neck® 113 6% 100 6%
throat tightness 112 6% 92 6%
nausea 214 12% 134 8%
dry mouth 81 4% 75 5%
somnolence 194 10% 161 10%
dizziness 207 11% 142 9%
hyperesthesia 85 5% 70 4%
paresthesia 206 11% 156 10% _
WAann sensation 117 6% 93 6%

* defined as occurring with an incidence of 2 5% for one of both doses
® includes pain in face, back, abdomen, arms, legs
€ usually arms and/or legs

There was a general trend towards a lower incidence of AEs in patients who treated a higher
number of attacks; i.e., proportionately fewer AE’s were reported as the number of treated
attacks increased.

8.11 Safety Data from Other Studies
8.11.1 Uncontrolled Studies - 002, 007

Two uncontrolled single migraine treatment studies (002, and 007) were conducted. Each
study employed a dose higher than the recommended dose (25 mg and ‘10 mg, respectively).

T AP B e e it
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- 14 C. revention
In this study, patients with migraine headache preceded by an aura were enrolled and asked to
take either zolmitriptan 20 mg or placebo during the aura phase. The objective was to evaluate
the ability of zoimitriptan to prevent the onset of the headache. An optional 2™ dose of either
20 mg (if the first dose was placebo) or § mg (if the first dose was 20 mg) was permitted.

There was a small number of placebo patients (n=4) reflecting the fact that most patients who
received placebo initially opted for a second dose, which always was active medication. A total
of 46 patients were exposed to study medication. Seventy-eight percent (78%) reported at
least one AE, which is reflection of the high dose of zolmitriptan used. No SAE's were
reported. The most common AE's were paresthesia, nausea, dizziness, somnolence, asthenia,
and heaviness other than chest or neck, and were similar to the AE's seen at lower doses in
the controlled studies. Also reported were neck tightness, confusion, abnormal coordination,
and pharyngitis.

8.12 Cognitive Effects

Multiple standard psychometric tests were used to assess cognitive function in study 023,
which compared zolmitriptan to lorazepam. Significant impairments were seen with lorazepam,
but not with zolmitriptan . Zolmitriptan did produce mild, transient, dose-related increases in
subjective ratings of mental and physical sedation The ratings of sedation were minimal at the
5 mg dose. This was confirmed in the clinical pharmacology study 012 which compared
psychometric function in the young and elderly. Mild, transient, dose-related subjective feelings
of sedation were following zolmitriptan administration in both age groups.

8.13 Drug-Drug Interactions

Seven clinical pharmacology drug-drug interactions studies were performed. All were
conducted in non-patient volunteers using 10 mg or 20 mg oral dose of zolmitriptan. A brief
summary of each drug studied is included below. All studies were small, with 11-18 subjects
per treatment arm.

13, rgotamin r; -

There were four treatment arms: placebo, Cafergot alone, zolmitriptan 20 mg alone, or the two
in combination. Cardiovascular measurements were performed up to four hours after dosing.
The combination of zoimitriptan and Cafergot was tolerated as well as zolmitriptan alone and
there were no significant effects on cardiovascular parameters, vital signs, or AE reporting.

There were two treatment arms: DHE 10 mg p.o. daily (divided BID) for 10 days or placebo. All
subjects received zolmitriptan 10 mg on day 10. There were no significant effects noted on the

AE profile, BP, or other cardiovascular parameters.

eiami n ide -
There were five treatment arms: zolmitriptan 10 mg alone, acetaminophen 1 g alone,
zolmitriptan 10 mg + acetaminophen 1 g, zolmitriptan 10 mg + metoclopramide 10 mg,
zolmitriptan 10 mg + acetaminophen 1 g + metoclopramide 10 mg. There were no significant
changes in AE profile, BP, or PK of zoimitriptan. However, acetaminophen absorption was
lower when given with zolmitriptan compared to when given alone (AUC 11% lower, Cmax 31%
lower, Tmax 0.8 vs. 3.0 hours). These data suggest that zolmitriptan delays the rate and extent
of acetaminophen absorption.
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8.13.4 Propranolol -

There were two treatment arms: inderal LA 160 mg/d for seven days or placebo. All subjects
received zoimitriptan 10 mg concomitantly. The Cmax, AUC, and Ty for Zolmitriptan were all
significantly higher (37%, 56%, 32%, respectively) when co-administered with propranolol,
however the Cmex and AUC for the active metabolite, n-desmethy! zolmitriptan, were lower
(24%, and 21%, respectively). These data suggest that propranolol inhibits the metabolism of
zolmitriptan to the active metabolite, n-desmethy! zolmitriptan. These changes in PK
parameters were not associated with any clinically relevant events.

izotifen - 4
Pizotifen is a non-specific 5-HT. receptor antagonist approved in Europe for migraine
headache prophyiaxis. There were two treatment arms: pizotifen daily for 8 days or placebo.
All subjects received zolmitriptan 10 mg on the last day of dosing. Pizotifen produced a small

(16%) and not-statistically significant increase in the AUC of the active metabolite (n-desmethyl
zolmitriptan). No clinically significant effects on AE or BP were seen.

8.13.6 Fluoxetine - Study 035

There were two treatment arms: fluoxetine 20 mg/d for 28 days or placebo. All subjects
received zoimitriptan 10 mg on the last day of dosing. There were no clinically significant
differences on the AE profile, vitals signs, or BP. The PK of Zolmitriptan were similar with and
without the presence of fluoxetine (all changes were 16% or less).

There were three treatment arms: moclobemide 150 mg BID for 7 days, selegiline 10 mg/d for
7 days or placebo. All subjects received zolmitriptan 10 mg on the last day of dosing. Patients
were monitored for 24 hours. Selegiline had no effect on the PK or PD of Zolmitriptan.
Moclobemide produced a 26% increase in zolmitriptan AUC and a 23% increase in the mean
Cmax. CLr was 15% lower. There were also increases (3 and 2.5 fold in AUC and mean Cpay,
respectively) of the active metabolite, n-desmethyl zolmitriptan. Concentrations of the inactive
metabolites were significantly reduced. These data suggest that MAO-A inhibitors
significantly decrease the conversion of the active metabolite, n-desmethyl zolmitriptan
to the inactive products. This results in a three fold increase in the plasma
concentrations of the active metabolite.

13,8 erien lini fals

There was no evidence that the overall number of patients with 21% incidence of AE's was
affected in any systematic manner by the concomitant use of analgesics, antidepressants,
SSRI's, other migraine drugs, or oral contraceptives.

8.14 Drug-Disease interactions

Three special population studies were done to evaluate the effects of Zolmitriptan in
hypertension, renal failure, and hepatic failure.

8.14.1 Hypertension - Study 013

There were two treatment arms: stable mild to moderate hypertensives (n=16, on HCTZ) and
normal volunteers (n=17) each received single oral doses of 5, 10, and 20 mg zoimitriptan.
Zolmitriptan plasma concentrations were similar in hypertensive and normotensive subjects,
but at 20 mg zolmitriptan, the AUC was 50% higher in hypertensive patients. This dose is not
proposed for marketing, therefore this interaction should not be clinically important.
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14,2 I Failure - 4

There were two treatment arms: severe renal failure (n=16, mean creatinine clearance 21.5
mL/min) and normal volunteers (n=15, mean creatinine clearance 87.6 mL/min). All received a
single 10 mg oral dose of zolmitriptan. Plasma concentrations were similar in both groups,
although the T, was longer in the renal failure subjects (2.9 vs. 2.2 hours). Furthermore, the
active metabolite, n-desmethyl zoimitriptan exhibited a higher AUC (35%), Cmax Was higher
(17%), and Ty was 0.9 hours longer (3.2 vs. 2.3 hours). CLg was lower by 80-90% for
zolmitriptan and all its metabolites in the renal failure subjects. There were no
pharmacodynamic or BP events associated with the changes in PK parameters observed.

14, ic Failure - 0,

There were three treatment arms. Group 1: patients with moderate liver disease (n=10); Group
2: patients with severe liver failure (n=10), and Group 3: normal healthy volunteers matched in
age, sex, and smoking status (n=10). Metabolism of zolmitriptan was reduced in patients with
liver disease, resulting in higher Cmax (approximately 50%, 31 ng/mL vs. 21 ng/mL), increased
AUC (226%) and prolonged Tmax (12 hours vs. 4.7 hours) in severe liver disease (less so with
moderate disease). Therefore, the dose may need to be reduced in this population.
Zolmitriptan 10 mg was generally well tolerated in volunteers and patients.

8.15 Drug-Demographic interactions

The majority of the patients studied were female between the ages of 18 and 60. A review of
the data collected in the zolmitriptan clinical development programs provided no evidence for
any prominent interaction between zolmitriptan and any particular demographic subgroup in
the populations treated. it should be noted that the sample sizes for some of the demographic
categories were too small to provide meaningful conclusions.

8.15.1 Study Location
The sponsor analyzed the safety data for the potential effect of study location (US vs. non-

US). No clinically significant differences were detected in the overall frequency of adverse
experiences as a consequence of study location.

8.15.2 Gender

A formal statistical comparison between the genders was made in four studies (012, 013, 016,
and 045). In addition, data from healthy male and female volunteers from the other studies
were included in cross-study comparisons of the effect of gender and oral contraceptives.

8.15.2.1 Gender Data from Clinical Pharmacology Studies )

In study 012, across the dose range of 5-15 mg, zolmitriptan AUC and Cumax in young females
were approximately twice those in your males. This difference was not seen in elderly
volunteers. In all four groups, there was a 2 to 4-fold variability between individuals that
resulted in an overlapping of ranges of values among the groups. Across the dose range of 5-
10 mg in study 013, plasma concentrations were similarly approximately 2 fold higher in
femalies.

After |.V. dosing in study 016, plasma concentrationé of zolmitriptan were about 25% higher in
females, but this was not statistically significant. After a 10 mg oral dose, AUC values were 2
fold higher in females. Cmex Was also higher, but did not reach statistical significance.

In study 045, there were no gender differences observed for the 2.5 ma dose. but at 5 ma.
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The cross study comparison indicated that AUC was increased 30-50% and CL/F decreased
approximately 30% in women taking oral contraceptives compared to those who were not. This
suggests that oral contraceptives contribute to the overall effect of gender on the PK of
Zolmitriptan.

In summary, plasma concentrations of zolmitriptan were approximately 2 fold high in females
compared to males. The differences is due, in part, to reduced first pass metabolism in the
females. Considerable variability (2-4 fold) exists within the populations leading to overiap in
PK parameters between the sexes.

8.15.2.2 Gender Data from Clinical Trials

In the 2.5 mg zolmitriptan dose groups, females did have more AE’s than males (48% vs. 30%)
but the difference was less in the 5 mg group (59% vs. 51%). It should be noted that females
reported more AE's in the placebo group as well (30% vs. 24%). Adverse events rated as
severe appeared to be twice as prevalent in females than males in both the placebo and the
Zoimitriptan groups.

815.3 Age

There were two treatment arms in study 012: one group consisted of healthy elderly volunteers
(n=12, ages 65-76), and the other consisted of young voiunteers (n=12, ages 18-39). Both
groups received zolmitriptan 5mg, 10 mg, and 15 mg at various times in a balanced, cross-
over design. In general, PK parameters for zolmitriptan and its active metabolite were similar.
CLs were generally lower in the elderly, reflecting decreasing renal function with age. In clinical
trials, there was no indication of a relationship between age and incidence of AE’s.

8.135.4 Weight

In clinical trials, there did not appear to be any indication of a relationship between body weight
and AE incidence rates.

8.15.5 Race

Approximately 97% of the patients were white. Therefore there are insufficient data to draw
conclusions about racial differences in the tolerability of zolmitriptan.

8.16 Class Effect of 5HT;p Agonists

Eight AE’s occur at an incidence of 25% in at least three of the zoimitriptan dose groups. A
comparison of these eight AE's with the AE’s that are commonly associated with sumatriptan
indicate some similarities that are likely indicative of a class effect of SHTp agonists.

Atypical sensations such as feelings of heaviness, feeling of tightness, pressure sensation,
tingling and warm/hot sensations are a constellation of AE's that occur more frequently
following sumatriptan administration as well. It would appear that paresthesia, feeling of
heaviness and warm sensation are commonly occurring class effects related to 5HT,p
agonists. In addition to the most frequently occurring AE'’s, other AE’s that are classified as
“frequent” (i.e., occurring in > 1% of patients) in the sumatriptan labeling include chest
discomfort, chest pressure/heaviness and chest tightness. Review of Tabie 21: Adverse
Events in Clinical Studies (006, 008, 017, 018, 042) having Incidence > 1% for Zolmitriptan 2.5
mg tablet., on page 45, indicate that similar AE’s also occur tollowing zolmitriptan
administration.
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Study 018 is the only clinical study in the NDA that compared Zolmitriptan to sumatriptan.
These doses produced roughly equivalent efficacy results. This analysis may be especially
relevant since AE's related to both were collected under similar conditions. Sponsor Table 29
summarizes these adverse events.

Table 29: Most Frequent (25%) AE’s - Zolmitriptan, Sumatriptan, and Placebo (Study 018)

Zolmitriptan Sumatriptan Placebo
AE 5 mg (N=481) 100 mgq (N=504) (N=56)
asthenia 1% 11% 5%
dizziness 7% 7% 2%
paresthesia 6% 7% 0%
heaviness other than chest or neck 6% 5% 0%
nausea 6% 7% 2%
somnolence 8% 6% 4%
warm sensation 5% 6% 2%
neck pain 3% 5% 2%

This comparison helps confirms the concept of these “5HT;p class effects.” Other possible
AE'’s in this list, which are not included in the sponsor's table, include chest pain, chest
pressure, chest heaviness, and chest tightness. These occur in both the Zoimitriptan and
sumatriptan treatment groups, although at lower incidences (0-2%).

Table 30 lists these putative 5HT;p class effects, although additional comparisons with other
5HT.p agonists are needed to establish the validity of such a list.

Table 30: Adverse Events associated with SHT,p Agonist Class Effect

asthenia nausea
dizziness somnolence
paresthesia warm sensation
heaviness other than chest or neck neck pain, tightness
(usually arms/legs) chest pain, pressure, heaviness, tightness

8.17 Withdrawal Phenomenon and Abuse Potential

The withdrawal potential from zolmitriptan is difficult to assess since the drug is administered
on an intermittent basis. The single migraine studies provide no meaningful information on
withdrawal effects since patients administered only one or two doses. One potential concern
related to withdrawal effects of 5HTp agonists is the development of rebound headaches
following prolonged, repeated use. Study 015, the open-label long-term safety study, allowed
patients to treat as many migraines as desired for a period up to one year. In this study, there
was only 1 report, which was a serious adverse event, consistent with rebound headaches
(this was previously described in section 8.3, Serious Adverse Events, page 38). This isolated
case does not raise clinical concemns regarding withdrawal effects from zolmitriptan.

There were no studies in the clinical development program of zolmitriptan to specifically assess
abuse potential. However, the abuse potential was evaluated by examining the integrated
database for adverse events that could be related to subjective effects that may be indicative
of abuse potential. Among all zolmitriptan treated patients enrolied in placebo controlled trials
(N=2633) there were four reports of CNS stimulation (<1 %), five reports of euphoria (<1%),
and three reports of stupor (<1%). The incidence was not dose related. For the placebo treated
patients (N=400), there was one report of CNS stimulation (<1 %), no reports of euphoria, and
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patients reported hallucinations, three reported stupor, and two reported CNS stimulation. All
of these AE's occurred at an incidence of <1%. These low incidences suggest that the abuse
potential for zolmitriptan is minimal.

8.18 Human Reproduction Data

There were a total of 11 pregnancies reported during clinical development. Ten occurred in
study 015, the long term safety study. One occurred in study 018. Of the 11 pregnancies, there
have been § live births with normal infants (three normal vaginal deliveries, two cesarean
section). There were four elective terminations with no fetal abnormalities reported. Two
spontaneous abortions occurred prior to the eighth week of gestation. There was no apparent
relationship between dose(s) of zolmitriptan taken after the last menstrual period and
spontaneous abortions. Specifically, both spontaneous abortions occurred with doses of 1 x 5§
mg and 0 mg, respectively, following the last menstrual period, whereas patients having normal
infants had exposures up to 4 x 5 mg following the last menstrual period.

8.19 Overdose

The initial dose-range finding study in normal volunteers (001) indicated that acute oral doses
up to 50 mg were well tolerated. The escalation was stopped at this dose because of the high
incidence of somnolence (6/7, 86%). However there were no ECG, BP, or laboratory findings
or other AE’s indicative of clinical safety concerns. All other studies used doses of 25 mg or
less.

Study 014 used multiple oral doses (5 and 10 mg every 6 hours for a total of 5 doses) and
suggested that zolmitriptan was well tolerated following mulitiple doses.

Three clinical migraine studies (006, 026, and 017) permitted the use of a second dose of
zolmitriptan as early as 2-4 hours after the first dose, with the cumulative dose not exceeding
25 mg. The second dose of zolmitriptan was not associated with any additional safety
concems.

Study 015, the long-term safety study, was the only study in which accidental or intentional
overdose could occur, since patients were dispensed with up to 120 mg of zolmitriptan at a
clinic visit to treat up to 12 migraines over the next 3 months. This study reported 4 overdoses
(Table 31). All the exposures were 30 mg or less over 2-3 days. The only adverse event
reported was thirst in one patient.

In summary, the available information indicate that doses up to 50 mg in volunteers and 25 mg
in migraine patients are well tolerated.

Table 31: Overdoses, Study 015

Patient ID Overdoss AE reported
015-081-081503 25 mg over 3 days none
015-051-051507 20 mg over 3 days none
015-160-160511 20 mg over 2 days thirst
015-220-220511 30 mg over 2 days none

8.20 Summary of Key Adverse Events

The overall incidences of patients with 2 1 AE for doses of 1 to 25 mg zolmitriptan were higher
than for placebo. The incidences were in general dose-dependent. The incidences were
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moderate in intensity. SAE’s were reported in <1% of patients receiving zolmitriptan or
placebo. _

The most commonly reported AE's in the placebo controlied studies were nausea, dizziness,
somnolence, paresthesia, warm sensation, asthenia, dry mouth, tightness in throat, tightness
in chest, heaviness other than chest/neck (usually arms/legs).

in general, the pattem and incidence of AE's in these studies did not appear to be influenced
by age, or weight. The small sample size prevented any determination of racial differences in
safety or tolerability. The overall incidence of AE's was slightly higher for females than males
but the small proportion of males in the program limits interpretation of this observation.

The incidences of patients with AE's among those receiving zolmitriptan did not appear to be
affected by the concurrent use of analgesics, antidepressants, SSRY's, other acutely or
prophylactically administered antimigraine agents, or oral contraceptives. MAO-A inhibitors
increase the plasma levels of the active metabolite, n-desmethyl zolmitriptan by about 2-3 fold.
Patients not experiencing an aura with their migraine headache were only slightly more likely to
experience AE's than those who experienced an aura. There was no indication that AE’s were
more common in patients experiencing a menstrual migraine.

9. Four Month Safety Update

On 12/13/96, Zeneca requested a waiver from the requirement to submit a safety update 4
months following the original application submission (11/26/96). The waiver was granted on
2/19/97. However, the Division suggested an abbreviated safety update of limited scope be
provided instead, the contents of which are described below. Also in the submission are two
study reports: the safety, tolerability, and PK study in liver disease (030), and a bioequivalence
study (091).

Finally, the sponsor submits comparative dissolution data on tablets manufactured at the IPR
Pharmaceuticals, Inc. factory in Puerto Rico and the GlaxoWeslicome facility in Dartford, UK.
This dissolution report is not reviewed here.

8.1 Safety Data Presented

The current update contains information for patients whose previously unreported AE’s meet
the following criteria: death, serious adverse events, or withdrawals due to adverse events.
The data submitted have a cutoff date of 12/15/96 and they originate from information
gathered since the ISS cutoff date of 8/22/96. The studies contributing to the report are:

e 091 - bioequivalence study (completed)

093 - drug interaction study with rifampicin (completed)

094 - drug interaction study with cimetidine (completed)

030 - hepatic failure study (completed)

092 - PK adolescent study (ongoing)

043 - long term treatment study (ongoing)

Study 091 was conducted in the UK. It compared the tablets manufactured by Zeneca with
those manufactured by GlaxoWellcome. Twenty (20) volunteers participated.
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Study 093 and 094 were two-way crossover studies to assess the effects of an enzyme
inducer, rifampicin, and enzyme inhibitor cimetidine. They enrolied 14, and 16 volunteers,
respectively.

Study 030 is described in section 7.5.2, page 35.

Study 092 compares the PK and tolerability of zolmitriptan 5 mg in adolescents and adults.
Thirty-nine (39) volunteers enrolled.

Study 043 is a long-term efficacy and safety study which is evaluating the effects of a second
2.5 or 5 mg dose in persistent headache. A total of 3,000 patients will enroll. As of 12/15/96, a
total of 850 patients had been recruited.

9.2 Deaths
No deaths have been reported in the interim 8/22/96-12/15/97.

9.3 Adverse Events Leading to withdrawal

No non-serious adverse events leading to withdrawal have been reported in the interim
8/22/96-12/15/97.

9.4 Serious Adverse Events

Six (6) SAE’s have been reported in the interim 8/22/96-12/15/97. All have been reported from
trial 043. None appear to be'likely due to Zolmitriptan ingestion.

1. A 29 year old female experienced sinus tachycardia (130 BPM), left sided chest pain,
shortness of breath, dizziness 16 days after zolmitriptan 2.5 mg ingestion. She had
received 3 previous doses of zolmitriptan to treat migraine headaches on other occasions.
Seven days prior to the SAE, her verapamil dose had been increased from 40 mg to 120
mg/day. Although the event occurred 16 days after zolmitriptan, the investigator could not
exclude it as a possible contributing factor and recommended withdrawal from the study.

2. A 54 year old male suffered chest pain three days after zolmitriptan 2.5 mg ingestion. He
was admitted to the hospital, where ECG, echocardiogram, CPK were normal. The
cardiologist considered the chest pain due to pre-existing chronic bronchitis. Zolmitriptan
causality is unlikely.

3. A 45 year old female experienced abdominal pain and rectal bleeding 6 days after
zolmitriptan 2.5 ingestion. Evaluation lead to a diagnosis of sigmoid colitis. Zolmitriptan
causality appears unlikely.

4. A 44 year old female with essential hypertension felt lightheaded and was admitted for
observation during the pre-trial screening period. She had not received Zolmitriptan.

5. A 36 year old male with a history of surgical repair for idiopathic hypertrophic sub-aortic
stenosis presented 23 days after zolmitriptan 5 mg ingestion with weight loss, anemia,
hematuria, and was diagnosed with post-streptococcal glomerulonephritis and bacterial
endocarditis with streptococcus viridans. Echocardiogram showed a ventricular septal
defect, aortic stenosis, tricuspid insufficiency, and valvular vegetations. He went on to renal
failure during treatment. He was withdrawn from the trial due to co-existing medical iliness.
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6. A 48 year old female experienced a painful ovarian cyst during the pre-trial screening
period and before treatment with study medication. Zolmitriptan causality is impossible.

In addition, there have been 12 subjects who have exceeded pre-defined threshold values for
vitals signs or laboratory measurements. None of these were serious adverse events or led to
study withdrawal, however some of them were significant changes. Ali occurred in study 030,
and involved significant increases (+20 to +80 mm from baseline) in systolic and/or diastolic
BP in the liver disease patients only (7 out of 20) after receiving zolmitriptan 10 mg. One was
accompanied with chest pain.

One liver disease patient (030-01-0111) experienced increases of +60 to +80 mm in systolic
BP from a baseline of 120 mm. This was seen at 1, 2, 3, and 4 hours post-treatment.

Ancther liver disease patient (030-004-0403) exhibited an increase in systolic BP of +60 mm
from a baseline of 140 mm at 0.5 post-treatment (10 mg). SBP remained elevated +40 mm
from baseline at 4 hours. He experienced sub-sternal chest pain at 4 hours, lasting 2 hours.

A total of 7 (of 20) liver disease patients had increases in SBP and/or DBP (though none as
prominent as the two described above). It should be noted that all received 10 mg, which is not
recommended for treatment, and the PK results of the study indicate that the dose in liver
disease patients should be decreased due to diminished conversion of Zolmitriptan to its
inactive metabolites in patients with liver impairment. There was no control group (i.e., no
patients with liver disease received placebo) so it is not known how much of the increase can
be attributed to zolmitriptan.*

10. Labeling Review

A comprehensive review of the proposed labeling beginning with “Indications and Usage” is
provided below. Sponsor proposed labeling is presented in standard text. Strike-through text
indicates text which, in this reviewer's opinion, should be deleted. My recommended additions
to labeling are underlined. | have used the Division's most recently updated sumatriptan
labeling as a template.

‘ However, based on the known PK and PD_ of zolmitriptan.. bpth in normal volunteers andin patie_nts with
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11. Conclusions

1.

The zolmitriptan safety database contains a large number of patient exposures at clinically
relevant doses for up to one year resulting in an appropriate evaluation of the drug’s safety
profile. _

Orally administered zolmitriptan was generally well tolerated when used for treatment of
migraine headaches. Most AE’s were of mild to moderate intensity, short duration, did not
require intervention or treatment. Few patients necessitated discontinuation. Less than 1%
of the study population experienced serious adverse events.

The most commonly reported AE’s are similar to those reported by other SHTp agonists
(namely sumatriptan) and are supportive of certain “class effect” for this group of drugs.
The overall incidence of AE’s was dose-dependent.

The overall incidence of AE's is higher in females that in males, both in Zolmitriptan and
placebo treated patients.

No significant drug interactions with other drugs studied were noted, with the exception of
the MAO-A inhibitor.

Zolmitriptan did not produce any significant changes on serum chemistry, hematology, or
urinalysis.

Small increases in BP were seen in normal volunteers and migraine patients. These are
probably not significant for the vast majority of individuals.

Patients with hepatic failure showed significant and clinically alarming increases in blood
pressure at the dose tested (10 mg). No significant safety concermns were seen in other
disease populations studied (renal failure, hypertension).

Zolmitriptan was generally well-tolerated in the long-term (up to 1 year) safety study. ICH
guidelines to demonstrate long-term safety have been met.

12. Recommendation

Based on the overall review of the safety data presented, zolmitriptan can be used safely on
an intermittent, outpatient basis for the acute treatment of migraine attacks with or without
aura. In the opinion of this reviewer, NDA 20-768 is approvable from a safety standpoint.
However, appropriate changes to proposed labeling, as discussed in section 10, page 68, are

recommended.
A(OQAN-L
Armando Oliva, M.D.
Medical Reviewer
R. Levin, M.D. . L. (see men o)
ao 5/1/97
cc:
HFD-120
NDA 20-768
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