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Abstract

Migraine is a chronic paroxysmal neurological disorder characterized by multiphase attacks
of head pain and a myriad of neurological symptoms. Chronic migraine causes a great
personal and societal burden. Many patients are poorly responsive to, or non-compliant
with, conventional migraine preventive therapies. For this reason, physicians are con-
stantly looking for effective migraine prevention strategies. The recent introduction of an
innovative pharmacological class useful for migraine prevention, namely monoclonal
antibodies towards calcitonin gene-related peptide or its receptors, opens a new, immense
therapeutic scenario. In this commentary, the development and efficacy of this novel class
of preventive anti-migraine therapy have been discussed and compared with the conven-
tional therapies of migraine prevention.

Migraine is one of the most prevalent neurologic disorders worldwide
and is one of the leading causes of years lived with disability [1].
Considering the substantial economic burden migraine poses, physicians
are constantly looking for new migraine therapies. Depending on
whether these medications are used as needed or daily, they may be
categorized into abortive (acute) and preventive (prophylactic) medica-
tions, respectively. Use of preventive anti-migraine therapies (PAMT) is
primarily reserved for more frequent headaches to reduce disability and
prevent chronicity. However, historically prevention of migraine has
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been challenging. This may be attributed to the fact that most available
migraine preventive therapies, such as beta-blockers, anti-epileptics, and
tricyclic anti-depressants, were originally designed for other clinical in-
dications, may have variable drug-drug interactions, and may cause
adverse effects with prolonged use. Also, most of these drugs require
daily dosing, resulting in lack of adherence and failure of therapy. In
this commentary, we will describe some of the challenges faced in the
development of migraine-specific treatments and highlight some of the
emerging PAMTs.

For several years, migraine was primarily considered a vascular disorder and
the associated pain was thought to be caused by dilation of cerebral and
meningeal arteries. However, we now know that the pathophysiology of mi-
graine is much more complex. Not understanding the exact mechanism behind
migraine development has made it difficult to create migraine-specific preven-
tive drug therapies. In recent years, the role of CGRP in the pathogenesis of
migraine via the trigeminovascular pathway has been well established [2, 3].
Based on these findings, CGRP was made the focus of research for the devel-
opment of new migraine preventive therapies.

Characterization of the CGRP receptor led to the development of
small molecules that could potentially block the receptor-“CGRP recep-
tor antagonists” (Gepants). Olcegepant (BIBN4096BS) was the first
gepant to be tested in humans. It demonstrated positive results in
clinical trials for the acute treatment of migraine. However, due to its
large molecular weight and low bioavailability, it could only be ad-
ministered intravenously. This made the drug non-practical and com-
mercially not viable. Following the positive results that were seen with
this drug, seven more gepants were developed for migraine treatment.
Of these, BI 44370 TA, telcagepant, and MK-3207 were discontinued
secondary to concerns about liver toxicity. Most of them were tested for
the acute treatment of migraine; however, two gepants are in phase II
trials for proof of concept in migraine prophylaxis. Both atogepant and
rimegepant will be tested on the basis of efficacy, safety, and tolerability,
and appropriate dose will be evaluated in these studies.

Based on the pharmacologic studies of the gepants, it was suggested
that gepants might not have a primary central action. Considering this
finding, peripherally acting anti-CGRP therapies were developed. Mono-
clonal antibodies (mAbs), large molecules that do not cross the blood
brain barrier, were developed as a migraine-specific therapy. Monoclonal
antibodies are eliminated via the reticuloendothelial system, and were
not found to be hepatotoxic. Moreover, the long half-lives of the mAbs
allow for infrequent dosing, making it much easier for people with
migraine to comply with the treatment regimen. Currently, four mABs
have been studied for the prevention of migraine: erenumab,
fremanezumab, galcanezumab, and eptinezumab. Of these mAbs,
erenumab targets the canonical CGRP receptor, whereas all the others
target CGRP peptide (the ligand) itself. All of these drugs have shown
success in phase II and phase III clinical trials. All have been genetically
engineered to decrease affinity for the Fcyreceptors (FcyRs) which reduces
immune activity by preventing the antibody-dependent cellular cytotox-
icity (ADCC) and complement-dependent cytotoxicity (CDC) pathways.
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Erenumab was the first drug of its class to receive FDA approval in
May of 2018. Erenumab is a fully human IgG2 mAb that targets the
CGRP receptor. It has peer-reviewed published studies (two phase III
trials for episodic migraine [4, 5] and one phase II/III trial for chronic
migraine [6]) demonstrating safety and effectiveness. The drug is cur-
rently co-marketed by Novartis and Amgen under the trade name
“Aimovig.” It is available in two doses (70 mg and 140 mg) subcuta-
neously. Even though prescribing information recommends starting at
the lower dose, studies have demonstrated that 140 mg dose has supe-
rior efficacy with a similar side effect profile. This has led some clini-
cians to recommend starting the patient on a higher dose of erenumab
and not suffer a therapeutic penalty [7].

Fremanezumab is an IgG2 humanized mAb that targets CGRP and is ad-
ministered subcutaneously. Two pivotal phase III trials were conducted (one for
episodic migraine [8] and one for chronic migraine [9]) demonstrating efficacy
and safety as a preventive anti-migraine therapy. It received FDA approval in
September of 2018, and is currently marketed under the trade name “Ajovy” by
Teva Pharmaceuticals. The current dosing regimen for fremanezumab is
225 mg monthly or 675 mg quarterly, and is available as a self-administered,
subcutaneous injection.

Galcanezumab is another humanized mAb targeting CGRP. It has
demonstrated success in the prevention of episodic migraine in two
phase III trials (EVOLVE 1 [10] & EVOLVE 2 [11]). It has also success-
fully completed one phase III trial showing safety and efficacy in chronic
migraine prevention (the REGAIN study) [12]. It received FDA approval
in September of 2018 and is currently marketed by Eli Lilly and Com-
pany under the trade name “Emgality.” It is available in once monthly,
self-administered, subcutaneous 120 mg or 240 mg doses.

Eptinezumab is the last drug of its class and is the only anti-CGRP
antibody without the N-linked carbohydrate, to reduce binding to the Fc
receptor. IV administration ensures reliable therapeutic bioavailability
and consistency [13]. Eptinezumab was effective in migraine preventive
therapy in phase III trials for both episodic [14] and chronic migraine
[15]. At the time of this writing, it is awaiting FDA approval, and will
be the only mAb to be available as an intravenous infusion. Two doses
under consideration are 100 mg and 300 mg, administered quarterly.

Initiation of a PAMT should be considered in patients with recurring
migraine attacks, four or more migraine attacks or eight or more head-
ache days per month, presence of certain migraine conditions including
hemiplegic migraine, migraine with brainstem aura, frequent and
prolonged aura symptoms, and with patient’s preference to have as few
attacks as possible. Previously among the PAMTs- anti-epileptics (sodium
valproate, topiramate, divalproex sodium) and beta-blockers (proprano-
lol, metoprolol, timolol) were the only drugs with level 1 evidence for
migraine prophylaxis [16]. An efficacy-cost comparison has been shown
between the major PAMTs commonly used in clinical practice and the
FDA approved CGRP receptor mAbs (Table 1). CGRP mAbs may be three
to ten times costlier than conventional PAMTs. Even though CGRP mAbs
are not significantly superior in terms of efficacy, they have a side effect
profile similar to placebo with minimal/none drug-drug interactions and



14 Page 4 of 6

Curr Treat Options Neurol (2019) 21: 14

Table 1. Comparative analysis of current PAMT (with level 1 evidence) and FDA-approved CGRP antagonists

PAMT

Erenumab [6]
Fremanezumab [9]

Galcanezumab [12]
Topiramate

Valproate

Propranolol

from baseline)

Efficacy (reduction in Tolerability/common Monthly cost
monthly migraine days side effects (average cash price)
-3.5to-1.4 (70 mg) Injection site pain, nausea, $575°

upper respiratory tract infection*
-2.1+0.3 (monthly dose) Injection site pain, dizziness, $575°

nausea*
—-2.9 to-1.3 (120 mg) Injection site pain, nasopharyngitis* $575°
-1.9to -0.73¢ Paresthesias, cognitive dysfunction, $73°

weight loss, kidney stones

-2.1t0-0.8° Tremor, weight gain, hair loss, $140°

fetal neural tube defects

-2.0to -0.62° Hypotension, exercise intolerance, $40°

sexual dysfunction

*All adverse events were comparable to placebo
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CGRP mAbs work when prior preventive medications fail. Clinicians
must individualize treatment when deciding which PAMT to consider for
initiation of therapy. However, insurance companies typically require
failure of prior PAMTs before they allow CGRP mAbs for migraine
prophylaxis. Discontinuation of migraine prophylaxis may be considered
if the patient develops intolerable side effects to any PAMT or if the drug
fails to demonstrate even partial efficacy after 2 months of treatment.
Migraine prophylaxis is often recommended for 3-6 months and may be
tapered when headaches are well controlled for at least 6 months.

With no head-to-head comparative studies between the mAbs, clinicians
may be faced with a dilemma on what drug to use as an initial therapy.
Fremanezumab and eptinezumab may be considered in patients who prefer
quarterly treatments. Eptinezumab being administered intravenously has a
faster onset of action and can decrease the likelihood of developing a migraine
attack within 1 day of infusion. This may be beneficial in patients with severe
debilitating chronic migraine. With their specificity and variety of therapeutic
targets (episodic migraine, chronic migraine, and medication overuse head-
aches), the mAbs expand our therapy.

Gepants are still in the final regulatory stages before pharmaceutical
companies seek FDA approval for migraine prevention. While safety had
been a concern with previous gepants (especially liver toxicity), none of the
new gepants show signs of liver toxicity. When approved, they would be
the first migraine-specific oral preventive medications. Some patients do
not want injectable medications, and may prefer gepants over mAbs.
Monoclonal antibodies have long half-lives and their effects on pregnancy
are still not determined. Therefore, it may be prudent to use gepants (once
approved) as a migraine preventive therapy over mAbs for females in their
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reproductive age group and not using contraceptives. Even though the
initial studies with CGRP inhibitors have shown good tolerability, the long-
term side effects of these therapies are still not clear and are hard to
predict. There is a need for retrospective analysis with a larger cohort of
patients in the future to truly assess their tolerability. This is an exciting era
in the field of headache medicine and we have seen some significant and
promising improvements made in the therapies available for migraine
prevention. The biggest challenge for patients now would be the cost of
and access to these medications.
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