Reports of suicidality in clinical trials of montelukast
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Background: In recent years, a number of drugs and drug
classes have come under scrutiny by the US Food and Drug
Administration regarding suicidality (including suicidal
behavior and ideation).

Objective: We sought to perform 2 reviews (requested by the US
Food and Drug Administration) of the number of events
possibly related to suicidality reported in Merck clinical trials of
montelukast.

Methods: Method 1 was a descriptive review of clinical adverse
experiences (AEs) from 116 studies (double-blind and open-
label, adult and pediatric, and single- and multiple-dose studies)
completed as of March 2008. Summaries were constructed from
investigator-reported AE terms possibly related to suicidality
(completed suicide, suicide attempt, and suicidal ideation) or
self-injurious behavior. Method 2 used a retrospective
adjudication of investigator-reported AEs and other events
listed in the study database described as possibly suicidality-
related adverse events (PSRAEs) in a prespecified set of 41
double-blind, placebo-controlled trials completed as of April
2008.

Results: No completed suicides were reported in any study. For
the descriptive review, 20,131 adults and children received
montelukast, 9,287 received placebo, and 8,346 received active
control; AEs possibly related to suicidality were rare and were
similar between the montelukast and placebo or active-control
groups. For the adjudicated review across 22,433 patients, there
were 730 adjudicated events. In 9,929 patients taking
montelukast, 1 PSRAE was identified (classified as suicidal
ideation); none were identified in 7,780 and 4,724 patients
taking placebo and active control, respectively.

Conclusions: Assessed by using 2 complementary methods,
there were no reports of completed suicide, and reports of
PSRAEs were rare in patients receiving montelukast and
similar to those seen in control subjects. (J Allergy Clin
Immunol 2009;124:691-6.)
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1 receptor antagonist, has been available in the United States for
more than 11 years and has been widely prescribed for the
treatment of asthma and allergic rhinitis in the United States and
around the world. Based on a limited number of postmarketing
suicide-related adverse experience (AE) reports, the US prescrib-
ing information for SINGULAIR was voluntarily updated to
include “suicidal thinking and behavior,” and similar changes
were submitted to regulatory agencies around the world in
October 2007. As part of their continued attention to this issue,
the US Food and Drug Administration (FDA) posted an Early
Communication about an Ongoing Safety Review of Montelukast
(SINGULAIR) on their Web site on March 27, 2008, and posted
follow-up communications on January 13, 2009,% and June 12,
2009.% In response to (and guided by) ongoing dialogue with
the FDA, the authors performed a scientific review of the avail-
able clinical trial database on montelukast regarding suicidality.

There are a number of drugs and drug classes that have come
under scrutiny by the FDA regarding suicidality, prompting
specifically directed analyses in adolescent patients taking
antidepressantsfl’5 patients taking the cannabinoid receptor
1 antagonist rimonabant for treatment of obesity,® and, most
recently, patients taking antiepileptic drugs.” In response to
requests for information received from the FDA in 2008 related
to montelukast, data were reviewed from the clinical trials of
montelukast conducted by Merck, and these data were provided
to the agency. Two separate and complementary methods were
used to assess suicidality in clinical trials of montelukast. The first
method was a broad descriptive review across a very large dataset
of montelukast clinical trials (including placebo-controlled and
non—placebo-controlled trials) that examined AEs as reported
by study investigators during the trials. The second method was
a specific analysis using a published method* of adjudication of
events based on information in the study database limited to pla-
cebo-controlled clinical trials selected based on prespecified
criteria, as requested by the FDA. This dual approach allows 2
alternate views of the available clinical trial data to provide
insights into the frequency of events that were possibly related
to suicidality in clinical trials of montelukast sodium.

METHODS

The Methods section of the Online Repository (available at www.jacionli
ne.org) provides detailed descriptions of the methods used and the studies
reviewed in this article.
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TABLE I. Codes of the C-CASA for PSRAEs

Code Event

1 Completed suicide

2 Suicide attempt

3 Preparatory acts toward imminent suicidal behavior
4 Suicidal ideation

5 Self-injurious behavior, intent unknown

6 Not enough information (fatal)

7 Self-injurious behavior, no suicidal intent

8 Other: accident; psychiatric; medical

9 Not enough information (nonfatal)

Method 1: Descriptive review

A review was performed of AEs reported by investigators in 116 studies
completed as of March 11, 2008, that were conducted by Merck headquarters
personnel. Studies were included across all age ranges of patients and
regardless of approval status for any particular indication; a listing and
description of the studies is provided in Table E1 (available in this article’s
Online Repository at www.jacionline.org). Studies included early (phase I
and phase Ila) trials and late (phase IIb and phase III) trials categorized as
(1) double-blind, placebo-controlled studies with or without active control;
(2) double-blind, active-controlled studies without placebo control; and (3)
open-label studies with or without active control. Data were reviewed to iden-
tify investigator-reported AE terms suggestive of suicidality (including terms
of completed suicide, suicide attempt, and suicidal ideation) or self-injurious
behavior. Data were consolidated to generate summary counts; no statistical
testing was planned or performed.

Method 2: Focused analysis using adjudication
methodology

This analysis used a retrospective adjudication of possibly suicidality-
related adverse events (PSRAES), as defined by the FDA, that occurred during
clinical trials of montelukast. Adjudication of PSRAEs with the Columbia
Classification Algorithm of Suicide Assessment (C-CASA)* was performed
by an independent Suicide Classification Center (SCC; Columbia University,
New York, NY) blinded to treatment assignment.

The primary objective of this focused analysis was to compare the
incidence of adjudicated PSRAE:s in patients receiving montelukast versus
placebo in randomized, double-blind, placebo-controlled clinical trials. The
clinical trials for analysis were all selected according to prespecified require-
ments; similarly, primary, secondary, and exploratory end points were all
prespecified. The primary end point was a composite of the initial 4 C-CASA
classifications rated as suicidal ideation or worse (codes 1, 2, 3, or 4; Table 1)
corresponding to “suicidal behavior or ideation” (also termed “suicidality™).
The 2 secondary end points were components of the primary end point corre-
sponding to “suicidal behavior” (codes 1, 2, or 3) and “suicidal ideation”
(code 4). An exploratory end point corresponded to the broad range of classi-
fications denoting “possible or definite suicidality” (codes 1, 2,3, 4,5, 6, 0r9).

Surveillance to identify PSRAEs was performed by means of review of the
electronic dataset for all randomized patients in each study, regardless of
treatment allocation, to identify the following:

all deaths, regardless of cause;

all serious AEs (defined using regulatory criteria), regardless of cause;
all AEs of “accidental injury”; and

all nonserious AEs, as well as any comment fields in the study database
that contained at least one of a series of prespecified text strings (listed
in the Methods section of this article’s Online Repository) that could be
related to suicidality. After electronically searching for all patients with
information containing the specified text strings, Merck personnel
reviewed this information to identify “false-positive hits” that were
unambiguously not related to suicide (eg, the text string “hang” within
the word “change”). These were reviewed by the independent SCC;
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those it agreed were false positive were excluded from further analysis,
which is consistent with the published methodology.’

Data for adjudication were identified and collated by using prespecified
parameters per the FDA’s request (detailed parameters are described in the
Methods section of this article’s Online Repository). Narrative summaries
were then written by Merck personnel for all events that were not deemed false
positive. These narratives were edited to remove treatment assignment and
other information related to patient identification and then sent to the SCC for
adjudication. Each PSRAE narrative was classified by the SCC into one of 9
C-CASA classifications' (Table I) for further analysis.

Per the FDA’s request, studies conducted by Merck with a completion date
on or before April 25, 2008, that met all of the following prespecified criteria
were included in the review: randomized, double-blind, placebo-controlled
studies; multiple-dose administration; parallel-group or crossover study
designs; and at least 20 patients aged 6 years and older per treatment arm.
Studies were included regardless of approval status for any particular
indication under study. The selection criteria yielded 41 studies for analysis;
a listing and description of these studies is provided in Table E2 (available in
this article’s Online Repository at www.jacionline.org).

The primary analysis was prespecified as the odds ratio estimate for
suicidality based on adjudicated events and analyzed as a binary variable for
subjects in the montelukast arm versus subjects in the placebo arm (see the
Methods section of this article’s Online Repository). The odds ratio analysis
was stratified by the individual trials; a stratified analysis incorporates the
different event rates from the individual trials. Because of the low incidence
rate of suicidality (see the Results section), the full, planned, prespecified
analysis could not be conducted, and no sensitivity analyses or subgroup
analyses were performed.

RESULTS
Descriptive review

Placebo-controlled studies. The cumulative review of
randomized, double-blind, placebo-controlled clinical trials
included 12,218 adults and children who received montelukast
and 8,883 adults and children who received placebo. The total
follow-up times were 1,764.3 patient-years for the montelukast
group and 1,291.5 patient-years for the placebo group, which are
proportionate to the patient numbers. Because the times exposed
to montelukast versus placebo were comparable, the crude
incidence rates reported will approximate the true incidence
rates. There were no investigator-reported AEs of suicidality
(including terms of completed suicide, suicide attempt, and
suicidal ideation) in the patients who received montelukast
(Table II). One patient in a pediatric placebo-controlled trial
(see footnote “a” in Table II) had an investigator-reported AE
of intentional self-injury. This was reported as “bite in mouth”
(verbatim term) in a 4-year-old patient receiving placebo; the
bite was considered nonserious and rated as not drug related by
the investigator.

Active-controlled studies. The cumulative review of
randomized, double-blind clinical trials that compared montelu-
kast with other active agents included 3,953 adults and children
who were treated with montelukast and 3,493 who were treated
with other asthma therapies. The total follow-up times were
2,174.3 patient-years for the montelukast group and 2,053.7
patient-years for the active-control group, which again are
approximately proportionate to patient numbers.

There was 1 patient who received montelukast who had 2
investigator-reported AEs (self-harm behavior and suicide
attempt). This patient (see footnote “b” in Table II) in one of
the adult studies was an 18-year-old woman who was given a
diagnosis of depression during the study and experienced 3
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aborted suicide attempts that were each rated as nonserious, mild,
and not drug related by the investigator. The patient continued on
the study drug and completed the study. Two weeks after complet-
ing the study, the depression continued, and the patient was to be
followed by her family doctor.

Three patients in the active-control group in the adult studies
(see footnote “c” in Table II) were reported to have suicide-
related AEs. These AEs were rated as serious and not drug related
by the investigator in all 3 patients.

A 20-year-old woman allocated to beclomethasone took an
overdose of 59 placebo tablets (for montelukast) in a suicide
attempt and was hospitalized for depression for approximately 10
days. The patient fully recovered and discontinued from the study.

A 30-year-old woman allocated to salmeterol plus fluticasone
attempted suicide and was hospitalized for approximately 2 weeks.
Discharge diagnoses were moderate depression disorder, suicidal
tendencies, and immature personality traits. The patient fully
recovered and withdrew consent after the suicide attempt.

A 16-year-old girl allocated to fluticasone took an overdose of
phenobarbital (380 mg), propanolol (150 mg), and amobarbital
(250 mg) in a suicide attempt after arguments with her parents and
was hospitalized for approximately 3 days. The patient fully
recovered and discontinued from the study.

Open-label studies. The cumulative review of open-label
trials that compared montelukast with other active agents
included 3,077 adults and children who were treated with
montelukast and 1,464 patients who were treated with other
therapies. There was 1 patient who received montelukast who had
an investigator-reported AE of suicidal ideation. As reported by
Bisgaard et al,® this patient in an open-label pediatric trial (see
footnote “d” in Table II) was a 12-year-old boy with a prior his-
tory of attention deficit disorder and depression. While receiving
open-label montelukast (on treatment for >1 year), the patient
was hospitalized for depression and suicidal ideation, neither of
which was considered drug related by the investigator; montelu-
kast was temporarily stopped. The patient recovered, and after
hospital discharge, montelukast therapy was resumed, and
depression was not reported to recur.

Focused analysis with adjudication methodology

For the retrospective adjudication of PSRAEs, there were
22,433 patients (9,929 in the montelukast group, 7,780 in the
placebo group, and 4,724 in the active-control group). Of the
41 trials, 6 were conducted in a pediatric population aged 6 to
14 years (including 2,826 pediatric patients, comprising 1,432 in
the montelukast group, 1,275 in the placebo group, and 119 in the
active-control group). Patients were mainly enrolled in seasonal
allergic rhinitis (42%) and asthma (42%) trials. The majority of
patients in the active-control group were enrolled in seasonal
allergic rhinitis studies.

Surveillance to identify PSRAEs across the patients assigned to
montelukast or placebo (or active control) yielded 730 events that
were adjudicated. From these, 1 patient, an adult treated with
montelukast, had a PSRAE that was classified as code 4 (suicidal
ideation). The event, which the investigator reported as an AE
diagnosis of schizoaffective disorder, was identified in the search
of comment fields in the study database for prespecified text
strings (specifically, “suic-"). Because no PSRAEs were
observed in the placebo group, the odds ratios for the comparison
of the montelukast and placebo groups cannot be calculated.
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TABLE Il. Patients with AEs* possibly related to suicidality from
the descriptive review

Montelukast Placebo Other drugs
Investigator-reported (n =20,131) _(n = 9,287) (n = 8,346)

AEs* by study category n/N % n/N % n/N %

Phase I and Ila studies 0 0 0
Adult studies 0/753 0.0 0/360 0.0 0/73 0.0

Pediatric studies 0/130 0.0 044 00 0/0 0.0

Phase 1Ib and III studies: 0 1* 0
double-blind,
placebo-controlled
(with or without
active control)

Adult studies 0/8,974 0.0 0/6,456 0.0 0/3,164 0.0

Pediatric studies 0/3,244 0.0 1/2,427 <0.1 0/152 0.0

Phase IIb and III studies: 1° NA 3¢
double-blind,
active-controlled
(without placebo)

Adult studies 1/3,458 <0.1 NA 3/2,994 <0.1
Pediatric studies 0/495 0.0 NA 0/499 0.0
Phase IIb and III studies: 14 NA 0
open-label (with or
without active control)
Adult studies 0/1,590 0.0 NA 0/564 0.0
Pediatric studies 1/1,487 <0.1 NA 0/900 0.0

n/N, number of patients with >1 AE/number of patients in treatment group; NA, not
applicable.

*Data were reviewed to identify investigator-reported AE terms: completed suicide,
suicide attempt, suicidal ideation, and other terms suggesting self-injurious behavior.
“AE term = Intentional self-injury (nonserious and rated not drug related by the
investigator); reported as “bite in mouth” (verbatim term) in a 4-year-old patient.
YAE terms = Self-harm behavior and suicide attempt (each nonserious and rated not
drug related by the investigator) reported in an 18-year-old patient.

Serious and rated not drug related by the investigator in all 3 patients.

9Serious and rated not drug related by the investigator.

This patient in the adjudicated dataset classified as having
suicidal ideation was a 32-year-old man with a medical history of
narcissistic personality disorder (diagnosed approximately 15
years before study entry) who was randomized to receive
montelukast, 10 mg once daily. The patient reported complaints
of anxiety and increased stress starting on day 17 after random-
ization and stopping on day 22. The patient was given a diagnosis
of schizoaffective disorder on day 22, and study medication was
discontinued. The patient was hospitalized on day 24 after
randomization with an initial diagnosis of acute schizophrenia;
the patient was judged to be paranoid-psychotic and suicidal. After
recovery and hospital discharge on day 44 after randomization, the
patient quit his job and moved without leaving a forwarding
address. On day 63, the patient was seen at the investigator’s site
and discontinued from the study because of the clinical AE
diagnosis of schizoaffective disorder, which was determined by
the investigator to be probably not related to study therapy.

DISCUSSION

In this report, events that could be considered possibly related
to suicidality were assessed in controlled clinical trials of
montelukast performed by Merck using 2 separate and comple-
mentary methods. First, a broad descriptive review examined AEs
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as reported by study investigators during the trials. Second, a
focused analysis used a published independent adjudication
method* (also used previously by the FDA)>” to examine inves-
tigator-reported AEs, as well as other events captured in the study
databases of a prespecified set of clinical trials, as requested by
the FDA. No completed suicides were reported in any study.
Based on the descriptive review across 116 controlled clinical
trials, events possibly related to suicidality were rare in more
than 20,000 adults and children who received montelukast, and
numbers of events were similar between montelukast and placebo
or active-control treatment groups. The focused analysis of 41
studies to identify and adjudicate PSRAEs identified only
1 patient with a PSRAE in the montelukast group (rated as sui-
cidal ideation) and none in the placebo group, which obviated
the prespecified odds ratio analysis. Thus, as assessed by using
each of these 2 methods, reports of events that were possibly
related to suicidality were very rare in clinical trials of montelu-
kast. Others who have completed analyses of adverse event data
from clinical trials have likewise reported no completed suicides
or increased suicidality with montelukast.” A recent report of a
population-based cohort study using the United Kingdom
General Practice Research Database similarly found no suicides
in 23,500 patients exposed to montelukast using cumulative
data from February 1998 through March 2007."°

Relevant to exploring a potential role for a drug in the
presentation of a particular event or behavior (eg, suicidality) is
the prevalence of that event or behavior in the general and targeted
populations. The annual incidence rate of suicidal ideation in the
general US population using data from 2001-2003 was reported
to be 3.3%, with suicide attempt rates reported as 0.6%.'" In a
recent systematic review of suicide and suicidal behavior, Nock
et al'? reported that estimates of the annual prevalence of suicidal
ideation in US adults ranged from 2.1% to 10.0%, and the preva-
lence for suicide attempts in the previous year ranged from 0.2%
to 2.0%, with higher rates (for both ideation and attempts) in
younger adults and adolescents. The annual incidence of com-
pleted suicide in the United States was 11.1 per 100,000 in the
general population,13 and suicide was reported to be the third-
leading cause of death among youths and young adults (10-24
years of age) in the United States in 2004.'* In a World Health
Organization cross-national survey of suicide prevalence and
risk factors, 9.2% overall reported ever having suicidal ideation,
with 3.1% having a plan and 2.7% making an attempt.'> The prev-
alence of ideation varied substantially among countries, but the
probability of a plan or an attempt conditional on ideation was rel-
atively consistent in the general population across geographies.

Rates of suicidal ideation and attempts in patients with asthma
and allergy are reported to be higher than in the general
population. Druss and Pincus'® found that the presence of a
general medical condition predicted an increased odds of suicidal
ideation (adjusted odds ratio, 1.32; P = .03) and suicide attempt
(adjusted odds ratio, 1.56; P = .03), with even higher odds if the
illness were asthma (suicidal ideation: adjusted odds ratio, 1.69;
P = .01; suicide attempt: adjusted odds ratio, 4.34; P = .001).
Goodwin and Eaton'” performed a community-based survey of
the Baltimore, Maryland area and found that the annual incidence
of suicidal ideation in the general adult population was 7.6%, but
that in the asthmatic population was 11.3%. Lifetime rates of
suicidal ideation were 9.2% for the general population and
13.9% for the asthmatic population. A similar study in youth
aged 9 to 17 years in the United States also found an increased
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likelihood of suicidal ideation with asthma (adjusted odds ratio,
3.25; P < .05)."® Suicide attempt rates in the Baltimore study
were 3.2% (current year) and 4.0% (lifetime) in the general pop-
ulation and 5.3% (current year) and 6.6% (lifetime) in the asth-
matic population.'” Several recent studies have suggested
associations between mood disorders or suicidality and a seasonal
presentation associated with pollen counts.'”* A recent review
discusses the evidence for a link between allergy and depression
and notes the available reports on possible relationships between
allergy, montelukast, and suicidality.”

Acknowledging these background rates of suicidality in the
general population and the apparently higher rates of suicidality
in the asthmatic and allergic populations, it could be anticipated
that some patients being treated for asthma or allergic rhinitis with
montelukast could report suicidal ideation or behavior. It could
also be expected that such reports would come to light through
surveillance of postmarketing experience with montelukast.

Broadly speaking, after a medication is approved for market-
ing by regulatory agencies, drug safety can be evaluated through
various mechanisms, including postmarketing surveillance, in
which information is voluntarily provided by physicians, pa-
tients, or any others who state they have knowledge of an
adverse event, even through casual observation. Thus postmar-
keting adverse event reports usually are in the nature of
spontaneous anecdotal reports. Furthermore, the information in
these reports can be incomplete; for example, whether a patient
might have had undiagnosed symptoms before or while being
treated with a product is not always available in the spontaneous
anecdotal information that is generally received in postmarket-
ing experience. Therefore it is generally not possible to establish
or exclude a causal relationship to drug exposure. A limited
number of postmarketing suicide-related AEs in patients taking
SINGULAIR have been reported. Although the fact that a
postmarketing AE has been reported does not reflect a conclu-
sion that the postmarketing experience is caused by the drug,
receipt and review of these postmarketing reports prompted
Merck to make a voluntary label change in October 2007 to
include the terms “suicidal thinking and behavior” in the US
prescribing information for SINGULAIR** because a causal
relationship to montelukast cannot be excluded based on these
postmarketing data. As reported here with clinical trial data,
both when reviewed across a broad dataset of studies and
when analyzed by using a focused analysis of adjudicated
reports, reports of suicidality were rare in patients receiving
montelukast and similar in control groups. Nevertheless, given
the postmarketing experience, it is prudent for prescribers to
be alert for events consistent with suicidality and to carefully
evaluate the risks and benefits of continuing treatment if such
events occur, which is consistent with the FDA’s recent updated
information on leukotriene modifiers.’

If a drug were suspected of causing an event, one would also
examine the biology of the drug or the pathway affected by the
drug to try to explain why the event might have occurred. In the
preclinical and clinical literature there is no apparent biologic
mechanism to explain why a leukotriene receptor antagonist
might cause suicidal ideation because there are few data describ-
ing central nervous system effects on behavior mediated by the
cysteinyl leukotriene type 1 receptor. Most drugs that have been
implicated with concerns of suicidality are known to have
therapeutic mechanisms that are centrally acting (eg, antidepres-
sants, antiepileptic drugs, cannabinoid receptor 1 antagonists for
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obesity, and varenicline for smoking cessationzs). In contrast,
montelukast treats asthmatic and allergic inflammation primarily
in the airway. Studies in rats indicate minimal distribution of
radiolabeled montelukast across the blood-brain barrier;>* similar
studies have not been performed in human subjects. Recent stud-
ies in rodents suggest cysteinyl leukotrienes could be part of an
inflammatory response to ischemic central nervous system injury
and that inhibition of this pathway might play a protective
role.’®*” The only preclinical evidence relating behavioral
changes to involvement of the leukotriene pathway is associated
with the 5-lipoxygenase enzyme, which is required to synthesize
leukotriene B4 and the cysteinyl leukotrienes.*® This enzyme was
reported to be upregulated in postmortem studies of brains
obtained after suicide.?® In rodents, reduced leukotriene biosyn-
thesis (including in 5-lipoxygenase knockout mice) appeared to
decrease anxiety-related behavior in mice.”

A limitation of the analyses presented here is that these studies
were generally designed as clinical trials of asthma and allergic
rhinitis and were generally of short duration (with <2 months of
follow-up per patient on average); therefore conclusions related to
long-term use are limited. Importantly, the studies included in these
analyses had not been specifically designed to determine the
incidence of suicidality with montelukast treatment because the
available preclinical data (and emerging clinical trial data) did not
suggest that a risk of suicidality with montelukast treatment had
supportive biologic plausibility. Similarly, these studies were not
designed to compare the rate of suicidality in patients taking
montelukast with the rate in patients taking other antiasthma agents
(although we have noted those rates using the data available in this
review of clinical trial data). Without systematic assessments for
suicidality during the conduct of these trials,’” some suicidality
events might not have been reported; however, one advantage of
the adjudication method used in this article is that other available
information in the study records could be used to deduce suicidal-
ity, even if an AE were not explicitly labeled as “suicidal” by the
study investigator during the clinical trial.

Finally, in these clinical trials patients were generally excluded
who had clinically significant psychiatric disorders (other than
mild depression that does not interfere with work or social
activities). This approach optimized study performance by allow-
ing exclusion of patients who might have been at higher risk for
noncompliance with study procedures. However, excluding pa-
tients possibly at higher risk for suicidality because of psychiatric
comorbidities might have reduced the number of reports of
suicidality in these studies (compared with background popula-
tions); hence these clinical trial data do not address questions
about montelukast specifically in such high-risk populations.

In conclusion, reports of suicidality were rare in clinical trials
of montelukast, and there were no completed suicides in any
clinical trial. Assessed by using 2 complementary methods across
large datasets of clinical trials of montelukast, reports of PSRAEs
were rare in patients receiving montelukast and similar in control
groups. Although these clinical trials were not specifically
designed to examine suicidality, these clinical trial results do
not provide evidence to support a causal association for
montelukast with regard to suicidality.

We thank Dr Kelly Posner (Columbia University) for adjudication of
PSRAESs identified in the focused analysis; Veerle Coenen, MS, for data
management support of both the focused analysis and the descriptive review;
Joan McComas, MS, MMH, for assistance with the descriptive review; Molly
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Watkins, MMS, and Susan Cupo, MS, for their roles in coordinating the
authoring of the patient narrative summaries for adjudication; and Deborah
Slipetz, PhD, for her contributions to the description of leukotriene pathway
preclinical data.

Clinical implications: Although these studies were not designed
specifically to examine suicidality, available data from clinical

trials do not provide evidence to support a causal association be-
tween montelukast use and suicidal behavior or ideation.
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METHODS

Two separate review methods were used to describe the number of events
possibly related to suicidality reported in clinical trials of montelukast
conducted by Merck. Method 1 included both placebo-controlled and non—
placebo-controlled trials and was therefore broadly inclusive of available
clinical trial experience with montelukast. In contrast, Method 2 included only
trials that were placebo controlled and thus supported more rigorous analysis
according to a published method using independent adjudication.

Method 1: Descriptive review

A review was performed of AEs reported by investigators from 116 studies
completed as of March 11, 2008, that were conducted by Merck (Table E1).
Studies were included regardless of design (eg, parallel group or crossover)
or number of patients or subjects per treatment arm. Single- and multiple-
dose studies of adults and children as young as age 1 month were included,
regardless of indication or approval status for any particular indication.
Studies included early trials (phase I and Phase Ila) and later trials (phase
IIb and Phase III) that were further categorized as (1) randomized, double-
blind, placebo-controlled clinical trials with or without an active control; (2)
randomized, double-blind, active-controlled clinical trials without a placebo
control; and (3) open-label clinical trials with or without an active control.

Studies not included in this descriptive review were generally in 3
categories: (1) studies conducted by Merck headquarters personnel that
were considered ongoing and/or for which database lock had not been
achieved by March 11, 2008; (2) investigator-initiated studies (studies for
which Merck is not the sponsor; although these studies do receive financial
and/or material support from Merck, the study data belong to the investigator
and not to Merck); (3) subsidiary studies (ex-US studies performed by local/
country subsidiaries of Merck around the world and, generally, data reside in
the country in which the study was performed). Additionally, a study in the
laropiprant clinical development program that also included montelukast
treatment was not included in the descriptive review. In this study®' montelu-
kast was used as a single-blind active control, which was added to both the pla-
cebo group and the laropiprant group during part of a crossover period to look
for additive effects for the treatment of asthma. No reports of AE terms sug-
gestive of suicidality or self-injurious behavior were identified in this study.

Data were reviewed to identify investigator-reported AE terms suggestive
of suicidality (including terms of completed suicide, suicide attempt, and
suicidal ideation) or self-injurious behavior. An AE was defined as any
unfavorable and unintended change in structure, function, or chemistry of the
body temporally associated with any use of active study drug or placebo,
irrespective of whether it was considered related to the use of the active study
drug or placebo. Any worsening of a preexisting condition temporally
associated with the use of active study drug or placebo was also an AE. AEs
included in the descriptive review were reported in the clinical trial database
and occurred after randomization.

Data conventions used in the descriptive review:

e AEs were included even if they occurred after discontinuing randomized
treatment or if they occurred during a period of tapering treatment. In
studies that included a protocol-specified placebo washout after the dou-
ble-blind treatment period, AEs that occurred during the washout were at-
tributed to randomized therapy (eg, AEs occurring during the placebo
washout period in patients who received montelukast before the placebo
washout were attributed to montelukast).

o Subjects randomized to montelukast alone or montelukast plus another
protocol-specified medication (either concomitantly or in combination)
were counted in the montelukast group.

e All postrandomization crossover treatment periods were included, and
subjects were counted as having been exposed to each treatment actually
received. If an AE continued as a subject switched from one treatment to
another (ie, crossed over), the AE was assigned only to the treatment the
patient received when the AE began. If an AE occurred during a protocol-
specified off-drug period (eg, washout), the AE was assigned to the
previous treatment received.
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Method 2: Focused analysis with adjudication

methodology

This analysis used a retrospective adjudication of PSRAEs, as defined by
the FDA, that occurred during completed clinical trials of montelukast.
Adjudication of PSRAEs was performed according to the C-CASA and
blinded to treatment assignment. Data management responsibilities in support
of this analysis were split between 2 committees: one consisting of personnel
from Merck Research Laboratories (MRL), who constituted an MRL Coor-
dinating Center that was responsible for identifying and collating data to be
adjudicated, and an independent SCC at Columbia University (New York, NY)
that was responsible for the adjudication for PSRAEs. No member of the SCC
was an employee of Merck nor had any member been involved in the conduct
of the clinical trials in any capacity. The SCC principal investigator was
responsible strictly for the determination of suicidality and did not attempt to
determine the causal relation of study drug to an event. Personnel in the MRL
Coordinating Center were considered unblinded to patients’ treatment group
assignments because the studies in this analysis had already been completed
and the databases unblinded; however, personnel in the independent SCC
remained blinded to treatment for all adjudications.

A listing and description of the clinical studies included in this focused
analysis is in Table E2. Per the FDA request, adult and pediatric studies con-
ducted by Merck with a completion date on or before April 25, 2008, that met
all of the following prespecified criteria were included in the review: random-
ized, double-blind, placebo-controlled, and multiple-dose study designs; par-
allel-group or crossover study designs; and at least 20 patients or subjects aged
6 years and older per treatment arm. Because suicidality was considered
unlikely in very young children, it was deemed appropriate (and therefore
prespecified) to include studies with adult and pediatric patients only as young
as age 6 years. Studies were included in the analysis regardless of indication or
approval status for any particular indication. Studies not included in this
focused analysis were (1) studies that were considered ongoing and/or for
which database lock had not been achieved by April 25, 2008, and (2) inves-
tigator-initiated studies, which are studies for which Merck is not the sponsor.
Based on these prespecified criteria, 41 studies were selected for analysis: 26
studies were on asthma, 12 were on seasonal allergic rhinitis, 2 were on
perennial allergic rhinitis, and 1 was on migraine headache.

Data for adjudication were identified and collated by the MRL
Coordinating Center by using the following parameters prespecified by the
FDA. Surveillance for PSRAEs was limited to the data collected (1) in
parallel-group studies during the double-blind, placebo-controlled phase of
treatment or within 1 day of stopping treatment and (2) in crossover studies
during the first double-blind, placebo-controlled active-treatment period or
within 1 day of stopping double-blind treatment. Events were not included if
they occurred before randomization or more than 1 day after discontinuing
from randomized treatment. If a trial had a period of tapering treatment, the
end of the treatment period for analysis was set at the beginning of the tapering
period. Events were excluded if they occurred more than 1 day after
discontinuing randomized treatment, even if discontinuation occurred before
the expected end point of the trial. Events that occurred at some prior time or
were preexisting at baseline were counted as treatment emergent if they
recurred during the course of a trial. The population of interest included all
randomized patients who had been documented to receive at least 1 dose of
active treatment in the period of interest.

Subjects randomized to montelukast alone were counted in the montelukast
group, whereas subjects randomized to montelukast plus the active control
were counted in the active-control group, unless all randomized patients in a
study received the same additional protocol-specified active control. For
example, if patients were randomized to either montelukast or salmeterol but
all patients also received fluticasone throughout the study (eg, montelukast
plus fluticasone or salmeterol plus fluticasone), patients receiving montelukast
plus fluticasone were counted in the montelukast group and patients receiving
salmeterol plus fluticasone were counted in the active-control group.

By using the above-mentioned parameters, surveillance for PSRAEs was
performed by means of review of the electronic dataset for all randomized
patients in each included study, regardless of treatment allocation, to identify
the following:
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e All deaths, regardless of cause.

o All serious AEs (defined using regulatory criteria), regardless of cause. A
serious AE is any AE that results in death, is life-threatening (places the
patient, in the view of the investigator, at immediate risk of death from the
experience as it occurred), results in a persistent or significant disability/
incapacity, results in or prolongs an existing inpatient hospitalization, is a
congenital anomaly/birth defect (in offspring of patient taking the product
regardless of time to diagnosis), is a cancer, or is an overdose (whether
accidental or intentional). Other important medical events that might
not result in death, not be life-threatening, or not require hospitalization
might be considered a serious AE when, based on appropriate medical
judgment, the event might jeopardize the patient and might require med-
ical or surgical intervention to prevent one of the outcomes listed
previously.

All AEs of “accidental injury.”

All nonserious AEs, as well as any comments in the study database, that
contained at least 1 of the following text strings: “accident,” “attempt,”

“burn,” “cut,” “drown,” “gas,” “gun,” “hang,” “hung,” “immolat,” “in-
jur,” “jump,” “monoxide,” “mutilat,” “overdos,” “self damag,” “self
harm,” “self inflict,” “self injur,” “shoot,” “slash,” “suic,” “poison,” “as-
phyxiation,” “suffocation,” and “firearm.” After identifying all subjects/

patients with information that contained the specified text strings (as
“hits”), the MRL Coordinating Center then reviewed this information
to identify “hits” that were unambiguously not related to suicide (and
therefore considered “false-positive hits”). For instance, any terms iden-
tified by the search because the text string was a substring of an unrelated
word (eg, the text string “hang” within the word “change”) were consid-
ered false positive. A list of all events identified as false-positive hits was
provided to the SCC principal investigator for evaluation. If the SCC prin-
cipal investigator determined that an event on the false-positive list was
possibly suicidality related, the event was considered a PSRAE and re-
moved from the false-positive list. The final list of events considered
false-positive hits were excluded from further analysis.
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Narrative summaries, based on patient information reported for the event
in the respective clinical study database or from other sources, were written
by the MRL Coordinating Center for all events identified by the surveillance
for PSRAEs that were not deemed false positive. These narratives were
edited to remove treatment assignment and other patient-identifying infor-
mation. After 2 separate MRL Coordinating Center reviewers ensured that
the documentation requirements for adjudication were met, the narratives
were sent to the SCC for adjudication. Each PSRAE narrative was classified
by the SCC principal investigator, in a blinded manner, into one of 9 C-
CASA classification codes' (Table I), which then was used for further
analysis.

Because of the low incidence rate of suicidality (only 1 event classified as
possible or definite suicidality of 730 adjudicated events), the full, planned,
prespecified analysis could not be conducted. The primary analysis consisted
of estimating the odds ratio of suicidality (analyzed as a binary variable) for
patients in the montelukast group compared with patients in the placebo group
based on adjudicated events. An exact analysis was performed, as stratified by
the individual trials; a stratified analysis incorporates the different event rates
from the individual trials. The analysis was also performed without stratifying.
No sensitivity analyses or subgroup analyses were performed.

Of the 41 studies that met the prespecified criteria for Method 2, 35 studies
were performed under headquarters data management; these 35 studies are
among the 116 studies in Method 1. In contrast, 6 subsidiary studies were
included in Method 2 that had not been included in Method 1. Although these 6
studies were not specified for inclusion in Method 1, subsequent review of
these results identified no reports of AE terms that were suggestive of
suicidality or self-injurious behavior in these studies.
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TABLE E1. Listing of montelukast clinical studies included in the descriptive review

Protocol no.

Study design

Citation

Phase I and IIa: Adult studies

002

003

004

005
006
007

008

010

011

012

013

014

017

018

021
023
026

028
033

034
035
038
045

047
048
050
051
053
055
057
058

060
090

Double-blind, placebo-controlled, 3-period, alternating, 2-panel,
single-rising-dose in healthy volunteers

Double-blind, placebo-controlled, serial-panel, time-lagged,
multiple-dose to determine preliminary pharmacokinetics of
montelukast (capsule formulation) in healthy volunteers

Double-blind, 2-period, placebo-controlled, incrementally
increasing dose, crossover to evaluate safety and tolerability of
single doses of montelukast (capsule formulation) in patients
with mild asthma

Double-blind, 2-part, 2-panel, placebo-controlled, crossover

Double-blind, placebo-controlled, 3 period, crossover

Double-blind, 2-period, placebo-controlled, multiple-dose,

crossover

Double-blind, multiple-dose, 2-period crossover in healthy
volunteers

Open-label, single-dose, 3-period, crossover to determine relative
bioavailability of tablet versus capsule formulations of
montelukast in healthy volunteers

Double-blind, placebo-controlled, 3-period crossover

Double-blind, placebo-controlled, parallel group in healthy

volunteers

Double-blind, placebo-controlled, 3-period crossover

Open-label, single-oral-dose, 3-part to determine the relative
bioavailability of tablet versus capsule formulations of
montelukast in healthy volunteers

Double-blind, placebo- and active-controlled, parallel-group pilot
to determine safety and tolerability of montelukast (capsule
formulation) in patients with allergic rhinitis

Double-blind, placebo-controlled, 2-period crossover in healthy
volunteers

Open-label, 2-period, single-dose

Open-label, single oral dose in healthy volunteers

Open-label, single-dose, 7-period, crossover to determine oral dose
proportionality, effect of food and dosing time on kinetics, and
relative bioavailability of several tablet formulations of
montelukast in healthy volunteers

Double-blind, 4-period, incomplete block, crossover

Double-blind, placebo-controlled, 2-part, 8-period, single-
rising-dose in healthy volunteers

Open-label, 4-period, crossover in healthy volunteers

Double-blind, placebo-controlled, parallel-group

Double-blind, placebo-controlled, 2-period, crossover

Open-label, 2-panel, single- and multiple-dose (healthy young adult
subjects); open-label, 2-period crossover (healthy elderly
subjects)

Double-blind, placebo-controlled, 2-period, crossover in healthy
volunteers

Double-blind, 2-period, crossover in healthy volunteers

Double-blind, placebo-controlled, 2-period, crossover

Open-label, single oral dose in healthy volunteers

Double-blind, placebo-controlled, 2-period crossover in healthy
volunteers

Double-blind, placebo-controlled, 2-period crossover in healthy
volunteers

Open-label, 2-period, crossover in subjects with hepatic
insufficiency

Double-blind, fixed-sequence, 2-period in healthy volunteers

Open-label, 5-period, crossover in healthy volunteers

Open-label, 3-period, crossover to evaluate the bioequivalence of
the chewable tablet and oral granules formulations of
montelukast in healthy volunteers

Schoors DF, et al. Br J Clin Pharmacol 1995;40:277-80

Data on file

Data on file

De Lepeleire 1, et al. Clin Pharmacol Ther 1997;61:83-92
Reiss TF, et al. Thorax 1997;52:45-8
Reiss TF, et al. J Allergy Clin Immunol 1996;98:528-34

Malmstrom K, et al. Am J Ther 1998;5:189-95

Data on file

De Lepeleire I, et al. Clin Pharmacol Ther 1997;61:83-92
Malmstrom K, et al. Am J Ther 1998;5:189-95

Reiss TF, et al. Thorax 1997;52:1030-5

Data on file

Data on file

Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60

Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60
Balani SK, et al. Drug Metab Dispos 1997;25:1282-7.
Data on file

Bronsky EA, et al. Clin Pharmacol Ther 1997;62:556-61
Cheng H, et al. Pharmacol Res 1996;13:445-8

Knorr B, et al. J Clin Pharmacol 1999;39:786-93

Kundu S, et al. Am Rev Respir Dis 1997;155(suppl):A352
Ramakrishnan R, et al. Pharmacol Res 2005;22:532-40
Zhao JJ, et al. Biopharm Drug Dispos 1997;18:769-77

Malmstrom K, et al. Am J Ther 1998;5:189-95

Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60
Diamant Z, et al. Clin Exp Allergy 1999;29:42-51
Balani SK, et al. Drug Metab Dispos 1997;25:1282-7
Depre M, et al. J Clin Pharmacol 1999;39:941-4

Van Hecken A, et al. J Clin Pharmacol 1999;39:495-500
Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60
Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60

Knorr B, et al. Clin Exp Allergy Rev 2001;1:254-60
Data on file
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TABLE E1. (Continued)
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Protocol no. Study design

Citation

086 Open-label, 4-period crossover pilot to investigate the
pharmacokinetics of montelukast and loratadine administered
as a combination tablet in healthy volunteers

Open-label, 3-period, crossover to determine dose
proportionality of montelukast oral granules in healthy
volunteers

Open-label, partially fixed sequence, 3-period, crossover to
determine the relative bioavailability of montelukast and
loratadine administered concomitantly and as a combination
tablet in healthy volunteers

Open-label, 2-period, crossover to determine the relative
bioavailability of montelukast chewable tablets and loratadine
syrup administered concomitantly and as a combination
chewable tablet in healthy volunteers

Open-label, balanced, 3-period, crossover to evaluate the
bioequivalence of the chewable tablet and oral granules
formulations of montelukast in healthy volunteers

310 Open-label, 2-period, crossover in healthy volunteers

Phase I and Ila: Pediatric studies

127

129

175

036 Open-label, 1-period, single oral dose

039 Double-blind, parallel-group

040 Double-blind, placebo-controlled, 2-period, crossover

066 Open-label, single-dose

136/138 Open-label, single-dose

268 Period I: open-label single-dose; periods II and III: double-blind,
placebo-controlled

297 Period I: open-label single-dose; periods II and III: double-blind,

placebo-controlled
Phase IIb and III: Placebo-controlled with or without active control—adult studies

009 base Double-blind, placebo-controlled, parallel-group
015 base Double-blind, placebo-controlled, parallel-group
020 base Double-blind, placebo- and active-controlled, parallel-group
025 Double-blind, placebo-controlled, parallel-group
029 Double-blind, parallel-group, placebo-controlled (in

United States only), active-controlled, additivity removal
031 base Double-blind, placebo-controlled, parallel-group
042 Double-blind, placebo-controlled, parallel-group
044 Double-blind, placebo-controlled, 3-period crossover
046 Double-blind, placebo-controlled, parallel-group
056 Double-blind, placebo-controlled, parallel-group
059 Double-blind, placebo-controlled, parallel-group
068 Double blind, placebo- and active-controlled, parallel-group
069 Double-blind, placebo- and active-controlled, parallel-group
070 Double-blind, placebo- and active-controlled, parallel-group
077 Double-blind, placebo- and active-controlled, parallel-group
102 Double-blind, active- and placebo-controlled, parallel-group
113 Double-blind, active- and placebo-controlled, parallel-group
116 Double-blind, placebo-controlled, parallel-group
117 Double-blind, placebo- and active-controlled, parallel-group
162 Double-blind, placebo- and active-controlled, parallel-group
192 Double-blind, active- and placebo-controlled, parallel-group
235 Double-blind, active- and placebo-controlled, parallel-group
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TABLE E2. Listing of montelukast clinical studies included in the focused analysis
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Study design
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*Includes the main and extension studies.
FThis study was not part of the montelukast clinical program for respiratory disease but was part of the rofecoxib clinical program for migraine.
fProtocol 219 included patients aged 2 to 14 years, but only patients aged 6 years and older at randomization were included in the adjudication process.
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