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Optimizing Migraine Therapy: A Comparative Review of Dosage and Tolerability of Calcitonin Gene Related Peptide Antagonists
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[bookmark: _GoBack]ABSTRACT 

	Migraines are a common disabling neurological condition which are characterised by recurrent attacks of headache, associated with nausea, vomiting, photophobia and auras. There is growing evidence linking calcitonin gene-related peptides (CGRP) to being a central mediator of migraine pathophysiology and is thus a highly effective target. There are two main classes of CGRP inhibitors, monoclonal antibodies (mAbs) and small molecule receptor antagonists or gepants. Monoclonal antibodies such as erenumab, fremanezumab, galcanezumab, and eptinezumab, are used only for prophylaxis of migraines and administered either subcutaneously or intravenously monthly or quarterly. They consistently have been shown to reduce migraine days per month by 3-5 days when compared with placebos and have favourable tolerability, with adverse events mostly related to mild to moderate injection site or infusion site reactions. Gepants, such as ubrogepant, rimegepant, atogepant, and zavegepant, can be given daily, orally or intranasally for both therapeutic and prophylactic use. Ubrogepant and rimegepant provide effective pain freedom and resolution of bothersome symptoms within two hours, while atogepant demonstrates robust preventive efficacy with daily dosing, and zavegepant introduces a rapid intranasal option. Gepants have adverse events related to gastrointestinal or neurological effects, such as nausea, vomiting or constipation, with higher GI specificity in atogepant and broader systemic toxicity in rimegepant. Collectively, CGRP-targeted therapies offer flexible, effective, and well-tolerated options that can be individualized based on patient needs, dosing preferences, and comorbidities. Future studies are required to establish long-term safety, durability of effect, comparative head-to-head efficacy, and biomarkers that may optimize patient selection and refine therapeutic strategies.
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1. INTRODUCTION 
Migraines are a common neurological pain disease with recurrent headache episodes of moderate to severe pain intensity, lasting 4 to 72 hours. Secondary symptoms such as nausea, vomiting, sensitivity to light and sound, and hearing disturbances are common, along with ‘auras,’ which are a temporary set of focused neurological symptoms that generally manifest as visual or hemisensory abnormalities (1). While the exact causes of migraines are still a mystery, researchers believe that the trigeminal nerve and its axonal projections to the cerebral vasculature play a role in the disease’s development (termed the trigeminovascular system). When a patient feels pain, it is because the brain has received a nociceptive signal from the trigeminovascular system (2).
Among these neuropeptides, Calcitonin gene related peptide (CGRP) is a key mediator of vascular activity and both central and peripheral pain mechanisms. CGRP is widely expressed in the trigeminal and dorsal root ganglia and are thus responsible for migraine generation (3-5).
Until now, most migraine drugs acted on the serotonergic pathway, such as triptans. However, major therapeutic advances targeting the CGRP pathway have transformed the current landscape of migraine treatments. These drugs fall broadly into two classes: monoclonal antibodies or mAbs, and small molecule CGRP receptor antagonists or gepants (6).
· Monoclonal antibodies (mAbs): There are four FDA approved mAbs targeting CGRP for migraine prevention, of which three - eptinezumab, fremanezumab, and galcanezumab directly bind CGRP, and the other, bind erenumab targets the CGRP receptor instead (7,8). These are administered monthly or quarterly via injection and are effective as preventive therapies and not for acute attacks (6, 7)
· Gepants: Small molecule antagonists block the CGRP receptor and are used both for treatment and prophylaxis, with first generation gepants such as olcegepant and  telcagepant showing efficacy, but low bioavailability and hepatotoxicity lead to their discontinuation (9). Second generation agents on the other hand ubrogepant, rimegepant, atogepant, and zavegepant are currently approved for use via oral or intranasal routes with favourable safety and tolerability (10).
Dosing regimens are significantly different between each generation and each class, from once daily tablets to once quarterly injections, thus understanding the relative efficacy, durability, outcomes and adverse effects are essential for optimising migraine therapy. This review thus summarises the evidence, outcomes and adverse effects of mAbs and gepants with the goal of guiding treatment selection.
2. Specific dosages 
Discussed below are the dosages, frequency and route of administration for the currently available CGRP antagonists.
2.1 Monoclonal antibodies
2.1.1 Erenumab
Goadsby et al. conducted a randomised trial with 955 participants receiving either erenumab at 70 mg or 140 mg or a placebo for 6 months subcutaneously. There was an overall reduction of migraine days in the 70 mg group by 3.2, as compared to 3.7 in the 140 mg group to the 1.8 days of the placebo group (p < 0.001) from 8.3 days (the mean number of migraine days per month at baseline). Patients receiving erenumab had a 50% or greater reduction in this number as compared to the 26.6% seen in placebo. The treated group had a greater improvement in physical impairment scores and in everyday activities when compared to the placebo group, with comparable adverse event rates (11).
2.1.2 Fremanezumab
Silberstein et al.’s 12-week study assessed fremanezumab as a prophylactic drug for chronic migraine in 1,130 participants and received it quarterly, monthly or as a placebo, with the baseline headache days averaging 12.8 – 13.3 per month. Groups receiving fremanezumab experienced greater reductions in monthly headache days (4.3–4.6 days) compared to placebo having a reduction of 2.5 days (P<0.001). At least 50% reduction in headache days was observed in 38% (quarterly) and 41% (monthly) of fremanezumab users versus 18% in the placebo group (P<0.001). Injection-site reactions were common, and liver function abnormalities were noted in <1% of patients. Long-term studies are needed to confirm safety and sustained efficacy (12).
 
2.2 Small molecule gepants
2.2.1 Atogepant
Ailani et al. conducted a randomised trial for atogepant in 873 participants with some given 10 mg, 30 mg, 60 mg, or placebo with an average baseline migraine frequency ranging from 7.5 to 7.9 days per month. They found a 3.7 (10 mg), 3.9 (30 mg), and 4.2 (60 mg) day reduction when compared to 2.5-day reduction of migraine with placebo over 12 weeks. The 60 mg dose showed the greatest reduction from baseline (-1.7 days, 95% CI: -2.3 to -1.2). Atogepant generally outperformed placebo in secondary endpoints, except for AIM-D activity and physical impairment scores at 10 mg. The most common adverse effects were constipation (6.9–7.7%) and nausea (4.4–6.1%). Serious adverse events included one case of asthma and one case of ocular neuritis. Larger studies are necessary to determine long-term efficacy and safety (13).
2.2.2 Ubrogepant
Dodick et. al conducted a trial involving 1,672 participants who were given ubrogepant at 50 mg; 100 mg; and placebo. At 2 hours post-dose, pain relief was achieved in 19.2% (50 mg) and 21.2% (100 mg) of patients versus 11.8% in the placebo group (P<0.002), thus patients who took ubrogepant were more likely to be pain-free and have no signs of the most troublesome symptom than those who took a placebo at the 2-hour mark. Relief from the most bothersome symptoms (e.g., photophobia, phonophobia, nausea) occurred in 38.6% (50 mg) and 37.7% (100 mg) of patients versus 27.8% in the placebo group (P=0.002). Adverse effects, reported in 9.4% (50 mg) and 16.3% (100 mg) of users, included nausea, drowsiness, and dry mouth. While ubrogepant is effective for acute migraine relief, further studies are needed to compare it with other treatments and evaluate long-term effects (14).
 2.2.3 Rimegepant
Lipton et. al conducted a study which randomized 1,186 patients to rimegepant (n=594) or placebo (n=592). At 2 hours post-dose, 19.6% of rimegepant users were pain-free compared to 12.0% in the placebo group (absolute difference: 7.6%; 95% CI: 3.3–11.9; P<0.001). The most bothersome symptom resolved in 37.6% versus 25.2% of placebo users (95% CI: 6.9–17.9; P<0.001). Common adverse events included nausea and urinary tract infections (15).
Table 1: Dosages of CGRP related drugs

		Name of the drug
	Dosage
	Frequency
	Route of administration
	Prophylaxis or acute

	Fremanezumab
	225 mg
675mg
	Monthly
Every 3 months
	subcutaneous
	Prophylaxis (12)

	Eptinezumab
	100mg
300mg
	Every three months
	Intravenous infusion
	Prophylaxis (16)

	Galcanezumab
	120mg
	Once monthly
	subcutaneous
	prophylaxis (17)

	Erenumab
 
	·         28mg
·         70mg
·         140mg
	Once monthly
	Subcutaneous
	prophylaxis (18)

	Urbogepant
	·         50mg
·         100mg
Max dose/day 200mg
	As needed
Can repeat after 2 hrs
	Orally
 
	Acute treatment (19) 
 

	Rimegepant
	·         75mg
·         75mg
	·         Once
·         Once every alternate day
	orally
	·         Acute
·         Prophylaxis (20)

	Atogepant
	·         10mg
·         30mg
·         60mg
	Daily
	Orally
	Prophylaxis (6)

	Zavegepant
	·         10mg
·         20mg
	As needed
	Intranasal spray
	Acute (21)






3. Adverse effects 
3.1 Monoclonal Antibodies (mAbs)
Most mAbs are well tolerated with most adverse events (AE) being mild or related to injections or infusions.
In a study involving 383 patients aimed at evaluating the safety and tolerability of Erenumab, the most commonly reported adverse events were back pain, viral upper respiratory tract infection, sinusitis, and influenza. The majority of these AEs were mild to moderate in severity. Serious adverse events occurred at a rate of 4.2 per 100 patient years and were generally isolated incidents. Sixteen patients discontinued because of AEs like rash and depression. Additionally, other notable events like hypertension and hypersensitivity reactions were reported in the post-marketing surveillance (22).
In a randomized study with 1890 patients, the common AEs observed with Fremanezumab were injection site reactions like erythema, rash, and pruritus. AEs leading to discontinuation occurred in 3-5% of the patients, amongst them injection site reactions and increased weight were the most common reasons for the discontinuation. Some serious AEs were reported in 5-7% of patients, such as status migrainosus, basal cell carcinoma, cerebrovascular accident, malignant melanoma, osteoarthritis, and retinal tears (23).
In a research study on Galcanezumab, the most common AE observed was pain at the injection site. Nasopharyngitis and upper respiratory tract infections were also reported. Less than 3% of the patients experienced serious AEs. The percentage of patients who experienced at least one AE was almost similar in both the galcanezumab and placebo groups (24).
In a pooled study analysis of 5 clinical trials on Eptinezumab, comprising of 2867 adults with migraine, the most common AE was nasopharyngitis which occurred in 2% of patients. There were Infusion site reactions reported in 1.3% of the patients which led to infusion interruption in 0.9%. Hypersensitivity reactions like urticaria, flushing, rash, and pruritus were also observed in the study, most of which resolved in a day (25).
3.2 Gepants
Gepants are associated with a wide range of adverse effects affecting multiple organ systems, mostly gastrointestinal or neurological. Gastrointestinal AEs were most common among all gepants with nausea, vomiting, constipation, abdominal pain and abdominal discomfort and diarrhoea being common. Liver related AEs were uncommon. Neurological AEs such as insomnia, dizziness, abnormal dreams, brain fog and anxiety. Each gepant demonstrates distinct adverse event profiles that should guide individualized treatment selection:
· Rimegepant: Highest overall adverse event signals, prominent gastrointestinal and oral effects, skin reactions, and Raynaud’s phenomenon. Strong association with nausea and vomiting. Rash, pruritus and alopecia along with oral AEs like tongue discomfort, paraesthesia and swollen tongue were particularly common.

· Urbogepant has better GI tolerability, with more musculoskeletal AEs such as muscle tightness, neck pain and muscle spasms.

· Atogepant: Highest GI adverse event frequency, liver monitoring required and rare cardiac signals. Constipation was more commonly noted then nausea and vomiting (26).
 
Table 2: Common side effects of CGRP inhibitors
 
	CLASS
	DRUG
	COMMON SIDE EFFECTS
	SERIOUS SIDE EFFECTS

	Monoclonal Antibodies
	Erenumab
	Viral upper respiratory tract infection,Sinusitis ,Influenza,Back pain
	Rash, Depression,
Hypertension,
Hypersensitivity reactions

	
	Fremanezumab
	Injection site reactions ( Rash, Erythema, Swelling,Pruritus)
	Pneumonia, Dehydration , Suicidal ideation, Fibromyalgia , Papillary thyroid carcinoma, Transient global amnesia

	
	Galcanezumab 
	Injection site pain, Nasopharyngitis, Upper respiratory tract infections
	

	
	Eptinezumab 
	Nasopharyngitis, infusion site reactions
	Hypersensitivity reactions

	Gepants
	Rimegepant
	Nausea and vomiting, rash, pruritus and alopecia along with oral AEs like tongue discomfort, paraesthesia and swollen tongue
	Skin reactions, and Raynaud’s phenomenon

	 
	Urbogepant
	Muscle tightness, neck pain and muscle spasms.
	 

	 
	Atogepant
	GI adverse events common (constipation), liver function may be affected
	Tachycardia, other CVS




4. Conclusion
CGRP targeting drugs (both mAbs and gepants) are generally safe and well tolerated options for both therapeutic and prophylactic treatment of migraines and represent a major advance in migraine therapy. Across numerous randomised trials, both classes have shown significant reductions in the number of monthly migraine days and other patient outcomes such as improvements in daily activities, etc. Dosing regimens for these drugs vary from once daily dosing to once monthly or quarterly, offering flexibility. While mAbs are frequently associated with injection site reactions, gepants more frequently have gastrointestinal or neurological side effects. Understanding the specific efficacy and safety profiles are crucial for the optimisation of individualised therapy.
However, significant important gaps in knowledge remain, with a lack of head to head comparative trials, long term safety and durability of response are too yet to be established. The first mAb targeting CGRP, erenumab (Aimovig) was FDA approved only in 2018, with the first gepants, ubrogepant approved in 2019. Questions remain with regards to optimal patient selection, potential biomarkers, and management of refractory disease or comorbidities. Further future research is necessary for comparative effectiveness, extended follow up of existing cohorts and the exploration of dual targeting or combination strategies for resistance or refractory nature of the disease.
In summary, CGRP antagonists offer safe and effective options for migraine prevention with diverse dosage protocols. As longer term and comparative data become available, these agents will improve outcomes and quality of life for patients with migraines.
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