
2684 |     Epilepsia. 2022;63:2684–2693.wileyonlinelibrary.com/journal/epi

Received: 10 June 2022 | Revised: 1 August 2022 | Accepted: 3 August 2022

DOI: 10.1111/epi.17385  

R E S E A R C H  A R T I C L E

Significant improvements in SEIzure interVAL (time 
between seizure clusters) across time in patients treated 
with diazepam nasal spray as intermittent rescue therapy 
for seizure clusters

Sunita N. Misra1  |   Michael R. Sperling2  |   Vikram R. Rao3  |   Jurriaan M. Peters4  |  
Charles Davis5 |   Enrique Carrazana1,6  |   Adrian L. Rabinowicz1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Epilepsia published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

1Neurelis, Inc., San Diego, California, 
USA
2Thomas Jefferson University, 
Philadelphia, Pennsylvania, USA
3University of California, San 
Francisco, San Francisco, California, 
USA
4Boston Children's Hospital, Boston, 
Massachusetts, USA
5CSD Biostatistics, Oro Valley, Arizona, 
USA
6John A. Burns School of Medicine, 
University of Hawaii, Honolulu, 
Hawaii, USA

Correspondence
Sunita N. Misra, Neurelis, Inc., 3430 
Carmel Mountain Rd, Ste 300, San 
Diego, CA 92121, USA.
Email: smisra@neurelis.com

Abstract
Objective: Intermittent rescue therapy may be used for seizure clusters, which 
are clinical emergencies that may persist ≥24 h and increase risk of status epilep-
ticus, emergency room visits, and reduced quality of life for patients with epi-
lepsy. Beyond effectiveness for aborting seizure clusters, no data exist on how 
intermittent rescue therapy may impact the long- term natural course of seizure 
clusters. This novel analysis explores SEIzure interVAL (SEIVAL; time between 
seizure clusters) in patients from a long- term safety study of diazepam nasal spray 
(Valtoco) to assess SEIVAL changes with intermittent rescue therapy across time.
Methods: Patients were aged 6– 65 years. Age-  and weight- based doses of diaz-
epam nasal spray were administered during a 12- month treatment period with 
an optional follow- up period. SEIVAL was evaluated in patients receiving two or 
more doses of diazepam nasal spray using 90- day periods.
Results: Of 163 treated patients, 151 had one or more SEIVALs. One hundred 
twenty had SEIVALs in Period 1 and one or more other periods. An increase in 
SEIVAL was noted from Period 1 compared with all subsequent periods (p ≤ .001). 
A consistent cohort (n = 76) had one or more SEIVALs in each of Periods 1– 4 
(360 days); mean SEIVALs increased significantly (p < .01) from 12.2 days (Period 
1) to 25.7 days (Period 4). Similar SEIVAL patterns occurred when repeat doses 
within a seizure cluster were eliminated and irrespective of age group, treatment 
duration, and change to concomitant medications. In adults, Quality of Life in 
Epilepsy scores were maintained with increased SEIVALs.
Significance: Across 12 months, increases in SEIVAL were demonstrated in pa-
tients using diazepam nasal spray for seizure cluster treatment in a phase 3 safety 
study. Increased time between seizure clusters may reflect a previously unrec-
ognized beneficial effect of intermittent rescue therapy. These results generate 
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1  |  INTRODUCTION

Intermittent rescue therapy aims to treat seizure clusters, 
and appropriate metrics are needed to assess the effective-
ness of therapy. Here, we focus not on the efficacy in the 
acute setting, but on metrics that could capture long- term 
effects of intermittent rescue therapy. The pattern over 
time in the number of days between two treated seizure 
clusters (SEIzure interVAL [SEIVAL]) is a proposed novel 
metric for effectiveness of intermittent rescue therapy. By 
analyzing changes in the recurrence rate of treated sei-
zure clusters, SEIVAL can be used to explore the impact 
of intermittent rescue therapies on the natural course of 
seizure clusters and informs the generation of hypotheses 
about responsible biological and behavioral mechanisms.

Studies of the natural history of seizure clusters suggest 
that clusters can continue for 24 h or longer.1,2 Reduction 
in seizure frequency and time between seizures are com-
monly reported as efficacy endpoints for evaluation of 
daily antiseizure drugs (ASDs)3; however, the utility of 
these endpoints in regard to intermittent rescue therapy 
for seizure clusters has not been explored. Recurrence of 
seizures in a cluster (e.g., ≤24 h from the start of the clus-
ter) has been examined,4 and mean use of second doses of 
rescue medication have been calculated as a proxy mea-
sure for effectiveness.5,6 However, these types of analyses 
may miss multiday cluster patterns or potential longer- 
term effects from biological changes that occur. However, 
multiday changes may represent disease modification, a 
goal of epilepsy treatment beyond symptom suppression, 
as seen with, for example, inhibitors of the mechanistic 
target of rapamycin for seizures associated with tuberous 
sclerosis complex.7

Patients with intractable epilepsy are at high risk for 
seizure clusters,8,9 which are neurological emergencies. 
Seizure clusters warrant rescue treatment due to the risk 
for status epilepticus10 and the disruption caused in the 
lives of patients and care partners, including increased 
emotional and financial burden and decreased quality of 
life.11

Benzodiazepines are the cornerstone of intermittent 
rescue therapy for seizure clusters,9 with intranasal ther-
apies now approved for use by patients and care partners 
in the community.12,13 Diazepam nasal spray is approved 
by the US Food and Drug Administration (FDA) for the 

acute treatment of intermittent, stereotypic episodes of 
frequent seizure activity (i.e., seizure clusters, acute repet-
itive seizures) that are distinct from a patient's usual sei-
zure pattern in patients with epilepsy aged ≥6 years.13 Per 
the FDA, administration of diazepam nasal spray by the 
intranasal route during a seizure event provides signifi-
cantly improved ease of use compared to rectal diazepam 
and is thus clinically superior.14

This analysis explores SEIVALs in patients with ep-
ilepsy and seizure clusters from a long- term, open- label 
safety study of diazepam nasal spray. The objective of the 
analysis was to assess whether timing between seizure 
clusters changes with administration of intermittent res-
cue therapy over time.

2  |  MATERIALS AND METHODS

2.1 | Study design

The results presented here are from a phase 3, open- 
label, repeat- dose safety study of diazepam nasal spray 
(NCT02721069) conducted from April 2016 to July 2020.6 
This study evaluated long- term safety of repeated doses 

a range of biological and behavioral hypotheses and warrant exploration of the 
impact of intermittent rescue therapy.

K E Y W O R D S

acute repetitive seizures, benzodiazepine, intranasal, rescue

Key Points
• Metrics for the effectiveness of intermittent res-

cue therapies for seizure clusters are not well 
established in the literature

• Seizure frequency and interval are commonly 
measured for daily antiseizure drugs; their 
meaning for intermittent rescue therapy is 
unclear

• This post hoc analysis included patient data 
from a phase 3, long- term, open- label, repeat- 
dose safety study of diazepam nasal spray

• SEIVAL was used to test for any impact of inter-
mittent rescue therapy on seizure clusters over 
time

• We generated several biological and behavio-
ral hypotheses to explain the significantly in-
creased SEIVALs over time
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of diazepam nasal spray in a broad population of patients 
with epilepsy and frequent seizure clusters. A 21- day 
screening phase was followed by a baseline assessment 
period and a 12- month treatment phase, with study vis-
its at Day 30 and every 60 days afterward. After Day 365, 
patients could elect to remain on treatment. Full study 
methodology along with overall and subgroup safety and 
effectiveness results have been published.6 The current 
analysis was performed post hoc.

An empirical definition of two or more seizures 
over a period of time outside the patient's normal sei-
zure pattern is commonly used in the literature.1,11 For 
the parent diazepam nasal spray study as well as for 
this SEIVAL analysis, an operational definition of two 
or more seizures treated with diazepam nasal spray in 
a 24- h period was used for seizure clusters, as noted in 
prior published papers.5,6

2.2 | Patients

Enrolled patients had a clinical diagnosis of epilepsy and, 
in the opinion of the investigator, might need benzodi-
azepine treatment for seizure control at least once every 
other month on average (i.e., ≥6 times per year) despite 
a stable regimen of ASDs. Key inclusion criteria were as 
follows: male or female aged 6– 65 years, inclusive; diag-
nosis of focal or generalized epilepsy with motor seizures 
or seizures with clear alteration of awareness; availability 
of a qualified care partner or medical professional who 
could administer study medication; no clinically signifi-
cant abnormal findings in the patient's medical history 
or during screening; and agreement to comply with study 
procedures. History of status epilepticus and seasonal al-
lergies/rhinitis was permitted; no restriction was made on 
concomitant use of benzodiazepines. Key exclusion cri-
teria included major depression or a past suicide attempt 
or suicidal ideation and history of a clinically significant 
medical condition that would jeopardize the safety of the 
patient.

2.3 | Administration and dosing

Patients and care partners were trained to administer di-
azepam nasal spray in age-  and weight- based doses (5, 
10, 15, or 20 mg); administration was as needed to treat 
seizure clusters. Instructions were given to administer 
a second dose 4 to 12 h after the first dose if needed to 
control the seizure cluster. The dose of diazepam nasal 
spray could be adjusted by the study investigator as clini-
cally warranted for effectiveness and safety. Each patient 
or care partner was provided with a diary for recording 

seizure timing and drug administration; specific seizure 
types were not specified in the diary during the seizure 
emergency. At each visit, the seizure and dosing informa-
tion from the diary, including the time when the seizure 
occurred, when it ended, the dose, and the date and time 
of dosing, was recorded to the case report form.

2.4 | SEIVAL analysis

The SEIVAL post hoc analysis used patient diary data 
from the phase 3 safety study to examine timing of re-
currence of treated seizure clusters using the number of 
days between doses of diazepam nasal spray as a proxy 
for time between seizure clusters. Patients who adminis-
tered two or more doses of diazepam nasal spray over the 
course of the study were included (i.e., two or more doses 
were needed to define one or more SEIVALs to examine). 
SEIVAL was evaluated for the safety population and for 
subgroups within that population.

A sensitivity analysis was performed using 90- day pe-
riods, with doses across Period 1 and the following peri-
ods, to evaluate SEIVAL over time. Seizure clusters vary 
naturally across time and by patient; the 90- day period al-
lowed inclusion of a substantial number of patients with 
an assessable SEIVAL in each period. This type of analysis 
investigates overall patterns of seizure cluster in patients 
treated with diazepam nasal spray across time. A similar 
analysis using equal, adjacent time periods was performed 
with data from patients in this study to examine the po-
tential for pharmacological tolerance to diazepam nasal 
spray; no statistical or clinical evidence of tolerance was 
found.15

Two versions of the SEIVAL sensitivity analysis were 
performed. The first version included all patients with 
doses across Period 1 and an additional period. In the 
parent study, seizure clusters were defined by the 24 h fol-
lowing administration of the first dose. Thus, in the first 
version of the SEIVAL sensitivity analysis, two doses were 
required to define a SEIVAL, which included second doses 
administered during the 24 h of a single seizure cluster. In 
the subsequent second version of the sensitivity analysis, 
second doses within a seizure cluster were eliminated to 
ensure measurement between two seizure clusters rather 
than time between two doses.

In this SEIVAL analysis, four periods corresponded to 
360 days, which is similar to the 365- day treatment period 
of the study; thus, patients with SEIVALs across all four 
periods are the focus of this assessment. The analysis ex-
tended in a smaller subgroup beyond Period 4, to Period 
5 (i.e., 450 days) and Period 6 (i.e., 540 days). Mean and 
median SEIVALs were calculated, and two- sided paired t- 
tests were used to assess statistical significance.
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2.5 | Consideration of 
potential confounder

Consistent cohorts of patients with data across consecu-
tive periods (Periods 1– 4, 1– 5, and 1– 6) were used to ad-
dress potential confounding inherent to assessment of a 
variable cohort across time. This is akin to an intention- 
to- treat analysis, as it covers the possibility that patients 
might discontinue from the study, for example, if they did 
not benefit from the study medication.

Additional variables were examined to evaluate 
whether other potential confounders might be associ-
ated with the SEIVAL observation. These included age 
group (6– 17, ≥18 years), study duration (<12 months vs. 
≥12 months), and change in drug or dose of concomi-
tant daily ASDs (yes vs. no) that may have influenced the 
findings.

Also, SEIVALs were calculated for adult patients who 
completed the Quality of Life in Epilepsy (QOLIE)- 31- P 
tool, a tool specifically designed for use only in patients 
aged ≥18 years. This epilepsy- specific instrument is used 
to assess health- related quality of life based on patient 
responses to questions.16 Numeric values (1– 100) are as-
signed to the responses, with higher scores indicating better 
quality of life. There are seven subscales to the QOLIE- 
31- P: Seizure Worry, Overall Quality of Life, Emotional 
Well- Being, Energy– Fatigue, Cognitive Functioning, 
Medication Effects, and Social Functioning.16 A weighted 
composite of the subscales is calculated to determine the 
total overall score.17

3  |  RESULTS

A total of 175 patients were enrolled in the phase 3 safety 
study of diazepam nasal spray; 163 patients received one 
or more doses and were included in the safety population.6 
A total of 3853 seizure clusters were treated with a total of 
4390 doses of diazepam nasal spray. The mean number 
of doses of diazepam nasal spray per month was 2.3. The 
majority of patients (81.6%) had a duration of exposure to 
diazepam nasal spray of ≥12 months. The proportion of 
seizure clusters for which a second dose was administered 
was used as a proxy for effectiveness in the study; second 
doses were used in a low proportion, 12.6% (n = 485), of all 
seizure clusters. A total of 117 patients (71.8%) completed 
the study.6

Of the 163 patients in the safety population, 12 had 
only one dose of diazepam nasal spray administered 
and were excluded from this analysis, as they had no 
SEIVALs to evaluate (i.e., per the definition of SEIVAL, 
two treated seizure clusters were required to define the 
interval). Therefore, 151 patients with two or more doses 

administered had SEIVALs and thus were included in 
the overall SEIVAL population (Figure 1). Aggregate data 
from the 151- patient cohort show similar mean SEIVALs 
overall (30.7 days), which was similar in age subgroups 
of 6– 17 years (34.3 days, n = 69) and ≥18 years (27.7 days, 
n = 82).

For the sensitivity analysis across time, 31 of the 151 
patients with SEIVALs were excluded, as they did not have 
SEIVALs between two doses of diazepam nasal spray in 
both Period 1 and a subsequent period (i.e., both Period 
1 and at least one of Period 2, 3, 4, 5, or 6; these patients 
may have had SEIVALs in two or more periods that did 
not include Period 1); thus, 120 patients had one or more 
SEIVALs in Period 1 and an additional subsequent period 
(Figure 2). Mean SEIVAL increased in Periods 2– 4 com-
pared with Period 1 (p < .001), from 14.8 days in Period 1 
(0– 90 days, n = 120) to 35.8 days in Period 4 (271– 360 days, 
n = 87). Of the 120 patients, 76 had one or more SEIVALs 
in each of Periods 1, 2, 3, and 4 (i.e., across 360 days) and 
were included in the consistent cohort for Periods 1– 4; 
this time period was similar to that of the overall study 
treatment period (12 months). The remaining 44 patients 
did not have seizure clusters in each of the consecutive 
periods and were not included this analysis addressing the 
potential for a variable cohort over time.

Baseline demographic characteristics and safety pro-
files in the overall safety population (Table 1) and in the 
Period 1– 4 SEIVAL consistent cohort were similar. In the 
Period 1– 4 SEIVAL consistent cohort, 60.5% (n = 46) were 
female and 57.9% (n  =  44) were adults aged ≥18 years. 
In these patients, treatment- emergent adverse events 
(TEAEs) were reported in 93.4% (n = 71), serious TEAEs 
in 32.9% (n = 25), and treatment- related TEAEs in 27.6% 
(n = 21); in the overall safety population, 82.2% (n = 134) 
reported TEAEs, 30.7% (n  =  50) serious TEAEs, and 
18.4% (n = 30) treatment- related TEAEs.6 There were no 
serious treatment- related TEAEs reported in the study. 
Among the patients with TEAEs, 2.5% (n = 4) had a vagus 
nerve stimulator device implanted, and .6% (n = 1) had a 
brain lobectomy. Overall, one death and one discontinu-
ation due to an adverse event were reported; neither was 
treatment- related.6

3.1 | SEIVAL findings for the 
consistent cohort

For the Period 1– 4 consistent cohort, mean number of 
seizure clusters treated was 9.0 in Period 1, 7.9 in Period 
2, 8.4 in Period 3, and 6.6 in Period 4. Mean SEIVALs in-
creased significantly in Periods 2– 4 compared with Period 
1 (p < .01; Figure  3). SEIVAL increased from 12.2 days 
(Period 1) to 25.7 days (Period 4). The same pattern 
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occurred with elimination of retreatments (i.e., ensuring 
measurements between seizure clusters by eliminating 
second doses of diazepam nasal spray for a single cluster 
within 24 h of the first dose), with increases from 13.9 days 
(Period 1) to 26.8 days (Period 4). Similar increases across 
time also were seen for the consistent cohorts for Periods 
1– 5 (n = 41) and Periods 1– 6 (n = 26; Figures S1, S2). Both 
of these cohorts had significant increases from Period 1 to 

the final period in each analysis (p < .05) with and with-
out elimination of second doses. Median SEIVAL results 
also were consistently longer in the final period (data not 
shown).

When the Period 1– 4 consistent cohort with retreat-
ment eliminated was analyzed by age, significant mean 
SEIVAL increases again were observed in the 6– 17- year 
(n  =  32) and ≥18- year (n  =  44) groups. In the pediatric 
group, SEIVAL increased from 13.0 days (Period 1) to 
25.9 days (Period 4; p  =  .02); among the adults, SEIVAL 
increased from 14.6 days (Period 1) to 27.5 days (Period 4; 
p < .01).

The Period 1– 4 consistent cohort also was ana-
lyzed by duration of exposure to diazepam nasal spray, 
and mean change in SEIVAL was similar for the small 
group of patients with exposure of <12 months (mean 
change = 28.3 days, n = 6) compared with the larger group 
with exposure of ≥12 months (mean change = 21.4 days, 
n = 81).

When a subgroup of patients with changes in con-
comitant daily medications (n = 56) was compared with 
a subgroup without such changes (n = 20), no between- 
group difference was seen in mean change in SEIVAL 
across Periods 2– 4 (Figure  4). The increase in SEIVAL 
from Period 1 to Period 4 for both groups was similar to 
the whole consistent cohort.

A separate analysis of QOLIE- 31- P responses (n = 74) 
from adults in the study demonstrated that quality- of- 
life scores were maintained across the 12- month study 
period, generally with small numeric increase (direc-
tional improvement) in mean overall scores.18 Within the 
SEIVAL Periods 1– 4 consistent cohort, the subgroup of 

F I G U R E  1  Phase 3 safety study 
SEIzure interVAL (SEIVAL) population 
disposition flowchart.

163 Pa�ents
(Safety Popula�on)

151 Pa�ents
≥1 SEIVAL

All SEIVAL Data

120 Pa�ents
≥1 SEIVALs

in Period 1 and
Period X

41 Pa�ents
≥1 SEIVAL in

Period 1–Period 5

26 Pa�ents
≥1 SEIVAL in

Period 1–Period 6

12 Pa�ents Excluded
(0 SEIVALs)

31 Pa�ents Excluded
(0 SEIVALs in both

Period 1 and a
subsequent period)

76 Pa�ents
≥1 SEIVAL in

Period 1–Period 4

Eliminate retreatment within 24 hours

175 Pa�ents
Enrolled

12 Pa�ents Excluded
(Not exposed to

diazepam nasal spray)

SEIVAL Sensi�vity Analysis

Consistent Cohort
SEIVAL Sensi�vity

Analysis

F I G U R E  2  Mean SEIzure interVALs (SEIVALs) across 
time (sensitivity analysis; n = 120). The sensitivity analysis used 
consecutive 90- day periods to show mean SEIVAL between seizure 
clusters across time. Included patients from the phase 3 safety 
study of diazepam nasal spray had one or more SEIVALs in both 
Period 1 (0– 90 days) and an additional period to 540 days total.

40

35

30

25

20

15

10

5

0

n=120) (n=111) (n=104) (n=87) (n=52) (n=36)
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6
(

Day: 1–90 91–180 181–270 271–360 361–450 451–540 

M
ea

n 
SE

IV
AL

 (D
ay

s)

14.8

25.8 26.9

35.8

29.3

34.3



   | 2689MISRA et al.

adult patients completing the QOLIE- 31- P at Day 0 and 
Day 365 (n = 35) had similar change in SEIVAL between 
Period 1 and Period 4 (12.2 days) to the total consistent co-
hort (12.9 days, n  =  76; Figure  5). Similar differences in 
overall composite QOLIE- 31- P scores from Day 0 to Day 
365 were seen for all patients with QOLIE- 31- P data and 
those in the consistent cohort with QOLIE- 31- P data (−.1 
and 2.0, respectively). Two subscales of the QOLIE- 31- P, 
Seizure Worry and Social Functioning, were hypothe-
sized by the investigators to be particularly relevant to pa-
tients with seizure clusters. Similar differences in scores 

from Day 0 to Day 365 were seen for (1) all patients with 
QOLIE- 31- P data and (2) those in the consistent cohort 
with QOLIE- 31- P data, for the Seizure Worry subscale (8.7 
and 6.4 points, respectively) and Social Functioning sub-
scale (8.1 and 7.7 days, respectively) of the QOLIE- 31- P 
(Figure  S3). Minimally important change has been de-
fined as 7.4 for the Seizure Worry subscale and 4.0 for the 
Social Functioning subscale.19 Thus, clinically meaningful 
improvement was shown for all patients with QOLIE- 31- P 
data on both subscales and for the SEIVAL consistent co-
hort group on the Social Functioning subscale.

4  |  DISCUSSION

This novel analysis examined SEIVAL data from epi-
lepsy patients with seizure clusters treated intermittently 
with diazepam nasal spray in a phase 3 safety study. The 
analysis found a consistent and statistically significant 
pattern of increased SEIVAL over time, across all the 
analyzed populations. A doubling of mean SEIVALs was 
demonstrated between Period 1 (12.2 days) and Period 
4 (25.7 days) for the 76- patient consistent cohort treated 
with diazepam nasal spray across 360 days. Decreased use 

T A B L E  1  Characteristics and safety profile of overall safety 
population, N = 1636

Characteristic Value

Baseline demographics

Sex, n (%)

Male 74 (45.4)

Female 89 (54.6)

Age, years

Mean (SD) 23.1 (15.1)

Median (range) 18.0 (6– 65)

6– 17 years, n (%) 78 (47.9)

≥18 years, n (%) 85 (52.1)

Race, n (%)

White 134 (82.2)

Black/African American 16 (9.8)

Asian 4 (2.5)

Native Hawaiian/Pacific Islander 5 (3.1)

Other 4 (2.5)

Height, cm, mean (SD) 151.6 (24.8)a

Weight, kg, mean (SD) 60.2 (33.6)b

During study

Exposure

Mean days (SD) 528.7 (251.7)

Median days (range) 458 (56– 1230)

<6 months, n (%) 9 (5.5)

6– 12 months, n (%) 21 (12.9)

≥12 months, n (%) 133 (81.6)

Safety profile, n (%)

Patients with TEAEs 134 (82.2)

Patients with serious TEAEs 50 (30.7)

Treatment- related 0

Death 1 (.6)

Discontinuation due to a TEAE 1 (.6)

Treatment- related TEAEs 30 (18.4)

Abbreviation: TEAE, treatment- emergent adverse event.
an = 159.
bn = 162.

F I G U R E  3  Mean SEIzure interVALs (SEIVALs) for consistent 
cohort for Periods 1– 4 (360 days; n = 76) with and without 
retreatments eliminated across time. To control for survival 
bias across time, consistent cohorts with one or more SEIVALs 
between seizure clusters in each period were examined. As Periods 
1– 4 included 360 days, this most closely matched the 12- month 
treatment period of the phase 3 safety study of diazepam nasal 
spray. Here, second doses administered within 24 h of the first dose 
were eliminated from the analysis. This ensured that time between 
retreatments for the same seizure cluster (defined by 24 h) were not 
included. Mean SEIVALs for Periods 1– 4 are shown for the subgroups 
of patients in consistent cohort with and without retreatments 
eliminated. **p < .01, ***p ≤ .001 compared with Period 1.
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of this benzodiazepine formulation supports adoption to 
diazepam nasal spray. Potential for reduced use of this 
benzodiazepine over time also may mitigate concerns 
about the risk of dependence and misuse that are associ-
ated with this class of drugs for patients who are using 
these medications.20 An interim analysis from the phase 
3 safety study demonstrated a lack of observed pharma-
cological tolerance with use of diazepam nasal spray over 
time.15 Additionally, increased SEIVAL suggests potential 
for fewer seizure emergencies, fewer injuries, less stress, 
and better quality of life.

Although the cause of the observed increase in SEIVAL 
across time is unknown, explanatory biological factors can 
be hypothesized. One possibility is that intermittent treat-
ment with diazepam nasal spray may alter the underlying 
biology of clusters, although no such mechanism has yet 
been identified for formulations that include diazepam. 
Treatments may demonstrate both symptomatic and 
disease- modifying effects in neurologic conditions such as 
multiple sclerosis.21,22 In addition, symptomatic treatments 
may be found to also have preventive properties. For exam-
ple, the oral calcitonin gene- related peptide receptor antag-
onist rimegepant that was initially approved by the FDA for 
acute treatment of migraine in adults also was later shown 
to be effective as a preventive treatment23 and has been the-
orized to potentially alter evolution of progressive anatom-
ical transformation (e.g., structural change) in migraine.24

Due to the high cost and cognitive, behavioral, and so-
cial burdens of epilepsy, disease- modifying therapies are 
needed.25 The goals of such therapies include slowing 
or preventing progression in the severity of epilepsy and 
modifying the manifestations of epilepsy (e.g., preventing 
increase in seizure frequency or reducing or eliminat-
ing seizures over time).25 Such beneficial outcomes may 
result from modification of the ongoing epileptogenic 
process.26 Currently, medical therapies for epilepsy are 
predominantly considered symptomatic, as their goal is to 
control seizures and not to specifically address the disease 
process.25 However, ASDs may have disease- modifying 
properties that have not been evaluated as part of the reg-
ulatory approval process.25

Use of second doses of diazepam nasal spray was low 
across 24 h in the phase 3 study, which potentially sug-
gests alteration of the natural history of individual seizure 
clusters with treatment.5 Although these findings may be 
suggestive of a disease- modifying effect of diazepam nasal 
spray— which would be an ideal effect of any therapy— 
this hypothesis, along with the other hypotheses discussed 
here, needs to be examined and verified in subsequent stud-
ies. Also, it is unclear at this point whether the change in 
SEIVAL is a demonstration of fewer seizure clusters or less 
severe seizure clusters that caregivers chose not to treat.

Another hypothesis suggests that behavioral change 
and personal beliefs may affect adherence to epilepsy 

F I G U R E  4  Mean SEIzure interVALs (SEIVALs) in subgroups 
with and without concomitant medication changes from Periods 
1– 4 (n = 76). Changes to concomitant daily antiseizure drugs (e.g., 
change of drug or dose of drug) were examined across time. This 
was done to determine whether such changes had an impact on 
SEIVAL between seizure clusters treated with diazepam nasal 
spray. Mean SEIVALs for Periods 1– 4 are shown for the subgroups 
of patients with and without changes to concomitant medications. 
*p < .05, **p < .01 compared with Period 1.
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medication over time, in particular within the setting of 
a clinical trial. Medicine- taking behavior varies with indi-
viduals, and nonadherence may be intentional or uninten-
tional; in some cases, nonadherence may arise from lack 
of motivation to take medications as prescribed.27 In a UK 
study, patients with epilepsy were mailed questionnaires 
assessing their perceptions (N = 398 respondents); results 
showed that adherence to ASDs may be linked to patient 
beliefs about the necessity of taking medication and con-
cerns about negative effects of the medication.27 A Turkish 
study showed that patients with epilepsy (N = 174) had low 
medication adherence; they had high belief scores about 
the potential harms of medications and low belief scores 
about their personal treatment needs.28 On the other hand, 
behavioral factors associated with efficient epilepsy med-
ication self- management/adherence were examined in a 
study using computer- based assessments (N = 317).29 This 
study found that interactions among such psychosocial 
variables as self- efficacy, social support, and patient satis-
faction directly influence management of medication.29

Potential behavioral reasons for the observed SEIVAL 
increase in this study can be hypothesized. The patient/
care partner may have initially treated a wider range of 
possible seizure cluster events but over time learned to 
better identify seizure clusters and used intermittent res-
cue therapy only in situations similar to the ones for which 
there was previously a benefit. Another possibility is that 
there was a patient/care partner change in perceived need 
for treatment, although many patients had received res-
cue prior to enrollment, so such a learning effect would be 
expected to be limited. Also, there may have been enthusi-
asm for the new therapy that waned over time.

Finally, in epilepsy studies, improvement in seizure 
frequency may be due to regression to the mean. For pa-
tients with chronic, uncontrolled epilepsy, seizures may be 
unpredictable, with fluctuations across time.30 Patients ex-
periencing higher than average frequency are more likely 
to seek medical attention or meet eligibility for a trial. 
Following enrollment, irrespective of treatment efficacy, 
seizure frequency is expected to have a natural tendency 
to regress toward the average for the patient. This may ex-
plain why the response to active treatment may be greater 
in uncontrolled studies than in randomized controlled tri-
als.30 In simulations based on seizure diaries, regression to 
the mean effects appeared to taper off after 3– 6 months.31 
It has been suggested that a delayed start for a clinical 
trial may attenuate the effects of regression to the mean 
by allowing patients to return first to their mean state.31 
However, the durations examined in this analysis were 
longer— up to and beyond 1 year— and the patterns shown 
were consistent across time out to Period 6 (540 days).

Looking at treated seizure frequency over the long 
term, similar patterns have been associated with ASDs. 

In an open- label, multicenter extension study of brivarac-
etam as adjunctive therapy for adult patients with epi-
lepsy (N = 729), consistent median percent reductions in 
the frequency of focal seizures were demonstrated that 
were maintained over time to 96 months.32 In that study, 
QOLIE- 31- P scores in the patients with focal seizures gen-
erally remained stable or improved to the last value in Year 
2 compared with baseline in the previous trial.32 In a retro-
spective study looking at a 2- year period for adult patients 
with epilepsy who initiated ASDs at a single site (N = 394 
charts), the number of seizures over time decreased in a 
linear pattern, which the authors hypothesized might re-
flect the treatment effects of ASDs.33

Our analysis explored several potential explanations 
for the increased SEIVAL/reduced dosing of diazepam 
nasal spray. Similar SEIVAL changes were seen regard-
less of changes to concomitant ASDs, suggesting that a 
change in those medications or their dosing was not the 
reason for better seizure cluster control. Additionally, the 
use of a consistent cohort allowed for controlling for the 
potential for retention bias. Here, the same findings were 
demonstrated when patients dropped out of the study. 
Furthermore, the high completion rate of the study and 
the stability of QOLIE- 31- P scores over time argue that 
patients perceived a treatment benefit with diazepam 
nasal spray, suggesting that lack of tolerability is unlikely 
to have led to reduced use. As the study drug was pro-
vided without charge in this clinical trial, cost burden of 
diazepam nasal spray would not have been a factor.

This post hoc analysis has limitations. In the overall 
study, there was no precise definition of a seizure cluster, as 
there is no agreed- upon definition in the literature,34 and 
the administration instructions for diazepam nasal spray 
were tailored per protocol to the individual patient by the 
associated study investigator. Although this analysis did 
not examine untreated clusters, the study protocol directed 
use of treatment for all seizure clusters. Additionally, this 
analysis did not examine timing intervals for overall sei-
zure frequency (i.e., including individual seizures), only 
specifically for seizure clusters. Also, the natural history of 
SEIVAL over time is not known, and there was no com-
parison group in the analysis. Per protocol, the study did 
not collect data on the patients' severity of epilepsy or types 
of seizures in treated seizure clusters or changes in coun-
seling regarding medication adherence. In addition, the 
analysis used 90- day epochs and did not examine other 
timing, and the numbers of patients for the consistent co-
horts out to Periods 5 and 6 were small (41 and 26 patients, 
respectively). Also, as data on underlying seizure disor-
ders and causes for seizure disorders were not systemati-
cally collected, the subgroups of patients with and without 
changes to concomitant medications could not be com-
pared based on these criteria. To address these limitations, 
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future studies in selected animal models and/or in humans 
should be designed to further explore these novel findings.

5  |  CONCLUSIONS

Across 12 months and beyond, a statistically significant 
increase in mean SEIVAL was demonstrated in patients 
who used diazepam nasal spray for treatment of seizure 
clusters in consecutive periods in a phase 3 safety study. 
The pattern was consistent regardless of age group, study 
duration, and change to concomitant medications, and 
with no effect on QOLIE- 31- P scores. This previously un-
detected pattern of increased time between seizure clus-
ters needing intervention presents a fresh opportunity for 
hypothesis generation regarding the potential impact of 
intermittent rescue therapy on the natural course of sei-
zure clusters, such as the possibility of a role in altering 
the underlying biology of clusters. These results also sup-
port previous findings of lack of pharmacological toler-
ance to diazepam nasal spray. Further investigation and 
corroboration of these findings in prospective clinical or 
preclinical studies are needed, and identification of a ger-
mane database may help to address the current lack of a 
control group.
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