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Abstract

Background Intranasal agents may be ideal for the treatment of migraine patients. Many new acute intranasal-spe-
cific therapies have been developed, but few of them have been directly compared. The aim of this network meta-
analysis (NMA) was to compare the efficacy and safety of various intranasal agents for the treatment of acute migraine
in adult patients.

Methods The Cochrane Register of Controlled Trials, Embase, and PubMed were searched from inception to 15
August 2023. Randomized controlled trials (RCTs) using intranasal agents (no restrictions on dose, formulation, dosing
regimen or timing of the first dose) to treat adult patients with acute migraine were included. The primary efficacy
endpoint was pain freedom at 2 h, and the primary safety endpoint was adverse events (AEs). The analysis process
followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Results Nineteen studies (21 RCTs, 9738 participants) were included. Compared to the placebo, 5 mg of zolmitriptan
using a conventional liquid nasal spray device was the most effective for pain freedom at 2 h [odds ratio (OR): 4.67,
95% confidence interval (Cl): 3.43 to 6.43] and 24 h (OR: 5.49, 95% Cl: 3.58 to 8.42) among all the interventions. Butor-
phanol nasal spray 1 mg was the most effective (OR: 8.62,95% Cl: 1.11 to 66.92) for pain freedom at 1 h, but with low-
quality evidence. DFN-02 presented the highest freedom from nausea (OR: 4.95, 95% Cl: 1.29 to 19.01) and phono-
phobia (OR: 5.36,95% Cl: 1.67 to 17.22) at 2 h, albeit with lower odds of achieving complete pain freedom. ROX-828
showed the highest improvement in freedom from photophobia at 2 h (OR: 4.03, 95% Cl: 1.66 to 9.81). Dihydroergot-
amine nasal spray was significantly associated with the highest risk of AEs (OR: 9.65, 95% Cl: 4.39 to 21.22) and was not
recommended for routine use. Zavegepant nasal spray demonstrated the lowest risk of AEs (OR: 2.04, 95% Cl: 1.37

to 3.03). The results of sensitivity analyses for the primary endpoints (pain freedom at 2 h and AEs) were generally
consistent with those of the base case model.

Conclusions Compared with other new intranasal-specific therapies in treating migraine attacks, zolmitriptan nasal
spray 5 mg was the most effective agent for pain freedom at 2 h. Zavegepant nasal spray 10 mg had the fewest
adverse side effects.
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Introduction

Migraine is a common trigeminal neurovascular dis-
order with typical symptoms of recurring [1, 2], mostly
one-sided, often highly disabling attacks of moderate to
severe throbbing headaches [3, 4], often mixed with nau-
sea, vomiting, photophobia, phonophobia, blurred vision
and other variable physical, mental and psychological
signs and symptoms for 4—72 h [5]. According to the data
from the Global Burden of Diseases, Injuries, and Risk
Factors (GBD), migraine is the second most prevalent
neurological disorder [6, 7] and the second leading cause
of years lived with disability (YLD) after low back pain
but takes first place in young women [8, 9]. In addition,
migraine is the top cause of disability-adjusted life years
(DALYs) in young women [9]. Based on GBD modelling
of prevalence, almost 1.04 billion people are estimated
to suffer from migraines, with a global age-standardized
prevalence of approximately 14.4%. The financial cost of
migraine is also a societal concern. Migraines cost nearly
$17 billion annually in the United States [10], while in
Europe, the direct, indirect, and social costs are esti-
mated at €27 billion per year [11]. Headache-related dis-
ability, high comorbidity, financial stress, and absence of
family roles impose a significant personal burden on indi-
viduals with migraine.

Migraine management includes acute treatment and
preventive treatment. Acute treatment aims to provide
rapid and sustained relief of headaches and other related
symptoms, restore functional ability, and minimize res-
cue medication use and adverse events (AEs). Choosing
the appropriate medication, dose, route of administra-
tion, and early dosing can improve acute treatment out-
comes. Stratified care and step-care are two principles of
acute migraine treatment. Stratified care means selecting
treatment medications based on pain intensity. Analge-
sics and nonsteroidal anti-inflammatory drugs (NSAIDs)
can effectively treat mild or moderate attacks. Triptans
are the first choice for moderate to severe acute migraine
[12, 13]. Step-care means using simple analgesics and
only stepping up to a migraine-specific medication if
the pain progresses [14]. According to the American
Headache Society, evidence-based proposals for acute
pharmacologic treatment of migraine, triptans, ergot
derivatives, NSAIDs, opioids, and combination medica-
tions are recommended for the treatment of migraine
[13].

Oral tablets are the most common options for
patients due to convenience and comfort [15]. Although
oral therapies are the most commonly prescribed, the

onset of action for oral tablets is relatively slow com-
pared to other formulations [16]. Oral tablets may be
difficult for patients with nausea and vomiting to ingest
[17]. In a survey of 500 people with migraine, 30.5% of
patients with nausea and 42.2% with vomiting reported
that those accompanying symptoms hindered their
ability to take oral medications [17, 18]. Patients with
migraine often experience reduced gastrointestinal
motility, which may delay medication absorption and
result in a slowed or inconsistent treatment response
[19]. Nonoral formulations offer an alternative to oral
treatment. Subcutaneous (SC) methods work the fast-
est but are associated with more common side effects
[20-22]. SC sumatriptan has long been considered the
most rapidly effective triptan [23], reaching the maxi-
mum concentration (t,,,) in 12 min, having an onset
of action of 10 min, and relieving headache in 82% of
patients 2 h post dose [24, 25]. However, due to the sub-
optimal tolerability profile, fewer than 10% of eligible
migraine patients choose it to treat their headache [26].
The most common AE with SC sumatriptan is burn-
ing or stinging at the administration site, which occurs
in approximately 60% of patients [27]. Many patients
(42%) experience “triptan sensations” [24, 25], such as
warmth/heat, tightness/pressure, tingling, flushing,
and feelings of heaviness or pressure in areas such as
the face. Intravenous injection is not a routinely recom-
mended formulation for migraine attack [3, 28, 29] and
is primarily used for status migraines and severe head-
ache attacks not responding to acute treatment at home
[30]. For patients presenting to the emergency depart-
ment and for migraine patients requiring admission,
intravenous injection is available but is also frequently
difficult for episodic migraine sufferers to obtain on a
timely basis. Intranasal formulations may be an ideal
alternative for migraine patients with significant nau-
sea, vomiting, gastroparesis, rapidly progressing head-
ache, a high recurrence rate, an inadequate response to
oral therapy, or more invasive parenteral therapies.
Although multiple intranasal medications have
shown positive efficacy and safety for the acute treat-
ment of migraine in a series of randomized controlled
trials (RCTs), as most of the studies were placebo-con-
trolled trials, according to our search, the drugs were
not directly compared. The relative efficacy and safety
of each nasal spray device were uncertain. Without
direct comparisons, network meta-analysis (NMA)
provides a way to perform multiple comparisons simul-
taneously in a single analysis as evidence for clinical
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practice. Therefore, we conducted an NMA to system-
atically assess and rank the relative effectiveness, safety,
and acceptability of various intranasal medications for
the acute treatment of migraine in adult patients. The
results of this NMA will be useful for clinicians.

Methods

General guidelines applied

This systematic review and meta-analysis followed the
recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline checklist [31]. The PRISMA flow-
chart of the screened studies is shown in Fig. 1. Specific
PRISMA checklists of the current meta-analysis are
reported in eAppendix 1.

Literature search

This systematic review and meta-analysis identified
intranasal medications used to treat chronic or episodic
migraine patients with or without aura and was regis-
tered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO: CRD42023396291). First,
we searched the Cochrane Register of Controlled Trials
and MEDLINE via PubMed and Embase databases, with
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We applied a combination of keywords and text words
related to migraine and intranasal pharmacologic agents.
Then, we combined them with validated screening tools
recommended by the Harvard Countway Library for ran-
domized controlled clinical trials. Each database uses a
specific search strategy and can be found in eAppendix 2.
Registries of clinicaltrials.gov were also searched to iden-
tify ongoing trials. We additionally conducted searches
from existing pairwise meta-analyses and the reference
lists of review articles to complement our further trials
[32—35]. Two authors operated the literature search pro-
cess independently (LGL, DSJ).

Inclusion and exclusion criteria

To increase the reliability of the current NMA, studies
needed to meet the following PICOS criteria and had
been peer-reviewed and formally published.

(1) Population (P): Participants were required to be
diagnosed with episodic and chronic migraine
patients (with or without aura) for 18 years and
older based on the International Classification of
Headache Disorders criteria (ICHD) system, or the
ICHD operating at the time of the study.

language restrictions in English, from inception until (2) Intervention (I): We examined all types of intrana-
August 15, 2023, to search for RCTs of intranasal phar- sal agents currently available for migraine-specific
macologic agents in the acute treatment of migraine. acute treatments. There were no restrictions on the
Identification of studies via databases and registers L Identification of studies via other methods J
=\
_5 Records identified from: Records removed before
§ PubMed (n=282) screening: Records identified from:
= Embase (n=621) > Duplicate records removed Citation searching (n = 1)
E Cochrane CENTRAL (n=264) (n=221)
3 Clinicaltrials.gov (n=20)
;
- Records excluded by title and
Records screened (n = 1066) —> abstract (n = 981)
Records excluded by title and
Records screened (n= 1) »| abstract (n=0)
g A4
c
9 Full-text articles assessed Reportsexcluded,due oz
S AL — > Patient population (n= 11)
& for eligibility (n = 85) Intervention (n = 9) 4
Study design (n = 24) Reports assessed for eligibility
Outcome (n = 15) (n=1) Reports excluded: (n = 0)
Duplicate sample sources (8)
— v
3 Studies included in systematic
) review and network meta-
S analysis
= (n=19)

Fig. 1 Flow Chart of the network meta-analysis procedure. A total of 21 trials were included because 2 studies provided the results of 2 trials each
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dose, formulation (e.g., liquid spray, powder), dos-
ing regimen (e.g., single dose versus optional sec-
ond dose of the study medication or rescue medi-
cation) or timing of the study medication (e.g., first
dose of the study medication for moderate to severe
headache attacks or first dose for mild headache
attacks). However, we only extracted doses recom-
mended by guidelines [28] or previous studies to
limit the number of intervention arms.

(3) Comparator (C): We included only RCTs that com-
pared at least one pharmacologic agent with pla-
cebo or that performed direct comparisons of at
least two pharmacologic agents but applied a pla-
cebo in the study design.

(4) Outcome (O): The study had to report at least one
clinical outcome indicator that we were concerned
about.

(5) Study design (S): We only included RCTs with
human participants that were fully published in
English.

The exclusion criteria were as follows: (1) no target
outcome that interested us, (2) nonhuman clinical trials;
(3) no inclusion of adult individuals with migraine; (4)
studies not published in peer-reviewed journals or stud-
ies that were post hoc or secondary analyses; (5) crosso-
ver studies, excluded except when the results of the first
phase were given separately; (6) no use of placebo; and
(7) studies involving cluster, tension, menstrual migraine
or episodic and chronic migraine associated with other
neurological disorders. For duplicate publications (i.e.,
the same set of sources had been used by multiple stud-
ies), we only included studies with larger samples and
more information.

Study screening

The extraction process for all returned study data fol-
lowed a standardized form. After the initial search, one
pair of reviewers (GL Li, S] Duan) independently per-
formed the following operations: removing duplicates,
reviewing the titles and abstracts of all identified cita-
tions for primary screening, and retrieving and screening
full-text papers according to eligibility criteria. Disagree-
ments were resolved through discussion and, if necessary,
by a third senior author (L Liu). The Endnote Literature
Management platform was used for study selection and
screening.

Primary and secondary outcome measures

The guidelines recommended to determine the effective-
ness for acute treatment of migraine should be either pain
freedom at 2 h or freedom from the most bothersome
symptom (MBS) at 2 h as a coprimary endpoint [36]. We
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followed the International Headache Society (IHS) rec-
ommendations and chose pain freedom (defined as the
absence of pain based on a 4-point global scale) 2 h before
using any rescue medication as our primary efficacy out-
come. We did not choose freedom from the MBS at 2 h
because few trials among the initially included studies
reported it. Relevant secondary efficacy endpoints of the
intranasal medications included freedom from migraine
symptoms at 2 h, with such symptoms being photopho-
bia, phonophobia, and nausea, and were also evaluated to
provide a more accurate option for patients planning to
use intranasal agents for migraine. In addition, we chose
pain freedom at 1 h and sustained pain freedom to 24 h
as secondary efficacy outcome measures to assess the
early and sustained migraine treatment response.

The primary outcomes for safety and tolerability were
any recorded AEs within 48 h post-dose, any serious
adverse events (SAEs), withdrawal due to AEs, and the
frequency of the most common AEs.

Data collection and quality assessment

For each included study based on eligibility criteria, two
reviewers (GL Li, S] Duan) independently performed the
data extraction with a predesigned Excel spreadsheet,
which included the study title, first author name, publi-
cation year, participants’ baseline data characteristics,
sample size, details on each study arm/pharmacologi-
cal intervention (dose, frequency, administration route,
duration of intervention), efficacy outcomes and safety
outcomes data, and information for the assessment of the
risk of bias. A third reviewer (L Liu) checked the consist-
ency and accuracy of all extracted data. Any discrepan-
cies in evaluating these data were resolved by discussion
or consultation. A third author (L Liu) would evaluate
those data that could not be resolved until a consensus
was reached. Two reviewers (GL Li, S] Duan) indepen-
dently assessed each included study critically using a
standardized table according to the Cochrane Risk of
Bias version 2 (RoB2) for RCTs [37].

Statistical analysis

We performed all NMA analyses using R (version 3.2.2)
to combine direct and indirect evidence for migraine. For
each primary and secondary outcome measure, we esti-
mated the odds ratio (OR) with a 95% credible interval
(CI) using a frequentist random effects model because
of the heterogeneity and relatively small number of stud-
ies we included [38, 39]. We used the frequentist theory
model with the mvmeta command to compare the effect
size (ES) among studies with the same treatments. All
comparisons were two-tailed, and a p value cut-off point
of 0.05 denoted statistical significance. Heterogeneity
among the included studies was evaluated using the tau
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value and the heterogeneity statistic I>. The Tau value is
the estimated standard deviation of the effect across the
included studies [40]. I? values of less than 50% indicate
that the heterogeneity may not be significant; a value
higher than 50% may represent substantial heterogene-
ity. NMA relies on the transitivity assumption to estimate
indirect treatment effects. We conducted a statistical
evaluation of inconsistency. A loop-specific approach and
the node-splitting method [41] were used to assess the
potential local inconsistency of the model. The design-
by-treatment model [40] was applied to evaluate global
inconsistency among the whole NMA.

One of the advantages of NMA is that it allows for the
ranking of interventions. Several ranking metrics have
been proposed to present NMA results. For the Bayes-
ian framework, competing treatments can be reported
by rank probabilities (i.e., the probability of being at each
possible rank, from best to worst), the mean/median
rank, or the surface under the cumulative ranking curve
(SUCRA) [42]. For the frequentist framework, authors
can use the P score. Ranking of interventions based
on the rank probabilities should be discouraged. This
approach does not account for the uncertainty in relative
effect estimates and relative ranking and can spuriously
give higher ranks to treatments for which little evidence
is available [43, 44]. The cumulative ranking probabilities
are more appropriate to present treatment rankings and
their uncertainty [44]. SUCRA is one such summariza-
tion ranking metric proposed by Salanti et al. [44]. It is
calculated by averaging cumulative rank probabilities
and transforms the mean rank of a treatment to a value
between 0 and 1. The advantage of SUCRA over the mean
rank is that it has a common range from 0 to 1, facilitat-
ing consistent interpretation of different NMAs [45].
SUCRA values of 1 indicate that the treatment might be
the best and 0 the worst [44].

We performed sensitivity analyses in three manners on
the availability of data within the networks for the pri-
mary efficacy endpoint (pain freedom after 2 h) and the
safety endpoint (AEs):

Sensitivity analysis 1-exclusion of studies with a high
risk of bias.

Sensitivity analysis 2-exclusion of studies prohibiting
and not reporting the use of prophylactic medication.
Sensitivity analysis 3-exclusion of studies reporting
multiple headache episodes in a single patient.

Confidence in Network Meta-Analysis (CINeMA) [46]
was used to assess the quality of evidence for the out-
come indicators of the NMA. CINeMA is an approach
for determining confidence in the results of an NMA
broadly based on the Grading of Recommendations
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Assessment, Development, and Evaluation (GRADE).
We used a freely available, user-friendly online CINeMA
web application [47] to evaluate confidence in the results
from NMA. Finally, comparative-adjusted funnel plots
and Egger regression [48] were used to assess potential
minor study effects and publication bias.

Results

Search results and study characteristics

Across the NMA, 1187 database records were identi-
fied from the initial literature search for the review stage.
Additional literature was searched through citation
searching. After removing 221 duplicates,1066 papers
were initially included in the review; of these, 981 were
eliminated by reviewing the titles and abstracts, and 85
were further screened by examining the full text. Based
on the eligibility, a total of 19 studies [49-67] (21 RCTs
comparing 12 pharmacologic treatments with each other
or with a placebo) fulfilling the inclusion criteria were
included in the final NMA. PRISMA diagrams of the
screened studies are given in Fig. 1.

We enrolled five classes of antimigraine acute medi-
cines, including triptans (sumatriptan nasal spray 10,
20 mg; zolmitriptan nasal spray 2.5, 5 mg; DFN-02 nasal
spray (which contains sumatriptan 10 mg with a permea-
tion enhancer); AVP-825 (a drug-device combination of
22 mg sumatriptan powder), gepants (zavegepant nasal
spray 10 mg), NSAIDs (ketorolac nasal spray 31.5 mg and
ROX-828, a ketorolac 31.5 mg with 6% lidocaine), ergot
derivatives (dihydroergotamine nasal spray 2 mg and
MAPO0004, a dihydroergotamine inhaler 1 mg) and opi-
oids (butorphanol nasal spray 1 mg). The network graphs
are shown in Fig. 2.

All included studies were published between 1994 and
2023 and conducted in several countries (e.g., the USA,
Czech Republic, France, Germany). Each included study
was similar, and the inclusion criteria were consistent
with the current clinical guidelines. A total of 9,738 ran-
domized participants were involved in the analysis. 32%
(6/19 items) of studies did not allow concurrent use of
prophylactic medication. However, 58% (11/19 items)
of the studies allowed this use, provided the patients
needed a stable dose for 30—90 days prior to the screen-
ing visit, and the dose did not change during the study.
Additionally, two studies did not report this aspect. 63%
(12/19 items) of studies included migraine patients with
or without aura; the remaining studies were unspecified.
The baseline demographic characteristics and headache
features of the 19 studies included in the NMA are given
in eTable 1. We labelled the heterogeneity statistic I* of
each outcome in the upper right of the forest plot and
only detected substantial heterogeneity in the endpoint
of AEs (I2=55.5%).



Li et al. The Journal of Headache and Pain (2023) 24:129 Page 6 of 17

A: pain freedom at 2 hours B: adverse events
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1
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Ketorolac 31.5mg Ketorolac 31.5mg
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DFN-02 10mg DFN-02 10mg

Sumatripan 20mg Sumatripan 20mg
Zolmitriptan 5mg

Zolmitriptan 5mg

Zavegepant 10mg Zolmitriptan 2.5mg Zavegepant 1Omg. Zolmitriptan 2.5mg
E: freedom from phonophobia at 2 hours F: sustained pain freedom for 24 hours
Placebo, Ketorolac 31.5mg

MAPQ004 1mg

1 DFN-02 10mg

ROX-828 31.5mg, Ketorolac 31.5mg

Sumatripan 10mg AVP-825 22m

DFN-02 10mg 1

ROX-828 31.5mg
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G: pain freedom at 1 hour
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MAP0004 1mg
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Fig. 2 Network plot for primary outcomes and secondary outcomes. The lines between nodes represent direct comparisons in various trials,

and each circle’s size is proportional to the population involved in each specific treatment. The thickness of the lines is proportional to the number
of trials connected to the network. DFN-02, sumatriptan nose spray 10 mg with a permeation enhancer; AVP-825, a drug-device combination

of 22mg sumatriptan powder; MAP0004, a dihydroergotamine inhaler; ROX-828, ketorolac 31.5mg with 6% of lidocaine
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Participants used zolmitriptan nasal spray across two
and three migraine attacks in papers published by Dodick
et al. in 2005 [59] and Charlesworth et al. in 2003 [61].
For the crossover trials, we only extracted the first phase
results in papers published by Rao et al. in 2016 [52]. In
sensitivity analysis 3, we excluded these three studies and
combined the ES again. In most of the remaining stud-
ies, patients used the intervention for a single migraine
attack.

Efficacy

Primary efficacy outcome: pain freedom at 2 h

The network diagram for the primary outcome of pain
freedom at 2 h contains 17 studies (18 trials) and 11
intervention nodes (Fig. 2A). All remaining specific intra-
nasal pharmacologic treatments, except DEN-02 10 mg
and ROX-828 31.5 mg, had statistically higher ORs com-
pared to placebo, with zolmitriptan 5 mg showing the
highest odds (OR: 4.67, 95% CI: 3.43 to 6.34), followed by
ketorolac 31.5 mg (OR: 3.81, 95% CI: 1.67 to 8.70), and
zavegepant 10 mg showing the lowest (OR: 1.68, 95% CI:
1.18 to 2.41) (Table 1; Fig. 3A).

In the base model, sumatriptan 20 mg showed bet-
ter efficacy than sumatriptan 10 mg in both direct (OR:
0.52, 95% CI: 0.34 to 0.79) and mixed comparisons
(OR: 0.55, 95% CI: 0.36 to 0.83); zolmitriptan 5 mg pre-
sented higher OR than sumatriptan 10 mg (OR: 0.41,
95% CI: 0.23 to 0.74); zavegepant 10 mg showed lower
OR than sumatriptan 20 mg (OR: 2.06, 95% CI: 1.18 to
3.60), zolmitriptan 2.5 mg (OR: 1.84, 95% CI: 1.01 to
3.40), zolmitriptan 5 mg (OR: 2.77, 95% CI: 1.73 to 4.44)
and MAP0004 1 mg (OR: 0.46, 95% CI: 0.24 to 0.87).
Although inconsistent results existed for zolmitriptan
5 mg versus zolmitriptan 2.5 mg in pairwise meta-anal-
yses and network meta-analyses, there was no significant
difference. For the remaining outcomes, the results were
mostly homogeneous. According to SUCRA (eTable 2),
zolmitriptan 5 mg was ranked as the best treatment for
pain freedom at 2 h, followed by ketorolac 31.5 mg and
MAP0004 1 mg.

The results of sensitivity analysis 1 (lower-left por-
tion) in eTable 18, excluding 4 studies with a high risk
of bias to check the reliability of the combined effect
sizes, were consistent with those of the base model. In
the base model, DEN-02 was associated with a higher
OR (2.68) versus placebo, but the 95% CI contained the
null effect (0.97 to 7.38). However, in sensitivity analy-
ses 2 (the upper-right portion in eTable 2) and 3 (eTa-
ble 19), although the OR did not change markedly (2.68
and 2.67), the CI became narrower, thus being statisti-
cally significant (1.05 to 6.83). The same trend was also
seen in the comparison between MAP0004 1 mg versus
sumatriptan 10 mg. These differences between M AP0004
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1 mg versus sumatriptan 10 mg did not reach significance
in the basic model, but in sensitivity analysis 3, the differ-
ence between MAP0004 and sumatriptan 10 mg became
statistically significant (OR: 0.54, 95% CI: 0.30 to 0.97).

Secondary efficacy outcome: pain freedom at 1 h

The network diagram is shown in Fig. 2G. In brief, the
network diagram shows 7 trials and 5 intervention nodes.
Butorphanol 1 mg, zolmitriptan 5 mg, and MAP0004
1 mg were associated with significantly higher ORs ver-
sus placebo, with butorphanol 1 mg showing the high-
est OR (8.62, 95% CI: 1.11-66.92) (Fig. 3G), but with
a broad CI and low quality of evidence. ROX-828 and
sumatriptan 20 mg had higher ORs relative to the pla-
cebo, but the CI was insignificant. Indirect comparisons
between active drugs did not show significant differences
(eTable 13). Direct comparison and mixed comparisons
were consistent. According to SUCRA (eTable 8), 1 mg of
butorphanol was associated with the best treatment for
pain freedom at 1 h, followed by 20 mg of sumatriptan.

Secondary efficacy outcome: sustained pain freedom for 24 h
A total of 10 studies and 9 treatment nodes were included
for the outcome (Fig. 2F). All pharmacologic treatments
showed significantly higher odds of improvement versus
placebo when data were combined in the NMA, except
for sumatriptan 20 mg with a null CI (0.64 to 6.64) (eTa-
ble 14 and Fig. 3F). Zolmitriptan 5 mg was associated
with the highest OR (5.49, 95% CI: 3.58 to 8.42), followed
by DEN-02 (OR: 4.59, 95% CI: 1.41-14.96), and zavege-
pant 10 mg showed the lowest OR (OR: 1.74, 95% CI:
1.15 to 2.64). zolmitriptan 5 mg showed better efficacy
than zavegepant 10 mg (OR: 3.15, 95% CI: 1.73-5.72).
Direct comparison and mixed comparisons were consist-
ent. According to the SUCRA (eTable 7), zolmitriptan
5 mg was ranked as the best treatment for sustained pain
freedom to 24 h, with a SUCRA value of 85.6.

Secondary efficacy outcome: freedom from nausea at 2 h

For freedom from nausea at 2 h, the main result revealed
that most interventions yielded significantly higher ORs
than placebo (no statistical significance in ROX-828 and
zavegepant 10 mg), as shown in Fig. 3C and eTable 15.
DEN-02 was associated with the highest OR (4.95, 95%
CI: 1.29 to 19.01), and zavegepant 10 mg showed the low-
est OR (OR: 1.08, 95% CI: 0.87 to 1.35). In an indirect
comparison among active drugs, DFN-02, sumatriptan
10, 20 mg, and zolmitriptan 2.5, 5 mg were estimated
to be significantly superior to zavegepant 10 mg.
Sumatriptan 20 mg and zolmitriptan 5 mg showed higher
efficacy than MAP0004 1 mg. Direct and mixed com-
parisons were generally consistent, except for ketorolac
31.5 mg versus placebo, which was not meaningful in
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A: pain freedom at 2 hours ’=36.2% B: adverse events '=55.5%
Treatment Trials Treatment Placebo  Random effects model OR 95% CI P value Treatment Trials Treatment Placebo Random effects model OR 95% CI___ P value
Zolmitriptan Smg 3 919/2598 300/2516 e 464 (51106.12)  <0.0001 DFN-02 10mg 1 5/50 o3y, 1051 (0.54102033) 0.1195
Ketorolac 31.5mg 1 22/52 9150 —_— 381 (1.68 108.62)  0.0013 Dihydroergotamine 2mg 1 847107 20102 ¢ e 9.65 (439 t021.22) <0.0001
MAP0004 [mg 2 1231421 471418 —_—— 3.68 2.19106.19)  <0.0001 Ketorolac 31.5mg 1 43152 50 9.08  (3.46 t023.86) <0.0001
Butorphanol Img 1 31/107 5/50 —— . 367 (1.2510 10.77)  0.0179 AVP-825 22mg 2 54147 W43 ——— 698 (3.14t015.54) <0.0001
Sumatripan 20mg 5 210/614 471355 e 347 2.2810529)  <0.0001 Sumatripan 20mg 6 546/907 165/555 | et 361 (257t05.07) <0.0001
Zolmitriptan 2.5mg 1 102/408 31/389 —_— 3.08 (1.93 10 491)  <0.0001 Zolmitriptan Smg 3 12542445 42412397 § vame 338 (2.46t04.63) <0.0001
AVP-82522mg 2 57/143 25/136 — 3.03 (1.63105.63)  0.0005 Sumatripan 10mg 4 298/622 142/476 v 235 (162t03.41) <0.0001
DEN-02 10mg 1 21/48 9/40 —.— 2.68 (0.98107.31)  0.0543 Zavegepant 10mg 2 283/1023 164/1056 sas 204 (137t03.03) 0.0005
ROX-828315mg 1 12/68 1 —— 1.99 (0.69t05.75) 02042 Zolmitriptan 2.5mg 1 88/233 540228 e 204 (118t03.54) 0.0108
Sumatripan 10mg 3 741330 331277 — 1.91 (1.16t03.12)  0.0104 MAP0004 1mg 2 134/434 121414 ise 140 (0.82102.38) 02213
Zavegepant 10mg 2 235/1014 158/1047 ‘et 1.69 (120102.37)  0.0028 ROX-828 31.5mg 1 41/69 4073 121 (0.54102.73) 0.6489
0 5 5 ) 0 10 20 30
Favors Placebo  Favors Active Drug Favors Active Drug  Favors Placebo

C:freedom from nausea at 2 hours I'=0%  D: freedom from photophobia at 2 hours ’=30.5%
Treatment Trials Treatment Placebo Random effects model OR___ 95%CI__Pvalue  Treatment Trials Treatment Placebo  Random effects model OR 95%CI P value
DFN-02 10mg. 1 18123 819 495 (12910 19.01) 0.0198 x :

Ketorolac 31.5mg 1 21125 16125 — 355 (1.02101227) 0.0458 ROX:623'1:Smg S S50 22/50 o SO GrGe w8 I0.001
e DFN-02 10mg 1 28739 14/36 1400 (14810 10.83) 0.0064

umatripan 20mg 3 187322 741207 — 269 (1.86103.90) <0.0001 s H

Zolmitriptan Smg 2 SSUIIST  SGUIZSS | ves 237 (2021278 <oooor  Zolmitriptan Smg 2 958/1708 47911632 | 320 (254104.03)  <0.0001
ROX-828315mg 1 20136 25739 s 232 (08110665) 0.1173 Sumatripan 20mg 4 341/685 108/420 | ——t 297 (218t0405)  <0.0001
Sumatripan 10mg 2 1451284 58/182 — 219 (149t0321) <0.0001 Ketorolac 31.5mg 1 27142 19/42 —— 253 (1.13105.69)  0.0246
Zolmitriptan 2.5mg 1 2341408 168389 irer 185 (14310238) <0.0001  MAPO004 Img 2 193/416 13413 ;e 228 (15810329)  <0.0001
MAP00O4 Img 2 2791416 241413 3wt 146 (11010193) 0.0093 Zolmitriptan 2.5mg 1 196/408 105389 i et 225 (159t0317)  <0.0001
Zavegepant 10mg 2 3300623 328644 108 (087t0135) 04716 Sumatripan 10mg 2 168/463 991378 ire—t 178 (127t02.51)  0.0009

. R o - » Zavegepant 10mg 2 328/898 276/943 e 138 (1.06t01.79)  0.0153
Favors Placebo  Favors Active Drug 0 5 10
Favors Placebo  Favors Active Drug
E: freedom from phonophobia at 2 hours lz=46.8% F: sustained pain freedom for 24 hours ’=42.7%
Treatment Trials_Treatment Placebo  Random effects model  OR 95%Cl1 P value Treatment Trials _Treatment Placebo Random effects model OR 95%CI P value
DFN-02 10mg 1 2532 12/30 ——————————— 1536 (1.67017.22) 0.0048 Zolmitriptan Smg 2 2842171 5612127 —_—— 549 (3.58t08.42)  <0.0001
Ketorolac 31.5mg 1 29/38 21/38 ——y 336 (130t08.66) 0.0123 DFN-02 10mg 1 19/48 5/40 —————————————— 459 (141t014.96) 00116
Zolmitriptan Smg 2 S11/1415 4391397 | et 315 (232t0426) <0.0001 MAP0004 Img 2 95/411 28406 | ——it 392 (216107.13)  <0.0001
Zolmitriptan 2.5mg 1 217/408 97/389 | 4 299 (195t04.58) <0.0001 Ketorolac 31.5mg 1 18/52 6/50 — 388  (1.28t011.82) 0017
Sumatripan 20mg 4 334/632 14377 e 263 (184103.77) <0.0001 AVP-82522mg 1 30/108 12104 j—e—t 295 (1.26106.91) 00128
MAP0004 Img 2 217/416 139/413  ireme 211 (1.36t03.26) 0.0008 ROX-82831.5mg 1 25/68 1212 ——— 291 (L18t07.16)  0.0204
Sumatripan 10mg 2 180/428 931239 e 181 (123t02.67) 0.0029 Sumatripan 20mg 1 11/50 650  m————t 207 (0.64t06.64) 02221
Zavegepant 10mg 2 274/646 233701 e 149 (L16102.09) 0.0203 Zavegepant 10mg 2 145/1014  93/1047 +e—t 174 (L15t02.64)  0.009
ROX-828315mg 1 3043 25036 — 102 (0.36t02.83) 09767
0 5 10 15 20
0 s 10 15 2 Favors Placebo  Favors Active Drug
Favors Placeho  Favors Active Drug

G: pain freedom at 1 hour r=0%

Treatment Trials Treatment Placebo Random effects model _ OR _ 95%CI P value

Butorphanol Img 1 16/107 1/50 ————————————————862  (1.11106692) 0.0395

Sumatripan 20mg 1 7128 2/28 — 433 (081 t023.10) 0.0859

MAP0004 Img 2 64/412 19/407  im= 373 (2.1910636) <0.0001

Zolmitriptan Smg 2 44572171 1592127 im 319 (2.64103.88) <0.0001

ROX-82831.5mg 1 8/68 3m — 3.07 (079 10 12.08) 0.1092

Favors Placebo  Favors Active Drug

Fig. 3 Forest plot for primary outcomes and secondary outcomes. The forest plot was based on a random-effects model. The data behind the drug
names indicate the following: Trials, number of trials examining the current active drug; Treatment/Placebo, number of patients with events/
number of patients in which the drug was examined in these trials; OR, odds ratio; Cl, credible interval. 95% Cl that did not contain one

and a p-value cutoff point of 0.05 was considered statistically significant. I* values of less than 50% indicate that heterogeneity may not be
significant; a value higher than 50% may represent substantial heterogeneity. For the effectiveness endpoint, results to the left of 1 favor placebo,
to the right favor intervention, result in adverse events was the opposite. DFN-02, sumatriptan nose spray 10 mg with a permeation enhancer;
AVP-825, a drug-device combination of 22mg sumatriptan powder; MAP0004, a dihydroergotamine inhaler; ROX-828, ketorolac 31.5mg with 6%

of lidocaine

the direct comparison. However, the OR increased and
grew significantly after mixing the indirect comparisons.
According to the SUCRA results, DFN-02 was ranked as
the best treatment among all the interventions (eTable 4),
with a SUCRA value of 87.

Secondary efficacy outcome: freedom from photophobia
at2h

All pharmacologic treatments demonstrated significantly
higher odds of inducing freedom from photophobia at
2 h versus placebo (Fig. 3D), with ROX-828 showing the
highest improvement (OR: 4.03, 95% CI: 1.66 to 9.81),
followed by DEN-02, which showed similar efficacy (OR:
4.00, 95% CI: 1.48 to 10.83], and zavegepant 10 mg show-
ing the lowest (OR: 1.38, 95% CI: 1.06 to 1.79) among all
interventions. Zavegepant 10 mg was associated with
lower odds of achieving photophobia freedom at 2 h

compared with all treatments (no statistical significance
compared to ketorolac 31.5 mg and sumatriptan 10 mg).
Direct and mixed comparisons were generally consistent
(eTable 16). According to SUCRA (eTable 5), ROX-828
was the best treatment for freedom from photophobia at
2 h, followed by DEN-02 and zolmitriptan 5 mg.

Secondary efficacy outcome: freedom from phonophobia
at2h

Freedom from phonophobia at 2 h was achieved for
all treatments compared to placebo, except for ROX-
828 (Fig. 3E). DEN-02 presented the highest (OR: 5.36,
95% CI: 1.67 to 17.22), followed by ketorolac 31.5 mg
(OR: 3.36, 95% CI: 1.30 to 8.66) and ROX-828 (OR:
1.02, 95% CI: 0.36 to 2.83). Zolmitriptan 5 mg was esti-
mated to be significantly superior to sumatriptan 10 mg,
zavegepant 10 mg, and ROX-828; sumatriptan 20 mg
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yielded a significantly better OR than the 10 mg dose of
sumatriptan. Direct and mixed comparisons revealed no
significant difference (eTable 17). According to SUCRA
(eTable 6), DFN-02 was associated with the best treat-
ment, followed by zolmitriptan 5 mg and ketorolac
31.5 mg.

Safety analysis

Regarding AEs, 17 studies (18 trials) and 11 treatments
are included in Figs. 2B and 3B. Based on our NMA, the
odds of AEs were significantly higher with treatments
than placebo (with no statistical significance in DFN-02,
MAP0004, and ROX-828), particularly dihydroergot-
amine 2 mg, which showed the largest OR (9.65, 95%
CI: 4.39 to 21.22) for AEs, followed by ketorolac 31.5 mg
(OR:9.08, 95% CI: 3.46 to 23.86); triptans were associated
with a higher OR for AEs with a trend of a dose-response
relationship, including sumatriptan 10, 20 mg and zol-
mitriptan 2.5, 5 mg. In other words, AEs were less likely
to occur with zavegepant 10 mg than with placebo (OR:
2.04, 95% CI: 1.37 to 3.03) and were almost equally pos-
sible with zolmitriptan 2.5 mg (OR: 2.04, 95% CI: 1.18 to
3.54). ROX-828 and MAP0004 1 mg had lower ORs than
placebo but were not statistically significant.

The mixed comparison (Table 2) of AEs showed that
sumatriptan 20 mg was estimated to have a significantly
higher OR than sumatriptan 10 mg (OR: 0.65, 95% CI:
0.42 to 0.92), but zolmitriptan 5 mg was not significantly
higher than zolmitriptan 2.5 mg (OR: 0.61, 95% CI: 0.35
to 1.04). Dihydroergotamine 2 mg was associated with
a higher OR for AEs than most of the other treatments.
MAPO0004, a new orally inhaled delivery device of dihy-
droergotamine, showed lower AEs (OR: 6.92, 95% CI:
2.67 to 17.91) and higher safety compared to dihydro-
ergotamine. The results of the direct and mixed com-
parisons were generally consistent, except that ketorolac
31.5 mg (OR: 16.93, 95% CI: 5.71 to 50.24) had a sig-
nificantly higher OR and CI in the direct comparison.
According to SUCRA (eTable 3), apart from the pla-
cebo, ROX-828 had the highest probability of rating first
in reducing AEs (SUCRA 85.9), followed by MAP0004
1 mg (SUCRA 81.9); dihydroergotamine 2 mg ranked the
lowest.

Most results for sensitivity analyses (eTables 20 to 21)
were generally consistent with the base case analysis.
Exceptions included that the odds of AEs decreased for
AVP-825 versus sumatriptan 10 mg and became mean-
ingless in sensitivity analysis 1. Sumatriptan 10 mg
improved the odds of AEs versus sumatriptan 20 mg, but
these differences did not reach significance in sensitivity
analyses 1 and 3.

For most studies, AEs were mild to moderate. Dys-
geusia was the most commonly reported AE for triptans
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and ROX-828. Burning of the nose was linked to the
most commonly occurring AEs for 31.5 mg ketorolac.
The most frequent AE for dihydroergotamine 2 mg was
rhinitis (primarily nasal congestion), while for butorpha-
nol 1 mg, the most frequent complication was dizziness
(eTable 12).

There were insufficient data to perform a quantita-
tive comparison of SAEs, treatment-related SAEs, and
study withdrawal due to treatment related SAEs. This is
because the included studies either did not report data in
all intervention arms or had zero events. Thus, we char-
acterized the available data only. The proportion of SAEs
was small and mostly unrelated to treatments. Three
patients treated with zolmitriptan nasal spray 2.5 mg
in Charlesworth et al’s 2003 study [61] reported SAEs.
However, only one case of potential cardiac origin (chest
pain) after taking the study medication was considered
medication related. In the three studies [59-61] examin-
ing zolmitriptan nasal spray 5 mg, six patients reported
SAEs, although these were not thought to be related to
the study drug. For ROX-828 and zavegepant 10 mg,
SAEs were reported in two and one patient, respec-
tively, but were not considered drug-related. One patient
treated with 2 mg of dihydroergotamine nasal spray [65]
experienced an AE that was considered drug related. This
patient presented with moderate nasal swelling begin-
ning 15 min after treatment and lasting 2 h, followed by
moderate peripheral oedema beginning 7.5 h after dosing
and lasting 12 h.

Sixteen participants on zolmitriptan nasal spray 5 mg
withdrew because of AEs related to the study drug, while
six patients withdrew in the placebo group. One patient
in the dihydroergotamine nasal spray 2 mg group with-
drew due to persistent nasal swelling. One study partici-
pant in the MAP0004 1 mg group in Aurora et al’s 2009
study [57] discontinued because of AEs. No other sub-
jects in the remaining studies withdrew after taking the
study medication or were not reported.

Publication bias and inconsistency

In the risk of bias assessment, 52.7% (10/19 studies),
26.3% (5/19 studies), and 21.0% (4/19 studies) had an
overall low risk of bias, some concerns, and high risk
of bias, respectively (eFigures 1 and 2). The randomi-
zation process and measurement of the outcome led
to high and unclear risks of bias, respectively. The fun-
nel plot of publication bias across the included studies
showed general levels of symmetry (eFigure 3), and the
results of the Egger tests indicated no significant publi-
cation bias among the base NMA analysis. There was
no triangular loop formation for pain freedom at 2 and
24 h; hence, there was no potential source of inconsist-
ency. There was no significant global inconsistency in
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the design-by-treatment model (eTable 9). For local
inconsistency (eTable 10), there was one triangular loop
in loop-specific inconsistencies regarding pain freedom
at 2 h (zolmitriptan 2.5 mg-zolmitriptan 5 mg-placebo).
Side-splitting inconsistencies were also exhibited but
were few overall (eTable 11). The GRADE results assess-
ment is presented in eAppendix 3. Overall, the quality
of evidence for most comparisons in the current NMA
ranged from low to very low.

Discussion

To date, few RCTs have directly compared active intra-
nasal drugs for the treatment of acute migraine, mostly
involving placebo controls. We conducted an NMA,
combining direct and indirect comparisons and then
ranking the interventions’ efficacy and safety to yield
more accurate comparisons than RCTs and traditional
meta-analyses. According to our search, this is the first
pilot NMA comparing intranasal drugs of currently spe-
cific acute migraine medications. For acute migraine
attacks that include severe nausea or vomiting that cause
difficulties in taking oral forms, a slow onset of action, or
poor tolerability [13], clinicians can make relevant com-
parisons of available intranasal medications by referring
to our findings.

In general, our study findings suggest that all inter-
ventions demonstrated superiority over the placebo
regarding pain freedom at 2 h, although there were no
statistically significant differences in DFN-02 and ROX-
828. Zolmitriptan 5 mg was associated with the best
therapeutic efficacy compared to the other investigated
interventions in terms of pain freedom at 2 h and sus-
tained pain freedom for 24 h. Butorphanol 1 mg was
associated with the highest effectiveness in pain freedom
at 1 h but with broad CI and low GRADE levels. DEN-02
ranked first in terms of freedom from nausea at 2 h and
freedom from phonophobia at 2 h; ROX-828 was asso-
ciated with the highest efficacy of freedom from photo-
phobia at 2 h among all treatments, yet they were each
based on one study with a wide CI and nonsignificant
differences given the variance within the studies. Regard-
ing safety and tolerability, the lowest OR and narrower CI
indicate a more favourable risk profile and greater preci-
sion around the estimate of zavegepant nasal spray 10 mg
compared with other investigated interventions. Dihy-
droergotamine 2 mg was associated with the highest risk
of AEs among all treatments. Overall, the results of the
base case analyses for the primary endpoints (pain free-
dom at 2 h and AEs) were supported by those of the three
sensitivity analyses.

With conventional liquid nasal spray pumps for deliv-
ery, intranasal liquid spray formulations of sumatriptan
[34] and zolmitriptan [35] provided significant migraine
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freedom versus placebo. Zolmitriptan 5 mg achieved the
best efficacy in terms of pain freedom at 2 h of the pri-
mary outcome but was associated with a higher OR of
AEs, with a SUCRA of 23.5. The efficacy of zolmitriptan
showed a direct correlation with its dosage. Zolmitriptan
5 mg had a significantly higher OR than zolmitriptan
2.5 mg in all efficacy outcomes, but AEs became more
frequent with increasing dosage. Sumatriptan nasal spray
also presented similar dose-dependent trends.

DEN-02, comprising sumatriptan 10 mg plus a perme-
ation-enhancing excipient, was developed to overcome
the low bioavailability (~17%), slow absorption (t,., =
0.88 to 1.75 h), and slow onset of action (30 to 45 min) of
conventional sumatriptan intranasal delivery [68, 69]. It
had a faster absorption profile (single-dose t,, = 15 min)
than sumatriptan nasal spray in healthy subjects, and sys-
temic exposure from a single-dose DFN-02 was similar to
4 mg subcutaneous sumatriptan [69]. Our study shows
that DFN-02 achieved better efficacy than sumatriptan
10 mg for pain freedom at 2 h and was even more effec-
tive than sumatriptan 20 mg in providing sustained pain
freedom at 24 h. However, the CI contained the null
effect. DFN-02 ranked the highest effectiveness in free-
dom from nausea and phonophobia at 2 h and achieved
significant efficacy in freedom from photophobia, which
may be prioritized for acute migraine attacks with signifi-
cant bothersome symptoms. For safety and tolerability,
DEN-02 was associated with the highest risk of any AEs
(wide CI and null effect). No subjects discontinued the
study medication due to AEs. The above results indicated
that DFN-02 was superior to conventional same-dose
sumatriptan nasal spray for pain freedom and relief from
bothersome symptoms, but the AEs also increased. Con-
sidering that DFN-02 was a small-sample (total sample
size of 93 patients) crossover study evaluated and low-
GRADE evidence by one trial, such results seem to lack
sufficient stability, and the ongoing phase 3 trial may pro-
vide further evidence for DEN-02.

Conventional intranasal treatments employ stand-
ard nasal spray pumps [70, 71]. A substantial portion of
the dose is deposited in the anterior nasal cavity, which
may drain out of the nose or be swallowed. Only a lim-
ited portion penetrates beyond the nasal valve to the
vascular mucosa in the most posterior regions of the
nasal cavity [17, 72, 73]. Unlike conventional liquid nasal
spray devices, AVP-825 delivers a powder utilizing a
new unique breath-powered intranasal delivery system
that allows the drug to reach the rich vascular mucosa
of the posterior nasal cavity [17, 53], which favours
rapid absorption of the drug. The results of the PK study
showed that AVP-825 delivered sumatriptan more effi-
ciently, with higher and earlier peak exposure compared
to conventional liquid nasal spray within the first 30 min
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post-dose, and faster absorption than oral tablets or
subcutaneous injections over the first 15 min post-dose
[74]. Pooled results from placebo-controlled phase 2
and 3 studies showed significantly higher percentages of
patients in freedom with AVP compared to placebo at all
time points from 30 to 120 min post-dose [53, 56, 75]. In
the present NMA, AVP-825 was superior to sumatriptan
nasal spray 10 mg but inferior to 20 mg of the same drug.
However, none of these comparisons revealed statistically
significant differences. Regarding safety, AVP-825 was
associated with a higher risk for AEs than sumatriptan
nasal spray 20 mg, which was inconsistent with the
results described by the authors [17], even though the
AEs were tolerable and were not considered severe. The
fact that few AEs data were available for AVP-825 (only
54) might cause bias to some extent.

Two ergot derivatives were included in the cur-
rent NMA: dihydroergotamine nasal spray 2 mg and
MAPO0004 1 mg, an orally inhaled version of dihydroer-
gotamine. Dihydroergotamine nasal spray was associ-
ated with the highest risk of AEs among all treatments.
MAP0004 demonstrated superior efficacy and safety;
however, MAP0004 failed to overcome manufacturing
problems and thus never gained approval from the Food
and Drug Administration (FDA). Although ergometrine
derivatives have some poor tolerability (nausea, vomiting,
and cardiovascular effects), it has a rapid onset of action,
sustained effect, and low risk of drug overuse headache
[76], which is effective in acute migraine, even in patients
with difficult-to-treat migraines, such as patients with
abnormal pain or frequent recurrences [77], or when
administered in the late phase of an attack [78]. Dihydro-
ergotamine represents a promising clinical prospect, with
at least three different new intranasal delivery dihydro-
ergotamine products (INP104, STS101, and DFN-19) in
clinical development to meet the unsatisfied drug needs
of migraine patients.

Ketorolac, an NSAID that acts mainly by inhibiting
cyclo-oxygenase (COX) 1 and 2, was approved by the
FDA for moderate to severe pain in an oral, intravenous,
or nasal spray formulation [79]. Intranasal ketorolac had
a better analgesic effect than placebo, with statistical sig-
nificance among adult patients with acute postoperative
pain in well-designed RCTs [80-82]. In the present study,
31.5 mg ketorolac nasal spray showed the second-best
efficacy results for pain freedom at 2 h and deserves pri-
ority recommendation; however, it was associated with
a higher risk of AEs. The AEs were tolerable and were
not considered severe. Ketorolac 31.5 mg [52] was only
evaluated in one trial, and the total sample size was only
54 patients from the first stage of a crossover trial. The
KSPN inclusion criteria [52] excluded patients on opioids
within two months and may have limited the inclusion
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of some patients with treatment resistance, resulting in
higher effect values. Because of the moderate GRADE
level, we recommend weighing the benefit against the
risk of AEs when selecting ketorolac nasal spray.

ROX-828, composed of 31.5 mg ketorolac with 6% lido-
caine, was evaluated for efficacy and safety in the acute
treatment of migraine. Compared to intranasal ketorolac
without lidocaine, lidocaine significantly decreases the
time to t,,, without affecting the c_,, and improves tol-
erability [54]. A meta-analysis [83] revealed that partici-
pants who received intranasal lidocaine had lower pain
intensity, a higher success rate, and less frequent need for
rescue medicine than the control group. Despite being
inferior to ketorolac 31.5 mg for pain freedom at 2 h,
ROX-828 was associated with a higher OR than placebo
and the lowest risk of AEs among all treatments. ROX-
828 showed superiority in freedom from photophobia
at 2 h, which may be worth considering for migraine
patients experiencing severe photophobia.

Small-molecule calcitonin  gene-related peptide
(CGRP) receptor antagonists (gepants) [84—86] are
emerging and recently approved acute antimigraine ther-
apies and have a potentially more favourable acute cardi-
ovascular adverse effect profile than triptans. Zavegepant
nasal spray [49, 50], the first CGRP receptor antagonist
for intranasal administration for the symptomatic treat-
ment of patients suffering from acute migraine attacks,
was approved by the FDA on 9 March 2023. At the time
of our research, the results of the phase 3 trial [49] had
been reported and included in the current NMA. The
emergence of zavegepant nasal spray has enriched the
management available for acute migraine; however, com-
pared with zavegepant nasal spray, most treatments (e.g.,
all doses of triptans, MAP0004, and ketorolac) included
in the current NMA had higher ORs for all efficacy out-
comes after the dose, which may imply that triptans will
remain the current mainstay of acute migraine intrana-
sal drugs. This result was consistent with the findings of
a previous meta-analysis involving the comparison of
oral gepants with oral triptans [86]. Although zavegepant
nasal spray may be less effective than most investigated
interventions, it was associated with the fewest AEs,
demonstrating that this novel abortive agent has a better
safety and tolerability profile. Its lack of vasoconstrictor
activity provides a safer alternative therapy for patients
currently at risk of cardiovascular disease.

Butorphanol is a potent opioid analgesic. Although
butorphanol nasal spray 1 mg showed some limited effi-
cacy in the present NMA, data for this drug came from
an early published article that was included, and the cer-
tainty of the evidence was only at a low level. Guidelines
strongly discourage the routine use of butorphanol in
the acute treatment of migraine [3, 13] due to the high
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risks of habituation, addiction, tolerance, withdrawal
syndromes, adverse effects, and medication overuse
headache.

Given the favourable efficacy and safety profile of
intranasal zolmitriptan, it appears promising to improve
zolmitriptan using the novel delivery device (similar to
AVP-825) or with a permeation-enhancing excipient
(similar to DFN-02), which could fulfil the current unmet
therapeutic need in migraine.

Strengths and limitations

Our analysis results should be approached with caution
given some limitations. First, the results of the NMA
depend significantly on the quality and heterogeneity of
the included studies. Only approximately half of the stud-
ies were of high quality (10/19), and the substantial num-
ber of moderate- (5/19) and high-risk (4/19) trials would
undoubtedly diminish the results of our study. Hence,
we performed sensitivity analyses by excluding high-risk
bias literature and obtained generally consistent results.
Another limitation of our study is that we included a
small number of studies and sample sizes for some inter-
ventions, which may lead to instability, especially when
using random effects models. Third, with the exception
of a few studies [52, 59, 61], most of the included stud-
ies reported outcomes for a single migraine attack, and
the consistency of the effects of repeated medication
use is still being determined. Fourth, although we used
strict inclusion and exclusion criteria to improve the
homogeneity of the included studies, some potential het-
erogeneity between studies with respect to participant
characteristics will inevitably remain (e.g., baseline age
differences, the proportion of headache severity, com-
bined medications, underlying diseases, the presence
or absence of migraine aura and the concomitant use of
preventive medications). We performed sensitivity analy-
ses to exclude studies prohibiting the use of prophylac-
tic drugs and obtained similar results. Finally, some data
were extracted from the published literature. When the
results are reported as percentages, we estimate the
absolute values from the percentages, which may result
in minor variations in the extracted values from the true
values.

Conclusions

For pain freedom at 2 h and sustained pain freedom for
24 h after the administered dose, zolmitriptan 5 mg still
demonstrated the most effective therapeutic effects when
compared to zavegepant and other intranasal drugs with
novel techniques and delivery devices. DFN-02 presented
good efficacy for freedom from nausea and phonopho-
bia at 2 h, albeit with lower odds of achieving complete
pain freedom and the highest odds of AEs. ROX-828
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was associated with the highest efficacy of freedom from
photophobia at 2 h. Zavegepant nasal spray 10 mg was
associated with the fewest adverse side effects among all
interventions. Although zavegepant nasal spray may be
less effective in terms of pain freedom compared with
most investigated interventions, the better safety profile
and lack of vasoconstrictor activity can provide a safer
alternative option for individuals for whom currently
available acute treatments have failed or for those with
cardiovascular contraindications.

Abbreviations
AEs Adverse events

CGRP Calcitonin gene-related peptide

CINeMA  Confidence in Network Meta-Analysis

[€0) Cyclo-oxygenase

cl Credible interval

ES Effect sizes

FDA Food and Drug Administration

ICHD International Classification of Headache Disorders criteria
MBS Most bothersome symptom

NMA Network meta-analysis

NSAIDs Non-steroidal anti-inflammatory drugs

OR Odds ratio

PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RCTs Randomized controlled trials

SAEs Serious adverse events

SUCRA Surface under the cumulative ranking curve

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/510194-023-01662-6.

Additional file 1: eAppendix 1. PRISMA checklist of the current network
meta-analysis. eAppendix 2. Search strategies. eAppendix 3. GRADE
ratings for each network. eTable 1. Baseline demographics characteris-
tics. eTable 2. SUCRA of pain -freedom at 2 hours. eTable 3. SUCRA of
adverse events. eTable 4. SUCRA of freedom from nausea at 2 hours. eTa-
ble 5. SUCRA of freedom from photophobia at 2 hours. eTable 6. SUCRA
of freedom from phonophobia at 2 hours. eTable 7. SUCRA of sustained
pain -freedom for 24 hours. eTable 8. SUCRA of pain -freedom at 1

hour. eTable9. Design-by-treatment interaction model for inconsistency
of network meta-analysis. eTable 10. Significant loop-specific inconsist-
encies of network meta-analysis. eTable 11. Significant side-splitting
inconsistencies of network meta-analysis. eTable 12. Proportion of serious
adverse events and the most commonly reported adverse events. eTa-
ble 13. League table of pain -freedom after 1 hour. eTable 14. League
table ofHead-to-head comparisons of sustained pain -freedom for 24
hours. eTable 15. League table ofHead-to-head comparisons of freedom
from nausea at 2 hours. eTable 16. League table of freedomHead-to-head
comparisons of freedom from from photophobia at 2 hours. eTable 17.
League table of freedom fromHead-to-head comparisons of freedom from
phonophobia after 2 hours. eTable 18. Sensitivity analysis 1 and 2 of pain
-freedom at 2 hours. eTable 19. Sensitivity analysis 3 of pain -freedom at 2
hours. eTable 20. Sensitivity analysis 1 and 2 of adverse events. eTable 21.
Sensitivity analysis 3 of adverse events. eFigure 1. Overview of risk of

bias. eFigure 2. Detailed risk of bias in each study. eFigure 3. Funnel plot
and Egger-value results of all studies included for all endpoints.

Additional file 2.

Acknowledgements
Not applicable.


https://doi.org/10.1186/s10194-023-01662-6
https://doi.org/10.1186/s10194-023-01662-6

Li et al. The Journal of Headache and Pain (2023) 24:129

Authors’ contributions

Guanglu Li, the first author, took responsibility for literature search, data
extraction, risk-of-bias evaluation, and manuscript draft and had full access to
the data.Concept and design: Shaolie Duan, Tiantian Zhu, Zunjing Liu.Acquisi-
tion, analysis, or interpretation of data: Guanglu Li, ShaoJie Duan, Tiantian Zhu.
Drafting of the manuscript: Guanglu Li, Zhiying Ren.Critical manuscript revi-
sion for important intellectual content: Lei Liu, Hui Xia, Ziyao Wang.Statistical
analysis: Guanglu Li, Lei Liu.Obtained funding: Lei Liu Administrative, technical,
or material support: Lei Liu, Zunjing Liu.Supervision: Lei Liu, Zunjing Liu.

Funding

Research reported in this publication was supported by Peking University
People’s Hospital Talent Introduction Scientific Research Launch Fund. Grant/
Award Number: 2022-T-02; STI2030-Major Projects 20212D0200201. The
funders had no role in the design or conduct of this research.

Availability of data and materials
The raw data supporting the conclusions of this article will be made available
by the authors without undue reservation.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

! Graduate School of Beijing, University of Chinese Medicine, Beijing, China.
2Department of Neurology, China-Japan Friendship Hospital, Beijing, China.
3Department of Geriatrics, Taizhou Central Hospital (Taizhou University
Hospital), Taizhou, China. “Beijing Tiantan Hospital, Capital Medical University,
Beijing, China. °Department of Neurology, Peking University People’s Hospital,
Beijing, China.

Received: 27 July 2023 Accepted: 28 August 2023
Published online: 18 September 2023

References

1. Jensen R, Stovner LJ (2008) Epidemiology and comorbidity of headache.
Lancet Neurol 7(4):354-361

2. Goadsby PJ, Lipton RB, Ferrari MD (2002) Migraine—current understanding
and treatment. N Engl J Med 346(4):257-270

3. Ferrari MD, Goadsby PJ, Burstein R, Kurth T, Ayata C, Charles A, Ashina M,
van den Maagdenberg Amjm, Dodick DW (2022) Migraine. Nat Rev Dis
Primers. 8(1):2

4. Salomon JA,Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, Begum
N, Shah R, Karyana M, Kosen S, Farje MR, Moncada G, Dutta A, Sazawal
S, Dyer A, Seiler J, Aboyans V, Baker L, Baxter A, Benjamin EJ, Bhalla K, Bin
AA, Blyth F, Bourne R, Braithwaite T, Brooks P, Brugha TS, Bryan-Hancock
C, Buchbinder R, Burney P, Calabria B, Chen H, Chugh SS, Cooley R, Criqui
MH, Cross M, Dabhadkar KC, Dahodwala N, Davis A, Degenhardt L, Diaz-
Torne C, Dorsey ER, Driscoll T, Edmond K, Elbaz A, Ezzati M, Feigin V, Ferri
CP, Flaxman AD, Flood L, Fransen M, Fuse K, Gabbe BJ, Gillum RF, Haagsma
J, Harrison JE, Havmoeller R, Hay RJ, Hel-Baqui A, Hoek HW, Hoffman H,
Hogeland E, Hoy D, Jarvis D, Karthikeyan G, Knowlton LM, LathleanT,
Leasher JL, Lim SS, Lipshultz SE, Lopez AD, Lozano R, Lyons R, Malekzadeh
R, Marcenes W, March L, Margolis DJ, Mcgill N, Mcgrath J, Mensah GA,
Meyer AC, Michaud C, Moran A, Mori R, Murdoch ME, Naldi L, Newton CR,
Norman R, Omer SB, Osborne R, Pearce N, Perez-Ruiz F, Perico N, Pesudovs
K, Phillips D, Pourmalek F, Prince M, Rehm JT, Remuzzi G, Richardson K,
Room R, Saha S, Sampson U, Sanchez-Riera L, Segui-Gomez M, Shahraz
S, Shibuya K, Singh D, Sliwa K, Smith E, Soerjomataram |, Steiner T, Stolk

15.
16.

20.

21

22.

Page 150f 17

WA, Stovner LJ, Sudfeld C, Taylor HR, Tleyjeh IM, van der Werf MJ, Watson
WL, Weatherall DJ, Weintraub R, Weisskopf MG, Whiteford H, Wilkinson
JD, Woolf AD, Zheng ZJ (2012) CJ. Murray, and JB Jonas Common values
in assessing health outcomes from disease and injury: disability weights
measurement study for the Global Burden of Disease Study 2010. Lancet
380(9859):2129-43

(2018) Headache Classification Committee of the International Headache
Society (IHS) The International Classification of Headache Disorders,

3rd edn. Cephalalgia 38(1):1-211. https://doi.org/10.1177/0333102417
738202

GBD 2015 Neurological Disorders Collaborator Group (2017) Global,
regional, and national burden of neurological disorders during 1990-
2015: a systematic analysis for the Global Burden of Disease Study 2015.
Lancet Neurol 16(11):877-897

Feigin VL, Vos T, Alahdab F, Amit A, Barnighausen TW, Beghi E, Beheshti
M, Chavan PP, Criqui MH, Desai R, Dhamminda DS, Dorsey ER, Eagan A,
Wilder IY, Elgendy |, Filip S, Giampaoli G, Giussani N, Hafezi-Nejad MK,
Hole T, Ikeda JC, Owens R, Kalani K, Khatab J, Khubchandani D, Kim WJ,
Koroshetz V, Krishnamoorthy RV, Krishnamurthi X, Liu WD, Lo G, Logros-
cino GA, Mensah TR, Miller S, Mohammed AH, Mokdad M, Moradi-Lakeh
SD, Morrison V, Shivamurthy M, Naghavi E, Nichols B, Norrving CM, Odell
E, Pupillo A, Radfar GA, Roth A, Shafieesabet A, Sheikh S, Sheikhbahaei JI,
Shin JA, Singh TJ, Steiner LJ, Stovner MT, Wallin J, Weiss C, Wu JR, Zunt JD
(2021) Adelson, and Cjl Murray Burden of Neurological Disorders Across
the US From 1990-2017: A Global Burden of Disease Study. JAMA Neurol.
78(2):165-176

Steiner TJ, Stovner LJ, Jensen R, Uluduz D, Katsarava Z (2020) Migraine
remains second among the world's causes of disability, and first among
young women: findings from GBD2019. J Headache Pain 21(1):137

GBD 2016 Neurology Collaborators (2019) Global, regional, and national
burden of neurological disorders, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet Neurol 18(5):459-480

. Woldeamanuel YW, Rapoport AM, Cowan RP (2015) The place of corticos-

teroids in migraine attack management: a 65-year systematic review with
pooled analysis and critical appraisal. Cephalalgia 35(11):996-1024

. Bloudek LM, Stokes M, Buse DC, Wilcox TK, Lipton RB, Goadsby PJ, Varon

SF, Blumenfeld AM, Katsarava Z, Pascual J, Lanteri-Minet M, Cortelli P,
Martelletti P (2012) Cost of healthcare for patients with migraine in five
european countries: results from the International Burden of Migraine
Study (IBMS). J Headache Pain 13(5):361-378

Worthington |, Pringsheim T, Gawel MJ, Gladstone J, Cooper P, Dilli E,
Aube M, Leroux E, Becker WJ (2013) Canadian Headache Society Guide-
line: acute drug therapy for migraine headache. Can J Neurol Sci 40(5
Suppl 3):51-S80

Marmura MJ, Silberstein SD, Schwedt TJ (2015) The acute treatment of
migraine in adults: the american headache society evidence assessment
of migraine pharmacotherapies. Headache 55(1):3-20

Lipton RB, Stewart WF, Stone AM, Lainez MJ, Sawyer JP (2000) Stratified
care vs step care strategies for migraine: the disability in strategies of care
(DISC) study: a randomized trial. JAMA 284(20):2599-2605

Dodick DW (2018) Migraine Lancet 391(10127):1315-1330
Worthington | (2001) Delivery systems for acute migraine medications.
Can Fam Physician 47:322-329

Silberstein S (2017) AVP-825: a novel intranasal delivery system for low-
dose sumatriptan powder in the treatment of acute migraine. Expert Rev
Clin Pharmacol 10(8):821-832

Silberstein SD (1995) Migraine symptoms: results of a survey of self-
reported migraineurs. Headache 35(7):387-396

Aurora SK, Kori SH, Barrodale P, Mcdonald SA, Haseley D (2006) Gastric
stasis in migraine: more than just a paroxysmal abnormality during a
migraine attack. Headache 46(1):57-63

Lim C, Singh M (2021) Subcutaneous sumatriptans for acute migraine
attacks in adults. Acad Emerg Med 28(7):814-815

Derry CJ, Derry S, Moore RA (2012) Sumatriptan (subcutaneous route of
administration) for acute migraine attacks in adults. Cochrane Database
Syst Rev 2012(2):CD009665

Orr SL, Friedman BW, Christie S, Minen MT, Bamford C, Kelley NE, Tepper
D (2016) Management of adults with Acute Migraine in the Emergency
Department: the american Headache Society evidence Assessment of
Parenteral Pharmacotherapies. Headache 56(6):911-940


https://doi.org/10.1177/0333102417738202
https://doi.org/10.1177/0333102417738202

Li et al. The Journal of Headache and Pain

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2023) 24:129

Lionetto L, Negro A, Casolla B, Simmaco M, Martelletti P (2012)
Sumatriptan succinate: pharmacokinetics of different formulations in
clinical practice. Expert Opin Pharmacother 13(16):2369-2380

Landy S, Munjal S, Brand-Schieber E, Rapoport AM (2018) Efficacy and
safety of DFN-11 (sumatriptan injection, 3 mg) in adults with episodic
migraine: a multicenter, randomized, double-blind, placebo-controlled
study. J Headache Pain 19(1):69

IMITREX (sumatriptan succinate. Injection prescribing information. 2019,
Available at: https://www.gsksource.com/pharma/content/dam/Glaxo
SmithKline/US/en/Prescribing_Information/Imitrex_Injection/pdf/IMITR
EX-INJECTION-PI-PPI-PIL-COMBINED.PDF. Accessed 12

Gallagher RM, Kunkel R (2003) Migraine medication attributes important
for patient compliance: concerns about side effects may delay treatment.
Headache 43(1):36-43

Erlichson K, Waight J (2012) Therapeutic applications for subcutane-

ous triptans in the acute treatment of migraine. Curr Med Res Opin
28(7):1231-1238

Eigenbrodt AK, Ashina H, Khan S, Diener HC, Mitsikostas DD, Sinclair AJ,
Pozo-Rosich P, Martelletti P, Ducros A, Lanteri-Minet M, Braschinsky M,
Del RM, Daniel O, Ozge A, Mammadbayli A, Arons M, Skorobogatykh K,
Romanenko V, Terwindt GM, Paemeleire K, Sacco S, Reuter U, Lampl C,
Schytz HW, Katsarava Z, Steiner TJ, Ashina M (2021) Diagnosis and man-
agement of migraine in ten steps. Nat Rev Neurol 17(8):501-514

Ashina M (2020) Migraine. N Engl J Med 383(19):1866-1876

Robblee J, Grimsrud KW (2020) Emergency Department and Inpatient
Management of Headache in adults. Curr Neurol Neurosci Rep 20(4):7
Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med 6(7):1000097

Menshawy A, Ahmed H, Ismail A, Abushouk Al, Ghanem E, Pallanti R,
Negida A (2018) Intranasal sumatriptan for acute migraine attacks: a
systematic review and meta-analysis. Neurol Sci 39(1):31-44

Freitag FG, Shumate DA (2016) The efficacy and safety of sumatriptan
intranasal powder in adults with acute migraine. Expert Rev Neurother
16(7):743-747

Derry CJ, Derry S, Moore RA (2014) Sumatriptan (all routes of administra-
tion) for acute migraine attacks in adults - overview of Cochrane reviews.
Cochrane Database Syst Rev 2014(5):CD009108

Bird S, Derry S, Moore RA (2014) Zolmitriptan for acute migraine attacks in
adults. Cochrane Database Syst Rev 2014(5):CD008616

Diener HC, Tassorelli C, Dodick DW, Silberstein SD, Lipton RB, Ashina M,
Becker WJ, Ferrari MD, Goadsby PJ, Pozo-Rosich P, Wang SJ, Mandrekar J
(2019) Guidelines of the International Headache Society for controlled
trials of acute treatment of migraine attacks in adults: fourth edition.
Cephalalgia 39(6):687-710

Sterne, Jac J, Savovic MJ, Page RG, Elbers NS, Blencowe |, Boutron CJ,
Cates HY, Cheng MS, Corbett SM, Eldridge JR, Emberson MA, Hernan S,
Hopewell A, Hrobjartsson DR, Junqueira P, Juni JJ, Kirkham T, Lasserson T,
Li A, Mcaleenan BC, Reeves S, Shepperd |, Shrier LA, Stewart K, Tilling IR,
White PF, Whiting, Higgins J (2019) RoB 2: a revised tool for assessing risk
of bias in randomised trials. BMJ 366:14898

Rucker G (2012) Network meta-analysis, electrical networks and graph
theory. Res Synth Methods 3(4):312-324

Rucker G, Schwarzer G (2014) Reduce dimension or reduce weights?
Comparing two approaches to multi-arm studies in network meta-analy-
sis. Stat Med 33(25):4353-4369

Higgins JB, Thompson SG, Deeks JJ, Altman DG (2003) Measuring incon-
sistency in meta-analyses. BMJ 327(7414):557-560

Dias S, Welton NJ, Caldwell DM (2010) Ades AEChecking consistency in
mixed treatment comparison meta-analysis. Stat Med. 29(7-8):932-44
Tian J, Gao Y, Zhang J,Yang Z, Dong S, Zhang T, Sun F, Wu S, Wu J, Wang
J,Yao L, Ge L, Li L, ShiC,Wang Q Li J, ZhaoY, Xiao Y, Yang F, Fan J, Bao S,
Song F (2021) Progress and challenges of network meta-analysis. J Evid
Based Med 14(3):218-231

Rouse B, Chaimani A, Li T (2017) Network meta-analysis: an introduction
for clinicians. Intern Emerg Med 12(1):103-111

Salanti G, Ades AE, loannidis JP (2011) Graphical methods and numerical
summaries for presenting results from multiple-treatment meta-analysis:
an overview and tutorial. J Clin Epidemiol 64(2):163-171

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 16 of 17

Rosenberger KJ, Duan R, Chen'Y, Lin L (2021) Predictive P-score for
treatment ranking in bayesian network meta-analysis. BMC Med Res
Methodol 21(1):213

Nikolakopoulou A, Higgins J, Papakonstantinou T, Chaimani A, Del GC,
Egger M, Salanti G (2020) CINeMA: an approach for assessing confidence
in the results of a network meta-analysis. PLoS Med 17(4):21003082
Papakonstantinou T, Nikolakopoulou A, Higgins J, Egger M, Salanti

G (2020) CINeMA: Software for semiautomated assessment of the
confidence in the results of network meta-analysis. Campbell Syst Rev
16(1):21080. https://doi.org/10.1002/cl2.1080

Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti G (2013) Graphi-
cal tools for network meta-analysis in STATA. PLoS ONE 8(10):e76654
Lipton RB, Croop R, Stock DA, Madonia J, Forshaw M, Lovegren M, Mosher
L, Coric V, Goadsby PJ (2023) Safety, tolerability, and efficacy of zavege-
pant 10 mg nasal spray for the acute treatment of migraine in the USA: a
phase 3, double-blind, randomised, placebo-controlled multicentre trial.
Lancet Neurol 22(3):209-217

Croop R, Madonia J, Stock DA, Thiry A, Forshaw M, Murphy A, CoricV,
Lipton RB (2022) Zavegepant nasal spray for the acute treatment of
migraine: a phase 2/3 double-blind, randomized, placebo-controlled,
dose-ranging trial. Headache 62(9):1153-1163

Lipton RB, Munjal S, Brand-Schieber E, Rapoport AM (2018) DFN-02
(Sumatriptan 10 mg with a permeation enhancer) nasal spray vs placebo
in the Acute treatment of migraine: a Double-Blind, placebo-controlled
study. Headache 58(5):676-687

Rao AS, Gelaye B, Kurth T, Dash PD, Nitchie H, Peterlin BL (2016) A Rand-
omized Trial of Ketorolac vs. Sumatripan vs. Placebo Nasal Spray (KSPN)
for Acute Migraine. Headache 56(2):331-340

Cady RK, Mcallister PJ, Spierings EL, Messina J, Carothers J, Djupesland PG,
Mahmoud RA (2015) A randomized, double-blind, placebo-controlled
study of breath powered nasal delivery of sumatriptan powder (AVP-
825) in the treatment of acute migraine (the TARGET study). Headache
55(1):88-100

Pfaffenrath V, Fenzl E, Bregman D, Farkkila M (2012) Intranasal ketorolac
tromethamine (SPRIX(R)) containing 6% of lidocaine (ROX-828) for acute
treatment of migraine: safety and efficacy data from a phase Il clinical
trial. Cephalalgia 32(10):766-777

Aurora SK, Silberstein SD, Kori SH, Tepper SJ, Borland SW, Wang M, Dodick
DW (2011) MAP0004, orally inhaled DHE: a randomized, controlled study
in the acute treatment of migraine. Headache 51(4):507-517

Djupesland PG, Docekal P (2010) Intranasal sumatriptan powder deliv-
ered by a novel breath-actuated bi-directional device for the acute treat-
ment of migraine: a randomised, placebo-controlled study. Cephalalgia
30(8):933-942

Aurora SK, Rozen TD, Kori SH, Shrewsbury SB (2009) A randomized, dou-
ble blind, placebo-controlled study of MAPO004 in adult patients with
migraine. Headache 49(6):826-837

Wang SJ, Fuh JL, Wu ZA (2007) Intranasal sumatriptan study with high
placebo response in taiwanese patients with migraine. J Chin Med Assoc
70(2):39-46

Dodick D, Brandes J, Elkind A, Mathew N, Rodichok L (2005) Speed of
onset, efficacy and tolerability of zolmitriptan nasal spray in the acute
treatment of migraine: a randomised, double-blind, placebo-controlled
study. CNS Drugs 19(2):125-136

Gawel M, Aschoff J, May A, Charlesworth BR (2005) Zolmitriptan

5 mg nasal spray: efficacy and onset of action in the acute treatment

of migraine-results from phase 1 of the REALIZE Study. Headache
45(1):7-16

Charlesworth BR, Dowson AJ, Purdy A, Becker WJ, Boes-Hansen S, FE rkkil
B M (2003) Speed of onset and efficacy of zolmitriptan nasal spray in
the acute treatment of migraine: a randomised, double-blind, placebo-
controlled, dose-ranging study versus zolmitriptan tablet. CNS Drugs
17(9):653-667

Peikert A, Becker WJ, Ashford EA, Dahlof C, Hassani H, Salonen RJ (1999)
Sumatriptan nasal spray: a dose-ranging study in the acute treatment of
migraine. Eur J Neurol 6(1):43-49

Diamond S, Elkind A, Jackson RT, Ryan R, Debussey S, Asgharnejad M
(1998) Multiple-attack efficacy and tolerability of sumatriptan nasal spray
in the treatment of migraine. Arch Fam Med 7(3):234-240


https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Imitrex_Injection/pdf/IMITREX-INJECTION-PI-PPI-PIL-COMBINED.PDF
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Imitrex_Injection/pdf/IMITREX-INJECTION-PI-PPI-PIL-COMBINED.PDF
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Imitrex_Injection/pdf/IMITREX-INJECTION-PI-PPI-PIL-COMBINED.PDF
https://doi.org/10.1002/cl2.1080

Li et al. The Journal of Headache and Pain (2023) 24:129

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Ryan R, Elkind A, Baker CC, Mullican W, Debussey S, Asgharnejad M (1997)
Sumatriptan nasal spray for the acute treatment of migraine. Results of
two clinical studies. Neurology 49(5):1225-1230

Gallagher RM (1996) Acute treatment of migraine with dihydroergot-
amine nasal spray. Dihydroergotamine Working Group Arch Neurol
53(12):1285-1291

Hoffert MJ, Couch JR, Diamond S, Elkind AH, Goldstein J, Kohlerman NR,
Saper JR, Solomon S (1995) Transnasal butorphanol in the treatment of
acute migraine. Headache 35(2):65-69

Salonen R, Ashford E, Dahlof C, Dawson R, Gilhus NE, Luben V, Noronha
D, Warter JM (1994) Intranasal sumatriptan for the acute treatment of
migraine. International Intranasal Sumatriptan Study Group. J Neurol
241(8):463-469

Tfelt-Hansen P (1998) Efficacy and adverse events of subcutaneous, oral,
and intranasal sumatriptan used for migraine treatment: a systematic
review based on number needed to treat. Cephalalgia 18(8):532-538
Munjal S, Gautam A, Offman E, Brand-Schieber E, Allenby K; Fisher DM
(2016) A Randomized Trial comparing the Pharmacokinetics, Safety, and
tolerability of DFN-02, an Intranasal Sumatriptan Spray containing a
permeation enhancer, with Intranasal and Subcutaneous Sumatriptan in
healthy adults. Headache 56(9):1455-1465

Djupesland PG (2013) Nasal drug delivery devices: characteristics and
performance in a clinical perspective-a review. Drug Deliv Transl Res
3(1):42-62

Djupesland PG, Messina JC, Mahmoud RA (2014) The nasal approach to
delivering treatment for brain diseases: an anatomic, physiologic, and
delivery technology overview. Ther Deliv 5(6):709-733

Goadsby PJ, Yates R (2006) Zolmitriptan intranasal: a review of the phar-
macokinetics and clinical efficacy. Headache 46(1):138-149

Fuseau E, Petricoul O, Moore KH, Barrow A, Ibbotson T (2002) Clini-

cal pharmacokinetics of intranasal sumatriptan. Clin Pharmacokinet
41(11):801-811

Obaidi M, Offman E, Messina J, Carothers J, Djupesland PG, Mahmoud RA
(2013) Improved pharmacokinetics of sumatriptan with Breath powered
nasal delivery of sumatriptan powder. Headache 53(8):1323-1333
Tepper SJ, Cady RK, Silberstein S, Messina J, Mahmoud RA, Djupesland PG,
Shin P, Siffert J (2015) AVP-825 breath-powered intranasal delivery system
containing 22 mg sumatriptan powder vs 100 mg oral sumatriptan in
the acute treatment of migraines (the COMPASS study): a comparative
randomized clinical trial across multiple attacks. Headache 55(5):621-635
Silberstein SD, Shrewsbury SB, Hoekman J (2020) Dihydroergotamine
(DHE) - then and now. Narrative Rev Headache 60(1):40-57

Saper JR, Silberstein S, Dodick D (2006) Rapoport ADHE in the pharma-
cotherapy of migraine: potential for a larger role. Headache. 46(Suppl
4):5212-5220

Tepper SJ (2013) Clinical implications for breath-powered powder
sumatriptan intranasal treatment. Headache 53(8):1341-1349

He A, Hersh EV (2012) A review of intranasal ketorolac tromethamine

for the short-term management of moderate to moderately severe

pain that requires analgesia at the opioid level. Curr Med Res Opin
28(12):1873-1880

Brown C, Moodie J, Bisley E, Bynum L (2009) Intranasal ketorolac for
postoperative pain: a phase 3, double-blind, randomized study. Pain Med
10(6):1106-1114

Moodie JE, Brown CR, Bisley EJ, Weber HU, Bynum L (2008) The safety and
analgesic efficacy of intranasal ketorolac in patients with postoperative
pain. Anesth Analg 107(6):2025-2031

Grant GM, Mehlisch DR (2010) Intranasal ketorolac for pain secondary to
third molar impaction surgery: a randomized, double-blind, placebo-
controlled trial. J Oral Maxillofac Surg 68(5):1025-1031

Chi PW, Hsieh KY, Chen KY, Hsu CW, Bai CH, Chen C, Hsu YP (2019)
Intranasal lidocaine for acute migraine: a meta-analysis of randomized
controlled trials. PLoS ONE 14(10):e0224285

Lipton RB, Croop R, Stock EG, Stock DA, Morris BA, Frost M, Dubowchik
GM, Conway CM, Coric V, Goadsby PJ (2019) Rimegepant, an oral calci-
tonin gene-related peptide receptor antagonist, for Migraine. N Engl J
Med 381(2):142-149

Lipton RB, Dodick DW, Ailani J, Lu K, Finnegan M, Szegedi A, Trugman JM
(2019) Effect of Ubrogepant vs Placebo on Pain and the most Bother-
some Associated Symptom in the Acute Treatment of Migraine: the
ACHIEVE Il Randomized Clinical Trial. JAMA 322(19):1887-1898

Page 17 of 17

86. Yang CP, Liang CS, Chang CM, Yang CC, Shih PH, Yau YC, Tang KT, Wang SJ
(2021) Comparison of New Pharmacologic Agents with Triptans for treat-
ment of migraine: a systematic review and Meta-analysis. JAMA Netw
Open 4(10):2128544

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Efficacy and safety of intranasal agents for the acute treatment of migraine: a systematic review and network meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	General guidelines applied
	Literature search
	Inclusion and exclusion criteria
	Study screening
	Primary and secondary outcome measures
	Data collection and quality assessment
	Statistical analysis

	Results
	Search results and study characteristics
	Efficacy
	Primary efficacy outcome: pain freedom at 2 h
	Secondary efficacy outcome: pain freedom at 1 h
	Secondary efficacy outcome: sustained pain freedom for 24 h
	Secondary efficacy outcome: freedom from nausea at 2 h
	Secondary efficacy outcome: freedom from photophobia at 2 h
	Secondary efficacy outcome: freedom from phonophobia at 2 h

	Safety analysis
	Publication bias and inconsistency

	Discussion
	Strengths and limitations

	Conclusions
	Anchor 30
	Acknowledgements
	References


