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Abstract
Background About 15% to one third of migraineurs experience aura symptoms. Aura is a reversible focal neurological phe-
nomenon involving visual, sensory, speech, and motor symptoms that usually precede migraine pain. Monoclonal antibodies 
against calcitonin-related peptide (anti- CGRP mAbs) are effective in preventing chronic and episodic migraine, but little is 
known about their effectiveness on specifically preventing migraine with aura.
Methods This is a pilot prospective observational cohort study, aiming at evaluating the effectiveness and safety of Ere-
numab, Fremanezumab or Galcanezumab for the treatment of migraine aura. We enrolled 14 patients at the Headache Cen-
tre of University Federico II of Naples. Duration of follow-up was 12 months. We assessed mean monthly days with aura 
symptoms, with or without subsequent headache, as well as mean monthly days with headache and mean monthly MIDAS 
score, by reviewing standardized paper patient headache diaries every three months.
Results A significant decrease in mean monthly aura days was observed throughout the observation period (median baseline: 
13, interquartile range: 4–16; after 12 months: 1, interquartile range: 0–3, p < 0.001). We observed a statistically signifi-
cant decrease in mean monthly headache days as well (median baseline 21, interquartile range: 16–30; after 12 months: 5, 
interquartile range: 4–7, p < 0.001). During the 12-month treatment period, none of the 14 patients reported mild or serious 
adverse events.
Conclusion Our findings suggest that anti-CGRP mAbs are highly effective in migraine with aura, both in reducing mean 
monthly aura days and mean monthly days with headache.
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Introduction

Migraine affects a substantial portion of the global popu-
lation, with an estimated prevalence of 14.7% worldwide 
[1]. Migraine can manifest with or without aura, and aura 
symptoms are experienced by approximately 15% to 33% of 
individuals with migraine [2, 3]. Aura refers to a transient, 
reversible focal neurological phenomenon that typically 
precedes the onset of migraine pain. It involves a range of 

symptoms, including visual disturbances, sensory altera-
tions, speech impairments, and motor abnormalities [4].

While the pathophysiology of migraine with aura remains 
incompletely understood, it is believed to involve complex 
neurovascular interactions and cortical spreading depression 
(CSD) [5, 6]. CSD is a wave of neuronal depolarization that 
propagates across the cerebral cortex, leading to changes in 
blood flow and neurochemical activity, possibly contributing 
to the development of migraine symptoms [7]. The critical 
event in the initiation and transmission of CSD is character-
ized by a significant reduction in the resistance of neuronal 
membranes, accompanied by substantial elevations in extra-
cellular potassium (K +) levels and concurrent elevations 
in intracellular sodium (Na +) and calcium (Ca2 +) levels 
[8, 9]. In addition to the changes in the flow of ions, CSD 
is linked to modifications in the release and dispersion of 
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various substances within the interstitial space, including 
excitatory neurotransmitters, serotonin, calcitonin gene-
related peptide (CGRP), and brain-derived neurotrophic 
factor [10, 11].

In recent years, monoclonal antibodies targeting calci-
tonin gene-related peptide (CGRP) and its receptor have 
emerged as a novel treatment option for migraine prevention. 
CGRP is a potent vasodilator and a key mediator of neuro-
genic inflammation. It is released during migraine attacks 
and is implicated in the pathophysiology of migraines, 
including those with aura [12].

CGRP has been found to enhance the susceptibility of 
brain tissue to CSD, potentially making it more likely to 
occur and propagate [13–15]. Additionally, the inhibition in 
CGRP activity causes inhibition of CSD-mediated vasodila-
tion in various species such as rats, cats, or rabbits [11]. It 
is speculated that CGRP promotes neurovascular coupling 
and vasodilation, leading to increased blood flow and facili-
tating the propagation of CSD across the cortical surface. 
The interaction between CGRP and the neurovascular sys-
tem may create a positive feedback loop, exacerbating the 
occurrence of migraine aura [16].

Anti-CGRP monoclonal antibodies (anti-CGRP mAbs) 
have demonstrated efficacy in reducing the frequency and 
severity of both chronic and episodic migraine [17–21]. 
However, limited research has focused specifically on their 
effectiveness in preventing migraine aura.

We hypothesize that anti-CGRP mAbs are effective in 
reducing the occurrence and severity of migraine attacks 
accompanied by aura symptoms. Therefore, the objective of 
this study is to evaluate the effectiveness and safety of anti-
CGRP mAbs in the prevention of migraine aura.

Methods

This is a pilot observational cohort study evaluating the 
effectiveness and safety profiles of Galcanezumab, Freman-
ezumab, and Erenumab for the treatment of migraine with 
aura meeting the International Classification of Headache 
Disorders, 3rd edition (ICHD-3) criteria for migraine with 
aura [22]. The study was approved by our local ethics com-
mittee and all patients gave written informed consent before 
any procedure linked to the study. The patient's identity 
was known only to the treating physician and privacy was 
guaranteed by assigning a pseudonym to each patient. We 
enrolled 14 patients with migraine with aura at the Head-
ache Centre of the University Federico II of Naples, who 
were offered for the first time a mAbs prescription between 
February 2021 and March 2022. A total of 3 patients were 
excluded from the study because of contraindications to the 
use of mAbs (severe arterial hypertension, history of car-
diovascular or cerebrovascular disease). Inclusion criteria 

were: diagnosis of migraine with aura fulfilling the ICHD-3 
criteria, at least two aura episodes per month in the last 
12 months, age greater than or equal to 18 years, and a his-
tory of ≥ 3 failed treatments with validated migraine pre-
ventatives at a standard dose for at least 2 months. Alter-
natively, preventive treatments had to be contraindicated. 
The duration of follow-up was 12 months. Demographics, 
detailed medical history, and the presence of comorbidities 
were recorded at baseline. During a 1-month run-in period 
and for the study duration, patients were asked to complete a 
paper and pencil headache diary. For this task they recorded 
daily presence of aura, aura presentation (typical forms 
such as visual, sensory, speech, motor; or atypical forms), 
headache, headache duration, headache-related symptoms 
(photophobia, phonophobia, aura, nausea, vomiting, motion 
sensitivity), pain intensity using a 0–10 analogue scale (0 
no pain, 1–3 mild, 4–7 moderate, 8–10 severe pain), and the 
use of acute medication to treat headache. Diaries were col-
lected at each treatment prescription and in the absence of a 
filled-in diary, a prescription was not handed to the patient. 
For this reason, we did not have missing diaries at any time 
point, but it is still possible that patients did not fill them in 
while having a migraine attack.

Erenumab (monthly dose 140  mg), Fremanezumab 
(monthly dose 225 mg), or Galcanezumab (at initial dose 
of 240 mg and subsequent monthly doses of 120 mg) were 
administered according to manufacturers’ recommenda-
tions. Patients were allowed to take their current preventive 
therapies if the dose had been stable for at least 3 months 
before starting anti-CGRP mAb treatment. Migraine-related 
clinical burden was assessed with the Migraine Disability 
Assessment (MIDAS) at baseline and every 3 months for 
12 months. Mean monthly days with aura, with or without 
subsequent headache, occurring during the run-in period, as 
well as during anti-CGRP mAb treatment, were evaluated 
by reviewing standardized paper patient headache diaries at 
baseline and every 3 months during follow-up visits. The 
same was done with mean monthly days with headache. 
Migraine monthly days and MIDAS score have both proved 
to be reliable in clinical studies [23].

The primary outcome of this study was the reduction of 
mean monthly days with migraine aura after 12 months of 
continuous treatment with mAbs. The secondary outcomes 
were the reduction of mean monthly days with headache, 
MIDAS score, and the use of acute medications to treat 
headache.

Statistical analysis

Quantitative variables are reported as median and interquar-
tile range given the sample size. Variables normal distribu-
tion was checked with the Shapiro–Wilk test. Qualitative 
variables are given as relative frequencies and percentages. 
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Given the specific structure of the data (longitudinal data), 
a mixed model approach was used. Given that the outcome 
was a count variable (number of days), multinomial mixed 
model with log link function was applied, where patients 
were used as random effect. Covariance structure for mar-
ginal model was unstructured. The linearity of both models 
was confirmed by a post-hoc analysis. Migraine days, aura 
days, and MIDAS was needed for the acute phase were used 
as dependent variables. Statistical significance was set at 
0.01 after Bonferroni correction. Statistical analyses were 
performed using Stata18 (StataCorp., College Station, TX, 
USA).

Results

Fourteen patients were included in the study (median 
38 years, IQR. 31–53). The median duration of the dis-
ease was 19 years (IQR: 6–30). Six patients were treated 
with Fremanezumab, five patients with Galcanezumab and 
three with Erenumab. All patients had typical aura. Eleven 
patients had chronic migraine. Demographic and baseline 
clinical characteristics of patients are fully reported in 
Table 1.

Overall, a significant decrease in mean monthly days 
with aura was observed throughout the observation period 
(median baseline: 13, IQR: 4–16; after 3 months: 3, IQR: 
1–4, p < 0.001; after 6 months: 1; IQR: 0–4, p < 0.001; 
after 9 months: 0, IQR: 0–4, p < 0.001; after 12 months: 
1, IQR: 0–3, p < 0.001) (Fig. 1). There was no statisti-
cally significant difference in mean monthly days with 
aura between patients with different monoclonal antibod-
ies (p = 0.613).

There was a statistically significant decrease in mean 
monthly headache days after three months (median base-
line 21, IQR: 16–30; three months: 7, IQR: 6–8, p < 0.001), 
which remained statistically low compared to baseline 
over the entire observation period (6 months: 7, IQR: 6–8, 
p < 0.001; 9 months: 6, IQR: 4–7, p < 0.001; 12 months: 
5, IQR: 4–7, p < 0.001) (Fig. 2). Mean monthly days with 
headache was not statistically different between the three 
monoclonal antibodies (interaction term p = 0.884).

Overall, MIDAS showed a statistically significant reduc-
tion from baseline (median: 55, IQR: 43–81) throughout 
the observation period (after 3 months: 19, IQR: 16–22, 
p < 0.001; after 6 months: 19, IQR: 16–22, p < 0.001; after 
9 months: 16, IQR: 11–22, p < 0.001; after 12 months: 14, 
IQR: 11–19, p < 0.001) (Fig. 3). There were no differences in 
MIDAS compared to the monoclonal antibodies (p = 0.913).

Table 1  Demographic and baseline headache characteristics of 
patients

No. Patients 14

Age (years), median (IQR) 38 (31–53)
Disease Duration (years), median (IQR) 19 (6–30)
Drug, n(%)

  Erenumab 3 (21.4)
  Fremanezumab 6 (42.9)
  Galcanezumab 5 (35.7)

Aura types, n(%)
Typical (visual, sensory, speech) 14 (100)
Frequency, n(%)

  Chronic 11 (78.6)
  Episodic 3 (21.4)
  Aura days per month, median (IQR) 13 (4–16)
  Headache days per month, median (IQR) 21 (16–30)
  MIDAS, median (IQR) 55 (43–81)

Concomitant Prophylaxis, n(%) 7 (50.0)
Comorbidities, n(%) 10 (71.4)
MOH, n(%) 2 (14.3)

Fig. 1  Days with aura – Box 
plot
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During the 12-month treatment period, none of the 14 
patients reported mild or serious adverse events.

Discussion

The results of our study provide valuable clinical evidence 
supporting the role of CGRP in the pathophysiology of 
migraine with aura. We observed a significant reduction 
in the mean monthly days with migraine aura in patients 
receiving anti-CGRP monoclonal antibodies. This finding 
suggests that targeting CGRP can effectively mitigate the 
occurrence and severity of migraine aura, further supporting 
the hypothesis that CGRP is implicated in the initiation and 
propagation of CSD.

CGRP has emerged as a key player in the pathophysiol-
ogy of migraine, and its involvement in the activation of 
cortical spreading depression has been investigated in recent 
years. CSD is a phenomenon characterized by a wave of 

neuronal hyperactivity followed by a period of depression, 
and it is strongly associated with migraine aura [6].

CGRP has been shown to increase neuronal excitability, 
which can trigger CSD by promoting sustained depolariza-
tion and facilitating the spread of neuronal activity across the 
cortex [24]. The excitatory effects of CGRP may be medi-
ated through its direct action on ion channels and receptors, 
leading to enhanced neuronal firing and synaptic transmis-
sion. Additionally, CGRP can stimulate the release of other 
neurotransmitters, such as glutamate, which is known to play 
a pivotal role in the initiation and propagation of CSD [25]. 
Interestingly, CSD itself stimulates the release of CGRP, 
suggesting a bidirectional and reciprocal interaction [14, 16].

A recent study by Tozzi et al. demonstrated inhibition of 
CSD by blocking the CGRP receptor in an in vitro model, 
reinforcing the hypothesis of a CGRP contribution in the 
pathogenesis of CSD [14]. In another study by Jiang et al. 
it was found that transient receptor potential ankyrin A1 
(TRPA1), whose activation is known to stimulate CGRP 

Fig. 2  Box plot—Headache 
days

Fig. 3  Box-plot—MIDAS score
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release in the trigeminal ganglion, plays a pivotal role in 
CSD propagation, and it has been suggested that the activa-
tion of TRPA1 and production of CGRP by reactive oxygen 
species (ROS) initiate a feedback loop that regulates corti-
cal susceptibility to CSD, so that CGRP may enhance the 
propagation of CSD [13, 26, 27].

Over the last years, there has been a report by Mat-
teo et al. pointing out the effectiveness of Erenumab in 
reducing aura frequency [28], and a small case-series of 2 
patients by Albanese and Mercuri in which Galcanezumab 
and Erenumab were effective in treating and reducing aura 
frequency, duration and intensity [29], providing an initial 
clinical evidence regarding anti-CGRP mAbs effectiveness 
in migraine aura. In a very recent study on migraine with 
aura patients it was demonstrated that, following intrave-
nous CGRP infusion, 38% of the patients developed aura 
symptoms, further underscoring the involvement of CGRP 
in aura mechanisms [30].

By blocking the action of CGRP, anti-CGRP mAbs can 
modulate the excitability of neurons, inhibit the release of 
other neurotransmitters involved in CSD, and attenuate the 
susceptibility of brain tissue to CSD. This multifaceted 
mechanism of action may contribute to the observed reduc-
tion in mean monthly days with migraine aura in our study.

In addition to the impact on migraine aura, anti-CGRP 
mAbs have also demonstrated efficacy in reducing the fre-
quency and severity of migraine attacks in general. Previous 
studies have shown that these medications can effectively 
prevent both episodic and chronic migraines, as well as other 
rarer subtypes of migraine such as vestibular migraine [21, 
31]. The broader clinical benefits observed with anti-CGRP 
mAbs further support their potential as a comprehensive 
treatment option for migraineurs, addressing both the aura 
symptoms and the headache phase.

It is important to note that while our study provides 
promising results regarding the reduction of mean monthly 
days with migraine with aura following treatment with anti-
CGRP mAbs, further research is warranted to elucidate the 
underlying mechanisms and confirm the generalizability 
of these findings. A recent study using animal models of 
migraine aura found that Fremanezumab was able to slow 
the propagation of CSD but didn’t prevent its initiation [32], 
suggesting that other mechanisms are involved in CSD ini-
tiation, and future studies should explore the specific effects 
of anti-CGRP mAbs on initiation of CSD and CSD param-
eters, such as propagation velocity and duration, to provide 
a more comprehensive understanding of their impact on the 
pathophysiology of migraine with aura. Finally, beyond CSD 
other mechanisms may also play a role in the pathogenesis of 
migraine with aura, necessitating further investigation into 
potential therapeutic interventions.

This work has some limitations, mainly due to the nature 
of a pilot study and thus the small sample size, which 

prevents a generalisation of our findings. Future research 
should be conducted with a larger sample to confirm these 
preliminary results.

Conclusion

Our findings support the hypothesis that CGRP may play 
a crucial role in CSD and development of migraine aura. 
These results provide valuable insights into the therapeutic 
potential of anti-CGRP mAbs as a targeted treatment for 
migraineurs with aura. Further investigations are needed to 
elucidate the precise mechanisms by which CGRP influences 
CSD and aura symptoms and to optimize the clinical man-
agement of migraine with aura.
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