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Abstract: Migraine is a highly disabling and often chronic neurological disease that affects more
than one billion people globally. Preventive migraine treatment is recommended for individuals
who have frequent and/or disabling attacks; however, many of the medications used for migraine
prevention (e.g., antiepileptics, antidepressants, antihypertensives) were not specifically developed
for migraine, and often have limited efficacy or poor tolerability. Four monoclonal antibodies targeting
the calcitonin gene-related peptide (CGRP) pathway, which is believed to play a crucial role in the
pathophysiology of migraine, have been approved by the US Food and Drug Administration for the
preventive treatment of migraine in adults. All four migraine-specific treatments have demonstrated
efficacy based on reductions in monthly days with migraine for patients with both episodic and
chronic migraine, including those with comorbidities. They have also demonstrated favorable safety
and tolerability profiles. Based on these accounts, CGRP pathway-targeted monoclonal antibodies
have the potential to revolutionize preventive treatment for patients with migraine.

Keywords: migraine; CGRP; efficacy; safety and tolerability; cardiovascular safety

1. Introduction

Migraine is a complex neurological disease, affecting more than one billion people
worldwide, and is the second leading cause of years lived with disability overall and the
leading cause of years lived with disability in young women [1]. Characterized by attacks
of pulsating headache that may be exacerbated by physical activity and are accompanied
by symptoms, such as photophobia, phonophobia, nausea, and vomiting [2], migraine
imposes a substantial burden on activities of daily living. Migraine can be classified based
on the frequency of attacks as episodic migraine (EM), with headaches occurring on less
than 15 days/month, or chronic migraine (CM), with headaches occurring on 15 or more
days/month for more than 3 months, and 8 of those 15 days/month fulfilling the criteria
for migraine [3,4].

As well as the impact of headache and associated symptoms, migraine is associated
with an increased risk of various comorbidities, which also impact patients’ well-being.
For example, in the United States, migraine is associated with three-fold higher risks of
depression and anxiety, along with increased risks of many other psychiatric, cardiovascular,
pain, and general medical conditions, compared with the population without migraine [5].
Another burden associated with migraine is overuse of acute medications to treat migraine
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attacks, which can result in further escalation of headache frequency, deteriorating response
to treatment, and even greater disability and quality of life (QoL) impairment [6].

Preventive migraine treatment should be considered for patients with 4 or more mi-
graine days/month, severe migraine-related impairment, or hemiplegic migraine [2,7].
The goals of preventive treatment are to reduce attack frequency, intensity, and duration;
improve responsiveness to and prevent overuse of acute headache medications; and im-
prove daily functioning and overall QoL (Figure 1) [2]. For many years, a variety of
drug classes have been used for migraine prevention, such as antiepileptics (e.g., val-
proate, topiramate), tricyclic antidepressants (e.g., amitriptyline, nortriptyline), serotonin
norepinephrine reuptake inhibitors (e.g., venlafaxine), beta blockers (e.g., propranolol,
metoprolol), calcium channel antagonists (e.g., flunarizine), serotonin antagonists (e.g.,
pizotifen, methysergide), and onabotulinumtoxinA [2,8]. However, none of these medica-
tions were developed specifically for migraine prevention, and they do not directly target
the underlying pathophysiology of migraine. Use of these preventives requires careful
management, with consideration of coexisting medical conditions and treatments, in order
to avoid over- or under-treatment and possible drug-to-drug interactions. Certain medica-
tions, such as valproate or topiramate, should be avoided in women who are pregnant or
trying to conceive [2]. Adherence rates to oral preventive treatments are very low, with only
26% to 29% remaining adherent at 6 months [9]. Persistence is also poor; three of every
four patients discontinue oral preventive medications by 6 months [10]. The most common
reasons for discontinuation of preventive treatments are a lack of efficacy (approximately
37–48% of patients discontinuing treatment) and poor tolerability (approximately 34–53%
of patients discontinuing treatment) [11].
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The US National Health and Wellness Survey found that despite taking acute and/or
preventive migraine medications, individuals who reported 4 or more headache days/month
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experienced activity impairment, loss in work productivity, and increased healthcare re-
source use [12]. The same study demonstrated that each incremental increase in headache-
free days was associated with improved function and well-being, reduction in number of
days of work and home activities missed due to migraine, and reduction in indirect costs
from absenteeism (missed time from work) and presenteeism (reduced productivity while
at work) [13]. Thus, effective migraine preventive treatment that provides a reduction in
migraine days, without a substantial burden from side effects or safety concerns, has the
potential to improve many aspects of QoL for individuals with migraine.

In this article, we provide a brief introduction to targeting the calcitonin gene-related
peptide (CGRP) pathway as a therapeutic approach in migraine preventive therapy, fol-
lowed by an update of clinical data for CGRP pathway targeted monoclonal antibody
therapies for migraine prevention, including studies published up to April 2021.

2. Targeting the Calcitonin Gene-Related Peptide (CGRP) Pathway

CGRP has attracted increasing attention in migraine research due to its actions as a
potent vasodilator and neurotransmitter in the trigeminovascular system, activation of
which is believed to underlie the generation of migraine pain and associated symptoms [14].
Four monoclonal antibodies have been developed that target the CGRP pathway. Three
of these monoclonal antibodies, fremanezumab, galcanezumab, and eptinezumab, target
the CGRP ligand. The fourth antibody, erenumab, targets the CGRP receptor [15]. All four
are currently approved for the preventive treatment of migraine in adults. Erenumab,
fremanezumab, and galcanezumab are administered by subcutaneous injection and were
approved by the US Food and Drug Administration (FDA) in 2018, while eptinezumab is
administered by intravenous infusion and was FDA approved in 2020 [16–19]. The pivotal
double-blind, placebo-controlled trials for all four monoclonal antibodies targeting the
CGRP pathway have demonstrated efficacy in migraine prevention for both EM and CM
(Tables 1 and S1) [20–29]. The pivotal trials were all of similar design, being 3- to 12-
month double-blind, placebo-controlled studies enrolling patients with either EM or CM
and assessing change from baseline in monthly migraine days (MMDs) as their primary
endpoint. The studies did vary in the range of secondary and exploratory endpoints
reported and in statistical analysis methods, which are beyond the scope of this article
to describe.

In addition, the orally administered small molecules rimegepant and atogepant, which,
similar to erenumab, target the CGRP receptor and block CGRP from binding, are cur-
rently being evaluated for the preventive treatment of migraine [30,31]. Rimegepant had
previously been FDA approved for the acute treatment of migraine [32]. The efficacy of
rimegepant and atogepant as migraine preventive treatment for patients with EM or CM
(for rimegepant) and EM (for atogepant) has been demonstrated in randomized, double-
blind, placebo-controlled, phase 2/3 studies [30,31]. Recently, following the results of these
studies, rimegepant has been FDA approved for the preventive treatment of EM, making it
the first medication approved for both the acute treatment of migraine and the prevention
of migraine [33].

The addition of CGRP pathway-targeting treatments to the preventive therapeutic
armamentarium for migraine may improve patient outcomes by allowing patients and
clinicians a selection of different dosing options for their migraine, potentially improving
adherence to and persistence with treatment, which have generally been low for daily oral
preventive treatments [34]. In a survey-based study assessing patient dosing preference
for migraine prevention, patients reported that they were more likely to fill their prescrip-
tion and to be adherent to treatment if their preferred dosing option (either quarterly
or monthly injections in this survey) was available [35]. In a separate survey following
long-term treatment with fremanezumab, a higher proportion of patients (69%) reported
that they preferred the lower frequency dosing schedule (quarterly) over more frequent
dosing (monthly) [36].
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Table 1. Summary of the CGRP pathway-targeting monoclonal antibody short-term pivotal trials efficacy results.

CGRP Pathway-Targeting mAbStudy
Name/Description MMDs ≥50% Reduction in MMDs Disability and QoL Measures

Erenumab

• STRIVE phase 3 study in EM [24]
• ARISE phase 3 study in EM [22]
• Phase 2 study in CM [29]

Significantly greater reduction from
baseline in MMDs with erenumab
vs. PBO in all studies (all p < 0.001)

Demonstrated in 40–50% of
erenumab-treated patients vs. ≤30% of
PBO-treated patients (all p < 0.001)

• No significant difference between erenumab and PBO in
proportion of patients with ≥5-point reduction in
MPFID-EA and MPFID-PI scores [22]

• Significant improvement in transformed MPFID-EA and
MPFID-PI scores vs. PBO (all p < 0.001) [24]

• Significant reductions in HIT-6, mMIDAS, MSQ-EF,
MSQ-RPF, MSQ-RFR scores (exploratory endpoints) [22]

Fremanezumab

• HALO EM phase 3 study [23]
• HALO CM phase 3 study [26]

Significantly greater reduction from
baseline in MMDs with fremanezumab
vs. PBO in all studies (all p < 0.001)

Demonstrated in 38–48% of
fremanezumab-treated patients vs.
≤28% of PBO-treated patients
(all p < 0.001)

• Significant reductions in MIDAS scores with
fremanezumab vs. PBO in EM (p ≤ 0.002) [23]

• Significant reductions in HIT-6 scores with
fremanezumab vs. PBO in CM (p < 0.001) [26]

Galcanezumab

• EVOLVE-1 phase 3 study in EM [28]
• EVOLVE-2 phase 3 study in EM [27]
• REGAIN phase 3 study in CM [21]

Significantly greater reduction from
baseline in MMDs with galcanezumab
vs. PBO in all studies (all p < 0.001)

Demonstrated in 28–62% of
galcanezumab-treated patients vs.
≤15–39% and 15% of PBO-treated
patients (all p < 0.001)

• Significant reductions in MIDAS, MSQ-RFR, and PGI-S
scores in EM (p ≤ 0.008) [27,28]

• Significant reductions in MSQ-RFR and PGI-S scores in
CM (p ≤ 0.006) [21]

Eptinezumab

• PROMISE-1 phase 3 study in EM [20]
• PROMISE-2 phase 3 study in CM [25]

Significantly greater reduction from
baseline in MMDs with eptinezumab
vs. PBO in all studies (all p < 0.05)

Demonstrated in 50–61% of
eptinezumab-treated patients vs. ≤39%
of PBO-treated patients (all p < 0.05)

Signficant improvement in HIT-6 scores (p < 0.001) [25]

CGRP, calcitonin gene-related peptide; CM, chronic migraine; EM, episodic migraine; HIT, Headache Impact Test; MIDAS, Migraine Disability Assessment; mMIDAS, Modified Migraine
Disability Assessment; MMD, monthly migraine day; MPFID-EA, Migraine Physical Function Impact Diary Impact on Everyday Activities; MPFID-PI, Migraine Physical Function
Impact Diary Physical Impairment; MSQ-EF, Migraine-Specific Quality-of-Life Questionnaire emotional function; MSQ-RFP, Migraine-Specific Quality-of-Life Questionnaire role
function-preventive; MSQ-RFR, Migraine-Specific Quality-of-Life Questionnaire role function-restrictive; PBO, placebo; PGI-S, Patient Global Impression of Severity; QoL, quality of life.
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Here, we provide an introduction to the efficacy of medications targeting the CGRP
pathway followed by a review of their available safety data in migraine prevention.

3. Efficacy of CGRP Pathway-Targeted Treatments in Migraine Prevention
3.1. Reduction in Migraine Headache Days in Short-Term Studies

All 3- and 6-month studies showed a greater reduction from baseline in the mean
number of MMDs and a greater proportion of patients with a 50% or greater reduction
from baseline in MMDs or monthly headache days of at least moderate severity (MHDs;
≥50% response) with active treatment compared with placebo.

In patients with EM in the STRIVE and ARISE trials, erenumab provided significant
reductions in MMDs compared with placebo, and up to half of patients receiving erenumab
had a ≥50% response for reduction in average MMDs compared with approximately 30% of
patients receiving placebo over up to 6 months (p < 0.01) [22,24]. Likewise, in a phase 2 trial
in CM, erenumab treatment was associated with a significantly greater mean reduction in
MMDs and higher ≥50% response rate compared with placebo (all p < 0.001; Table 1) [29].

In patients with EM in the HALO EM study, mean reductions in MMDs over 12 weeks
were significantly higher with quarterly and monthly fremanezumab compared with
placebo, and 44% to 48% of patients had a ≥50% reduction in MMDs from baseline with
fremanezumab compared with 28% with placebo (all p < 0.001) [23]. Similarly, in patients
with CM in the HALO CM study, quarterly and monthly fremanezumab provided signifi-
cant reductions in MHDs compared with placebo over 12 weeks, as well as higher ≥50%
response rates for the reduction from baseline in MHDs (all p < 0.001; Table 1) [26].

In the EVOLVE-1 and -2 trials in EM, mean reductions in MMDs were significantly
greater with galcanezumab compared with placebo, and ≥50% response for the reduction
in MMDs from baseline was reported in approximately 60% of galcanezumab-treated
patients compared with approximately 35% to 40% of patients in the placebo groups
(all p < 0.001) [27,28]. Likewise, in the REGAIN trial in CM, galcanezumab 120 mg and
240 mg provided significantly greater reductions and higher ≥50% response rates compared
with the placebo group (all p < 0.001; Table S1) [21].

For patients with EM in the PROMISE-1 study, reductions in MMDs were significantly
greater with eptinezumab 100 mg and 300 mg versus placebo, and up to 56% of patients
showed a ≥50% response for the reduction in MMDs from baseline with eptinezumab
compared with 37% with placebo (all p < 0.05) [20]. Similarly, in the PROMISE-2 trial of
eptinezumab in CM, mean reductions in MMDs and ≥50% response rates were significantly
greater with both doses of eptinezumab compared with placebo (all p < 0.001; Table S1) [25].

A randomized, double-blind, placebo-controlled phase 2/3 trial evaluated rimegepant
75 mg dosed every other day as a migraine preventive treatment (rimegepant, n = 373;
placebo, n = 374). In that study, rimegepant treatment resulted in a mean reduction in
MMDs of −4.3 compared with −3.5 with placebo (p = 0.0099). The proportion of patients
achieving a ≥50% reduction in MMDs was also significantly greater with rimegepant (49%)
compared with placebo (41%; p = 0.044) [31]. In a randomized, double-blind, placebo-
controlled, phase 2/3 study of atogepant (10, 30, or 60 mg once daily or 30 or 60 mg twice
daily), all dosing regimens for atogepant resulted in significantly greater reductions in
mean MMDs, ranging from −3.6 to −4.2, compared with placebo (−2.9; all p ≤ 0.039). With
both twice-daily atogepant dosing regimens, significantly higher proportions of patients
achieved a ≥50% MMD response (30 mg twice daily, 58%; 60 mg twice daily, 62%) compared
with placebo (40%; both p ≤ 0.034) [30].

3.2. Reduction in Migraine Headache Days in Long-Term Studies

Longer-term efficacy results have been published from studies for fremanezumab,
galcanezumab, and eptinezumab for up to 1 year of treatment [37–39], and for erenumab
for up to 5 years of treatment [24,40,41]. For all monoclonal antibodies targeting the CGRP
pathway, efficacy seen during 12 weeks of double-blind treatment was maintained during
longer term treatment. An analysis of data from the fremanezumab long-term study in
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patients with CM or EM confirmed that there was no evidence of a “wearing-off” effect
toward the end of dosing intervals with either quarterly or monthly dosing; there was
no increase in the mean number of weekly migraine days between the first 2 weeks and
last 2 weeks of quarterly or monthly dosing intervals throughout a total 15 months of
treatment [42]. Similarly, an analysis of data from the 6-month EVOLVE-1 and -2 studies of
galcanezumab in patients with EM and the 3-month REGAIN study of galcanezumab in
patients with CM, showed no evidence of “wearing off” toward the end of the monthly
dosing interval; reductions in migraine days during the first 2 weeks were comparable to
those during the last 2 weeks of each month of treatment [43].

3.3. Reduction in Disability and Improvements in QoL

The pivotal studies varied in the patient-reported outcomes that were assessed. In general,
each of the CGRP monoclonal antibodies demonstrated improvement in one or more mea-
sures of headache-related disability or QoL (Table 1).

The ARISE study assessed the proportion of patients with a ≥5-point reduction in
monthly average Migraine Physical Function Impact Diary (MPFID) Physical Impairment
(PI) and Impact on Everyday Activities (EA) domain scores and found no significant
differences between the erenumab 70 mg and placebo groups at month 3. However, other
patient-reported outcomes that were used as exploratory endpoints in this study did
show significant improvements with erenumab 70 mg compared with placebo at month 3,
including the Headache Impact Test (HIT-6; p < 0.001), Modified Migraine Disability
Assessment (mMIDAS; p = 0.021), and Migraine-Specific Quality-of-Life Questionnaire
(MSQ) emotional function (p = 0.002), role function preventive (p = 0.005), and role-function
restrictive (p < 0.001) [22]. The STRIVE study subsequently used a transformed version
of MPFID-PI and -EA scores (converted to a scale of 0–100, with higher values indicating
greater interference of migraine) and showed significant improvement with erenumab
70 mg and 140 mg compared with placebo (all p < 0.001) [24].

The HALO-EM study assessed Migraine Disability Assessment (MIDAS) scores and
demonstrated a significant reduction in scores from baseline after 12 weeks of treat-
ment with fremanezumab monthly (p < 0.001) and quarterly (p = 0.002) compared with
placebo [23]. The HALO-CM study assessed HIT-6 scores and showed significant reduc-
tions with both fremanezumab regimens compared with placebo (both p < 0.001) [26].

The EVOLVE-1 and -2 studies in EM used MIDAS, Migraine-Specific Quality-of-Life
Questionnaire role function-restrictive (MSQ-RFR), and Patient Global Impression of Sever-
ity (PGI-S) scores to assess the impact of migraine and showed significant improvements in
all scores after 12 weeks of treatment with galcanezumab 120 mg and 240 mg compared
with placebo (p ≤ 0.008) [27,28]. In the REGAIN study in CM, significant improvements
were demonstrated with galcanezumab 240 mg for MSQ-RFR and PGI-S scores (both
p < 0.0001 vs. placebo) [21].

In the PROMISE-2 study in EM, the proportion of patients with HIT-6 scores in the
“severe” range (score ≥ 60) was reduced from 90% in the eptinezumab 100 mg group and
89% in the eptinezumab 300 mg group at study baseline to 51% and 43%, respectively,
after 12 weeks of treatment compared with 60% in placebo group. Mean HIT-6 scores
were significantly reduced compared with placebo in both 100- and 300-mg dose groups
(p = 0.001 and p < 0.0001, respectively) [25].

3.4. Efficacy in Patients with Inadequate Response to Previous Preventive Treatments

Erenumab, fremanezumab, and galcanezumab have been investigated in 12-week
placebo-controlled studies specifically in populations of patients with migraine who had
experienced inadequate response (lack of efficacy or poor tolerability) to prior preventive
medications or medication classes [44–46]. The LIBERTY study assessed erenumab in
246 patients with EM who had been treated unsuccessfully with two to four preventive
treatments [44], the FOCUS trial investigated fremanezumab in 838 patients with CM or
EM who had documented inadequate response to two to four separate pharmacological
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classes of migraine preventive medications [45], and the CONQUER study evaluated
treatment with galcanezumab in 462 patients with CM or EM with failure of two to four
preventive medication classes [46]. In all studies, active treatment was superior to placebo
in reducing the number of MMDs and in the proportion of patients with ≥50% response,
demonstrating the utility of these CGRP pathway-targeting monoclonal antibodies in
patients with difficult-to-treat migraine.

3.5. Efficacy in Patients with Comorbidities

The three monoclonal antibodies targeting the CGRP ligand and the one monoclonal
antibody targeting the CGRP receptor have shown evidence of effectiveness in subgroups
of patients with migraine and comorbid conditions, including overuse of acute headache
medications [47–54], moderate to severe depression [55–60], and pain disorders [61].

Erenumab treatment provided a reduction in migraine frequency and use of acute
migraine-specific medication in a subgroup with medication overuse, according to the
International Headache Society (IHS) criteria, in the phase 2 trial in CM (Table S2) [47].
An ongoing phase 4 randomized, placebo-controlled study is investigating the efficacy and
safety of erenumab in patients with medication overuse headache, with results expected
in 2022 (NCT03971071). Similarly, treatment with fremanezumab was associated with a
significant reduction in MMDs in a subgroup with medication overuse in the HALO CM
study (Table S2) [48]. During the 12-week treatment period, 55% and 61% of patients in
the fremanezumab quarterly and monthly groups, respectively, reverted from medication
overuse to no medication overuse, compared with 46% of the placebo group (p = 0.0389 and
0.0024, respectively). Similar results were seen in the subgroup with medication overuse
in the FOCUS study, which included patients with inadequate response to two to four
prior migraine preventive classes (Table S2) [49]. A pooled analysis of the galcanezumab
phase 3 studies showed that in patients with baseline medication overuse, treatment with
galcanezumab 120 mg or 240 mg significantly reduced MMDs and days of acute medi-
cation use (all p < 0.001 vs. placebo; Table S2) [50]. Likewise, in the PROMISE-2 study
of eptinezumab in patients with CM, the subgroup overusing acute headache medica-
tions showed a greater reduction in MMDs with eptinezumab compared with placebo
over 12 and 24 weeks of treatment [51]. In that study, 27% of patients receiving placebo,
51% receiving eptinezumab 100 mg, and 50% receiving eptinezumab 300 mg were using
acute headache medications at levels below the threshold for acute medication overuse
throughout 24 weeks of treatment.

In a subgroup of patients with comorbid moderate to severe depression and CM
in the HALO long-term study, fremanezumab demonstrated efficacy over 52 weeks of
treatment, with sustained reduction in MMDs and depression symptoms (assessed by
the 9-item Patient Health Questionnaire) [58]. In the FOCUS study, significant reductions
in MMDs compared with placebo, as well as improvements in depression symptoms,
were observed in both EM and CM patients with comorbid moderate to severe depression
(Table S2) [57,60].

In a pooled analysis of data from the galcanezumab phase 3 studies that included
patients with a medical history of comorbid anxiety and/or depression, both doses of
galcanezumab provided significant reductions compared with placebo in MMDs (both
p < 0.001) for patients with EM and comorbid anxiety/depression [59]. In patients with CM
and comorbid anxiety/depression, significant improvement in MMDs was seen only with
the higher (240 mg) dose (Table S2). The efficacy of galcanezumab was also investigated in
a subgroup of 197 patients with migraine and one or more concomitant pain disorders in
the 12-week CONQUER study; the most common concomitant pain disorders were back
pain, osteoarthritis, and neck pain [61]. At month 3, patients treated with galcanezumab
had significantly greater reductions in MMDs (p < 0.01) and improvements in health status
and functional migraine-specific QoL scores (p < 0.001) compared with placebo.
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4. Tolerability and Safety of CGRP Pathway-Targeted Treatments in Migraine Prevention
4.1. Tolerability and Safety in Short-Term Studies

Across all the 3- and 6-month trials of monoclonal antibodies targeting the CGRP
pathway, the overall incidence of adverse events (AEs), serious AEs (SAEs), and discontin-
uations due to AEs was similar in the active treatment and placebo groups (Table S3).

The most common AEs reported by erenumab-treated patients in clinical trials in-
cluded injection-site pain, upper respiratory tract infection, nausea, nasopharyngitis, con-
stipation, muscle spasms, influenza, and migraine [22,24,29,44]. In the fremanezumab
trials, the most frequently reported AEs were injection-site pain, induration, and ery-
thema [23,26,45]. With galcanezumab, injection-site reactions and nasopharyngitis were the
most common AEs reported in clinical trials [21,27,28,46,62]. The most frequently reported
AEs with eptinezumab treatment in clinical trials were upper respiratory tract infection,
nasopharyngitis, and sinusitis [20,25]. In a 24-week analysis of eptinezumab in CM from
the PROMISE-2 study, the percentages of patients experiencing any AE in the second
quarterly dosing interval were lower than in the first quarterly dosing interval across all
treatment groups [63].

In the phase 2/3 study of rimegepant for migraine preventive treatment, similar pro-
portions of patients in the rimegepant and placebo groups, respectively, reported any AE
(36% vs. 36%), an SAE (1% vs. 1%), and an AE leading to discontinuation (2% vs. 1%).
The most commonly reported AEs with rimegepant treatment were nasopharyngitis, nau-
sea, urinary tract infection, and upper respiratory tract infection [31]. In the phase 2/3 study
of atogepant for migraine preventive treatment, similar proportions of patients in the ato-
gepant groups and placebo group, respectively, reported any AE (58–66% vs. 50%), SAEs
(0–1% vs. 1%), and discontinuations due to AEs (3–8% vs. 3%). The most common AEs with
atogepant treatment were nausea, upper respiratory tract infection, nasopharyngitis, con-
stipation, urinary tract infection, fatigue, and increased blood creatine phosphokinase [30].

4.2. Tolerability and Safety in Long-Term Studies

Longer-term safety and tolerability results have been published from studies of
erenumab for up to 3 years of treatment and fremanezumab, galcanezumab, and eptinezumab
for up to 1 year of treatment [37–39,64,65]. The favorable tolerability profiles seen in the
short-term studies, with frequencies of AEs similar to the placebo arms, were maintained
during longer-term open-label treatment (Table S4).

A pooled analysis of long-term data from four erenumab studies involving 2375 pa-
tients with CM or EM showed that the incidence of AEs was consistent across studies,
and no new safety signals were identified during more than 3 years of treatment [65].
During long-term treatment, the individual AEs reported were generally similar to those
observed during the 12-week double-blind treatment phases, but the most common events,
such as injection-site reactions, constipation, and muscle spasm, were reported at lower
rates during longer-term treatment. For example, injection-site reactions were reported at a
rate of 17.1 per 100 patient-years during short-term erenumab treatment, compared with
5.2 per 100 patient-years during the long-term extension studies. Discontinuations due to
AEs also decreased, from 5.7 events per 100 patient-years during 12 weeks of double-blind
treatment to 2.4 events per 100 patient-years during long-term treatment.

In the fremanezumab long-term study, which included 1890 patients with CM or
EM, injection-site reactions, such as induration, pain, and erythema, continued to be the
most common AEs, reported by about one-third of patients during the 1-year treatment
period [38]. Cardiovascular AEs were rare, with the most common being hypertension in
2% of patients (most of which occurred in patients with a history of high blood pressure and
were not considered treatment related). AEs resulted in treatment discontinuation for 4%
of patients. Around half of patients surveyed at the end of the long-term study expressed a
preference for fremanezumab over previously used preventive medications due to fewer
side effects, particularly in comparison with antiepileptics and tricyclic antidepressants [36].
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During 1 year of treatment with galcanezumab, the most frequently reported AEs
were injection-site pain and nasopharyngitis, similar to the tolerability profile seen with
12 weeks of treatment [39]. This open-label study enrolled 270 patients with migraine,
most of whom (79%) had EM. AEs resulted in treatment discontinuation for 5% of patients.
Patients expressed satisfaction with the impact of side effects with galcanezumab compared
with prior treatments; the proportion who reported “much less side effects” increased from
42% after the first month of treatment to 58% after 1 year [66].

Over 1 year of treatment with eptinezumab, treatment-emergent AE rates were compa-
rable to those with placebo over the full year of treatment [20,37]. The most common AEs
were upper respiratory tract infection and fatigue. In the eptinezumab 100 mg and 300 mg
groups, respectively, 3% and 2% of patients experienced AEs leading to discontinuation [20].
With 1 year of treatment with eptinezumab, no serious tolerability signals were identified.

4.3. Cardiovascular Safety

Given the presence of CGRP receptors in the cardiovascular system and the role
of CGRP in regulating blood flow, the cardiovascular safety of medications targeting
the CGRP pathway is of particular interest [67]. In addition, acute migraine-specific
medications that are commonly used in combination with preventive treatments, such as
triptans and ergots, have vasoconstrictive effects that may contribute to a higher risk of
cardiovascular events [68,69].

In the pooled analysis of long-term data from four erenumab studies, the incidence
of vascular AEs was similar across active treatment and placebo groups, regardless of
vascular risk factors at baseline or use of acute migraine medications [70]. Across the
studies, more than 70% of patients had at least one vascular risk factor, the most common
being high cholesterol and obesity, and 66% were using acute migraine-specific medications.
The incidence of vascular AEs during erenumab treatment was low and similar to that
with placebo during double-blind treatment (Table S5). Four AEs that were adjudicated
as cardiovascular in origin during open-label treatment were considered not related to
erenumab treatment but to other possible underlying causes.

Fremanezumab has also been shown to be associated with a low rate of cardiovascular
AEs regardless of patients’ level of cardiovascular risk or use of cardiovascular medications
before starting treatment or concomitant triptan use [71–73]. Data were pooled from three
12-week fremanezumab studies that included 2842 patients with CM or EM and patients
with prior preventive treatment failure, 18% of whom had two or more cardiovascular
or cerebrovascular risk factors and 10% of whom were receiving cardiovascular medica-
tions at study baseline, and 40% of whom used triptans during study treatment. Among
those patients who had two or more cardiovascular risk factors, the incidence of cardio-
vascular AEs was low and showed no relationship with the number of additional risk
factors (Table S5) [72]. Cardiovascular tolerability in patients using triptans was similar to
that in patients not using triptans [73], and in patients using cardiovascular medications,
tolerability was similar across fremanezumab and placebo treatment groups [71].

A pooled analysis of data from three galcanezumab studies that included 2886 patients
with CM or EM also demonstrated a similarly low incidence of cardiovascular AEs across
active treatment and placebo groups (Table S5) [74]. In this analysis, 18% of the patient pop-
ulation were deemed at cardiovascular risk at baseline due to pre-existing conditions, most
commonly hypertension or high cholesterol. The incidences of cardiovascular AEs across
treatment groups were similar regardless of cardiovascular disease risk and triptan use.

The safety of monoclonal antibodies targeting the CGRP pathway has not been estab-
lished in patients with known coronary or cerebrovascular disease because the proportion
of patients with those disorders was quite low in clinical studies.

4.4. Immunogenicity

The incidence of anti-drug antibodies was low across studies of CGRP pathway-
targeted monoclonal antibodies, and no relationships between the occurrence of anti-drug
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antibodies and treatment outcomes was reported. In the erenumab CM study, there were
14 incidences of binding antibodies in the erenumab groups (6% in the 70 mg group
and 2% in the 140 mg group), while in the two EM studies, respectively, 4% to 8% and
3% of patients developed anti-erenumab antibodies [22,24,29]. In the fremanezumab
pivotal trials, anti-drug antibodies were detected in two patients (<1%) with CM receiving
fremanezumab (quarterly dosing) in the HALO CM trial and four patients (<1%) with
EM receiving fremanezumab (monthly dosing) in the HALO EM trial [23,26,75]. In the
galcanezumab CM trial, anti-drug antibodies occurred in approximately 3% of patients
in both the galcanezumab 120-mg and galcanezumab 240-mg groups, respectively [21].
In the EM studies, approximately 3% to 11% of galcanezumab-treated patients developed
anti-drug antibodies [27,28]. With eptinezumab 100 mg or 300 mg, anti-drug antibodies
were detected in 16% to 18% of patients (Table 2) [20,25].

Table 2. Incidence of anti-drug antibodies and neutralizing antibodies a across phase 2/3 trials of
monoclonal antibodies targeting the CGRP pathway [20–29,37–41,64,75].

3- to 6-Month Phase 2/3 Studies ≥1-Year Phase 3 Studies

Medication
Anti-Drug

Antibodies in
CM

Neutralizing
Antibodies in

CM

Anti-Drug
Antibodies in

EM

Neutralizing
Antibodies in

EM

Anti-Drug
Antibodies

Neutralizing
Antibodies

Erenumab 2–6% 0% 3–8% 0–1% 6–10% b <1% b

Fremanezumab <1% 0% <1% <1% 2% b <1% b

Galcanezumab 3% 2% 3–11% 3% 12% b 12% b

Eptinezumab 16–18% 6–7% 14–18% 10% 18–19% c 8% c

CGRP, calcitonin gene-related peptide; CM, chronic migraine; EM, episodic migraine. a The clinical significance of
neutralizing antibodies is not known. b EM and CM patients. c CM patients.

In the 3-year interim safety update of erenumab, 38 of 400 patients (10%) receiving
erenumab 70 mg or 140 mg developed non-neutralizing antibodies [64]. In the 1-year open
label extension trial of fremanezumab in CM or EM, 43 (2%) of patients developed anti-drug
antibodies [38]. In the 1-year open label extension trial of galcanezumab, 16 patients (12%)
in the 120 mg dose group developed anti-drug antibodies [39]. With eptinezumab 100 mg
and 300 mg, respectively, 19% and 18% of patients developed anti-drug antibodies after
24 weeks of treatment (maximum), and this incidence declined to 7% and 4% after 56 weeks
of treatment (Table 2) [37].

4.5. Tolerability and Safety in Real-World Clinical Practice

A growing number of publications are reporting real-world outcomes from those
using CGRP pathway–targeted monoclonal antibodies in clinical practice, adding to the
clinical trial data by including broader populations of patients with migraine. The largest
proportion of patients across these studies was treated with erenumab, as this was the
first medication in this class to become available in most countries. Most patients in these
real-world studies had tried previous preventive medications and many had psychiatric
and other comorbidities, including overuse of acute headache medication.

In a retrospective study at the University of Buffalo headache clinic involving 77 patients
with CM treated with erenumab, fremanezumab, or galcanezumab and followed for up
to 6 months, 63% of patients reported an AE with the most commonly reported being
constipation (highest with erenumab in 16/51 patients [31%]) and injection-site reaction
(highest with galcanezumab in 4/23 patients [17%]) [76]. Constipation was given as the
reason for discontinuation of treatment by four patients, all of whom were using erenumab.
In that study, 36 (48%) patients had a history of medication overuse headache, 44 (57%) a
history of anxiety, and 32 (42%) a history of depression.

In an analysis of spontaneously reported AEs during the first 6 months post-approval
of erenumab, fremanezumab, and galcanezumab from the FDA AE Reporting System
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(FAERS), commonly reported AEs for all three monoclonal antibodies included migraine
(reporting rate per 1000 exposed patients: 4.89, 1.01, and 2.99, respectively), headache
(3.32, 1.27, and 3.07, respectively), drug ineffective (3.68, 1.14, and 1.69, respectively),
and injection-site pain (2.94, 0.81, and 4.90, respectively). Constipation (reporting rate: 4.90)
had the second highest reporting rate for erenumab but was not within the top 10 highest
reporting rates for fremanezumab or galcanezumab. Cardiovascular AEs were not among
the top 10 highest reporting rates for any of the three evaluated preventive treatments [77].

Two studies from US headache clinics have reported on the experience of patients
using erenumab. In a retrospective study at the John Graham Headache Center of Brigham
and Women’s Hospital involving 241 patients using erenumab, 70% reported experiencing
at least one side effect and 12% discontinued treatment due to side effects [78]. The most fre-
quently reported AEs included constipation (43%), injection-site reaction (24%), and dizzi-
ness (11%). However, most patients reported they experienced more benefits than problems
with treatment, and 63% planned to continue treatment. Similar results were reported
from a retrospective study at the Mayo Clinic Arizona involving 101 patients treated with
erenumab and followed for up to 6 months, in which 71% reported AEs, most commonly
new or worsened constipation (24%) or injection-site pain (8%) [79]. While 27% of patients
reported irritable bowel syndrome (IBS) at baseline, there was no evidence of an association
between history of IBS and development of constipation as an AE.

Several studies on the real-world use of erenumab from headache clinics in Italy,
Germany, and the United Kingdom have been recently reported [80–88]. Tolerability
findings were generally consistent across these European sites, with around one-third of
erenumab-treated patients reporting AEs. Across all studies, the most frequently reported
AE was constipation, by 10% to 24% of patients. Injection-site reactions were also reported,
typically by fewer than 10% of patients. Severe AEs leading to discontinuation were
reported in only one of these studies, in which 19 of 162 patients (12%) discontinued
erenumab due to severe AEs, nine with severe constipation, five with consistent headache
worsening after the injection, two with flu-like symptoms, and one each with whole body
itchiness, mood deterioration, and new-onset hypertension [80].

In general, the burden of AEs with erenumab in real-world studies appeared higher than
that reported in the phase 2/3 clinical studies. In particular, constipation was reported for 1%
to 3% of patients randomized to erenumab in the phase 2 and 3 clinical trials [16,22,24,29,44]
and at a rate of <2 per 100 patient-years in the pooled analysis of long-term extension
studies [65], compared with up to 40% of patients in the studies from headache clinics.
The product label for erenumab currently includes a statement of safety concern for “con-
stipation with serious complications” [16].

The ongoing prospective GARLIT study is currently evaluating the use of galcanezumab
in patients treated at six Italian headache clinics [89]. Of 66 patients to complete 3 months
of treatment, minor adverse effects, such as itching and dizziness, were reported by 9.8%
during the first month, 7.3% in the second month, and 2.4% in the third month. No SAEs or
events requiring treatment discontinuation were reported.

Additional real-world experience with the three monoclonal antibodies targeting
CGRP (fremanezumab, galcanezumab, and eptinezumab) and the monoclonal antibody
targeting the CGRP receptor (erenumab), will continue to provide valuable information on
the tolerability and safety of these agents in the long-term preventive treatment of migraine.

5. Future Directions

Continuing to gather real-world data will be helpful in further establishing the long-
term efficacy and safety of the CGRP monoclonal antibodies, determining how these medi-
cations compare to other preventive therapies from patients’ perspective, and ascertaining
the potential utility of combination therapy with other treatments.

For example, recent retrospective data from 257 patients with CM treated at a US
headache clinic suggested benefits from adding a CGRP monoclonal antibody therapy
to onabotulinumtoxinA treatment. Average monthly headache frequency was reduced
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by 9.3 days following at least 2 cycles of onabotulinumtoxinA, and then a further 3.5 to
4.0 days over 6 to 12 months after the addition of a CGRP monoclonal antibody, along
with accompanying clinically meaningful improvements in migraine-related disability;
no new safety concerns were identified [90]. The evidence from this study supports similar
findings from previous chart reviews in smaller cohorts of patients that suggested benefits
from combination therapy, including reduced headache frequency, disability, and acute
headache medication use [91–93]. While these studies looked at the effects of adding a
CGRP monoclonal antibody to an existing onabotulinumtoxinA regimen, it would also be
of interest to investigate the effectiveness of adding onabotulinumtoxinA therapy to CGRP
monoclonal antibody treatment compared with switching therapies.

Ultimately, a proportion of patients with inadequate responses to previously available
preventive therapies may also experience unsatisfactory changes in headache frequency
and disability with CGRP monoclonal antibodies. For these patients, the development of
new treatments targeting alternative pathways is eagerly awaited [94]. Pituitary adenylate
cyclase-activating polypeptide (PACAP) is a neuropeptide expressed in the trigeminovascu-
lar system. Infusion of PACAP has been shown to cause migraine-like headache in individ-
uals with migraine, prompting development of a monoclonal antibody to the PACAP type
1 (PAC1) receptor, AMG301 [95]. However, treatment with AMG301 proved to be no more
effective than placebo in reducing headache frequency in a phase 2 study involving pa-
tients with inadequate response or poor tolerability to previous preventive treatments [96].
Meanwhile, monoclonal antibodies to the PACAP38 ligand, ALD1910 (NCT04197349) and
LY3451838 (NCT04498910) are currently in clinical development, with no study results
available [97,98]. The development of agents targeting the orexinergic system, nitric oxide
signaling pathway, and metabotropic glutamate receptor has unfortunately stalled due to
either lack of efficacy or safety concerns in phase 2 studies [94,99].

As new migraine preventive treatments do not appear to be imminently on the horizon,
further prospective studies may be warranted to explore alternative treatment options
for patients who experience inadequate efficacy with CGRP-targeted therapies and other
currently available preventives.

6. Conclusions

Monoclonal antibodies targeting the CGRP pathway have the potential to revolutionize
migraine preventive treatment with targeted efficacy in reducing the frequency, severity,
and duration of migraine attacks, while maintaining favorable tolerability and safety
profiles. Further observational and prospective studies are needed to elucidate which
patients are most likely to obtain benefit from these agents as well as alternative strategies
for patients whose migraine attacks show unsatisfactory response to these treatments.
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cacy of CGRP pathway-targeting monoclonal antibodies for patients with migraine and comorbid
depression or medication overuse; Table S3. Overall frequency of AEs in the short-term trials of
the monoclonal antibodies targeting the CGRP pathway in the prevention of migraine; Table S4:
Most frequently reported AEs during long-term treatment with erenumab, fremanezumab, and gal-
canezumab; Table S5: Treatment-emergent cardiovascular AEs, n (%), in pooled analyses of clinical
studies of the monoclonal antibodies targeting the CGRP pathway.

Author Contributions: All authors G.R.N., R.K., J.M.C., M.J.S., L.J.K., K.C., and V.M. contributed
to the development of this review article, provided their critical review and input for revising
the manuscript for important intellectual content, and approved the final submitted version for
publication. All authors have read and agreed to the published version of the manuscript.

Funding: Medical writing support for this manuscript was funded by Teva Pharmaceuticals (West
Chester, PA, USA), which was in accordance with Good Publication Practice (GPP3) guidelines.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/jcm11154359/s1
https://www.mdpi.com/article/10.3390/jcm11154359/s1


J. Clin. Med. 2022, 11, 4359 13 of 17

Informed Consent Statement: Not applicable.

Data Availability Statement: All data described in this manuscript is publically available.

Conflicts of Interest: G.M. Nissan has served as a speaker for Amgen Inc., Biohaven Pharmaceuticals,
Eli Lilly and Company, and Teva Pharmaceuticals. R. Kim has served on the speakers bureau for
AbbVie, Biohaven Pharmaceuticals, Eli Lilly and Company, and Teva Pharmaceuticals and as a site
principal investigator for Amgen and Eli Lilly and Company. J.M. Cohen is a former employee of
Teva Pharmaceuticals. L.J. Krasenbaum and K. Carr are employees of Teva Pharmaceuticals. M.J.
Seminerio is a former employee of Teva Pharmaceuticals. V. Martin has no conflict of interest to
disclose. Medical writing support was funded by Teva Pharmaceuticals (West Chester, PA, USA).

References
1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence,

and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analysis for
the Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858. [CrossRef]

2. American Headache Society. The American Headache Society position statement on integrating new migraine treatments into
clinical practice. Headache 2019, 59, 1–18. [CrossRef]

3. Headache Classification Committee of the International Headache Society. The international classification of headache disorders,
3rd edition (beta version). Cephalalgia 2013, 33, 629–808. [CrossRef] [PubMed]

4. Lipton, R.B.; Silberstein, S.D. Episodic and chronic migraine headache: Breaking down barriers to optimal treatment and
prevention. Headache 2015, 55, 103–122. [CrossRef]

5. Buse, D.C.; Reed, M.L.; Fanning, K.M.; Bostic, R.; Dodick, D.W.; Schwedt, T.J.; Munjal, S.; Singh, P.; Lipton, R.B. Comorbid and
co-occurring conditions in migraine and associated risk of increasing headache pain intensity and headache frequency: Results of
the migraine in America symptoms and treatment (MAST) study. J. Headache Pain 2020, 21, 23. [CrossRef]

6. Vandenbussche, N.; Laterza, D.; Lisicki, M.; Lloyd, J.; Lupi, C.; Tischler, H.; Toom, K.; Vandervorst, F.; Quintana, S.; Paemeleire, K.; et al.
Medication-overuse headache: A widely recognized entity amidst ongoing debate. J. Headache Pain 2018, 19, 50. [CrossRef]

7. Pelzer, N.; Stam, A.H.; Haan, J.; Ferrari, M.D.; Terwindt, G.M. Familial and sporadic hemiplegic migraine: Diagnosis and
treatment. Curr. Treat Options Neurol. 2013, 15, 13–27. [CrossRef]

8. Agostoni, E.C.; Barbanti, P.; Calabresi, P.; Colombo, B.; Cortelli, P.; Frediani, F.; Geppetti, P.; Grazzi, L.; Leone, M.;
Martelletti, P.; et al. Current and emerging evidence-based treatment options in chronic migraine: A narrative review. J. Headache
Pain 2019, 20, 92. [CrossRef]

9. Hepp, Z.; Dodick, D.W.; Varon, S.F.; Gillard, P.; Hansen, R.N.; Devine, E.B. Adherence to oral migraine-preventive medications
among patients with chronic migraine. Cephalalgia 2015, 35, 478–488. [CrossRef]

10. Hepp, Z.; Dodick, D.W.; Varon, S.F.; Chia, J.; Matthew, N.; Gillard, P.; Hansen, R.N.; Devine, E.B. Persistence and switching
patterns of oral migraine prophylactic medications among patients with chronic migraine: A retrospective claims analysis.
Cephalalgia 2017, 37, 470–485. [CrossRef]

11. Blumenfeld, A.M.; Bloudek, L.M.; Becker, W.J.; Buse, D.C.; Varon, S.F.; Maglinte, G.A.; Wilcox, T.K.; Kawata, A.K.; Lipton, R.B.
Patterns of use and reasons for discontinuation of prophylactic medications for episodic migraine and chronic migraine: Results
from the second international burden of migraine study (IBMS-II). Headache 2013, 53, 644–655. [CrossRef]

12. Buse, D.C.; Yugrakh, M.S.; Lee, L.K.; Bell, J.; Cohen, J.M.; Lipton, R.B. Burden of illness among people with migraine and
≥4 monthly headache days while using acute and/or preventive prescription medications for migraine. J. Manag. Care Spec.
Pharm. 2020, 26, 1334–1343. [CrossRef]

13. Lipton, R.B.; Lee, L.; Saikali, N.P.; Bell, J.; Cohen, J.M. Effect of headache-free days on disability, productivity, quality of life,
and costs among individuals with migraine. J. Manag. Care Spec. Pharm. 2020, 26, 1344–1352. [CrossRef]

14. Goadsby, P.J.; Holland, P.R.; Martins-Oliveira, M.; Hoffmann, J.; Schankin, C.; Akerman, S. Pathophysiology of migraine:
A disorder of sensory processing. Physiol. Rev. 2017, 97, 553–622. [CrossRef]

15. Scuteri, D.; Adornetto, A.; Rombola, L.; Naturale, M.D.; Morrone, L.A.; Bagetta, G.; Tonin, P.; Corasaniti, M.T. New trends in
migraine pharmacology: Targeting calcitonin gene-related peptide (CGRP) with monoclonal antibodies. Front. Pharmacol. 2019,
10, 363. [CrossRef]

16. AIMOVIG (erenumab aooe). [Prescribing Information]. Thousand Oaks (CA): Amgen Inc. Revised 2019. Available online: https://www.
pi.amgen.com/~{}/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx (accessed on 20 March 2022).

17. AJOVY (fremanezumab-vfrm). [Prescribing Information]. North Wales (PA): Teva Pharmaceuticals USA, Inc. Revised 2020.
Available online: https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf (accessed on 20 March 2022).

18. EMGALITY (galcanezumab-gnlm). [Prescribing Information]. Indianapolis (IN): Eli Lilly and Company. Revised 2019. Available
online: http://uspl.lilly.com/emgality/emgality.html#pi (accessed on 20 March 2022).

19. VYEPTI (eptinezumab-jjmr). [Prescribing Information]. South Bothell (WA): Lundbeck Seattle BioPharmaceuticals, Inc. Re-
vised 2020. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf (accessed on
20 March 2022).

http://doi.org/10.1016/S0140-6736(18)32279-7
http://doi.org/10.1111/head.13456
http://doi.org/10.1177/0333102413485658
http://www.ncbi.nlm.nih.gov/pubmed/23771276
http://doi.org/10.1111/head.12505_2
http://doi.org/10.1186/s10194-020-1084-y
http://doi.org/10.1186/s10194-018-0875-x
http://doi.org/10.1007/s11940-012-0208-3
http://doi.org/10.1186/s10194-019-1038-4
http://doi.org/10.1177/0333102414547138
http://doi.org/10.1177/0333102416678382
http://doi.org/10.1111/head.12055
http://doi.org/10.18553/jmcp.2020.20100
http://doi.org/10.18553/jmcp.2020.20103
http://doi.org/10.1152/physrev.00034.2015
http://doi.org/10.3389/fphar.2019.00363
https://www.pi.amgen.com/~{}/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.pi.amgen.com/~{}/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf
http://uspl.lilly.com/emgality/emgality.html#pi
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf


J. Clin. Med. 2022, 11, 4359 14 of 17

20. Ashina, M.; Saper, J.; Cady, R.; Schaeffler, B.A.; Biondi, D.M.; Hirman, J.; Pederson, S.; Allan, B.; Smith, J. Eptinezumab in episodic
migraine: A randomized, double-blind, placebo-controlled study (PROMISE-1). Cephalalgia 2020, 40, 241–254. [CrossRef]

21. Detke, H.C.; Goadsby, P.J.; Wang, S.; Friedman, D.I.; Selzler, K.J.; Aurora, S.K. Galcanezumab in chronic migraine: The randomized,
double-blind, placebo-controlled REGAIN study. Neurology 2018, 91, e2211–e2221. [CrossRef]

22. Dodick, D.W.; Ashina, M.; Brandes, J.L.; Kudrow, D.; Lanteri-Minet, M.; Osipova, V.; Palmer, K.; Picard, H.; Mikol, D.D.; Lenz, R.A.
ARISE: A phase 3 randomized trial of erenumab for episodic migraine. Cephalalgia 2018, 38, 1026–1037. [CrossRef]

23. Dodick, D.W.; Silberstein, S.D.; Bigal, M.E.; Yeung, P.P.; Goadsby, P.J.; Blankenbiller, T.; Grozinski-Wolff, M.; Yang, R.; Ma, Y.;
Aycardi, E. Effect of fremanezumab compared with placebo for prevention of episodic migraine: A randomized clinical trial.
JAMA 2018, 319, 1999–2008. [CrossRef]

24. Goadsby, P.J.; Reuter, U.; Hallstrom, Y.; Broessner, G.; Bonner, J.H.; Zhang, F.; Sapra, S.; Picard, H.; Mikol, D.D.; Lenz, R.A. A
controlled trial of erenumab for episodic migraine. N. Engl. J. Med. 2017, 377, 2123–2132. [CrossRef]

25. Lipton, R.B.; Goadsby, P.J.; Smith, J.; Schaeffler, B.A.; Biondi, D.M.; Hirman, J.; Pederson, S.; Allan, B.; Cady, R. Efficacy and safety
of eptinezumab in patients with chronic migraine: PROMISE-2. Neurology 2020, 94, e1365–e1377. [CrossRef] [PubMed]

26. Silberstein, S.D.; Dodick, D.W.; Bigal, M.E.; Yeung, P.P.; Goadsby, P.J.; Blankenbiller, T.; Grozinski-Wolff, M.; Yang, R.; Ma, Y.;
Aycardi, E. Fremanezumab for the preventive treatment of chronic migraine. N. Engl. J. Med. 2017, 377, 2113–2122. [CrossRef]
[PubMed]

27. Skljarevski, V.; Matharu, M.; Millen, B.A.; Ossipov, M.H.; Kim, B.K.; Yang, J.Y. Efficacy and safety of galcanezumab for the
prevention of episodic migraine: Results of the EVOLVE-2 Phase 3 randomized controlled clinical trial. Cephalalgia 2018, 38,
1442–1454. [CrossRef] [PubMed]

28. Stauffer, V.L.; Dodick, D.W.; Zhang, Q.; Carter, J.N.; Ailani, J.; Conley, R.R. Evaluation of galcanezumab for the prevention of
episodic migraine: The EVOLVE-1 randomized clinical trial. JAMA Neurol. 2018, 75, 1080–1088. [CrossRef]

29. Tepper, S.; Ashina, M.; Reuter, U.; Brandes, J.L.; Doležil, D.; Silberstein, S.; Winner, P.; Leonardi, D.; Mikol, D.; Lenz, R. Safety and
efficacy of erenumab for preventive treatment of chronic migraine: A randomised, double-blind, placebo-controlled phase 2 trial.
Lancet Neurol. 2017, 16, 425–434. [CrossRef]

30. Goadsby, P.J.; Dodick, D.W.; Ailani, J.; Trugman, J.M.; Finnegan, M.; Lu, K.; Szegedi, A. Safety, tolerability, and efficacy of orally
administered atogepant for the prevention of episodic migraine in adults: A double-blind, randomised phase 2b/3 trial. Lancet
Neurol. 2020, 19, 727–737. [CrossRef]

31. Croop, R.; Lipton, R.B.; Kudrow, D.; Stock, D.A.; Kamen, L.; Conway, C.M.; Stock, E.G.; Coric, V.; Goadsby, P.J. Oral rimegepant
for preventive treatment of migraine: A phase 2/3, randomised, double-blind, placebo-controlled trial. Lancet 2021, 397, 51–60.
[CrossRef]

32. NURTEC ODT (Rimegepant). Prescribing Information. New Haven, CT: Biohaven Pharmaceuticals, Inc. March 2020. Avail-
able online: https://biohaven-nurtec-consumer-assets.s3.amazonaws.com/nurtec-prescribing-information.pdf (accessed on
20 March 2022).

33. Brooks, M. FDA Expands Rimegepant Indication to Include Migraine Prevention. Available online: https://www.medscape.
com/viewarticle/952073 (accessed on 9 July 2021).

34. Hepp, Z.; Bloudek, L.M.; Varon, S.F. Systematic review of migraine prophylaxis adherence and persistence. J. Manag. Care Pharm.
2014, 20, 22–33. [CrossRef]

35. Cowan, R.; Cohen, J.M.; Rosenman, E.; Iyer, R. Physician and patient preferences for dosing options in migraine prevention.
J. Headache Pain 2019, 20, 50. [CrossRef]

36. Buse, D.C.; Gandhi, S.K.; Cohen, J.M.; Ramirez-Campos, V.; Cloud, B.; Yang, R.; Cowan, R.P. Improvements across a range of
patient-reported domains with fremanezumab treatment: Results from a patient survey study. J. Headache Pain 2020, 21, 109.
[CrossRef]

37. Smith, T.R.; Janelidze, M.; Chakhava, G.; Cady, R.; Hirman, J.; Allan, B.; Pederson, S.; Smith, J.; Schaeffler, B. Eptinezumab for
the prevention of episodic migraine: Sustained effect through 1 year of treatment in the PROMISE-1 study. Clin. Ther. 2020, 42,
30517–30518. [CrossRef]

38. Goadsby, P.J.; Silberstein, S.D.; Yeung, P.P.; Cohen, J.M.; Ning, X.; Yang, R.; Dodick, D.W. Long-term safety, tolerability, and efficacy
of fremanezumab in migraine: A randomized study. Neurology 2020, 95, e2487–e2499. [CrossRef]

39. Camporeale, A.; Kudrow, D.; Sides, R.; Wang, S.; Van Dycke, A.; Selzler, K.J.; Stauffer, V.L. A phase 3, long-term, open-label safety
study of Galcanezumab in patients with migraine. BMC Neurol. 2018, 18, 188. [CrossRef]

40. Tepper, S.J.; Ashina, M.; Reuter, U.; Brandes, J.L.; Dolezil, D.; Silberstein, S.D.; Winner, P.; Zhang, F.; Cheng, S.; Mikol, D.D.
Long-term safety and efficacy of erenumab in patients with chronic migraine: Results from a 52-week, open-label extension study.
Cephalalgia 2020, 40, 543–553. [CrossRef]

41. Ashina, M.; Goadsby, P.J.; Reuter, U.; Silberstein, S.; Dodick, D.W.; Xue, F.; Zhang, F.; Paiva da Silva Lima, G.; Cheng, S.;
Mikol, D.D. Long-term efficacy and safety of erenumab in migraine prevention: Results from a 5-year, open-label treatment phase
of a randomized clinical trial. Eur. J. Neurol. 2021, 28, 1716–1725. [CrossRef]

42. Blumenfeld, A.M.; Stevanovic, D.M.; Ortega, M.; Cohen, J.M.; Seminerio, M.J.; Yang, R.; Jiang, B.; Tepper, S.J. No “wearing-off
effect” seen in quarterly or monthly dosing of fremanezumab: Subanalysis of a randomized long-term study. Headache 2020, 60,
2431–2443. [CrossRef]

http://doi.org/10.1177/0333102420905132
http://doi.org/10.1212/WNL.0000000000006640
http://doi.org/10.1177/0333102418759786
http://doi.org/10.1001/jama.2018.4853
http://doi.org/10.1056/NEJMoa1705848
http://doi.org/10.1212/WNL.0000000000009169
http://www.ncbi.nlm.nih.gov/pubmed/32209650
http://doi.org/10.1056/NEJMoa1709038
http://www.ncbi.nlm.nih.gov/pubmed/29171818
http://doi.org/10.1177/0333102418779543
http://www.ncbi.nlm.nih.gov/pubmed/29848108
http://doi.org/10.1001/jamaneurol.2018.1212
http://doi.org/10.1016/S1474-4422(17)30083-2
http://doi.org/10.1016/S1474-4422(20)30234-9
http://doi.org/10.1016/S0140-6736(20)32544-7
https://biohaven-nurtec-consumer-assets.s3.amazonaws.com/nurtec-prescribing-information.pdf
https://www.medscape.com/viewarticle/952073
https://www.medscape.com/viewarticle/952073
http://doi.org/10.18553/jmcp.2014.20.1.22
http://doi.org/10.1186/s10194-019-0998-8
http://doi.org/10.1186/s10194-020-01177-4
http://doi.org/10.1016/j.clinthera.2020.11.007
http://doi.org/10.1212/WNL.0000000000010600
http://doi.org/10.1186/s12883-018-1193-2
http://doi.org/10.1177/0333102420912726
http://doi.org/10.1111/ene.14715
http://doi.org/10.1111/head.13994


J. Clin. Med. 2022, 11, 4359 15 of 17

43. Samaan, K.; Pozo-Rosich, P.; Nicholson, R.; Rathmann, S.; Pearlman, E. Consistency of galcanezumab efficacy throughout a month
over time [IHC-LB-033]. Cephalalgia 2019, 39, 401–402.

44. Reuter, U.; Goadsby, P.J.; Lanteri-Minet, M.; Wen, S.; Hours-Zesiger, P.; Ferrari, M.D.; Klatt, J. Efficacy and tolerability of erenumab
in patients with episodic migraine in whom two-to-four previous preventive treatments were unsuccessful: A randomised,
double-blind, placebo-controlled, phase 3b study. Lancet 2018, 392, 2280–2287. [CrossRef]

45. Ferrari, M.D.; Diener, H.C.; Ning, X.; Galic, M.; Cohen, J.M.; Yang, R.; Mueller, M.; Ahn, A.H.; Schwartz, Y.C.; Grozinski-Wolff, M.; et al.
Fremanezumab versus placebo for migraine prevention in patients with documented failure to up to four migraine preventive
medication classes (FOCUS): A randomised, double-blind, placebo-controlled, phase 3b trial. Lancet 2019, 394, 1030–1040.
[CrossRef]

46. Mulleners, W.M.; Kim, B.K.; Lainez, M.J.A.; Lanteri-Minet, M.; Pozo-Rosich, P.; Wang, S.; Tockhorn-Heidenreich, A.; Aurora, S.K.;
Nichols, R.M.; Yunes-Medina, L.; et al. Safety and efficacy of galcanezumab in patients for whom previous migraine preventive
medication from two to four categories had failed (CONQUER): A multicentre, randomised, double-blind, placebo-controlled,
phase 3b trial. Lancet Neurol. 2020, 19, 814–825. [CrossRef]

47. Tepper, S.J.; Diener, H.C.; Ashina, M.; Brandes, J.L.; Friedman, D.I.; Reuter, U.; Cheng, S.; Nilsen, J.; Leonardi, D.K.;
Lenz, R.A.; et al. Erenumab in chronic migraine with medication overuse: Subgroup analysis of a randomized trial. Neurology
2019, 92, e2309–e2320. [CrossRef]

48. Silberstein, S.D.; Cohen, J.M.; Seminerio, M.J.; Yang, R.; Ashina, S.; Katsarava, Z. The impact of fremanezumab on medication
overuse in patients with chronic migraine: Subgroup analysis of the HALO CM study. J. Headache Pain 2020, 21, 114. [CrossRef]

49. Silberstein, S.; Cohen, J.M.; Ramirez-Campos, V.; Yang, R.; Galic, M.; Ning, X.; Jann, A. Efficacy of fremanezumab in migraine
patients with medication overuse and documented inadequate response to 2-4 migraine preventive medication classes: Subgroup
analysis of the randomized, placebo-controlled FOCUS study. Neurology 2020, 94, 4240.

50. Dodick, D.W.; Doty, E.G.; Aurora, S.K.; Ruff, D.D.; Stauffer, V.L.; Jedynak, J.; Dong, Y.; Pearlman, E.M. Medication overuse in a
subgroup analysis of phase 3 placebo-controlled studies of galcanezumab in the prevention of episodic and chronic migraine.
Cephalalgia 2020, 41, 340–352. [CrossRef]

51. Diener, H.C.; Marmura, M.J.; Tepper, S.J.; Cowan, R.; Starling, A.J.; Diamond, M.L.; Hirman, J.; Mehta, L.; Brevig, T.;
Sperling, B.; et al. Efficacy, tolerability, and safety of eptinezumab in patients with a dual diagnosis of chronic migraine and
medication-overuse headache: Subgroup analysis of PROMISE-2. Headache 2021, 61, 125–136. [CrossRef]

52. Silberstein, S.D.; Cohen, J.M.; Gandhi, S.K.; Yang, R.; Ning, X.; Kudrow, D. Long-term inpact of fremanezumab on response rate,
acute headache medication use, and disability in chronic migraine patients with acute medication overuse at baseline: Results of
a 1-year study. In Proceedings of the 61st Annual Scientific Meeting of the American Headache Society, Philadelphia, PA, USA,
11–14 July 2019.

53. Silberstein, S.D.; Cohen, J.M.; Seminerio, M.J.; Yang, R.; Ning, X.; Ashina, M. Long-term efficacy of fremanezumab in chronic
and episodic migraine patients with acute medication overuse at baseline: Results of a 1-year study. In Proceedings of the 61st
Annual Scientific Meeting of the American Headache Society, Philadelphia, PA, USA, 11–14 July 2019.

54. Lipton, R.B.; Turner, I.; Cohen, J.M.; Gandhi, S.K.; Yang, R.; Ning, X. Long-term impact of fremanezumab on response rate, acute
headache medication use, and disability in episodic migraine patients with acute medication overuse at baseline: Results of a
1-year study. In Proceedings of the 61st Annual Scientific Meeting of the American Headache Society, Philadelphia, PA, USA,
11–14 July 2019.

55. Tepper, S.; Broessner, G.; Buse, D.; Schwedt, T.; Strauss, E.; Zhang, F.; Picard, H.; Mikol, D. Efficacy of erenumab for the treatment
of patients with episodic migraine with depression and/or anxiety. Neurology 2018, 90, P4.105.

56. Lipton, R.B.; Cohen, J.M.; Galic, M.; Seminerio, M.J.; Yeung, P.P.; Aycardi, E.; Bigal, M.E.; Bibeau, K.; Buse, D.C. Effects of
fremanezumab in patients with chronic migraine and comorbid depression: Subgroup analysis of the randomized HALO CM
study. Headache 2021, 61, 662–672. [CrossRef]

57. Lipton, R.B.; Cohen, J.M.; Ramirez-Campos, V.; Yang, R.; Ning, X.; Galic, M.; Buse, D.C. Efficacy with fremanezumab in migraine
patients with comorbid moderate to severe depression and documented inadequate response to 2–4 classes of migraine preventive
treatments: Subgroup analysis of the randomised, placebo-controlled FOCUS study [IHC-PO-138]. Cephalalgia 2019, 39, 210–211.

58. Lipton, R.B.; Cohen, J.M.; Yang, R.; Ning, X.; Buse, D.C. Long-term efficacy of fremanezumab in patients with chronic migraine
and comorbid moderate to severe depression. In Proceedings of the 61st Annual Scientific Meeting of the American Headache
Society, Philadelphia, PA, USA, 11–14 July 2019.

59. Smitherman, T.A.; Tietjen, G.E.; Schuh, K.; Skljarevski, V.; Lipsius, S.; D’Souza, D.N.; Pearlman, E.M. Efficacy of galcanezumab
for migraine prevention in patients with a medical history of anxiety and/or depression: A post hoc analysis of the phase 3,
randomized, double-blind, placebo-controlled REGAIN, and pooled EVOLVE-1 and EVOLVE-2 studies. Headache 2020, 60,
2202–2219. [CrossRef]

60. Buse, D.C.; Cohen, J.M.; Ramirez Campos, V.; Du, E.; Lipton, R.B. Long-term efficacy of fremanezumab in migraine patients with
comorbid depression and inadequate response to 2 to 4 prior migraine preventive medication classes. In Proceedings of the
American Psychiatric Association (APA) Annual Meeting, Virtual, 1–3 May 2021.

61. Argoff, C.; Dong, Y.; Li, L.Q.; Barad, M.; Wright, P. Efficacy of galcanezumab in adults with treatment resistant migraine and
concomitant pain disorders: Post-hoc subpopulation analyses from the randomized, double-blind, placebo-controlled CONQUER
study. Headache 2020, 60, 105.

http://doi.org/10.1016/S0140-6736(18)32534-0
http://doi.org/10.1016/S0140-6736(19)31946-4
http://doi.org/10.1016/S1474-4422(20)30279-9
http://doi.org/10.1212/WNL.0000000000007497
http://doi.org/10.1186/s10194-020-01173-8
http://doi.org/10.1177/0333102420966658
http://doi.org/10.1111/head.14036
http://doi.org/10.1111/head.14097
http://doi.org/10.1111/head.13970


J. Clin. Med. 2022, 11, 4359 16 of 17

62. Stauffer, V.L.; Wang, S.; Bonner, J.; Kim, B.; Bhandari, R.; Day, K.A.; Camporeale, A. Evaluation of injection-site-related adverse
events with galcanezumab: A post hoc analysis of phase 3 studies in participants with migraine. BMC Neurol. 2020, 20, 194.
[CrossRef] [PubMed]

63. Silberstein, S.; Diamond, M.; Hindiyeh, N.A.; Biondi, D.M.; Cady, R.; Hirman, J.; Allan, B.; Pederson, S.; Schaeffler, B.; Smith, J.
Eptinezumab for the prevention of chronic migraine: Efficacy and safety through 24 weeks of treatment in the phase 3 PROMISE-2
(Prevention of migraine via intravenous ALD403 safety and efficacy-2) study. J. Headache Pain 2020, 21, 120. [CrossRef] [PubMed]

64. Ashina, M.; Goadsby, P.J.; Reuter, U.; Silberstein, S.; Dodick, D.; Rippon, G.A.; Klatt, J.; Xue, F.; Chia, V.; Zhang, F.; et al. Long-term
safety and tolerability of erenumab: Three-plus year results from a five-year open-label extension study in episodic migraine.
Cephalalgia 2019, 39, 1455–1464. [CrossRef] [PubMed]

65. Ashina, M.; Kudrow, D.; Reuter, U.; Dolezil, D.; Silberstein, S.; Tepper, S.J.; Xue, F.; Picard, H.; Zhang, F.; Wang, A.; et al. Long-term
tolerability and nonvascular safety of erenumab, a novel calcitonin gene-related peptide receptor antagonist for prevention
of migraine: A pooled analysis of four placebo-controlled trials with long-term extensions. Cephalalgia 2019, 39, 1798–1808.
[CrossRef]

66. Ford, J.H.; Foster, S.A.; Stauffer, V.L.; Ruff, D.D.; Aurora, S.K.; Versijpt, J. Patient satisfaction, health care resource utilization,
and acute headache medication use with galcanezumab: Results from a 12-month open-label study in patients with migraine.
Patient Prefer. Adherence 2018, 12, 2413–2424. [CrossRef]

67. Favoni, V.; Giani, L.; Al-Hassany, L.; Asioli, G.M.; Butera, C.; de Boer, I.; Guglielmetti, M.; Koniari, C.; Mavridis, T.;
Vaikjarv, M.; et al. CGRP and migraine from a cardiovascular point of view: What do we expect from blocking CGRP? J. Headache
Pain 2019, 20, 27. [CrossRef]

68. Silberstein, S.D. The pharmacology of ergotamine and dihydroergotamine. Headache 1997, 37, S15–S25.
69. Wackenfors, A.; Jarvius, M.; Ingemansson, R.; Edvinsson, L.; Malmsjö, M. Triptans induce vasoconstriction of human arteries and

veins from the thoracic wall. J. Cardiovasc. Pharm. 2005, 45, 476–484. [CrossRef]
70. Kudrow, D.; Pascual, J.; Winner, P.K.; Dodick, D.W.; Tepper, S.J.; Reuter, U.; Hong, F.; Klatt, J.; Zhang, F.; Cheng, S.; et al. Vascular

safety of erenumab for migraine prevention. Neurology 2020, 94, e497–e510. [CrossRef]
71. Coppola, G.; Cohen, J.M.; Ning, X.; Kessler, Y.; Yang, R.; Barbanti, P. Pooled analysis of tolerability with fremanezumab treatment

in patients with episodic or chronic migraine and cardiovascular medication use at baseline. Headache 2020, 60, 23.
72. Jürgens, T.P.; Ning, X.; Kessler, Y.; Cohen, J.M.; Yang, R.; Diener, H. Pooled analysis of cardiovascular safety with fremanezumab

treatment in patients with migraine by number of cardiovascular or cerebrovascular risk factors. Headache 2020, 60, 3.
73. Kärppä, M.; Ning, X.; Kessler, Y.; Cohen, J.M.; Yang, R.; Pazdera, L. Pooled analysis of cardiovascular safety with fremanezumab

treatment in patients with migraine concomitant triptan use. Headache 2020, 60, 22.
74. Oakes, T.M.; Kovacs, R.; Rosen, N.; Doty, E.; Kemmer, P.; Aurora, S.K.; Camporeale, A. Evaluation of cardiovascular outcomes in

adult patients with episodic or chronic migraine treated with galcanezumab: Data from three phase 3, randomized, double-blind,
placebo-controlled EVOLVE-1, EVOLVE-2, and REGAIN studies. Headache 2020, 60, 110–123. [CrossRef]

75. Cohen, J.M.; Ning, X.; Kessler, Y.; Rasamoelisolo, M.; Campos, V.R.; Seminerio, M.J.; Krasenbaum, L.J.; Shen, H.; Stratton, J.
Immunogenicity of biologic therapies for migraine: A review of current evidence. J. Headache Pain 2021, 22, 3. [CrossRef]

76. Alex, A.; Vaughn, C.; Rayhill, M. Safety and tolerability of 3 CGRP monoclonal antibodies in practice: A retrospective cohort
study. Headache 2020, 60, 2454–2462. [CrossRef]

77. Silberstein, S.D.; Reshef, S.; Cohen, J.M.; Gandhi, S.; Seminerio, M.; Campos, V.R.; Kessler, Y.; Thompson, S.; Blumenfeld, A.
Adverse event profiles of therapies that target the calcitonin gene-related peptide (CGRP) pathway during the first 6 months after
launch: A real-world data analysis using the FDA Adverse Events Reporting System (FAERS). In Proceedings of the American
Neurological Association (ANA), Virtual Annual Meeting, 4–9 October 2020.

78. Kanaan, S.; Hettie, G.; Loder, E.; Burch, R. Real-world effectiveness and tolerability of erenumab: A retrospective cohort study.
Cephalalgia 2020, 40, 1511–1522. [CrossRef]

79. Robblee, J.; Devick, K.L.; Mendez, N.; Potter, J.; Slonaker, J.; Starling, A.J. Real-world patient experience with erenumab for the
preventive treatment of migraine. Headache 2020, 60, 2014–2025. [CrossRef]

80. Lambru, G.; Hill, B.; Murphy, M.; Tylova, I.; Andreou, A.P. A prospective real-world analysis of erenumab in refractory chronic
migraine. J. Headache Pain 2020, 21, 61. [CrossRef]

81. Matteo, E.; Favoni, V.; Pascazio, A.; Pensato, U.; Benini, M.; Asioli, G.M.; Merli, E.; Calabro, C.; Cortelli, P.; Pierangeli, G.; et al.
Erenumab in 159 high frequency and chronic migraine patients: Real-life results from the Bologna Headache Center. Neurol. Sci.
2020, 41, 483–484. [CrossRef]

82. Ornello, R.; Casalena, A.; Frattale, I.; Gabriele, A.; Affaitati, G.; Giamberardino, M.A.; Assetta, M.; Maddestra, M.; Marzoli, F.;
Viola, S.; et al. Real-life data on the efficacy and safety of erenumab in the Abruzzo region, central Italy. J. Headache Pain 2020, 21, 32.
[CrossRef]

83. Pensato, U.; Favoni, V.; Pascazio, A.; Benini, M.; Asioli, G.M.; Merli, E.; Calabro, C.; Cortelli, P.; Pierangeli, G.; Cevoli, S. Erenumab
efficacy in highly resistant chronic migraine: A real-life study. Neurol. Sci. 2020, 41, 457–459. [CrossRef]

84. Raffaelli, B.; Kalantzis, R.; Mecklenburg, J.; Overeem, L.H.; Neeb, L.; Gendolla, A.; Reuter, U. Erenumab in chronic migraine
patients who previously failed five first-line oral prophylactics and onabotulinumtoxinA: A dual-center retrospective observational
study. Front. Neurol. 2020, 11, 417. [CrossRef]

http://doi.org/10.1186/s12883-020-01775-4
http://www.ncbi.nlm.nih.gov/pubmed/32429851
http://doi.org/10.1186/s10194-020-01186-3
http://www.ncbi.nlm.nih.gov/pubmed/33023473
http://doi.org/10.1177/0333102419854082
http://www.ncbi.nlm.nih.gov/pubmed/31146544
http://doi.org/10.1177/0333102419888222
http://doi.org/10.2147/PPA.S182563
http://doi.org/10.1186/s10194-019-0979-y
http://doi.org/10.1097/01.fjc.0000159639.59770.36
http://doi.org/10.1212/WNL.0000000000008743
http://doi.org/10.1111/head.13684
http://doi.org/10.1186/s10194-020-01211-5
http://doi.org/10.1111/head.13956
http://doi.org/10.1177/0333102420946725
http://doi.org/10.1111/head.13951
http://doi.org/10.1186/s10194-020-01127-0
http://doi.org/10.1007/s10072-020-04667-0
http://doi.org/10.1186/s10194-020-01102-9
http://doi.org/10.1007/s10072-020-04658-1
http://doi.org/10.3389/fneur.2020.00417


J. Clin. Med. 2022, 11, 4359 17 of 17

85. Ranieri, A.; Alfieri, G.; Napolitano, M.; Servillo, G.; Candelaresi, P.; Di Iorio, W.; Longo, K.; Maniscalco, G.T.; Renna, R.;
Rippa, M.; et al. One year experience with erenumab: Real-life data in 30 consecutive patients. Neurol. Sci. 2020, 41, 505–506.
[CrossRef]

86. Russo, A.; Silvestro, M.; di Clemente, F.S.; Trojsi, F.; Bisecco, A.; Bonavita, S.; Tessitore, A.; Tedeschi, G. Multidimensional assess-
ment of the effects of erenumab in chronic migraine patients with previous unsuccessful preventive treatments: A comprehensive
real-world experience. J. Headache Pain 2020, 21, 69. [CrossRef]

87. Scheffler, A.; Messel, O.; Wurthmann, S.; Nsaka, M.; Kleinschnitz, C.; Glas, M.; Naegel, S.; Holle, D. Erenumab in highly
therapy-refractory migraine patients: First German real-world evidence. J. Headache Pain 2020, 21, 84. [CrossRef]

88. Di Cola, F.S.; Rao, R.; Caratozzolo, S.; Di Cesare, M.; Venturelli, E.; Balducci, U.; Sidoti, V.; Pari, E.; Costanzi, C.; di Summa, A.; et al.
Erenumab efficacy in chronic migraine and medication overuse: A real-life multicentric Italian observational study. Neurol. Sci.
2020, 41, 489–490. [CrossRef]

89. Vernieri, F.; Altamura, C.; Aurilia, C.; Brunelli, N.; Egeo, G.; Fofi, L.; Costa, C.M.; Fallacara, A.; Favoni, V.; Pierangeli, G.; et al.
Effectiveness, safety, and tolerability of galcanezumab in a real-life setting in patients with migraine in Italy (the GARLIT study).
Neurol. Sci. 2020, 41, 487–488. [CrossRef]

90. Blumenfeld, A.M.; Frishberg, B.M.; Schim, J.D.; Iannone, A.; Schneider, G.; Yedigarova, L.; Adams, A.M. Real-world evidence for
control of chronic migraine patients receiving CGRP monoclonal antibody therapy added to onabotulinumtoxinA: A retrospective
chart review. Pain Ther. 2021, 10, 809–826. [CrossRef]

91. Armanious, M.; Khalil, N.; Lu, Y.; Jimenez-Sanders, R. Erenumab and onabotulinumtoxinA combination therapy for the
prevention of intractable chronic migraine without aura: A retrospective analysis. J Pain Palliat. Care Pharm. 2021, 35, 1–6.
[CrossRef]

92. Cohen, F.; Armand, C.; Lipton, R.B.; Vollbracht, S. Efficacy and tolerability of calcitonin gene-related peptide-targeted monoclonal
antibody medications as add-on therapy to onabotulinumtoxinA in patients with chronic migraine. Pain Med. 2021, 22, 1857–1863.
[CrossRef]

93. Silvestro, M.; Tessitore, A.; di Clemente, F.S.; Battista, G.; Tedeschi, G.; Russo, A. Additive interaction between onabotulinumtoxin-
A and erenumab in patients with refractory migraine. Front. Neurol. 2021, 12, 656294. [CrossRef] [PubMed]

94. Ogunlaja, O.; Karsan, N.; Goadsby, P. Emerging drugs for the prevention of migraine. Expert Opin. Emerg. Drugs 2021, 26, 271–280.
[CrossRef] [PubMed]

95. Rubio-Beltran, E.; Correnti, E.; Deen, M.; Kamm, K.; Kelderman, T.; Papetti, L.; Vigneri, S.; MaassenVanDenBrink, A.; Edvinsson,
L. PACAP38 and PAC1 receptor blockade: A new target for headache? J. Headache Pain 2018, 19, 64. [CrossRef] [PubMed]

96. Ashina, M.; Dolezil, D.; Bonner, J.H.; Zhou, L.; Klatt, J.; Picard, H.; Mikol, D.D. A phase 2, randomized, double-blind, placebo-
controlled trial of AMG 301, a pituitary adenylate cyclase-activating polypeptide PAC1 receptor monoclonal antibody for migraine
prevention. Cephalalgia 2021, 41, 33–44. [CrossRef]

97. ClinicalTrials.gov. Safety, Tolerability and Pharmacokinetics of ALD1910 in Healthy men and Women. Available online:
https://clinicaltrials.gov/ct2/show/NCT04197349 (accessed on 5 November 2021).

98. ClinicalTrials.gov. A Study of LY3451838 in Participants with Migraine. Available online: https://clinicaltrials.gov/ct2/show/
NCT04498910 (accessed on 5 November 2021).

99. Waung, M.W.; Akerman, S.; Wakefield, M.; Keywood, C.; Goadsby, P.J. Metabotropic glutamate receptor 5: A target for migraine
therapy. Ann. Clin. Transl. Neurol. 2016, 3, 560–571. [CrossRef]

http://doi.org/10.1007/s10072-020-04677-y
http://doi.org/10.1186/s10194-020-01143-0
http://doi.org/10.1186/s10194-020-01151-0
http://doi.org/10.1007/s10072-020-04670-5
http://doi.org/10.1007/s10072-020-04669-y
http://doi.org/10.1007/s40122-021-00264-x
http://doi.org/10.1080/15360288.2020.1829249
http://doi.org/10.1093/pm/pnab093
http://doi.org/10.3389/fneur.2021.656294
http://www.ncbi.nlm.nih.gov/pubmed/33897608
http://doi.org/10.1080/14728214.2021.1956463
http://www.ncbi.nlm.nih.gov/pubmed/34263680
http://doi.org/10.1186/s10194-018-0893-8
http://www.ncbi.nlm.nih.gov/pubmed/30088106
http://doi.org/10.1177/0333102420970889
https://clinicaltrials.gov/ct2/show/NCT04197349
https://clinicaltrials.gov/ct2/show/NCT04498910
https://clinicaltrials.gov/ct2/show/NCT04498910
http://doi.org/10.1002/acn3.302

	Introduction 
	Targeting the Calcitonin Gene-Related Peptide (CGRP) Pathway 
	Efficacy of CGRP Pathway-Targeted Treatments in Migraine Prevention 
	Reduction in Migraine Headache Days in Short-Term Studies 
	Reduction in Migraine Headache Days in Long-Term Studies 
	Reduction in Disability and Improvements in QoL 
	Efficacy in Patients with Inadequate Response to Previous Preventive Treatments 
	Efficacy in Patients with Comorbidities 

	Tolerability and Safety of CGRP Pathway-Targeted Treatments in Migraine Prevention 
	Tolerability and Safety in Short-Term Studies 
	Tolerability and Safety in Long-Term Studies 
	Cardiovascular Safety 
	Immunogenicity 
	Tolerability and Safety in Real-World Clinical Practice 

	Future Directions 
	Conclusions 
	References

