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Abstract

Calcitonin gene-related peptide (CGRP) is probably the most potent vasodilator in cerebral circulation. Forty years after its
discovery, the new CGRP-targeted therapy monoclonal antibodies, and the small molecule gepants, are now available for
clinical practice. While randomized controlled trials and real-world experience consistently demonstrated the high efficacy
and tolerability of monoclonal antibodies, limited evidence is available to characterize gepants fully. Depending on phar-
macokinetics, these CGRP receptor antagonists can be used for acute (ubrogepant, rimegepant, and the not yet approved
zavegepant) or preventive (atogepant and rimegepant) migraine treatment. Randomized placebo-controlled trials demon-
strated gepants efficacy in treating acute attacks to obtain 2 h pain freedom in about 20% of patients and pain relief in about
60%, while up to 60% of treated patients with episodic migraine may experience a 50% reduction in monthly migraine days.
The most common treatment-related emergent adverse events were gastrointestinal (nausea, constipation) for the acute or
preventive use. No vascular or hepatic concerns have emerged so far. More studies are ongoing to investigate gepant toler-
ability and safety also if associated with monoclonal antibodies targeting CGRP and other therapeutic classes. Gepants are
also under investigation to treat other painful and non-painful conditions. Real-life studies are necessary to confirm the trials’
findings and investigate more practical clinical aspects.
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Introduction peptide (CGRP)-targeted therapies came as a real revolution
in migraine management [7].
Migraine is among the most disabling neurological condi-

tions, affecting around 1.04 billion people, mainly in their

productive age, impairing work performances and social
and familial contexts [1]. Moreover, about 8% of migraine
patients encounter a progressive increase in attacks’ fre-
quency to the point where migraine becomes chronic [2].
Until 2018, preventive migraine management relied on
drugs [3] not specifically developed for migraine treatment
and was burdened by poor long-term adherence because of
adverse events and often inadequate effectiveness [4]. Not
least, migraine often comes associated with different comor-
bidities, which may further restrict the range of therapeu-
tic options [5, 6]. In this scenario, calcitonin gene-related
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The history of CGRP-targeted therapy
development

It is now 40 years since the CGRP discovery when Amara
and colleagues identified alternative processing of the cal-
citonin gene [8]. They observed that the CGRP-specific
mRNA predominates in the hypothalamus and hypothesized
CGRP as a hypothalamic peptide with a hormonal effect.
Soon after, the same group observed that the distribution of
CGRP-producing cells and pathways in the brain included
the olfactory and gustatory system (hypoglossal, facial and
vagal nuclei, the hypothalamus, and the limbic regions),
the nociceptive and thermal sensory pathways (trigeminal
and spinal sensory ganglion cells), and the visceral motor
functions mediated by the vagus nerve (rostral parts of the
nucleus ambiguous). CGRP distribution in brain structures
and other tissues suggested that the peptide played multi-
ple functions such as nociception, feeding behavior, and
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modulation of the autonomic and endocrine systems [9]. A
few years later, CGRP was also shown to be a potent vaso-
dilator [10]. Its vasodilatory potency is now known to be
tenfold higher than prostaglandins and up to 100 times more
than other vasodilators such as acetylcholine, thus making
CGRP the most potent peripheral and cerebral vasodilator
discovered so far [11, 12]. Altogether, these observations
inspired the first hypothesis of the involvement of CGRP
in migraine [13]. The subsequent report that the activated
trigeminovascular system releases CGRP in the extra-cere-
bral circulation provided new insights into the putative role
of vasoactive peptides in the pathophysiology of migraine
[14]. The definite unquestionable demonstration of the
primary involvement of CGRP in migraine came from the
occurrence of CGRP release (but not of other peptides) dur-
ing spontaneous migraine attacks [15]. Later, CGRP infu-
sion showed also to trigger attacks in migraine patients [16].

We can define these studies as the first building blocks of
specific migraine therapies. In the early 1990s, triptans were
described to inhibit CGRP release induced by trigeminal
activation and normalize its levels during attacks, in associa-
tion with pain relief [17].

The characterization of the CGRP receptor (CGRPr)
represented a further important step. The CGRPr is consti-
tuted of three subunits: the calcitonin receptor-like recep-
tor (CALCRL), the receptor activity-modifying protein 1
(RAMP1), and the receptor component protein (RCP) [18].
The CALCRL is a G-protein-coupled receptor essential in
binding CGRP and adrenomedullin, but it is not sufficient
to bind CGRP effectively unless it forms a heterodimer
with RAMP1. RAMPs are single transmembrane-spanning
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proteins that modify the functions of G-protein-coupled
receptors, including pharmacological properties and cell
trafficking. The CGRP binds the CGRPr ligand cleft in the
interface between CALCRL and RAMP1 (Fig. 1). Once
CGRPr is activated, RCP facilitates the coupling of the Ga
subunit of the G protein, which in turn initiates intracel-
lular adenylyl cyclase and cyclic adenosine monophosphate
(cAMP)-dependent signaling and, in the cerebral vessel
smooth muscle, ultimately produces an increase in c-AMP
resulting in vasorelaxation.

Once characterized the CGRPr, different studies evaluated
the effects of blocking CGRP in different conditions to explore
the therapeutic potential, especially in pain control [19, 20]. At
the beginning of the new millennium, BIBN4096BS, the first
selective small-molecule CGRP antagonist, was administered
to marmoset monkeys to investigate its capability to counteract
the effects on facial blood flow of CGRP released by the stim-
ulation of the trigeminal ganglion [21]. The positive results
obtained allowed the authors to conclude that BIBN4096BS
was a potent and selective CGRP antagonist. A few years later,
this encouraging result has brought to the first phase I study
[22] and then to a clinical trial on BIBN4096BS administered
intravenously as acute attack medication in 126 migraine
patients [23]. The 2.5-mg dose had a response rate (RR) of
66% (vs. 27% for placebo, p=0.001). Moreover, the active
drug showed superiority over placebo also on the pain-free rate
at 2 h (44% vs. 2%), the rate of sustained response over 24 h,
the rate of recurrence of headache, and on the improvement of
bothersome symptoms such as nausea, photophobia, phono-
phobia, and functional capacity. The effect was also rapid as it
became apparent after 30 min and increased over the next few
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hours. The overall rate of adverse events (AE) was 25% (vs.
12% for placebo). Paresthesia was the most frequently reported
side effect, while no serious adverse events were reported. The
safety of this molecule was also preliminarily confirmed on
cerebral or systemic hemodynamics in a very small group of
healthy volunteers [24].

In 2008, the randomized clinical trials (RCTs) on the first
oral CGRPr antagonist, MK-0974 (telcagepant), demon-
strated a 2-h pain-free RR of 24.3% for the 400-mg dose and
32.1% for the 600-mg dose (vs. 33.4% for the sumatriptan
10 mg) [25]. Similar efficacy was observed compared to
zolmitriptan 5 mg in a cohort of 687 patients receiving tel-
cagepant [26]. Since then, several trials have explored the
efficacy and tolerability of telcagepant for the acute treat-
ment of migraine without safety concerns. The half-life of
telcagepant of 5-8 h provided the basis for its use as a pre-
ventive treatment. However, the NCT00797667 trial (tel-
cagepant 140 mg or 280 mg or placebo twice daily) was
prematurely stopped by the safety monitoring board due to
hepatotoxicity concerns. Thirteen patients in the telcagepant
groups had an alanine aminotransferase (ALT) elevation >3
times above the normative ranges. Of these, two patients
had very high symptomatic transaminase elevations within
2-6 weeks since treatment initiation and resolved after treat-
ment discontinuation [27]. To note, no hepatotoxic effects
were observed during the intermittent use as an abortive
migraine drug over an 18-month period.

The term Hy’s law was coined to define drug-induced
jaundice caused by hepatocellular injury. It indicates hepato-
cellular injury without a significant obstructive component,
which is associated with death or liver transplantation in
up to 50% of cases. The FDA (Food and Drug Administra-
tion) Hy’s law definition includes 4 components: alanine
aminotransferase (ALT) or aspartate aminotransferase (AST)
elevation of >3 times the normal upper limit, total bilirubin
elevation of >2 X, no findings of cholestasis before treat-
ment, and no other explanation for the combined increase
in transaminase and total bilirubin [28].

However, this unhappy end did not discourage the sci-
entific efforts to produce more efficient and safe molecules
targeting CGRPr. Other small molecules were tested. Some
are not available in clinical practice because of observed
(MK-3207 [29]) or feared hepatotoxicity (BI 44,370 TA
[30]). The FDA has finally approved others (e.g., BMS-
927711-rimegepant; MK-1602 — ubrogepant, MK-8031 —
atogepant), which are currently commercialized in the USA.

Mechanism of action
Gepants display their anti-migraine action by binding

CGRPr and inhibiting its activation. A unique binding
interaction in the amino terminus of CLR is consistent with

the observation that these compounds also interact with the
extracellular region of RAMPI and could suggest the for-
mation of a binding pocket between the two proteins [31].

The physiopathology of migraine (syndrome) and attacks
is multifactorial, where most probably vasodilation is only
an epiphenomenon of neural activation mediated by CGRP
release. The activated CGRPr indeed serves several func-
tions during migraine attacks. A primary site where CGRP
and its receptor induce (or perpetuate) migraine pain is the
trigeminal ganglion (TG) [32].

The neurons populating the TG are mainly primary affer-
ent of the pseudo-unipolar type and glial cells. Around 50%
of neurons in the TG express CGRP; these are primarily
C-type sensory pain fibers [7] which usually respond to stim-
uli with stronger intensities and account for the slow, lasting,
and spread out of pain. Some TG CGRP neurons also syn-
thesize other neurotransmitters such as pituitary adenylate-
cyclase-activating polypeptide (PACAP) or substance P (SP)
and express vanilloid-sensitive transient receptor potential
(TRPV1) cation channels. Not least, most CGRP neurons in
the human TG also express 5-HT, and |, receptors.

Separately from CGRP neurons, one-third of TG neurons
exhibit CGRPr and appear as A9 fibers, devoted to receiving
and transmitting nociception related to acute, sharp pain.
Moreover, CGRPr can also be seen in the glial cells sur-
rounding neuronal cell bodies, particularly CGRP neurons.
These observations support the existence of a functional
link between TG C fiber neurons with surrounding glia and
TG Ab fiber neurons, mediated by CGRP. This circuitry is
likely involved in the perpetuation of migraine attacks: the
activated TG C fiber CGRP neurons by descending path-
ways would release CGRP, which bind CGRPr on the TG
“sharp pain” Ad fiber neurons and the glial cells that, in
turn, further activate CGRP neurons by unleashing oxidative
inflammatory mediators (e.g., nitric oxide and cytokines)
[7]. This vicious spiral circle might be responsible for pain
amplification in the TG.

A similar pattern is present in the trigeminal nerve, where
the expression of CGRP and CGRPr is segregated for C and
AJ fibers, respectively, and the presence of CGRPr in the
Schwann cells indicates a reinforcement of the perpetuating
pain transmission also at this site [33].

Peripherally, trigeminal CGRP nerves innervate cerebral
blood vessels producing, as described above, vasorelaxa-
tion. This neurogenic influence on cerebral hemodynamics is
part of a very sophisticated orchestral action with myogenic
(i.e., autoregulation), endothelial (i.e., endothelial reactiv-
ity), and metabolic responses (i.e., vasomotor reactivity).
The astrocyte production of prostaglandins and nitric oxide
(NO) responds to the neuronal firing (i.e., neurovascular
coupling), mediating smaller intraparenchymal arterioles’
dilatation. The neurogenic control of medium and small size
arteries, on the other hand, occurs through the activation
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of sympathetic, parasympathetic, and sensory neurons. The
last ones act by secreting CGRP, NO, serotonin, and PACAP
[34, 35]. However, as discussed above, vasodilation is not
essential to provoke migraine attacks. Moreover, the effect
of CGRP on vessel reactivity is mainly mediated by the
innervation of smooth muscles. In contrast, the intralumi-
nal effects (i.e., cerebral circulation) are less prominent as
the endothelium does not display CGRP receptors and limits
its diffusion to the outliers of the vessel wall (with CGRPr)
[36]. In summary, although the CGRP-induced vasodilata-
tion is a prominent clinical feature of migraine attacks, it
probably has a minor role in determining headache.

Another peripheral target of trigeminal CGRP nerves is
the dura mater (both in pial vessels and nonvascular regions).
Also at this site, CGRP release and CGRPr are differently
present in C and Ad fibers. The dural CGRP neurons are
also peripherally activated by noxious stimuli. This produces
the peripheral release of CGRP (with local vasodilatation
and subsequent increase in blood flow) and the input trans-
mission of pain. Substance P is also released, producing,
in association with CGRP, plasma extravasation secondary
to capillary leakage, edema, and mast cell degranulation
(neurogenic inflammation). These phenomena are primar-
ily involved in maintaining migraine pain (peripheral sen-
sitization). It is possible that the neurons and immune cells
dialogue in driving such a sterile neuroinflammatory state
in migraine pathophysiology [37]. This reflex serves as a
further peripheral amplifier of migraine pain. However, it is
less likely that this neurogenic inflammation is a migraine
trigger [7].

In the central ascending pathways, CGRP neurons and
fibers expressing CGRPr are abundant in the trigeminal
nucleus and the cervical C1 and 2 spinal cord. The colo-
calization with glutamate receptors at this site suggests that
CGRP can enhance glutamatergic synaptic transmission
favoring central sensitization [38].

CGRP pathways were also implied in light adversion act-
ing at multiple sites in the visual network and structures
involved in nausea and vomiting and autonomic symptoms
such as area postrema and the shenopalatine ganglion [7].

Finally, there is a complex intersection between CGRP
and cortical spreading depression (CSD). CGRP release
seems not to trigger CSD, while the opposite is true [39]. On
the other hand, CGRP can modulate CSD propagation[39]
via the cerebral blood flow contra-regulation of neural activ-
ity (the so-called vascular-neural coupling) [40]. In this
view, the physiological advantage of CGRP release would
be to support the rapid wave of depolarization, increasing
blood flow to meet the amplified metabolic demands.

Although the gepants’ molecular weight is around 600
KDa and thus ~250 smaller than monoclonal antibodies
(mAbs) targeting CGRP or its receptor, they do not consist-
ently cross the blood-brain barrier (BBB). The CSF/plasma
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ratio for telcagepant in primates is around 1.4%, suggesting
that a small amount of the circulating molecule penetrates
across BBB [41]. Consequently, in physiological conditions
(i.e., the integrity of BBB), gepants exert their anti-migraine
effects outside the BBB.

Gepants (and mAbs targeting the CGRP pathway) seem
to block the above-described pain amplification and per-
petuation processes taking place at the TG, trigeminal nerve
fibers, and the dura. More specifically, they interrupt the
resonance of CGRP-mediated pain signals occurring via
neuroglial, neuroneuronal, and neurovascular signaling
(Fig. 2) [7]. Moreover, they may hinder other bothersome
symptoms, such as nausea and autonomic activation, acting
at the area postrema and the shenopalatine ganglion outside
BBB and receiving trigeminal nerve projections.

Clinical trials

Initially synthesized for migraine attacks, depending on the
half-life, gepants are now approved as acute and preventive
treatments. All currently available gepants are eliminated
primarily via hepatic metabolism, mainly mediated by the
cytochrome P3A4 (CYP3A4 =(go.drugbank.com). For this
reason, co-administration with a potent CYP3A4 inhibitor
should be avoided, while dose adjustment is usually rec-
ommended with concomitant use of moderate CYP3A4
inhibitors.

Acute migraine treatment

For about 20 years, triptans were the benchmark for acute
migraine therapy. Activating the serotonin 5-HT 1D and 1B
receptors, triptans were initially assumed to relieve migraine
through direct vasoconstriction and the regulation of trigem-
inal inflammatory transmitter release. The observation that
sumatriptan reduces trigeminal sensory nerve activation,
inhibiting the release of vasoactive peptides, including SP
and CGRP, clarified their key therapeutic mechanism, sug-
gesting that they indirectly share a common pathway with
CGRP-targeted therapy. Interestingly, a good response to
triptans is a predictive factor for a positive response to mAb
vs. CGRP [42]

Ubrogepant

Ubrogepant (MK-1602) was the first oral CGRPr antagonist
approved for the acute treatment of migraine by the FDA on
December 23, 2019. The recommended dose of ubrogepant
to treat acute attack is 50 mg or 100 mg taken orally with
or without food.

A second dose may be taken at least 2 h after the ini-
tial dose if needed. The maximum daily dose is 200 mg.
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Fig.2 Schematic representation of CGRP pathways within and
emerging from the trigeminal ganglion to the central (on the left) and
peripheral (on the right) targets of the CGRP neuron projections. To

A dose adjustment is required in patients with severe renal
or hepatic failure, with an initial dose of 50 mg and the
second dose of 50 mg if needed. In end-stage renal disease
(CLcr < 15 mL/min), ubrogepant should be avoided. Peak
plasma concentration (Tmax) occurs between 0.7 and 1.5 h.
When administered with a high-fat meal, Tmax is delayed
by approximately 2 h. The half-life is 5-7 h [43].

The safety of treating with ubrogepant more than 8
monthly migraine attacks has not been yet established.

Different phases 1, 2, and 3 [42, 43] trials have demon-
strated its efficacy and safety in treating migraine attacks,
and further phase 3 and real-life randomized studies are
ongoing. FDA approval came after the favorable results of
the phase 3 trial ACHIEVE-I NCT02828020 [44] on 1672
participants randomized to receive placebo, ubrogepant
50 mg or 100 mg for a single migraine attack. Participants
on placebo were pain-free at 2 h in 11.8% of cases, in 19.2%
those on ubrogepant 50 mg [95% CI OR 1.83 (1.25-2.66)],
and 21.2% in the 100-mg ubrogepant group [95% CI OR
2.04 (1.41-2.95)], (p <0.001). The most commonly reported
adverse events (AEs) were nausea, somnolence, and dry
mouth (reported in 0.4 to 4.1%), more frequent in the 100-
mg ubrogepant group (reported in 2.1 to 4.1%). No serious
AESs occurred within 48 h after the dose intake, while within
30 days, appendicitis, spontaneous abortion, pericardial effu-
sion, and seizure were reported in the ubrogepant groups.

The ACHIEVE-2 trial (NCT02867709) [45] compared
placebo, ubrogepant 25 mg and 50 mg in 1686 participants.
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note, neurons releasing CGRP and those carrying CGRP receptors
interact at different sites producing pain amplification

Pain freedom at 2 h was reported by 21.8% patients in the
ubrogepant 50 mg (95% CI, 2.6-12.5%; p=0.01), 20.7% in
the 25-mg arm (95% CI, 1.5-11.5%; p=0.03), and 14.3% in
the placebo receivers.

A post hoc analysis of the ACHIEVE 1 and 2 trials con-
sidering the common dosage of 50 mg reported pain relief at
2 hiin 62% of participants on ubrogepant (49% for placebo).
Moreover, at 2 h, 39% of patients on ubrogepant reported the
absence of the most bothersome symptom (MBS). The most
common adverse events in the first 48 h were nausea (1.9%
vs.1.8% for placebo) and dizziness (1.2% vs.1.1%) [46].

The 52-week extension trial (NCT02873221) on 1230 par-
ticipants compared the safety and tolerability of ubrogepant
50 mg or 100 mg and the standard of care. After upper respira-
tory tract infection, nausea was the most frequently reported AE
(4.64.7%). The authors concluded that the long-term intermit-
tent acute use of ubrogepant 50 and 100 mg given as 1 or 2 doses
per attack is safe and well-tolerated, as indicated by a low inci-
dence of treatment-related adverse events. Twenty cases of ALT/
AST levels of >3 times the upper limit of normal were reported.
There were no cases of Hy’s law. The efficacy of ubrogepant
seems not to be influenced by previous exposure or response
to triptans [47].

Another post hoc analysis of the ACHIEVE 1 and 2 trials
explored the safety and efficacy of ubrogepant in patients
with major cardiovascular risk factors. The trial participants
were classified with a cardiovascular risk assessment algo-
rithm based on the National Cholesterol Education Program
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(NCEP; National Institutes of Health, 2001) and Framing-
ham risk factors along with the presence of CV heart dis-
ease or other forms of vascular disease as well as diabetes.
According to the classification, 11% of participants were
categorized as having a moderate-high risk. No evidence
of increased treatment-emergent adverse events (TEAEs) or
cardiac adverse events and no safety concerns were identi-
fied in this population [48].

Rimegepant

Rimegepant (BMS-927711) is an oral antagonist of the
CGRPr approved by the FDA on February 27, 2020, for
the acute treatment of migraine headaches. However, since
the elimination half-life in healthy subjects is approximately
11 h, it was investigated with positive results also for the
preventive treatment of migraine in adults (see below). It is
available as disintegrating tablets at a dose of 75 mg, which
is the maximum daily dose. The maximum peak concentra-
tion is reached at 1.5 h after intake, but it is delayed to 2.5 h
if administered after a high-fat meal. It should be avoided in
patients with severe hepatic impairment or end-stage renal
disease [49].

Two phase 3 trials (NCT03461757 [50], NCT03237845
[51]) described the efficacy and safety of the rimegepant
75 mg to treat a single migraine attack. The coprimary end-
points were freedom from pain and freedom from the MBS
at 2-h postdose. Among patients treated with rimegepant, the
pain freedom at 2 h was achieved in 19.6 and 21%, respec-
tively, of cases (12—11% for placebo), MBS in 35 and 37.6%
(27-25.2% for placebo), and pain relief in 58.1 and 59.3%
(42.8-43.3% for placebo). The most common adverse events
were nausea (rimegepant [1.8-2%], placebo [1 — <1%]) and
urinary tract infection (rimegepant [1.5-1%]; [1.1-1%]).
Serum non-serious transaminase increase was similarly
observed in the two treatment arms. Treated participants
reported no serious adverse events (SAE).

Interestingly, a post hoc analysis from the open-label
safety study conducted between 2017 and 2019 on 3019
episodic patients with at least 6 monthly migraine days
(MMDs) treating acute attacks with rimegepant 75 mg
reported a decrease also in MMDs without an increase in
monthly tablet intake and improved health-related quality
of life [52].

More observations of rimegepant in the acute treatment
of migraine are about to come. A real-world head-to-head
comparison randomized phase 4 study is ongoing for the
use of rimegepant 75 mg vs. diclofenac 50 mg for the acute
treatment of migraine (NCT05211154) having 2 h of pain
freedom as the primary endpoint.

A phase 3, multicenter, open-label study is also ongoing
to assess the long-term safety and tolerability of rimegepant
(50 or 75 mg) for the acute treatment of migraine (with or
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without aura) in children and adolescents > 6 to < 18 years
of age (NCT04743141).

Although no indications can be provided on pregnancy
and breastfeeding, the relative infant dose was determined
after administering one tablet of rimegepant 75 mg in 12
healthy lactating women. This small preliminary study dem-
onstrated that on a weight-adjusted basis, the mean relative
infant dose of rimegepant was < 1% of the maternal dose
[53]. Two observational studies (patient registry) are also
ongoing to evaluate the risk of pregnancy and infant out-
comes among women with migraine exposed to rimegepant
during pregnancy (NCT05198245, NCT05046613). The
expected completion years are respectively 2028 and 2034.

Zavegepant

Zavegepant (BHV-3500/BMS-742413, formerly known as
“vazegepant,” is now referred to as “zavegepant”) is the first
intranasally administered CGRPr antagonist [54]. Although
some registration trials have been completed, at the time
we have written this review, no results were available [54].

The first phase 2/3, double-blind, randomized, placebo-
controlled, dose-ranging trial (NCT03872453) evaluated the
safety and efficacy of three different intranasal dose levels
of BHV-3500 relative to placebo in the acute treatment of
moderate to severe migraine in 2154 patients. The study
planned 4 arms: active treatment at 5 mg, 10 mg, 20 mg, and
placebo. It was completed in November 2019.

A phase 3 trial (NCT04571060) assessing the safety
and efficacy of BHV-3500 versus placebo in the acute
treatment of moderate or severe migraine in 1405 patients
ended on October 2021, but its results have not yet been
published. The primary outcome of this double-blind, pla-
cebo-controlled RCT was pain freedom at 2 h measured
on a 4-point Likert scale (0=none, 1 =mild, 2=moderate,
3 =severe) and the absence of MBS (nausea, phonophobia,
or photophobia).

The long-term safety was investigated by a phase 2/3
open-label trial (NCT04408794). It enrolled 608 participants
to test 10 mg intranasal (IN) up to 8 times per month for
1 year. It ended in December 2021.

The phase 2/3 trial NCT04804033 is recruiting to inves-
tigate the efficacy and safety of oral zavegepant in migraine
prevention. It has been reported that CGRP potently con-
stricts airway smooth muscle in humans and has a signifi-
cant role in eosinophilia in allergic inflammation. CGRP
was also found to activate receptors enriched on endothelial
cells, leading to reduced cellular junction gene expression,
increased endothelium permeability, excess lung fluid, and
hypoxemia. In this line, it was found to increase in human
lung diseases with excess fluid, such as acute respiratory dis-
tress syndrome (ARDS)[55]. Based on these observations,
since April 2020, the phase 2 clinical trial NCT04346615
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is recruiting to evaluate the safety and efficacy trial of
intranasal zavegepant intranasal for hospitalized patients
with COVID-19 requiring supplemental oxygen began to
investigate the use of intranasally administered zavegepant
to combat the acute respiratory distress syndrome (ARDS)
sometimes seen in patients with COVID-19. Moreover, the
phase 1 NCT04987944 trial is ongoing to assess the safety
and efficacy of oral zavegepant (150 mg bid) in subjects with
mild allergic asthma.

Migraine prevention
Atogepant

Atogepant (AGN-241689/MK-8031) was approved by
FDA (September 2021) for episodic migraine prevention.
The recommended dosage of atogepant is 10 mg, 30 mg,
or 60 mg taken orally once daily with or without food.
Following oral administration, the time to peak plasma
concentration is approximately 2—3 h, while the half-life
is around 11 h. While no dose adjustments are required
for patients with mild or moderate hepatic impairment,
atogepant should be avoided in patients with severe
hepatic impairment. Similarly, no dose adjustments are
required for patients with mild or moderate renal impair-
ment, but patients with severe renal impairment or con-
comitant use of potent CYP3A4 inhibitors should be
limited to a maximum daily dose of 10 mg[56]. Seven
clinical trials on the use of atogepant for migraine pre-
vention have now been concluded. Of these, three studies
have available results.

The first dose-finding phase 2/3 trial (NCT02848326) on
the use of atogepant started in September 2016 and ended
in April 2018 after the enrolment of 834 participants with
episodic migraine (from 4 to 14 monthly migraine days,
MMDs) [57]. The trial included 6 arms: placebo, 10 mg or
30 mg or 60 mg once a day, 30 mg or 60 mg twice a day for
12 weeks. The arms on investigational drug presented a mean
decrease in MMDs of respectively —4.0,—3.8,—3.6,—4.2,
and — 4.1, while the MMDs reduction observed in the pla-
cebo was —2.9. The 50% response rate (RR, i.e., the reduc-
tion of at least half of MMDs) in the six arms was as follows:
40% for placebo, 58% for atogepant 10 mg QD, 53% for the
30 mg dose QD, 52% for 60 mg QD, 58% for 30 mg BID,
and 62% for 60 mg BID.

Overall, atogepant was well tolerated. Treatment-related
AEs frequency ranged from 18% for 10 mg once daily to
26% for 60 mg twice daily, versus 16% for placebo. Seven
participants reported a total of eight serious TEAEs which
were unrelated to treatment. The more common treatment-
related TEAEs reported were nausea, constipation, and
fatigue, whose frequency seemed to be dose-related. Nau-
sea, the most common, occurred in 3-6% of once-daily

dose groups and 6-9% of twice-daily dose groups. Impor-
tantly, no evidence of liver toxicity was observed.

From December 2018 to June 2020, the phase 3
ADVANCE NCTO03777059 trial evaluated the safety and
tolerability of atogepant 10 mg, 30 mg, and 60 mg once a
day to prevent episodic migraine[58]. The changes from
baseline across 12 weeks of treatment were — 3.7 days
with atogepant 10 mg, — 3.9 days with atogepant
30 mg, — 4.2 days with atogepant 60 mg, and — 2.5 days
with placebo. The 50% RR was observed in 55.6% of
patients on atogepant 10 mg, in 58.7% for the 30 mg,
60.8% for the 60 mg, and 29.0% for placebo.

This trial also aimed at measuring the changes from
baseline in mean monthly performance of daily activities
domain score of the activity impairment (AIM-D) and
change from baseline in mean monthly physical impair-
ment domain score of the AIM-D in migraine diaries.
These scores favored atogepant over placebo except for
the 10-mg dose. The most common adverse events were
constipation (6.9 to 7.7% across atogepant doses) and nau-
sea (4.4 to 6.1% across atogepant doses).

Finally, a phase 3 open-label randomized trial com-
pared atogepant 60 mg with the standard of care (SOC)
for episodic migraine prevention over 1 year in 744 par-
ticipants (NCT03700320) with a primary safety endpoint.
Of the entire population, 546 patients were randomized to
receive atogepant. Constipation was the only TEAE more
frequently reported in 7.18% of patients (3.06% in the SOC
group), while other adverse events were more frequently
reported in the SOC than in the atogepant group, particu-
larly fatigue (6.12% vs. 2.58%), weight increase (5.61% vs.
1.29%), and dizziness (11.22% vs. 3.13%).

To further test atogepant safety, supratherapeutic doses
were administered in two clinical trials to investigate car-
diac repolarization [59] and alanine aminotransferase
elevations [60] in healthy adults.

The randomized, double-blind, phase 1 crossover study
compared the cardiac repolarization effect measured as
change from baseline in Fridericia-corrected QT intervals
of a single atogepant supratherapeutic 300-mg dose vs.
placebo in healthy adults. Moxifloxacin 400 mg was the
open-label active control. The trial did not report serious
adverse events or elevated liver enzymes, nor the impact
on cardiac repolarization in healthy participants [59].

Similarly, the administration of atogepant 170 mg for
28 consecutive days did not produce an ALT elevation
above 1.5 X the upper limit of normal in 18 healthy sub-
jects. The change from baseline in serum ALT levels was
not different compared with 10 participants receiving a
placebo [60].

Moreover, a long-term open-label 40-week extension
phase 3 trial (NCT03939312) evaluates the safety and tol-
erability of atogepant 60 mg once a day to prevent high
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frequency (i.e., 8—14 MMDs) episodic migraine ended
patients’ enrolment on March 2021:t the results are due.

Rimegepant

Rimegepant pharmacokinetics have been described above. It
received FDA approval for episodic migraine prevention in
May 2021 after completing a phase 2/3 randomized, double-
blind, placebo-controlled trial (NCT03732638 [61]).

The trial compared the 12-week administration of rimege-
pant 75 mg (n=373 subjects) or placebo (n=374) every
other day (EOD) with the primary endpoint to assess change
from baseline in the mean MMDs in the last 4 weeks of the
double-blind phase.

To note, this trial enrolled patients with 4 to 18 MMDs
and allowed as add-on 1 medication with possible migraine-
prophylactic effects. The MMDs change from the observa-
tion period to 9-12 weeks was —4.3 days with rimegepant
and — 3.5 with placebo (p=0.0099). The 50% RR in the
same period was 49% [95% CI 44 to 54] for the active arm
and 41% [95% CI 36 to 47] for the placebo. Nausea was the
most common TEAE, reported in 3% of patients (1% in the
placebo group).

A phase 3, randomized, double-blind, placebo-controlled
study has begun at the end of February 2022 to evaluate the
efficacy and safety of rimegepant in migraine prevention in
children and adolescents > 6 to < 18 years of age, and it is
expected to end in September 2026.

Interestingly, a phase 2 double-blind, placebo-controlled,
crossover trial on rimegepant 75 mg for the treatment of
refractory trigeminal neuralgia (NCT03941834) is ongoing,
and an open-label pilot study on rimegepant (150 mg oral
disintegrating tablet EOD) as a preventive treatment for clus-
ter headache (NCT05264714) is about to start.

Rimegepant is also under investigation for other non-
neurological disorder as moderate plaque-type psoriasis
(NCT04629950) and acute treatment of chronic rhinosi-
nusitis (NCT05248997) and temporomandibular disorders
(NCT05262517).

Future directions
Safety

The availability in clinical practice of the new CGRP-tar-
geted therapy raised some concerns about the potential risk
of blocking such a potent vasodilator, at least in patients
with vascular hemodynamic impairment [62]. Indeed,
CGRPr antagonists worsen cerebral ischemic outcomes in
mice [63]. As described before, CGRP is one of the neuro-
peptides (together with PACAP and 5-HT) having a role in
the sensory innervation of vessels to provide the neurogenic
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control of hemodynamics as part of a more complex system
of blood flow control that includes autoregulation, vasomo-
tor reactivity, and endothelial activation, suggesting that
under physiological conditions, other mechanisms effec-
tively counterbalance CGRP pathway inhibition. To con-
firm this hypothesis, erenumab does not impair vasodila-
tory or contractile responses to other vasoactive agents in
human isolated cranial arteries [64], nor impairs cerebral
and systemic hemodynamics under physiological condi-
tions in migraineurs without aura [65]. In this line, RCTs
and the broad real-world experience with mAbs targeting the
CGRP pathway did not raise any vascular alert [42, 66, 67].
Gepants cross the intact BBB only in a marginal amount,
making unlikely a detrimental effect on cerebral hemody-
namics in normal conditions. On the other side, the frequent
use of triptans can disrupt the hemodynamic balance toward
vasoconstriction [68].

With these premises, it is wise to avoid the use or consider
with caution the use of CGRP-targeted therapy in patients
with a high risk of vascular accident or already symptomatic
of vascular impairment [69].

As the mAbs targeting the CGRP pathway becomes
increasingly prescribed for migraine prevention, the CGRPr
antagonist availability for the acute treatment raised the
question of whether the concomitant use of gepants and
mAbs may induce any pharmacokinetics and safety con-
cerns. A randomized phase 1b drug-drug interaction study
was conducted in 40 patients (20 per arm) to investigate this
issue by comparing the concomitant use of ubrogepant with
erenumab or galcanezumab. The pharmacokinetic profile of
ubrogepant was not significantly changed, nor were safety
concerns identified. The reported TEAEs were similar to
those with each treatment alone. Besides, no serious TEAEs,
or TEAEs leading to discontinuation, or clinically relevant
changes in laboratory parameters or vital signs were detected
[70]. A similar smaller open-label study was performed for
the use of rimegepant in 13 patients on mAb [71].

Similarly, the concomitant use of gepants as acute and
preventive treatment should be assessed. A phase 1b, open-
label, fixed-sequence, safety, tolerability, and drug-drug
interaction study between atogepant and ubrogepant in
26 participants with a migraine history was concluded in
June 2021 (NCT04818515). Its results are not still avail-
able yet. Further clinical information will come from the
phase 4, open-label study evaluating the safety, tolerability,
and efficacy of the concomitant use of ubrogepant for the
acute treatment of migraine in subjects taking atogepant for
episodic migraine prevention (NCT05264129). The trial
is expected to be completed on September 2023 after the
enrollment of 235 patients.

Finally, nowadays, migraine patients often remain socially
and professionally engaged in older ages, with lesser relief
from the migraine symptoms than observed with aging in
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the past [72]. This issues a new challenge in managing poly-
therapy and multiple health problems, physiological aging
changes (i.e., slowing of gastric emptying, reduced hepatic
and renal drug clearance efficiency), and the concomitant
use of pain-killers for other pain conditions [5]. Unfortu-
nately, for most migraine drugs, both for acute and preven-
tive treatment (also for mAbs anti-CGRP), efficacy studies
are lacking for patients > 65 years. Interestingly, most trials
involving gepants did not pose higher age limits, or the upper
limit was not younger than 75 years old. This will provide a
pool of data on a large sample of elderly patients.

Meanwhile, careful clinical vigilance should be kept
to unveil important indications for gepants’ use in clinical
practice.

Chronic migraine

Patients with chronic migraine (CM) experience pain as part
of a constellation of symptoms, including non-cephalalgic
pain, emotional distress, sleep, gastrointestinal, and other
somatic conditions [1, 5]. The management of chronic
migraine is complex, often requiring a multidisciplinary
approach. CGRP-targeted mAbs had a significant favorable
impact on CM management [73]. However, having more
therapeutic chances would represent an important step for-
ward. Preventive trials on gepants have focused so far on
patients with episodic migraine, but the results of trials
designed for chronic patients are expected.

A phase 3, multicenter, randomized, double-blind, pla-
cebo-controlled, parallel-group study investigated the effi-
cacy, safety, and tolerability of atogepant (30 mg BID or
60 mg QD) to prevent chronic migraine (NCT03855137)
was concluded in January 2022. In the same month, an open-
label study on the use of atogepant in China was completed
(NCT04829747).

Moreover, a phase 3, multicenter, open-label 104-week
extension study is ongoing to evaluate the long-term safety
and tolerability of oral atogepant 60-mg QD to prevent
chronic or episodic migraine (NCT04686136).

Interestingly, the NCT05216263 study of oral atogepant
tablets in add-on to onabotulinumtoxinA (botox) is ongoing
to assess adverse events and changes in disease activity in
chronic migraine.

In the same line, trials on the acute treatment with gepant
posed an upper limit of intake to 8 treating days per month
for ubrogepant and 18 for rimegepant. Unfortunately, the
clinical experience shows that patients with high frequency
and chronic migraine, regardless of clinician indications, are
often forced to consume analgesics in search of pain relief,
resulting in medication overuse, which worsens patients’
quality of life and represents a risk factor for migraine chron-
ification [74]. Observational real-world studies are necessary

to assess the safety of a more frequent intake and the related
risk of developing medication overuse.

Conclusion

After 40 years since discovering CGRP, the gepants, antago-
nists of the CGRPr, are finally available for clinical use.
RCTs demonstrated gepants’ efficacy in treating acute
attacks to obtain 2 h pain freedom in about 20% of patients
and pain relief in about 60% of them, with a more favorable
safety profile than triptans [75]. Gepants were also the first
oral agents specifically designed to prevent migraine. Up
to 60% of treated patients may experience a 50% reduction
in migraine frequency. The most common treatment-related
emergent adverse events were gastrointestinal (nausea, con-
stipation) for the acute or preventive use. No vascular or
hepatic concerns have emerged so far for the FDA-approved
molecules. More studies are ongoing to investigate gepant
tolerability and safety also in association with monoclonal
antibodies and other therapeutic classes for acute or pre-
ventive treatment. Interestingly, gepants are also under
investigation to treat other painful (e.g., cluster headache
and trigeminal neuralgia) and non-painful (e.g., psoriasis
or COVID-19) conditions. Real-life studies are necessary
to confirm the RCTs findings and investigate more practical
clinical aspects. We had walked a long way to cure, but there
is still a long way to go.
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