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1. Summary of Application 

 

As detailed in the Summary Memorandum dated March 29, 2019, a Complete Response (CR) letter was 

issued to the applicant on March 29, 2019, for NDA 211321.  Although the NDA was otherwise 

approvable, there were deficiencies identified by the Center for Devices and Radiologic Health (CDRH) 

review regarding the manufacturing supervision and site for the device constituent of this combination 

product.  On April 12, 2019, the applicant submitted a complete response to the CR letter.  The CDRH 

review team has reviewed this submission and determined that these deficiencies have been 

satisfactorily addressed.  The CDRH team has issued an updated memorandum dated May 15, 2019, 

which recommends approval of this NDA. 

 

The Division of Medication Error Prevention and Analysis (DMEPA) has updated its approval of the 

previously negotiated labeling and of the proposed proprietary name “Nayzilam”.  The DMEPA review 

recommends approval of the application. 

  

2. Recommendation 

The deficiencies identified by the CDRH review team during the review of the initial application were 

the only basis for the March 29, 2019, CR action.   As discussed above, the CDRH reviewers have 

determined that these deficiencies have been adequately addressed in the current submission.  Therefore, 

this application is approvable.   
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1. Benefit-Risk Assessment 

 
Benefit-Risk Assessment Framework 

 

Benefit-Risk Integrated Assessment 
 

Intranasal (IN) midazolam is proposed for the acute treatment of patients with seizure clusters. Seizure clusters (also called acute repetitive 

seizures) occur in a small subset of patients with epilepsy and are typically defined as intermittent, stereotypic episodes of frequent seizure 

activity that are distinct from a patient’s usual seizure pattern. Seizure clusters may progress, untreated, to status epilepticus, a life-threatening 

emergency. Therefore, many patients with seizure clusters require a rescue plan for treatment of their clusters to prevent progression to prolonged 

seizures. The only approved treatment for seizure clusters is rectal diazepam, which is progressively more difficult to administer as patients get 

older. It is not always practical or convenient to use rectal diazepam, especially in seizure clusters where a patient may be awake and alert in 

between their brief seizures.  

 

The efficacy of IN midazolam was demonstrated in a single, randomized, double-blind, placebo-controlled clinical trial (Study 401). The trial 

was conducted in epilepsy patients age 12 years and older, with a history of documented, recognizable, seizure clusters. 292 patients were 

initially given an in-clinic test dose in the absence of a seizure to assess tolerability (IN midazolam 5 mg followed by a subsequent IN midazolam 

5 mg dose after 10 minutes), with monitoring of vital signs and laboratory tests.  The 262 patients who tolerated the test dose were then 

randomized in a 2:1 ratio to receive either blinded IN midazolam 5 mg or placebo, respectively, to be given by a caregiver, in an outpatient 

setting, at the time of their next seizure cluster. An optional, open-label, second 5 mg dose, to be administered at least 10 minutes after the initial 

dose, was permitted for patients who did not respond to the first dose. 201 patients treated a seizure cluster in this phase (134 received an initial 

blinded IN midazolam dose and 67 received an initial blinded placebo dose). The primary efficacy endpoint for the trial was proportion of 

patients who achieved treatment success, defined as the termination of seizures within 10 minutes with no recurrence of seizures within 6 hours. 

The proportion of patients who were a treatment success was statistically significantly higher in the IN midazolam group (53.7%) compared to 

the placebo group (34.3%).  IN midazolam-treated patients also had a median 43% longer time to their next seizure and a lower recurrence of 

seizures within 10 minutes to 4 hours after the initial dose of blinded study drug (38.1% versus 59.7% on placebo).  

 

The benzodiazepine drug class has a well-characterized safety profile. Parenteral midazolam is known to cause sedation and respiratory 

depression, especially in the setting of certain concomitant medications (e.g., those that increase exposure and/or also cause respiratory 

depression) or pre-existing respiratory disease. The safety profile of IN midazolam was acceptable, with evidence of somnolence which resolved 

within 4 hours observed most commonly.  Transient adverse events related to the route of administration, including nasal discomfort, throat 
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iITitation, and increased eye lacrimation were also observed and generally resolved within 30 minutes of dosing. Although the data were limited, 
there was no evidence of nasal mucosa toxicity or olfactory toxicity. The application also included references to published literature which, while 
of limited interpretability, suggest a lack of nasal mucosa toxicity with potentially more in1tating fo1ms of IN midazolam. 

There was no clinically significant respiratory depression observed in the outpatient phase of the controlled efficacy trial, and only a few mild 
events in the test-dose phase that resulted in discontinuation. Proper training for caregivers on administration and monitoring for when to seek 
fmiher care can alleviate the majority of the risks. Because of the risk of dependence and tachyphylaxis associated with chronic use of 
benzodiazepines, treatment frequency should not exceed every 3 days or more than 5 times per month. Labeling will largely confo1m to the 
established safety class-labeling for benzodiazepine diugs. 

The safety of the device constituent parts of the diug-device combination product were found to be not approvable during this review cycle; 
therefore, although the application is othe1w ise approvable, a Compete Response action is required. 

Benefit-Risk Dimensions 

Dimension Evidence and Uncertainties 

• Seizure clusters are intennittent, recuITent, stereotyped, and 
recognizable episodes of increased seizure activity that differ from 
epilepsy patient's typical non-cluster seizure activity. 

• Seizure clusters occur in a small subset of patients with epilepsy. 
• Seizure clusters may lead to life-threatening episodes of prolonged 

seizures and/or status epilepticus. 
• Seizure clusters require frequent trips to the emergency room for 

seizure stabilization. 
• Patients often require a "rescue treatment" for their seizure clusters. 

• The only FDA-approved treatment for seizure clusters is rectal 
diazepam, which is approved for the management of patients with 
epilepsy who require inte1mittent use of diazepam to control bouts of 
increased seizure activity. 

• Rectal diazepam has many practical di·awbacks including difficulties 
with adininistration social sti na and atient com liance. 

CDER Cross Discipline Team Leader Review Template 
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Conclusions and Reasons 

Seizure clusters are serious and potentially life
threatening episodes that occur in a small 
subset of patients with epilepsy. They result in 
the frequent use of emergency medical services 
and have the potential to progress to status 
epilepticus in severe cases. 

The only cmTently FDA-approved treatment for 
seizure clusters is rectal diazepam which is 
often not practical for patients over a ce11ain 
age because of the size of the patients, 
difficulty with adininistration, and/or social 
stigma. These problems can result in poor 
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Dimension Evidence and Uncertainties 

• Other benzodiazepines are often prescribed off-label as rescue 
treatment for seizure clusters. 

• Parenteral midazolam is not indicated for the treatment of seizure 
clusters and is sometimes dosed off-label intranasally through a 
syringe which has potential risks of misuse, inaccurate dosing, or 
local toxici from the low H. 

• In a single, adequate, and well-controlled pivotal study (Study 401), 
IN midazolam 5mg single-dose nasal spray, used in an outpatient 
setting, demonstrated effectiveness compared to placebo in the 
prop01tion of patients who met the definition for treatment success 
defined as the tennination of seizure within 10 minutes and no 
seizure recmTence for 6 hours after dose (53.7% versus 34.3%; p = 

0.0069). 
• IN midazolam-treated patients had a median 43% longer time to their 

next seizure compared to placebo. 
• IN midazolam-treated patients had a lower incidence of seizure 

recmTence between 10 minutes and 4 hours following blinded study 
chug achninistration compared to placebo (38.1 % versus 59.7%, 
respectively). 

• Benzodiazepines, as a class, have previously demonstrated benefit in 
the treatment of various seizure types and epilepsies, including status 
epilepticus providing additional context for the interpretation of the 
controlled efficac trial submitted with the a lication. 

• IN midazolam was generally well-tolerated in patients age ~ 12 years 
of age. 

• The safety profile ofbenzodiazepines is well-characterized, with 
known risks including sedation and respiratory depression. 

• There were no concerning new safety signals for IN midazolam. 
• Respirato1y depression was not seen when IN midazolam was 

achninistered in the outpatient phase of the controlled efficacy trial 
for treatment of seizure clusters. 

CDER Cross Discipline Team Leader Review Template 
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Conclusions and Reasons 

compliance with rescue treatment plans. Off
label prescribing of other benzodiazepine chugs 
for seizure clusters can cause significant safety 
concerns and is not supported by data. 

This application has established the 
effectiveness of IN midazolam for the acute 
treatment of seizure clusters. IN midazolam
treated patients had clinically meaningful and 
statistically significant increases in seizure 
cluster tennination and decreases in recurrence 
(for up to 6 hours) compared to placebo. This 
finding is contextualized by the established 
efficacy of many benzodiazepine chugs for the 
treatment of a range of epilepsy diagnoses and 
seizure types. 

IN midazolam was generally well-tolerated, 
with no major safety findings and no clear 
evidence of nasal or mucosal toxicity. The 
adverse event profile of IN midazolam is 
acceptable, and consistent with known adverse 
reactions for benzodiazepines. Somnolence was 
common, but respirato1y depression does not 
appear to be a concern at the proposed dosage. 
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Dimension Evidence and Uncertainties 

• The most common treatment-emergent adverse effects (TEAEs) 
include somnolence and route of administration adverse effects 
(AEs) such as nasal discomfort, throat in1tation, and eye lacrimation. 

• The route of administrntion AEs are trnnsient and mostly resolved 
within 30 minutes of administration. 

• The observed somnolence tended to be transient and patients were 
mostly awake within 4 hours and back to functional baseline within 
24 hours. 

• The published literature does not suggest any evidence of nasal 
mucosal toxicity or olfactory toxicity with a potentially more 
initating fonnulation of intrnnasal midazolam. 

• The device is easily actuated and may waste the dose if caregiver 
does not have proper training prior to administration. 

• There are associated risks with chronic use and dependence, as well 
as potential withdrawal symptoms from chronic daily use of 
benzodiazepines. 

• Dmg-dmg interactions with moderate and strong CYP3A4 inhibitors 
can significantly reduce midazolam clearance and result in higher 
exposures and more pronounced central nervous system depressant 
effects. 

• The safety of the device constituent parts of the dmg-device 
combination product were found to be not approvable during this 
review cycle; therefore, although the application is othe1w ise 
approvable, a Compete Response action is required. 

CDER Cross Discipline Team Leader Review Templat e 

Version date: October 10, 2017 for all NDAs and BLAs 
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Conclusions and Reasons 

Use in the outpatient, community setting will 
require proper patient and caregiver training for 
instmctions on when to use, how to administer, 
and a rescue plan for when to seek further care. 

Concomitant use with strong CYP3A4 
inhibitors will be contraindicated. Labeling for 
will state that use with concomitant moderate 
inhibitors of CYP3A4 is not recommended 
unless benefits outweigh risks. 

A test dose, while not required, should be 
considered for high-risk patients. 

Labeling will indicate that because of concerns 
of tachyphylaxis and dependence, IN 
midazolam should be administered no more 
than eve1y 3 days and no more than 5 times 
monthly, the treatment frequency studied 
treatment in the open-label long-te1m safety 
study. 

Because of the deficiencies related to the 
constituent paiis of the dmg-device 
combination, the application requires a 
Com lete Res onse action. 
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2.  Background 

 

This new drug application (NDA) provides data intended to support the safety and 

effectiveness of intranasal (IN) midazolam for the acute treatment of intermittent, stereotypic 

episodes of frequent seizure activity (i.e., seizure clusters, acute repetitive seizures) that are 

distinct from a patient’s usual seizure pattern in patients with epilepsy 12 years of age and 

older (for conciseness, this memorandum will refer to the indication as “seizure clusters”).  

 

Midazolam, a short-acting benzodiazepine, was initially approved in the United States (US) in 

1985 under the trade name Versed (NDA 018654); a parenteral formulation. Midazolam is 

currently marketed in the US as a generic drug in intravenous (IV) and intramuscular (IM) 

dosage formulations for adults and children for sedation/anxiolysis/amnesia, induction of 

anesthesia prior to administration of other anesthetic agents, and for sedation of intubated and 

mechanically ventilated patients. Most recently, Seizalam, an IM injection formulation of 

midazolam, was approved (September 2018) for the emergency treatment of status epilepticus 

in adult patients.  Seizalam is only administered by trained healthcare professionals. The 

Seizalam approval was the first approval in the US for midazolam in the treatment of seizures. 

 

Benzodiazepine drugs are thought to be effective for the treatment of seizures based on their 

ability to enhance gamma-aminobutyric acid (GABA)-mediated inhibition as GABA is the 

principal inhibitory neurotransmitter in the cerebral cortex. 

 

The applicant is seeking the approval under the 505(b)(2) pathway of a midazolam single-use 

drug-device product for nasal inhalation in the outpatient treatment of seizure clusters.  

Efficacy and safety data are derived from a randomized, double-blind, placebo-controlled trial 

(Study 401). The application also relies on data concerning clinical pharmacology and 

nonclinical pharmacology-toxicology from Versed (NDA 018654) as the listed drug (LD). 

Since Versed is no longer marketed, the applicant relies on the Orange Book reference 

standard midazolam hydrochloride injection (Hospira Inc., ANDA 075857) for labeling.  The 

applicant also cites articles from the published literature as supporting data for the proposed 

indication.   

 

3.  Product Quality  

The technical lead on the Office of Product Quality (OPQ) review was Dr. Wendy Wilson-

Lee. Dr. Wilson-Lee’s review lists the entire OPQ team that was involved with the review of 

this application. Refer to the OPQ review for details of the product quality assessment.   

 

Stability and release testing were found to be acceptable. The specified impurity limits were 

found to be acceptable based on the qualification studies. The microbial quality of the active 

pharmaceutical ingredient (API) and drug product were found to be adequate. There were no 

outstanding issues identified in the OPQ review, and all of the drug manufacturing facilities 

for this product were found to be acceptable. 
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Device Deficiencies 

 

Matthew Ondeck, from the Center for Devices and Radiologic Health (CDRH), conducted a 

review of the device constituent of the combination product.  The device is a single use device 

capable of delivering a 0.1 ml volume of the drug product intranasally.  The final 

recommendation of the CDRH review is that the device constituent parts of the drug-device 

combination product are not approvable as outstanding issues remain with respect to the new 

device manufacturer, UCBBioPharma; a site inspection is also recommended for this 

manufacturer.  Based on the CDRH conclusions, although the application is otherwise 

approvable, a Complete Response action is required. 

 

4.  Nonclinical Pharmacology/Toxicology 

 

The nonclinical review was written by Drs. Edward Fisher and Lois Freed (the supervisory 

reviewer) and recommends approval of this application. 

 

The nonclinical review notes that the current application relies on the previous finding of safety 

and the nonclinical mechanism of action, safety pharmacology, PK, and toxicology information 

for the LD, Versed.  

 

Since IN midazolam has a different route of administration from the LD (IV and IM), the 

applicant conducted 5 nonclinical IN toxicity studies, including a juvenile rat study.  These 

studies did not indicate any unexpected toxicity associated with the IN administration of 

midazolam to rats and dogs at doses greater than those to used clinically, both on a body surface 

area and nasal surface area basis.  

 

Two degradants of IN midazolam (designated A and B) were identified in stability studies at 

levels that reach or exceed the International Conference on Harmonization (ICH) qualification 

threshold of 50 μg or 0.5% for a drug product having a maximum daily dose of 10 mg. The 

applicant had set a specification limit of % for each impurity.  However, for a chronic 

intermittent indication, a 3-month toxicity study would generally be needed to qualify an 

impurity (ICH Q3B(R2)). Because levels of the degradants were low in the drug batches 

(< %) used in the pivotal toxicity studies, the completed studies are inadequate to qualify the 

impurities at the % specification limit. Therefore, the specification limit for each impurity 

needs to be lowered to the qualification threshold. According to the Agency’s CMC reviewer 

(Dr. Stephanie Emory), this would require shortening the expiry to 18 months. In preapproval 

negotiations, the applicant has agreed to shorten the expiry to 18 months.  

   

5.  Clinical Pharmacology 

 

Reference ID: 4411972Reference ID: 4436994
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The Office of Clinical Pharmacology (OCP) review was written by Drs. Jagan Parepally and 

Angela Men (the supervisory reviewer). OCP recommends approval of this application. 

 

Overall, there were nine Phase 1 studies that contributed to the pharmacokinetic (PK) data 

provided in the application, including studies in healthy subjects, a drug abuse liability study 

in patients with a history of recreational drug use, and studies in patients with epilepsy in the 

absence of a seizure. In the Phase 3 development program, patients were generally only 

administered study drug in the outpatient setting by a caregiver, and therefore, PK data is only 

available from the in-clinic Test Dose Phase of Study 401 which occurred in a monitored 

setting.  

 

The applicant also conducted a Population PK (PopPK) analysis to provide further 

characterization of the PK profile of midazolam and its active metabolite 1-hydroxy-MDZ (1-

OH-MDZ) after IN administration. This analysis is based on over 10,000 plasma samples 

collected from 602 patients from 6 of the clinical pharmacology studies and the 3 Phase 3 

studies.  

 

The application also referenced clinical pharmacology data from the LD (Versed) and the 

available literature.  

 

Based on the information provided in this application, the OCP review concludes the 

following: 

 

• IN midazolam is consistently and extensively absorbed, as demonstrated by measurable 

midazolam plasma concentrations by 5 minutes post-dose in most subjects and 

achievement of maximum observed plasma concentrations (Cmax) within 10 to 15 

minutes post-dose. 

• There is an estimated absolute bioavailability of approximately 44.4% and the 

estimated between-subject variability for midazolam exposure ranged from 16 – 39% 

demonstrating consistent absorption of midazolam.  

• Approximate dose-proportionality across the total dose range proposed (5 mg with the 

option to give a second 5 mg dose after 10 minutes) for use in adults and adolescents 

with little to no increase in exposure observed at doses above this range, potentially 

providing a safety benefit by limited exposure in the case of accidental or intentional 

overdose.  

• Limited first-pass metabolism with IN administration reduces the drug-drug interaction 

(DDI) potential compared to oral administration.  

• Across the total dose range studied (1.25 mg to 20 mg) the midazolam apparent 

terminal half-life ranged from 2.1 to 6.2 hours and was independent of dose.  

• Plasma concentrations of 1-OH-MDZ peaked later than midazolam (approximately 1 

hour) because of the time required for metabolic formation by CYP3A4/3A5 in the 

liver.  

• Consistent with being formed via hepatic metabolism of midazolam, similar dose-

limited exposure to 1-OH-MDZ was observed.  

The OCP review also makes the following additional observations: 
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• PK was similar in adolescent and adult subjects and age was not a significant covariate 

for efficacy or safety (although the available data are limited); therefore, age does not 

appear to be an important factor for dosing. 

• Mean systemic exposures were 21-45% higher in geriatric subjects as compared to 

non-geriatric subjects; therefore, geriatric patients may take longer to recover from the 

midazolam NS effects.  

• No renal impairment studies done by the applicant, although the applicant provided 

literature to suggest that there would be higher exposures in patients with severe renal 

impairment. 

• No studies on hepatic impairment were done by the applicant, but the LD is known to 

have reduced clearance in hepatic impairment. 

• DDIs were not studied by the applicant.  The population-based PK (PBPK) modeling 

provided with the application intended to address DDIs was determined to be 

inadequate.   

6.  Clinical Microbiology  

Not applicable. 

7.  Clinical/Statistical- Efficacy 

 

Dr. Emily Freilich was the clinical reviewer for this application. Dr. Xiang Ling was the 

biometrics reviewer and Dr. Kun Jin was the biometrics Team Lead. 

 

Study 401  

 

A single clinical trial, Study 401, was intended to provide substantial evidence of the 

effectiveness of IN midazolam for the treatment of seizure clusters. 

Study 401 was a randomized, double-blind, placebo-controlled trial that enrolled patients with 

epilepsy on a stable regimen of antiepileptic drugs who were identified by their physicians as 

having intermittent, stereotypic episodes of frequent seizure activity that were distinct from the 

patient’s usual seizure pattern.  

Study 401 was conducted in two phases: an open-label Test Dose Phase followed by a 

randomized, double-blind, placebo-controlled, Comparative Phase.  

In the Test Dose Phase, tolerability was assessed in 292 patients who, in the absence of a 

seizure, received two 5 mg doses of IN midazolam (10 mg total dosage) separated by 10 

minutes. Patients were excluded from participation in the Comparative Phase if they failed to 

meet pre-defined blood pressure, heart rate, sedation, electrocardiogram, and peripheral 

oxygen saturation criteria. 
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In the Comparative Phase, 262 patients were randomized in a 2:1 ratio to receive either IN 

midazolam or placebo, respectively. Of these 262 patients, 201 patients received either a 

blinded dose of IN midazolam 5 mg (134 patients) or placebo (67 patients) for the treatment of 

a single seizure cluster episode in an outpatient setting.  If the seizure activity persisted or 

recurred, patients in both groups had the option to receive a subsequent unblinded dose of IN 

midazolam 5 mg to be used between 10 minutes and 6 hours after administration of the initial 

blinded dose of study drug.  

The median age of the patients was approximately 33 years, with 5% of patients less than 18 

years of age.  The percentage of females was 49% in the IN midazolam group and 55% in the 

placebo group.  The majority of patients were either White (93% and 97%, for IN midazolam 

and placebo groups, respectively) or Black/African American (2.2 and 1.5%, for the IN 

midazolam and placebo groups, respectively). Patients experienced seizure clusters for a 

median of 5 years prior to enrollment, with a median of 18 seizure cluster episodes in the past 

year and a median of 6 seizures per episode.  Demographic factors were reasonably balanced 

between the treatment arms.  

The primary efficacy endpoint for Study 401 was treatment success, defined as the termination 

of seizures within 10 minutes after the initial blinded dose of study drug and the absence of a 

recurrence of seizures within 6 hours of the initial blinded dose of study drug.  The following 

table, reproduced based on Dr. Ling’s review, displays the results of the primary efficacy 

analysis. 

Table 1: Primary Endpoint Results: Treatment Success (Study -401)  

 

 

IN midazolam 

(N=134) 

Placebo 

(N=67) 

Treatment success (%) 53.7 34.3 

95% CI  (45.3, 62.2) (23.0, 45.7)  
p-value 0.011  

The trial was originally planned to have 132 completed patients.  However, as Dr. Ling notes, 

the applicant increased the sample size to 240 patients based on external published data 

suggesting the potential for a higher than expected placebo response.  Additionally, the 

applicant also introduced 3 planned interim analyses (IAs) to occur after 132, 165, and 204 

patients completed the Comparative Phase.  These IAs were intended to allow for the 

possibility of stopping the trial based on prespecified rules for efficacy or futility.  However, 

prior to the conduct of the 3rd IA, the applicant terminated the trial based on what was 

described as business reasons not related to efficacy or safety.  

Dr. Ling’s review notes that the first 2 IAs did not meet the criteria for trial termination.  The 

first IA, conducted when 132 patients completed the Comparative Phase, yielded a 1-sided p-

value of 0.1644 relative to a pre-specified 1-sided alpha of 0.0166.  The second IA, conducted 

when 165 patients completed the Comparative Phase, yielded a 1-sided p-value of 0.0293 

relative to a pre-specified 1-sided alpha of 0.0094.  As noted, the 3rd planned interim analysis 

was not conducted because the trial was stopped early.  Dr. Ling’s review discusses the impact 

of the trial’s early termination on the applicant’s proposed analysis of the primary efficacy 

endpoint. Ultimately, Dr. Ling concludes that the applicant’s proposal to conduct the final 

efficacy analysis at a 2-sided significance level of 0.017 is a reasonable approach in the current 
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situation. Therefore, Dr. Ling finds that Study 401 is positive with respect to the primary 

efficacy analysis. 

Dr. Ling also performed a series of sensitivity analyses whose results were consistent with the 

primary efficacy analysis. 

Dr. Ling’s review further notes that the statistical analysis plan (SAP) for Study 401 did not 

clearly specify an alpha level for the testing of the secondary endpoints in the setting of the 

conducted IAs and premature discontinuation.  Therefore, Dr. Ling used a conservative 

approach, testing the secondary endpoints at the same alpha level of 0.017 (2-sided) as was 

specified for the primary endpoint analysis.  Multiplicity-controlled secondary endpoints that 

were tested in this manner included the time to next seizure and the proportion of subjects with 

a seizure recurrence(s) within 4 hours, both starting from 10 minutes after the blinded dose of 

study drug.  With respect to the analyses of both of these endpoints, Dr. Ling discusses the 

consideration that the results could be confounded by if and when the seizure being treated by 

the double-blind study drug was terminated.  For example, if the initial seizure stopped later, a 

poor result for the primary endpoint, a subsequent seizure may also start later, a favorable 

result for the secondary endpoints.   

The median time to next seizure was 12.1 hours for the placebo group.  This value could not 

be estimated for the IN midazolam group as less than half of the patients experienced a seizure 

between 10 minutes and 24 hours after study drug administration.  The log-rank test yields a 

statistically significant difference between the two groups in favor of IN midazolam with 

respect to the time to next seizure (p=0.0124; 2-sided).   

A total of 51 patients (38%) in the IN midazolam group and 40 patients (60%) in the placebo 

group experienced a recurrence of seizure(s) from 10 minutes to 4 hours after the blinded dose 

of study drug.  This difference was statistically significant (p=0.0043; 2-sided). 

Analysis by gender revealed no substantial differences in treatment response. Informative 

subgroup analyses by age and race were not possible because of the small percentage of 

patients less than 18 years of age or 65 years of age or greater, and of non-White patients in the 

study. 

   

Published Literature 

The applicant provides literature references for a few trials that have evaluated the use of IN 

midazolam (in other formulations) in similar patient populations that it believes are supportive 

of the its approach to dose-selection and of the efficacy of midazolam in the treatment of 

seizures. However, these studies are of limited interpretability given the potential for 

publication bias and the lack of available datasets for review; therefore, they are not capable of 

contributing to the substantial evidence of effectiveness in the current application.   

 

Integrated Assessment of Efficacy 

 

I agree with the conclusions of Drs. Freilich and Ling that the applicant has established the 

effectiveness of midazolam for the treatment of seizure clusters.  The results of the primary 
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efficacy analysis from Study 401, defined as a comparison between the treatment arms with 

respect to the percentage of patients who experienced both seizure resolution within 10 

minutes of the blinded dose of study drug and who had no recurrence within 6 hours, was 

statistically significant in favor of IN midazolam.  This result was positive in the setting of a 

conservative approach to the analysis necessitated by the trial’s history of IAs and premature 

discontinuation for reasons not related to safety or efficacy.  The result of the primary efficacy 

analysis is also supported by sensitivity analyses conducted by Dr. Ling.  Dr. Ling cautions 

that the analyses of the multiplicity-controlled secondary efficacy endpoints are potentially 

confounded by the response of the seizure cluster treated by the initial blinded dose of study 

drug.  With this caveat in mind, the analyses of both the time to next seizure and the recurrence 

of seizures within 10 minutes to 4 hours were statistically significant in favor of IN midazolam 

using a conservative analysis. 

 

The strength of the results of Study 401 is sufficient to establish the effectiveness of IN 

midazolam for the treatment of seizure clusters. As Dr. Freilich notes in her review, a number 

of benzodiazepine drugs have established effectiveness for the treatment of a range of different 

epilepsy diagnoses and seizure types, including IM midazolam for the treatment of status 

epilepticus.  This history provides additional supportive context for the interpretation of the 

results of Study 401.   

 

8.  Safety 

 

Dr. Emily Freilich conducted the clinical safety review of this application.  

 

The primary focus of Dr. Freilich’s safety review was the randomized controlled data from 

Study 401. The safety review also included a summary of adverse events (AEs) that were 

notable in Study 301; a negative randomized controlled study of IN midazolam in a different 

patient population (i.e., patients in an epilepsy monitoring unit [EMU] who had withdrawal 

seizures caused by the discontinuation of their anti-seizure medications). The open-label 

extension trials for both Study 401 and 301 were also evaluated (Studies 402 and 408, 

respectively). 

 

A total of 361 patients received treatment in the Phase 3 studies (Study 401, 402, 408, and 

301), and a total of 232 were randomized and treated in the double-blind, controlled phase of 

Studies 401 and 301.  There were a total of 627 patients and healthy subjects were exposed to 

at least one dose of IN midazolam if all Phase 1 studies are also included in the safety 

population.  

 

The applicant also provides data from the published literature intended to support the the local 

safety and tolerability of IN midazolam. 

 

The following are the principal conclusions of Dr. Freilich’s safety review of the application: 

Deaths 
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No deaths occurred in the development program.  

Serious Adverse Events 

In the Comparative Phase of Study 401, there were 2 serious adverse events (SAEs) in 2 

patients: these SAEs consisted of both patients having a seizure cluster similar to their baseline 

clusters without likely relationship to the study drug. Neither SAE resulted in discontinuation 

from the study.  

 

In the Test Dose Phase of Study 401, there were 18 SAEs which occurred in 14 patients. Of 

those that occurred within 48 hours after treatment, there were 2 SAEs that occurred in 2 

patients (decreased responsiveness) that disqualified them from enrolling into the randomized 

portion of Study 401. As noted by Dr. Freilich, neither patient was in clinical distress. The 

remaining 12 patients in the Test Dose Phase had SAEs which occurred more than 48 hours 

after study drug administration and were thus unlikely to be related to the study drug.  

 

In the open-label extension Study 402, there were 45 SAEs in 18 patients. The only events to 

occur in more than 1 patient were those related to seizures (seizure cluster, convulsion, 

epilepsy, and status epilepticus).  For those clinically relevant SAEs that occurred with 48 

hours after the dose of study drug, there were 8 patients who had 13 SAEs. Among those, the 

SAEs were seizure cluster (3), status epilepticus (2), convulsion (3), epilepsy (1), BP increased 

(1), and seizure cluster, pyrexia, and nausea concomitantly in one patient. SAEs led to 

discontinuation in only two patients, and these SAEs did not occur within 48 hours of drug 

administration.  

 

There were no recorded SAEs in Study 301 or Study 408.  

 

Dropouts and/or Discontinuations Due to Adverse Effects 

There were no treatment-emergent AEs (TEAEs) in the Comparative Phase of Study 401 that 

led to discontinuation.  

 

In Test Dose Phase of Study 401, there were 16 patients with a total of 30 TEAEs who 

discontinued because of an adverse event. The TEAEs leading to discontinuation that occurred 

in more than 1 patient were sedation (4), oxygen saturation decreased (3), somnolence (3), and 

throat irritation (2), all of which occurred within 48 hours of study drug administration.  

 

In the open-label extension study for Study 401 (Study 402), there were four patients who 

discontinued due to TEAEs. Two of them were SAEs and are outlined above. The other two 

were related to nasal irritation and somnolence.  The were no AEs leading to discontinuation in 

Study 408. 

 

Significant Adverse Events 

Significant adverse events discussed in this section include TEAEs that were coded as severe 
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in intensity, as well as TEAEs that were indicative of olfactory toxicity (an AE of special 

interest).  

 

In the Comparative Phase of Study 401, there were 6 severe TEAEs in 4 patients, all of which 

started within 48 hours of study drug administration. None of them were also classified as 

SAEs. They were headache, nausea, vomiting, nasal discomfort (2), and somnolence.  In the 

Test Dose Phase, there were 27 severe TEAEs in 20 patients.  Of these severe AEs, four AEs 

led to discontinuation and are discussed above.  Of those that occurred within 48 hours of test 

dose being given, 11 patients had 13 severe TEAEs, which included eye irritation or pain, 

sedation, cough, oropharyngeal pain, nasal discomfort (2), and somnolence (7).  

 

TEAEs that were in the respiratory class were of special interest to the development program 

because of the known potential for benzodiazepine drugs to cause  respiratory depression. 

There were no respiratory-related TEAEs in the Comparative Phase for Study 401.  

 

In the Test Dose Phase for Study 401, there were 12 respiratory-related TEAEs reported in 10 

patients. Among these, 6 patients had respiratory-related TEAEs that occurred within 48 hours 

of the study drug administration and that led to discontinuation from the study. Of these 6 

patients, the respiratory-related TEAEs were mild in the majority of patients, including oxygen 

desaturations just below 90% that were self-limited or resolved rapidly in a few patients. One 

patient had a decreased respiratory rate from 14 to 10 breaths per minute that was not clinically 

significant.  

 

In Study 402, only 2 patients were flagged as having respiratory-related TEAEs. One patient 

experienced a mild TEAE of oxygen saturation low that did not lead to discontinuation, and 

this patient treated 73 clusters over a period of 50 months. Another patient was diagnosed with 

sleep apnea, not related to a study drug treatment, which did not lead to discontinuation and 

the patient was enrolled for 20 months and treated 15 seizure clusters with no other related 

TEAEs. There were no respiratory-related TEAEs in Study 301. 

 

There were no TEAEs in the development program that were indicative of olfactory toxicity. 

Nasal examinations revealed no nasal abnormalities recorded as clinically significant at any 

visit.  Dr. Freilich’s review also discussed published literature provided by the applicant that 

was intended to support the olfactory safety of IN midazolam.  Although these publications are 

of limited interpretability because of the lack of subject level data, they appear to be consistent 

with the lack of subjective and objective olfactory toxicity noted in the current development 

program.  

  

Treatment Emergent Adverse Events and Adverse Reactions 

The following table, reproduced from Dr. Freilich’s review, summarizes the most comment 

TEAEs in the Test Dose Phase of Study 401 (where all patients received a total dose of 10 mg; 

5 mg followed by 5 mg after 10 minutes).  
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!Adverse Event 
!Nervous System 

Somnolence 
Sedation 

Dizziness 
[Application Site AEs 

Nasal discomfor1 
Product taste abnormal 

Throat itritation 
RhinoIThoea 

Oropharvnlleal pain 

Sneezinii 
Coull Ii 

!Eye Disorders 

Lacrimation increased 
Eve in-itation and pain 

2o/c f h T D e Population in Study 401 0 0 t e est- OS 
0Ai Total 

N" N= 292 

29 10% 
10 3% 

8 3% 

53 18% 
17 6% 
15 5% 

14 5% 
11 4% 

5 2% 

6 2% 

20 7% 

5 2% 
•Includes TEAEs that occuITed within 48 how·s of chug administration 
Source: Clinical Reviewer's Analysis of Study 401 ADAE dataset 

The following table, reproduced from Dr. Freilich's review, summarizes the most common 
TEAEs in the Comparative Phase of Study 401. 

Table 3 Table of Comparative Phase AEsa that are~ 2% in IN Midazolam Treatment group and 
Greater than Placebo 

IN Midazolam 
Placebo + 
5 mgIN IN Midazolam IN Midazolam 

!Adverse Event a nd System Placebo Midazolam 
N = 26 N = 41 

(%) (%) 

!Nervous Svstem 
Somnolence 4 10 

Headache 0 0 
Dysarthria 0 2 

A.Pnlication Site AEs 
Nasal Discomfo11 8 7 

Throat Itritation 0 2 
RhinoIThoea 0 0 

Product Taste Abnormal 0 0 
!Eye Disorders 

Lacrimation Increased 0 2 
•Includes AEs that occw1·ed within 48 how·s of dmg administration 
Source: Clinical Reviewer's Analysis of Study 401 ADAE dataset 

5 llU! 5 + 5 11U! 
N = 91 N = 43 

(%) (%) 

10 9 
7 2 
2 2 

5 16 
2 7 
3 5 
4 0 

1 2 

Any IN 
Midazolam 

N =175 
( o/o) 

10 
4 
2 

9 
3 
3 
2 

2 

The preceding tables suggest a pattern of TEAEs consistent with the known safety profile of 
benzodiazepine drngs. 
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Laboratory Findings 

There were no clinically meaningful changes from baseline in hematology and serum 

chemistry laboratory tests in these studies.  

Vital Signs 

There were no clinically meaningful changes from baseline in vital signs in these studies. 

Electrocardiograms (ECGs) 

There were no clinically meaningful changes from baseline in ECG results in these studies.  

 

Integrated Assessment of Safety 

 

The safety profile of IN midazolam is consistent with the known AE profile of midazolam, as 

well as other benzodiazepine drugs. There are no unique safety signals identified in 

development program or referenced published literature. Although there is a known risk of 

acute respiratory depression with benzodiazepine treatment, there were no deaths and no SAEs 

of acute respiratory depression in the development program. The reviewed studies and 

published literature do not demonstrate any evidence for nasal mucosal or olfactory toxicity.  

 

The clinical safety data provided with this application support the approval of IN midazolam 

for the treatment of seizure clusters in patients age 12 years and above when administered by 

an appropriately trained caregiver in the outpatient setting. However, as discussed in Section 3, 

concerns about the safety of the device constituent parts related to the device manufacturing 

site preclude approval of this application during the current review cycle. 

 

9. Advisory Committee Meeting   

This application was not referred for review to an advisory committee because the safety 

profile of IN midazolam is acceptable for the intended population, the clinical trial design is 

acceptable, and the efficacy findings were clear.  

 

10. Pediatrics 

The Pediatric Research Equity Act (PREA) is not triggered for this orphan indication.  
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11. Other Relevant Regulatory Issues  

 

No Good Clinical Practice (GCP) issues were identified in Dr. Freilich’s clinical review. 

 

Dr. Freilich concludes in her clinical review that the applicant has adequately disclosed 

financial interests/arrangements with clinical investigators. 

 

The Office of Scientific Investigation (OSI)  completed inspections of four clinical sites. 

Please see Clinical Inspection Report by Cara Alfaro for details. The overall assessment was 

that the studies were conducted adequately and that the data generated by these sites appear 

acceptable in support of the proposed indication. 

 

The Controlled Substance Staff (CSS) review concluded that the abuse potential of IN 

midazolam is well-understood and that the application can be approved from their perspective. 

IN midazolam should be a Schedule IV controlled substance under the Controlled Substance 

Act. 

 

The Division of Medication Error Prevention and Analysis (DMEPA) conducted a review of 

the human factors (HF) validation study report and the relevant labeling that were submitted 

with the application.  The DMEPA review made recommendations that were incorporated in 

the final negotiated labeling. 

12. Labeling  

Please refer to the final negotiated product label.  Labeling negotiations with the applicant 

have been completed and the applicant has accepted all recommended changes.  This final 

agreed-upon label will be included in the Complete Response letter. 

 

13. Postmarketing Recommendations 

Not applicable as the action will be a Complete Response.  

 

14. Recommended Comments to the Applicant 

See Complete Response letter. 

Reference ID: 4411972Reference ID: 4436994



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

NICHOLAS A KOZAUER
03/29/2019 03:40:02 PM

ERIC P BASTINGS
03/29/2019 03:43:43 PM

Signature Page 1 of 1

Reference ID: 4411972Reference ID: 4436994




