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Abstract
Objective: Calcitonin gene-related peptide (CGRP) inhibitors, including monoclonal 
antibodies (mAbs) and small-molecule antagonists (gepants), have transformed 
migraine treatment. Although clinical trials established their efficacy and initial safety, 
post-marketing surveillance is essential for understanding their real-world safety 
profile in a broader population. Therefore, this study aims to systematically review and 
synthesize findings from published pharmacovigilance studies that analyze potential 
safety signals for CGRP inhibitors using major international databases, including the 
United States Food and Drug Administration (FDA) Adverse Event Reporting System 
(FAERS), the World Health Organization's (WHO's) VigiBase, and EudraVigilance, in 
order to establish a comprehensive real-world safety profile to guide clinical practice.
Methods: A systematic search was conducted in major electronic databases for 
studies published up to September 2025. Study selection, data extraction, and quality 
assessment were performed by two independent researchers. We included original 
research articles analyzing FAERS, VigiBase, or EudraVigilance for AEs associated with 
erenumab, galcanezumab, fremanezumab, eptinezumab, rimegepant, ubrogepant, 
atogepant, or zavegepant. Data on key signals of disproportionate reporting (SDRs) 
and quantitative measures of disproportionality were extracted and synthesized 
thematically.
Results: The search identified 30 eligible studies. For mAbs, consistent SDRs included 
injection site reactions, alopecia (e.g., fremanezumab reporting odds ratio (ROR) 
ranging from 2.73 to 6.9), constipation (primarily for erenumab, RORs ranging from 4.92 
to 17.94), and a range of cardiovascular events. For gepants, common SDRs included 
nausea and fatigue or somnolence, with highly specific SDRs for severe constipation 
for atogepant (ROR025 = 19.99) and dysgeusia for zavegepant (ROR025 = 212.07), linked 
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INTRODUC TION

Migraine is a common and disabling neurological disorder that 
is considered one of the leading causes of disability worldwide, 
especially in young adults and women.1 The burden goes beyond 
the headache itself and significantly affects quality of life, 
productivity, and mental health.2 The pathophysiology of migraine 

is complex, but the neuropeptide calcitonin gene-related peptide 
(CGRP) has been identified as a key player in mediating nociceptive 
signaling and vasodilation associated with migraine attacks.3 This 
discovery has led to the development of a revolutionary class 
of targeted therapies: CGRP inhibitors.4 Historically, migraine 
prevention relied on non-specific oral medications such as beta-
blockers, antiseizure medications, and antidepressants. However, 

to its nasal administration. A critical divergence was observed for rare but serious 
cerebrovascular events: SDRs for reversible cerebral vasoconstriction syndrome 
(RCVS [erenumab ROR 9.43, 95% confidence interval {CI} 4.5–19.8]) and cervical artery 
dissection (CeAD [galcanezumab ROR 14.0, 95% CI 6.22–31.4]) were associated with 
certain mAbs. Conversely, no such SDRs have been detected for gepants to date, 
although this distinction requires confirmation as real-world exposure increases. 
However, a class-level SDR for cerebrovascular diseases as a whole was identified 
for CGRP inhibitors as a group (ROR 1.22, 95% CI 1.12–1.33). Also notable were 
shared SDRs for Raynaud's phenomenon and alopecia across both subclasses. Finally, 
concerning safety in pregnancy, the data are complex: while comprehensive class-
level analyses did not identify a disproportionality signal compared to triptans, some 
analyses of individual drugs have identified reporting patterns that warrant cautious 
interpretation, underscoring the need for further dedicated pharmacovigilance 
studies to fully clarify the safety profile in this population.
Conclusions: This systematic review confirms that CGRP inhibitors have a manageable 
yet complex safety profile. It distinguishes rare, serious cerebrovascular events (RCVS, 
CeAD) associated with some mAbs but not with gepants, as well as shared adverse 
effects such as Raynaud's phenomenon and alopecia. Significant heterogeneity in 
safety profiles—from erenumab's pronounced constipation SDR to zavegepant's 
unique dysgeusia—challenges the view of CGRP inhibitors as a monolithic category. 
These findings provide a clear rationale for personalized risk assessment, enabling 
clinicians to tailor treatment to individual patient profiles.

Plain Language Summary
Calcitonin gene-related peptide (CGRP) inhibitors are a newer class of migraine drugs 
that have proven effective and are now widely available, but how they behave in 
real-world patients, and whether their side effects match what was seen in clinical 
trials, is still being understood. To address this, we combined findings from 30 safety 
studies that analyzed large international databases tracking drug side effects and 
found that while these drugs are generally well tolerated, each has its own set of 
risks and safety profiles; for instance, monoclonal antibodies were associated with 
constipation and injection site reactions, whereas oral gepants were linked to nausea 
and specific taste disturbances. Our findings highlight important differences, such as 
rare vascular events associated with some antibodies but not gepants, that enable 
clinicians to personalize migraine treatment and minimize risks for individual patients.

K E Y W O R D S
CGRP inhibitors, drug safety, Gepants, monoclonal antibodies, pharmacovigilance, systematic 
review
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due to limited efficacy and poor tolerability associated with 
these first-line treatments,5 international guidelines generally 
recommend CGRP inhibitors for patients who have failed to 
respond to or are intolerant to standard oral preventive therapies, 
marking a significant shift in clinical management.6 This therapeutic 
class consists of two distinct categories of drugs that target 
the CGRP signaling pathway. The first category includes long-
acting monoclonal antibodies (mAbs) administered by injection 
or infusion for prophylactic treatment.7 These therapies target 
either the CGRP ligand itself (galcanezumab, fremanezumab, 
and eptinezumab) or the blockade of its receptor (erenumab). 
The second category consists of small molecule CGRP receptor 
antagonists, known as gepants, which are administered orally or 
nasally.8 This versatile class includes options for acute treatment 
(ubrogepant and zavegepant), preventive treatment (atogepant), 
and both acute and preventive therapy (rimegepant).

The introduction of these new therapeutic classes requires a rig-
orous evaluation of their safety profile. While pre-approval random-
ized controlled trials (RCTs) are the gold standard for demonstrating 
efficacy and a basic safety profile, their inherent limitations- such 
as strict inclusion/exclusion criteria, relatively small sample sizes 
and limited follow-up duration- prevent a comprehensive assess-
ment of rare, delayed, or long-term adverse events (AEs).9 Indeed, 
even a large-scale synthesis of these trials, a network meta-analysis 
based on 19 clinical trials and 14,584 patients,10 has confirmed 
that CGRP inhibitors are a safe option for migraine prevention. In 
particular, no significant differences in serious AEs were found be-
tween the drugs and placebo. However, the analysis distinguished 
the tolerability profiles of each drug and found that atogepant and 
galcanezumab were associated with a higher incidence of treatment-
related AEs compared to other drugs in the same class, such as ep-
tinezumab.10 Nevertheless, real-world populations are far more 
heterogeneous and often include patients with multiple comorbid-
ities and concomitant medications that are usually excluded from 
RCTs. Therefore, post-marketing pharmacovigilance is an important 
and necessary part of the drug safety lifecycle.11 Large spontaneous 
reporting system (SRS) databases, most notably the U.S. FAERS and 
WHO's VigiBase, serve as important tools for this surveillance.12,13 
Specifically, the U.S. FDA Adverse Event Reporting System (FAERS) 
aggregates reports submitted by healthcare professionals, consum-
ers, and manufacturers, predominantly from the United States. The 
World Health Organization's (WHO's) VigiBase, managed by the 
Uppsala Monitoring Centre, stands as the largest global database, 
pooling anonymized reports from national pharmacovigilance cen-
ters in over 130 member countries. Similarly, EudraVigilance acts as 
the centralized European database for managing and analyzing re-
ports of suspected adverse reactions from the European Economic 
Area (EEA). As these databases collect millions of Individual Case 
Safety Reports (ICSRs) worldwide, researchers can use dispropor-
tionality analysis to detect signals of disproportionate reporting 
(SDRs), which may indicate potential safety signals, such as a nota-
ble incidence of constipation, particularly with erenumab,14 and rare 
cerebrovascular events such as reversible cerebral vasoconstriction 

syndrome (RCVS),15 which may not have been apparent during clin-
ical development.

Given the widespread and increasing use of CGRP inhibitors 
and the fact that a critical mass of pharmacovigilance studies is now 
available, a comprehensive synthesis of their real-world safety data 
is essential. While individual pharmacovigilance studies are crucial 
for the detection of initial signals of disproportionate reporting, they 
alone cannot provide a definitive overview of the safety profile of 
a drug class. Each study is limited by its specific design- the choice 
of database (which can lead to geographical bias), the time period 
analyzed, and the statistical methods used. A potential safety signal 
only gains credibility and moves from a mere observation to a robust 
result if it is consistently identified in multiple analyzes using differ-
ent methodological approaches. While data sources often overlap 
(as VigiBase aggregates national reports), the principle of consistent 
replication across different study designs is crucial for distinguishing 
a genuine safety issue from a statistical anomaly or reporting bias. 
Therefore, this systematic review aims to summarize and synthesize 
the evidence on the real-world safety profiles of CGRP inhibitors 
from the entire landscape of published pharmacovigilance studies. 
This approach provides a more thorough and up-to-date overview 
of the safety profiles of both the monoclonal antibody and gepant 
classes of CGRP inhibitors and offers a perspective beyond the 
scope of a single paper. Such a comprehensive overview is crucial to 
inform clinical decisions, guide future research, and support regula-
tory assessments.

METHODS

Search strategy and study selection

The protocol was defined in advance of the literature search and 
registered on the International Platform of Registered Systematic 
Review and Meta-analysis Protocols (INPLASY) (registration number 
202560067. doi:10.37766/inplasy2025.9.0025). This systematic 
review was conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
statement.16 A comprehensive literature search was conducted 
in four electronic databases (PubMed, Web of Science, Cochrane 
Library, and OpenGrey via the DANS repository mirror: https://​lifes​
cienc​es.​datas​tatio​ns.​nl/​) up to September 22, 2025. To ensure broad 
sensitivity and consistency across platforms, a keyword-based 
Boolean search strategy was applied to the Title/Abstract or Topic 
fields of each database. The full search strings and parameters for 
each database are detailed in Table S1.

(FAERS OR VigiBase OR EudraVigilance OR Pharmacovigilance 
OR adverse event reporting OR spontaneous reporting) AND (CGRP 
inhibitor OR CGRP inhibitors OR CGRP antagonist OR CGRP antag-
onists OR anti-CGRP monoclonal antibody OR anti-CGRP monoclo-
nal antibodies OR gepant OR gepants OR Erenumab OR Aimovig 
OR Galcanezumab OR Emgality OR Fremanezumab OR Ajovy OR 
Eptinezumab OR Vyepti OR Rimegepant OR Nurtec OR Vydura OR 
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Ubrogepant OR Ubrelvy OR Atogepant OR Qulipta OR Zavegepant 
OR Zavzpret).

Two researchers (M.G. and S.T.) independently reviewed all 
articles. Discrepancies regarding inclusion or exclusion were re-
solved through consensus discussions to reach 100% agreement; 
inter-rater reliability statistics were not retrospectively calculated. 
Original research articles that performed a pharmacovigilance 
analysis of one or more CGRP inhibitors using FAERS, VigiBase, or 
EudraVigilance data were considered. Non-research articles, such 
as editorials, letters, commentaries, and conference abstracts, 
were excluded. The scope of the review was deliberately limited 
to the class of CGRP inhibitors to provide a comprehensive assess-
ment of therapies targeting this specific pathway. Although mAbs 
and gepants differ significantly in formulation, pharmacokinetics, 
and route of administration, evaluating them together allows for 
the discrimination between mechanism-based class effects (result-
ing from CGRP pathway inhibition) and molecule-specific effects 
(related to structure or metabolism). This focused approach allows 
for a cohesive analysis of mechanism-based AEs and facilitates a 
meaningful comparison between the two subclasses. Conversely, 
the inclusion of older migraine drugs as primary subjects would 
have led to considerable methodological heterogeneity given their 
different mechanisms of action and well-established, decades-old 
safety profiles. Therefore, older therapies were not the focus of 
this review, although they were considered when used as active 
comparators within the included studies. It would also have di-
luted the focus on the emerging real-world evidence for this new 
class of therapies.

Data extraction and synthesis

To ensure consistency, two independent researchers (M.G. and 
S.T.) extracted data from the included studies using a standardized 
template. Any inconsistencies were resolved through iterative 
consensus discussions until 100% agreement was reached on the 
final dataset; therefore, a formal inter-rater reliability statistic (e.g., 
Cohen's Kappa) was not calculated. Authors of the primary studies 
were not contacted to obtain additional data or clarification; the 
analysis relied solely on the information available in the published 
articles. For each study, we extracted key information on study 
characteristics (author, year, databases, time period), population 
data (number of reports, demographics), and key outcomes 
(SDRs and the specific disproportionality analyzes used, such as 
reporting odds ratio (ROR), proportional reporting ratio (PRR), 
or information component (IC)). We then performed a thematic 
synthesis to summarize the results. To highlight consistent SDRs, 
we organized the results by drug class (mAbs and gepants) and 
specific AEs of special interest (AESIs). Consistent with the known 
physiological mechanisms of CGRP, we focused the synthesis 
on pre-defined key domains mapped to relevant system organ 
classes (SOCs), specifically Gastrointestinal, Cardiovascular, and 
Nervous System disorders, and included quantitative measures 

of disproportionality where reported. Review management, data 
extraction, and the calculation of descriptive statistics for study 
characteristics were performed using Microsoft Excel (Microsoft 
Corporation, Redmond, WA, USA). The range plots visualizing the 
consistency of safety signals (Figures  2 and 3) were generated 
using the Python programming language (version 3.12.12), utilizing 
the Pandas (v2.2.2), Seaborn (v0.13.2), and Matplotlib (v3.10.0) 
libraries. A quantitative meta-analysis was not performed due to 
the substantial heterogeneity across studies regarding statistical 
methods (e.g., frequentist vs. Bayesian algorithms), comparator 
groups, and data sources.

Methodological quality assessment

Two reviewers (M.G. and S.T.) independently assessed the 
methodological quality of each study using a predefined 12-point 
checklist. Discrepancies were discussed until 100% agreement 
was reached on the final score for each item; a formal inter-rater 
reliability statistic was not calculated. The predefined 12-point 
checklist was specifically adapted for pharmacovigilance studies 
analyzing SRSs such as FAERS and was based on the core principles 
of the STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE)17 and RECORD-PE guidelines.18 The 
checklist assessed five key areas: (1) clarity of objectives, (2) rigor 
of data management, (3) appropriateness of statistical analysis, (4) 
handling of bias, and (5) prudence of interpretation. Each of the 12 
items was rated on a three-point scale (Yes = 2, Partly = 1, No = 0). 
A final quality rating (High, Moderate, Low, or Critically Low) 
was then assigned based on the overall score and, crucially, the 
fulfillment of four main criteria essential to the validity of the study. 
These criteria were: handling of duplicates, appropriate statistical 
analysis, recognition of study limitations, and avoidance of causal 
formulations. The full checklist and detailed assessment criteria can 
be found in Table S2.

RESULTS

Literature search and study selection process

The systematic literature search across four electronic databases 
(PubMed, Web of Knowledge, Cochrane Library, and OpenGrey) 
yielded a total of 1071 records. After removing 442 duplicates, 
629 unique studies remained for title and abstract screening. 
During the title and abstract screening phase, 598 records were 
excluded for not meeting the predefined inclusion criteria. The 
primary reasons for exclusion at this stage were that the studies 
were not pharmacovigilance analyses (n = 412) or were systematic 
or narrative reviews (n = 126). Other reasons for exclusion 
included case reports or case series (n = 17), non-human studies 
(n = 14), studies on an incorrect drug class (n = 11), conference 
abstracts (n = 8), non-original research (n = 5), position papers or 
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guidelines (n = 4), and one article not published in English (n = 1). 
The remaining 31 studies advanced to full-text assessment for 
eligibility. Upon detailed review, one study was excluded because 
it did not utilize data from SRSs. Consequently, a final total of 
30 studies met all inclusion criteria and were included in the 
systematic review (Figure 1).14,15,19–46

Characteristics of included studies

The characteristics of the 30 included retrospective pharmacovigi-
lance analyses, all published between 2021 and 2025, are sum-
marized in Table  1. The publication timeline indicates a rapidly 
expanding research field, with a peak in 2024–2025 (Figure S1A). 

Most analyses used data from the FAERS, which was the source 
for 20 studies, followed by the WHO's VigiBase® and European 
EudraVigilance (Figure S1B). Despite varied study scopes, a consist-
ent demographic profile emerged, with predominantly female pa-
tients (>70%) aged 18–64 years. The research demonstrates strong 
international engagement, led by authors in China, the United 
States, and Europe (Figure S1C). The distribution of research reflects 
market introduction timelines, with more studies focused on mAbs 
than on gepants (Figure S2A). Accordingly, the first-approved mAbs 
(erenumab, galcanezumab, fremanezumab) and the gepant rimege-
pant were the most frequently investigated drugs (Figure  S2B). 
Primary research endpoints were divided between assessments 
of the overall safety profile (n = 15) and investigations into AESIs. 
Cardiovascular safety, including Raynaud's phenomenon, was the 

F I G U R E  1  PRISMA flow diagram of the study selection process. The diagram illustrates the flow of information through the different 
phases of the review, including the number of records identified through database searching, records screened after duplicate removal, full-
text articles assessed for eligibility, and the final number of studies included in this systematic review. PRISMA, Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses.

358 Studies 
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most common AESI, followed by safety in pregnancy, alopecia, and 
tinnitus (Figure S2C).

Methodological quality assessment

The methodological quality of the 30 included pharmacovigilance 
studies was assessed using a 12-point checklist (Table S2). Based 
on the predefined criteria, 14 studies were rated as ‘High quality,’ 
seven as ‘Moderate quality,’ and nine as “Low quality” (Table 1). The 
total score ranged from 13 to 24. A score of 0 for any of the four 
main criteria (items 5, 6, 9, 11) resulted in a lower quality rating 
regardless of the overall score. The score for the handling of dupli-
cate case reports (item 5), a main criterion, varied between studies 

(Table S3). Seventeen studies received a full score of 2, four studies 
received a partial score of 1, and nine studies received a score of 
0. For the use of sensitivity or stratification analyses (item 8), 15 
studies received a score of 2, three studies received a partial score 
of 1, and 12 studies received a score of 0. The low quality rating for 
nine studies was determined by the score of 0 on item 5, although 
the overall score was often high (e.g. 22/24). Three of the included 
studies were descriptive pharmacovigilance studies that did not 
perform disproportionality analysis.20,27,28 As these studies are de-
scriptive and do not include the calculation of disproportionality 
metrics (such as ROR or PRR), the checklist items related to these 
statistical methods (items 6 and 7) were assessed as not applicable 
(NA). Consequently, the maximum possible quality score for these 
three studies was 20 out of the standard 24 points (Table S3).

F I G U R E  2  Consistency and magnitude of safety signals (SDRs) for anti-CGRP monoclonal antibodies. This range plot illustrates the 
distribution of RORs for key adverse events (fatigue, alopecia, constipation, Raynaud's phenomenon, tinnitus, and weight increase) 
identified across the included pharmacovigilance studies. Each colored dot represents a specific point estimate (ROR) extracted from an 
individual study, allowing for a visual assessment of reproducibility. The shaded areas (boxes) visualize the range and distribution of the 
data, highlighting the degree of heterogeneity among different analyses. Note that a logarithmic scale is used on the x-axis. The red dashed 
vertical line at x = 1 represents the threshold for a signal of disproportionate reporting (values to the right indicate a positive association). 
The plot demonstrates high consistency for alopecia signals across different studies and agents, while revealing significant variability 
(heterogeneity) in the magnitude of signals for Raynaud's phenomenon and constipation. MAbs, monoclonal antibodies; ROR, reporting odds 
ratio; SDR, signal of disproportionate reporting. [Color figure can be viewed at wileyonlinelibrary.com]
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Focused narrative synthesis of adverse events

Post-marketing safety profile of anti-CGRP mAbs

The analysis of AEs associated with with the four FDA-approved 
monoclonal antibodies (erenumab, galcanezumab, fremanezumab, 
and eptinezumab) confirmed SDRs for common, expected events. 
An SDR for fatigue was observed for all four agents (Figure 2), with 
RORs ranging from 1.45 to 3.54 across studies.40,42 Injection site 
reactions also showed strong SDRs for the three subcutaneously 
administered drugs (Table  S4), particularly swelling with fremane-
zumab (ROR 222.62) and pain with galcanezumab (ROR = 33.90).42 A 
similar SDR for an infusion-related reaction (IRR) was identified for 
eptinezumab (ROR = 3.04).42

Several significant post-marketing SDRs emerged, revealing 
both class-wide trends and drug-specific profiles. As shown in 
Figure 2, alopecia was consistently observed across all four mAbs, 
with strong SDRs reported in multiple studies, such as a ROR of 
6.9 for fremanezumab and 5.72 for galcanezumab.24,40 A particu-
larly strong SDR for constipation was identified (Figure 2), primar-
ily for the CGRP receptor antagonist erenumab, with ROR values 
reaching up to 17.94.14,42 While constipation was also identified 
as an SDR for the three ligand-directed mAbs, its magnitude was 
generally lower.14,40,42

The analyses also revealed numerous cardiovascular SDRs. 
Raynaud's phenomenon emerged as a strong and consistent SDR for 
the subcutaneously administered mAbs—erenumab, galcanezumab, 
and fremanezumab—with ROR values showing a wide distribution 

F I G U R E  3  Consistency and magnitude of safety signals (SDRs) for gepants. This range plot illustrates the distribution of RORs for key 
adverse events (nausea, somnolence/fatigue, dysgeusia, constipation, Raynaud's phenomenon, dizziness, and tinnitus) identified across the 
included pharmacovigilance studies. Each colored dot represents a specific point estimate (ROR) extracted from an individual study. The 
shaded areas (boxes) visualize the range and distribution of the data, highlighting the degree of heterogeneity among different analyses. Note 
that a logarithmic scale is used on the x-axis to accommodate the exceptionally high magnitude of the signal for dysgeusia associated with 
zavegepant (linked to its intranasal administration). The red dashed vertical line at x = 1 represents the threshold for a signal of disproportionate 
reporting (values to the right indicate a positive association). The plot highlights the distinct profile of zavegepant compared to oral gepants 
(rimegepant, atogepant, ubrogepant), particularly regarding dysgeusia, as well as the variability in vascular signals (Raynaud's phenomenon) 
across the class. ROR, reporting odds ratio; SDR, signal of disproportionate reporting. [Color figure can be viewed at wileyonlinelibrary.com]
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across studies (ranging from ~5 to >30, Figure 2), but it was not found 
for eptinezumab.14,22,34,41,42,46 Hypertension SDRs were identified 
for all four drugs (Table S4).21,35,37,42 Other cardiovascular SDRs in-
cluded pulmonary embolism for erenumab,23 deep vein thrombosis 
for fremanezumab,35 myocardial infarction for erenumab and galca-
nezumab,35,42 and atrial fibrillation for galcanezumab.35 Palpitations 
emerged as an SDR for all four mAbs.35,40,42 Further post-marketing 
analyses have revealed other consistent SDRs, such as tinnitus and 
weight increase, which have been reported for erenumab, galcane-
zumab, and fremanezumab (Table S4).39,40,42

Regarding rare but serious cerebrovascular events, distinct SDRs 
were identified for specific mAbs. For erenumab, a significant SDR 
was found for reversible cerebral vasoconstriction syndrome (RCVS) 
(ROR = 9.43).15 A class-level SDR for cerebral and cervical artery dis-
section (CeAD) was observed (ROR = 7.06), with a particularly strong 
SDR for galcanezumab (ROR = 14.0).44 For eptinezumab, a rare SDR 
of increased intracranial pressure was observed.37 In addition to 
these specific events, several analyses identified SDRs for cerebro-
vascular accident associated with erenumab, fremanezumab, and gal-
canezumab.28,40,42 Finally, a comprehensive analysis of the VigiBase 
database identified a significant class-level SDR for cerebrovascular 
diseases for the entire CGRP antagonist class (ROR = 1.22), although 
this study did not provide data stratified by individual drug.38

Finally, the safety profile in pregnancy has also evolved. An ini-
tial analysis suggested a class-level SDR for spontaneous abortion 
with anti-CGRP mAbs.19 However, subsequent larger analyses did 
not confirm this SDR, instead suggesting no increased reporting risk 
compared to triptans.26,32 Nevertheless, a more recent analysis of 
the EudraVigilance database identified specific SDRs for sponta-
neous abortion with galcanezumab (ROR = 2.30) and eptinezumab 
(ROR = 5.72), suggesting the risk may not be a uniform class effect 
and could vary between individual drugs (Table S4).42

Post-marketing safety profile of Gepants

For the gepant class (Figure  3 and Table  S5), the analyzes con-
firmed SDRs for frequent, labeled AEs such as nausea, fatigue/
somnolence, and dizziness for rimegepant, atogepant, and 
ubrogepant, with SDRs for nausea and fatigue also reported for 
zavegepant.29,33,40,43 Further different safety profiles emerged 
from the post-marketing analyses. As visually highlighted in 
Figure  3, a uniquely strong and specific SDR for dysgeusia (al-
tered taste) was identified for the intranasal gepant, zavegepant 
(ROR025 = 212.07).43 For atogepant, constipation was the most 
prominent SDR (Figure  3, ROR025 = 19.99), indicating possible 
problems with tolerability.30,43

Similar to mAbs, Raynaud's phenomenon was also found to be a 
significant SDR in oral gepants, showing considerable heterogeneity 
across studies as depicted in Figure 3, with a strong disproportion-
ality reported for rimegepant (ROR 12.87), atogepant (ROR 23.45), 
and ubrogepant (ROR 33.03).41 Another comprehensive FAERS 
analysis further corroborated this association, identifying significant 

SDRs for both rimegepant (ROR 4.68) and atogepant (ROR 5.11).46 
In addition, alopecia was identified as a novel AE associated with 
rimegepant and atogepant, but not ubrogepant (Table S5).31

Cardiovascular SDRs appeared to be different for each gepant 
(Table S5), with SDRs for atrial fibrillation (ROR 10.99) and aneurysm 
(ROR = 5.31) with rimegepant,25,33 cardiac flutter with atogepant 
(ROR 5.30),36 and palpitations with ubrogepant (ROR 3.41),29 for 
which a strong SDR for pallor was also noted (ROR 33.40).25 In a 
crucial difference to the class of mAbs, no significant SDRs for se-
rious cerebrovascular events such as RCVS were identified for any 
gepant.15 However, a large-scale analysis of the VigiBase database 
did find a significant SDR for cerebrovascular diseases for the CGRP 
antagonist class as a whole (which includes gepants) (ROR 1.22), 
though data were not stratified by individual gepants.38 This class-
level finding is supported by a separate analysis that identified an 
SDR for cerebrovascular accident with rimegepant, atogepant, and 
ubrogepant.43 A wide range of other SDRs were identified in the ner-
vous system, psychiatric, and gastrointestinal tracts (Table S5). For 
rimegepant, these included feeling abnormal (ROR025 = 6.46),43 mo-
tion sickness,30 and a variety of other central nervous system (CNS) 
and psychiatric effects such as petit mal epilepsy (ROR = 13.74), 
emotional distress (ROR = 9.42), and panic reaction (ROR = 7.32),25 
as well as tinnitus (ROR 2.67).39 In atogepant, unexpected psychi-
atric SDRs such as thoughts of self-harm and brain neoplasms were 
found,45 along with SDRs for brain fog, disturbance in attention, and 
euphoric mood.36 In ubrogepant, notable SDRs included a particu-
larly strong signal for visual hallucinations (ROR 44.55)25 and oral 
paresthesia (ROR 12.71).29 Notably, various other gastrointestinal 
SDRs were reported, such as stomatitis and gastritis for rimegep-
ant, dysphagia for ubrogepant,25 and impaired gastric emptying for 
atogepant.36 Finally, regarding safety in special populations, a com-
prehensive analysis of VigiBase found no disproportionate report-
ing SDR for pregnancy-related safety reports for the gepant class 
compared to triptans (ROR for any pregnancy outcomes since 2018: 
0.83, 95% confidence interval [CI] 0.61–1.13).32 This broad, class-
level finding offers some reassurance, although it is important to 
note that analyses of individual drugs have identified specific report-
ing patterns that require cautious interpretation. For example, SDRs 
have been observed for reporting terms such as exposure during 
pregnancy with rimegepant and pregnancy with atogepant, which 
reflect the circumstances of use rather than specific adverse out-
comes.33,36,45 Notably, one analysis reported an exceptionally strong 
statistical SDR for habitual abortion with ubrogepant.31 However, 
this finding should be interpreted with extreme caution for two rea-
sons: it is based on a very low number of cases (n = 13), and even the 
researchers who reported it did not discuss its clinical significance. 
This highlights the risk of over-interpreting data from rare events.

DISCUSSION

This systematic review summarizes the results of 30 pharmacovigi-
lance studies and provides a comprehensive and up-to-date overview 
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of the real-world safety profiles of CGRP mAbs and gepants. The re-
sults confirm that, while these therapies are generally well tolerated, 
they are associated with a nuanced and clinically relevant spectrum 
of AEs that vary both between and within classes. A formal quality 
assessment showed that 14 of the 30 included studies were of high 
quality and seven were of moderate quality, providing a solid basis 
for this analysis. Despite limitations in a subset of studies, the main 
strength of this review lies in the synthesis of data from numerous 
independent analyzes, allowing a robust assessment of signal con-
sistency across different statistical methods. We acknowledge that 
the databases analyzed (FAERS, EudraVigilance, VigiBase) are not 
mutually exclusive, as VigiBase aggregates global data. However, the 
fact that an association between a drug and an event is established 
by several independent research groups using different cleaning and 
analytical strategies considerably strengthens the robustness of 
these SDRs. Indeed, several studies using FAERS and VigiBase in-
dependently reported a significant disproportionality for Raynaud's 
phenomenon with both mAbs and oral gepants.14,22,34,41,46 This rep-
lication strongly suggests a true mechanism-based class effect re-
lated to the vasoactive role of CGRP.47 Similarly, alopecia was shown 
to be a robust SDR for all four mAbs in several analyzes.12,24,27,40 In 
addition, this SDR was identified as a novel potential AE associated 
with rimegepant and atogepant, suggesting that it may represent a 
broader, albeit less pronounced, class-wide effect.31 A similar cross-
class pattern, though with varying strength, is emerging for tinnitus, 
which has been reported as an SDR for three of the four mAbs and 
for rimegepant.39,40

This review also highlights how the understanding of a potential 
safety signal can evolve over time and shows the heterogeneity of 
results. The safety profile of mAbs in pregnancy is a prime exam-
ple of the evolution of a signal. An initial analysis of VigiBase data 
revealed a grade-level SDR for spontaneous abortion,19 a finding 
that was supported by a subsequent analysis of the EudraVigilance 
database.23 However, this initial finding was later refuted by the 
original research group in a series of increasingly comprehensive 
analyses. Their work culminated in a 2024 study that, building on 
their 2023 findings, confirmed there was no SDR for pregnancy-
related safety reports for either the mAb or gepant class when 
compared to triptans.26,32 This demonstrates the importance of 
continuous pharmacovigilance, as early signals can be refined or 
refuted as more data are collected post-marketing. This complex-
ity is also mirrored in the safety data for gepants in pregnancy. 
While a comprehensive class-level analysis showed no dispropor-
tionate reporting compared to triptans,32 indicating that no statis-
tical signal was detected at the class level, analyses of individual 
drugs present a mixed picture. Notably, supporting the class-level 
findings, some studies found no SDRs related to pregnancy for 
rimegepant and atogepant31 or for ubrogepant.29 In contrast, 
other analyses reported SDRs for terms such as “exposure during 
pregnancy;”33,36,45 however, it is important to recognize that these 
terms indicate the circumstance of drug use rather than a con-
firmed adverse outcome. The only SDR of a potential AE was an 
exceptionally strong but statistically fragile signal for the specific 

MedDRA Preferred Term (PT) “habitual abortion” (clinically refer-
ring to recurrent spontaneous miscarriage) with ubrogepant. It is 
important to contextualize this finding: the signal was based on 
a very low number of cases (n = 13) and was neither clinically in-
terpreted by the study's authors31 nor confirmed by mechanistic 
studies. Because pharmacovigilance data cannot prove causality 
and this term represents a reporting category rather than a ver-
ified clinical diagnosis, this isolated finding highlights that, while 
the overall data appear reassuring, interpreting SDRs from indi-
vidual studies – especially those based on rare events – requires 
significant caution to avoid unwarranted alarm. Heterogeneity 
is also striking in the context of serious cerebrovascular events. 
A significant SDR for RCVS was specifically associated with ere-
numab (ROR 9.43),15 while a strong SDR for CeAD was found for 
galcanezumab (ROR 14.0).44 However, this latter finding must 
be interpreted with caution. Since the analysis compared galca-
nezumab users to the general population and migraine itself is a 
risk factor for CeAD, the elevated ROR is likely influenced by con-
founding by indication (underlying disease bias). In contrast, no 
significant SDRs for RCVS or CeAD were identified for any of the 
gepants, representing a critical point of differentiation between 
the two subclasses that could influence treatment decisions in pa-
tients with underlying vascular risks. However, it is important to 
note that a large-scale VigiBase analysis did identify a significant, 
albeit modest, class-level SDR for cerebrovascular diseases for the 
entire CGRP antagonist class as a whole (ROR 1.22), though this 
study did not stratify data by individual drug or subclass.38

Aside from cross- class trends, this synthesis highlights distinct 
differences in safety profiles within each subclass, suggesting 
drug-specific effects. Among the mAbs, constipation is a partic-
ularly striking SDR for the CGRP receptor antagonist erenumab 
(ROR 10.32), a finding that has been consistently reported in nu-
merous studies,14,28,40 and which reinforces a well-established 
safety issue that had already prompted a label update to warn of 
serious complications.48 While this is also a SDR for the ligand-
targeted mAbs, it is on a much smaller scale. The gepant class 
exhibits even greater diversity. A uniquely strong and specific 
SDR for dysgeusia (altered taste) was identified for the intrana-
sal gepant, zavegepant (ROR025 = 212.07).43 Conversely, severe 
constipation proved to be the most significant SDR for atogepant 
(ROR025 = 19.99), accompanied by a strong signal for discontinu-
ation of therapy (ROR 16.58), indicating potential problems with 
tolerability.40,43 These different profiles suggest that mechanisms 
beyond simple CGRP receptor antagonism, such as off-target ef-
fects, drug formulation, or pharmacokinetic properties, are likely 
to play an important role. This is also evident in the distinct car-
diovascular profiles, with SDRs for atrial fibrillation and aneurysm 
noted for rimegepant,25,33 cardiac flutter for atogepant,36 and 
strong SDRs for palpitations and pallor for ubrogepant.25,29

From a clinical perspective, these findings have a direct im-
pact on patient treatment. For example, a physician might prefer a 
ligand-targeted mAb (fremanezumab) over a receptor-targeted mAb 
(erenumab) in a patient with a history of severe constipation. The 
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rare but serious signals of hypertension and cerebrovascular events 
with certain mAbs emphasize the need for vigilant monitoring of 
blood pressure, especially in patients with pre-existing cardiovas-
cular risk factors.49 Specifically, the SDR for hypertension with 
erenumab, the SDRs for myocardial infarction and atrial fibrillation 
with galcanezumab, and the risk of RCVS with erenumab or CeAD 
with galcanezumab require careful consideration when selecting a 
therapy for patients with relevant comorbidities. While these dif-
ferences among mAbs are significant, the gepant class exhibits an 
even greater diversity in its safety profile, offering further oppor-
tunities for personalized medicine. For example, a patient expe-
riencing CNS side effects such as fatigue with an oral gepant like 
rimegepant might be a suitable candidate for zavegepant, which has 
a distinct profile dominated by localized dysgeusia. Similarly, distinct 
cardiovascular SDRs, such as atrial fibrillation with rimegepant or 
pallor with ubrogepant, may influence treatment choice in patients 
with a history of arrhythmias or specific vascular concerns. Beyond 
managing these specific medical risks, proactive counseling about 
the potential for non-serious but consequential side effects such 
as alopecia is critical, as they can significantly impact mental health 
and treatment adherence.50

While this systematic review provides valuable insights by syn-
thesizing evidence from multiple sources, its conclusions are inevi-
tably shaped by the inherent limitations of pharmacovigilance data 
and the SRSs analyzed.51 Consequently, the significant heteroge-
neity observed across studies warrants careful interpretation as it 
likely stems from several distinct factors rather than biological dif-
ferences alone. First, database biases play a major role; for instance, 
FAERS is heavily influenced by U.S. reporting culture and con-
sumer reports, whereas EudraVigilance relies more on European 
healthcare professionals.52 Second, the “Weber effect”—a spike 
in reporting immediately following regulatory approval—and the 
differing launch timings of mAbs versus gepants complicate direct 
comparisons.53 Third, notoriety bias likely inflated reporting for 
specific events following media attention or label updates, such 
as the addition of warnings for constipation with erenumab.20 
Fourth, methodological variability is a key driver of heterogeneity, 
including differences in statistical algorithms (e.g., varying CIs for 
ROR), detection thresholds, and, critically, the choice of compar-
ator groups (e.g., “all other drugs” versus active comparators like 
triptans).54 This variation in denominators profoundly influences 
the magnitude of the reported disproportionality SDRs. Finally, 
differential patient exposure and prescribing trends mean that 
second-line users (often prescribed gepants) may have different 
baseline risk profiles than those starting mAbs.55 Fundamentally, 
it must be emphasized that the SDRs identified in this review rep-
resent statistical associations serving as hypothesis-generating 
findings, rather than definitive evidence of causal links. The most 
important limitation is that SRSs cannot be used to determine the 
true incidence of AEs because they lack a reliable denominator 
for exposed patients. This fundamental weakness precludes the 
establishment of definitive causality and the calculation of relative 
risk.54 To remedy this, future prospective, observational cohort 

studies and analyzes of large claims databases (which contain real-
world data from health insurers linking prescriptions to diagnoses) 
are essential to quantify the absolute risk and incidence of major 
AEs such as alopecia, constipation, and Raynaud's phenomenon. 
A structural limitation regarding data independence must also be 
acknowledged. There is a hierarchical relationship and significant 
overlap among the included databases, as VigiBase aggregates 
global reports, including those from FAERS and EudraVigilance. 
Furthermore, as shown in Table  1, the observation periods of 
many studies overlap. Therefore, the consistency of findings 
described in this review should not be interpreted as validation 
from independent patient populations, but rather as stable signals 
across different database views. This confirms that the SDRs are 
robust enough to persist regardless of the specific database slice 
or statistical methodology applied.

Another limitation concerns the methodological quality as-
sessment. The included studies were assessed using a checklist 
adapted from STROBE and RECORD-PE guidelines. It is import-
ant to note that STROBE is primarily a reporting guideline, not a 
risk-of-bias assessment tool. Consequently, a study rated as “High 
Quality” based on its reporting completeness may still be subject 
to inherent pharmacovigilance biases (such as the Weber effect 
or notoriety bias). Additionally, the restriction of this review to 
published literature introduces a potential publication bias, as 
pharmacovigilance analyses yielding negative results (i.e., finding 
“no signal”) are less likely to be published than those reporting 
positive associations. Furthermore, as this specific tool has not 
been formally validated, the quality classification should be in-
terpreted with this limitation in mind and restricts comparability 
with reviews using established risk-of-bias tools (e.g., ROBIS).56 
Regarding future research, the heterogeneity of safety profiles 
underscores the need for head-to-head comparative studies to as-
sess the safety of CGRP inhibitors, which are currently lacking.57,58 
Studies directly comparing agents with different safety SDRs (e.g. 
erenumab vs. atogepant in constipation) or comparing the vascular 
safety of all available agents would be invaluable. Additionally, the 
biological mechanisms linking CGRP blockade to events such as 
RCVS and alopecia are not yet fully understood. Further basic and 
translational research is needed to elucidate these mechanisms, 
which could pave the way for safer molecules in the future. Finally, 
targeted long-term safety monitoring is crucial, especially in popu-
lations normally excluded from pivotal trials. This applies not only 
patients with highly resistant forms of migraine59 but also to pedi-
atric patients, pregnant and lactating women, and individuals with 
significant pre-existing comorbidities.

CONCLUSIONS

This systematic review of pharmacovigilance data goes beyond a 
simple confirmation of the generally manageable safety profile of 
CGRP inhibitors and reveals a complex and actionable landscape 
of potential AEs. Crucially, our synthesis draws a critical line of 
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distinction: while rare but serious cerebrovascular events such as 
reversible cerebral vasoconstriction syndrome and cervical artery 
dissection have been associated with certain mAbs, this specific 
association has not been established for the gepant class. This 
divergence is tempered by a class-wide SDR for cerebrovascu-
lar diseases as a whole and is balanced by common mechanism-
based adverse effects—most notably Raynaud's phenomenon and 
alopecia—that transcend both drug classes and suggest common 
mechanistic effects. Furthermore, the considerable heterogene-
ity observed within each subclass challenges the notion of CGRP 
inhibitors as a monolithic category. The different safety profiles, 
ranging from the pronounced constipation SDR of erenumab to 
the unique dysgeusia of zavegepant, provide a clear rationale for a 
more personalized risk assessment. This nuanced understanding al-
lows physicians to tailor their treatment decisions to the individual 
patient profile and ultimately improve patient safety through pro-
active monitoring and counseling.
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