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Abstract

Background: Several novel treatments targeting the calcitonin gene-related peptide pathway have been developed for
migraine. We evaluated the efficacy of these medications, including atogepant, rimegepant, erenumab, eptinezumab,
fremanezumab, and galcanezumab, for the prevention of migraine via network meta-analysis.

Methods: Databases, including MEDLINE via PubMed, EMBASE, and Cochrane central, were systematically reviewed,
and all eligible phase 3 randomised controlled trials were included.

Results: Nineteen studies (n= 14,584 participants) were included. Studies included episodic (n=11) and chronic
(n=4) migraine or both (n=4). All interventions, except for eptinzumab 30 mg, significantly reduced mean monthly
migraine days compared to placebo. All medications had a higher >50% responder rate than placebo and results were
statistically significant in those with the subcutaneous or intravenous route of administrations, but not with the oral one.
All medications significantly reduced mean monthly headache days, although no data for this outcome was available for
rimegepant, and mean monthly acute medication days, with no data for eptinezumab.

Conclusion: The results show that medications targeting calcitonin gene-related peptide were effective in preventing
migraine compared to placebo. Considering limitations of single studies, different populations such as episodic and
chronic migraine, and the absence of head-to-head trials, all novel treatments decreased mean monthly migraine and
headache days, and showed higher 50%, 75% and 100% responder rates than placebo.

Trial registration: PROSPERO registration: CRD42022310579
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Introduction

Migraine is one of the leading causes of disability (1,2),
with over one billion people worldwide affected. This
highlights the importance of seeking proper management
and therapeutic options for this neurological disease (2).
Migraine treatment includes non-pharmacological and
pharmacological acute drugs and preventive approaches
(3,4). Preventive medications should be suggested for
people with migraine with severe disabilities or more
than four days of headache per month regardless of the
disability degree (3.4).

In recent years, a new target-driven class of migraine
preventive treatments that act by blocking calcitonin gene
related peptide (CGRP) has been developed. CGRP is a
neurotransmitter with an essential role in migraine path-
ophysiology. Currently, there are two types of medica-
tions targeting CGRP for migraine prevention: a)
CGRP monoclonal antibodies, or CGRP-mAbs, includ-
ing erenumab which blocks CGRP receptor, and eptine-
zumab, fremanezumab, and galcanezumab that are
CGRP blockers, and b) small molecule CGRP receptor
antagonists, or gepants, including atogepant and rimege-
pant. Rimegepant is also used for acute management of
migraine. Gepants are administered orally, erenumab,
fremanezumab and galcanezumab subcutaneously and
eptinezumab via intravenous injection (5-7). Dose regi-
mens also greatly differ among these drugs, as some are
administered daily (i.e. atogepant), some every other day
(i.e. rimegepant), some monthly (i.e. erenumab, galcane-
zumab and fremanezumab) and others every trimester
(i.e. eptinezumab). Overall, anti-CGRP medications
have shown promising results in managing and prevent-
ing migraine (8,9).

A meta-analysis allows the comparison of available
data with a high level of evidence, even though the
differences described above can only fully be accounted
for with direct head-to-head trials. The current study is
a systematic review of the available phase 3 randomised
controlled trials for atogepant, rimegepant, erenumab,
eptinezumab, fremanezumab and galcanezumab in the
prevention of episodic and chronic migraine and net-
work meta-analysis to evaluate their efficacy compared
to placebo. Safety evaluation was also performed and is
reported separately in another manuscript as part of
this Special Collection.

Methods

The current systematic review and network meta-analysis
was conducted based on Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA). The
protocol was registered on the International Prospective
Register of Systematic Reviews (PROSPERO) with reg-
istration number CRD42022310579 and can be accessed

via the following link: https://www.crd.york.ac.uk/pros
pero/display_record.php?ID = CRD42022310579.

Search strategy

The following online databases were searched from
inception until 11 February 2022 (with an updated
search performed in May 2022): MEDLINE via
PubMed, EMBASE and Cochrane central register of
controlled trials. The search strategy was prepared to
obtain all published randomised controlled trials
(RCT) on the effect of atogepant, rimegepant, erenu-
mab, eptinezumab, fremanezumab, or galcanezumab
on the preventive treatment of migraine. The detailed
search strategy for all databases is reported in online
Supplementary Table 1.

Selection criteria

In the current systematic review and meta-analysis, we
included phase 3 double-blind RCTs that fulfil the fol-
lowing PICOS criteria:

e Population (P): Participants over the age of 18 that
were diagnosed with migraine (episodic or chronic)
based on the International Classification of
Headache Disorders criteria, third edition (ICHD-
I1I) (10) or ICHD-III beta edition (11).

e Intervention (I): Studies with at least one arm evalu-
ating the effect of atogepant, rimegepant, erenumab,
eptinezumab, fremanezumab or galcanezumab. All
available doses of the drugs were included in this
review. Atogepant 30 mg twice daily was considered
60mg and 60 mg twice daily as 120 mg.

e Each medication in each available dose was consid-
ered as a separate arm. Atogepant (10, 30, 60 and
120 mg), eptinezumab (30, 100 and 300 mg), erenu-
mab (70 and 140 mg), fremazenumab (225 monthly
and 675mg quarterly), galcanezumab (120 and
240mg) and rimegepant (75mg every other day)
were compared with each other and with placebo.

e Comparison I: Studies comparing one of the men-
tioned interventions with placebo.

e QOutcome (O): Outcomes were selected based on the
guidelines of the International Headache Society for
controlled trials of preventive treatment of episodic
(12) and chronic (13) migraine in adults. The follow-
ing outcomes were collected if available as primary
outcomes: change from baseline in monthly migraine
days (MMD - where a migraine day is defined as a
day with a migraine that lasts at least 30 minutes
without intake of analgesics or a day with a headache
that successfully responds to migraine-specific acute
treatment), and >50% responder rate (defined as the
percent change from baseline in the number of
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migraine days or moderate/severe headache days). In
addition, changes from baseline in monthly headache
days (MHD), acute medication days (AMD), >75%
and 100% responder rate were collected as secondary
outcomes.

e Study design (S): Phase 3 double-blind RCTs. Phase
IIIb trials with difficult-to-treat populations who
failed previous preventive treatments were not
included.

Only studies in English language, RCTs, and studies
on participants >18 years old were included. Open-
label studies, post-hoc and secondary analysis reports,
conference abstracts, letters or editorials were
excluded.

Screening and data extraction

After removing duplications, all identified citations
were imported into Rayyan, an online free web and
mobile app, for screening (14). All citations were
screened on different levels, including title and abstract
screening and full-text screening according to the pro-
tocol by two independent reviewers, experienced in
research on headache disorders (FH, DGA, FP, and
RM) for each record. Conflicts were resolved by dis-
cussing with a third reviewer or senior author (PP-R).

Data extraction from included studies was performed
using a predesigned excel spreadsheet. Independent
reviewers (FH, DGA, FP, and RM) performed the
data extraction in pairs, and conflicts were solved by
discussing or involving a third reviewer or with a
senior author. There were no missing data for primary
outcomes. Authors were not contacted for further data
and only published data reported in papers were used in
the study.

In addition to mentioned primary and secondary
outcomes, the following data were extracted: study
title, year of publication, first author’s name, demo-
graphics of participants including age, sex and ethnic-
ity, BMI, trial registration number, total number of
included participants, migraine type (episodic or chron-
ic), presence of aura, history of prior preventive treat-
ments, study duration, intervention type, route of
administration, intervention dose, and sample size in
each group. In addition, data for assessing the risk of
bias was also collected.

Risk of bias assessment

Risk of bias assessment was performed using version 2
of the Cochrane risk-of-bias tool for randomised trials
(RoB 2) (15). The evaluation was done in five main
domains, including ‘bias arising from the randomisa-
tion process’, ‘bias due to deviations from intended

interventions’, ‘bias due to missing outcome data’, ‘bias
in measurement of the outcome’ and ‘bias in selection of
the reported result’. Judgment for each section could be
‘low risk of bias’, ‘some concerns’ and ‘high risk of bias’;
finally, an ‘overall bias’ was reported for each study. The
monthly migraine days outcome was used to assess the
risk of bias in the current study. The assessment was done
by two independent reviewers (FH and FP).

Data analysis

Demographic and clinical characteristics of patients
randomised in the included studies were reported as
mean and standard deviations or as frequencies.
Frequentist random effects network meta-analyses
were applied to the primary and secondary outcomes
following Riicker (16) and Riicker and Schwarzer (17).
Since one has to be cautious in comparing the results of
the different routes of administration, as there may
be an administration effect (18), separate network
meta-analyses were performed for each route of admin-
istration, i.e. subcutaneous, intravenous and oral. In
addition, pairwise meta-analyses were performed
using the inverse variance method with restricted max-
imum likelihood (REML) estimation (19). Mean differ-
ences with 95% confidence intervals were estimated for
continuous variables, and odds ratios with 95% confi-
dence intervals for binary outcomes. Subgroup analy-
ses were performed by repeating each analysis among
studies only on participants with a) episodic migraine
(EM) and b) chronic migraine (CM). In addition, anal-
ysis on the effect of medications on MMD was repeat-
ed after removing the studies in which MMD was not
evaluated as a primary outcome. In studies with zero
events arms, the treatment arm continuity correction
with weights summing up to one by Sweeting et al.
(20) was applied. This method considers different
sample sizes and shall outperform fixed continuity cor-
rections. Even if it is difficult to detect and to explore
heterogeneity with such few studies for the single drugs,
heterogeneity is here analysed in a graphical way for
the pairwise comparisons. Additionally, the I index,
the between study variance 7> as well as the p-value
for Cochrane’s Q test are reported. In addition, net-
work meta-regression was conducted for the primary
outcome of the subcutaneous studies adjusting for the
different treatments as well as some demographic and
clinical characteristics including study duration, age of
participants, female percentage, BMI, episodic percent-
age, Caucasian percentage and years of disease. For
each possible confounder, a separate meta-regression
was employed to use the most possible of the available
data, using REML estimation with random effects for
the different studies. Meta-regression was not performed
for the oral and intravenous studies, as too few studies
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were available. To test for local inconsistencies in the
network, the SIDE (Separate Indirect from Direct
Evidence) with a back-calculation was conducted to
each of the networks (21). All analyses were performed
in R version 4.1.2 (22) using the packages netmeta for
the network meta-analyses, meta for the pairwise anal-
yses and metafor for the network meta-regression.

Results

Included studies

The search yielded a total of 2314 citations from
PubMed (n=256), Embase (n=1091) and Cochrane

central (n=967). After removing duplicates (n=1181),
1133 citations were screened in two stages based on 1)
title and abstract and 2) full text. Finally, 19 studies were
eligible and included in the study. Figure 1 shows the
flowchart of the study selection process in detail.

Out of 19 studies, five (23-27) evaluated erenumab
(n=2939), five (28-32) fremanezumab (n=3771), four
(33-36) galcanezumab (n = 3364), two (37,38) eptinezu-
mab (n=2019), two (39,40) atogepant (n=1744) and
one (41) rimegepant (n=747). All studies were pub-
lished after 2017. A summary of baseline characteristics
of all included studies is reported in Table 1, while
online Supplementary Table 2 reports overall features
for each medication.

Duplicated records removed
before screening (n=1181)

Excluded during title and
abstract screening (n = 1095)

Reports excluded:
Secondary or post-hoc analysis: (n=12)
Acute management: (n = 2)
Conference abstract: (n=1)
Irrelevant outcome: (n = 3)
Irrelevant comparison: (n= 1)

Updating the search in

IS Records identified until 11
© February 2022 from:
= PubMed (n = 256) e
g Embase (n=1091)
e} Cochrane central (n = 967)
Title and abstract screening
(n=1133) .
c’ l
£
(=
()
Qo
O
@
Full-text screening (n = 38) -
Y
e
3
2 Studies included in the review (n = 19)
=

May 2022. No eligible
study was found.

Figure |. Flowchart of study identification, screening and inclusion.
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Participants were on average 41 + 12 years old and
85% of them were female. Most participants were
Caucasian (68%), with a mean BMI between 25.4+
4.9 and 30.4+7.6kg/m> Eleven studies (23-25,27,29,
31,35-37,39,40) enrolled only participants with episodic
migraine and four studies (30,32,34,38) only those with
chronic migraine, one for galcanezumab, one for eptine-
zumab and two for fremanezumab. The remaining stud-
ies (26,28,33,41) enrolled both episodic and chronic
migraine participants. Of all the erenumab studies,
only one included a subgroup of CM patients (26). Of
note, in the fremanezumab studies with both EM and
CM participants, the monthly fremanezumab treatment
was given with a higher ‘loading’ dose of 675mg to
chronic migraine patients in the first month, followed
by 225mg in the second and third months. Quarterly
fremanezumab, on the other hand, was given as a
single 675mg dose at month one in all studies.

As shown in Table 1, the double-blind treatment
period was of three months in most studies, although
for some (26,27,33,35,36) this lasted a total of six
months. Further, not every trial evaluated the primary
efficacy outcome of change in MMD in the same way.
Most studies considered the mean MMD during the
double-blind treatment period with respect to baseline,
whereas three studies evaluated the mean MMD of the
third month of the double-blind treatment period only
(weeks 9-12) and one measured months 4, 5, 6.
Moreover, two of the fremanezumab (30,32) studies and
one erenumab (23) study did not have MMD as primary
outcome, however, as this measure was still reported as a
secondary outcome, we included it in our analysis.

Figure 2 reports the network of all included arms in
the study separated based on the route of administra-
tion. Online Supplementary Table 3 reports the detail
of baseline characteristics of each included arm. All
included studies had a low risk of bias (with 100%
agreement between the reviewers), as reported in
online Supplementary Figure 1.

Primary outcomes

Monthly migraine days (MMD). Based on the network
meta-analysis, all medications in all different doses
reduced MMD compared to placebo (Figure 3). Out
of medications with subcutaneous administration, fre-
manezumab 675mg quarterly (mean difference in
MMD: —2.36 [95% CI. —2.87, —1.84]) galcanezumab
120mg (mean difference in MMD: —2.28 [95% CI:
—2.82, —1.74]), fremanezumab 225mg monthly (mean
difference in MMD: —2.06 [95% CI: —2.57, —1.54]) and
galcanezumab 240 mg (mean difference in MMD: —2.02
[95% CI: —2.63, —1.41]), all showed comparable results
with an estimated reduction of more than two days.
Erenumab 70mg (mean difference in MMD: —1.27

[95% CI: —1.81, —0.74]) and 140 mg (mean difference
in MMD: —1.78 [95% CI: —2.41, —1.14]) also showed
significant reduction in MMD compared to placebo.
Analysis on eptinezumab (intravenous administration)
showed that all doses reduced MMD compared to pla-
cebo. However, the reduction for eptinezumab 30 mg
was not statistically significant (mean difference in
MMD: —1.25[95% CI: —2.71, 0.21]).

All oral medications in different doses reduced
MMD compared to placebo, with atogepant 120 mg
(mean difference in MMD: —1.40 [95% CI. —2.22,
—0.58]) and 60mg (mean difference in MMD: —1.35
[95% CI: —1.85, —0.85]) showing the highest effect,
and rimegepant 75mg the lowest (mean difference in
MMD: —0.80 [95% CI: —1.56, —0.04]).

When considering studies only involving episodic
migraine participants (middle columns in Figure 3) fre-
manezumab and galcanezumab still showed the highest
efficacy in both available formulations followed by ere-
numab 140mg and erenumab 70mg. In addition, all
doses of eptinezumab (intravenous medication) and
atogepant (oral medication) showed a significant
reduction with respect to placebo (no available study
for rimegepant). Out of studies on participants with
only chronic migraine (eptinezumab 100 and 300 mg, fre-
manezumab 225 and 675 mg and galcanezumab 120 and
240 mg; right columns Figure 3) all interventions reduced
MMD significantly. Eptinezumab 300 mg showed higher
reduction compared to placebo (mean difference in
MMD = —2.60 [95% CI. —3.45; —1.75]) than eptinezu-
mab 100 mg (mean difference in MMD = —2.10 [95% CI:
—2.95; —1.25]). Galcanezumab 120 mg showed the high-
est (mean difference in MMD = —2.10 [95% CI: —2.90;
—1.30])) and fremanezumab 225mg the lowest (—1.54
[95% CI: —2.16; —0.93]) among medications with subcu-
taneous administration. Due to lack of data, atogepant
was not included in the CM secondary analysis, whereas
rimegepant was not included in either EM and CM sec-
ondary analyses. In most of the studies, effect estimates
were comparable between episodic and chronic trials.
However, the mean differences were estimated much
larger in the chronic eptinezumab trial than in the episod-
ic eptinezumab trial (mean difference of —2.10 vs. —0.7
for eptinezumab 100 mg and —2.60 vs. —1.10 for 300 mg).

When repeating this analysis by including only stud-
ies that reported MMD as a primary outcome (and
thus excluding three studies) results were found to be
nearly identical (see online Supplementary Figure 2).

>50% responder rate. Data for this outcome was
available for all studies and interventions. The network
meta-analysis on medications with subcutaneous and
intravenous route of administration showed signifi-
cantly higher >50% responder rate for all medications
compared to placebo (Figure 3) with fremanezumab
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Erenumab 70 mg

Subcutaneous administration

Oral administration

Atogepant 30 mg

Atogepant 10 mg

Intravenous administration

Eptinezumab 30 mg

Erenumab 140 mg

Fremanezumab 225 mg

Atogepant 60 mg Eptinezumab 100 mg

Placebo Placebo

Fremanezumab 675 mg

Galcanezumab 240 mg
Galcanezumab 120 mg Atogepant 120 mg Rimegepant 75 mg Eptinezumab 300 mg

Placebo

Figure 2. Network of included arms in the meta-analysis based on the monthly migraine days outcome. The lines between the

interventions show the direct comparison in different studies. There are three separate nodes based on the drug route of
administration.

Reduction in mean monthly migraine days

Subgroup analysis

Episodic migraine Chronic migraine
Treatment  PlaceboComparison: other vs ‘Placebo’

Subcutaneous administration N N (Random Effects Model) ~ Trials MD 95%-Cl Trials MD 95% ClI Trials MD 95% ClI

Erenumab 70 mg 846 859 —. 4 -1.27 [-1.81;-0.74] 3 -1.20 [-1.7;-0.7] 0

Erenumab 140 mg 516 563 —_ 3 -1.78 [-2.41;-1.14] 3 -1.76 [-2.31;-1.2] 0

Fremanezumab 225 mg 1240 1231 —_= 5 -2.06 [-2.57;-1.54] 2 -1.93 [-2.59; -1.28] 2 —1.54

Fremanezumab 675 mg 1242 1231 —&— 5 -2.36[-2.87;-1.84] 2 -2.11 [-2.77;-1.45] 2 -1.92

Galcanezumab 120 mg 946 1654 4 -2.28 [-2.82;-1.74] 2 -1.95 [-2.57;-1.34] 1 -2.10 .9; -1.3]

—— . 563 _ 547 . o

Galcanezumab 240 mg 705 1424 S N 3 2,02 [-2.63;-1.41] 2 1.85 [-2.47;-1.24] 1 2.00 [-2.8;-1.2]
Intravenous administration 2 -1 0 1 2

Eptinezumab 30 mg 223 222 @—> 1 -1.25 [2.71;0.21] 1 -0.80 [-1.37;-0.23] 0

Eptinezumab 100 mg 577 588 —E 2 —1.35[-251;-0.19] 1 -0.70 [-1.26;-0.13] 1 210  [-2.95;-1.25]

Eptinezumab 300 mg 572 588 ——— 2 -1.80[-2.96;-0.63] 1 -1.10 [-1.67;-0.53] 1 -2.60  [-3.45;-1.75]
Oral administration 2 -1 0 1 2

Atogepant 10 mg 306 392 — 2 -1.12[-1.67;-0.58] 2 -1.12 [-1.67;-0.58] 0

Atogepant 30 mg 405 392 — 2 -1.19[-1.69;-0.69] 2 -1.19 [-1.69; -0.69] 0

Atogepant 60 mg 478 392 R 2 —1.35[-1.85;-0.85] 2 -1.35 [-1.85;-0.85] 0

Atogepant 120 mg 87 178 —— 1 —1.40 [-2.22;-0.58] 1 -1.40 [-2.22;-0.58] 0

Rimegepant 75 mg 348 347 1 —0.80 [-1.56;-0.04] 0 0

T TR TR PO

>50% responder rate
Subgroup analysis

Episodic migraine Chronic migraine
Treatment Treatment Placebo PlaceboComparison: other vs ‘Placebo’ N .
: Trials OR 95% CI Trials OR 95% CI
Subcutaneous administration NV Events N  Events  (Random Effects Model) Trials OR  95%-Cl ° °
Erenumab 70 mg 846 356 859 247 - 4 1.83[1.45;2.30] 3 1.76 [1.36; 2.28] 0
Erenumab 140 mg 516 246 563 158 3 2.53[1.91;3.35] 3 2.49 [1. 0
Fremanezumab 225 mg 1240 471 1231 210 - 5 3.04[2.45;3.78] 2 2.76 [1. 2 2.77 [2.08; 3.68]
Fremanezumab 675 mg 1242 487 1231 210 - 5 3.19[2.57;3.96] 2 2.85 [1. . 2 3.02 [2.27; 4]
Galcanezumab 120 mg 946 431 1654 443 o 4 2.64[2.14;3.26] 2 2.61 [1.95; 3.5] 1 2.09 [1.47;2.98]
Galcaneéurnab ?40 mg 705 328 1424 413 I__l_'_ 3 2.37[1.89;2.98] 2 2.39 [1.78;3.2] 1 2.08 [1.46;2.97]
Intravenous administration
0.5 1 2
Eptinezumab 30 mg 223 112 222 83 —f— 1 1.82[1.30;2.55] 1 1.69 [1.16; 2.46] 0
Eptinezumab 100 mg 577 315 588 227 —— 2 1.92[1.52;2.42] 1 1.66 . 1 2.10 [1.56;2.82]
Epti 72 4 227 2 2.34[1.85;2. 1 2.1 1 3
ptinezumab 300 mg 5 340 588 —— 34[1.85;2.96] 6 2.46 [1.82;3.32]
Oral administration 0.5 1 2
Atogepant 10 mg 306 172 392 133 . 2 250 ([0.98;6.42] 2 250 [0.98; 6.42] 0
Atogepant 30 mg 405 227 392 133 S 2 2.43[0.96;6.16] 2 2.43 [0.96; 6.16] 0
Atogepant 60 mg 478 227 392 133 —t— 2 179 [0.71;4.52] 2 1.79 [0.71; 4.52] 0
Atogepant 120 mg 87 54 178 71 —s—— 1 341[1.00;11.68] 1 3.41 [1;11.68] 0
Rimegepant 75 mg 348 171 347 142 — 1 1.38[0.38;5.01] 0 0
— Fr & T 1
0.1 05 1 2 10

Figure 3. Comparison of different medications in available doses with placebo for primary outcomes. Results from three separate
network meta-analysis based on the route of administration. Subgroup analysis based on migraine type (episodic vs. chronic) is

reported on the right side of the figures. Only studies with 100% episodic or 100% chronic migraine participants were included in the
subgroup analysis. n =number, MD = mean difference, OR = odds ratio, 95% Cl=95% confidence interval.
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675mg and 225mg showing estimated odds ratios
above three (OR=3.19 and 3.04, respectively).
Analysis of oral medications showed higher >50%
responder rate in medications compared to placebo.
Although atogepant 120 mg, with one available study,
had a >50% responder rate odds ratio over 3 (OR: 3.41
[95% CI: 1.00; 11.68]), the results for oral medications
was not statistically significant, probably due to the
small number of patients.

A similar pattern was observed by repeating the
analysis in studies only including participants with epi-
sodic migraine. The analysis on chronic migraine stud-
ies showed that all available medications (eptinezumab
100 and 300 mg), fremanezumab (225 and 675 mg), and
galcanezumab (120 and 240mg) had a significantly
higher >50% responder rate compared to the placebo.

Secondary outcomes

Figure 4 reports the result of the network meta-analysis
of the comparisons of all available medications with
placebo for the secondary outcomes, including MHD,
AMD, >75% responder rate and 100% responder rate.

All arms with available data (atogepant, fremanezu-
mab and galcanezumab all doses, eptinezumab 100 and
300 mg, and erenumab 70 mg) reduced the mean MHD
compared to the placebo. Eptinezumab 300 mg had
higher estimated difference in means (—2.40 [95% CI:
—3.30; —1.50])) compared to eptinezumab 100mg
(—1.80[95% CI: —2.65; —0.95]). Among subcutaneous
medications, galcanezumab 120mg had the highest
effect (mean difference in MHD: —2.20 [95% CI:
—2.67, —1.74]) followed by fremanezumab 675mg
(mean difference in MHD: —1.95 [95% CI: —2.65;
—1.26]). All doses of atogepant showed a significant
reduction in MHD compared to placebo with a dose
related trend i.e., atogepant 10 mg had the lowest effect
(—1.22 [95% CI: —1.70; —0.74], and atogepant 120 mg
had the highest effect (—1.53 [95% CI: —2.43; —0.62].
Among the studies on subcutaneous medications with
available data for AMD, galcanezumab 120 had the
highest reduction compared to placebo (mean differ-
ence: —2.24[95% CI: —2.71; —1.77]) followed by frema-
nezumab 675mg (mean difference: —2.06 [95% CI:
—2.53; —1.59)]). All available arms significantly reduced
AMD compared to placebo. There were no data for the
effect of intravenous medication on AMD, however
data on oral medications showed that all arms signifi-
cantly reduced AMD compared to placebo all with esti-
mated differences between —1.00 (rimegepant 75mg)
and —1.40 (atogepant 30 mg).

Out of the arms with data on >75% responder rate,
all arms of subcutaneous and intravenous medications
had a significantly higher rate compared to placebo.
There was no data on 100% responder rate for

intravenous arms, but subcutaneous medications
showed a higher rate compared to placebo which was
statistically significant for all arms except for erenumab
70mg (OR=1.84 [95% CI: 0.96, 3.52]). Although all
oral medication arms showed a higher >75% and
100% responder rate compared to placebo, this was
not significant for atogepant 60 mg.

Pairwise analysis, network meta-regression and
further analyses

Results of pairwise analyses for all outcomes are
reported in online Supplementary Figures 3-8. In gen-
eral, pairwise analyses supported the results found in
the network meta-analysis. All arms with available
data reduced MMD, MHD and AMD compared to
placebo and had a higher rate of >50%, >75% and
100% responder rate. When looking at the heterogene-
ity within each treatment dose combination, some het-
erogeneity can be observed graphically. Naturally,
heterogeneity can be better detected when more studies
are available. Here, two fremanezumab studies in par-
ticular (28.,29) seem to have larger treatment effects
compared to the other three fremanezumab studies,
as they showed higher reduction in MMD and higher
>50% responder rate. To explore heterogeneity, net-
work meta-regression was conducted. A significant
effect can be detected for age (effect estimate: —0.19
[95% CI: —0.33; —0.06]). Using the SIDE approach
for separating indirect from direct evidence, no signif-
icant local inconsistencies could be detected.

Discussion

The current study aimed to evaluate the efficacy of ato-
gepant, rimegepant, erenumab, eptinezumab, fremane-
zumab, and galcanezumab on patients with migraine
through network meta-analysis, in 19 phase 3 rando-
mised controlled trials published from 2017 to May
2022 (23-41). It should be mentioned that all compar-
isons between different treatments are indirect and there
are no head-to-head studies in the literature for compar-
ison of CGRP mAbs and gepants with each other.

With regards to primary outcomes, all drugs and doses
reduced MMD compared to placebo, with a range from
about 2.3 days for fremanezumab 675 mg and galcanezu-
mab 120mg to 0.8 days for rimegepant 75mg. All med-
ications showed a higher >50% responder rate compared
to placebo, with significant results for subcutaneous and
intravenous medications. Although eptinezumab 30 mg
reduced MMD and atogepant and rimegepant had a
higher >50% responder rate compared to placebo, the
results were not statistically significant.

All arms with available data on mean monthly head-
ache day outcome, including atogepant 10, 30, 60 and
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Reduction in mean monthly headache days
Subgroup analysis
Episodic migraine Chronic migraine
Treatment Placebo Comparison: other vs ‘Placebo’
Subcutaneous administration N N (Random Effects Model) Trials MD 95%-Cl  Trials MD 95% Cl Trials MD 95% CI
Erenumab 70 mg 129 128 —— 1 -1.28[-2.45;-0.11] 0 0
Fremanezumab 225 mg 564 561 —— 2 -1.76[-2.46; ] 0 2 -1.76
Fremanezumab 675 mg 562 561 —— 2 -1.95[-2.65; ] ] 2 -1.96
Galcanezumab 120 mg 715 1193 —— 3 —220[-267,-1.74] 1 -1.90 [-2.45; -1.35] 1 -1.80
Galcanezumab 240 mg 482 963 —— 2 -1.89[-2.43;-1.36] 1 -1.80 [-2.35; -1.25] 1 -1.60
—T
Intravenous administration -2 -1 0 12
Eptinezumab 100 mg 356 366 1 —1.80[-2.65;-0.95] 0 1 -1.80 [-2.65; —0.95]
Eptinezumab 300 mg 350 366 1 -2.40[-3.30;-1.50] 0 1 —2.40 [-3.3;-1.5]
Oral administration
Atogepant 10 mg 306 392 — 2 -1.22[-1.70,-0.74] 2 [-1.7,-0.74] 0
Atogepant 30 mg 405 392 —_— 2 -1.37[-1.83;-0.91] 2 [-1.83;-0.91] 0
Atogepant 60 mg 478 392 2 2 1.47[-1.91;-1.02] 2 [-1.9 0
Atogepant 120 mg 87 178 ————— 1 —1.53[-2.43,-0.62] 1 [-2.43;,-062] O
-2 -1 0 1 2
Reduction in mean monthly acute medication day
Subgroup analysis
Episodic migraine Chronic migraine
Treatment Placebo Comparison: other vs ‘Placebo’
Subcutaneous administration N N (Random Effects Model) Trials MD 95%-Cl  Trials MD 95% Cl Trials MD 95% ClI
Erenumab 70 mg 846 859 - 4 -0.97 [-1.37,-0.58] 3 0
Erenumab 140 mg 516 563 - 3 -1.58 [-2.04;-1.11] 3 0
Fremanezumab 225 mg 1240 1231 —— 5 -1.88 [-2.37;-1.40] 2 2 -1.69 [-2.38; 1]
Fremanezumab 675 mg 1242 1231 —&— 5 -2.06 [-2.53;-1.59] 2 2 -1.93
Galcanezumab 120 mg 946 1654 —— 4 224 [-2.71;-1.77] 2 1 —2.50
Galcanezumab 240 mg 705 1424 —— 3 -1.89 [-2.40;-1.37] 2 1 210  [-3.12;-1.08]
Oral administration -2 -1 0 1 2
Atogepant 10 mg 306 392 — 2 2 -1.29 0
Atogepant 30 mg 405 392 —+— 2 2 -1.40 0
Atogepant 60 mg 478 392 —a— 2 2 -1.35 0
Atogepant 120 mg 87 178 ——— 1 1 —1.19 0
Rimegepant 75 mg 348 347 — 1 0 0
-15-1-050 05 1 15
>75% responder rate
Subgroup analysis
Episodic migraine Chronic migraine
Treatment Treatment Placebo Placebé; or(";:':dsg;: E?:&:S,\Az?;fbo
Subcutaneous administration N Events N Events Trials OR 95%-Cl  Trials OR 95% Cl Trials OR 95% ClI
Erenumab 70 mg 123 46 127 33 —-— 1 1.79 [1.06;3.02] 1 1.79 [1.06; 3.02] 0
Erenumab 140 mg 198 48 247 38 —— 2 235 [1.40;3.96] 2 2.35 [1.4;3.96] 0
Fremanezumab 225 mg 271 22 264 5 Tt 1 4.26[1.62;11.21] 0 0
Fremanezumab 675 mg 272 33 264 5 ——— 1 6.68[2.62;17.04] 0 0
Galcanezumab 120 mg 946 212 1654 196 = 4 2.47 [1.96;3.10] 2 2.48 .21] 1 1.60 [0.86; 2.96]
Galcanezumab 240 mg 705 181 1424 188 — & 3 250 [1983.16] 2 2,51 26] 1 205  [1.14:3.67]
Intravenous administration 01 051 2 10
Eptinezumab 30 mg 223 55 222 36 — 1 1.93 [1.29; 2.89] 1 1.70 [1.06;2.71] 0
Eptinezumab 100 mg 577 144 588 91 - 2 1.82 [1.36;2.44] 1 1.48 [0.92;2.38] 1 2.06 [1.42;2.99]
Epti 72 182 1 2 254 [1.91;3. 1 21 1.38; 3.4 1 .
ptinezumab 300 mg 5 8: 588 9 —— 54 [1.91;3.38] 9 [1.38; 3.46] 2.80 [1.95;4.03]
Oral administration 05 1 2
Atogepant 10 mg 92 27 178 32 —&— 1 1.86[1.03;3.36] 1 1.86 [1.03; 3.36] 0
Atogepant 30 mg 182 66 178 32 —®— { 256[1.57:4.17] 1 256 [1.57:4.17] 0
Atogepant 60 mg 256 57 178 32 e 1 1.29[0.80;2.10] 1 1.29 [0.8:2.1] 0
Atogepant 120 mg 87 32 178 32 — = 1 268[150;4.78] 1 68 [1.5;4.78] 0
05 1 2
100% responder rate
Subgroup analysis
Episodic migraine Chronic migraine
Treatment Treatment Placebo Placebo Comparison: other vs ‘Placebo’ ) .
Subcutaneous administration N Events N Events  (Random Effects Model) Trials OR 95%-Cl Trials OR 95% Cl Trials OR 95% ClI
Erenumab 70 mg 123 27 127 18 |- 1 1.84 [0.96;3.52] 1 1.84 [0.96; 3.52] 0
Erenumab 140 mg 198 25 247 18 el 2 204 [1.01;4.10] 2 2.04 [1.01;4.1] 0
Fremanezumab 225 mg 271 27 264 0 1 60.59[3.61;1016.86] 0 0
Fremanezumab 675 mg 272 22 264 0 1 47.64[2.81;806.20] 0 0
Galcanezumab 120 mg 946 73 1654 55 &= 4 252 [1.72;3.68] 2 2.47 (1.67; 3.65] 1 1.40 [0.22;9.01]
Galcanezumab 240 mg 705 65 1424 55 '_'_;1_| 3 268 [1.84;3.90] 2 2.62 [1.78;3.86] 1 2.62 [0.53; 12.85]
0.001 01 1 10 1000
Oral administration
Atogepant 10 mg 92 9 178 5 —&—— 1 359[1.20;10.77] 1 3.59 [1.2;10.77] 0
Atogepant 30 mg 182 20 178 5 —8—— 1 4.00[1.50;10.63] 1 4.00 [1.5:10.63] 0
Atogepant 60 mg 256 12 178 5 — 1 1.64 [0.59;4.62] 1 1.64 [0.59; 4.62] 0
Atogepant 120 mg 87 9 178 5 ———— 1 3.59[1.18;10.90] 1 3.59 [1.18;10.9] 0
T Ea—
0.1 05 1 2 10

Figure 4. Comparison of different medications in available doses with placebo for secondary outcomes. Results from three separate
network meta-analysis based on the route of administration. Subgroup analysis based on migraine type (episodic vs. chronic) is
reported on the right side of the figures. Only studies with 100% episodic or 100% chronic migraine participants were included in the
subgroup analysis. n =number, MD = mean difference, OR = odds ratio, 95% Cl =95% confidence interval. Studies on eptinezumab
did not report monthly acute medication day and 100% responder rate.
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120 mg, eptinezumab 100 and 300 mg, erenumab 70 mg,
fremanezumab 225 and 675, and galcanezumab 120 and
240 mg, showed a significant reduction of MHD com-
pared to placebo. Similarly, the mean monthly AMD
was significantly reduced compared to placebo in all
available arms, with the highest levels found for galca-
nezumab 120 mg and the lowest for erenumab 70 mg.

Arms including atogepant 10, 30 and 120 mg, epti-
nezumab 30, 100 and 300 mg, erenumab 70 and 140 mg,
fremanezumab 225 and 675 mg and galcanezumab 120
and 240mg had significantly higher odds of >75%
responder compared to placebo. Out of studies with a
reported 100% responder rate, fremanezumab, and
galcanezumab in all doses, erenumab 140 mg, and ato-
gepant in all doses except for 60 mg, had significantly
higher odds compared to placebo.

The current meta-analysis shows the beneficial
effects of anti-CGRP monoclonal antibodies in preven-
tive migraine treatment compared to placebo. Our
results support a previously published meta-analysis
(42) on the impact of CGRP monoclonal antibodies
on episodic migraine. Authors reported that medica-
tions improved preventive migraine outcomes such as
MMD, AMD, and >50% responder rate. According to
their results, eptinezumab showed the lowest amount of
reduction in MMD compared to placebo among all med-
ications (mean difference: —1 [95% CI: -2.20; 0.20]) in
participants with episodic migraine. Our results presented
a similar finding, as all doses of eptinezumab had lower
MMD reduction compared to placebo among all arms in
participants with episodic migraine. However, our sub-
analysis looking into drug effects of both EM and CM
groups allowed us to show that eptinezumab 100 and
300mg doses were the most effective intervention for
MMD and MHD reduction in chronic migraine.

Masoud et al. (43) showed that fremanezumab
reduced MMD to a higher degree than other monoclo-
nal CGRP antibodies. Our results reflect this outcome,
but further show that galcanezumab at all doses had
very similar efficacy rates. A network meta-analysis by
Wang et al. (44) showed that all anti-CGRP monoclo-
nal antibodies were effective in the reduction of MMD
compared to placebo and that all medications were sta-
tistically similar compared to each other in >50%
responder rates except for fremanezumab, which was sig-
nificantly superior to eptinezumab. Our results showed
similar pattern but as we had three nodes and performed
separate network meta-analysis based on route of admin-
istration, we could not compare fremanezumab with epti-
nezumab. Further, their comparisons across drugs did
not include different doses and the literature search,
which included phase 2 trials, was until October 2020.
Soni et al. (45) reported similar results to our review by
evaluating the effect of different CGRP mAbs at different

doses on participants with chronic migraine; they includ-
ed phase 2 and 3 trials.

Overall, when considering methodological differen-
ces in the trials such as inclusion of chronic vs episodic
migraine, duration of the randomisation period (three
or six months) and different use of primary efficacy
outcomes, the differences in efficacy profiles of the
four antibodies are quite minor and all show clear
superiority to placebo. A recent review comes to a sim-
ilar conclusion (46), and for this same reason, the
updated European Headache Federation guidelines
on using CGRP mAbs for migraine prevention state
these medications should be considered as first-line
treatment (47). However, this might not be an option
in many countries, as reimbursement and insurance
coverage often require the proven failure of other pro-
phylactic medications, such as onabotulinumtoxinA.
These guidelines also state that efficacy should be
checked after at least three months of treatment and,
if there is no satisfactory responder, changing from one
medication to another might be adequate (47).

Our results further showed that atogepant in all
available doses improved efficacy outcomes after
three months, including MMD, >50% responder
rate, MHD, and AMD compared to placebo. Based
on available data, rimegepant also improves MMD
and AMD compared to placebo. For reasons that
include oral administration and a shorter half-life (par-
ticularly important for women who plan a pregnancy),
these gepants, particularly atogepant at the 120mg
dose, could thus represent the drug of choice over
monoclonal antibodies for some patients.

Study strength and limitations

The current study is limited to papers in English and
to published data. In addition, we did not include
post-hoc analyses or open-label follow up studies, how-
ever, these have been covered in other papers within
this Special Collection. Further, a parallel meta-
analysis investigating the tolerability and efficacy of
these same treatments is included in the Collection.

This study shows some limitations which are inher-
ent with the available evidence on the topic, such as
caucasian over-representation and episodic migraine
predominance, as well as with the types of included
studies. A direct example is that of studies using differ-
ent timings for randomisations periods (three vs six
months) and different primary outcomes (MHD
instead of MMD reduction), showing heterogeneity
even within the same intervention.

Our results should thus be regarded with caution, as
they cannot substitute direct comparative studies and
have limitations which are within the nature of a
meta-analysis. To ensure that treatments with different
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routes of administration are comparable, direct com-
parison studies employing a double dummy technique
are needed. The here included studies do not only differ
in terms of route of administration, but also in terms of
other characteristics. Overall, studies on fremanezu-
mab and galcanezumab had older participants and
with longer duration of the disease. These treatments
showed also the largest effects compared to placebo
regarding the primary outcome. This is another finding
that highlights the importance of head-to-head studies
to compare different anti-CGRP medications with each
other in order to diminish the risk of confounders. It is
also important to mention that our search was finalised
in May 2022 and thus might have excluded important
studies published after this date.

Although including just phase 3 trials resulted in
missing some data, the current network meta-analysis
is a report and summary of high-quality evidence. The
result of RoB showed that all the studies had a low risk
of bias. In addition, in the current study, all available
migraine medications targeting CGRP are included at
all doses as separate arms. Another strength of our
study is represented by the analogous results of the
pairwise comparisons that were conducted in parallel
to the network meta-analysis.

Future directions

There is a lack of studies on comparing CGRP mAbs
and gepants with each other and other medications.

As an example, erenumab showed less adverse
events and more efficacy based on >50% reduction
in MMD, when compared to topiramate in a phase
4 clinical trial (48). Direct comparisons with a
double dummy technique between different anti-
CGRP medications in clinical trials, as well as compar-
isons with other available medications, are needed in
the future.

Conclusion

The current systematic review and meta-analysis
showed that the monoclonal antibodies against
CGRP or its receptor, namely erenumab, eptinezumab,
fremanezumab and galcanezumab, as well as small
molecule CGRP receptor antagonists atogepant and
rimegepant, are effective in the prevention of migraine
compared to placebo. All medications reduced MMD
and had higher >50% responder rate compared to pla-
cebo, even though MMD for eptinezumab 30 mg, as
well as >50% responder rate for oral medications
were not statistically significant. Overall, differences
between drugs were small, with fremenezumab quarter-
ly dose and galcanezumab 120 among subcutaneous
medications, eptinezumab 300 among arms with intra-
venous administration, and atogepant 120 in oral med-
ications showing particularly high reduction in
monthly migraine days.

Article Highlights

compared to placebo.

e A systematic review and network meta-analysis of phase 3 clinical trials on the efficacy of the calcitonin
gene-related peptide mAbs and gepants on migraine prevention was conducted.

e This study showed that novel treatments targeting the CGRP pathway including, atogepant, rimegepant,
erenumab, eptinezumab, fremanezumab, and galcanezumab, are effective in the prevention of migraine
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