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Abstract: In the US, 3 rescue treatment options are approved for patients with seizure clusters (ie, acute repetitive seizures), which are
intermittent increases of seizure activity. This narrative PubMed review of these 3 treatments examines newer intranasal options that are well
suited for adolescent and adult patients who may desire a transition from rectal treatment. Diazepam rectal gel is indicated for patients >2 years,
diazepam nasal spray for those >6 years, and midazolam nasal spray for those >12 years. Approvals for diazepam rectal gel and midazolam
nasal spray were based on safety and efficacy comparisons with placebo. Approval for diazepam nasal spray was based on results from long-
term safety and tolerability studies in addition to its comparable bioavailability to diazepam rectal gel, while also showing less interpatient
variability. The safety profiles of diazepam rectal gel and nasal spray are similar, and the medications share safety, warning, and precaution
labeling. Thus, patients >6 years could be introduced to intranasal diazepam, allowing for continuity of familiar treatment while improving
access and comfort. Intranasal midazolam also has a well-characterized safety profile. A proxy for effectiveness is the number of seizure
clusters that were treated with a single dose, and these differed in separate, noncomparative studies. The safety and effectiveness of diazepam
nasal spray have been examined in multiple subpopulations, whereas patient/caregiver experiences with both approved intranasal formulations
have been characterized. Users may prefer nasal administration because it is noninvasive and effective, and provides social advantages,
comfort, ease of use, and less variability compared with rectal gel. Nasal sprays are portable and convenient for use in the community (school,
work, travel), and self-administration was reported in one study, with patients as young as 11 years old self-administering diazepam nasal spray.
These newer, intranasal rescue treatments for seizure clusters provide an alternative to the rectal route.

Plain Language Summary: Some people with epilepsy may have seizure clusters, which are often defined as 2 or more seizures in a day
that are not part of their normal seizure pattern. Rescue treatments approved in the United States are diazepam rectal gel, diazepam nasal
spray, and midazolam nasal spray. These rescue drugs can help stop seizure clusters at home, school, or work. Diazepam rectal gel is for
adults and children ages 2 years or older. To give a rectal dose, the caregiver must pull down the patient’s underwear. Spraying nasal
treatment into the nose may be less embarrassing. Because some patients may want to switch their treatment, we looked for articles about
how to use these treatments and summarized what we found. Diazepam nasal spray is for patients ages 6 years or older and midazolam nasal
spray is for patients 12 years or older. Diazepam rectal gel and nasal spray use the same drug, and dosing is based on patient age and weight.
Midazolam nasal spray uses a different drug, and everyone uses the same dose. Some drugs may be more likely than others to need a second
dose for a seizure. Patients and caregivers (care partners) felt that diazepam nasal spray was easier to use than rectal gel. They were also more
comfortable using diazepam nasal spray in public. Patients as young as 11 years have used diazepam nasal spray by themselves. In all,

patients may prefer nasal treatment and now have options to change from rectal treatment of seizure clusters.
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Introduction

Seizure clusters, also known as acute repetitive seizures, are defined as intermittent increases of seizure activity (>2
seizures of any type) for a duration of up to 24 hours or longer that occur while on stable regimens of antiseizure drugs.'~
Approximately 25 years ago, diazepam rectal gel became the first US Food and Drug Administration (FDA)-approved
treatment for seizure clusters,’ filling an important unmet medical need for a rapidly effective, long-lasting treatment with
a favorable safety profile that was available to nonmedical caregivers in the community.' It was suggested that this at-
home treatment option had the potential to halve the need for visits to the emergency department.* Importantly, some
families reported less disruption of daily activities, work, and school and increased confidence that empowered them to
manage epilepsy and make long-term plans and travel.* However, although diazepam rectal gel is able to provide a large
dose volume with high bioavailability (90%), interpatient absorption is inconsistent with possible leakage (ejection of the
gel), the route of administration is associated with social concerns,'* it may be difficult for caregivers to position patients
for treatment (eg, large, fragile, and/or wheelchair-bound patients), and preparation for administration requires multiple
steps,® such as putting on gloves, cleaning the rectal area, and applying rectal lubricant.

Intranasal administration shares many of the same positive attributes as the rectal route while also providing improved
ease of use and avoiding first-pass metabolism."”* The less-invasive, socially acceptable administration may facilitate
use by adults and school-aged children at work, school, and social events, as well as empowering caregivers who might
not be comfortable with the more complex rectal administration. To date, there are 2 FDA-approved intranasal rescue
medications for use in the community to treat seizure clusters: one uses the diazepam molecule and the other uses the
midazolam molecule.

Methods

For this practical narrative review of recent literature for the 3 approved rescue therapies, the PubMed database was
searched for relevant terms (eg, diazepam rectal gel, midazolam nasal spray, diazepam nasal spray). The resulting papers,
which included all primary and secondary Phase 3 results for the approved medications, were assessed by the authors to
determine similarities and differences between agents and implications for patients who might prefer to switch to a new
treatment.

Results
Diazepam rectal gel is approved for use in patients >2 years of age, diazepam nasal spray is approved for use in those >6
years, and midazolam nasal spray is approved for those >12 years."’ Diazepam rectal gel and diazepam nasal spray use
similar age- and weight-based dosing strategies, whereas midazolam uses a single dosage irrespective of weight
(Table 1).°

Diazepam nasal spray uses the same active ingredient as diazepam rectal gel and incorporates vitamin E to enhance
solubility and an excipient to enhance transmucosal absorption.'”> The FDA approval of diazepam nasal spray was based
on its comparable bioavailability to diazepam rectal gel as a reference drug (97% vs 90%, respectively; bioavailability

112 while also showing less interpatient variability.'> Midazolam nasal spray

relative to intravenous administration),
incorporates organic solvents to enhance solubility (absolute bioavailability ~44%),'" and was approved based on safety
and efficacy comparisons with placebo'* but was not compared to diazepam rectal gel.

A clinical trial that examined safety and efficacy of midazolam nasal spray consisted of test-dose and comparative
phases.'* In the test-dose phase (n=292 [age <18 years, n=18; age 18 to <65 years, n=272; age >65 years, n=2]), patients
were administered two 5-mg doses of midazolam nasal spray 10 minutes apart to determine safety while under
observation. Thirty patients discontinued the trial following the test-dose phase, and 13 discontinued owing to
a treatment-related adverse event; 2 patients experienced clinically meaningful respiratory depression. Of the 262 patients
who entered the randomized, placebo-controlled comparative phase, 201 received at least 1 double-blind dose of
treatment. The proportion of patients who achieved treatment success (seizure termination within 10 minutes of
administration and no seizure recurrence from 10 minutes to 6 hours) was significantly greater with midazolam nasal
spray than placebo (54% vs 34%, P<0.0109). In the 6 month comparative phase, 28% of patients who received
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Table | Recommended Dosages for FDA-Approved Rescue Medications

Ages,y | Diazepam Rectal Gel® | Diazepam Nasal Spray'® | Midazolam Nasal Spray''

2-5 0.5 mg/kg Not approved® Not approved
® 6-10 kg, 5 mg
® |I-15kg 7.5 mg
® 16-20 kg, 10 mg
® 2|-25kg 12.5 mg
® 26-30 kg, 15 mg
® 3|1-35kg 17.5 mg
® 3644 kg, 20 mg
6-11 0.3 mg/kg 0.3 mgl/kg Not approved
® [0-16 kg, 5 mg ® [0-18 kg, 5 mg
® |7-25kg, 7.5 mg ® [9-37 kg, 10 mg
® 26-33 kg, 10 mg ® 38-55 kg, 15 mg
® 34-4] kg, 12.5 mg ® 56-74 kg, 20 mg
® 42-50 kg, 15 mg
® 5|-58 kg, 17.5 mg
® 59-74 kg, 20 mg
212 0.2 mg/kg 0.2 mgl/kg 5 mg (all weights)
® |4-25kg 5 mg ® [4-27 kg, 5 mg
® 26-37 kg, 7.5 mg ® 28-50 kg, 10 mg
® 38-50 kg, 10 mg ® 5[-75kg, 15 mg
® 51-62 kg, 12.5 mg ® 276 kg, 20 mg
® 63-75kg, 15 mg
® 76-87 kg, 17.5 mg
® 88-111 kg, 20 mg

Notes: *Phase 1/2a clinical study (NCT05076838, Stellina) is currently examining pharmacokinetics of diazepam nasal spray
in children aged 2-5 y.
Abbreviation: FDA, US Food and Drug Administration.

midazolam nasal spray alone reported at least 1 treatment-emergent adverse event (TEAE), 25% experienced a treatment-
related TEAE, and 1% reported a serious TEAE (not treatment-related).'* An open-label extension trial was conducted to
examine the long-term (median duration 16.8 months) safety and efficacy of midazolam nasal spray in a group of patients
from the randomized clinical trial.'*'> In this long-term study (n=161), treatment success occurred in 55% of treated
seizure episodes, and 57% of patients reported at least 1 TEAE.'> Treatment-related TEAEs were reported in 35% of
patients, 11% reported serious TEAEs, and 2% reported serious treatment-related TEAEs."”

The safety profiles of diazepam rectal gel and diazepam nasal spray are similar*'? and the medications share safety,
warning, and precaution labeling.®'® In the long-term clinical study of diazepam rectal gel (N=149 [age 2—5 years, n=33;
age 6-11 years, n=39; age 12-76 years, n=77]), somnolence occurred in 17% of patients (9% attributed to treatment).* In
the long-term clinical study of diazepam nasal spray, which included patients with history of status epilepticus or who
were receiving concomitant daily benzodiazepine treatment for epilepsy (n=163 [age 6—11 years, n=45; age 12-65,
n=118]), somnolence occurred in 7% of patients (<2% attributed to treatment); 6% of patients reported nasal discomfort
(mostly mild and transient).'? Intranasal midazolam also has a well-known safety profile including a warning about the
elevated risk of impaired recall/cognitive impairment for several hours after administration.'' In an open-label extension
trial of intranasal midazolam in patients aged >12 years without history of status epilepticus or chronic antiseizure
benzodiazepine therapy (n=161 [age <18 years, n=8; age 18—64 years, n=153]),'*'” nasal discomfort occurred in 12% of
patients and somnolence in 9%."°

The number of seizure clusters that were treated with a single dose—a proxy for effectiveness—differed in 3 separate,
noncomparative long-term safety studies.'® In the long-term study of diazepam rectal gel, 77% of seizure clusters were
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treated with a single dose during the 12-hour observation period,* whereas in the long-term study of diazepam nasal
spray, 87% of seizure clusters were treated with a single dose across 24 hours.'? In the long-term study of midazolam
nasal spray, 62% of seizure clusters were treated with a single dose within 6 hours.'> These results suggest that use
of second doses of rescue medication or subsequent need for hospitalization are potential factors to consider when
analyzing overall healthcare resource use; however formal comparative analyses of rescue medications are lacking.'®'”

Outcomes have also been assessed for specific subpopulations and quality-of-life endpoints. In the long-term study of
diazepam nasal spray (n=163), the safety and effectiveness in pediatric patients aged 6 to 17 years (n=78; nearly half of
total participants);'® those receiving FDA-approved, highly purified cannabidiol (n=23; 22 pediatric)'® or concomitant

12,21

benzodiazepines (n=125);'**° and those with seasonal allergies/rhinitis (n=93) were generally similar to the safety

and effectiveness observed in the overall total study population.'? Similarly, average frequency of use per month did not

affect safety or effectiveness profiles of diazepam nasal spray,'>*

and there were no observations of a clinically relevant
food effect during the clinical development program for this nasal formulation.®> The Quality of Life in Epilepsy
Inventory (QOLIE)-31-P was used to evaluate health-related quality of life in the diazepam study.>* Clinically mean-
ingful improvements in key domains of Seizure Worry and Social Functioning were reported, whereas overall QOLIE-
31-P scores were maintained over the 12-month study period in these patients with drug-resistant epilepsy. Overall
scores, as well as Seizure Worry and Social Functioning subscale scores, were higher in patients who self-administered
diazepam nasal spray, suggesting that self-administration may provide a greater sense of seizure control.**

In addition to outcomes of treatment success and standard adverse events, the long-term study of midazolam nasal
spray reported adverse events of special interest (AESI) as well as outcomes related to quality of life.*'> The most
common AESIs were in the prespecified categories of route of administration (primarily, nasal discomfort) and
potentially abuse-related (primarily, sedation) categories,'> but there were no adverse events indicative of abuse.'” For
quality of life, patients and caregivers completed the Short Form-12 Health Survey version 2 (SF-12v2).® Improvements
from baseline to the last visit were noted in several domains (eg, physical functioning, general health) of the SF-12v2.
Patients and caregivers also completed the Intranasal Therapy Impact Questionnaire, which assesses patient and caregiver
perceptions of how access to midazolam nasal spray affects their level of anxiety and confidence to travel with a portable
intranasal treatment. Patient and caregiver anxiety generally decreased over time; and at last study visit, 80% of patients
and 82% of caregivers agreed or strongly agreed about their confidence to travel with an intranasal spray they could take
with them. Patient experience with midazolam nasal spray was examined with the Treatment Satisfaction Questionnaire
for Medication, which consists of effectiveness, side effects, convenience, and global-satisfaction scores. Improvements
(satisfaction) from baseline at the final visit were reported for effectiveness, convenience, side effects, and global-
satisfaction scores, and general increases in satisfaction were noted in those with repeated use of midazolam nasal spray.®

Recently, a novel analysis was conducted post hoc to explore time between seizure clusters by examining the
potential association of change in SElzure interVAL (SEIVAL) over time with intermittent rescue therapy with diazepam
nasal spray.” In the long-term safety study, mean SEIVAL increased over the 12-month study period. In patients who had
>1 SEIVAL in each of four 90-day periods (excluding re-treatments for a single seizure cluster), mean SEIVAL increased
from 13.9 days at the beginning of the study (first 90-d period) to 26.8 days by the end of the study (last 90-d period), and
the pattern of increase in mean SEIVAL was similar regardless of whether patients had a change in drug or dose of
concomitant (daily) antiseizure drugs.?® Future studies are needed to fully explore the underlying reasons behind the
reduced use, and perhaps requirements for, diazepam nasal spray.

Patients and caregivers may prefer nasal to rectal administration. In the long-term diazepam nasal spray study,
patients and caregivers reported improved ease of use compared with rectal gel.” Administration of the nasal spray
requires fewer steps compared with the 14-step process for rectal gel that includes positioning the patient and preparing
the applicator.”® Ninety-four percent of caregivers and 78% of patients who self-administered medication rated admin-
istration of diazepam nasal spray as extremely easy or very easy, and 84% of patients overall indicated a preference to
continue with diazepam nasal spray based on convenience.’ In self-administering patients (reported in patients aged 11—
65 y), 67% were extremely, very, or somewhat comfortable with use of diazepam nasal spray in public. Almost two-
thirds (64%) of caregivers who had experience with diazepam rectal gel felt that it was not at all easy to use compared
with diazepam nasal spray, and 87% were not at all comfortable using diazepam rectal gel in public compared with
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diazepam nasal spray. Overall, 88% of both patients and caregivers preferred diazepam nasal spray rescue over diazepam
rectal gel.” In a systematic review of administration of midazolam for injection given intranasally and a benzodiazepine
given intravenously or rectally for acute seizure control, although all were considered to be effective, midazolam given
intranasally decreased the time from hospital arrival to seizure cessation, leading to overall faster cessation time (the
midazolam nasal spray formulation was not included in this analysis).?’ In a study of pediatric patients (mean age, 10.6 y;
range, 3-22 y), caregivers reported that ease of use, comfort, and efficacy were higher with midazolam delivered
intranasally compared with rectal diazepam.”® In another study in adults, an early intranasal midazolam spray formula-
tion (pH 4)* was preferred to diazepam rectal solution by 76% of caregivers and patients.*”

Notably, there are no special requirements associated with administration of either of the approved nasal spray
formulations, including head position.'®'" The 15- and 20-mg doses of diazepam nasal spray require the use of 2 sprays
or devices (one in each nostril) to provide the appropriate age- and weight-based full dose.'® Midazolam nasal spray
requires 1 spray (5-mg dose) for the initial dose, sprayed into 1 nostril, irrespective of patient weight."’

1011 gwing to class labeling.!" Thus,

Warnings and precautions for both intranasal and rectal formulations are similar
patients and their caregivers could be introduced to the intranasal options. Diazepam nasal spray is approved for patients
aged >6 years. Although diazepam spray is not approved for patients <6 years of age, an open-label, phase 1/2a clinical
study [NCT05076838, Stellina] is currently underway in children aged 2 to 5 years.>' Because the indication is similar to
the rectal gel, initiating diazepam nasal spray requires only prescription of the equivalent dose of diazepam with brief
training, which caregivers report to be easy.” Parents and caregivers may be comfortable transitioning to alternative,
easier routes of administration when there is a level of familiarity with the active agent (benzodiazepine). Midazolam
nasal spray provides an additional option for administration to patients aged >12 years. For patients at risk of respiratory
depression, administration under healthcare professional supervision should be considered before initiating at-home
treatment.'' The nasal sprays should be used in exactly the same situations for patients with epilepsy in accordance with
their approved minimum ages. Intranasal administration may address social concerns and provide convenience for
patients aged >6 years who would benefit from rescue medications that can easily transition from home to primary
education/school settings as well as other activities outside the home. Patients should not operate hazardous machinery or
a motor vehicle until the effects of diazepam or midazolam, such as drowsiness, have subsided.®'%!! For patients
initiating midazolam, prescribing information states that midazolam is associated with a high incidence of partial or
complete impairment of recall for several hours after an administered dose.'' For pediatric patients, particular care should
be taken to ensure safe ambulation.'’ The initial dose for midazolam nasal spray is a single spray into 1 nostril (5 mg)
and, if the patient has not responded to this dose, then a second 5-mg dose can be sprayed into the other nostril after 10
minutes. For diazepam nasal spray, if a second dose is required (if the patient has not responded to the first dose), then it
can be administered after 4 hours. For both nasal sprays, no more than 2 doses should be used to treat a single
episode.'®"'" These nasal sprays should be used to treat no more than 1 episode every 3 (midazolam nasal spray) or 5

days (diazepam nasal spray), with no more than 5 episodes treated per month for either drug.'®"!

Conclusion

The availability of these newer, intranasal rescue treatments for seizure clusters provides an alternative to the older
methods of benzodiazepine administration. Because intranasal treatments are of similar efficacy and safety and have been
shown to be preferred by many caregivers and patients, physicians should consider the potential benefits of ease of use,
social acceptability, reduced disruption to patients’ and caregivers’ daily activities, and empowerment to manage acute

seizure clusters.
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