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ABSTRACT

Introduction and purpose

Monoclonal antibodies blocking calcitonin gene-related peptide (CGRP) are a novel treatment strategy
developed specifically for prevention of migraine. Four drugs belong to this group: eptinezumab, fremanezumab
and galcanezumab, which bind to the peptide; and erenumab, which blocks the CGRP receptor. CGRP is
involved in nociception and plays a crucial role in the pathophysiology of migraine, as it is released in the
trigeminal ganglion as a response to local cerebral vasoconstriction in order to cause dilation of the vessels and
maintain cerebral blood flow. Moreover, administration of CGRP, especially among migraineurs, induces a
migraine-type headache. The aim of the paper is to discuss the potential of monoclonal antibodies blocking
CGRP for the prevention of migraine and to outline their safety and efficacy profile.

State of knowledge

Several randomised clinical trials have shown a significant efficacy of these drugs compared to placebo in
reducing monthly migraine affected days, among patients suffering from both episodic and chronic migraine.
Incidence rate of side effects is low; the most common were mild to moderate (e.g. pain at the injection site,
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upper respiratory tract infections, nasopharyngitis, back pain and urinary tract infection). Anti-CGRP
monoclonal antibodies exhibit a superior benefit-to-risk ratio than established preventive treatments.

Conclusions

Randomized controlled trials are still needed in order to compare different anti-CGRP monoclonal antibodies
and asses their long-term safety profile. In conclusion, these drugs seem to provide promising prospects of
improving the lives of migraineurs. As based on current knowledge, the benefits are superior to the likelihood of
harm.
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Introduction and purpose

Migraine is a neurological disease characterized by attacks of severe headache, accompanied by associated
symptoms of photophobia, phonophobia, nausea and vomiting. Aura is manifested as visual, sensory, speech,
and/or motor disturbances and precedes the attack in 25% of patients [1,2]. Migraine remains the second largest
cause of disability in the world, affecting over 1 billion people across all world regions, irrespective of race,
culture or socioeconomic status [1,3,4]. The quality of life and the ability to participate in work, family, and
social events are significantly reduced, resulting in addition of more stress, which is a migraine trigger [5].
Migraineurs are 2.5 times more likely to be depressed than those without migraine and 2–5 times more likely to
suffer from anxiety disorders [6].

The mechanism of a migraine attack remains unclear. The aura was long thought to be caused by a sudden
contraction of blood vessels in the brain, and the subsequent expansion of these vessels was thought to result in a
headache. Currently, it is believed that a neuronal dysfunction, not ischemia, is responsible for the aura.
Headache, on the other hand, is caused by stimulation of nociceptors in the meninges and blood vessels, as well
as changes in central pain modulation. Sensory neurons of the trigeminal ganglion contain large amounts of
CGRP (calcitonin gene-related peptide), as well as substance P and neurokinin A. It has been shown that during
a migraine attack, the CGRP molecule is released from the trigeminal ganglion in response to contraction of
cerebral arterioles to dilate these vessels and maintain normal blood flow. The release of substance P and
neurokinin A also results in neurogenic inflammation and vasodilation, which consequently causes migraine
headache. Because of the significant role of CGRP in the pathomechanism of the seizure, blockade of its release
provides a mechanism of action for new antimigraine drugs [4,7].

State of knowledge

Current medications for migraine prophylaxis have been derived from various groups which were not originally
created for the purpose of migraine treatment, such as blood pressure-lowering drugs or antiepileptic ones and
are characterised by low efficacy and frequent side effects [8,9]. The aim of this paper is therefore to present and
compare the results of research into the efficacy of new medications based on monoclonal antibodies that block
CGRP or the CGRP receptor. These include erenumab, which works by blocking the receptor for CGRP and
fremanezumab, galcanezumab and eptinezumab, which bind to the CGRP molecule and thus inhibit its action
[10].

Erenumab (Aimovig) is a fully human IgG2 monoclonal antibody produced using recombinant DNA technology
in Chinese hamster ovary cells, with a recommended dose of 70 mg or 140 mg s.c. once a month. It was the first
anti-CGRP monoclonal antibody approved by the FDA and the EMA. Fremanezumab (Ajovy) is a humanised
IgG2Δa/kappa monoclonal antibody derived from a murine precursor, with a recommended dose of 225 mg s.c.
once a month or 675 mg s.c. every three months. Galcanezumab (Emgality) is a recombinant humanised
monoclonal antibody produced in Chinese hamster ovary cells. The recommended dosage is the first loading
dose of 240 mg s.c., followed by 120 mg s.c. once a month. Eptinezumab (Vyepti) is a humanized IgG1 CGRP
ligand antagonist, with a recommended dose of 100 mg in an i.v. infusion or a maximum of 300 mg every three
months [5,11].

Two major placebo-controlled, randomized clinical trials studying the effectiveness of erenumab as migraine
prevention in adults with episodic migraines have been conducted so far: ARISE [12], with 577 participants over
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12 weeks, and STRIVE [13], with 955 participants, and results from months 4 to 6 compared to baseline.
Another study on 667 patients has been conducted by Amgen [14] in order to assess the efficacy of erenumab as
chronic migraine prophylaxis. Halo-EM [15] was a major placebo-controlled, randomized, 12 week clinical trial
on 875 patients with episodic migraine, who were treated with fremanezumab; Halo-CM [16] was a similar one
on 1130 participants with chronic migraine. Two trials on the effectiveness of galcanezumab have been
conducted: Evolve-1 [17] on 858 adults with episodic migraine and Regain [18], designed for chronic migraine
with 1117 participants. Finally, eptinezumab has been tested in two trials: PROMISE-1 [19] on 898 participants
with episodic migraine and PROMISE-2 [20] with 1121 patients suffering from chronic migraine.

Based on clinical trials concerning episodic migraine listed in the previous paragraph, erenumab at a dose of 70
mg showed greater efficacy at 4-6 months of therapy than in the first 3 months, which indicates how much time
is required to fully assess the efficacy of therapy. Also, administration of fremazenumab once a month at a dose
of 225 mg proved more beneficial than 675 mg once every 3 months. In addition, galcanezumab at a dose of 120
mg appears to be the most effective in reducing monthly migraine days, with the number of these days
decreasing by 4.7. Furthermore, increasing the dose of galcanezumab and eptinezumab does not result in an
increase in their efficacy, which may indicate that there is a certain threshold dose of the drug above which the
efficacy does not improve. The average reduction of migraine days per month among patients with episodic
migraine is shown in diagram 1.

Diagram 1. Mean reduction of monthly migraine days – episodic migraine

The results regarding the percentage of patients with episodic migraine whose monthly number of attacks
decreased by at least half are similar to the ones mentioned above, with galcanezumab being most effective at
120 mg and providing this result in as many as 62.3% of participants. The percentage of episodic migraine
patients with at least a 50% reduction in monthly migraine days is shown in diagram 2.
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Diagram 2. The percentage of patients with at least a 50% reduction in monthly migraine days - episodic
migraine

Similarly, in research concerning chronic migraine the administration of fremanezumab once a month
demonstrated superior effects to a triple dose once every 3 months. Eptinezumab at a dose of 300 mg seems to be
most effective regarding the decrease of monthly migraine days, with a result of up to 8.2 days. Again,
increasing drug doses paradoxically does not result in an improvement in efficacy, and for fremanezumab and
galcanezumab even reduces it. The average reduction of migraine days per month among patients with chronic
migraine is shown in diagram 3.

Diagram 3. Mean reduction of monthly migraine days – chronic migraine

Taking into consideration the percentage of patients with chronic migraine whose monthly number of attacks
decreased by at least half, erenumab at 140 mg and fremazenumab at 225 mg appeared to be the most effective,
where this response occurred in 41% of participants. However, there are no data for eptenizumab. The
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percentage of chronic migraine patients with at least a 50% reduction in monthly migraine days is shown in
diagram 4.

Diagram 4. The percentage of patients with at least a 50% reduction in monthly migraine days - chronic migraine

The analysis of results obtained so far in separate studies on efficacy of particular monoclonal antibodies
blocking CGRP or the CGRP receptor suggests that galcanezumab at 120 mg is most effective in the treatment
of episodic migraine, whereas eptinezumab is more appropriate for the treatment of chronic migraine. Naturally,
randomized controlled trials are still needed in order to compare different anti-CGRP monoclonal antibodies and
asses their long-term safety.

As far as side effects of anti-CGRP monoclonal antibodies are concerned, they are usually mild and occur
relatively infrequently, with nasopharyngitis, sinusitis, upper respiratory tract infections and injection site
reactions being most common [10,21]. They do not exhibit harmful effects on the liver as no toxic metabolites
are formed during their metabolism, nor do they cross the blood-brain barrier. Potential side effects include
hypertension and myocardial ischemia, as CGRP is found in nerves leading to the heart and blood vessels;
impaired wound healing; inflammatory bowel disease, diarrhoea and constipation; pituitary dysfunction. Long-
term side effects and efficacy after discontinuation remain unknown [10,21]. There is a risk of developing
antibodies directed against the drug [21].

Conclusions

In conclusion, anti-CGRP monoclonal antibodies show greater efficacy, especially in patients for whom
"classical" prophylactic treatment has proven ineffective, and a much more favorable safety profile compared to
current medications [10]. These drugs seem to provide promising prospects of improving the lives of
migraineurs. As based on current knowledge, the benefits are superior to the likelihood of harm.
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