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Abstract
Objective: Diazepam nasal spray (Valtoco), indicated for acute treatment of frequent 
seizure activity (seizure clusters) in patients with epilepsy ≥6 years of age, is de-
signed to be a rapid, noninvasive, socially acceptable route of administration. This 
interim analysis evaluated the safety profile of diazepam nasal spray in patients with 
and without concomitant use of benzodiazepines, with use of a second dose for a sei-
zure cluster as a proxy for effectiveness.
Methods: A long- term, phase 3, open- label safety study enrolled patients with epi-
lepsy who had seizures despite a stable antiseizure medication regimen.
Results: Among 175 patients enrolled by October 31, 2019, a total of 158 were treated 
with diazepam nasal spray (aged 6– 65 years; 53.8% female). Of those, 119 (75.3%) 
received concomitant benzodiazepines (60, chronic; 59, intermittent); 39 (24.7%) did 
not. Use of a second dose was similar in patients using chronic concomitant benzo-
diazepines (second dose in 11.1% [144/1299]) and those with no concomitant ben-
zodiazepines (second dose in 10.3% [41/398]). Treatment emergent adverse events 
(TEAEs) occurred for 80.0% with chronic use of concomitant benzodiazepines and 
61.5% without. Cardiorespiratory depression was not reported, and no serious TEAEs 
were treatment related. Study retention was high: 83.3% in the chronic benzodiaz-
epine group and 76.9% in the no- benzodiazepine group. Findings were similar in a 
sub- analysis of patients who were (n = 44) or were not (n = 75) taking clobazam.
Significance: This analysis of patients from a long- term study shows a similar safety 
profile of diazepam nasal spray in patients with and without concomitant benzodiaz-
epines, and consistent with the established profile for diazepam. Use of a single dose 
of diazepam nasal spray and high study retention rates suggest the effectiveness of 
diazepam nasal spray in patients irrespective of chronic daily benzodiazepine use. 
Results were similar in the clobazam sub- analysis. These results support the safety 
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1 |  INTRODUCTION

Antiseizure medications are the mainstay of epilepsy 
management. For some patients with epilepsy these regi-
mens may include benzodiazepines, which have played 
an important role in epilepsy management since the 
1960s.1 However, even with maintenance treatment, sei-
zure clusters may occur, resulting in increased morbidity 
and hospitalization as well as reduced quality of life.2- 4 
Benzodiazepines such as diazepam and midazolam are the 
primary treatment for seizure clusters.5 In other indications 
and doses, use of benzodiazepines has sometimes been as-
sociated with cardiorespiratory suppression6,7 as well as 
development of reduced effectiveness.8 Therefore, it is 
clinically relevant to understand how treatment with diaz-
epam nasal spray for seizure clusters may be affected by 
concomitant use of other benzodiazepines as chronic and/
or intermittent therapy.

Benzodiazepines modulate the γ- aminobutyric acid 
(GABA) A receptor, and produce sedative, anxiolytic, 
and anticonvulsive effects,9 with potential dose- related 
effects on respiratory and hemodynamic parameters.7,9 
Cardiorespiratory adverse effects have been reported in the 
treatment of status epilepticus with intravenous anticonvul-
sants,7 and such effects have been observed in some studies 
of treatment for seizure clusters10 but were not observed in 
other studies.11

For more than two decades, diazepam rectal gel 
(Diastat) was the only US Food and Drug Administration 
(FDA)– approved rescue medication for seizure clusters, 
which allowed for out- of- hospital management of seizure 
clusters.5,12,13 However, this route of administration has 
limitations including invasiveness, limited ease of adminis-
tration, and lack of social acceptability.14 More recently, two 

intranasal benzodiazepines (diazepam and midazolam) have 
been approved for this indication.10,15- 18 These two intranasal 
formulations have individual pharmacologic profiles, doses, 
and pediatric indications.10,15- 18

Diazepam nasal spray (Valtoco) is a novel intrana-
sal formulation designed to provide a rapid, noninvasive, 
and socially acceptable route of administration in patients 
6 years of age and older with epilepsy for acute treatment 
of intermittent, stereotypic episodes of frequent seizure 
activity (ie, seizure clusters, acute repetitive seizures) that 
are distinct from a patient's usual seizure pattern.17,19 As 
determined by the FDA for Orphan Drug Exclusivity, this 
route of administration provides a major contribution to 
patient care over the rectal route of administration by pro-
viding a significantly improved ease of use.20 Diazepam 
nasal spray is formulated with n- dodecyl- beta- d- maltoside 
(Intravail A3), a nonionic surfactant used as an absorp-
tion enhancement agent that promotes transmucosal per-
meation and thus improves bioavailability of drugs21 and 
vitamin E to enhance the nonaqueous solubility of diaze-
pam.18 Intranasal administration of this formulation results 
in comparable bioavailability with less pharmacokinetic 
intrapatient variability than rectal diazepam.17 Diazepam 
nasal spray has the expected adverse event profile for rectal 
diazepam.18

This analysis used interim data from a long- term, phase 
3, open- label safety study of diazepam nasal spray as res-
cue medication for treatment of seizure clusters. The ob-
jective of the analysis was to evaluate whether real- world 
effectiveness, using a second dose as a proxy, and safety 
profile, including key cardiorespiratory measures, were af-
fected by chronic concomitant use of benzodiazepines as 
part of a patient's antiseizure medication regimen and/or 
intermittent therapy.
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Key Points
• Diazepam nasal spray is designed to be a rapid, noninvasive, socially acceptable 

route of administration
• Safety profile of diazepam nasal spray was similar in patients with and without 

concomitant benzodiazepines
• Low need for a second dose suggests the effectiveness of diazepam nasal spray in 

patients irrespective of chronic benzodiazepine use
• These results support the safety and effectiveness of diazepam nasal spray in pa-

tients with concomitant benzodiazepine use
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2 |  METHODS

2.1 | Study design

This was an interim analysis of a phase 3, repeat dose, open- label 
study that evaluated the safety of diazepam nasal spray in pa-
tients with epilepsy, who, in the opinion of the investigator, could 
need benzodiazepine intervention for seizure control at least once 
every other month on average (ie, average 6 times a year). This 
study was approved by local institutional review boards and was 
conducted in accordance with the Declaration of Helsinki. All 
patients or their legal representatives provided written informed 
consent (Clinicaltrials.gov identifier: NCT02721069).

2.2 | Patients

Eligible patients were male or female and 6– 65 years of age. 
Patients had a diagnosis of partial or generalized epilepsy 
with motor seizures or seizures with clear alteration of aware-
ness; occurrence of seizures despite a stable antiseizure med-
ication regimen; and availability of a qualified care partner 
or medical professional who could administer study medica-
tion in the event of a seizure. Patients also had no clinically 
significant abnormal findings in their medical history, or on 
physical examination, electrocardiography (QTcF <450 ms 
for males and QTcF <470 ms for females), or clinical labora-
tory results during screening. Female patients of childbearing 
potential agreed to use an approved method of birth control.

Key exclusion criteria were a history of major depression 
or a past suicide attempt or suicidal ideation; history of al-
lergy or adverse response to diazepam; or history of a clini-
cally significant medical condition that would jeopardize the 
safety of the patient.

2.3 | Treatment

Care partners and patients were trained on the proper use of the 
nasal sprayer device at screening and as needed during the treat-
ment period. During patient follow- up of at least 1 year, diaz-
epam nasal spray was administered at age-  and weight- based 
doses of 5, 10, 15, or 20 mg, with a second dose administered, 
if needed, 4– 12 h later, per the study protocol. Patients and care 
partners were instructed that treatment should not be repeated 
within 5 days of the prior treatment or be given more than 5 times 
a month. Investigators could adjust doses for efficacy or safety.

2.4 | Analysis

In an exploratory analysis, benzodiazepine use was classified 
as chronic or intermittent. For individual benzodiazepines 

in the concomitant medication database, chronic usage was 
defined using the “ongoing” flag as a filter. Patients with 
chronic usage had at least one “ongoing” benzodiazepine at 
least once in the database. All other patients with concomi-
tant benzodiazepine use were included in the intermittent cat-
egory. This analysis descriptively evaluated diazepam nasal 
spray utilization and safety profile in patients concomitantly 
using benzodiazepines as chronic therapy compared with pa-
tients not receiving benzodiazepines.

The proportion of seizure events that were treated with 
a second dose of diazepam nasal spray within a 24- h period 
also was assessed as a proxy for effectiveness. A sub- analysis 
of the concomitant benzodiazepines group specific to pa-
tients taking or not taking clobazam, which is used daily to 
treat seizures associated with Lennox- Gastaut syndrome,22 
also was performed to assess potential differences in the uti-
lization and safety profile of diazepam nasal spray in these 
subgroups. Group comparisons were not corrected for base-
line differences.

2.5 | Data collection

Medical history was collected at screening and baseline. Use of 
concomitant medications was collected throughout the study. 
A diary was used to record dates and times of seizures and 
doses of diazepam nasal spray. Safety measures included oc-
currence of treatment- emergent adverse events (TEAEs) and 
results of physical/neurological examination, vital signs, and 
laboratory tests. TEAEs were recorded regardless of the inves-
tigator opinion of causality, noting severity and causal relation-
ship to study drug. Retention rates in the study are reported.

3 |  RESULTS

A total of 175 patients were enrolled; 158 received diazepam 
nasal spray as of October 31, 2019, and were included in the 
safety analysis. The remaining 17 patients did not have an 
event qualifying for use of diazepam nasal spray. The major-
ity of patients were female (53.8%) and the mean age was 
23.5 years.

A total of 119 patients (75.3%) received concomitant ben-
zodiazepines (60 chronic, 59 intermittent) and 39 (24.7%) did 
not (Table 1). The mean age was 19.1 years in the chronic 
concomitant benzodiazepines group, 27.9 years in the inter-
mittent group, and 23.7 years in the group without concom-
itant benzodiazepines. More patients in the group without 
concomitant benzodiazepines were female (61.5%) compared 
with the concomitant benzodiazepine group (chronic 50.0%; 
intermittent 52.5%). The most common concomitant benzo-
diazepines (>5 patients) were clobazam (n = 40) and clonaz-
epam (n = 19) in the chronic group and diazepam (n = 44), 
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lorazepam (n = 32), and clonazepam (n = 32) in the intermit-
tent group, with some patients receiving two or more of these 
during the long- term study.

3.1 | Patient disposition

At the time of interim data cutoff, 34 of 60 patients (56.7%) 
in the chronic concomitant benzodiazepines group and 28 of 
59 (47.5%) in the intermittent group remained in the study; 
16 (26.7%) and 23 (39.0%), respectively, had completed the 
study; and 10 (16.7%) and 8 (13.6%), respectively, discon-
tinued (Figure 1A,B). Reasons for discontinuation were loss 
to follow- up (n = 1, intermittent group), withdrawal by sub-
ject from the study (n = 6, chronic group; n = 5, intermittent 
group), and other (n = 4, chronic group; n = 2 intermittent 
group). In the group without concomitant benzodiazepines, 
22 of 39 patients (56.4%) remained in the study; 8 (20.5%) 
completed the study; 9 (23.1%) discontinued (Figure 1C). 
Reasons for discontinuation were loss to follow- up (n = 2), 
withdrawal by subject (n  =  5), and other (n  =  2). No pa-
tient discontinued due to TEAEs. High retention rates were 
observed in both the chronic use of benzodiazepines group 
(83.3%) and the intermittent use group (86.4%), as well as 
those not receiving concomitant benzodiazepines (76.9%).

3.2 | Exposure

Most patients in the study had a duration of diazepam nasal 
spray exposure ≥12 months, with exposure modestly longer 
in the groups receiving concomitant benzodiazepines (Table 
2). During the study, patients using chronic benzodiazepines 
were treated for 1299 seizure clusters and those using inter-
mittent benzodiazepines for 1582 seizure clusters, whereas 
patients not receiving concomitant benzodiazepines recorded 
398 treated seizure clusters. The percentage of patients with 
high- frequency usage of diazepam nasal spray (an average of 
2- 5 doses per month) was similar between the chronic (51.7%) 
and intermittent (52.5%) groups and lower for those not re-
ceiving concomitant benzodiazepines (46.2%). Likewise, 
the mean monthly dose was 2.5 doses in the chronic and 2.7 
doses in the intermittent groups and 2.0 in the no concomitant 
benzodiazepines group (Table 2).

3.3 | Effectiveness in the chronic 
concomitant benzodiazepines and no 
concomitant benzodiazepines groups

Effectiveness, as measured by the percentage of seizure clus-
ters for which a second dose was used within 24  h of the 

T A B L E  1  Baseline demographic and treatment characteristics

Variable

Chronic use of concomitant 
benzodiazepines
(n = 60)

Intermittent use of concomitant 
benzodiazepines
(n = 59)

No concomitant benzodiazepines 
group
(n = 39)

Sex, n (%)

Female 30 (50.0) 31 (52.5) 24 (61.5)

Male 30 (50.0) 28 (47.5) 15 (38.5)

Age, years, mean (SD), range 23.7 (15.6), 6- 59

Race, n (%)

White 48 (80.0) 51 (86.4) 31 (79.5)

Black/African American 8 (13.3) 4 (6.8) 3 (7.7)

Othera 4 (6.7) 4 (6.8) 5 (12.8)

Ethnicity, n (%)

Hispanic or Latino 10 (16.7) 3 (5.1) 4 (10.3)

Concomitant benzodiazepines, n (%)

Alprazolam 2 (3.3) 2 (3.4) — 

Clobazam 40 (66.7) 4 (6.8) — 

Clonazepam 19 (31.7) 32 (54.2) — 

Clorazepate dipotassium 3 (5.0) 3 (5.1) — 

Diazepam 3 (5.0) 44 (74.6) — 

Lorazepam 1 (1.7) 32 (54.2) — 

Midazolam 1 (1.7) 7 (11.9) — 

Midazolam hydrochloride 0 4 (6.8) — 
aIncludes Asian and Native Hawaiian or other Pacific Islander.
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first dose, was similar in the chronic concomitant benzodi-
azepines and the no concomitant benzodiazepines groups. A 
second dose was used in 144 of 1299 seizure clusters (11.1%) 
in patients receiving chronic concomitant benzodiazepines, 
and in 41 of 398 seizure clusters (10.3%) in those not receiv-
ing concomitant benzodiazepines.

3.4 | Safety in the chronic concomitant 
benzodiazepines and no concomitant 
benzodiazepines groups

The proportion of patients with a TEAE, irrespective of cau-
sality, was higher in the chronic use of concomitant benzo-
diazepines group (80.0%) compared with the group without 
concomitant benzodiazepines (61.5%; Table 3). Similarly, seri-
ous TEAEs (35.0% and 23.1%) were higher in the chronic use of 
concomitant benzodiazepines group. It is important to note that 
there were no occurrences of cardiorespiratory depression or se-
dation in any group, and no serious TEAEs were deemed related 
to treatment in either group. TEAEs deemed possibly related to 
treatment were more common in the chronic use of concomitant 
benzodiazepines group (16.7% compared with 10.3%; Table 3).

3.5 | Clobazam sub- analysis

In a sub- analysis, a total of 44 patients were taking clobazam 
(37.0%) and 75 patients were not (63.0%). Mean age was 
younger (17.4  years) in the clobazam group than in the no 
clobazam group (27.0  years); 54.5% were female in the 
clobazam group and 49.3% in the no clobazam group. The 
majority of the patients in both groups had duration of expo-
sure to diazepam nasal spray of ≥12 months (clobazam group, 
72.7%; no clobazam group, 77.3%). A higher proportion of pa-
tients in the clobazam group than the no clobazam group used 
two or more monthly doses of diazepam nasal spray (65.9% 
vs 54.7%, respectively). The proportion of seizure clusters for 
which a second dose was used was generally similar between 
the clobazam group (1032 seizure clusters; second dose, 9.6%) 
than the no clobazam group (1849 seizure clusters; second 
dose, 14.8%), as was the proportion of patients with TEAEs 
(clobazam: 81.8%; no clobazam: 78.7%). Proportions of serious 
TEAEs were higher in the clobazam group (40.9%, clobazam 
group; 24.0%, no clobazam group). Proportions of TEAEs that 
were deemed possibly treated related were similar between the 
groups (18.2%, clobazam group; 18.7%, no clobazam group).

4 |  DISCUSSION

To our knowledge, this is the first analysis of a large, long- 
term study evaluating use of an intranasal benzodiazepine F I G U R E  1  Retention rate Kaplan- Meier plot
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for seizure clusters in patients with epilepsy who received 
concomitant chronic or intermittent benzodiazepines, such as 
clobazam, which is an important part of the treatment algo-
rithm for refractory childhood epilepsies.23 This is a relevant 
point, because some studies, including those for intranasal 
midazolam, have used concomitant benzodiazepine therapy 
for epilepsy as an exclusion criterion.10,24

Maintenance benzodiazepines are generally reserved for 
management of refractory or difficult- to- treat epilepsy,25 
and, in this study, the group of patients receiving concomi-
tant benzodiazepines had a substantially higher seizure bur-
den, as expected. Because of this, we hypothesize that those 
receiving chronic concomitant benzodiazepines were likely 
to have more severe epilepsy than those who do not use 
concomitant benzodiazepines. Patients in the concomitant 
benzodiazepines groups therefore received more doses of di-
azepam nasal spray, and they were also more likely to have 
been exposed to diazepam nasal spray >12  months. Even 
so, rates of second- dose use were similar for those using 
chronic concomitant benzodiazepines and those not using 
concomitant benzodiazepines, <12% of seizure clusters for 
both groups, which suggests that diazepam nasal spray main-
tained effectiveness.

The most common treatment- related TEAEs were pri-
marily related to nasal discomfort, which was mild and tran-
sient. There were no serious TEAEs related to treatment, 
and there were no deaths. After the interim analysis cutoff 
date, one death was reported, which was deemed to be not 
treatment related. Notably, although benzodiazepines have 
the potential to impact cardiorespiratory function,9 which is 

reflected in a warning regarding usage in combination with 
other central nervous system depressants including other 
benzodiazepines in the prescribing information for diazepam 
nasal spray,15 there were no reported cases of respiratory 
depression or hypotension in this study. Furthermore, there 
were no discontinuations due to TEAEs, and the retention 
rates were high.

Similarly to the exclusion criteria in related studies,10,26 
this study excluded patients with medical conditions that may 
bias against the potential occurrence of cardiorespiratory de-
pression, which may be more likely to occur in patients with 
significant respiratory disease. In addition, these interim 
results from an ongoing, long- term, open- label, single- arm 
safety study did not control for baseline differences between 
the benzodiazepine subgroups or for total benzodiazepine 
dosages. However, the similarity of the overall results with 
those in the clobazam sub- analysis reinforces the generaliz-
ability of the present analysis. Taken together, these results 
show that diazepam nasal spray represents a potentially valu-
able treatment option for patients 6 years of age and older, 
irrespective of concomitant benzodiazepine use.

5 |  CONCLUSIONS

Results from this long- term study support the use of inter-
mittent diazepam nasal spray in patients with and without 
concomitant benzodiazepines as part of an antiseizure medi-
cation. Need for a second dose to control a seizure cluster was 
similarly low (<12%) in both groups, suggesting maintained 

T A B L E  2  Treatment exposure

Variable

Chronic use of concomitant 
benzodiazepines
(n = 60)

Intermittent use of concomitant 
benzodiazepines
(n = 59)

No concomitant benzodiazepines 
group
(n = 39)

Treatment exposure, n (%)

Duration of exposure

<6 months 4 (6.7) 4 (6.8) 3 (7.7)

6 to <12 months 15 (25.0) 6 (10.2) 10 (25.6)

≥12 months 41 (68.3) 49 (83.1) 26 (66.7)

Number of doses during the study

1- 2 5 (8.3) 6 (10.2) 12 (30.8)

3- 10 20 (33.3) 14 (23.7) 15 (38.5)

11- 20 8 (13.3) 12 (20.3) 4 (10.3)

21- 40 14 (23.3) 15 (25.4) 7 (17.9)

>40 13 (21.7) 12 (20.3) 1 (2.6)

Mean dose/month frequency

Moderate: <2 25 (41.7) 24 (40.7) 20 (51.3)

High: 2- 5 31 (51.7) 31 (52.5) 18 (46.2)

Very high: >5 4 (6.7) 4 (6.8) 1 (2.6)

Mean (SD) doses/month 2.5 (1.4) 2.7 (2.4) 2.0 (1.3)
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effectiveness, and the retention rates were high. Moreover, 
use of benzodiazepines, including regular use of clobazam, 
did not have clinically relevant effects on the safety, includ-
ing cardiorespiratory outcomes, of diazepam nasal spray.
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T A B L E  3  Adverse events

Adverse event, n (%)

Chronic use of concomitant 
benzodiazepines
(n = 60)

Intermittent use of concomitant 
benzodiazepines
(n = 59)

No concomitant benzodiazepines 
group
(n = 39)

Any TEAE 48 (80.0) 47 (79.7) 24 (61.5)

Serious TEAE 21 (35.0) 15 (25.4) 9 (23.1)

Related to treatment 0 0 0

Most common TEAEs (≥5% in any group)

Seizure 12 (20.0) 7 (11.9) 4 (10.3)

Pneumonia 8 (13.3) 1 (1.7) 2 (5.1)

Pyrexia 7 (11.7) 3 (5.1) 0

Upper respiratory tract infection 6 (10.0) 2 (3.4) 4 (10.3)

Nasopharyngitis 5 (8.3) 6 (10.2) 1 (2.6)

Urinary tract infection 5 (8.3) 2 (3.4) 0

Vomiting 5 (8.3) 0 2 (5.1)

Influenza 4 (6.7) 4 (6.8) 0

Constipation 3 (5.0) 1 (1.7) 1 (2.6)

Nasal discomfort 3 (5.0) 5 (8.5) 1 (2.6)

Rhinorrhea 3 (5.0) 1 (1.7) 0

Status epilepticus 3 (5.0) 1 (1.7) 1 (2.6)

Sinusitis 2 (3.3) 3 (5.1) 1 (2.6)

Somnolence 2 (3.3) 2 (3.4) 3 (7.7)

Dizziness 1 (1.7) 4 (6.8) 2 (5.1)

Fatigue 1 (1.7) 2 (3.4) 2 (5.1)

Headache 1 (1.7) 5 (8.5) 1 (2.6)

Contusion 1 (1.7) 3 (5.1) 0

Fall 1 (1.7) 3 (5.1) 0

Cough 0 2 (3.4) 2 (5.1)

Gastroesophageal reflux disease 0 0 2 (5.1)

Nasal congestion 0 3 (5.1) 1 (2.6)

Treatment- related TEAEs 10 (16.7) 12 (20.3) 4 (10.3)

Most common treatment- related TEAEs (≥2 patients in any group)

Nasal discomfort 3 (5.0) 5 (8.5) 1 (2.6)

Dysgeusia 0 2 (3.4) 0

Headache 0 3 (5.1) 1 (2.6)

Rhinalgia 0 2 (3.4) 0

Abbreviation: TEAE, treatment emergent adverse event.
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