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Abstract

Objective: The study assesses the bioavailability of diazepam after intranasal adminis-
tration (diazepam nasal spray) in healthy volunteers. Comparative agents were diazepam
rectal gel, which served as the regulatory reference product; and oral diazepam, a product
with decades of clinical use. Tolerability of diazepam nasal spray was also assessed.
Methods: This was a phase 1, open-label, randomized, single-dose, three-treatment,
three-period, six-sequence crossover study in 48 healthy adult subjects that con-
sisted of a screening period, a baseline period, and an open-label treatment period.
Interperiod intervals were at least 28 days.

Results: Forty-eight healthy volunteer subjects were enrolled, two of whom discon-
tinued before receiving study medication. For all routes of administration, the onset
of diazepam absorption was rapid, with measurable concentrations of drug present by
the first sample time point. The 7., (time to reach maximum plasma concentration)
was similar for diazepam nasal spray and diazepam rectal gel, both of which were
slower than oral diazepam in fasted individuals. Variability (as defined by % coef-
ficient of variation of geometric mean) in peak plasma concentration and area under
the curve, ., was lowest with oral diazepam, followed by diazepam nasal spray,
with diazepam rectal gel showing the greatest variability. Overall, 131 treatment-
emergent adverse events (TEAEs) were considered mild (42 subjects, 91.3%), four
TEAEs were considered moderate (four subjects, 8.3%), and no TEAEs were consid-
ered severe. The most commonly reported TEAE was somnolence at 56.5% (26/46)
during diazepam nasal spray treatment, 89.1% (41/46) with the rectal diazepam gel
treatment, and 82.6% (38/46) with oral diazepam treatment. No nasal irritation was
observed for the majority of the subjects at any time point after administration, with
no score higher than 2 (“minor bleeding that stops within 1 minute”).

Significance: Diazepam nasal spray shows predicable pharmacokinetics and rep-
resents a potential novel therapeutic approach to control bouts of increased seizure

activity (cluster seizures, acute repetitive seizures).

Portions of this work were previously presented at the Annual Meeting of the American Epilepsy Society (New Orleans, Louisiana, November 30 to
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1 | INTRODUCTION

Bouts of increased seizure activity often referred to as cluster
or acute repetitive seizures (cluster seizures) are a challenge
to the patient, care partner, and physician. The intravenous
formulation of diazepam has been used for >30 years in the
treatment of seizure emergencies, including status epilepti-
cus. However, the current standard of care for cluster seizures
is a rectal gel formulation of diazepam (Diastat). Although
diazepam rectal gel is safe and effective for use in cluster
seizures, there are drawbacks to its use.!?

As recently reviewed by Kapoor et al,’ the intranasal route
has many potential benefits for treatment of seizures. To that
end, a novel intranasal formulation of diazepam was devel-
oped using a nonionic alkylglycoside surfactant (Intravail A3,
dodecyl-p-D-maltopyranoside [DDM],* and tocopherol). As
described by Lipton et al,> DDM alters mucosal viscosity and
membrane fluidity to loosen cell-cell junctions. DDM induces
arapid and reversible decrease in transepithelial/transendothe-
lial electrical resistance values, enhancing the permeation of
the paracellular marker [3H]mannitol, resulting in changes to
the tight junctions to facilitate absorption.6 The present formu-
lation of diazepam, NRL-1 (diazepam nasal spray, Valtoco) is
prepared in a container-closure system designed for intrana-
sal delivery. Previous preclinical safety and pharmacokinetic
studies of diazepam nasal spray, as well as pharmacokinetic
studies in normal volunteers, guided the selection of the op-
timal formulation for clinical use. Agarwal et al evaluated di-
azepam nasal spray in a single-dose pharmacokinetic study in
healthy volunteers. They found that the solution formulation
of intranasal diazepam (the same as NRL-1) had a high bio-
availability and was well tolerated.”

The objective of the present study was to assess the bioavail-
ability of diazepam after intranasal administration (diazepam
nasal spray) in healthy volunteers. Comparative agents were di-
azepam rectal gel (Diastat), which served as the regulatory ref-
erence product, and oral diazepam, a product with decades-long
clinical use and essentially complete absorption in fasted indi-
viduals.” Tolerability of diazepam nasal spray was also assessed.

2 | MATERIALS AND METHODS

2.1 | Subjects

This was a phase 1, open-label, randomized, single-dose, three-
treatment, three-period, six-sequence crossover study in 48

Key Points

e Diazepam nasal spray demonstrated an acceptable
safety profile

e There was less variability in the bioavailability of
diazepam by the intranasal route than by the rectal
route

e Intravail, an absorption enhancer, provides thera-
peutic nasal dosing of intranasal diazepam with
comparable bioavailability to rectal diazepam
with no damage to the nasal mucosa

e Subjects who received diazepam nasal spray ex-
perienced less somnolence than those receiving
diazepam rectal gel or oral diazepam

e Diazepam nasal spray represents a potential novel
therapeutic approach to control acute cluster
seizures

healthy adult subjects that consisted of a screening period, a
baseline period, and an open-label treatment period. Interperiod
intervals were at least 28 days. Individuals with any contrain-
dication to diazepam, comorbid diseases, or concomitant
medications, and those unlikely to be adherent to study proce-
dures were excluded from study participation. The study was
approved by Novum Independent Institutional Review Board
(Pittsburg, PA), and all subjects gave written informed consent.

2.2 | Pharmacokinetic and
statistical analysis

Diazepam nasal spray and diazepam rectal gel (Diastat,
Valeant Pharmaceuticals) were dosed based upon the ap-
proved doses for diazepam rectal gel and by weight categories,
with subjects weighing 51-75 kg (“low”) receiving 15 mg of
diazepam, and subjects weighing 76-111 kg (“high”) receiv-
ing 20 mg of diazepam. Diazepam tablets (Valium, Roche/
Genentech) at 10 mg were used as a reference comparator.
Subjects were admitted to the study unit no later than
19:00 hours of the evening prior to study drug administration
and remained in the unit until after the 24-hour blood sample
was collected. All subjects then returned to the study unit for all
subsequent assessments for the treatment. At check-in for each
treatment period, a urine sample was collected from all subjects
to test for drugs of abuse. A urine sample was collected from all
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female subjects, regardless of childbearing potential, for a urine
pregnancy test. A meal was served the evening of check-in. All
subjects were then required to fast for at least 10 hours prior to
dosing and for 4 hours thereafter to avoid any influence on the
pharmacokinetic outcomes. No food intake was permitted after
21:00 hours (9 pm). Drinking water was available and allowed
ad libitum during the study except for 1 hour prior to study drug
dose administration through 1 hour after dose administration.
Standard meals were provided at approximately 4 and 10 hours
after drug administration and at appropriate times thereafter.

A Fleet's enema was administered between 22:00 and
24:00 hours the night before dosing diazepam rectal gel. A
second Fleet's enema was administered between 07:00 and
09:00 hours in the morning prior to dosing with diazepam
rectal gel, which was administered approximately 1 hour after
administration of the Fleet's enema and subsequent bowel
movement.

Blood samples were collected as follows: baseline (pre-
dose), and at 10, 20, 30, and 45 minutes, and at 1, 1.25, 1.5,
1.75, 2, 4, 8, 12, 24, 36, 48, 72, 96, 144, 192, and 240 hours
after dosing.

The pharmacokinetic parameters peak plasma concen-
tration (C,,,), area under the curve (AUC),,, and AUC,_
for diazepam and desmethyldiazepam were calculated as
follows: C,,,, was obtained directly from the data without
interpolation; AUC,, ; was calculated by the linear up log
down method; AUC,_,, was calculated as AUC,; + C,y
2 Were Cpg 18 the last measurable plasma concentration
and Az is the terminal first-order elimination rate constant.
Pharmacokinetic values were compared among treatments
using an analysis of variance model, with treatment, pe-
riod, sequence, and subject within sequence as the classi-
fication variables using the natural logarithms of the data.
Confidence intervals (90%) were constructed for the geomet-
ric mean ratios, diazepam nasal spray to diazepam rectal gel
and diazepam nasal spray to oral diazepam, of C,,,, and AUC
using the log-transformed data and the two 1-sided ¢ tests
procedure.

The point estimates and confidence limits were converted
back to the original scale. Comparability between diazepam
nasal spray and diazepam rectal gel, and diazepam nasal spray
and oral diazepam, was assessed from the geometric mean
ratios and 90% confidence intervals for the three parameters
(Phoenix WinNonlin v6.4 or higher, Certara Company). The
relative bioavailability of diazepam intranasal relative to the
rectal gel is based upon the ratio of the AUC,, .

A minimum of 36 subjects per treatment was determined
a priori to detect a 5% difference in means in AUC assum-
ing an intrasubject variability of 13% (half of the previously
observed intersubject variability [26%])* with 80% power at
a = 0.05. Subjects who completed at least two treatments,
one of which must have been the intranasal product, were in-
cluded in the primary pharmacokinetic analyses.

. * ¢ 457
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The lower limits of quantitation of the liquid chroma-
tography-tandem mass spectrometry bioanalytical assay for

diazepam and desmethyldiazepam (also known as nordiaze-
pam) were 1.0 and 0.10 ng/mL, respectively.

2.3 | Safety analysis

Safety measures included adverse events, physical examina-
tions, vital sign measurement, electrocardiograms, and clini-
cal laboratory tests. Objective evaluations of nasal irritation
were assessed after each administration of study drug using a
6-point (0-5) score by a trained observer as follows: 0 = nor-
mal appearing mucosa, no bleeding; 1 = inflamed mucosa,
no bleeding; 2 = minor bleeding that stops within 1 minute; 3
= minor bleeding, taking 1-5 minutes to stop; 4 = substantial
bleeding for 4-60 minutes, does not require medical interven-
tion; 5 = ulcerated lesions, bleeding that requires medical in-
tervention.” Irritation was assessed by evaluating the degree
of mucosal inflammation and bleeding. The subjects were
also required to report any incident of bleeding or inflamma-
tion in-between the actual evaluation time points.

Objective evaluations of sedation were made using a
6-point (0-5) sedation scoring system to assess the degree of
drowsiness of the subjects after each administration of study
drug at 0.25, 0.5, 1, 2, 4, 6, and 8 hours postdose (0 = alert,
not drowsy, normal conversation; 1 = awake, talking, but
somewhat drowsy; 2 = napping or sleeping, but easily awak-
ened; 3 = sleeping, awakened only with loud voice or shak-
ing; 4 = sleeping, very difficult to awaken, promptly returns
to sleep; 5 = sleeping, cannot awaken).”

A visual analog scale consisting of a 100-mm horizontal
line was used to assess acute pain intensity following each
administration of study drug.

3 | RESULTS

3.1 | Disposition

Forty-eight healthy volunteer subjects were enrolled, two
of whom discontinued before receiving study medication.
Forty-six subjects received at least one dose of diazepam
nasal spray. An additional two subjects discontinued during
the study for reasons unrelated to study medication; thus, 44
subjects completed all assessments.

3.2 | Demographics

Thirty-eight of the dosed subjects enrolled were black (38
of 48 subjects, 79.2%), six were white (six of 48 subjects,
12.5%), one was Asian (1 of 48 subjects, 2.1%), and three
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were other (three of 48 subjects, 6.3%). Eight subjects were
Hispanic or Latino (eight of 48 subjects, 16.7%) and 40 were
non-Hispanic or Latino (40 of 48 subjects, 83.3%). Subjects
ranged in age from 18 to 55 years. There were 52.1% (25
of 48) male subjects and 47.9% (23 of 48) female subjects.
Twenty subjects with a body weight of 51-75 kg and 28 sub-
jects with a body weight of 76-111 kg were included in the
safety analysis data set (Table 1).

3.3 | Pharmacokinetics
Mean blood levels of diazepam for each treatment are shown
in Figure 1 (hours 0-2).

For both nasal and rectal routes of administration, the
onset of diazepam absorption appeared to be rapid, with mea-
surable concentrations of drug being observed by the first
sample time point. The 7, (time to reach maximum plasma
concentration) for diazepam nasal spray was comparable to
that of diazepam rectal gel delivered under “ideal” condi-
tions, that is, in a fasting state with an enema the night prior
to dosing and a second enema 1 hour prior to dosing the fol-
lowing morning. AUC,, and AUC,_,, were similar, and thus
only the latter is presented. Variability (as defined by % coef-
ficient of variation of geometric mean) in C,,,, and AUC,__

max

Low-weight group,

51-75 kg, N = 18* 111 kg, N = 28"
Sex, n (%)
Female 10 (55.6) 13 (46.4)
Male 8 (44.4) 15 (53.6)
Age,y
Mean (SD) 35.9 (10.19) 38.8 (9.58)
Race, n (%)
White 3(16.7) 3(10.7)
Black or African 12 (66.7) 24 (85.7)
American
Asian 1(5.6) 0(0.0)
Other 2(11.1) 1(3.6)
Ethnicity, n (%)
Hispanic or 5(27.8) 3(10.7)
Latino
Non-Hispanic or 13 (72.2) 25 (89.3)

Latino

High-weight group, 76-

was lowest with oral diazepam, followed by diazepam nasal
spray, with diazepam rectal gel showing the greatest vari-
ability. Despite delivery under “ideal” conditions, diazepam
rectal gel demonstrated significantly greater variability, with
a number of outliers on both the high and low end of the
plasma range. In all three routes of administration, the high-
weight subjects showed greater variability compared to the
low-weight subjects.

Compared to diazepam rectal gel, intranasal administra-
tion of diazepam nasal spray resulted in comparable AUC_,
values at the 20-mg dose but was slightly lower than diaz-
epam rectal gel at the 15-mg dose. The slightly lower ex-
posure at the 15-mg dose of diazepam nasal spray relative
to diazepam rectal gel was possibly due to the variability in
absorption of diazepam rectal gel. The 15-mg dose for diaz-
epam rectal gel had higher exposure than the 20-mg dose.
The range of exposures for diazepam nasal spray at both the
15-mg and 20-mg doses was well within the range of that
from diazepam rectal gel. Diazepam rectal gel showed the
greatest variability of exposures, accounting for both the
highest and lowest exposures in both the 15-mg and 20-mg
groups Oral diazepam, a positive control in this study, after a
10-hour fast, resulted in an AUC,,_, between that of the nasal
spray and the rectal gel, and a C,,, greater than either of the
two other routes (Table 2, Figure 2A-C).

TABLE 1
population

Total, Demographics: safety

N = 46°

23 (50.0)
23 (50.0)

37.7 (9.81)

6 (12.5)
36 (78.3)

1.1
3(6.3)

8 (17.4)

38 (82.6)

Abbreviations: N, total number of subjects within population; n, number of subjects with nonmissing

information.

*All subjects in the low-weight group received treatment with 15 mg diazepam nasal spray (intranasal), 15 mg

diazepam rectal gel, and 10 mg oral diazepam in a crossover design.

PAll subjects in the high-weight group received treatment with 20 mg diazepam nasal spray (intranasal), 20 mg

diazepam rectal gel, and 10 mg oral diazepam in a crossover design.

“Two low-weight subjects enrolled in the study, but withdrew prior to receiving diazepam nasal spray.

Therefore, per protocol, the subjects were not included in the safety population.
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FIGURE 1

TABLE 2 Pharmacokinetic measures

Time Nominal (hr)

Mean plasma concentration-time profiles of diazepam (0-2 hours), mean + SD. WT, weight

Nasal spray, Nasal spray, Rectal gel, Rectal gel, Oral,
15 mg 20 mg 15 mg 20 mg Oral, 10 mg-low 10 mg-high
Cpnax> Ng/mL
n 17 28 17 27 17 28
Geometric mean 225.66 185.53 280.28 163.63 338.36 286.15
GCV% 60 84 109 229 25 30
90% CI 85-598 54-643 60-1314 16-1645 219-523 174-571
fmaxs
n 17 28 17 27 17 28
Geometric mean 1.33 1.37 1.19 0.79 1 0.81
GCV% 47 63 117 92 63 40
Min 0.75 0.5 0.33 0.17 0.33 0.5
Median 1.25 1.25 1.25 1 1 0.75
Max 4 12 8 4 4 2
AUC_,, h ng/mL
n 17 28 17 27 17 28
Geometric mean 6999 8069 9953 7855 8268 7850
GCV% 44 81 83 170 44 38
90% Cls 3376-14 508 2410-27 011 2815-35 193 1075-57 403 3376-14 508 4168-14 782

Note: The proportion of data extrapolated for geometric means for AUC,_, ranged from 4% to 15%.

Abbreviations: AUC, area under the curve; CI, confidence interval; C,,,,, peak plasma concentration; GCV, geometric coefficient of variation; Max, maximum; Min,

minimum; f,,,,,, time to reach maximum plasma concentration.

A statistical comparison of nasal diazepam to rectal and
oral diazepam in provided in Table 3. The relative bioavail-
ability for the nasal product is similar to or greater than the
rectal product in high-weight subjects, and less than the rectal
product in low-weight subjects, and less than the oral product
in both weight groups.

3.4 | Safety

Overall, 131 treatment-emergent adverse events (TEAEs)
were mild (42 subjects, 91.3%), four TEAEs were moderate
(four subjects, 8.3%), and no TEAEs were severe. No TEAEs
were life-threatening and no SAEs or deaths occurred in the
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FIGURE 2 Comparative pharmacokinetic measures: box
and whiskers plots, mean + SD. AUC, area under the curve; C,,..
peak plasma concentration; T,,,,, time to reach maximum plasma
concentration; WT, weight

study. Although 100% of the subjects in the study experi-
enced at least one TEAE during the study, the frequency
of TEAE occurrences was less in the diazepam nasal spray
treatment group (28 subjects, 60.9%) compared to diazepam
rectal gel (43 subjects, 93.5%) and oral diazepam (39 sub-
jects, 84.8%; Table 4). No subjects were discontinued from
the study due to a TEAE.

The most commonly reported TEAE was somnolence:
56.5% (26/46) with diazepam nasal spray treatment, 89.1%
(41/46) with rectal diazepam gel treatment, and 82.6%
(38/46) with oral diazepam treatment. For a full listing of all
reported events, see Table 4.

There was no nasal irritation for the majority of the sub-
jects at any time point after administration, with no score
higher than 2 ("minor bleeding that stops within 1 minute").

For diazepam nasal spray and oral diazepam, all sedation
scores were O at baseline, and 2 (“napping or sleeping, but
easily awakened”) or less (scale of 0-5) at all posttreatment
visits. For diazepam rectal gel, the maximum sedation score
was up to 4 (“sleeping, very difficult to awaken, promptly
returns to sleep”). The mean sedation scores for diazepam
nasal spray were approximately 0.5-1.0 units less than for di-
azepam rectal gel or oral diazepam.

There were no reports of pain after administration of di-
azepam nasal spray.

4 | DISCUSSION

Diazepam is a well-established medication, with proven ef-
ficacy in the treatment of epileptic seizures. However, there
is a need for an ideal formulation of diazepam for admin-
istration in the acute setting. In the practical setting treat-
ing cluster seizures, the diazepam delivery method should
have a broad spectrum of activity, intermediate duration
of action, and rapid onset of action for cessation of sei-
zure, and be easy and safe to use, with minimal discomfort.
Other important characteristics include low inter- and in-
trapatient variability, availability of both adult and pediat-
ric formulations, a long shelf life,8 practical administration
in the outpatient setting, good tolerability, and predictable
pharmacokinetics. With respect to routes of administration,
each has its advantages and disadvantages. For example,
intravenous administration is rapidly delivered to the brain
and can terminate a seizure, but most cluster seizures occur
outside the hospital, precluding or delaying intravenous ad-
ministration.® Oral administration may not be viable during
an acute seizure due to slow absorption, choking hazard,
or inability of the patient to swallow.® Rectal administra-
tion has administration challenges in the outpatient setting,
especially in public settings. There is recent emphasis on
development of intranasal delivery for drugs with poor
solubility in the gastrointestinal system or extensive he-
patic first-pass elimination.” The high vascularization of
the nasal cavity provides potential rapid absorption, which
avoids first-pass hepatic metabolism.”!! In a small retro-
spective study, the onset of antiseizure activity in treating
status epilepticus in patients with stroke was faster with
intranasal diazepam than with intravenous diazepam (3 vs
9.5 minutes).”'*"? Intranasal delivery also may be easier
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TABLE 3 Relative bioavailability:

probability paired comparisons between
treatment groups, C,,,, and AUC,_

TABLE 4
emergent adverse events by treatment

Summary of treatment-

reported by two or more subjects: safety
population

Comparison

Low weight: nasal (15 mg) vs
rectal (15 mg)

High weight: nasal (20 mg) vs
rectal (20 mg)

Low weight: nasal (15 mg) vs
oral (10 mg)

High weight: nasal (20 mg) vs
oral (10 mg)

Epilepsia-|*

Cmax AUCO-oo
Ratio 90% CI Ratio 90% CI
85% 57-126 74% 53-102
118% 69-202 100% 65-102
45% 33-59 60% 47-76
32% 25-41 50% 42-60

Note: Ratios and CIs were calculated using natural logarithmic transformations. Low weight = 51-75 kg; high

weight = 76-111 kg.
Abbreviations: C,

max

, peak plasma concentration; AUC, area under the curve; CI, confidence interval.

Nasal
System organ class spray,
preferred term n (%) Rectal gel, n (%) Oral, n (%) Total, n (%)
Subjects with at least 1 28 43 (93.5) 39 (84.8) 46 (100.0)
adverse event (60.9)
Nervous system disorders
Somnolence 26 41 (89.1) 38 (82.6) 46 (100.0)
(56.5)
Headache 2 (4.3) 12.2) 0 (0.0) 3(6.5)
Investigations
Urine analysis abnormal 12.2) 0(0.0) 4 (8.7) 5(10.9)
Blood pressure decreased 0(0.0) 3(6.5) 1(2.2) 4 (8.7)
Blood glucose increased 12.2) 2(4.3) 0(0.0) 3(6.5)
Blood pressure increased 12.2) 0(0.0) 1(2.2) 2(4.3)
Reticulocyte count 0 (0.0) 0(0.0) 2(4.3) 2(4.3)
increased
Gastrointestinal disorders
Nausea 2(4.3) 0(0.0) 0 (0.0) 2 (4.3)
Renal and urinary disorders
Hematuria 1(2.2) 12.2) 0(0.0) 2(4.3)

Note: N = 46. MedDRA version 19.0 used for coding. Subjects with two or more adverse events in the same

system organ class (or with the same preferred term) are counted only once for that system organ class (or

preferred term).

than other routes for patients or caregivers.12 Intranasal
administration requires little training, is easily performed,
and carries little risk of injury."!

Like any locally applied drug product, formulations of in-
tranasal drugs must be carefully developed to optimize drug
absorption and therapeutic efficacy and minimize unwanted
side effects.” The volume feasible is about 100-150 uL per
nostril, requiring a relatively potent molecule and highly
bioavailable drug product.9 One way to maximize the area
over which drug is absorbed is to use a spray, which allows
for solutions to be distributed on nonciliated mucosal areas

(whereas drops are primarily distributed on ciliated surfaces).
Therefore, positioning of the head is not crucial (drops re-
quire patient to hold their head back so as not to lose drug to
environment or throat). 10

Although intranasal delivery provides a potentially attrac-
tive route for diazepam delivery, the solubility and nasal mu-
cosal permeability of diazepam present unique challenges for
consistent drug delivery. Historically, after extensive phar-
macokinetic evaluation, another diazepam nasal formulation
showed inadequate bioavailability when compared to other
diazepam delivery formulations.'*'> Our study assesses the
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pharmacokinetics of diazepam after intranasal administration
(diazepam nasal spray) in healthy volunteers, which is an im-
portant step in assessing its potential use for cluster seizures.
We also directly compare pharmacokinetics of diazepam
nasal spray with rectal diazepam (the currently US Food and
Drug Administration—approved treatment for clusters) in the
same subject cohort.

In a previous study,2 diazepam nasal solution (NRL-1)
was 97% bioavailable compared to intravenous diazepam
(and no stratification by weight was given). In the present
study, oral diazepam provided predictable bioavailability as
judged by all three primary pharmacokinetic measures, par-
ticularly by ... There are some differences in bioavailability
between studies that may be due, in part, to differences in
subject body mass index (BMI). Accumulation of diazepam
in subjects with higher body mass index has been reported.
Diazepam is a lipophilic drug and thus absorbed into the fat
and then later released slowly into the systemic circulation.
Therefore, the overall AUC values between subjects of low
BMI and high BMI in the current study were not meaning-
fully different.'®!”

There was predictable bioavailability of diazepam
nasal spray, although slightly less than the relevant com-
parison product, diazepam rectal gel. Although the mean
exposures were slightly less with diazepam nasal spray,
the range of exposures was more consistent among the
subjects, and also within the range of exposures observed
with diazepam rectal gel. There was less variability in the
bioavailability of diazepam by the intranasal route than
by the rectal route (% geometric coefficient of variation
of AUC = 42%-66% compared to 87%-172%). Therefore,
although the overall bioavailability of nasal delivery was
approximately 60% compared to oral delivery, the overall
consistency of bioavailability as measured by AUC sug-
gests that nasal delivery of diazepam will enable reliable
and predictable dosing.

Variability in exposure is a concern with rectal diazepam
gel, with some doses producing very low plasma diazepam
concentrations. This may lead to incomplete seizure treat-
ment and the need for repeated dosing.l&19

We selected oral diazepam as a control in this study for
pharmacokinetic purposes. This route provided a reference
bioavailability as judged by all three primary pharmacoki-
netic measures, particularly 7,,,.. Thus, one could consider
that oral diazepam might be a good therapeutic alternative
for the treatment of cluster seizures. However, the thera-
peutic utility of oral diazepam for the treatment of cluster
seizures is limited. The subjects in the present study were
fasted for 10 hours, which is an unlikely scenario in most
patients with cluster seizures. The time to maximal absorp-
tion of oral diazepam in the fed state is delayed relative to
the fasted state.”’ Furthermore, oral access during cluster
ictal states is not reliable, especially if there is associated

impairment of awareness during seizures that impairs swal-
lowing of medication. Oral delivery in a patient in a con-
fused state also risks aspiration. Thus, there is a need for a
readily accessible alternative delivery routes.'” Overall, in
the study, diazepam nasal spray demonstrated an accept-
able safety profile. The most commonly reported TEAE
was somnolence. Subjects who received diazepam nasal
spray experienced less somnolence and sedation than those
receiving diazepam rectal gel or oral diazepam judged by
both adverse event reports and somnolence scores (magni-
tude and duration).

Somnolence was less common with diazepam nasal
spray (56.5%), as compared to rectal (89.1%) and oral de-
livery (82.6%). Clinical effects of diazepam relate to many
factors, including previous exposure,21 rate of escalation of
serum concentration levels,”> and age.23 Because of these
factors, as well as interindividual tolerance of diazepam
side effects, there is no fixed diazepam plasma level asso-
ciated with central nervous system depression.23 Given the
multiple factors related to clinical effects of diazepam, the
etiology of less somnolence in the diazepam nasal spray
group is uncertain. However, better consistency of absorp-
tion in the nasal spray group, as compared to the rectal gel
delivery group, could result in better overall tolerability.
Comparing the nasal spray with the oral delivery group,
nasal delivery showed a longer ¢,,,,, which may be related
to better tolerability due to less rapid escalation of serum
concentrations.

The study design sought to provide the most favorable
pharmacokinetic profile and variability attainable by oral and
rectal administration by requiring pretreatment fasting (ideal
for oral administration) and enemas (ideal for rectal admin-
istration). In everyday use, there is greater pharmacokinetic
variability if oral diazepam is taken with food.?***?> Also,
rectal administration could be affected by the fecal content of
the rectum, with a full rectum resulting in leakage of the med-
ication. Despite employing ideal conditions for administra-
tion of rectal diazepam, our study shows marked variability
in rectal diazepam pharmacokinetics. This is consistent with
past studies of rectal diazepam, with some subjects show-
ing negligible diazepam plasma levels after rectal diazepam
administration,'®!

Safety and tolerability data from this study demonstrated
that the use of intranasal diazepam (diazepam nasal spray)
with a nonionic alkylglycoside surfactant could provide an
alternative to rectal administration, which some patients re-
gard as cumbersome, particularly in adults. In addition, in
this healthy volunteer study, the safety and tolerability of di-
azepam nasal spray likewise compare favorably to oral diaz-
epam, another diazepam formulation with a well-known and
established safety profile.

As noted, the formulation of the diazepam nasal product
was designed to decrease pharmacokinetic variability, and
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therefore provide a potential treatment with reliable bioavail-
ability, in a convenient dosing form. Based upon the phar-
macokinetic results, overall tolerability, and nasal safety, we
conclude that this formulation may be a good addition to the
armamentarium for the treatment of cluster seizures. Thus,
diazepam nasal spray represents a potential novel therapeutic
approach to control cluster seizures.
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