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ABSTRACT

Introduction: Through 2018, three calcitonin
gene-related peptide pathway–targeted mono-
clonal antibodies (CGRP mAbs) had received US
Food and Drug Administration (FDA) approval
for migraine prevention: erenumab, fre-
manezumab, and galcanezumab.
Methods: This retrospective analysis evaluated
adverse events (AEs) spontaneously reported to
the FDA Adverse Event Reporting System
(FAERS) safety surveillance database during the
first 6 months post-approval of erenumab (May
2018 to November 2018), fremanezumab
(September 2018 to March 2019), and gal-
canezumab (September 2018 to March 2019).

Reporting rates (RR) per 1000 exposed patients
were calculated from number of reported events
(when product classified as ‘‘primary suspect’’)
in each AE category and estimated number of
treated patients based on de-identified pre-
scription data (IQVIA database) and were
ranked on the basis of frequency for each
product.
Results: RR per 1000 exposed patients for ‘‘mi-
graine’’ (erenumab, 4.89; fremanezumab, 1.01;
galcanezumab, 2.99), ‘‘headache’’ (3.32, 1.27,
3.07), and ‘‘drug ineffective’’ (3.68, 1.14, 1.69)
were commonly reported for all three products,
as were migraine-associated symptoms (‘‘nau-
sea’’: 2.94, 0.91, 1.09) and ‘‘injection-site’’ reac-
tions (‘‘pain’’: 2.94, 0.8, 4.9; ‘‘swelling’’: 0.56,
0.53, 1.25; ‘‘pruritus’’: 0.26, 0.63, 1.14; ‘‘ery-
thema’’: 0.58, 0.71, 1.58). ‘‘Constipation’’
ranked second for erenumab (4.90) but did not
make the top ten events for fremanezumab
(0.46) or galcanezumab (0.76); cardiovascular
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events did not rank in the top ten AEs for any
product. The frequency of serious outcomes was
low, with B 2% of AEs categorized as serious
across the CGRP mAbs.
Conclusion: These results aid in supporting the
safety profile of CGRP mAbs in the real-world
setting and may provide clinicians and patients
with additional insight when considering
migraine preventive treatments.

Keywords: CGRP; Monoclonal antibodies;
Erenumab; Fremanezumab; Galcanezumab;
Adverse events; Migraine; FAERS

Key Summary Points

Why carry out this study?

Although randomized controlled trials
have demonstrated the safety of treatment
with the calcitonin gene-related peptide
pathway–targeted monoclonal antibodies
(CGRP mAbs) erenumab, fremanezumab,
and galcanezumab for the preventive
treatment of migraine, post-marketing
data are valuable for understanding the
safety of these medications in a real-world
setting in broad and diverse populations
of patients not necessarily represented in a
clinical trial setting.

In this study, we retrospectively evaluated
data from the US Food and Drug
Administration (FDA) Adverse Event
Reporting System (FAERS) to analyze real-
world adverse event (AE) reporting for
erenumab, fremanezumab, and
galcanezumab for the 6-month periods
following their respective FDA approvals.

What was learned from this study?

In this retrospective analysis, AEs of
migraine/headache, drug ineffective, or
injection-site reactions were commonly
reported for all three products, while
constipation ranked second for erenumab
but did not make the top ten AEs for
fremanezumab or galcanezumab.

The frequency of serious outcomes was
low, with B 2% of AEs categorized as
serious across the three CGRP mAbs
assessed; cardiovascular events did not
rank in the top ten AEs for any of the
three products.

These findings may inform health care
providers’ decision making at the time of
drug prescription for their patients.

INTRODUCTION

Migraine is the second leading cause of years
lived with disability, affecting more than one
billion people globally and imposing physical,
emotional, and societal burdens on populations
worldwide [1, 2]. Preventive migraine treatment
is recommended for patients who have frequent
and/or disabling migraine headaches. This is
with the goal of reducing migraine attack fre-
quency, intensity, and duration; improving
responsiveness to and avoidance of escalation
in the use of acute migraine treatments; and
improving performance of daily functions [3].

Various classes of medication have been used
for migraine prevention, including antiepilep-
tics, antidepressants, antihypertensives, and
botulinum neurotoxins. None of these drug
classes, however, targets the underlying patho-
physiology of migraine [3]. Advances in under-
standing the pivotal role of the calcitonin gene-
related peptide (CGRP) in the pathophysiology
of migraine inspired the investigation of new
preventive treatments targeting this pathway,
including the development of monoclonal
antibodies (mAbs) targeting the CGRP pathway
(CGRP mAbs), for example, the CGRP ligand or
the CGRP receptor [4–6]. Four mAbs, eptinezu-
mab, fremanezumab, and galcanezumab, which
target the CGRP ligand, and erenumab, which
targets the CGRP receptor, have been studied in
clinical trials for the prevention of episodic
migraine (EM) and chronic migraine (CM) [5].
Three of these mAbs had received US Food and
Drug Administration (FDA) approval by the end
of 2018 for the preventive treatment of
migraine. Erenumab was approved in May 2018,
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with approval based on results of a phase 2 CM
trial and the phase 3 ARISE and STRIVE EM
trials [7–9]. Subsequently, fremanezumab and
galcanezumab were approved in September
2018 on the basis of results of the phase 3 HALO
CM and HALO EM trials [10, 11] and the phase
3 REGAIN CM and EVOLVE-1 and EVOLVE-2
EM trials [12–14], respectively. Eptinezumab,
which is administered intravenously, was
approved in February 2020, a time outside the
scope of the current analysis.

The three studied CGRP mAbs (erenumab,
fremanezumab, and galcanezumab) are admin-
istered by subcutaneous injection, and their
long half-lives permit monthly or quarterly
dosing [3, 5]. The pivotal clinical studies
demonstrated their efficacy in significantly
reducing the frequency of migraine, with
adverse event (AE) profiles similar to those seen
with placebo injection [15, 16]. Published data
demonstrated the safety and efficacy of long-
term treatment for up to 1 year with fre-
manezumab or galcanezumab and 5 years with
erenumab [17–21].

While randomized controlled trials provide
robust information on a drug’s clinical charac-
teristics, post-marketing data are valuable and
can aid in understanding medication safety in a
real-world setting in broad and diverse popula-
tions of patients.

The FDA Adverse Event Reporting System
(FAERS) is a centralized, computerized infor-
mation database that is used by the FDA and
other pharmacovigilance experts for post-
marketing drug safety surveillance and AE sig-
nal detection. It contains AE reports that the
FDA has received from manufacturers as
required by regulations, along with voluntary
reports received directly from consumers and
health care professionals [22]. Given that the
data are spontaneous in nature, they are fre-
quently used to highlight new findings or for
hypothesis generation purposes. In this study,
we retrospectively reviewed the FAERS data to
analyze real-world AE reporting for erenumab,
fremanezumab, and galcanezumab for the
6-month periods following their respective FDA
approvals.

METHODS

This retrospective analysis evaluated AEs spon-
taneously reported to FAERS during the first
6 months post-approval for patients treated
with erenumab (May 17, 2018 to November 17,
2018), fremanezumab (September 14, 2018 to
March 14, 2019), and galcanezumab (September
27, 2018 to March 27, 2019).

The primary objectives were (a) to deter-
mine, separately for each product, the propor-
tions of the most frequently reported AE
categories during the first 6 months post-
launch, using the total number of reported cases
as the denominator; and (b) to determine the
reporting rates (RRs) of AE categories during the
first 6 months post-launch, using the frequently
reported AE categories as numerators and the
estimated number of patients exposed to each
of the products as denominators. The AEs were
defined as preferred terms (PTs) in accordance
with the Medical Dictionary for Regulatory Activi-
ties (MedDRA). The patients’ data (as denomi-
nators) came from de-identified prescription
information in the IQVIA National Prescription
Audit Market Dynamics database. These data
were provided by permission from the IQVIA
Patient Insight New to Brand database for the
period of May 17, 2018 to March 27, 2019,
National Prescription Audit and Longitudinal
Prescriptions Data, Real World Data Sets Solu-
tions branch, IQVIA advanced analytics, tech-
nology solutions, and clinical research services.
The FAERS database includes publicly accessible
AE reports data released periodically by the
FDA, so no permission was required for use of
those data.

The secondary objective was to determine
separately for each product the proportion of
serious reports among the most frequently
reported AE cases.

IQVIA, a data science company that collects
and provides de-identified patient prescription
data and metrics in the USA and globally, pro-
vided estimates of the populations that were
exposed to the CGRP mAbs during the 6-month
period of interest by individual product. All data
used in this retrospective analysis, including
those from the IQVIA database and those from
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the FAERS database, were fully anonymized.
Given that all data included in this study were
fully de-identified, this study was exempt from
institutional review board review.

Primary suspect cases included all case
reports where the reporter listed the specified
drug as the primary suspect associated with the
reported AE of interest. A descriptive analysis
provided the following information by indi-
vidual product and study period: frequency
distributions of all AE categories and their pro-
portions within the total number of reported
cases using the latter as the denominator; and
the RR of AE categories, using the estimated
number of treated patients during the 6-month
observation period as the denominator. The RR
represents the rate of a given AE in the popu-
lation exposed to the product during the study
period. They were calculated using the number
of reports of a specific AE as the numerator and
multiplied by 1000 to provide a standardized
rate for the three products. The frequency dis-
tributions of AEs were sorted from most to least
frequent in order to identify the top ten most
frequent AE categories for each product. The
proportion of serious AEs within the top ten AE
categories for each product was calculated as
well.

The analysis was not restricted to any par-
ticular AEs and included all reported MedDRA
PTs for the evaluated product. Records where
the product of interest was not specified as the
suspect product for the AE of interest were
excluded from this analysis.

Prior to analysis, the data were quality
checked for items such as missing or malformed
keys or duplicate reports. Figure 1 summarizes
the process used to prepare the data for analysis,
including removal of duplicate reports and
records. The data cleaning process is described
in Supplementary Material.

RESULTS

For erenumab, a total 5468 AEs related to the
primary suspect products were reported. For
fremanezumab, a total 450 primary suspect AEs
were reported, and for galcanezumab, a total of
990 primary suspect AEs were reported. For

erenumab, fremanezumab, and galcanezumab,
the estimated total exposed populations were
116,817, 39,515, and 36,760 patients,
respectively.

Table 1a–c and Fig. 2 show the proportions
and RRs of AEs per 1000 exposed patients for
each CGRP mAb ranked by frequency. For ere-
numab, the top ten RRs per 1000 exposed
patients were as follows: ‘‘wrong technique’’
(4.97), ‘‘constipation’’ (4.90), ‘‘migraine’’ (4.89),
‘‘accidental product exposure’’ (4.83), ‘‘drug
ineffective’’ (3.68), ‘‘headache’’ (3.32), ‘‘injec-
tion-site pain’’ (2.94), ‘‘nausea’’ (2.94), ‘‘under-
dose’’ (2.55), and ‘‘fatigue’’ (2.33). For
fremanezumab, the top ten RRs per 1000
exposed patients were: ‘‘headache’’ (1.27), ‘‘drug
ineffective’’ (1.14), ‘‘migraine’’ (1.01), ‘‘nausea’’
(0.91), ‘‘injection-site pain’’ (0.81), ‘‘pruritus’’
(0.73), ‘‘injection-site erythema’’ (0.71), ‘‘injec-
tion-site pruritus’’ (0.63), ‘‘injection-site rash’’
(0.63), and ‘‘injection-site swelling’’ (0.58). For
galcanezumab, the top ten RRs per 1000

Fig. 1 FAERS data normalization steps. AERs adverse
event reporting system, ASCII American Standard Code
for Information Interchange, FAERS US Food and Drug
Administration Adverse Events Reporting System
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Table 1 Top ten AE proportions and RR by primary suspect CGRP mAb and frequency rank for: (a) erenumab,
(b) fremanezumab, and (c) galcanezumab

Any AE Serious events

AE n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed patients)

n Proportion of
AEs (%) out
of all reports

(a) Erenumab (n = 5468 AE reports, 116,817 estimated exposed patients; overall RR = 46.8 per 1000 exposed patients)

Wrong technique 580 10.61 4.97 13 0.24

Constipation 572 10.46 4.90 73 1.34

Migraine 571 10.44 4.89 71 1.30

Accidental product exposure 564 10.31 4.83 2 0.04

Drug ineffective 430 7.86 3.68 43 0.79

Headache 388 7.10 3.32 47 0.86

Injection-site pain 344 6.29 2.94 16 0.29

Nausea 343 6.27 2.94 48 0.88

Underdose 298 5.45 2.55 3 0.05

Fatigue 272 4.97 2.33 47 0.86

Any AE Serious events

AE n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed patients)

n Proportion of
AEs (%) out
of all reports

(b) Fremanezumab (n = 450 AEs, 39,515 estimated exposed patients; overall RR = 11.4 per 1000 exposed patients)

Headache 50 11.11 1.27 9 2.00

Drug ineffective 45 10.00 1.14 7 1.56

Migraine 40 8.89 1.01 5 1.11

Nausea 36 8.00 0.91 10 2.22

Injection-site pain 32 7.11 0.81 3 0.67

Pruritus 29 6.44 0.73 6 1.33

Injection-site erythema 28 6.22 0.71 4 0.89

Injection-site pruritus 25 5.56 0.63 4 0.89

Injection-site rash 25 5.56 0.63 0 0.00

Injection-site swelling 23 5.11 0.58 3 0.67
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exposed patients were: ‘‘injection-site pain’’
(4.90), ‘‘underdose’’ (3.86), ‘‘headache’’ (3.07),
‘‘migraine’’ (2.99), ‘‘drug ineffective’’ (1.69),
‘‘injection-site erythema’’ (1.58), ‘‘injection-site

swelling’’ (1.25), ‘‘injection-site pruritus’’ (1.14),
‘‘nausea’’ (1.09), and ‘‘product-dose omission’’
(1.09).

Table 1 continued

Any AE Serious events

AE n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed patients)

n Proportion of
AEs (%) out
of all reports

(c) Galcanezumab (n = 990 AEs, 36,760 estimated exposed patients; overall RR = 26.9 per 1000 exposed patients)

Injection-site pain 180 18.18 4.90 8 0.81

Underdose 142 14.34 3.86 3 0.30

Headache 113 11.41 3.07 7 0.71

Migraine 110 11.11 2.99 11 1.11

Drug ineffective 62 6.26 1.69 4 0.40

Injection-site erythema 58 5.86 1.58 1 0.10

Injection-site swelling 46 4.65 1.25 6 0.61

Injection-site pruritus 42 4.24 1.14 1 0.10

Nausea 40 4.04 1.09 5 0.51

Product-dose omission 40 4.04 1.09 2 0.20

AE adverse event, CGRP mAb calcitonin gene-related peptide pathway–targeting monoclonal antibody, RR reporting rate
The number of events is not mutually exclusive and is counted independently

Fig. 2 Top ten adverse event RRs per 1000 exposed patients for erenumab, fremanezumab, and galcanezumab during the
first 6 months after their launch. RR reporting rate
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Table 2 Proportions and RR per 1000 cases of cardiovascular AEs when recorded in C 2 cases by CGRP mAb

Erenumab (n = 5468 AEs,
116,817 estimated exposed
patients)

Fremanezumab (n = 450 AEs,
39,515 estimated exposed
patients)

Galcanezumab (n = 990 AEs,
36,760 estimated exposed
patients)

AE n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

Chest pain 38 0.69 0.33 9 2.00 0.23 5 0.51 0.14

Blood pressure

increased

35 0.64 0.30 4 0.89 0.10 8 0.81 0.22

Heart rate

increased

32 0.59 0.27 1 0.22 0.03 3 0.30 0.08

Palpitations 26 0.48 0.22 5 1.11 0.13 4 0.40 0.11

Chest discomfort 25 0.46 0.21 4 0.89 0.10 7 0.71 0.19

Hypertension 25 0.46 0.21 2 0.44 0.05 3 0.30 0.08

Hot flush 20 0.37 0.17 4 0.89 0.10 3 0.30 0.08

Flushing 18 0.33 0.15 4 0.89 0.10 – – –

Cerebrovascular

accident

13 0.24 0.11 3 0.67 0.08 2 0.20 0.05

Hypotension 10 0.18 0.09 2 0.44 0.05 1 0.10 0.03

Cardiac disorder 8 0.15 0.07 1 0.22 0.03 – – –

Blood pressure

decreased

6 0.11 0.05 – – – – – –

Blood pressure

abnormal

5 0.09 0.04 – – – – – –

Myocardial

infarction

5 0.09 0.04 – – – 3 0.30 0.08

Angina pectoris 3 0.05 0.03 – – – – – –

Cardiac flutter 3 0.05 0.03 – – – – – –

Heart rate

decreased

3 0.05 0.03 – – – 2 0.20 0.05

Heart rate

irregular

3 0.05 0.03 – – – – – –

Atrial fibrillation 2 0.04 0.02 – – – – – –

Blood pressure

fluctuation

2 0.04 0.02 – – – – – –

Cardiovascular

disorder

2 0.04 0.02 – – – – – –
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The frequency of serious outcomes was low,
with B 2% of AEs categorized as serious across
the three CGRP mAb products (Table 1a–c).
Cardiovascular AEs were rarely reported, with
all individual cardiovascular AEs reported for
any of the three CGRP mAbs having a RR of
B 0.33 per 1000 exposed patients (Table 2).

DISCUSSION

This retrospective analysis of the FAERS data-
base provided information on the most com-
mon AEs reported for patients exposed to any of
three CGRP mAbs during the first 6 months
following launch of these products. ‘‘Migraine,’’
‘‘headache,’’ and ‘‘drug ineffective’’ were com-
monly reported events for all three products, as
were migraine-associated symptoms (such as
‘‘nausea’’) and ‘‘injection-site’’ reactions (such as
‘‘erythema’’ or ‘‘swelling’’). ‘‘Constipation’’
ranked second for erenumab but did not make
the top ten events for fremanezumab or gal-
canezumab; cardiovascular events did not rank
in the top ten AEs for any product.

In the erenumab 3- to 6-month pivotal
clinical trials, the most commonly reported AEs
in erenumab-treated patients (reported in C 6%

of patients with either dose) included
nasopharyngitis (2.0–11.0%), upper respiratory
tract infection (3.0–6.7%), and injection-site
pain (0.3–6.0%); constipation was reported in
1.4–4.0% of patients [7–9]. Upper respiratory
infections continued to be the most commonly
reported AEs during the long-term clinical
studies [17, 18] of this product. Recent reports
from headache centers in Europe have detailed
the tolerability of erenumab in clinical practice.
In a retrospective review of 164 erenumab-
treated patients at a UK headache center, the
most frequently reported AEs following the first
injection were constipation (42%) and flu/cold
symptoms (32%); while most AEs were tran-
sient, 12% of patients discontinued erenumab
owing to severe AEs, including severe constipa-
tion in nine patients and new-onset hyperten-
sion in one patient [23]. In a separate
retrospective cohort study of 241 patients
receiving erenumab at a US tertiary headache
center, constipation was also the most com-
monly reported AE, affecting 43% of patients,
followed by injection-site reactions (24%), fati-
gue (15%), worsening headache (12%), and
dizziness (11%) [24]. Similarly, in a prospective
study involving 70 erenumab-treated patients at
an Italian clinic, constipation was the most

Table 2 continued

Erenumab (n = 5468 AEs,
116,817 estimated exposed
patients)

Fremanezumab (n = 450 AEs,
39,515 estimated exposed
patients)

Galcanezumab (n = 990 AEs,
36,760 estimated exposed
patients)

AE n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

n Proportion of
AEs (%) out
of all reports

RR
(per 1000
exposed
patients)

Ischemic stroke 2 0.04 0.02 – – – – – –

Tachycardia 2 0.04 0.02 2 0.44 0.05 1 0.10 0.03

Transient

ischemic attack

2 0.04 0.02 – – – – – –

Vasoconstriction 2 0.04 0.02 – – – – – –

AEs are presented as MedDRA PTs
AE adverse event, CGRP mAb calcitonin gene-related peptide pathway–targeting monoclonal antibody, MedDRA Medical
Dictionary for Regulatory Activities, PT preferred term, RR reporting rate
The number of events is not mutually exclusive and is counted independently
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frequent AE (23.9%) [25]. In a separate retro-
spective Italian study involving 89 erenumab-
treated patients, 13.5% reported constipation
[26]. No discontinuations due to constipation
were reported in either study [25, 26]. The
authors of these real-world studies noted the
higher incidence of constipation compared
with the pivotal clinical trials and speculated
that this was due to patients being specifically
asked about this AE or due to the frequent
occurrence of comorbidities in these unselected
patient populations [23, 26]. Across two other
real-world studies that assessed the safety and
tolerability of erenumab, constipation was the
most frequently reported AE, reported by
C 20% of patients [26, 27]. In a recent analysis
of the first 2 years of post-marketing surveil-
lance data from the FAERS database, constipa-
tion was reported for 58% of patients [28]. In
May 2021, constipation was noted as a frequent
AE in the prescribing information for erenu-
mab, with a warning included regarding the
occurrence of constipation with serious com-
plications in a postmarketing setting [29, 30].

In the fremanezumab pivotal 3-month trials,
the most commonly reported AEs in the active-
treatment groups (reported in C 6% of patients
with either dose) were injection-site events
(pain in 26.0–30.0%, induration in 19.6–24.5%,
and erythema in 17.9–21.0%), and these were
reported at a similar frequency in the placebo
groups [10, 11]. Injection-site events continued
to be the most frequent AEs during long-term
treatment with fremanezumab for up to 1 year
[19]. Injection-site events were also among the
most frequently reported AEs with active treat-
ment (reported in C 6% of patients with either
dose) in the galcanezumab pivotal 6-month
trials (pain in 6.0–20.5%, reaction in 3.0–7.9%,
and erythema in 1.0–5.0%), with nasopharyn-
gitis also commonly reported (2.7–8.4%)
[12–14]. The same types of AE were reported
during the long-term extension study that
continued for an additional year after comple-
tion of the double-blind phase [20]. In a recent
prospective observational cohort study of 163
patients across 13 Italian headache centers, the
most commonly reported AEs with gal-
canezumab were gastrointestinal AEs (reported

in up to 6.7% of patients) and skin reactions
(reported in up to 2.5% of patients) [31].

In a network meta-analysis of randomized,
controlled trials of these three CGRP mAbs
(erenumab, fremanezumab, and galcanezumab)
in patients with EM, safety and tolerability
findings were comparable to those observed in
the individual 3- to 6-month pivotal phase 3
trials of these migraine preventive treatments;
only injection-site pain was reported at a sig-
nificantly higher rate with CGRP mAbs than
with placebo (odds ratio, 1.44; P = 0.004) [15].
Similar results were observed in a meta-analysis
of randomized, controlled trials in patients with
CM; only injection discomfort occurred signifi-
cantly more frequently with CGRP mAbs com-
pared with placebo (odds ratio, 2.11;
P = 0.0007) [16].

CGRP receptors are present in the cardiac
and vascular tissues, where CGRP acts as a
vasodilator and plays an important role in reg-
ulating blood flow [32]. In particular, CGRP
may act as a compensatory vasodilator during
episodes of ischemia, raising the concern that
CGRP blockade could transform mild or tran-
sient ischemic events into full-blown infarcts
[33]. There is no evidence from short- and long-
term trials to indicate that migraine preventive
treatments targeting the CGRP pathway are
associated with any increased risk of cardiovas-
cular AEs; however, this remains an important
question to consider with these drugs. A recent
analysis pooled data from four double-blind,
placebo-controlled studies of erenumab and
their open-label extensions, with the aim of
examining the rates of vascular AEs with ere-
numab versus placebo [34]. The review found
no evidence of an association between erenu-
mab treatment and vascular events. There was
no increased risk of vascular AEs with erenumab
versus placebo in subgroups of patients using
vasoconstrictive acute migraine–specific medi-
cations (e.g., triptans or ergots) or those with
common vascular risk factors at study baseline
(e.g., diabetes, hypertension, or coronary artery
disease), and erenumab had no relevant effect
on blood pressure compared with placebo [34].
Similarly, a pooled analysis of data from three
double-blind, placebo-controlled studies of gal-
canezumab demonstrated no changes in blood
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pressure, pulse, electrocardiogram findings, or
increased risk of cardiovascular AEs compared
with placebo during up to 6 months of treat-
ment, including in subgroups of patients with
existing cardiovascular disease, migraine with
aura, or concomitant use of triptans [35]. A
pooled analysis of data from five double-blind,
placebo-controlled studies of fremanezumab of
up to 1-year duration likewise found that car-
diovascular AEs occurred infrequently and at
similar rates across fremanezumab and placebo
groups. The most common cardiovascular
events in fremanezumab-treated patients were
hypertension (2%), palpitations (\ 1%), and hot
flush (\ 1%), with no notable changes in blood
pressure or electrocardiogram parameters [36].
Of the three CGRP mAbs, erenumab is the only
one to include a warning in its product label
regarding cardiovascular effects, stating that
development of hypertension and worsening of
pre-existing hypertension have been reported in
the post-marketing setting, most often within
7 days of the first dose administration [29].

The reporting of migraine symptoms or
‘‘drug ineffective’’ as AEs during the initial
months of therapy in the current study may
reflect patients’ high expectations of a new
migraine treatment. While the pivotal 12-week
clinical trials of the three CGRP mAbs all
showed a significant reduction from baseline in
the frequency of migraine days (an approximate
3- to 4-day reduction per month for patients
with EM and 5- to 6-day reduction per month
for patients with CM) [7–14], not all patients
experienced a clinically meaningful reduction
in days with migraine. The proportion of
patients with EM who experienced a 50% or
greater reduction in monthly migraine days
from baseline (pretreatment in the initial dou-
ble-blind study) was 61–65% after 1 year of
treatment with erenumab [18] and 53–68% after
at least 1 year of treatment with fremanezumab
[19]. With galcanezumab, a 50% or greater
reduction in monthly headache days was
observed in 66–74% of patients with either CM
or EM after at least 1 year of treatment [20]. The
reduction in migraine days seen in the clinical
trials was associated with significant improve-
ments in patient-reported outcomes, such as
migraine-associated disability, headache

impact, and quality of life [7, 10–14, 37]. It is
also noteworthy that erenumab, fre-
manezumab, and galcanezumab have demon-
strated efficacy in patients who have
experienced inadequate response with previous
classes of migraine preventive drugs [38–40].
The reported AEs of ‘‘migraine,’’ ‘‘headache,’’
and ‘‘drug ineffective’’ could be regarded as
reflecting potential treatment failure; however,
preventive treatments generally reduce, but do
not eliminate, the occurrence of migraine
attacks, and time to improvement may vary for
individual patients. Thus, patients may have
reported any attacks experienced after initiating
CGRP mAb treatment, reflecting a potentially
higher than realistic expectation around treat-
ment effects. Further, ‘‘drug ineffective’’ is the
most frequently reported AE in the FAERS
database, is typically reported by consumers,
and is generally nonserious [41]. Treatment
guidelines emphasize the importance of estab-
lishing realistic expectations when patients are
introduced to a new migraine preventive
regimen [3].

Limitations and Strengths

Several limitations apply to analyses of the
FAERS database. It is not possible to draw clear
causal inferences from the AE reports. There is
no certainty that any reported AE was caused by
the product in question, as it may not always be
possible to provide clear-cut evidence for a
causal association between a product and an AE.
Not every AE or medication error is reported to
the FDA, and duplicate reports from consumers,
health care providers, and the sponsor may
occur (our data were quality checked, and
duplicates were removed) [22]. AE reports are
spontaneous and are not reported in a consis-
tent manner, and thus can be impacted by fac-
tors such as recall bias, timing and severity of AE
occurrence, educational or demographic fac-
tors, media reports, product’s time on the mar-
ket, or season of the year. Reports are also
affected by the product’s reporters, who may
range from service providers to patients to
patients’ family members or friends, although
the vast majority of reports (95%) go through
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the product manufacturers first [41]. Regardless,
this may potentially reduce the uniformity and
consistency of the data. The severity of the
event may determine who reports and the
likelihood of reporting. Reporting may be
impacted by the ‘‘Weber effect,’’ which is the
tendency for increased AE reporting during the
early period following a drug’s approval; how-
ever, it has been suggested that the Weber effect
is not generally observed for AE reporting in the
FAERS database [42, 43]. A product may be
implicated erroneously by a lay reporter, espe-
cially when other products are co-administered
and/or concomitant conditions exist. In addi-
tion, the AEs recorded in the FAERS database are
based on reports from patients, family mem-
bers, or health care providers and, thus, may
have varied on the basis of the reporter’s expe-
rience of the AE. For example, the reported AEs
of ‘‘migraine’’ and ‘‘headache’’ are based only on
the reporter’s perception of the AE and their
own interpretation of the two terms. Further-
more, some of the AE terminologies may be
open to interpretation beyond the MedDRA
coded term. For instance, the AE of ‘‘wrong
technique,’’ which was the most frequently
reported for erenumab, could refer to an error
during opening of the medication’s container
or preparing the medication, or during its
administration [44].

Despite these limitations and owing to the
wide exposure to a specific drug in the real-
world population and the large sample size with
a wide range of AE reports, the FAERS database
provides a useful aspect into the AE profile of
drugs beyond the controlled phase of clinical
studies and may be one of the very few sources
of such information. Furthermore, spontaneous
AE reports may highlight the possible occur-
rence of rare or severe drug reactions not pre-
viously observed. Moreover, the AE reports in
the FAERS database are used by the FDA for AE
monitoring, safety analysis, and decision-
making purposes. With regard to this study’s
data, the number of patients exposed to erenu-
mab was approximately 3-fold the number
exposed to each of the other products, fre-
manezumab or galcanezumab. The fact that
erenumab was the first CGRP mAb approved
may have contributed to this difference.

Although AEs in this study were assessed as
reporting rates per 1000 patients to allow for
standardization across the three CGRP mAbs,
the smaller sample sizes both in number of AEs
and exposed population for fremanezumab or
galcanezumab may have contributed to the
differences in reported AEs and their RRs.

CONCLUSION

In the current study, ‘‘migraine,’’ ‘‘headache,’’
and ‘‘drug ineffective,’’ along with migraine-as-
sociated symptoms (e.g., ‘‘nausea’’) and ‘‘injec-
tion-site’’ reactions, were commonly reported
AEs for all three CGRP mAbs evaluated. Car-
diovascular events were not among the top ten
AEs for any product. ‘‘Constipation’’ was the
second most commonly reported AE for erenu-
mab but was not among the top ten AEs for
fremanezumab or galcanezumab. Serious AEs
were infrequent across all three CGRP mAbs.
Although these results should be interpreted
with caution, the findings of the current anal-
yses from the FAERS database support the safety
of CGRP mAbs as migraine preventive treat-
ments in a medical real-world setting, which
may help clinicians’ decision-making process
when evaluating migraine preventive medica-
tions for their patients.
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