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Abstract

Calcitonin gene-related peptide (CGRP) is involved in several of the pathophysiologic pro-
cesses underpinning migraine attacks. Therapies that target CGRP or its receptor have shown
efficacy as preventive or acute treatments for migraine. Two small-molecule CGRP receptor
antagonists (rimegepant and ubrogepant) are approved for the acute treatment of migraine, and
4 monoclonal antibodies (eptinezumab, erenumab, fremanezumab, and galcanezumab) are
approved for migraine prevention; erenumab targets the canonical CGRP receptor, the others
CGRP ligand. CGRP plays a role in gastrointestinal nociception, inflammation, gastric acid
secretion, and motility. Nausea and vomiting are among the gastrointestinal symptoms asso-
ciated with migraine, but individuals with migraine may also experience functional upper and
lower gastrointestinal comorbidities, such as gastroesophageal reflux disease, gastroparesis,
functional diarrhea or constipation, and irritable bowel syndrome. Although gastrointestinal
symptoms in migraine can be treatment-related, they may also be attributable to increased
CGRP. In this review, we summarize the epidemiologic evidence for associations between
migraine and gastrointestinal disorders, consider the possible physiologic role of CGRP in these
associations, and review the clinical occurrence of gastrointestinal events in patients with
migraine receiving CGRP-based therapies and other migraine treatments. Because patients
with migraine are at an increased risk of comorbid and treatment-related gastrointestinal effects,
we also propose a patient-management strategy to mitigate these effects.
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Glossary

AE = adverse event; AMY,; = amylin receptor 1; CaMEO = CM Epidemiology and Outcomes; CD = celiac disease; CGRP =
calcitonin gene-related peptide; CM = chronic migraine; CVS = cyclical vomiting syndrome; EM = episodic migraine; FAERS =
FDA Adverse Event Reporting System; FDA = US Food and Drug Administration; GERD = gastroesophageal reflux disease;
GI = gastrointestinal; IBS = irritable bowel syndrome; mAb = monoclonal antibody; NSAID = nonsteroidal anti-inflammatory
drug; OR = odds ratio; RAMP1 = receptor activity modifying protein 1.

Migraine is a chronic neurologic condition characterized by
recurrent headaches and associated symptoms typically last-
ing around 72 hours."? In the US population, government
health surveys indicate that approximately 1 in 6 adults
(ie., approximately 32 million) have reported migraine or
severe headache,® and an estimated 8.7 million women and
2.6 million men experience migraines resulting in moderate to
severe disability." Susceptibility to migraine is multifactorial.*
Besides photophobia and phonophobia,”" migraine can pre-
sent with a number of gastrointestinal (GI) symptoms, such as
nausea,” diarrhea, and vomiting, and is associated with GI
disorders such as cyclical vomiting syndrome (CVS)® and
irritable bowel syndrome (IBS).*' There is also evidence that
symptoms such as fatigue and insomnia are more common in
people with chronic migraine (CM) than in those with epi-
sodic migraine (EM).” The relationship between migraine
and GI comorbidities is multifactorial, involving several neu-
ropeptides, proinflammatory molecules, and the gut micro-
biota, among other factors.® In this study, we specifically
review the role of the neuropeptide calcitonin gene-related
peptide (CGRP) on the GI symptoms of migraine.

During a migraine attack, serum CGRP concentration increases
and decreases in parallel with headache intensity.” The relation-
ship between CGRP and migraine has led to the development of
CGRP pathway-based therapies, including small-molecule CGRP
receptor antagonists (“gepants”) and monoclonal antibodies
(mAbs), which bind to either CGRP or its canonical receptor.'’
Insights into the mechanistic relationship between migraine and
GI comorbidities may be gained from understanding the role of
CGRP in the gut. As well as being a mediator of migraine, CGRP
is involved in functional aspects of the GI system, including
gastric acid secretion, gut motility, inflammation, and noci-
ception."" Furthermore, CGRP pathway-based therapies may
produce GI adverse events (AEs)."* In this review, we review the
GI comorbidities associated with migraine, the possible mecha-
nisms underpinning these associations (with a focus on CGRP),
and the effect of acute and preventive migraine therapies on GI
comorbidities.

Data Sources

This narrative synthesis of evidence was based on literature
searches of PubMed tailored by the authors” expert knowledge
and opinion, on citations within selected publications, and on
resources such as ClinicalTrials.gov, product labels, and the Food
and Drug Administration (FDA) Adverse Event Reporting
System (FAERS). Episodically up to 31 March 2021, PubMed
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searches were conducted without date restriction using combina-
tions of terms “calcitonin gene-related peptide AND CGRP”,
and/or “migraine”, refined by adding gastroenterological
terms (“gastro™, “gastroenterol®, “gastrointestinal”, “diarrh*,
“constipation”, “vomit*, etc.) and/or specific drug names
(“eptinezumab”, “erenumab”, “fremanezumab”, “galcanezumab”,
“olcegepant”, “telcagepant”, “rimegepant”, “ubrogepant”, “atoge-
pant”, “zavegepant”) and/or other drug names or drug classes
known to be prescribed in migraine.

Association Between Migraine and

Gl Comorbidities

Patients with migraine have an increased risk of GI disorders,
including Ccvs," gastroesophageal reflux disease (GERD),"*
gastroparesis,15 celiac disease (CD),'® and IBS."” There is also
evidence for a stronger relationship between GI comorbidities
and CM than with EM. The CM Epidemiology and Outcomes
(CaMEO) study of 16,763 respondents found the following rates
of GI conditions among patients with CM and EM, respectively:
GERD, 24.4% vs 14.3% (p <0.001); frequent constipation, 14.8%
vs 9.0% (p < 0.001); and IBS, 15.5% vs 7.9% (p < 0.001)."

GERD

Gastroesophageal reflux is a normal physiologic event; GERD
develops with retrograde flow of stomach acid toward the
esophagus, provoking bothersome symptoms (typically
heartburn or regurgitation) or structural damage to the
esophageal lining (such as erosive esophagitis and stricture).*>
It has a prevalence in adults of approximately 20% in the
United States.> However, it may be more common in pa-
tients with migraine, as suggested by a survey of 1,832 patients
with physician-diagnosed migraine, which determined that
22% had physician-diagnosed GERD and that an additional
27% had diagnosed heartburn or other undiagnosed reflux
symptoms.'* Triptans were used as first-line treatment in 69%
of these patients with migraine; a greater proportion of indi-
viduals with undiagnosed GERD or heartburn symptoms
(18%) received nonsteroidal anti-inflammatory drugs
(NSAIDs) than did those with diagnosed GERD or heartburn
(10%) or no GERD or heartburn (12%).

Nausea and Vomiting

Nausea and vomiting are among the symptoms associated
with migraine.el Among patients with migraine, 60%-95%
develop nausea and 50%-62% develop vomiting during at-
tacks.'® Among 6,488 respondents with EM who completed
the 2009 American Migraine Prevalence and Prevention sur-
vey, approximately half (49.5%) reported high-frequency nausea
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(ie., at least half the time) with headache.” In addition, a ret-
rospective database analysis of 835 patients with CM found that
77.6% and 40.9% of patients experienced nausea and vomiting,
respectively.” A retrospective analysis of 1,025 patients with
migraine found that headache intensity correlated significantly
with nausea and vomiting, as well as with other symptoms as-
sociated with migraine.”” Regarding the possible pathophysiol-
ogy of nausea and vomiting in migraine, ascending axonal
projections of trigeminovascular neurons of the spinal trigeminal
nucleus (SpV) transmit monosynaptic nociceptive signals to the
basal ganglia nuclei, brain stem nuclei, and hypothalamic nuclei.
These projections may be critical for the initiation of nausea and
vomiting as well as other headache-associated symptoms.” In
approximately one-quarter of people, nausea can occur as a
premonitory symptom, independent of pain and trigeminal ac-
tivation. Comparison of PET scans of individuals with or without
nausea whose migraine was induced by nitroglycerin found brain
regions (including the periaqueductal gray within the brain stem
nuclei) that were only activated among those with nausea during
the premonitory phase.”*

Cyclical Vomiting Syndrome

A chronic disorder of the foregut (the section of the intestine that
ends where the bile duct enters the duodenum),”® CVS, is
characterized by recurrent episodes of severe nausea and fre-
quent vomiting."® It is associated with autonomic dysfunction
and has a strong association with migraine."* CVS is commonly
treated with medications used for migraine treatment.** It affects
girls more than boys, typically beginning before age 5 years, and
it may resolve during adolescence but persists into adulthood in
some individuals; most of those affected are predicted to develop
migraines.25 Migraine and/or a family history of migraine have
been reported in 24%-70% of adults with CVS.>® A multivariate
analysis in a population of hospitalized adults comprising 20,952
with CVS and 44,262 without CVS also identified significant
associations between CVS and several GI disorders (gastro-
paresis, GERD, and IBS), as well as with migraine and autonomic
dysfunction.”” CVS has different phases of presentation (pro-
drome, vomiting, recovery, and interictal period), and the results
of studies have suggested that autonomic neuropathy involving
the sympathetic nervous system may underlie its pathogenesis.”®

Abdominal Migraine

Abdominal migraine is usually recognized in childhood and is
characterized by recurrent attacks of moderate to severe mid-
line abdominal pain, associated with vasomotor symptoms,
nausea, and vomiting, without headache." It is most com-
monly observed in children between ages S and 9 years and is
rarely seen in adults. For approximately two-thirds of children,
abdominal migraine resolves by their late teenage years, and
50%-70% of these individuals go on to develop migraine
headaches.*® Episodes of abdominal pain last between 2 and 72
hours, separated by symptom-free periods.*'

Gastroparesis
Gastroparesis is a sensorimotor disorder affecting the foregut
characterized by nausea, vomiting, and abdominal pain. A
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useful way to distinguish nausea and vomiting related to gas-
troparesis from that which may be present during migraines is
the relationship to meals (with gastroparesis being associated
with feeding difficulties postprandially). A diagnosis of gas-
troparesis generally requires gastric scintigraphy with a stan-
dardized meal to document emptying delays at 4 hours.”’
Gastric emptying is mediated by the autonomic nervous system
and evidence suggests that migraine attacks are associated with
delayed gastric emptying."> Gastric scintigraphy determined
that the average time to half-emptying of the stomach after a
standard meal was 149.9 minutes in 9 patients experiencing a
migraine attack, compared with 111.8 minutes among 10
healthy controls.*® Thus, rates of absorption of oral migraine
treatments tend to be slower during attacks than in migraine-
free periods, which can affect the treatment response."®

Celiac Disease and Nonceliac Gluten Sensitivity
CD is an immunologic GI disorder that occurs in approxi-
mately 1% of individuals and is caused by ingestion of gluten, a
protein found in barley, rye, and wheat. CD can be associated
with multiple GI symptoms including abdominal discomfort,
bloating, and diarrhea and is generally diagnosed with a mu-
cosal biopsy of the duodenum during an esophagogas-
troduodenoscopy with assessment of tissue transglutaminase
immunoglobulin A (IgA) antibodies. It is also associated with
certain human leukocyte antigen (HLA)-DQ haplotypes.”*’
In a preliminary case-control study, 4.4% of patients with mi-
graine (n = 90) and 0.4% of blood-donor controls (n = 236)
had CD,'® and another case-control study found a higher
prevalence of migraine disorder (based on ID migraine di-
agnostic tool criteria)*® in patients with CD than in controls
(21% vs 6%; p < 0.0001). The likelihood of migraine disorder
was 3.79-fold greater in patients with CD than in controls
(odds ratio [OR]: 3.79; 95% CI: 1.78-8.10; p = 0.0006).>°
Nonceliac gluten sensitivity (NCGS) is also triggered by gluten
ingestion and is associated with similar GI symptoms as those
observed in individuals with CD.*'® NCGS is diagnosed in
individuals experiencing gluten sensitivity, in whom CD, food
allergies, and other GI diseases have been ruled out. In Western
populations, NCGS has a prevalence of 0.6%-10.6%. NCGS has
been associated with a 9.53-fold increase in migraines compared
with controls (OR: 9.53, 95% CI: 3.24-28.09; p < 0.0001).*
Studies have shown total headache resolution in up to three-
quarters of pediatric patients with CD and reduced frequency
and intensity of migraine in adults with CD and in those with
NCGS, after adopting a gluten-free diet.>"*>*"

Functional Diarrhea

Functional diarrhea has a reported prevalence in the general
population in the range 1.5%-17% and is characterized by
recurrent passage of loose or watery stools; it can be associ-
ated with abdominal pain or bloating as seen in IBS."*
mechanisms seem to contribute to functional diarrhea, in-
cluding altered GI motility, brain-gut disturbances, genetics,

environmental factors, prior infections, and psychosocial
ell

Several

factors.” " Functional diarrhea is among the symptoms of al-

. . . . el2
tered autonomic function in migraine®~ and can be a
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premonitory symptom. Functional diarrhea had a prevalence
of 28.2% in a study of 1,025 consecutive patients with mi-
graine; however, its occurrence did not correlate with head-
ache intensity.”” Functional diarrhea is also often associated
with therapy in migraine; a registry analysis of nearly 150,000
patients found that 10.4% of those receiving opioids experi-
enced diarrhea.*® Functional diarrhea is also associated with
certain migraine preventive therapies, such as rnagnesium613

and the anticonvulsant topiramate.

Functional Constipation

Functional constipation is a functional disorder of the hindgut
(the section of the gut commencing at the junction of the right
and middle thirds of the transverse colon)® defined by a re-
duction in bowel movement frequency and may be primary or
secondary to an underlying disorder. Like functional diarrhea, it
can be associated with IBS if there is a component of abdominal
pain or bloating.*'" A systematic review found the median global
rate of functional constipation to be 16%.” A population-based
survey of 645 participants demonstrated that the cumulative
incidence of new-onset chronic constipation over a median of
12 years increased with advancing age among men and was
more prevalent in women than in men among those younger
than 50 years at baseline.’® In a study of GI disorders among
1,574 patients referred for treatment at an obesity clinic, mi-
graine was diagnosed in 181 patients (11.5%). An adjusted
multivariate regression analysis determined that individuals with
migraine were approximately 4 times more likely to have
functional constipation than controls (OR: 3.96; 95% CI:
2.25-6.99)."” The same study also found an increased likeli-
hood of dyspepsia, heartburn, and IBS in the migraine group.'”

Irritable Bowel Syndrome

A functional disorder of the hindgut with increased prevalence in
women, IBS presents with recurrent episodes of abdominal pain
related to defecation, associated with a change in stool frequency
or in stool form. Two primary forms of IBS exist: IBS with
diarrhea (IBS-D), characterized by recurrent or chronic diarrhea,
and IBS with constipation (IBS-C), characterized by abdominal
pain or discomfort associated with constipation. Some patients
experience IBS with mixed bowel habits.®"" A retrospective case-
control study of national registry data compared 14,117 patients
with newly diagnosed migraine with a randomly selected group
of 56,468 migraine-free individuals. An adjusted proportional
hazards model demonstrated that the cumulative incidence of IBS
in the migraine cohort was almost twice that in the comparison
cohort (73.87 vs 30.14 cases per 10,000 person-years). Moreover,
patients with migraine had a greater incidence of IBS than
migraine-free individuals during the follow-up years (p < 0.0001).>”
Similarly, a retrospective cross-sectional survey of 1,112 consecu-
tive hospital patients found a significantly greater frequency of IBS
at baseline in the cohort with migraine (n = 287) than in an age-
matched and sex-matched migraine-free cohort (n = 287; 27.5% vs
16.7%, respectively; p = 0.003).*®

Given that migraine is a common, chronic health condition, a
spurious association between migraine and common GI
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symptoms cannot be completely ruled out, particularly because
there is a lack of long-term, longitudinal studies, which are
warranted. Nonetheless, a close relationship between GI
symptoms and migraine has been reported in multiple retro-
spective analyses of data from large registries, suggesting that the
gut-brain axis may play a role in migraine pathophysiology.
Several mechanisms have been proposed to explain this link.* **#

Disease Mechanisms That Might Support the
Association Between Migraine, Gl
Comorbidities, and CGRP

Functional and motility disorders may manifest differently in
the foregut (e.g., nausea and vomiting) and hindgut (e.g.,
diarrhea and constipation), but both types of disorders stem
from regional modulation of the enteric nervous system by
afferent and efferent autonomic stimuli (Figure 1A).""'%¢1¢
The commonality of innervation in different regions of the gut
and the role of CGRP in GI function may explain why mi-
graine is associated with a range of GI symptoms and
comorbidities. Several pathophysiologic mechanisms have
been suggested to account for GI symptoms associated with
migraine: autonomic nervous system dysfunction linked to
nausea, reflux, and constipation;e17 immunologic and in-
flammatory processes linked to IBS;*'® nausea and vomiting
linked to allergen activation of trigeminal afferent nerves
through release of inflammatory mediators;*"* mitochondrial
dysfunction contributing to nervous system dysfunction®;
and hormonal mechanisms linked to IBS.*

Evidence from animal studies suggests a role for CGRP in
maintaining the mucosal integrity of the GI tract. A rat model of
ischemic GI injury demonstrated that CGRP may participate in
modulating intestinal blood flow, sensorimotor activity, and
tissue oxygenation.”>” CGRP also plays a role in the gut in
gastric acid secretion, inflammation, motility, and nociception
(Figure 1B)."" In mouse studies, when the gut is infected by
Salmonella, CGRP and other neuropeptides have been shown
to influence host gut defenses: nociceptors regulate the pro-
duction of CGRP and other neuropeptides, which modulates
the density of microfold cells and segmented filamentous
bacteria levels to protect against the infection.>"*** Regarding
gut motility, CGRP was involved in regulating gastric emptying
and modulating GI tract function, diminishing contractions in
the rat colon and reducing food intake."”

CGRP activates both the canonical CGRP receptor and
amylin receptor 1 (AMY ; Figure 1C).**% In a study of gastric
emptying regulation, 19 healthy volunteers infused with the
amylin analog pramlintide demonstrated delayed gastric
emptying, but the small bowel and colonic transit were
unaffected.”” While pramlintide is a nonselective agonist at
all 3 amylin receptors,*" this result suggested a potential
contribution of AMY to gastric mobility, which can also be
activated by CGRP. It should be noted, however, that little is
known of the role of CGRP binding to the AMY; receptor.
Autonomic dysfunction associated with migraine and GERD
may relate to the overlap between the symptomatology of
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Figure 1 CGRP Activity in the Gl Tract and Downstream Effects
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(A) Autonomic innervation of the gastrointestinal tract (Adapted from Snell. Clinical Neuroanatomy, 7th ed. Philadelphia, PA: Lippincott, Williams & Wilkins; 2010,%"
and adapted and reprinted by permission from Springer Nature: Capsaicin Receptor as Target of Calcitonin Gene-Related Peptide in the Gut by Evangelista’" S, 2014). (B)
TRPV1 activation and CGRP response (Reproduced from Assas et al. Calcitonin gene-related peptide is a key neurotransmitter in the neuroimmune axis. Front
Neurosci 2014; 8[23]: 469-497).%°3 (€) CGRP binding dependent on CGRP receptor subunit composition. The bar charts indicate relative ligand activity when binding
human receptors. (Adapted and reprinted by permission from Springer Nature: Neurology and Therapy “Hypervigilance, Allostatic Load, and Migraine Prevention:
Antibodies to CGRP or Receptor,” Blumenfeld et al., 2021)%** Abbreviations: AMY1 = amylin receptor 1; CGRP = calcitonin gene-related peptide; CLR = calcitonin-like
receptor; CSM = circular smooth muscle; CTR = calcitonin receptor; DRG = dorsal root ganglion; LSM = longitudinal smooth muscle; MP = myenteric plexus;
NG = nodose ganglion; PIP2 = phosphatidylinositol 4,5-bisphosphate; SMP = submucosal plexus; RAMP = receptor activity modifying protein; RAMP1 = RAMP type 1;

TRPV1 = transient receptor potential vanilloid 1.

these 2 conditions, and a study found that gastroparesis may
play a key role in GERD."* Conditions such as IBS and CVS
consist of symptoms such as vomiting and diarrhea that can
heavily overlap with those of migraine. In addition, extensive GI
symptoms were reported in humans after infusion with CGRP.
Thirty healthy volunteers pretreated with sumatriptan or pla-
cebo received a 2-hour infusion of CGRP 1.5 pg/minute, 27/29
of them (93%) reported GI symptoms, the most common of
which were stomach rumbling, stomach pain, nausea, an urge
to defecate, and defecation. GI symptoms did not seem to be
antagonized by sumatriptan, given that there were no differ-
ences in GI symptoms between the 2 treatment groups.e28

There are 2 isoforms of CGRP: a-CGRP and p-CGRP. These
differ by only 3 amino acids in humans, and no meaningful
pharmacologic differences between them have been demon-
strated.*******° ¢.CGRP is the main form in the peripheral and
central nervous systems, and B-CGRP is mostly found in the
enteric nervous system.42 Anti-CGRP receptor antibodies pre-
vent CGRP from binding to its cognate receptor and have also
been reported to prevent CGRP and amylin action at AMY,,*
although the pharmacology of the recombinantly expressed
CGRP and AMY] receptors that were used in the latter study
differs from that reported elsewhere.***>**® The anti-CGRP
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antibodies block the binding of a-CGRP and f-CGRP to both
the CGRP receptor and AMY;,** but do not prevent amylin
from acting at AMY;.”* The CGRP receptor antagonists olce-
gepant, telcagepant, rimegepant, and ubrogepant also bind to
AMY) but with up to 100-fold lower affinity than to the CGRP
receptor.***?**%32 It has been postulated that differences in
effects on motility observed among CGRP-based therapies may
involve the ability of the anti-CGRP ligand antibody to inhibit
the effects of CGRP at both receptor types.”” CGRP-induced
diarrhea in mice was blocked by prophylactic administration of
an anti-CGRP antibody and was attenuated by administration of
olcegepant.*® An anti-CGRP receptor mAb and acute dosing
with telcagepant also significantly inhibited GI transit in the large
intestine of transgenic mice (expressing human receptor activity
modifying protein 1 [RAMP1], the receptor subunit common to
the CGRP receptor, and the related AMY,); however, no sig-
nificant effect was seen with a mAb targeting CGRP.*’

Given the commonality of innervation and the role of CGRP
in GI function, it is reasonable to postulate that therapeutic
modulation of CGRP in migraine might prove useful in the
management of functional and GI motility disorders; this
warrants further study given the limited existing treatment
options.
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Potential Associations Between CGRP-Based
Migraine Treatments and Gl

Sensorimotor Effects

Currently, within CGRP-based therapies, 4 mAbs, targeting the
CGRP ligand (eptinezumab, fremanezumab, and galcanezumab)
or the CGRP receptor (erenumab), are approved by the FDA for
preventive migraine treatment, and 2 gepants are approved for
acute treatment (rimegepant and ubrogepant). Atogepant and
rimegepant are being evaluated for migraine prevention, and
zavegepant (administered nasally) is in phase 2/3 development
for acute migraine treatment.*** First-generation gepants have
had development suspended (olcegepant, BI 44370) or have
been withdrawn (telcagepant, MK3207) owing to concerns in-
cluding hepatotoxicity.>*" Although GI symptoms during the
studies of these agents qualify as AEs, the presence of these
symptoms in the absence of treatment suggests potential avenues
of CGRP-mediated modulation of the GI tract transit and
functions which may warrant further investigation.

CGRP-Based mAbs

Based on data from the FAERS, it is estimated that 17% of patients
treated with mAbs targeting CGRP or its receptor develop GI-
related AEs, although rates seen in clinical trials are lower. The
FAERS database summarizes the incidence of AE case reports by
drug.e34 It should be noted, however, that FAERS represents only
part of the FDA postmarket surveillance data, and it has limita-
tions as a surveillance system, including potential submission of
incomplete, inaccurate, untimely, and unverified information.*>*
Underreporting of events, lack of validation for association of a
reported AE with a monotherapy or comorbid illnesses, and lack
of information regarding frequency of use of medications can also

>
occur. 5>

FAERS is a voluntary reporting system and, although the
absolute number of AEs is reported, the total number of pa-
tients exposed to the drug remains unknown.>® Thus, FAERS
data cannot quantify the incidence of AEs or be used to

compare event rates across products. Nonetheless, FAERS
represents what is, at present, the most comprehensive re-
pository of postmarketing safety data. As an indication of real-
world rates, proportions of GI AEs among cases reported to
FAERS for CGRP-based therapeutic mAbs up to March 31,
2021 were as follows: eptinezumab, 13.5% (39 of 288 cases);
erenumab, 16.4% (4,684 of 28,556 cases); fremanezumab,
15.6% (430 of 2,755 cases); and galcanezumab, 9.6% (1,206
of 12,531 cases).”>* Profiles of GI events were similar across
the 3 CGRP-targeting mAbs (eptinezumab, fremanezumab,
galcanezumab) for which FAERS data were available, and
indicated that nausea and constipation were the GI events
most often reported, followed by vomiting, diarrhea, and
abdominal symptoms (Table 1).%**

Constipation was identified as a potential adverse drug reaction
with erenumab based on premarketing clinical trials, in which
AEs of constipation were mild to moderate in severity, and none
of the events were serious.”******” In postmarketing settings,
AEs of serious constipation, including cases in which surgery was
necessary, were received and submitted to the FDA. Based on
the postmarketing data, the FDA requested an update to the
erenumab US prescribing information (issued in 2020) warning
of constipation with serious complications.”** An integrated
safety analysis of 4 double-blind, randomized erenumab trials and
their extensions found an exposure-adjusted AE rate of con-
stipation of 7.0 per 100 patient-years (vs 3.8 per 100 patient-years
for placebo). Constipation events were mild to moderate in
severity, no serious AEs were reported, and no pattern of GI
history was evident among individuals who developed con-
stipation while on study.>*

In phase 3 clinical studies, constipation was reported in
1.0%-3.0% of patients treated with erenumab®***®
1.0%-1.5% of those given galcanezumab.>® Published results
from eptinezumab and fremanezumab phase 3 trials do not

: L 56,039,040,e41 4
mention constipation.””*””*"***" In real-world studies,

and in

Table 1 FAERS Database Summary of Gastrointestinal Adverse Events With CGRP-Based Monoclonal Antibodies up to

March 31, 202134

Erenumab (anti-CGRP

Adverse event receptor) (N = 28,556)

Galcanezumab
(anti-CGRP) (N = 12,531)

Fremanezumab
(anti-CGRP) (N = 2,755)

Eptinezumab
(anti-CGRP) (N = 288)

Abdominal discomfort 135 (0.5) 57 (0.5) 21(0.8) 2(0.7)
Abdominal distension 151 (0.5) 82(0.7) 26 (0.9) 2(0.7)
Abdominal pain 176 (0.6) 46 (0.4) 26 (0.9) —
Abdominal pain, upper 245 (0.9) 69 (0.6) 25(0.9) 2(0.7)
Constipation 2,649 (9.3) 388 (3.1) 112 (4.1) 3(1.0)
Diarrhea 273(1.0) 99 (0.8) 45 (1.6) 1(0.3)
Nausea 1,042 (3.6) 369 (2.9) 144 (5.2) 22 (7.6)
Vomiting 343(1.2) 141 (1.1) 46 (1.7) 3(1.0

Abbreviations: CGRP = calcitonin gene-related peptide; FAERS = FDA Adverse Event Reporting System; FDA = US Food and Drug Administration.

All data are n (%).
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however, constipation has been reported with a higher prev-
alence (14%-43%).%7*>¢4¢%%5 Thys, in a retrospective
cohort study in the United States involving 241 individuals
who had taken erenumab, data on AEs were collected as part
of a structured clinical interview, which included an open-
ended question followed by reviewing a checklist of possible
AEs. Constipation was the most common AE, affecting 43% of
patients. AEs were more common in this real-world pop-
ulation than in clinical trials, a discrepancy that the authors
attributed to systematic differences between clinical trial
participants and patients who received the treatment in clin-
ical practice. Nonetheless, nearly 70% of patients stated that
the benefits of erenumab outweighed any drawbacks.”” In
another retrospective, exploratory, observational study in the
United States, which included patients with numerous
comorbidities (including IBS) who had previously tried an
average of 11.2 medications, new or worsened constipation
with erenumab was reported by 17 of 72 participants
(24%).°%

A prospective, single-center, real-world audit in patients with
CM (with or without medication overuse) refractory to
established preventive medications was conducted in the
United Kingdom. Patients received monthly erenumab for 6
months, and constipation was reported in 20%, 11%, and 5%
of patients at months 1, 3, and 6, respectively.*** In another
observational study in all patients with migraine treated with
erenumab during 2019 in the Abruzzo region of central Italy
(n = 89; 6-month follow-up), constipation was reported in
13.5% of patients.** The European label for erenumab clas-
sifies constipation as a common event (incidence from >1/
100 to <1/10 treated patients),**® as does the label for gal-
canezumab;**” however, constipation is not listed as an AE in
the United States prescribing information for the anti-CGRP
mAbs (galcanezumab,**® fremanezumab,**’ and eptinezu-
mab®*°) or in the European label for fremanzezumab.**'

In agreement with FAERS data, nausea was also reported in
most clinical trials of the CGRP-based mAbs, with vomiting
and diarrhea occurring relatively infrequently,ss’e39‘e4o al-
though there is little evidence for event frequencies being
greater than those in the respective control groups. None of
these 3 AEs are noted in the US prescribing information or
European labels for any of the CGRP-based mAbs.

Gepants

Relatively few AEs have been recorded through FAERS for
the gepants, although these drugs have been available for a
shorter time than mAbs. As of March 31, 2021, nausea
(55 [12.4%]) and vomiting (21 [4.7%]) associated with
ubrogepant were reported among 106 GI cases (total cases,
443); 175 of 943 cases with rimegepant were GI events,
with nausea (106 [11.2%]) and vomiting (27 [2.9%]) most
common. Only 1 event (non-GI) was reported for the un-
authorized drug atogepant.>* The US prescribing in-
formation for rimegepant and ubrogepant list nausea as the
most common AE,**>*3® which reflects the GI AEs reported

Neurology.org/N

in clinical trials.***>*** The results from the phase 2/3
placebo-controlled study of atogepant for migraine pre-
vention in patients with EM show that constipation and
nausea are among the most common AEs, with frequencies
that seem to correlate with dosage.60

Gl AEs of Other Migraine Treatments and
Concomitant Therapies

Different classes of small-molecule drugs used in acute or
preventive migraine treatment can be associated with GI AEs.
Among acute treatments for migraine, opioids can cause
“opioid-induced bowel dysfunction,” leading to abdominal
cramping, bloating, constipation, diarrhea, dry mouth, gastro-
paresis, GERD, nausea, spasm, and vomiting, and which can
affect the entire GI tract.*>>*>® Constipation is the most com-
mon AE, reported in 22%-81% of patients.”> In a registry
analysis of long-term treatment patterns and acute medication
use among 147,832 individuals with migraine, 77.4% received
opioids. Among opioid users, 16.6% reported nausea/vomiting,
12.2% reported constipation, and 10.4% reported diarrhea.*®

NSAIDs also cause significant GI-related AEs, which can
affect the entire GI tract,”™’ including peptic ulcer de-
velopment (complicated by bleeding, obstruction, and per-
foration) as well as conditions such as NSAID-induced
enteropathy.®>**>” A retrospective cohort study of Market-
Scan Research Databases in 584,475 patients with mi-
graine estimated incidences per 100 person-years of 3.41
(95% CI: 3.39-3.44) for any constipation and 0.63 (95% CI:
0.62-0.64) for serious constipation.*®® The incidence of
constipation increased with age and with the number of
comorbidities and was greater in women than in men. The
incidence of any, or of serious, constipation was also gen-
erally at least two-fold greater in patients starting treatment
with acute and preventive small-molecule drugs used com-
monly in migraine than in the overall migraine population
(Figure 2).°%°

A summary of GI AEs with drugs prescribed for migraine
prevention is shown in Table 2. Among the antiepilepsy
drugs, only topiramate and divalproex sodium are currently
indicated for migraine prophylaxis, and divalproex sodium is
more commonly associated than topiramate with a range of
GI AEs, including constipation. The reported AE profiles are
not from patients with migraine because antiepilepsy drugs
are used off-label. Drug-related associations between GI
comorbidities and migraine are seen across drug classes.®*"°6>
Off-label use of drugs is common in the prevention of mi-
graine; for example, antidepressants such as amitriptyline
show good evidence of benefit.**® In the European label for
amitriptyline, GI disorders including constipation, dry mouth,
and nausea are noted as being very common (>1/10 treated
patients).564 Of note, low-dose amitriptyline has been used
extensively off-label as a treatment for certain functional
GI disorders, such as IBS.°*> The antidepressant nortripty-
line is also associated with constipation.*®® In a prospective
trial of 75 patients with migraine treated with topiramate,
November 8, 2022
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amitriptyline, or a combination of both drugs, constipation was
reported in 45.5% of those in the amitriptyline group; fewer AEs
were seen in the topiramate and combination groups, and no GI
AEs were noted.“*” The antihypertensive therapies candesartan
and lisinopril also show good evidence of benefit in migraine ;63
the European label for lisinopril cites diarrhea and vomiting as
common AEs (from >1/100 to <1/10 treated patients).367
Other medications such as the calcium channel blocker verap-
amil are used off-label for migraine prevention and are associ-
ated with constipation,”® and GI AEs are reported with
p-blockers used for migraine prophylaxis, although they seem to
be more frequent with atenolol (constipation and GI distur-
bances) and metoprolol (abdominal pain, constipation, di-
arthea, and nausea) and less common with nadolol and

propranolol (Table 2).

Implications for Physicians Managing Patients
With Migraine

Given that individuals receiving migraine therapies are at risk of
developing GI AEs, it is important to consider how both
physicians and patients can best mitigate these effects. From
the patient’s perspective, counseling about possible GI out-
comes is important, and some self-care strategies are listed in

Table 3;°°® any changes or restrictions in diet should only be
introduced in consultation with a health care provider. Ac-
curate medical and treatment history taken by physicians is
essential when initiating migraine treatment. A full history
should also be noted if GI symptoms are subsequently
reported by the patient. Questions for the clinician to con-
sider include the following:

o Does the patient have a preexisting GI disorder?

. What are the patient’s baseline bowel habits, and did
these habits change after treatment initiation?

o Does the patient have underlying risk factors for GI
disorders other than migraine?

o Is a particular class of migraine treatment likely to
increase the risk of GI AEs or exacerbate an existing GI
disorder?

o What is the best route of administration of migraine
medications, in light of the patient’s GI symptoms?

« Is the patient receiving an acute therapy (especially an
over-the-counter medication) that can confound or
exacerbate GI events of preventive medications?

o Is the patient taking other nonmigraine medications
associated with GI AEs?

Figure 2 Incidence of Constipation per 100 Person-Years in Patients Starting Acute and Preventive Migraine Treatments

12 4
B Any constipation

B Serious constipation

10

9.41

8.22

Incidence per 100 person-years
n ()]
| |
3.41

11.20

7.88
8.99
7.87

6.70
6.98

o
n
)

The incidence of any or serious constipation was generally at least two-fold higher in patients with migraine beginning treatment with various acute and
preventive medications than in all patients with migraine. Data derived from MarketScan® Research Databases; figure reproduced with permission from

Amgen., ¢¢©
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Table 2 Gl Adverse Events Associated With Different Classes of Migraine Medication®’"#72

Approved
indication? Constipation Nausea Vomiting Diarrhea
United United United United United
Migraine medication States EU States® EUC States® EUC States® EUC States® EUC
Antiepileptic drugs
Carbamazepine No No + Uncommon + V.common + V.common + Uncommon
Divalproex sodium Yes No + - (+) V.common (+) Common (+) Common
Valproate sodium No No + - + V.common + Common + Common
Topiramate Yes Yes (+) Common (+) V.common (+) Common (+) V. common
Antihypertensive drugs
ACE inhibitors/ARBs
Candesartan No No - - - V.rare - - - +
Lisinopril No No + - - Uncommon - Common + Common
a-agonists
Clonidine No Yes + Common + Common + Common - -
Guanfacine No No (#) Common + Common - Common + Common
B-blockers
Atenolol No No - Common (+) - - - (+) -
Metoprolol No Yes (+) Common +) Common +) Uncommon + Common
Nadolol No Yes (+) Uncommon (+) Uncommon (+) Uncommon (+) Uncommon
Nebivolol No No - Common +) Common + Uncommon (+) Common
Pindolol No No - - (+) + + + + +
Propranolol Yes Yes (+) + (+) Uncommon (+) Uncommon (+) Uncommon
Timolol Yes Yes - - (+) + + + + +
Antidepressants
Amitriptyline No Yes (+) V.common (+) V.common (+) Uncommon (+) Uncommon
Venlafaxine No No (+) V.common (+) V.common (+) Common (+) Common
Other
Antihistamine: No Yes + + + + + + + +
cyproheptadine
Triptan: frovatriptan  No No - Rare - Common + - + Uncommon
OnabotulinumtoxinA  Yes® Yes? - - - - - - - -

Abbreviations: ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; Gl = gastrointestinal; v. = very.

@ Approved for prevention or prophylaxis of migraine.

b Gl events: + indicates events reported in US prescribing information; (+) indicates events that were more frequent on active treatment than on control in
studies reported in prescribing information; - indicates event not reported.

¢Frequency of Gl events: very common (21/10 treated patients), common (from 21/100 to <1/10 treated patients), uncommon (from >1/1,000 to <1/100
treated patients), rare (from =1/10,000 to <1/1,000 treated patients), very rare (<1/10,000 treated patients, including isolated reports); + indicates frequency
not known (cannot be estimated from the available data); - indicates event not reported.

4 Prophylaxis of headache in adults with chronic migraine.

These factors should be considered when choosing a pre-  specialist. Guidance on when a GI specialist should be
ventive medication, alongside the indication and established ~ consulted is available.*®®

AE profile of the treatment. GI disorders associated with

migraine treatments are generally mild and transient, but if It is possible that magnesium or other preventive therapies
they are severe, the patient should be referred to a GI  concomitantly administered with a mAb may reduce

Neurology.org/N Neurology | Volume 99, Number 19 | November 8, 2022

849


http://neurology.org/n

850

Table 3 Key Recommendations to Help Patients to Avoid Mild Gastrointestinal Disorders?

Condition Self-care strategies

Abdominal pain/ Medication

discomfort

e When appropriate, take over-the-counter medication for diarrhea and constipation.

Diet and lifestyle

o Lifestyle changes and dietary interventions as advised by health care professionals.

Bloating Diet

 Split food intake by taking 3 meals and 2 snacks a day; avoid snacks at bedtime.
e Limit intake of difficult-to-digest carbohydrates, such as beans, broccoli, Brussels sprouts, cabbage, cauliflower, and legumes

(e.g., dry beans, lentils, chickpeas).
» Avoid caffeine-containing beverages.

e Reduce intake of foods and drinks containing gas, such as soft drinks or beer.

e Fiber should be introduced gradually into the diet, over weeks rather than days.

o Consume fermented dairy products containing probiotics with proven benefits for bloating.

e Limit polyol-containing foods (artificial sweeteners), such as isomaltose, maltitol, sorbitol, and xylitol.

o Reduce intake of animal fat.

¢ Avoid overeating and maintain a healthy body mass index.
» Avoid foods that ferment in the stomach, such as cabbage, milk, and starchy foods.

¢ Avoid alcoholic beverages.
e Favor a protein-rich diet.

Lifestyle
e Improve exercise practice and posture.

Constipation Diet
e Ensure breakfast is eaten.
e Include fiber-rich food in the diet.
e Gradually increase fiber content.

e Eat fruits rich in pectin, such as apples, lychees, pears, and strawberries.
e Consume fermented dairy products containing probiotics.

e Drink approximately 2 L of water each day.
e Reduce intake of foods rich in animal fat.

e Limit intake of refined sugar.

e Regularize eating times.

Heartburn Lifestyle

e Maintain healthy body weight.

» Avoid alcohol, carbonated drinks, chocolate, citrus fruits or juices, coffee, fatty foods, garlic, mint, nicotine, onions, spicy foods,

and tomato products.
e Eat smaller, more frequent meals.
o Elevate the head of the bed.

¢ Avoid intake of foods or liquids for 3 h before lying down.

Others Exercise and stress
e Exercise for at least 30 min every day.

e Learn and use relaxation techniques.

e Practice a healthy lifestyle - exercise regularly and abstain from smoking.
e Avoid stress, learn to relax, and improve sleeping conditions.

Toilet visits

e Do not ignore the urge to pass a bowel motion.

o Toilet sitting position can affect bowel function; lean well forward with a straight back and feet supported.
e There is a wide range in healthy bowel movement frequency and consistency: review with a health care professional if there is

any dissatisfaction with bowel habits.

2 Recommendations adapted from Hunt R et al. | Clin Gastroenterol 2014; 48:567-578.%%

constipation and increase migraine prophylaxis. Studies are
needed to test this hypothesis. If NSAIDs are used during
acute treatment for migraine, the minimal dose necessary
should be used to prevent gastric side effects and neph-
rotoxicity.*® Acid suppression in the form of histamine-2
antagonism or proton pump inhibition may be considered,
especially for those at risk of GI bleeding.*”’

Conclusions

Migraine is associated with several functional and motility
disorders of the GI system. The role of CGRP in migraine and
November 8, 2022
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the effect of CGRP on different regions of the gut may explain
these clinical associations and the finding that CGRP-based
therapeutic antagonism in migraine can lead to GI AEs. On-
going AE monitoring in real-world studies is important to
ensure the full AE profiles of new treatments are adequately
captured.
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