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Abstract

Objective: Alprazolam administered via the Staccato® breath-actuated device is
delivered into the deep lung for rapid systemic exposure and is a potential therapy
for rapid epileptic seizure termination (REST). We conducted an inpatient study
(ENGAGE-E-001 [NCT03478982]) in patients with stereotypic seizure episodes
with prolonged or repetitive seizures to determine whether Staccato alprazolam
rapidly terminates seizures in a small observed population after administration
under direct supervision.

Methods: Adult patients with established diagnosis of focal and/or generalized
epilepsy with a documented history of seizure episodes with a predictable pattern
were enrolled. They were randomized 1:1:1 to double-blind treatment of a single
seizure event with one dose of Staccato alprazolam 1.0 mg or 2.0 mg, or Staccato
placebo in an inpatient unit. The primary end point of the study was the propor-
tion of responders in each treatment group achieving seizure activity cessation
within 2 min after administration of study drug and no recurrence of seizure
activity within 2 h.

Results: A total of 273 patients were screened, and 116 randomized patients re-
ceived treatment with the study drug in the double-blind part. The proportion of
treated patients who were responders was 65.8% for each of Staccato alprazolam
1.0 mg (n = 38; p = .0392) and 2.0 mg (1 = 38; p = .0392), compared with 42.5%
for Staccato placebo (n = 40). Staccato alprazolam was well tolerated when ad-
ministered as a single dose of 1.0 or 2.0 mg: cough and somnolence were the most
common adverse events (AEs) (both 14.5%), followed by dysgeusia (13.2%). AEs
were mostly mild or moderate in intensity; there were no treatment-related seri-
ous AEs.

Significance: Both 1.0 mg and 2.0 mg doses of Staccato alprazolam demon-
strated efficacy in rapidly terminating seizures in an inpatient setting and were
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well tolerated. The next step is a Phase 3 confirmatory study to demonstrate ef-
ficacy and safety of Staccato alprazolam for rapid cessation of seizures in an out-
patient setting.
KEYWORDS
acute treatment, alprazolam, clinical trial, deep lung delivery, epilepsy, rapid onset, seizure

1 | INTRODUCTION

There are currently no approved treatments for rapidly
terminating an ongoing seizure that can be administered
in the outpatient setting. Therapies currently approved in
the United States for seizure emergencies in this setting,
including rectally administered diazepam gel,"* intrana-
sal midazolam,’ and intranasal diazepam,* are intended to
prevent or delay subsequent seizures in a cluster episode.
In general, benzodiazepines can terminate most seizures
in the acute setting, and the time to treatment effect is re-
lated directly to the route of administration. The time to
onset of action is related mainly to the time required for
the drug to be absorbed from the site of administration to
reach clinically relevant plasma and brain levels. Clinical
data from these nonintravenous formulations (nasal and
rectal) showed onset of action several minutes after drug
administration,” which suggests that clinically relevant
plasma concentration may not be achieved in time to rap-
idly terminate an ongoing seizure. Nasal and buccal prep-
arations are rapidly replacing rectal preparations in older
children and adults due to ease of administration, but
these preparations would likely not work rapidly enough,
for example, to prevent a tonic-clonic seizure preceded by
a prolonged aura. We hope that further clinical trials of
inhaled alprazolam will identify whether an inhaled and
rapidly absorbed preparation will provide benefit in sce-
narios such as this.

The development of treatment options with a rapid
onset of action that can be easily administered in the out-
patient setting is important to limit adverse consequences
of seizures including injury, social harm, prolonged re-
covery period, or progression to seizure emergencies
such as status epilepticus. Alprazolam administered via
the Staccato® breath-actuated device is an investigational
therapy being evaluated for the rapid treatment of evolv-
ing seizure activity. In order for Staccato alprazolam to
be suitable to rapidly treat acute seizure activity, both the
drug and the delivery system must be appropriate for this
use.

Alprazolam is a highly characterized benzodiazepine
that acts as a positive allosteric modulator of multiple y-
aminobutyric acid type A (GABA,)-receptor subtypes
and is used commonly for the treatment of anxiety disor-
ders.®”® The antiseizure properties of benzodiazepines are

Key points

« The Staccato device aerosolizes a drug and, via
normal breathing, delivers it deep into the lung
for rapid systemic exposure.

« We conducted a study in patients with pro-
longed or repetitive seizures to determine
whether Staccato alprazolam rapidly termi-
nates seizures.

» Results showed that Staccato alprazolam 1.0
and 2.0 mg resulted in a significantly greater
proportion of responders than Staccato placebo.

« The responder rate was the same with 1.0 and
2.0 mg doses of Staccato alprazolam, but seizure
recurrence rate was lower with the 2.0 mg dose.

« The adverse event profile of Staccato alpra-
zolam was similar to what has been reported
for alprazolam for other indications.

mediated through the inhibitory effects on neuronal ac-
tivity, and indeed alprazolam is potent and efficacious in
various animal models of antiseizure activity (including
DBA/2 and DBA/2J mice, which are genetically suscepti-
ble to sound-induced seizures).* ! In a comparator study,
alprazolam was more potent than either clonazepam or
diazepam in reducing audiogenic seizures.'” Therefore,
like other benzodiazepines, alprazolam has the potential
to treat acute seizures.

The Staccato device is a novel delivery mechanism in
epilepsy that, when placed into the user’'s mouth, actuates
the aerosolization of a drug via a normal breath, allowing
it to be delivered deep into the lung for rapid absorption
and systemic exposure. A Phase 2a proof-of-concept study
in patients with photosensitive epilepsy showed that clin-
ically relevant plasma concentrations of alprazolam were
achieved within 2 min following Staccato alprazolam
administration.” The three dose levels of Staccato alpra-
zolam (0.5, 1.0, and 2.0 mg) rapidly suppressed epilepti-
form activity within 2 min, with a favorable adverse event
(AE) profile.” The effect was sustained for 4-6 h.’

We conducted a proof-of-concept study of Staccato al-
prazolam for rapid epileptic seizure termination (REST)"
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in patients with stereotypic seizure episodes with a con-
sistent pattern supporting an early identification as pro-
longed or repetitive seizures—a concept referred to as
seizures with a predictable pattern. Although a REST
treatment would ultimately be most valuable in the out-
patient setting, for the purpose of this proof-of-concept
study, Staccato alprazolam was administered under direct
supervision, in an inpatient setting.

2 | MATERIALS AND METHODS

2.1 | Study design

ENGAGE-E-001 (NCT03478982) was a Phase 2b, double-
blind, randomized, placebo-controlled, inpatient, dose-
ranging efficacy study of Staccato alprazolam in patients
with epilepsy with seizure episodes that have a predict-
able pattern. The study design is provided in Figure S1.

This was an inpatient study, preceded by outpatient
screening and ending with a single follow-up visit for
study participation. Patients with frequent prolonged or
recurrent seizures with a predictable onset pattern were
admitted to a clinical research unit (CRU) or epilepsy
monitoring unit (EMU) for 2-8days. For each patient,
a single stereotypic seizure event following the predict-
able onset was treated with the study drug. The duration
and timing of the seizure event and occurrence of subse-
quent seizures were assessed by the staff through clinical
observation.

This was a novel study design in a new type of pa-
tient population. Therefore, study conduct feasibility
was first evaluated open label in eight patients receiving
a 1.0 mg dose of Staccato alprazolam. After completion
of the initial open-label part, the study progressed to a
double-blind, randomized, placebo-controlled part. The
feasibility data (with special emphasis on the drug ad-
ministration and clinical assessment procedures) from
these eight patients were analyzed and reviewed by the
sponsor and study team before starting the double-blind
part of the study.

As part of the screening process, the patient's seizure
events were confirmed as acceptable for inclusion in the
study by the Epilepsy Study Consortium (ESC) Review
Board. An attempt was made to identify onset patterns
that would predict a prolonged or cluster event at least
80% of the time.

Qualified patients were admitted to the CRU/EMU for
randomization and treatment. The “seizure episode with
a predictable pattern” was identified and described in de-
tail so that the CRU/EMU staff could identify it once the
patient was admitted for the treatment visit. The ESC form
also identified which of the patient's seizure episodes were

not typically prolonged or clustered and therefore should
not be treated.

Following the feasibility assessment, enrollment into
the double-blind part was initiated and patients were ran-
domized 1:1:1 by an interactive web response system to
double-blind treatment with one dose of Staccato alpra-
zolam 1.0 mg or 2.0 mg, or Staccato placebo (Figure S1).
Patients were stratified by the use of inducing vs nonin-
ducing antiseizure medication and the use of chronic
daily benzodiazepines (yes or no). Chronic benzodiaze-
pine use was defined as an average of four or more ad-
ministrations per week prior to admission to the inpatient
unit. The double-blind part was quadruple masked (pa-
tient, care provider, investigator, outcomes assessor). In
both the open-label and double-blind parts, a single sei-
zure episode with a predictable pattern was treated for
each patient. Study treatment was self-administered, if
feasible, or administered by a staff member immediately
upon identification of the seizure episode with a predict-
able pattern, although some sites did not allow patients to
self-administer a benzodiazepine due to institutional pol-
icies. Patients were observed by a staff member and mon-
itored on video electroencephalography throughout their
stay in the CRU/EMU and were discharged ~24-32h after
treatment (or when they discontinued from the study).

2.2 | Patients

Patients eligible to enroll were male or female, >18years
of age, with an established diagnosis of focal or general-
ized epilepsy or combined focal and generalized epilepsy
with a documented history of seizure episodes with a pre-
dictable pattern that included at least one of the following:

« Generalized seizure episodes starting with a flurry of
absence seizures or myoclonic seizures with a mini-
mum duration of 5 min; or

« Episodes of a prolonged focal seizure with a minimum
duration of 3 min; or

« Episodes of multiple (two or more) seizures within a 2-h
period.

Eligible patients must have experienced four or more
seizure episodes with a predictable pattern during the
past 4weeks (qualification period) and no more than
1 week without a seizure episode with a predictable pat-
tern before entry into the inpatient unit (CRU/EMU).
Cytochrome P450 (CYP) 3A inducers including carba-
mazepine, eslicarbazepine acetate, and oxcarbazepine
were among the concomitant antiseizure medications
that were permitted (see the Supporting Information for
exclusions).
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Patients were excluded if they had any of the following:
a history or diagnosis of nonepileptic seizures; a history of
status epilepticus in the 6 months before screening; a pro-
gressive neurological disorder such as brain tumor, demy-
elinating disease, or degenerative central nervous system
disease that was likely to progress in the next 3 months;
use of strong CYP3A4 inhibitors; and use of medica-
tions to treat airways disease such as asthma or chronic
obstructive pulmonary disorder or any acute respiratory
signs/symptoms (e.g., wheezing). Full patient inclusion
and exclusion criteria are provided in the Supporting
Information.

An institutional review board or independent ethics
committee reviewed and approved the patient informed
consent, trial protocol, and trial amendments. Patients
provided informed consent or had a legally authorized
representative sign the informed consent on their behalf
before completing any study related procedures.

2.3 | Objectives, end points, and
outcome measures

The overall objectives of the study were to assess the effi-
cacy and safety of a single administration of Staccato alpra-
zolam in patients with epilepsy with seizures that have a
predictable pattern. The primary objectives were to assess
the efficacy of Staccato alprazolam (1.0 mg and 2.0 mg)
compared with placebo in treating a seizure episode, to
assess the clinical feasibility and safety of the inhalation of
Staccato alprazolam (1.0 mg and 2.0 mg) compared with
placebo in patients during a seizure episode, and to assess
the sedation associated with administration of Staccato
alprazolam (1.0 mg and 2.0 mg) compared with placebo.

The primary end point of the study was the proportion
of “responders” in each treatment group as defined by
achieving seizure activity cessation within 2 min after the
administration of the study drug without recurrence of
seizure activity within 2 h. Secondary end points included
assessment of seizure episode severity by the patient and/
or staff member, use of rescue medication, and assessment
of secondary generalization of the seizure (evolution to a
complex partial seizure and/or a generalized tonic-clonic
seizure). Seizure episode severity was an assessment of
the severity of the treated seizure episode in relation to
typical seizures experienced by the patient, measured 6-h
post-treatment (classified as “much worse than,” “worse
than,” “same as,” “better than,” and “much better than”).

Exploratory end points included assessment of num-
ber of seizures during the 4-, 6-, and 12-h periods after
study drug administration, and evaluation of time to next
seizure event with start time >2 min after study drug
administration.

Epilepsia~

Safety end points included assessment of the safety and
tolerability of Staccato alprazolam by evaluating AEs, vital
signs, clinical laboratory information, concomitant med-
ications, electrocardiography (ECG) results, physical ex-
aminations, and assessment of sedation using a patient’s
visual analog scale (VAS) (Supporting Information).

Pharmacokinetic end points included measurements
of plasma alprazolam concentration pre-dose and at 10,
30, and 60min, and 2 and 6 h after dosing of the study
drug.

2.4 | Statistical analyses

2.4.1 | Sample size

There are no studies in the literature that provide reliable
estimates of active treatment or placebo response rates.
Assuming a 10% rate for drop-out or protocol violation,
~115 patients were to be enrolled in the double-blind part
of the study to provide ~35 evaluable patients per treat-
ment arm (105 patients with ~30% of the overall study
population randomized in the study being patients with
chronic daily benzodiazepines as part of their epilepsy
management). Power calculations assume a two-sided
test and significance level of 0.05 with 90% power and are
based on the assumption that the proportion of respond-
ers with Staccato alprazolam is 57% (best active), whereas
the assumed placebo responder rate is 20%. Per protocol,
eight patients were to be enrolled into the open-label part.

2.4.2 | Efficacy analyses

The efficacy population (intent-to-treat; ITT) included all
patients who had a seizure event and received the study
drug during the double-blind treatment period. The modi-
fied ITT (mITT) population consisted of all patients in
the ITT that had at least one evaluation after study drug
administration. Data were summarized by active treat-
ment by dose level vs patients administered placebo (i.e.,
by treatment group). Continuous measures were summa-
rized descriptively (mean, standard deviation, median,
minimum value, and maximum value), and categorical
measures were presented as number and percentage.

All statistical tests were two-sided with a significance
value of .05. There were no adjustments for multiple com-
parisons. The primary efficacy analysis was conducted fol-
lowing completion of the double-blind treatment period
for the last patient.

Post hoc analyses were conducted to assess the efficacy
(proportion of responders) of Staccato alprazolam (1.0 mg
and 2.0 mg) and both doses combined compared with
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placebo in treating a seizure episode within the subgroups
of study drug self-administration (self-administered vs ad-
ministered by a staff member), and use of chronic benzo-
diazepines (yes or no).

2.4.3 | Pharmacokinetic analyses

The pharmacokinetic population included all patients
who received the study drug and had at least one phar-
macokinetic sample drawn and analyzed. Plasma con-
centrations were summarized by descriptive statistics as
appropriate and listed for each patient.

2.4.4 | Safety analyses

The safety population included all patients who received
the study drug in the treatment phase from both the
open-label feasibility part and the double-blind part. AEs,
vital sign measurements, physical examination findings,
ECG, clinical laboratory information, and concomitant
medications were tabulated and summarized by treat-
ment and dose level. Separate tabulations were produced
for all treatment-emergent AEs (TEAEs), drug-related
TEAES, serious AEs (SAESs), discontinuations due to AEs
or TEAESs, and severe AEs (Grade 3 or higher severity).
Listings were provided for each patient for any deaths,
SAEs, and AEs leading to discontinuation of treatment.

3 | RESULTS

3.1 | Patients

The study was conducted between March 2018 and January
2020 in Australia, Jamaica, and the United States. A total of
273 patients were screened and 156 patients at 48 sites were
randomized or assigned the open-label study drug. Per pro-
tocol, the patients were admitted on day 1 and remained as
inpatients until they had a treatable seizure or until 7days
had passed, whichever occurred first. If the patient went
7days without a treatable seizure, the patient exited the
study after completing exit procedures. Patients who were
admitted on day 1 and went 7days without a treatable sei-
zure, were considered completed without treatment and
excluded from the analysis populations. A total of 124 pa-
tients received treatment with the study drug.

Of the 156 enrolled patients, the ITT population and
safety population consisted of 124 patients, including
eight patients in the open-label part and 116 randomized
patients in the double-blind part. Of these, all were in-
cluded in the mITT population.

3.2 | Open-label feasibility part

Eight patients were enrolled in the open-label feasibility
part of the study; seven of eight patients had focal epilepsy
and one had generalized epilepsy (Table 1). The results
demonstrated successful enrollment in each eligibility
category of seizures with a predictable pattern, and feasi-
bility of study procedures for administration and dosing of
1.0 mg Staccato alprazolam. In the open-label part, six of
eight patients did not self-administer Staccato alprazolam.
The treatment was well tolerated; no SAEs were reported
(Table 2). Treatment with 1.0 mg of Staccato alprazolam
appeared efficacious, with a 62.5% seizure response rate
(five of eight patients) with the predefined responder cri-
teria (seizure cessation in 2 min of Staccato alprazolam
administration and no recurrence in 2 h).

3.3 | Double-blind part
3.3.1 | Demographics, disposition, and
baseline characteristics

The baseline characteristics and demographics of the
patients are summarized in Table 1. In the double-blind
part, patients were randomized to placebo (n = 40),
1.0 mg Staccato alprazolam (n = 38) or 2.0 mg Staccato
alprazolam (n = 38). Most patients had focal epilepsy (pla-
cebo: 30 [75.0%]; 1.0 mg: 30 [78.9%]; 2.0 mg: 34 [89.5%]).
Generalized epilepsy was reported by 20 (50.0%), 16
(42.1%), and 17 (44.7%) patients in the placebo, 1.0 mg,
and 2.0 mg groups, respectively. One patient (2.5%) in
the placebo group and two patients (5.3%) in the 1.0 mg
group had unclassified epilepsy. There were 53 patients
with generalized tonic-clonic seizures or focal to bilat-
eral tonic-clonic seizures described as an element in one
or more of their historical treatable episodes. Most pa-
tients did not self-administer the study drug (placebo: 33
[82.5%]; 1.0 mg: 26 [68.4%]; 2.0 mg: 28 [73.7%]).

3.3.2 | Efficacy
Of those patients who received Staccato alprazolam, 65.8%
were treatment responders for both the 1.0 mg and 2.0 mg
treatment groups compared with 42.5% of patients who
were administered placebo (Figure 1A). The differences
between placebo and both doses of Staccato alprazolam
were statistically significant (p = .0392). There was no dif-
ference observed between the two doses of Staccato alpra-
zolam (p = 1.000).

In a post hoc analysis, the mean time to seizure ces-
sation in all patients who received Staccato alprazolam
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TABLE 1 Patient baseline demographics and characteristics (mITT/safety population)®

Open-label

1.0 mg Staccato alprazolam

(n=38)
Demographics
Mean age (range), years 48.1 (24-69)
Female, n (%) 8(100.0)

Mean duration of epilepsy

32.4 (6.9-63.1)

Double-blind

Staccato alprazolam
Staccato placebo 1.0 mg 2.0 mg
(n = 40) (n=38) (n=38)
33.1(21-58) 34.8 (18-62) 33.5(18-66)
20 (50.0) 21(55.3) 26 (68.4)

23.1(1.4-52.7)

20.1 (1.0-52.3)

23.1(2.9-50.4)

(range), years

Type of seizure with a predictable pattern®, n (%)

Clusters (multiple seizures) 3(37.5)
Prolonged focal seizures 4 (50.0)
Flurries of generalized seizures 1 (12.5)
Concomitant ASMs taken by >20% of patients in any group, n (%)

Lamotrigine 2(25.0)
Levetiracetam 3(37.5)
Clonazepam 2(25.0)
Lacosamide 2(25.0)
Lorazepam 4(50.0)
Topiramate 0

Cannabidiol 0

Zonisamide 4(50.0)

22 (55.0) 27 (71.1) 28 (73.7)
18 (45.0) 10 (26.3) 9(23.7)
4(10.0) 4(10.5) 4(10.5)
17 (42.5) 15(39.5) 14 (36.8)
16 (40.0) 13 (34.2) 15(39.5)
12 (30.0) 10 (26.3) 13(34.2)
9(22.5) 13(34.2) 13(34.2)
8(20.0) 12 (31.6) 8(21.1)
5(12.5) 9(23.7) 8(21.1)
9(22.5) 5(13.2) 6(15.8)
4(10.0) 3(7.9) 4(10.5)

Abbreviations: ASM, antiseizure medication; mITT, modified intent-to-treat population.

#All 124 patients in the safety population were included in the mITT.

PPatients could have had more than one type of seizure with a predictable pattern and were not stratified by seizure type.

(1.0 mg and 2.0 mg) was approximately half the dura-
tion observed in patients who received placebo (145.2
vs 277.4 s); the median (95% confidence interval) time
to seizure cessation was 30 (19, 59) s in patients who re-
ceived Staccato alprazolam vs 60 (30, 120) s on placebo
(Figure 1B). The median (95% confidence interval) time to
seizure cessation in patients with prolonged focal seizures
who received Staccato alprazolam (n = 19) vs placebo
(n =17)was 60 (42, 93) s vs 120 (60, 360) s, respectively.

There was no differentiation in seizure severity be-
tween placebo and Staccato alprazolam at either dose in
the mITT population, and also between the two doses
of Staccato alprazolam (Table S1). Rescue medication
use was low and was similar between treatment groups
(Table S2). No patients in the mITT population in any
treatment group had seizures that evolved from a focal
aware to a focal impaired aware and/or a bilateral tonic-
clonic seizure during the double-blind part.

The number of seizures during the 0 to 6-h time pe-
riod tended to be lower (p = .0496) in the 2.0 mg Staccato
alprazolam treatment group compared with placebo. The
median time to next seizure event (that occurred >2 min
after study drug administration) in the 2.0 mg dose group

was >1440 min (24 h) and the median (interquartile range)
time to next seizure event in the group administered pla-
cebo was 814.5 (25th percentile: 89.5; 75th percentile:
1458) min, suggesting a slight tendency to an increase in
time to next seizure event with Staccato alprazolam treat-
ment (hazard ratio 0.571; p = .0787) (Figure 2).

A generally similar proportion of responders were
observed in all patients receiving Staccato alprazolam
whether the patients did (63.6%) or did not (66.7%) self-
administer the study drug (Figure S2). In all patients re-
ceiving Staccato alprazolam, the proportion of responders
was 69.4% of patients who were not taking chronic ben-
zodiazepines compared with 59.3% in patients who were
taking chronic benzodiazepines (Figure S3).

3.3.3 | Safety

In general, patients in this study experienced an AE profile
consistent with the patients’ underlying disease (Table 2).
This is consistent with the great majority of events in
the groups treated with Staccato alprazolam assessed
as unrelated to treatment by the investigators. Staccato
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TABLE l23 Safetgummary (safety population)
Open-label Double-blind
Staccato alprazolam
1.0 mg Staccato Staccato placebo 1.0 mg 2.0 mg Combined active
n (%) alprazolam (n = 8) (n = 40) (n =38) (n=38) group (n = 76)
Total number of AEs 5 20 35 39 74
Patients with at least one AE 3(37.5) 12 (30.0) 14 (36.8) 19 (50.0) 33(43.4)
Serious AEs 0 2(5.0) 1(2.6) 0 1(1.3)
Severe AEs 1(12.5) 3(7.5) 1(2.6) 0 1(1.3)
Drug-related 1(12.5) 3(7.5) 8(21.1) 15(39.5) 23(30.3)
Resulting in using concomitant 1(12.5) 4(10.0) 3(7.9) 2(5.3) 5(6.6)
medication
Discontinuation due to AEs 0 0 0 0 0
AEs occurring in >5% of patients in any treatment group
Cough 1(12.5) 0 4(10.5) 7(18.4) 11 (14.5)
Somnolence 0 1(2.5) 7(18.4) 4(10.5) 11 (14.5)
Dysgeusia 0 1(2.5) 6(15.8) 4(10.5) 10 (13.2)
Dizziness 0 2(5.0) 2(5.3) 2(5.3) 4(5.3)
Nausea 0 1(2.5) 1(2.6) 2(5.3) 3(3.9)
Sedation 0 0 0 2(5.3) 2(2.6)
Throat irritation 1(12.5) 0 0 2(5.3) 2(2.6)
Headache 0 2(5.0) 1(2.6) 0 1(1.3)
Fatigue 0 2(5.0) 0 0 0
Musculoskeletal chest pain 1(12.5) 0 0 0 0
Gastroenteritis viral 1(12.5) 0 0 0 0
Dysmenorrhea 1(12.5) 0 0 0 0
Abbreviation: AE, adverse event.
alprazolam was well tolerated when administered as a  3.3.4 | Pharmacokinetics

single dose of 1.0 mg or 2.0 mg. In patients treated with
Staccato alprazolam, cough and somnolence were the
most common AEs (both 14.5%), followed by dysgeusia
(13.2%). AEs were mostly mild or moderate in intensity
with no treatment-related SAEs. There were no deaths
and no discontinuations because of TEAEs. No clinically
relevant changes in laboratory parameters and vital signs
were observed. Among patients on Staccato alprazolam,
the median oxygen saturation was 97.0% or above at all
assessed time points (up to 6 h post dose).

In general, patients treated with Staccato alprazolam
had lower scores in the Sedation and Alert VAS (Figure S4)
and Sleepy and Awake Scale VAS than patients adminis-
tered placebo up to 6 h post dose, with the lowest scores at
10 min post dose, indicating an initial modest increase in
sedation relative to placebo with equalization by 6 h.

Overall, the safety data suggest that Staccato alpra-
zolam can be safely administered at doses up to 2.0 mg in
patients with epilepsy with episodes of prolonged or clus-
ter seizures with a predictable pattern.

Pharmacokinetic analysis showed that the active drug was
successfully dosed in patients (Figure 3). Alprazolam was
detected in the bloodstream by the first pharmacokinetic
time point of 10 min, indicating feasible dosing and ade-
quate absorption. Plasma alprazolam concentrations were
shown to be approximately two-fold higher following a
2.0 mg dose compared with 1.0 mg. Alprazolam concen-
trations were similarly achieved in patients across differ-
ent seizure types, including patients with focal seizures
with impaired awareness (Figure 4).

4 | DISCUSSION

This is the first study evaluating the efficacy and safety
of administration of Staccato alprazolam during an acute
seizure episode. Data from this study showed that treat-
ment with Staccato alprazolam was efficacious, resulting
in a significantly greater proportion of responders than
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FIGURE 1 Proportion of responders® (A) and median time
to seizure cessation (B) (double-blind part; mITT). *Patients who
achieved seizure activity cessation within 2 min of treatment
and no recurrence within 2 h; *data missing for one patient.
Abbreviations: CI, confidence interval; mITT, modified intent-to-
treat; SD, standard deviation.

Staccato placebo. The responder rate was the same with
1.0 mg and 2.0 mg doses, but the number of seizures dur-
ing the 6 h time period following administration of the
study drug was lower with the 2.0 mg dose. However, it
is important to note that evaluation of seizure recurrence
applies only to patients who have multiple seizures per
day; patients with a prolonged seizure may not have an-
other seizure during the day.

Both doses of Staccato alprazolam demonstrated sim-
ilar REST activity based on the analysis of the responder
rate as defined in the primary end point. Generally similar
responder rates were observed whether Staccato alpra-
zolam was self-administered by the patient or adminis-
tered by a staff member. Use of chronic benzodiazepines
had minimal effects on efficacy (responder rates) in all pa-
tients receiving Staccato alprazolam. However, these data
are exploratory and should be interpreted with caution
based on the small sample sizes.

Epilepsia

Median time to seizure cessation (30s in patients who
received active treatment vs 60s for placebo) is consistent
with the rapid onset of clinical activity of Staccato alpra-
zolam. In patients with prolonged focal seizures, the time
to seizure cessation was increased in comparison with the
overall population while maintaining the treatment effect
at the same level. The breath-actuated Staccato device
heats the inert metal substrate, which rapidly aerosolizes
the film of alprazolam and provides rapid absorption and
systemic delivery of alprazolam. Rectally and intranasally
administered commercially available benzodiazepines
may not be suitable candidates for REST treatment be-
cause of their inability to reach sufficiently high concen-
trations during the window of opportunity for proactive
seizure cessation.'” A study in healthy volunteers demon-
strated that pharmacodynamic effects of intranasal midaz-
olam were less pronounced and occurred later compared
with intravenous midazolam, with a significantly longer
median time to onset of electroencephalography effects.'®
These findings highlight the slower onset of action with
intranasal compared with intravenous administration.

Benzodiazepines delivered by the intravenous route
have an onset of anticonvulsive action in 1-3 min but
are not practical options for outpatient REST therapy be-
cause of the requirement for parenteral administration by
medically trained professionals. Staccato alprazolam has
shown a rapid onset of action with an intravenous-like
profile, without the need for intravenous administration,
making it a unique candidate for clinical use as an REST
treatment.

In the groups treated with Staccato alprazolam, the
most common AEs were cough, somnolence (both 14.5%),
and dysgeusia (13.2%). Staccato alprazolam was generally
well tolerated and displayed a safety profile consistent with
that known. No new safety signals have been observed to
date, with AEs mostly mild or moderate in intensity and
no treatment-related serious or severe AEs. This is consis-
tent with prior trial experience. There was no difference
in tolerability between the two doses. Among patients on
Staccato alprazolam in the double-blind part, the median
oxygen saturation of 97.0% or above at all assessed time
points supports the favorable respiratory safety profile of
Staccato alprazolam during seizures.

There is a theoretical concern that patients with sei-
zures with impaired awareness may not be able to properly
use the Staccato device. Pharmacokinetic analysis showed
that Staccato alprazolam was dosed successfully during the
seizure in patients who received active drug. Alprazolam
plasma concentrations were shown to be similar across
different seizure types, including in patients with focal
seizures with impaired awareness, indicating no impact
of patient awareness status on the dosing of Staccato al-
prazolam. This demonstrates that Staccato alprazolam is a
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passive breath-actuated device, and active inhalation is not
necessary. The dosing may need to be assisted by a care-
giver to correctly place the device in the mouth of patients
whose awareness is impaired during the seizure. Although
our study recruited 53 patients who historically had gener-
alized tonic-clonic or focal to bilateral tonic-clonic seizures
as an element in one or more of their treatable episodes,
none occurred during the double-blind part of the study.
Ideally Staccato alprazolam should be used before the
tonic-clonic phase, or once breathing resumes. Further
evaluation in this seizure population is warranted.

This was a novel study design in a new type of patient
population. Although less important for clinical use, for
study purposes, predictability at onset was important in
order to identify the appropriate prolonged or cluster

35 1 --®- Focal aware: 1.0 mg (n=9)
--®-- Focal impaired: 1.0 mg (n = 18)

30 A --@- Generalized: 1.0 mg (n = 11)
—o— Focal aware: 2.0 mg (n=9)

25 + -e— Focal impaired: 2.0 mg (n = 18)

—o— Generalized: 2.0 mg (n=11)

Plasma concentration of alprazolam (ng/mL)

T
0 10 30 60 120
Time after administration (mins)

T
360

FIGURE 4 Mean (SD) plasma concentration of alprazolam
across different seizure types and doses (double-blind part;
pharmacokinetic population). Dashed and solid lines indicate
Staccato alprazolam 1.0 mg and 2.0 mg, respectively. Abbreviation:
SD, standard deviation.

seizure for treatment intervention that would not termi-
nate without therapy, and thus reduce the occurrence of
“placebo response.” As part of the screening process, the
patient's seizures and events leading up to them were re-
viewed by the ESC Review Board, in an effort to enroll
patients whose seizure activity would remit without inter-
vention less than 20% of the time. As a consequence of
significant variability in seizure episode durations, even
among patients carefully selected for consistent seizure
patterns, some episodes would be expected to resolve
without treatment. This inevitably results in a “placebo
effect” in some patients. Therefore, the relatively high sei-
zure cessation response of 42.5% in the placebo group in
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this study is not unexpected and likely not usually reflec-
tive of a psychological placebo effect.

To summarize, this proof-of-concept study showed
that both 1.0 mg and 2.0 mg doses of Staccato alprazolam
demonstrated efficacy in rapidly terminating seizures in
a small observed population in an inpatient setting and
were well tolerated. The next step will be a larger Phase
3 outpatient confirmatory study intended to demonstrate
the efficacy and safety of Staccato alprazolam for rapid ces-
sation of seizures in an outpatient setting among patients
with stereotypical prolonged seizures who are 12years of
age and older.**
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