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Abstract

:

The aim of the present study was to evaluate whether previous preventive treatment with onabotulinumtoxin-A might influence subsequent clinical response following a switch to anti-CGRP monoclonal antibodies (mAbs). The present retrospective study was conducted at the Headache Centre—Neurology Clinic at the Spedali Civili Hospital of Brescia between November 2018 and May 2023. The primary objective was to assess clinical outcome (monthly headache days (MHDs), monthly migraine days (MMDs), mean analgesics consumption, and clinical disability according to Migraine Disability Assessment (MIDAS)) following three months (T3) of preventive treatment with anti-CGRP mAbs comparing patients who did and those who did not previously receive treatment with Onabotulinumtoxin-A. Moreover, we aimed to evaluate whether the clinical response to anti-CGRP mAbs was affected by the number of previous Onabotulinumtoxin-A administrations. At T3, compared to Onabotulinumtoxin-A naïve patients, patients who previously received Onabotulinumtoxin-A documented fewer MMDs (3.3 ± 3.7 versus 5.2 ± 5.0; p = 0.017) and a lower MIDAS score (23.2 ± 20.9 versus 37.4 ± 39.6; p = 0.013). Patients who received at least 3 onabotulinumtoxin-A administrations documented, at T3, lower MMDs compared to those who received fewer cycles (respectively, 2.1 ± 2.7 vs. 6.5 ± 4.4; p = 0.024). In conclusion, according to our data, previous treatment with onabotulinumtoxin-A might improve subsequent response to anti-CGRP mAbs preventive treatment.
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Key Contribution: Migraine prophylaxis with Onabotulinumtoxin-A is a valid and effective treatment for chronic migraine. In patients who later switch to anti-CGRP monoclonal antibodies, previous treatment with Onabotulinumtoxin-A is associated with a better clinical outcome compared to those who did not undertake this prophylaxis.










1. Introduction


Chronic migraine (CM) is a debilitating disease that affects up to 5% of patients with migraine [1] with a very high social and economic impact, leading to three times higher direct costs than episodic migraine (EM) [2].



The pathophysiology of CM involves both peripheral and central sensitization of the trigeminovascular system [1]. Peripheral sensitization of the primary afferent nociceptive neurons is characterized by a spontaneous response to external subthreshold stimuli to which they usually do not respond, resulting in the activation/upregulation of meningeal nociceptors such as the transient receptor potential (TRP) channels TRPV1, ATP-gated P2X3 receptors, dopaminergic D1 and D2 receptors, serotonergic 5HT1b/1d receptors, and the calcitonin gene-related peptide (CGRP) receptor [3]. Patients with CM express a significantly higher percentage of transient receptor potential vanilloid type-1 receptor (TRPV1) in nerve fibers innervating the walls of scalp arteries. Consequently, the receptor induces the excitation of the trigeminovascular pathway resulting in a massive release of glutamate and neuropeptides, e.g., CGRP, which in turn promote sensitization [2]. Central sensitization is a state where nociceptive neurons in the trigeminocervical complex (TCC) and in the thalamic posterior and ventral posteromedial nuclei exhibit increased excitability, synaptic strength, and enlargement of their receptive fields beyond the original site of inflammation or injury [1,2]. These mechanisms can then become independent and present with self-stimulation.



Onabotulinumtoxin-A is an intramuscularly injected acetylcholine release inhibitor and neuromuscular blocking agent that was the first prophylactic treatment specifically indicated for chronic migraine. It is a well-tolerated and effective treatment, available since 2010 [4]. Its mechanisms of action are various, acting towards a plethora of targets [5]. In particular, it inhibits the release of neuropeptides such as CGRP [6] and decreases the insertion of TRPV1 in the C-type neurons [3,7]. This is possible through the cleavage of SNAP-25 in the intracellular membrane of the synaptic cleft preventing the fusion of synaptic vesicles and the release of neurotransmitters (such as CGRP and substance P) and inhibiting the insertion of TRPV1 into the terminal membrane of sensory first-order neurons [5]. Its effects seem to act both by blocking the activation of unmyelinated meningeal nociceptors stimulated outside the blood–brain barrier and also stimulated inside the blood–barrier (such as the cortical spreading depression). Melo-Carillo et al. in 2018 demonstrated that in a female rat model, treated with an extracranial injection of onabotulinumtoxin-A and then stimulated with cortical spreading depression after 7–14 days, the prolonged firing of the meningeal nociceptors of unmyelinated C-fibres was significantly reduced, but not their percentage of activated nociceptors [8].



Since 2018, a new prophylactic option has been available for migraine prevention: anti-CGRP monoclonal antibodies (mAbs). These molecules have a direct anti-CGRP effect, binding either the actual CGRP molecule or its receptor. Ant-CGRP mAbs (eptinezumab, erenumab, fremanezumab, and galcanezumab) have all proven safe and effective in the prophylaxis of both EM and CM, with or without medication overuse (MO) and comorbidities [9]. Although not yet available and/or refundable in our country, given the similar pharmacodynamics and favorable outcome in randomized clinical trials, oral anti-CGRP receptor antagonists rimegepant and atogepant [10,11] will surely also provide a significant option in CM prophylaxis. Given the different mechanisms and sites of action, as well as their differences regarding central and peripheral sensitization, it might seem more than plausible that a subsequent and/or combined treatment with these two therapies might have a strong synergistic effect [12].



The aim of the present study was to evaluate whether previous preventive treatment with onabotulinumtoxin-A might influence—positively in our hypothesis—subsequent clinical response following a switch to anti-CGRP mAbs, and whether the number of previous Onabotulinumtoxin-A administration might also influence clinical response.




2. Results


One-hundred and twenty-eight patients were enrolled, of which 51 (39.9%) previously treated with onabotulinumtoxin-A. The latter group was treated quarterly with 195 U. Moreover, the time between the last administration of onabotulinumtoxin and the first dose of anti-CGRP monoclonal antibodies was of three months.



The sample included 108 women (84.4%) with a mean age of 44.9 (SD10.9) years old and a mean disease duration of 27.1 (SD10.8) years. Ninety-eight patients (76.6%) documented medication overuse. Allodynia was reported by 66 (51.6%) patients.



At baseline, the mean MHD was 23.7 (SD5.7), MMDs was 13.9 (SD8.0), mean MIDAS score was 108.9 (SD 76.1), and mean analgesics consumption was 24.8 (SD 18.8).



Patients previously treated with onabotulinumtoxin-A documented fewer MMDs at T0 compared to those who did not undertake onabotulinumtoxin-A (respectively, 12.6 ± 9.1 vs. 14.8 ± 7.2; p = 0.023), a higher frequency of allodynia (respectively, 62.7% vs. 44.2%; p = 0.026) and lower frequency of associated symptoms (74.5% vs. 85.7%; p = 0.030).



All clinical and demographical data are presented in Table 1.



Concerning the primary endpoint, patients previously treated with onabotulinumtoxin-A versus those who did not receive this previous therapeutic option, at T3 documented lower mean MMDs (respectively, 3.3 ± 3.7 versus 5.2 ± 5.0; p = 0.017), a lower pain intensity according to NRS (5.9 ± 1.0 vs. 6.6 ± 2.0; p = 0.013) and a lower MIDAS score (23.2 ± 20.9 versus 37.4 ± 39.6; p = 0.013)—see Table 2. Analyzing data as the mean difference from T0 to T3, we also documented a significant difference in terms of analgesics consumption between patients previously treated with onabotulinumtoxin-A versus those who did not (respectively, −19.02 ± 22.06 vs. −13.4 ± 9.77; p = 0.003).



On average, patients in the onabotulinumtoxin-A group received 5 (range 1–11) previous administration cycles before initiating anti-CGRP mAbs. Fourteen patients discontinued before the third cycle (minimum number to detect a significant clinical response) for personal choice or scarce tolerance to the injections. Those who discontinued following the third treatment cycle did so due to no or partial response or, regardless of response, still documented > 8 migraine days per month.



Patients who received at least 3 onabotulinumtoxin-A administrations documented, at T3, lower MMDs compared to those who received fewer cycles (respectively, 2.1 ± 2.7 vs. 6.5 ± 4.4; p = 0.024). Other clinical outcomes were not statistically significant, although a general trend towards a better outcome in patients who completed the three treatment cycles (see Table 3).



Regarding clinical outcome at T3, for all patients in treatment with anti-CGRP mAbs, compared to T0 a significant reduction in MHDs (11.4 ± 8.2 vs. 24.0 ± 5.6; p < 0.0001), MMDs (4.4 ± 4.6 vs. 13.6 ± 8.2; p < 0.0001), analgesics consumption (8.6 ± 8.0 vs. 25.0 ± 18.6 p < 0.0001), pain intensity (vs. 6.3 ± 1.7 vs. 7.7 ± 1.1; p < 0.0001), and MIDAS score (30.5 ± 32.6 vs. 106.0 ± 73.1 p < 0.0001) was found. Figure 1 shows each variable subdivided into two groups according to the number of onabotulinumtoxin-A administrations (for patients who received the treatment).



After three months of follow-up, 51.6% of the entire sample (66/128) had a >50% reduction in MHDs that corresponded to 62.7% in the subgroup of patients previously treated with onabotulinumtoxin-A and 46.8% in the subgroup of patients that did not undertake onabotulinumtoxin-A (p = 0.81).




3. Discussion


This retrospective study confirmed data from the literature on the efficacy of anti-CGRP mAb in chronic migraine patients [9,13,14,15,16].



The aim of the present study was to evaluate whether previous onabotulinumtoxin-A preventive treatment, in patients currently in prophylaxis with anti-CGRP mAbs, might influence clinical response to the latter. Indeed, our data documented that, compared to patients that only attempted the oral standard of care, patients who also attempted onabotulinumtoxin-A—especially those who completed at least three treatment cycles—had a better early clinical response to anti-CGRP mAbs. In particular, the difference was observed in terms of migraine days, which seemed to be significantly lower already at baseline, most likely due to the effect of the recent onabotulinumtoxin-A treatment.



Onabotulinumtoxin-A and anti-CGRP mAbs have both proven effective in CM prophylaxis, as well as medication overuse, not only in randomized registrative clinical trials but also in real-life studies [17,18,19,20,21,22,23]. In particular, these two treatments seem to act synergistically [12], with onabotulinumtoxin-A having an indirect blockage effect on the CGRP pathway compared to mAbs. Indeed, various studies documented a significant efficacy of the combination of the two treatments, i.e., anti-CGRP mAbs as an add-on therapy to onabotulinumtoxin-A [20,24,25,26,27,28,29,30,31].



To the best of our knowledge, no previous study assessed how previous onabotulinumtoxin-A affected subsequent response to anti-CGRP mAbs. Previous reports documented a positive outcome for anti-CGRP mAbs in patients who previously failed onabotulinumtoxin-A [25].



Given the present results, it could be hypothesized that onabotulinumtoxin-A might work as a first step toward reversion from chronic to episodic migraine. Once an episodic frequency has been obtained—if obtained—switching to anti-CGRP mAbs might further improve clinical outcome, going from a high- to a low-frequency episodic migraine. This hypothesis is supported by the finding that patients who received more than three treatment cycles documented fewer migraine days compared to those who received a shorter treatment.



Clinical outcome following anti-CGRP mAbs introduction was better in patients who were previously treated with onabotulinumtoxin-A compared to those who only attempted the oral standard of care, although the former documented a higher baseline MMDs and more frequently presented allodynia, a recognized marker of central sensitization [5]. In some ways, our data could also support combined treatment or even a bridge therapy with both onabotulinumtoxin-A and anti-CGRP mAbs.



On the matter, there is no consensus regarding the feasibility and paradigm for such combined treatment, nor evidence regarding anti-CGRP mAb might be more appropriate in combination with onabotulinumtoxin-A. Given the onabotulinumtoxin-A mechanism of action, which eventually results in reduced CGRP release, an anti-CGRP ligand might be the more favorable combination. However, further studies, in particular cross-sectional studies (in order to assess the precise order of introduction and switch of paradigms) are needed.



Similarly, there is no overt consensus regarding the timing of onabotulinumtoxin-A and anti-CGRP mAbs introduction. Most countries in Europe have specific paradigms regarding reimbursement, with anti-CGRP mAbs being reimbursed only following three prophylactic treatments. However, these indications are based on pharmacoecomics, not clinical outcomes. Indeed, the 2022 European Headache Federation guidelines [9] advised anti-CGRP mAbs to be considered a “first-line” treatment for migraine prevention. On the contrary, the 2018 consensus [4] advised for Onabotulinumtoxin-A to be introduced following two to three previous prophylactic failures. This was advised based on expert opinion and mainly due to safety, tolerability, and costs.



This study has several limitations, with the main being the retrospective design and the sample size. Moreover, a longer follow-up might be needed in order to confirm whether data from the first months of treatment is consistent with later responses. It might be of interest also to evaluate the exact clinical trend of all onabotulinumtoxin-A patients who later switched to anti-CGRP mAbs to obtain a better understanding of response predictors.




4. Conclusions


According to our data, previous treatment with onabotulinumtoxin-A might improve subsequent response to anti-CGRP mAbs therapy. Thus, in patients with chronic migraine, prophylactic treatment with onabotulinumtoxin-A represents a valid option to be considered also in those patients who are already eligible for anti-CGRP mAbs prophylaxis, as it might improve their overall clinical response.




5. Materials and Methods


5.1. Standard Protocol Approvals and Patient Consents


This study received approval from the Ethics Standards Committee on Human Experimentation (local ethics committee of the ASST Spedali Civili Hospital, Brescia: NP 3949, approved 10 August 2020). Full written informed consent was required for all participants.




5.2. Study Design and Participants


The present work is an observational retrospective study conducted at the Headache Centre—Neurology Clinic at the Spedali Civili Hospital of Brescia between November 2018 and May 2023.



This study included all adult patients with a diagnosis of CM according to the International Classification of Headache Disorders III (ICHD-III) [32] in prophylactic treatment with anti-CGRP monoclonal antibodies (erenumab, fremanezumab, galcanezumab) with a 3-month follow-up in May 2023. Inclusion criteria were the following: documented history of migraine for at least 12 months, headache diary compilation in the 3 months prior to study enrolment, ≥15 migraine days per month for at least 3 months, and ≥3 previous prophylactic failures.



Clinical and demographical information (disease duration, migraine-associated symptoms and severity, triptans response, previous prophylactic treatments) were collected for all patients. Data regarding headache frequency (monthly headache and migraine days—respectively, MHDs and MMDs), analgesics consumption, attacks’ pain intensity (using the Numerical Rating Scale, NRS), and migraine disability (MIDAS score) were collected at baseline (T0) and following three (T3) months of treatment.




5.3. Outcome Measures


The primary endpoint of the present study was to assess whether previous preventive treatment with onabotulinumtoxin A might affect subsequent anti-CGRP mAbs response (T3), compared to patients who only attempted oral standard-of-care therapies. Clinical response was evaluated in terms of monthly headache days (MHDs), monthly migraine days (MMDs), mean analgesics consumption, and clinical disability according to Migraine Disability Assessment (MIDAS).



The secondary endpoints were (1) to evaluate whether the clinical response to anti-CGRP mAbs was affected by the number of previous Onabotulinumtoxin-A administrations; and (2) to evaluate the clinical outcome of patients in treatment with anti-CGRP mAbs at T3.




5.4. Statistical Analysis


Shapiro–Wilk test and Levene test were used to assess the normality of the distribution and the homogeneity of variance. Continuous variables were described as mean and standard deviation or median and interquartile range as appropriate, and categorical variables were expressed as frequencies and percentages.



An independent t-test was conducted to test whether there were statistically significant differences in MMDs/MHDs, analgesics consumption, and migraine disability (MIDAS score) from baseline to T3 in patients who did the treatment compared to those who did not undertake onabotlunimtoxin A pre-mAbs treatment. A repeated measure t-test-test was conducted to assess clinical outcome from baseline to T3.



Clinical response (>50% reduction in MHDs at T3 compared to T0) between the two treatment groups was compared using the Spearman correlation coefficient and Chi-square.



Statistical significance was set at p < 0.05. Data analyses were carried out with SPSS software (version 22.0; Armonk, NY, USA).








Author Contributions


Conceptualization, F.S.d.C. and R.R.; methodology, F.S.d.C., R.R. amd G.C.; software, M.B.; validation, R.R. and A.P.; formal analysis, G.C.; investigation, G.C., F.S.d.C., S.C. and M.D.P.; resources, R.R. and A.P.; data curation, G.C.; writing—original draft preparation, G.C.; writing—review and editing, F.S.d.C., R.R. and A.P.; visualization, A.P. and R.R.; supervision, R.R.; project administration, S.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This study received approval from the Ethics Standards Committee on Human Experimentation (local ethics committee of the ASST Spedali Civili Hospital, Brescia: NP 3949, approved 10 August 2020).




Informed Consent Statement


Full written informed consent was required for all participants.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


Francesca Schiano di Cola has received speaker honoraria from Eli-Lilly, Lundbeck, and Novartis. Renata Rao has received speaker honoraria from Eli-Lilly, Novartis, Lundbeck, and Teva. Alessandro Padovani is a consultant, has served on the scientific advisory board of GE Healthcare, Eli-Lilly, and Actelion Ltd. Pharmaceuticals, and has received speaker honoraria from Nutricia, PIAM, Langstone Technology, GE Healthcare, Lilly, Lundbeck, UCB Pharma, and Chiesi Pharmaceuticals. He is funded by a grant from the Ministry of the University (MURST).




References


	



Ferrari, M.D.; Goadsby, P.J.; Burstein, R.; Kurth, T.; Ayata, C.; Charles, A.; Ashina, M.; van den Maagdenberg, A.; Dodick, D.W. Migraine. Nat. Rev. Dis. Primers 2022, 8, 2. [Google Scholar] [CrossRef]

	



Mungoven, T.J.; Henderson, L.A.; Meylakh, N. Chronic Migraine Pathophysiology and Treatment: A Review of Current Perspectives. Front. Pain Res. 2021, 2, 705276. [Google Scholar] [CrossRef]

	



Burstein, R.; Zhang, X.; Levy, D.; Aoki, K.R.; Brin, M.F. Selective inhibition of meningeal nociceptors by botulinum neurotoxin type A: Therapeutic implications for migraine and other pains. Cephalalgia 2014, 34, 853–869. [Google Scholar] [CrossRef]

	



Bendtsen, L.; Sacco, S.; Ashina, M.; Mitsikostas, D.; Ahmed, F.; Pozo-Rosich, P.; Martelletti, P. Guideline on the use of onabotulinumtoxinA in chronic migraine: A consensus statement from the European Headache Federation. J. Headache Pain 2018, 19, 91. [Google Scholar] [CrossRef]

	



Burstein, R.; Blumenfeld, A.M.; Silberstein, S.D.; Manack Adams, A.; Brin, M.F. Mechanism of Action of OnabotulinumtoxinA in Chronic Migraine: A Narrative Review. Headache 2020, 60, 1259–1272. [Google Scholar] [CrossRef]

	



Durham, P.L.; Cady, R.; Cady, R. Regulation of calcitonin gene-related peptide secretion from trigeminal nerve cells by botulinum toxin type A: Implications for migraine therapy. Headache 2004, 44, 35–42. [Google Scholar] [CrossRef]

	



Shimizu, T.; Shibata, M.; Toriumi, H.; Iwashita, T.; Funakubo, M.; Sato, H.; Kuroi, T.; Ebine, T.; Koizumi, K.; Suzuki, N. Reduction of TRPV1 expression in the trigeminal system by botulinum neurotoxin type-A. Neurobiol. Dis. 2012, 48, 367–378. [Google Scholar] [CrossRef]

	



Melo-Carrillo, A.; Strassman, A.M.; Schain, A.J.; Noseda, R.; Ashina, S.; Adams, A.; Brin, M.F.; Burstein, R. Exploring the effects of extracranial injections of botulinum toxin type A on prolonged intracranial meningeal nociceptors responses to cortical spreading depression in female rats. Cephalalgia 2019, 39, 1358–1365. [Google Scholar] [CrossRef]

	



Sacco, S.; Amin, F.M.; Ashina, M.; Bendtsen, L.; Deligianni, C.I.; Gil-Gouveia, R.; Katsarava, Z.; MaassenVanDenBrink, A.; Martelletti, P.; Mitsikostas, D.D.; et al. European Headache Federation guideline on the use of monoclonal antibodies targeting the calcitonin gene related peptide pathway for migraine prevention—2022 update. J. Headache Pain 2022, 23, 67. [Google Scholar] [CrossRef]

	



Croop, R.; Lipton, R.B.; Kudrow, D.; Stock, D.A.; Kamen, L.; Conway, C.M.; Stock, E.G.; Coric, V.; Goadsby, P.J. Oral rimegepant for preventive treatment of migraine: A phase 2/3, randomised, double-blind, placebo-controlled trial. Lancet 2021, 397, 51–60. [Google Scholar] [CrossRef]

	



Pozo-Rosich, P.; Ailani, J.; Ashina, M.; Goadsby, P.J.; Lipton, R.B.; Reuter, U.; Guo, H.; Schwefel, B.; Lu, K.; Boinpally, R.; et al. Atogepant for the preventive treatment of chronic migraine (PROGRESS): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2023, 402, 775–785. [Google Scholar] [CrossRef]

	



Melo-Carrillo, A.; Strassman, A.M.; Nir, R.R.; Schain, A.J.; Noseda, R.; Stratton, J.; Burstein, R. Fremanezumab-A Humanized Monoclonal Anti-CGRP Antibody-Inhibits Thinly Myelinated (Aδ) But Not Unmyelinated (C) Meningeal Nociceptors. J. Neurosci. 2017, 37, 10587–10596. [Google Scholar] [CrossRef]

	



Silberstein, S.D.; Dodick, D.W.; Bigal, M.E.; Yeung, P.P.; Goadsby, P.J.; Blankenbiller, T.; Grozinski-Wolff, M.; Yang, R.; Ma, Y.; Aycardi, E. Fremanezumab for the Preventive Treatment of Chronic Migraine. N. Engl. J. Med. 2017, 377, 2113–2122. [Google Scholar] [CrossRef]

	



Tepper, S.; Ashina, M.; Reuter, U.; Brandes, J.L.; Doležil, D.; Silberstein, S.; Winner, P.; Leonardi, D.; Mikol, D.; Lenz, R. Safety and efficacy of erenumab for preventive treatment of chronic migraine: A randomised, double-blind, placebo-controlled phase 2 trial. Lancet Neurol. 2017, 16, 425–434. [Google Scholar] [CrossRef]

	



Dodick, D.W.; Lipton, R.B.; Silberstein, S.; Goadsby, P.J.; Biondi, D.; Hirman, J.; Cady, R.; Smith, J. Eptinezumab for prevention of chronic migraine: A randomized phase 2b clinical trial. Cephalalgia 2019, 39, 1075–1085. [Google Scholar] [CrossRef]

	



Detke, H.C.; Goadsby, P.J.; Wang, S.; Friedman, D.I.; Selzler, K.J.; Aurora, S.K. Galcanezumab in chronic migraine: The randomized, double-blind, placebo-controlled REGAIN study. Neurology 2018, 91, e2211–e2221. [Google Scholar] [CrossRef]

	



Barbanti, P.; Egeo, G.; Aurilia, C.; d’Onofrio, F.; Albanese, M.; Cetta, I.; Di Fiore, P.; Zucco, M.; Filippi, M.; Bono, F.; et al. Fremanezumab in the prevention of high-frequency episodic and chronic migraine: A 12-week, multicenter, real-life, cohort study (the FRIEND study). J. Headache Pain 2022, 23, 46. [Google Scholar] [CrossRef]

	



Lipton, R.B.; Goadsby, P.J.; Smith, J.; Schaeffler, B.A.; Biondi, D.M.; Hirman, J.; Pederson, S.; Allan, B.; Cady, R. Efficacy and safety of eptinezumab in patients with chronic migraine: PROMISE-2. Neurology 2020, 94, e1365–e1377. [Google Scholar] [CrossRef]

	



Schiano di Cola, F.; Caratozzolo, S.; Bolchini, M.; Ceccardi, G.; Cortinovis, M.; Liberini, P.; Padovani, A.; Rao, R. CGRP-monoclonal antibodies in difficult-to-treat chronic migraine patients. Neurol. Sci. 2022, 43, 5763–5764. [Google Scholar] [CrossRef]

	



Scuteri, D.; Tonin, P.; Nicotera, P.; Vulnera, M.; Altieri, G.C.; Tarsitano, A.; Bagetta, G.; Corasaniti, M.T. Pooled Analysis of Real-World Evidence Supports Anti-CGRP mAbs and OnabotulinumtoxinA Combined Trial in Chronic Migraine. Toxins 2022, 14, 529. [Google Scholar] [CrossRef]

	



Vernieri, F.; Brunelli, N.; Marcosano, M.; Aurilia, C.; Egeo, G.; Lovati, C.; Favoni, V.; Perrotta, A.; Maestrini, I.; Rao, R.; et al. Maintenance of response and predictive factors of 1-year GalcanezumAb treatment in real-life migraine patients in Italy: The multicenter prospective cohort GARLIT study. Eur. J. Neurol. 2023, 30, 224–234. [Google Scholar] [CrossRef] [PubMed]

	



Aicua-Rapun, I.; Martínez-Velasco, E.; Rojo, A.; Hernando, A.; Ruiz, M.; Carreres, A.; Porqueres, E.; Herrero, S.; Iglesias, F.; Guerrero, A.L. Real-life data in 115 chronic migraine patients treated with Onabotulinumtoxin A during more than one year. J. Headache Pain 2016, 17, 112. [Google Scholar] [CrossRef] [PubMed]

	



Corbelli, I.; Verzina, A.; Leone De Magistris, I.; De Vanna, G.; Eusebi, P.; Mataluni, G.; Pisani, A.; Prudenzano, A.M.P.; Trojano, M.; Delussi, M.; et al. Sustained Efficacy, Safety and High Adherence Rate of Onabotulinum Toxin Type A in Chronic Migraine Patients: A Multicentric Prospective Real-Life Study. Toxins 2022, 15, 34. [Google Scholar] [CrossRef] [PubMed]

	



Guerzoni, S.; Baraldi, C.; Pani, L. The association between onabotulinumtoxinA and anti-CGRP monoclonal antibodies: A reliable option for the optimal treatment of chronic migraine. Neurol. Sci. 2022, 43, 5687–5695. [Google Scholar] [CrossRef] [PubMed]

	



Silvestro, M.; Tessitore, A.; Scotto di Clemente, F.; Battista, G.; Tedeschi, G.; Russo, A. Additive Interaction Between Onabotulinumtoxin-A and Erenumab in Patients With Refractory Migraine. Front. Neurol. 2021, 12, 656294. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, F.; Armand, C.; Lipton, R.B.; Vollbracht, S. Efficacy and Tolerability of Calcitonin Gene-Related Peptide-Targeted Monoclonal Antibody Medications as Add-on Therapy to OnabotulinumtoxinA in Patients with Chronic Migraine. Pain Med. 2021, 22, 1857–1863. [Google Scholar] [CrossRef]

	



Argyriou, A.A.; Dermitzakis, E.V.; Xiromerisiou, G.; Vikelis, M. OnabotulinumtoxinA Add-On to Monoclonal Anti-CGRP Antibodies in Treatment-Refractory Chronic Migraine. Toxins 2022, 14, 847. [Google Scholar] [CrossRef]

	



Pellesi, L.; Do, T.P.; Ashina, H.; Ashina, M.; Burstein, R. Dual Therapy with Anti-CGRP Monoclonal Antibodies and Botulinum Toxin for Migraine Prevention: Is There a Rationale? Headache 2020, 60, 1056–1065. [Google Scholar] [CrossRef]

	



Armanious, M.; Khalil, N.; Lu, Y.; Jimenez-Sanders, R. Erenumab and OnabotulinumtoxinA Combination Therapy for the Prevention of Intractable Chronic Migraine without Aura: A Retrospective Analysis. J. Pain Palliat. Care Pharmacother. 2021, 35, 1–6. [Google Scholar] [CrossRef]

	



Blumenfeld, A.M.; Frishberg, B.M.; Schim, J.D.; Iannone, A.; Schneider, G.; Yedigarova, L.; Manack Adams, A. Real-World Evidence for Control of Chronic Migraine Patients Receiving CGRP Monoclonal Antibody Therapy Added to OnabotulinumtoxinA: A Retrospective Chart Review. Pain Ther. 2021, 10, 809–826. [Google Scholar] [CrossRef]

	



Mechtler, L.; Saikali, N.; McVige, J.; Hughes, O.; Traut, A.; Adams, A.M. Real-World Evidence for the Safety and Efficacy of CGRP Monoclonal Antibody Therapy Added to OnabotulinumtoxinA Treatment for Migraine Prevention in Adult Patients With Chronic Migraine. Front. Neurol. 2021, 12, 788159. [Google Scholar] [CrossRef]

	



Headache Classification Committee of the International Headache Society (IHS) The International Classification of Headache Disorders, 3rd edition. Cephalalgia 2018, 38, 1–211. [CrossRef]








[image: Toxins 15 00677 g001a][image: Toxins 15 00677 g001b] 





Figure 1. Shows the clinical outcome in patients previously treated with onabotulinumtoxin-A compared to onabotulinumtoxin-A naïve patients at baseline-T0 (blue) and after three months of treatment-T3 (red). Moreover, the graphs on the right show the clinical outcome according to the number of onabotulinumtoxin-A administrations received. In particular, box (A) monthly headache days (MHDs), box (B) monthly migraine days (MMDs), box (C) clinical disability according to Migraine Disability Assessment (MIDAS), box (D) mean analgesics consumption, box (E) pain intensity. * represent significant p value (≤0.05). Bars represent within-subject differences. 
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Table 1. Summary of demographic and clinical characteristics of the entire population before treatment with anti-CGRP mAb. Values shown are numbers with percentages (%) for categorical variables and mean with standard deviation (SD) for continuous variables. * represents significant p value (≤0.05).
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Demographic and Clinical Characteristics

	
Entire Sample

(n 128)

	
Patients Previously Treated with

Onabotulinumtoxin-A

(n 51)

	
Onabotulinumtoxin-A

Naïve Patients

(n 77)

	
p Value






	
Gender (female)

	
108 (84.4)

	
43 (84.3)

	
65 (84.4)

	
0.988




	
Age

	
44.9 (10.9)

	
46.3 (10.9)

	
44.0 (10.9)

	
0.866




	
Body mass index

	
22.6 (3.9)

	
22.4 (3.4)

	
22.7 (4.2)

	
0.168




	
Years of migraine

	
27.1 (10.8)

	
27.70 (10.9)

	
26.8 (10.7)

	
0.649




	
Years of chronic migraine

	
9.2 (6.7)

	
9.4 (5.8)

	
9.1 (7.4)

	
0.102




	
Number of analgesic overusers

	
98 (76.6)

	
38 (74.5)

	
60 (77.9)

	
0.559




	
Number of triptan responders

	
84 (65.6)

	
38 (74.5)

	
46 (59.7)

	
0.147




	
Presence of allodynia

	
66 (51.6)

	
32 (62.7)

	
34 (44.2)

	
0.026 *




	
Presence of associated symptoms

	
104 (81.3)

	
38 (74.5)

	
66 (85.7)

	
0.030 *




	
Anti-CGRP monoclonal antibody

	

	

	

	
0.085




	
Erenumab

	
55 (43.0)

	
16 (31.4)

	
39 (50.6)




	
Fremanezumab

	
23 (18.0)

	
10 (19.6)

	
13 (16.9)




	
Galcanezumab

	
50 (39.0)

	
25 (49.0)

	
25 (32.5)




	
Number of previous prophylactic treatments

	
3 (0.9)

	
3.6 (0.9)

	
2.8 (0.9)

	
0.470




	
Monthly headache days

	
24.0 (5.6)

	
23.3 (6.1)

	
23.9 (5.5)

	
0.162




	
Monthly migraine days

	
13.6 (8.2)

	
12.6 (9.1)

	
14.8 (7.2)

	
0.023 *




	
Analgesic consumption

	
25.0 (18.6)

	
22.7 (14.1)

	
26.3 (21.4)

	
0.089




	
Pain intensity (using NRS)

	
7.7 (1.1)

	
7.5 (1.0)

	
7.9 (1.1)

	
0.793




	
MIDAS score

	
106.0 (73.1)

	
102.5 (82.5)

	
113.3 (71.6)

	
0.458











 





Table 2. Table 2 shows the clinical outcome in Onabotulinumtoxin-A naïve patients and patients previously treated with Onabotulinumtoxin-A after three months (T3) of anti-CGRP monoclonal antibodies. * represent significant p value (≤0.05).
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	Patients Previously Treated with Onabotulinumtoxin-A

(n 51)
	Onabotulinumtoxin-A Naïve Patients

(n 77)
	p Value





	Monthly headache days (MHDs) T3
	10.9 (7.7)
	11.4 (8.6)
	0.451



	Monthly migraine days (MMDs) T3
	3.3 (3.7)
	5.2 (5.0)
	0.017 *



	Pain intensity (using NRS) T3
	5.9 (1.0)
	6.6 (2.0)
	0.013 *



	Mean analgesic consumption T3
	8.1 (6.1)
	8.9 (9.3)
	0.105



	MIDAS score T3
	23.3 (21.0)
	37.4 (39.6)
	0.013 *










 





Table 3. Table 3 shows the clinical outcome at T3 in patients who received at least three onabotulinumtoxin-A administrations versus patients who received less than three administrations. * represent significant p value (≤ 0.05).
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	Patients Who Received at Least 3 Onabotulinumtoxin-A Administrations

(n 37)
	Patients Who Received Less than 3 Onabotulinumtoxin-A Administrations

(n 14)
	p Value





	Monthly headache days (MHDs)
	9.8 (7.2)
	13.6 (8.5)
	0.468



	Monthly migraine days (MMDs)
	2.1 (2.7)
	6.5 (4.4)
	0.024 *



	Pain intensity (using NRS)
	5.7 (1.1)
	6.3 (0.9)
	0.197



	Mean analgesic consumption
	7.2 (6.0)
	10.4 (6.1)
	0.995



	MIDAS score
	23.4 (21.7)
	22.6 (19.0)
	0.467
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