CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER: 20-829

MEDICAL REVIEW(S)




JAN 12

- MEDICAL OFFICER REVIEW

DivisioN oF PULMONARY DRuG PrRobucTs (HFD-570)

APPLICATION #: 20829 _ APPLICATION TYPE: NDA
SPONSOR: Merck PROPRIETARY NAME: Singulair®
CATEGORY OF DRUG: LTD4 Antagonist USAN / Established Name: montelukast
ROUTE: oral
MEDICAL REVIEWER: Honig REVIEW DATE: January 9, 1998

SUBMISSIONS REVIEWED IN THIS DOCUMENT

Document Date: CDER Stamp Date: Submission Type: Comments:
November 14, 1997 November 17, 1997 Labeling Proposed PPI

RELATED APPLICATIONS (if applicable)
Document Date: APPLICATION Type: Comments:

February 21, 1997 NDA 20-830 Singulair Pediatric Indication

.Overview of Application: see accompanying review

Outstandlng Issues: Labeling

Recommended: Regulatory Actwn. Recommended rewsrons to be forwarded to sponsor

_New Clinical Studies: na Clinical Hold na Study May Proceed
NDAs:
Efficacy / Label Supp.: /Ann;nuahh————-—l_t__ Not Approvable

Date: /7/78

Signed: Medical Reviewer:

Date: [ [hl 7y

Medical Team Leade




THIS SECTION
WAS ‘
DETERMINED -
'NOT
TOBE
RELEASABLE

1
L
\




JAN =5 |98

.. . MEDICAL OFFICER REVIEW

DivisioON OF PULMONARY DRUG PRrRODUCTS (HFD-570)

APPLICATION #: 20829 APPLICATION TYPE: NDA
SPONSOR: Merck PROPRIETARY NAME: Singulair®
CATEGORY OF DRUG: LTD4 Antagonist USAN / Established Name: montelukast
ROUTE: oral
MEDICAL REVIEWER: Honig 'REVIEW DATE: January 5, 1998

SUBMISSIONS REVIEWED IN THIS DOCUMENT

'Document Date: CDER Stamp Date: Submission Type: Comments:
January 2, 1998 January §, 1998 Response to IR Infectious gastroenteritis

RELATED APPLICATIONS (if applicable)
Document Date: APPLICATION Type: Comments:

February 21, 1997 NDA 20-830 Singulair Pediatric Indication

.Overview of Application: see accompanying review

Outstanding Issues: Labeling

\pprova

New Clinical Studies: na Clinical Hold na Study May Proceed
NDAs:
Efficacy / Label Supp.: X_ = épgg\iable ' - Not Approvable

Signed: Medical Revie Date: //5/ f 8
Date: /

14 -

Medical Team Ledder




The fourteen (1&) case report forms from the patients who reported to have ‘infectious
gastroenteritis’ in Study 031 were requested and submitted by the sponsor. All fourteen of these
patients received montelukast during the time period they reported the event. The sponsor was
also asked to analyze these for any possible common denominator which may link the events to
montelukast therapy.

The sponsor provided a table (attachment) describing the demographics of each patient, the
location of the study site, the duration of the infectious gastroenteritis as well as other temporally
associated adverse experiences. Of note it the fact that none of the diagnoses of infectious
gastroenteritis were confirmed by laboratory data (e.g. stool cultures). In fact, all were self- .
diagnoses of mild to moderate events that were, by and large, self-limited while montelukast
therapy continued. In no case did the event require the patient discontinue medication or
participation in the study. The events were equally distributed by sex (7 men/7 women) and
there was no clustering with regard to geographical region or center. There was also no report of
associated nausea or vomiting.

A detailed review of the case report forms confirmed the sponsor's analysis. The events were
generaily mild to moderate, self-limited and were treated with over-the-counter medications (e.g.
immodium A-D, pepto-bismol, alka-seltzer, etc.). Several of the patients had multiple episodes
during the treatment period indicating that the event may not have been due to an infectious
agent but rather to montelukast or concomitant medications. One patient (a 68 year old male:
AN4586) had multiple exacerbations of gout requiring frequent treatment with probenecid which
may have contributed to the gastrointestinal complaints of loose stoois. Another patient (a 23
year old male: AN398S) had a severe enough case of gastroenteritis to require 1V rehydration.
None of the cases had remarkably abnormal clinical laboratories and all remained afebrile during
the adverse events.

Reviewer comment: The overwhelming preponderance of infectious gastroenteritis reported by
the montelukast treatment group in Study 031 is not easily explained. Although some of the
cases may be due to viral agents or undiagnosed bacterial infection, some may also represent
montelukast-induced gastrointestinal toxicity. It is reassuring that this appears to be a self-
limited and mild event which is not associated with laboratory or vital sign abnormalities.

Reviewer recommendation: This adverse event should be discussed in the product label.
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Review of Adverse Experlences of Infectipus Gastroenteritls (Primary Study Protocol 031)

<

Nausea,
Vomiting, Other Temporally |
Study Stool Diarthea, or Associated N
AN Study Day Duration Date of Method of Culture Case Report Blood in Adverse f:
Number { Center | Age | Gender City, State Onset' (Days) | Diagnosis Dingnosis__| Performed Form Entry Stool * Experiences
3952 | 031-005 | 34 F San Dicgo, 7 16 hrs April 23 Patient No Stomach Flu No None '’
CA Reported ¢
3956 | 031-005 | 60 F "' | SanDiego, 43 10 hes May 18 Patient No Stomach Flu No t None o
CA ' Reported :
3980 .| 031-009 | 39 F [  Nonh 40 4 December Patient No Stomach Flu No Flu 1217 to
Dartmouth, 217 Reported 12422
MA
3985 ] 031009 | 23 M North - 84 2 March 7 Patient No Flu, intestinal No None
Dastmouth, Reported
MA
4712 | 031-014 | 31 F Albany, NY 26 6 Aprit 14 Patient No Acute No Headache 4/13 to
: Reported Gastroenteritis 4/14
. Face Rash 4/4 to
. 4/12
4051 | 031-017] 20 B Philadelphia, 83 2 Janvary 29 Patient No Stomach Victus No None
PA Reported
4110 | 031-022} 18 M San Diego, 49 2 February Patient No Stomach Flu No None
: CA 2 Reported
4137 | 031-024 | 5O F Spokane, WA 66 8 March 10 Patient No Flu (GI) No Sinus infection
Reported . 3/10 to 322
4239 | 031036 | 25 F Aurors, CO 15 8 March 16 Patient No Gastrointestinal No URI 2/28 to 317
. Reported Virus
4266 | 031038 16 M San Diego, 68 2 June 12 Patient No Stomach Flu No None
CA Reported
4363 | 031-048 | 31 M Englewood, (K] 2 December Patient No Stomach Flu No Sinusits 126 to
CO 25 Reported 12/13
4586 | 031-050 § 49 M Sacramento, 16 3 April 6 Patient No Stomach Flu No - None
CA . Reported
4668 | 031-054 | 35 M Riverdale, 19 2 April 9 Patient No Stomach Virus No Headache 4/11
- GA Reported
4668 | 031-054 | 35 M Riverdale, 38 2 April 28 Patient No Stomach Virus No Headache 428 to
‘GA Reported 4129
4367 | 031049} 15 M Minneapolis, 6 2 December Patient No Stomach Flu No None 0
MN 12 ' o
o

' Post-randomization

? Temporally associatcd adverse experiences reported on case report forms

Reperted
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Executive Summary of Safety and Efficacy

Montelukast is a selective LTD4 leukotriene antagonist developed by Merck for the
maintenance treatment of asthma and proposed to be marketed under the tradename
Singulair®. In support of approval, Merck has conducted an extensive clinical
pharmacology and Phase 2b/3 efficacy and safety evaluation program. Adequate dose-
ranging studies have been conducted allowing selection of a dose of 10 mg once daily in
the evening to be evaluated in Phase 3. Double-blind studies versus placebo support the
proposed dose and dosing interval and confirm the efficacy of montelukast as
maintenance therapy in chronic asthma. Onset of action occurs within one day of
treatment for the clinical endpoints of daytime symptoms, rescue beta-agonist
requirements, moming peak expiratory flow rates, and nocturnal asthma scores. First
dose bronchodilatory effects (i.e. FEV1) were not evaluated in Phase 3 studies; however,
data from earlier studies indicate that the first dose effect on FEV1 is not clinically
meaningful. No rebound phenomenon exists and patients generally return to
pretreatment baselines within 2 weeks after withdrawal of montelukast therapy.
Importantly, montelukast does not significantly impact on adult asthma-specific quality of
life (QOL) evaluations. Data from a study involving an active comparator as well as
placebo indicate that inhaled beclomethasone dosed at 400 mcg per day is statistically
superior to montelukast and placebo for the endpoints of FEV{i and daytime symptoms.
Clinically significant improvements over placebo as measured quantitatively by a minimal t.
important difference indicates that beclomethasone, but not montelukast, is superior to
placebo for overall quality of life and the individual QOL domains of activity, symptoms,
and emotions.
Montelukast is effective in asthmatic patients with demonstrated aspirin
sensitivity; however, it has not been shown to be of more value (i.e. enhanced efficacy) in
these patients than in the population of general asthmatics. Importantly, monteiukast has
not been demonstrated to truncate the response to aspirin challenge in these patients
and, consequently, allow such patients to receive aspirin or other non-steroidal
antiinflammatory agents. As such the EIB trials serve as additional evidence of the
efficacy of montelukast in the control of asthma and the proposed dosing interval for
montelukast but do not provide adequate support for a labeled EIB indication.
Montelukast is not effective as monotherapy in truncating exercise-induced
exacerbations of asthma. Montelukast was effective in shifting the population response .
to exercise; however, it did not truncate a significant decrement in maximal FEV1 in
response to exercise in the majority of patients.
An inhaled corticosteroid-sparing trial was conducted and had serious design
flaws which make the quantitative treatment differences in the primary endpoint difficuit
to interpret from a clinical perspective. The study does, however, serve as a bioassay
demonstrating the effect of montelukast in allowing the taper of inhaled corticosteroids.
Whether the resuits of this study are generalizeable to the population of asthma on high
dose inhaled or systemic corticosteroids who may be the real beneficiaries of an agent
that allow steroid tapering is not known. Another trial evaluated the effects of adding
montelukast to or substituting montelukast for low-dose inhaled beclomethasone dosed
at 400 micrograms per day. The findings of this study indicate that adding montelukast
. to the regimen significantly improved FEV1 and morning peak expiratory flow rates. The
combination, however, was not statistically superior to beclomethasone alone as
represented by daytime asthma symptoms, rescue beta-agonist requirements and

- nocturnal asthma scores. The study also demonstrated that is better to leave patients on
beclomethasone than to switch them to montelukast. The results of this study confirm
the finding that low dose beclomethasone dosed at 400 micrograms per day is more
effective than montelukast in the treatment of mild to moderate asthma.



The safety of montelukast has been supported in extensive short and long-term
clinical evaluations. Two thousand six hundred and six subjects or patients received
montelukast, some for periods as long as two years or more. As predicted by preclinical
studies, the clinical toxieity profile of montelukast focuses on the gastrointestinal
system. Clinical adverse events including gastritis, diarrhea, vomiting, nausea,
abdominal pain, and dyspepsia are reported at a higher frequency in montelukast
treatment groups. The frequency of infectious gastroenteritis is statistically significantly
higher in the montelukast treatment group than in the placebo or beclomethasone treated
patients. Most of the reports of this finding are from one clinical trial and a satisfactory
explanation of this phenomenon is not apparent from the data provided. It might be
considered that modulation of leukotrienes may alter patient’s resistance to infection;
however, the frequency of infection in other organ system is not higher in the
montelukast treated population. Extensive laboratory evaluation in double-blind and
open-label extension periods again reveals the montelukast treated patients to have a
higher frequency of elevated serum transaminases. Sensitivity analyses indicate that
these elevations are, for the most part mild (less than three times the upper limit of
normal) and normalize with continued therapy. There was no evidence of drug-induced
hepatitis in any patient receiving montelukast. Importantly, available data from the long-
term extension studies demonstrate that the frequencies of montelukast associated
toxicities decrease with time providing some reassurance that the toxicity profile of
montelukast is not related to the cumulative dose received. Montelukast does not appear
to have an effect on cardiac electrophysiology. No evidence of Churg-Strauss syndrome
or eosinophilic variants were noted. Given the rarity of the event in the population and
the experience with another marketed LTD4 antagonist, this is not surprising. The
phenomenon appears to manifest in the context of systemic steroid tapering in more
severe asthmatics. This was not the population studied in the NDA. In conclusion,
montelukast appears to be safe at the proposed dose for marketing.



1.0 Introduction -

Merck Laboratories has dEveloped montelukast under the tradename Singulair® as a selective
leukotriene antagonist for use in the treatment of asthma.

1.1 Proposed Indication

Singulair is indicated in adult and pediatric pauents 6 years of age and older for tte prophylaxis
and chronic treatment of asthma,

1.2 Molecular Structure
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Montelukast is administered only as the R-enantiomer.

1.3 How Supplied
10 mg film coated tablets (beige) and 5 mg (pink, cherry-flavored) chewable tablets.
1.4 Proposed Dose

For adults and children older than 15 years of age: 10 mg once daily at bedtime without regard
to meal.

For children 6 to 14 years of age:” § mg chewable tablet once daily at bedtime without regard to
meals.

2.0 Reviewer Approach and Notations Used in Review

The medical officer NDA review started with an overall appraisal of the content and format of the
application and sponsor-proposed labeling. This allowed targeting of specific studies for detailed
review as well as DSI auditing sites. The following studies were reviewed in detail and
categorized in the rewew document as follows.

Placebo-controlled studies in chronic asthma: Studies 020 and 031.

Placebo—conﬁ'oiled study in aspirin-sensitive asthmatics: Study 015.

Inhaled corticosteroid trials in chronic asthma: Studies 046 and 029.

Exercise-induced bronchospasm study: Study 042.

In addition to the review of the efficacy data for the aforementioned ‘pivotal’ studies, selécted

data from the NDA was cross-referenced to available case report forms (CRFs) and is
documented within each study review. Additional supportive studies supporting the dose in



Phase 3 and investigating the effect of montelukast on cellular markers of inflammation and
exercise induced bronchospasm were reviewed in less detail and include Studies 009, 013, 025,
028, 056, and 059. The reviews of the pediatric efficacy trials were performed by another
medical officer and are cofitained in a separate review. On completion of the efficacy review of
the individual studies, a review of the integrated summary of safety was conducted. Throughout
the review, data presentations are referenced to the corresponding source by the notation
[Volume:Page].

3.0 Clinical Pharmacokinetics [57:46-129]

Montelukast is administered as the R-enantiomer and does not appear to undergo chiral
inversion. Montelukast is rapidly absorbed with an absolute bioavailability (F) in the range of 0.7
(70%). Mean maximum plasma concentrations for the 10 mg tablet range from 0.33 to 0.54
mcg/mL at 3-4 hours (Tmax) after oral administration. Pharmacokinetics appear to be linear in
the range of doses studied (up to 200 mg). No difference in pharmacokinetics was noted
between dosing in the moming or the evening. Co-administration with food (high-fat breakfast or
evening snack) do not appear to alter the exposures over a dosing interval (AUCq.2anrs); however,
they do prolong the Tmax and decrease the maximum concentrations (Cmax). Montelukast
pharmacokinetics did not appear to be affected by gender; however, in healthy elderly, the
plasma clearance of monteiukast was slower (31 mL/min) compared to healthy young aduits (45
mL/min). Montelukast is extensively protein bound (99.5%) and the steady state volume of
distribution ranges from 8 to 11 liters. Montelukast is extensively metabolized with all identified
metabolites being excreted in the bile. Following a radiolabeled oral dose of montelukast, 86%
of the radioactivity was recovered in the 5 day fecal collections and <0.2% was recovered in
urine. In vitro metabolism studies indicate that montelukast is oxidized by the P450 system.
Cytochrome P450 3A4 is involved in the 21-OH metabolite while cytochrome P450 2C9
contributes to the formation of the 36-OH metabolite. These are the predominant metabolites
found in vivo and the only metabolites found circulating in plasma. In patients with mild-to-
moderate hepatic insufficiency, the montefukast clearance is decreased (27 mbL/min). The
pharmacokinetics of montelukast in patients with renal insufficiency was not studied. In vitro .
interaction studies also indicate that therapeutic concentrations of montelukast would not be
expected to inhibit the metabolism of other drugs biotransformed by isoenzymes 3A4 (e.g.
terfenadine), 2C9 (e.g. losartan), 1A2 (e.g. theophylline), 2C19 (e.g. omeprazole) or 2D6 (e.qg.
tricyclic antidepressants). In vivo interaction studies conducted with montelukast doses to
steady-state indicated that no clinically significant interactions exist with oral contraceptives,
orai/lV corticosteroids, theophyliine, warfarin, digoxin, terfenadine or carboxyterfenadine.

4.0 Clinical Pharmacology and Rationale for dose-selection in Phase 3 studies

Clinical pharmacology proof-of-principle LTD4 challenge trials (Studies 005 and 011) suggested
montelukast could be dosed once daily (61:1555 and 63:2793). The selection of the specific
montelukast dosage for use in the Phase 3 clinical program was primarily based on two Dose-
Ranging studies and the Low-Dose-Ranging Exercise Study (Studies 028, 009, and 025). These
studies identlfied a minimal dose which provided statistically significant improvement in both
measures of airway obstruction and patient-reported outcomes in chronic asthma, as well as
attenuation of EIB at the end of the dosing interval. Bedtime dosing strategy was used to
provide near maximal montelukast plasma levels (4 to 7 hours after dosing in an attempt to
address the diumal variability in asthma although no studies comparing moming and evening
dosing were conducted. The pediatric (6 to 14 year olds) dose was selected by identifying the -
chewable tablet dose yielding a comparable single-dose pharmacokinetic (AUC) profile to the
adult dose. The studies supporting the dose, dose interval, and time of dose administration for
montelukast in the adutt and pediatric programs are summarized below.



4.1 Pharmacodynamic Studies (Inhaled LTD4 Challenge Studies)

Two inhaled LTD4 challenge trials (Studies 005 and 011) demonstrated the action of montelukast
in the airways of asthmatic patients. In one study (Protocol 005), a 5-mg capsule dose of
montelukast, with the challenge performed at peak plasma concentrations (4 to 7 hours after
dosing), caused a >85-fold median shift in the concentration of LTD4 required to cause a 50%
fall in specific airway conductance versus placebo [61:1707]. In a second study (Protocol 011), a
>56-fold median shift versus placebo was observed 20 to 24 hours after a 40-mg dose (capsule
formulation) [62:2636). These mechanism of action trials served as 'proof-of-principle’ and
indicated there was prolonged (24 hour) activity with montelukast and suggested the potential for
clinical effect with a once-daily dosing interval.

4.2 Dose-Ranging Studies:

The first dose-ranging trial (Study 009) was a 6-week, double-blind, placebo-controlled, parallel-
group study in mild to moderate asthmatics in which montelukast was evaluated over several
doses and dosing intervals (10, 100, 200 mg once daily in the evening; 10 and 50 mg twice
daily). Compared with placebo, montelukast at doses as low as 10 mg once daily demonstrated
statistically significant improvements in measures of airway obstruction and patient-reported
endpoints [73:9066]. In spite of a 5-fold difference between treatment groups in mean plasma
concentrations (measured 12 hours after dosing), all dosing regimens appeared to be
comparably effective on the key endpoints (AM FEV1, AM PEFR, b-agonist use, and daytime
symptom score) _

The results of this trial are summarized in the table below [73:9132].

Treatment n AM FEV1 AM PEFR  Beta-agonist use Daytme Symptom Score (0-6 scale)
(% change) (L/min) (pufts/day) :
Placebo 58 3.26 0.18 -0.18 -0.20
10 mg once daily 57 11.18 12.35 122 -0.39
100 mg once daily 56 11.60 25.59 +-1.25 -0.46
200 mg once daily 61 10.98 23.77 -1.13 0.26
10 mg twice daily 54 1205 15.74 -0.83 -0.31
50 mg twice daily 57 9.41 13.57 -1.18 0.32

Based on these data, once-daily dosing was considered appropriate; however, a dose-response
relationship was not established. Of note, Study 009 was the only study that evaluated the first
dose bronchodilatory effect of the to-be-marketed dose (i.e. 10 mg once daily) and formulation of
montelukast. FEV1 was measured 60 and 120 minutes after dosing. No statistically significant
difference from placebo was noted at either timepoint. After two hours the mean FEV1 percent
change from baseline was 14.04 for montelukast and 7.55 for placebo (p=NS). There was no
dose response for magnitude of FEV1 response in this study. Two additional studies (Protocols
025 and 028) were conducted to evaluate the effect of iower doses of montelukast. These
simultaneous dose-ranging studies were undertaken to verify that improvement in both chronic
asthma (Protocol 025) and exercise-induced bronchospasm (Protocol 028) occurred throughout
and persisted to the end of the proposed dosing interval. Study 025 compared the effects of
montelukast (2, 10, and 50 mg once daily at bedtime) with placebo in mild to moderate
asthmatics over a 3-week treatment period in a parallel-group design. Significant effects on
measurements of airway obstruction (i.e., AM and PM PEFR and AM FEV1) were observed
throughout the dosing interval. No dose-response relationship was observed for this endpoint.
However, on parameters of daytime symptoms, beta-agonist use, asthma exacerbation rates,
and asthma-specific quality of life, 2 mg was not significantly different from placebo while 10 and
50 mg were statistically significant compared with placebo and numerically similar to each other.
The results of this study are summarized in the table below [77:11884). Data are analyzed as
the average over the treatment period.




Treatment n AM FEV1 (%) AM PEFR (L/min) Daytme Symptoms Beta-agonist use
- - (puffs/day)

Placebo 69 49 35 <0.10 0.24

2 mg once daity T2 13.6° 21.6° 0.31 -0.82

10 mg once daily 68 12.3° 2.8 -0.38° -1.10°

50 mg once daily T2 12.0° 18.0° 0.42° -0.93*

*Indicates p<0.05S compared to placebo.

Study 028 examined the ability of montelukast (0.4, 2, 10, and 50 mg once daily at bedtime),
compared with placebo, to inhibit EIB in mild to moderate asthmatics, at the end of the dosing
interval, after two doses in an incomplete block crossover design. The table below shows both
the 10- and 50-mg doses produced a similar response (AUCq.g0 mn and time to recovery), while
the 0.4- and 2-mg doses had less effect [65:4524).

Treatment n AUCO-60min Maximal FEVI Fall Time to Recovery
(%-min) 1) (min)

Placebo 2 -1193.1 -29.2 483

0.4 mg once daily 3 -927.0 -25.2° 4.7

2 mg once daily 20 -987.5 -24.4* 43.6

10 mg once daily 21 -714.7* -20.9* 342+

50 mg once daily 22 -637.0 -21.6% 27.4¢

'inc}icates p<0.001 versus placebo.

The end of dosing interval response to the 10-mg dose in Study 028 was similar to that observed
in Study 013 which was a placebo-controlled, three-period, crossover EIB study that investigated
montelukast doses of 50 and 100 mg administered twice daily [63:3177]. The results are
summarized in the table below.

Treatment n AUCO0-60min Max FEV1 Fall (%) Time to Recovery (min)
(%-min)

100 mg BID 14 -368.3° -14.0" 257

50 mg BID 14 -386.7° 174 20.7*

Placebo 14 -1166.3 -29.6 67.1

*indicates p<0.001 versus pfacebo.

In summary, the 10-mg once-daily bedtime dose of montelukast was identified from the dose-
ranging studies as the lowest dose producing clinical and statistical significant improvement in
both measures of airway obstruction and patient-reported endpoints in chronic asthma as well as
attenuation of EIB. The 10-mg dose had a significant effect at the end of the dosing interval in
both chronic asthma (PM PEFR) and EIB (inhibition of EIB). There were no dose-limiting
toxicities detected (see ISS review). Therefore, the 10-mg once-daily bedtime dose was selected
for the adult Phase 3 studies.

5.0 Efficacy

5.1 Placebo-controlied studies in chronic asthma:

Two primary Phase 3 studies were conducted (Studies 020 and 031). The were identical in
design, patient selection, and analysis except that Study 020 contained an inhaled
beclomethasone treatment arm in addition to placebo. The protocols for both studies are

summarized below.
5.1.1 Protocol Summaries

5.1.1.A Study 031 [81:14303]: A Muiticenter, Double-Blind, Randomized, Paralle!-
Group Study Comparing the Clinical Effect of Montelukast to Placebo in Patients with
Chronic Asthma.




This study had several objectives including the safety assessment of montelukast over a one
year treatment period as well as determining the efficacy of the drug compared to placebo over a
12 week double blind period. Additionally, the clinical effects after the withdrawal of therapy was
assessed in a subset of patients.

In order to achieve these objectives non-smoking male and non-pregnant female asthmatics
between the ages of 15 and 85 were eligible to enter into a single-blind 2-week placebo run-in
period. In order to qualify for the study, each patient must have had a one year history of
asthma, have a percent predicted FEV1 between 50 and 85% and demonstrate reversible airway
obstruction (i.e., 15% increase or greater after inhaled albuterol). Furthermore, in order to
qualify for randomization at the end of the run-in period, the patients must have demonstrated
minimal daytime asthma symptoms (weekly score of 32 (see symptom scoring below) or above
and a daily mean beta-agonist use of one puff per day or greater. Up to 25% of study patients
were allowed to be maintained on stable daily inhaled corticosteroid regimens. Usual exclusion
criteria were employed. Pulmonary disease or asthma requiring ER visit (one month or less prior
to study) or hospitalization (three months prior to study) as well as URt within three weeks and
clinically significant sinus disease were grounds for exclusion. Patients with other clinically
significant medical or psychiatric condition were similarly excluded. Patients taking oral, IV or IM
corticosteroids, cromolyn/nedocromil, theophylline, oral or long acting inhaled beta-agonists or
anticholinergics within acceptably defined washout periods were ineligible. Other specifically
prohibited concomitant medications included warfarin, digoxin, antibiotics,
terfenadine/astemizole/toratadine and OTC products containing caffeine, theophylline or beta-
agonists. Inhaled albuterol (30ug/puff) was provided and was used as-needed throughout all
periods of the study.
The study is divided into four periods and is summarized in the figure below.

Study Design Schamatc
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Period | is the aforementioned 2-week single-blind, placebo run-in. Period I is the twelve-week,
double-blind, period in which eligible patients were randomized to montelukast 10 mg per day or
placebo. During this period, patients were scheduled to return to clinic every three weeks after
randomization for efficacy and safety evaluations. Upon completion of this period, a
prespecified, random subset of patients (~40) from the monteiukast-treatment group entered a
three week double-blind washout period. The other patients who received montelukast and those
patients who received placebo during Period Il entered a 37 week open-label extension period
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(Period IV). Patients were not to be told that he/she was entering the treatment period at this
time. All patients receiving montelukast in Period |l received montelukast in Period IV. Those
patients who received placebo in Phase il were divided into two equal groups and received either
montelukast or inhaled beclomethasone (eight puffs per day). Those patients who used inhaled
CS during Period Il continued on their usual dose if allocated to the beclomethasone treatment
group. Visits during this period occurred at 28-60 day intervals.

The schedule of actlvmes that occur at each visit are summanzed in the table below.
Schadule of Qlinical Observatons and Labonatary Measurements
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In addition to data collection at scheduled visits, patients were asked to keep a daily diary in
which they recorded and scored daytime asthma symptoms. The following questions were
answered on a 0 to 6 scale.

-How often did you experience asthma symptoms today? (0= none, 6= alf)

-How much did your asthma symptoms bother you today? (0=not at all, 6= severely)

-How much activity could you do today? (O=more than usual, 6= less than usual)

-How often did your asthma affect your activities today? (0=none, 6=all the time).
Patients were also asked to record the total number of puffs of albuterol used during the day, the

M M

. AM PEFR, the pre-bedtime PEFR and the overnight asthma symptom score. In order to address

this last parameter the patient answered the question “Did you wake up with asthma?” and
quantify the number of puffs of albuterol used since going to bed. PEFRs were recorded as the
best of three efforts>

Reviewer note: The aforementioned questions that comprise the Daytime Symptom Score are
not independent of dne another. In essence, they are asking the same question four different
ways. This is not a particular problem because they were analyzed as a composite averaged
score on a 0-6 scale. This methodology was used in all montelukast trials. It may be important,
however, to define the Daytime Symptom Score components in labeling and promotional
matenials.

Two primary endpoints were designated in the protocol: a) FEV1 assessed at each clinic visit
and b) daytime asthma symptom scores, as recorded on the daily asthma diaries. Secondary
endpoints were: c) daily PEFR, d) daily inhaled beta-agonist use, and e) nighttime awakenings,
all as recorded on daily diary card. Other endpoints included: physician's global assessment,
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self-administered. asthma-specific quality of life (Juniper et al, Thorax 1992;47:76 and Am Rev
Resp Dis 1993;147:832), number of asthma attacks, exacerbations and patient discontinuations
due to asthma, and the amount/need for rescue medication. An “exacerbation of asthma" was
explicitly defined as one occurrence of any one of the following:

-decrease from baseline in bedtime PEFR of more than 20%

-AM PEFR less than 180 L/min

-Increase in beta-agonist use of more than 70% (or at least 2 puffs)

-Increase in baseline symptom score of more than 50%

-Awake all night

-Asthma attack resulting in an unscheduled visit to the doctor's office, ER or hospital, or

treatment with oral corticosteroids.

An intent-to-treat analysis (all patients as randomized with post-baseline data) and a 'per
protocol’ approach which excludes patients with important protocol deviations were predefined.
For the primary endpoints, the average response over the entire treatment period will be
compared to placebo and tested at the p=0.05 level for both endpoints (FEV1 and Daytime
Symptom Scores). Secondary endpoints were to be analyzed in the same manner.

The data analysis plan (protocol addendum, [81:14403]) contained ground rules for analysis and
data point definitions, for this study and ali Phase 3 trials described in this review, which deserve
mention. As stated before, the ITT analysis includes-all patients who have a baseline value and
at least one post-treatment measurement. All measurements are used including data collected
at discontinuation and unscheduled visits. For-the endpoint of daily beta-agonist use, the patient
needs to have both the daytime and evening time beta-agonist use recorded in order to have a
total daily beta-agonist use. Only those patients whose baseline values of at least 0.5 puffs/day
will be included in the percent change from baseline analyses.

The following rules apply to data point definitions for daily symptom scores. For Daytime
Symptom scores, patients should have at least 2 (of 4) individual questions scores on a given
day to register a score for that day. Patients should have at least 7 (of 21) to have a visit
average for the following visit or 5 daily scores between the two biweekly visits or 3 daily scores
between the two weekly visits.

For total daily beta-agonist use, patients should have both the daytime and the evening use

recorded as above to have a total daily total and should have the same number of total daily
recordings as required above to have a valid average mterval assessment. The same rules

apply for AM and PM PEFRs

If unallowed steroid, cromolyn or nedocromil rescue occurred, efficacy data collected during and -
within 21 days of the last day of rescue will be exciuded. Other unallowed rescue medication will
exclude the subsequent 7 days of efficacy data.

For all efficacy endpoints, the average Period | value will be defined as the baseline. Week 12
endpoints will be calculated using a Last Observation Carried Forward (LOCF) approach. The
‘overall’ result is defined as the average of all available data obtained throughout the trial. For
laboratory parameters, the last value during Period | prior to randomization will be defined as
baseline.

For Study 031, prospectively performed power and sample size analyses predicted that a sample
size of 500 (300 montelukast/200 placebo) patients would be required to demonstrate statistically
significant differences. For FEV1, this represented 95% power to detect a difference of 5.4
L/min between study groups assuming a variability of 16.5% (SD). To that end, the sponsor
planned to enroll approximately 900 patients at 45 centers in Phase | of the study. This will allow
for approximately 630 patients to enter into Phase |l (15 patients/center). Randomization was
performed centrally and patients were randomized into one of four groups in blocks of 25
(Appendix 3.8, [81:14764]) as shown in the table below. [81:14333]).
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Group | Period!  Penriod !l  Period Il Period IV # Patients
1 Placebo Montehsdast Montetukast Montelukast 240
* - Beclomethasone 20
2 Placebo Montelukast Placebo Montelukast 40
3 Placebo Placebo - Ptacebo Beclomethasone 100
4 ‘Placebo Ptacebo Placebo Montelukast 100

5.1.1.B Study 020 [76:11002]: A Multicenter, Double-Blind, Randomized, Parallel-
Group Study Comparing the Clinical Effects of Montelukast to Placebo and Inhaled
Beclomethasone in Patients with Chronic Asthma.

This study shared most of the design features and patient eligibility criteria as Study 031. The
major difference between this study and the previously summarized protocol was the addition of
a beclomethasone treatment arm. In this study, eligible patients were randomized to
montelukast, beclomethasone at 400 ug/day (two puffs of beclomethasone 100 ug/actuation
twice daily with spacer) or placebo employing a double-dummy design element. Stable
theophylline use in this study was acceptable. The timing of visits in the double-blind and open-
label periods, efficacy endpoints, montelukast/placebo-comparison data analysis methodologies
were identical as well. This study also contained a “washout” evaluation in which a certain
number of patients from each treatment arm entered a three-week, placebo washout period. All
patients who received placebo in Period Il continued to receive placebo and were dropped from
the study after completion of the washout. A prespecified subset of patients (n= 40) who receive
montelukast or beclomethasone in Period |l received placebo for three weeks and were then
dropped from further participation in the study.

Several distinguishing characteristics of this trial focus on the beclomethasone treatment arms.
At the time of randomization, in addition to double-blinding, the patient as well as the on-site
investigators were not informed that he/she was entering the treatment period. This was done,
presumably, to limit the placebo effect that may obscure onset-of-action differences between’
montelukast and beclomethasone. The design of this study is summarized in the figure below.
Furthermore, since the full clinical effect of belcomethasone treatment may not be achieved
within 2-4 weeks after initiation of therapy, a secondary analysis compared the effects of
montelukast and beclomethasone over the last nine weeks of the double-blind treatment period.
Since onset of action is considered by the sponsor to be a potentially important distinguishing
feature of montelukast and beclomethasone, provisions were made to examine this parameter.
FEV1 was compared at the first post-randomization visit in Period Il (3 weeks post-
randomization) and Daytime Symptoms were compared as the average values of all the daily
measurements prior to this visit. Similar analyses were performed for AM PEFR, total daily
beta-agonist use and nocturnal asthma scoring.
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The procedures to be performed at each visit are also similar. The schedule of activities that
occur at each visit are summarized in the table below.
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Since this trial employed an active-control treatment arm, there were predefined statistical
provisions made for comparisons between beclomethasone and montelukast. In cases where
both primary endpoints were significant (at the 0.05 level), the two treatment groups were to be
declared significantly different by the sponsor. This is the same decision rule for declaring an
active treatment group better than placebo. In cases where both primary endpoints are not
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significant, the two treatment groups were to be declared to be comparable by the sponsor. The
situation is less clearly defined for the case where one primary is and the other is not significantly
different. According to the sponsor, this will require subjective assessments using analyses and
integration of secondary eadpoints.

Reviewer note: The sponsor's definition and rules for declaring comparability between treatment
groups are not necessarily valid since the trial is not designed and powered as a comparability
trial.

In this trial, the sponsor planned to enroil approximately 1100 patients at 40 centers in Phase | of
the study. The sample size calculations used the same expected differences, anticipated
variability around those differences and desired power as the previous study. This allowed for
approximately 850 patients to enter into Phase |l (20 patients/center). Randomization was
performed centrally and patients were randomized into one of five groups in blocks of 7 in Phase
Il of the trial (Appendix 3.8, {77:11376]). The five groups are summarized in the tabie below:

Group Period | Period Il Period 1l Period IV n
1 Placebo Montelukast Montelukast Montelukast 300
2 Placebo Montelukast Placebo 40
3 Placebo Beclomethasone Beclomethasone Beclomethasone 200
4 Placebo Beclomethasone Placebo 40
5 Placebo Placebo Placebo 200

Patients receiving Phase Il treatments were randomized in a (montelukast: beclomethasone:
placebo) ratio of 3:2:2.

Reviewer comments: These trials, as designed, are proposing to study patients with very mild
asthma (i.e. requiring a minimum average of one puff of albuterol per day). In this light, observed
differences between drug and placebo are not likely to be very large. The protocol and data
analysis plan are otherwise very detailed and explicit. For Study 020, a non-US formulation of
beclomethasone was used with a spacer at a dosing
schedule that will not allow direct comparisons to US formulations and labeled dosing. First dose
effects on the endpoint of FEV1 are not evaluated and end-of-dosing interval FEV1 is not
assessed. In fact, in these trials the only true end-of-dosing interval efficacy assessment if
evening PEFR which was obtained prior to the evening dosing with montelukast. Although
Daytime Symptom Scores were recorded before PM dosing, these represent reflective and not
point-in-time assessments of efficacy. In these, and the other Phase 3 studies, quality of life was
assessed using patient-recorded, asthma-specific quality of life instrument which was developed
and published by ) No minimal important difference (MID) for the total or individual
domains was specified in the protocol. More importantly, no prespecification of which domain or
domains which would serve as the basis of comparison between montelukast and placebo was
contained in the protocol.

5.1.2. Resulits of Study 031

This study was condut_:t—ed at 52 centers in the United States. A complete list of investigators and
study sites may be found in Appendix 3.5 [81:14499).

Patient Characteristics: 681 patients were randomized (408 montelukast/273 placebo) of which
55.2% were females and 89% were Caucasians. 22.8% were using concurrent inhaled
corticosteroids as allowed by the protocol. The vast majority of the patients were between the
ages of 18 and 65. Only 12 patients (1.8%) were older than 65 years of age [81:14101]. The
baseline values for clinical efficacy endpoints are shown in the table below [81:14106].
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Varnable — Montelukast (n=408) Placebo (n=273)
FEV1 (L) 2.47 254
FEV1 (% predicted) . - 66.32 67.62
Daytime Symptom Score (0-6) : 2.50 272

Beta agonist use (puffsidery) 5.38 533

AM PEFR (L/min) 381.37 391.15
Nighltime awakening with asthma/week 4.04 3.96

Of the 681 patients 676 (39.3%) had at least one secondary diagnosis. The vast majority of
these involved respiratory system disorders, predominantly allergic rhinitis (92% placebo, 89%
montelukast patients)(82:15072]. There were no significant differences in the frequency or type
of secondary diagnoses. Similar findings were noted for medications taken prior to
randomization. Comparable numbers of montelukast and placebo patients (90% versus 89%)
took such medications [82:15088). By and large, the most common prior therapies included oral
contraceptives/hormone replacements, antihistamines, ibuprofen, pseudoephedrine and
acetaminophen which was, curiously, categorized as a ‘central nervous system' drug by the
sponsor in this study and ali other trial reports in the application. Concomitant medication use
during the study was also comparably distributed across treatment groups [81:15097).
Beclomethasone was used by 12.3% of montelukast and 13.2% of placebo patients.
Prednisone, a potential indicator of ‘on-study’ asthma exacerbation, was used by 9.3% of
montelukast and 113 of placebo patients.

Dropouts:

Of the 681 patients randomized, 615 (80.3%) completed Period It and 607 (89.1%) completed
Period 1ll. The overall proportion of patients who prematurely discontinued the study was 14.3%
in the placebo group and 8.6% in the montelukast patients (p=0.023). The reasons for dropout
are summarized in the table below [81:14119].

oal | Phoebo | Monehlas

RANDOMIZED: Total 81 253 408

DISCONTINUED: Toal 74 (109%) B (143%) 35( 8.6%)
Qlinic 2! advesso expesience 2.12 g;ﬁ 12 -&“ 9 %2«-
Labomory advesss expetience 3.) 1 4% 1( 0.2%
Patant withdaw o:n.;m 25(3. 1% 12( 4.48) 13( 32
Proocol deviaticn 15( 2.2 9( 3.5% 6{ 15%
Lost © folowxp 11{ 168 5( 1.8% 6( 158

OOMPLETED Period ITT* 607 (89. 1% 234 (85 ?® 373 (91.4%

=z wd PR E --Iron 33
eXRISICn qu }s2) ,

Dama Souze: [429]

Auditing and Checking:
The following case report forms (CRFs) accompanied the study report in electronic format and

were available through the CANDA as PDF graphic images. This is the list of dropouts due to
adverse events. Tlere were no deaths in this study.

-
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031.002 317 Benach O. Arvaety 24633
031.003 331 Berger, W. E. Bronchits 21829
031003 T340 Berger, W. E. Astm o worsening 249523
03 1-003 3542 Barger, W E. Bronchita.acuts 23161
031.00S 349 Brandon, Mulan Serum Fregnancy Test Pauuve 235327
031.0035 % Brudon, Milan Deprssucn 23557
031007 4551 Brown. C. Sarum Pregneancy Test Positve 23699
031010 4003 Candemi.John?t Serum Pregnancy Tea Positve 23843
03:1.012 4018 Daniel, D.L Serum Pregnancy Test Pouuva 23963
031017 4062 GCaldswin, Marc F. Asthm a.enacerd ason 26193
031.019 082 Hamas, William Q. Anxety 26aas
031020 4100 HsndslasLl. Fatigue 26597
031022 4114 Kemp.Janos P A st a.cx acerbaten 26839
031.023 44 66 Karenblat, Phillip B Rigrt Bundie Branch Bloaak 26977
031.031 4524 Nelwon Harald Raspuratory Arrest 27171
031.032 4216 Noonan, Michad J. Serum Pragamcy Test Posive 273035
031.032 4229 _Noona.MichaolJ. Depresdaon 276135
031034 43597 Owens, Oregory R. Pam ,bock 27853
03 1.036 4231 Pearimen, Davia S. Astiun o, warasching 27961
031036 4235 Peariman, David S. Aathma axacarb stson 28095
031.036 4236 Pearlmm, Davad S. Edeamafacaal 28261
031037 4246 Pesdinoff, Androw Aatiyn o, worse ning 28373
031037 4249 Pedincf?, Andrew Brdometricas prodabis 28803
031.037 4233 Pedinaff, Andmw At a.ax acerbanan 28771
031038 4272 Prenner, Bruce Aathmm aaxacard mion 28897
03 1.040 4283 Segal, Allen Depression pi-le s3]
031041 4411 Seltzer Junes Astlzn o, ek acaz bution 29131
031041 4414  Seltuer.Jumes Asthmm 2. ex acarbasan 29313
031.041 4423 Saltzer Jamoa Aathm a, ax acer bation 293531
031042 4293 Strms, Willian Serum Pregnancy Tast Positive 29741
03 1 044 4316 Stnclker, W. At 0.8 R acar bution 2987
031043 4323 Sveum. R J Astlon a.ex aoesbotion 30105
031.043 4327 Sveum . R J. Aston a.ex acorbaton 30235
031047 4342 Tayler.J.R. Astmn o ax acerbation 30437
03 1.049 4369 Waeaisberg, Stephan Asthmm a ax acorbat can 30363
031050 4376 Whate, Richaxd Asthan O, WOTrsorung 30833
0310351 <387 Wolfe . J. D. Nausss 31023
o3i1.0%2 4648 Finn, Albert P. Hexdacte 31223
T o3iox 4649 Finn, Albent F. Costritus 31307
03 1034 4678 Tinkeiman,David O Difficulty Breathing 31481

Data from the first ten (10) CRFs were cross-referenced to the electronically submitted case
report tabulations (i.e. line listings) and randomization code [Appendix 3.8, [81:14764). No
discrepancies were noted for selected laboratory and efficacy values.

A total of 21 patients discontinued due to a clinical adverse experience. Of these, 12 patients
(4.4%) were receiving montelukast and 9 (2.2%) were receiving placebo. An additional two
patients (one per treatment group) discontinued due to laboratory abnormalities (positive
pregnancy test). All CRFs were reviewed, compared to the Ime—llstmgs and no discrepancies
with regard to reasons for dropout were noted.

The remainder of the safety as well as a qualitative review of the CRFs associated with these
patients is contained in the safety section of this review.

For the primary ITT analysis, patients were excluded if they had no baseline or post-
randomization data. For the primary endpoints, a total of 5 patients (3 montelukast and 2
placebo) were excluded from the ITT analysis of FEV1. For Daytime Symptom Score, a total of
8 (1.2%) patients (4 in each treatment arm) were excluded.

Efficacy
FEV1 =

The mean percent change in FEV1 was 4.22% and 13.05% for placebo and montelukast,
respectively, averaged over the 12-week treatment period. At the end of Period Il (Week 15),
the mean percent changes from baseline were 7.71% and 5.64% for the M/P and the P/P
groups. in contrast, the M/M group demonstrated a continuing effect with a mean percent
change from baseline of 12.44% (p=0.58 versus M/P) [81:14122]. These findings are graphically
illustrated in the figure below [81:14124].

Reviewer Note: In this and all studies, percent change from baseline in FEV1 was calculated as
(Patient/Visit-Specific FEV1 Value - Patient-Specific Basefine FEV 1/Patient-Specific Baseline FEV1) x 100. [Merck
correspondence of December 9, 1997.
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The curves are similar for the endpoint of change from baseline in percent predicted FEV1
shown in the figure below. Over the 12-week treatment period, the mean change from baseline

for montelukast patients was 8.34 versus 2.61 for those patients randomized to placebo

(p<0.001). In terms of liters, these changes from baseline represent a mean change of 0.32
versus 0.10 for montelukast and placebo groups, respectively [82:14887).

For the endpoint of percent change from baseline in FEV1, a cumulative proportion analysis was
conducted and summarized in the table below [82:14898]. Note:. patients are represented more

than once as this table is consiructed from all FEV1 recordings obtained throughout the

treatment period.
Rx L
0
Placebo 169
n=270 (63%)
Monteluk 345
n=406 (85%)

S
123
(46%)
287
71%)

10
79
(29%)
219
(54%)

15
49
(18%).
150
(37%)

20
2

(8%)
110
(27%)

%
14
(5%)
68

(17%)

30
1"

(4%)
45
{(11%)

. Count and Percent of Patients with % Change in FEV1 greater than or equal to:

3s
4

(1.5%)
33

(8%)

40
(1%)

(5%)
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Daytime Symptom Sco_re (DSS):

Compared with placebo, montelukast demonstrated a significant improvement in DSS change
from baseline. Averaged-over the 12-week treatment period, mean change from baseiine was
-0.18 and -0.41 for placebo and montelukast, respectively (p<0.001){81:14125). The findings are
shown in the figure below. Baseline equals 2.49 for placebo and 2.51 for montelukast of a
possible maximum of six.

Daytime Symptom Score
Mean Change From Baseline
(Intention-to-Treat Approach)

0.0 1

-0.1 1

-0.2 4

<03 7

Mean + SE

-0.4 1

-0.5

-0.6

1 L] T T T T

0 3 6 9 12 15

Weeks in Active Treatment
foem Waghout «=

@88 Placebo | —0—& Montelukast
© © -6 Montelukast/Placebo

.~

As can be seen, remaval of montelukast in Period 1] resulted in deterioration of those patients
who were taking montelukast during the double-blind, 12-week, treatment period. The mean
changes for P/P and M/P patients was -0.33. The M/M group demonstrated a continuing but not
statistically significant effect of -0.43 mean change from baseline versus the M/P group (p=0.41).

For the two co-primary endpoints, visit-by-visit analyses were conducted and are summarized in
the table below [82:14907].
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FEV1 (mean percent change from baseline) Daytime Symptom Scores (change from baseline)

Visit (baseline) ~ Placebo™ Montelukast p vaiue Placebo Monteiukast p value
2.55L 2.46L 250 252

3 (3 weeks) 3.82 11.68 <0.001 -0.03 037 <0.001

4 (6 weeks) 3@ - 1207 <0.001 0.17 0.37 <0.001

5 (9 weeks) 443 13.52 <0.001 0.23 0.48 <0.001

6 (12 weeks) 4.91 13.76 <0.001 -0.35 -0.50 0.038

Secondary Endpoints
Rescue beta-agonist use
The results of this analysis are summarized in the figure below. The mean baseline beta-agonist

requirement was 5.33 and 5.42 puffs per day for the placebo and montelukast treatment groups,
respectively [81:14128).

Total Daily B-Agonist Use
Mean Percent Change From Baseline
(Intention-to-Treat Approach)

SE

2z

Mean

‘0 L T L 1 1] L T
(| 3 6 9 12 15
L Weeks in Active Treatment
Jh e Washout -=|
®—e—= Placeho . *—o—¢ Monteukast
.| ® * © Moniduksst/Placebo

Statistically significant differences were noted at Weeks 3, 8, 9, and 12 (all p values less than
0.003) [82:14908]. Significant differences between the M/M and M/P treatment groups were not
demonstrated at the end of the washout period for this endpoint [82:14880].
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Reviewer comment: In all studies, the sponsor-presented analysis is percent change from
baseline. This should, of course, be interpreted in the context of the baseline beta-agonist
requirements. For this study, the mean daily beta-agonist requirement was approximately 5.3
puffs. In that light, @ 10% -difference between groups represents a difference of approximately ¥
puff per day.

AM PEFR:

The results of this analysis are summarized in the figure below. The mean AM PEFR was 392
~ and 381 Umin for the placebo and montelukast treatment groups, respectively.

am PEFR (L/Min)
Mean Change From Baseline
(Intention-to-Treat Approach)

0 -
-]
7
H
a
[}
®
=
-10 T T T T T T
(1] 3 .6 : 14 12 18
Weeks in Active Treatment
ke Washout |
8—6—6 Placebs *——¢ Montehukast
® @ © Maontelukast/Placebo

Statistically sig'ﬂiﬁca;lt differences were noted at Weeks 3, 6, 9, and 12 (all p values less than
0.001) [82:14908]. Significant differences between the M/M and M/P treatment groups were not
demonstrated at the end of the washout period for this endpoint [82:14881).

PM PEFR: Montelukast demonstrated a signiﬂcaht improvement versus placebo over the 12-
week treatment period (4.18 L/min for placebo, 15.80 L/min for montelukast, p<0.001).

Reviewer note: It is reassuring to note that the once-daily dosing interval is supported by this -
endpoint.
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Nocturmal Asthma Score:

There were 488 patients in the prespecified subg}oup of asthmatics with noctumal awakenings
greater than or equal to 2 nights per week (194 and 294 in the placebo and montelukast groups,
respectively). The mean baseline score was 0.97 for both treatment groups. The mean change

~over the entire treatment period was -0.15 and -0.35 for the placebo and montelukast groups,

respectively. The effect over the 12-week treatment period is shown in the figure below.

Nocturnal Asthma Score--Nocturnal Asthmatic Patients Only
Mean Change From Baseline
(Intention-to-Treat Approach)

0.0

-0.1 7

-0.2 9

SE

*

-0.3 1

Mean

-0.4

-0.5

L] - L} T T v T

0 3 6 9 12 15

Weeksin Active Treatment
|- Washout I

a8—8~—5 Placebo ©—&—¢ Montelukast
© -8 © Montelrkast/Placebo

Statistically significapt.differences were noted at Weeks 3, 6, 9, and 12 (all p values less than
0.003) [82:14968]. Significant differences between the M/M and M/P treatment groups were not
demonstrated at the end of the washout period for this endpoint [82:14882].

Subgroup Analyses:
Treatment effects were fairly consistent across the following subgroups: age, sex, race, study
center, stratum of inhaled corticosteroid use and history of EIB [81;14137]. Three significant

interactions were noted: FEV1 for treatment by sex, DSS for treatment by ICS stratum, and
DSS for treatment by ethnic group. Treatment effects were also consistent across baseline
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disease severity for the primary endpoints as well as shown in the following figures [82:14944).
Montelukast is represented as the dark line connecting the filled squares.
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Onset of Action: -

The sponsor modeled the response over the first 21 days of treatment and calculated slopes and
intercepts for the efficacy variables for each treatment group. Using this methodology, the
differences in mean values for montelukast versus placebo for the endpoints of DSS, beta-
agonist use, AM PEFR and nocturnal asthma was significant at p<0.001 after the first dose in the
randomiZed 12-week study period [82:14792]. For day-by-day comparisons of monteiukast, oniy
summary statistics were provided [82:14802]. No inferential statistics were applied to these
anatyses which are summarized in the table below.

Day 1 .-DSS % /in B-agonist AM PEFR  Nocturmnal Asthma
{n of M/P) (401/269) (396/262) (398/264) (291/192)
Montelukast -0.30 -21.14 20.11 0.29
Placebo -0.01 4.86 -0.33 -0.08

Reviewer note: There are problems with the sponsor-proposed modeling of onset of action. A
reviewer-requested reanalysis of diary data was submitted by the sponsor and is reviewed later
in the document. :

Quality of Life: Montelukast demonstrated statistically significant differences from placebo in all
domains (activity, symptoms, emotions, environment) of the As



mentioned, no minimally important difference was prespecified in the protocol and no
‘categorical’ analysis based on an MID was performed. The mean change from baseline (LS
mean) for the montelukast and placebo groups are shown in the table below.

Treatment Actvity Domain  Symptoms Domain  Emotions Domain Environment Total (average of
Domain four domains)
Montelukast 0.50 0.70 0.58 0.48 0.57
Placebo 0.27 0.23 0.23 0.26 0.25
Reviewer note: Based on. published validation of 0.5 units being the minimal important

difference for the individual and total score, it can be seen that montelukast does not achieve an
MID over placebo (i.e. mean difference 2 0.5) for any of the individual or total domain endpoints.

Other endpoints: Montelukast was superior to placebo for the following secondary endpoints:
asthma exacerbations and asthma-free days (sponsor definition), as well as the pctient and
physician global assessments.

Montelukast was not superior to placebo for the endpoints of asthma attacks, need for
corticosteroid rescue and frequency of patients discontinuing due to worsening asthma.

' 5.1.3. Results of Study 020

This study was conducted at 40 centers in Europe, Central/South America, Africa and Australia
using non-US formuiations of beclomethasone administered with a spacer device as an active
comparator. A complete list of investigators and study sites may be found in Appendix 3.5
[76:11195].

Patient Characteristics: 895 patients were randomized (387 montelukast/257 placebo/251
beclomethasone) of which 60.4% were females and 51.6% were Caucasians. 10.2% were using
concurrent theophylline preparations as allowed by the protocol. The vast majority of the
patients were between the ages of 18 and 65. Only 45 patients (5%) were older than 65 years of
age [76:10715]. The baseline values for clinical efficacy endpomts are shown in the table below
[76:10717).

Variable - Montelukast Beclomethasone Placebo
n=379 n=248 n=253
FEV1 (L) ’ 2.15 210 221
FEV1 (% predicted) 64.93 64.83 65.99
Daytime Sx Score (0-6) 235 . 239 . 2.40.
Beta agonist use (puffs/day) 537 5.46 5.82
AM PEFR (L/min) 338.99 330.64 333.07
Nighttime awakening with asthma/week 4.36 4.50 4.63

Of the 895 patients 778 (86.9%) had at least one secondary diagnosis. The vast majority of
these involved respiratory system disorders predominantly ailergic rhinitis (65% placebo, 62%
montelukast, 81% beciomethasone patients) [77:11764]. There were no significant differences in
the frequency or type-of secondary diagnoses. Similar findings were noted for medications taken
prior to randommization. Comparable numbers of montelukast, beclomethasone, and placebo
patients (59%, 55% and 56%, respectively) took such medications [76:10720). By and large, the
most common prior therapies included oral contraceptives/hormone replacements,
antihistamines, ibuprofen, pseudoephedrine and acetaminophen. Concomitant medication use
during the study was also balanced across treatment groups [76:10724]. Theophylline was used
by 10.3% of montelukast, 10.8 of beclomethasone, and 10.5% of placebo patients. Prednisone,
a potential indicator of asthma exacerbation was used by 10.9% of montelukast, 10.0% of
beclomethasone, and 19.5% of placebo patients.

23



Dropouts
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Of the 895 patients randomized, 802 (89.6%) completed Period Il and 783 (87.5%) completed
Period Ill. The overall proportion of patients who prematurely discontinued the study was 18.3%
in the placebo group and 10.6% in the montelukast and 9.6% in the beclomethasone patients
(both pairwise comparisons yielded p=0.007). The reasons for dropout are summarized in the

table beiow
[76:10728].
Patient Accounting
Total Placebo Montelukast | Beclomethasone
RANDOMIZED: Total 895 257 387 251
DISCONTINUED: Total 112 (12.5%) 47 (183%) 41 (106%) | 24( 9.6%)
Clinical adverse ex perience 24 ( 27%) 11(43%) 8(2.1%) S( 2.0%)
Laboratory adverse experience 4( 04%) 1( 04%) 2(05%) 1( 04%)
Patient withdrew consent 25 ( 2.8%) 10 ( 3.9%) 11( 2.8%) 4( 1.6%)
Protocol deviation 34 ( 3.8%) 14( 54%) 12 ( 3.1%) 8( 3.2%)
Lost to follow-up 17 ( 1.9%) 9( 3.5%) 4(1.0%)| 4(1.6%
Other? 8( 0.9%) 2( 0.8%) 4(1.0%) 2( 08%)
COMPLETED Period III' 783 (87.5%) | 210(81.7%) | 346 (89.4%) | 227 (90 4%)

Auditing and Checking

' Of the 783 completed patients, 436 (270 montelukast, 166 beclomethasone) entered the double-
blind extension (Period IV).
2 Eight patients discontinued due to study closure (Site 020030). The other 7 patients at this study

center had already been discontinued due to ‘Erotocol deviation.”

The following case report forms accompanied the study report in electronic format and were
available through the CANDA as PDF graphic images. The table below contains a list of
dropouts due to adverse events. There was one death in this study and it involved a 50 year old
man who was involved in a fatal automobile accident after eight days of montelukast treatment. -

The patient died from severe head trauma.

020001
020003
020003
020003
020003
20003
020-006
020008
020008
020-008
020010
020012
020013
20013
020018
020019
020019
20021
02002

5422 Ortaga, Hecter J
$17 Pmero, Amdres
P19 Pmsiro, Andres
930 Pmeiro, Ardres
555 Pmeiro, Andres
5106 Jardim,Jose R
5176 Quaglizo, Reynaldo
6029 - Bateman, Exic D
6031 Bateman, Eric D
@42 Bateman EncD
2997 Bemstain, Manust

.. 5886 " Villarm Femreyros,

53 Torres, Cxlos Artar
233 QOadleguillos, Fabtian
5800 Prieto, Femando H
5727 Perez-Pudilla, Jose
5740 Peraz-Pxdilla, Jose
5499 Rodriguez-Oomez, G
P& Olaguitel Rivera, Jo

Serum Pregnancy Tast Positive

_Asthma Attack

Suicide Attampt

Asthma Attack
Hypotension,artanial
Thromboembolism puimaonary
Papulas,abdomen

Asthma Attack’

Asthma worssning

Asthm a, worsening

Asthma Attack

Serum Pregnancy Test Positive
Asthmawarsening

Astimna Attack

Asthma Attack

Asthma excerbation

Aglmna, worsening

Serum Pregnancy Test Positive
Dyspepaia

357
5733
037
6327
6611

6757
oS3
7031
7153
7341
7491

7823
80P
8209
84%
8671

8923
9101

9293
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Qo0U 5308 Ilord amoglou, John Astiima, worsening 0417
QO024 35312 krdmoglan, John Gasrritss 979
Qo3 5293 Siafakas, Nikolxs Astma Attack 10023
o2s 5296 Siafakas, Nikolaos Epididymo-Orchitis 10233
Qo26 5646 Bomifzz, Flonso Menstrual Flow,dec 10407
020026 5649 Bond=i, Flonano Diarthea 10523
oL2 6 5650 Bonifazi, Floni ano Urtic ania 10711
Qo8 5703 Guema, Jeremias Serum Pregnancy Tast Pasitive 10887
o028 7027 QOrema, Jeremias Serum Pregnancy Test Pasitive 11055
020-029 5654 Todisco, Tommaso Asthma Attack 11219
20029 5678 Todisco, Toammao Asthma Attack 11357
020029 3684 Todisco, Tammaso Syncope vaovagal 11451
QoM2s 5686 Todisoo, Tammaso Neoplasmn 11625
020032 503 Boelmmg, W. Asthma worsening 11811
Q0033 364 Picado-Valles, Cesar Edema,eyelid 120
020034 5670 De Banadetto, Feman Asthma Attack 12195
020036 5594  Eramer, Mardechai R Asthma worsening 12421
00036 598 Kramer, Mordechai R ALT [ncreased 12607
020037 5&21 Weiler Ravell, Danie Fatiguz 12897
020-037 5Q235 Weiler Ravell, Danie Asthma worsaning 13073
Q0037 SQ7 Weiler Ravell, Dmie Asthma,worsening 1325
020037 5631 Weilsr Ravsll, Danie Asthma, warsening 1359
020037 5633 Weiler Ravell, Dmie Asthma,worsening 13787
020038 5017 Ben-Dow, Lusachar Serum Pregnancy Tast Pasitive 14023
020038 5612 Ben-Dov, Lisachar ‘Entation throat 14251
020035 55 Vagliaundi, Mario Serum Pragnancy Tast Positive 14485

Data from the first ten (10) CRFs were cross-referenced to the electronically submitted case
report tabulations (i.e. line listings) and randomization code [Appendix 3.8, 77:11376]. No
discrepancies were noted for selected laboratory, efficacy values or designated treatment
allocation.

A total of 24 patients discontinued due to a clinical adverse experience. Of these, 1 patient
(4.3%) was receiving montelukast, 8 (2.1%) were receiving belcomethasone and 5 (2.0%) were
receiving placebo. An additional four patients (two montelukast, one belcomethasone and one
placebo) discontinued due to laboratory abnormalities (positive pregnancy tests). All CRFs were
reviewed and no discrepancies were noted between selected data contained in the CRF and in
the corresponding patient line listing.

The remainder of the safety as well as a qualitative review of the CRFs associated with these
patients is contained in the Integrated Summary of Safety review.

For the primary ITT analysis, patients were excluded if they had no baseline or post-
randomization data. The number of patients excluded for each endpoint in the ITT analyses is
summarized below. . i
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Efficacy
FEV1

The mean percent change in FEV1 was 1.07% , 7.49% and 13.30 for the placebo, montelukast,
and beclomethasone treatment groups, respectively, averaged over the 12-week treatment
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period. At the end of Period n (Week 15), the mean percent changes from baseline were
2.90%, 2.46% and 1.95% for the P/P, M/P and B/P groups, respectively. In contrast, the M/M
and B/B groups demonstrated a continuing effect with a mean percent change from baseline of
7.42% and 12.83% (p=0.007 for the pairwise comparison of B/B to B/P; no other comparisons
were statistically significant) [76:10733]. These findings are graphically illustrated in the figure
below. -

FEV,
Mean Percent Change From Baseline
(Intention-to-Treat Approach)
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The curves are similar for the endpoint of change from baseline in percent predicted FEV1
shown in the figure below. Over the 12-week treatment period, the mean change from baseline
for montelukast patients was 4.68 versus 0.61 for those patients randomized to placebo
(p<0.001). The beclomethasone group had a mean change of 8.23 (p<0.001 versus placebo) In
terms of liters, these changes from baseline represent a mean change of 0.16, 0.27 and 0.02 for
montelukast, beclomethasone, and placebo, respectively (both M and B > P at p<0.001)

[(77:11547).
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For the endpoint of percent change from baseline in FEV1, a cumulative proportion analysis was
conducted and summarized in the table below [76:11556]. Note: Patients are represented more

than once as this table is constructed from all FEV1 recordings obtained throughout the
treatment period.

Rx Count and Percent of Patients with % Change in FEV1 greater than or equal to:

0 S 10 15 20 25 30 35
Placebo 131 93 64 39 20 14 12 11
n=249 (53%) (37%) (26%) (16%) (8%) (6%) (5%) (4%)
Monteluk 246 203 159 110 83 47 32 19
n=375 (66%) (S4%) (42%) (29%) (22%) (13%) (8%) (5%)
Beclo 191 166 125 96 69 54 41 32
n=246 (78%)

(68%) (51%) (39%) (28%) (22%) (17%) (13%)

Daytime Symptom Score (DSS) -

Compared with placebo, montelukast demonstrated a significant improvement in DSS change

from baseline. Averaged over the 12-week treatment period, mean change from baseline was
-0.26, -0.49, and -0.70 for placebo, montelukast and beclomethasone, respectively
(p<0.001)[76:10736]. The findings are shown in the figure below. Baseline values were 2.40,

2.35 and 2.38 for placebo, montelukast, and beclomethasone, respectively, of a possible
maximum of six.
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Daytime Symptom Score
Mean Change From Baseline
~  (Intention-to-Treat Approach)
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As can be seen, removal of montelukast or beclomethasone in Period Ilf resulted in deterioration
of those patients who were taking montelukast or beclomethasone during the double-blind, 12-
week, treatment period. The mean changes for P/P, M/P, and B/P patients were -0.43, -0.21 and
-0.52, respectively. The M/M and B/B groups demonstrated a continuing effect of -0.61 and -
0.80, respectively. Both of these comparisons were significantly different from their placebo
control groups at p<0.006.

For the two co-primary endpoints, visit-by-visit analyses were conducted and are summarized in
the table below [77:11564).

FE\1-(mean percent change from basaline) Daytime Symptom Scores (change from baseline)
Visit (baseiine) .- Placebo Montelukast Beclometh Placebo Montelukast Beclometh
221L 216L 210 2.40 2.34 2.36
3 (3 weeks) 1.73 8.19* 12.23°# 0.14 -0.44* -0.59" #
4 (6 weeks) 1.03 6.94° 13.69°.# -0.27 -0.45° 073 #
5 (9 weeks) 1.01 6.83* 14.46° ¥ -0.38 -0.53 0.75'#
6 (12 weeks) 1.77 7.71° 13.58°# -0.38 0.57 0.80*#

*indicates p<0.05 versus placebo, # indicates p<0.05 versus montelukast.
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Rescue beta-agonist use:

The results of this analysis are summarized in the figure below. The mean baseline beta-agonist
requirement was 5.78, 5.35, and 5.43 puffs per day for the placebo, montelukast, and
beclomethasone treatment groups, respectively.

Total Daily B-A gonist Use
Mean Perceat Change From Baseline
(Intention-to-Treat Approach)

20 7

10 1
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Beclomsthasons © % © Montelukast/Placebo
¢ 8 2 Becdomsthasone/Placebo

Statistically signiﬁcaﬁt differences favoring montelukast over placebo were noted at Weeks 3, 6,
9, and 12 (all p values less than 0.001). Beclomethasone was superior to montelukast at each
timepoint at p<0.00% [77:11575]].

AM PEFR:
The results of this analysis are summarized in the figure below. The mean AM PEFR was 335,

340 and 331 for the placebo, montelukast and beclomethasone treatment groups, respectively
[76:10743).
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- - am PEFR (LMin)
Mean Change From Baseline
(Intention-to-Treat Approach)
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Statistically significant differences were noted at Weeks 3, 6, 9, and 12 (all p values less than
0.001) [77:11567]. Beclomethasone was also statistically superior to placebo at Weeks 6, 9, and
12.

PM PEFR: Montelukast demonstrated a significant improvement versus placebo over the 12-
week treatment period (-0.49 for placebo, 20.13 for montelukast, 31.10 for beciomethasone).
Montefukast and beclomethasone were statistically superior to placebo and beclomethasone was
superior to montetukast af at p<0.001.

Reviewer note: As n_ie‘ntioned before, this is the only end-of-dosing interval efficacy evaluated in
these trials. .

Noctumal Asthma Score:

There were 700 patients in the prespecified subgroup of asthmatics with nocturnal awakenings
greater than or equal to 2 nights per week (203, 290 and 207 in the placebo, montelukast, and
beclomethasone groups, respectively). The mean baseline score were comparable for all
treatment groups. The mean change over the entire treatment period was -0.15, -0.40, and -0.57
for the placebo, montelukast, and beclomethasone groups, respectively. The effect over the 12-
week treatment period is shown in the figure below.
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“Nocturnal Asthma Score--Nocturnal Asthmatic Patients Only
Mean Change From Baseline
- (Intention-to-Treat Approach)
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. Statistically significant differences were noted at Weeks 3, 6, 9, and 12 (all p values less than
0.003) [77:11565). Beclomethasone was sta_tistically superior to montelukast at all visits.

Subgroup Analyses

Treatment effects were consistent across the following subgroups: age, sex, race, study center,

theophylline use and history of EIB [76:10747]. Treatment effects were also consistent across
baseline disease severity for the primary endpoints as well as shown in the following figures

[77:11601]. In these figures, beclomethasone is represented by filled triangles and montelukast

by filled squares. PIa,_cebo is shown as open squares.
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Onset of Action

The sponsor modeled the response over the first 21 days of treatment and calculated slopes and
intercepts for the efficacy variables for each treatment group. Using this methodology, the
differences in mean values for montelukast versus placebo for the endpoints of DSS, beta-
agonist use, AM PEFR and nocturnal asthma was significant at p<0.001 after the first dose in the
randomized 12-week study period [76:10749]. For DSS, beta-agonist use, and AM PEFR, the
effect of beclomethasone reached its maximal effect gradually and numerically surpassed the
effect of montelukast before Day 8. Beclomethasone was numerically superior to montelukast
after the first dose for noctumal asthma score. For day-by-day comparisons of montelukast, only
summary statistics were provided [77:11439). No inferential statistics were applied to these
analyses which are summanzed in the table below.

Day 1 DSS % / in B-agonist AM PEFR Nocturnal Asthma
(n of M/B/P) (370/243/245) (361/240/237) (366/242/240) (279/202/190)
Mondelukast L 0.39 -20.93 19.88 0.29
Beciomethasone | 028 - -23.92 8.77 -0.40
Placebo -0.06 -3.09 -3.23 -0.07

Reviewer note: Please see reviewer requested reanalysis of daily diary scores for the first week
of reatment at end of this section. .

Quality of Life: Montelukast demonstrated statistically significant differences from placebo in all

domains (activity, symptoms, emotions, environment) of the . As
mentioned, no minimally important difference was prespecified in the protocol and no
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‘categorical’ analysis based on an MID was performed. The mean change from baseline (LS
mean) for the montelukast and placebo groups are shown in the table below.

Treatment Activity Domain Symptoms. Emotions Domain Environment Total (average of
. Domain Domain four domains)
Montelukast ~ 0.66 0.72 0.58 0.54 0.62
Beclomethasone 0.89 1.02 0.78 0.63 0.83
Placebo 0.25 . 0.33 0.22 0.20 0.25
Reviewer note: Based on published validation of 0.5 units being the minimal important

difference for the individual and total score, it can be seen that montelukast does not achieve an
MID over placebo (i.e. mean difference 2 0.5) for any of the individual or total domain endpoints.
Beclomethasone was statistically superior to montelukast in these analyses and achieved a MID
for the activity, symptoms emotions and total domains.

Other endpoints: Montelukast was superior to placebo for the following secondary endpoints:
asthma exacerbations and asthma-free days (sponsor definition), as well as the patient and
physician global assessments. Again, beclomethasone was superior to montelukast in these
endpoints.

Montelukast was also superior to placebo for the endpoints of asthma attacks, need for
corticosteroid rescue and frequency of patients discontinuing due to worsening asthma. For
these endpoints, montelukast and beclomethasone were not statistically significantly different
although beclomethasone was numerically favored for all endpoints.

Reviewer comment: The sponsor should be asked to perform inferential (pairwise of montelukast
versus placebo) statistical analyses on the daily data for the first seven days for DSS, beta-
agonist use, AM PEFR and nocturnal asthma scores to support the onset of efficacy claim for
both Studies (020 and 031). This request was Faxed to the sponsor on October 27, 1997. The
sponsor response is reviewed at the end of this section.

5.2 Placebo-controlled Trial in Aspirin-Sensitive Asthmatics
5.2.1 Protocol Review

Study 015 [75:15053]: A Multicenter, Randomized, Double-Blind, Placebo-Controlled, 2-Period
Paraliel-Group Study to Assess the Clinical Effect of Montelukast in Aspirin-Sensitive Patients.

The primary objective of this study was to determine the clinical effect of montelukast in aspirin-
sensitive asthmatics over a four week treatment period.

In order to achieve these objectives, non-smoking, male and non-pregnant female asthmatics
between the ages of 15-and 75 with a history of aspirin-sensitivity were randomized to receive
montelukast (10 mg) or placebo daily for four weeks. Aspirin-sensitivity was defined as
documentation of a 20% decrease in FEV1 after oral/inhaled/nasal challenge or significant
increase in nasal symptoms or decrease in nasal peak flow after nasal challenge using aspirin or
lysine-aspirin. Additionally, the patients must have an FEV1 between 50% and 90% of predicted
on at least two occasions during the Prestudy visit, Visit 1, 2, or 3. Reversible airway obstruction
as demonstrated by 12-15% response to inhaled albuterol was also required. Other
inclusion/exclusion criteria and acceptable medication washout and concomitant medication
criteria are the same as in the previously described chronic asthma studies. The use of stable
doses of theophylline and oral (up to 20 mg prednisone/day) or inhaled corticosteroids was
permitted.

The study was divided into two periods as shown in the figure below [74:9828].
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Period | of the study is a single-blind, placebo run-in period lasting two weeks during which time
baseline quantification of Daytime Symptom Scores and inhaled beta-agonist requirements was
made. Patients were then randomized to montelukast or placebo at Visit 3. Standard rescue
albuterol was provided. Test medications were to be taken at bedtime without regard to meals.
Compliance was assessed by pill counts at each visit and correlation of beta-agonist canister
weights with the diary recording of beta-agonist use. The double-blind treatment period was 4
weeks in duration with clinic visits at weekly intervais.

The schedule of study procedures followed during Periods | and |l are summarized in the table
below [74:9835). Data collection during Visits was standardized as described in the reviews of
other chronic asthma studies. Similarly, procedures for handling asthma exacerbation were
previously described.

APPEARS THIS WAY
ON ORIGINAL
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_. Clinical Observations and Laboratory Measurements

Period [ Period [
. _ Weeks: 0 1 2 3 4 5 6
Order of Proce dures VisitYBooklet: | PS 1 2 3 4 5 [ 7 D

b

Informed consent

Patient’s global evaliation X

Asthma-specific Quality-of-Life Questionnaire X X

Screening number provided

Urine samples for LTE /creatinine

Inclusiorvexclusion criteria re viewed

Clinical and asthma history

Documentation of oral, inhaled, or nasal aspirin
challenge

Patient demonstrates competence in sady
procedures

Review of concomitant therapy X

Adverse experiences reviewed

Diary card collected and reviewed with patiens

Montelukast/placebo tablets returmned/counted

Chest X-ray or report reviewed

ECG (12-lead)

Physical examination

Vital signs (sitting BP. HR, RR, and oral tem-
perature)

Spirometry‘

Spirometry with B-agonist reversibility? X |x X

Serum PB-hCG pregnancy test (females only)? X

Urine B-hCG pregnancy test (females only)

Allocation number provided

Laboratory safety tests* X

Plasma samples for archiving

Physician’s global evaluation

Tablets (montelukast/placebo) dispensed X X

Abuterol dispensed as needed X X X X X X

Practice diary card/diary card dispensed X X X X X X

7 The study coordinator reviewed the diary card in order to determine if patient achieved the inclusion
criteria and could be randomized.

2 In order to have premed spirometry testing performed between 0600 and 0900 AM, spirometry was done

as the first procadure, after the Quality-of-Life Questionnaire.

3 The last pregnancy test was done 14 days after Visit 7 or a Visit D.

4 Patient was asked not to perform STenuous exercise 3 days before a visit with laboratory safety tasts.

D = Discontinuation Visit.

PS = Prestudy Visit.
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In addition to data collection at scheduled visits, patients were asked to keep a daily diary in
which they will record and score daytime asthma symptoms. .The following questions were
answered on a 0 to 6 scale.

-How often did you experience asthma symptoms today? (0= none, 6= all)

-How much did your asthma symptoms bother you today? (0=not at ali, 6= severely)

-How much-activity could you do today? (O=more than usual, 6= less than usual)

-How often #tid your asthma affect your activities today? (0=none, 6=all the time).
Patients were also asked to record the total number of puffs of albuterol used during the day, the
AM PEFR, the pre-bedtime PEFR and the ovemight asthma symptom score. In order to address
this last parameter the patient answered the question “Did you wake up with asthma?" and
quantify the number of puffs of albuterol used since going to bed. PEFRs were to be recorded
as the best of three efforts.

Two primary endpoints were designated in the protocol. a) FEV1 assessed at each clinic visit
and b) daytime asthma symptom scores, as recorded on the daily asthma diaries. Secondary
endpoints are: c) daily PEFR, d) daily inhaled beta-agonist use, and e) nighttime awakenings, all

_ as recorded on daily diary card. Other endpoints include: physician's global assessment, seif-
administered asthma-specific quality of life, number of asthma attacks, exacerbation and patient
discontinuations due to asthma, and the amount/need for rescue medication. An “exacerbation
of asthma” was explicitly defined as oné occurrence of any one of the following:
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-decrease from baseline in bedtime PEFR of more than 20%

-AM PEFR less than 180 L/min

-Increase in beta-agonist use of more than 70% (or at least 2 puffs)

-increase in basetfine symptom score of more than 50%

-Awake all night

-Asthma attack resulting in an unscheduled visit to the doctor's office, ER or hospital, or
treatment with oral corticosteroids.

An intent-to-treat analysis (all patients as randomized with post-baseline data) and a ‘per
protocol’ approach which excludes patients with important protocol deviations were prespecified.
For the primary endpoints, the average response over the entire treatment period was to be
compared to placebo and tested at the p=0.05 ievel for both endpoints (FEV1 and Daytime
Symptom Scores). Secondary endpoints will be analyzed in the same manner.

5.2.2. Results of Study 015

This study was conducted at 13 sites (3 US/10 Europe) in nine countries. A complete list of
investigators may be found in Appendix 3.5 [75:10355).

Patient Characteristics: 80 patients were randomized at Visit 3 (40 to each treatment) of which
67.5% were females and 97.5% were Caucasians. Overall, 11.3% of the patients were older
than 85 years of age {74:9861]. The mean baseline values of clinical endpoints for each
treatment group are shown in the table below [74:9865].

Vanatée Montelukast  Placebo
n=40 n=40
FEVI (L) 219 2.19
FEV1 (% predicted) 69.71 69.57
Daytime Sx Scores (0-6) 237 227
Beta-agonist use (puffs/day) as4 443
AM PEFR (Umin) 343.57 343.25

The diagnosis of aspirin-sensitivity was made in 64 of the patients (80%) within 4 years of the
study. The remaining patients were diagnosed within 8 years (n=12 or 15%) or within 10-20
years (n=4 or 5%). The manner in which the diagnosis was established is shown in the table
below [74:9863].
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Prior and Concomitant Therapies: The qualitative and quantitative use of prior and concomitant
therapies was similar.to that described in the previous chronic asthma trials [74:9867).

Dropouts -

Of the 80 patients randomized, 79 completed the study [74:9875).

Audilting and Checking: Only one case report form was provided for this study. This CRF was

for a 22 year old female (#1867) who discontinued from the trial after 13 days of treatment with
placebo. The headache was present at the time of randomization (Visit 3) and worsened prior

the second post-randomization visit (Visit 6). The data from this CRF was cross-referenced to

the corresponding line-listings and allocation code [75:10415]. No discrepancies were noted.
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Note: No patients were excluded from the ITT analyses for the primary efficacy variables. Only

one placebo patient was excluded from the ITT analysis of the secondary endpoint of beta-
agonist use.

FEV1

The mean percent change from baseline in FEV1 over the four week treatment period was
+8.55% for montelukast and -1.74% for placebo (p<0.001). The resuits are summarized in the
figure below [74:9877).

FEV,
Mean Percent Change From Baseline
(Intention-to-Treat Approach)

+ SE

Mesan

1 L] L L

0 1 . 2 : 3 . 4
Weeks in Active Treatment

&8 Plawbo *—0—% Montelukast

Analyses based on eﬁange from baseline in FEV1 percent predicted or FEV1 yielded similar
results [75:10506]. The visit-by-visit analyses of the percent change from FEV1 baseline over
the double-blind treatment period are contained in the table below [75:10523].

Visi Montelukast Placebo p Value
Baseline (L) 2.18 2.19 NS
Visit 4 (% Change) 8.41 -1.67 0.002
Visit 5 6.88 034 0.048
Visit 6 8.25 3.83 <0.001
Visk 7 10.65 2.3 <0.001
Last Available Visit 10.65 -1.76 0.001
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Daytime Symptom Scores (DSS)

The mean percent c:hange_from baseline in DSS over the four week treatment period was -0.30
montelukast and -0.03 for placebo (p= 0.069). The results are summarized in the figure below
[74:9880]. - _ '

Daytime Symptom Score
Mean Change From Baseline
(Intention-to-Treat Approach)

0.3 1
0.2 1
0.1 1

0.0 1

SE

x

-0.1 1

-0.2 1

Mean

=03 1

-0.4 1

-0.5

0 1 2 3 4
Weeks in Active Treatment

&—a—& Placebo 4——¢ Montelukast

The ‘per-protocol’ analysis showed smaller between-group differences. The ITT visit-by-visit
analyses of the change from DSS baseline over the double-blind treatment period are contained
in the table below {75:10524].

Visit Montelukast Placebo p Value
Baseline (Score) -] 237 2.27 NS
Visit 4 (Change) 0.33 0.12 0.001
Visit 5 0.24 -0.07 0.512
Visit 6 . 0.32 0.00 0.178
Visit 7 0.33 0.16 0.262
Last Available Visit -0.33 -0.15 0.250
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Compared with placebo, montelukast demonstrated a statistically significant decrease in beta-
agonist use when percentchange from baseline was analyzed over the four week treatment
period. The mean reduction was 27.65% for montelukast while treatment with placebo resulted
in a 2.09% _increase (p=0.002). The results of the analysis of change from baseline was also
significant (p-0.013). The difference in LS means between the two treatment groups was 0.83
puffs per day [74:9884].

Secondary Endpoints

Other endpoints: Statistically significant differences between montelukast and placebo were
noted for the overall 4 week ITT analyses for: AM PEFR [74:9885], PM PEFR [74.9895],
noctumal asthma score [74:9891], patient global [74:9900], and asthma exacerbation [74:9916].

Statistically significant differences were not demonstrated for the following endpoints:
physician’s global [74:9902], overall quality of life or the domain-specific quality of life (activity,
symptoms, environment) [74:9906], and asthma-free days [74:9918).

Onset of Action:

Summary statistics for the daily scores for the first seven days for the endpoints of Daytime
Symptom Scores, total daily beta-agonist use, AM PEFR and noctumal asthma score were
provided [75:10466]. No inferential statistical analyses on these data were performed. It
appears that the favorable effect of montelukast was evident as early as the first day.

Subgroup Analyses: Subgroup analyses were conducted investigating potential interactions by
sex, race, age, allergic rhinitis, and exercise-induced bronchospasm. In general, treatment
effects were consistent across subgroups [75:10480]. Treatment effects were also consistent
across patients and baseline values as demonstrated in the figure below {75:10554).
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Reviewer Conclusions: This trial supports the efficacy of montelukast in a population that has
been demonstrated to have aspirin sensitivity. It does not support any claims that this population
may derive an enhanced benefit from treatment with montelukast. The differences between
montelukast and placebo for FEV1 and DSS in this study were not greater than those observed
in Studies 020 and 031. Furthermore, it does not support a claim that montelukast attenuates the
response to aspinn in these patients and, consequently, that aspirin or NSAIDs may be used in
these patients if they are treated with montelukast.

The sponsor should be asked to perform inferential (pairwise of montelukast versus placebo)
statistical analyses on the daily data for the first seven days for DSS, beta-agonist use, AM
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PEFR and nocturmal asthma scores to support the onset of efficacy claim. This request was
Faxed to the sponsor on October 27, 1997.

Sponsor's Response to Reviewer Questions for Placebo Controlled Trials: The sponsor was
asked to perform inferential analyses of the diary obtained endpoints of Daytime Symptom
Scores, daily beta-agonist use, AM PEFR and noctumal asthma scores in Studies 020, 031 and
015. These were submitted on November 13, 1997 and summarized in the table below. The
data are represented as the LS mean treatment difference between montelukast and placebo.
All pairwise comparisons for Studies 020 and 031 are significant at less than 0.001. As can be
seen the numerical differences seen in Study 015 are comparable; however statistical
significance was not consistently achieved for all endpoints. For the co-primary endpoint of
Daytime Symptoms, statistical significance was achieved for Days 1 through 6 in this study.

Daytime Symptoms Daily Beta-agonist use (%) AM PEFR (Umin) Noctumal Asthma Score
Day Study Study Study Study Study Study Study Study Study  Study  Study  Study

020 031 015 020 031 015 020 031 015 020 031 015

-0.33 -0.29 032 -17.09 -2584 -185t 2295 2011 2885 -0.23 -0.20 -0.41

-0.46 -0.32 050 -2779 -2544 -3161 2883 1964 2555 028 027 -0.23

0.4 037 039 -27.31 -2399 -1059 2240 1246 4551 -0.30 -0.28 0.37

. 027 040 3491 -2669 -2923 2824 1984 3102 037 -0.27 -0.93
0.45 0.29 -055 -3161 .-2337 -3997 2885 1957 2986 033 0.25 -0.08
-0.40 -0.35 044 3195 -2077 .3488 2810 2267 305 02 -0.26 0.13
0.35 -0.45 -028 -26.12 -2557 -2823 3.2 2552 388 023 -0.23 0.27

NoOnaWN -
o)
£

Overall Reviewer Conclusion on Placebo-Controlled Studies:

Montelukast has been shown to be effective in the treatment of mild to moderate asthma
in adequate and well-controlled trials. Onset of action has been shown to occur within
one day of treatment for the endpoints of Daytime Symptoms, beta-agonist use, AM PEFR
and nocturnal asthma scores. First-dose bronchodilatory effects (i.e. FEV1) were not
evaluated in these trials; however, previous data indicate that the first dose effect on
FEV1 is not significant (Study 009). Post-treatment observations indicate that no rebound
phenomenon exists after withdrawal of montelukast in this patient population.
Montelukast is effective in asthmatic patients with demonstrated aspirin sensitivity;
however, it has not been shown to be of more value in these patients than in the
population of general asthmatics. Importantly, montelukast has not been demonstrated
to truncate the response to aspirin in these patients and, consequently, allow such
patients to be treated with aspirin or NSAIDs. The data do not demonstrate that
montelukast impacts significantly on asthma-specific quality of life evaluations. The data
further indicate that inhaled beclomethasone dosed at 400 mcg/day is statistically
superior to montelukast and placebo for the co-primary endpoints of Daytime Symptoms
and FEV1 and superior to placebo for overall QOL and the individual QOL domains of
activity, symptoms, and emotions.
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5.3 Chronic Exercise Study
5.3.1 Protocol Review

Study 042 [83:15400]: A Randomized, Double-Blind, Placebo-Controlled, 3-Period, Parallel-
Group Study to Investigate the Effects of 12 Weeks of Montelukast Therapy on Exercise and
Methacholine-Induced Bronchoconstriction in Asthmatics.

The principal objective of this study was to determine the effect of chronic administration of
montelukast therapy on exercise-induced bronchoconstriction (as measured by the post-exercise
fall in FEV1 and AUCq.s0mn, and time to recovery of FEV1) in asthmatics measured 20 to 24
hours after oral dosing. A second objective was to determine the effect of montelukast on airway
hyperresponsiveness as measured by methacholine inhalational challenge testing.

In order to achieve these objectives, non-smoking male and nonpregnant female asthmatics with
an average pre-exercise FEV1 of 265% of predicted were eligible to enroll. In addition, these
patients had to demaonstrate evidence of exercise-induced branchospasm (EIB) defined as a
minimum 20% decrease following standardized exercise challenge at the two pre-randomization
visits. The patients must also have demonstrated evidence of airway hyperresponsiveness as
defined by a PC20 FEV1 to methacholine of <4 mg/mL at the prestudy visit. The other
inclusion/exclusion, medication washout, and prohibited/allowable concomitant medication
criteria were similar to those used for studies 020 and 031. Specifically, any corticosteroid was
prohibited within one month of study start. Inhaled cromolyn/nedocromil was prohibited within 2
weeks and oral theophylline/oral or long acting inhaled beta-agonists were prohibited within one
week of study start. Inhaled short-acting albuterol was allowed throughout the study.

The study was divided into three Periods. Period | was a one-week, single-blind, run-in period
during which time exercise and methacholine responsiveness were determined. Patients
meeting the inclusion criteria were randomized to either montelukast or placebo each dosed at
bedtime without regard to food intake. Patients were seen in clinic at 4-week intervals. '
Methacholine challenges are performed at Weeks 4 and 12 of the double-blind period. Exercise
challenges were performed at Weeks 4, 8, and 12. This 12-week, double-blind, treatment period
was followed by a two week, single-biind, placebo “‘washout” period. Repeat methacholine and
exercise challenges were performed and after two weeks of “washout”. On visits where both
challenges are scheduled, the exércise challenge followed the methacholine challenge by a
minimum of one day.

Exercise Challenge [83:15428]

For each challenge, the patient exercised for 6 minutes on a treadmill whife inhaling compressed
dry air at room temperature through a face mask at a workload that increased the heart rate to
80-90% of the individual's age predicted maximum. Once the workload to achieve this target
heart rate was detedmnined, it was used | all subsequent challenges. Pre-exercise spirometry was
performed before each-challenge (best of two efforts). Pre-exercise FEV1 had to be 265% of
predicted for the exercise challenge to proceed. Spirometry was measured immediately after
exercise and then at 5, 10, 15, 30, 45, and 60 minutes. If patient had not retumed to within 5%
of baseline, additional spirometry was performed at 75 and 80 minutes.

Methacholine Inhalation Challenge [83:15464].

Methacholine was administered using a . Output was
measured from each : and the same was used for a given patient throughout
the study. Each challenge was preceded by a diluent challenge to ensure that PFT deterioration
did not occur. FEV1 was recorded as the best of three efforts and had to be >65% of predicted
for the challenge to be performed. The first methacholine concentration was inhaled 5 minutes
after the end of the fifth diluent exhalation. Doubling concentrations (starting 0.156 mg/mL) of
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methacholine were administered as tolerated. Spirometry (one maneuver) was measured 3
minutes after the end of the fifth exhalation of each methacholine concentration until a 20% fall
in FEV1 occurred.. Methacholine chioride was obtained frqm

Diary Cards: At the Prestudy Visit and at each post-randomization visit, patients were given a
diary card to be completed at bedtime. Patients were asked to record beta-agonist use,
compliance with medication, and any new/worsening symptoms.

The primary endpoint for exercise chailenge was the post-exercise AUC for the FEV1 percent
change from the pre-exercise FEV1 over the first hour. Secondary endpoints include the 1)
maximum percent fall in FEV1 after exercise, 2) time to recovery to within 5% of pre-exercise
FEV1, and 3) methacholine PC,. The primary comparisons for these endpoints will be the
change from the prerandomization baseline values for each endpoint [83:15427].

An intent-to-treat (ITT) principle was employed. All patients with baseline and, at least, one post-
baseline measurement were evaluated. The study was designed to have 80 patients (40/group)
to have 90% power to detect a 50% difference in the change from pre-randomization baseline
between the twa treatment groups in AUCq.comin {83:15443).

5.3.2. Results

This study was conducted at six centers in the United States. A complete list of investigators
and study sites may be found in Appendix 3.5 [83:15547].

Patient Characteristics: 110 patients were randomized (54 montelukast/54 placebo) of which
51.8% were female and 87.3% were Caucasian. The majority of patients (85.5%) were between
the ages of 18 and 45 (median 23.5 years). The baseline vaiues for clinical endpoints are
summarized in the table below [82:15235].

Parameter Montelukast (n=54) : SD _ Placebo (n=56) + SD

Pre-exercise FEV1 (L) 335.:0686 333:068
Pre-exercise FEV1 (% predicted) 83.21 : 10.82 83.49 : 10.98
AUC o-a0min (%-min) 1386.7 + 830.7 1526.2 : 949.0
Maximum % FEV1 Fall post-exercise . 3665+ 11.18 3785: 1279
Time to recovery (within 5% baseline) 63.85 = 31.91 63.16 : 33.43
Methacholine E?." . 0.46 : 0.41 0.44 : 0.34

Prior and Concomitant Drug Therapies [82:15237]: These were qualitatively and quantitatively
comparable to those seen in previously reviewed placebo-controlled trials.

Dropouts

Of the 110 patients.randomized, 97 (88.2%) completed the study. Six montelukast and seven
placebo patients prematurely discontinued. Of these, seven (3 montelukast/4 placebo)
discontinued secondary to adverse events [82:15243).

Auditing and Checking: Seven CRFs were provided in electronic format. Selected data from
three patient CRFs (one from each study site) was cross-referenced to the electronic case report
tabulations and allocation code [83:15587]. The CRFs were: Busse patient #4850, Hendeles
patient #4831, and Peariman patient #4912. No data discrepancies were noted for selected
laboratory and efficacy values.

The remainder of the safety as well-as a qualitative review of the CRFs is contained in the safety
section of this review.
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Efficacy -

Two patients from each treatment group were excluded from the ITT analysis of the primary
endpoint due to lack of treatment period data (patients 4844, 4852, 4913, and 4932).

AUCogomin ~
Compared with placebo, montelukast demonstrated a significant improvement in the Week 12

change from baseline (p=0.001). The visit-by-visit analyses of response is shown in the table
below [83:15646).

Timepoint Montelukast Placebo  p Value
Baseline 1397.6 1540.0 NS
Week 4 (change) -743.7 -20.0 <0.001
Week 8 -782.8 -264.5 <0.001
Week 12 -662.2 -90.6 <0.001
Washout -187.0 -2224 0.889

Maximum Percent Fall after Exercise

The results of this endpoint in the visit-by-visit analyses are shown in the table below [83:15649].

Timepoint Montelukast  Placebo  p Value

Baseline 36.45% 38.30% NS

Week 4 22.26% 35.43% <0.001 -
Week 8 20.33% 30.85% 0.005

Week 12 20.91% 32.55% 0.001

Washout 28.31% 30.26% 0.808

Time to Recovery to Within 5% of Pre-exercise FEV1

The resuits of this endpoint in the visit-by-visit analyses are shown in the table below [83:15649].

Timepoint Montelukast Placebo _p Value
Baseline 64.33 minutes 63.75 minutes NS
Week 4 (change) -29.96 minutes -0.44 minutes <0.001
Week 8 -29.91 minutes -4.29 minutes <0.001
Week 12  -23.23 minutes <0.61 minutes 0.003
Washout -11.14 minutes -4.21 minutes 0.283

Methacholine PCyx (mg/mL)

The results of this endpoint in the visit-by-visit analyses are shown in the table below [83:15649).

Timepoint ~ | Montalukast Placebo p Value
Baseline e 0.45 045 NS
Week 4 (ratio to baseline) 1.49 1.14 0.153
Week 8 :} notdone nct done -
Week 12 - 132 1.16 0.483
Washout 1.32 1.35 0.845
Other Endpoints:

Beta-agonist rescue during exercise challenge visit: There was a significant difference between
montelukast and placebo in the proportion of patients requiring rescue during the exercuse visit.
These data are summarized in the table below.
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Visit Montelukast Placebo p Value

% ! n/%
Week 4 451 or7.8% 15/53 or 28.3% 0.01
Week 8 4/50 or 8.0% 13/53 or 24.5% 0.033

Week 12 7/48 or 14.3% 18/50 or 36.0% 0.02
Washout 14/48 or 29.2% 16/49 or 32.7% 0.827

There was no difference between montelukast and placebo for the mean use of beta-agonist
over the 12-week treatment period (1.65 versus 1.85 puffs/day). Furthermore, compared to
placebo, there was no significant difference in the percent of days beta-agonist was used before
and/or after exercise with montelukast (22.76 days versus 26.82 days for montelukast and
placebo, respectively).

The patient's global evaluation favored montelukast over placebo in a statistically significant
fashion (p=<0.001).

Subgroup Analyses: Test of interaction by sex, age, and race were performed. In general,
results were consistent across all groups of interest [83:15618].

Reviewer request for information. The sponsor should conduct a categorical analysis of the
entdpoint of maximum percent fall in FEV1 after exercise for montelukast versus placebo for the
following response categories: patients with <5%, <10%, <15%, <20% from pre-exercise
baseline for the overall 12-week and for Weeks 4, 8, and 12. This request was faxed to the
sponsor on October 27, 1997.

Sponsor Response to Information Request: The requested data analyses are summarized in the
tables below. The CMH p values are significant at p<0.05 at Weeks 4, 12, and Overall.

Maximum Percent Fall in FEV1 (Week 4)
Number of Patients (%)

<5 >5and <10 >10and < 15 >1Sand < 20 >20
Monteltukast 5(10) 8 (16) 4(8) 9 (18) 25 (49)
Placebo 0(0) am 4aM 3(6) 43 (80)
Maximum Percent Fall in FEV1 (Week 8) .
Number of Patients (%)
s5 _ >5and <10 >10and < 15 >15and < 20 >20
Montelukast 2(4) 10 (20) 8 (16) 7(14) 24 (47)
Placebo _ 1(2) 7(13) 4(8) 5(9) 36 (68)
Maximum Percent Fall in FEV1 (Week 12)
Number of Patients (%)
<5 >5and <10 >10and < 1§ >15and < 20 >20
Montelukast 7013 5(10) 5(10) 10 (19) 25 (48)
Placebo 2(4) 12 10(19) 7(13) 34 (63)
Maximum Percent Pall in FEV1 (Overall)
T Number of Patients (%)
<5 >Sand <10 >10and < 15 >15and < 20 >20
Monteiuiast _3¢(6) 7(13) 5(10) 10(19) 27 (52)

Placebo - 12 1) 7(13) 6(11) 39 (72)

Reviewer Comment on the role of montelukast in exercise induced exacerbations of
asthma: This study provides weak support for the efficacy of chronically-dosed
montelukast in the management of exercise-induced exacerbation of asthma. First, the
minimum treatment perjod required to provide maximum benefit has not been determined
from this study. Although information obtained from Study 013 (see Section 4.2 of this
review) indicates that benefit may occur as early as after two doses, this effect was not
replicated in Study 042. Second and more importantly, although montelukast
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demonstrated statistically significant superiority over placebo for the mean effects on the
AUC and Maximum Percent Fall endpoints, the categorical analyses clearly indicate that
the majority of patients randomized to either montelukast or placebo had significant (i.e,
>20%) maximum decrements in FEV1 with exercise. Montelukast shifted the population
response to exercise; however, it did not truncate a significant effect in the majority of
patients. FThis observation is confirmed by the secondary endpoint of rescue beta-agonist
use. This endpoint indicated that although montelukast significantly decreased the need
for rescue, there were patients that, nevertheless, required rescue with an inhaled beta-
agonist during the exercise challenge. As such, this trial does not support an
independent claim for efficacy in EIB as it does to demonstrate that montelukast improves
asthma control as measured by a alternative measure of efficacy (i.e., challenge model).

APPEARS THIS WAY
ON ORIGINAL
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5.4 Inhaled Corticosteroid Trials in Chronic Asthma

Two Phase 3 studies were-conducted in patients receiving inhaled corticosteroids (Studies 046
and 029). Both studies were designed to address the role of montelukast as a therapy that might
allow the inhaled corticosteroid dose to be reduced while maintaining asthma control as well as
the benefit of adding montelukast to an existing regimen of inhaled corticosteroids. The designs
of the studies are different and the protocols will be reviewed separately.

5.4.1 Study 046 [84:16214]: A Multicenter, Double-Blind, Randomized, Placebo-
Controlled, Parallel-Group Study to Investigate the Ability of Montelukast to Allow
Tapering of Inhaled Corticosteroids in Asthmatic Patients.

5.4.1.1. Protocol Review

This study had several objectives including the safety assessment of montelukast in asthmatic
patients on inhaled corticosteroids as well as determining the ability of montelukast to allow
tapering of inhaled corticosteroids (ICS) in those patients.

In order to achieve these objectives non-smoking male and non-pregnant female asthmatics
between the ages of 15 and 70 were eligible to enter Period | of the study provided they met the
following criteria: FEV1 greater than or equal to 70% of the predicted value at the Prestudy visit
and Visit 1 (see study schematic below), FEV1 >90% of the run-in baseline FEV1 and Visit 1
FEV1 at Visit 4 (randomization visit) and evidence of reversible airway obstruction (15% FEV1
response to albuterol). Additionally, the patient must have been taking one of the following
inhaled corticosteroids at stable doses (in micrograms) listed in the table below for 21 days prior
to the prestudy visit (doses are ex-actuator).

Inhaled Corticosteroid Prestudy Randomization (Visit 4)
Fiuticasone 300-1600 2300
Beclomethasone 800-3000 2500
Budesonide 800-3000 2500
Flunisolide 1000-3000 500
TCA 1200-3200 >800

Patients continued to take their usual ICS during the study as provided by the investigator. If a
spacer device was used or not used at the Prestudy visit, the same use practice was to have
been maintained throughout the duration of the trial.

Eligible patients were required to use a mean of 6 or less puffs of ‘as-needed’ beta-agonist daily
during the pre-randomization period (i.e. between visits 3 and 4) and have a minimum PEFR that

" is 65% of the maximum PEFR recorded during this period. The patient was to be free of other

significant pulmonary or other medical conditions. Patients taking oral, IV or IM corticosteroids,
inhaled cromolyn/nedocromil, ketotifen oral or long acting inhaled beta-agonists or inhaled
anticholinergics withirt acceptably defined washout periods were ineligible. Other specifically
prohibited concomitant medications inciuded warfarin, digoxin, antibiotics,
terfenadine/astemizalé/loratadine and OTC products containing caffeine, or beta-agonists.
Inhaled aibuterol, stable doses of theophylline and nasal corticosteroids/cromolyn are permitted
throughout the study.

The study was divided into two periods. Period ! of the study was a single-blind, placebo, run-in

period lasting 5 to 7 weeks which was devoted to achieving the minimal dose of ICS needed to
maimtain clinical stability. Period | is summarized in the schematic below.
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During Period |, patients on single-blind placebo were tapered once or twice (at 2 week intervals)
maintaining the FEV1: at 90% of the run-in baseline FEV1. If their FEV1 fell below the allowable
90%, the patients were to be re-stabilized by increasing their ICS dose. Patients who fail to re-
stabilize were _excludéd from further participation. A composite clinical score was used to guide
further tapering. This composite consisted of FEV1, PEFRs, symptom scores and beta-agonist
use. During Period |, patients entered a 7-10 day prerandomization baseline period during which
time baseline for these variables was determined. To qualify for randomization, the patient must
have had an FEV value from prestudy visit and Visit 1 of > 70% of predicted and FEV1 at Visit 4
> 90% of the run-in '‘baseline’ FEV1 value. Additionally, the patient must have had a daily
symptom score of <7 and a mean daily beta-agonist use of < 6 during the last seven days of the
pre-randomization period. Randomization was done centrally and stratified by the dose of ICS at
Visit 4. The stratification criteria are shown in the table beiow.
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Inhaled Corticosteroid “Low” Dose Group (mcg/day) "High™ Dose Group (mcg/day)
Fiuticasone - i <500 2500
Beclomethasone - <1200 21200
Budesonide . _ <1200 21200
Flunisolide <1000 21000
TCA <1200 21200

The schedule of study procedures to be followed during Periods | and |l is shown below.
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As implied, in addition to data collection at scheduled visits, patients were asked to keep a daily
diary in which they recorded and scored daytime asthma symptoms during both Periods of the
trial. The following questions were to be answered on a 0 to 6 scale.

-How often did you experience asthma symptoms today? (0= none, 6= all)

-How much did your asthma symptoms bother you today? (O=not at all, 6= severely) .

-How much activity could you do today? (0=more than usual, 6= less than usual)

-How often did your asthma affect your activities today? (0O=none, 6=all the time).
Patients were also asked to record the total number of puffs of albuterol used during the day, the
AM PEFR, the pre-bedtime PEFR and the overnight asthma symptom score. In order to address
this last parameter the patient answered the question °Did you wake up with asthma?” and
quantify the number of puffs of albutero! used since going to bed. PEFRs were recorded as the
best of three efforts

At each post-randomization visit, the investigator evaluated FEV1 obtained at that visit as well
the diary to determine whether to taper the patient or maintain/increase the ICS dose. The
decision algorithm is described below.

1. Pre beta-agonist >90% of prerandomized baseline. If yes, 1 point; if no, 0 points.

2. Daytime symptom.score <120% of prerandomized baseline. If yes, 1 point; if no, O points.
3. Beta-agonist use <135% of prerandomized baseline. If yes, 1 point; if no, O points.

If patient has 3 points, tapering is performed as per schedule below.
If patient has 2 points, no tapering is performed at that time.
if patient has less than 2 points, patient is deemed unstable and dose of ICS is increased as per

description below.

If a decision to change the ICS dosing is made, the investigator is directed to change the dosing
according the tables shown below.
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—.. - Taper Schedule

Inhaled” _
Corticosteroid Dose Taper
(Puffs/Day) (Puffs/Day)

2t 10 2 (1 maMm, 1inpM)
12t0 18 4 (2 m aM, 2 in PM)
20t0 26 6 (3 m aM, 3 in M)
28t0 32 8 (4 m aM, 4 in PM)
34 to 40 10 (5 n AM, S in PM)

" Patients may have switched from ope dose range
to another during subsequent tapers

Rescue Schedule
Inhaled Corticosteroid Increase
Dose (Puffs/Day) (Puffs/Day)

Oto 6 2 (1in AmM, 1 in pm)
81012 4 (2 in AM, 2 in PM)
141018 6 (3 m aM, 3 1n pM)
20t022 8 (4 in AM, 4 in PM)
224 10 (5 in aM, S in PM)

The protocol contains provisions for telephone contact between the patient and the investigator if
the patient feels that their asthma is worsening. The patient may request an unscheduled visit
during Period | and, if the FEV1 obtained at that visit is <90% of the run-in baseline, the patient
will be excluded from the study. If, during Period Il, the patient telephones the investigator, a
clinical assessment will be made on the basis of the following algorithm.

1. Patient reports lowest AM or PM PEFR on day of call and prior two days.

2. This result is compared to lowest PEFR (AM or PM) during Period | (prerandomization
period).

If 295%, then award one point. If <95% of baseline, award 0 points.

Assess DSS (average of prior two days exciuding day of call).

. Compare to prerandomization DSS baseline. If <120% of baseline, then award one point. If
>120%, award O points. '
Assess beta-agonist use of prior two days (excluding day of call).

If <135% of basgline, award one point. If >135%, award 0 points.

If total points <2, increase dose of ICS. If greater than or equal to two points, maintain
current dose.

»

o~No

Patients weré _never to be tapered as a result of a telephone contact.

The primary endpoint is the last tolerated ICS dose (as a percent change from baseline). The
last tolerated dose was defined as the last dose at which a composite clinical score of 2 or 3 was
achieved at a visit. Patients who were not successfully rescued (i.e. do not achieve a 2 or 3)
after the dose increase of ICS were discontinued. The final ICS dose for these patients was
defined as two dose increases above the dose at which the patient destabilized. Secondary
endpoints included the number of patients discontinued due to instability, and the number of
tapers minus the number of rescues.
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Two approaches—tb the data analysis will be used. The primary approach will employ an ITT
principle in which all individuals with efficacy measurements both at baseline and post-
randomization will be evaluated.

It was planned that approximately 230 patients were to be randomized into the two treatment
groups and that 100 patients in each group would complete the study. The sample size was
calculated to allow 90% power to detect a 30% difference between treatment groups.
Randomization was performed centrally and no formal stratification (by ICS dose) variable was
included, although there are requirements for each study center to use the smallest available
number for patients with ICS doses in the ‘low’ group and use the largest available number for
patients using ‘high’ ICS doses.

Reviewer comment on protocol and study design: Although this is a very detailed protocol, the
study design suffers from a significant flaw which is the assumption that the nominal doses of the
ICS are equi-effective. This brings the clinical interpretability of any ‘numerical’ decrease in ICS
requirement into question since the numerical average is a composite of micrograms
requirements of different ICS which are not equipotent/effective at the same nominal doses.
Thus, assuming that randomization will allow for qualitative and quantitative distribution of the
baseline ICS requirements across treatment arms, this study may be a reasonable instrument to
assess the ICS-sparing effects; however, it does not allow for a clinical interpretation of the
quantitatively measured differences in ICS requirements which is the primary endpoint.

5.4.1.3 Resuits of Study 046
This study was conducted at 24 sites (12 US/12 Intemational) in seven countries including the
United States, Canada, Finland, France, Germany, the Netherlands, and Sweden. A complete
list of investigators may be found in Appendix 3.4 of the study report [85:17049].

The overall study design is recapitulated in the schematic below {84:16033].

Week 1 3 5 7 8 10 12 4 16 18 20 2

Period ' | i
B R R I
- Placebo Martelu@ast

SR

PS Vy ¥ V3 Vg VY

— . - l—m-_+ a

Basefne i | | l | [

*0d - Vg Vg V; Ve Vo Vy Poststudy

Patient Characteristics: 226 patients were randomized at Visit 4 (113 montelukast/113 placebo)
of which 52.2% were females and 92% were Caucasians. The vast majority of patients (96.9%)
were between the ages of 18 and 65. Oniy 1.8% (4 patients) were older than 65 years of age
[84:16064]. Stratification by amount of ICS use was balanced between 'low’ and ‘high’ usage
(53.5% and 46.5%, respectively) and across treatment groups. The plurality of patients were
using inhaled triamcinolone (40.3%) followed by budesonide (22.1%),
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beclomethasone/flunisolide (15.5% each), and fluticasone (6.6%) [84:16065). Qualitative use
was also balanced across montelukast and placebo arms. The mean baseline values for each
treatment group of clinical endpoints are shown in the table below {84:16066).

Varniable Monteiukast Placebo
- - n=113 n=113
FEV1 (L) ) 2.96 295
FEV1 (% predicted) ) 84.83 82.34
Daytime Sx Score (0-6) 1.29 1.38
Beta-agonist use (puffs/day) 235 283
Prestudy ICS use (mcg/day) 1588.5 1680.53
Visit 4 ICS dose (mcg/day) 970.80 1078.76

Of the 226 randomized patients, 219 (96.9%) had at least one secondary diagnosis. The vast
maijority of these involved respiratory system disorders predominantly allergic rhinitis (75% and
88% for the placebo and montelukast groups, respectively) {84:16700]. There were no
significant differences in the frequency or type of secondary diagnoses. Similar findings were
noted for medications taken prior to randomization. Comparable numbers of montelukast
(80.3%) and placebo patients (85.8%) took such medications the most common of which were
OTC analgesics, terbutaline and theophylline [84:16070]. Concurrent (on-study) medication use
was also comparably distributed across treatment groups [84:16074). The most commonly used
concomitant medications included antihistamines/cold remedies, theophylline,
acetaminophen/ibuprofen, and terbutaline. Saimeterol use was permitted and used by 6
montelukast and 5 placebo patients.

Dropouts
Of the 226 patients randomized, 178 (78.8%) cornpletéd the study. Of the patients discontinued,

23 (16 placebo, 7 montelukast) prematurely withdrew due to protocol-specified clinical instability.
The reasons for dropout are summarized in the table below

(84:16079).
Placebo Montelukast Total

RANDOMIZED: Total 113 113 226
DISCONTINUED: Total 31(274%) 17 (15.0%) 48 (21.2%)
Clinical adverse experience 9( 8.0%) 4(35%) 13( 5.8%)
Laboratory adverse experience 0( 0.0%) 0( 0.0%) 0( 0.0%)
Patient withdre w consent 3(27%) 1( 0.9%) 4( 1.8%)
Protocol deviation 3(27%) 4( 3.5%) 7(3.1%)
Lost to follow-up 0( 0.0%) 1( 0.9%) 1( 0.4%)
Other# 16 (14.2%) 7( 6.2%) 23 (10.2%)
COMPLETED - 82 (72.6%) 96 (85.0%) 178 (78.8%)
# Discontinued due to_clinical instability (im/e.stlga:or specified “failed rescues™)

Auditing and Checking

The following case report forms accompanied the study report in electronic format and were
available through the CANDA as PDF graphic images.
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046001 723 Edwads, Thomas B. Asthmaexzacerbation 2315
046.007 7297 Peariman, David S. Asthma exacarbation 2493
046007 7268 Praima, David S. Bronchitis &5
046007 7300 . Prximan, David S. Asthmatic Bronchitis 2767
046009 7324 Whits, Richard Asthmaezacerbaion 32965
046011 M55 Godard, Philippe Asthma Attack 33101
046013~ 7340 Lreal Bllio%t Asthmaszacerbation 33251
046013 7348  [sasl Eliot Asthmaexacerbation 33377
046013 7395 Lurael Ellio#t * Asthmagaacerbaion 33561
046019 7490 Fitzgerad, Mark } Asthmawogsening 377
044019 7494 Fitzgenald, Mark J Asthmaworsening 33607
046019 7495 Frtzgerad, Mark J Asthra worsemng 340353
6024 7361 Scandella, Anttony T Rextion mzphylactic 34229

Data from the last (5) CRFs were cross-referenced to the electronically submitted case report
tabulations (i.e. line listings) and randomization coce [Appendix 3.8, 84:16581]. No
discrepancies were noted for selected laboratory, efficacy values or designated treatment
allocation.

A total of 13 patients discontinued due to a clinical adverse experience (shown above). Of
these, 4 patients (3.5%) were receiving montelukast and 9 (8.0%) were receiving placebo. There
were no deaths in this trial. No patients discontinued due to laboratory abnormalities. All CRFs
were reviewed and no discrepancies were noted between selected data contained in the CRF
and in the corresponding patient line listing.

The remainder of the safety inforation as well as a qualitative review of the CRFs associated
with these patients is contained in the integrated Summary of Safety review.

A qualitative review of the CRFs associated with these patients is contained in the safety section
of this review. For the ITT analysis, only one patient (montelukast patient #7593) was excluded
because no treatment period data were available. A spot-check of this patient’s data indicated
that this patient was a 42 year old male who was indeed randomized to and received
montelukast. He only appeared for one post-randomization visit (visit 5) and was non-compliant
with study procedures (e.g., using inhaled beta-agonist within 4 hours of PEFRs).

" Efficacy
Last Tolerated Inhaled Corticosteroid Dose (Primary Endpoint)

The mean prerandomization baseline ICS requirements were comparable across treatment
groups at 1078.8 and 975.9 ug/day for the placebo and montelukast groups, respectively
[84:16080). Compared with placebo, treatment with montelukast resulted in statistically
significant decrease (p=0.046) in the last tolerated dose expressed as a percent change from
baseline (30.27% versus 46.73% for placebo and montelukast, respectively). The table below
summarizes the finding for the primary efficacy endpoint. A plot of cumulative proportion of
patients (by treatment group) with percent changes in ICS in threshold percent changes from
baseline is shown in the figure [84:16083].
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Aanalysis of Last lolerated Lnbaled Corticosteroid Dose
(Intention-w-Treat Approach)

Mean (pg/day) Percent Change From: Prerandomization Baselne
Treatment “N Baselme Treatment Mean SD LS Mean 95% CI far Mean
Placebo - 113 1078.8 7265 30.27 67.37 25.90 (12,63, 39.17)
Monteukast 112 9759 5259 46.73 6222 4348 (2964, 57.32)
Comparison Betweea Treatments p-Vale LS Mean 95% CI for Difference
Montetukast vs Placebo 0.046 17.58 ( 0.32, 34.84)

p-Value for Effect

Treaunent
Study center
Stratum

0.046
0.439
0.072

Root MSE of Percent Change = 64.68
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The sponsor also presented the data from the figure above in tabular format as shown below

[84:16084].

Percent éhange from Prerandomization Baseline in Last Tolerated Dose
~ Number (%) of Patients and CMH Test Results
(Intention-to-Treat Approach)

Number (%) of Patients

Percent Change From Baseline in Last Tolerated Dose (Range)
Treatment S0 >0 and <50 2350 and <100 100 Total
Placebo 41(36.3) 15 (13.3) 24 (21.2) 33(29.2) 113
Monte lukast 31271 11(9.8) 25(223) 45 (40.2) 112

p-Value for CMH test controlling for stratum = 0.055
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There was a discrepancy between the ITT and the ‘per-protocol’ analysis for the primary
endpoint. In the ‘per-protocol’ analysis, 15 patients from each treatment arm were excluded and
no statistically significant difference between montelukast and placebo was noted. The mean
baseline ICS requirements were 1137.8 ug/day and 1051 ug/day for the placebo and
montelukast arms, respectively. The mean percent change from baseline in ICS requirement
was comparable to the ITT for montelukast patients at 46.59%. However, the 'per-protocol’
reduction for placebo patients was 35.49%.

An important consideration is the quantification of the number of patients who were able to be
completely tapered off ICS. 67 montelukast versus 49 placebo patients were tapered off ICS at
some point during the twelve week doubie blind treatment period (59.3% versus 43.4%, .
respectively; p=NS). Of these, 45 of the montelukast patients (40.2%) and 33 of the placebo
patients (29.2%) remained off ICS at the end of the study. 28% of the montelukast and 36% of
the placebo patients were not able to taper at all (p=NS) [84:16081].

An analysis of the primary endpoint by baseline ICS use (stratum) was also conducted.
Summary statistics for this analysis are presented below [84:16638]. No inferential statistics
were employed.
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An analysis of the numbers of patients in each treatment group who were successfully weaned
off ICS by strata was not included in the study report.

Secondary Endpoints:

Number of Successful Tapers (Number of tapers minus number of rescues) [84:16085):

The number of successful tapers for each patient was classified into one of the three categories:
less than zero (i.e. more rescues than tapers), zero (e.g. same number of rescues and tapers),

and more than zero (e g. more tapers than rescues). The results of this analysis is contained in
the table below.

APPEARS THIS WAY
ON ORIGINAL
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- Number (%) of Patents
Treatment No. of Suacessful Tapers Total
Lass than 2210 . Zearo (Sama number Mocre than zaro
(More rescues than tapers) of tapers and rescues) (More tapets than rescues)
Placebo 22 (19.5) 19(16.8) T2 (637 113
Moo etukast 2107 19 (17.0) 81(72.3) | 112

p-Value for CMH test controlling for stratum = 0.061

Number of Patients with Failed Rescues: Compared to placebo, montelukast demonstrated a
statistically significant ability (p=0.010) to reduce the number of patients with failed rescues (18
patients (16.1%) for montelukast and 34 (30.1%) for placebo).

Number of Tapers and Rescues Required: There was no statistically significant difference in the
numbers of tapers per patient between the two groups

Spirometry, Symptoms and Beta-agonist use during treatment were, as per protocol, stable with
tapering. The table below provides summary statistics for those clinical endpoints at the last
tolerated dose visit.

Randomezation
Visit Last Toleratad Doss Visit
Paraneter Trestroent Mean N Mex Vaue | Mean Change
G3708) Placeto 295 113 778 3417
Montalukast 296 13 2.8 a7
All 295 26 2.8 407
Symptoms Flacebo 138 113 149 012
(scors) Mcatalnkast 129 13 1.36 007
All 1.33 26 1.43 0.09
B-AgonistUss | Flebo 2.83 113 ENE) 0.36
(puffsiday) Mantalokast 235 13 264 029
All 2.% 226 ‘2: 0.33
[ Pem:ﬁnge

Subgroup analyses were also conducted investigating potential interactions by sex, age, and
race. There was no significant interaction between treatment and any of the subgroups.

Reviewer comment: . The following comments regarding Study 046 were communicated to the
sponsor by facsimile on October 24, 1997.

Sponsor Response:

1. Please pmvi'&e the Case Report Form for Patient 7593.

This was the only patient excluded from the ITT analysis in Study 046. The case report form was
requested so that a spot-check of the rules for exclusion from ITT were followed. In this
instance, the patient violated decision rule #8 (“If an AE which was not asthma worsening
occurred which may have contributed to a score of 0 or 1 then the last tolerated dose was as
defined per protocol i.e. the last dose at which a score of 2 or 3 was obtained.” This patient
developed a UR! between the randomized visit (4) and first post-randomization visit (5) at which
time the patient had a clinical score of zero (0). The patient was, therefore, excluded from the
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ITT analysis since no valid treatment period data were available. The CRF review confirmed the
data handling in this patient.

2. Please perform and submit inferential statistical analyses of the data presented in Volume 84:
page 16638 (appendix 4.8).

This question attempted to discem if the ‘steroid-tapering’ effect on the endpoint of Last
Tolerated Dose was greater in one of the ICS strata. Interestingly enough, montelukast was
statistically superior to placebo for the low ICS stratum (p=0.047); however, this statistical
significance was not seen in the high ICS stratum (p=0.439). The sponsor explained this by
pointing out that the high dose group had a larger placebo response than the low dose group
(39.47% decrease in ICS in the high dose stratum versus 20.89 for the low ICS dose stratum).
The percentage decrease in both montelukast groups were comparable (49.13% and 44.93% for
high and low ICS strata, respectively). The sponsor stated that this was probably due to the fact
that patients in the high dose stratum only had two ‘run-in’ tapers and may not have made it to
their ‘minimal’ effective dose prior to randomization. This does not explain, however, why the
montelukast-treated patients in the high dose stratum did not have a larger response than those
in the low dose stratum. ; '

3. Please submit the data provided in Volume 84: page 16630 broken out by ICS dose strata
with inferential statistical comparisons of mean change differences for both all and by strata.

This question attempted to discern whether there was any difference in FEV1, Daytime Symptom
Score, and beta-agonist sparing effects by starting ICS dose. The analysis provided by the
sponsor indicated that the effect for both endpoints was consistent across strata.

4. Please perform categorical statistical analyses of the numbers of patients to be successfully
completely weaned off inhaled corticosteroids. Total and by strata.

These data are summarized in the table below.

Successfully Weaned
Stratum Treatment Yes No p Value (Fishers)
n/% n/%

Low Montelukast : 26 (41%) 38 (59%) 0.707
Placebo 20 (36%) 36 (64%)

High - Montelukast 19 (40%) 29 (60%) 0.088
Placebo 13 (23%) 44 (77%)

Combined Montelukast 45 (40%) 67 (60%) 0.094
Placebo . 33 (29%) _ 80 (71%)

These data are surprising. Given that the study was not designed or powered to address
complete removal of inhaled corticosteroids, the difference between montelukast and placebo in
the ability to completely withdraw ICS is remarkable. It is surprising that the effect of montelukast
is most pronounced in the high dose ICS stratum. Nevetheless, these data support the ICS
steroid sparing effects of montelukast.

5 Please clarify whether and which inhaled corticosteroids used in these trials are US
formulations. '

Patients were treated with ICS as determined by the local standard of practice for each country.
Given that the primary endpoint was the percent change from baseline in ICS requirements, the
issue of US versus non-US formulation of ICS is less critical.

Reviewer Conclusion on ICS Steroid Sparing Claim: This study demonstrates that

treatment with montelukast allows patients to taper their ICS requirements or, in a
minority of cases, even have there inhaled corticosteroids discontinued without serious

56




deterioration in asthma control over a twelve week treatment period. The fundamental
problem with the study design (i.e. allowing different ICS in the treatment period),
attaching clinical relevance to the numerical differences seen in the primary endpoint is
not possible. Furthermare, given the favorable risk-benefit profile of ICS it remains to be
seen whether such a strategy would be in the best interests of all patients who might
benefit from therapy in addition to as-needed inhaled beta-agonists (i.e. chronic
persistent asthmatics). Nevertheless, this Is a well-controlled trial that supports the ICS-
sparing effects of montelukast over and above those of placebo. The dilemma of how to
represent the trial and the results in product labeling will require further discussion.

5.4.2.1. Study 029 [79:12783): A Muiticenter, Randomized, Placebo-Controlled,
Double-Blind, Two-Period, Parallel-Group Study to Assess the Clinical Effect of
Montelukast with Concomitant Administration of and Removal of Inhaled
Beclomethasone in Asthmatic Patients.

5.4.2.2. Protocol Review

This study had several objectives including comparing the clinical benefit of adding montelukast
to existing inhaled beclomethasone as well as comparing the clinical efficacy of montelukast
monotherapy to inhaled beclomethasone monotherapy.

In order to achieve these objectives nonsmoking male and non-pregnant female patients
between the ages of 15 and 85 were eligibie to enter Period | (see schematic below) provided
they met the following criteria: FEV1 between 50 and 85% of predicted on a minimum of two of
the four prerandomization visits, evidence of reversible airway obstruction (15% FEV1 response
to albuterol). Additionally, the patient must have used one of the following inhaled
corticosteroids (ICS) (beclomethasone, budesonide, flunisolide, or triamcinoione) for a minimum
of six weeks-at doses that do not exceed 250 ug twice daily for the seven days before the
prestudy visit. After entering the study, all eligible patients were switched to beciomethasone (42
ug/puff ex-actuator) at a dose of four puffs twice daily as well as placebo monteiukast tablet once
daily in the evening. This commenced the four week, single-blind Period | during which time
Daytime Symptom Scores (DSS) and FEV1 were measured to determine eligibility for
randomization and to determine baseline values. In order to qualify for randomization, the
patients must have had a total DSS of 64 and an average inhaled albuterol use of, at least, 1
puff per day over the last two weeks of Period 1.

The patients had to be free of other significant pulmonary or other medical conditions. Patients-
taking oral, IV or IM corticosteroids, inhaled cromolyn/nedocromil, ketotifen oral or long acting
inhaled beta-agonists or inhaled anticholinergics within acceptably defined washout periods were
ineligible. Other specifically prohibited concomitant medications included warfarin, digoxin,
antibiotics, terfenadine/astemizolefioratadine and OTC products containing caffeine, or beta-
agonists. Inhaled albuterol and nasal cromolyn were permitted throughout the study. Nasal
corticosteroid treatment for greater than one week in any one month period of time during the
study was not permitted.

Eligible patienfs were then be randomized into one of the following four treatment groups
-Montelukast + inhaled beclomethasone for 16 weeks
-Montelukast + inhaled beclomethasone for 2 weeks then inhaled placebo for 14 weeks
-Placebo + inhaled beclomethasone for 16 weeks
-Placebo + inhaled beclomethasone for 2 weeks then inhaled placebo for 14 weeks.

The schematic for the protocol is shown in the figure below.
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Clinic visits were scheduled at 14 day intervals until visit 6. Subsequently, patients were seen in
clinic at approximately three week intervais. Montelukast or montelukast placebo were
administered once daily at bedtime without regard to food. Beclomethasone was administered
with Aerochamber. Patient compliance was evaluated by tablet counts and by weight of
beclomethasone canisters at each visit.

Patients were asked to keep a daily diary in which they recorded and scored daytime asthma
symptoms during both Periods of the trial. The following questions were answered on a 0 to 6
scale.

-How often did you experience asthma symptoms today? (0= none, 6= all)

-How much did your asthma symptoms bother you today? (0=not at all, 6= severely)

-How much activity could you do today? (O=more than usual, 6= less than usual)

-How often did your asthma affect your activities today? (0=none, 6=all the time).
Patients were also asked to record the total number of puffs of albuterol used during the day, the
AM PEFR, the pre-bedtime PEFR and the overnight asthma symptom score. In order to address
this last parameter the patient answered the question *“Did you wake up with asthma?" and
quantify the number bf puffs of albuterol used since going to bed. PEFRs was recorded as the
best of three efforts

The schedule of procedures for the entire study is summarized in the table below.
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If during Period |, a patient's asthma worsens and rescue with antiasthma medication other than
albuterol was required, the patient was to be dropped from the protocol. If this occurs during
Period Il, the patient was to be treated in accordance with the algorithm outlined in Appendix 3.2
[79:12874). If a patient required more than two rescues during Period |l, the patient was
discontinued from the study.

Two primary endpoints (FEV1 and Daytime Symptom Scores) were designated for comparisons
between the montelukast plus beclomethasone versus beclomethasone only arms using ANOVA.
This comparison was performed over the entire 16 week treatment period. A confidence interval
comparison of the effects observed in the montelukast only versus beclomethasone only groups
was proposed in-order to assess comparability. The comparisons between the montelukast-only,
beclomethasone-only and placebo groups was made over the last 10 weeks of the treatment in
order to minimize the confounding effect due to administration of beclomethasone (in the
montelukast and placebo groups) during the first 4 weeks of the treatment period. This allowed
for washout of the beclomethasone treatment effect. Secondary endpoints included beta-agonist
use, PEFRs, nocturmal awakenings, patient/physician globals, discontinuations due to asthma,
number of rescues and asthma-specific quality of life evaluations. With regard to the latter
endpoint, the self-administered questionnaire was completed at Visits 3, 5, and 9. No predefined
total or domain-specific minimal important difference MID was declared in the protocol.

Two approaches to the data were to be used. The primary approach employed an ITT principle
in which all individuals with efficacy measurements both at baseline an post-randomization were
evaluated. )

it is planned that approximately 1000 patients would enter Period | and that 750 patients (12 per
center) would be randomized into Period |l to allow completion of approximately 650 patients
(200 in Groups A, B, and C and 50 in D). This was calculated to provide 95% power to dectect a
9.4 L difference in FEV1 and assumed 16.5% variability of the endpoint. Randomization was
performed centrally [Appendix 3.8; 80:13379).
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5.4.2.3. Results of Study 029

This study was conducted at seventy sites (22 US/ 48 intemational) in 17 countries in North
America, Europe, Africa, Australia, Southeast Asia). A complete list of investigators may be
found in Appendix 3.5 [79:12975] of the study report.

- Patient Characteristics: 642 patients were randomized at Visit 4 (193 to montelukast +
beclomethasone/ 199 to beclomethasone only, 201 to montelukast only and 48 to placebo) of
which 48.6% were females and 91.9% were Caucasians. The vast majority of patients (88.5%)
were between the ages of 18 and 65. Forty-four patients (6.9%) were older than 65 years of age
[78:12433]. The mean baseline values for clinical endpoints for each treatment group are shown
in the table below [78:12447].

Beclo + Montelukast

Vanable Becilomethasone Montelukast Placebo
n=199 n=199 n=201 n=48
FEV1 (L) 261 258 2.61 2.45
FEV1 (% Predicted) 71.64 71.02 72.44 71.20
Daytime Sxs (0-6) 217 217 214 2.36
B agonist use (pufis/day) 3.4 351 352 416
AM PEFR (L) 41246 402.91 41934 406.80
Awakenings per week 2.48 2.10 2.43 3.35

" Of the 642 randomized patients, 614 (85.6%) had at least one secondary diagnosis. The
maijority of these involved respiratory system disorders predominantly allergic rhinitis (73.5-
89.6% across treatment groups) [80:13985]. There were no significant differences in frequency
or type of secondary diagnoses. Similar findings were noted for medications taken prior to study
entry. Comparable numbers of patients in the four treatment groups (range 82-89.6%) took such
medications the most common of which were OTC analgesics, antihistamines, oral
contraceptives, and terbutaline (non-US patients)[80:13999]. Of the randomized patients, 87.2%
took at least one concomitant medication during Period !l. Again, the most commonly used
medications included OTC analgesics, antihistamines, oral contraceptives. Prednisone was
used more frequently in the placebo group (37.5%) than the other groups (3.6% for montelukast
+ beclomethasone, 10% for beclomethasone only, and 22.9% for montelukast only) [78:12475].

Dropouts

Of the 642 randomized patients, 551 (85.8%) completed the study. The reasons for dropout are -
summarized in the table below [78:12466]. The majority of adverse events (n=40, 81.6%)
leading to discontinuation were related to asthma exacerbation/asthma attack.

Montelukast +
Total Pacebo™” | Montelukast® | Beclomethasone | Beclomethasone
RANDOMIZED: Total-_ 642 48 201 200 193
DISCONTINUED: Total . _ 91(4.2%) | 11(229%)| 42(20.9%) 22 (11.0%) 16 ( 8.3%)
Qlinical adverss expesience 49 (7.6%) 7 (14.6%) 7 (134%) 9( 4.5%) §( 31®)
Laboratory adverss aaperiencs | 3(0.5®) 10218 o 2( 1.0%) 0
Patient withdtéw ¢ ansemt 25 (3.9%) 3(63®)| 10(5.08) 4( 208) 8 (4.1%)
Protocol deviatien 11(1.7®) 0 5( 25%) 5( 2.5%) 1.( 0.5%)
Lastto follow-up 3 (0.5%) 0 0 2( 1.0%) 1(0.5%)
COMPLETED: Total 551 (85.8%) 37 (77.1%) | 159 (79.1%) 178 (89.0%) 177 (91.7%)
1 U.S. sites only
2 After blinded removal of beclomethasone

Discontinuations due to asthma exacerbation as a percentage of patients randomized is 1% for
montelukast + beclomethasone (2/193), 10.9% for montelukast (22/201), 4.5% for
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beclomethasone (8/200), and 14.6% for placebo (7/48). These numbers were determined from
cross-checking the CRF listings with the randomization code [80:13379). The proportion of
patients remaining in the double-blind portion of the study are graphically in the figure below and
support the efficacy conclusions discussed later.

Proportion of Patients Remaming in the Study

by Visit During Period II

Clinic Visit in Treatment Period

Teantmant

i e

Auditing and Checking

The following case report forms accompanied the study. report in electronic format and available
through the CANDA as PDF graphic images.
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Becker, Alm B
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Habert, Jacquas
Hebert, Jacquas
Hebtert, Jacquas
Chapman, K

Trakppoulas, Jecrge
Trakopouloas, George
as, V1

Astma Atxck 15075
Commen Cald i 15213
Asthm a ex cerbation 15405
Asthim a, worsening 15643
Astlana ex cerbaiion 15843
Aghm a worsening 16019
Asthm 3, worsening 16255
Asthma worssning 16435
Asttam a,worsening 16667
Astn 3, worsening 16867
Astten a,worening 1709}
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029026 6738
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029027 17Q2
029028 1364
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029028 1397
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029030 1428
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029033 1506
025034 1492

Q9033 6788
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029036 6778
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029058 61
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029061 Q97
29061 6307
029062 6387
W9063 6364
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029068 1616

Data from the first five (5) US-derived CRFs (Patient #'s: 1390, 1702, 1394. 1395, and 1397)
were cross-referenced to the electronically submitted case report tabulations (line listings). No

Brandli, O
Emst, Pierrs
Saint-Remy, Jemn-Ma

.Chervinsky, Pml

Crerviniky, Paal
Condemi, Jom J.
Coademy, Jom J.
Condami, Joim J.
Galant, Stantey J.
Grass, Gary

Qross, Gary

Grass, Gary
Lafocee, Crag
Noonan, Michaal J.
Southern, D. Logen

Petersen, Bruno Nuch
Petersan, Bruno Nuch
Petersen, Bruno Nuch
Wocdcock, A

Briton, Mark G
Holgate, Stepren T
Berger, W. E.

Berger, W. E.
Swoms, William
Kunkel, G

Vetter, Norbert
Vetter, Norbert
Laviclette, Michel
Laviclatts, Michal
Fitzgerad, Mark J
Stark, Donad F
Stark, Donaid F
Blackie, Stephen
Blaiae, Stephen
Day, James H

Patei, Piyush

Mocte, Wiliam
Reibman, J.

Qastrointestind Symptoms
Asthma eracarbation
Eczema

Serum Pregnancy Tast Positive
Ashma Atlack
Asthmasxacerbation
Asthmaworsening
Asthmaexacarbation
Asthmaezacerbation
Astiin a sxacarbziion
Asthma, worening
Asthma worssmng
Asthma,ex xerbation
Serum Pregnancy Tast Pasitive
Asthmaezxacerbation
Asthma Atak
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Asthma, worssning
Influenza

Asthn a, worsening
ALT Increased
Asthna worsening
Asthma, werssning
Asthmaworsenmg
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Parkinson ‘s Disease
Asthma ex acarbation
Asthma.ex acerbation
Hypertanzion

Asthma worsening
Asthmaszxacerbatian
Asthma, worsening
Asthma worsaning
Asthma worsening
Asthma sxacsrbaton
Asthima ex acerbation
Infaction yaspmratery
Asthma Attack
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17203
17337
17565
17787
17981
18191
18293
18447

23089
23307
23429
23630
23833
24027
24245
244427

discrepancies were noted for selected laboratory, efficacy values, or designated treatment

allocation.

There were no deaths in this trial. A qualitative review of the CRFs associated with these
patients is contained in the ISS section of this review.

Efficacy Results

FEV1

Over the entim16-\iréek treatment period, the combination of montelukast and beclomethasone

was statistically superior to beclomethasone as well as placebo. Beclomethasone was

statistically significantly better than placebo and numerically superior to montelukast alone
(p=0.099). The ITT results over the last 10 weeks of Period |l are shown in the table below
[78:12469]. The results of the per-protocol analysis were simiiar.
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Annlyss of FEV (Average Over Last 10 Weeks of Treavnent Period)
(Intention-to-Treat Approach)

Mean (L) Percent Change “rom Saseline
- Treatment
Treatmern N Bawline Period Mem SD LS Mean 95% CI for Mean
Flacebo 4@ 150 223 -11.45 16.91 -11.96 (-16.28, -7.64)
Momeluxast 183 262 2.51 -3.02 13.79 531 (732 330
Beclomethasone 188 255 256 055 1278 052 ( -148, 2.53)
Mecnteluk ast+ Be clomethasone 185 2.60 2 4.89 1048 470 ( 267, 6.73)
Comparison Berween Treatments p-Vale LS Mem 35% CI for Differsnce
Momelukast + Beclomethasone vs Beclomethasone 0.002 4.8 (155 €81)
Montelukast vs Be clomethasone <0.001 -5.83 ( -850, -3.147)
Placebo vs Beclomethasone <0.001 -12.48 (1718 7.79

p-Value For Effect

<0.001
0.395

Treatment
Study certer

K3:t MSE of Percent Change = 12.77

These findings are represented graphically in the figure below [78:12471].

FEV,

Mean Percent Change From Baseline
(Inwention-to-Treat Approach)
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&—-6—¢ Montcdukast

Becdomethasone

4449 Mmtdukast+Bedomethasone

63



Time Course for FEV1: Summary and inferential statistics of the visit-by-visit data were also
provided and are summarized in the table below [80:13689].

Visit M+ B M Alone Beclo Alone Placebo p Value
Baseline (L) _ - 260 - 260 2.50 245 NS

Visit 4 (% Change) 6.41 6.58 229 5.09 M+B>B

. B8>M,P

Visit 5 - 626 413 07 -1.88 M+B>B
B>M

Visit 6 6.36 -4.21 1.76 -7.56 M+B>B

B>M,P

Visit 7 435 -3.13 1.35 -1055  M+B>B

8>M,P

Visit 8 5.61 -3.48 0.81 -10.86 M+B>B

B>M.P

Visit 9 5.60 -5.12 0.47 -12.05 M+B>8

B>M.P

Last Available Visit 5.50 -5.96 0.45 . -10.77 M+B>8

B>M.P

Daytime Symptom Scores

This was the co-primary endpoint and the results (ITT analysis) are shown in the figure below
[78:12475].
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Daytime Symptom Score
Mean Change From Baseline
(Intention-to-Treat Approach)

Mean + SE

Weeks in Active Treatment

@—0—® Placebo

—6—8& Montelulaast

h—d~d Beclomeothasons

4499 Montchlrast+Bechmethasone

As can be seen, patients who were withdrawn from beclomethasone and randomized to either
montelukast or placebo deteriorated over the course of Period Il. On average, patients who
remained on beclomethasone and received concomitant montelukast or placebo improved or
remained stable. The difference between these groups over the 16 week period was statistically
significant at p=0.041. Both groups containing beclomethasone as a component were
statistically superior to montelukast or placebo monotherapy. Over the last 10 weeks of the
study, the difference between montelukast plus beclomethasone and montelukast did not retain
statistical significance; however, the magnitude of the effect of the combination was greater than
beclomethasone alone (18% improvement for M+B versus 8% improvement for beciomethasone
alone). Beclomethasone remained statistically significantly better than montelukast or placebo
monotherapy over the last 10 weeks. These results are shown in the table below [78:12473].
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Analysis of Daytime Symptom Score (Average Over Last 10 Weeks of Treatment Period)
“ (Intention-to-Trest Approach)

Meen (Score) Change From Base':ne
- Treatment
Treatment N Baseline Period Mem SD LS Mean 95% Cl fcr Mean
Plabo 4“4 2.37 269 032 0.72 031 ( 008 054
Montslukast 183 213 239 0.7 0.7¢ 07 ( 017, 038
Beclomethasone 188 17 2.09 -0.08 0.68 -0.09 ( 0.20, 0.02
Montelukast+ Beclomethasone 185 217 1.99 0.18 0.61 -0.18 (02, LN
Comperison Between Treatments p-Value LS Memn 95% CI for Difference
Montelukast + Beclomethasone vs Beclomethasone 0.207 -0.09 ( 0.22, 0.05)
Montelukast vs Beclomethasone <0.001 036 ( 0.22 0.50)
Flacebo vs Beclomethasone 0.002 0.40 ( 0.15 0.65

p-Value For Effect

Treaiment <0.003
Study center 0.050

Koot MSE of Change = 0.68

Time Course for Daytime Symptoms: Summary and inferential statistics of the visit-by-visit data
were also provided and are summarized in the table below [80:13689).

Visit M+ B M Alone Baclo Alone Placebo p Value
Baseline (L) 218 216 218 2.36 NS
Visit 4 (% Change) -0.05 -0.03 0.03 0.07 NS
Visit 5 -0.13 -0.03 0.03 - 0.09 M+B>B
Visit 6 -0.16 0.19 -0.05 0.18 B>M
Visit 7 .16 0.22 0.06 0.18 8>M
Visit 8 0.19 0.17 <0.13 0.22 B>M,P
Visit 9 0.21 0.15 -0.10 0.34 B>M,P
Last Available Visit -0.19 0.21 -0.08 0.33 B>M.P

Secondary Endpoints

Beta-agonist Use

The total daily beta-agonist use as a mean percent change from baseline is shown in the
following figure. The mean daily baseline beta-agonist requirements for all groups ranged from

3.38 to 4.16 puffs. -
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Total Daily B-A gonist Use
Mean Percent Change From Baseline
- (Intention-to-Treat Approach)

w_-

SE

S

Mean

Weeks in Active Treatment

®—0—8 Placebo

4—9—¢ Maatehnkast
Beclomethasone

9499 Martchinst+Bachmethasone

As can be seen, the placebo and montelukast monotherapy groups deteriorated after withdrawal
of beclomethasone. Statistically significant differences between the montelukast +
beclomethasone and the beclomethasone-only groups was not demonstrated in either the 16
week or last 10 week ITT analyses. Beclomethasone was statistically better than montelukast
monotherapy and placebo in both analyses [78:12478).

Peak Expiratory Flow Rates (PEFRS)

For AM PEFRs, the mean baseline values were comparable and ranged from 406.80 to 419.43
L/min. Statistically significant differences between the montelukast + beclomethasone versus
the beclomethasone-only group was demonstrated in the 16 and 10 week analyses.
Beclomethasone was statistically better than montelukast monotherapy and placebo for both
analyses [78:12482]). For PM PEFRs, the mean baseline values were comparable and ranged
from 416.33 to 430.38 L/min. Although the montelukast + beclomethasone treatment arm was
numerically superior to beclomethasone, the difference was not statistically significant.
Beclomethasone was statistically significantly better than montelukast monotherapy and placebo
[78:12500]. The tables below summarize the findings.
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Analysis of am PEFR (Average Over Last 10 Weeks of Treatment Period)
- (Intention-to-Treat Approach)

| Mean [L/min) Change Fro= Baseime
; - Treatment
Treatment N Bassline Period Mean sD LS Mear. 95% C1 for Mean
Placebo ] “ 41228 386.82 -25.86 4462 -27.10 (-3856 -15.25)
| Morselukas ~ 184 41988 404 61 -1527 3946 -15.37 (-2087. -987)
| Beclomethasone 187 406.07 409.96 389 91.07 401 (150, 9.53)
Montelukag+ Be clo methasone 185 411.17 422.89 1nn 3144 1143 ( S8 17.00)
Comperiscn Between Trestments p-Vahe LS Mean 95% C{ for Difference
Mortelukast + Be clomethasone v Be clomethasonz 0.044 141 ( 0.19, 14.84)
Monteluk ast vs Be clomethasone <0.001 -1938 (-26.70. -12.06)
Placebo vs Bectomethasone <0.001 3112 (4405, -18 19)
p-Value For Effect
Treatment <0.001
Study senter 0.502
Ract ¥SE of Change = 35.06
Analysis of v PEFR (Average Over Last 10 Weeks of Trestment Period)
(Intenton-to-Treat Approach)
Mean (L/min) Charige From Dasline
Treotment
Treatment N Baseline Period Mean SD LS Mean 95% CIfor Mean
Placedbo 44 424 29 406.53 -17.76 4537 -19.11 (-29%0, -812;
Montzlukas 184 43207 419.82 4226 | 3575 41232 (1733, 731
Beclomethasone 188 413.05 42248 343 28.18 334 (-167. 839
Montzlukast+ Be clo methasons 185 428.51 434 31 580 28.75 5.68 ( 0.60, 1075}
Comparison Between Treatments p-Vahe LS Mem 95% CI for Difference
Montelukast + Beclomethasone vs be clomsthasone . 0.486 223 ( 4.24, 8591)
Montelukast vs Be clomethasons <0.001 -15.67 (-2232 901
Placebo vs Beclomethasone <0.001 -22.45 (-3 20, -10.71)
p-Value For Effect
Tre stment R <0.001
Study center 0.131
Root MSE of Charge = 3193
Noctumal Asthma Score
The figure below shows the mean change from baseline in nocturnal asthma score over the 16
week treatment period in the prespecified subset of noctumal asthmatic patients. The
montelukast plus beclomethasone group demonstrated a significant improvement versus
beclomethasone monotherapy (p=0.010). The M + B group was not superior to beclomethasone
when analyzed over the 10 week treatment period. Beclomethasone monotherapy was
statistically superior to montelukast monotherapy and placebo over the 16 and 10 week analysis
periods.
|
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Noctumal Asthma Score--Nocturnal Asthmatic Patients Only
Mean Change From Baseline
- (Intention-to-Treat Approach)
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Montelukast pluS beclomethasone was superior to beclomethasone alone for physician's but not
patient's global evaluations [78:12508).

For asthma-specific quality of life, four domains were analyzed (activity, symptoms, emotions,
and environment). In the last available visit day assessments, montelukast plus beclomethasone
was not superior to.beclomethasone alone for any domain. Beclomethasone was superior to
montelukast and placebo for the domains of symptoms and emotions while beclomethasone was
only superior to monteiukast for the domains of activity and environment [78:12510]. MID
criteria (0.5 unit MID) were not met for any of the between group comparisons for the overall or
any individuatQOL domain (except Symptoms in which M+B was 0.51 greater than placebo)
over the 16 week treatment period.

For the endpoint of asthma exacerbation, montelukast plus beclomethasone was statistically
superior to beclomethasone monotherapy. Beclomethasone was statistically superior to
montelukast monotherapy and placebo over the sixteen week treatment period {78:12529]. The
same trends were noted for the endpoint of asthma attacks and need for corticosteroid rescue
[78:12533).
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Subgroup Interactions and Treatment Consistency:

Treatment effects were cansistent across ail subgroups (race, age, sex). Analyses of response
by baseline values were conducted. The following figures demonstrate the consistency of
response for the primary efficacy variables FEV1 and Daytime Symptom Scores.
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Reviewer Information Requests: The following comment was communicated to the sponsor.
Please clarify whether and which inhaled corticosteroids used in this trials are US formulations.

The inhaled beclomethasone was the US formulation

Reviewer Conclusions on Study 029: This study had several important findings. First, in
patients who are ‘controlled’ on inhaled beclomethasone, it is better to leave them on
beclomethasone rather than switching them to montelukast. Secondly, it does not appear
that adding montelukast to an existing beclomethasone regimen significantly improves
asthma control as represented by Daytime Asthma Symptoms, backup beta-agonist use,
or nocturnal asthma scores. Although montelukast added to bec/lomethasone was
superior to beclomethasone alone for the endpoint of FEV1, the initial dose of
beclomethasone was low (four pufis of 42 mcg/puff twice daily) and the study did not ask
.the more relevant question of whether It is safer and more effective to titrate
beclomethasone to desired effect or to add montelukast to the existing ‘subtherapeutic’
regimen of beclomethasone. In this light, this study does not support a claim for
montelukast to be used as an adjuvant to beclomethasone or other ICS therapy. In fact, it
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confirms the finding of Study 020 that low dose beclomethasone is more effective than
montelukast in the treatment of mild to moderate asthma.

5.5 Long-Term Efficacy of Montelukast in Asthma

A Long-Term Efficacy Update Report (LTEUR) was submitted to the NDA on September 4, 1997.
The report provided an updated cumulative data on efficacy from the open-label extension
periods of adult studies 009, 015, 020 and 031 and the pediatric efficacy trial (049). As of
December 6, 1996 (cut-off period for LTEUR) a cumulative total of 944 adult and 245 pediatric
patients with asthma have been treated with montelukast or active comparator in the extension
trials. The data provided in the LTEUR focus on studies 020 and 031. These data are not
blinded or placebo-controlled and were not obtained from a randomized cohort (participation in
extension periods was optional); however, they do support the claim that montelukast provides
long-term control of asthma without tolerance/tachyphylaxis.

5.6 Studies of Airway Inflammation

§.6.1 Antigen Challenge Studies

Study 050 [70:7092): A Double-Blind, Placebo-Controlled, Randomized, 2-Period Crossover, Multiple-
Dose Montelukast Antigen Challenge Study in Mild Asthmatics.

and

Study 056 [85:17239]: A Double-Blind, Placebo-Controlled, Parallel-Group Study Investigating the Ability
of Montelukast to Affect Inflammatory Parameters in the Airways of Asthmatics.

The patient's age and FEV1 at baseline for the Antigen Challenge and Sputum Studies (Protocols 050 and
056, respectively) are summarized in Table D-27. Antigen challenge is used as a preclinical and clinical
model to study asthma. It causes early (0 to 3 hours) and late (3 to 8 hours) bronchoconstriction after the
challenge as well as the cellular influx of cells. The table below indicates the baseline characteristics of
the patients enrolled in the two triais.
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Antigen challenge (house dust mite) was performed after 2 days of montelukast, or placebo therapy. The
figure and table below-show montelukast, compared with placebo, significantly inhibited the EAR (75.4%)
and LAR (56.9%) as measured by the AUC.
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5.6.2. Peripheral Blood Eosinophils

As part of the safety evaluations in the Phase 2 and 3 studies, eosinophils counts were performed at
baseline and at various post-randomization timepoints. A consistent finding in these studies was the
decrease in peripheral blood eosinophils in patients treated with montelukast, shown in the table beiow.
Eosinophils were decreased by up to 29.5%, compared with piacebo. No other cell types showed a similar
change. In Study 020, compared with placebo, montelukast decreased the peripheral blood eosinophils to
the same extent as beclomethasone (200 mg twice daily with a spacer device) -0.06 and -0.05 10 3 /mL,
respectively, 21.1% for monteiukast and 20.0% for beclomethasone.
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in Study 028 (Additivity/Removal Study), all patients were using inhaled beclomethasone prior to
randomization. Comiplete removal of beclomethasone in patients randomized to the placebo
group caused the peripheral blood eosinophil levels to rise approximately 39%, from 0.23 x 10 3
/mL to 0.32 x 10 3 /mL. in patients using montelukast, the complete removal of beclomethasone
did not increase-the eosinophil counts significantly and were similar to that of the
beciomethasone group; 0.28 x 10 3 /mL compared with 0.26 x 10 3 /mL. The patients receiving
montelukast plusbeclomethasone had less eosinophils compared with the beclomethasone
group, after 16 weeks of treatment.

5.6.3 Airway Eosinophils
The effect of montelukast on airway eosinophils was evaluated in two trials. In the Sputum
Study 056 [85:16758], sputum eosinophils at baseline (percent of non-squamous cells) in the

montelukast and placebo groups were 7.5 and 14.5%, respectively. Montelukast treatment for 4
weeks caused a 48% reduction from baseline in sputum eosinophils compared with a 23%
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increase in placebo (p < 0.050, based on ANCOVA), as shown in the figure below. No other cell
types were affected. -
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The final results of the Bronchial Biopsy Study 059 [85:17239 were not submitted in the NDA.
They were, nowever, submitted to the IND on November 5, 1997. In the study, the first
laboratory deviated from protocol-defined procedures in the reading of the bronchial biopsy
specimens. The specimens were analyzed by a second laboratory and there was no significant
difference noted between montelukast and placebo for the endpoints of the number of total and
activated eosinophils and tryptase-positive cells in the bronchial submucosa after six weeks of
treatment.

Reviewer Comments on Airway Inflammation Trials: While the data generated from these trials
support the effect of montelukast on blood and airway eosinophil populations and the ability to
mediate the late phase response to antigen challenge, they do not support the categorization of
montelukast as an anti-inflammatory agent. These data may be represented in the product
label; however, they may not be used to support the labeling of montelukast as “anti-
inflammatory.”

Overall Reviewer Comments on the Efficacy of Montelukast:

All Phase 3 studies employed a once-daily evening dosing schedule without regard to
food/meals. There were no studies comparing the efficacy of morning versus evening
once-daily dosing. In this light, the product label will be explicit in recommending
evening dosing exclusively. Given that there is & food effect on montelukast
bioavailability, it is wise that the patients were dosed at bedtime without regard to meals.
This obviates the need for food/dosing labeling restrictions.

Montelukast is effective in the treatment of mild to moderate asthma. Onset of action has
been shown to occur within one day of treatment for the endpoints of Daytime Symptoms,
beta-agonist use, AM PEFR and nocturnal asthma scores. First-dose bronchodllatory
effects (i.e. FEV1) were not evaluated in Phase 3 trials; however, previous data indicate
that the first dose effect on FEV1 is not significant (Study 009). Post-treatment
observations indicate that no rebound phenomenon exists after withdrawal of
montelukast In this patient population. These studies were also important in confirming
the once-dally dosing regimen. End-of-dosing interval evaluations of peak expiratory
flow rates demonstrated montelukast to be statistically significantly better than placebo.

Montelukast is effective in asthmatic patients with demonstrated aspirin sensHtivity;
however, it has not been shown to be of more value in these patients than in the
population of general asthmatics. Importantly, montelukast has not been demonstrated
to truncate the response to aspirin in these patients and, consequently, allow such
patients to be treated with aspirin or NSAIDs.

The data do not demonstrate that montelukast impacts significantly on asthma-specific
quality of life evaluations. The data further indicate that inhaled beclomethasone dosed
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at 400 mcg/day is- statistically superior to montelukast and placebo for the co-primary
endpoints of Daytime Symptoms and FEV1 and superior to placebo for overall QOL and
the individual QOL domains of activity, symptoms, and emotions.

Montelukast is not effective as monotherapy in the truncating exercise induced
exacerbations of asthma. Although montelukast demonstrated statistically significant
superiority over placebo for the mean effects on the AUC and Maximum Percent Fail
endpoints, the categorical analyses clearly indicate that the majority of patients
randomized to either montelukast or placebo had significant (i.e, >20%) maximum
decrements in FEV1 with exercise. Montelukast shifted the population response to
exercise; however, it did not truncate a significant effect in the majority of patients. This
observation is confirmed by the secondary endpoint of rescue beta-agonist use. This
endpoint indicated that although montelukast significantly decreased the need for rescue,
there were patients that, nevertheless, required rescue with an inhaled beta-agonist
during the exercise challenge. The exercise studies do, however, serve as indicators of
montelukast activity in asthma.

The inhaled corticosteroid-sparing trial (046) has serious methodological flaws which
make the treatment differences in the primary endpoint difficult to interpret from a clinical
perspective. The study, as such serves as a bioassay evaluating the effect of montelukast
in allowing the taper of inhaled corticosteroids. The benefit of this strategy is unclear,
especially in the context of the results of Study 029 (Montelukast-ICS additive study) in
which it is clear that asthma control deteriorates when switched from low dose inhaled
corticosteroids to montelukast. In any case, Study 029 demonstrates that treatment with
montelukast allows patients to taper their ICS requirements or, in a minority of cases,
even have there inhaled corticosteroids discontinued without serious deterioration in
asthma control over a twelve week treatment period. Given the favorable risk-benefit
profile of ICS it remains to be seen whether such a strategy would be in the best interests
of all patients who might benefit from therapy in addition to as-needed inhaled beta-
agonists (i.e. chronic persistent asthmatics). The real issue is whether the results of this
study may be extrapolated to a population of asthmatics on high dose inhaled or
systemic corticosteroids who may be the real beneficiaries of an agent that allows steroid
tapering.

in patients who are ‘controlled’ on inhaled beclomethasone, Study 029 demonstrates it is
better to leave them on beclomethasone rather than switching them to montelukast. In
this study, adding montelukast to an existing beclomethasone regimen significantly
improved FEV1 and AM PEFR. The combination, however, was not statistically superior-
to beclomethasone as represented by Daytime Asthma Symptoms, backup beta-agonist
use, or nocturnal asthma scores. Although montelukast added to beclomethasone was
superior to beclomethasone alone for the endpoint of FEV1, the initial dose of
beclomethasone was low (four puffs of 42 mcg/puff twice daily) and the study did not ask
the more relevant question of whether it is safer and more effective to titrate
beclomethasone to desired effect or to add montelukast to the existing ‘subtherapeutic’
regimen of beclomethasone. In this light, this study only weakly supports a claim for
montelukast to be used as an adjuvant to beclomethasone or other ICS therapy. In fact, it
confirms the finding of Study 020 that low dose beclomethasone is more effective than
montelukast in the treatment of mild to moderate asthma.
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6.0 Integrated Summary of Safety

6.1 Overview
The safety profile of montelukast is based on data from 10 Phase 2b/3 double-blind efficacy
trials in adults and from the long-term, open-label, safety extensions of some of these trials. All
double-blind safety data from these and the Phase 1/2a studies were submitied and summarized
in the initial submission. The long-term safety data from the extension periods of Studies 009,
015, 020 and 031 were submitted in an integrated format in the four-month safety update (June
19, 1997). The safety database is presented in four pooled data groups: primary studies (020
and 031), all Phase 2b/3 Studies; phase 1/2a Studies; and the long term extensions to studies
009, 020 and 031. The primary studies provide the safety comparison to placebo for the
purposes of quantification of adverse clinical and laboratory events relative to placebo. Since
many of the other 2b/3 studies investigated multiple doses of montelukast, adverse events
involving montelukast-treated patients were reported as a single group and compared to
placebo. Most of these studies involved higher doses of montelukast than is proposed for
marketing.

6.2 Potential Risks Based on Pharmacologic Properties and Preclinical Studies

In animal testing, the gastrointestinal system was the main target of dose-limiting toxicity. There
were dose-related emesis and bowel effects in monkeys and rodents. At approximately 100
times the clinical dose, there were elevations in serum transaminases (2-3x control) in rats that
were not accompanied by hepatic histologic changes. An suggested
montelukast might be associated with hemolysis, however, there was not evidence of hemolysis
in vivo in multiple-dose intravenous studies. Post-marketing experience with a marketed
leukotriene antagonist, zafirlukast, indicated an association with eosinophilic tissue infiltration
including Churg-Strauss vasculitis predominantly in patients with severe asthma undergoing
systemic steroid taper after instituting zafirlukast. A causal relationship has not been established
and the question of whether this phenomenon represents an unmasking of a pre-existing
condition or is caused by leukotriene-receptor blockade remains unanswered. Since Merck's
montelukast program includes inhaled steroid-tapering studies, this issue will be scrutinized:;
however, it is likely that the rarity of the phenomenon will preclude any definitive conclusion.

6.3 Overall Extent of Exposure in Adults

Two thousand six hundred and six subjects/patients received montelukast: 1955 in Phase 2b/3
studies, 76 in extension periods (originally randomized to placebo during double-blind portion of
study), and 575 in the thirty-one Phase 1/2a trials.” A small number of persons participated in
multiple trials; 48 were treated with montelukast in two studies and 5 in three studies, resuiting in
2548 distinct subjects/patients treated with at least one dose of montelukast. Subjects were
treated with up to 800 mg per day for one week and asthmatic patients received total daily doses
up to 600 mg for tendays. The breakdown of montelukast dose and duration is shown in the
table below [96:192]. -

. .| Tréatment Day Intervals
Dose Range 105 6to1S 16t025 2635 361045 46andover # Subjects
Phase |2a Studies
All Dases 3 283 1 4 58 6 575
Phase 2b/3 Studies
2toSmg 0 2 68 2 0 0 72
10 mg 33 16 90 72 102 1290 1603
11to SOmg 94 4 " 6 41 7 223
51-100 mg 4 4 0 3 92 13 116
-101-200 mg 53 2 1 1 50 ] 113
>200 mg 57 0 0 0 0 0 57
All Doses 15 25 230 82 282 1321 1855
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One thousand flve hundred fifteen subjects/patients received.at least one dose of placebo.

The table below shows the extent of the long-term, open-label safety database obtained from the
extension periods of Studies 009, 020 and 031 [Safety Update:13].

Treatment Intervals (in Months)

Dose Range <3 3to<6  6to <12 12to <24 24 or greater # Patients
10mg 56 62 329 179 18 644

11 to 50 mg 41 4 27 0 0 72
§1-100 mg 2 29 0 0 0 51
101-200 mg 24 39 10 0 0 73
>200 mg 4 0 0 0 0 4

All Doses 81 68 337 187 21 694

The breakdown of the number of patients by total cortinuous monteiukast exposure is presented
in the table below. Unlike the previous table, this table includes the double-blind efficacy period
and is defined as the longest continuous treatment interval without protocol-defined placebo
washout periods or time off-drug. All patients received at least 10 mg/day of montelukast for the
entire treatment period.

<6 Months 6 Months to <1 1 Yearto <2 2 Years to <3 3 Years or More  Total
year years years

125 89 431 30 19 694

6.4 Characteristics of the Adult Safety Population

The baseline patient characteristics in the Primary (Studies 020/031) and Phase 2b/3 Studies are
shown in the table below.

Primary Studies Phase 2b/3 Studies (Including Primary Studies)
Montelukast Placebo Montetukast Beclometh Placebo
n=795 n=530 n=1955 n=251 n=1180

Gender
Female 462 (58%) 291 (55%) 959 (49%) 251 (65%) 610 (52%)
Male 333 (42%) 239 (45%) 995 (51%) - 87 (35%) 570 (48%)
Age (years) ,
<18 49 (6%) 26 (5%) 76 (4%) 13 (5%) 48 (4%)
18 to 64 . 720 (919%) 485 (92%) 1813 (83%) 226 (90%) 1090 (92%
65 or greater 26 (3%) 19 (3%) 66 (3%) 12 (5%) 42 (4%)
Mean = SD 353:14 356: 14 365+ 14 374: 15 36.8: 14
Race . ‘ )
Caucasian 571 (72%) 378 (71%) 1600 (82%) 119 (47%) 847 (80%)
Hispanic 142 (18%) 92 (17%) 189 (10%) 86 (34%) 116 (10%)
Black 26 (3%) 20 (4%) 86 (4%) 7 (3%) 43 (4%)
Other s67%) 40 (8%) 80 (4%) 39 (16%) 74 (6%)

The vast majority of patients had asthma of mild to moderate severity. Secondary diagnoses
and concomitant therapies were comparably distributed across treatment groups. As described
in the efficacy review of the individual studies, approximately 95% of the patients in the Phase
2b/3 studies had secondary diagnoses [96:196]. The vast majority of these involved respiratory
system disorders, predominantly allergic rhinitis . There were no significant differences in the
frequency or type of secondary diagnoses. Similar findings were noted for concomitant
medications. Comparable numbers of montelukast and placebo patients (~85%) took such
medications [96:200]. The most common therapies included antihistamines, decongestants,
analgesics, and oral contraceptives. .
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6.5 Clinical Adverse Experiences

6.5.1 Advqrse Ev_ents in Double-Blind Periods of Phase 2b/3 Trials

The clinical adverse event profile for the double-blind portions of the Primary (Studies 020/031)
and Phase 2b/3 studies are shown in the tables below. In the primary studies, withdrawals due to

adverse events were higher in the placebo group than the montelukast group (4.3% and 2.1%,

respectively). This difference was statistically significant at p=0.032).

Primary Studies Phase IIVDI Studies (Including Primmary)
Placsbo | Montelukag | Placebo | Monteiukast | Baclomethasons
(N =330) | (N=795) | (N=1180) | (N =1935) (N=2351)
Plvmbex (%) of patients with one or more adverse| 294 (74.3) | 561 (20.6) | 841 (71.3)] 1299 (66.4) 160 (63.7)
with drug.related alverss experisnces ac1n | =,ao3dy| uz(sel 21108 31(12.4)
with sericus adverse expenences 5(09) 8(10) 17( 1.4) 19( 10) 1(04)
with senicus drug-rel ated adverse expeniences 0 0 0 0 0
witdrawn from Gerpy dus © mm-H 23(43) | 17(2n| 61(s2y| (37 5(20)
expensnces }
withdrawn from therpy due © a2 = 1( 02) 500.6 3con|  1t¢og 1¢ 04)
adverse expenierce
withdrawn from therapy due © adrug-related 4(08) 5(06) 13¢11) 14¢07) 2(08)
xdverse expenance
Deats 0 1(0.1) 0 1(01) 0

This table does not include those xiverse expenences that occurred before randomzaton,

The one death involved a 50 year old male who was a passenger in a fatal motor vehicle

accident. There was an additional death in a beclomethasone patient who died from pancreatic
cancer and disseminated intravascular coagulation 20 days after having been on

beclomethasone (Study 020) for 44 days. A more detailed listing of patients in the primary

studies who discontinued treatment due to adverse events is shown in the table below [96:224].

The frequencies seen in all Phase 2b/3 studies are similar to those noted below [96:226]
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- - Placebo Montelukast
Adverse Experience N =530 N =795
A sthma-Related -
Dyspnea 0 1 (AN 4678)'
Asthma - 14 7 (AN 5293)°
Broachitis 2 o
Respiratory faihure 0 1
Anxiety 0 1
Depression : 1 (AN 3959)' 1 (AN 4285)!
Discomfort, pharyngeal 1 0o
Edema. eyelid 1(ANS9%4)' | 0O
Edema, facial 1(AN4236)' | O
Endometriosis 1 o
Epididymitis 0 1
Gastritis 0 1
Headache 1(AN4648) | ©
Menstruation disorder 1 o
Pain, back 0 1 (AN 4597)!
Reaction, vasovagal 0 1
Trauma 0 1
Urticaria 0 1 (AN 5650)!
Total 23 (43%) 17 21%)
Total (without asthma-related experiences) 7(13%) 8 (1.0%)
Total drug related 4 (08%) 5 (0.6%)
T Patients discontinued due to adverse experiences coasidered drug related by the
investigator
> The only patient of the 7 who was discontinued due to an adverse experience
coasidered drug related by the investigator

The tables below show the body system specific adverse event profiles obtained during the
doubie-blind periods and will serve as the basis of the ADVERSE REACTIONS section of th

product label. :

78



- - Primacy Studles Phase [TH/A11 Studies Gnciuding Primary)
Plzeto Monwluka st Placsto Monteiukast Beclome tusone
. N = 530 MN=7195 N = 1130 N = 1955) MN=25Y
[Numbes (%) of patizns with cas oun_ma 94 T4 361 (10.5) 41 (71D 1299 (66.4) 160 (€3.7)
clinical adverse axperiances posTan-
domizaton -~ i
I‘BodyuaWhobSlle Usspectited $1( 94) 101 12.7) 13 (113) 244 (128) 34(138)
Asthania/fat gus €( 1.1 16( 2.0 14 (1.2 35( 1.8 S(20
Foves I( 06 11 ( 1.4) 11(09) 0 ( 15 2(09
Flu-kxe iness B( 1.5) 9( LY 20( 1.7 2(1.1 2(08)
Pain, abdominal 12( 2.3) 27( 3.4) (25 56 ( 29) 8(32)
Pain, chest s( 1N 7( 0% 17( 1.4 25( 1.3) 4( 19
Trauma 2(04) 7(08) 10 ( 0.9 20 ( 1. «( 16
Cardlovascular Sysiem Deésorders® 6(1)) 15(¢ t9) 16( 1.0) (1D 3(12)
Digestive System Disocders 55 (10.6) 11814 85 151 (128) 1 281 (14.4) 36 (143)
Diarrhea 11 2.1) 30 ( 3.9y E R 61( 31 5(20)
Dry mouth 3(06 8( 10 7(06) 15( 0.8) 312
Dyspepsia $(09 19 ( 2.4) 13( LY 42(2.1 2(08
Flatulence 7(1.9) S( 06 9 (08 11( 06 2(09
Qaswitis 1(02) $(0€ 2002 9 (0.3 €(2.4)
a. , i 1(02) 14 ( 1.8) 6€(03) 2 ( 15) o
Nausea 12y 20 ( 2.5) 35 (30 50 ( 2.6 520
#umaenm 1(02) 13( 1.6) 12( 10 34 (17 5(20
Vomiting 2(04) 12( 1.9 €14y | 2301 2(08)
{Endocrine Dhocdees® (] 1¢.00) (] 1(03) 1 ( 04)
lﬂemh andL!mphalkau' 0 3¢ 04 2(09) 8(04) 1( 04)
abollc/Nutriioaal/In mune 4( 08 7¢ 09) 1S¢ 1.3) 16¢ 0.8) 1( 04)
Dborders®
M usculos ke le tal Disorders $9(11.1) 85119 144 (132) IALS) 20( 80)
Mrlgia 13( 2.5) 19 ( 2.4) 30(2.5) “(2.3) 4( 16
AN Back 19(3.§) 2)(29) 38 ( 3.3)_ 51 ( 2. 3 ( 2.0)
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Primacy St los Phasa I bAIX Shad las (1 nchading Prinm ry)
Placabo Moromlukast Placabo Monulukast Beclomathasona
° -— (N-S&O) N = 705 N = 1180) N o 1055 N = 251)
|Necveas Sy stam/Psychbtrio Dsord ars 129 (22.9) 122229 263 (22.2) ddd (22.7) % A n
Depremion™ 4(0.8) 10( 1.3 5( 0.4) 12(08) 1( 0.4)
[Dozinass IR N)) 21( 26) 16 ( 1.4) 98(19) S{ 20)
[Heaclacha o7 (18.Y) 141 Q7. 214 08.1) 35 (18.4) 47487
{Irscrania 3 ( 06) 12195 15(¢1.%) 25 (13) 3(1.2)
[Rasplate cy Systam Deorders 309 (53.7) W8 Ga2) 621 (32.6) 858 (.9 113 (48.0)
Asthma 131 (A7 144 (18.1) 233 (19.7 275 (14.1) 48 (19 1)
Bmnchitis 25 (49) 2(%6) 42(%8) 47 ( 2.4) T(28)
Congastan, rasat 5(09) 13( 1.6) 15(1.9) 32( 16) (¢]
Congh 1121 16 ( 2.0) 28 (24 s2(2M 4(16
Infecs: piratery 4(08) T7(0, 9(08) 183(09) 6(24)
Irfacuon, respiravory, upper 14 (B4 17702 %) 20 (24 6) 420 (21.5) 33 (13.1)
hﬂnan“ 22( 4.2) 42(53) 46 (39) 82 (4.2 17 ( 6.8)
Pharyngius (19 47( 39) 8 (7.0 105 ( S 4) 16 (6.6
Rhintis 1can 9(1.1) 16(14) 15(0.89 10 (4.0)
Rhirdvis, allargic 6(1.1) 13(186) 16 ( 1.4) 21 (1Y) 4(16)
[R hincarhas. 1(0.3 3( 04) 2(0.2 11 (06) 4(16
Sinusitis (53 83(4.2) 51(49) V(40 6(24
[Tonml bts 3( 06) 3{04) S (0.4) 4( 0.2 7(28)
T aSkin A ppendage Dherders 7 (1) ©®(1.5 87 ( 74 182( 7.8) 18( 1.1y
Acre 2(04) 6(0.8) 3(03) T(04 3(1.dD
Prozits 2(04) 4(05) 1H(om 13(0M 3(1.2
[R ash S ( 0.9) 17(¢ 2.1) 14 ( 1.9 32 (1. S(20)
Fwﬂmmdcu 12( 2.3 28 ( A9) W ( 21) 74( A8) ${ 24)
Canjunc witis 1(0.2) 2(0.3) 4(0.3) 10 ( 0.9) 3(1.2
Crogeniial Sy stean Dise rdars 27( 3 24 ( 4.8) 44 { AT T &'If) B(LD
Irfecuon, uodnary wact 12 ( 2.3) 7(09) 15(13) 19(190) 4( 156)
Menstroaton disordar 4(08) nto $(07) 18 ( 00) 4(16)
! AD individual ad parn cangarnizad in this body sysam am <1 @.
15 abla containg coums of pavants. Ahtough a pater may have wo or mare clinical advara expaniances, the patiart is counwd
anca in "Number () of patants with ona ar ore clinical advers expenancas.®
i3 tbie does not nclude thom advasa expenancas that occcumred bafare randomemnon

As can be seen, the frequency of clinical adverse experiences is, generally, comparable between
montelukast and placebo-treated patients. Patients who received montelukast had increased
frequency of gastrointestinal adverse events in the primary studies (i.e. abdominal pain,
diamrhea, dyspepsia, nausea, vomiting) and there was a statistically significant difference in the
frequency of infectious gastroenteritis (1.8% for montelukast versus 0.2% for placebo, p=0.007).
All 14 cases of infectious gastroenteritis were noted in Study 031 and there was no increased
frequency of infectious gastroenteritis in the other Phase 2b/3 studies. These events were
generally transient, self-limited, and did not require discontinuation of montelukast. Four of the
14 patients also experienced flu-like symptoms within approximately 7 days of the occurrence of
infectious gastroenteritis. No patients dropped out of Study 031 because of infectious
gastroenteritis [81:14182). In the long-term extension studies, the frequency of infectious
gastroenteritis was low (1.6% for montelukast and 1.2% for beclomethasone) [Safety Update:36].

in the primary studies, respiratory system disorders were statistically significantly more frequent
in the placebo treated patients (p=0.003). This was predominantly driven by the increased

frequency of 'asthma’ as an adverse event in the placebo patients. Respiratory infections were
comparable in frequency between treatment groups.

Reviewer comment: The profile of common adverse events for montelukast in double-

" blind periods is, generally, unremarkable. The increased frequency of infectious
gastroenteritls Is puzzling since it occurred only in one study and there is no increased
frequency of infection in other organ systems. There is insufficient information provided
in the NDA to allow for a determination of causality. The sponsor has been asked to
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provide the case repart forms as well as a detailed analysis the phenomenon (e.g. how
was diagnosis made?, viral or bacterial?, common study sites?, age/gender predilection,
etc.). Without satisfactory explanation as to why this AE is unlikely to be due to
montelukast, it deserves specific mention in the product label.

6.5:2 Nonfatal Serious Clinical Adverse Experiences

The table below shows the nonfatal serious clinical adverse experiences in the Phase 2b/3
studies. Fonrty-four such events occurred after randomization in 36 patients [96:215). There
were no differences in the type or frequency between treatment groups. Of note, none of these
were considered drug-related by the investigators. '

" Placebo Montelukast | Beclomethasone
(N=1180) (N=1955) (N=251)
Total number (%) of patients with one or 17(14) 18 (0.9) 1(04)
more nonfatal serious adverse
experiences postrandomization

;Body as a whole/site unspecified 0 1(0.1) 1(04)
Cardiovascular system disorders 0 1(0.1) 0
Digestive system disorders 0 4(0.2) 0
[Metabolic, nutritional, immune disorders 1(0.1) 0 0
[Musculoskeletal disorders 1(0.1) 3(0.2) 0
[Nervous system and psychiatric disorders 1(0.1) 1(0.1) 0
Respiratory system disorders 11 (0.9) 6(0.3) 0

kin and skin appendage disorders 3(0.3) 0 0
Urogenital system disorders 1(0.1) 2(0.1) 0

' No serious adverse experience was considered drug related by the investigators.

This table does not include those adverse experiences that occurred before randornization. 1

Although a patient may have an adverse experience in more than one body system, th
patient is counted only once in “Total nurmber (%) of patieats with one or more nonfata

Eerious adverse experience.””

The respiratory system events predominantly consisted of asthma-exacerbations. The four
montelukast patients who had ‘digestive system disorders' consisted of a 17 year old female with
congenital Schatzki's ring requiring esophageal dilatation who had severe reflux esophagitis for
five days and continued montelukast therapy; a 39 year old male with a history of Gl
reflux/gastritis who had severe gastritis lasting 19 days and discontinued montelukast; a 24 year
old male who had a gastrointestinal hemorrhage who discontinued montelukast; and a 47 year
old female who had appendicitis not requiring discontinuation of study medication.

6.5.3 Clinical Adverse Events in Phase 1/2a Studies

~

The relative frequencies of clinical adverse events in these studies were comparable to the
longer term Phase 2b/3 studies and similar across treatment groups {96:253). There were no .
deaths and only two tropouts due to adverse events (one placebo patient had an asthma
exacerbation and one montelukast patient had SVT five days after discontinuing montelukast).

6.5.4 Clinical Adverse Events in Long-Term Extension Trials

The safety update (June 19, 1997) contained updated safety data received by December 6,
"1996. As of that date, only one of the extension trials (020) was completed. Studies 009, 015
and 031 were ongoing and, therefore, complete data on ali patients are not available. Overall,
the long-term clinical adverse event profile of montelukast was similar to that of
beclomethasone. These data are summarized in the tables below.
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Montelukast Beclomethasone

= 7 n=694 n=250
Number (%) patients with one or more adverse experiences 539 (78%) 18S (74%)
with drug related AEs | _ 68 (10%) 22 (9%)
with serious AEs 17 (2%) 8 (3%)
with serious drug-related AEs 0 1 (<1%)
withdrawn due to AE . ) 33 (5%) 10 (4%)
withdrawn due to serious AE S (<1%) 2 (<1%)
withdrawn due to drug-retated AE 8 (1%) 0
withdrawn due to serious drug-related AE 0 0
Deaths 0 0

In the montelukast treated patients, the highest frequency of adverse events by body system
occurred in the respiratory (64%), nervous (24%) and musculoskeletal systems (22%). Individual
adverse events with the highest frequency were URI (31%), asthma (29%), and headache (19%).
The incidence of adverse events by body system and by individual adverse experiences was
generally similar between montelukast and beclomethasone. The frequency of specific digestive
system adverse events is shown in the table below.

Montelukast  Becifomethasone
n=694 n=250
Abdominal pain 30 (4.3%) 9 (3.6%)
Diarrhea 25 (3.6%) 7 (2.8%)
Dyspepsia 15 (2.2%) 3(1.2%)
Gastritis 6 (0.9%) 2(0.8%)
Infectious Gastroenteritis 11 (1.6%) 3(1.2%)
Nausea 16 (2.3%) 7 (2.8%)
Vomiting 8 (1.2%) 2 (0.8%)

Of note, the frequency of infectious gastroenteritis remained higher in the montelukast patients
than in the beclomethasone treated patients.

There was an increased frequency of musculoskeletal disorders in the montelukast-treated
patients (21.5% for montelukast versus 12% for beclomethasone). These can be most easily
categorized into one of four groups: myaigia/muscle cramps, pain, musculoskeletal trauma, and
other (e.g arthralgia). In all groups, the frequency of adverse events in the montelukast treated
patients was greater than that seen in the beclomethasone treated patients. In all cases, the
episodes either resolved while continuing study therapy or were ongoing but did not necessitate
discontinuation of study therapy. There is no mechanism based explanation for the higher
frequency of musculoskeletal adverse events seen in the montelukast group. Preclinical studies
did not reveal the musculoskeletal system to be a target toxicity organ for montelukast.

Clinical Adverse Experiences Over Time (in Extension Studies)

The sponsor conducted an analysis of the frequency of clinical adverse events over time
(SU:298]. The tables below summarize the data for montelukast and beciomethasone.

~

Montelukast _ :
<6 months 6 monthsto <1 year 1to 2 years 2 years or greater
.- n=694 n=569 n=480 n=49

Number (%) patiertts with one or more adverse 529 (77%) 381 (69%) 190 (40%) 20 (48%)
experiences .

with drug related AEs 96 (14%) 17 (3%) 10 (2%) o]
with serious AEs 9 (1%) 8 (1%) 2 (<1%) 0
with serious drug-related AEs 0 . 0 0 0
withdrawn due to AE 19 (3%) 12 (2%) 1 (<1%) - 0
withdrawn due to serious AE 3(<1%) 2(<1%) 0 (o}
withdrawn due to drug-related AB 6 (<1%) 2(<1%) 0 o]
withdrawn due to serious drug-related AE 0 0 0 0
Deaths 0 0 0 0
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Beclomethasone

<6 months 6 months to <1 year > 1year
n=250 n=225 n=185
Number (%) patients with one or more adverse experienc 185 (77%) 381 (69%) 190 (40%)
with drug related AEs : 32 (13%) 10 (4%) 1 (<1%)
with serious AES 1 (<1%) 4 (2%) . 3(2%)
with serious drug-related AEs 0 1 (<1%) 0
withdrawn due to AE 4 (2%) - 2(<1%) 4(2%)
withdrawn due to serious AE . 0 1 (<1%) 1 (<1%)
withdrawn due to drug-related AE 0 0 0
withdrawn due to serious drug-related AE 0 0 0
Deaths 0 0 - 0

These data were also analyzed by specific adverse event with similar findings. These data
support the contention that there is no evidence of cumulative dose toxicities for montelukast.

6.5.5 Serious Clinical Adverse Experiences

There was one death in an extension study. A 62 year old male experienced abdominal pain and
vomiting approximately one year after entering the extension period for Study 015. He was
diagnosed with peritonitis but did not respond to antibiotics. He was taken to surgery and found
to have a torsion radix mesenteric. He eventually succumbed to a cardiac arrest secondary to
pulmonary embolism two days post-surgery.

The incidence of nonfatal serious clinical adverse experiences was similar between the
montelukast (2.4%) and beclomethasone (3.2%) groups. Three patients (2 montelukast, 1
beclomethasone) patients were discontinued due to serious clinical adverse experiences. One of
the montelukast patients was a 56 year old female who had a severe asthma exacerbation. The
other was a 58 year old female who was diagnosed with breast cancer after 322 days of
continuous montelukast therapy. The frequency of discontinuations due to any clinical adverse
experiences was similar between montelukast and beclomethasone groups (4.7% and 4%,
respectively). The cumulative frequency of nonasthma-related discontinuations was 2.2% and
1.6% of patients in the montelukast and beclomethasone groups, respectively.

6.5.6 Eosinophilic Conditions/Churg-Strauss Vasculitis

There was no evidence of a Churg-Strauss vasculitis or eosinophilic variant in the safety
database. Given the relative rarity of the event in the population and the experience with
zafirlukast, it is not surprising. The phenomenon appears to manifest in the context of systemic
steroid tapering in severe asthmatics. This was not the population studied in the NDA.

6.6 Laboratory Adverse Events

Standardized laboratory safety measurements (i.e. hematology, blood chemistry, urinalysis) were
performed in ail patients in all studies to evaluate the safety profile of montelukast. in the Phase
2b/3 studies, a central laboratory was used. A few non-US study sites used a local laboratory.
Extension study sites used the same laboratory used in the double-blind period. By and large,
the Phase 1/2a studies used local laboratories. In addition to protocol-specified laboratory tests,
some additionai tests were performed on some patients to follow-up on observed
clinical/laboratory findings. For the Phase 2b/3 double blind and extension periods, the percent
of patients falling outside the predefined limits of change from baseline for hematocrit, WBC,
lymphocytes, platelets, bilirubin, AST and ALT was identified and compared between treatment
groups. To be included in these analyses, patients had to have both a baseline and at least one
postrandomization measurement. Laboratory adverse experiences are attributed to the therapy
received the day prior to the laboratory sampie collection.

83



BEST POSSIE

Reviewer comment: The sponsor was asked to provide the reference normél ranges for the
laboratories. This information was submitted to the NDA on December 8, 1997 and may be
found in Appendix A of this review.

6.6.1 Incidence of Laboratory Adverse Experiences

The laboratory adverse experience profile for the Primary and Phase 2b/3 studies is shown in the
table below. There were no statistically significant differences between treatment groups in any
category for the primary studies (Studies 020/031) or all Phase 2b/3 studies. All withdrawals
from montelukast therapy were due to positive pregnancy tests [96:266].

Primary Studies Phace 11111 Studes (Induding Primary)
Placebo | Momelukast Placebo Montelukast | Bed omethasone
N=530) | (N=795) (Ne=1180) (N = 1955) N=251)
of patients with one of meee 525 788 1m 1935 p ol
laberatory tests postrandomization
Nurrbes (%) of patients with ane or mare 33¢6.3) 55(.0) T7(6.6) 12062 15.(6.0)
advezse expeniences
wath dugreaded adverse expetiences 7(1.3) 8(1.0) 2Q09 3719 104
with seri ous adverse experiences 0 0 0 0 ]
wthdrava fom therapy due to adverse 204) . 304) 600.5 T 4002 1(04)
experiences
withdrawn from therapy duetoa Y 0 1Q.1) 0 0
dnug-relzed adverse sxpenence
ﬁhis table doesnot el ude those advar s expenences Ut occurred before randormzatian

The frequency of laboratory adverse events by treatment group is shown in the tables below.
There were no significant differences between treatment groups [96:268]. ’

, APPEARS THIS WAY
ON ORIGINAL
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Primary Stludles Phase IR AII Studles dncluding Primacy)
Placeto Monteluxast Placsto Manwlukast Beclometasone
N = 530) (N = 795) (N = 1180) N = 1955) MN=251
[Number of fatiess with ane or more 528 788 1M 1936 U9
LbanTery W postandomization
Nuraber (%) of patients with ans ot 13 (6.3 35010 166 120 (6.2) 15 (6.0)
MOre La bonwey adverss sxperisnces
lology
Fosi nophits increased 0525 o738 3/1168 (0.3) 4/1934 02) O/249
Hematoerit decmased 0/52s o788 17111001 0/1933 0249
Flematocrit incraased o/52s o722 11 o1170 1933 (0.1) Qr249
Hemogtobm decraassd 05525 2138 ©03) 111700.1) | 21934 ©.1) 27249 (0.8)
Hamogiobin inaraassd 05525 o788 o/1170 1934 0. 1) 0249
L2 ukoc y count increased 5525 (1.0) 37788 (0.4) 71163 (0.6 | $/1934 (0.3) 11249 (0 4)
ukoe ytes decreased 25525 (0.4) €788 (0.9) 5/1168 (04) | 971934 (0.5) 0249
yrophoe ys decreased 05525 o788 1/1168 0.1) 0/1934 Of249 .
Peutroptils decreased 3/525 (0.6) 37788 (04) $/1149 ©4) /1900 (0.3) 27249 (0.8)
Neutrophils e reased $/525 (1.0) 37188 (0.4) 1149 (0.6) | $/1900 (0.3) 17249 (0.4)
wiet connt dacreased 0r525 17187 (0.1 111168 (0.1) | 271932 (0.1) 17249 (0.4)
taiet count incraasad 17525 (0.2) o187 171168 (0.1) 071932 Q7249
Pbod Chemistry
hos phosphatase tncreased ws2S 37188 (04) o170 4/1934 0.2) 249
T increased 10525 (19 | 1577188 (19 2371170 2.0) | 41/1935 2.1) 37249 (12)
incraasad 6525 (1.1 117788 (1.4) 141170 (12) | 301935(16) | 449 (16
Hearbonate decrsassd 17525 0.2) oner 171170 ©.1) o/1913 0L49
UN increased o32s 0/788 o170 171934 ©0.1) 0249
ICreatine phosphokinass ! incraasad 18 (31.3) 76 (167 6 (16.7 1116 (6.3) o2
Hypercalcamia os2s 17788 {0.1) o170 111934 ©.1) 01249
Hyperglycamia 25525 (0.4) 47788 (0.5) 51170 (0.4) €/1934 (0.3) 0249
Hyperkatemia os2S 17788 (0.1) 171170 (0.1 311934 (02) /249 (0.4)
Hyperphos phatamia o528 17788 (0.1 1170 171934 © 1) 01249

APPEARS THIS WAY
ON ORIGINAL
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_ Primacy Studies Phase ObAII Studles I nciuding Primacy)
Plcebo Mcatefukast Placeto Monwlukast | Beclomethasons
(N =530) N =795 N = 1180) = 1955) N=25)

[B10od Chemistry (Coat)
Hypocalcemia o525 o788 V1170 (0.1) 271934 (0.1) 0149
}-lypocm ars2s ones w170 Q.1 o934 ORA9
Hypogtycemia ws2s onss 1170 (.1) /1934 Q49
Hypokalemia 1525 02 17788 (0.1) V1170 (0.1) 2/1934 (0.1) 249
H ypona toenda /528 o788 U170 0.1) /1934 Q249
Hypophosphaemia 07528 onss 071170 21934 ©.1) O/A9

regnancy est? positive 3289 (1.0) 4417 (0.8) $582 (14) 67388 (0.7 1177 (0.6)
Tonl seram bilirubis incraased 2525 0.4) s .y J 31170 0.9) 11934 04) | or49
Ucimlysh
Bacwounal 212 (100.0) 373 (100.0) 211 (182 €11 (545 oo
Gtyccsuna 01525 o788 0/1169 vI9x (0.1) ORA9
Hematornia 5520010 | 783009 8/1168 (O.7) 8/1934 (04) | 2249 (0.9
P rotsinutia 0525 17788 (0.1) 41168 ©0.3) 41934 (02 249 (04)
Pyuria 652012y | 117783 (1.4) 1171159 (0.9) 1971924 (1.0) [ 17245 (O.4)
Urtine yeast, nondia gaostic o520 o83 Y1159 (0.1) 0/1924 QR4S
! Nonpromeal tests parformed by the invastigater.
? Oty female patizats.
[This utle contains counts of patients. Although 3 patisnt may have two o moe Ldaratory adverss sxparisncas, the patent is
foantea only cace in “Numbes (%) of patients with cne Of more 1abCrATry adverse experiences.”
[This mbls represents counts of padents having spacific Lbonatory advesss sxperisnces in e following format: Number of

isnT with experiencafumber of patents tesied ().
able does nat includs Moss advasss expariances Mt Cccurmd befors andomization.

6.6.2 Predefined Limits of Change Analysis

The tables below show the analysis of predefined limits of change from baseline [96:278]. In the
primary studies (Studies 020/031), there was a statistically significant between group difference

for increased WBC count (p=0.038).

“Phase NV Sudies |
Laboratory Parameter Predefined Limit of Primary Studie (Including Primary) |
(Unit) Chuge' Treatment Frequency (g) ~p-Value requency
Hermtocrit (%) Decrease 220% from Placebo 3/525 (0.6) >0.999 4/1169 (0.3)
baseline and <LLN Monteh kast 47187 (03) 8/1932(04)
. Beclomethasone: - 17248 (04)
Tncreass 220% lrom Flacebo 000 (00) 0.279 J116Y9 (0.0)
baseline and > ULN Montekast 3/187 (04) 3/1932(0.2)
Beclomethasone - 2/248 (0.8)

caunt ul) Decrease 220% from 4155 (7.8) 0.122 HIT16s (64)
_baselineand <LLN Montehakast 82/788 (104) 150/1934 (7.8)

-] Beclomethasone - 187249 (7.2)

I_ncrewe 220% Irom Placebo LKL (9.1) — 0.038 1811167 (6.7)

baseline and > ULN Moatshukast 477188 (6.0) 92/1934 (4.8)

- T Beclomethasone 15— 247249 (9.6)

L; hocytes (1U° Decreass 220% trom Placebo I ) 0999 331167 (2.8)
yoe UL -baseline and <LLN Montelnkast 277788 3.43 59/1934 (3.1)

s Beclomethasone ~ 157249 (6.0)

ncreass acebo 1anD (2.7; 0.858 2411161 (2.1)

baseline and > ULN Montelukast 19/788 (2.4 36/1934(1.9)

: Beclomethasone - 107249 (4.0)
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= N Phase IIW/IT Studies
Laboratory Farameter Predefined Limit of Primary Studies (Including Primary)
(Unit) Change' Treatroent _Frequency (%) o value® Freauencv (55)
Platelet count (10%ul) | Decreass 225% from Placebo /525 (0.0) >0.99% 11166 (0.1)
baselineand <LLN | Montelukast 1786 (0.1 Y1829 (C.1)
Beclomethasone — 2/2¢970.8)
- Increase 250% Lrorm Flacebo 300 (06) - 0.381 S/1len (0.4)
baseline aad > ULN Moatehkast 9/186 (1.1) 14/1929 (0.7)
Beclomethasone - : 21249 (0.8)
shrabin (mg/di) Increase 250% trom Flacebo 1200 (2J) 0.7 25/1.69 (2.2)
baseline and > ULN Montelukast 217788 (2.7) 47/1934 (2 4)
Beclomethasone — 7/249(2.8)
AST (UIL) Tncrease 2100% trom Flacebo XIDL (3.2) 0.877 J&/116Y (L Y)
baseline and > ULN Montehikast 28/788 (3.6) _ 53/1935(2.7)
Beclomethasone - 117249 (4.4)
ALl (UL) crease e100% trom rlaceno 2000 (3.7) 090 4/ loy (4.0)
basaline and > ULN Moatehukast 477188 (6.0) 8(v1935(4.1)
Beclomethasone - /242 (3.6)
LLN = lower iimk of sormal. ULN = upper Lirmit of ncemal.
2 Based cn two-sided Fisher's Exact Test.
fMNaé~ M 2% a7 a1

The effect of montelukast on liver function tests was of particular concern and the sponsor
performed an analysis of the Phase 2b/3 studies in which all patients with an AST or ALT above
the upper limits of normal were identified and classified by their multiples above the upper limit.
in the double-blind portion of these studies, only one patient (placebo) discontinued therapy due
to an increase ALT. Generally, transaminase elevations were transient, self-limited, and did not
necessitate discontinuation. The results are shown in the tables below [96:280].

Phase 11bvIl11 Studies

Primary Studies (Inchading Primary)
Number of Patients (%) Number of Patients (%)

>ULN? >ULN'
Treatment N ALT AST N ALT AST

Placebo 525 66 (12.6) | 29(5.5) ] 1169° 135 (11.5) | 66(5.6)
Monteiukast 788 126 (16.0) 59(1.5) 19342 248 (12.8) 127 (6.6)
Beclomethasone - -~ - 149 29 (11.6) 15 (6.0)

Based on the highest postrandomization value.

2 The 2 patients (1, placebo and 1, montelukast) m Pratocol No. 009 who discontinued because of
laboratory abnormalities present in the prerandomzation blood sampling (immediately prior to
administration of double-blind study medication) were not inctuded [Ref D-32).

ALT
Class Interval (Times Above ULN) Total
Treatmens N [>2and 3 [>3andss [>4andsS [ >Sand 25 [ >6ana <7 [ >7amass | >8 >2 X ULN
Primary Studies - '
Placebo $25 306 2(04) ) 0 0 0 102) 6(1.1)
Morntehikast 788 2 (1.0) 2(0.3) 0 0 0 2 (03) 0 12 (1.5)
Phase IWTT Stiithies (Inchedimg Primary)
Placebo 1169 9(0.8) 3(03) 0 0 0 0 1on | 13400
Montehkast 1934 | 241D 5(03) 10.9)} 101’ 0 200.1) 10.)'] 3308
Beclomethasone | 249 2 (0.8) 1(04) 0 0 1 (0.4) 0 1(04 5 (2.0)
Incidence was 0.05%
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BEST PUSSIBLE COPY

AST
Class Interval (Times Above ULN) Toeal
Treatment N- | >2and3 [>3ands4 [ >aandsS [ >Sand <6 | >6ands7 [>Tanass | >8 >2 X ULN

Primary Studies .
Placevo - 528 305 10.2) 102 0 0 0 1(0.2) 6(1.1)
Moatekast 788 3 (0.6) 10.1) 1(0.1) o] 0 0 1(0.1) 8 (1.0)
Phase [IWIII Studies (Including Primary)
Placebo 1169 4 ©03) 1(0.1) 20.2) 10.1) 0 o 101 9 (08)
Montekikast 1934 11 @S) 3(03) 10.0)! 3.2 o 0 100 12100
Beclometasone 249 [£] 2(0.8) 0 1 (0.4) 0 0 1 (0.4) 4(1.6
" Incidence was 0.05%

Reviewer comment: The sponsor did not provide summary statistics (mean with standard
deviations and ranges) for laboratories. The sponsor was asked to provide these for the
following laboratories: AST, ALT, total bilirubin, WBC, platelets and hemoglobin for the baseline
and last available postrandomization visit during the double-blind period for montelukast and
placebo for the primary and Phase 2b/3 trials. It was also requested that AST, ALT, and bilirubin
also be broken down by sex. These were requested to assess the central tendencies of the
population across treatment groups. The breakdown by sex for liver function tests was done
because sex differences in hepatotoxic potential has been noted for other drugs. Unity
scatterplots for the laboratory parameters of AST, ALT, total bilirubin, WBC, platelets, and
hemoglobin were also requested. In order to be able to visualize the greatest potential drug
effect across a population, the plots were constructed with the highest prerandomization value on
the x-axis and the most extreme post—+andomization value on the y-axis. For AST, ALT, and total
bilirubin, the most extreme was designated as the highest post-randomization value. For
hemoglobin, it was the lowest post-randomization value. For platelets, the scatterplots were
constructed using both the highest and lowest post-randomization values. All plots were
constructed separately for the double-blind and extension periods for the primary and Phase 2b/3
studies. The sponsor provided these analyses on December 8, 1997 and they are summarized in
the tables below.

Primary Studies (Studies 20 and 031 Pooled)

Parameter Treatment n - Baseline Last Visit Change from Baseline
ALT (UL) Placebo 524 21.17 21.54 0.37
Montelukast 787 21.12 21.73 0.61
Beclomethasone 248 2044 20.54 0.10
AST (U/L) Placebo 524 20.35 18.42 -0.93
Montelukast 787 20.42 20.41 -0.01
Beclomethasone 249 19.67 19.88 0.21
Totat Bifirubin Placebo 524 0.58 0.59 0.00
Montelukast 787 0.62 - 060 -0.02
Beclomethasone 249 0.61 0.62 0.01
Hemoglobin Placebd- 523 1472 14.67 -0.05
Montelukast 787 14.84 14.49 0.16
Beciomethasone 249 14.72 14.62 -0.09
Platelet Count Placebq - 523 73.42 278.76 S.22
- Montelukast 787 278.91 275.64 -3.19
Beclomethasone 248 286.85 282.18 -4.66
Total WBC Placebo 523 6.48 6.58 0.10
Monteiukast 787 6.53 6.37 -0.18
Beclomethasone 249 6.93 6.80 0.12
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Analysis by Sex of Selg:cted Laboratory Data from Primary Studies (020 and 031)

Change from Baseline

Sex Males Females

Treatment . Placebo Monteluk Beclometh Placebo Monteluk Beclometh
ALT = 0.59 . 070 -0.02 0.18 0.55 0.17
AST . 0.74 0.64 0.39 -1.08 -0.47 0.12
Total Bifirubin_ . 0.0t 0.02 0.01 0.00 -0.01 0.01

Phase 2b/3 Studies (008, 025, 015, 020, 029, 031, 042, 046, 056, 059, Pooled)

Parameter Treatment n Basaline Last Visit Change from Baseiine
ALT (U/L) Placebo 1163 20.89 21.38 0.50
Montelukast 1926 21.24 21.73 0.49
Beciomethasone 245 20.34 20.28 0.05
AST (U/L) Piacebo 1163 19.98 19.77 0.21
Montelukast 1926 20.25 20.39 -0.14
’ Beclomethasone 245 19.69 19.79 0.10
Total Bilirubin Piacebo 1163 0.59 0.59 0.00
Montelukast 1925 0.61 0.60 -0.01
Beclomethasone 245 0.61 0.62 0.01
Hemogtobin Placebo 1159 1472 1457 0.00
Montelukast 1924 14.68 14.58 -0.11
Beclomethasone 245 14.71 14.62 -0.09
Platelet Count | Placebo 1156 269.57 270.99 I -3
Monteluiast 1918 270.50 267.37 -2.98
Bectomethasone 245 285.69 280.52 -$17
Total WBC Placebo 1157 6.46 6.49 0.04
Montelukast 1925 6.45 6.37 0.09
Beclomethasone 245 6.91 6.79 -0.12

Analysis by Sex of Selected Laboratory Data from Primary Studies (Pooled Phase 2b/3 Studies)
Change from Baseline

Sex Males Females

Treatment Placebo Monteluk Beclometh Ptacebo Monteluk Beclometh
ALT 0.50 0.61 0.12 0.49 037 -0.15
AST 0.29 0.30 0.34 -0.13 -0.04 -0.03
Total Bilirubin 0.01 0.01 0.01 -0.01 .-0.01 0.01

Numerous scaftterplots were submitted in response to the reviewer's request. A representative
sampling of these for transaminases in the double-blind treatment period is contained in
Appendix B.

6.6.4 Laboratories in Phase 1/2a s.tudies

The laboratory adverse event profile for the Phase 1/2a studies is shown in the table below
[96:302]. '

APPEARS THIS WAY
OM ORIGINAL
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BEST POSSIBLE COPY

Montuxast Plceto
Paceto Montelukast and Drugs and Drugs Other Drugs
_ N = 320) N =56) (N= 114 MN=91 N =74
Pumber of subjecspatients withans or {306 539 91 6 14

mars DoAY Bts postrandomin ton

Pumber (%) of subjects/patiznts witk 207 (1.9 909 (1. X} 705
one Of foore drug-rela ted Jaborexy
xiverse expenences

[prood chemistry

T increased o308 41535 0T 651 (6.6) 61 0.0 €74 (8.1)
ST inereased 20805 0.7 21335 (04) 081 w67 34 4.1y
incraased oo 112 (50.0) o0 o0 oo
creatning incraased o308 17537 0.2) 081 wer 014
‘otal serum bilirubin incraased 17308 (0.3) 2/536 (0.4) 381 (3.3) /67 (Ve

Considered by the investgaws (o te possitly, probadly, or dafimtely drug relaed.

Noaprore ol tests performed by the invesugatr.

i3 tatle contans counts of subjects/patients. Alough 2 subjecUpatient ouy have ™O of Mo laboratory advers
, B8 Subjectpatisnt & comted only cocs b "Number (%) of subjectzatisnts with ans of mors drug-ralawd
boRory adverss experisnces.®

sxperiences that cccurmd il Subjacts/patssts wers off drug ars atzibuwd to the pravions dragéosage wken.

is 0 bis rapresants counts of sadjects/patienss having specific labocarry ad verss axperiances in e following format Number]
subjact/patiants with expeni ancah umbdes of subjecis/patiants tasted ().

is uble doas not in_d\i thass adverss axperiances that cccurred befors radamizadon

As can be seen, increased serum transaminases and total bilirubin accounted for the majority of
drug related adverse experiences in all groups in Phase 1/2a studies. Five subjects (4
montelukast, 1 placebo) discontinued from therapy due to postrandomization laboratory adverse
experiences. Three of the montelukast patients discontinued due to elevations in transaminases
in a single oral dose PK study (014). All three patients were males between 19 and 25 years of
age and had their increased LFTs two or more days after receiving a 200 mg dose of
montelukast. Two of the patients had AST increase to over 200 U/L.. These patients also had
elevated CPK due to strenuous exercise prior to blood drawing. The fourth montelukast patient
was a 23 year old female who was discontinued from a digoxin interaction study because of low
potassium (2.82 mmol/L). This patient had pretreatment subnormal K+ levels.

6.6.5 Laboratories in Adult Open-Label Extension Trials

Laboratories obtained during the open-label extension periods were handled in similar fashion to
those obtained during the double-blind periods. That is, sensitivity analyses based on predefined
limits of change were conducted. Generally, the frequency of abnormal laboratories was
comparable across treatment groups. Since hepatotoxicity is a concem for this drug, a
sensitivity analysis for AST and ALT is presented in the tabies below.

ALT )
- Class Interval (Times Above ULN)
n >2and s 6 >3and < 4 >4and < 5 Total »2 ULN Total > ULN
Montelukast 682 8 (1.2%) 3(0.4%) 0 11(1.6%) - 105(15.4%)
Beclometh 241 3(1.2%) 2(0.8)% 1 (0.4%) 6 (2.5%) 34(14.1%)
AST
Class Interval (Times Above ULN)
n >2and < 6 >Jand < 4 >4and< S _Total >2 ULN Total > ULN
Montelukast 682 4 (0.6%) 1(0.1%) 1(0.1%) 6 (0.9%) 48 (7.0%)
" Beclometh 241 4 (1.7%) 1 (0.4%) 0 5(2.1%) 17 (7.1%)
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A total of seven_and four patients in the montelukast and beclomethasone groups, respectively,
discontinued treatment due to a laboratory adverse experience. All but one patient in each
treatment group discontinued due to a positive pregnancy test. One montelukast patient and one
beclomethasone patient discontinued due to increased LFTs. The montelukast patient was a 41
year old male in Study 009 who had an AST of 40 U/L (ULN= 36 U/L) after having received 200
mg montelukast a day for 79 days.

6.7 Other Safety Evaluations
6.7.1 Electrocardiograms

Twelve lead ECGs were obtained at baseline and at the end of the double-blind period for
patients in the placebo controlied efficacy trials. These ECGs were only read qualitatively and
no measurement of intervals was provided. The richest source of quantitative ECG data is
contained in Study 009 in which daily montelukast doses up to 200 mg were studied. ECGs were
obtained at baseline and three times during the six week double-blind period. Intervals (PR,
QRS, QT and QTc) were measured for each ECG for each patient and were provided in the case
report tabulations. Perusal of these data listings did not reveal any significant effect of
montelukast on cardiac depolarization/repolarization and no clinically significant change from
baseline readings in any particular patient. No clinically significant arrhythmias were captured on
ECG. Additionally, quantitative ECG interval analyses were performed in several of the clinical
pharmacology trials including Studies 002 [60:1197], 004 [61:1589] and 048 [68:6101]. Studies
002 and 004 investigated single doses of montelukast (not TBM formulations up to 800 mg) in
mild to moderate asthmatics. ECGs were obtained at intervals up to 24 hours after dosing and
evaluated quantitatively and qualitatively. Although mean ECG interval data were not
presented, both studies reported all qualitative and quantitative ECG abnormalities. There is no
evidence of dose-related changes from baseline in either of these studies. The cardiac
repolarization effect of montelukast in combination with terfenadine was assessed in Study 048
in which multiple-dose montelukast (steady-state) was added to steady-state dosing of
terfenadine. There were no differences in the QTc pharmacodynamics between the terfenadine
only and terfenadine plus montelukast treatment periods. Of note, montelukast did not affect the
pharmacokinetics of parent terfenadine or its metabolite. Although it would have been desirable
to have the Phase 2b/3 ECG interval data analyzed by dose (means and sensitivity analyses),
the preclinical and existing clinical data as well as the previous experience with other leukotriene
antagonists do not raise concem regarding a potentia! effect of montelukast on cardiac
electrophysiology.

6.7.2 Evaluation of Hemolysis

Serum haptoglobin was measured in one clinical study utilizing both the oral and intravenous
formulations of montelukast to address the preclinical observation that hemolysis of washed
human RBCs occurs with exposure to montelukast. There was no evidence of hemolysis with
either the oral or intravenous formulation determined by analysis of haptoglobin, bilirubin, and
hematocrit. Mematocrit and bilirubin were also measured in the Phase 2b/3 double-blind and
extension studies and no evidence of a hemolytic phenomenon was noted.

6.7.2 ':—P_regnancy

Patients were discontinued from study therapy after a positive pregnancy test was obtained. In
total, 27 randomized patients (8 placebo, 15 montelukast, 4 beclomethasone) became pregnant
on study. Eleven of these occurred during the extension periods. As of March 24, 1997, ten
healthy infants were bom (2 placebo, 6 montelukast, 1 beclomethasone) and 1 pregnancy was
progressing normally. The remaining 16 pregnancies were not carried to term. Eleven were
electively aborted and five (1 placebo, 2 montelukast, 2 beclomethasone) were spontaneously
aborted. '
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6.7.3 Drug-Demographic Interactions

There were no obvious differences in the adverse event or laboratory safety profile when
analyzed by age, sex, or race. Any slight differences among montelukast groups were also
observed in placepo and beclomethasone groups.

6.7.4 Vital Signs

There were no mean differences between placebo and montelukast on vital signs including heart
rate, systolic blood pressure, diastolic blood pressure and oral temperature during the double-
biind treatment periods in the primary studies (Studies 020 and 031).

6.8 Case Report Forms

The following is a list of the Case Report Forms of deaths and dropouts due to adverse events.
These were submitted in electronic format only and were individually reviewed. In addition, the
sponsor provided detailed narratives of the patients listed below who took part in the Phase 2b/3
double-blind [94:22849] and extension studies [SU:356]. These were also reviewed in detail. No
significant additional safety concems were generated as a result of these reviews.

Deaths
Prdnat
L] Alar,
Sty Nurber _ inmatigrtor O ot Duneh
Q0036 5591 Kramer, Mordachai R Traumahead
Discontinued Due to AE's
[
Pwooal Alon.
Wwher Rmon
003001 96 James, [an Moung 'WB C Increased
007002 43  Crervinsky, Paul Astimna exacerbition
007002 68 Crervinzky, Prul Rash arms
007003 354 Bewws Againdra URI
008001 153 Hulmn, Richard Derm atitis atopic
009003 434 Appel, David W. Schizoeffective Disorder
009003 536 PBrandem, Milan Sinusitis, acute
009006 67 Broasky, Edwin Parancia
009007 461 Buue, William Sinnsits
009008 319 Chervinsky, Paul Ouitis
009008 21 Crervinsky, Paul Asttma axacarbzion
009.008 4 Chorvinsky, Paul Adsnopithy,cervical
' Eryttema, throat
009011 543 Bdwads, Thomas B. Asthmn a ex 2cerbotion
Bronchitis
009015 507 Mumk Z Pain chast Wall Antaniar
009016 548 Mumay, Jahn Astlznaexacerbdion
009016 854 Murray, Jom ALT Increased
009017 551 Nocnan, Michasl J. Infecticn oye
009017 883 Nocgm, MichaelJ. AL T Increazed
= AST hersamd
- Serum Alkakine Phosphatoss Ine
009018 382 Groammm, Jay Edem o, mkie
.- Edema jog
008019 319_ Pronnes, Broce Neoplamm breast malignant
009019 520 Prenner, Brce Broachitis,xcuts
009019 521 Proanez, Brace Brenchitis
09022 SO0 Seltzer Junos Asttmamxxarbdion
Q3 8  Swems, Willian Acha joinks
Achs.muxcls
Adaropathy.inguind
Temperuture Incresed
009024 879 Strek, Mxy AST hhereased
009027 423 Wadarer, Alan A Astuna sxacerb dion
GCod
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Discantinaed Due o AE's (Continued)

Puthes
Pwomd Ao - -
Snrly Nsrber _ lomctioenr Remeon
09030 466 Kramer M. Asthmaworsemng
012001 726 _Hunt, ThomasL. Rah
012001 731 Hut, ThomsL. Urticania
012.001 746 Hunt, ThomasL. ALT Increasad
012001 720 Hunt, ThomasL. ALT Increased
013002 962 Bronsky, Bdwmn Urnary Ttact [nfaction
014001 935  Scardella, Antheny T Venticular Prem stwre Syswle
014.001 938 Scardella, Antwony T Supraventricular Tachycardia
014.001 944 Scardelia, Anttony T ALT Increased
AST haeand
GGT haeasad
014001 946 Scardslla, Antheny T ALT Increasad
AST hereased
CPK Increased
Serum LDH increased
014001 949  Scardslia, Antteay T CPK Incraasad
Serum LDH increasad
ALT Increused
AST hareard
015003 1867 Kowalik K Mmrk Hexdache -
017001 1123 Casale, Thomas Chills
Vemiting
020001 542 Orega, Hectr § Serum Pregnancy Test Positive
020003 $17 Pinero, Axdms Asthma Attack
020003 919 Pmeiro, Andms Suicide Atternpt
20003 $X Pinero, Andms Asthma Attack
20003 %55 Peiro, Andes Hypotension, arterial
020003 5106 Jaxdim, Joso R Thrombeembalism palmonary
20006 5176 Quaghao, Reymakdo Papules,abdoamen
020008 €29 Batman EneD Asthma Attack
20008 31 Batman EncD Astym a worsening
020008 64 Bawman EncD Asthma worsamng
020010 597 Bemstein, Mamel Asthma Attack
0012 5886 Villaran Ferrsyms, Sarum Pregnancy Tast Positive
020013 3@ Tomes, Calos Arta Asthmaworsening
020015 5233 Galleguitics, Fabian Asthma Attack
020018 5800 Prieto, Femando H Asthmz Attack
020019 527 Perez-Pudilla, Joss Aghmagxerbaton
020019 5740 Perez-Padilla, Jose Asthma,worsening
020021 5496 Rodriguez-Gomez, G Sarum Pregnancy Ted Pasitive
Qo2 58 COlaguibel Rivena, Jo Dyspepsia
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Discontinued Dus 1o AE's (Continued)

Patiam
Prrocol Ao
Rurshar r Rumaon
020024 3308 lerdanogion, John Asthma,worsening
020024 $12 lkndmeglon, John Gastritis
woL2s ~5293  Siafakas, Nikalas Asthma Attack
ozoms 5296 Siafaka, Nikolaos Epididyrao-Orchitis
o226 5646 Boamifws, Flanao Menstrual Flow,dec
020026 3645 Boaifzi, Floriano Diarhea
20026 3630 Bonifazi, Flotiano Urticaria
-020.028 5703  Guam, Jeremias Serum Pregnancy Tast Pasitive
020028 707 GCuemr, Jeremias Serum Pregnancy Test Positive
20029 3654 Tediseo, Tomman Asthma Attack
020029 5678 Todisco, Temmao Asthma Attack
0029 5684 Todizzo, Taramaso Syncope vasovagal

zoL29 5686 Todisco, Tammaso Neoplazn

o032 503 Beelnmg, W. Asthr a worsening
020033 564  Picado-Valles, Cesar Bdema,eyeiid
020034 5670 De Bensdstio, Feman Asthma Attack
020036 5594 Kramer, Mardecha R Asthm 3 worsening
020036 598 Kramer, Mordechai R ALT Increassd

Q0037 3@21 Weiler Ravetl, Danie Fatigee

20037 5625 Wailer Ravell, Danie Asthm 3 worzening

020037 527 WeilerRavell, Danie Astiyna, worsening

020037 5631 Weiler Ravell, Danie Asthma werssmang

020037 5633  Weiler Ravell, Danie Asthoa worsening

020038 017 Ben-Dov, Lssachar Serum Pregnancy Tast Positive
020038 5612 Bea-Dov, Luachar kritation throat

020039 P5 Vagliaindi, Mario Serum Pragnancy Tast Pesitive
25004 2717 Clervinsky, Pal Serumn Pregnancy Test Positive
R 5009 2586 Harmis, William G. Bleading gastromastinal
®so1t 259 Laforee, Crug Asthma ez cerbation

25018 28% Prannar, Brucs Erytherna Multiferms
025003 @56 Pht Michael Asthma Attaek

029005 @464  Ringdal, Nils Ragnar Coramon Cold

29009 6138 Becker, Allm B Asthma e xerbatica
029-009 6145 Becker, All:n B Asthm 3 worzaning

029013 6222 Hebert, Jxxques Asthna e xerbation

29013 6274 Habert, Jacques Asghma worsning

29013 @87 Hebert, Jxques Asthim a worzening

®s014 6174 Chzpman, K Asthma worsening

@015 621 Trakopoulos, Gecrge Asthma worsening

028015 6227 Trakopoulas, Gecrge Asthina, worsaning

29018 6308 Asttma worsning

Polychronopoulas, V1
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Discontinued Due to AE's (Continued)

(L

®9019
029024
®o2é
Q9e?
w9027
025028
029028
@9028
025029
029030
®9030
29030
029031
29032
029033
29034
®@9035
029033
29036
29036
®@9036
9037
029038
29042
029046
Q9046
w9047
w®o052
w@9034
Q9054
29058
025058
w@o0%
2500
®9060
Q29061
29061
29062
029063
Q9064
@068

— Rmeon
Brandli, O Gastraintastmal Symploms
. Emst, Piare Asthma exacerbation
Saint-Remy, Jem-Mar Eczmma
Clervinky, Panl Serum Pregnancy Test Positive
Crervingky, Paul Ashma Attack
Condemi, John J. Asthmaexacerbation
Condami John J. Asthmawetsening
Condemi, Joln J. Astbmaexacerbation
Gaant, Stanley J. Asthm asxacarbaion
Gross, Gary Asttzna, execerbaon
Grass, Gary Asttma, werenng
Crass, Gary Astoma wersening
Lafores, Craig Asthm a sx acsrbation
Nocnan, Michasl J. Serum Pregnmcy Test Positive
Southem, D. Loren Asthmaszacerbation
Segal, Allen Astizna Atk
Dahl, Ronald Gastritis
Dahl, Ronald Asthmaweatsening
Petarsen, Brunc Much Asthm a wot 2ning
Petersen, Bruno Nuch Asthma worenng
Petarsan, Brano Nuch Asthma werzening
Woodeock, A Influenza
Britton, Mark G Astren a wotsaning
Helgate, Septen T ALT hereased
Barger, W.E. Asthm a worsening
Berger, W.E. Asthm s, wotsening
Storms, William Astranawetsening
Kunke}, @ Cold
Vettar, Norbert Parkinson's Diseate
Vetter, Ncgbert Asttmaexxabation
Laviclstts, Michel Asthm a zx acarbation
Laviolette, Mictal Hypertension
Fitzgerald, MarkJ Asthmawcozsening
Stark, DonaldF Asthmaexzcerbation
Stark, Donald F Asthma wotssning
Blaxkie, Stephen Asthma woosening
Blackis, Stephen Asthm s, wezsening
Day, Janes H Astma exxcerbation
Patel, Piyash Asthma zx acarbation
Moote, Wilkam Infection jespiratory
Reibman, J. Asthma Attack
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Discontirued Dus to AE's (Continued)

Petam
Poooal Ao,

Muwbar
031002 917
031.003 B3l
031003 _ 340
031.003 ¥4
031005 349
031.005 »D
031007 4551

031010 4003
031012 18
031017 4062
031019 00
031020 4100

031022 4114
031023 4466
031031 4524
031032 4216
031032 429
031034 4597
031036 4231
031036 Q33
031036 23
031037 46
031037 4249
031.037 Q55
031038 amn
031.040 4285
031041 4411
031.041 4414
031.041 4423
031.042 495
031044 4316
031045 4223
031045 427
031047 4342
031049 4369

0310%0 4576
031051 4387
031052 4648
03102 4649
031034 4678
034001 i1

i — Rmeon
Bensch G. Anxiety
Berger, W.E. Bronchitis
Berger, W.E. Asthma, worsening
Barger, W.E. Bronchitis, acnte
Brandon, Milm Serum Pregnamcy Test Pasitive
Brandan, Milan Deprassca
Browm, C. Serum Pregnancy Test Positive
Condami, John J. Sezrum Pregnancy Tast Pasitive
Daniel, D. L. Serur Pregnancy Test Positive
Goldstsin, Marc F. Asthmasxacarb aion
Hamis, William G. Anaiety
Hendelas L. Fatigus
Eemp,James P Asbmaexxerbation
Kerenblat, Phillip E Right Bundle Branch Block
Nelson,Harold Respirztoary Arrest
Nocnan, Michasl J. Ssrum Pragnmcy Test Positive
Nocaa, MichaelJ. Depressca
Owens, Gragory R Pam back
Peairnan, David S. Asthma, worsening
Peariman, Dawd S. Asthma sxacerbation
Peariman, Dawd S. Edemafacial
Pedinoff, Andrew Astm a wozssning
Pedinoff, Andrew Endometniosis,probable
Pedinoff, Andrew Asthma zx acerbation
Prenner, Bruce Asttmaexacerbation
Segal, Allen Deprasuion
Selger James Asthmaexxerbation
Selzer Jumes Astimnaexacarbation
Seltzex Jumes Asttmaexxerbation
Starms, Willian Serum Pregnancy Tast Posittve
Stricker, W. Asttmaexacerbaion
Sveun,R.J. Asthm s gx searbation
Sveum, R J. Asttma sx xerbation
Taylen, I.R. Asttmasxzcerbaion
Weisberg, Stepben Asttma ex xerbation
Whits, Richard Asthmaworsenmg
Wolfe,J. D. Naussa
Fmn, Albert F. Haxdache
Finn, Albert F. Gastritis
Tinkelman David G Difficulty Braathing
Van Nispen, C Syncope, vasovagal
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Discontinned Dué to AE's (Continued)

ot

?onad AdcD. -
~Suxly Membhar Immstigroe Rmaoe
039002 9034  Qrerviraky, Paul Infaction, Unnary Tract
035002 . 9035 Crervinsky, Pml Vasicella
040-002 9878 Eamp JunesP Aghma wersening
042002 4850 Busse, William Asthma,ex acerbation
042003 4831 Hendalasl. Sinngitis
042003 4835 Hendeles L. Astma Attack
042.003 4844 Hendelas L. Serum Pregnancy Tast Pasitive
042003 4846 Hendeles,L. Astma, wer ening
042005 4912  Peariroan, David S. Raspiratary Distrasg
042005 4923 Pearima, David S. Asthma exacerbaion
046001 723 Bdwuds, Thomas B Asthmasxacerbaion
046.007 R97 FPeardmam, David S. Asthma exacerbaion
046007 758 Peuinm, David S. Bronchitis
046007 7300 Peaima, David S. Asttmatic Bronchitis
046.009 7324 White, Richard Asthmasxacerbaion
046011 7435 GOcdard, Philippe Asttima Attack
046013 7340 loael Elliott Asthmagxacarbation
046013 7348  laael Elliott Asthmaexacerbation
046013 7395 Lseel Elliott Asthmasxacarbation
046019 7450  Fitzgerald, Muk J Asthmawozsening
046019 7494 Fitzgarald, Mark J Asthmawazsaning
046019 7495 Fitzgerald, MxkJ Asthm a woisening
046004 7361  Scardella, Anthony T Reaxction ansphylactic
049.002 9142 Bemstein, Jonathon Asthma, worsening
045003 9160 Blakes, Kathryn Asthmaexacerbation
049.005 9186 Dockhom, Robert J Head Nodding Movemant
045.008 9241 Galant, Stanley J. Asthmn asxacarbation
045013 9295 Matz, Jonatham Preumonia
045016 9346 Pedincoff, Andrew Detydration
049020 9399 Schwutz, RotertH. Total Seram Bilirutin Ine
049.023 9451 Shapiro, Gail Asthana pxacerbation
0495008 9516 Weinstein, Steven F. Asttmmaezacerbation
045022 9576 Zierng, William ALT Increassd
049044 9829 Becke, Allan B Asthm a wezsening
049044 9832 Becksr, Allm B Houd xche worsaning
049047 5728 Finn, Albent F. URl
049022 9754 Weiss, Steven G. Rathurticanial
049052 9755 Weiss, Seven Q. Asttma ex xerbaion
049.053 9723 Cromar, Brad Segmentad Neutrophils Dac
053001 6433 De Sclepper, P Serum Potassium Decreased
056002 1917 Handalas L. Smeoidosis

Discontinrued Dus to AE's (Continued)

Putiom
Poocd Alan.
Sty  Sewber inestigeine Ameon

056004 &75 HugroaveF Asthma ex xerbation

056.005 6483 Boulst L.P. Sorensss somach

055003 €377 Davizm, Rotert] Collgpse

- 059003 @34 Davias Robart) Asthra sxacerbation
055005 2800 Villawmn Ferteyms, Prneumonia night

7.0 Finai Safety Update (SU-2)

A final safety update (SU-2) was submitted to the NDA on September 29, 1997 at the request of
the reviewing medical officer. In the report, additional updated cumuiative extension study
safety information is provided. The Merck in-house cut-off date for reporting these data was
April 24, 1997. The data,:at the request of the medical officer, is limited to serious adverse
events that occurred in these extension studies subsequent to the previous safety update. There
were no additional deaths for the SU-2 reporting period. Two montelukast patients were
discontinued from study due to serious clinical adverse events. One was a 72 year old female
who developed cellulitis after 36 days of montelukast. The other involved the diagnosis of a
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‘kidney cyst’ in a 39 year old male after 1228 days of montelukast therapy. Neither adverse
event was considered drug related by the investigators.

Reviewer comments and conclusion on the safety profile of montelukast

The safety of montelukast has been evaluated in an extensive short and long-term clinical
program. As predicted by preclinical studies, the clinical toxicity profile of montelukast
focuses on the gastrointestinal system. Clinical adverse events involving diarrhea,
vomiting, nausea, abdominal pain, and dyspepsia are reported at a higher frequency in
montelukast treatment groups. The frequency of infectious gastroenteritis is statistically
significantly higher in the montelukast treatment group than in the placebo or
beclomethasone treated patients. Most of the reports of this finding are from one clinical
trial (031) and a satisfactory explanation of this phenomenon is not apparent from the
data provided. It might be considered that modulation of leukotrienes may alter patient’s
resistance to infection; however, the frequency of infection in other organ system is not
higher in the montelukast treated population. Extensive laboratory evaluation in double-
blind and open-label extension periods again reveals the montelukast treated patients to
have a higher frequency of elevated transaminases. Sensitivity analyses indicate that
these elevations are, for the most part mild (less than three times the upper limit of
normal) and normalize with continued therapy. There did not appear to be a sex-related
propensity for developing increased serum transaminases while receiving montelukast.
There was no evidence of drug-induced hepatitis In any patient receiving montelukast.
Importantly, available data from the long-term extension studies demonstrate that the
frequencies of montelukast associated toxicities decrease with ime providing some
reassurance that the toxicity profile of montelukast is not related to the cumulative dose
received. Montelukast does not appear to have an effect on cardiac electrophysiology.
No evidence of Churg-Strauss syndrome or eosinophilic variants were noted. Given the
rarity of the event in the population and the experience with another marketed LTD4
antagonist, this is not surprising. The phenomenon appears to manifest in the context of
systemic steroid tapering in more severe asthmatics. This was not the population studied
in the NDA.

Montelukast appears to be safe at the proposed dose for marketing. Information
regarding gastrointestinal toxicities should be represented in the label. Further
information regarding the specific nature of infectious gastroenteritis reported in Study
031 is pending and will be dealt with in a separate review.

8.0 Review of DSI Audits

Three sites were chosen for auditing by DSI for NDA 20-828. In each case, in addition to the
usual auditing procedures, the FDA inspector was provided with efficacy data listings from the
NDA database submitted to-FDA. The FDA inspector compared the data listings to the source
documents at each audit site. The following sites were audited.

Study 031: Sﬁ;-013: Dr. Robert Dockhorn, Lenexa Kansas
Study 042: Site 002: Dr. William Busse, Madison Wisconsin
Study 046: Site 010: Dr. James Wolfe, San Jose, Califomia

Drs Dockhom and Woife were classified as NAl and no FDA 483s were issued. Each site had
minor findings that do not affect data integrity. In each case, there were no data discrepancies
between the NDA data (provided by MO) and the source documentation.

Dr. Busse was issued an-FDA 483 and classified as VAI. There were no discrepancies between
the NDA data (provided by MO) and the source documentation; however, there were problems
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noted that may have affected study conduct and analysis. The inspector noted that the original
consent form used for all patients.at this site did not accurately reflect the study protocol. It was
documented, however, that the study protocol (and not the informed consent version of the
protocol) was followed. It was further noted that a patient (AN4854) was incorrectly enrolied in
the study which required a protocol-specified asthma history of one year. This patient had only
been diagnosed with asthma three months prior to enrollment. The inspector further noted that
there were minor drug inventory and labeling inaccuracies for four subjects (ANs 4855, 4851,
4853, and 4854). Finally, the inspector noted that Merck had incorrectly exciuded five subjects
from the per-protocol efficacy analysis. Merck responded to this by conducting a detailed review
of the efficacy data and handling procedures for Study 042 [Submission of July 15, 1997 to NDA
20-829]. Merck noted that for most of the Phase 3 studies for montelukast, the PFT data were
electronically transferred (via modem) directly from the spirometer at the study site to an Oracle-
based database at Merck. However, in Study 042,, due to the complex nature of the exercise
and methacholine challenges, data entry into the database was handled differently. PFT data
were manually coded, entered by double data entry procedures, and uploaded directly into the
clinical data management system. The lack of automated data entry integrity checks and the
increased complexity of data management provided the potential for more data entry and
handling errors in this protocol. Approximately 43,553 individual data fields for pulmonary
function values for exercise and methacholine challenges were hand keyed for this study. Errors
in 232 data fields were identified, representing a 0.53% error rate. Missing data, incorrectly
keyed data, and/or data in the wrong location in the database accounted for these discrepancies
between the case report data and the clinical data management system. New intention-to-treat
and per-protocol analyses were performed on the revised corrected database and demonstrated
nearly identical results to those reported in the NDA for Study 042,

Reviewer comment on DS/ audits: No problems were found with two investigators. At all three
sites, there were no discrepancies between the NDA data provided and the source documents.
Inspector findings at the Busse site called into question the data integrity of Study 042, however,
Merck conducted a complete audit of all sites from that study and a reanalysis of efficacy based
on the revised, corrected data. No differences were found between the analyses in the NDA and
the revised analyses. No further action is indicated.

9.0 Labeling

Product labeling will be reviewed separately. The tradename Singulair® has been found
acceptable by the Division.

10.0 Overall Conclusions

Please refer to Executive Summary on Safety and Efficacy at the beginning of this review
document.

11.0 Reviewer Recommendation

Montelukast should be approved for the prophylaxis and chronic treatment of asthma in
adults. - )
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