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Abstract

Objective: This study aimed to summarize and pool real-world evidence on the clinical
effectiveness and safety of galcanezumab.

Background: Migraine is a disabling primary headache disorder. Several drugs that
target calcitonin gene-related peptide, such as galcanezumab, have recently been de-
veloped. However, real-world effects have not been well studied.

Methods: A systematic search of PubMed, Scopus, and Web of Science was con-
ducted from inception to February 2025. Studies that estimated the real-world ef-
fects of galcanezumab on monthly migraine days (MMDs), monthly headache days
(MHDs), Headache Impact Test, Migraine Disability Assessment Scale, number of
days in medication, acute monthly intake (AMI), pain intensity, and safety outcomes
were included. Meta-analyses of proportions or mean differences were performed.
Results: Thirty-six studies were included, with an agreement of 0.93 [95% confidence
interval (Cl): 0.90, 0.96]. One month after the first injection, the reduction effects
were -6.93days (95% Cl: -7.88, -5.99) for MMD, -8.55days (95% Cl: -11.32, -5.78)
for MHD, and -7.96 points (95% Cl: -8.93, -6.99) for Headache Impact Test. Over
60% of patients achieved a reduction in MMD/MHD of at least 50% within 3 months.
The effect increased gradually and slightly up to 12months. The adverse event rates
were 0.25 (95% Cl: 0.14, 0.38) and 0.35 (95% Cl: 0.27, 0.45) at 6 and 12 months, re-
spectively, with constipation being the most common.

Conclusion: Galcanezumab appears to be associated with clinically meaningful im-
provements in migraine and favorable safety outcomes, although the evidence cer-
tainty is limited by heterogeneity.

Abbreviations: 95% Cl, 95% confidence interval; AMI, acute monthly intake; CGRP, calcitonin gene-related peptide; CM, chronic migraine; EM, episodic migraine; HIT-6, Headache
Impact Test; MD, mean difference; MIDAS, Migraine Disability Assessment Scale; MHD, monthly headache days; MMD, monthly migraine days; PD, proportion change difference; RCT,
randomized clinical trial; RR, response rates.
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INTRODUCTION

Migraine is a common and disabling neurological disorder that af-
fects more than 1 billion people worldwide. It is characterized by
complex neurobiology involving interactions between genetic and
environmental factors and various triggers.™ A recent review re-
ported a 14% increase in prevalence,* and most studies indicate a
significant predominance in females of nearly 2:1.3 Consequently,
young females experience the greatest disability throughout their
lives because of the significant impact of migraine on their personal
weII-being.z*3 Diagnostic criteria distinguish episodic migraine (EM)
from chronic migraine (CM).®

Treatment is complex and individualized, with a wide range of
acute, rescue, and preventive options available. Preventive migraine
treatment is considered successful if it reduces the frequency of
migraine attacks by at least 50% within 3 months. Historically, pre-
ventive treatments have included drugs developed for other con-
ditions, such as tricyclic antidepressants, beta-blockers, calcium
channel blockers, and anticonvulsants. However, these treatments
only have moderate effectiveness.®” OnabotulinumtoxinA was ap-
proved by the U.S. Food and Drug Administration in 2010 as the
first specific preventive treatment for CM. Triptans are the pre-
ferred treatment for moderate attacks, but they are often overused,
which can lead to symptom exacerbation.® In recent years, the role
of calcitonin gene-related peptide (CGRP) in migraine pathophysi-
ology has been identified, leading to the development of new tar-
geted drugs that have improved migraine prevention. These include
monoclonal antibodies (mAbs) targeting the CGRP peptide, such as
subcutaneous fremanezumab and galcanezumab, and intravenous
eptinezumab, as well as antibodies targeting the CGRP receptor,
such as subcutaneous erenumab.”°

Several randomized controlled trials (RCTs) on EM and CM have
been published demonstrating the efficacy of galcanezumab in
preventing migraine. These trials revealed significant reductions in
overall and patient-reported monthly headache days (MHD), acute
migraine-specific medication days (NDM), and Migraine Disability

patients with migraine.

Plain Language Summary

Galcanezumab is a calcitonin gene-related peptide-targeting agent that has shown
high efficacy in the treatment of migraine under controlled conditions, such as in ran-
domized clinical trials. In order to assess its usefulness in the real world, we reviewed
a large number of published studies from real-world clinical settings to assess the
effectiveness and safety of galcanezumab in these conditions. Our study showed sta-
tistically and clinically significant reductions in monthly migraine or headache days,
rescue medication use and medication days, and pain scores, which support the evi-

dence from randomized clinical trials and help guide physicians in the management of

headache, migraine, monoclonal antibodies, neurology, pharmacology, quality of life

Assessment Scale (MIDAS) scores. Additionally, the incidence of
treatment-emergent adverse events was Jow, 11714 However, real-
world effectiveness and safety may differ from the estimates in
RCTs.” In addition, the effectiveness of some outcomes, such as
monthly migraine days (MMDs), response rates (RRs) for MMD and
MHD, Headache Impact Test (HIT-6) scores, acute monthly intake
(AMI), and pain intensity (Pl), remains unclear. Therefore, the objec-
tive of this systematic review and meta-analysis of real-world evi-
dence was to summarize and pool data on the clinical effectiveness
of galcanezumab in patients with migraine, assessed by key out-
comes such as MMD, MHD and their RRs, HIT-6 and MIDAS scores,
NDM, AMI, and PI, as well as the drug's safety profile.

METHODS

This systematic review and meta-analysis was conducted in ac-
cordance with the Meta-analysis of Observational Studies in
Epidemiology and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines, as well as the recommenda-
tions of the Cochrane Collaboration Handbook.*6*€ It is registered
in the International Prospective Register of Systematic Reviews
(CRD42021266322) and has a published protocol elsewhere.”’

Search strategy

We conducted a systematic search of the Medline (via PubMed), Web
of Science, and Scopus databases from their inception until February
2025. Gray literature searches were also conducted via OpenGray,
Google Scholar, and the Networked Digital Library of Theses and
Dissertations databases, as well as ClinicalTrials.gov and EudraCT. The
reference lists of the included articles were also screened. Mendeley
software was used to manage the references and remove duplicates.
The authors of the included studies were contacted when necessary.
The search strategy is detailed in Appendix S1.
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The systematic search was conducted by two authors, and dis-
agreements were resolved by consensus or by a third author. Kappa

statistics were applied to interrater agreement metrics.?°

Inclusion/exclusion criteria

The inclusion criteria were as follows: (1) population—adult patients
(aged 218years) with chronic and/or episodic migraine; (2) interven-
tion—treatment with galcanezumab; (3) outcomes—MMD, MHD,
HIT-6, MIDAS, NDM, AMI, and PI (the latter four were added to the
protocol); and (4) study design—any real-world study (i.e., prospec-
tive, retrospective, or cross-sectional observational studies con-
ducted in real-world settings). Studies written in English or Spanish
were included.

The exclusion criteria were as follows: (1) intervention—fol-
low-up shorter than 1 month; (2) outcomes—incomplete baseline
or posttreatment data (both central value and dispersion), which
could not be obtained even after the study authors were contacted.
Additionally, studies with missing data for specific outcomes or
time points were excluded from the corresponding analyses; and (3)
concomitant treatments—prior or concomitant gepant use. Study
selection was conducted by two authors, and disagreements were
resolved by consensus or by a third author.

Data extraction

An ad hoc table was created to extract the following data from the
included studies: (1) reference (author and year); (2) country in which
the data were collected; (3) study design; and (4) sample characteris-
tics (sample size, age, sex, and EM/CM distribution). Baseline charac-
teristics were also extracted, including medication overuse; migraine
duration; previous failed and/or concomitant use of onabotulinum-
toxinA; and baseline values of MMD, MHD, HIT-6, MIDAS, NDM,
AMI, and Pl (when studies included more than one mAb and baseline
data were reported for the overall population). Intervention charac-
teristics, including design, duration, and treatment switching, were
also collected.

Data extraction was performed independently by two authors,
and disagreements were solved by consensus or by a third author.

Risk of bias assessment

The risk of bias was assessed using the Quality Assessment Tool for
Quantitative Studies for nonrandomized experimental and single-
arm pre-post studies. This tool includes seven domains of bias,
each rated as strong, moderate, or weak. Using this framework, the
overall risk of bias for each study was categorized as low (no high/
weak ratings), moderate (one high/weak rating), or high (two or more
high/weak ratings). In addition, the Newcastle-Ottawa Scale (NOS)
was used to complement the aforementioned tool. This scale assigns

“stars” to each study on three domains (i.e., selection, comparability,
and exposure) and classifies the risk of bias as high (<5 points), mod-
erate (5 to 7 points), or low (8 to 9 points).21

The quality assessment was performed independently by two
authors, and disagreements were solved by consensus or by a third
author.

Data synthesis

Continuous variables (i.e., MMD, MHD, HIT-6, MIDAS, NDM, AMI,
and Pl) were expressed as the mean differences (MDs), whereas di-
chotomous variables (i.e., the proportion change difference [PD] of
adverse events and the RR for MHD and MMD) were expressed as
proportions ranging from O to 1, with 95% confidence intervals (Cls).

The Hartung-Knapp-Sidik-Jonkman random effects model was
used to estimate pooled MD scores for the effects of galcanezumab
on MMD, MHD, NDM, AMI, PI, HIT-6, and MIDAS.?? The MDs were
estimated at 1, 3, 6, 9, and 12months for the different outcomes,
except for the MIDAS at 1 month, due to the retrospective nature of
its questions (covering the previous 3months).

A meta-analysis of the proportionate change in adverse events at
3, 6,and 12months was also performed, combining events when the
same adverse event was reported across studies. In addition, a meta-
analysis was conducted for RRs (50%, 75%, and 100%) for MHD and
MMD at 1, 3, 6, and 12months. RRs were calculated using the ini-
tial number of randomized or enrolled participants as the denom-
inator. The Freeman-Tukey double arcsine transformation method
was applied to stabilize the variance of the raw proportions.?® Time
points with insufficient data were excluded from the meta-analysis.
To avoid the exclusion of potentially eligible studies that presented
data as medians and ranges or in graphical form, appropriate tools
(e.g., WebPlotDigitizer) were used to extract and estimate values.*

Heterogeneity was assessed using the 12 statistic, which ranges
from 0% to 100%. According to the I? value, heterogeneity was con-
sidered not important (<30%), moderate (30% to 50%), substantial
(50% to 75%), or considerable (75% to 100%).18 Statistically signif-
icant heterogeneity was considered to be present when p<0.100.
Publication bias was evaluated using Egger's regression asymme-
try test, with p<0.100 indicating potential bias.?® The trim-and-fill
method was additionally applied to estimate the potential impact of
unpublished studies.?

Secondary analyses

Meta-regression analyses were conducted to assess whether the
effectiveness and safety of galcanezumab were influenced by the
following continuous variables: age, baseline outcome levels, EM,
medication overuse, and percentage of females. In addition, inter-
actions between covariates were examined (age x sex and baseline
values x medication overuse). Subgroup analyses were performed
to explore potential sources of heterogeneity according to study
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design (retrospective vs. prospective), geographic region (European
vs. non-European populations), and migraine type (EM+CM vs. CM
only).

Sensitivity analyses were performed to assess the robustness of
the summary estimates (i.e., systematic reanalysis by removing stud-
ies one at a time). Furthermore, sensitivity analyses were performed
on studies with a high risk of bias and on studies that used any tool.

All the statistical analyses were performed with Stata SE version
18.0 (StataCorp, College Station, TX, USA). Unless otherwise speci-
fied, the statistical tests were two-tailed and considered significant
at p<0.050.

RESULTS

Systematic search and baseline characteristics of the
included studies

The search strategy identified 5807 potential studies for inclusion.
Of these, 36 were included in both the systematic review and the

27-62 \whereas 55 were excluded for

meta-analysis (Tables S1 and S2),
justified reasons (Figure 1, Table S3).

Among the included studies, 19 were prospective, 16 were ret-
rospective, and one was cross-sectional. Twenty-three studies were
conducted in European countries (Italy and Spain), nine in Asian
countries, two in Brazil, one in Australia, and one in the United
States. All studies were published between 2020 and 2025 and in-
cluded a total of 3859 participants treated with galcanezumab. The
mean age of the participants ranged from 35.5 to 69.8 years. Based
on the available data, 80.17% of participants had CM, 81.4% were
female, and 60.9% had a history of medication overuse. Baseline
outcome levels were as follows: MMD ranged from 8.0 to 27.4 days,
MHD from 11.0 to 30.0days, HIT-6 from 63.4 to 70.8, MIDAS from
30.0to 128.0, AMI from 12.0 to 41.96, NDM from 9.7 to 26.9, and PI
from 6.5 to 9.0. The main demographic characteristics are presented
in Tables S1 and S2. Finally, the kappa statistic showed an agreement
of 0.93 (95% Cl, 0.90, 0.96).

Quality assessment and risk of bias

According to the Quality Assessment Tool for Quantitative Studies,
31 of the 36 studies (86.1%) were classified as having a moderate
risk of bias, whereas five of the 36 studies (13.9%) were classified
as having a high risk of bias (Table S4). The most affected domain
was researcher blinding: All studies were rated as weak because
pre-post studies without a control group were not blinded, and the
study design was rated as fair in almost all cases. Some studies also
showed weaknesses related to participant withdrawal and dropout.
Moreover, according to the NOS, four of the 36 studies (11.1%) were
classified as having a low risk of bias, 30 (83.3%) as having a moderate
risk of bias, and two (5.5%) as having a high risk of bias (Table S5). The

NOS identified comparability as the most critical domain because of
the lack of a control group, a common limitation in real-world stud-
ies. The two studies rated as having a high risk of bias according to
the NOS were also rated as such by the Quality Assessment Tool for
Quantitative Studies; both had substantial losses to follow-up and
participant withdrawals.

Meta-analysis
MHDs, MMDs, and HIT-6

The MDs for the effect of galcanezumab on MHD were -8.55 (95%
Cl: -11.32, -5.78) at 1 month, -10.58 (95% Cl: -12.72, -8.44) at
3months, -10.61 (95% Cl: -13.02, -8.20) at 6 months, and -10.97
(95% Cl: -12.81, -9.13) at 12 months (Figure 2). For MMD, the MDs
were-6.93(95%Cl: -7.88,-5.99),-8.63(95% Cl: -9.55,-7.70),-9.89
(95% Cl: -10.88, -8.90), -10.69 (95% Cl. -12.40, -8.99),
and -10.90 (95% Cl: -12.07, -9.74) at 1, 3, 6, 9, and 12months,
respectively (Figure 3). Finally, the MDs on the HIT-6 were -7.96
(95% Cl: -8.93, -6.99), -10.03 (95% Cl: -11.32, -8.73), -10.33
(95% Cl: -12.52,-8.13), -11.49 (95% ClI: -13.25, -9.73), and -11.97
(95% Cl: -14.29, -9.64) at 1, 3, 6, 9, and 12 months, respectively
(Figure 4). The outcomes of the MDs are summarized in Table 1.

Migraine Disability Assessment, number of days in
medication, acute monthly intake and pain intensity

The MDs for the effect of galcanezumab on the MIDAS were -42.61
(95% CI: -50.09, -35.13), -55.17 (95% CI: -62.98, -47.35), -50.52 (95%
Cl: -61.31,-39.74), and -53.45 (95% Cl: -62.10, -44.80) at 3, 6, 9, and
12months, respectively (Figure S1). The MDs on the NDM were -6.79
(95% Cl: -10.86, -2.72), =9.95 (95% Cl: -13.05, -6.86), -10.46 (95%
Cl: -13.06, -7.86), -11.99 (95% Cl: -14.76, -9.22), and -13.01 (95%
Cl: -17.24,-8.77) at 1, 3, 6, 9, and 12 months, respectively (Figure S2).
For AMI, the MDs were -11.85 (95% Cl: -12.91, -10.79), -16.26
(95% Cl: -20.34, -12.18), -16.33 (95% CI: -20.20, -12.46), -19.35
(95% Cl: =29.56, -9.15), and -17.78 (95% Cl: -24.27, -11.30) at 1,
3, 6, 9, and 12months, respectively (Figure S3). The MDs on the PI
were -2.04 (95% Cl: -2.58, -1.51), -1.67 (95% CI: -1.96, -1.38), -1.96
(95% Cl: -2.21, -1.71), -2.29 (95% ClI: -3.19, -1.39), and -2.09 (95%
Cl: -2.58, -1.59) at 1, 3, 6, 9, and 12months, respectively (Figure S4).
The outcome MDs are summarized in Table Sé.

RRs

The RRs of PD for galcanezumab at 3, 6, and 12 months for MMD
and MHD are described in Table 2. The results revealed that the
PD prevalence for RRs >50% MHD was 0.60 (95% Cl: 0.53, 0.66) at
3months and 0.45 (95% Cl: 0.22, 0.69) at 12 months; for RRs >75%
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FIGURE 1 PRISMA flowchart of study selection. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

MHD, it was between 0.30 and 0.33 at 3, 6, and 12months; for
RRs 100% MHD, it was 0.02 (95% Cl: 0.01, 0.05) at 3 months; and
for RRs >50% MMD, the lower prevalence was 0.50 (95% Cl: 0.42,
0.59) at 1 month, increasing to 0.63 at 3 months and 6 months. For
RR >75% MMD, it was 0.24 (95% Cl: 0.17,0.32) at 1 month, increas-
ing to 0.35 (95% Cl: 0.30, 0.44) at 6 months. For an RR of 100%, the
MMD was between 0.03 and 0.07 at 1 and 6 months, respectively.

Safety profile

The results of the PD analysis of the safety profile of galcanezumab
at 3 and 6 months for the most commonly reported adverse events
(constipation, injection-site reactions, fatigue and asthenia, nausea,
and dizziness/vertigo), and at 12months for all adverse events, are
presented in Table 3. The main results were that for any adverse
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FIGURE 2 Pooled estimate of the effect of galcanezumab on monthly headache days at 1, 3, 6, and 12 months, measured as the mean

Effect size Weight

Study with 95% CI (%)
1 month
Ashley Alex. 2020 —— -3.30[ -8.06, 1.46] 2.03
Frabizio Vernieri. 2021. May L 3 -11.40[-12.97, -9.83] 2.70
Frabizio Vernieri. 2021. Dec ] -13.00 [ -13.39, -12.61] 2.81
Tsubasa Takizawa. 2022 - -491[ -7.57, -2.25] 2.51
Yasuo lto. 2023 —— -7.60[-12.26, -2.94] 2.06
Abouch Krymchantowski. 2023. Sep —— -12.00[-15.91, -8.09] 2.23
Wanakorn Rattanawong. 2025 —— -2.85[ -8.00, 2.30] 1.94
Elif ligaz Aydinlar. 2025 [ | -10.00[-11.02, -8.98] 2.77
Heterogeneity: 7° = 13.25, I* = 95.53%, H* = 22.35 ‘ -8.55[-11.32, -5.78]
Test of 6, = 6;: Q(7) = 93.80, p = 0.00
Testof 6 = 0: z=-6.05, p = 0.00
3 months
Ashley Alex. 2020 —i— -3.30[ -8.06, 1.46] 2.03
Frabizio Vernieri. 2021. May. E 3 -14.15[-15.76, -12.54] 2.70
Frabizio Vernieri. 2021. Dec B -156.00 [ -15.37, -14.63] 2.81
Adrian Viudez. 2022. - -527[ -7.90, -2.64] 252
Alba Lopez. 2022 E 3 -14.50 [ -16.05, -12.95] 2.70
Soonwook Kwnon. 2022 —1 -7.60[-10.40, -4.80] 2.48
Marcello Silvestro. 2022 —— -13.12[-16.30, -9.94] 240
Lorenzo Cantarelli. 2023 —— -8.80[-11.81, -5.79] 2.44
Tsubasa Takizawa. 2022 —- -5.53[ -8.40, -2.66] 247
Francesca Schiano di Cola. 2023 - -11.20[-13.85, -8.55] 2.52
Abouch Krymchantowski. 2023. September —— -11.00[-15.14, -6.86] 2.18
Victor Obach. 2023 [ | -8.00[ -8.20, -7.80] 2.81
Jason Charles Ray. 2024 [ | -20.00 [ -20.75, -19.25] 2.79
Samuel Diaz Insa. 2024 E 3 -7.90[ -9.45, -6.35] 270
S. Braca. 2025 | ] -15.25[-16.57, -13.93] 2.73
Wanakorn Rattanawong. 2025 —— -5.50[-10.35, -0.65] 2.01
Elif llgaz Aydinlar. 2025 [ ] -10.00[-11.00, -9.00] 2.77
Heterogeneity: ©° = 18.48, I = 98.86%, H’ = 87.92 ‘ -10.58 [ -12.72, -8.44]
Test of 6, = 6;: Q(16) = 1923.52, p = 0.00
Testof 6 =0:z=-9.70, p = 0.00
6 months
Ashley Alex. 2020 —— -0.40[ -4.29, 349] 224
Frabizio Vernieri. 2021. May. E B -13.90 [ -15.70, -12.10] 2.67
Adrian Viudez. 2022. - -8.93[-11.59, -6.27] 2.51
Alba Lépez. 2022 E 3 -16.50 [ -16.97, -14.03] 2.72
Marcello Silvestro. 2022 —— -14.19[-17.33, -11.05] 2.41
Lorenzo Cantarelli. 2023 —— -14.35[-17.49, -11.21] 2.41
Francesca Schiano di Cola. 2023 —— -11.00 [ -13.75, -8.25] 2.50
Abouch Krymchantowski. 2023. September —— -10.90 [ -14.51, -7.29] 2.31
Victor Obach. 2023 B -9.00[ -9.22, -8.78] 2.81
Licia Grazzi. 2024 L -12.20 [ -14.00, -10.40] 2.67
Samuel Diaz Insa. 2024 E 3 -9.60[-11.16, -8.04] 2.70
Wanakorn Rattanawong. 2025 —— -441[-10.32, 1.50] 1.77
Heterogeneity: t° = 16.04, I = 95.77%, H* = 23.66 ‘ -10.61[-13.02, -8.20]
Test of 6, = 6; Q(11) = 154.72, p = 0.00
Testof 6 =0:z=-8.63, p=0.00
12 months
Victor Obach. 2023 [ | -10.00[-10.22, -9.78] 2.81
Licia Grazzi. 2024 E 3 -13.00 [ -14.71, -11.29] 2.68
Samuel Diaz Insa. 2024 E B -10.20[-12.10, -8.30] 2.65
Heterogeneity: ©° = 2.13, I = 83.27%, H* = 5.98 ‘ -10.97 [-12.81, -9.13]
Test of 6, = 6;: Q(2) = 11.72, p = 0.00
Testof 6 =0:z=-11.70, p = 0.00

-20 -10 0 10

Random-effects Sidik—Jonkman model

Mean difference in Monthly Headache Days

difference and 95% confidence interval. [Color figure can be viewed at wileyonlinelibrary.com]
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Effect size Weight

Study with 95% ClI (%)
1 month
Frabizio Vernieri. 2021. May. | | -866[ -8.99, -8.33] 235
Luigi Francesco lannone. 2022 —a— -8.46[-12.18, -4.74] 127
Fabrizio Vernieri. 2023 E 3 -825[ -9.11, -7.39] 226
Tsubasa Takizawa. 2022 - -4.90[ -6.35 -3.45] 209
Keisuke Suzuki. 2023 —— -6.20[ -8.37, -4.03] 1.83
Keisuke Suzuki. 2023. May | | -6.00[ -6.61, -5.39] 232
Mamoru Shibata. 2024 —— -5.55[ -8.59, -2.51] 1.50
Fabrizio Vernieri. 2024 E 3 -8.00[ -9.02, -6.98] 222
Elif llgaz Aydinlar. 2025 ] -6.00[ -6.43, -557] 234
Heterogeneity: ©° = 1.54, I = 91.42%, H* = 11.66 ‘ -6.93[ -7.88, -5.99]
Test of 6, = 6;: Q(8) = 136.61, p = 0.00
Testof 6 = 0: z=-14.38, p = 0.00
3 months
Fabrizio Vernieri. 2020 | | -9.30[ -9.74, -8.86] 234
Frabizio Vernieri. 2021. May. | ] -9.39[ -9.72, -9.06] 235
Luigi Francesco lannone. 2022 —— -11.62[-15.56, -7.68] 1.20
Alba Lépez. 2022 | -8.50[ -9.28, -7.72] 228
Fabrizio Vernieri. 2023 » -9.38[-10.16, -8.60] 2.28

Tsubasa Takizawa. 2022 —- -5.90[ -7.64, -4.16] 1.99
Francesca Schiano di Cola. 2023 —— -8.40[-10.51, -6.29] 1.85
Simona Guerzoni. 2023. June-2 —i— -12.75[ -15.35, -10.15] 1.66
Keisuke Suzuki. 2023 —— -7.80[-10.10, -5.50] 1.78

Keisuke Suzuki. 2023. May | | -7.42[ -8.15, -6.69] 229
Francesco Sacca. 2023 —- -11.00[-12.74, -9.26] 1.99
Yan Tereshko. 2023 —— -8.36[-11.53, -5.19] 1.45
Mamoru Shibata. 2024 —— -6.90[ -9.81, -3.99] 154
Fabrizio Vernieri. 2024 | -10.10[-11.88, -8.32] 1.97
Samuel Diaz Insa. 2024 . N -740[ -8.73, -6.07] 213
Elif ligaz Aydinlar. 2025 | | -6.00[ -6.43, -557] 234
Heterogeneity: ©° = 2.76, I = 93.91%, H* = 16.43 ‘ -8.63[ -9.55, -7.70]
Test of 6, = 6;: Q(15) = 221.30, p = 0.00
Testof 6 =0: z=-18.31, p = 0.00
6 months
-9.36[ -9.62, -9.10] 236
-12.52[-16.84, -8.20] 1.09
-9.00[ -9.76, -8.24] 229
-10.24[-11.16, -9.32] 225
-7.50[-10.00, -5.00] 1.70
-13.89[-16.43, -11.35] 1.69
-8.34[ -9.10, -7.58] 229
-11.60[-13.54, -9.66] 1.92
-10.40[-12.73, -8.07] 1.77
-9.62[-12.40, -6.84] 1.59
-10.40[-12.52, -8.28] 1.85
-8.80[-10.16, -7.44] 2.12
-9.89[-10.88, -8.90]

Frabizio Vernieri. 2021. May.
Luigi Francesco lannone. 2022
Alba Lépez. 2022

Fabrizio Vernieri. 2023
Francesca Schiano di Cola. 2023
Simona Guerzoni. 2023. June-2
Keisuke Suzuki. 2023. May
Francesco Sacca. 2023

Albert Mufioz-Vendrel. 2023

Yan Tereshko. 2023

Fabrizio Vernieri. 2024

Samuel Diaz Insa. 2024
Heterogeneity: ©° = 2.15, I* = 88.67%, H* = 8.83
Test of 6, = 6;: Q(11) = 35.11, p = 0.00
Testof 6 =0: z=-19.62, p = 0.00
9 months

Fabrizio Vernieri. 2023

Simona Guerzoni. 2023. June-2
Keisuke Suzuki. 2023. May
Francesco Sacca. 2023

Fabrizio Vernieri. 2024

-10.05[-10.93, -917] 2.26
14.84 [ -17.24, -12.44] 174
8.92(-10.04, -7.80] 220
-11.80[-13.80, -9.80] 1.89
-10.30[-12.50, -8.10] 1.82
9.20[-1068, -7.72] 2.08
-10.69[-12.40, -8.99]

Samuel Diaz Insa. 2024

Heterogeneity: 7 = 3.78, I = 87.17%, H* = 7.80
Test of 6, = 6; Q(5) = 23.48, p = 0.00

Testof 6 =0: z=-12.29, p = 0.00

12 months

Claudia Altamura. 2022

Fabrizio Vernieri. 2023

-10.20[-11.77, -8.63] 2.05
1046 [-11.48, -9.44] 222

o ol el

Simona Guerzoni. 2023. June-2 —— -14.80 [ -17.13, -12.47] 1.77
Keisuke Suzuki. 2023. May - -10.36[-11.69, -9.03] 2.13
Francesco Sacca. 2023 —— -12.00[-14.16, -9.84] 1.83
Yan Tereshko. 2023 —— -10.11[-12.90, -7.32] 1.59
Fabrizio Vernieri. 2024 —— -10.80[-13.00, -8.60] 1.82
Samuel Diaz Insa. 2024 —- -9.40[-11.00, -7.80] 2.04
Heterogeneity: ©° = 1.93, I = 72.53%, H* = 3.64 ‘ -10.90 [ -12.07, -9.74]
Test of 6, = 6; Q(7) = 16.80, p = 0.02
Testof 6 = 0: z=-18.35, p = 0.00

2 -5 -0 5 0

Random-effects Sidik—Jonkman model Mean difference in Migraine Monthly Days

FIGURE 3 Pooled estimate of the effect of galcanezumab on migraine monthly days at 1, 3, 6, 9, and 12 months, measured as the mean
difference and 95% confidence interval. [Color figure can be viewed at wileyonlinelibrary.com]
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Effect size Weight
Study with 95% ClI (%)

1 month

Frabizio Vernieri. 2021. May. [ ] -7.14[ -7.53, -6.75] 2.99
Frabizio Vernieri. 2021. Dec B -7.00[ -7.93, -6.07] 291
Mamoru Shibata. 2024 —— -9.28[-13.18, -5.38] 1.90
Fabrizio Vernieri. 2024 - -8.90[-10.65, -7.15] 2.69
Elif llgaz Aydinlar. 2025 B -9.00[ -9.87, -8.13] 292
Heterogeneity: 1 = 0.78, I = 77.27%, H> = 4.40 ‘ -7.96[ -8.93, -6.99]

Test of 6, = 6; Q(4) = 19.15, p = 0.00
Testof 6 =0:z=-16.08, p = 0.00

3 months

Fabrizio Vernieri. 2020 n -8.91[ -9.71, -8.11] 294
Frabizio Vernieri. 2021. May. ] -11.81[-12.26, -11.35] 2.98
Frabizio Vernieri. 2021. Dec E 3 -11.00[-12.07, -9.93] 2.88
Adrian Viudez. 2022. —— -6.90[ -9.52, -4.28] 2.38
Alba Lopez. 2022 L 3 -14.00 [ -15.09, -12.91] 2.88
Marcello Silvestro. 2022 3 -11.00[ -11.90, -10.10] 2.92
Lorenzo Cantarelli. 2023 —— -7.20[-12.39, -2.01] 1.48
Francesca Schiano di Cola. 2023 —— -9.60[-12.40, -6.80] 2.31
Simona Guerzoni. 2023. June-1 —— -4.73[ -7.64, -1.82] 227
Simona Guerzoni. 2023. June-2 —— -7.37[ -9.35, -5.39] 2.62
Mamoru Shibata. 2024 —— -12.60[-16.75, -8.45] 1.81

Fabrizio Vernieri. 2024 - -11.20 [ -12.74, -9.66] 2.76
Samuel Diaz Insa. 2024 e -10.10 [ -11.58, -8.62] 2.78
Elif ligaz Aydinlar. 2025 n -11.00[ -11.99, -10.01] 2.90
Heterogeneity: 7° = 4.99, I = 93.30%, H* = 14.94 ‘ -10.03[-11.32, -8.73]

Test of 6, = 6; Q(13) = 112.70, p = 0.00

Testof 6 =0:z=-15.19, p = 0.00

6 months

Frabizio Vernieri. 2021. May. [ ] -13.13[-13.58, -12.69] 2.99
Adrian Viudez. 2022. —— -6.70[ -9.64, -3.77] 2.26
Alba Lopez. 2022 E = -16.00[-17.29, -14.71] 2.83
Soonwook Kwnon. 2022 —— -440[ -6.85, -1.95] 245

Marcello Silvestro. 2022 n -11.50 [ -12.48, -10.52] 2.90
Lorenzo Cantarelli. 2023 —#— -390[ -859, 0.79] 1.63
Francesca Schiano di Cola. 2023 —l— -11.10[-14.38, -7.82] 2.13
Simona Guerzoni. 2023. June-1 —— -8.81[-11.85, -5.77] 222
Simona Guerzoni. 2023. June-2 —— -10.12[-12.13, -8.11] 2.60
- -12.80[ -14.51, -11.09] 2.71
—- -12.20[-13.87, -10.53] 2.72
&

-10.33[-12.52, -8.13]

Fabrizio Vernieri. 2024

Samuel Diaz Insa. 2024

Heterogeneity: ©° = 12.31, I = 95.81%, H* = 23.84
Test of 8, = 6;: Q(10) = 121.90, p = 0.00

Testof 6 = 0:z=-9.22, p = 0.00

9 months

Simona Guerzoni. 2023. June-1 —u— -9.78[-12.96, -6.60] 2.17
Simona Guerzoni. 2023. June-2 —— -10.48[-12.52, -8.44] 2.59
Fabrizio Vernieri. 2024 —- -13.80[-15.49, -12.11] 2.71
Samuel Diaz Insa. 2024 —- -11.10[-12.75, -9.45] 2.72
Heterogeneity: t° = 2.08, I’ = 66.60%, H® = 2.99 ’ -11.49[-13.25, -9.73]

Testof 6= 6;: Q(3) =9.24, p=0.03
Testof 6 = 0:z=-12.81, p=0.00
12 months
Fabrizio Vernieri. 2023 —- -13.37[-15.30, -11.45] 2.63
Simona Guerzoni. 2023. June-1 —— -8.70[-11.39, -6.01] 2.36
—- -9.43[-11.11, -7.75] 2.71
Fabrizio Vernieri. 2024 - -13.10[-14.76, -11.44] 2.72
Samuel Diaz Insa. 2024 —— -14.90 [ -16.84, -12.96] 2.63
Heterogeneity: ©° = 5.99, I” = 86.26%, H’ = 7.28 ‘ -11.97[-14.29, -9.64]
Test of 6, = 6;; Q(4) = 26.95, p = 0.00
Testof 8 = 0: z=-10.10, p = 0.00

Simona Guerzoni. 2023. June-2

20 -5 -0 -5 0

Random-effects Sidik—Jonkman model Mean difference in Headache Impact Test

FIGURE 4 Pooled estimate of the effect of galcanezumab in Headache Impact Test at 1, 3, 6, 9, and 12 months, measured as the mean
difference and 95% confidence interval. [Color figure can be viewed at wileyonlinelibrary.com]
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event, the PD prevalence (0 to 1) was 0.23 (95% Cl: 0.07, 0.44),
0.25 (95% ClI: 0.14, 0.38), and 0.35 (95% ClI: 0.27, 0.45) at 3, 6, and
12months, respectively. The most common adverse event was con-
stipation, with a PD prevalence of 0.06 (95% Cl: 0.02,0.11) and 0.16
(95% Cl: 0.06, 0.29) at 3 and 6 months, respectively. The adverse
event profile is low and mild.

Overall, heterogeneity was considerable and frequently statis-
tically significant, although a few outcomes exhibited only mod-
erate or substantial but nonsignificant heterogeneity. Several
secondary analyses were performed to explore potential sources of
heterogeneity.

Assessment of publication bias showed no evidence of bias for
most effectiveness outcomes across the evaluated time points.
However, some exceptions were identified. Egger's test suggested
possible publication bias for HIT-6 at 3 and 6 months, MIDAS at 9 and
12months, AMI at 6 months, and injection site-related outcomes at
3months (Figure S5). The trim-and-fill analysis indicated that unpub-
lished studies could have influenced the results for the following
outcomes: MMD at 6 months; HIT-6 at 1 and 9 months; MIDAS and
NDM at 6 months; AMI at 1 month; Pl at 9 and 12 months; RR >50%
MMD at 1 and 3months; RR >75% MMD at 6 months; RR of 100%
for MHD at 1 and 3months; RR of 100% for MMD at é months;
any adverse event at 12months; fatigue/asthenia at 3 months; and
injection-site reactions at 6 months (Table S7). Importantly, pub-
lication bias was detected by both methods for MHD at 1 month,
MIDAS at 9 and 12months, NDM at 1 month, and constipation at
6 months (Figure S5, Table S7).

Secondary analyses
Sensitivity analyses

Removing studies individually from the analyses did not signifi-
cantly affect the results. When studies with a high risk of bias
were excluded, no significant differences were found, except for
NDM at 9 months (five studies, two at risk) and 12 months (three
studies, one at risk), and RR >50% MMD at 12 months (four stud-
ies, one at risk).

When studies using any conversion tool were excluded, no sig-
nificant differences were observed for most outcomes at any time
point. However, some outcomes showed significant differences
when medians were converted to means using the Hozo et al.
method?*: AMI at 6months (eight studies, one using the Hozo tool
[lower MD]), MHD at 3months (17 studies, five using the Hozo tool
[higher MD]), MHD at 6 months (12 studies, one using the Hozo tool
[higher MD]), and PI at 9months (two studies, one using the Hozo
tool [lower MD]).

When the WebPlotDigitizer tool was used, significant differ-
ences were found only for AMI at 9 months (three studies, two using
WebPlotDigitizer [lower MD]) and HIT-6 at 9months (four stud-
ies, one using WebPlotDigitizer [higher MD]). The HIT-6 score at
3months was the only outcome that differed significantly between

TABLE 1 Mean differences in MHD, MMD, and HIT-6 scores.

Mean difference
(95% Cl) 2

Outcome n p-value

MHD 1months 8 -8.55(-11.32 to 95.5 <0.001
-5.78)

MHD 3months 17 -10.58 (-12.72 to 98.9 <0.001
-8.44)

MHD 6 months 12 -10.61 (-13.02 to 95.8 <0.001
-8.20)

MHD 9 months Insufficients observations

MHD 12months 3 -10.97 (-12.81 to 83.3 <0.001
-9.13)

MMD 1 months 9 -6.93 (-7.88 to 91.4 <0.001
-5.99)

MMD 3months 16 -8.63(-9.55 to 93.9 <0.001
-7.70)

MMD 6 months 12 -9.89 (-10.88 to 88.7 <0.001
-8.90)

MMD 9 months 6 -10.69 (-12.40 to 87.2 <0.001
-8.99)

MMD 12 months 8 -10.90 (-12.07 to 72.5 0.020
-9.74)

HIT-6 1months 5 -7.96 (-8.93 to 77.3 <0.001
-6.99)

HIT-6 3months 14 -10.03 (-11.32 to 93.3 <0.001
-8.73)

HIT-6 6 months 11 -10.33 (-12.52 to 95.8 <0.001
-8.13)

HIT-6 9 months 4 -11.49 (-13.25 to 66.6 0.026
-9.73)

HIT-6 12 months 5 -11.97 (-14.29 to 86.3 <0.001
-9.64)

Abbreviations: Cl, confidence interval; HIT-6, Headache Impact Test; 12,
heterogeneity; MHD, monthly headache days; MMD, monthly migraine
days; n, number of studies; p-value, p-value of heterogeneity.

studies that did not use tools and those that used any tool but did
not differ significantly for any specific tool (14 studies, nine with

some tool use [higher MD]).

Meta-regressions

The meta-regression models revealed statistically significant differ-
ences for some outcomes. Age was found to be a factor in the HIT-6,
with 0.34 (95% Cl: 0.06, 0.62, p=0.017; 13 studies); 0.59 (95% ClI:
0.24, 0.94, p=0.001; five studies) progressive coefficient at 3 and
12months; in AMI, -1.70 (95% CI:-3.06, -0.35, p=0.010; eight stud-
ies); -2.95 (95% Cl: -5.16, -0.75, p=0.010; three studies); and -2.01
(95% Cl: -3.48, -0.55, p=0.007; five studies) at 6, 9, and 12 months,
respectively.

The baseline values of the outcomes had negative coefficients
at several or all the study time points for MMD, MIDAS, NDM,
and AMI. Medication overuse was also analyzed; for MIDAS, the
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TABLE 2 Pooled estimates of the proportion of response rates at 3, 6, and 12 months for monthly headache days and monthly migraine

days.

Response rate Length of study (months) Prevalence (95% Cl) 1% (%) p-value Number of studies

RR >50% MHD 3 0.60 (0.53 to 0.66) 77.9 <0.001 7

6 0.57 (0.47 to 0.67) 70.3 0.010 5

12 0.45(0.22 to 0.69) 91.4 <0.001 2

RR >50% MMD 1 0.50 (0.42 to 0.59) 81.8 <0.001 7

3 0.63(0.57 to 0.69) 65.5 0.060 8

0.63(0.58 to 0.68) 42.7 0.397 6

12 0.57 (0.43 to 0.70) 87.7 <0.001 4

RR >75% MHD 3 0.30(0.21 t0 0.39) 87.9 <0.001 5

6 0.33(0.19 to 0.48) 84.9 <0.001 4

12 0.32(0.29 to 0.35) 0.0 0.883 2

RR >75% MMD 1 0.24 (0.17 to 0.32) 70.3 0.062 5

& 0.31(0.27 to 0.35) 14.3 0.670 5

6 0.35(0.30 to 0.44) 3.7 0.590 2

RR 100% MHD 1 0.01 (0.01 to 0.03) 0.0 0.970 2

3 0.02 (0.01 to 0.05) 40.0 0.224 2

RR 100% MMD 1 0.03 (0.00 to 0.11) 87.1 0.044 &

3 0.05 (0.02 to 0.09) 57.2 0.183 &

6 0.07 (0.04 to 0.10) 14.6 0.415 2

Abbreviations: Cl, confidence interval; 12, heterogeneity; MHD, monthly headache days; MMD, monthly migraine days; p-value, p-value of

heterogeneity; RR, response rate.

coefficients were -0.30 (95% Cl: -0.52, -0.08, p=0.007; five stud-
ies) and -0.34 (95% Cl: -0.54, -0.15, p=0.001; seven studies) at 9
and 12months, respectively.

With respect to the percentage of females, MMD had a positive
coefficient at all time points (1 to 12months, p <0.050), increasing
from 0.16 at 1 month to 0.57 at 9 months. Similarly, MHD presented
a positive coefficient, although only MHD at 3months, with more
studies available, showed a statistically significant difference of 0.44
(95% CI: 0.18, 0.71; p=0.001).

The EM variables did not differ significantly. Meta-regression
analyses between covariates revealed no interactions between age
and sex or between baseline levels and medication overuse. In addi-
tion, no statistically significant differences were found in the MHD/

MMD RR or in the prevalence of safety outcomes (Tables S8 and S9).

Subgroup analyses

The study design was associated with differences in some outcomes
across time points. MHD at 3months (nine prospective and seven
retrospective studies), MMD at 1 month (three prospective and six
retrospective studies) and 3months (six prospective and nine retro-
spective studies), and NDM at 3months (five prospective and three
retrospective studies) and 12months (two prospective and one ret-
rospective study) showed greater reductions in days in prospective

studies. Conversely, injection site reactions and related reactions at

3months (four prospective and two retrospective studies) were less
frequent in prospective studies (Table S10).

With respect to geographical distribution, subgroup analyses
comparing European and non-European studies indicated greater
reductions in MHD at 1 month (two European and six non-European
studies), MMD at 1month (four European and five non-European
studies) and 3months (11 European and five non-European studies),
and HIT-6 at 6months (10 European and one non-European study) in
European studies than in non-European studies.

Studies that included only patients with CM showed signifi-
cant reductions in days at 3, 6, 9, and 12months (three studies at
3months, 10 studies at 6 months, five studies at 9 months, and six
studies at 12 months).

DISCUSSION
Main findings

To our knowledge, this is the first real-world meta-analysis provid-
ing clinical evidence of the effects of CGRP ligand inhibition on
MMD, MHD, HIT-6, MIDAS, AMI, NDM, and PI scores, as well as
treatment safety, in patients with migraine. Our results revealed that
galcanezumab reduced the number of migraine and headache days
at 1, 3, 6, 9, and 12months (MMD: -6.93 to -10.90; MHD: -8.55
to -10.97), with progressive improvements in the HIT-6 score (-7.96
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TABLE 3 Pooled estimates of the proportion of adverse events at 3 and 6 months and any adverse events at 3, 6, and 12months.

Adverse event Length of study (months)

Any adverse event 3

6

iy
N

Constipation

Injection-site reactions and related

Fatigue-asthenia

Dizziness-vertigo

N W oW W W

Prevalence (95% ClI) 1% (%) p-value Number of studies
0.23(0.07 to 0.44) 95.3 <0.001 6
0.25(0.14 t0 0.38) 54.6 0.092 3
0.35(0.27 to 0.45) 4.7 0.563 2
0.06 (0.02 to 0.11) 71.6 <0.001 7
0.16 (0.06 to 0.29) 83.5 <0.001 5
0.10 (0.03 to 0.22) 91.5 <0.001 6
0.05(0.01 to 0.11) 64.8 0.035 4
0.03 (0.00 to 0.09) 48.9 0.184 2
0.03 (0.00 to 0.07) 50.1 0.184 3
0.05 (0.01 to 0.09) 324 0.293 3
0.02 (0.00 to 0.07) 35.8 0.227 3

Abbreviations: Cl, confidence interval; I, heterogeneity; p-value, p-value of heterogeneity.

to -11.97) and MIDAS score (-42.61 at 3months; -50.52 to -55.17
from 6 to 12months). Reductions were also observed in NDM (-6.79
to -13.01), AMI (-11.85 to -19.35), and PI (-2.04 at 1 month; -1.67
to -2.29 from 3 to 12 months). Approximately two-thirds of patients
achieved a RR >50% in MMD/MHD at 3 to 6 months; one-third
achieved a RR >75%; and between 2% and 7% achieved a complete
response. Adverse events were infrequent, with constipation being
the most common, followed by injection site reactions. Demographic
data had a minimal impact on effectiveness or safety; although age
influenced HIT-6 improvement; higher baseline values led to greater
reductions in MMD, MIDAS, NDM, and AMI; and medication over-
use and female sex were associated with smaller improvements in
some outcomes. European studies showed slightly greater reduc-

tions, whereas episodic migraine had no significant effect.

Interpretation

Previous meta-analyses have evaluated the effects of galcanezumab
in clinical and randomized trials and concluded that it is an effec-
tive preventive treatment for adult patients with CM and EM. This
conclusion is based on its ability to reduce the primary outcome,
MHD, as well as secondary outcomes, including MIDAS and NDM,
while demonstrating an acceptable safety profile.t**¢% Our real-
world results corroborate previous findings with respect to MHD,
MIDAS, NDM, and safety. Although there is a meta-analysis of ob-
servational studies involving a variety of anti-CGRP agents,’* 87%
of these studies focus on erenumab. Therefore, we provide the first
real-world evidence to support trial outcomes, with additional effec-
tiveness measures including MMD, HIT-6, AMI, and PI.

To add further value, we provide evidence for all these outcomes
in a study population that appears to be highly representative of pa-
tients who have initiated treatment with galcanezumab. Our analysis
included a wide range of adult patients, that is, young and older, male
and female, with and without medication overuse, with and with-
out multiple previous treatment failures (including some who had

received OnabotulinumtoxinA), responders and nonresponders, pa-
tients with EM and CM, and patients previously treated with CGRP
mAbs—although these were very few, representing genuine and
naive results from four different continents.

All these characteristics could explain the greater reductions
observed compared with those reported in RCTs, particularly in pa-
tients with higher baseline levels. This finding may be especially im-
portant because severely affected patients experience substantial
benefits. Our study also demonstrated considerable heterogeneity
in many outcomes. We explored the sources of this heterogene-
ity, which were mainly related to prospective and European stud-
ies, as well as differences in baseline outcome levels contributing
to variability in quantitative reductions. Population characteristics,
standards of care, and access to new medications differ between
continents. These factors, together with prospective patient fol-
low-up, may explain some of the observed heterogeneity.

However, real-world studies with high heterogeneity may reflect
the inclusion of a broad spectrum of patients, which is consistent
with the aim of this study and allows for greater generalization of
the findings. Although there is some risk of bias, it does not appear
to have a significant impact on the results. The trim-and-fill method
produced imputed values close to the observed results, and the
asymmetry detected by Egger's test can be attributed to consider-
able heterogeneity. Finally, the use of the Hozo tool appears to in-
troduce only slight bias.?*

Over the past three decades, CGRP has been widely recognized
as a key factor in migraine pathogenesis. However, receptor sub-
units, neuropeptides, and other factors also play important roles in
migraine pathophysiology. Blocking this pathway has been shown to
reduce symptoms and improve study outcomes.”? Anti-CGRP mAbs
have a different mechanism of action than CGRP ligand- or receptor-
targeted agents, which may explain the differences in efficacy and
treatment response between naive patients and some treatment-
resistant patients.“’s'68
Sex bias in migraine remains a current issue. A review summa-

rized several studies showing that migraine affects only female
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rodents or that the effects are more pronounced in females.” CGRP
has multiple sites of action, both peripheral and central, and has a
significant genetic contribution to migraine. This genetic influence,
together with clinical factors, affects the response to several anti-
CGRP treatments. In a study of 289 patients at the first follow-up,
36.7% of patients receiving erenumab, 28.4% receiving fremane-
zumab, and 34.9% receiving galcanezumab achieved reductions in
MMD. In this study, galcanezumab had a greater effect on females
than on males.®’

In our meta-analysis examining the effect of sex on MMD, al-
though there were potential biases and limitations (lower baseline
values may have influenced the results, and sex could be a confound-
ing factor), the opposite trend was observed: Females may have a
smaller treatment effect. Chase et al. conducted a mixed anti-CGRP
study (which included an anti-receptor agent, erenumab) with non-
specific timing that may help explain these findings. The only drug-
specific real-world meta-analysis of anti-CGRP mAbs published to
date suggests that erenumab may have a lower RR in MMD/MHD
in females.”® Direct comparative studies are needed to confirm any
potential differences between agents.

In an exploratory descriptive comparison between similar
populations in terms of MMD reduction and RR, the present real-
world meta-analysis of galcanezumab showed slightly superior re-
sults compared with those of erenumab. However, it is important
to note that meta-regression indicates an effect of heterogeneity
on the mean reduction in MMD and other outcomes. Although the
effectiveness outcomes reported in both real-world meta-analyses
revealed a superior effect for galcanezumab at 3 and 6 months and a
similar effect at 12months, with very similar safety profiles, no firm
conclusions can be drawn. Direct comparative studies are needed to
confirm the potential differences suggested by exploratory descrip-
tive comparisons.

Our results suggest that a single injection and 1 month may be
sufficient to achieve meaningful results. However, effectiveness
appears to improve over time, with a trend toward stabilization or
slower progression at approximately 12months. Previously, the
European Headache Federation guidelines recommended assessing
potential treatment discontinuation at 6 or 12months. This recom-
mendation was maintained in the 2022 update, which is consistent
with our findings.'®’! Robust real-world data beyond 12months
are still needed to inform treatment decisions. Finally, our finding
that baseline values affect outcomes seems logical: The higher the
baseline values, the greater the potential reduction. Nevertheless,
the MMD/MHD RRs were not affected by the baseline value itself.
This observation is noteworthy, and further studies are needed to
investigate the benefits of galcanezumab for complex and chronic
patients.

Constipation may result from disruption of the normal physio-
logical function of CGRP, which plays a role in stimulating efferent
neurotransmission in the digestive tract. Galcanezumab inhibits
this function by blocking CGRP receptors, which may explain why
constipation is observed as an adverse effect. In fact, constipa-
tion is the most common adverse event associated with erenumab.

Although a clinical trial suggested possible mechanistic differences,
galcanezumab also inhibits amylin 1 (AMY1) receptors, which have
motility-slowing effects that could explain its slightly superior effi-
cacy compared with erenumab. However, few studies met the inclu-
sion criteria for our meta-analysis, and constipation may not have
been reported unless it was specifically assessed.”?””* Injection site
reactions and related reactions were less common than those re-
ported in RCTs, where the prevalence exceeded 10%. Safety reports
with a prevalence greater than 10% are available in agency-approved
monographs. However, these observations cannot be considered
definitive because the analysis is subject to bias and direct compar-
isons are not possible.

Updates demonstrating the long-term safety and efficacy of
anti-CGRP mAbs support institutional statements, such as the
2024 American Headache Society (AHS) consensus, which recom-
mends anti-CGRP mAbs as first-line preventive treatment for EM
and/or CM.”>7¢ Similarly, according to AHS guidelines, a reduc-
tion of >50% is often used to define the success of preventive
treatment after 3 months. In our study, the pooled proportion of
patients who achieved at least a 50% reduction in MMD/MHD ex-
ceeded 60% after 3 months, with mean reductions in MMD and
MHD of -8.63 and -10.58, respectively, in a population with base-
line MMD levels ranging from 8 to 27.4days and baseline MHD
levels ranging from 11.0 to 30.0days. These results indicate that
galcanezumab is an effective preventive treatment for migraine in
the general population.

However, no real-world meta-analyses have yet been published
for fremanezumab or eptinezumab, highlighting the need for addi-
tional studies and meta-analyses to establish the efficacy of each
anti-CGRP mAb. These findings, together with ongoing studies,
are essential for determining the best treatment option for each
patient. Finally, to improve the generalizability of the results, fu-
ture studies should include patients and regions that are currently

underrepresented.

Limitations

Our study has several limitations that should be considered. First,
because this is a real-world meta-analysis, most studies did not
have a control group or undergo blinding. This increases the risk
of bias due to patient expectations, which could lead to an over-
estimation of perceived benefits, especially with regard to subjec-
tive outcomes. Second, the inclusion criteria differed between the
included studies, which may have biased the results. Some stud-
ies reported marked differences in baseline outcome values, as is
evident from our meta-analysis: Generally, the higher the base-
line value, the greater the MD. Furthermore, most of the included
patients were females, which can be explained by the fact that
migraine is more prevalent in females than in males. Third, some
outcomes were mainly based on migraine diaries completed by pa-
tients according to their subjective perceptions of their migraine
episodes or for safety reasons, depending on how these data were
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compiled or considered. Fourth, some studies were excluded be-
cause of their language. Fifth, some of the better results at 6, 9,
and 12 months may be due to nonresponders discontinuing treat-
ment because of a lack of effectiveness. However, the RR results
are based on the total population included in the studies, so drop-
outs and withdrawals could represent a lower RR. Sixth, some con-
tinents have few or no studies. In addition, Spain and Italy account
for all studies in Europe, and subgroup analysis revealed a greater
effect in the European population, so this is a bias. Seventh, some
studies showed publication bias and a lack of robustness. We per-
formed a sensitivity analysis to identify and control for this. Using
tools to convert medians to means or extract data from images
may result in a slight modification of the observed effect. Eighth,
with regard to safety, real-world studies are limited in their ability
to capture low-frequency adverse events, and they could also un-
derestimate such events owing to incomplete reporting. Ninth, the
majority of studies did not report the possible concomitant use of
OnabotulinumtoxinA. In Table S2, we present the NA data. If there
is concomitant use, this could bias the results and is a potential
confounder. However, these studies only wanted to investigate
the use of anti-CGRP mADbs, so the use of OnabotulinumtoxinA is
unlikely. Tenth and last, some meta-regressions included few stud-
ies due to a lack of information on some covariates, which limited
the statistical power of the estimates and the external validity of
the study.

CONCLUSIONS

This study suggests that galcanezumab effectively reduces MMD
and MHD (RR 50%, 75%, and 100%), as well as NDM, AMI, PI, HIT-
6, and MIDAS scores, in a real-world population while maintaining
a favorable safety profile. Therefore, galcanezumab may play a key
role in the management of migraine in clinical practice, provid-
ing effective and well-tolerated treatment. Importantly, it offers
a therapeutic option for patients with multiple comorbidities or a
high baseline disease burden, improving quality of life by alleviat-
ing migraine and reducing the need for acute medication, as sup-
ported by our meta-regression analysis. Further research, including
comparative, change, demographic, and genetic studies, is needed
to identify the most effective and safest strategies in general and
specific patient populations. The high heterogeneity observed in our
results limits the certainty of the evidence, highlighting the need for
additional high-quality, controlled, comparative studies to confirm
the effectiveness and safety of galcanezumab and determine which

subgroups may benefit most.
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