


Calcitonin Gene-Related Peptide-Targeted Therapies in Migraine: A Critical Appraisal of Current Evidence, Clinical Advances and Future Perspectives
Abstract
Migraine is among the leading causes of years lived with disability worldwide, yet for several decades its preventive pharmacology was borrowed from cardiology, epilepsy and psychiatry. Therapies directed at calcitonin gene-related peptide and its receptor constitute the first preventive class designed from migraine-specific biology, and eight agents belonging to two structural families, injectable monoclonal antibodies and small-molecule receptor antagonists known as gepants, are now in clinical use. This critical narrative review examines what the accumulated randomised, observational and pharmacovigilance evidence does and does not establish about this class in adults. Literature was identified through structured searching of biomedical and multidisciplinary scholarly databases and indexes, supplemented by backward and forward citation tracking and by examination of professional guidance, with a final search date of 15 July 2026. Studies were appraised for design adequacy, comparator choice, outcome definition, generalisability and consistency, and the evidence was organised thematically rather than study by study. Across pivotal trials the class produces reproducible but numerically modest reductions in monthly migraine days relative to placebo, typically between one and three days, while responder analyses and real-world cohorts identify a substantial subgroup deriving much larger benefit. The most defensible advantage over established oral preventive drugs lies in tolerability, treatment persistence and speed of onset rather than in average efficacy, and head-to-head and network meta-analytic evidence supports this reading. Several uncertainties persist: the biological basis of non-response, the interpretation of circulating peptide concentrations, the durability of benefit after treatment cessation, vascular safety in populations excluded from trials, the near absence of paediatric and pregnancy evidence, and the concentration of both research and access in high-income settings. Confidence in short-term efficacy and tolerability is high, whereas confidence in long-term safety, disease modification and equitable applicability remains limited. Research priorities include mechanistic stratification, pragmatic active-comparator trials, structured discontinuation studies and evidence generation beyond high-income health systems.
Keywords: Calcitonin gene-related peptide; migraine prevention; monoclonal antibodies; gepants; treatment response; drug safety; health equity
1. Introduction
Migraine is a common, episodic and frequently disabling disorder of the brain, characterised by recurrent attacks of moderate to severe headache with sensory hypersensitivity and, in a substantial minority, transient focal neurological aura (Ashina, 2020). It affects a large proportion of the working-age population and is consistently ranked among the leading global causes of years lived with disability. Global Burden of Disease estimates place headache disorders, of which migraine contributes the greater part of the disability burden, among the foremost non-fatal contributors to lost health across almost all world regions (GBD 2023 Headache Collaborators, 2025). Population-based prevalence estimates cluster around one in seven adults, with a marked female preponderance during reproductive years, although methodological heterogeneity between surveys accounts for a considerable part of the variation reported in the literature (Stovner et al., 2022). The public-health consequences extend well beyond the attack itself, encompassing interictal burden, reduced educational and occupational attainment, and systems of care that in most countries remain poorly matched to the scale of need (Ashina et al., 2021; Steiner & Stovner, 2023).
Until recently the pharmacological prevention of migraine relied entirely on medicines developed for other indications. Beta-adrenoceptor antagonists, antiseizure medicines, tricyclic antidepressants, candesartan and onabotulinumtoxinA all entered migraine practice through observation rather than design, and each carries a tolerability profile determined by its original pharmacological purpose. The clinical consequence is visible in utilisation data: real-world persistence with conventional oral preventive treatment is poor, with most patients discontinuing within months of initiation, and the reasons combine insufficient efficacy with adverse effects (Überall et al., 2026; Vandervorst et al., 2021). Large observational surveys in the United States describe a population in which only a minority of people who meet criteria for preventive treatment are receiving it, and in which unmet need persists even among those under specialist care (Hutchinson et al., 2026; Lipton et al., 2022).
The scientific basis for a migraine-specific preventive class emerged from four decades of work on a single neuropeptide. Alternative processing of the primary transcript of the CALCA gene was shown to generate a 37-amino-acid peptide distinct from calcitonin, later designated calcitonin gene-related peptide (Amara et al., 1982). Jugular venous sampling during spontaneous attacks demonstrated elevated concentrations of the peptide in the cranial circulation, implicating trigeminovascular activation in the headache phase (Goadsby et al., 1990). Intravenous infusion of the peptide subsequently provoked delayed migraine-like attacks in people with migraine but not in healthy volunteers, supplying the causal link that mechanistic association alone could not provide (Lassen et al., 2002). The translation of these observations into medicines has been described as one of the more direct bench-to-clinic sequences in modern neurology (Edvinsson et al., 2018).
Two structurally distinct approaches reached clinical practice. Monoclonal antibodies directed against the peptide itself, namely eptinezumab, fremanezumab and galcanezumab, or against the canonical receptor, in the case of erenumab, are administered subcutaneously or intravenously at monthly or quarterly intervals and are used exclusively for prevention. Small-molecule receptor antagonists, the gepants, comprise ubrogepant and zavegepant for acute treatment, atogepant for prevention, and rimegepant for both indications. The two families differ substantially in molecular size, elimination half-life, tissue penetration and dosing flexibility, and these differences carry clinical implications that are not always acknowledged when the agents are grouped together as a single class (Al-Hassany et al., 2022; Labastida-Ramírez et al., 2023). Professional bodies have responded at different speeds, with some now positioning these therapies as first-line preventive options and others retaining a requirement for prior failure of conventional treatment (Charles et al., 2024; Sacco et al., 2022).
A considerable review literature already exists. Narrative syntheses have described the pharmacology and clinical development of individual agents, network meta-analyses have compared short-term randomised outcomes across preventive drugs, and disease-oriented reviews have examined the consequences of the class for migraine care as a whole (Buse et al., 2025; Della Pietra & Russo, 2026; Lampl et al., 2023; Russo & Kaiser, 2026). These contributions are valuable but incomplete in specific respects. Quantitative syntheses are constrained to the 12-week to 24-week endpoints reported in registration trials and therefore cannot address durability, discontinuation or sequencing (Damen et al., 2025; Khalili et al., 2026; Messina et al., 2023). Drug-specific reviews rarely confront the discordance between the modest average treatment effects observed in trials and the large individual responses seen in clinics. Mechanistic reviews seldom engage with the health-system and equity questions that determine who actually receives these medicines. Reviews written before 2024 predate the head-to-head tolerability data, the prodromal treatment paradigm, the negative provocation-biomarker studies and the first randomised evidence in medication-overuse headache.
What is missing is an integrated critical appraisal that treats the discordances in this literature as the object of analysis rather than as noise to be averaged away. Three discordances are particularly consequential. The first is between statistical superiority and clinical meaning: reproducible differences of one to three migraine days per month coexist with responder rates that vary from under a third to nearly two-thirds depending on population and definition. The second is between mechanistic confidence and biomarker failure: the causal role of the peptide is well supported experimentally, yet circulating concentrations have not behaved as a usable marker of disease or of treatment response, and the most direct provocation-based prediction strategy has failed. The third is between the maturity of the efficacy evidence and the immaturity of everything surrounding it, including long-term safety in comorbid populations, rational sequencing after failure, structured discontinuation, and availability outside high-income health systems.
1.1 Scope, Research Gap and Objectives
This review addresses therapies that act on calcitonin gene-related peptide signalling in the preventive and acute management of migraine in adults. It covers the four monoclonal antibodies and the four small-molecule receptor antagonists that have reached regulatory approval in at least one major jurisdiction, together with the experimental agents directed at pituitary adenylate cyclase-activating polypeptide that represent the most advanced attempt to extend the same logic to a second neuropeptide. The evidence considered spans mechanistic human studies, randomised controlled trials, prospective and retrospective observational cohorts, registry and claims analyses, pharmacovigilance databases, quantitative syntheses and professional guidance.
Recent syntheses of monoclonal antibody evidence continue to support their role in migraine prevention while emphasizing the importance of tolerability and longer-term outcomes (Nicol & Burkett, 2025; Carta et al., 2026). Contemporary reviews of gepants likewise reflect their dual role in acute and preventive treatment and their place within the same CGRP-targeted therapeutic framework (Moriarty & Barch, 2025). Post-marketing evidence has further expanded safety assessment beyond registration trials, reinforcing the need to distinguish individual-agent signals from broader class-level conclusions (Giacon & Terrazzino, 2026).
Several areas lie outside the scope. Non-pharmacological and neuromodulation treatments are considered only where they serve as comparators or combination partners. Trigeminal autonomic cephalalgias are discussed solely to illustrate the boundaries of pathway specificity rather than as a treatment indication in their own right. Detailed health-technology-assessment modelling, regulatory decision histories and manufacturing or formulation science are not covered. Paediatric practice is discussed as an evidence gap rather than as a body of actionable evidence, because no adequately powered efficacy trial in that population has yet been reported within the period covered by this review.
The specific gap this review addresses is the absence of a synthesis that integrates efficacy, comparative effectiveness, safety, treatment persistence, prediction of response and access into a single critical account, and that distinguishes explicitly between conclusions that the evidence supports with confidence and those that remain conditional. Existing reviews have generally treated these domains separately, with the consequence that the internal tensions between them have not been examined.
Five objectives follow. The first is to evaluate the strength and the limits of the mechanistic case for targeting this pathway, including the reasons why peripheral peptide measurement has not yielded a clinical biomarker. The second is to appraise the pivotal randomised evidence for prevention and for acute treatment, with attention to comparator selection, endpoint definition, placebo response and the representativeness of enrolled populations. The third is to assess comparative effectiveness against established preventive drugs and to examine why authoritative guidance has diverged on positioning. The fourth is to appraise safety and tolerability, separating signals supported by controlled data from those that rest on mechanistic plausibility or spontaneous reporting. The fifth is to identify the clinical and scientific problems that the class has not solved and to derive prioritised research directions from them.
2. Methods for Literature Selection
2.1 Review Design and Rationale
A critical narrative design was selected rather than a systematic review or meta-analysis because the review question is interpretive rather than estimative. The aim is not to produce a pooled estimate of effect for a single comparison, which several recent quantitative syntheses have already done competently, but to examine why estimates differ across populations, why trial and clinic experience diverge, and which conclusions the combined evidence can bear. The literature relevant to this question is deliberately heterogeneous in design, encompassing experimental provocation studies, registration trials, registry cohorts, claims analyses and pharmacovigilance signals, and forcing such material into a common quantitative framework would suppress precisely the contrasts that require analysis. The argument that narrative synthesis is a legitimate and sometimes superior method for questions of this kind, provided that it is conducted transparently, has been made explicitly in the methodological literature (Greenhalgh et al., 2018).
Narrative design does not license selective citation or the omission of critical appraisal. The conduct of this review was guided by the domains of the Scale for the Assessment of Narrative Review Articles, which specifies justification of importance, statement of aims, description of the literature search, referencing of statements, scientific reasoning and appropriate presentation of data (Baethge et al., 2019). Each domain was used prospectively as a design requirement rather than retrospectively as a scoring exercise: the search was specified before selection, every substantive claim was traced to an identified source, conflicting findings were reported rather than reconciled by omission, and the strength attributed to each conclusion was calibrated to the design and consistency of the underlying studies.
2.2 Information Sources
Bibliographic searching was conducted in PubMed, Europe PMC, PubMed Central, Crossref, the Directory of Open Access Journals, Semantic Scholar and Google Scholar. These sources were selected for their coverage of clinical neurology, clinical pharmacology and public health, and for their inclusion of both subscription and open-access literature. Bibliographic metadata retrieved from any single source were cross-checked against at least one other, and the digital object identifier of every included record was resolved to confirm that it corresponded to the cited article.
Database searching was supplemented in four ways. Reference lists of recent narrative reviews, systematic reviews, network meta-analyses and consensus statements were examined for studies not retrieved by the primary searches. Forward citation tracking was applied to the pivotal randomised trials and to the principal mechanistic papers. Related-record functions were used to identify companion publications such as open-label extensions, subgroup analyses and long-term follow-up reports. The websites of headache societies and of national and international professional bodies were consulted for current guidance and position statements. Each included record was additionally checked for corrections, expressions of concern and retraction notices, and no included source was found to be retracted.
2.3 Search Strategy and Search Period
Search concepts were constructed around four axes: the molecular target and its pathway, the therapeutic agents and their classes, the clinical condition and its subtypes, and the outcome and safety domains of interest. Controlled vocabulary was combined with free-text terms where the indexing of a source permitted it. A representative strategy combined the target and agent axis, expressed as ("calcitonin gene-related peptide" OR CGRP OR erenumab OR fremanezumab OR galcanezumab OR eptinezumab OR gepant OR ubrogepant OR rimegepant OR atogepant OR zavegepant OR telcagepant), with the condition axis, expressed as (migraine OR "chronic migraine" OR "episodic migraine" OR "medication overuse headache" OR "refractory migraine"), and, where a narrower yield was required, with an outcome axis expressed as (efficacy OR effectiveness OR safety OR tolerability OR persistence OR discontinuation OR "cardiovascular" OR pregnancy OR "cost-effectiveness" OR access OR equity). Field restrictions to title and abstract were applied where a broad concept generated unmanageable yield, and publication-type filters were used to isolate randomised controlled trials, systematic reviews, meta-analyses and guidance documents when a specific evidence stratum was being sought.
The search period began in 1982, the year in which alternative processing of the calcitonin gene transcript was first described, because that publication marks the origin of the therapeutic concept under review. The final search date was 15 July 2026, and no record with a first publication date after that day was eligible for inclusion. Foundational publications predating the modern therapeutic era were retained where they were necessary to explain the historical development of the field.
2.4 Eligibility Criteria
Eligible publications were peer-reviewed journal articles reporting original research, quantitative or qualitative synthesis, or formal professional guidance relevant to calcitonin gene-related peptide-targeted therapy in migraine. Populations of interest were adults with episodic or chronic migraine, including those with medication-overuse headache, previous preventive treatment failure, or relevant comorbidity; studies in children and adolescents were eligible and were sought specifically in order to characterise the extent of the evidence gap in that population. Eligible study designs included randomised controlled trials and their pre-planned extensions, controlled and uncontrolled observational cohorts, registry and administrative claims analyses, case-control and cross-sectional biomarker studies, human experimental provocation studies, pharmacovigilance database analyses, systematic reviews, network meta-analyses and consensus documents. Outcomes of interest were migraine and headache frequency, responder proportions, acute-medication use, disability and quality-of-life measures, treatment persistence and discontinuation, adverse events, vascular and gastrointestinal safety endpoints, immunogenicity, and measures of treatment access and expenditure. Publications in English were included; language restriction is acknowledged in the Limitations section.
Excluded were publications whose bibliographic identity could not be confirmed, preprints where peer-reviewed evidence on the same question existed, conference abstracts reported without full peer-reviewed publication, commercial promotional material, non-scholarly commentary, and studies in which the therapeutic exposure or the outcome could not be attributed with reasonable confidence. Purely preclinical work was excluded unless it was required to explain a mechanism directly relevant to the interpretation of human data. Patents were not treated as evidence of therapeutic effect.
2.5 Screening, Duplicate Handling and Study Selection
Records retrieved by each search were screened first by title and abstract against the eligibility criteria, and records passing this stage were assessed against the full text or, where full text was not accessible, against the complete abstract together with verified bibliographic metadata. Records for which neither full text nor a sufficiently detailed abstract could be obtained were not cited. Duplicates arising from overlapping coverage between sources were identified by matching digital object identifiers and, where an identifier was absent, by matching title, first author and journal, and were resolved to a single record. Preprint versions of articles that had subsequently appeared in peer-reviewed journals were replaced by the published version. Where a trial had generated multiple publications, the primary report was treated as the principal source and companion publications were cited only where they contributed information not present in the primary report.
Selection was purposive rather than exhaustive, as is appropriate to a narrative design, and was directed by conceptual contribution rather than by citation count alone. No numerical record counts are reported, because the screening process was not conducted as a documented systematic selection with duplicate independent assessment, and reporting such counts would misrepresent the method. No flow diagram is presented for the same reason.
2.6 Critical Appraisal and Evidence Synthesis
Included studies were appraised against criteria appropriate to their design rather than by a single instrument, and no formal risk-of-bias score was assigned, since applying a validated tool retrospectively without duplicate assessment would confer unwarranted precision. For randomised trials, appraisal considered the adequacy of randomisation and masking, the choice of comparator, the definition and clinical meaning of the primary endpoint, the magnitude of the placebo response, the handling of missing data, trial duration relative to the natural history of the disorder, and the representativeness of the enrolled population. For observational studies, appraisal considered the risk of confounding by indication, the completeness and source of outcome ascertainment, the presence and comparability of a control group, attrition, and the extent to which channelling and secular trends had been addressed. For quantitative syntheses, appraisal considered the coherence of the evidence network, the certainty ratings reported by the authors, the extent of industry sponsorship among contributing trials, and the degree to which indirect comparisons carried the conclusions. For pharmacovigilance analyses, appraisal recognised that spontaneous reporting can generate hypotheses but cannot estimate incidence.
Synthesis proceeded thematically. Studies were grouped by the analytical problem they addressed rather than by agent or by chronology, and within each theme the strongest supporting evidence was set against conflicting or null findings. Where results diverged, the review sought explanations in population selection, endpoint definition, assay methodology, duration of observation or analytic approach before attributing the divergence to true heterogeneity of effect. Confidence in each conclusion was described in the text in proportion to the consistency, design quality and independence of the supporting studies, and claims of causation were reserved for relationships supported by experimental manipulation.
3. The Calcitonin Gene-Related Peptide System and the Biological Case for Targeting It
3.1 Peptide, receptors and anatomical organisation
Calcitonin gene-related peptide is produced by tissue-specific alternative processing of the primary transcript of the CALCA gene, which yields calcitonin in thyroidal C cells and the 37-amino-acid neuropeptide in neural tissue (Amara et al., 1982). A closely related beta isoform is encoded by a separate gene and is expressed predominantly in the enteric nervous system. The canonical receptor is a heterodimer of the calcitonin receptor-like receptor and receptor activity-modifying protein 1, an arrangement that confers ligand selectivity and that has proved amenable to both antibody and small-molecule antagonism. A second receptor assembly formed by the calcitonin receptor with the same accessory protein also responds to the peptide, and its existence is one reason why blocking the ligand and blocking the canonical receptor are not pharmacologically equivalent operations (Al-Hassany et al., 2022; Edvinsson et al., 2018).
Within the trigeminovascular system the peptide is expressed in a large subpopulation of small and medium trigeminal ganglion neurons and is released from perivascular fibres innervating dural and pial vessels. Receptor components are distributed on smooth muscle, on satellite glial cells within the ganglion, on trigeminal Aδ fibres and at central second-order sites in the trigeminocervical complex. This distribution explains the two principal actions attributed to the peptide in migraine: potent and long-lasting cranial vasodilatation, and facilitation of nociceptive transmission through peripheral sensitisation and modulation of synaptic transmission (Edvinsson et al., 2018; Labastida-Ramírez et al., 2023). The peptide also functions widely outside the trigeminal system, contributing to systemic vasoregulation, gastrointestinal motility and secretion, wound repair and immune signalling, which is the anatomical basis for anticipating class effects beyond the intended target (Holzer & Holzer-Petsche, 2022; MaassenVanDenBrink et al., 2016).
3.2 The strength of the causal argument
Three lines of human evidence support a causal rather than merely associative role. Sampling from the external jugular vein during spontaneous attacks showed elevated peptide concentrations in the cranial venous outflow that fell with successful acute treatment, establishing temporal association with the headache phase (Goadsby et al., 1990). Controlled intravenous infusion in people with migraine reproduced delayed attacks that met diagnostic criteria, and did so at a rate substantially exceeding that seen in controls, establishing sufficiency under experimental conditions (Lassen et al., 2002). Pharmacological blockade at the receptor terminated attacks in a randomised trial of the first intravenous antagonist, establishing that interruption of the pathway alters the clinical course (Olesen et al., 2004). The convergence of association, provocation and blockade is stronger than the evidence available for any earlier migraine target.
The argument nonetheless has boundaries that are frequently understated. Provocation succeeds in a majority but not all of those tested, blockade is effective in roughly half of treated patients under trial conditions, and the peptide is one of several vasoactive neuropeptides capable of provoking attacks. Pituitary adenylate cyclase-activating polypeptide provokes attacks through a partly distinct signalling route, and interest in it as a second target is a direct acknowledgement that the pathway under review does not account for the whole disorder (Della Pietra et al., 2025). The most defensible formulation is that the peptide is a necessary participant in attack generation for a large proportion of patients rather than the single final common mediator for all of them.
3.3 Where the drugs act, and why molecular size matters
The site of action of these therapies remains incompletely resolved, and the uncertainty has practical consequences. Monoclonal antibodies are large molecules with negligible penetration of an intact blood-brain barrier, and their effect is therefore usually attributed to peripheral sites: the trigeminal ganglion, which lies outside the barrier, the dural vasculature, and perivascular fibres. Gepants are small enough to enter the central nervous system to a limited degree, but the available human data do not establish that central action is required for efficacy, and the comparable effect sizes achieved by antibodies argue that a peripheral site is sufficient (Labastida-Ramírez et al., 2023). Molecular size also determines pharmacokinetics. Antibodies have elimination half-lives measured in weeks, producing sustained receptor occupancy, tolerance of imperfect adherence and slow reversibility. Gepants are cleared within a day, permitting on-demand use, rapid discontinuation and flexible transitions between acute and preventive dosing, at the cost of requiring consistent daily or alternate-day administration for prevention (Al-Hassany et al., 2022).
A further asymmetry lies in what is blocked. Antibodies directed at the ligand neutralise the peptide irrespective of which receptor it would have engaged, whereas erenumab blocks the canonical receptor and leaves signalling through the alternative receptor assembly, and signalling by related peptides such as adrenomedullin and amylin, comparatively unaffected. This distinction is mechanistically real but has not translated into reproducible differences in migraine efficacy across trials, and the clearest clinical correlate is instead found in adverse-effect profiles, particularly the greater prominence of constipation with receptor blockade (Kudrow et al., 2022). Confidence that the two approaches are therapeutically interchangeable is therefore moderate for efficacy and low for tolerability.
3.4 Circulating peptide concentrations: an instructive biomarker failure
If the peptide drives attacks, its circulating concentration should in principle index disease activity, and a substantial literature has tested this expectation with conflicting results. A well-conducted study in chronic migraine reported that serum alpha isoform concentrations were higher in patients than in matched controls, that they fell progressively during antibody treatment irrespective of whether the ligand or the receptor was targeted, and that the magnitude of the fall correlated with the reduction in monthly migraine days and with reversal of analgesic overuse, while the beta isoform showed neither difference nor treatment-related change (Gárate et al., 2023). This pattern is coherent and supports the peptide as a candidate marker of chronic migraine.
A considerably larger registry-based study using a validated radioimmunoassay reached the opposite conclusion. Among 588 participants with migraine compared with 147 matched controls, median plasma concentrations were modestly lower rather than higher in migraine, did not differ across migraine subtypes or between ictal and interictal states, and were unrelated to headache frequency; the findings persisted in sensitivity analyses restricted to headache-free participants (Karlsson et al., 2026). Reconciling these results is not straightforward. The studies differ in assay platform, in whether serum or plasma with protease inhibition was sampled, in isoform specificity, in sampling site relative to the cranial circulation, and in the clinical composition of the cohorts, and any of these could account for the discrepancy. What cannot be sustained on current evidence is the assumption, still encountered in the literature, that peripheral venous peptide concentration is an established marker of migraine biology.
The most direct attempt to convert the mechanistic model into a predictive test has also failed. In a prospective study, 139 participants underwent controlled infusion of the peptide before starting erenumab, on the hypothesis that experimentally demonstrated hypersensitivity would identify those who would respond. Among participants in whom infusion provoked a migraine attack, 61% achieved at least a 50% reduction in monthly migraine days during weeks 13 to 24, compared with 52% of those in whom it did not, a difference that was not statistically significant (Al-Khazali et al., 2024). The provocation model, which is the closest available human assay of pathway dependence, therefore does not discriminate responders from non-responders. Taken together with the biomarker literature, this indicates that clinical response is determined by factors downstream or independent of measurable peptide handling, and it explains why prediction has so far relied on clinical rather than biological variables. Table 1 summarises the pharmacological characteristics that distinguish the agents in current use and that underlie several of the clinical differences examined in later sections.
Table 1. Pharmacological and administration characteristics of calcitonin gene-related peptide-targeted therapies in clinical use
	Agent
	Molecular target and class
	Route and interval
	Principal established indication
	Supporting references

	Erenumab
	Canonical receptor; fully human immunoglobulin G2 monoclonal antibody
	Subcutaneous, monthly
	Prevention of episodic and chronic migraine
	Al-Hassany et al. (2022); Goadsby et al. (2017); Tepper et al. (2020)

	Fremanezumab
	Peptide ligand; humanised immunoglobulin G2 monoclonal antibody
	Subcutaneous, monthly or quarterly
	Prevention of episodic and chronic migraine
	Dodick et al. (2018); Goadsby et al. (2020); Silberstein et al. (2017)

	Galcanezumab
	Peptide ligand; humanised immunoglobulin G4 monoclonal antibody
	Subcutaneous, monthly after loading dose
	Prevention of episodic and chronic migraine; episodic cluster headache
	Detke et al. (2018); Goadsby et al. (2019); Stauffer et al. (2018)

	Eptinezumab
	Peptide ligand; humanised immunoglobulin G1 monoclonal antibody
	Intravenous infusion, quarterly
	Prevention of episodic and chronic migraine
	Ashina et al. (2020); Ashina et al. (2022); Lipton et al. (2020)

	Atogepant
	Canonical receptor; oral small-molecule antagonist
	Oral, once or twice daily
	Prevention of episodic and chronic migraine
	Ailani et al. (2021); Pozo-Rosich et al. (2023); Tassorelli et al. (2024)

	Rimegepant
	Canonical receptor; oral small-molecule antagonist
	Oral, as needed for attacks or on alternate days for prevention
	Acute treatment and prevention of migraine
	Croop et al. (2019); Croop et al. (2021); Lipton et al. (2019b)

	Ubrogepant
	Canonical receptor; oral small-molecule antagonist
	Oral, as needed
	Acute treatment of migraine, including during the prodrome
	Dodick et al. (2019); Dodick et al. (2023); Lipton et al. (2019a)

	Zavegepant
	Canonical receptor; small-molecule antagonist formulated for nasal delivery
	Intranasal, as needed
	Acute treatment of migraine
	Lipton et al. (2023); Zhu et al. (2025)

	Telcagepant (withdrawn)
	Canonical receptor; oral small-molecule antagonist
	Oral, discontinued in development
	Historical comparator; development halted after hepatic signals
	Ho et al. (2014); Woodhead et al. (2022)


Note. Indications reflect the principal uses supported by the randomised evidence cited and may differ between regulatory jurisdictions. Immunoglobulin subclass is stated because it influences effector function and elimination. The alternative receptor assembly formed by the calcitonin receptor with receptor activity-modifying protein 1 is engaged by ligand-directed but not by receptor-directed agents.
4. Preventive Monoclonal Antibodies: What the Pivotal Evidence Establishes and What It Does Not
4.1 Episodic migraine
The registration programme for episodic migraine was large, methodologically conventional and remarkably consistent. In the STRIVE trial, 955 participants with a baseline of 8.3 monthly migraine days received erenumab 70 mg, erenumab 140 mg or placebo for six months; migraine days fell by 3.2 and 3.7 days respectively against 1.8 days with placebo, and at least half of migraine days were eliminated in 43.3% and 50.0% of participants compared with 26.6% of those receiving placebo (Goadsby et al., 2017). Fremanezumab produced reductions of 1.5 days with monthly dosing and 1.3 days with a single higher quarterly dose relative to placebo among 875 participants (Dodick et al., 2018). Galcanezumab reduced monthly migraine headache days by 4.7 and 4.6 days at the two doses tested against 2.8 days with placebo in EVOLVE-1, and by 4.3 and 4.2 days against 2.3 days in EVOLVE-2 (Skljarevski et al., 2018; Stauffer et al., 2018). Eptinezumab, administered intravenously every twelve weeks, reduced migraine days by 3.9 days at 100 mg and 4.3 days at 300 mg against 3.2 days with placebo in PROMISE-1 (Ashina et al., 2020).
Two features of this dataset deserve more critical attention than they usually receive. The first is the size of the placebo response, which reached 2.3 to 3.2 monthly migraine days across the programme and in PROMISE-1 consumed roughly three-quarters of the total improvement observed on active treatment. A placebo response of this magnitude is characteristic of migraine prevention trials and reflects regression to the mean, diary effects, natural fluctuation and expectation, but it means that the incremental pharmacological contribution in unselected episodic migraine is small in absolute terms. The second is the absence of dose-response above the lower approved dose for three of the four antibodies, with the higher doses of galcanezumab and eptinezumab and, in most analyses, of erenumab conferring no clear additional benefit. Flat dose-response is consistent with near-saturation of the target at conventional doses, which in turn implies that non-response is unlikely to be overcome by dose escalation within this class.
4.2 Chronic migraine
In chronic migraine the absolute reductions are larger and the placebo-adjusted differences broadly similar. Fremanezumab reduced headache days of at least moderate severity by 4.3 days with quarterly and 4.6 days with monthly dosing against 2.5 days with placebo among 1,130 participants, with at least 50% reduction achieved by 38% and 41% compared with 18% (Silberstein et al., 2017). Galcanezumab in REGAIN reduced monthly migraine headache days by 4.8 and 4.6 days against 2.7 days with placebo from a baseline of 19.4 days (Detke et al., 2018). Eptinezumab in PROMISE-2 reduced migraine days by 7.7 and 8.2 days against 5.6 days with placebo from a baseline of approximately 16.1 days (Lipton et al., 2020). A recurring interpretive error is to compare absolute reductions between episodic and chronic migraine trials and conclude that the drugs work better in chronic disease; the larger absolute change is substantially a function of the higher baseline and of the greater scope for regression to the mean, as the parallel increase in the placebo response demonstrates.
A clinically important secondary observation is reversion of chronic to episodic migraine. Post hoc analysis of the erenumab chronic migraine trial and its open-label extension found that a majority of treated participants no longer met chronic migraine criteria during follow-up, with reversion occurring early and being largely sustained (Lipton et al., 2021). Reversion is a meaningful outcome because chronicity carries independent prognostic weight, but post hoc analyses of a categorical threshold derived from a continuous variable are vulnerable to regression artefact, and the absence of a prospectively defined reversion endpoint in the registration programme limits the confidence that can be placed in the magnitude reported.
4.3 Effect size, responder definitions and the meaning of a migraine day
The tension between statistical robustness and clinical meaning is the central interpretive problem of this literature. Mean differences of one to three monthly migraine days are reproducible and highly statistically significant in trials of this size, yet a mean difference of that order is close to what many patients would regard as marginal. Responder analyses present a different picture, with roughly half of treated participants achieving at least a halving of migraine days against a quarter to a fifth on placebo. Both descriptions are accurate and they are not contradictory: they indicate a bimodal distribution in which a substantial subgroup derives large benefit and another derives little, with the mean falling between them. The clinical implication is that average effect size is a poor guide to individual prescribing decisions and that the identification of the responsive subgroup, addressed in Section 8, is the more consequential scientific problem.
Outcome definition compounds the difficulty. Trials have used monthly migraine days, monthly headache days, monthly migraine headache days and headache days of at least moderate severity, and these are not interchangeable. Diary-based counting is sensitive to instruction and to the treatment of partially treated or aborted attacks. The International Headache Society has argued that the frequency-based endpoints inherited from an era of modest efficacy set the bar too low for contemporary therapies and has proposed more demanding standards, including sustained high responder rates and freedom from disability, as the appropriate targets for modern prevention (Sacco et al., 2025). Adoption of such standards would reduce the apparent success of the existing evidence base while making it more informative.
4.4 Populations with previous preventive treatment failure
The dedicated trials in patients who had not benefited from two to four previous preventive classes are, paradoxically, the most clinically persuasive part of the programme, because their placebo responses are much smaller and their populations resemble specialist practice. In LIBERTY, 30% of participants receiving erenumab achieved at least a 50% reduction in monthly migraine days at week 12 compared with 14% receiving placebo, an odds ratio of 2.7 (Reuter et al., 2018). In FOCUS, fremanezumab reduced monthly migraine days by 3.7 to 4.1 days against 0.6 days with placebo, giving placebo-adjusted differences of 3.1 to 3.5 days, considerably larger than in unselected populations (Ferrari et al., 2019). CONQUER showed a reduction of 4.1 days with galcanezumab against 1.0 day with placebo (Mulleners et al., 2020), and DELIVER showed reductions of 4.8 and 5.3 days with eptinezumab against 2.1 days with placebo (Ashina et al., 2022). Atogepant produced a comparable pattern in ELEVATE, with a reduction of 4.2 days against 1.9 days with placebo (Tassorelli et al., 2024).
The uniformly suppressed placebo response in these trials is itself informative. It suggests that much of the placebo effect observed in unselected populations reflects expectation and natural fluctuation in people with milder or more variable disease, and that in refractory populations the pharmacological signal is easier to detect. The practical consequence is that trial-derived estimates of incremental benefit are likely to be conservative in exactly the patients for whom these agents are most often reserved by reimbursement policy.
Durability in this group has been examined over unusually long follow-up. The open-label extension of LIBERTY reported maintained efficacy at 64 weeks, at two years and at three years, with responder proportions rising rather than falling over time (Ferrari et al., 2022; Goadsby et al., 2021; Reuter et al., 2024). These data are encouraging but are uncontrolled beyond the double-blind period and are subject to survivor bias, since participants who did not benefit left the study; the observation that responder rates increase with time in an extension cohort is at least as consistent with selective attrition as with progressive pharmacological benefit. Table 2 sets out the pivotal randomised evidence together with the principal critical observations attaching to each trial.
Table 2. Pivotal randomised evidence for calcitonin gene-related peptide pathway monoclonal antibodies and its principal limitations
	Trial and agent
	Population and randomised sample
	Primary efficacy result versus placebo
	Critical observations
	Supporting references

	STRIVE (erenumab)
	Episodic migraine; n = 955; baseline 8.3 monthly migraine days
	−3.2 days (70 mg) and −3.7 days (140 mg) versus −1.8 days; ≥50% response 43.3% and 50.0% versus 26.6%
	Large placebo response; no consistent additional benefit at the higher dose
	Goadsby et al. (2017)

	HALO episodic migraine (fremanezumab)
	Episodic migraine; n = 875
	Placebo-adjusted −1.5 days (monthly) and −1.3 days (quarterly)
	Participants with failure of two or more preventive classes were excluded, limiting generalisability to specialist practice
	Dodick et al. (2018)

	EVOLVE-1 and EVOLVE-2 (galcanezumab)
	Episodic migraine; n = 858 and n = 915
	−4.7 and −4.6 days versus −2.8 days; −4.3 and −4.2 days versus −2.3 days
	Flat dose-response; concurrent preventive medication prohibited, unlike routine care
	Skljarevski et al. (2018); Stauffer et al. (2018)

	PROMISE-1 (eptinezumab)
	Episodic migraine; n = 888; baseline approximately 8.6 days
	−3.9 days (100 mg) and −4.3 days (300 mg) versus −3.2 days
	Placebo response accounted for most of the observed improvement; 30 mg dose not separated from placebo
	Ashina et al. (2020)

	HALO chronic migraine (fremanezumab)
	Chronic migraine; n = 1,130
	−4.3 days (quarterly) and −4.6 days (monthly) versus −2.5 days; ≥50% response 38% and 41% versus 18%
	Endpoint was headache days of at least moderate severity, not migraine days, complicating cross-trial comparison
	Silberstein et al. (2017)

	REGAIN (galcanezumab)
	Chronic migraine; n = 1,113; baseline 19.4 days
	−4.8 and −4.6 days versus −2.7 days
	Three-month double-blind phase only; open-label extension uncontrolled
	Detke et al. (2018)

	PROMISE-2 (eptinezumab)
	Chronic migraine; n = 1,072; baseline approximately 16.1 days
	−7.7 days (100 mg) and −8.2 days (300 mg) versus −5.6 days
	Large absolute effects partly reflect high baseline and correspondingly large placebo response
	Lipton et al. (2020)

	LIBERTY (erenumab)
	Episodic migraine with two to four previous preventive failures; n = 246
	≥50% response 30% versus 14% (odds ratio 2.7)
	Small sample; long-term extension data uncontrolled and subject to survivor bias
	Ferrari et al. (2022); Goadsby et al. (2021); Reuter et al. (2018); Reuter et al. (2024)

	FOCUS (fremanezumab)
	Episodic or chronic migraine with two to four previous failures; n = 838
	−3.7 days (quarterly) and −4.1 days (monthly) versus −0.6 days
	Markedly suppressed placebo response indicates that unselected trials understate incremental benefit in refractory disease
	Ferrari et al. (2019)

	CONQUER (galcanezumab)
	Episodic or chronic migraine with two to four previous failures; n = 462
	−4.1 days versus −1.0 day
	Three-month duration; heterogeneous mixture of episodic and chronic migraine
	Mulleners et al. (2020)

	DELIVER (eptinezumab)
	Episodic or chronic migraine with two to four previous failures; n = 891
	−4.8 days (100 mg) and −5.3 days (300 mg) versus −2.1 days
	Conducted largely during the coronavirus disease 2019 pandemic, which affected adverse-event profiles and attendance
	Ashina et al. (2022)


Note. Values are changes in the trial's primary frequency endpoint over the double-blind period. Sample sizes refer to randomised or treated populations as reported by the trial investigators. Endpoint definitions differ between trials and direct numerical comparison across rows is not appropriate.
5. Small-Molecule Receptor Antagonists: Acute Treatment, Prevention and the Erosion of a Boundary
5.1 Acute treatment and the comparison with triptans
Oral receptor antagonists reached the clinic more than a decade after the first proof-of-concept infusion study (Olesen et al., 2004), and their acute efficacy is consistent across programmes. Ubrogepant produced pain freedom at two hours in 19.2% and 21.2% of participants at the 50 mg and 100 mg doses against 11.8% with placebo in ACHIEVE I, and in 21.8% at 50 mg against 14.3% with placebo in ACHIEVE II (Dodick et al., 2019; Lipton et al., 2019a). Rimegepant achieved pain freedom in 19.6% against 12.0% with placebo in its tablet trial and in 21% against 11% in the orally disintegrating formulation trial (Croop et al., 2019; Lipton et al., 2019b). Zavegepant nasal spray produced pain freedom in 24% against 15% with placebo (Lipton et al., 2023). Freedom from the most bothersome associated symptom followed the same pattern, with absolute gains over placebo of roughly 8 to 12 percentage points.
These are genuine but unspectacular effects. No randomised trial has compared a gepant with a triptan in triptan-eligible patients, so any statement about relative acute potency rests on indirect comparison across trials with differing populations and rescue rules and should be treated with caution. The class advantage lies elsewhere. The absence of vasoconstrictor activity removes the cardiovascular contraindications that exclude an appreciable minority of patients from triptan therapy, and medication-overuse headache has not emerged as a consequence of gepant exposure in the randomised programmes or in extended open-label follow-up, although the observation periods remain short relative to a lifelong disorder (Ashina et al., 2025; Charles et al., 2024). Network meta-analysis of the acute agents indicates broad similarity between oral and intranasal antagonists on two-hour endpoints, with the intranasal route offering the earlier onset that may matter most in attacks with early vomiting (Zhu et al., 2025). That synthesis is itself constructed from placebo-controlled trials rather than head-to-head data, and its conclusions inherit the uncertainty of indirect comparison.
5.2 Preventive use and the collapse of the acute-preventive distinction
Atogepant reduced monthly migraine days by 3.7 to 4.2 days across the 10 mg, 30 mg and 60 mg doses against 2.5 days with placebo in episodic migraine, and by 7.5 days with 30 mg twice daily and 6.9 days with 60 mg once daily against 5.1 days with placebo in chronic migraine (Ailani et al., 2021; Pozo-Rosich et al., 2023). Rimegepant taken on alternate days reduced monthly migraine days by 4.3 days against 3.5 days with placebo, a least-squares mean difference of 0.8 days that reached statistical significance at a conventional threshold (Croop et al., 2021). The rimegepant preventive result illustrates the interpretive problem described earlier in an extreme form: a difference of less than one migraine day per month is statistically robust in a trial of 747 participants and is difficult to characterise as clinically substantial at the level of the average patient, even though the responder distribution presumably contains individuals with much larger benefit.
The availability of an agent licensed both for attack treatment and for prevention dissolves a distinction that has organised migraine therapeutics for decades and that continues to structure reimbursement rules, trial design and guideline architecture. The dissolution is conceptually coherent, since a drug that interrupts attack generation on the day it is taken will reduce attack frequency if taken often enough, but it creates unresolved practical questions. There is no evidence base for how frequently on-demand dosing may be used before it becomes de facto prevention, no established method for counting acute-medication days in a patient taking an agent that is simultaneously preventive, and no randomised comparison of scheduled against symptom-driven dosing of the same molecule.
5.3 Treatment during the prodrome
The most conceptually significant recent development is the demonstration that an acute agent given before headache onset can prevent the headache. In the PRODROME crossover trial, participants treated qualifying prodromal events with ubrogepant 100 mg or placebo; moderate or severe headache was absent within 24 hours after 190 of 418 events treated with ubrogepant (46%) compared with 121 of 423 events treated with placebo (29%), an odds ratio of 2.09 (Dodick et al., 2023). Exploratory analysis indicated improvement in prodromal symptoms themselves, including photophobia, fatigue and neck pain, within hours of dosing (Goadsby et al., 2025).
Two implications follow, and they should be distinguished by the confidence they warrant. The well-supported implication is practical: for patients who reliably recognise premonitory symptoms, a treatment window exists before pain begins, and the therapeutic target in that window is attack abortion rather than pain relief. The more speculative implication is mechanistic: efficacy during the prodrome, a phase attributed to hypothalamic and brainstem activity preceding trigeminovascular activation, suggests either that peptide signalling is engaged earlier than the classical model assumes or that the drug acts at a site accessible during that phase. The trial cannot distinguish these possibilities. Generalisability is also constrained, since the design required participants to identify prodromal symptoms reliably, and the proportion of the wider migraine population able to do so is unknown.
5.4 Hepatic safety and the shadow of telcagepant
The first oral antagonist to reach late-stage development, telcagepant, was abandoned after aminotransferase elevations emerged during a preventive trial in which the drug was taken twice daily for twelve weeks (Ho et al., 2014). This history is essential context for interpreting the safety of the current agents, and it is frequently reduced to a footnote. Mechanistic investigation using quantitative systems toxicology modelling attributed the telcagepant signal to compound-specific properties, including inhibition of bile-acid transport and formation of reactive metabolites, rather than to receptor antagonism as such, and predicted a markedly lower hepatic liability for the successor molecules (Smith et al., 2020; Woodhead et al., 2022). Randomised data are consistent with that prediction, with hepatic events in the modern trials occurring at rates comparable to placebo.
Confidence in this reconstruction should nonetheless be qualified. The evidence that the hazard was molecule-specific rather than class-specific rests substantially on in silico modelling supported by clinical trial data of limited duration, and daily preventive exposure to an oral antagonist over years remains the circumstance in which the original signal arose. Long-term open-label extension data for atogepant extending beyond a year report no emergent hepatic signal and no unexpected safety findings (Ashina et al., 2025), which is reassuring but is derived from a self-selected continuing population. The prudent position is that hepatic safety of the current oral agents is well supported over the durations studied and remains an appropriate subject for pharmacovigilance over longer exposures. Table 3 summarises the randomised evidence for the small-molecule antagonists.
Table 3. Randomised evidence for small-molecule calcitonin gene-related peptide receptor antagonists in acute and preventive treatment
	Trial and agent
	Setting and randomised sample
	Principal efficacy result
	Critical observations
	Supporting references

	ACHIEVE I (ubrogepant)
	Acute treatment of a single attack; n = 1,672
	Two-hour pain freedom 19.2% (50 mg) and 21.2% (100 mg) versus 11.8%
	Single-attack design cannot assess consistency across attacks or long-term use
	Dodick et al. (2019)

	ACHIEVE II (ubrogepant)
	Acute treatment of a single attack; n = 1,686 randomised
	Two-hour pain freedom 21.8% (50 mg) and 20.7% (25 mg) versus 14.3%
	The 25 mg dose did not separate from placebo on the most bothersome symptom endpoint
	Lipton et al. (2019a)

	Rimegepant tablet trial
	Acute treatment of a single attack; n = 1,186
	Two-hour pain freedom 19.6% versus 12.0%; most bothersome symptom freedom 37.6% versus 25.2%
	Absolute gain over placebo of under 8 percentage points; no active comparator
	Lipton et al. (2019b)

	Rimegepant orally disintegrating tablet trial
	Acute treatment of a single attack; n = 1,466
	Two-hour pain freedom 21% versus 11%; most bothersome symptom freedom 35% versus 27%
	Formulation advantage not tested against the conventional tablet
	Croop et al. (2019)

	Zavegepant nasal spray trial
	Acute treatment of a single attack in the United States; n = 1,405
	Two-hour pain freedom 24% versus 15%; most bothersome symptom freedom 40% versus 31%
	Single-country enrolment; dysgeusia common and may partially unmask allocation
	Lipton et al. (2023); Zhu et al. (2025)

	PRODROME (ubrogepant)
	Treatment during the prodrome; crossover, n = 518 randomised
	Absence of moderate or severe headache within 24 hours after 46% of treated events versus 29% (odds ratio 2.09)
	Requires reliable recognition of prodromal symptoms; proportion of the wider population able to do so is unknown
	Dodick et al. (2023); Goadsby et al. (2025)

	ADVANCE (atogepant)
	Prevention in episodic migraine; n = 910 enrolled, 873 analysed
	−3.7 to −4.2 days across doses versus −2.5 days
	Constipation and nausea dose-related; twelve-week duration
	Ailani et al. (2021)

	PROGRESS (atogepant)
	Prevention in chronic migraine; n = 778
	−7.5 days (30 mg twice daily) and −6.9 days (60 mg once daily) versus −5.1 days
	Constipation in approximately 10% versus 3% with placebo; higher dosing frequency not clearly superior
	Pozo-Rosich et al. (2023)

	ELEVATE (atogepant)
	Prevention after failure of two to four oral preventive classes; n = 315 randomised
	−4.2 days versus −1.9 days (least-squares mean difference −2.4 days)
	96% of participants were of White ethnicity, constraining generalisability
	Tassorelli et al. (2024)

	Rimegepant preventive trial
	Alternate-day prevention; n = 747 randomised, 695 analysed
	−4.3 days versus −3.5 days (least-squares mean difference −0.8 days)
	Difference of under one migraine day per month; clinical importance uncertain despite statistical significance
	Croop et al. (2021)


Note. Acute-treatment results are proportions achieving the coprimary endpoints at two hours after dosing. Preventive results are changes in monthly migraine days over the double-blind period. Most bothersome symptom refers to the participant-designated symptom among photophobia, phonophobia and nausea.
6. Comparative Effectiveness, Guideline Divergence and the Question of Positioning
6.1 Head-to-head and network meta-analytic evidence
Only one adequately powered head-to-head trial has compared a pathway-targeted agent with an established oral preventive drug over a clinically meaningful period. HER-MES randomised 777 preventive-naive adults to erenumab or to individually titrated topiramate for 24 weeks, with discontinuation due to an adverse event as the primary endpoint. Discontinuation occurred in 10.6% of the erenumab group and 38.9% of the topiramate group, an odds ratio of 0.19, and at least a 50% reduction in monthly migraine days was achieved by 55.4% against 31.2% (Reuter et al., 2022). The design deserves attention because the primary endpoint was tolerability rather than efficacy, which is an unusually honest reflection of where the clinically decisive difference between these options lies. Double-dummy masking is nonetheless imperfect when one comparator produces characteristic cognitive and paraesthetic effects, and unmasking would tend to inflate the efficacy difference while leaving the tolerability difference substantially intact.
Network meta-analysis extends the comparison beyond the single available trial. A synthesis of 74 randomised trials including 32,990 patients concluded, with high certainty, that pathway-targeted antibodies, gepants and topiramate all increase the proportion of patients achieving at least a 50% reduction in monthly migraine days relative to placebo, and, with moderate to high certainty, that only the pathway-targeted agents do so without increasing discontinuation for adverse events; the authors ranked the antibodies first on combined safety and efficacy, with gepants close behind (Lampl et al., 2023). A separate network meta-analysis of tolerability across 19 phase 3 trials including 14,584 patients found no significant excess of serious adverse events for any agent relative to placebo, with the largest odds of treatment-emergent adverse events attaching to the highest doses of atogepant and galcanezumab (Messina et al., 2023). In patients with previous preventive failure, an 18-trial network including 7,281 participants found that all four antibodies and atogepant increased the likelihood of a 50% response relative to placebo, but rated the certainty of evidence as low to moderate and noted that the network is driven by a small number of industry-sponsored trials (Khalili et al., 2026).
6.2 Why authoritative guidance has diverged
The most instructive feature of the comparative literature is that two respected bodies reviewing overlapping evidence within a year of each other reached materially different conclusions. The American Headache Society position statement update concluded that the evidence for efficacy, tolerability and safety of pathway-targeted therapies exceeds that for any other preventive approach, is corroborated by extensive real-world experience, and justifies their use as first-line prevention without a requirement for prior failure of other classes (Charles et al., 2024). The American College of Physicians clinical guideline, published in 2025 and based on a network meta-analysis of 61 studies including 20,680 patients, issued all three of its recommendations as conditional and rated the supporting certainty as low, concluding that no high-certainty evidence favours any single pharmacological treatment for episodic migraine prevention over another (Damen et al., 2025; Qaseem et al., 2025). European guidance occupies an intermediate position, recommending the antibodies for patients who have failed or cannot tolerate other preventive treatments while acknowledging that this restriction reflects cost as well as evidence (Sacco et al., 2022).
The divergence is not a disagreement about the data but about which comparison matters and how certainty should be graded. A specialist body weighing tolerability, persistence and speed of onset, and applying its judgement to a refractory clinic population, will reach a different conclusion from a general internal medicine body applying a formal certainty framework to head-to-head efficacy evidence that scarcely exists. Both positions are internally coherent. The consequence for practice is that positioning is currently determined less by evidence than by the perspective and the payer environment of the body issuing the guidance, and this should be stated plainly rather than obscured by appeals to consensus.
6.3 Persistence as an effectiveness outcome in its own right
Trials measure efficacy under conditions of enforced adherence, which is precisely the condition that fails in routine care with conventional preventive drugs. Registry data therefore carry information that trials cannot supply. In a large German pain registry analysis, six-month persistence was 89.4% for pathway-targeted antibodies compared with 43.0% for low-evidence and 34.0% for high-evidence conventional oral preventive medicines, with oral treatments discontinued for both adverse reactions and insufficient efficacy (Überall et al., 2026). A managed-access programme in Ireland reported adherence approaching 90% and continuation beyond twelve months in more than three-quarters of a refractory cohort (Smith et al., 2024). These are observational data and are subject to channelling, since patients granted access under restrictive protocols are motivated and closely supervised, but the magnitude of the persistence difference is larger than plausible confounding would generate.
Persistence is not merely a proxy for tolerability. If a drug with a modest average effect is taken for a year and a drug with a comparable average effect is abandoned after two months, the cumulative benefit at the population level differs greatly, and conventional efficacy comparisons will not capture this. The argument that the pathway-targeted agents deserve early use rests more securely on this reasoning than on any claim of superior average efficacy, and it is compatible with the American College of Physicians finding that head-to-head efficacy evidence remains insufficient.
Real-world effectiveness cohorts add a second consideration. In a European multicentre cohort of 5,818 patients, 56.5% achieved at least a 50% reduction and 26.7% at least a 75% reduction in monthly headache days at six months, and higher baseline frequency and greater disability independently predicted a lower likelihood of response, which the investigators interpreted as an argument for earlier rather than later treatment (Caronna et al., 2024). Two-year follow-up of the same cohort found that 60.4% of those still receiving treatment at 24 months maintained at least a 50% reduction, while patients who discontinued for lack of effectiveness had higher baseline headache frequency and more often had aura, depression and obesity (Caronna et al., 2026). The observation that delayed initiation predicts poorer response is clinically important but must be interpreted with care, because baseline severity is confounded with duration of untreated disease and with reimbursement rules that permit access only after failure, so the direction of causation cannot be settled from observational data. Table 4 summarises the comparative and real-world evidence and the limitations that attach to each source.
Table 4. Comparative effectiveness, persistence and real-world evidence for calcitonin gene-related peptide-targeted therapies
	Evidence source and design
	Comparison examined
	Principal finding
	Principal methodological limitation
	Supporting references

	HER-MES; randomised, double-dummy, active-controlled phase 4 trial; n = 777
	Erenumab versus individually titrated topiramate over 24 weeks
	Discontinuation for adverse events 10.6% versus 38.9% (odds ratio 0.19); ≥50% response 55.4% versus 31.2%
	Masking is imperfect against a comparator with characteristic subjective effects; preventive-naive population only
	Reuter et al. (2022)

	Network meta-analysis of 74 randomised trials; 32,990 patients
	All pharmacological preventive classes against placebo and each other
	High-certainty benefit for pathway-targeted agents and topiramate; only pathway-targeted agents without excess discontinuation
	Almost entirely indirect comparison; short trial durations; predominantly industry-sponsored trials
	Lampl et al. (2023)

	Network meta-analysis for the American College of Physicians; 61 studies; 20,680 patients
	Sixteen preventive treatments in episodic migraine
	Fewer discontinuations for adverse events than topiramate (risk difference −16.2%); no high-certainty superiority of any agent
	Minimal important differences not established; head-to-head comparisons scarce
	Damen et al. (2025); Qaseem et al. (2025)

	Network meta-analysis of tolerability; 19 phase 3 trials; 14,584 patients
	Antibodies and gepants against placebo
	No significant excess of serious adverse events; highest doses of atogepant and galcanezumab least well tolerated
	Registration trials only; adverse-event ascertainment not harmonised between programmes
	Messina et al. (2023)

	Network meta-analysis after previous preventive failure; 18 trials; 7,281 participants
	Preventive agents in patients with prior treatment failure
	All four antibodies and atogepant increased 50% response; low to moderate certainty
	Evidence driven by few industry-sponsored trials; short follow-up
	Khalili et al. (2026)

	German Pain e-Registry; comparative real-world cohort
	Antibodies versus high- and low-evidence oral preventive medicines
	Six-month persistence 89.4% versus 34.0% and 43.0% respectively
	Non-randomised; channelling of motivated and closely supervised patients to the newer class
	Überall et al. (2026)

	EUREkA European multicentre prospective cohort; n = 5,818 at six months and 1,340 at two years
	Antibodies in routine specialist care
	56.5% achieved ≥50% and 26.7% ≥75% response at six months; 60.4% of those continuing maintained ≥50% response at two years
	No control group; two-year analysis restricted to treatment continuers, producing survivor bias
	Caronna et al. (2024); Caronna et al. (2026)

	National managed-access programme, Ireland; administrative claims analysis
	Antibodies in a treatment-refractory reimbursed cohort
	Adherence approaching 90%; more than three-quarters continued beyond twelve months
	Restrictive eligibility selects a highly motivated population; no comparator group
	Smith et al. (2024)

	Comparative narrative appraisal against conventional prophylaxis
	Antibodies versus standard oral preventive drugs
	Comparable efficacy with substantially better tolerability
	Narrative synthesis without quantitative pooling; indirect comparison throughout
	Vandervorst et al. (2021)


Note. Persistence denotes continuation of the originally prescribed treatment. Responder definitions differ between sources, with some reporting monthly migraine days and others monthly headache days, and the proportions are therefore not directly comparable across rows.
7. Safety and Tolerability: Separating Demonstrated Risk from Mechanistic Anxiety
7.1 Cardiovascular and blood-pressure signals
The most substantial a priori safety concern arose from physiology rather than from observation. The peptide is among the most potent endogenous vasodilators known and is released during myocardial and cerebral ischaemia, where it is thought to contribute to compensatory vasodilatation; sustained blockade might therefore impair that reserve in patients whose vascular risk is already elevated, a concern articulated before the drugs reached the market (MaassenVanDenBrink et al., 2016). Registration programmes systematically excluded patients with significant cardiovascular or cerebrovascular disease, which is precisely the population in whom the hypothesis would be tested, so the trial evidence is structurally incapable of resolving it. Pooled analysis of the erenumab programme found no excess of vascular events, but within a population selected for low baseline risk (Kudrow et al., 2020).
Observational data now address the excluded population directly and are reassuring. A cohort of Medicare beneficiaries, predominantly older adults or adults with disability, compared 5,153 initiators of pathway-targeted antibodies with 4,000 initiators of onabotulinumtoxinA and found no increase in a composite of myocardial infarction and stroke, with an adjusted hazard ratio of 0.88 and confidence limits extending from 0.44 to 1.77, and no signal for hypertensive crisis, peripheral revascularisation or Raynaud phenomenon (Yang et al., 2025). A separate analysis of 108,019 new users of preventive medicines in commercial and Medicare supplemental claims found twelve-month cumulative risks of new-onset hypertension of approximately 9% across erenumab, other antibodies, oral preventive drugs and onabotulinumtoxinA, with no difference in myocardial infarction or stroke at 36 months (Dodick et al., 2025). Both analyses used active comparators, which mitigates confounding by indication, and both employed negative-control or weighting approaches to address residual confounding. The wide confidence intervals nonetheless mean that a modest relative increase in rare events cannot be excluded.
Blood pressure has been examined separately after regulatory labelling was amended to note a potential hypertension risk with erenumab. A systematic review and meta-analysis found no significant change in systolic or diastolic pressure after treatment, with mean differences of 0.86 mmHg and 1.33 mmHg respectively, but reported that a pooled 22% of participants showed some worsening of blood pressure and that about 4% commenced antihypertensive medication during observation, with wide prediction intervals reflecting substantial between-study heterogeneity and considerable fragility in the underlying evidence (Makita et al., 2025). The defensible reading is that a class-wide clinically important pressor effect is not supported, that individual susceptibility cannot be excluded, and that measurement of blood pressure at initiation and during follow-up is a proportionate precaution rather than a response to demonstrated harm.
7.2 Gastrointestinal effects and the ligand-receptor distinction
Constipation is the most consistent tolerability signal and is mechanistically expected, since the peptide is a prosecretory and motor-stimulating mediator in the enteric nervous system (Holzer & Holzer-Petsche, 2022). In the atogepant programme constipation occurred in around 7 to 11% of participants against about 3% with placebo, and in ELEVATE in 10% against 3% (Ailani et al., 2021; Pozo-Rosich et al., 2023; Tassorelli et al., 2024). A dedicated phase 4 study using a wireless motility capsule tested whether ligand and receptor blockade differ physiologically. Its primary endpoint, change in colonic transit time, was not met for either drug, but secondary measures diverged in direction, with erenumab reducing stool form scores and spontaneous bowel movements and increasing constipation symptom scores, while galcanezumab increased symptom scores without slowing transit; treatment-emergent adverse events were more frequent with receptor than with ligand blockade (Kudrow et al., 2022). The study was small and single-blind and its primary endpoint was negative, so it supports a hypothesis of mechanistic difference rather than establishing one. Clinically, the observation that gastrointestinal symptoms are common, usually mild, and potentially modifiable by switching between ligand and receptor blockade is a useful working principle whose evidential basis is weaker than its frequency of repetition suggests (Ailani et al., 2022).
7.3 Immunogenicity
Anti-drug antibodies were an anticipated concern for a chronically administered biological therapy. Pooled analysis across six erenumab trials and their extensions in 2,985 patients found a low incidence of binding antibodies, few neutralising antibodies, predominantly transient and low-magnitude responses developing mostly within the first six months, and no detectable effect on the change in monthly migraine days or on adverse event rates (Zhou et al., 2022). Evidence across the class points in the same direction (Cohen et al., 2021). Immunogenicity therefore appears not to be a clinically meaningful problem for this class, although the assessment relies on assays and thresholds that differ between programmes, and secondary loss of efficacy in individual patients has not been systematically investigated with immunogenicity testing.
7.4 Populations excluded from the evidence base
Older adults are represented but not well studied. A pooled analysis of participants aged 60 years and above across three fremanezumab trials, comprising 246 individuals, showed reductions of 4.3 and 4.6 monthly migraine days against 2.3 days with placebo, with tolerability comparable to the younger population (Nahas et al., 2021). A Korean multicentre real-world study of antibodies in elderly patients supports effectiveness and tolerability in routine care (Cho et al., 2026). These datasets remain small relative to the comorbidity burden of the population they describe.
Pregnancy evidence is confined to observational and pharmacovigilance sources. Analysis of the World Health Organization global individual case safety report database identified no distinctive pattern of adverse pregnancy outcomes but is subject to the reporting biases inherent in spontaneous surveillance and cannot estimate risk (Noseda et al., 2023). A prospective case series of pregnancies with periconceptional exposure adds granularity without providing a denominator (Elosua-Bayes et al., 2024). Given prolonged elimination and active placental transfer of immunoglobulin G, discontinuation well before conception remains the prudent approach, and the absence of controlled data in a disorder that predominantly affects women of reproductive age is among the most consequential gaps in the field.
Paediatric evidence is more limited still. Within the period covered by this review, the published work comprises pharmacokinetic and tolerability studies rather than efficacy trials: a phase 1 randomised open-label multiple-dose study of erenumab in children and adolescents, and a phase 1 single-dose pharmacokinetic study of rimegepant in children aged six to under twelve years (Hershey et al., 2024; Lim et al., 2026). No adequately powered efficacy trial has been reported, and extrapolation from adults is not defensible in a population with high placebo responsiveness and a developing nervous system in which the peptide has trophic and vasoregulatory functions.
7.5 What long-term data can and cannot establish
Long-term evidence comes almost entirely from open-label extensions of registration trials and from observational cohorts. A five-year open-label extension of erenumab in episodic migraine, a 52-week extension in chronic migraine, and a randomised long-term study of fremanezumab all report stable tolerability without emergent signals (Ashina et al., 2019; Goadsby et al., 2020; Tepper et al., 2020). A systematic review and meta-analysis of studies with at least twelve months of exposure pooled a discontinuation rate of 23% for any reason but only 3% for adverse events, found no emergent safety signals, and judged all included studies to carry a severe risk of bias by virtue of their design (Hoehne et al., 2026). Long-term data for oral preventive antagonism are accumulating, with extension data for atogepant beyond one year showing no unexpected findings (Ashina et al., 2025).
Three structural limitations constrain what this literature can establish. Extension populations are self-selected for benefit and tolerance, so adverse events that cause early discontinuation are systematically under-represented. Extensions lack a concurrent control group, so background rates of common conditions cannot be distinguished from drug effects. Follow-up of a few years is short relative to the expected duration of treatment in a chronic disorder that may be treated for decades, particularly for a mediator with roles in wound repair, immune signalling and vascular reserve. Registry-based surveillance rather than further extension studies is the design capable of resolving these questions. Table 5 sets out each safety domain with the strongest available evidence and the residual uncertainty attaching to it.
Table 5. Safety domains for calcitonin gene-related peptide-targeted therapies: signals, evidence and residual uncertainty
	Safety domain
	Nature of the concern
	Strongest available evidence
	Residual uncertainty
	Supporting references

	Major vascular events
	Loss of compensatory vasodilatation during ischaemia
	Active-comparator cohort in older and disabled adults showed no excess (adjusted hazard ratio 0.88); claims analysis of 108,019 new users showed no difference at 36 months
	Confidence intervals permit a modest relative increase in rare events; patients with recent events remain unstudied
	Dodick et al. (2025); Kudrow et al. (2020); MaassenVanDenBrink et al. (2016); Yang et al. (2025)

	Blood pressure
	Labelling amended to note possible hypertension with receptor blockade
	Meta-analysis found no significant change in systolic or diastolic pressure
	Wide prediction intervals; a minority showed worsening and a small proportion started antihypertensive treatment
	Makita et al. (2025)

	Constipation and gastrointestinal motility
	Enteric prosecretory and motor-stimulating actions of the peptide
	Consistent excess in randomised trials of oral antagonists (approximately 7-11% versus 3%); phase 4 motility study showed divergent secondary measures
	Primary motility endpoint negative; the presumed ligand-receptor difference rests on small secondary analyses
	Ailani et al. (2021); Ailani et al. (2022); Holzer & Holzer-Petsche (2022); Kudrow et al. (2022); Pozo-Rosich et al. (2023)

	Hepatic injury
	Aminotransferase elevations that halted telcagepant development
	Mechanistic modelling attributes the signal to compound-specific properties; current agents show placebo-like rates
	Evidence for molecule specificity is partly in silico; daily exposure over many years is untested
	Ho et al. (2014); Smith et al. (2020); Woodhead et al. (2022)

	Immunogenicity
	Anti-drug antibodies reducing efficacy or causing reactions
	Pooled analysis of six trials in 2,985 patients found low, mostly transient antibody responses without clinical impact
	Assay methods and thresholds differ between programmes; secondary loss of efficacy not systematically investigated
	Cohen et al. (2021); Zhou et al. (2022)

	Pregnancy and lactation
	Prolonged elimination and active placental transfer of immunoglobulin G
	Pharmacovigilance analysis and a prospective case series identified no distinctive adverse pattern
	No controlled data and no denominator; risk cannot be quantified
	Elosua-Bayes et al. (2024); Noseda et al. (2023)

	Older age and comorbidity
	Polypharmacy and higher baseline vascular risk
	Pooled trial subgroup of 246 participants aged 60 years and above and a multicentre real-world elderly cohort show retained efficacy and tolerability
	Sample sizes small relative to comorbidity burden; frail and institutionalised patients unrepresented
	Cho et al. (2026); Nahas et al. (2021)

	Children and adolescents
	Extrapolation from adults in a developing nervous system
	Phase 1 pharmacokinetic and tolerability studies of erenumab and rimegepant
	No adequately powered efficacy trial; high paediatric placebo response makes extrapolation unsafe
	Hershey et al. (2024); Lim et al. (2026)

	Cumulative long-term exposure
	Chronic blockade of a mediator with wide physiological roles
	Open-label extensions to five years and a meta-analysis of studies with at least twelve months of exposure (3% discontinuation for adverse events)
	Extension cohorts self-selected and uncontrolled; all included studies judged at severe risk of bias; decades-long exposure unstudied
	Ashina et al. (2019); Ashina et al. (2025); Goadsby et al. (2020); Hoehne et al. (2026); Tepper et al. (2020)


Note. Percentages are as reported in the cited sources. Absence of a demonstrated signal in the evidence summarised here should not be read as demonstration of absence of risk, particularly for populations excluded from randomised trials.
8. Clinical Problems the Class Has Not Solved
8.1 Non-response, late response and the logic of switching
Roughly half of treated patients do not achieve a 50% reduction, and no biological explanation for this is available. The clinically important observation is that non-response at three months is not necessarily final. Prospective observation of an Italian multicentre cohort identified an ultra-late responder phenotype in which meaningful benefit first appeared after 24 weeks of continuous treatment (Barbanti et al., 2024a), and registry analysis has shown that patients with more severe phenotypes, including chronic migraine and daily headache, are disproportionately represented among late rather than early responders (Karlsson et al., 2025). This conflicts directly with reimbursement rules in many jurisdictions that mandate discontinuation after a three-month non-response assessment, and the conflict is a policy problem created by evidence that arrived after the policies were written.
Switching between antibodies is widely practised and thinly evidenced. A retrospective analysis of 66 switching episodes among 54 patients with chronic migraine found non-significant reductions in days limiting activity overall, with 15% achieving at least a 50% improvement and 33% at least a 30% improvement; a signal emerged only when patients switching because of adverse effects were excluded from the analysis (Talbot et al., 2025). The most defensible interpretation is that switching for intolerance is rational, since adverse effects resolved on approximately a dozen occasions in that series, whereas switching for inefficacy has weak supporting evidence and is more plausibly a delay than a solution.
Sequencing an oral antagonist after antibody failure has been examined in a larger real-world cohort. Among 252 patients who started atogepant after failing at least one antibody, 29.7% achieved at least a 50% reduction and 11.7% at least a 75% reduction in monthly migraine days at three months; adverse events occurred in 52.5%, most commonly constipation in 30% and nausea in 25%; and persistence at 180 days was 61%. Critically, each additional previously failed antibody independently reduced the odds of response (Muñoz-Vendrell et al., 2026). The gradient argues against the intuition that switching within the pathway simply reshuffles the odds, and supports the view that repeated failure identifies a phenotype that is less dependent on this pathway. Combination with onabotulinumtoxinA in refractory chronic migraine has produced conflicting results, with an add-on series reporting benefit and a retrospective cohort finding no synergistic effect, and neither design can separate additional pharmacological effect from regression to the mean in a severely affected population (Argyriou et al., 2022; Jaimes et al., 2023).
A conceptual obstacle underlies these difficulties. Definitions of resistant and refractory migraine were formalised by the European Headache Federation in 2020 and refined by international Delphi consensus in 2025, but they are framed in terms of the number of failed drug classes rather than in terms of biology, so they describe treatment history rather than a mechanism (Robblee et al., 2025; Sacco et al., 2020). Trials of sequencing strategies enrol on the basis of these definitions and therefore inherit their heterogeneity.
8.2 Medication-overuse headache
Medication-overuse headache complicates a substantial proportion of chronic migraine and has traditionally been managed by withdrawal of the overused acute treatment. Real-world data indicate that pathway-targeted prevention is effective without prior withdrawal: in a cohort of 291 patients treated without detoxification, 60.6% of those with chronic migraine and medication-overuse headache no longer met criteria for overuse at follow-up and a further 13.8% had reverted to episodic migraine with overuse, with only 15.4% relapsing after initially successful treatment (Scheffler et al., 2024). Long-term data with eptinezumab in this population point the same way (Blumenfeld et al., 2024).
Randomised evidence has now arrived. The RESOLUTION trial randomised 608 participants with chronic migraine and medication-overuse headache, all of whom received structured patient education, to eptinezumab or placebo, with open-label treatment for all from week 12; reductions in migraine frequency and in the proportion meeting criteria for chronic migraine and overuse were sustained through 24 weeks, and participants initially randomised to placebo achieved similar improvement after crossover, with no new safety signals (Jensen et al., 2026; Schytz et al., 2026). The design is notable for including education in both arms, which isolates the pharmacological contribution but also means the trial does not test prevention against withdrawal. Network meta-analysis of management strategies in medication-overuse headache found that combinations of restricted acute-medication use with preventive treatment, including pathway-targeted therapy, were the most effective approaches, that no single initial preventive strategy was superior to another, and that abrupt withdrawal alone was not significantly better than control (Koonalintip et al., 2025). The clinically defensible position is that effective prevention should be initiated without waiting for withdrawal, and that withdrawal alone is not an adequate strategy.
8.3 Discontinuation, cycling and the question of disease modification
Whether these treatments modify the course of migraine or merely suppress its expression is unresolved and consequential, since the answer determines whether treatment can ever be stopped. A systematic review and meta-analysis of eight studies including 1,012 patients found that after discontinuation, monthly migraine days remained 3.78 days lower than the pretreatment baseline while rising substantially above the level achieved during treatment, and identified no studies at all examining cessation of oral antagonists (Makita et al., 2026). Prospective observation of multiple treatment cycles in an Italian registry found that discontinuation periods were followed by deterioration that was recovered on re-treatment (Barbanti et al., 2024b).
These findings are compatible with at least three interpretations that the available designs cannot distinguish. Genuine disease modification, in which pathway blockade interrupts a self-sustaining sensitisation process, would produce exactly this pattern. So would regression to the mean in cohorts entered at a symptomatic peak. So would carry-over pharmacodynamic effect, since antibodies persist for months after the last dose and most discontinuation studies observe patients for a comparable period. Distinguishing these requires randomised withdrawal designs with long observation and prespecified relapse definitions, and such trials have not been performed. The widespread practice of mandated treatment holidays in several European health systems therefore rests on reimbursement logic rather than on evidence, and the finding that many patients deteriorate during enforced pauses suggests that the practice may be actively harmful for some.
8.4 Predicting who will respond
Given the failure of peripheral peptide measurement and of provocation testing, prediction has fallen back on clinical variables. In a registry study of 570 participants treated with erenumab, chronic migraine, daily headache and previous failure of three or more preventive medications independently predicted lower odds of response, while older age predicted higher odds; the multivariable model achieved an area under the receiver operating characteristic curve of 64.6% (Karlsson et al., 2025). A machine-learning nomogram developed in 429 patients and validated externally in 109 achieved an overall accuracy of 74% and a weighted F1 score of 70.5%, with chronic migraine status, older age and lower baseline headache frequency associated with response and medication overuse associated with non-response (Romozzi et al., 2025). Pharmacogenetic work has identified candidate variants associated with response in a chronic migraine Han Chinese population, but these findings await replication in independent and ethnically diverse cohorts (An et al., 2024).
Discrimination in this range is insufficient for individual treatment decisions. A model with an area under the curve near 0.65 will misclassify a substantial minority of patients, and a nomogram with 74% accuracy in a population with a roughly 55% response rate improves only modestly on treating everyone. The interesting observation is that the predictors identified across independent studies converge on disease severity and treatment history rather than on any biological measure, which suggests that current models are capturing prognosis rather than pathway dependence. Prediction is likely to require measures of central sensitisation, imaging or multi-analyte panels that have not yet been tested at the necessary scale.
8.5 Boundaries of pathway specificity and phenotype-specific gaps
The therapeutic reach of pathway blockade beyond typical migraine helps to define what the target does and does not explain. Galcanezumab reduced weekly attack frequency in episodic cluster headache in a randomised trial and was tolerated over extended open-label follow-up, yet the corresponding trial in chronic cluster headache did not meet its primary endpoint, and the discrepancy between the two forms of the same disorder is not explained by any current model (Goadsby et al., 2019; Riesenberg et al., 2022). The pattern suggests that peptide dependence varies not only between disorders but between temporal patterns of the same disorder, which is a more restrictive conclusion than the framing of the peptide as a general trigeminal pain mediator would predict.
Within migraine itself, several phenotypes are poorly served by the existing evidence. Perimenstrual attacks are a case in point: in a cohort of 113 women with menstrually related migraine treated with antibodies or onabotulinumtoxinA, non-perimenstrual headache and migraine days fell significantly over three months while perimenstrual days did not, so that the perimenstrual window accounted for a larger share of the residual burden after treatment than before it (Mas-de-les-Valls et al., 2025). This is a retrospective analysis with a small sample and no control group, and the finding requires confirmation, but it identifies a treatment-refractory window that pooled monthly endpoints conceal by design.
Psychiatric comorbidity has been addressed by one dedicated randomised trial. The UNITE trial evaluated fremanezumab in adults with migraine and comorbid major depressive disorder and reported benefit on migraine outcomes together with improvement in depressive symptoms (Lipton et al., 2025). Whether the mood effect reflects a direct action or the consequence of reduced headache burden cannot be determined from the design, and the trial does not answer the more general question of whether comorbid depression, which predicts discontinuation in registry data (Caronna et al., 2026), should modify treatment selection.
9. Access, Equity and the Global Distribution of Benefit
The evidence base and the treatments it supports are both concentrated in high-income settings, and this is a scientific problem as well as an ethical one. Registration trials enrolled overwhelmingly White populations in North America and Europe, with ELEVATE reporting that 96% of participants were of White ethnicity (Tassorelli et al., 2024), and the real-world cohorts that inform effectiveness estimates are drawn largely from European and North American specialist centres (Caronna et al., 2024; Überall et al., 2026). Whether effect sizes, adverse-effect profiles and pharmacogenetic determinants of response generalise across populations is therefore untested rather than established, and the single substantial pharmacogenetic study conducted outside these settings identified variants that had not been examined in the pivotal programmes (An et al., 2024).
Access is stratified within and between countries. A survey of 686 physicians across Southeast Asian and East Asian countries found that 70% reported an insufficient number of headache clinics, rising to 87.2% in lower-middle-income countries, that acute management relied predominantly on non-specific analgesics with opioids widely prescribed, and that although 77.1% regarded pathway-targeted prevention as effective, many considered that it should not yet be reimbursed given competing priorities (Rattanawong et al., 2026). Real-world data from Thailand demonstrate that these therapies can be used effectively in a middle-income setting when access exists, which indicates that the constraint is economic and organisational rather than clinical (Anukoolwittaya et al., 2024). Within high-income systems, socioeconomic position is associated with the class of migraine medication prescribed even within a single tertiary headache centre (Nandyala et al., 2025), and a broader appraisal of headache care identifies access and quality gaps that follow familiar gradients of income, geography and specialist availability (Raffaelli et al., 2023).
Economic evaluation is inseparable from these questions and is unsettled. A United States societal-perspective model concluded that oral antagonists for episodic migraine prevention are cost-effective at conventional willingness-to-pay thresholds (Thaliffdeen et al., 2024), while the Irish managed-access experience demonstrates that restricting reimbursement to a refractory population produces high adherence and predictable expenditure (Smith et al., 2024). These conclusions are not in conflict, but they are anchored to price structures, thresholds and health-system architectures that do not transfer to settings where the annual cost of an antibody may exceed several months of median household income. Extrapolating cost-effectiveness across such settings is not defensible, and the near absence of economic evaluation from low- and middle-income countries is a gap that the field has not prioritised.
Two consequences follow for the interpretation of the wider evidence base. Estimates of comparative effectiveness derived from populations with reliable specialist access may not describe outcomes in systems where diagnosis is delayed by more than a year, as physicians in the regional survey perceived for 44.9% of patients. And the argument developed in Section 6, that early treatment produces better outcomes, has an uncomfortable corollary: if delayed access causally worsens response, then restrictive reimbursement criteria that require repeated failure before authorising treatment may be generating part of the refractoriness they are designed to identify. That proposition is plausible and consistent with the observational data but has not been tested experimentally, and it should not be presented as established.
10. Future Directions
The priorities that follow are ordered by the extent to which the current evidence obstructs clinical decisions rather than by scientific appeal, and immediate priorities are distinguished from longer-term programmes.
The first immediate priority is stratification. Approximately half of treated patients do not respond, the clinical prediction models available discriminate at an area under the curve near 0.65 to 0.74, and the two most direct biological approaches, peripheral peptide measurement and experimental provocation, have both failed to identify responders (Al-Khazali et al., 2024; Karlsson et al., 2025; Karlsson et al., 2026; Romozzi et al., 2025). The obstacle is that existing candidate markers index either the systemic disposition of the peptide or the clinical severity of the disorder, neither of which is the quantity of interest. What is required is a marker of the degree to which an individual's attacks depend on this pathway. The appropriate design is a prospective multicentre cohort of treatment-naive patients in whom quantitative sensory testing of central sensitisation, structural and functional imaging, and multi-analyte plasma and salivary panels are collected before treatment and related to prospectively defined response at six and twelve months, with prespecified internal and external validation and reporting of calibration as well as discrimination. Samples in the low thousands rather than the low hundreds will be needed, which argues for coordinated registry-embedded collection rather than single-centre studies.
The second immediate priority is randomised evidence on discontinuation. Current practice in several health systems mandates treatment interruption after twelve months, observational data show deterioration during pauses that is recovered on re-treatment, and no randomised withdrawal trial has been conducted (Barbanti et al., 2024b; Makita et al., 2026). A randomised discontinuation design in patients who have sustained a response for at least twelve months, comparing continuation with withdrawal and with a tapered reduction, using prespecified relapse criteria and observation extending well beyond the elimination half-life of the agent, would resolve simultaneously whether disease modification occurs, whether mandated holidays are safe and whether tapering mitigates relapse. The outcome would immediately alter reimbursement policy in multiple jurisdictions, which is a rare property in migraine research.
The third immediate priority is pragmatic comparison. One head-to-head trial against an oral preventive agent exists, its primary endpoint was tolerability, and formal certainty assessment has repeatedly identified the absence of direct comparative evidence as the reason for conditional recommendations (Damen et al., 2025; Qaseem et al., 2025; Reuter et al., 2022). Pragmatic, publicly funded, active-comparator trials enrolling unselected patients in primary and secondary care, with treatment persistence at twelve months and patient-reported disability as coprimary endpoints, would address the question that guideline panels actually face. Sequencing trials are equally needed: randomised comparison of switching antibody, switching to an oral antagonist and adding onabotulinumtoxinA after a first failure would replace the current reliance on single-arm observational cohorts (Argyriou et al., 2022; Jaimes et al., 2023; Muñoz-Vendrell et al., 2026; Talbot et al., 2025).
A fourth priority concerns populations that the evidence base has excluded. No adequately powered efficacy trial exists in children or adolescents, where only pharmacokinetic and tolerability data have been reported and where high placebo responsiveness makes extrapolation from adults unsafe (Hershey et al., 2024; Lim et al., 2026); paediatric trials will require enrichment designs, longer placebo run-in periods and endpoints appropriate to school-age functioning. Pregnancy evidence rests on spontaneous reporting and a small case series in a disorder that predominantly affects women of reproductive age, and the appropriate remedy is a prospective international pregnancy exposure registry with defined denominators and structured outcome ascertainment rather than further retrospective series (Elosua-Bayes et al., 2024; Noseda et al., 2023). Cardiovascular safety in patients with established vascular disease requires purpose-designed active-comparator cohort studies with adequate follow-up, since existing analyses, although reassuring, retain confidence intervals compatible with a modest increase in rare events (Dodick et al., 2025; Yang et al., 2025).
A fifth priority is the extension of the mechanistic paradigm to a second neuropeptide, which is the clearest test of whether the logic that produced this class generalises. A phase 2 trial of a humanised antibody directed against pituitary adenylate cyclase-activating polypeptide in 237 participants with two to four previous preventive failures reduced monthly migraine days by 6.2 days against 4.2 days with placebo from a baseline of 16.7 days, a difference of 2.0 days (Ashina et al., 2024). A second antibody against the same target failed to separate from placebo in a much smaller phase 2 study of 38 participants with treatment-resistant migraine, although the numerical difference in the chronic migraine subgroup resembled that of the positive trial, which suggests that the negative result reflects power rather than target failure (Johnson et al., 2025). Preclinical and translational work indicates that the two peptides act through partly independent routes and that responders to one may not respond to the other (Della Pietra et al., 2025). The decisive study is therefore not another placebo-controlled trial but one that enrols patients characterised by their response to blockade of the first pathway, and that tests whether blockade of the second rescues the non-responders. Adequately powered phase 3 evaluation with prespecified subgroup definitions is the longer-term requirement.
A sixth priority concerns outcomes and their measurement. The International Headache Society has argued that frequency-based endpoints inherited from an era of low expectations understate what contemporary prevention should achieve and has proposed more demanding standards centred on sustained high response and freedom from disability (Sacco et al., 2025). Adopting such endpoints in future trials would reduce apparent efficacy while improving clinical interpretability, and would also expose treatment-refractory windows, such as the perimenstrual period, that monthly aggregate counts conceal (Mas-de-les-Valls et al., 2025). Definitions of resistant and refractory disease should in parallel move from counts of failed drug classes towards biologically or phenotypically anchored criteria, since current definitions describe treatment history rather than mechanism and import heterogeneity into every trial that uses them (Robblee et al., 2025; Sacco et al., 2020).
The final priority is geographical. Effectiveness, safety, pharmacogenetic determinants of response and economic value have been characterised almost entirely in high-income, predominantly White populations, while the greater part of the global migraine burden falls elsewhere (GBD 2023 Headache Collaborators, 2025; Steiner & Stovner, 2023). Registry-based effectiveness and safety studies embedded in middle-income health systems, of the kind already demonstrated to be feasible (Anukoolwittaya et al., 2024), together with economic evaluation conducted at locally relevant prices and thresholds, are needed before global recommendations can be made responsibly. Health-system research on diagnostic delay and specialist availability belongs in the same programme, because in most of the world the binding constraint on benefit is not the efficacy of the medicine but the probability of receiving a correct diagnosis (Rattanawong et al., 2026).
11. Conclusions
Therapies directed at calcitonin gene-related peptide and its receptor constitute the first preventive class for migraine derived from disease-specific biology, and the case that the pathway participates causally in attack generation is stronger than that assembled for any earlier target. Association in the cranial circulation, provocation by controlled infusion and interruption by pharmacological blockade converge, and the therapeutic consequences of that convergence are reproducible across four antibodies and four small molecules developed by independent programmes. This much can be stated with high confidence.
The clinical magnitude of the benefit is more modest than the mechanistic narrative implies. Placebo-adjusted reductions of one to three monthly migraine days in unselected populations coexist with responder rates near half, and both descriptions are correct because the response distribution is bimodal. The advantage over established oral preventive drugs rests most securely on tolerability, on treatment persistence and on speed of onset rather than on average efficacy, and the evidence supporting that reading includes one active-controlled trial in which tolerability was the primary endpoint, several network meta-analyses reaching consistent conclusions about discontinuation, and registry data showing persistence differences of a magnitude that confounding is unlikely to explain. Trials conducted in patients with previous preventive failure show larger placebo-adjusted differences than trials in unselected populations, which indicates that the conventional estimates understate incremental benefit in precisely the group to whom access is most often restricted.
Confidence falls sharply outside these domains. Peripheral peptide concentrations have not behaved as a reliable marker of disease or of treatment effect, and the two largest relevant studies point in opposite directions; the most direct provocation-based prediction strategy has failed outright. Clinical prediction models discriminate too weakly to guide individual decisions and appear to be capturing prognosis rather than pathway dependence. Whether these drugs modify the disorder or suppress its expression cannot be determined from the available uncontrolled discontinuation data, and the practice of mandated treatment interruption rests on reimbursement logic rather than on evidence. Long-term safety is reassuring within the durations studied but is derived almost entirely from self-selected extension cohorts without concurrent controls, and the populations in whom the principal mechanistic concern applies were excluded from the trials that would have tested it.
Three structural features of the evidence base deserve emphasis because they shape everything built upon it. The literature is overwhelmingly industry-sponsored, which affects the questions asked as much as the answers obtained: comparative effectiveness, sequencing, discontinuation and de-prescribing are precisely the questions no manufacturer has an incentive to fund. Trial populations are narrow in ethnicity, geography and comorbidity. Endpoints have remained anchored to a frequency-counting convention that predates the therapies being measured. Each of these is remediable by publicly funded, registry-embedded, pragmatic research, and none is remediable by further placebo-controlled registration trials.
For practice, the defensible position is that these agents should be available early to patients with substantial migraine-related disability, that the decision should be framed around tolerability and the likelihood of sustained use rather than around expected average efficacy, that response should be assessed over at least six months rather than three because late response is well documented, and that treatment interruption should not be imposed in the absence of evidence that it is safe. For science, the field has reached the point at which further demonstrations that the class works are of diminishing value, and the unanswered questions concern for whom it works, for how long it should be given, what should follow when it fails, and who in the world will ever receive it.
12. Limitations
This review is a narrative synthesis and carries the limitations intrinsic to that design. Study selection was purposive rather than exhaustive, screening was not conducted in duplicate, and no protocol was registered in advance, so selection and interpretive bias cannot be excluded despite a specified search strategy, prospectively applied eligibility criteria and verification of every cited source. Judgements about the relative weight of conflicting findings reflect the reasoning set out in the text and could reasonably differ among reviewers examining the same literature.
Searching was restricted to sources that were genuinely accessible during the preparation of this review, and no subscription-only citation index was searched. Literature indexed exclusively in such databases, and literature published in journals not covered by the sources used, may therefore have been missed. Only publications in English were included, which risks under-representation of research from non-anglophone settings and compounds the geographical narrowness already present in the field. Grey literature, conference abstracts without full publication, and regulatory submission documents were not systematically examined, and unpublished negative findings are consequently under-represented.
No quantitative synthesis was performed. The evidence considered spans experimental provocation studies, registration trials, registry cohorts, claims analyses and pharmacovigilance reports, and these differ so substantially in design, population, outcome definition and duration that pooling would have produced a spurious impression of precision. Where quantitative estimates are cited, they are taken from the individual studies or from published syntheses and inherit whatever limitations attach to those sources, including the predominantly indirect nature of the comparisons in the network meta-analyses discussed.
The evidence base itself imposes further constraints on what any review of this subject can conclude. Trial populations were narrow in ethnicity, geography and comorbidity, and were selected to exclude the vascular disease most relevant to the principal safety hypothesis. Long-term data derive predominantly from open-label extensions with self-selected continuing participants and no concurrent controls. Observational effectiveness and persistence data are vulnerable to confounding by indication and to channelling of motivated patients towards newer treatments. Randomised evidence in children and adolescents, in pregnancy and in patients with established cardiovascular disease is absent rather than merely limited, so statements about those groups are necessarily inferential. Outcome heterogeneity, with monthly migraine days, monthly headache days and headache days of at least moderate severity used across different trials, restricts direct comparison between programmes. The field is also developing rapidly, and evidence published after the final search date could not be considered.
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