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Date: January 10, 2020 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 211635 (Valtoco; diazepam nasal spray) 
_____________________________________________________________________________ 
 
NDA 211635 was submitted on September 20, 2018, to support marketing approval of diazepam 
nasal spray to “control bouts of increased seizure activity, often referred to as cluster or acute 
repetitive seizures…” in patients 6 years of age and older. The NDA is a 505(b)(2) application, 
with Diastat Rectal Gel (NDA 20648) as the Listed Drug. Clinical development was conducted 
under IND 112621. The nonclinical studies conducted to support clinical development and the 
NDA were reviewed by Dr. Fisher (Pharmacology/Toxicology NDA Review and Evaluation, 
NDA 211635, Ed Fisher, Ph.D., December 31, 2019). Dr. Fisher concluded the NDA “…is 
approvable from a pharmacology/toxicology standpoint for use in adults,” provided specification 
limits for two impurities were “lowered to the qualification threshold,” but that there “are no 
nonclinical data to support safety in pediatric patients.” 
 
This memo further addresses issues regarding marketing approval of diazepam nasal spray in 
pediatric patients less than12 years of age. As Dr. Fisher notes, a study in juvenile animals to 
assess the local toxicity of diazepam nasal spray was not conducted, which was the basis for his 
recommendation.  
 
The primary concerns, from a nonclinical standpoint, were the local (nasal) toxicity of the 
clinical formulation and the potential systemic effects of the excipient, dodecyl maltoside (DDM, 
Intravail A3). DDM, an alkylglycoside nonionic surfactant, is characterized as a “functional 
excipient” intended to enhance absorption. The need for nonclinical studies of the excipient itself 
was based on the extent of systemic exposure in humans resulting from intranasal administration. 
In the pre-NDA meeting under IND 112621, the sponsor was informed that if DDM did not 
circulate in humans at clinically relevant doses, then reproductive and developmental (including 
juvenile animal) toxicity and carcinogenicity studies of the excipient would not be needed (see 
Meeting Minutes, Pre-NDA, March 30, 2018). The “juvenile animal” study was in reference to 
the standard postnatal development study (with, in this case, dosing initiated on approximately 
PND 28) designed to assess general systemic toxicity, developmental endpoints such as physical 
development, bone growth and morphology, neurobehavioral evaluation, and reproductive 
function. The sponsor provided pharmacokinetic data demonstrating minimal systemic exposure 
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in humans to the excipient; therefore, nonclinical studies of the excipient alone were not 
required.  
 
The sponsor did not conduct a local toxicity study in juvenile animals to assess potential 
differences between juvenile and adult animals in sensitivity of the nasal mucosa to diazepam 
nasal spray (i.e., diazepam and DDM). Based on this, Dr. Fisher concluded the nonclinical data 
support approval in adult, but not pediatric, patients.  
 
The sponsor provided a discussion of age-related differences in nasal physiology in the Clinical 
Overview and referenced published literature (Garcia GJM et al. Inhal Toxicol 21(7):607-618, 
2009; Wolfe TR, Braude DA, Pediatrics 126(3): 532-537, 2010; Xi J et al. In: Tyshenki MG, 
editor, The Continuum of Health Risk Assessments, IntechOpen, pgs 47-72, 2012). The 
sponsor’s main argument is that plasma exposures, effective dose(s), and safety data for 
diazepam nasal spray are similar in pediatric (6-16 years of age) and adult patients. It is my 
understanding that the clinical team does not consider the sponsor’s plasma exposure data in 
pediatric patients to be sufficient to allow for comparison to those in adults. However, it is also 
my understanding that the clinical team has determined the sponsor has provided an adequate 
scientific bridge to the pediatric and adult doses of the Listed Drug, and that the safety data from 
clinical studies of diazepam nasal spray in pediatric patients, which included careful examination 
of the nasal passages, are adequate to support approval in children 6 years of age and older. 
  
An additional consideration is the potential for a juvenile animal toxicology study to inform the 
potential for local nasal toxicity in the pediatric population. Published literature (Greeley MA, 
Chapter 4 – Respiratory System. In: Parker GA, Picut CA, editors, Atlas of Histology of the 
Juvenile Rat, Elsevier Inc., pgs 89-125, 2016 [based on the abstract]; Oikawa T et al. J Vet Med 
Sci 63(7):759-765, 2001) suggests that nasal passages (including olfactory epithelium) in the rat 
are well-developed by postnatal day (PND)14 (corresponding to less than 2 years of age in 
humans). Intranasal drug administration prior to PND 14 in rat is possible, but it would be 
challenging and may not be a particularly relevant model in this case.  
 
Therefore, considering the adequacy of the clinical (pediatric and adult) data, there is no need for 
a juvenile animal toxicology study to support approval of diazepam nasal spray for the intended 
patient population (6 years of age and above). Regarding the impurity issue raised by Dr. Fisher, 
the sponsor has lowered the specification limits for two diazepam related impurities (Related 
Compounds A and B) to NMT 0.5% (see Integrated Quality Review, NDA 211635, January 9, 
2020); therefore, this issue has been adequately addressed. 
 
Recommendation: There is no objection to approval of the NDA for the intended patient 
population, from a nonclinical standpoint. 
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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for approval of 
N211635 are owned by Neurelis or are data for which Neurelis has obtained a written right of reference. 
Any information or data necessary for approval of N211635 that Neurelis does not own or have a written 
right to reference constitutes one of the following: (1) published literature, or (2) a prior FDA finding of safety 
or effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or information 
described or referenced below from reviews or publicly available summaries of a previously approved 
application are for descriptive purposes only and are not relied upon for approval of N211635.

Note: All figures and tables in this review were excerpted from the sponsor’s submission.
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1 Executive Summary

1.1 Discussion of Nonclinical Findings
NDA 211635 for Valtoco (diazepam nasal spray; DZP NS), intended for intermittent use 
in adults and children ≥ 6 years of age with epilepsy to control bouts of increased seizure 
activity, is a 505(b)(2) application and relies on the previous finding of safety and 
effectiveness for the listed drug, Diastat (diazepam rectal gel, NDA 020648). The 
maximum recommended human dose of DZP NS is 20 mg (two 10 mg nasal spray 
devices [each delivering 100 µL of 100 mg/mL concentration], one in each nostril). 
According to the proposed labeling, a second dose may be given, as needed, 4-12 hours 
after the first; it is recommended that DZP NS be used to treat no more than one episode 
every 5 days and no more than 5 episodes per month. The clinical Cmax and AUC values 
for diazepam after an intranasal (IN) dose of 20 mg DZP NS were 200 ng/mL and 7711 
ng•hr/mL, respectively (Study DIAZ.001.02). 

DZP NS contains the “functional excipient” dodecyl maltoside (DDM, Intravail A3), which 
is an alkylglycoside nonionic surfactant intended to enhance absorption, at a level of 

% (  mg/100 µL). DDM is present in an approved intranasal product (Tosymra  
(sumatriptan)  nasal  spray product labeling). In addition to the toxicity studies conducted 
with the DDM-containing DZP NS clinical formulation, the sponsor obtained right of 
reference to the Intravail DMF # :

DMF #  contains chronic toxicity, genotoxicity, and carcinogenicity studies. 
These are considered adequate, together with the studies conducted for DZP NS, 
to support the safety of the excipient at the level proposed for the current product. 
Because the sponsor provided clinical data demonstrating very low levels of intact 
DDM in circulation in humans after IN administration, reproductive and 
developmental toxicity studies of DDM were not required. 

To evaluate the safety of DZP NS, the sponsor conducted 3 GLP IN toxicity studies of the 
clinical formulation (NRL-1): 4-week studies in rat and dog and a 6-month study in rat. 
These studies, which are considered adequate, did not indicate any unexpected toxicity 
at doses (on a nasal surface area basis; total nasal surface areas of 14 and 160 cm2 in 
rat and human, respectively; Gizurarson, Acta pharmaceutica Nordica 2(2):105-22,1990) 
and dosing frequencies greater than those proposed clinically. However, toxicity studies 
in juvenile animals were not conducted, so there are no nonclinical data to support safety 
in pediatric patients. 

In the 4-week toxicity study in Sprague Dawley (S-D) rats, IN administration (80 µL/day) 
of saline or vehicle (DDM %,  mg/mL) at a dosing frequency of 6 days/week or 
NRL-1 (100 mg diazepam/mL) at a dosing frequency of 1, 3, or 6 days/week (8, 24, or 48 
mg diazepam/week) produced no apparent treatment-related effects on mortality, clinical 
signs, body weight, or clinical pathology. Microscopic findings of epidermal 
hyperplasia/inflammation in the nose/nares and inflammation, erosion/ulcer, and 
hemorrhage in the nasal turbinates were seen in both vehicle and NRL-1 groups, with no 
dose response in animals given NRL-1, indicating an irritant epidermal reaction to the 
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vehicle. Reversibility was demonstrated for the nasal findings. The NOAEL of 8 mg given 
6 days/week (48 mg diazepam/week) was associated with diazepam Cmax and AUC0-
24h values of 119 ng/mL and 790 ng·hr/mL in males, and 392 ng/mL and 3680 ng·hr/mL 
in females, respectively. 

Daily IN instillation of vehicle (80 µL/day QD) or NRL-1 (40, 60, or 80 µL/day QD; 4, 6, or 
8 mg diazepam/day) to S-D rats for 26 weeks produced dose-related increases in clinical 
signs (excessive grooming, red material around the nose, rubbing the head/nose) but no 
treatment-related mortality or effects on BW, ophthalmological examinations, clinical 
pathology, organ weights, or macroscopic and microscopic evaluations. Although no 
saline control was included in this study, the histopathology data did not indicate any local 
effects of the vehicle or NRL-1 solution. The NOAEL (8 mg/day) was associated with 
Cmax and AUC0-24h values (Day 180 combined sex) of 1030 ng/mL and 5400 hr*ng/mL 
for diazepam, 54 ng/mL and 257 hr*ng/mL for nordiazepam, and  ng/mL and  
hr*ng/mL for DDM, respectively. 

In beagle dogs receiving IN instillations (780 µL/day) of saline or vehicle 6 days/week or 
NRL-1 (100 mg/mL) 1, 3, or 6 days/week (78 mg diazepam/day, 78, 234, or 468 mg/week) 
for 28 days, transient clinical signs of CNS toxicity (sedation) were observed at the MD 
and HD, but there was no mortality and no BW, cardiovascular, or significant clinical 
pathology findings. Increased mucosal neutrophil infiltrate in the nasal turbinates was 
observed with similar incidence and severity in animals given vehicle or NRL-1 but was 
not seen in saline controls, indicating a vehicle-related finding. Microscopic findings 
considered related to the intranasal instillation procedure were seen in the lung and larynx 
in most groups, including saline controls. Reversibility was demonstrated for the nasal 
turbinate finding. The NOAEL (78 mg NRL-1 given 6 days/week, 468 mg diazepam/week) 
was associated with diazepam Cmax and AUC0-24h values (sexes combined) of 624 
ng/mL and 1720 ng·hr/mL, respectively. 

IN administration of the clinical formulation to rats at a dose of 80 µL/day in the 4-week 
and 6-month rat studies provided an approximately 2-fold margin over the maximum 
clinical daily dose (200 µL of 100 mg/mL NRL-1 twice daily) on a nasal surface area basis. 
Local exposure after IN administration of 780 µL/day in the 4-week dog (nasal surface 
area of 221 cm2) study was approximately equivalent (1.4X) to that in humans receiving 
the maximum daily dose. With up to 6 doses per week over the course of the 4-week rat 
and dog studies and daily dosing in the 6-month rat study, dosing frequency was greater 
in both species compared to the proposed maximum clinical intermittent dosing regimen 
(treatment of no more than 1 episode every 5 days or 5 episodes per month). Weekly 
exposure in the 6-month rat study was approximately 11X that in humans receiving the 
maximum clinical weekly dose.

Two degradants (designated diazepam related substances A and B) were identified in 
stability studies at levels that meet or exceed the ICH qualification threshold of 0.5% for 
a drug product having a maximum daily dose of 40 mg. The sponsor set specification 
limits of  and %, respectively, for these impurities. To qualify related substances A 
and B, (Q)SAR analyses of each degradant were conducted by the sponsor. These and 
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the (Q)SAR evaluations conducted by the CDER Computational Toxicology Consultation 
Service predicted that both degradants were negative for mutagenicity. The sponsor’s 
toxicology assessment of the impurities stated that no toxicological data were found in 
the available literature for diazepam related compounds A and B,  

 
For a chronic 

intermittent indication, a 3-month toxicity study in one species would generally be needed 
to qualify an impurity unless adequate toxicology data were available in the scientific 
literature or adequate levels of the degradant were tested in the nonclinical safety studies 
(ICH Q3B(R2)). Because levels of the degradants were low (< %) in the drug batches 
used in the pivotal toxicity studies, the information provided is inadequate to qualify the 
impurities at the proposed specification limits. Therefore, the specification limit for each 
impurity needs to be lowered to the qualification threshold. 

1.2 Recommendations
The application is approvable from a pharmacology/toxicology standpoint for use in 
adults, provided the specification limits for Related Substances A and B are lowered to 
the qualification threshold of 0.5%. There are no nonclinical data to support safety in 
pediatric patients.
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2. Drug Information

2.1 Drug
CAS Registry Number 439-14-5

Generic Name diazepam

Chemical Name 7-chloro-1,3-dihydro-1-methyl-5-phenyl-
2H-1,4-benzodiazepin-2-one

Molecular Formula/Molecular Weight C16H13C1N2O / 284.7

Pharmacologic Class Benzodiazepine

2.2 Relevant IND 112621

2.3 Proposed Clinical Population and Dosing Regimen
Acute treatment of seizures in patients 6 years of age or older who require control of 
intermittent episodes of increased seizure activity (e.g., ARS, seizure clusters). The 
proposed maximum recommended intermittent dosing regimen is 40 mg/day (two 20 mg 
treatments, given as two 10 mg nasal spray devices, one in each nostril) separated by 4-
12 hours) up to 5 times per month.

3. Studies Reviewed 
Repeat-Dose General Toxicity

Rat
- Intranasal dose range-finding study of NRL-1 in rat
- 4-week intranasal toxicity study of NRL-1 in rat 
- 6-month intranasal toxicity study in NRL-1 in rat

    Dog
- Intranasal dose range-finding study of NRL-1 in dog 
- 4-week intranasal toxicity study of NRL-1 in dog

Special Toxicity

- Toxicological assessment of impurities 
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4. General Toxicology

4.1 Repeat-Dose Toxicity
Study title:  4-Week Toxicity and Toxicokinetics Intranasal Instillation Dose Study 
with NRL-1 Diazepam Solution in Rats with a 4-Week Recovery

Study no.:  # 8290342
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: 2/12/13

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: NRL-1, Batch no. 436-4, 100.4%
Key Study Findings
S-D rats were given saline (6 days/week), vehicle (6 days/week), or 8 mg of diazepam in 
NRL-1 solution (1, 3, or 6 days/week) by intranasal instillation (40 µL BID, 80 µL/day) for 
4 weeks. No toxicologically important NRL-1-related findings occurred. Vehicle-related 
microscopic findings in the nose/nares (minimal to slight epidermal 
hyperplasia/inflammation) and nasal turbinates (minimal to slight nasal turbinate 
inflammation, minimal erosion/ulcer, and minimal to slight hemorrhage) were reversible 
and not considered adverse. Administration of the clinical formulation to rats at a dose of 
80 µL/day provided an approximately 2-fold margin over the maximum clinical daily dose 
(200 µL BID) on a nasal surface area basis and was approximately 10X greater on a 
weekly basis.

Methods
Doses: 0 (saline), 0 (vehicle), or 8 mg/day (diazepam) 

Frequency of dosing: BID; 1, 3, or 6 days/week
Route of administration: intranasal

Dose volume: 20 µL/nostril, 80 µL/day
Formulation/Vehicle: NRL-1: Vitamin E, benzyl alcohol, dodecyl 

maltoside (  mg/mL), dehydrated 
Species/Strain: Crl:CD(SD)

Number/Sex/Group: 15/sex/group
Age: 6-7 weeks

Weight: 200-253 g for males,143-194 g for females
Satellite groups: 16/sex/grp TK

Unique study design: Saline and vehicle controls; dose varied with 
frequency of administration

Deviation from study protocol: None that impacted study quality or integrity

S-D rats were administered (IN instillation of 20 µL to each nostril twice daily 4 hours 
apart) saline or vehicle (DDM %, ) 
6 days/week or NRL-1 (100 mg diazepam/mL) 1, 3, or 6 days/week (8, 24, or 48 mg 
diazepam/week) for 28 days (see treatment groups below). Ten animals/sex/group were 
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sacrificed on Day 29 and 5/sex/group were sacrificed after 30 days of recovery. 
Assessment of toxicity was based on mortality, clinical observations, body weights, food 
consumption, ophthalmic examinations, and clinical and anatomic pathology. Blood 
samples were collected on Days 1 and 28 for TK evaluations. 

Doses were based on the results of a non-GLP single and repeat dose range-finding 
study (  Study No. 8290337) in which up to 10 IN instillations of 20 µL of 100 
mg/mL NRL-1 (20 mg/day) were administered for up to 7 days to S-D rats. Drug-related 
microscopic findings were limited to the larynx (minimal neutrophil infiltrate) in animals 
given 60 to 140 mg/week, which was attributed to dose overflow. Doses were chosen to 
provide margins to the clinical regimen without exceeding the volume limits of IN delivery 
in the rat. 
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Observations and Results
Mortality
All animals survived to the scheduled necropsies.
Clinical Signs
There were no vehicle- or NRL-1-related clinical observations.
Body Weights
Body weights were unaffected by drug or vehicle administration. 
Food Consumption
Unaffected by drug or vehicle administration.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the treated groups.
Hematology
NRL-1-related hematology changes consisted of slight increases in RBC parameters 
(RBC count, hemoglobin, and hematocrit) in females at all doses and slightly decreased 
absolute lymphocyte counts in HD males and MD and HD females. 
Clinical Chemistry
NRL-1-related clinical chemistry changes consisted of slight increases in total protein 
(due to higher albumin and globulin) and calcium at all doses and slightly increased 
potassium at the HD compared to saline control. Effects on serum proteins correlated 
with effects on RBC and suggested hemoconcentration. The effect on calcium was 
considered secondary to the effect on albumin. Due to the small magnitude of the 
changes, no clinical chemistry findings were considered toxicologically important.
Urinalysis
There were no drug- or vehicle-related differences in urinalysis parameters.
Gross Pathology
There were no findings considered to be associated with the IN instillation of the drug or 
vehicle.
Organ Weights
Absolute and relative liver weights were increased (SS) in MD and HD females without 
microscopic correlates. 
Histopathology
At terminal necropsy, what appeared to be vehicle-related findings, based on group 
incidences, were noted in the nose/nares and nasal turbinates (Table 1). Nasal turbinate 
findings included minimal to slight inflammation, minimal erosion/ulcer, and minimal to 
slight hemorrhage; and minimal to slight epidermal hyperplasia/inflammation was noted 
in the nose/nares. The incidences and severity scores for these findings in the vehicle 
control group were similar to or greater than those in the NRL-1 groups, which were 
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generally not dose-related. It should be noted that the vehicle contained the same 
components in the same amounts as the NRL-1 solution except for the amount of  

. There were no 
other drug- or vehicle-related histopathology findings.

Table 1.    Summary of microscopic observations - terminal                                                                                                                                   

At the recovery necropsy, nasal turbinate findings were limited to inflammation in 3/5 
males and 1/5 females given vehicle and 3/5 LD males, and only 1 vehicle control female 
had minimal focal epidermal hyperplasia/inflammation of the nares, indicating reversibility 
(Table 2).

Table 2. Summary of microscopic observations - recovery
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Toxicokinetic
TK parameters for diazepam and nordiazepam are shown in Tables 3 and 4, respectively.

Table 3. Diazepam TK parameters in rat plasma following intranasal NRL-1

Table 4. Nordiazepam TK parameters in rat plasma following intranasal NRL-1
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Study title:  4-Week Toxicity and Toxicokinetics Intranasal Instillation Study with 
NRL-1 Diazepam Solution in Dogs with a 4-Week Recovery

Study no.:  # 8290343
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: 11/7/13

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: NRL-1, Batch no. 436-4, 100.4%

Key Study Findings
Beagle dogs were administered saline (6 days/week), vehicle (6 days/week), or 78 mg of 
diazepam in NRL-1 solution (1, 3, or 6 days/week) by IN instillation (780 µL/day) for 4 
weeks. Drug-related clinical observations of sedation in MD and HD NRL-1 groups were 
consistent with the pharmacologic action of diazepam. There were no toxicologically-
important clinical pathology findings and no drug-related microscopic findings. Reversible 
vehicle (mucosal neutrophil infiltrates in nasal turbinates) and procedure-related (lung 
infiltrate/inflammation, laryngeal submucosa inflammation/edema) effects were observed 
that are considered adaptive and non-adverse. Local exposure after IN administration of 
780 µL/day was approximately equivalent (1.4X), on a nasal surface area basis, to that 
in humans receiving the MDD and was approximately 6X greater on a weekly basis.
.

Methods
Doses: 0 (saline and vehicle), 78 mg/day (diazepam)

Frequency of dosing: TID, 3 instillations/nostril/day; 1, 3, or 6 
days/week

Route of administration: intranasal
Dose volume: 130 µL/instillation

Formulation/Vehicle: NRL-1: Vitamin E, benzyl alcohol, Intravail A3 
(dodecyl maltoside,  mg/mL), dehydrated 

Species/Strain: Beagle
Number/Sex/Group: 4-6/sex/group

Age: 4-5 months
Weight: 7.4-10.4 kg for males, 6-8.5 kg for females

Satellite groups: No
Unique study design: Weekly dosing frequency varied

Beagle dogs were given saline (6 days/week), vehicle (6 days/week), or 78 mg of 
diazepam in NRL-1 nasal solution (1, 3, or 6 days/week) by intranasal instillation (780 
µL/day) for 4 weeks (see below). Vehicle contained the same components in the same 
amounts as the NRL-1 solution, except for the amount of  

. Four animals/sex/group were 
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sacrificed on Day 29 and the remaining 2/sex/group (all but LD) were sacrificed following 
33 days of recovery. Assessment of toxicity was based on mortality, clinical observations, 
body weights, food consumption, ophthalmic examinations, ECG examinations, and 
clinical and anatomic pathology. Blood samples were collected on Days 1 and 28 for TK 
evaluations for diazepam, nordiazepam, and dodecyl maltoside (DDM). 

Dose selection was based on the results of a pilot 5-day dose range-finding study in dogs 
(  Study No. 8290338) in which up to 6 IN instillations of 100 µL of 100 mg/mL 
NRL-1 solution to each nostril were generally well-tolerated for 5 days of daily dosing. 
Therefore, 3 doses per nostril per day at a higher dose volume of 130 µL for up to 6 
days/week, were expected to be tolerated over the 28-day treatment period and provide 
adequate multiples of exposure compared to the clinical regimen of up to two 200 µL 
doses (100 µL/nostril) per day, no more than once every 5 days. 
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Observations and Results
Mortality
All animals survived to the scheduled necropsies.
Clinical Signs
Dose-related transient sedation was seen in animals given NRL-1, consistent with the 
pharmacology of diazepam.
Body Weights
There were no statistically significant (SS) differences in BW gain or BW among control 
and drug-treated groups during the treatment period. However, during the recovery 
phase, BW gain was decreased in MD and HD males compared to saline or vehicle 
control groups, possibly due to withdrawal effects.
Food Consumption
Unaffected by drug administration.
Ophthalmoscopy
No ophthalmic lesions indicative of toxicity were observed in any of the treated groups.
ECG
No drug- or vehicle-related effects on ECG parameters were observed.
Hematology
There were no drug- or vehicle-related alterations in hematology and coagulation 
parameters.
Clinical Chemistry
Small, reversible increases in cholesterol, triglycerides, and alkaline phosphatase were 
seen in MD and HD drug-treated groups.
Urinalysis
Increased urine volume and decreased urine specific gravity were seen in MD and HD 
groups on Day 28. 
Gross Pathology
There were no findings considered to be associated with IN drug or vehicle administration.
Organ Weights
Increases in liver/gall bladder weight without a microscopic correlate were seen at the HD 
(SS in females).
Histopathology
No drug-related microscopic findings were observed. In the nasal turbinates, increased 
mucosal neutrophil infiltrate was observed with a similar incidence and severity in both 
vehicle and NRL-1 groups, but was not seen in saline controls (Table 1). Microscopic 
findings that appeared to be related to the intranasal instillation procedure were seen in 
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the lung and larynx in most groups, including saline controls. These occurred with similar 
incidences and severity scores across groups and without a clear dose relationship in 
NRL-1 groups. 

Table1. Summary of microscopic observations - terminal

The vehicle- and procedure-related findings showed a reduced incidence and severity at 
the recovery necropsy (Table 2).

Table 2. Summary of microscopic observations - recovery
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Toxicokinetic
TK parameters for diazepam, nordiazepam, and DDM are shown in Tables 3, 4, and 5, 
respectively.

Table 3 Diazepam TK parameters in dog plasma (sexes combined) following 
intranasal NRL-1 administration

Table 4. Nordiazepam TK parameters in dog plasma (sexes combined) following 
intranasal NRL-1 administration

Table 5. DDM TK parameters in dog plasma (sexes combined male) following 
intranasal NRL-1 administration
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Study title:  NRL-1 Diazepam Solution: A 26-Week Intranasal Toxicity Study in 
Rats with an 8-Week Recovery Period

Study no.:  Study No. 2502-002
Study report location: 4.2.3.2

Conducting laboratory and location:
Date of study initiation: May 9, 2016

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot #s 16 -005,16 -045; 101, 98.5%

Key Study Findings
Daily IN instillation of vehicle (80 μL/day) or NRL-1 (40, 60, or 80 μL/day; 10 mg 
diazepam/100 µL) to S-D rats for 26 weeks produced dose-related increases in clinical 
signs (excessive grooming, red material around the nose, rubbing the head/nose, and 
sneezing) but no treatment-related mortality or effects on BW, ophthalmological 
examinations, clinical pathology, organ weights, or macroscopic or microscopic 
evaluations were observed. The NOAEL (8 mg/day) was associated with Cmax and 
AUC0-24h values (Day 180 combined sex) of 1030 ng/mL and 5400 hr*ng/mL for 
diazepam, 54 ng/mL and 257 hr*ng/mL for nordiazepam, and  ng/mL and  hr*ng/mL 
for DDM, respectively. Administration of 80 µL/day provided an approximately 2-fold 
margin over the MHDD (200 µL BID) on a nasal surface area basis and was approximately 
11X greater on a weekly basis.

Methods
Doses: 0 (vehicle), 4, 6, or 8 mg/day

Frequency of dosing: QD
Route of administration: intranasal

Dose volume: 20, 30, or 40 µL/nostril, 40, 60, or 80 µL/day
Formulation/Vehicle: NRL-1: Vitamin E, benzyl alcohol, dodecyl 

maltoside ( mg/mL), dehydrated 
Species/Strain: Crl:CD(SD)

Number/Sex/Group: 18/sex/group 
Age: 7.5 weeks for males, 9 weeks for females

Weight: 267-306 g males, 208-255 g females
Satellite groups: 4-8/sex/grp TK

Unique study design: Daily dose varied by volume administered
Deviation from study protocol: None that impacted study quality or integrity

S-D rats were administered vehicle (80 μL/day) or NRL-1 (40, 60, or 80 μL/day; 10 mg 
diazepam/100 µL) by IN instillation once daily for 26 weeks (treatment groups shown 
below). Observations included mortality, clinical observations, body weight, food 
consumption, ophthalmoscopic examinations, and clinical and anatomic pathology 
(microscopic examinations in vehicle C and HD groups of brain, esophagus, larynx, liver, 
lung nares, nose, pharynx, sinus, stomach, and trachea; 7 brain levels and 4 nasal 
passage levels). TK assessment was conducted for diazepam, nordiazepam, and dodecyl 
maltoside (DDM).
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Doses were based on the results of the 4-week study in S-D rats in which IN instillation 
of 80 µL/day (20 µL/nostril to both nostrils BID) of vehicle or NRL-1 solution produced 
apparently vehicle-related microscopic findings in the nose/nares (epidermal 
hyperplasia/inflammation) and nasal turbinates (inflammation, erosion/ulcer, and 
hemorrhage) that were reversible and not considered adverse. However, according to the 
study report, the vehicle-related nasal findings in the 4-week study were considered to 
limit the daily dose volume to no greater than 80 μL/day. In the 4-week study the vehicle 
was prepared with , which 
may have explained the greater incidences of microscopic findings in the vehicle group 
compared to NRL-1 groups. For the current 6-month study the amount of  

 to more closely approximate that in the NRL-1 formulation in an 
effort to reduce vehicle-related nasal irritation. A dose volume of 40 μL/naris was 
considered a maximum feasible volume per instillation based on a pilot study conducted 
by the contract laboratory  
Observations and Results
Mortality
No drug- or vehicle-related deaths.
Clinical Signs
Dose-related increases in the incidences of excessive grooming (≥6 mg/day), red material 
around the nose (≥4 mg/day), and rubbing in the bedding (≥4 mg/day) were seen in NRL-
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1-treated groups (Table 1). Sneezing was observed during the first 5 to 6 weeks in all 
groups without relationship to dose. These observations were not present in the recovery 
groups, except for excessive grooming in 1 HD female on 1 day during Week 31.

Table 1. Clinical Observations-Dose Phase

Body Weights
There were no drug-related BW effects.
Food Consumption
There were no drug-related differences in food consumption.
Ophthalmoscopy
There were no drug-related ophthalmoscopic findings.
Hematology
There were no drug-related changes in hematology or coagulation parameters.
Clinical Chemistry
There were no drug-related clinical chemistry parameters.
Urinalysis
There were no drug-related differences in urinalysis parameters.
Gross Pathology
There were no findings considered to be associated with the drug.
Organ Weights 
There were no drug-related organ weight changes. 
Histopathology (only vehicle control and HD groups examined)
No treatment-related macroscopic or microscopic findings were noted by the study 
pathologist (Tables 1 and 2). And, according to the peer review pathologist ( ), 
there were “no substantive lesions in any protocol-specified tissue of rats treated with the 
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test article NRL-1 by intranasal instillation at the highest dose (8 mg/day [Group 4]) for 26 
weeks. In particular, NRL-1 did not induce any changes in the respiratory tract or olfactory 
brain, indicating that direct application of diazepam to mucosa of the upper and lower 
respiratory tracts induced no local toxicity.” 

Table 1.
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Table 2.

Reference ID: 4535323



23

Toxicokinetic
TK parameters for diazepam, nordiazepam, and DDM are shown in Tables 3, 4, and 5, 
respectively.

Table 3. Diazepam Exposure-Sexes Combined
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Table 4. Nordiazepam Exposure-Sexes Combined

Table 5. Dodecyl Maltoside Exposure-Sexes Combined
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5 Special Toxicology Studies

5.1 Impurities
Report title:  Qualification of Increased Specification Levels for Two Impurities 
in Diazepam Nasal Drug Product

Study no.: NA
Study report location: 3.2.P.5.5

Conducting laboratory and 
location:

,
 

Date of study initiation: October 24, 2016
GLP compliance: NA

QA statement: NA
Drug, lot #, and % purity: NA

Key Study Findings

According to the drug product stability data, 2 impurities (Related Compound A 
and Related Compound B) approached or exceeded the 0.5% qualification 
threshold for non-mutagenic impurities in a drug with a maximum daily dose of 40 
mg/day. A toxicological assessment was performed on these impurities to support 
proposed specification limits of %, respectively. The consultant’s toxicology 
report included (Q)SAR evaluations (DEREK and Leadscope) that generated 
negative mutagenicity predictions for both impurities. These results were 
confirmed by independent (Q)SAR evaluations performed by the 
CDER/OTS/OCP/DARS Computational Toxicology Consultation Service (report 
dated August 8, 2019). Since no toxicology data were available from studies 
conducted by the sponsor or found in the literature,  

 
 
 
 
 
 

According to ICH Q3B(R2), if the 
applicable qualification thresholds are exceeded and data are unavailable to 
qualify the proposed acceptance criterion of a degradation product, additional 
studies to obtain such data are needed. For chronic use drugs, including those 
dosed intermittently, a 3-month general toxicity study in a single species has 
typically been required. Therefore, the qualification of these impurities at the 
proposed levels is inadequate.
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6 Integrated Summary and Safety Evaluation
The sponsor conducted 3 GLP nonclinical intranasal (IN) toxicity studies, with dosing 
based on preliminary study results. These studies (4-week studies in rat and dog and a 
6-month rat study) used the DZP NS clinical formulation, but dose administration was by 
IN instillation of the solution rather than with a nasal spray device. In the 4-week rat and 
dog studies, dose volume was held constant across groups and dosing frequency was 
varied to increase the weekly dose. In the 6-month rat study, increases in dose by group 
were achieved by increasing the dose volume, with daily dosing frequency.

In the 4-week rat study, a diazepam dose of 8 mg/day (20 µL instilled in each nostril BID 
for a total of 80 µL/day of 10 mg/100 µL NRL-1 solution) was administered 1, 3, or 6 
times/week (8, 24, or 48 mg/week). The same volume of saline or vehicle was 
administered 6 time/week. Minimal to slight epidermal hyperplasia/inflammation of the 
nose/nares was observed microscopically in animals given vehicle or NRL-1. Because 
this finding occurred with a similar or greater frequency and severity in the vehicle group 
compared to NRL-1 groups and had no dose response in animals given NRL-1, it was not 
considered diazepam-related. Rather, it appeared to be an irritant epidermal reaction to 
the vehicle. The finding was reversible and not considered adverse in the pathology 
report. 

In the 4-week dog study, a diazepam dose of 78 mg/day (130 µL instilled into each nostril 
TID for a total of 780 µL/day of 10 mg/100 µL NRL-1 solution) was administered 1, 3, or 
6 times/week (78, 234, or 468 mg/week). The same volume of saline or vehicle was 
administered 6 time/week. Apparent diazepam-related findings were sedation and clinical 
chemistry changes (increases in cholesterol, triglycerides, and alkaline phosphatase) in 
MD and HD NRL-1 groups and increased liver weights in the HD groups. There were no 
apparent drug-related microscopic findings. In the nasal turbinates, increased mucosal 
neutrophil infiltrates were observed with similar incidence and severity in both vehicle and 
NRL-1 groups but not in saline controls. Microscopic findings considered related to the IN 
instillation procedure were seen in the lung and larynx in most groups, including saline 
controls. These occurred with similar incidence and severity across groups and without a 
clear dose relationship in NRL-1 groups.

In the 26-week rat study, diazepam doses of 0 (vehicle), 4, 6, or 8 mg were administered 
daily by IN instillation (10 mg/100 µL NRL-1 solution instilled into both nostrils at volumes 
of 20, 30, or 40 μL/nostril QD). Dose-related clinical signs (excessive grooming, red 
material around the nose, rubbing the head/nose) were observed, but there were no 
treatment-related effects on mortality, BW, ophthalmology, clinical pathology, organ 
weights, or anatomic pathology. Although no saline control was included in this study, the 
histopathology data did not indicate any local effects of the vehicle or NRL-1 solution. It 
is not clear why the local irritation seen in the 4-week rat study after IN instillation of 80 
µL/day of vehicle or NRL-1 was not reported in this study at the same daily dose volume. 
It is possible that the duration allowed for resolution of the microscopic changes seen in 
the 4-week study or that QD dosing was less irritating than the BID dosing used in the 4-
week study. The 20 µL/nostril was instilled in both nostrils BID in the 4-week study, while 
40 µL/nostril was instilled in each nostril QD at the HD in the 6-month study. In addition, 
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the  of the vehicle  in the 6-month study. The NOAEL (8 
mg/day) was associated with Cmax and AUC0-24h values (Day 180 combined sex) of 
1030 ng/mL and 5400 hr*ng/mL for diazepam. The clinical Cmax and AUC values for 
diazepam after an IN dose of 20 mg DZP NS were 200 ng/mL and 7711 ng•hr/mL, 
respectively (Study DIAZ.001.02), supporting the clinical relevance of the doses used in 
the rat study. 

In terms of local exposure, IN administration of the clinical formulation to rats at a dose of 
80 µL/day in the 4-week and 6-month rat studies provided an approximately 2-fold margin 
over the maximum clinical daily dose (200 µL of 100 mg/mL NRL-1 twice daily) on a nasal 
surface area basis (total nasal surface areas of 14 and 160 cm2 in rat and human, 
respectively; Gizurarson, Acta pharmaceutica Nordica 2(2):105-22,1990). Local exposure 
after IN administration of 780 µL/day in the 4-week dog (nasal surface area of 221 cm2) 
study was approximately equivalent (1.4X) to that in humans receiving the maximum daily 
dose. With up to 6 doses per week over the course of the 4-week rat and dog studies and 
daily dosing in the 6-month rat study, dosing frequency was greater in both species 
compared to the proposed maximum clinical intermittent dosing regimen (treatment of no 
more than 1 episode every 5 days or 5 episodes per month). Weekly exposure in the 6-
month rat study was approximately 11X that in humans receiving the maximum clinical 
weekly dose. These exposure levels are considered adequate.

Because the clinical formulation was used in these studies, the same margins apply to 
the excipient dodecyl maltoside (DDM, Intravail A3), an alkylglycoside nonionic surfactant 
absorption enhancer. 

The sponsor obtained right of reference to the Intravail DMF # , which 
contains chronic toxicity, genotoxicity, and carcinogenicity studies. These have 
been reviewed previously and are considered adequate, together with the studies 
conducted for DZP NS, to support the safety of the excipient at the level proposed 
for the current product. 

Because clinical PK data indicate very low levels of intact DDM circulating in humans after 
IN administration, reproductive and developmental toxicity studies of the excipient were 
not required.

Two drug product degradants (designated related substances A and B) were identified in 
stability studies at levels that meet or exceed the ICH qualification threshold of 0.5% for 
a drug product having a maximum daily dose of 40 mg. The sponsor set specification 
limits of %, respectively, for these impurities. To qualify related substances A and 
B, (Q)SAR analyses of each degradant were conducted by the sponsor. These and the 
(Q)SAR evaluations performed by the CDER Computational Toxicology Consultation 
Service predicted that both degradants were negative for mutagenicity. The sponsor’s 
toxicology assessment of the impurities stated that no toxicological data were found in 
the available literature for related compounds A and B,  
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For a chronic intermittent indication, a 3-month toxicity study in one species 
would generally be needed to qualify a non-mutagenic impurity unless adequate 
toxicology data were available in the literature or adequate levels of the degradant were 
tested in the nonclinical studies (ICH Q3B(R2)).Because levels of the degradants were 
low (< %) in the drug batches used in the pivotal toxicity studies, the information 
provided is inadequate to qualify the impurities at the proposed specification limits. 
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