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Abstract

Introduction Calcitonin-gene related peptide (CGRP) is a vasoactive neuropeptide involved in the pathophysiology ofmi-
graine. CGRP has been targeted for both preventive and acute treatment of migraine.

Objective Provide a summary of the most clinically relevant literature surrounding CGRP modulating therapies.

Methods This update on CGRP modulating therapies includes articles selected as most clinically relevant by theauthors.
Conclusion CGRP modulating therapies are an exciting new addition to migraine treatment given their safety andtoler-
ability. Additionally, compared to traditional migraine preventive medication these treatments are migrainespecific.Further
real-world and clinical data is ongoing to better understand these treatments that continue to gainfavor in the management

of migraine.

Keywords Calcitonin gene-related peptide - Migraine without aura - Calcitonin gene-related peptide receptor
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The Role of CGRP in Migraines: Brief
Overview of Pathophysiology

Over the past several decades, there have been many dif-
ferent theories regarding the pathophysiology of migraine,
but both clinical and preclinical studies have outlined the
role of calcitonin-gene related peptide (CGRP) in migraine.
CGRP is a neuropeptide with two different forms, the alpha
isoform and the beta isoform. The alpha subunit is highly
expressed in both the peripheral and central nervous system,
whereas the beta subunit is mainly found in the enteric ner-
vous system [1].

As it is currently understood, CGRP is released from
the trigeminal ganglion and/or nerve fibers running along
the meningeal and cerebral blood vessels through the pro-
cess of calcium-dependent exocytosis [2, 3]. CGRP recep-
tors are expressed in multiple anatomical sites associated
with migraine pathophysiology including the trigeminal
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ganglion, trigeminal nucleus caudalis, thalamus, and cere-
bral and meningeal vasculature. CGRP receptor binding
leads to sensitization of nociceptors trigeminal neurons
which is thought to relay migraine pain signal through the
brainstem into the brain, resulting in pain that is experienced
in a migraine attack [4]. CGRP release results in meningeal
vasodilation and neurogenic inflammation, which is thought
to be due to mast cell activation and degranulation [1, 3].

Several studies have demonstrated the role of CGRP in
migraine. Early studies revealed elevated serum levels of
CGRP in the jugular vein during a migraine attack — spe-
cifically, a higher level in those with chronic migraine ver-
sus episodic migraine [5, 6]. Another study showed that the
intravenous infusion of CGRP resulted in a delayed migraine
attack in patients with history of migraine, but no headache
or other somatic pain response in otherwise healthy patients
[7]. Studies evaluating CGRP levels in patients with chronic
migraine who were treated with onabotulinumtoxinA found
that one month after treatment, those who responded to ona-
botulinumtoxinA treatment had a reduction in CGRP serum
levels compared to those who were not responsive [8, 9].
Taken together, these studies suggest that CGRP plays a
strong role in the manifestation of migraine through activa-
tion of downstream signaling cascades.
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CGRP Monoclonal Antibodies

There are currently four CGRP monoclonal antibodies
approved for preventive treatment of migraine, eptine-
zumab, erenumab, fremanezumab, and galcanezumab. They
vary by binding site, antibody, and mode of administration.
Please refer to Table 1 for further details of the four anti-
bodies. Since their approval, our understanding of CGRP
monoclonal antibodies has continued to expand with ongo-
ing research.

Erenumab

Erenumab was the first FDA approved monoclonal antibody
(mAb) against a G-protein-coupled receptor that directly
blocks access of ligands to the receptor with high affinity
and selectivity, which inhibits its downstream signaling cas-
cade [10].

Currently, CGRP monoclonal antibodies are not the first-
line migraine preventive treatment, but this has been called
into question given their tolerability and efficacy. One study
compared the efficacy and tolerability of erenumab versus
topiramate for preventive treatment of migraine [11]. The
primary endpoint was medication discontinuation due to
an adverse event and the secondary endpoint was patients
that achieved>50% reduction from baseline in monthly
migraine days within the three months. A statistically sig-
nificant number of participants discontinued topiramate
(38.9%) compared to erenumab (10.6%) due to adverse
events. The main reasons that led to discontinuation of topi-
ramate were paresthesia, disturbance in attention, and nega-
tive effects on mood. The erenumab group had a statistically
significant reduction in monthly migraine days compared
to the topiramate group [11]. This is an important study as
current consensus requires patients to trial two oral generic
preventive drugs (topiramate, divalproex sodium/valproate
sodium, beta-blockers, tricyclic antidepressants, serotonin-
norepinephrine reuptake inhibitor, or other level A and B)
for at least six weeks (discontinuation secondary to inability
to tolerate or adverse events) prior to CGRP therapy con-
sideration [12]. Further data is needed to guide decisions
regarding first-line preventive treatment.

It is currently recommended that women stop CGRP
monoclonal antibodies five months before trying to conceive
[13]. One case report has been published of a woman who

Table 1 CGRP monoclonal antibodies

chose to continue erenumab monthly injections throughout
the entirety of her pregnancy [14]. There were no complica-
tions during the pregnancy. She had a vaginal delivery, and
the infant was healthy without congenital malformations.
Reportedly, the child continued to meet all their develop-
mental milestones at the 6-month pediatrician visit. Further
data is needed to better understand the safety of CGRP tar-
geted treatment in pregnancy [14].

Many times, in practice, hypertension is both an under-
lying medical condition and side effect that must be
acknowledged to adequately titrate medications for indi-
vidual patients. It has been shown that hypertension has
been noted more commonly in people with migraine versus
migraine-free individuals [15]. The physiological mecha-
nism of CGRP has strong vasodilatory effects, which may
help patients combat hypertension [16]. One study looked
at various phase 2 and 3 studies to see the effect of elevated
blood pressure while on erenumab [16]. The data showed
elevated blood pressures usually occurred with the first 7
days (28/61, 46%), although it was seen throughout ere-
numab use as well. In addition, it was found that 27 out of
the 61 cases of documented elevated blood pressure needed
pharmacological intervention or emergency room visit/hos-
pitalization [17]. Thus, from the data, the FDA had labeled
hypertension as a side effect of erenumab. One crucial
limitation in this study was that the study population had
limited individuals with a history of hypertension or high
blood pressure. In a post-hoc analysis of clinical trial and
post-marketing data of erenumab treated individuals, it was
shown that patients with a history of hypertension or risk of
hypertension were more prone to have elevated blood pres-
sures as an adverse effect, although again, the study popula-
tion did not take into account a larger sample size of patients
with these co-morbidities [18]. Future studies still need to
be conducted to assess the risk of hypertension while being
on erenumab or other CGRP therapies.

Galcanezumab

Galcanezumab is a humanized monoclonal antibody that
binds CGRP and prevents its biological activity without
blocking the CGRP receptor [19].

Galcanezumab has shown efficacy for prevention of
migraine and cluster headache, which makes it unique. Gal-
canezumab 300 mg was effective in treating episodic cluster

Erenumab Galcanezumab Fremanezumab Eptinezumab
Antibody 1gG2 1gG4 1gG2a 1gGl
Derivation Human Fully humanized Fully humanized Fully humanized
Binding Site Receptor Ligand Ligand Ligand
Half-Life 27 days 27 days 31 days 27 days
Dosing Interval Monthly Monthly Monthly or every 3 months Every 3 months
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headache 1-3 weeks after the first injection. The primary
outcome for this study was mean change in weekly fre-
quency of cluster headaches attacks, and the secondary end
point assessed at least 50% decrease in weekly frequency of
cluster headache attacks. Results were significant for mean
reduction in weekly attacks in galcanezumab treated patients
(8.7) compared to placebo (5.2). There was also a reduction
of at least 50% in weekly frequency of cluster headaches in
galcanezumab treated patients (71%) compared to placebo
(53%) [19].

While galcanezumab is effective for the treatment of
episodic cluster headache, data has not shown significant
results for the treatment of chronic cluster headache. A
phase 3 randomized, placebo-control trial evaluated weekly
frequency of headache reduction in patients with chronic
cluster headache. Galcanezumab, 300 mg was not statisti-
cally significant in reducing weekly headache frequency
[20].

Eptinezumab

Many patients in clinical practice not only present with
chronic migraine, but medication overuse headache. In
the clinical trial for eptinezumab for treatment of chronic
migraine, 40.2% of participants had medication overuse
headache. Acute medication use was decreased across 24
weeks of treatment with eptinezumab in individuals diag-
nosed with medication overuse headache and chronic
migraine [21].

Eptinezumab is the only anti—calcitonin gene-related
peptide monoclonal antibody preventive treatment that
has been evaluated when initiated during a migraine attack
[21]. A phase 3 trial was conducted to evaluate the efficacy
of eptinezumab during a migraine attack (258). The study
treated participants with eptinezumab 100 mg or placebo
during a moderate to severe attack within 6 h of attack. The
primary endpoints studied were time to headache pain free-
dom and time to absence of most bothersome symptoms.
The study showed statistically significant faster headache
pain freedom in both 2 h (23.5% in eptinezumab vs. 12.0%
in placebo) and 4 h (46.6% in eptinezumab and 26.4%) after
infusion. It also showed a greater absence of bothersome
symptoms (eptinezumab 55.5% vs. placebo 35.8%). The
most common side effect was hypersensitivity reactions,
however there were no adverse events [22]. While it may
not be feasible to always administer eptinezumab during a
migraine attack, this study indicates that treatment can work
during an attack and further analysis indicated a delay until
the next migraine attack. When discussing preventive treat-
ment options with patients, this information can be benefi-
cial to some when deciding between options.

Wearing-off

In clinical practice, when CGRP mAbs are used for
migraine prevention, a portion of patients report wearing-
off as the next dose of medication is due. The phenomenon
of wearing-off has been evaluated for all CGRP mAbs, but
with different definitions of wearing-off. For the evaluation
of galcanezumab, wearing-off was defined as an increase in
greater than two weekly headache days in the last week of
treatment cycle in comparison to the second week of treat-
ment, within the last two months of treatment. In clinical tri-
als of patients treated with galcanezumab for both episodic
and chronic migraine, while the data showed a numerical
trend of increase in wearing off after two months of treat-
ment for both episodic (0-1.4% placebo and 0-4.0% gal-
canezumab) and chronic migraine (0-2.3% placebo and
5.2-8.2% galcanezumab), these findings were not statisti-
cally significant [23].

Erenumab wearing-off was documented in 34.8% of par-
ticipants in a self-reported 6-month real-world observational
study of individuals with episodic and chronic migraine.
The majority of wearing-off, 80% occurred 1 week before
the next injection. There was variability in the frequency
of the wearing-off as only 32% of participants reported it
occurred with each injection. The wearing-off occurred at
different time intervals with 20%, 8% and 20% reported
during months 1-2, months 3—4, and months 5-6, respec-
tively. While another 12% of patients did not have a pattern
to their wearing-off [24].

A 64-week erenumab efficacy and safety study assessed
wearing-off as lack of sustained efficacy over the treatment
course. The study showed no wearing-off effect over the 64
weeks of erenumab treatment [25].

Fremanezumab wearing-off effect was assessed for both
monthly and quarterly dosing intervals in patients with epi-
sodic or chronic migraine. Wearing-off as defined as wors-
ening of symptoms before the next dose and was assessed
by comparing mean weekly migraine days. There was no
change in mean weekly migraine days between weeks 1-2
and weeks 3—4 or weeks 1-3 and week 4 at months 3, 6,
9, and 15. Additionally, when assessing first (months 1-3)
and second quarter treatment (months 4—6) there was no
change in mean weekly migraine days between weeks 1-2
and weeks 11-12. There was no evidence of wearing-off for
monthly or quarterly fremanezumab toward the end of the
dosing interval [26].

Switching between CGRP Therapies
In our practice, if an individual has side effects or an inade-

quate response to one CGRP monoclonal antibody, they may
be switched to another monoclonal antibody. Until recently,
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the efficacy of switching within the class of medication was
not known, but recent data suggests it may be effective [26].
One study evaluated treatment response when individuals
with lack of response to erenumab were switched to galca-
nezumab or fremanzumab. A lack of response was defined
as no significant improvement after 3 months of erenumab
treatment. One-third of patients met the primary endpoint of
>30% responder rate three months after the switch. Addi-
tionally, 12% of patients switched to an alternative CGRP
monoclonal antibody achieved a>50% response rate. This
data suggests that if an individual does not respond to the
first CGRP monoclonal antibody, there may be benefit in
trying another [27].

Oral CGRP Receptor Antagonist (Gepant)

Small molecule calcitonin gene-related peptide receptor
antagonist, are now available for both the acute and pre-
ventive treatment of migraine. Ubrogepant was the first oral
CGRP receptor antagonist approved for the acute treatment
of migraine. Soon after rimegepant was approved for both
acute and preventive treatment of migraine and atogepant
was approved for preventive treatment of migraine. Most
recently, zavegepant was approved for acute treatment of
migraine.

Both ubrogepant 50 mg and 100 mg compared to pla-
cebo were statistically significant in meeting the co-primary
endpoints of pain freedom at 2 h and absence of both both-
ersome symptoms at 2 h [28]. In a 52-week extension open-
label trial, as needed use of ubrogepant 50 mg or 100 mg for
a migraine attack was found to be safe. The most common
treatment related adverse events were nausea (1.5-1.7%),
dizziness (0.5-1.5%), and somnolence (1.2—-1.5%) [29].
Co-adminstration of ubrogepant and sumatriptan is well
tolerated and shows no clinically meaningful alteration in
pharmacokinetics for either drug [30].

Rimegepant was initially approved the acute treatment
of migraine attacks and is the first orally disintegrating
gepant. In the phase 3 trial, rimegepant 75 mg was superior
to placebo for the co-primary endpoints, pain freedom and
freedom from most bothersome symptoms 2 h after dosing.
The most common adverse event was nausea [31]. Acute
treatment with rimegepant is effective in individuals who
have failed two or more triptans [32]. Individuals with >6
monthly migraine days using PRN rimegepant for acute
treatment of migraine attacks showed reduction in migraine
frequency over 52-weeks [33]. There was no associated
increased tablet utilization when patients were allowed to
use rimegepant 75 mg PRN up to once daily for 52 weeks.
These individuals also showed improved headache related
quality of life [34].
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Rimegepant was also shown to be effective when
taken every other day for preventive treatment of episodic
migraine. The phase 2/3 study met the primary end point of
change in monthly migraine days with a mean change of
-4.3 days in the rimegepant group compared to -3.5 days
with placebo [35]. Rimegepant every other day was found
to be similar to erenumab and galcanezumab in mean differ-
ence in monthly migraine days and migraine specific qual-
ity of life in a matching-adjusted indirect comparison study
[36].

Atogepant is used for preventive treatment of episodic
and chronic migraine. In the phase 3 trial, atogepant 10 mg,
30 mg and 60 mg all met the primary end point of change
from baseline in number of monthly migraine days across
12 weeks [37]. Atogepant dosing can be adjusted if a patient
is taking a concomitant strong CYP3A4 inhibitors and
OATP inhibitors (38). The most common adverse events
seen in clinical trials were constipation and nausea [37]. In
our clinical practice, as we start atogepant, we encourage
our patients to increase fiber intake.

Atogepant may be an option for individuals who have
failed CGRP-targeted monoclonal antibodies and/or ona-
botulinumtoxinA due to its unique mechanism of action.
Atogepant partially inhibits both thinly myelinated Ad-fibers
and unmyelinated C-fibers in a rat CSD model. This sug-
gests a different mechanism of action than fremanezumab,
which inhibits only Ad-fibers, and onabotulinumtoxinA,
which inhibits C-fibers. This data suggests that atogepant
may be beneficial in individuals who have not responded
to CGRP-targeted monoclonal antibodies or onabotulinum-
toxinA given the different mechanism of action [38].

In clinical practice, atogepant’s short half-life, 11 h, com-
pared to CGRP mAbs, 27-31 days, is beneficial for certain
patient populations. For example, women of childbearing
age who are considering pregnancy in the next year, atoge-
pant can be stopped when a woman decides she wants to try
to conceive. Typically we recommend stopping atogepant
4 weeks before trying to conceive. CGRP monoclonal anti-
bodies require a 5-month washout period prior to attempting
to conceive.

Given that gepants are approved for both preventive and
acute treatment of migraine, clinical questions have arisen
surrounding combining therapies. Two studies have evalu-
ated the efficacy and tolerability of combining two gepants.
When evaluating the drug-drug interactions of oral atoge-
pant and ubrogepant, the combination was found to be safe,
well tolerated and without parmacokinetic changes [39].
The TANDEM trial evaluated the combined use of atoge-
pant 60 mg daily and ubrogepant 100 mg as needed for
migraine attacks. Again this combination was found to be
safe and well tolerated [40].
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It is also feasible to consider in clinical practice that indi-
viduals taking CGRP monoclonal antibodies for prevention
may also use oral small molecule CGRP receptor antago-
nists as an acute treatment. While many individuals are pre-
scribed both classes of medications, the safety and efficacy
of their combined usage needs further evaluation. A phase
1b drug-drug interaction trial evaluated pharmacokinetic
properties and safety of ubrogepant when co-administered
with erenumab or galcanezumab. The plasma concentration
of ubrogepant before and after a single dose of erenumab
and galcanezumab remained unchanged. No new adverse
events emerged with the combined treatment [40]. Further
research is needed to assess the safety and long-term conse-
quence of dual CGRP suppression.

The newest CGRP modulating therapy is intranasal
zavegepant, a third generation CGRP receptor antagonist. A
phase two dose-ranging randomized controlled trial showed
that in 1673 patients randomized to various doses (5 mg,
10 mg, 20 mg) versus placebo, zavegepant 10 mg and 20 mg
demonstrated a statistically significant improvement in the
primary end points of pain freedom and most bothersome
symptom freedom as compared to placebo [41]. The safety
profile of zavegepant was also favorable, with its phase one
study demonstrating no serious adverse events and the phase
two study demonstrating the most common side effects to
be dysgeusia and nasal discomfort [41, 42]. The greatest
benefit of zavegepant is its intranasal formulation, allow-
ing migraine patients who experience severe nausea and/or
vomiting an alternative to the current existing gepants, all in
oral formulations.

Conclusion

CGRP modulating therapies are effective as both preventive
and acute treatment of episodic and chronic migraine. The
benefit of these treatments is their efficacy and tolerability.
They have provided treatment options for individuals that
cannot tolerate our standard migraine medications due to
side effects or contraindication to therapy. Our knowledge
of these therapies continues to expand and new agents are
continually being developed. More research is needed to
better understand the effect of combining these medications
and the long-term consequences of CGRP blockade.
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