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Abstract

Background: Direct comparisons of the tolerability and safety of migraine preventive treatments targeting the calci-
tonin gene-related peptide pathway are lacking. This study aimed to compare the safety and tolerability of anti-calcitonin
gene-related peptide monoclonal antibodies and gepants in migraine prevention.

Methods: A network meta-analysis of phase 3 randomized controlled trials assessing the safety and tolerability of anti-
calcitonin gene-related peptide monoclonal antibodies (erenumab, eptinezumab, fremanezumab, or galcanezumab) and
gepants (atogepant, rimegepant) in migraine prevention was performed. Primary outcomes were treatment-emergent
adverse events and serious adverse events. Secondary outcomes included any adverse events, adverse events leading to
treatment discontinuation and individual adverse events.

Results: We included 19 randomized controlled trials, comprising 14,584 patients. Atogepant 120 mg (OR 2.22, 95% ClI
[1.26, 3.91]) and galcanezumab 240 mg (OR 1.63, 95% CI [1.33, 2.00]) showed the largest odds of treatment-emergent
adverse events compared to placebo. While eptinezumab 30 mg had greater odds of adverse events leading to treatment
discontinuation (OR 2.62, 95% ClI [1.03,6.66]). No significant differences in serious adverse events were found between
active treatments and placebo. Eptinezumab was associated with the lowest odds of treatment-emergent adverse events
and serious adverse events compared to placebo, whereas erenumab was associated with the lowest odds of any
adverse events and quarterly fremanezumab with the lowest odds of treatment discontinuation due to adverse events.
Conclusion: Monoclonal antibodies targeting the calcitonin gene-related peptide pathway and gepants are a safe and
well tolerated option for migraine prevention.
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Introduction

Migraine attacks can be highly disabling, can signifi-
cantly impair quality of life and lead to loss of produc-
tivity (1). Moreover, migraine is first cause of disability
in people under 50 (2). Migraine preventive treatments
primarily aim to reduce headache frequency, attack
severity, patient disability and the risk of medication
overuse (3). Effective preventives can also improve
patients’ quality of life, and response to acute treat-
ments (4). For preventive treatment decisions, it is
important to consider the severity and frequency of
migraine attacks, previous treatment history, presence
of comorbidities, the use of concomitant medications,
as well as treatments effectiveness, safety and side
effects. An adequate tolerability is essential to ensure
patients’ compliance and therefore treatment effective-
ness (5). The most common reasons for poor compli-
ance and adherence to oral treatments commonly used
for migraine prevention are poor tolerability and a high
number of adverse events (6).

New migraine-specific preventive therapies targeting
the calcitonin gene-related peptide (CGRP) pathway
have been recently introduced (7). These novel treat-
ments are injectable monoclonal antibodies targeting
the CGRP ligand (fremanezumab, galcanezumab, epti-
nezumab) or its receptor (erenumab), and the orally
administrated small molecule CGRP receptor antago-
nists, the so called gepants (atogepant and rimegepant)
(8). Randomized controlled trials (RCTs) demonstrat-
ed that these new therapies are safe, well tolerated and
effective in migraine prevention, thus leading to their
approval for clinical use (9-14).

Direct comparisons of the efficacy, safety and toler-
ability of anti-:CGRP monoclonal antibodies and
gepants are lacking. Network meta-analysis is an alter-
native method that allows to compare distinct treat-
ments indirectly, if both have been previously matched
to a common comparator such as placebo (15).

This systematic review with network meta-analysis
aims to compare the safety and tolerability of mono-
clonal antibodies and small molecules targeting the
CGRP pathway in migraine prevention. We also
aimed to rank these treatments based on their safety
and tolerability.

Methods

Search strategy and study registration

As part of a Series Paper, a similar methodology was
used in the study evaluating the efficacy of anti-CGRP
monoclonal antibodies and gepants. We included phase
3 RCTs assessing the safety and tolerability of
anti-CGRP  monoclonal antibodies (erenumab,

eptinezumab, fremanezumab, or galcanezumab) and
gepants (atogepant, rimegepant) in migraine preven-
tion. A systemic literature research was performed
using the following online databases: MEDLINE
(PubMed), the Cochrane Central Register of
Controlled Trials (CENTRAL) and Embase from the
inception date up to 11 February 2022. A detailed
description of the search strategy for all databases is
included in online Supplementary Tables 1-3. The sys-
tematic review and network meta-analysis protocol was
developed following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
guidelines and registered at PROSPERO database (reg-
istration number: CRID42022310579, available at:
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CR  D42022310579 and as online
Supplemental material).

Eligibility criteria

Phase 3 RCTs had to enroll adult patients with a diag-
nosis of migraine according to the diagnostic criteria of
the International Classification of Headache Disorders,
(ICHD-3 beta and ICHD-3) to be included (16,17). All
studies, in which migraine patients received atogepant,
erenumab, eptinezumab, fremanezumab, galcanezu-
mab or rimegepant, at any dosage, were included.
Each active intervention had to be compared to place-
bo. Only RCTs that satisfied the population, interven-
tion, comparator, and outcome (PICO) criteria
pre-defined in the protocol were included (online
Supplemental material). Exclusion criteria were an
open-label study design, pediatric or adolescent partic-
ipants under the age of 18, non-RCTs, use of other
languages other than English, report of post-hoc and
secondary analyses, studies reporting irrelevant com-
parisons or outcomes, editorials, conference abstracts
and letters.

Outcomes

The primary outcomes of this meta-analysis were
treatment-emergent adverse events (TEAEs) and seri-
ous adverse events (SAEs). A TEAE was defined as a
new event that occurs after treatment administration or
an event that already existed but worsen following
treatment intake. A SAE was defined as any fatal or
life- threatening adverse events (AEs). Secondary out-
comes were any AEs, AEs leading to treatment discon-
tinuation and individual AEs most frequently reported
in previous RCTs (9-12), including injection site pain,
injection site erythema, injection site induration, injec-
tion site pruritus, injection site hemorrhage, back pain,
neck pain, nasopharyngitis, upper respiratory tract
infections, sinusitis, dizziness, fatigue, insomnia,
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diarrhoea, constipation, nausea and cough. Outcomes
selection was based on the guidelines of the
International Headache Society for RCTs of preventive
treatments in adult patients with episodic and chronic
migraine (18,19).

Data collection

After checking for duplicates, four reviewers (RM, FP,
FH, ERL) independently screened the title, abstract
and full-text of studies obtained from the databases
search to determine eligibility according to the proto-
col. This screening process was performed using
Rayyan online software (20). Data were then extracted
from included studies and recorded in a predesigned
excel spreadsheet by four independent reviewers (RM,
FP, FH, ERL). During data screening and extraction,
any possible disagreements were resolved by discussion
and with assistance of a fifth reviewer or senior author
(HCD), when needed. For each study the following
information were collected: study title, year of publica-
tion, authors’ name, trial registration number, trial
acronym, type of active treatment, active treatment
dose, study duration, total number of participants,
number of patients included in each study arm,
patients’ demographic characteristics (age, sex, ethnic-
ity), BMI, migraine type (episodic, chronic), presence
of aura, disease duration and history of prior preven-
tive treatments.

Assessment of risk of bias

The quality of the included studies was assessed by two
independent reviewers (RM, FH) using version 2 of the
Cochrane risk-of-bias tool for randomized trials (RoB
2) (21). The risk of bias assessment was made for five
distinct domains: a) bias arising from the randomiza-
tion process; b) bias due to deviations from intended
interventions; c) bias due to missing outcome data;
d) bias in measurement of the outcome; ) bias in selec-
tion of the reported result. An overall risk-of-bias judg-
ment (low risk of bias, some concerns and high risk of
bias) was reported for each study based on the domain-
level judgement provided by the RoB2. Any disagree-
ments between the two reviewers were resolved by
discussion and with assistance of a third reviewer or
senior author (HCD), when needed.

Data analysis

Demographic and clinical characteristics of patients
randomized in the included studies were reported as
mean and standard deviations or as frequencies. The
Mantel-Haenszel method for network meta-analysis
was applied to all primary and secondary outcomes
to take into account the characteristic of rare events

(22). In addition, pair-wise meta-analyses were per-
formed to compare each active treatment to placebo
using the Mantel-Haenszel method. Although it is dif-
ficult to detect heterogeneity given the small number of
studies for the single treatments, it was graphically
assessed for pair-wise comparisons. In addition, the I?
index, between-study variance t> and p-values for the
Cochrane’s Q test were reported. Studies with zero
events in all arms were not considered for network or
pair-wise analysis. To all other studies with zero events
arms, the treatment arm continuity correction was
applied, as this method takes into account different
sample sizes and shall outperform fixed continuity cor-
rections (23). All treatments were ranked based on pri-
mary and secondary outcomes using the P-score, which
is a frequentist analogue to the Surface Under the
Cumulative Ranking curve (SUCRA) with a similar
interpretation (24). Results were reported in terms of
odds ratios and 95% confidence intervals. All analyses
were performed in R version 4.1.2 (25).

Results

Study selection

A total of 2314 studies were initially identified from
electronic databases (PubMed =256, Cochrane cen-
tral= 967, Embase =1091). After removal of 1181
duplicates, 1133 studies were screened for eligibility
based on their title, abstract and full-text. Finally, a
total of nineteen studies (11,13,14,26-41) were selected
and included in the meta-analysis. A flow chart of
study selection is represented in Figure 1. The overall
risk of bias of the included studies was low. In only one
study the randomization process was judged with some
concerns (online Supplementary Figure 1) (40). The
same studies were included in the network meta-
analysis published in the first section of this Series
Paper investigating the efficacy of monoclonal antibod-
ies and small molecules targeting the CGRP pathway.

Study and participants characteristics

All the included studies were published between
November 2017 and November 2021. All studies were
multicentre and involved different geographical areas.
Two studies (13,34) investigated daily oral atogepant
(10mg, 30mg, 60mg, 120mg), two studies (40,41)
examined quarterly intravenous eptinezumab (30 mg,
100 mg, 300 mg), five studies (32,33,35,37,39) investi-
gated monthly subcutaneous erenumab (70 mg,
140 mg), four studies (11,26,36,38) examined monthly
subcutaneous galcanezumab (120mg, 240 mg), one
study (14) investigated oral rimegepant (75 mg) admin-
istrated every other day and five studies (27-31)
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Figure I. Flow chart of study selection.

examined monthly (225mg) and quarterly (675mg)
subcutaneous fremanezumab (online Supplementary
Table 4). A total of 14,584 patients were randomized
in the included studies. Seventy-nine percent of partic-
ipants were female (11,580 out of 14,584) and the mean
age of patients ranged between 38 and 46. A detailed
description of the main clinical and demographic char-
acteristics of patients randomized in the included stud-
ies is reported in Table 1.

Anti-CGRP monoclonal antibodies versus placebo

Both network meta-analysis and direct comparisons
between active drugs and placebo showed significant
greater odds of TEAEs during treatment with frema-
nezumab (225mg and 675mg) and galcanezumab
(120mg and 240 mg) compared to placebo (Figure 2A,
Figure 3 and online Supplementary Figure 2). The
highest odds of TEAEs was estimated for patients
treated with galcanezumab 240 mg followed by galca-
nezumab 120mg (Figure 2A). The significant effect
associated with fremanezumab can probably be
explained by the large number of studies and patients
for this treatment. The analysis investigating RCTs in
episodic and chronic migraine separately, confirmed

higher odds of TEAEs in episodic and chronic patients
treated with galcanezumab compared to placebo, with
a larger effect in the study including only patients with
chronic migraine (Figure 2A).

No difference in TEAEs can be detected between
patients treated with eptinezumab 30mg or 100 mg
and patients treated with placebo with odds ratios
almost equal to one, while for all other anti-CGRP
monoclonal antibodies at least a slight trend could be
seen with TEAEs being more likely in patients receiving
the active treatment than placebo (Figure 2A).

In the pair-wise comparisons, some heterogeneity
between RCTs can be seen especially for galcanezumab
and fremanezumab (online Supplementary Figure 2).
The study investigating galcanezumab only in chronic
migraine patients (26) showed a much larger effect
compared to other studies including both episodic
and chronic patients treated with galcanezumab.
Regarding fremanezumab, two studies (27,28) showed
greater odds of TEAEs compared to placebo, while a
higher odds of TEAEs with placebo rather than frema-
nezumab has been observed in another study (29) and
an almost equal odds of having TEAEs with fremane-
zumab and placebo has been estimated in two other
RCTs (30,31).
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(a) 0Odds Ratio (OR) ' I it
Treatment Treatment Placebo Placebo (Mantel-Haenszel Trials Episodic trials Chronic trials

Treatment N Events N Events Method) N OR (95% Cl) N OR (95% Cl) N OR (95% Cl)
Atogepant 10 mg 314 68 408 50 i 2 2.06[1.37;3.11] 2 206 [1.37;3.11] 0

Atogepant 30 mg 411 73 408 50 p—tie—se 2 1.53[1.03;2.26] 2 153 [1.03;2.26] 0

Atogepant 60 mg 503 105 408 50 —_—— 2 1.82[1.26;2.53] 2 1.82 [1.26;2.63] 0

Atogepant 120 mg 91 24 186 30 — 1 222[1.26;3.91] 1 222 [1.26;3.91] 0

Rimegepant 75 mg 370 40 371 32 b 1 1.28[0.79; 2.09] 0 0

Eptinezumab 30 mg 219 128 222 132 i 1 0.96[0.69; 1.35] 1 096 [0.66;1.4] 0

Eptinezumab 100 mg 579 296 588 303 == 2 0.98[0.78;1.24] 1 117 [0.8;1.72] 1 0.88 [0.66;1.18]

Eptinezumab 300 mg 574 311 588 303 N 2 1.11[0.88;1.39] 1 0.93 [0.64;1.35] 1 1.24 [0.92;1.66]

Erenumab 70 mg 465 123 466 109 Sho— 2 1.27[0.90;1.79] 1 123 [0.77;1.96] 0

Erenumab 140 mg 343 56 459 61 —tl— 2 1.18[0.80; 1.75] 2 117 [0.78;1.75] 0

Fremanezumab 225 mg 1251 570 1253 518 M- 5 1.21[1.02;1.42] 2 129 [0.98;1.71] 2 1.20 [0.95;1.52]

Fremanezumab 675 mg 1263 572 1253 518 HE- 5 1.20[1.02;1.41] 2 122 [0.93;1.61] 2 127 [1;1.6]
Galcanezumab 120 mg 937 377 1681 632 = 4 1.40[1.16;1.70] 2 118 [0.93;1.5] 1 274 [1.82;4.13]
Galcanezumab 240 mg 730 369 1451 598 = 3 1.63[1.33;2.00] 2 145 [1.13;1.84] 1 257 [1.71;3.88]

et
0.5 1 2
Favors placebo  Favors active drug
events events

b Odds Ratio (OR) i isodic tri hronic trial
( ) Treatment Treatment Placebo Placebo (Mantel-Haenszel Trials Episodic trials Chronic trials
Treatment N Events N Events Method) N OR (95% Cl) N OR (95% Cl) N OR (95% Cl)
Atogepant 10 mg 314 3 408 4 B 2 1.14[0.30;4.30] 2 114  [0.3;4.3] 0

Atogepant 30 mg 411 2 408 4 — 2 0.66[0.15;2.92] 2 066 [0.15;2.92] 0

Atogepant 60 mg 503 2 408 4 — 2 0.47[0.11;2.09] 2 047 [0.11;2.09] 0

Atogepant 120 mg 91 0 186 2 — 1 0.32[0.02; 6.24] 1 0.32 [0.02;6.24] 0

Rimegepant 75 mg 370 3 371 4 R | 1 0.75[0.17;3.37] 0 0

Eptinezumab 30 mg 219 3 222 3 — 1 1.01[0.23; 4.51] 1 1.01 [0.23;4.51] 0

Eptinezumab 100 mg 223 0 222 3 — 1 0.14[0.01;2.73] 1 0.4 [0.01;2.73] 0

Eptinezumab 300 mg 224 0 222 3 —t 1 0.14[0.01;2.72] 1014 [0.01;2.72] 0

Erenumab 70 mg 1062 16 1074 16 N 4 1.07[0.53;2.14] 3 1.08 [0.51;2.28] 0

Erenumab 140 mg 662 8 778 10 —=— 3 0.75[0.30;1.91] 3 076 [0.3;1.94] 0

Fremanezumab 225 mg 1251 9 1253 18 —"—I' 5 0.50[0.22;1.11] 2 043 [0.11;166] 2 0.57 [0.17;1.95]
Fremanezumab 675 mg 1263 15 1253 18 - 5 0.83[0.41;1.65] 2 043 [0.11;1.67] 2 1.14 [0.41;3.16]
Galcanezumab 120 mg 937 14 1681 16 4 1.64[0.80;3.38] 2 230 [0.97;5.45] 1 0.51 [0.06;4.58]
Galcanezumab 240 mg 730 12 1451 14 3 1.66[0.77;3.56] 2 1.41 [053;3.72] 1 250 [0.67;9.38]

0.01 0.1 1 10 100
Favors placebo  Favors active drug
events events

Figure 2. Forest plots representing results from network meta-analysis comparing active treatments and placebo for primary safety

outcomes. Odds ratios higher than | indicate that the odds of havi

ng a treatment-emergent adverse event (a) or a serious adverse

event (b) is higher in the treatment group compared to the placebo. Odds ratios were reported for all RCTs and for studies
investigating only episodic or chronic migraine patients. Abbreviations: Cl = confidence interval, OR = odds ratio.

No significant differences of SAEs were found
between active treatments and placebo (Figure 2B,
Figure 3 and online Supplementary Figure 3). Both
galcanezumab 120 mg and 240 mg showed the largest
odds of suffering from SAEs in comparison to placebo
with odds ratios of 1.64 (95% CI [0.80, 3.38]) and 1.66
[0.77, 3.56]. All other estimates for the anti CGRP
monoclonal antibodies were either smaller than one
or close by (Figure 2B).

Data regarding the presence of any adverse events
were not reported in RCTs investigating eptinezumab.
Results of secondary outcomes showed significant
higher odds of reporting any AEs in patients receiving
quarterly fremanezumab 675mg in comparison to
patients treated with placebo (Figure 4A and online
Supplementary Figure 4). Even if not reaching statisti-
cal significance, patients treated with galcanezumab
were also more likely to experience any AEs compared
to placebo, with estimated odds ratios similar to frema-
nezumab (Figure 4A). When considering only RCTs in
chronic migraine, galcanezumab 120 mg and monthly
fremanezumab 225mg were significantly associated
with greater odds of having AEs compared to placebo

with similar effects to galcanezumab 240 mg and quar-
terly fremanezumab 675mg in chronic migraine
patients (Figure 4A). On the other hand, erenumab
was the treatment with the lowest odds ratios of
having any AEs with estimates smaller than one, even
if this result did not reach statistical significance
(Figure 4A).

The network meta-analysis showed that eptinezumab
30mg was the only treatment significantly associated
with higher odds of having AEs leading to withdrawal
of treatment compared to placebo (Figure 4B).
Although not statistically significant, a similar trend
but with smaller effects was observed for eptinezumab
300mg, as well as for galcanezumab 120mg and
240 mg (Figure 4B). Whereas, both doses of erenumab
and fremanezumab had the smallest odds of AEs lead-
ing to treatment discontinuation with estimated odds
ratios under one (Figure 4B). The pair-wise meta-analysis
comparing eptinezumab 30 mg to placebo did confirm the
network meta-analysis’s result, but with a smaller esti-
mated effect (online Supplementary Figure 5).

Compared to placebo, fremanezumab 675mg and
galcanezumab (120 and 240 mg) showed greater odds
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Treatment-emergent adverse events
Atogepant 0.74 0.88 1.08 0.47 0.47 054 0.62 057 0.58 0.58 0.68 0.79 0.62 0.48
10mg | [0.51,1.08] | [0.62,1.26] | [0.61,191] | [0.27,0.79] | [0.3,0.76) | [0.33,0.86] | [0.36,1.05] | [0.33,1.01] | [0.38,0.91) [0.37,09] [0.43,1.07) [05,1.25) | [033,118) | [0.32,0.73)
058 | Atogepant 119 145 0.63 064 0.72 0.83 0.77 0.79 0.78 092 1.06 0.84 0.65
0.12, 2.85 30mg [085,166] | [0.84,2551) | [037,1.05] | [0.41,1.01] | [046,1.14) | [0.49,14) | [044,134] [0.51,1.2) [051,1.2) [0.59, 1.42] [0.68,1.66] | [0.45,1.57) | [0.44,0.97)
0.42 0.72 Atogepant 122 0.53 0.54 0.61 0.7 0.65 0.66 0.66 0.77 0.89 0.7 0.55
[0.08, 2.04] | [0.14, 3.58] 60 mg [0.72,2.06] | [0.32,0.87]) | [0.35,0.83] | [0.39,0.94] | [0.42,1.15] | [0.38,1.11] [0.44,0.99) [0.44, 0.98) (051, 1.16) [0.59, 1.36] [0.38,1.3) | [0.38,0.79]
0.28 0.43 0.68 Atogepant 0.43 0.44 0.5 0.57 053 0.54 0.54 0.63 0.73 0.58 0.45
0.01,5.85] | [0.02,9.84] |[0.03,13.73]| 120 [0.22,0.83] | [0.24,0.81) | [0.27,0.92] | [0.3,1.11] | [0.27,1.06] [0.3,0.98] [03,0.97) [0.35,1.15) [04,1.34) | [027,1.22] | [0.26,0.79)
0.89 154 215 317 Eptinezumab 1.02 115 132 123 125 125 146 169 134 104
[0.12, 6.59] | [0.19, 12.67] | [0.26, 17.66] | [0.11, 88.06] 30 mg [0.73,1.43] | [0.82,1.61] | [0.82,2.14] | [0.73,2.06] [0.86, 1.83] [0.86, 1.82) [0.99, 2.15) [1.14,2.52]) | [0.74,2.42] | [0.74,1.46)
g 0.12 021 03 0.44 0.14 Eptinezumab 113 13 121 123 122 143 1.66 131 1.02
s [0.3.2] | [0.01,5.89] | [0.01,8.22) | [0.01,29.24) | [0.01,2.69] | 100 0.89,1.43] | (0.86,1.96] | [0.77,1.9] [093,1.64) | [092,1.63) | [1.06,1.94] | [1.22,2.27) | [0.76,2.25] | [0.81,1.29] |
0.12 021 03 044 0.14 1 Eptinezumab | 1.15 107 1.09 108 127 147 116 09
é [0,3.18 [0.01, 5.87] 0.01, 8.19] 0.01, 29.11) [0.01, 2.68] 0.02, 50.39) 300 mg [0.76,1.74] [0.68, 1.68] 0.82,1.45] | [0.82,1.44) [0.54,1.71] [1.08, 2.01) [0.68, 2] [0.72, 1.14]
034 162 2.26 333 1.05 76 7.63 Erenumab 093 095 0.94 11 128 1.01 0.79
® [(0.21,4.21)] [0.31,8.36) |(0.44,11.66) | (0.16,70.42] | [0.2,5.46] |[0.36,160.37)|(0.36,161.08)| 70mg (0.6, 1.45) (065.139) | [064,1.38] | (075,163 | (0.86,191) | [0.56,1.84) | [0.56,1.11)
§ 0.66 115 16 236 0.74 538 5.4 0.71 Erenumab 1.02 1.01 119 138 1.09 0.85
2 11013,337)| (0.2,662) |[028,9.23) | [01,53.03) | [0.13,4.32] |[0.24,120.77] | [0.24, 121.31) | [0.28, 1.82] 140 mg [067,1.56) | [0.66,1.55] | [0.77,1.83) | [0.89,214) | [0.58,2.03] | [0.57,125]
s 0.44 0.75 1.05 155 0.49 354 356 0.47 0.66 Fremanezumab 0.99 116 135 107 0.83
10.09,2.07]| (0.14,4.1) | [0.19,5.71) | (0.07,33.73] | (0.09,2.67] | [0.16,76.81] | [0.16,77.15) | (0.16,1.35] | [0.19,2.25) 25mg | [0.84,1.17) 109, 15) [1.04,1.76) | [064,1.79] | [0.7,0.98)
073 1.25 175 258 0.82 5.89 5.92 0.78 1.09 1.66 Fremanezumab 117 136 1.07 0.83
[0.16,3.26] | [0.24,6.47] | [0.34,9.02] | [0.12,54.52] | [0.16,4.22] |[0.28, 124.17] | [0.28, 124.73] | [0.29,2.07] | [0.34,3.48] [0.72, 3.81] 675 mg [091,151] | [1.04,1.77) | [0.64,1.79] | [0.71,0.98]
145 249 348 513 162 171 11.76 154 2.18 33 199 Galcanezumab 116 052 0.71
(032, 6.57] | [0.48, 13.03] | [0.67, 18.17) [ [0.24, 109.16] | [0.31,8.51] |[0.55, 248.59] | [0.55,249.7) | [0.56,4.21] | [0.67, 7.06] [1.12,9.74] [0.73,5.4] 120 mg [0.92,1.46] | [0.54,1.55] | [0.59,0.86)
146 252 352 519 164 11.83 11.89 156 22 334 201 101 Galcanezumab 0.79 0.61
1031, 6.78] | (0.47, 13.42] | [0.66, 18.71] | (0.24, 111.46] | [0.31,8.76] |(0.55, 253.83] | [0.55, 254.96] | [0.55,4.38] | [0.66,7.32] | [11,10.13] | [072,562] | [0.46,2.23) 200mg | [0.46,1.34] | [0.5,0.75)
0.66 114 159 234 0.74 535 537 0.7 0.99 151 0.91 0.46 045 Rimegepant 0.78
[0.09, 4.92] | [0.14, 9.44] |[0.15,13.16] | [0.08, 65.45] | [0.09,6.16] |[0.19, 149.08] | [0.19, 149.75] | [0.13,3.69] | [0.17,5.82] [0.27,8.3) [0.17, 4.75] [0.09, 2.42] [0.08, 2.44] 75 [0.48, 1.27)
0.88 152 212 312 099 7.3 7.16 0.94 132 201 121 061 06 133 Placebo
[0.23,3.33] | [0.34,6.72] | [0.48,937] | [0.16,60.95] | [0.22,4.39] | [0.37, 138.8] | [0.37,139.42] [ [0.47,1.88] | [0.52,3.36] [0.9,4.5) [0.61, 2.41) [03,1.25) [0.28, 1.29] 03, 6]

Figure 3. League table representing results from network meta-analysis comparing active treatments and placebo against each other
for treatment-related adverse events (light blue) and serious adverse events (pink powder). For treatment-related adverse events,
column-defining therapies were compared to row-defining treatments. Odds ratios higher than one favor events in the column-
defining therapy and odds ratios lower than one favor events in the row-defining treatment. For serious adverse events, row-defining
therapies were compared to column-defining treatments. Odds ratios higher than one favor events in the row-defining therapy and
odds ratios lower than one favor events in the column-defining treatment. Significant odds ratios (95% CIl) are reported in bold.
Abbreviations: Cl = confidence interval, OR = odds ratio.

(a) Odds Ratio (OR) . T hronic trial
Treatment Treatment Placebo Placebo (Mantel-Haenszel Trials Episodic trials Chronic trials
Treatment N Events N Events Method) N  OR(95% Cl) N OR(95% Cl) N OR (95% Cl)

Atogepant 10 mg 314 178 408 218 —_—r 2 1.17[0.87;1.58] 2 117 [0.87;1.58] 0

Atogepant 30 mg 411 234 408 218 —t— 2 1.16[0.88;1.52] 2 1 [0.88; 1.52] 0

Atogepant 60 mg 503 283 408 218 e 2 1.11(0.85;1.44] 2 1.11 [0.85;1.44] 0

Atogepant 120 mg 91 53 186 92 F————— 1 1.10[0.69;1.77] 1 110 [0.69;1.77] 0

Rimegepant 75 mg 370 133 371 133 — 1 1.00[0.74; 1.36] 0 0

Erenumab 70 mg 932 433 943 482 1 3 0.84[0.70;1.01] 3 084 [0.7;1.01] 0

Erenumab 140 mg 662 319 778 391 t 3 0.83[0.67;1.02] 3 0.83 [0.67;1.02] 0

Fremanezumab 225 mg 943 609 945 545 —_— 3 1.35[1.12;1.62] 1 141 [1;1.97] 1 1.34 [0.99;1.82]
Fremanezumab 675 mg 954 591 945 545 —— 3 1.20[1.00; 1.45] 1 140 [1;1.96] 1 1.39 [1.03;1.89]
Galcanezumab 120 mg 505 278 788 401 -T—— 2 1.19[0.95; 1.50] 0 1 1.39 [1.04;1.87]
Galcanezumab 240 mg 282 160 558 279 —+—%—— 1 1.25[0.94;1.65] 0 1 131 [0.98;1.75]

| E—
0.75 1 15
Favors placebo  Favors active drug
events events
(b) Odds Ratio (OR) : . - -
Treatment Treatment Placebo Placebo (Mantel-Haenszel Trials Episodic trials Chronic trials

Treatment N Events N Events Method) N OR (95% CI) N OR (95% Cl) N OR (95% Cl)
Atogepant 10 mg 314 13 408 9 —+— 2 1.87[0.79; 4.43] 2 1.87 [0.79;4.43] 0

Atogepant 30 mg 411 15 408 9 — 2 1.80[0.75; 4.32] 2 1.80 [0.75;4.32] 0

Atogepant 60 mg 503 1 408 9 e 2 0.95[0.39;2.33] 2 095 [0.39;2.33] 0

Atogepant 120 mg 91 5 186 3 —t— 1 222][0.67;7.30] 1 222 [0.67;7.3] 0

Rimegepant 75 mg 370 7 371 4 —_——t 1 1.77[0.51;6.10] 0 0

Eptinezumab 30 mg 219 12 222 6 ——s—— 1 2.62[1.03;6.66] 1 2.09 [0.77;5.66] 0

Eptinezumab 100 mg 579 9 588 8 —_— 2 1.07[0.41;2.81] 1 1.00 [0.32;3.13] 1 155 [0.26;9.31]
Eptinezumab 300 mg 574 13 588 8 — 2 1.63[0.64;4.15] 1 082 [0.25;273] 1 426 [0.9;20.19]
Erenumab 70 mg 1062 12 1074 11 s 4 0.97[0.40;2.34] 3 097 [0.4;2.34] 0

Erenumab 140 mg 662 7 778 11 —_—l 3 0.76[0.30; 1.93] 3 076 [0.3;1.93] 0

Fremanezumab 225 mg 1251 1" 1253 19 —_— 5 0.58[0.27;1.22] 2 0.84 [0.25;2.76] 2 049 [0.17;1.46]
Fremanezumab 675 mg 1263 17 1253 19 —_—— 5 0.89[0.46;1.72] 2 1.01 [0.32;3.15] 2 069 [0.26;1.83]
Galcanezumab 120 mg 937 17 1681 24 o) 4 1.43[0.76; 2.68] 2 1.63 [0.8;3.31] 1 0.68 [0.14;3.39]
Galcanezumab 240 mg 730 19 1451 24 3 1.61[0.88;2.95] 2 1.80 [0.91;3.56] 1 0.99 [0.25;3.99]

02 05 1 2 5
Favors placebo  Favors active drug
events events

Figure 4. Forest plots representing results from network meta-analysis comparing active treatments and placebo for secondary
safety outcomes. Odds ratios higher than one indicate that the odds of having any adverse event (a) or adverse event leading to
treatment discontinuation (b) is higher in the treatment group compared to the placebo. Odds ratios were reported for all RCTs and
for studies investigating only episodic or chronic migraine patients. Abbreviations: Cl = confidence interval, OR = odds ratio.
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of injection site erythema, induration and pruritus,
while erenumab 70mg and fremanezumab 225mg
had higher odds of injection site pain. Fremanezumab
225mg also showed higher odds of injection site ery-
thema and diarrhea, and erenumab 70 mg and 140 mg
had greater odds of constipation, compared to placebo.
Moreover, the odds of influenza were estimated larger
in patients with fremanezumab 675 mg than in placebo
patients. Placebo treatment showed higher odds of
nasopharyngitis compared to galcanezumab 240mg
and greater odds of sinusitis compared to eptinezumab
100mg (Table 2). Other effects, e.g., a higher risk of
fatigue or a smaller risk of nausea in most of the treat-
ments could be observed in comparison to placebo, but
with no significant result in regard to the odds ratio.

Gepants versus placebo

Network meta-analysis and direct comparisons showed
significant higher odds of reporting TEAEs in patients
treated with atogepant (all doses) compared to those
receiving placebo (Figure 2A, Figure 3 and online
Supplementary Figure 2). Although not statistically
significant, it is also estimated that TEAEs are more
likely in patients receiving rimegepant than placebo
(Figure 2A).

No significant differences in the odds of having
SAEs were found between gepants and placebo, with
estimated odds ratios under one for all treatments
except for atogepant 10mg. It can be observed that
higher doses of atogepant lead to smaller odds of
SAEs compared to placebo (Figure 2B and online
Supplementary Figure 3). For any AEs it is estimated
that patients treated with gepants have slightly larger
odds of having an event compared to placebo except
for rimegepant, and for AEs causing treatment discon-
tinuation, it is estimated that patients treated with
gepants are more likely to have an event compared to
placebo with exception of atogepant 60mg, even if
these findings did not reach statistical significance
(Figure 4 and online Supplementary Figure 4-5).

In the pair-wise comparisons some heterogeneity
between the studies investigating atogepant can be
seen especially for TEAEs, any AEs and AEs causing
treatment discontinuation (online Supplementary
Figures 1, 4 and 5). RCTs investigating the presence
of any AEs in patients receiving atogepant 10mg,
30mg and 60mg exhibited an opposite behavior
having estimates higher than one in one study and
lower than one in the other RCT. A similar trend
was observed for atogepant 30 mg in relation to AEs
leading to treatment withdrawal.

Compared to placebo, all atogepant doses showed
significant greater odds of constipation. The risk of
nausea was estimated greater in all gepants compared

to placebo, but with significant differences in terms of
odds ratios only for high doses of atogepant (60 mg and
120 mg). Fatigue seems to be more important as the
atogepant dose increases, starting from odds ratios
under one (10mg and 30mg) and ending in
a significant effect much larger than one for 120 mg
(Table 3). Fatigue and constipation were not reported
for rimegepant, so no estimations could be done.

Network meta-analysis comparing active treatments
against each other

Patients treated with atogepant (all doses) had higher
odds of reporting TEAEs compared to patients receiv-
ing any other active drug with the exception of one
single comparison, whereof almost 40% of the compar-
isons were significant. Treatment with galcanezumab
(120 mg and 240 mg) showed higher odds of TEAEs
compared to all active drugs except atogepant with
also almost 40% significant comparisons (Figure 3).
Treatment with galcanezumab 120 mg or 240 mg was
associated with significant higher odds of reporting
SAEs compared to treatment with fremanezumab
225 mg (Figure 3). Although not significant, the risk for
SAEs for patients with atogepant 30mg, 60mg and
120 mg is estimated smaller in comparison to all of the
active drugs except for eptinezumab 100 mg and 300 mg.

Treatment ranking

Treatment ranking measures for primary and second-
ary outcomes are reported in Table 4. The high-ranking
treatments for TEAEs with similar P-scores were pla-
cebo, eptinezumab 30 mg and 100 mg followed by epti-
nezumab 300mg. Eptinezumab 100mg and 300 mg
showed also the highest ranking for SAEs. Results of
secondary outcomes showed that erenumab 70 mg and
140 mg were at the top of the ranking for any AEs,
while fremanezumab 225 mg achieved the highest rank-
ing for AEs leading to treatment discontinuation.

Discussion

This systematic review with network meta-analysis
explored the comparative safety and tolerability of
novel migraine preventive treatments targeting the
CGRP pathway, including anti-CGRP monoclonal anti-
bodies and small molecule CGRP receptor antagonists.

Among monoclonal antibodies, fremanezumab and
galcanezumab showed higher odds of a TEAE occur-
ring compared to placebo, with injection site erythema,
induration and pruritus being frequently associated to
these treatments, whereas these side effects were not
studied for most of the treatments.
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Table 3. Results from network meta-analysis comparing gepants and placebo for single adverse events. Odds ratios higher than one
indicate that the odds of having an adverse event is higher in the treatment group compared to the placebo.

Atogepant Atogepant Atogepant Atogepant Rimegepant
10 mg 30mg 60 mg 120 mg 75mg
Nasopharyngitis 0.74 [0.29, 1.9] 1.49 [0.7, 3.14] 1.42 [0.68, 2.94] 0.88 [0.23, 3.32] 1.46 [0.62, 3.47]
Upper respiratory 0.83 [0.43, 1.61] 1.08 [0.62, 1.9] 0.77 [0.43, 1.36] 0.86 [0.34, 2.2] 0.8 [0.31, 2.04]
tract infection
Fatigue 0.46 [0.14, 1.52] 0.94 [0.38, 2.33] 1.24 [0.55, 2.79] 4.53 [1.72, 11.93] NA
Constipation 6.85 [1.91, 24.53] 7.37 [2.19, 24.79] 6.45 [1.93, 21.59] 6.64 [1.44, 30.53] NA
Sinusitiis 1.35 [0.3, 6.08] 0.97 [0.19, 4.87] 1.62 [0.38, 6.84] NA NA
Nausea 1.8 [0.84, 3.88] 1.78 [0.88, 3.58] 2,73 [1.45,5.16] 2.48 [1.02, 6.08] 3.41 [0.93, 12.48]
Influenza 1.51 [0.25, 9.15] 0.97 [0.14, 6.97] 2.43 [0.47, 12.68] NA NA
Urinary tract infection 0.53 [0.19, 1.53] 1.68 [0.8, 3.53] 1.08 [0.5, 2.31] I.11 [0.29, 4.25] 1.13 [0.43, 2.96]
Measures are reported as odds ratio and 95% confidence interval.
Significant results are reported in bold.
NA = data not available.
Table 4. Treatment ranking.
Primary outcomes Secondary outcomes
AEs leading to
TEAEs SAEs Any AEs treatment discontinuation
Ranks  Treatment P-scores  Treatment P-scores  Treatment P-scores  Treatment P-scores
| Eptinezumab 87 Eptinezumab 83 Erenumab 92 Fremanezumab 91
100 mg 300 mg 140 mg 225mg
2 Placebo 87 Eptinezumab 83 Erenumab 9l Erenumab 77
100 mg 70 mg 140 mg
3 Eptinezumab 86 Fremanezumab 69 Placebo 69 Fremanezumab 72
30mg 225mg 675mg
4 Eptinezumab 71 Atogepant 68 Rimegepant 64 Atogepant 68
300 mg 120 mg 75mg 60 mg
5 Erenumab 62 Atogepant 67 Atogepant 49 Placebo 67
140 mg 60 mg 60 mg
6 Fremanezumab 60 Atogepant 55 Atogepant 49 Erenumab 66
675mg 30mg 120 mg 70 mg
7 Fremanezumab 59 Erenumab 52 Atogepant 40 Eptinezumab 6l
225mg 140 mg 30mg 100 mg
8 Erenumab 53 Rimegepant 50 Atogepant 38 Galcanezumab 43
70mg 75mg 10 mg 120 mg
9 Rimegepant 52 Fremanezumab 48 Galcanezumab 35 Eptinezumab 37
75mg 675mg 120 mg 300 mg
10 Galcanezumab 40 Eptinezumab 38 Fremanezumab 33 Galcanezumab 35
120 mg 30mg 675 mg 240 mg
Il Atogepant 34 Placebo 38 Galcanezumab 28 Rimegepant 35
30mg 240 mg 75mg
12 Galcanezumab 24 Erenumab 35 Fremanezumab 13 Atogepant 31
240 mg 70 mg 225mg 30mg
13 Atogepant 17 Atogepant 33 NA NA Atogepant 29
60 mg 10mg 10 mg
14 Atogepant 9 Galcanezumab 16 NA NA Atogepant 24
10 mg 120 mg 120 mg
15 Atogepant 8 Galcanezumab 16 NA NA Eptinezumab 15
120 mg 240 mg 30mg

Ranking measures are reported as percentage frequentist P-scores.
AEs = adverse events; NA = data not available; TEAEs = treatment-emergent adverse events; SAEs = serious adverse events.
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This result is in accordance with previous studies
demonstrating that injection site reactions are the
most common AEs reported by patients treated with
anti-CGRP monoclonal antibodies (42,43). Our analy-
sis confirmed also that constipation is frequently asso-
ciated with erenumab treatment (44,45).

The network meta-analysis of AEs leading to treat-
ment discontinuation showed a higher odds of treat-
ment withdrawal in patients receiving eptinezumab
30mg compared to placebo. However, this finding
did not reach statistical significance with a smaller esti-
mate in the pair-wise analysis including the only RCT
investigating tolerability of eptinezumab 30, 100 and
300 mg in episodic migraine patients. This discrepancy
can be explained by the fact that the network meta-
analysis also included another RCT investigating epti-
nezumab 100 and 300mg, which has influenced the
results obtained for eptinezumab 30 mg, which was
studied in one trial only.

Two previous meta-analyses (46,47) explored the effi-
cacy and tolerability of atogepant for migraine prophy-
laxis compared to placebo, reporting contradictory
results in relation to treatment tolerability. In agreement
with Lattanzi et al. (46), here we found that orally
administrated atogepant was associated with higher
odds of TEAEs compared to placebo, and the most
common reported events were constipation and
nausea. The B-CGRP isoform and its receptor are
widely expressed at the level of the enteric system, with
a key involvement in regulating intestinal motility. The
blockade of the CGRP receptor can affect gastrointes-
tinal motility, thus explaining the higher risk of enteric
side effects observed in association with treatments tar-
geting the CGRP receptor, such as gepants and erenu-
mab (48). It is interesting to note that patients treated
with the highest dose of atogepant were more likely to
experience fatigue. This AE could be explained by the
higher blood-brain barrier penetrability of gepants (49).

In regard to SAEs, none of the active drugs showed
a significant effect compared to placebo. It is notewor-
thy that for most of the anti-CGRP monoclonal anti-
bodies and for all gepants, the odds of SAEs were
either smaller or comparable to the odds in the placebo
group, suggesting that these novel migraine prophylax-
es are safe and mostly cause mild AEs. With the present
data, only in patients with galcanezumab a trend of an
increased risk of SAEs can be suspected.

Although nearly 40% of episodic migraine patients
and almost all patients with chronic migraine would
benefit from prevention, only 2-13% of migraine
patients receive preventive treatments (50,51). This is
largely due to the poor tolerability of classical oral
migraine treatments. There is evidence showing that
persistence to such therapies ranges from 7% to 55%
at 12 months (6). It has also been reported that a low

persistence to oral treatments is associated to greater
use of healthcare resources and costs (52). The poor
tolerability and the high degree of adverse events are
the most frequent reasons for a poor compliance and
adherence to classical oral migraine preventives (53,54).
One of the main strengths of novel migraine prophy-
lactic therapies targeting the CGRP pathway is their
unequalled favorable safety and tolerability profile
compared to classical oral migraine preventives. In
addition, compliance with daily intake and forgetting
doses is not an issue with anti-CGRP monoclonal anti-
bodies given their monthly administration by injection.

For treatments that were studied in three or more
included trials, some heterogeneity was observed
between the studies. To better understand this hetero-
geneity and to explore if it could be present also for the
other treatments, more data should be provided.

Notably, RCTs that directly compared anti-CGPR
monoclonal antibodies or gepants against each other
are lacking. Two previous network meta-analyses com-
pared the efficacy, tolerability and safety of anti-CGRP
monoclonal antibodies (43,55). In agreement with these
studies, here we found that eptinezumab was associated
with the lowest risk of TEAEs and SAEs, while galcane-
zumab was more likely to cause TEAEs and SAEs com-
pared to the other monoclonal antibodies targeting the
CGRP ligand (eptinezumab and fremanezumab) (43,55).

As far as we know, there are no studies comparing
the safety and tolerability of anti-CGPR monoclonal
antibodies and gepants. Here we observed that, compared
to eptinezumab and fremanezumab, treatment with ato-
gepant was associated with a greater risk of AEs.

One of the main strengths of our study is the extensive
and sensitive literature search that guarantees the inclu-
sion of all eligible and most up-to-date studies. In addi-
tion, two independent reviewers assessed the presence of
potential bias and four reviewers were involved in the
extraction of data, thus ensuring a high quality of the
analysis. As a final point, this is the first network meta-
analysis evaluating the comparative safety and tolerabil-
ity of gepants and anti-CGRP monoclonal antibodies.

Our study also has some limitations. First, the
number of RCTs associated to each active treatments
were different and, for certain outcomes, some trials
reported zero or low number of events. In some
cases, data included in the analysis were derived from
only one RCT, thus preventing the drawing of any firm
conclusions. Second, the studies included in our anal-
ysis had a different double-blind period that ranges
from three to six months. In addition, we cannot
exclude that longer treatment period may lead to a dif-
ferent tolerability profile. Third, the comparison of
treatments with different routes of administration
might have led to some bias. Fourth, AEs associated
to abnormal laboratory findings were not investigated.
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Finally, possible confounders could be associated to
the heterogeneity of patients enrolled in the selected
studies, including patients of different race, with and
without aura and with a different history of prior pre-
ventives failure.

Conclusion

Overall, our network meta-analysis confirmed that
monoclonal antibodies targeting the CGRP pathway

and gepants are a safe and well tolerated option for
migraine prevention, that rarely lead to treatment dis-
continuation. Albeit similar, we observed some differ-
ences regarding the type of TEAEs that were reported
during the use of each of the studied drugs. Future
direct comparisons and network meta-analyses
including also other migraine preventives, like classical
oral migraine treatments, are needed to confirm our
results.

Article Highlights

placebo, eptinezumab and fremanezumab.

events.

discontinuation.

e Atogepant and galcanezumab showed the largest odds of treatment-emergent adverse events compared to

e Eptinezumab had greater odds of adverse events leading to treatment discontinuation.

e No significant differences in serious adverse events were found between active treatments and placebo.

e Eptinezumab was associated with the lowest odds of treatment-emergent adverse events and serious
adverse events compared to placebo, whereas erenumab was associated with the lowest odds of any adverse
events and quarterly fremanzumab with the lowest odds of treatment discontinuation due to adverse

e Overall, our network meta-analysis confirmed that monoclonal antibodies targeting the CGRP pathway
and gepants are a safe and well tolerated option for migraine prevention, that rarely lead to treatment
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