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1. EXECUTIVE SUMMARY 
This is a 505(b)(2) New Drug Application (NDA) to support the marketing approval of 
Nayzilam™ (midazolam, nasal spray) for acute treatment of seizures in patients 12 years of age 
or older who require control of intermittent episodes of increased seizure activity, using 
Seizalam® (midazolam IM injection) and Hospira’s midazolam hydrochloride injection as listed 
drugs (LDs). Midazolam is a benzodiazepine and acts through potentiation of GABAergic 
neurotransmission resulting from binding at the benzodiazepine site of the GABAA receptor. At 
present, Diastat® (diazepam rectal gel) is the only product approved for this indication. 
Midazolam Nasal Spray is a solution for intranasal administration via metered dose spray 
packaged in a single unit-of-use. Product would deliver 5.0 mg per actuation.  

 
The clinical development program includes efficacy and safety studies, one in emergency 
medical unit (EMU) subjects and another study in adolescent and adult outpatients. Clinical 
pharmacology studies included an absolute and relative bioavailability (BA) study, two 
ascending single and repeat-dose pharmacokinetic (PK)-pharmacodynamic (PD) studies in adults 
and adolescents with epilepsy, a PK-PD study in healthy adult and geriatric subjects and a PK 
study in pediatric subjects (age 2 to 13 years) with epilepsy. 

 

1.1 Recommendations 
The office of Clinical Pharmacology (OCP) has reviewed the information contained in NDA 
211321. The information provided supports the approval of Nayzilam™ for acute treatment of 

seizures in patients 12 years of age or older who require control of intermittent episodes of 
increased seizure activity.  Key review issues with specific recommendations and comments are 
summarized below: 

Review Issue Recommendations and Comments 

Pivotal or supportive evidence of 
effectiveness and safety 

The supportive evidence of effectiveness and safety comes from  
randomized, placebo-controlled  
P261-401 in outpatient settings (see section 3.3.2).  

General dosing instructions The dosing recommendations are supported by safety and efficacy 
evaluated in registration trials. The initial dose is a single 5 mg dose 
into one nostril and an additional 5 mg dose may be administered 
after 10 minutes if the patient has not responded to the initial dose.

Dosing in patient subgroups 
(intrinsic and extrinsic factors) 

Nayzilam should not be administered concomitantly with drugs that 
are known to strongly inhibit the CYP3A4 enzyme. Nayzilam is not 
recommended with moderate inhibitors of CYP3A4 enzyme. 
Nayzilam should be used with caution when co-administered with 
mild inhibitors of CYP3A4.

Reference ID: 4402138Reference ID: 4436994
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Labeling General dosing recommendations are acceptable.  

Bridge between the to-be-
marketed and clinical trial 
formulations 
 

The to-be-marketed formulation and delivery device, referred to as 
MDZ NS in this submission, was used in all clinical studies, 
including the phase 3 studies. The bridge between the proposed to-
be-marketed formulation and the approved midazolam IV 
formulation was provided using population pharmacokinetic 
analysis. At a dose of 5 mg, the absolute bioavailability of the to-be-
marketed formulation was predicted to be 44% compared to the 
approved IV formulation (see section 3.3.1). 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 
Midazolam is a compound of the benzodiazepine class. The exact mechanism of action for 
midazolam is not fully understood, but it is thought to involve potentiation of GABAergic 
neurotransmission resulting from binding at the benzodiazepine site of the GABAA receptor.  
 
The absolute bioavailability (BA) was approximately 67% for an early formulation of MDZ NS. 
In an ascending dose PK study in adults and adolescent epilepsy patients, midazolam AUC was 
34 % lower and 1-hydroxymidazolam AUC was 4.5-fold higher in subjects taking enzyme 
inducers compared to subjects not taking enzyme inducers. Dose proportionality was 
inconclusive due to large intra-subject variability. In another PK-PD study in adult subjects with 
epilepsy, either single dose or repeat dose administration of midazolam nasal spray, PK 
parameters for both MZ and 1- OH MZ were similar across cohorts and did not exhibit dose 
dependent changes. In a PK-PD study in healthy adult and geriatric subjects, midazolam PK 
parameters were approximately 21% to 45% higher in geriatric subjects compared to non-
geriatric subjects.  

2.1.1 Pharmacokinetic Comparison of Midazolam between Nayzilam and IV 
Administration 
The PK comparison between the proposed to-be-marketed formulation and the approved 
midazolam IV formulation was conducted using population pharmacokinetic analysis. At a dose 
of 5 mg, the absolute bioavailability of the to-be-marketed formulation was predicted to be 44% 
compared to the approved IV formulation (see section 3.3.1). 
 

2.1.2 Effect of Food on the Pharmacokinetics of Midazolam 
Food effect was not evaluated on the proposed nasal formulation because of the route of 
administration and the proposed indication, acute treatment of seizures in patients who require 
control of intermittent episodes of increased seizure activity.  
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2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 
The proposed initial dose is a single 5 mg dose into one nostril and an additional 5 mg dose may 
be administered after 10 minutes if the patient has not responded to the initial dose. The 
proposed dose was found to be safe and effective in Phase 3 registration trials.  

2.2.2 Therapeutic individualization 
Nayzilam should not be administered concomitantly with drugs that are known to strongly 
inhibit the CYP3A4 enzyme. Nayzilam is not recommended with moderate inhibitors of CYP3A4 
enzyme. Nayzilam should be used with caution when co-administered with mild inhibitors of 
CYP3A4 (see section 3.3.5).   

2.4 Summary of Labeling Recommendations 

 
 

. Nayzilam should not be administered concomitantly with 
drugs that are known to strongly inhibit the CYP3A4 enzyme. Nayzilam is not recommended 
with moderate inhibitors of CYP3A4 enzyme. Nayzilam should be used with caution when co-
administered with mild inhibitors of CYP3A4.   

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 

3.1 Overview of the Product and Regulatory Background 
The applicant (Proximagen) has developed midazolam nasal spray formulation (5 mg/0.1 ml) 
and is seeking approval for use for the treatment of seizures in patients 12 years of age or older 
who require control of intermittent episodes of increased seizure activity (e.g. ARS, seizure 
clusters). Following inactive ingredients are included in single dose spray dispensor: 
methoxypolyethylene glycol , polyethylene glycol 400 (PEG 400), propylene 
glycol, ethanol, and purified water. 

Regulatory interactions contributing to clinical pharmacology program included 
recommendations related to evaluation of concomitant CYP 3A4 inducers in clinical studies and 
dose adjustments based on proposed PBPK modeling when administered with CYP3A4 
inhibitors.  

 
 for the treatment of intermittent bouts of increased seizure activity. The Agency 

also recommended the sponsor to conduct a study in elderly population and abuse potential 
assessment.  
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A clinical efficacy study would typically be required to suppo1i an efficacy claim in the proposed 

age group. 

3.2 General Pharmacology and Pharmacokinetic Characteristics 

Pharmacology 

Mechanism of Action The exact mechanism of action for midazolam is not fully understood, but it 
is thought to involve potentiation of GABAergic neurotransmission 
resulting from binding at the benzodiazepine site of the GABAA receptor. 

General Information 

Bioanalysis Plasma midazolam and its active metabolite 1-hydroxymidazolam 
concentrations were measured by a validated liquid chromatographic-
tandem mass spectrometric (LC/MS/MS) bioanalytical methods. 
Midazolam-d4 and 1-Hydroxymidazolam-d4 were used as the internal 
standards. The lower limit of quantitation was 100 pg/mL for both analytes. 

Healthy Volunteers vs There were no studies compa1ing head-to- head exposure of midazolam in 
Patients healthy subjects and epilepsy patients. However, based on the cross-study 

comparison, the overall exposure (AUCinf) appeared to be approximately 
12% lower in patients at 5 mg dose. 

Dose Propo1t ionality The PK parameters following midazolam nasal spray administration were 
found to be less than propo1t ional (Study P261-201) for both MZ and 1- OH 
MZ. All PK parameters were similar across coho1ts and did not exhibit dose 
dependent changes (see section 3.3.6). 

ADME 

Absorption Median time to maximum concentration (Tmax) following nasal 
administration of midazolam was approximately 15 minutes. The mean 
absolute bioavailability is approximately 44.4%. 

Distribution The estimated volume of distdbution of midazolam was approximately 226 
L based on popPK analysis. Midazolam is approximately 97% bound to 
plasma protein, p1incipally albumin in patients. In healthy volunteers, 1-
OH midazolam is bound to the extent of 89%. 

Metabolism Midazolam is mainly metabolized through CYP 3A4 to its pha1macologic 
active metabolite, I-hydroxy midazolam (also te1med a-hydroxy-
midazolam). Midazolam is also metabolized to two other minor 
metabolites: 4-hydroxy metabolite and 1,4-dihydroxy metabolite. The 
p1incipal urinruy excretion products are glucuronide conjugates of the 
hydroxylated derivatives. 

Elimination The median midazolam and 1-hydroxy-midazolam elimination half-lives 
ranged from 2.1. to 6.2 hours and 2.7 to 7.2 hours, respectively, following 
nasal administration of midazolam. 

3.3 Clinical Pharmacology Review Questions 

7 
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3.3.1 Is there a significant pharmacokinetic difference of Midazolam between Nayzilam 
and IV Administration? 
In a dedicated relative BA study MZ0714, midazolam and 1-hydroxy midazolam exposure 
(Cmax and AUCs) was evaluated following 2.5, 5.0, and 7.5 mg using earlier nasal spray (ITI) 
formulation. The mean (± SD) absolute bioavailability of the NS regimens of 2.5, 5.0, and 7.5 
mg were 73% (± 28), 65% (± 22), and 62% (± 23), respectively. The median time to maximum 
concentration (Tmax) was about 15 minutes and the elimination half-life of midazolam was 
about 3.78 hours following 5 mg midazolam nasal spray administration which was comparable to 
IV administration. 

The PK comparison between the proposed to-be-marketed formulation and the approved 
midazolam IV formulation was conducted using population pharmacokinetic analysis, since the 
to-be-marketed formulation was not used in study MZ0714. At a dose of 5 mg, the 
bioavailability of the to-be-marketed formulation was predicted to be 32% lower compared to the 
ITI formulation. In several studies including P261-201, increase in midazolam concentration was 
less than dose proportional with increasing dose from 10 mg to 20 mg using the to-be-marketed 
formulation (see section 3.3.6). The dose of 5 mg/10 mg was selected based on the literature and 
PK studies conducted for intranasal midazolam. 

3.3.2 To what extent does the available clinical pharmacology information provide pivotal 
or supportive evidence of effectiveness? 
This is a 505(b)(2) application for midazolam nasal spray using Hospira’s midazolam 
(midazolam i.m or i.v injection) and Seizalam (midazolam i.m injection) as LDs. The efficacy 
and safety of midazolam nasal spray were demonstrated in the following pivotal studies:  

1)  
 

 
 

2) P261-401: A double-blind, placebo-controlled study in the outpatient treatment of 
adolescent and adult subjects (aged ≥12 years) with seizure clusters in 241 patients. The 
primary efficacy endpoint for study 401 was termination of seizure(s) within 10 minutes 
after study drug administration, and no recurrence of seizure(s) beginning 10 minutes 
after study drug administration. 

3) Two open label safety extension studies P261-402 and P261-408.  

In P26-401, a statistically significantly higher percentage of treated patients met the primary 
efficacy endpoint (53.7% vs. 34.3%, p=0.011). In addition, a statistically significant relationship 
was observed (p=0.0226) between midazolam exposure (AUC0-6) and response, but treatment 
success across the range of AUC0-6 were similar across the 1st, 2nd, 3rd, and 4th quartiles 
(57.6%, 46.9%, 56.2% and 51.5%, respectively). The number of subjects included in the final 
analysis of this study were 201.   

Reference ID: 4402138Reference ID: 4436994
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The applicant also provided an absolute and relative BA study comparing an early formulation of 
midazolam NS to IV midazolam administered both IV and IN (MZ0714), two ascending single 
and repeat-dose PK-PD studies in adults and adolescents with epilepsy (MZ0815 and P261-201), 
a PK-PD study in healthy adult (aged 18-40 years, n=12) and geriatric (aged ≥65 years) subjects 
(P261-102, n=18) and a PK study in pediatric subjects (aged 2-13 years) with epilepsy (P261-
202) to support the application. 

 

3.3.3 Is the proposed dosing regimen appropriate for the general patient population for 
which the indication is being sought? 
Yes, the proposed dosage is acceptable. The proposed initial dose is a single 5 mg dose into one 
nostril and an additional 5 mg dose may be administered after 10 minutes if the patient has not 
responded to the initial dose. The proposed dose was found to be safe and effective in Phase 3 
registration trials.  
 

3.3.4 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic factors? 
In a parallel group study (P261-102), of 2.5 mg and 5 mg doses of Nayzilam, mean systemic 
exposure (AUC) and peak plasma concentrations (Cmax) of midazolam were 21 - 45% higher in 
geriatric subjects (> 65 years old) as compared to non-geriatric subjects.  The terminal half-life 
was increased by approximately 2 hours in the geriatric subjects due to a decrease in clearance. 
Geriatric subjects experienced similar levels of sedation as compared to non-geriatric subjects.  
Geriatric subjects experienced greater psychomotor impairment as compared to non-geriatric 
subjects. However, these differences were not clinically meaningful.  No dosage adjustment is 
necessary based on age.  

There were no differences in midazolam overall exposures (AUC) observed between male and 
female subjects following nasal administration. However, there were relatively small increase 
(~25%) in Cmax of midazolam in males due to higher relative bioavailability, but incidence of 
somnolence was slightly higher in females compared to males. Sensitivity analysis of efficacy 
using treatment as the fixed effect, and age, sex, BMI, geographic region, and AED-inducer 
status as covariates did not show an any effect of covariates tested. No dosage adjustment is 
necessary based on gender and these co-variates. 

Reference ID: 4402138Reference ID: 4436994
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Patients with renal impairment (RI) may have slower elimination of midazolam and its 
metabolites which may result in prolonged drug exposure. Clearance of midazolam is reduced in 
association with liver disease (cirrhosis) or conditions which diminish hepatic blood flow (see 
LD Seizalam, NDA 209566 clinical pharmacology review -  For HI, section 12.3, clinical 
significance of these findings is unknown. For RI, there is no information on dose adjustment). 

3.3.5 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy? 
There is a potential for part of the drug administered to nasal cavity be absorbed though gastro 
intestinal tract. The geometric mean of metabolite to parent AUCinf (1-OH-MDZ:MDZ) ratios 
ranged from 31% to 44% following oral midazolam syrup compared to 13% to 17% following  
intranasal administration of Nayzilam, whereas the geometric mean metabolite to parent AUCinf 
was 9.6% (CV% = 55.8%) following intravenous administration of midazolam. Although the 
numbers 13.3%-16.4% and 9.6% are numerically close, a significant amount of midazolam is 
more likely absorbed in the gut to attain a 3.7%-6.8% higher metabolite to parent AUCinf ratio 
following intranasal administration of Nayzilam compared to that following intravenous 
administration of midazolam . Food effect was not evaluated on the 
proposed nasal formulation because of the route of administration and the proposed indication, 
acute treatment of seizures in patients who require control of intermittent episodes of increased 
seizure activity. 
 
No new drug-drug interaction studies were conducted for this application. The sponsor relies on 
LDs for appropriate management strategy. However, the applicant collected PK data from 
subjects taking concomitant anti-epileptic drugs (CYP3A-inducers). 
 

o Effects of CYP3A inducers  
The PK data from clinical studies indicated that following the intranasal administration of 
Nayzilam, the MDZ Cmax and AUCinf were 18% and 33% lower in the presence of strong 
CYP3A-inducing anti-epileptic drugs (AEDs) and 9% and 19% lower in the presence of weak 
CYP3A-inducing AEDs compared to that when Nayzilam was administered alone. Relatively 
lower exposures of this magnitude in subjects on CYP3A-inducing AEDs may not be clinically 
meaningful with respect to the efficacy. Also, the proposed dosing studied in registration trials 
include an initial dose of a single 5 mg dose and an additional 5 mg dose may be administered 
after 10 minutes if the patient has not responded to the initial dose. No dose adjustment is 
necessary in patients taking concomitant CYP3A inducers.   
 

o Effects of CYP3A Inhibitors 
Midazolam is extensively metabolized by CYP3A4, a well-known probe substrate for 
CYP3A. Applicant did not conduct any clinical DDI study to evaluate the potential DDI of 
midazolam with CYP3A4 inhibitors following an intranasal administration of Nayzilam. The 
applicant  proposed 
labeling statements in the presence of concomitant CYP3A4 inhibitors.  

 between midazolam and 
CYP3A4 inhibitors following the intranasal administration of midazolam  

Reference ID: 4402138Reference ID: 4436994

(b) (4)

(b) (4)

(b) (4)

(b) (4)



(b)(4) (b)(4I 

Note: Midazolam fo1mulations for intramuscular, intravenous or by oral route are indicated 
for preoperative sedation/anxiolysis/amnesia prior to diagnostic, therapeutic or endoscopic 
procedures or before induction of anesthesia and for status epilepticus. CmTently midazolam 
is intended for use in monitored settings only and not for chronic or home use. The approved 
midazolam products include black box warnings indicating respirato1y depression and 
respirato1y anest, especially when used for sedation in noncritical care settings. However, the 
proposed use of nayzilam is in an outpatient setting. When midazolam was concomitantly 
with dmgs that are known to strongly inhibit the CYP3A4 enzyme resulted in more than 7-
fold increase in midazolam AUC (table below). However, the prescribing infonnation 
indicates that caution should be advised, (bll' should be considered. 

Since Nayzilam is indicated for an out-patient setting, 1nidazolam nasal spray should not be 
administered concomitantly with diugs that are known to strongly inhibit the CYP3A4 
enzyme. Nayzilam is not recommended with moderate inhibitors of CYP3A4 enzyme. 
Nayzilam should be used with caution when co-adininistered with 1nild inhibitors of 

CYP3A4. 

Following table represents SUllllllaIY of midazolam AUC changes when concomitantly 
adininistered in the presence of CYP3A4 inhibitors or CYP3A4 inducers from the literature 
and previously approved midazolam products. 

Summary of the changes in the AUC of midazolam when CYP3A4 inhibitors or CYP3A4 
inducers were concurrently administered with oral or intravenous midazolam in adult 
subjects 

Interacting Drug Labeling 

Oral Midazolam with CYP3A4 
% increase in MDZ AUC 

inhibitors a 

Cimetidine (800-1200 mg up to 
10-102 

qid in divided doses) 

Diltiazem ( 60 mg, tid) 275 

Eiythromycin (500 mg, tid) 281-341 

Fluconazole (200mg, qd) 250 Caution is advised, and 
I ltiJ <'ill should 

Grapefmit juice (200ml) 52 be considered 

Itraconazole (100-200 mg, qd) 240-980 

Ketoconazole ( 400 mg, qd) 1490 

Ranitidine (300 mg, qd) 9-66 

11 
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a: Midazolam syrup drug information1  
b: Summarized by the Applicant in the Summary of Clinical Pharmacology based on the clinical study results 
reported in the literature 

 

3.3.6 Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship? 
 
Midazolam exposure increased proportionally with increasing midazolam nasal spray dose from 
2.5 mg to 5.0 mg. However, a greater than dose proportional increase in metabolite exposure was 

                                                            
1 https://www.drugs.com/pro/midazolam-syrup.html#ID_d83b65e4-2f5d-4502-ac54-6f56a1245eeb 

Verapamil (80 mg, tid) 192 

Oral Midazolam with CYP3A4 
inducersa 

% decrease in MDZ AUC  

Carbamazepine (therapeutic doses) 94 

Phenytoin (therapeutic doses) 94 

Rifampin (600 mg, qd) 96 

IV Midazolam with CYP3A4 
inhibitorsb 

% increase in MDZ AUC 
 

Clarithromycin (500 mg, bid for 7 
days) 

220 

Caution is advised 

Ketoconazole (400mg qd for 7 
days) 

719 

Ketoconazole (200mg bid for 3 
doses) 

119 (Cmax) 

Ketoconazole (200mg bid for 3 
days) 

58.8 

Ketoconazole (400mg qd for 7 
days) 

104 

Itraconazole (200 mg, qd for 6 
days) 

220% decrease in CL 

Fluconazole (400mg day 1; 200 qd 
for 5 days) 

102% decrease in CL 

Fluconazole (100, 200 or 400 mg 
1hr prior to MDZ) 

30, 40 or 100 

Posaconazole (200 mg qd for 10 
days) 

81.7 

Posaconazole (200 or 400 mg bid 
for 7 days) 

362 or 524 

Saquinavir (1200 mg tid for 5 
days) 

80.6 
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observed in a healthy geriatric and non-geriatric subject PK, PD study (P261-102) as shown in 
the table below. 
 
Summary of Mean (±SD) Plasma Midazolam PK Parameters in Healthy Geriatric and 
Non-Geriatric Subjects 

 
 
In studies P261-201, increase in midazolam concentration was less than dose proportional at 
higher doses for Cmax and AUC in adult patients for midazolam and 1-hydroxymidazolam with 
increasing dose 10 mg to 20 mg as shown in the box plots below. In visit 2 midazolam dose was 
administered as a single dose whereas in visit 3 (Repeat Dose) midazolam dose was split and 
administered 10 min apart. 
 
Box Plot of Cmax by Visit 

Reference ID: 4402138Reference ID: 4436994



14 
 

 

Box Plot of AUC0-inf by Visit 
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4. APPENDICES 

4.1:  Summary of Bioanalytical Method Validation and Performance 
 

4.1.1 How are the active moieties identified and measured in the clinical pharmacology and 
biopharmaceutics studies? 

Validated liquid chromatographic-tandem mass spectrometric (LC/MS/MS) bioanalytical 
methods were used to quantify plasma concentrations of midazolam and 1-hydroxymidazolam 
over an analytical range of 100 to 100000 pg/mL for midazolam and 100 to 50000 pg/mL for 1-
hydroxymidazolam. Midazolam-d4 and 1-Hydroxymidazolam-d4 were used as the internal 
standards. The lower limit of quantitation was 100 pg/mL for both analytes. Following table 
describes the summary of method validation and performance. 
 
Table 3: Summary of Bioanalytical Method Validation and Performance 

Reference ID: 4402138Reference ID: 4436994
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Validation Parameters Results for: 

A: Midazolam 
B: 1-Hydroxymidazolam 

Linearity: A: r2 t 0.9903 
B: r2 t 0.9893 

Calibration Curve Ranges: 
A: 100.00 to 100000.00 pg/mL 
B: 100.00 to 50000.00 pg/mL 

Between-Run Accuracy and Precision: 

A: Biases: -0.66 to 5.79% CV: 5.47 to 8.45% 
B: Biases: -0.40 to 2.46% CV: 4.99 to 7.91% 

Within-Run Accuracy and Precision: 

A: Biases: -9.32 to 10.28% CV: 3.06 to 5.56% 
B: Biases: -3.99 to 6.89% CV: 3.10 to 7.73% 

Run Size Evaluation (192 samples): 

A: Biases: -3.45 to 6.65% CV: 1.82 to 5.68% 
B: Biases: -4.18 to 5.22% CV: 1.60 to 5.17% 

Recovery of Analytes: 
A: Means: 89.33, 92.66 and 92.69% 
B: Means: 90.24, 87.63 and 86.06% 

Recovery of Internal Standards: A: Mean: 93.41% 
B: Mean: 102.13% 

Dilution Integrity (Dilution Factors: 2 a
20): 

A: Bias: 9.39 and -9.86% CV: 3.40 and 4.23% 
B: Bias: 10.87 and -7.29% CV: 4.12 and 4.30% 

Lower Limit of Quantitation (LLOQ): A: Signal to noise ratio at 100.00 pg/mL: 81 
B: Signal to noise ratio at 100.00 pg/mL: 31 

Matrix Selectivity (Including Hemolyze
Matrix at 5% and Hyperlipemic Matrix)

No significant interference observed in the 6 out of 6 tested 
matrices for midazolam, 1-hydroxymidazolam and their 
respective IS 

Potentially Interfering and Commonly 
Used Drugs: 

No effect on the quantitation of the analytes 

Matrix Effect (Including Hemolyzed 
Matrix at 5% and Hyperlipemic Matrix)

A: Mean IS-Normalized matrix factor: 1.0126167 and 
0.9966542 CV: 1.40% and 2.37% 
B: Mean IS-Normalized matrix factor: 0.9726280 and 

1.0073702 CV: 1.72% and 2.36% 

Carryover of Analyte and IS: No significant carryover observed in the 6 out of 6 runs for 
midazolam, 1-hydroxymidazolam and their respective IS 

Reference ID: 4402138Reference ID: 4436994
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Automated Liquid Handling 
Contamination: 

No significant interference observed 

Reinjection Reproducibility: 122h27 at 4°C 

Freeze and Thaw Stability in Matrix: 4 cycles at -20°C and -80°C 

Short-Term Stability of Analytes in 
Matrix: 

21h45 at RmT and 20h56 at 4°C 

Long-Term Stability of Analytes in 
Matrix: 

17, 59 and 210 days at -20ºC and -80°C 

Stability of Analytes in Whole Blood: 110 min in an ice/water bath 

Pre-Automated Extraction Stability 24h00 at 4°C 

Post-Preparative Stability: 142h58 at 4°C 

Short-Term Stability of Analytes in 
Solution (High Concentration): 

A: 24h10 at RmT 
B: 24h00 at RmT 

Short-Term Stability of IS in Solution 
(High Concentration): 

A: 24h10 at RmT 
B: 24h00 at RmT 

Long-term stability of Analytes in Solut
(High Concentration): 

A: 208 days at -20°C 
B: 65 days at -20°C 

Long-term stability of IS in Solution (Hi
Concentration): 

A: 208 days at -20°C 
B: 183 days at -20°C 

 

Note: The applicant also submitted a cross-validation report evaluating the equivalence between 
two assays for the determination of midazolam and 1-hydroxymidazolam in human EDTA K2 
plasma; the analytical method related to  9916.081 and the one related to  10615.022. 
The equivalence of both methods was assessed by analyzing pools of study samples.  
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4.2 Clinical Pharmacokinetics 
 

4.2.1 Individual Study Reports 
 
MZ0714: A Single-Dose, Open-Label, Five-Way Crossover, Randomized, Bioavailability and 
Pharmacodynamic Study Comparing Intranasal Midazolam Administration to Intravenous 
Midazolam Administration in Healthy Human Volunteers  
 
Objectives: 
The objectives of this study were (1) to evaluate midazolam bioavailability, pharmacokinetics 
(PK), and safety for the intranasal (IN) route of administration using ITI’s 2.5, 5.0, and 7.5 mg 
dose nasal spray (NS), and (2) to compare PK and pharmacodynamic (PD) parameters following 
2.5, 5.0, and 7.5 mg IN administration (ITI’s midazolam NS) with administration of the currently 
marketed injection product (2.5 mg intravenous [IV] administration) and 5.0 mg of the IV 
solution (marketed injection product) administered intranasally via a needleless syringe 
 
Study Design This study was a randomized, five-way crossover, open-label, single-center 

study in 25 normal, healthy male and female volunteers. Subjects received 
one of the following five doses at each treatment period. Each period was 
separated by at least a 3-day washout period. Midazolam PK and PD were 
measured after each of the five isolated single doses. 

Study Population Healthy Subjects (males and female) 
Age: 18-45 years 
BMI: 18 to 29.9 kg/m2. 
25 subjects were enrolled and 25 completed the study 

Treatments Dose A - 2.5 mg midazolam NS administered IN 
Dose B - 5.0 mg midazolam NS administered IN 
Dose C - 7.5 mg midazolam NS administered IN 
Dose D - 2.5 mg midazolam HCl sterile injection infused IV over 15 
minutes 
Dose E - 5.0 mg midazolam HCl sterile injection administered IN with a 
needleless syringe.
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Analysis The liquid chromatography with tandem mass spectrometric detection 
(LC/MS/MS) method used for the determination of midazolam and 1-
hydroxymidazolam in plasma had adequate linearity, specificity, 
sensitivity, and accuracy. All reported batches met the required acceptance 
criteria. Using 500 μL of human plasma, the lower limit of quantitation 
was 0.5 ng/mL for midazolam and 1-hydroxymidazolam. 
Summary of control results are presented in the table below. 
 
Midazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 3.0, 28 and 192  
ng/mL 

0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

4.1 to 7.8% 2.9 to 9.0% 

Between Batch Accuracy 
(%RE) 

-1.8 to 4.2% -3.9 to 1.8% 

Linearity Weighted linear equation (1/X2), mean r= 
0.99579

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 
1-Hydroxymidazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 3.0, 28 and 192  
ng/mL 

0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

3.0 to 5.3% 2.4 to 8.7% 

Between Batch Accuracy 
(%RE) 

-0.5 to 0.7% -2.1 to 2.5% 

Linearity Weighted linear equation (1/X2), mean r= 
0.99723

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 

Pharmacokinetic 
and 
Pharmacodynamic 
Assessments 

Pharmacokinetic evaluations: Blood samples were collected pre-dose (0 
minutes) and at the following timepoints post-dose for measurements of 
plasma midazolam and 1-hydroxymidazolam: 5, 10, 15, 20, 30, 45, 60, and 
90 minutes; and 2, 3, 4, 6, and 12 hours. Plasma concentrations were used 
to calculate PK parameters. 
Pharmacodynamic evaluations: The following evaluations were performed 
at pre-determined timepoints on the day of dosing: Stanford Sleepiness 
Scale (SSS), Digit-Symbol Substitution Task (DSST), and Observer’s 
Assessment of Alertness/Sedation (OAA/S).

Safety 
Assessments 

Adverse events (AEs), standard laboratory assessments, vital signs, 
electrocardiograms and physical examination.
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Statistical 
Methods 

The PK profiles of midazolam and 1-hydroxymidazolam were determined 
using plasma concentrations from blood samples collected at 
predetermined timepoints. The following noncompartmental PK 
parameters were estimated: area under the concentration-time curve from 
the time of dosing to the end of sample collection (AUC0-t), AUC from 
the time of dosing to infinity (AUC0-∞), maximum plasma concentration 
(Cmax), time of the observed maximum drug concentration (tmax), 
elimination half-life (t1/2), clearance (CL/F), volume of distribution at 
steady state (Vss), volume of distribution in the elimination phase (Vβ/F), 
and bioavailability (F). For 1-hydroxymidazolam, only AUC and Cmax 
were calculated. Plasma concentration data were summarized by treatment 
group using descriptive statistics at each scheduled timepoint. Individual 
and mean concentration-time profiles for each treatment group were also 
determined, as was mean absolute bioavailability. 
Pharmacodynamics: All PD data were summarized with descriptive 
statistics by treatment and assessment time. 
PD endpoints (summaries across time such as AUC and maximum effect) 
were summarized by treatment. Pairwise comparisons between dose 
groups were made using an analysis of variance model (ANOVA). 

 
RESULTS: 
 
Following figure represents mean plasma midazolam concentration-time profiles per dosing 
group on linear scale. 
 
Mean Concentration-Time Profile of Midazolam per Dosing Group 

 
Following tables represents midazolam pharmacokinetic parameters for each dose group. 
 
 
Midazolam Pharmacokinetic Parameters 
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Following figure represents mean plasma 1-hydroxymidazolam concentration-time profiles per 
dosing group on linear scale. 
 
Mean Concentration-Time Profile of 1-Hydroxymidazolam per Dosing Group 
 

 
Following tables represents 1-hydroxymidazolam pharmacokinetic parameters for each dose 
group. 
 
1-Hydroxymidazolam Pharmacokinetic Parameters 
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Following figure represents stanford sleepiness scale - mean change from baseline 
 per dosing group. 
 
Stanford Sleepiness Scale – Mean Change from Baseline 

 
Following figure represents mean DSST completion rate from baseline per dosing group. 
 
Mean DSST Completion Rate Change From Baseline 

Reference ID: 4402138Reference ID: 4436994



23 
 

 
 
 
CONCLUSIONS: 
 

 Pharmacokinetic parameters following increasing nasal doses (2.5, 5 and 7.5 mg) were 
essentially dose proportional. 

 Maximum plasma midazolam concentrations were achieved within 10 to 15 minutes in 
all dose groups 

 Peak midazolam plasma concentrations of all three doses of the NS formulation were 
well within those achieved following IV administration of the IV formulation.  

 The PK of the NS formulation showed increasing concentrations with increasing dose, 
with wide inter-individual variability. 

 The mean (± SD) absolute bioavailability of the NS regimens of 2.5, 5.0, and 7.5 mg 
were 73% (± 28), 65% (± 22), and 62% (± 23), respectively. 

 The PD measures returned to baseline approximately 4 to 5 hours in all subjects. 
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MZ0815: An Open-Label Study to Determine the Safety, Tolerability, and Pharmacokinetics of 
Ascending Single Doses and Two Doses of Intranasal Midazolam in Subjects with Epilepsy  
 
Objectives: 
Primary: 
To determine the safety, tolerability, and PK of single doses and 2-doses of 2.5 mg, 5.0 mg, and 
7.5 mg of USL261administered to adult and adolescent subjects with epilepsy on stable AED 
regimens.  
Secondary:  
To evaluate PD measures following single doses and 2-doses of 2.5 mg, 5.0 mg, and 7.5 mg of 
USL261. 
 
Study Design This was a randomized, open-label, inpatient study of ascending single-

dose and 2 dose regimens (2-doses) of USL261 conducted in 60 adults and 
30 adolescent subjects receiving stable AED regimens. As seen in the table 
below, at Visit 1, subjects were administered a single intranasal dose of 2.5 
mg to 7.5 mg of USL261. At Visit 2, which occurred at least 3 days 
following Visit 1, subjects were administered 2 intranasal doses of 2.5 mg 
to 7.5 mg separated by 15 minutes (total dose: 5 mg to 15 mg). All adult 
dose cohorts were completed before any adolescent subjects were 
administered single doses of USL261.

Study Population Epilepsy patients, 60 adults and 30 adolescent subjects receiving stable 
AED regimens. Age: 18-65 years and 12 -17 years 

Treatments Dose Cohort Designations for Adult and Adolescent Subjects 

Analysis The liquid chromatography with tandem mass spectrometric detection 
(LC/MS/MS) method used for the determination of midazolam and 1-
hydroxymidazolam in plasma had adequate linearity, specificity, 
sensitivity, and accuracy. All reported batches met the required acceptance 
criteria. Using 500 μL of human plasma, the lower limit of quantitation 
was 0.5 ng/mL for midazolam and 1-hydroxymidazolam. 
Summary of control results are presented in the table below. 
 
Midazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 28 and 192 ng/mL 0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

4.8 to 7.2% 4.1 to 8.5% 

Between Batch Accuracy 
(%RE) 

-5.3 to 2.3% -7.2 to 3.8% 
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Linearity Weighted linear equation (1/X2), mean r= 
0.99579

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 
1-Hydroxymidazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 28 and 192 ng/mL 0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

4.3 to 6.2% 3.0 to 7.0% 

Between Batch Accuracy 
(%RE) 

-1.6 to 1.0% -1.6 to 2.1% 

Linearity Weighted linear equation (1/X2), mean r= 
0.99668

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 

Pharmacokinetic 
and 
Pharmacodynamic 
assessments and 
sampling 

Pharmacokinetic assessments: The following PK parameters for MZ and 1-
OH MZ were calculated: maximum observed drug concentration (Cmax), 
time to reach Cmax (Tmax), area under the plasma concentration-time 
curve (AUC) from time zero to the last non-zero concentration (AUC(0-
last)), AUC from time zero to Hour 6 (for use in PD analysis) (AUC(0-
6hr)), AUC from time zero to Hour 10 (for use in PD analysis) (AUC(0-
10hr)), AUC from time zero extrapolated to infinity (AUC(0-inf)), AUC 
extrapolated from the last drug concentration to infinity in percent of the 
total AUC (fext), apparent total plasma clearance after extravascular 
administration (CL/F), apparent volume of distribution based on terminal 
phase (Vz/F), apparent first-order terminal elimination rate constant (kel), 
and terminal elimination phase half-life (T1/2). The Cmax was the 
maximum observed drug concentration without interpolation and Tmax 
was the elapsed time at which Cmax was observed.  
Blood samples At Visit 1, blood samples were collected prior to and at 5, 
10, 15, 20, 30, 45, and 60 minutes, and 2, 4, 6, and 12 hours after 
administration of study drug. At Visit 2, blood samples were collected 
prior to and at 5, 10, 15, 20, 25, 30, 45, and 60 minutes, and 2, 4, 6, and 12 
hours after administration of the first dose of study drug. Plasma samples 
containing heparin as an anticoagulant were analyzed for midazolam (MZ) 
and 1-hydroxymidazolam metabolite (1-OH MZ) using liquid 
chromatography with tandem mass spectrometry. The assay range for MZ 
and for 1-OH MZ was 0.5 to 500 ng/mL.  
 
Pharmacodynamic measures including the Stanford Sleepiness Scale 
(SSS), Observer’s Assessment of Alertness/Sedation (OAA/S) Scale, and 
Digit Symbol Substitution Test (DSST) were assessed throughout the study 
period. The SSS and OAA/S were administered at both visits at pre-dose 
and 10, 30, 45 (Visit 2 only), and 60 minutes, and 2, 4, and 10 hours after 
administration of the first dose of study drug. The DSST was administered 
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at both visits at pre-dose and 5, 20, 30, and 60 minutes, and 2, 3, 4, and 6 
hours after the administration of the first dose of study drug. 

Safety 
Assessments 

Subjects were monitored closely for approximately 12 hours after each 
USL261 dose administration with frequent assessments of their level of 
consciousness, respiratory rate (RR), oxygen saturation (O2 sat), blood 
pressure (BP), and heart rate (HR). A nasal examination was performed 
pre-dose and 2 to 4 hours after study drug administration. 

Statistical 
Methods 

All variables were summarized by cohort group (A, B, C, D, and E) and/or 
scheduled time for each visit (Visit 1 for single-dose regimen and Visit 2 
for 2-dose regimen), unless specified otherwise. For PK and PD analyses at 
Visit 1, all variables were also summarized and analyzed by pooled cohort 
group (A, B & C, and D & E). All summaries were presented for each age 
group (adult and adolescent) and overall, unless specified otherwise. 
Continuous variables (e.g., age) were summarized using the number of 
observations, mean, median, standard deviation, minimum values, and 
maximum values, unless specified otherwise. Categorical variables (e.g., 
race) were summarized using the number and percentage in each category. 
Analyses were performed using either SAS® System Version 8.2 or 
Version 9.2. (SAS Corporation, Cary, North Carolina). 

 
RESULTS:   
 
Pharmacokinetic results: 
Midazolam PK parameters following intranasal administration included a peak plasma 
concentration occurring approximately 13 to 19 minutes post-administration of a single dose. 
The mean (SD) MZ T1/2 (range) was 3.6 (1.7) hours for a single dose and 3.9 (1.7) hours for 2-
doses with all age and dose groups combined. The mean T1/2 for each dose group at Visit 1 
(single dose) and at Visit 2 (2 doses) ranged from 2.75 to 4.39 hours. Systemic exposure 
parameters for MZ following intranasal dosing are summarized by dose and visit in the following 
table. 
 
Midazolam Noncompartmental Pharmacokinetic Parameter Summary Statistics for All 
Subjects Grouped by Visit and Total Administered Dose 
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Following figure represents mean plasma midazolam concentration-time profiles per dosing 
group on linear scale. 
 
Mean Midazolam Plasma Concentration Versus Nominal Time Profiles by 
Dose (mg) for All Subjects 

 
 
Systemic exposure parameters for 1-OH MZ following intranasal dosing are summarized by dose 
and visit in the following table. 
 
1-Hydroxymidazolam Noncompartmental Pharmacokinetic Parameter Summary Statistics 
for All Subjects Grouped by Dose and Visit 
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Following figure represents mean plasma 1-hydroxymidazolam concentration-time profiles per 
dosing group on linear scale. 
 
Mean 1-Hydroxymidazolam Plasma Concentration Versus Nominal Time Profiles by Dose 
(mg) for All Subjects 

 
 
The PK parameters were further stratified by adolescent versus adult subjects, and subjects 
taking enzyme inducers or not. For MZ, Cmax was 34% lower in adolescent compared to adult 
subjects and similar in subjects taking enzyme inducers versus subjects who did not take enzyme 
inducers. For all subjects, MZ AUC(0-inf) was similar for adolescent and adult subjects, and was 
34% lower in subjects taking enzyme inducers compared to subjects not taking enzyme inducers 
and to a higher degree in adult subjects.  
 
For 1-OH MZ, Cmax was approximately 3-fold higher in subjects taking enzyme inducers and 
approximately 2-fold higher in adolescent subjects. Additionally for 1-OH MZ, AUC(0-inf) was 
approximately 4.5-fold higher in adolescent subjects taking enzyme inducers compared 
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adolescent subjects not taking enzyme inducers; and to AUC(0-inf) in adults taking or not taking 
enzyme inducers (these latter 3 groups were of similar magnitude) as shown in table below. 
 

 
 

 
  
 
Pharmacodynamic results: 
Stanford Sleepiness Scale (SSS) 
In a graphical evaluation across all cohorts, there was an increase from baseline in mean SSS 
score at each time point from 10 minutes through 2 hours post-dose at Visit 1 and from 10 
minutes through 4 hours at Visit 2. In adults, mean SSS scores peaked between 1 and 2 hours 
post-dose, and the average peak SSS score was between 3 and 4 at Visit 1 and between a score of 
4 and 5 at Visit 2. In adolescent subjects, the mean peak SSS effects at both visits was larger than 
that in adults (i.e., mean score was approximately 1 point higher in adolescent compared to adult 
subjects), and occurred earlier (i.e., less than 1 hour post-dose). At Visit 1, on average subjects 
returned to near baseline function by 4 hours post-dose. At Visit 2, subjects tended to return to 
baseline more than 4 hours post-dose. 
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An exposure-response model was developed and the base structural model that had the best fit 
was an Emax model of combined midazolam AUC(0-10hr) and 1-hydroxymidazolam AUC(0-
10hr) (AUCC(0-10hr)), and SSS AUC(0-10hr). Gender was a statistically significant influence 
on the exposure required to achieve 50% of the maximum effect on the SSS AUC(0-10hr) 
endpoint.  
 
 
Observer’s Assessment of Alertness/Sedation Scale 
For both the OAA/S scale sum score and composite score, there was a decrease from baseline at 
10 minutes through 2 hours post-dose at Visit 1, and at 10 minutes through 4 hours at Visit 2 
across all cohorts. The graphical evaluation showed that in adolescent subjects, the pattern for 
the mean OAA/S scale sum scores differed in that a greater degree of sedation was observed 
compared to adults (lowest mean sum scores were approximately 2 points lower at Visit 1, and at 
Visit 2, scores were approximately the same but sustained for a longer time period), and the 
lowest score occurred later (i.e., around 2 hours post-dose). At Visit 1, adult subjects returned to 
near baseline function by 4 hours post-dose and adolescent subjects returned to baseline function 
by on average 4 hours post-dose. At 4 hours post-dose at Visit 2, all subjects were close to their 
baseline function, however particularly in the higher dose cohorts there was still some evidence 
of sedation. Overall, there was a statistically significant difference in the peak effect on Cohort 
A, as compared to Cohorts B, C, D, and E at Visit 1, and as compared to Cohorts C, D, and E at 
Visit 2, with the peak effect sum total score in Cohort A having less sedation due to having the 
lowest MZ exposure. An exposure-response model was developed and the base structural model 
that had the best fit was a Weibull equation of OAA/S Sum Minimum score as a function of the 
combined midazolam AUC(0-10hr) and 1-hydroxymidazolam AUC(0-10hr). The AUCC(0-10hr) 
at which the OAA/S Sum Minimum score of 15 occurred (50% reduction) was 171 ng x eq x 
hr/mL. No covariates, including age group, were found to be statistically significant in this 
model. 
 
Digit Symbol Substitution Test 
At Visit 1, the mean DSST score declined to the lowest value of approximately 90% within 30 
minutes and returned to baseline values within 2 to 3 hours post-dose in adult subjects. In 
comparison, the lowest mean DSST score was slightly lower in adolescent subjects relative to 
adult subjects (i.e., 85%, with a greater variability in the score at peak effect). The adolescent 
subjects returned to baseline within 1 hour, representing a more rapid recovery to baseline 
function than observed in adult subjects. The higher doses administered during Visit 2 resulted in 
greater degree of impairment in the DSST that was more sustained than observed during Visit 1. 
In adults, the mean DSST score declined to the lowest value of approximately 70% within 30 
minutes, with evidence of continued impairment for more than 4 hours post-dose during Visit 2. 
In adolescent subjects, the lowest mean DSST score was similar to that observed in adult 
subjects (i.e., approximately 75%, within 1 hour). There was considerable variability in the 
DSST scores across the cohorts with a return to baseline by 3 hours post-dose at Visit 2. 
 
Subject Sensory Perception Questionnaire 
Overall, the majority of subjects (approximately 60%) reported tasting the USL261 spray and 
approximately 78% of these subjects described the taste as unpleasant or very unpleasant. This 
taste was of short duration in most subjects (up to 20 minutes) and did not preclude subjects 
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(approximately 85%) from responding that they would likely or very likely consider using the 
spray again. The SSPQ showed similar results at Visit 1 and Visit 2. 
 
CONCLUSIONS 
 
Pharmacokinetic conclusions 

 The Cmax, AUC(0-last), and AUC(0-inf) of 1-hydroxymidazolam were highest in 
adolescent subjects taking enzyme inducers. 

 Midazolam Cmax, AUC(0-last), and AUC(0-inf) generally increased with increasing 
total dose; however, Cmax was significantly less than dose proportional for adolescent 
subjects taking or not taking enzyme inducers and for adult subjects taking enzyme 
inducers. Dose proportionality of AUC(0-last) and AUC(0-inf) was inconclusive due to 
large intra-subject variability. 

 For 1-hydroxymidazolam, systemic exposures also increased with total dose, but dose 
proportionality was generally inconclusive over the dose range of 2.5 mg to 15 mg. 

 Midazolam Cmax was 34% lower in adolescent as compared to adult subjects while1-
hydroxymidazolam Cmax was 2-fold higher in adolescent as compared to adult subjects. 

 Midazolam AUC(0-last) and AUC(0-inf) were similar between adolescent and adult 
subjects, while 1 - hydroxymidazolam AUC(0-last) and AUC(0-inf) were generally 3-
fold higher in adolescent compared to adult subjects. 

 Midazolam Cmax was generally similar in subjects taking enzyme inducers compared to 
subjects not taking enzyme inducers; while 1-hydroxymidazolam Cmax for all subjects 
was approximately 3-fold higher in subjects taking enzyme inducers with adolescent 
subjects taking enzyme inducers having a 5- fold higher Cmax compared to adolescent 
subjects not taking enzyme inducers. 

 Midazolam AUC(0-last) and AUC(0-inf) were lower in subjects taking enzyme inducers 
compared to subjects not taking enzyme inducers and to a greater degree in adult 
subjects; while 1-hydroxymidazolam AUC(0-last) and AUC(0-inf) were higher in 
subjects taking enzyme inducers compared to subjects not taking enzyme inducers and to 
a much greater degree in adolescent subjects. 

 
Pharmacodynamic Conclusions 

 The PD endpoints over time and irrespective of USL261 AUCC exposure, adolescent 
subjects typically had greater impairment than adult subjects. Generally, the SSS peak 
score peaked earlier for adolescent subjects and had a longer duration of effect.  

 All the PD measures reached baseline function by the time the next assessment was 
performed at 10 hours post-dose. 
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P261-201: A Randomized, Double-Blind, Placebo-Controlled, Dose-Escalation Study to 
Determine the Safety, Tolerability, Pharmacokinetics, and Pharmacodynamics of 
Intranasal Midazolam (USL261) in Adult Subjects with Epilepsy on Stable 
Antiepileptic Drug Regimens 
 
Objectives: 
Primary Objective(s): 
The primary objective of this study was to evaluate the safety and tolerability of single and two-
dose regimens of USL261 compared with that of placebo in adult subjects with epilepsy on 
stable antiepileptic drug (AED) regimens. 
Secondary Objective(s): 
The secondary objectives of this study were to evaluate pharmacokinetic (PK) and 
pharmacodynamic (PD) of USL261 following single and two-dose regimens of USL261 
compared with that of placebo in adult subjects with epilepsy on stable AED regimens. 
 
Study Design This was a phase I, randomized, double-blind, placebo-controlled, dose-

escalation, inpatient study of single- and two-dose regimens of USL261 
compared with placebo. The study consisted of a Screening Visit (Visit 1), 
2 Study Evaluation Visits (Visit 2, to occur within 30 days of the 
Screening Visit), and a Repeat Dose Visit (Visit 3, to occur at least 3 days 
and no more than 21 days after Visit 2), and a Follow-up Visit (Visit 4, to 
occur 3 to 7 days after Visit 3). Up to 60 adult subjects with epilepsy on 
stable AED regimens were assigned sequentially to 1 of 4 cohorts. Within 
each cohort, subjects were randomized to receive USL261 or placebo in a 
4:1 ratio. Each cohort was composed of 15 subjects. Twelve subjects in 
each cohort received USL261, and 3 subjects received placebo. Each 
cohort was assigned a single dose level of USL261 (10.0 mg, 15.0 mg, 
17.5 mg, or 20.0 mg) or matching placebo that was administered in 2 
different manners.

Study Population Healthy Subjects (males and female) 
Age: 18-65 years 
Weight: 50 - 125 kg 
60 subjects were enrolled and 59 completed the study 

Treatments Dose: Midazolam 5.0 and 7.5 mg unit dose; Total doses administered for 
each cohort were 10.0 mg 
(Cohort 1), 15.0 mg (Cohort 2), 17.5 mg (Cohort 3), and 20.0 mg (Cohort 
4) 
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Analysis The liquid chromatography with tandem mass spectrometric detection 
(LC/MS/MS) method used for the determination of midazolam and 1-
hydroxymidazolam in plasma had adequate linearity, specificity, 
sensitivity, and accuracy. All reported batches met the required acceptance 
criteria. Using 500 μL of human plasma, the lower limit of quantitation 
was 100 pg/mL for midazolam and 1-hydroxymidazolam. 
Summary of control results are presented in the table below. 
 
Midazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (pg/mL) 

300, 5000, 50000 and 
75000 pg/mL 

100, 200, 2000, 
4000, 10000, 
20000, 40000, 
80,000 and 100000 
pg/mL 

Between Batch Precision 
(%CV) 

3.71 to 4.18% 3.91 to 9.47 

Between Batch Accuracy 
(%RE) 

-3.13 to 0.96% -11.19 to 10.86 

Linearity Weighted linear equation (1/X2), mean r= 
0.99761

Linear Range (pg/mL) 100 to 100000 pg/mL 
Sensitivity (LLOQ, pg/mL) 100 pg/mL

 
1-Hydroxymidazolam 
 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (pg/mL) 

300, 5000, 50000 and 
75000 pg/mL 

100, 200, 2000, 
4000, 10000, 
20000, 40000, 
80,000 and 100000 
pg/mL 

Between Batch Precision 
(%CV) 

-0.88 to 4.1% 0.99 to 5.74 

Between Batch Accuracy 
(%RE) 

-3.97 to -0.5% -8.62 to 6.84 

Linearity Weighted linear equation (1/X2), mean r= 
0.99785

Linear Range (pg/mL) 100 to 100000 pg/mL 
Sensitivity (LLOQ, pg/mL) 100 pg/mL

 

Pharmacokinetic 
and 
Pharmacodynamic 
Assessments 

Pharmacokinetic assessments: The following PK parameters were 
calculated for the parent midazolam and the 1-hydroxy (1-OH) metabolite: 
area under the plasma concentration-time curve from time 0 to last 
measurable concentration estimated by the linear trapezoidal method 
(AUC0-t), area under the plasma concentration-time curve from time 0 
extrapolated to infinity (AUC0-inf), maximum plasma concentration 
(Cmax), residual area, time to maximum plasma concentration (tmax), 
terminal elimination half-life (t1/2), terminal elimination (β) rate constant 
(Kel), apparent clearance (CL/F), and volume of distribution (Vβ/F). 
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Pharmacodynamic assessments: PD assessments included the Stanford 
Sleepiness Scale (SSS), Observer’s Assessment of Alertness/Sedation 
(OAA/S), and the Coding subtest of the Wechsler Adult Intelligence Scale-
IV (WAIS-IV).

Safety 
Assessments 

Collection of AEs/ serious adverse events (SAEs), clinical laboratory 
testing, vital sign measurements, pulse oximetry, safety 12-lead ECGs, and 
Columbia-Suicide Severity Rating Scale (C-SSRS), medical history, and 
physical, nasal, and neurological examinations.

Statistical 
Methods 

Pharmacokinetic analyses: All PK analyses were performed using the 
Pharmacokinetic Population, which included all subjects that received at 
least 1 dose of study drug with sufficient blood samples for PK analysis. 
The following PK parameters were calculated for the parent midazolam 
and the 1-OH metabolite: AUC0-t, AUC0-inf, Cmax, residual area, CL/F, 
Vβ/F, tmax, t1/2, and Kel by standard noncompartmental methods. 
Summary statistics (such as N, arithmetic means, standard deviation [SD], 
coefficients of variation, geometric means, median, minimum and 
maximum values) of PK parameters were presented by dose/cohort group 
and visit. Individual and mean plasma concentrations versus time were 
plotted on both linear and semi-logarithmic scales. Use of concomitant 
AED inducers was summarized. Statistical comparison of key PK 
parameters in subjects receiving or not receiving concomitant AED 
inducers was also performed. 
 
Pharmacodynamic analyses: Actual values and changes from baseline (pre-
dose) for the SSS score, sum and composite scores of the OAA/S and the 
Coding subtest of the WAIS-IV raw score were summarized by cohort 
group, visit, and time point. Peak effects and areas under the effect curve 
(AUECs) of PD measures were summarized by cohort group and visit, as 
well as by pooled cohort group and weight adjusted dose. Appropriate 
methods of comparison were used based on the characteristics of each PD 
measure. Consideration of AED exposure was included in models for PD 
measures. Relationships between drug exposure (AUCs of midazolam, and 
1-OH midazolam, or the composite, or AUC, and/or midazolam Cmax) 
and PD variables were assessed via graphical display and/or fitting the data 
to an appropriate model. If models were developed, factors that may 
influence PD parameter. 
 

 
RESULTS: 
 
Following figure represents mean plasma midazolam concentration-time profiles during visit 2. 
 
Midazolam Mean Plasma Concentration – Time Profiles (Visit 2) 
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Following figure represents mean plasma midazolam concentration-time profiles during visit 3. 
 
Midazolam Mean Plasma Concentration – Time Profiles (Visit 3) 
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Box Plot of Cmax by Visit 

Reference ID: 4402138Reference ID: 4436994



37 
 

 
 
Box Plot of AUC0-inf by Visit 
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Following tables represents midazolam pharmacokinetic parameters by dose and visit. 
 
 
Summary of Midazolam PK Parameters by Dose Cohort and Visit 
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Following tables represents 1-hydroxymidazolam pharmacokinetic parameters by dose and visit. 
 
Summary of 1-OH-Midazolam PK Parameters by Dose Cohort and Visit 

 
 
CONCLUSIONS: 
 
PHARMACOKINETIC CONCLUSIONS: 

 Midazolam NS was absorbed with a range of median MZ Tmax values from 0.150 – 
0.317 hours and 0.317 – 0.359 hrs following single and repeat dose administration, 
respectively.  

 Following either single dose or repeat dose administration, PK parameters for both MZ 
and 1- OH MZ were similar across cohorts and did not exhibit dose dependent changes. 

 Exposure to MZ and 1-OH MZ (as indicated by Cmax and AUC parameters) was not 
dose proportional following single dose or repeat dose administration of 10.0 mg to 20.0 
mg USL261. The lack of dose proportionality remained even after normalization for 
subject weight and accounting for AED inducer status as a covariate. 
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 Repeat dose to single dose geometric mean ratios for MZ Cmax, AUC0-inf, and AUC0-t 
were all < 1.0 indicating decreased bioavailability of USL261 with repeat dose 
administration compared to single dose administration.  

 Metabolite to Parent (1-OH-MZ to MZ) ratios were consistent across Cohorts following 
both single and repeat dose administration, generally ranging from 0.24 - 0.28 and 0.12-
0.15 for AUC0-inf and Cmax, respectively. 

 
PHARMACODYNAMIC CONCLUSIONS: 

 Compared to subjects receiving placebo, PD assessments indicated that subjects receiving 
USL261 exhibited mild sedation (SSS and OAA/S) and decreases in psychomotor 
performance (WAIS-IV Coding Subtest).  

 Effects of USL261 on sedation and psychomotor performance were transient following 
single and repeat dose administration and were consistent across USL261 doses. Peak 
effects occurred rapidly within 1hour post dose and return to baseline was generally 
observed within 4 hours for the majority of subjects. 

 
 

 
 
 
P261-102: A Randomized, Investigator and Subject Blind, Sponsor Open, Phase 1 Study of the 
Safety, Tolerability, Pharmacokinetics and Pharmacodynamics of Intranasal Midazolam 
(USL261) in Healthy Geriatric and Non-Geriatric Subjects 
 
Objectives: 
To evaluate the safety and pharmacokinetics (PK) and pharmacodynamics (PD) of single 2.5 mg 
and 5.0 mg doses of USL261 in generally healthy geriatric and non-geriatric subjects. 
 
Study Design This was a Phase 1, randomized, Investigator and subject blind, Sponsor 

open, safety, tolerability, PK, and PD study in generally healthy geriatric 
and non-geriatric subjects (12 non-geriatric subjects in the 18 - 40 years 
old age range and 18 geriatric subjects in the ≥ 65 years old age range).  
 
The study consisted of 4 visits, a Screening Visit (Visit 1), Study 
Evaluation Visit 2 (Period 1), Visit 3 (Period 2), and a Follow-up Visit / 
early termination (Visit 4). 

Study Population Healthy adults and geriatric subjects (males and female) 
Age: 18-40 years (12) and ≥65 years (18) 
Weight: 50 - 125 kg 
30 subjects were enrolled and 30 completed the study 

Treatments Subjects were trained on a practice version of the Digit-Symbol 
Substitution Test (DSST). Prior to dosing in Study Evaluation Visit 2 only, 
eligible subjects were randomly assigned to receive single doses of 2.5 and 
5.0 mg USL261 in a 2 x 2 crossover fashion 
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Analysis The liquid chromatography with tandem mass spectrometric detection 
(LC/MS/MS) method used for the determination of midazolam and 1-
hydroxymidazolam in plasma had adequate linearity, specificity, 
sensitivity, and accuracy. All reported batches met the required acceptance 
criteria. Using 500 μL of human plasma, the lower limit of quantitation 
was 0.5 ng/mL for midazolam and 1-hydroxymidazolam. 
Summary of control results are presented in the table below. 
 
Midazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (pg/mL) 

300, 5000, 50000 and 
75000 pg/mL 

100, 200, 2000, 
4000, 10000, 
20000, 40000, 
80,000 and 100000 
pg/mL 

Between Batch Precision 
(%CV) 

3.71 to 4.69% 2.27 to 5.31% 

Between Batch Accuracy 
(%RE) 

-3.13 to 0.96% -1.57 to 2.55% 

Linearity Weighted linear equation (1/X2), mean r= 
0.9989

Linear Range (pg/mL) 100 to 100000 pg/mL 
Sensitivity (LLOQ, pg/mL) 100 pg/mL

 
1-Hydroxymidazolam 
 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (pg/mL) 

300, 5000, 50000 and 
75000 pg/mL 

100, 200, 2000, 
4000, 10000, 
20000, 40000, 
80,000 and 100000 
pg/mL 

Between Batch Precision 
(%CV) 

3.75 to 4.12% 2.02 to 6.04% 

Between Batch Accuracy 
(%RE) 

-7.12 to 0.61% -2.55 to 3.22% 

Linearity Weighted linear equation (1/X2), mean r= 
0.9989

Linear Range (pg/mL) 100 to 100000 pg/mL 
Sensitivity (LLOQ, pg/mL) 100 pg/mL

 

Pharmacokinetic 
and 
Pharmacodynamic 
Assessments 

Pharmacokinetics: Blood samples for the analysis of plasma midazolam 
and its metabolite (1-hydroxymidazolam) levels were collected via an 
indwelling catheter and/or via direct venipuncture. Blood samples were 
collected on Visits 2 and 3 (Periods 1 and 2, respectively) at the following 
time points: pre-dose, and 5, 10, 15, 20, 25, 30, 45, 60, and 90 minutes, and 
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2, 4, 6, 8, 12, 16, and 24 hours after administration of the study drug. PK 
parameters for midazolam and 1-hydroxymidazolam (1-OH MZ) in plasma 
were computed following Visits 2 and 3 blood draws and included AUC0-
t, AUC0-∞, AUCextr (%), Cmax, tmax, kel, t½, CL/F (for parent only), 
Vz/F (for parent only), Metabolite to parent ratios for Cmax and AUC0-∞. 
Pharmacodynamics: 
The PD measures included SSS, OAA/S (Composite and Sum Scores), and 
DSST that was scored in 4 different ways (Trial Completion Rate, Percent 
Correct, Correct Trial Rate, and Incorrect Trial Rate). The SSS was 
performed at predose and 5, 10, 15, 30, 45, 60, and 90 minutes, and 2, 3, 4, 
6, 8, 10, and 12 hours following each administration of the study drug. The 
OAA/S for Composite Scores and Sum Scores was performed at predose 
and 5, 10, 15, 30, 45, 60, and 90 minutes, and 2, 3, 4, 6, 8, 10, and 12 hours 
following each administration of the study drug. The OAA/S was scored in 
2 ways: a Composite Score, with a range of 1 (e.g., deep sleep) to 5 (e.g., 
alert) documented as the lowest score in any 1 of the 4 assessment 
categories; and a sum score calculated as the sum of the scores in the 4 
assessment categories. 
The DSST including Trial Completion Rate, Percent Correct, Correct Trial 
Rate, and Incorrect Trial Rate was performed at predose and 10, 20, 30, 45, 
60, and 90 minutes, and 2, 3, 4, 6, 8, and 12 hours following each 
administration of the study drug.

Safety 
Assessments 

Safety evaluations consisted of collection of AEs/SAEs, clinical laboratory 
testing, vital sign measurements, physical exam, neurological exam, 
MMSE-2, pulse oximetry, 12-lead ECGs, and C-SSRS. 

Statistical 
Methods 

Pharmacokinetics: Statistical analyses were performed to compare the 
differences in PK parameters across treatments (2.5 and 5.0 mg USL261) 
and differences between geriatric and non-geriatric subjects (Test and 
Reference Population, respectively). Non-compartmental PK parameters 
(AUC0-t, AUC0-∞, Cmax) were analyzed using an analysis of variance 
(ANOVA) model on natural log-transformed (ln-transformed) values with 
fixed effects for sequence, period, age group, treatment, and age 
group*treatment interaction and subject included as a random effect. The 
SAS® procedure PROC MIXED was used. Ratios of geometric least-
squares means (LS means) and 90% CIs were calculated using the 
exponentiation of the difference and 90% CIs between LS means from the 
analyses on the ln-transformed PK parameters. These ratios and 
90% CI were expressed as a percentage relative to the reference treatment 
(5.0 mg USL261) or age group (non-geriatric subjects). 
The comparisons of interest included: 
1. 2.5 mg geriatric subjects versus 2.5 mg non-geriatric subjects 
2. 5.0 mg geriatric subjects versus 5.0 mg non-geriatric subjects 
3. 2.5 mg geriatric subjects versus 5.0 mg geriatric subjects 
4. 2.5 mg non-geriatric subjects versus 5.0 mg non-geriatric subjects 
5. 2.5 mg geriatric subjects versus 5.0 mg non-geriatric subjects 
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Pharmacodynamics: Statistical analyses on the PD parameters were 
performed to compare the differences across treatments (2.5 and 5.0 mg 
USL261) and differences between geriatric and non-geriatric subjects (Test 
and Reference populations, respectively). Peak effect (Emax) and AUEC 
variables were ln-transformed prior to statistical modeling assuming the 
underlying statistical distribution was similar to Cmax and AUC of PK 
parameters. ANOVA model with fixed effects for sequence, period, age 
group, treatment, and age group*treatment interaction with subject 
included as a random effect was fitted on ln-transformed PD values using 
the SAS® procedure PROC MIXED. Ratios of geometric LS means and 
90% CIs were calculated using the exponentiation of the difference and 
90% CIs between LS means from the analyses on the ln-transformed PD 
parameters. These ratios and 90% CI were expressed as a percentage 
relative to the reference treatment (5.0 mg USL261) or age group (non-
geriatric subjects). 
In the ANOVA model, the comparisons of interest included: 
1. 2.5 mg geriatric subjects versus 2.5 mg non-geriatric subjects 
2. 5.0 mg geriatric subjects versus 5.0 mg non-geriatric subjects 
3. 2.5 mg geriatric subjects versus 5.0 mg geriatric subjects 
4. 2.5 mg non-geriatric subjects versus 5.0 mg non-geriatric subjects 
5. 2.5 mg geriatric subjects versus 5.0 mg non-geriatric subjects 
 
Pharmacokinetic-Pharmacodynamic: The relationship between dose and 
the relevant exposure PK parameters of midazolam and 1-OH MZ were 
assessed graphically for the within and between age group assessments. In 
addition, a graphical presentation between time-matched midazolam and 1-
OH MZ plasma concentration versus SSS, OAA/S, and baseline-adjusted 
DSST was presented. Individual estimates of Emax and AUEC0-t versus 
individual midazolam AUC0-∞ and Cmax and 1-OH MZ AUC0-∞ were 
also presented. For scatter plots, the predicted line from linear regression 
and that from local regression (LOESS) were plotted. 

 
RESULTS: 
 
Following figure represents mean plasma midazolam concentration-time profiles in healthy 
geriatric and non-geriatric subjects. 
 
Mean Plasma Midazolam Concentrations Versus Time in Healthy Geriatric and Non-
Geriatric Subjects - (Semi-log Scale) 
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Relationship Between Age Versus Individual AUC0-∞ of Midazolam Following 
Administration of Intranasal 2.5 mg and 5.0 mg USL261 (2.5 mg Parameters Dose-
Normalized to 5.0 mg) in Healthy Geriatric and Non-Geriatric Subjects - (Linear Scale - 
Age as Categorical Variable) 

Reference ID: 4402138Reference ID: 4436994



45 
 

 
Following tables represents midazolam pharmacokinetic parameters in healthy geriatric and non-
geriatric subjects. 
 
Summary of Mean (±SD) Plasma Midazolam PK Parameters in Healthy Geriatric and 
Non-Geriatric Subjects 
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Pharmacokinetic Results: The PK of midazolam was well characterized after single intranasal 
doses of 2.5 mg or 5.0 mg USL261 in both geriatric and non-geriatric subjects. Midazolam was 
absorbed with mean peak concentrations achieved at approximately 15 minutes for both dose 
levels, regardless of age cohort. The metabolite 1-OH MZ achieved mean peak concentrations at 
approximately 1.0hour post-dose regardless of dose level and age cohort. The overall systemic 
exposure (AUC0-t, and AUC0-∞) of midazolam and 1-OH MZ were higher in geriatric subjects 
(ranging from approximately 24% to 33% higher following 2.5 mg USL261 and approximately 
36% to 54% higher following 5.0 mg USL261) compared to non-geriatric subjects.  
 
Mean maximum midazolam and 1-OH MZ exposures (Cmax) were higher in geriatric subjects 
(ranging from approximately 20% to 27% higher) than non-geriatric subjects. The higher 
midazolam exposure in geriatric subjects was associated with longer t½ values secondary to 
decreased midazolam clearance (CL/F) in geriatric subjects compared to non-geriatric subjects. 
Similar metabolite to parent ratios (based on mean MR AUC0-∞ and MR Cmax) were seen 
across age groups suggesting that geriatric subjects clear the parent and metabolite more slowly 
than non-geriatric subjects. A 2-fold increase in USL261 dose from 2.5 mg to 5.0 mg resulted in 
increased mean maximum (Cmax) and overall (AUC0-t and AUC0-∞) midazolam exposure 
(including MZ+1-OH MZ AUC0-∞) by approximately 2-fold. Based on the statistical analysis, 
midazolam exposure increased proportionately with increasing USL261 dose from 2.5 mg to 5.0 
mg; however, a greater than dose proportional increase in metabolite exposure was observed. For 
1-OH MZ, sequence effect was marginally significant for ANOVA and ANCOVA. Due to the 
limitation of a 2-sequence, 2-period crossover design, the cause of this could not be determined, 
but is not considered to affect the interpretability of the results. 
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Pharmacodynamic effects were analyzed using different measures including Stanford Sleepiness 
Scale (SSS), Observers Assessment of Alertness/Sedation (OAA/S for Composite and Sum 
Scores), and unadjusted and baseline-adjusted Digit Symbol Substitution Task (DSST for Trial 
Completion Rate and Percent Correct). 
 
Pharmacodynamic Results: 
Following a single intranasal dose of 2.5 mg or 5.0 mg USL261 in geriatric and non-geriatric 
subjects, the PD effects were analyzed through SSS Scores (higher SSS values indicate increased 
sedation), OAA/S Composite and Sum Scores (lower OAA/S values indicate increased sedation), 
and unadjusted and baseline-adjusted DSST Trial Completion Rate and Percent Correct (lower 
DSST values indicate greater effects on cognition). These endpoints were selected because they 
are measures of PD effects associated with this class of drugs (sedation and cognitive effects are 
known to reflect benzodiazepine pharmacology). 
 
Sedation 
The following table summarizes the main PD outcome of sedation as assessed by the SSS and 
OAA/S (Composite Score; consistent results were observed with the Sum Score). 
 
Summary of Maximum Observed PD Effect on Sedation and Time to Peak Effect Following 
Administration of Intranasal 2.5 mg and 5.0 mg USL261 in Healthy Geriatric and Non-Geriatric 
Subjects 
 

 
 
Percent Difference of Maximum (Emax) and Overall (AUEC0-t) Geometric LS Means 
Measuring Sedation and Statistical Significance From ANOVA Following Administration 
of Intranasal 2.5 mg and 5.0 mg USL261 in Healthy Geriatric and Non-Geriatric Subjects 
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Summary of Maximum Observed PD Effect on Cognitive Function and Time to Peak 
Effect Following Administration of Intranasal 2.5 mg and 5.0 mg USL261 in Healthy 
Geriatric and Non-Geriatric Subjects  

 
 
 
Difference of Baseline-Adjusted Maximum (Emax) and Overall (AUEC0-t) LS Means 
Measuring Cognitive Function and Statistical Significance From ANOVA Following 
Administration of Intranasal 2.5 mg and 5.0 mg USL261 in Healthy Geriatric and Non-
Geriatric Subjects 
 

 
 
Pharmacokinetic/Pharmacodynamic Results: 
By comparing individual PD scores versus time matched individual plasma midazolam 
concentrations, it appears that there is no clear relationship observed between sedation scores 
(OAA/S or SSS) and time-matched midazolam or 1-OH MZ concentrations.  
 
Based on the comparison between individual baseline-adjusted DSST PD parameters versus 
individual time matched plasma midazolam concentrations, it appeared that baseline-adjusted 
DSST values for Trial Completion Rate, Percent Correct, and Correct Trial Rate tended to 
decrease (lower values indicate greater cognitive effects) with increasing plasma midazolam 
concentrations.  
 
No clear differences in the relationships between baseline-adjusted DSST PD parameters and 
midazolam concentrations were observed between geriatric and non-geriatric subjects. However, 
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for baseline-adjusted DSST Incorrect Trial Rate, there was a slight trend toward increased 
Incorrect Trial Rate scores with increasing midazolam concentration for geriatric subjects, 
though there was not a clear trend observed for non-geriatric subjects. 
 
Consistent trends were observed between increasing sedation as measured by SSS and OAA/S 
PD parameters and midazolam PK parameters (Cmax and AUCs) suggesting increased sedation 
with increasing exposure. However, the slope of the relationship was generally small with 
midazolam AUCs and usually did not achieve statistical significance. A clear relationship was 
observed between increased midazolam exposure (based on midazolam AUC0-∞, MZ+1-OH 
MZ AUC0-∞, and midazolam Cmax) and decreased psychomotor performance, based on Emax 
of baseline-adjusted DSST Trial Completion Rate and baseline-adjusted DSST Percent Correct. 
This finding is consistent with the observed relationships between individual baseline-adjusted 
DSST parameters and time-matched plasma concentrations of midazolam. 
 
CONCLUSIONS 
Pharmacokinetic Conclusions: 
• Midazolam was absorbed relatively quickly following single intranasal dose of either 2.5 mg or 
5.0 mg USL261, with mean peak concentrations achieved at approximately 15 minutes for both 
dose levels, regardless of age cohort. The metabolite 1-OH MZ achieved mean peak 
concentrations at approximately 1.0 hour postdose regardless of dose level and age cohort. 
• Following both dose levels, midazolam overall and maximum systemic exposures, based on 
AUC0-t, AUC0-∞, and Cmax, were approximately 21% to 45% higher in geriatric subjects 
compared to non-geriatric subjects. 
• The higher midazolam exposure in geriatric subjects was associated with longer t½ values 
secondary to decreased midazolam clearance (CL/F) in geriatric subjects compared to non-
geriatric subjects. Similar metabolite to parent ratios (based on mean MR AUC0-∞ and MR 
Cmax) were seen in both age groups suggesting that geriatric subjects clear the parent and 
metabolite more slowly than non-geriatric subjects. 
• Midazolam exposure increased proportionally with increasing USL261 dose from 2.5 mg to 5.0 
mg; however, a greater than dose proportional increase in metabolite exposure was observed. 
 
Pharmacodynamic and Pharmacokinetic/Pharmacodynamic Conclusions: 
 
• Maximum sedation as measured by SSS or OAA/S and maximum cognitive effects as 
measured by DSST were observed shortly after USL261 administration corresponding to the 
rapid absorption of midazolam: 

 Time to maximum sedation as measured by SSS occurred between approximately 15 
minutes to approximately 50 minutes. 

 Time to maximum sedation as measured by OAA/S ranged from approximately 5 
minutes to 15 minutes for the Composite Score and 5 minutes to 30 minutes for the 
Sum Score. 

 Maximum cognitive effect as expressed by baseline-adjusted DSST Trial Completion 
Rate and baseline-adjusted DSST Percent Correct ranged from approximately 15 
minutes to 40 minutes and from approximately 20 minutes to 40 minutes, 
respectively. 
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• Changes in cognition generally returned to baseline by 1 hour postdose for both age groups 
following the 2.5 mg dose, whereas sedation and cognitive effects lasted longer following the 5.0 
mg dose, and returned to baseline by approximately 2 hours postdose in geriatric subjects and by 
approximately 4 hours postdose in non-geriatric subjects. 
 
• Maximum and overall sedation effects as measured by SSS and OAA/S Composite and Sum 
Scores, were comparable between geriatric and non-geriatric subjects. 
 
• Geriatric subjects exhibited greater cognitive effects than non-geriatric subjects as measured by 
unadjusted DSST scores.  
 
• No clear relationship was observed between sedation scores (OAA/S or SSS) and time matched 
midazolam or 1-OH MZ concentrations. 
 
 
P261-202: An Open-Label, Phase I, Pharmacokinetic Study of Single Doses of Intranasal 
Midazolam (USL261) in Pediatric Subjects with Epilepsy 
 
Objectives: 
To characterize the pharmacokinetics (PK) of USL261 following single-dose intranasal 
administration (1.25, 2.5, or 5.0 mg) in pediatric subjects with epilepsy and to evaluate the safety 
and tolerability profile. 
 
Study Design This was a Phase I, open-label, inpatient PK study of single doses of 

intranasally administered USL261. The study included a Screening Visit 
(Visit 1), a Study Evaluation Visit (Visit 2; within 28 days of the Screening 
Visit), and a Follow-up Visit (Visit 3; 3 to 7 days after Visit 2, or at Early 
Termination). Subjects were assigned to 1 of 3 cohorts according to body 
weight. 

Study Population Pediatric epilepsy patients (males and female) 
Age: 2-13 years 
Weight: ≥10.0 kg to ≤60.0 kg 
36 subjects were enrolled and 36 completed the study 

Treatments USL261 (intranasal formulation of midazolam) 1.25, 2.5, or 5.0 mg 
administered as a single dose (ie, each subject received 1 dose only) by the 
intranasal route. 
1.25 mg (12.5 mg/mL)  
2.5 mg (25 mg/mL) 
5.0 mg (50 mg/mL)
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Analysis The liquid chromatography with tandem mass spectrometric detection 
(LC/MS/MS) method used for the determination of midazolam and 1-
hydroxymidazolam in plasma had adequate linearity, specificity, 
sensitivity, and accuracy. All reported batches met the required acceptance 
criteria. Using 500 μL of human plasma, the lower limit of quantitation 
was 0.5 ng/mL for midazolam and 1-hydroxymidazolam. 
Summary of control results are presented in the table below. 
 
Midazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 3.0, 28 and 192 
ng/mL 

0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

2.1 to 7.9% 1.8 to 8.9% 

Between Batch Accuracy 
(%RE) 

-1.5 to 5.4% -3.4 to 1.6% 

Linearity Weighted linear equation (1/X2), mean r= 
0.9968

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 
1-Hydroxymidazolam 

Parameter Quality Control 
Samples 

Standard Curve 
Samples 

Quality Control or Standard 
Curve Concentration (ng/mL) 

1.5, 3.0, 28 and 192 
ng/mL 

0.5, 1.0, 8.0, 32, 
64, 128, 224 and 
256 ng/mL 

Between Batch Precision 
(%CV) 

3.8 to 4.6% 3.1 to 8.4% 

Between Batch Accuracy 
(%RE) 

-0.4 to 0.9% -2.1 to 4.8% 

Linearity Weighted linear equation (1/X2), mean r= 
0.99845

Linear Range (ng/mL) 0.5 to 500 ng/mL 
Sensitivity (LLOQ, ng/mL) 0.5 ng/mL

 

Pharmacokinetic 
Assessments 

Pharmacokinetic evaluations: The following PK parameters were 
calculated for midazolam and for the active metabolite 1-
hydroxymidazolam (1-OHmidazolam): Noncompartmental analysis Area 
under the concentration-time curve AUC from time zero to the last 
quantifiable concentration (AUC0-last ), AUC from time zero to 6, 8, or 10 
hours postdose (AUC0-6, AUC0-8 [Cohorts 1 and 2 only], or AUC0-10 
[Cohort 1 only], respectively), maximum plasma concentration (Cmax), 
and time to Cmax (Tmax). 
 
Absorption rate constant (ka [midazolam only]), relative bioavailability 
(Frel [midazolam only]), fraction of midazolam converted to 1-OH-
midazolam (FM), apparent clearance of midazolam (CL/F), apparent 
intercompartmental clearance of midazolam (Q/F), apparent central 
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volume of distribution of midazolam (Vc/F), apparent peripheral volume 
of distribution of midazolam (Vp/F), apparent clearance of 1-OH-
midazolam (CLM/FM), apparent intercompartmental clearance of 1-
OHmidazolam (QM/FM), apparent central volume of distribution of 1-OH-
midazolam (VM/FM), and apparent peripheral volume of distribution of 1-
OH-midazolam (VpM/FM). The AUC from time zero extrapolated to 
infinity (AUC0-∞) was also derived (for midazolam, 1-OH-midazolam, 
and midazolam + 1-OH-midazolam) from the posterior Bayes PK 
parameters as Frel×dose/(CL/F).

Safety 
Assessments 

The following were evaluated: adverse events (AEs), clinical laboratory 
test results, vital signs (systolic and diastolic blood pressure, heart rate, and 
respiratory rate), Columbia-Suicide Severity Rating Scale (C-SSRS) 
results, and physical, nasal, and neurological examination findings. 
Electrocardiograms (ECGs) were performed at Screening only. 

Statistical 
Methods 

All safety population subjects with at least 1 quantifiable postdose plasma 
concentration of midazolam Compartmental PK parameters (i.e., ka, Frel, 
FM, CL/F, Q/F, Vc/F, Vp/F, CLM/FM, QM/FM, VM/FM, and VpM/FM) 
were derived using population PK models and summarized using 
descriptive statistics. Results are presented by cohort and by antiepileptic 
drug (AED) cytochrome P450 (CYP) enzyme subtype category (i.e., 
inducer or non-inducer of CYP enzymes subtypes 3A4 and/or 3A5 
[CYP3A4/5]). In addition, the PK parameters AUC0-last, AUC0-6, AUC0-
8, AUC0-10, Cmax, and Tmax were derived using noncompartmental 
methods as applicable (e.g., if sufficient data were available) and were 
similarly summarized using descriptive statistics.

 
RESULTS: 
 
Following figure represents mean plasma midazolam concentration-time profiles per dosing 
group on linear scale. 
 
Midazolam Pharmacokinetic Noncompartmental Parameter Geometric 
Means 
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Midazolam Pharmacokinetic Noncompartmental Parameter Geometric Means 
 

 
 
Statistical Comparison of Midazolam Selected Pharmacokinetic Parameters from Cohort 3 
versus Cohort 1 
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Statistical Comparison of Midazolam Selected Pharmacokinetic Parameters from Cohort 2 
versus Cohort 1 
 

 
 
 
Mean Concentration-Time Profile of 1-Hydroxymidazolam per 
Dosing Group 
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1-Hydroxymidazolam Pharmacokinetic Noncompartmental Parameter 
Geometric Means 
 

 
 
Statistical Comparison of 1-Hydroxymidazolam Selected Pharmacokinetic Parameters 
from Cohort 3 versus Cohort 1 
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Statistical Comparison of 1-Hydroxymidazolam Selected Pharmacokinetic Parameters 
from Cohort 2 versus Cohort 1 
 
 

 
 
 
CONCLUSIONS: 
The pediatric subjects had lower clearance and volume of distribution as compared to adults, 
consistent with their smaller body size. 
PK parameters for both MZ and 1- OH MZ were less than dose proportionality with increasing 
doses. 
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4.3 Population PK Analysis 
The Applicant performed population PK analyses to assess sources of variability in t he PK of midazolam 

and its primary act ive metabolite, 1-0 H-midazolam, and to inform dosing in t he pediat ric populat ion. 

Data from 9 clinical studies in healt hy subjects and patients with e pilepsy, including 6 Phase I studies 

and 3 Phase 3 studies were included in the analysis. A brief description of these studies is provided in 

Table 1. 

Table 1: Summary of the characteristics of the studies used for Pop PK analysis 

Study ID Subjects Doses Description of PK 
Sampling 

MZ0714 Healthy vo lunteers (N=25) 2.5, 5, 7.5 mg midazolam Pre-dose, 5, 10, 15, 20, 
nasa l spray 30, 45, 60, 90 min and 2, 

3, 4, 6 and 12 hou rs post-
dose 

MZ0815 Subjects with Epilepsy (N=90) 2.5 to 7.5 mg with Pre-dose, 5, 10, 15, 20, 
repeat doses separated 30, 45, 60 min and 2, 4, 6 
by 15 min and 12 hours post-dose 

P261-101 Adult subjects with history of 5, 10, 12.5 and 15 mg Pre-dose, 5, 10, 20, 30, 45 
recreational drug use (N=62) min, and 1, 1.5, 2, 3, 4, 6, 

8, 10, 12, 14, 
and 24 hours post-dose 

P261-102 Healthy geriatric and non- 2.5 and 5 mg Pre-dose, 5, 10,15, 20, 25, 
geriatric subjects (N=30) 30, 45, 60, 90 min, and 2, 

4, 6, 8, 12, 16, 
and 24 hours post-dose 

P261-201 Adult subjects with epilepsy on 5 to 17.5 mg with repeat Pre-dose, 5, 10, 15, 20, 
stable antiepileptic drug doses separated by 10 25, 30, 45, 60, 90 min and 
regimen (N=48) min 2, 4, 6, 8 and 12 

hours post-dose 
P261-202 Pediatric subjects wit h epilepsy 1.25, 2.5 and 5 mg Pre-dose and 5, 

(N=36) 15, 30, 90 min and 3, 4, 6, 
8, 10 hours post-dose 

P261-301 Subjects with epile psy in 5 mg Pre-dose, 10 and 45 min 
e pilepsy monitoring unit (N=19) and 4-6 hours post-dose 

P261-401 Subjects with se izure clusters Two 5 mg doses Pre-dose and 5, 10, 20, 30 
(N=285) separated by 10 min min and 1, 2, and 4 hours 

(test-dose phase) post-dose 
P261-408 Open label safety in adolescents 5 mg Pre-dose and 5, 15, 30 

and adults with seizure clusters and 60 min post-dose 
(N=7) 

Source: Adapted from Appendix 12.1 and 12.2 

Overa ll, the fina l dataset fo r Pop PK ana lysis consisted of 10,096 blood samples for midazolam and 1-

0 H-midazolam in 602 subjects. A total of 5.22% samples assayed for midazolam were BLQ and 14. 7% 

samples assayed fo r 1-0H-midazolam were BLQ. The higher number of BLQ samples fo r 1-0H

midazolam is attributed to early samples prior to format ion of the metabolite . Measurable 
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concentrations before the fi rst administration of study drug (6 for midazolam and 5 for 1-0H

midazolam) were excl uded from the ana lysis. 

Two compartment models were found to best describe midazolam and 1-0H-midazolam plasma 

concentration profiles. A sequential approach was used for modeling wherein a final population PK 

model was established for midazolam and then posthoc parameter estimates for that model were used 

as the input for the population PK model for 1-0H-midazolam. The fract ion of bioavailable midazolam 

converted to 1-0H-midazolam (Fm) was fixed to 1. Allometric scaling was assumed for clearance, 

volume of distribution and absorption parameters. Between-subject and intra-occasion variability (on 

clearance and relative bioavailability) were modeled using a log-normal distribution. Residual variability 

was described by a combined addit ive and proportiona l model. An effect of bioanalytical methods were 

tested on the residual error model. Analyses were performed in NONMEM Version 7.3 w ith the FOCE 

with INTERACTION option. 

Covariates were included in the model using a fu ll model approach based on biological plausibility, 

clinical interest or observed trend observed in exploratory analysis. A power function for continuous 

covariates and a mult iplicative function for categorical covariates were used. The covariates considered 

for inclusion in the model are listed in Table 2. 

Table 2: Potential covariates explored in the analysis 

Intrinsic Covariates Extrinsic Covariates 

Demographics: age, sex, body weight, race Concomitant medications: CYP3A-inducers (weak 
vs. strong) 

Disease status: healthy subjects vs. subjects with Formulation: early ITI formulation vs. USL261 
epilepsy 

Liver function: AST, ALT and BILI Dose: total dose administered 

Renal function: CRCL 

The distributions of categorica l and continuous covariates in the dataset are provided in Table 3 and 

Table 4. 
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Table 3: Summary of categorical baseline characteristics 

 

Source: PROX‐CSC‐100, Table 2, Page 25. 

Table 4: Summary of continuous baseline characteristics 

 

Source: PROX‐CSC‐100, Table 3, Page 26. 
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Based on exploratory covariate plots, the following covariates were included in the full population PK 

model of midazolam: 

 CL/F: CYP3A inducers, age category (elderly vs. non‐elderly) and sex 

 Frel: body weight, age, sex, formulation and total dose 

 Ka: age category (children vs. older subjects) 

The dose effect on relative bioavailability (Frel) was found to be formulation‐dependent.  A power 

model was used to describe the effect of dose on Frel for the ITI formulation and a two‐slope model was 

used to describe the effect for the USL261 formulation.  

The estimates of the final population PK model for midazolam are provided in Table 5. Goodness of fit 

plots, including a visual predictive check demonstrated a reasonable fit to the data.  

Table 5: Parameter estimates of the final PK model for midazolam 

 

Source: PROX‐CSC‐100, Table 5, Page 34. 
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The impact of covariates on midazolam exposure relative to a reference subject (70 kg, 18 years old 

female subject not on CYP3A inducing drugs administered 5 mg) was visualized in forest plots (Figure 1 

and Figure 2). 

Figure 1: Covariate effects on AUC of midazolam 

 

Source: PROX‐CSC‐100, Figure 7, Page 38 
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Figure 2: Covariate effects on Cmax of Midazolam 

 

Source: PROX‐CSC‐100, Figure 8, Page 39. 

The estimates of the final population PK model for 1‐OH‐midazolam are provided in Table 6 and basic 

goodness‐of‐fit plots are presented in Figure 3. 
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Table 6: Parameter estimates of the final model for 1‐OH‐Midazolam 

 

Source: PROX‐CSC‐100, Table 6, Page 47. 

Figure 3: Basic goodness‐of‐fit plots for final model for 1‐OH‐Midazolam 

 

Source: PROX‐CSC‐100, Figure 13, Page 45. 
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The impact of covariates on 1‐OH‐midazolam exposure relative to a reference subject (70 kg, 18 years 

old female subject not on CYP3A inducing drugs administered 5 mg) was visualized in forest plots (Figure 

4 and Figure 5.) 

Figure 4: Covariate effects on AUC of 1‐OH‐Midazolam 

 

Source: PROX‐CSC‐100, Figure 15, Page 49. 
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Figure 5: Covariate effects on Cmax of 1‐OH‐Midazolam 

 

Source: PROX‐CSC‐100, Figure 16, Page 50. 

Covariate effects on the active moiety (sum of midazolam and 1‐OH‐midazolam, adjusted for molecular 

weight differences) were also calculated. The results were similar in magnitude to the effects on 

midazolam because midazolam is the major contributor to the active moiety (i.e., concentrations of 1‐

OH‐midazolam are significantly lower than midazolam). 

The Applicant’s conclusions include the following: 

 The bioavailability of 5 mg midazolam is predicted to be 32% lower with the USL261 formulation 

compared with the ITI formulation 
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 Midazolam exposures increased approximately proportional to dose for the USL261 formulation 

for doses below 15 mg. At doses above 15 mg, little to no increase in exposure was observed. 

 1‐OH‐midazolam plasma exposures were on average 10‐50% of midazolam exposures 

 Healthy subjects have 31% and 44% lower 1‐OH‐midazolam Cmax and AUC than subjects with 

epilepsy 

 Between subject variability for midazolam exposures was approximately 32‐33% 

 Age does not have a relevant effect on midazolam exposures across the adolescent to adult age 

range (12‐64 years). Elderly subjects had higher midazolam exposures (29% and 53% higher 

Cmax and AUC) and longer terminal half‐life.  

 Male sex was associated with 41% higher midazolam relative bioavailability and 25% higher 

midazolam Cmax values 

 The range of AUC and Cmax for underweight/normal, overweight and obese subjects were 

comparable 

 There was an apparent lack of a relationship between renal function (CRCL > 50 mL/min) and 

midazolam exposure  

 Cmax and AUC values of the active moiety were 8% and 15% lower in subjects taking weak 

CYP3A inducing AEDs compared to those not taking CYP3A inducing AEDs. Cmax and AUC values 

of the active moiety were 16% and 26% lower in subjects taking strong CYP3A inducing AEDs 

compared to those not taking CYP3A inducing AEDs 

 Midazolam exposures in children ≥ 25 kg are expected to fall within the range of values 

observed in adults and adolescents 

Reviewer’s Comments: 

The Applicant’s population PK model provides a reasonable description of midazolam plasma 

concentrations in healthy subjects and subjects with epilepsy. The fit for 1‐OH‐midazolam is not as good, 

as seen in Figure 3 with deviations in observed vs. population predictions around the line of unity. The 

deterioration in fit for the metabolite is not unexpected, as a sequential approach was taken and 

assumptions were made regarding the formation of the metabolite. The concentrations of the 

metabolite are significantly lower than midazolam and covariate effects are similar for midazolam and 

the active moiety, so the deterioration of the fit is not of critical importance.  

The results indicate that the bioavailability of the to‐be‐marketed formulation is lower (approximately 

32%) relative to the formulation used in the absolute bioavailability study for comparison to midazolam 

injection. From a safety perspective, the lower exposure for the to‐be‐marketed formulation provides a 

satisfactory bridge to the reference label. The to‐be‐marketed formulation was used in the pivotal 

efficacy study, so the lower bioavailability is not of a concern in the context of efficacy. Therefore, these 

analyses can be considered to provide support for a bridge to the reference product. 

The covariate analysis suggests significant effects of sex and concomitant CYP3A4 inducers on exposure 

of midazolam, but these are considered not to be clinically relevant and no dose adjustment for these 

factors was employed in the clinical trials.    
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4.4	Population	Exposure‐Response	Analysis	
The Applicant also performed an exposure‐response analysis using data collected from the pivotal trial 

(P261‐401). P261‐401 included a test‐dose phase in which subjects received two doses of open label 5 

mg midazolam administered 10 minutes apart at the study center. Plasma samples were collected to 

characterize the time course of midazolam and 1‐OH‐midazolam concentrations (Table 1). The 

comparative phase of P261‐401 was an outpatient, double‐blind, placebo‐controlled trial in which 

subjects were randomized 2:1 to receive 5.0 mg midazolam or placebo. The subject’s caregiver 

administered the double‐blind study drug when the subject experienced a seizure cluster.  

Exposure metrics used in the analysis were AUC0‐6, AUC0‐inf and Cmax. AUC measures were considered to 

be reflective of a sustained protection against seizure occurrence, whereas Cmax may be more relevant in 

terms of acute seizure abatement. Exposure metrics for the active moiety were also considered in the 

analysis. The PK model described in Appendix 4.4 was used to derive rich concentration‐time profiles in 

subjects based on PK data collected in the test‐dose phase of P261‐401. The response endpoint in the 

analysis is consistent with the primary endpoint in the comparative phase of P261‐401, which was the 

termination of seizures within 10 minutes of study drug administration and no recurrence of seizures 

beginning 10 minutes after administration of study drug and up to 6 hours. The probability of treatment 

success was evaluated using a time‐independent logistic regression model linking the single dose 

exposure parameter with the probability of response.  

A total of 292 subjects were enrolled in the test‐dose phase of P261‐401 and 201 of these subjects 

proceeded to the comparative phase. There were 4 subjects evaluated in the comparative phase who 

did not have PK data from the test‐dose phase and were therefore excluded from the analysis. The 

relationship between AUC0‐6 of midazolam and the probability of treatment success is presented in 

Figure 6.  
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Figure 6: Exposure‐response relationship for probability of treatment success 

 

Source: PROX‐CSC‐100‐2, Figure 1, Page 15. 

A statistically significant relationship was observed (p=0.0226), but treatment success across the range 

of AUC0‐6 were similar across the 1st, 2nd, 3rd, and 4th quartiles (57.6%, 46.9%, 56.2% and 51.5%, 

respectively). The Applicant notes that a 10‐fold range of AUC0‐6 values is observed across the quartiles 

(12.9 to 195 ng.h/mL) and thus changes in exposure due to concomitant administration of CYP3A4 

inducers or body weight are not likely to be clinically relevant.  Exposure‐response analyses using other 

exposure metrics for midazolam or active moiety showed a similar trend. However, no clear relationship 

was noted for 1‐OH‐midazolam exposure metrics.  

A separate analysis was also performed for time to next seizure using a time‐to‐event model driven by 

time‐varying concentrations of midazolam. Similar to logistic regression, this analysis suggested that the 

relationship for the time to next seizure had reached a plateau at the levels of exposure observed in the 

study. 

Reviewer’s Comments: The Applicant’s analysis is limited by the fact that only one dose was studied in 

P261‐401 and that PK samples were collected during the test‐dose phase and not during the comparative 

phase. On the other hand, there was a wide spread of exposure values and the intra‐occasion variability 

was found to be modest in the population PK model. The results of this analysis support the primary 

efficacy results from P261‐401, including in the subpopulation of subjects receiving concomitant 

administration of CYP3A inducing AEDs. 
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