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Abstract: The treatment of migraine is often complicated by insufficient headache relief, 
a miscellany of side effects and the risk of developing Medication Overuse Headache 
(MOH). Novel acute therapies have been recently developed and are now in the early post- 
marketing phase. Lasmiditan is a highly selective serotonin receptor agonist that binds to the 
5-HT1F receptor, while ubrogepant and rimegepant antagonize the calcitonin gene-related 
peptide receptor. All three medications are now prescribed in a real-world setting, and an 
adequate level of knowledge is the starting point for rational use. In this rapid systematic 
review, we have established what is known about lasmiditan, ubrogepant and rimegepant, 
highlighting the most relevant safety aspects available from published studies and speculat-
ing about their risk of MOH. 
Keywords: CGRP, headache, migraine, MOH, triptans

Introduction
Migraine is a common pain condition and the second most disabling disorder 
worldwide.1 The acute treatment ranges from the use of simple analgesics, such 
as paracetamol or nonsteroidal anti-inflammatory drugs (NSAIDs), to migraine- 
specific therapies, including ergotamine and its derivatives or triptans.2 Not all 
patients respond to treatments, experiencing side effects or an insufficient relief 
from their attacks.3 Triptans are contraindicated in patients with cardiovascular 
diseases, hypertension, or during pregnancy, and their use is mostly off-label in 
pediatric patients.4 NSAIDs are not indicated in patients with peptic ulcer 
disease, inflammatory bowel diseases, renal dysfunction, and those on concomi-
tant anticoagulants.5 In addition, the frequent use of any acute treatment for 
migraine can paradoxically worsen the headache itself, leading to a secondary 
pain condition called medication overuse headache (MOH). In the International 
Classification, patients with MOH are defined with a pre-existing headache, who 
develop a significant worsening in association with the use of acutely acting 
medications at least 15 days per month (simple analgesics) or 10 days per month 
(triptans, ergot derivatives, opioids or combination analgesics).6 MOH is 
a common cause of chronic daily headache and affects 1–2% of the population 
worldwide.7

Based on the premise that the calcitonin gene-related peptide (CGRP) plays a key 
role in the pathophysiology of migraine, a new generation of selective treatments has 
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emerged.8 These therapies include: (i) lasmiditan; 
(ii) second-generation gepants, or small-molecule antago-
nists that antagonize the CGRP receptor (Table 1). 
Lasmiditan belongs to the serotonin (5-HT) 5-HT1F receptor 
agonists, which lead to the inhibition of the CGRP release 
in the trigeminovascular signaling pathways.9 Ubrogepant 
and rimegepant are second-generation gepants that have 
overcome the liver toxicity associated with the first genera-
tion. Lasmiditan, ubrogepant and rimegepant have been 
recently approved by the Food and Drug Administration 
(FDA) for adult patients with migraine and are now in the 
early post-marketing phase. An enhanced focus on safety 
improves the appropriateness of the initial prescribing and 
provides an opportunity to minimize potential adverse drug 
events.

In this rapid systematic review, we aimed to sum-
marize the clinical safety of lasmiditan, ubrogepant and 
rimegepant from published studies, with a section dis-
cussing how these drugs are expected to relate 
to MOH.

Materials and Methods
Rapid reviews are an emerging type of knowledge 
synthesis used to inform health-related discussions, 
especially when information needs are immediate.10–12 

The rapid review method used is similar to previously 
published reviews.12,13 Briefly, we focused on English, 
peer-reviewed full abstracts in PubMed published before 
31 June 2021 and used the following non-MESH key-
words: lasmiditan, LY573144, ubrogepant, MK-1602, 
rimegepant and BHV3000. The search was run in 

PubMed because of time constraints and because it is 
the most widely searched database for health-related 
topics. The initial search (July 2021) yielded 290 titles 
or abstracts. Similar keywords were also used in a brief 
online grey literature search, which retrieved an addi-
tional list of in-progress trials. All findings were 
screened for duplicates and relevancy concerning the 
clinical effects of lasmiditan, ubrogepant or rimegepant 
in patients with migraine and/or their potential to induce 
MOH. Review articles were further examined to find 
any primary sources that may have been missed in the 
searches.

Lasmiditan
Currently, triptans are considered first-line treatments 
for moderate-to-severe migraine. However, a lack of 
response is visible in 25–30% of patients, and triptans 
are contraindicated in patients with cardiovascular dis-
eases, as they have potential vasoconstrictive effects on 
cerebral and coronary arteries.14,15 This fostered the 
search for more specific therapies, leading to the devel-
opment of selective 5-HT1F receptor agonists, also 
called ditans. Lasmiditan is a lipophilic ditan that acts 
on the trigeminal system without causing 
vasoconstriction,16 approved by the FDA in 
October 2019. The recommended dosage is 50 mg, 
100 mg or 200 mg taken orally, as needed. Upon oral 
administration, lasmiditan is rapidly absorbed, reaching 
a peak plasma concentration of approximately 1.8 
hours. Taking lasmiditan with a high-fat meal may 
prolong the time to reach the maximum plasma 

Table 1 Safety Profile of Lasmiditan, Ubrogepant and Rimegepant Available from Published Trials

Lasmiditan Ubrogepant Rimegepant

Target 5-HT1F receptors CGRP receptor CGRP receptor

Formulation Oral tablet Oral tablet Oral tablet

Dosage 50, 100 and 200 mg 50 and 100 mg 75 mg

Most common treatment-emergent adverse 

events

Dizziness Dizziness Dizziness
Fatigue Nausea Nausea

Nausea Somnolence Urinary tract infection
Paraesthesia
Somnolence

Treatment-related serious adverse events Serotonin syndrome (n = 1)23 Seizure (n = 1)34 None

Driving impairment up to 8 hours after 
dosing28

Sinus tachycardia 
(n = 1)36
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concentration, but it is not expected to be clinically 
significant.17 The biological half-life of lasmiditan is 
5.7 h, the binding to blood proteins is around 60%. 
Lasmiditan is primarily eliminated via metabolism, 
whereas renal excretion plays only a minor role in 
drug clearance.17 When administered orally, lasmiditan 
reduced migraine pain and the most bothersome symp-
toms within two hours.18–20 Compared to placebo, 
treatment-emergent related adverse events (TEAEs) 
were reported more frequently within 48 hours in 
patients assigned to lasmiditan.21 TEAEs were dose- 
dependent, usually mild to moderate in intensity, and 
self-limiting.22 The onset occurred approximately 30– 
50 minutes after administration, with the frequency 
decreasing with subsequent attacks.22,23 The most com-
mon adverse events (AEs) were neurological events, 
including dizziness (14.7%), and paraesthesia 
(5.7%).21 Other common events were somnolence 
(5.5%), fatigue (3.8%), and nausea (3.4%).21 They 
were similar between patients using and not using pre-
ventive medications and appeared independent of 
comorbid conditions.24,25 Among serious TEAEs, only 
a single case of serotonin syndrome was considered 
related to lasmiditan.23 In vitro, lasmiditan exhibited 
inhibition of intestinal P-glycoprotein, indicating 
a potential interaction in vivo.26 In a Phase I study 
conducted in 44 healthy subjects, coadministration of 
lasmiditan in the presence of propranolol decreased 
heart rate shortly after dosing while increasing blood 
pressure relative to propranolol alone.27 The cardiovas-
cular parameters returned to baseline levels within 3 
hours, whereas the heart rate remained significantly 
lower over the entire 12-hour post dose. In two rando-
mized, placebo-controlled studies, lasmiditan showed 
impaired simulated driving performance at 1.5-hours 
post-dose, suggesting that individuals taking lasmiditan 
should not engage in potentially hazardous activities 
requiring complete mental alertness, such as driving 
a motor vehicle or operating machinery, for at least 8 
hr after administration.28 Lasmiditan is safe and well 
tolerated in patients with migraine aged 6 to 17 
years,29 and clinical trials investigating the efficacy of 
such a population are currently underway 
(NCT04396236 and NCT04396574).

Ubrogepant
Ubrogepant is the first oral CGRP receptor antagonist 
approved for the acute treatment of migraine.30 The 

recommended dosage is 50 mg or 100 mg, up to two 
doses per day with at least 2 hours apart. Ubrogepant is 
rapidly absorbed and the maximum concentration of 
plasma is achieved after 1.5 hours.31 Consuming ubro-
gepant with fatty foods may extend the absorption pro-
cess, but no substantial clinical effects are expected. The 
half-life is around 6 hours, the apparent central volume 
of distribution is high (350 L), the binding to blood 
proteins is 87%.31 Ubrogepant is metabolized primarily 
by the cytochrome P450 3A4 (CYP3A4), and it is 
mainly excreted in the feces. The efficacy and safety 
of ubrogepant was demonstrated in three 
randomized, double-blind, placebo-controlled trials.32–34 

TEAEs were mainly mild or moderate in intensity, with 
no significant difference between ubrogepant and pla-
cebo within 48 hours post-dose and for 30 days follow- 
up.35 The long-term safety and tolerability of ubroge-
pant given as 1 or 2 doses per attack was further 
investigated in an open-label, 52-week trial.36 

Ubrogepant-related AEs occurred approximately in 
10% of participants, with the most common being nau-
sea (1.5% and 1.7% with ubrogepant 50 and 100 mg, 
respectively), dizziness (0.5% and 1.5%), and somno-
lence (1.5% and 1.2%).36 No increase in the incidence 
of TEAEs was observed with an increased number of 
attacks treated per month. Discontinuation due to AEs 
was reported in 2–3% of ubrogepant-treated 
participants.36 A single serious adverse event (sinus 
tachycardia) was considered related to ubrogepant, this 
event occurred in a participant with a history of supra-
ventricular tachycardia with ablation.36 The participant 
continued taking ubrogepant without further complica-
tions. No safety concerns were identified based on 
laboratory or vital sign findings, or by the presence of 
major cardiovascular risk factors.37 Concomitant use of 
ubrogepant with strong CYP3A4 inducers (eg, rifampin, 
phenytoin, barbiturates) should be avoided due to 
a possible decreased efficacy. Ubrogepant should not 
be administered with potent CYP3A4 inhibitors (eg, 
clarithromycin, ketoconazole, itraconazole) as these 
drugs may cause a significant increase in ubrogepant 
plasma concentration. The manufacturer recommends 
an initial ubrogepant dose of 100 mg when coadminis-
tered with moderate or weak CYP3A4 inducers, or 
a starting dose of 50 mg when ubrogepant is used 
concomitantly with moderate or weak inhibitors of 
CYP3A4. Ubrogepant showed no clinically relevant sig-
nal of hepatotoxicity following intermittent, high- 
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frequency dosing, or clinically significant drug–drug 
interactions with erenumab, galcanezumab, paracetamol, 
naproxen, sumatriptan and components of an oral 
contraceptive.38–42

Rimegepant
Rimegepant is the first and only CGRP receptor antago-
nist available in the form of orally disintegrating 
tablets.43 The recommended dose is 75 mg as needed, 
no more than one tablet per day. After administration, 
the maximum plasma concentration is achieved after 1.5 
hours.44 When administered with a high-fat meal, the 
absorption is delayed, the maximum plasma concentra-
tion is reduced by 42–53%. The half-life is around 11 
hours, the volume of distribution and the plasma protein 
binding are high (120% and 96%, respectively).44 

Metabolism of rimegepant is mainly mediated by the 
CYP3A4 isoenzyme and to a lesser extent by the cyto-
chrome P450 2C9 (CYP2C9). About 77% of rimegepant 
is excreted, primarily unchanged in the urine. 
Rimegepant demonstrated efficacy and safety in three 
randomized, double-blind, placebo-controlled trials con-
ducted in patients with migraine.45–47 Most TEAEs in 
rimegepant-treated individuals were mild to moderate in 
intensity, with the most common being nausea (1.6%), 
followed by urinary tract infection (1.5%) and dizziness 
(0.8%).48 No serious AEs related to rimegepant, or 
deaths were reported. Although previous studies with 
first-generation CGRP receptor antagonists, such as 
olcegepant, found that the most relevant AE was 
hepatotoxicity,49 a recent meta-analysis reported that 
rimegepant is not associated with an increased liver 
damage.48 Taken every other day, rimegepant was also 
safe and effective as a preventive treatment for 
migraine, with no safety issues reported.50 No treat-
ment-related serious AEs were reported in the rimege-
pant group, while 2% of participants who received 
rimegepant discontinued due to an adverse event.50 

The FDA accepted the supplemental New Drug 
Application for the preventive treatment of migraine in 
October 2020 and rimegepant has been recently 
approved for dual therapy for acute and preventive 
treatment of migraine in adults. The concomitant admin-
istration of rimegepant with strong or moderate inhibi-
tors and inducers of CYP3A4 should be avoided, 
whereas the induction or inhibition of CYP2C9 is not 
expected to have a significant effect on rimegepant 
exposure.51 No dosage adjustment is required for 

patients with mild, moderate, or severe renal impair-
ment, or patients with mild or moderate hepatic injury. 
However, its use should be avoided in patients with 
severe hepatic impairment.51 Rimegepant is well toler-
ated when used concomitantly with sumatriptan, erenu-
mab, fremanezumab and galcanezumab.52,53 Two 
multicenter studies are currently ongoing to evaluate 
the tolerability and efficacy of rimegepant in children 
and adolescents for the acute treatment of migraine 
(NCT04649242 and NCT04743141).

Is There a Risk for MOH?
The relationship between the new therapies for 
migraine and MOH is being discussed.54 The novelty 
of lasmiditan, ubrogepant and rimegepant makes it 
impossible to draw conclusions based upon available 
clinical trials, often of a relatively short duration and 
not assessing their risk for MOH. Usually, the safety 
and tolerability of a medication overuse use is not 
assessed before the drug is prescribed. To speculate 
about the matter, the findings in animal studies might 
be worth considering. Animal models of MOH have 
been developed with the aim to comprehend the neural 
adaptations due to the repeated overuse of analgesic 
medications.55 These models exhibit phenotypes that 
relate to MOH, such as mechanical allodynia, hyper-
algesia and nociceptive behaviours. An increased level 
of CGRP was, in some studies, associated with precli-
nical MOH and blocking the CGRP pathway with an 
antibody prevented cutaneous allodynia in rodents sen-
sitized with sumatriptan and morphine.55–59 At the 
same time, the administration of monoclonal antibodies 
antagonising the CGRP pathway was effective and 
reduced headache in patients with MOH in clinical 
trials and in the real-world setting.60–65 Targeting the 
CGRP signaling for the acute treatment of migraine 
may well be a promising approach to maintain a low 
risk for MOH development. When administered on 
a regular basis, ubrogepant and olcegepant did not 
induce cutaneous allodynia or neuroplastic changes in 
trigeminal sensory afferents in rats,66,67 whereas 
a persistent exposure to lasmiditan induced cutaneous 
allodynia and neuroplastic changes in mice, including 
an increased expression of CGRP in trigeminal sensory 
afferents.66,68 Although triptans and lasmiditan act on 
different receptor subtypes, they inhibit postsynaptic 
adenosine 3ʹ,5ʹ-cyclic monophosphate (cAMP) signal-
ing cascades and may have a different risk of inducing 
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MOH compared to second generation gepants. 
However, our speculations require caution. Rather 
than measuring an increased frequency of headache, 
preclinical models only focus on the effects induced 
by MOH-inducing drugs. Patients with migraine may 
have a specific susceptibility to MOH, that is not 
addressed in animals. Moreover, other studies ques-
tioned the role of CGRP in the pathophysiology of 
MOH.69,70 Currently, there are no data indicating that 
the chronic administration of lasmiditan induces MOH. 
If established clinically, gepants might be of great use 
in patients who have a history of MOH or are at risk of 
developing MOH, including those with frequent 
migraine attacks.

Conclusions
Clinical trials with lasmiditan, ubrogepant and rimegepant 
have shown promising results in aborting migraine attacks. 
Their safety profile appears favourable across all the clin-
ical studies conducted. Lasmiditan is associated with 
a higher rate of TEAEs, while preclinical studies suggest 
it may be associated with a certain risk for MOH 

(Figures 1 and 2). However, the relationship of lasmiditan, 
ubrogepant and rimegepant with MOH requires more 
research. The real-world population may be particularly 
susceptible to side effects, especially when the intake is 
frequent and prolonged over time. Future evaluations will 
better determine the chronic effects of 5-HT1F receptor 
agonists and CGRP receptor antagonists.

Abbreviations
5-HT, serotonin; AE, adverse event; cAMP, adenosine 
3ʹ,5ʹ-cyclic monophosphate; CGRP, calcitonin gene- 
related peptide; CYP2C9, cytochrome P450 2C9; 
CYP3A4, cytochrome P450 3A4; FDA, Food and Drug 
Administration; MOH, medication overuse headache; 
NSAID, nonsteroidal anti-inflammatory drug; TEAE, 
treatment-emergent related adverse event.
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