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Abstract

Background The latest randomized controlled trial (RCT) revealed that zavegepant, a new nasal inhalation calcitonin
gene-related peptide (CGRP) receptor antagonist, has a clear efficacy in the acute treatment of migraine. However,
whether the efficacy of this new nasal inhalation drug is better than other oral CGRP receptor antagonists remained
to be confirmed. Therefore, we designed this network meta-analysis (NMA) to provide a reference for the clinical appli-
cation of zavegepant.

Methods We systematically searched PubMed, EMBASE, The Cochrane Register of Controlled Trials, Scopus, and Web
of Science up to December 1, 2024. RCTs using CGRP receptor antagonists (excluding non-randomized, non-English
or no extractable data trials) to treat adult patients suffering from acute migraine were included. STATA 18.0 and R
STUDIO were used for the statistical analysis.

Results A total of 15 randomized clinical trials with 11,179 patients were included. Compared with the placebo,
zavegepant 10 mg demonstrated a significantly higher efficiency for pain freedom at 2 h (relative risk (RR)=1.54, 95%
Cl:1.28-1.82, F=0.0%, P<0.001) and most bothersome symptom (MBS) freedom at 2 h (RR=1.26, 95% Cl: 1.13-1.42,
2=0.0%, P<0.001), but did not show significant superiority over oral CGRP receptor antagonists. In terms of safety,
zavegepant 10 mg was significantly inferior to placebo but not inferior to oral CGRP receptor antagonists.

Conclusion Zavegepant 10 mg can quickly relieve symptoms and has no significant difference in safety compared
with oral drugs, which can provide rapid and safe efficacy in the acute treatment of migraine. However, compared
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with other oral CGRP receptor antagonists, zavegepant 10 mg by nasal inhalation has no obvious advantage in long-

term symptom relief rate.

Keywords Migraine, Zavegepant, CGRP receptor antagonists, Acute treatment of migraine

Introduction

Migraine is a neurological disorder characterized by
headache-related features and symptoms, such as
recurrent unilateral or bilateral throbbing headache,
which may be preceded by visual and somatosensory
aura, with or without vomiting [1, 2]. Previous studies
showed migraine was the second largest contributor to
years lived with disability among neurological disorders
[3], affecting an estimated one billion people worldwide
[4]. The impact of migraine on patients is enormous,
ranging from a loss of concentration to loss of labor [5].
Repeated headache attacks can affect the patient’s men-
tal health, which may lead to patients’ irritability, anxi-
ety and even depression [6].

Medications are often used as an acute treatment
during migraine attacks [7], and triptans, agonists tar-
geting 5-HT receptors, have already been widely used
[8]. Several oral and non-oral triptans have been devel-
oped over the past few decades as acute treatments
for migraine attacks [9]. Compared with oral thera-
pies, non-oral therapies, such as nasal inhalation, can
achieve maximum plasma concentration—time (T-max)
earlier, thus achieving early relief of symptoms [10].
However, previous studies have suggested that long-
term use of triptans may cause some cardiovascular
system damage [11]. Thus, researchers are beginning
to focus on other therapies, and calcitonin-gene related
peptide (CGRP) receptor antagonists have gained wide-
spread attention in recent years due to their safer prop-
erties for patients with cardiovascular disease [12]. The
Food and Drug Administration (FDA) has approved
several CGRP receptor antagonists to treat migraine
[13]. Several previous clinical studies have demon-
strated the effectiveness of oral formulations of CGRP
receptor antagonists [14—16], but few trials have been
done on non-oral drugs.

Zavegepant is the first CGRP receptor antagonist to be
used via inhalation [17, 18], and previous clinical studies
have reported its properties for rapid relief of migraine
attacks [19, 20]. However, current clinical studies only
compare the efficacy of zavegepant with placebo, and
there is no clear comparison of efficacy and safety with
oral CGRP receptor antagonists. We designed this study
to evaluate the efficacy and safety of zavegepant and tried
to use network meta-analysis (NMA) to compare with
other oral CGRP receptor antagonists to provide evi-
dence for the clinical application of zavegepant.

Methods

Study protocol

We conducted a systematic review following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) standards of quality [21]. The study
has been registered on the website of INPLASY, with the
registration number INPLASY202510064 (https://inpla
sy.com/inplasy-2025-1-0064/). Specific PRISMA check-
lists of the current meta-analysis are detailed in Supple-
mentary Table 1.

Search strategy

We systematically conducted a search of PubMed,
EMBASE, The Cochrane Register of Controlled Trials,
Scopus, and Web of Science for eligible studies published
up to December 1, 2024. Totally we selected 15 sepa-
rate randomized controlled trials (RCTs). The following
keywords (in the title/abstract) were used: "zavegepant"
"CGRP" ‘calcitonin gene-related peptide" “acute
migraine” and "RCT". The detailed search strategy was
shown in Supplementary Table 2.

Eligibility criteria

A study was eligible if it met the following criteria: (1)
was a RCT; (2) enrolled adult participants diagnosed
with migraine; (3) included trials with at least one group
evaluating the effect of oral or non-oral CGRP recep-
tor antagonists in the acute treatment of migraine. (3)
comparing one of the mentioned interventions with the
placebo; (4) providing any accessible information on pri-
mary or secondary outcomes. We established the follow-
ing exclusion criteria: (1) study type: non-randomized,
included comment, letter, review, retrospective study,
animal experiment, case report, or case series; (2) lan-
guage: non-English articles; (3) data: no extractable data.

Study selection and data collection

Two authors (ZXZ and YBT) independently exam-
ined all entries queried from databases, RCTs, and rel-
evant systematic reviews or meta-analyses, removing
duplicates and abstract-only research papers respec-
tively. Then they independently checked the titles and
abstracts of all retrieved literature for initial screening,
and obtained and screened the full text according to
inclusion criteria. Conflicts between the authors were
resolved by a third author (LYL). After evaluating the
articles, HYN collected data in Table 1, including RCTs,
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Table 1 Characteristics of the included studies and outcome events
Study Publications Countries Study Centers regimen Treatment Female (%) Mean age Outcome
design group (SD) (years) Events
(No. of
participants)
Lipton et al Lancet USA Randomized 90 Zavegepant:  Zavegepant  Zavegepant: Zavegepant: a;b;c d;e;f;g;
2023 [22] Neurol controlled 10 mg (n=623) 81 40.9(13.19) h;i;j; k
trial zavegepant;  Control Control: 85  Control:
Control: 10 (n=646) 40.7(13.46)
mg placebo
Croop et al Headache USA Randomized 82 Zavegepant:  Zavegepant  Zavegepant. Zavegepant: a;b;c d;e;f;g;
2022 [23] controlled 10 mg (n=391) 85.2 41.4(12.9) h; i k
trial zavegepant;  Control Control: 843  Control: 39.9
Control: 10 (n=402) (12.0)
mg placebo
Cady et al The Journal USA; Den- Randomized 57 Eptinezumab: Eptinezumab  Eptine- Eptin- ab
2022 [24] of Headache  mark controlled 100 mg (n=238) zumabh: 849  ezumab:
and Pain trial eptinezumab; Control Control: 83.1  44.9(11.99)
Control: 100 (n=242) Control:
mg placebo 44.1(12.12)
Hutchinson  Neurology USA Randomized 188 Ubroge- Ubrogepant  Ubrogepant: Ubrogepant: a;b; ¢ d;e;f; g;
etal. 2021 and Therapy controlled pant:50mg  (n=887) 90.5 404 (12.1) h; i k
[25] trial ubrogepant  Control Control:88.7  Control: 41.1
Control: 50 (n=912) (11.9
mg placebo
Dodicketal  The New USA Randomized 89 Ubroge- Ubrogepant Ubrogepant:  Ubrogepant: a;b; ¢ d; e;f;
2019 [26] England controlled pant:50mg  (n=466) 89.7 40.1(11.7) h;i;j; k
Journal trial ubrogepant  Control Control:88.7  Control:
of Medicine Control: 50 (n=485) 40.9(11.7)
mg placebo
Liptonetal  JAMA USA Randomized 99 Ubroge- Ubrogepant  Ubrogepant: Ubrogepant: a; b; c; d; e; f;
2019 [27] controlled pant:50mg  (n=488) 91.0 41.2(12.5) h;i; ji k
trial ubrogepant  Control Control: 886  Control:
Control: 50 (n=499) 41.7(12.1)
mg placebo
Croop et al The Lancet USA Randomized 69 Rimege- Rimegepant Rimegepant: Rimegepant: a;b;c; d;e;f; g;
2019 [28] controlled pant:75mg  (n=669) 85 403 (12.1) h;i;j k
trial Rimegepant  Control Control:85  Control: 40.0
Control: 75 (n=682) (11.9
mg placebo
Lipton et al The New USA Randomized 49 Rimege- Rimegepant ~ Rimegepant: Rimegepant: a;b;c d;e;f;g;
2019 [29] England controlled pant:75mg  (n=537) 89.2 402 (11.9) hi;jik
Journal trial Rimegepant  Control Control: 882  Control:
of Medicine Control: 75 (n=535) 409(12.1)
mg placebo
Voss et al Cephalalgia ~ USA Randomized 55 Ubroge- Ubrogepant  Ubrogepant:  Ubrogepant: a;b; c; d;e;f; g;
2016 [30] controlled pant:50mg  (n=106) 86.8 40.7(12.3) h; i k
trial ubrogepant  Control Control:87.6  Control:
Control: 50 (n=113) 40.5(11.7)
mg placebo
Marcusetal  Cephalalgia ~ USA Randomized 41 Rimege- Rimegepant ~ Rimegepant: Rimegepant: a;b;c d;e;f;g;
2014 [31] controlled pant:75mg  (n=91) 89 385(11.87)  h;ijik
trial Rimegepant  Control Control: 86  Control: 37.9
Control: 75 (n=229) (11.36)
mg placebo
Hewitt et al Cephalalgia USA Randomized 47 MK-3207:200 MK- MK-3207: MK-3207: a;cdejk
2011 [32] controlled mg MK-3207  3207(n=63) 85.7 40.5 (10.7)
trial Control: 200 Control Control:89.3  Control: 42.1
mg placebo  (n=140) (11.2)
Diener et al Cephalalgia  Europe Randomized 47 BI44370TA:  BI44370TA BI 44370 TA:  BI44370TA:  a;cd;ef;g;
2010 [33] controlled 400 mg BI (n=73) 753 41.1 (10.0) h;i;j
trial 44370 TA Control Control:87.1  Control: 38.2
Control: 400  (n=70) (10.3)

mg placebo
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Table 1 (continued)
Study Publications Countries Study Centers regimen Treatment Female (%) Mean age Outcome
design group (SD) (years) Events
(No. of
participants)
Connoretal  Neurology USA Randomized 83 Telcagepant:  Telcagepant  Telcagepant: Telcagepant: a; ¢ d;h;i;j; k
2009 [34] controlled 300 mg (n=371) 86.3 418(11.6)
trial telcagepant  Control Control:87.1  Control: 41.9
Control: 300 (n=365) (11.9)
mg placebo
Ho et al. 2008 The Lancet USA; Europe  Randomized 81 Telcagepant:  Telcagepant  Telcagepant: Telcagepant: a; ¢ d;h;i;j; k
[35] controlled 300 mg (n=354) 85 426(114)
trial telcagepant  Control Control: 84  Control: 42.3
Control: 300 (n=348) (12)
mg placebo
Ho etal. Neurology USA Randomized 20 Telcagepant:  Telcagepant  Telcagepant: Telcagepant: a; ¢ d;h;i;j; k
2007 [36] controlled 300 mg (n=39) 87.2 40.5(NR)
trial telcagepant ~ Control Control: 904  Control: 42.2
Control: 300 (n=115) (NR)
mg placebo

SD Standard deviation (year), NR Not report, a: pain freedom at 2 h; b: freedom from the most bothersome symptom(MBS) at 2 h; c: pain relief at 2 h; d: sustained
pain freedom from 2 to 24 h; e: sustained pain freedom from 2 to 48 h; f: sustained pain relief from 2 to 24 h; g: sustained pain relief from 2 to 48 h; h: phonophobia
freedom at 2 h; i: photophobia freedom at 2 h; j: AEs(adverse events); k: nausea and vomiting

the name of the first author, year of publication, publi-
cations, authors’ countries, study designs, the number
of trial centers, interventions, the number of included
patients, sex ratio, patient age, and outcome events.

Risk of bias

Studies were examined for risk of bias plots with
Review Manager 5.3 software. The Cochrane Collabo-
ration’s consistent criteria for evaluating the risk of
bias in RCTs were used, covering selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias
and other potential bias. The bias criteria were charac-
terized as “low’, “high” or “unclear”.

Outcome measures
Primary outcomes of efficacy

Pain freedom at 2 h The degree of pain was assessed
using a dichotomous scale (0 =none, 1=mild, 2=moder-
ate, 3=severe), in which pain freedom was determined as
absent pain (O=none).

Most bothersome symptom (MBS) freedom at 2 h 'The
MBS was assessed using a dichotomous scale (0 =absent,
1=present). MBS freedom was defined as the absence of
the associated symptom described by participants as the
MBS prior to the onset of medication treatment.

Secondary outcomes of efficacy

Pain relief at 2 hours Pain relief was measured as the
percentage of participants who had pain levels of none
(0) or mild (1) at 2 h post-dose.

Sustained pain freedom/relief from 2 to 24/48 h Sus-
tained pain freedom/relief from 2 to 24 h and 2 to 48 h
was assessed as the percentage of participants without
taking rescue medication and maintained pain levels of
none (0) or mild (1) during the time interval.

Freedom from phonophobia/photophobia at 2
h Freedom from phonophobia or photophobia at 2 h
was determined by the percentage of participants with
the absence of phonophobia or photophobia respec-
tively at 2 h post-dose in the subset of participants with
corresponding symptoms at the time of medication
administration.

Safety outcomes

Safety outcomes refer primarily to adverse events (AEs),
including dysgeusia, nausea, and vomiting. The AEs were
evaluated by a binary scale (0 =absent, 1 =present).

Statistical analysis

The statistical analysis was performed using STATA
18.0 and R STUDIO (STATA Corp., College Station,
Texas, USA) by two authors (ZXZ and YBT). A third
author (LYL) solved the disputed data. We estimated and
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generated the relative risk (RR) with the 95% confidence
interval (CI) with random-effects models for the dichot-
omous outcomes. The I? statistic was used to measure
heterogeneity; a value of less than 30% indicates “low
heterogeneity, a value between 30 and 50% indicates
“moderate heterogeneity, and a value of more than 50%
indicates “severe heterogeneity” Sensitivity analysis was
used to investigate the stability of the consolidated data.
We used a two-tailed test for all analyses, and P<0.05
was deemed statistically significant.

Certainty assessment

We assessed the certainty of evidence for each outcome
using the semi-automated web tool Certainty of Evidence
in Network Meta-Analysis (CINeMA) [37, 38] (available
at https://cinema.ispm.unibe.ch/). The tool evaluates six
key dimensions: within-study bias (risk of bias), between-
study bias (publication or reporting bias), indirect-
ness, imprecision, heterogeneity, and incoherence. Each
dimension was classified based on the severity of bias
as “no concern” (no downgrading), “some concern” (one
level of downgrading), or “major concern” (two levels of
downgrading). Ultimately, the evidence for each compar-
ison pair was rated as high, moderate, low, or very low,
depending on the degree of downgrading [39].

Results

The study collectively involved a total of 1230 citations
from PubMed (n=534), Embase (#=438), The Cochrane
Register of Controlled Trials (n=530), Scopus (c199),
and Web of Science (#=201). We used Endnote 20 to
eliminate 1087 duplicate articles and 628 irrelevant arti-
cles based on their titles and abstracts. Except for 11 arti-
cles that were not retrieved, we then excluded 161 studies
with different study types, including 58 reviews, 63 com-
mentaries, 3 case report, 3 non-English articles, 14 retro-
spective studies, and 20 animal experiments. Finally, 15
studies with 11,179 patients were eligible and included in
the final NMA (Table 1). Figure 1 shows the flowchart of
the study selection process in detail.

Risk of bias, convergence, and heterogeneity analysis

in included studies

The risk of bias of all included RCTs is illustrated in
Fig. 2. Overall, articles are categorized with a low risk of
allocation concealment bias. However, some articles are
marked with a potential risk of random allocation bias
because they did not specify whether patients were strati-
fied based on the efficacy of corticosteroid drugs during
randomization. Studies by Cady et al. [24] and Marcus
et al. [31] are flagged with a high risk of bias in randomi-
zation because they did not provide detailed descrip-
tions of their randomization methods. Furthermore,
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two studies [22, 23] on nasal inhalation formulations are
labeled with a high risk of bias in blinding of participants
and personnel because authors mentioned the difficulty
of achieving double-blinding due to the nature of drug
absorption. Additionally, the study by Hewitt et al. [32]
is marked with a high risk of bias in incomplete outcome
data and an unclear risk in selective reporting (reporting
bias) because there were inconsistencies in participant
involvement reported in the manuscript without explain-
ing the reasons for exclusion or re-inclusion. Further-
more, the funnel plot demonstrates no potential reasons
across different primary studies that could influence the
NMA (Supplementary Fig. 1).

The convergence diagnostics for the computational
model are presented in Supplement Figs. 3 to 19. Both the
trace and density plots presented normal distributions,
with all potential scaling factor values constrained to 1.
Furthermore, no significant fluctuations were observed,
indicating that our NMA has achieved satisfactory and
excellent convergence.

In addition, we analysed the heterogeneity of the vari-
ous results. The results showed low heterogeneity for
most comparisons, with the exception of one study by
Richard B et al. (NCT03237845) [29] (Supplementary
Figs. 2020-28). Overall, the low level of heterogeneity in
the comparison of different CGRP receptor antagonists
suggests that our NMA results are robust.

Efficacy outcomes
Primary outcomes

Pain freedom at 2 h  Based on the NMA, we compared
all the included medications with placebo (Fig. 3). In
our meta-analysis, a total of 15 RCTs and 7 intervention
nodes were included for the outcome of pain freedom at
2 h post-dose (Fig. 3a). Compared with placebo, zavege-
pant 10 mg was significantly associated with increased
pain freedom at 2 h (RR=1.54, 95% CI. 1.28-1.84,
P=0.0%, P<0.001, Fig. 4a, Supplement Fig. 29a). All oral
CGRP receptor antagonists were significantly superior
to placebo (Supplement Fig. 32a) and not significantly
inferior to zavegepant 10 mg in the primary outcomes
of pain freedom at 2 h post-dose (Fig. 4c, Supplement
Fig. 30, Supplement Fig. 33a), with telcagepant 300 mg
and MK3207 200 mg showing significant advantages
over zavegepant 10 mg in terms of pain freedom at 2 h
(Fig. 4c, Supplement Fig. 33a). MK3207 100 mg had the
highest SUCRA value for pain freedom at 2 h at 0.90, fol-
lowed by BI_44370_TA 400 mg (SUCRA: 0.74), and tel-
cagepant 300 mg (SUCRA: 0.75) (Supplement Fig. 42a).
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Fig. 1 PRISMA flow diagram of study selection

Most bothersome symptom (MBS) freedom at 2 h 'The
network diagram for the primary outcome of MBS
freedom at 2 h contained 10 RCTs and 4 intervention
nodes (Fig. 3b). Zavegepant 10 mg showed significant
advantages over placebo (RR=1.26, 95% CI: 1.13-1.42,
P=0.0%, P<0.001, Fig. 4b, Supplement Fig. 29b). Oral
CGRP receptor antagonists including eptinezumab 100
mg, ubrogepant 50 mg, and rimegepant 75 mg all were
significantly associated with higher RRs versus placebo
(Supplement Fig. 32b). Compared with oral CGRP recep-
tor antagonists, zavegepant 10 mg were not significantly
superior in this specifc outcome (Fig. 4d, Supplement
Fig. 31, Supplement Fig. 33b). Eptinezumab 100 mg had
the highest SUCRA value for MBS freedom at 2 h at
0.87, followed by ubrogepant 50 mg (SUCRA: 0.66), and
rimegepant 75 mg (SUCRA: 0.62) (Supplement Fig. 42b).

Secondary outcomes

Pain relief at 2 h A total of 14 RCTs and 6 interven-
tion nodes were included for the outcome of pain relief
at 2 h post-dose (Fig. 3c).In brief, zavegepant 10 mg
showed statistically significant superiority to placebo
(RR=1.16, 95% CI: 1.07-1.25, =0.0%, P<0.001 Sup-
plement Fig. 29¢). Telcagepant 300 mg, MK3207 200 mg,
BI_44370_TA 400 mg, ubrogepant 50 mg, rimegepant
75 mg all were significantly more effective than placebo
(Supplement Fig. 32c, Supplement Fig. 34). Compared
with oral CGRP receptor antagonists, zavegepant 10 mg
didn’t demonstrate higher RRs (Supplement Fig. 33c).
According to Supplement Fig. 43a, BI_44370_TA 400 mg
showed the highest SUCRA value for this outcome, fol-
lowed by MK3207 200 mg and telcagepant 300 mg.
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(b) 2 h MBS freedom

Placebo

Rimegepant

Eptinezumab

Ubrogepant

Zavegepant

(e) 2—48 h pain freedom
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Rimegepant BI_44370_TA

Ubrogepant Zavegepant

(h) 2 h freedom from phonophobia
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Telcagepant BI_44370_TA

Ubrogepant Zavegepant

Page 8 of 15

(c) 2 h pain relief

Placebo

MK3207

Rimegepant

BI_44370_TA

Telcagepant

Zavegepant

Ubrogepant

(f) 2-24 h pain relief

Placebo

Rimegepant

BI_44370_TA

Ubrogepant

Zavegepant

(i) 2 h freedom from photophobia

Placebo

Rimegepant

BI_44370_TA
Telcagepant

Ubrogepant Zavegepant

Fig. 3 Network structures of the outcomes. (a-b) Primary outcome: (a) pain freedom at 2 hours. (b) freedom from the most bothersome symptom
(MBS) at 2 hours. (c-i) Secondary outcome: (c) pain relief at 2 hours. (d) sustained pain freedom from 2 to 24 hours. (e) sustained pain freedom
from 2 to 48 hours. (f) sustained pain relief from 2 to 24 hours. (g) sustained pain relief from 2 to 48 hours. (h) phonophobia freedom at 2 hours.

(i) photophobia freedom at 2 hours. The lines between the nodes indicate direct comparisons in different trials. The coarseness of the lines

is proportional to the number of trials linked in the network
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Sustained pain freedom from 2 to 24/48 h The net-
work diagram for sustained pain freedom from 2 to 24 h
included 14 RCTs and 6 intervention nodes (Fig. 3d), with
zavegepant 10 mg demonstrating significant superior-
ity over placebo (RR=1.56, 95% CI: 1.23-1.99, P<0.001,
Supplement Fig. 29d). All treatments, except BI_44370_
TA 400 mg with a null CI (0.99 to 8.90) (Supplement
Fig. 32d, Supplement Fig. 35), showed statistically sig-
nificant improvements compared to placebo. SUCRA

results ranked MK3207 200 mg, telcagepant 300 mg, and
rimegepant 75 mg as the top three treatments (Supple-
ment Fig. 43b). For sustained pain freedom from 2 to
48 h, 11 RCTs and 5 intervention nodes were analyzed
(Fig. 3e). Zavegepant 10 mg showed significant superior-
ity (RR=1.57, 95% CI: 1.21-2.04, P=0.001, Supplement
Fig. 29e¢), with MK3207 200 mg and rimegepant 75 mg
also outperforming placebo. However, BI_44370_TA
400 mg and ubrogepant 50 mg did not show significant
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improvements (Supplement Fig. 32e). There were no sig-
nificant differences between zavegepant 10 mg and other
oral CGRP receptor antagonists (Supplement Fig. 33e,
Supplement Fig. 36). In SUCRA rankings, MK3207 200
mg had the highest value, followed by ubrogepant 50 mg
and BI_44370_TA 400 mg (Supplement Fig. 43c).

Sustained pain relief from 2 to 24/48 h  Regarding sus-
tained pain relief, both from 2 to 24 h and from 2 to 48
h, zavegepant 10 mg and oral CGRP receptor antagonists
demonstrated significantly greater efficacy compared to
placebo (Supplement Fig. 32f, 32 g). For sustained pain
relief from 2 to 24 h, data from 10 RCTs and 4 interven-
tion nodes were analyzed (Fig. 3f) showed zavegepant 10
mg had a lower relative risk than other oral CGRP recep-
tor antagonists (Supplement Fig. 33f, Supplement Fig.37).
The top three interventions for sustained pain relief
from 2 to 24 h were BI_44370_TA 400 mg, ubrogepant
50 mg, and rimegepant 75 mg (Supplement Fig. 43d).
For sustained pain relief from 2 to 48 h, 7 RCTs and 4
intervention nodes were considered (Fig. 3g). Except for
rimegepant 75 mg, oral CGRP receptor antagonists had
a higher relative risk than zavegepant 10 mg (Supplement
Fig. 3 g, Supplement Fig. 38). SUCRA rankings indicated
BI_44370_TA 400 mg as the most effective treatment,
followed by ubrogepant 50 mg and rimegepant 75 mg
(Supplement Fig. 43e).

Freedom from phonophobia at 2 h  For freedom from
phonophobia at 2 h, the network diagram contained
13 RCTs and 5 intervention nodes (Fig. 3h). All phar-
maceutical treatments showed higher odds of trigger-
ing freedom from photophobia at 2 h compared to pla-
cebo, including zavegepant 10 mg, telcagepant 300 mg,
BI_44370_TA 400 mg, ubrogepant 50 mg, and rimege-
pant 75 mg (Supplement Fig. 32 h, Supplement Fig. 39).
Among zavegepant 10 mg and these oral CGRP receptor
antagonists, there were no statistically significant dif-
ferences in terms of values of RR (Supplement Fig. 3 h).
According to SUCRA, BI_44370_TA 400 mg was cor-
related with the best treatment, followed by telcagepant
300 mg and rimegepant 75 mg (Supplement Fig. 43f).

Freedom from photophobia at 2 h  We incorporated 13
RCTs and 5 intervention nodes into the analysis for this
outcome (Fig. 3i). Zavegepant 10 mg was significantly
associated with higher rates of photophobia freedom at
2 h post-dose than placebo (RR=1.25, 95% CI: 1.09-1.42,
P=0.001, Supplement Fig. 29i). Equivalently, oral CGRP
receptor antagonists (containing telcagepant 300 mg,
BI_44370_TA 400 mg, ubrogepant 50 mg, and rimege-
pant 75 mg) also exhibited statistically significant supe-
riority over placebo (Supplement Fig. 32i, Supplement

Page 10 of 15

Fig. 40). The three top-ranked interventions for attaining
freedom from photophobia at 2 h included BI_44370_TA
400 mg, telcagepant 300 mg, and rimegepant 75 mg (Sup-
plement Fig. 43 g).

Safety outcomes

As for the safety outcomes, compared with placebo, dys-
geusia was the most frequently reported AE in the treat-
ment of zavegepant 10 mg (RR=4.18, 95% CI: 3.05-5.72,
FP=0.0%, P<0.001, Supplement Fig. 41b). In addition,
nausea, vomiting, and respiratory symptoms were rela-
tively common in AEs (Supplement Fig. 41). In our NMA,
zavegepant 10 mg was not associated with a lower rate of
occurrence for any AEs compared with placebo. Further-
more, compared with oral CGRP receptor antagonists for
migraine treatment, zavegepant 10 mg could not demon-
strate statistically significant superiority in most drug-
related AEs, especially nausea, and vomiting (Fig. 5).

Certainty of evidence

The GRADE evidence was detailed in Supplementary
Table 3. Regarding the most comparisons, the quality
evidence ranged from low to very low, which was mainly
attributed to factors included imprecision, heterogeneity,
and incoherence.

Discussion

In our systematic review and NMA, a total of 11,179
patients from 15 multicenter, double-blind, randomized
clinical trials were pooled. According to the latest Inter-
national Headache Society Guidelines (2019) (IHSG
2019) [40], we used pain freedom at 2 h and the absence
of MBS at 2 h as the primary efficacy outcomes. Our
study showed that zavegepant 10 mg was associated with
better therapeutic efficacy in both primary outcomes,
which could meet the patients’ initial expectations to
eliminate or relieve pain in the short term. In addition,
zavegepant 10 mg was statistically significantly more
effective than placebo in the secondary outcomes, includ-
ing pain relief at 2 h, sustained pain freedom from 2 to 24
h, sustained pain freedom from 2 to 48 h, sustained pain
relief from 2 to 24 h, sustained pain relief from 2 to 48
h, freedom from phonophobia at 2 h, and freedom from
photophobia at 2 h. Additionally, compared with oral
CGRP receptor antagonists, zavegegant 10 mg showed
no significant advantages for the primary and second-
ary outcomes. Furthermore, zavegepant 10 mg was not
observed to enhance the rate of any AEs compared to oral
CGRP receptor antagonists. On balance, these findings
indicate forcefully that zavegepant 10 mg might be an
effective and safe therapeutic option for acute migraine
in adults.



Zhu et al. The Journal of Headache and Pain (2025) 26:48

Zavegepant vs Oral CGRP receptor antagonists

Page 11 of 15

RR (95% CI)

AEs ‘

Telcagepant l---@------ ]

MK3207 boeee e o
Ubrogepant b @------ PR
BI_44370_TA oo o - e
Rimegepant e @ L
Control - @----|

Nausea and vomiting

Telcagepant F-@---------- !
MK3207 (I o
Ubrogepant I @ - reeo
Rimegepant I @ - -
Control @ - ]

\

0.53(0.27,1)
0.68(0.21,2.1)
0.57(0.22,1.5)
0.47(0.0089,25)
0.59(0.26,1.3)
0.47(0.29,0.8)

0.19(0.027,0.91)
0.25(0.017,3.1)
0.41(0.032,4.7)

7777777777777777777 | 0.41(0.056,2.8)

0.2(0.048,0.73)

T ] 1 \ I I R T T T ] \
0.0 0204 06 08 101214 16 1.8 2.0 22 24 2.6 2.8 3.0

Fig. 5 Forest plot of the safety outcome: adverse events and nausea and vomiting, between zavegepant and the oral CGRP receptor antagonists

CGRP is widely expressed in the central nervous,
peripheral, and cardiovascular systems [41]. CGRP pro-
motes neuroinflammatory response and meningeal dural
vasodilation, which is one of the critical factors leading
to migraine [42]. CGRP receptor antagonists can effec-
tively block the action of CGRP by inhibiting the bind-
ing of CGRP receptors, thus alleviating the occurrence
and symptoms of migraine [43, 44]. Although triptan is
currently the drug of choice in treating acute migraine
[45], it still has some drawbacks. The most significant two
points are that triptans should not be used in patients
with cardiovascular disease or hypertension [46, 47], and
that long-term use of triptans can lead to worsening of
headache (medication-overuse headache) [48, 49]. The
development of CGRP receptor antagonists is expected
to avoid the above drawbacks through new therapeutic
mechanisms to achieve better therapeutic effects.

Zavegepant, as the first CGRP receptor antagonist
for intranasal administration for the acute treatment
of migraine, has high affinity and good intranasal bio-
availability and has proven its effectiveness in phase II/
III clinical trials for the acute treatment of migraine [17].
Regarding the appropriate dose, the statistical results
showed that zavegepant 10 mg and 20 mg were both
effective in the treatment of acute migraine while zavege-
pant 10 mg was the optimal therapeutic dose [23]. There
have been a few previous studies compared zavegepant
with other medications for the treatment of migraine.
Li et al. reviewed the efficacy and safety of zavegepant

versus other intranasal-administered medications for the
acute treatment of migraine. As they found, zavegepant
10 mg nasal spray had a better safety profile, although
it may be less effective in pain freedom [50]. In addi-
tion, Dos Santos et al. investigated the efficacy of small
molecule CGRP receptor antagonists for the prevention
treatment of migraine. Since the phase 2/3 clinical trial
of zavegepant for migraine prevention is still ongoing, no
definitive conclusions are available [51].

To our knowledge, our article is the first NMA to eval-
uate the efficacy and safety of zavegepant 10 mg nasal
spray versus oral CGRP receptor antagonists for the
treatment of acute migraine. In the NMA, we selected
six oral CGRP receptor antagonists (eptinezumab 100 mg
[24], telcagepant 300 mg [34, 35], MK3207 200 mg [32],
BI_44370_TA 400 mg [33], ubrogepant 50 mg [25-27,
30], rimegepant 75 mg [28, 29, 31]) to be analyzed with
zavegepant 10 mg. Among them, telcagepant, MK3207,
and BI_44370_TA [33] were discontinued due to liver
toxicity or poor oral availability [9], and eptinezumab
was mainly used for preventive treatment [52], which
has been shown to be used for the optimization of acute
medication effectiveness [24]. Ubrogepant and Rimege-
pant, as second-generation CGRP receptor antagonists,
have received regulatory approval for the acute treatment
of migraine in the USA [53]. Our NMA showed no sig-
nificant advantage for zavegepant 10 mg over other drugs
for the primary efficacy outcomes. This may be explained
by the fact that during intranasal administration, a larger
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portion of the drug is deposited in the anterior nasal cav-
ity, after which it may be expelled from the nose. Only a
limited portion penetrates into the bloodstream through
the vascular mucosa in the posterior nasal cavity, result-
ing in a large deviation of the actual drug absorption
from the theoretical value [54—58]. This deviation would
not occur with oral administration, which may be an
important factor in the lack of advantage of zavegepant
over oral CGRP receptor antagonists.

In terms of safety, based on our NMA, zavegepant 10
mg was not associated with a lower rate of occurrence for
any AEs compared with oral CGRP receptor antagonists
and placebo, which is probably related to insufficient
actual absorption of zavegepant, such that migraine-
related symptoms are relieved to a lesser extent. Nau-
sea and vomiting are the common AEs in the treatment
of acute migraine [59], which were also more likely to
occur in zavegepant treatment. In addition, as an intra-
nasal formulation, zavegepant 10 mg might cause mild
or moderate dysgeusia and nasal discomfort during clini-
cal treatment [23]. However, relevant clinical trials have
indicated that no serious adverse events were reported
in treated participants [22], and most drug-related AEs
were minor and resolved without intervention [23]. All in
all, the safety profile of zavegepant 10 mg was favorable
[22].

Zavegepant as an intranasal agent, has a
shorter T-max [60, 61]. In phase III clinical trials
(NCT04571060), it is worth mentioning that in the
percentage of patients reporting pain relief within the
first 2 h after treatment, the percentage of patients
reporting pain relief in the zavegepant 10 mg group was
higher than that in the placebo group at each measured
time point, especially within 15 min [22]. The statisti-
cal result showed that zavegepant 10 mg took effect
quickly [62]. The reason for this may be the fact zavege-
pant is administered intranasally, which facilitates rapid
absorption via the nasal mucosa, thus achieving maxi-
mum plasma concentration in a shorter time [44, 63].
Relevant research results showed that the Tmax of 10
mg zavegepant was about 30 min [22], while oral CGRP
receptor antagonists such as ubrogepant and rimege-
pant Tmax was about 1.5 h [64]. Shorter Tmax may
be associated with a faster onset of therapeutic effects
[65], which can help patients relieve pain in a short
period of time and can be used for clinical emergency
analgesia in the future. Moreover, due to the gastro-
intestinal symptoms that often occur during migraine
attacks, including nausea, vomiting and gastroparesis,
the absorption of oral CGRP receptor antagonists can
be delayed or reduced [2, 66, 67]. Nevertheless, as nasal
inhalation drugs are absorbed into the bloodstream
through the submucosal blood vessels of the nose [54],
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the nasal spray is not going through the digestive tract
and is not influenced by nausea or vomiting [22]. Our
results provide references for clinicians to personalize
the clinical management of acute migraine with CGRP
receptor antagonists. In particular, zavegepant 10 mg
would be a worthwhile option to consider for patients
expecting rapid pain relief from migraine symptoms, as
well as for patients who frequently suffer from nausea
and vomiting leading to difficulty in administering oral
medications.

Strengths of this review included the fact that our study
was the first NMA to evaluate the efficacy and safety of
zavegepant 10 mg nasal spray versus oral CGRP recep-
tor antagonists for the treatment of acute migraine.
Our study involved six oral CGRP receptor antagonists,
resulting in two primary and seven secondary outcomes
of efficacy, together with specific adverse effects. Fur-
thermore, we emphasized the certainty of the evidence
by using the CINeM A methodology to assess the level of
evidence and presenting tables of results.

There are also some limitations in this study. Firstly,
although our study included 15 multicenter randomized
clinical trials at low risk of bias, we have to concede that
the bound of our study is limited by the fact that all tri-
als were conducted in the USA or Europe, with the
conducted subjects predominantly white populations.
Furthermore, due to the differences between the evalu-
ation criteria of the RCTs assessing different oral CGRP
receptor antagonists, we couldn’t get the data on the effi-
cacy of oral drugs in short periods like 15 min and 30
min. For this reason, we were unable to intuitively dem-
onstrate the high efficiency of zavegepant 10 mg that
takes effect in a short time. Lastly, the study placed its
emphasis on efficacy and safety within hours, offering no
information regarding the long-term safety and reliability
of treatment response.

Future research could focus on several key areas to fur-
ther optimize the clinical application of zavegepant 10 mg
nasal spray in the acute treatment of migraine. Primarily,
given the restricted number of RCTs of zavegepant 10
mg, there is an urgent necessity for additional clinical tri-
als to comprehensively evaluate the safety and efficacy of
zavegepant and other therapeutic modalities in the acute
treatment of migraine, particularly in the shorter term of
15 min or 30 min. Secondly, since all included trials were
conducted in the United States or Europe and were pre-
dominantly white, future research should explore racial
and regional differences in medication response through
diverse multicenter studies. Finally, in view of the low
nasal medication absorption due to deposition and clear-
ance [68], future studies would be appropriate to inves-
tigate formulation improvements or alternative delivery
methods to enhance bioavailability and therapeutic
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consistency. Filling these blanks will lead to a more com-
prehensive understanding of zavegepant.

Conclusion
Our studies suggested that nasal inhalation of zavegepant
10 mg showed significant efficacy compared to placebo.

B
n

ut when compared to other oral CGRP receptor antago-
ists, there was no significant superiority of zavegepant

10 mg for long-term symptom relief rate, and no signifi-
cant difference in safety. However, in the acute treatment
of migraine, zavegepant 10 mg had rapider and safer
efficacy than other oral CGRP receptor antagonists. For

P

atients with acute migraine attacks, zavegepant 10 mg

can be effective in a short time to reach pain freedom or
relief, which has a favorable clinical prospect.
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