
R E V I E W Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Hoehne et al. The Journal of Headache and Pain           (2026) 27:10 
https://doi.org/10.1186/s10194-025-02256-0

The Journal of Headache 
and Pain

*Correspondence:
Uwe Reuter
uwe.reuter@charite.de

Full list of author information is available at the end of the article

Abstract
Objective  To evaluate the long-term safety (≥12 months) of monoclonal antibodies (mAbs) targeting the calcitonin 
gene-related peptide (CGRP) or its receptor in migraine prevention by synthesising evidence from clinical trials and 
real-world studies. We focus on drug discontinuation due to adverse events and the type and frequency of adverse 
events. This is the first review to analyse the effects of the long-term use of all anti-CGRP (receptor) mAbs, aiming to 
provide novel insights for clinical practice and future treatment strategies.

Methods  We systematically searched PubMed, Cochrane Library, and ClinicalTrials.gov for studies with ≥12 months of 
anti-CGRP (receptor) mAb use between January 2013 and April 2025. A random-effects meta-analysis of proportions 
(logit transformation, inverse variance weighting, restricted maximum likelihood) was performed to estimate pooled 
discontinuation and adverse event rates. Risk of bias was assessed using the ROBINS-I score.

Results  From a total of 1,499 records, 14 met the inclusion criteria and were eligible for data analysis. These 14 
records corresponded to 11 individual studies with observational durations all exceeding 12 months. Seven studies 
investigated erenumab, two eptinezumab, and one each fremanezumab and galcanezumab. All studies were 
judged to have a severe risk of bias due to their underlying design. The overall pooled proportion of treatment 
discontinuation for any reason among patients receiving anti-CGRP (receptor) mAbs was 23%, whereas the pooled 
proportion of discontinuation specifically due to adverse events was substantially lower at 3%. Time-trend analysis 
showed that adverse event–related discontinuation remained low (<5%) beyond the first year, while overall adverse 
event incidence was high at baseline (>70%) but did not further increase with prolonged follow-up.

Conclusion  Evidence on long-term use of anti-CGRP (receptor) mAbs over 12 months remains limited, but our 
analysis indicates good tolerability with consistently low adverse event-related discontinuation, no emergent safety 
signals, and largely non-serious, stable adverse event profiles. However, heterogeneity and study-level bias warrant 
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Introduction
Migraine is a chronic, disabling neurological disorder 
affecting over one billion people globally, with a higher 
prevalence in women and a peak incidence between the 
ages of 25 and 55 [1, 2]. Given the high disease burden, 
there is a clear need for preventive therapy in approxi-
mately 40% of affected individuals. Conventional oral 
prophylactic treatments have historically been associated 
with limited efficacy, poor tolerability and subsequent 
high discontinuation rates [3]. In recent years, calcitonin 
gene-related peptide (CGRP) has emerged as a key target 
in migraine pathophysiology, leading to the development 
of monoclonal antibodies (mAbs) for migraine preven-
tion that target either CGRP to prevent its interaction 
with the receptor (e.g., galcanezumab, fremanezumab, 
eptinezumab) or its receptor (erenumab) [4]. Several 
years later, small-molecule CGRP receptor antagonists 
(gepants) such as ubrogepant, rimegepant, and atogepant 
were developed for both acute and preventive migraine 
treatment [5].

The first anti-CGRP receptor mAb, erenumab, was 
launched in 2018, and this substance class has trans-
formed the landscape of migraine prevention ever since 
[6]. The clinical efficacy and tolerability of anti-CGRP 
(receptor) mAbs have been demonstrated in multiple 
large-scale, randomised controlled trials (RCTs) and 
real-world observational studies for both episodic (EM) 
and chronic migraine (CM), with many studies showing 
significant reductions in monthly migraine days, acute 
medication use and improved quality of life. These agents 
are now recommended in several national and interna-
tional guidelines, often as a first-line preventive option 
for migraine [3, 7].

Long-term safety is of particular importance for pre-
ventive migraine therapies, especially given the chronic 
nature of the disorder and the likelihood that patients 
may remain on treatment for several years. Anti-CGRP 
(receptor) mAbs are characterized by longer plasma 
half-lives (approximately 28 days) compared with tradi-
tional oral prophylactics, resulting in sustained systemic 
exposure. However, the robustness of long-term safety 
evidence remains variable. Data from registries and prag-
matic cohort studies extending beyond 12 months are 
still emerging. Furthermore, there is limited comparative 
insight into how safety outcomes observed in real-world 
data align with those reported in RCTs and long-term 
extension studies.

Given these considerations, we performed a system-
atic review and meta-analysis to evaluate the long-term 
safety profile of anti-CGRP (receptor) mAbs, including 
evidence from both clinical trials and real-world studies. 
Specifically, our goals were to determine whether suf-
ficient data support the long-term safety of anti-CGRP 
(receptor) mAbs beyond 12 months of use and to identify 
and measure the type and frequency of adverse events 
(AEs) associated with long-term (≥12 months) exposure.

By synthesising available data from diverse study 
designs and patient populations, this review aims to 
provide a comprehensive evaluation of the long-term 
safety of anti-CGRP (receptor) mAbs, with implications 
for clinical decision-making and potentially guideline 
development.

Methods
This review was carried out following the guidelines out-
lined by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA). As the analysis 
is based solely on data from existing published literature 
and does not involve the collection of new data from 
human or animal participants, no ethical approval or 
informed consent was required.

Objective and search strategy
The primary objective of this systematic review and 
meta-analysis was to assess the long-term safety pro-
file of anti-CGRP (receptor) mAbs for the prevention of 
migraine. Specifically, we aimed to determine whether 
sufficient safety data exist for treatment durations 
exceeding 12 months, to assess the discontinuation rate 
due to AEs as a specific safety outcome, and to sum-
marise the type and frequency of AEs reported during 
long-term use.

To address these questions, we systematically reviewed 
studies that reported safety outcomes for erenumab, gal-
canezumab, fremanezumab, or eptinezumab in patients 
with episodic or chronic migraine, with a minimum 
duration of 12 months. We included all relevant stud-
ies published from January 2013 through April 2025. A 
systematic search of PubMed, the Cochrane Library, 
and ClinicalTrials.gov was carried out on April 4, 2025. 
Duplicate records were removed using EndNote 2025.

The search terms for PubMed were the following:
(galcanezumab[Title/Abstract]) OR (LY2951742[Title/

Abstract])

cautious interpretation, highlighting the need for long-term clinical studies and continued real-world surveillance (e.g. 
registries).

Clinical trial number  Not applicable.

Keywords  Migraine, Galcanezumab, Fremanezumab, Erenumab, Eptinezumab, Long-term safety, CGRP
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OR (eptinezumab[Title/Abstract] OR (ALD403[Title/
Abstract])

OR (fremanezumab[Title/Abstract]) OR 
(LBR101[Title/Abstract])

OR (erenumab[Title/Abstract]) OR (AMG334[Title/
Abstract])

AND “long-term”[Title/Abstract] OR “12month”[Title/
Abstract] OR “year*” [Title/Abstract]

AND “migraine”[Title/Abstract].
The Cochrane Library was searched for ‘galcanezumab 

OR eptinezumab OR fremanezumab OR erenumab OR 
CGRP-Antibody OR CGRP-Antibodies OR LY2951742 
OR ALD403 OR AMG334 OR LBR101’ in Title, Abstract, 
Keywords; AND ‘migraine’ in Title, Abstract, Key-
words; AND 12 months OR 1 year OR long term in Title, 
Abstract, Keywords.

ClinicalTrials.gov was included to ensure a comprehen-
sive search and to identify completed long-term studies 
that might not yet have been indexed in bibliographic 
databases, as well as to verify the publication status of 
relevant trials. It was searched for completed studies 
(with results) involving anti-CGRP (receptor) mAbs (gal-
canezumab OR eptinezumab OR fremanezumab OR ere-
numab OR CGRP-Antibody OR CGRP-Antibodies OR 
LY2951742 OR ALD403 OR AMG334 OR LBR101) for 
migraine treatment conducted between January 1, 2013, 
and April 4, 2025.

Three reviewers (CLH, LHO and UR) independently 
screened the titles and abstracts identified in the ini-
tial search to determine their eligibility according to 
the inclusion criteria. Any discrepancies were resolved 
through consensus discussion. Subsequently, all authors 
evaluated the full-text articles.

Inclusion criteria
Studies were included if they: (1) reported safety and tol-
erability outcomes of anti-CGRP (receptor) mAbs with 
a treatment duration of at least 12 months or longer; (2) 
were designed as RCTs, open-label extension studies, or 
prospective or retrospective observational studies; (3) 
were published between 2013 and 2025.

Exclusion criteria
We excluded studies that: (1) were not written in Eng-
lish; (2) did not contain original data, such as reviews or 
meta-analyses, or were not full-text publications, includ-
ing letters, conference posters, or conference abstracts; 
(3) reported data from preclinical, animal, or mechanis-
tic studies; (4) did not report safety outcomes or adverse 
events, or presented data that could not be extracted or 
converted for quantitative synthesis; (5) analysed only 
subgroups of already included studies; (6) presented 
pooled data of already included studies.

Data extraction and analysis
Data were extracted on study design, duration, popu-
lation characteristics (sex, age, migraine subtype), the 
anti-CGRP (receptor) mAb used, dose, reported AEs and 
AE-specific discontinuation rates.

For each study, we first extracted the total number of 
reported AEs. When this number was not available, we 
used the number of treatment-emergent adverse events 
(TEAEs) as the best available estimate. Pregnancy was 
variably reported across studies, either as an AE or as 
a separate outcome. To ensure consistency and com-
parability, pregnancy was excluded from the analysed 
AE outcomes. Each study reported AEs according to its 
own incidence threshold (e.g., events occurring in >5% 
of patients or ≥4 events per 100 patient-years), and these 
thresholds were retained as reported without standard-
ization (Supplementary Table 1). Finally, we grouped all 
reported AEs categories based on clinical relevance or 
organ system (Supplementary Table 2).

Several records referred to the same underlying study 
but reported outcomes at different timepoints and/or as 
interim analyses. To ensure consistency in the pooled 
meta-analysis of treatment discontinuation, only one 
record per study was included, specifically, the version 
reporting the latest available cumulative discontinuation 
data. As a result, not all eligible records were included in 
the pooled analysis.

Where discontinuation was reported separately for 
mutually exclusive subgroups (e.g., EM and CM), sub-
group data were summed to obtain the total number of 
discontinuations per study or timepoint.

For the time trend analysis, all available time points 
across all records were incorporated. In cases where the 
same timepoint of one study was reported in multiple 
records, results were checked for consistency, and dupli-
cate entries were excluded to avoid double-counting.

We performed a random-effects meta-analysis of pro-
portions using the logit transformation to stabilize vari-
ance and normalize sampling distributions. Pooled 
estimates with 95% confidence intervals (CIs) were 
calculated for overall discontinuation, AE-related dis-
continuation, and for each AE category. Between-study 
heterogeneity was assessed using Cochran’s Q test, τ2, 
and the I2 statistic. Subgroup analyses were performed by 
antibody type and study design.

Assessment for risk of bias
Risk of bias in non-randomised studies was evaluated 
using the ROBINS-I tool (V2, November 2024), which 
assesses bias across seven domains, including confound-
ing, participant selection, classification of interventions, 
deviations from intended interventions, missing data, 
measurement of outcomes, and selection of reported 
results [8]. Each domain in the ROBINS-I tool was 
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assessed to determine the overall risk of bias. Based on 
these assessments, studies were categorized as having 
low, moderate, or high risk of bias.

Publication bias
We assessed publication bias visually using funnel plots 
and statistically using Egger’s regression test. We applied 
the trim-and-fill method to estimate the potential impact 
of unpublished studies.

Results
Study selection and overview
The preliminary literature search identified 394 records 
from PubMed, 212 from ClinicalTrials.gov, and 893 from 
the Cochrane Library, published from January 2013 to 
April 2025. After removing duplicates in EndNote 2025, 
1,010 records remained and were screened by title and 
abstract. Of these, 231 records were selected for full-
text review, resulting in 77 records, of which 14 met the 

inclusion criteria and were eligible for data analysis (Fig. 
1).

These fourteen selected records corresponded to eleven 
individual studies with varying observational durations. 
The majority of studies investigated the use of erenumab 
(n = 7), followed by two studies on eptinezumab, and one 
study each on galcanezumab and fremanezumab (Table 
1). Of these eleven studies, seven were open-label exten-
sion trials following after a short-term placebo-controlled 
trial, one was a phase-III open-label study (participants 
in open-label n = 3,636), and three were real-world obser-
vational studies (participants in real-world n = 743). 
The study populations included patients with episodic 
migraine (EM), chronic migraine (CM), or both. Three 
studies specifically enrolled patients with a history of 
treatment failure: one study focused on CM patients who 
had failed at least three preventive therapies, and two 
studies included EM patients who had failed 2–4 prior 
preventive treatments. In total, the studies included 4,379 

Records identified from:
PubMed (n = 394)
ClinicalTrials.gov (n = 212)
Cochrane (n = 893)

Records removed before screening:
Duplicate records automatically 
removed (n = 489)

Records screened title and 
abstract

(n = 1,010)
Records excluded
(n = 779)

Records sought for retrieval
(n = 231)

Records not retrieved
(n = 154)

Records assessed for
eligibility (n = 77)

Records excluded:
Poster publication (n = 28)
No safety outcome measures reported 
(n = 14) 
Subgroup analysis from a trial included 
(n = 3)
Pooled data (n = 4)
≤ 12 Months treatment (n = 10) 
Duplicates (n = 4)

Records included in the review
(n = 14)

Identification of studies via databases and registers
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Fig. 1  PRISMA flow diagram of study selection
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participants across a combined observational period of 
1,052 weeks, ranging from a minimum of 60 to a maxi-
mum of 256 weeks.

Assessing risk of bias with ROBINS-I
All included studies were judged at serious overall risk of 
bias, although the underlying reasons differed between 
the designs (Fig. 2). In open-label extension studies, the 
main concerns were the selection of participants, since 
only trial completers or responders were eligible to con-
tinue, and unblinded outcome measurement, as all key 
outcomes were patient-reported and could be influenced 
by treatment awareness. In contrast, real-world studies 
were most affected by confounding, due to non-random 
treatment and baseline differences. Across both types 
of studies, the classification of interventions was consis-
tently low risk, while deviations from intended interven-
tions, missing data, and selective reporting were generally 
rated at moderate risk.

Treatment discontinuation in long-term CGRP monoclonal 
antibody studies
The overall pooled proportion of treatment discontinua-
tion for all reasons among patients receiving anti-CGRP 
(receptor) mAbs was 23% (95% CI: 14% to 34%, p < 0.0001; 
Fig. 3). Heterogeneity between studies was considerable 
(I2 = 97.3%, τ2 = 0.8627). Individual study estimates varied 
widely, ranging from 7% [12] to 56% [19].

In contrast, the pooled proportion of patients who 
discontinued treatment specifically due to AEs was sig-
nificantly lower, at 3% (95% CI: 2% to 6%, p < 0.0001; Fig. 
4). Although heterogeneity remained high (I2 = 91.2%, 
τ2 = 0.9264), most studies reported AE-related discon-
tinuation rates below 6%. Only one study [18] reported a 
higher rate (18%).

Subgroup analysis by anti-CGRP (receptor) mAb 
revealed significantly different AE-related discontinua-
tion rates (p < 0.001). Pooled estimates were highest for 
galcanezumab (6%), fremanezumab (4%), and erenumab 
(4%), and lowest for eptinezumab (1%). Only the results 
from erenumab were based on several studies, while the 
other anti-CGRP (receptor) mAbs were presented by 
smaller and fewer studies (Supplementary Figure 1).

An additional subgroup analysis comparing clinical 
open-label extension trials with real-world observational 
studies did not show a significant difference in AE-related 
discontinuation rates (p = 0.56), though real-world stud-
ies were fewer and more heterogeneous (Supplementary 
Figure 1).

In addition to AE-related discontinuation, several 
studies reported further reasons for treatment discon-
tinuation. Across studies, the most frequent reasons were 
lack of efficacy and patient decision, with smaller num-
bers discontinuing due to new therapy initiation, loss to A
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follow-up, or other study-specific reasons (Supplemen-
tary Table 3).

Time trends
AE-related discontinuation rates remained low through-
out long-term follow-up, with most studies report-
ing proportions below 5% after the first year. One 
real-world study reported higher early discontinuation 
rates, which subsequently plateaued [18]. The incidence 
of any reported AE often exceeded 70% at the earliest 
timepoints and showed minimal increase with longer 

observation and only minor accumulation over extended 
follow-up (Fig. 5).

Reported adverse events
The most frequently reported AE was upper respiratory 
tract infection (pooled incidence 20.4%, 95% CI 4.3–59.2; 
k = 11), followed by pain-related symptoms (3.8%, 1.6–
9.0; k = 11) and GI/abdominal-related symptoms (2.5%, 
0.8–7.8; k = 11) (Fig. 6). Most other categories, includ-
ing constipation, headache-related symptoms, neuro-
logical symptoms, and psychiatric symptoms, had pooled 

Fig. 2  Risk of bias in non-randomised studies. Risk of bias assessment for included studies, conducted across seven domains using the ROBINS-I frame-
work. Green = low risk, yellow = moderate risk, red = serious risk. Visualization was created with the robvis tool [23]
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incidences below 3%. Rarely reported categories (<2% 
pooled incidence) included autonomic/vegetative symp-
toms, cardiovascular symptoms, skin reactions, hyper-
sensitivity, and other nonspecific events.

Of the eleven included studies, eight were conducted 
during the COVID-19 pandemic, although only two 
explicitly reported confirmed COVID-19 cases.

Publication bias
Funnel plot inspection did not suggest substantial asym-
metry for either total discontinuation or discontinuation 
due to AE (Supplementary Figures 2 and 3). Trim-and-
fill analyses suggested the presence of potentially one 
missing study on the right side of the funnel plot of dis-
continuation due to AE, and led to a slightly altered 
pooled estimate compared with the original model. For 
total treatment discontinuation, Egger’s regression test 
indicated no evidence of small-study effects (z = 0.80, 
p = 0.42). For AE-related discontinuation, Egger’s test 
showed a nonsignificant trend towards asymmetry 
(z = −1.58, p = 0.11). Given the limited number of stud-
ies (k = 11) and the high heterogeneity (I2 > 90% for both 

outcomes), the power of these tests remains limited. 
Overall, evidence for publication bias was weak and did 
not materially alter the interpretation of the results.

Discussion
This systematic review and meta-analysis synthesis-
ing eleven studies with an observation period of at least 
12 months on anti-CGRP (receptor) mAbs found that 
overall drug discontinuation for any reason was moderate 
(23%), whereas discontinuation specifically due to AEs 
was consistently low (3%). Importantly, AE-related dis-
continuation remained stable throughout extended fol-
low-up, suggesting durable tolerability of the anti-CGRP 
(receptor) mAbs in both clinical trial and real-world set-
tings. No increase in AEs was seen over time.

Both open-label extension trials and real-world studies 
contributed to the overall evidence base, with the open-
label extension trials including a larger number of par-
ticipants. However, neither study type disproportionately 
influenced the pooled estimates. This contextualizes the 
findings across different study designs and enhances the 
interpretability of our results.

Fig. 4  Discontinuation due to adverse events across studies. Forest plot showing the proportion of patients (events/total) who discontinued treatment 
due to adverse events (AEs)

 

Fig. 3  Total treatment discontinuation across studies. Forest plot showing the proportion of patients (events/total) who discontinued anti-CGRP (recep-
tor) mAb treatment for any reason
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Our findings are broadly consistent with safety results 
from pivotal RCTs [24, 25] and open-label studies which 
reported AE-related discontinuation rates below 5% [26]. 
The present analysis extends this evidence by incorporat-
ing long-term follow-up and real-world data, encompass-
ing over 4,000 patients across diverse clinical contexts. 
However, the data did not provide any direct comparison 
between the use of mAbs for less than and more than 
12 months.

Though in this context, the consistently low AE-related 
discontinuation observed with anti-CGRP (receptor) 
mAbs stands in contrast to oral preventives such as pro-
pranolol, amitriptyline, and topiramate, which report dis-
continuation rates of 21–81% at 6 months and 45–93% 
at 12 months [27]. These discontinuation rates are not 
achieved even when patients are treated significantly lon-
ger with an anti-CGRP (receptor) mAbs.

Beyond AE-related discontinuation, a variety of addi-
tional factors contributed to treatment cessation, most 
commonly lack of efficacy and patient decision. Admin-
istrative factors such as reimbursement regulations were 
not reported but may also have influenced real-world dis-
continuation rates in several settings. The heterogeneous 
and incomplete reporting of these reasons across studies 
limits direct comparability and may contribute to vari-
ability in observed discontinuation patterns.

Interpretation of time trends
Across studies, AE-related discontinuation appeared 
stable after the first year, with no clear signs of increas-
ing safety concerns over time. Higher early discontinua-
tion in some real-world cohorts likely reflects differences 
in patient selection and monitoring, after which rates 
plateaued. Although most patients reported at least one 
AE, the majority were non-serious and did not necessi-
tate treatment cessation. However, these apparent trends 
should be interpreted cautiously. The analysis is primar-
ily descriptive, based on heterogeneous reporting across 
studies with variable thresholds, timepoints, and defini-
tions. As such, the findings are not robust enough to rule 
out late-emerging risks, but rather provide a broad over-
view suggesting stability in safety outcomes over pro-
longed exposure. 

Adverse events
In our pooled incidence analysis, most AEs occurred at 
rates below 5%, except for upper respiratory tract infec-
tion, which was the most frequently reported event. A 
recent meta-analysis of randomised placebo-controlled 
trials found an increased relative risk of infection with 
CGRP-targeting therapies overall, particularly for galca-
nezumab and eptinezumab at higher doses [28]. Notably, 
upper respiratory tract infections were also commonly 

Fig. 5  Time course in adverse event-related discontinuation and number of reported adverse events. AE: Adverse Events
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seen in placebo groups in anti-CGRP (receptor) mAb 
RCTs, very often with no difference to the comparator. 
Real-world data confirm these findings, with infection 
rates and types similar to those seen in clinical trials [29]. 
Nevertheless, the American Headache Society notes that 
infections are not considered a major safety concern in 
clinical practice, and discontinuation due to infection 
remains uncommon [30].

Importantly, most of the included studies were con-
ducted during the COVID-19 pandemic, which may have 
increased the incidence of viral respiratory infections and 
affected study procedures such as follow-up visits and 
AE reporting, albeit in an identical way in parallel-group 
studies. As only two studies explicitly distinguished 
COVID-19 from other respiratory infections, the poten-
tial impact of the pandemic on reported AE rates cannot 
be fully evaluated and represents a limitation of the avail-
able evidence.

The incidence of constipation as a side effect is reported 
at approximately 10–20% for erenumab, about 3% for 
both eptinezumab and fremanzumab, and 3–10% for gal-
canezumab in clinical trials and real-world data [31, 32]. 
In our analysis, however, we observed a lower pooled 
incidence rate, even though most studies investigated 

erenumab. This discrepancy may reflect underreporting 
in extension and observational studies, differences in AE 
definitions and thresholds, or selective continuation of 
patients who tolerated treatment during earlier phases.

Pharmacovigilance data provide complementary 
insights into post-marketing safety [32, 33]. Reports were 
collected between launch and the third year of market 
availability. They indicate that constipation, injection 
site reactions, and alopecia are most common with ere-
numab. Injection site reactions occur more frequently 
with galcanezumab and fremanezumab, whereas eptin-
ezumab is more frequently associated with fatigue and 
throat-related symptoms.

Compared to our pooled analysis, which showed AE 
are mild, non-serious events and have no high impact on 
discontinuation, pharmacovigilance data highlight addi-
tional signals such as alopecia and palpitations. These 
differences underscore the complementary nature of sys-
tematic study data and spontaneous reporting systems: 
while the former provide incidence estimates under con-
trolled conditions, the latter are more sensitive to rare or 
unexpected events. Together, these approaches reinforce 
the overall tolerability of anti-CGRP (receptor) mAbs 

Fig. 6  Incidence of reported adverse events. Pooled incidence (%) with 95% confidence intervals for each adverse event category, calculated using 
random-effects meta-analysis (REML τ2). Estimates are based on the latest or cumulative data for each study, with adverse event reporting thresholds 
retained as described in the original publications
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while emphasising the need for ongoing post-marketing 
surveillance to fully understand long-term safety.

Limitations
This study has several limitations that should be consid-
ered when interpreting the findings.

First, data for most anti-CGRP mAbs, particularly 
fremanezumab, galcanezumab, and eptinezumab, 
were available from only one or two long-term studies, 
restricting the robustness and limiting the generalizabil-
ity of pooled estimates. It also highlights the need for 
more clinical studies on long-term use.

Second, all included studies were judged to be at seri-
ous overall risk of bias, though the underlying reasons 
differed by design. Open-label extension trials only 
enrolled patients who tolerated and benefited from 
treatment during the randomised phase, leading to 
selective continuation of responders. This design inher-
ently underestimates discontinuation and may obscure 
safety signals that would otherwise emerge in a broader 
population.

Third, AE reporting was highly heterogeneous. Some 
studies captured all AEs, while others reported only 
treatment-emergent AEs (TEAEs), and incidence thresh-
olds varied considerably (e.g., > 5% of patients, ≥4 events 
per 100 patient-years, or no threshold). Furthermore, 
the time of onset of these AEs is not reported. Moreover, 
standardized definitions for specific AE categories were 
not consistently applied, which complicates the compa-
rability of grouped outcomes and may have introduced 
misclassification. Phenotyping of patients by demo-
graphic characteristics (e.g., age, sex, race), AE-related 
parameters, and reasons for discontinuation is gener-
ally not provided. Consequently, no conclusions can be 
drawn on this aspect in the present review.

Despite these limitations, this review has notable 
strengths. The comprehensive literature search across 
multiple databases minimised the risk of missed studies, 
and the inclusion of both clinical trial and real-world evi-
dence provides a broad perspective on long-term safety. 
The large cumulative sample size enhances the precision 
of pooled estimates, and the systematic grouping of AEs 
by clinical relevance allowed for a more coherent synthe-
sis of diverse reporting practices.

Conclusion
In summary, this systematic review and meta-analy-
sis demonstrates that long-term treatment with anti-
CGRP (receptor) mAbs is generally well tolerated, with 
AE-related discontinuation consistently low across 
agents and settings. The safety profile remained sta-
ble over extended follow-up periods, with most AE 
already reported in shorter observation periods of clini-
cal trials and real-world studies and remained mild and 

non-serious. No new adverse event types were detected 
with longer treatment duration. These findings pro-
vide some evidence for the sustained good tolerability 
of anti-CGRP (receptor) mAbs in clinical practice, while 
underscoring the need for further clinical studies and 
continued real-world surveillance to detect rare out-
comes and evaluate long-term safety.
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