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Abstract: Migraine is a common neurological disorder that is present in a large proportion of the global population. It is estimated to
occur in around 20.7% of women and 10.7% of men in the United States. The pathophysiology of migraine is a major focus of
research, and medications have been developed to interrupt the processes that generate headache and other bothersome symptoms of
migraine attacks. The triptan class of medications acts as a direct agonist at the 5-HT1B/D receptor but its use is limited by
contraindications for those with coronary or cerebrovascular disease. Lasmiditan is a first-in-class agonist at the 5-HT1F serotonin
receptor that does not appear to generate vasoconstriction. This article reviews the design, development, and place in therapy for
lasmiditan. A narrative review of the literature using the Ovid MEDLINE database was performed. The rationale behind the
development of lasmiditan and pre-clinical, proof-of-concept, Phase II, pivotal, Phase III trials and post-hoc data is covered.
Additionally, the efficacy and safety of lasmiditan when compared to other acute treatments in migraine is described, including
lasmiditan’s side effect profile and status as a Schedule V substance. Further, head-to-head studies of lasmiditan compared with other
acute treatments are required.
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Introduction

Migraine is a common neurological disorder that is present in a large proportion of the global population
(~958.8 million)." Based on epidemiologic data, the prevalence of migraine is about 20.7% in women and 10.7% in
men in the United States.’

The International Classification of Headache Disorders-3 defines migraine as a recurrent headache disorder with acute
attacks lasting between 4 and 72 hours with at least two of the following symptoms: unilateral location, pulsating quality,
moderate or severe pain intensity, and aggravation by or causing avoidance of routine physical activity. Additionally,
migraine should be accompanied by either nausea and/or vomiting as well as photophobia and phonophobia.’

The pathophysiology of migraine has been an important topic of investigation. The now outdated vascular theory of
migraine pathophysiology proposed that migraine pain was generated by the vasodilation of intra- and extracranial
vessels. As a result, migraine was often referred to by the term “vascular” headache. Acute treatment of migraine was,
therefore, tailored to counteract this abnormality by inducing vasoconstriction. The quintessential agent used to promote
vasoconstriction was ergotamine, which has alpha-adrenergic and serotonergic agonism at therapeutic doses but also has
activity at several other receptors.” The triptan class of medication was produced with the intention of reducing the pain
and disability associated with “vascular” headaches but also by being more selective for and providing direct agonism to
the 5-HT; (5-hydroxytryptamine) class of serotonin receptors, particularly 5-HT 1B/1D receptors. In 1992, sumatriptan
was the first triptan medication approved by the FDA for use in acute treatment of migraine with or without aura. Per
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formulary instructions, sumatriptan is contraindicated in those with coronary artery disease, coronary artery vasospasm,
Wolft-Parkinson-White or other cardiac accessory conduction pathway disorders, history of stroke, transient ischemic
attack, hemiplegic or basilar migraine, peripheral vascular disease, ischemic bowel disease, uncontrolled hypertension,
concurrent use of ergotamine derivatives or MAO-inhibitors, allergy to sumatriptan or its metabolites, and severe liver
disease that would interfere with the drug’s metabolism.* Additional triptans were approved including zolmitriptan
(1997), rizatriptan (1998), naratriptan (1998), almotriptan (2001), frovatriptan (2001), and eletriptan (2002), all of which
have similar contraindications for vascular diseases.

The vascular theory of migraine pathophysiology has been challenged after studies determined that vascular changes
are more likely a product of the migraine disease process rather than a feature that generates pain and that the changes are
not always present in those with migraine-related headache pain.>® Instead, it appears more likely that migraine is
a primary disorder of neuronal sensory processing that involves a genetic predisposition to neuronal hyperexcitability,
which reduces the threshold by which allostatic load (physiologic stress) on certain hypothalamic and trigeminal centers
generate paroxysmal cranial pain. This then results in subsequent sensitization of the trigeminocervical complex (TCC)
due to sterile neurogenic neuroinflammatory changes at both the central and peripheral portions of the trigeminovascular
system that can lead to “chronification” of acute pain in susceptible individuals.”

Concern for causing harm limits the use of triptans and ergots for those with vascular disease. One study of 230,000
patients with migraine found that at least 20% of commercially insured US patients with migraine have cardiovascular
disease that likely contraindicates the use of triptans.'® As a result, there has been an ongoing need for rescue therapies
that do not have a risk of vasoconstriction.

Lasmiditan is the first of the “ditan” class of medications, which may be an opportunity to fulfill the need for rescue
therapies for patients with vascular contraindications. The current article is a narrative review to examine the design,
development, and current place in therapy for lasmiditan.

Literature Search Strategy

This narrative review was informed by a systematic search of the literature carried out in the Ovid MEDLINE database
on 12/8/2022. The following search terms were included: “Reyvow”, “Lasmiditan”, “Ditans”, “5-HT;r agonist”,
“migraine”, “pain management”, and “quality of life”. Hand-search of references within the accepted papers was
performed from study inception until 2/28/2023. Only studies published in English were eligible for inclusion in the
review. One author (CA) screened the results for inclusion.

Lasmiditan: Design and Development

Chemical Properties
Lasmiditan hemisuccinate’s chemical name is 2,4,6-trifluoro-N-[6-(1-methylpiperidine-4-carbonyl)pyridine-2-yl]benza-
mide hemisuccinate (Figure 1)."" This compound exhibits a pyridinoyl-piperidine scaffold, which is not found in other
anti-migraine rescue therapies and is thought to contribute to its unique properties.'? The structure confers a lipophilic
nature to the compound and allows it to cross the blood-brain barrier to a larger degree than triptans and likely plays
a role in the drug’s intended and unintended effects on the central nervous system.'?

Lasmiditan hemisuccinate is a white, crystalline powder which is sparingly soluble in water, slightly soluble in
ethanol, and soluble in methanol. Lasmiditan tablets contain the active ingredient as well as several inactive ingredients
including croscarmellose sodium, magnesium stearate, microcrystalline cellulose, pregelatinized starch, sodium lauryl

sulfate.

Mechanism of Action

Lasmiditan is a selective 5-HT g direct agonist. 5-HT g is distributed throughout the nervous system with high
concentrations within the meninges, trigeminal ganglion, trigeminal nucleus caudalis, hypothalamus, thalamus, and
cortex as well as other brain sites.'* While the precise mechanism of action is unknown, the medication’s 5-HT
agonism is thought to contribute most of its clinical effect. It is thought that presynaptic binding of lasmiditan to nerve
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Figure | Biochemical structure of Lasmiditan. This compound exhibits a pyridinoyl-piperidine scaffold, which is not found in other anti-migraine rescue therapies and is
thought to contribute to its unique properties. "'

OH
0.5

terminals at peripheral trigeminovascular sites leads to a reduction in calcitonin gene-related peptide (CGRP) release.
CGRP appears to play a role in migraine generation. Centrally, lasmiditan likely acts at trigeminal, thalamic, and cortical
sites to reduce glutamatergic tone via stimulation of inhibitory 5-HT g receptors on glutamatergic neurons that are
thought to induce central sensitization.'*

5-HTf receptor subtype was isolated in 1992 using a collection of degenerate polymerase chain reaction primers
from the 5-HT; 5, 5-HT,¢, 5-HT,, and 5-HTp, receptors and was found to have chemical properties similar to other 5-HT
receptors, including the ability to inhibit adenylate cyclase and thus reduce cAMP concentration intracellularly. However,
the receptor demonstrated a unique profile when it came to affinity for commonly used serotonergic ligands and received
a designated subtype.'” The 5-HTp receptor was noted to be localized only to the brain, uterus, and myometrium but not
within the heart, testis, pancreas, liver, kidney, or spleen. To further define central nervous system 5-HT1F location,
Castro et al utilized radiolabeled sumatriptan in the presence of 5-carboxamidotryptamine to identify 5-HT1F receptors
within the human brain. Results indicated that S-HT1F receptors accounted for 67.5% of 5-HT binding within Layer V of
the cerebral cortex as well as 53.4% of 5-HT binding within the substantia gelatinosa of the upper cervical spinal cord
and 39.5% of binding in the trigeminal nucleus (pars caudalis). Lesser degrees of binding were also present within the
tractus solitarius, basal nuclei, and periaqueductal gray regions.'®

In 1996, work from Bouchelet et al identified 5-HTj present in both the trigeminal ganglia, distal vessels of the basal
circulation, and pial vasculature in the human brain.'” When the authors later investigated the localization of specific
5-HT subtypes within the microvascular bed, they found that 5-HT1F was not found within human brain endothelial or
smooth muscle cultures but rather was found in human astrocyte culture. The authors concluded that non-neuronal
5-HTIF receptors in the human cerebral cortex microvasculature are glial rather than vascular in origin.'® Additionally,
researchers were able to determine that human cerebral arteries do not exhibit dose-dependent vasoconstriction in
response to the selective S-HT1F receptor agonist LY344864 when compared to sumatriptan. Within the same publica-
tion, the authors noted that 5S-HT1F mRNA was detected within human coronary arteries but to a much weaker degree
compared to 5-HT1B and was even absent in some cases. The authors concluded that while this finding could potentially
be explained by post-mortem delay and RNAse activity, they suspected that intersubject variability in receptor expression
was a more likely explanation.'”

Given the lack of evidence that 5-HT1F receptor activation produces vasoconstriction, this target was pursued for
therapeutic use in those with contraindications to triptans and ergots. Several compounds were created, but only
lasmiditan was considered safe for use.

In 2010, Nelson et al demonstrated that lasmiditan (COL-144, LY573144) was highly selective for the 5-HT1F
serotonin receptor compared to S-HT1B and 5-HT1D serotonin receptors with a selectivity ratio of greater than 480-
fold.'” They also demonstrated that lasmiditan had a higher selectivity for the 5-HTIF receptor compared to prior
compounds (eg, LY344864). Additionally, they reported that lasmiditan did not vasoconstrict rabbit saphenous vein
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(surrogate for human coronary arteries) and also that the compound prevented the release of inflammatory markers
associated with trigeminal ganglion stimulation in a rodent model.'?

Pharmacokinetic Properties

Lasmiditan is absorbed rapidly with a median T, of 1.8 hours. When co-administered with a high-fat meal, the mean
lasmiditan C,,,, and AUC values increased by 22% and 19%, respectively, and delayed the median T, by 1 hour yet
this was not expected to impact the clinical effect of the medication. Within the body, lasmiditan is moderately protein
bound at between 55% and 60% and is independent of concentration between 15 and 500 ng/mL. The drug is eliminated
geometrically with a mean half-life value of 5.7 hours. There is no observed accumulation of lasmiditan with daily
dosing. Lasmiditan is eliminated primarily by metabolism to inactive metabolites by both hepatic and extrahepatic
mechanisms. In particular, lasmiditan is metabolized to M7 and M18 (M7 + M8 pathways). There is currently no
evidence that lasmiditan is metabolized by MAO-A, MAO-B, flavin monooxygenase 3, CYP450 reductase, xanthine
oxidase, alcohol dehydrogenase, aldehyde dehydrogenase, or aldo-keto reductase. Renal excretion is a minor route of
lasmiditan elimination, and very low amounts of lasmiditan are recovered unchanged in urine (3% of the dose). The
inactive metabolites, however, are recovered in the urine, of which S-M8 represents 66% of the dose in urine within 48

hours post-administration of the drug.''~°

Efficacy Data
Efficacy of lasmiditan has been determined based on findings from multiple studies, including pre-clinical, Phase II and
phase III clinical trials (Table 1).

In 2010, Ferrari et al reported results from a randomized, placebo-controlled, double-blind, proof-of-concept and
dose-finding study. This study enrolled 130 subjects and was randomized to receive either intravenous lasmiditan or
placebo. Doses ranged from 2.5 mg to 45 mg. The authors reported that doses 20 mg or higher were effective for the
treatment of migraine at 2 hours post-dose. The investigators reported that adverse events occurred in 65% of subjects
receiving IV lasmiditan vs 43% who received placebo with dizziness, paresthesias, and limb heaviness as most
common.?' They noted that further studies were needed to determine the safety and efficacy of oral lasmiditan.

Phase Il Studies

The first phase 1I trial was performed by Farkkila et al in 2012. Their study was a double-blind, dose-ranging study
across 43 headache centers across Europe. In their study, 391 total subjects received treatment with 86 patients receiving
placebo and 305 receiving lasmiditan. Subjects were randomized to receive 50 mg, 100 mg, 200 mg, and 400 mg in the
treatment arm. The investigators reported that every lasmiditan dose resulted in a significant improvement in headache
pain at 2 hours compared to placebo with a linear association: 50 mg induced a 17.9% difference, 100 mg induced 38.2%
difference, 200 mg induced a 28.8% difference, and 400 mg induced a 38.7% difference. However, higher doses were
associated with an increased proportion of adverse events: (53/82 [65%] for 50 mg, 59/82 [72%] for 100 mg, 61/71
[86%] for 200 mg, and 59/70 [84%)] for 400 mg dose vs 19/86 [22%] with placebo). The most common adverse events
were dizziness, fatigue, vertigo, paresthesias, and somnolence. More severe adverse events were noted at higher doses:
16/82 [20%] at 50 mg, 23/82 [28%] at 100 mg, 28/71 [39%] at 200 mg, and 31/70 [44%] at 400 mg compared with 5/86
[6%] with placebo.”” The authors concluded that the 50 mg and 100 mg oral doses appeared to provide adequate
headache relief at 2 hours without significantly heightening the risk of severe adverse effects, making those doses good
candidates for future study.

The MONONOFU Trial

In 2020, Sakai et al performed a second, major phase II trial that was performed in Japan. This study was called
RandoMized, DOuble-bliNd, PlacebO-coNtrolled Trial Of Lasmiditan in a Single Migraine Attack in Japanese Patients
SuFfering From Migraine With or WithoUt Aura or MONONOFU Trial (NCT03962738). This was a multicenter,
randomized, double-blind, placebo-controlled trial that sought to enroll adults diagnosed with migraine with and without
aura and test the efficacy and safety of lasmiditan. The primary endpoint was pain freedom at 2 hours post-dose. This
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Table | Efficacy of Lasmiditan Clinical Studies in Acute Migraine

2.2, P<0.001

200 mg: 38.8%, OR 2.3, 95% CI 1.8

—-3.1, P<0.001

PLC: 21.3%

MBS Freedom at 2h:

LAS:

50 mg: 40.8%, OR 1.4, 95% ClI, I.1-
1.8, P=0.009

100 mg: 44.2%, OR 1.6, 95% CI 1.2—
2.0, P<0.001

200 mg: 48.7%, OR 1.9, 95% CI |.4-
2.4, P<0.001

PLC: 33.5%

Study Type Phase | Study Primary Endpoint LAS Dosage Number of Duration Efficacy Reference
Design Subjects
NCTO00384774 RCT, Proof-of- | I MC, R, | Headache response (moderate- | 10 mg IV LAS: 88 24 Hours LAS: 54-75% (linear association Ferrari
concept, dose- DB, PC | to-severe down to mild or no | 20 mg IV PLC: 42 response by dose) etal,
finding study headache at 2h) 30 mg IV PLC: 45% 2010?'
45 mg IV P =0.0126
NCTO00883051 RCT, dose- 1] MC, R, | Headache response at 2h 50 mg PO LAS: 305 24 hours, LAS: Farkkila
ranging, proof- DB, PC | (moderate-to-severe down to 100 mg PO 79 (50 mg) 14 day FU 50 mg: 34/79, 43%; 17.9% difference | et al,
of-concept mild or no headache at 2h) 200 mg PO 81 (100 mg) 100 mg: 52/81, 64%; 38.2% difference | 201222
study 400 mg PO 69 (200 mg) 200 mg: 35/69, 51%; 28.8% difference
68 (400 mg) 400 mg: 44/68, 65%; 38.7% difference
PLC: 81 PLC: 21/81, 25.9%
NCT02439320, | Pivotal n MC, R, | Headache freedom at 2h 100 mg PO LAS: 1239 7 days LAS: Kuca et al,
SAMURAI DB, PC | (200 mg dose) 200 mg PO 630 (100 mg) (treated) 100 mg: 28.2%; OR 2.2, 95% CI 1.6~ | 2018%
609 (200 mg) 8 weeks (not 3.0, p<0.001
PLC: 617 treated) 200 mg: 32.2%; OR 2.6; 95% Cl 2.0—
3.6, p<0.001
PLC: 15.3%
NCT02605174, Pivotal 1l MC, R, Headache freedom at 2 hours 50 mg PO LAS: 1938 48 hours, Headache Freedom at 2h: Goadsby
SPARTAN DB, PC | MBS freedom at 2 hours 100 mg PO 654 (50 mg) 7 day FU LAS: etal,
200 mg PO 635 (100 mg) 50 mg: 28.6%, OR 1.5, 95% CI 1.1- 2019%
649 (200 mg) 1.9, P = 0.003
PLC: 645 100 mg: 31.4%, OR 1.7, 95% CI 1.3—

(Continued)
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Table | (Continued).

Study Type Phase | Study Primary Endpoint LAS Dosage Number of Duration Efficacy Reference
Design Subjects
NCT03670810, RCT 1l MC, R, Headache freedom at 2h (first 100 mg PO LAS: 806 48 hours, 2 Headache Freedom at 2h: Ashina
CENTURION DB, PC | attack) 200 mg PO 408 (100 mg) and 3 month LAS: etal,
Headache freedom at 2h (>2 of 398 (200 mg) FU 100 mg: 25.8%, OR 3.8, 95% Cl 2.6— | 2021%
3 attacks) PLC: 443 5.7, P<0.001
200 mg: 29.3%, OR 4.6 95% CI 3.1-
6.8, P<0.001
PLC: 8.4%
Headache Freedom at 2h in 22 of 3
attacks:
LAS:
100 mg: 14.4%, OR 3.8, 95% Cl 2.1-
6.8
200 mg: 24.4%, OR 7.2, 95% Cl 4.1-
12.7
PLC: 4.3%
NCTO03962738, | RCT I MC, R, | Headache freedom at 2h 50 mg PO LAS: 471 48 hours, 3-28 | Headache Freedom at 2h: Sakai et al,
MONONOFU DB, PC 100 mg PO 85 (50 mg) days FU LAS: 2021%
200 mg PO 207 (100 mg) 50 mg: 23%, OR 1.55, 95% CI 0.83—
179 (200 mg) 2.87,P=0.167
PLC: 211 100 mg: 32.4%, OR 2.41, 95% CI

1.51-3.83, P<0.001

200 mg: 40.8%, OR 3.46, 95% Cl
2.17-5.54, P<0.001

PLC: 16.6%

Abbreviations: DB, double-blind; FU, follow-up; IV, intravenous; LAS, lasmiditan; MBS, most bothersome symptom; MC, multi-center; OL, open-label; OR, odds ratio; PC, placebo-controlled; PLC, placebo; PO, oral; R, randomized;
RCT, randomized clinical trial.

WAn|JJSpUEA pUE UOSISPUY

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Anderson and VanderPluym

trial included 846 participants who were randomized to receive lasmiditan 50 mg, 100 mg, 200 mg, or placebo in
a 7:3:7:6 ratio. Subjects were asked to rate the treatment response within 4 hours of dosing for treatment of their single
moderate-to-severe attack.

In their study, the authors found that subjects receiving lasmiditan 200 mg and 100 mg doses exhibited statistically
significant pain freedom at 2 hours compared with placebo (200 mg: 40.8%, 73/179; OR 3.46, 95% CI 2.17-5.54, p <
0.001; 100 mg: 32.4%, 67/207, OR 2.41, 95% CI 1.51-3.83, p < 0.001; placebo: 16.6%, 35/211). Those who received the
50 mg dose did not have a statistically significant response compared with placebo. For secondary endpoints, pain relief
at 2 hours was significant for the 200 mg (p < 0.001), 100 mg (p < 0.001), and 50 mg doses (p = 0.037). Additionally,
relief from most bothersome symptom was significant for the 200 mg (p = 0.023) and 100 mg (p = 0.04) doses but not the
50 mg dose. Similarly, sustained pain-freedom was only statistically significant for the 200 mg and 100 mg doses at 24-
and 48 hours post-dose. Adverse events included dizziness (39.4%; 188/477), somnolence (19.3%, 92/477), and malaise
(10.5%, 50/477). Adverse events were more commonly experienced by subjects receiving lasmiditan compared with
placebo (23.4%), and those who received the 200 mg dose (80.8%), and 100 mg dose (70.7%) experienced a higher
likelihood of adverse events compared to those having received the 50 mg dose (50.6%). There were no major adverse
cardiovascular events during this trial.*® Post-hoc analysis demonstrated that there were no significant differences in
patient characteristics or migraine characteristics with regard to efficacy of the 50 mg, 100 mg, 200 mg doses and that the
200 mg dose appeared to be the most efficacious in this study population.”’

Pivotal Trials

The SAMURAI Trial
In 2018, results from A Study of Two Doses of LAsMiditan (100 mg and 200 mg) Compared to Placebo in the AcUte
Treatment of MigRAIne: A Randomized, Double-blind, Placebo-controlled Parallel Group Study or SAMURALI trial
(NCT02439320) were published by Kuca et al. In their pivotal study, the investigators enrolled 1866 to participate from
99 centers across the United States who were then randomized to receive either lasmiditan 200 mg, 100 mg, or placebo.
Subjects were also randomized to receive a second dose of either lasmiditan vs placebo. All subjects were given
instructions to treat a moderate-to-severe headache that did not appear to be improving the study drug vs placebo within
4 hours of onset. The primary endpoint of the study was the proportion of subjects obtaining pain freedom at 2 hours
following the administration of the first 200 mg oral dose. Secondary endpoints included the proportion of subjects
obtaining pain freedom at 2 hours following the 100 mg dose, and the proportions of subjects who were free of their most
bothersome symptom at 2 hours following either the 200 mg or the 100 mg dose.

In this study, the investigators found that subjects receiving the 200 mg and 100 mg doses experienced pain freedom
at 2 hours in 32.2% and 28.2% of cases compared with 15.3% for placebo (200 mg: OR 2.6, 95% CI 2.0-3.6, p < 0.001;
100 mg: OR 2.2, 95% CI 1.6-3.0, p < 0.001). For most bothersome symptom relief at 2 hours, the authors found that
40.7% and 40.9% of subjects achieved relief compared with 29.5% for placebo (200 mg: OR 1.6, 95% CI 1.3-2.1, p <
0.001; 100 mg: OR 1.7, 95% CI, 1.3-2.2, p < 0.001). Most common adverse events included dizziness, fatigue, lethargy,
nausea, paresthesias, and somnolence, and at least one adverse event occurred in 42.7% of subjects receiving the
lasmiditan 200 mg dose and 36.3% of those receiving the 100 mg dose vs 16.4% for placebo.*

The SPARTAN Trial

In 2019, results from the A Study of Three Doses of Lasmiditan (50 mg, 100 mg and 200 mg) Compared to Placebo in
the Acute TReaTment of MigrAiNe: A Randomized, Double-blind, Placebo-controlled Parallel Group Study or
SPARTAN (NCT02605174) trial were published by Goadsby et al. In this second pivotal study, the investigators sought
to demonstrate the safety and efficacy of three doses of lasmiditan: 50 mg, 100 mg, and 200 mg for the acute treatment of
migraine. In total, 2869 subjects were recruited from 125 headache centers across the US, UK, and Germany and were
considered eligible for participation, of whom 2583 received either study drug vs placebo. Importantly, subjects with
cardiovascular risk factors were enrolled in the SPARTAN trial unlike in the SAMURALI trial where these subjects were
excluded.
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Subjects were randomized in a 1:1:1:1 fashion to receive lasmiditan 50 mg, 100 mg, 200 mg, or placebo. Similar to
the SAMURAL trial, subjects were also randomized to receive a second dose of either lasmiditan vs placebo. Subjects
were instructed to treat their next moderate-to-severe headache within 4 hours and were allowed to take a repeat dose of
lasmiditan vs placebo up to 24 hours as long as no other rescue medications had been used during that time. Primary
endpoint was pain freedom and most bothersome symptom-freedom at 2 hours from administration of any dose.
Secondary endpoints included the proportions of subjects who experienced pain improvement (from moderate/severe
to mild/none or mild to none); who achieved pain-freedom at 24 hours and 48 hours post-first dose; who had freedom
from their most bothersome symptom and headache pain at other time points; who utilized a second dose of the study
drug for rescue; and subject global impression of change and level of disability.

In this study, the investigators found that subjects receiving lasmiditan experienced a higher percentage of pain
freedom at 2 hours compared with placebo (200 mg: 38.8% OR 2.3, 95% CI 1.8-3.1, p < 0.001; 100 mg: 31.4%, OR 1.7,
95% CI 1.3-2.2, p < 0.001; 50 mg: 28.6%, OR 1.5, 95% CI 1.1-1.9, P = 0.003; placebo: 21.3%). All doses of lasmiditan
were also associated with freedom from subjects’ most bothersome symptom at 2 hours (200 mg: 48.7%, OR 1.9, 95% CI
1.4-2.4, p < 0.001; 100 mg: 44.2%, OR 1.6, 95% CI 1.2-2.0, p < 0.001; 50 mg: 40.8%, OR 1.4, 95% CI 1.1-1.8, p =
0.009; placebo: 33.5%). The most common adverse events included dizziness, somnolence, and paresthesias and were
present in 253/649 (39.0%), 229/635 (36.1%), and 166/654 (25.4%) of patients receiving lasmiditan 200 mg, 100 mg,
and 50 mg, respectively, v 75/645 (11.6%) receiving placebo.**

Phase Il Randomized Control Trials

The CENTURION Trial
In 2021, Ashina et al performed a Phase III multicenter, randomized, placebo-controlled trial (NCT03670810) to further
investigate first attack efficacy of lasmiditan across four attacks. Subjects were eligible for inclusion if they were 18 years
old, met diagnostic ICHD3 criteria for episodic migraine, experienced 3—8 headache days per month, and had a MIDAS
score 11. These patients were also required to remain stable on their preventive medication for 3 months. In this study,
subjects were randomized to receive lasmiditan 200 mg, 100 mg, or placebo + lasmiditan for their 3rd or 4th attack.
The authors enrolled 1613 subjects with 1471 receiving at least one dose of the study drug. For both the 200 mg and
100 mg doses, therapeutic gain (% difference, 2-hour pain freedom vs placebo) was significant: 2 hours (200 mg vs
placebo: 20.9% gain or 29.3% vs 8.4%, OR 4.6, 95% CI 3.1-6.8, p < 0.001; 100 mg vs placebo: 17.4% gain or 25.8% vs
8.4%, OR 3.8, 95% CI 2.6-5.7, p < 0.001). Lasmiditan was found to have a maximum benefit within 4 to 6 hours with
separation vs placebo for the 200 mg dose starting as early as 30 minutes post-dose. Both doses demonstrated consistent
relief at 24 hours and 48 hours. For other secondary outcomes, lasmiditan was found to be superior to placebo at
relieving most bothersome symptom as well as functional disability at 2 hours. The authors also found that those
receiving lasmiditan had lower pain recurrence at both the 24- and 48-hour timepoints. Regarding the consistency of
response per patient across multiple doses, results indicated that both doses of lasmiditan were superior to placebo at
generating both pain relief and pain freedom within 2 hours across 2 of 3 attacks. Finally, for those patients receiving
a 50 mg dose of lasmiditan for their 3rd or 4th attack, the investigators found that lasmiditan 50 mg was superior to
placebo for pain freedom at 2 hours (50 mg: 19.1% vs 12.0%; p = 0.015) but not pain relief at 2 hours (50 mg: 45.8% vs
39.6%, p = 0.11).%

Long-Term Studies

The GLADIATOR Trial

The GLADIATOR Trial (NCT02565186, An Open-label, LonG-term, Safety Study of LAsmiDItan in the Acute
Treatment Of MigRaine) was a Phase III, prospective, randomized, open-label study that was performed to assess the
long-term safety and efficacy of lasmiditan. This study analyzed results from 2037 subjects who had completed either
one of the previous pivotal trials (SAMURAI or SPARTAN). Subjects were randomized 1:1 to receive either 100 mg or
200 mg of lasmiditan to treat multiple migraine attacks over 1 year. Subjects had a diagnosis of migraine with or without
aura based on the ICHD-2 criteria and were required to experience 3-8 attacks per month. Because subjects were
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recruited from SPARTAN in addition to the SAMURAI, those with cardiovascular risk factors were eligible for
participation in GLADIATOR. In this trial, subjects were asked to treat their moderate-to-severe headaches with
lasmiditan 100 or 200 mg within 4 hours of pain onset. They were allowed to repeat a dose one time after two hours.
While subjects were allowed to use their own rescue medications, triptans, opioids, barbiturates, and ergots were not
permitted. Subjects recorded their responses to the medication in an electronic diary at 0 (predose), 0.5, 1, 2, 4, 24, and
48 hours post-dose. Additionally, disability related to migraine was also assessed via MIDAS scoring at 1, 3-, 6-, 9-, and
12-month clinic visits.

Interim results from the GLADIATOR Trial were reported in 2019 and 2020, and full results were published in
2020.%*° The authors reported that the subjects were followed for a median of 288 days. Prior to the initiation of the
trial, subjects scored 29.3 (100 mg) and 28.9 (200 mg) on the MIDAS (severe disability >20) and at the 3-, 6-, 9-, and 12-
month timepoints, subjects demonstrated significantly lower levels of disability compared to baseline for both groups.
After 1 year, the authors reported that MIDAS scores dropped 12.5 and 12.2 points for the 100 mg and 200 mg doses,
respectively, indicating a 49% and 53% response. For secondary measures, the authors reported that there were
statistically significant reductions in work/school absenteeism, monthly headache days, and mean headache intensity.
Interestingly, there were no significant differences between the 100 mg and 200 mg doses.

Overall, 19,879 migraine attacks were treated with lasmiditan in the GLADIATOR trial analysis. The most common
adverse events included dizziness (18.5%), somnolence (8.5%), and paresthesias (6.8%). The authors reported that
adverse events were less likely to occur with subsequent attacks. For the 2h post-dose time-point, subjects reported that
they were pain free 26.7% and 32.2% of the time for the 100 mg and 200 mg doses, respectively. The authors reported
that 52.2% of subjects dropped out of the study and speculated that the cause was likely the burden of e-diary reporting
and the 12-hour driving restriction that is required for lasmiditan use. Ultimately, the investigators concluded that
lasmiditan was well tolerated and appeared safe and efficacious at the 1-year time point.*

Post-Hoc Studies
Several post-hoc studies have been published based on data from the SAMURAI, SPARTAN, CENTURION,
MONONOFU, and GLADIATOR Trials.

Efficacy and Timing

In 2019, an integrated analysis was published from the SAMURAI and SPARTAN data demonstrated that those subjects
receiving lasmiditan 100 mg or 200 mg reported statistically significant pain and most bothersome symptom relief as
early as 30 minutes post-dose compared with placebo though relief from nausea in particular was not statistically
significant.®' Based on further post-hoc analyses from the SAMURALI and SPARTAN trials, it appeared that both pain
and most bothersome symptom relief were persistent up to 24—48 hours post-dose with lasmiditan 50 mg, 100 mg, and
200 mg.** Additionally, to identify predictive response to lasmiditan, Tepper et al analyzed subgroups of patients from
the SAMURALI and SPARTAN trials and found no individual patient characteristics, migraine disease characteristics, or
migraine attack characteristics accurately predicted headache pain freedom or most bothersome symptom freedom at 2
hours. However, regarding efficacy, the investigators analyzed responses from a specific subgroup of difficult to treat
patients (based on headache frequency, duration, MIDAS, BMI, and history of psychiatric disorders) and found that those
patients experienced statistically significant outcomes compared to placebo when receiving the 100 mg or 200 mg dose of
lasmiditan. Of interest, difficult to treat migraine attacks (severe pain, nausea, delayed treatment >2 hours) also
responded to 100 mg and 200 mg of lasmiditan significantly more than placebo with those headaches that had been
present >4 prior to treatment responding only to the 200 mg dose (32.4% vs 15.9%, OR 2.7, 95% CI 1.17-6.07, P =
0.018). The only negative predictor was the presence of a “needs complete bed rest” level of disability, which
demonstrated no difference between the lasmiditan 200 mg vs placebo groups (25.9% vs 18.5%, OR 1.56, 95% CI
0.96-2.53, P = 0.07).>* Conversely, subgroup analysis focused on headache pain severity found that subjects with mild
headache at the time of treatment experienced significantly higher rates of pain freedom at 2 hours, most bothersome
symptom freedom at 2 hours, and sustained pain freedom at 24 hours compared with those experiencing moderate-to-

severe pain.>*
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For special populations, MacGregor et al in 2022 analyzed subjects from the MONONOFU and CENTURION trials
and found that subjects receiving lasmiditan 200 mg for perimenstrual migraine exhibited statistically significant
improvement in pain freedom at all timepoints compared with placebo (200 mg: 37/110, 33.6% vs 6/79, 7.6%, OR
6.04, 95% CI 2.39-15.25, P < 0.001); however, 50 mg and 100 mg doses did not achieve statistical significance. The
authors cited small sample size as a probable reason for the lack of significance at lower doses, particularly the 50 mg
dose (n = 24).%°

Repeat Dose at 2 Hours
With regard to a repeat dose of lasmiditan after 2 hours post-first dose, Loo et al reported that a lower percentage of
patients administered a repeat dose when their first dose was lasmiditan compared with placebo. Interestingly, the authors
reported that those taking lasmiditan for their first dose had similar pain outcomes and adverse events at 2 hours
following a second dose of lasmiditan vs placebo. The authors concluded that there was no clear benefit of repeating
a dose of lasmiditan after 2 hours based on patient outcomes from the SAMURALI and SPARTAN trials.*®

However, data published by Clemow et al in 2020 suggested that there was a small, but statistically significant
increase in response when performing dose escalation with a repeat dose of lasmiditan, ie, taking 50 mg for the first dose
and 100 mg or 200 mg for the second dose. Conversely, subjects who started with a higher dose experienced a reduction
in pain outcomes when switching to a lower dose. Importantly, the authors reported that there was a positive balance in
efficacy vs adverse events when increasing from 50 mg to 100 mg despite an increase in adverse events.”’

Predictive Response
In 2020, Knievel et al used data from the SAMURALI and SPARTAN trials to determine whether prior response to triptans
could predict efficacy of lasmiditan. The authors separated subjects into “Good” vs “Insufficient” triptan response groups
and compared their responses to lasmiditan 50 mg, 100mg, and 200 mg vs placebo. The authors found that there was no
statistically significant difference between those assigned to the “Good” vs “Insufficient” groups with regard to efficacy
of lasmiditan at producing headache pain freedom, most bothersome symptom freedom, or headache pain relief.
Additionally, the investigators found that a sub-population of triptan naive participants also experienced statistically
significant benefits, ie, pain freedom, most bothersome symptom freedom, and headache pain relief. The authors
concluded that lasmiditan efficacy was similar regardless of prior response or exposure to triptans.*®

In 2022, Reuter et al published a post-hoc analysis from the CENTURION trial regarding previous response to
triptans. The investigators found that triptan poor-responders experienced significant improvements in pain outcomes
compared with placebo as early as 30 minutes (200 mg) and 1 hour (100 mg) post-dose (p < 0.05). The authors reported
improvements in this subgroup with regard to pain freedom at 2 hours, 24 hours, for the 100 mg and 200 mg doses (p <
0.001), though freedom from most bothersome symptom at 2 hours was only significant for the 100 mg dose and not the
200 mg dose.>’

Safety Studies

Post-Hoc Analyses (SAMURAI, SPARTAN, CENTURION, and MONONOFU Trials)
In 2019, safety results were published from the SAMURAI and SPARTAN trials. The authors reported that their safety
cohort included 3177 subjects who received lasmiditan (50 mg: 654, 100 mg: 1265, 200 mg: 1258) and 1262 subjects
who received placebo. The investigators reported no deaths during either of the two trials but reported treatment
emergent serious adverse events in 7 patients (200 mg: 3/1258, 0.2%, 100 mg: 1/1265, 0.1%, 50 mg: 1/654, 0.2%,
placebo: 2/1262, 0.2%). Subjects reporting >1 adverse event were significantly higher in those receiving lasmiditan
compared to placebo (Pooled lasmiditan: 1134/3177, 35.9%; Placebo: 174/1262, 13.8%; P < 0.001). Similar to previous
studies, the most common adverse events were dizziness, paresthesias, somnolence, and fatigue.*

For the CENTURION Trial, Tassorelli et al reported that the incidence of serious adverse events was low overall for
lasmiditan and similar to placebo (200 mg: 0.4%; 100 mg: 0.2%; placebo: 0.4%). The authors reported that adverse
events were more likely with the first dose compared with subsequent doses (less than 45% of subjects experienced the
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same adverse event with subsequent doses). Additionally, subjects reported that the time of onset for adverse events was
between 40 min to 60 minutes. Of interest, serotonin syndrome was reported in 2 subjects after receiving lasmiditan with
only 1 subject meeting criteria for serotonin syndrome based on the presence of myoclonus, ataxia, hyperreflexia as well
as diaphoresis and elevated temperature. There were no deaths or major cardiovascular events reported.*'

Following the publication of the MONONOFU Trial in 2021, Doty et al combined results from the SAMURALI,
SPARTAN, CENTURIAN, and MONONOFU trials to assess the relationship between the incidence of treatment-related
adverse events and efficacy after lasmiditan treatment. In this study, the authors reported that those who had achieved
pain freedom or mild pain at 2 hours post-dose (200 mg) experienced a statistically significant increase in the incidence
of >1 adverse events compared with those who continued to experience moderate-to-severe pain (48.2% vs 28.7%),
which was also the case for CNS-related adverse events (dizziness, somnolence, or paresthesias). The authors posited that
the incidence of adverse events may be related to high levels of central penetration of lasmiditan.*

Dizziness

Given the high incidence of dizziness with lasmiditan dosing, Tepper et al published a study in 2019 to further characterize this
adverse event in greater detail. The authors reported that the incidence of dizziness increased based on dose with 8.6%, 14.9%,
16.8% of subjects experiencing this symptom for 50 mg, 100 mg, and 200 mg doses, respectively, vs 2.9% for placebo. Risk
factors for developing dizziness included higher lasmiditan dose, non-Hispanic ethnicity, mild or moderate severity of
migraine attack, and low BMI. Subjects reported a mean onset of dizziness at 30 to 40 minutes and a mean duration of 1.5
to 2 hours post-dose. However, dizziness did not appear to generate statistically significant changes in daily activity or drug
efficacy. Separately, the authors reported that 21 subjects reported vertigo (20 with lasmiditan vs 1 with placebo). Vertigo was
considered moderate in the majority of cases (12/20) and severe in a minority of cases (4/20).*

Cardiovascular Risk Factors

Utilizing data from the SAMURAI and SPARTAN Trials, Shapiro et al found that subjects with at least one cardiovas-
cular risk factor receiving lasmiditan did not experience a statistically significant increase in overall cardiovascular-
related adverse events compared to placebo (30/3177, 0.9% vs 5/1262, 0.4%, OR 2.46, 95% CI 0.95-6.39, p = 0.06).
However, there was a significant increase in subjects who experienced cardiac dysrhythmia in general (12/3177, 0.9% vs
3/1262, 0.2%, OR 3.59, 95% CI 1.09-11.79, p = 0.02) though each individual symptom was not statistically significant.**

Older Population

In 2021, Martin et al published results of post-hoc analyses from data abstracted from the SAMURAI, SPARTAN, and
GLADIATOR trials that focused on patients >65 years old. This subgroup included 132 (4.2%, 132/3177) subjects who
received lasmiditan and 54 (4.3%, 54/1262) subjects who received placebo. In this subgroup, the investigators found non-
significant differences in the incidence of at least 1 adverse event occurring in 35% of older patients compared with 36%
of younger patients based on data from the SAMURAI and SPARTAN trials (vs 13.9% non-elderly and 11.1% elderly
who received placebo). For subjects in the GLADIATOR trial, there were higher rates of adverse events related to
lasmiditan treatment for younger patients compared with older patients (960/1945, 49.4% vs 32/85, 37.6%), but this
finding was reported as not statistically significant (p-value not reported).*’

Driving

Due to the high incidence of CNS-related adverse events post-dose, two randomized, placebo-controlled trials were performed to
determine the safety of operating a motor vehicle while under the effect of lasmiditan. Pearlman et al carried out the studies
utilizing the Cognitive Research Corporation Driving Simulator (CRCDS) and compared results between those receiving
lasmiditan, alprazolam, and placebo. For Study 1, subjects received a single oral dose of either 50 mg, 100 mg, or 200 mg and
were compared against those receiving alprazolam 1 mg or placebo. Driving assessments were performed at 1.5 hours following
the dose. Results indicated that subjects receiving lasmiditan experienced an increased number of virtual collisions (defined as
collisions with other vehicles, off-road crashes, and number of lane deviations exceeding 4ft) compared with placebo with a higher
number of collisions occurring with higher doses of lasmiditan (absolute numbers not reported). Those receiving lasmiditan also
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experienced a higher number of lane exceedances and with longer duration compared with placebo (p < 0.001). For Study 1,
subjects reported higher levels of sleepiness with lasmiditan prior to the initiation of the driving test compared with placebo, but
levels of sleepiness were less than those reported for alprazolam (p <0.001). Peak dose of lasmiditan was noted at 1.5 hours post-
dose compared with later time-points. For Study 2, subjects received lasmiditan 100 mg or 200 mg and were compared to 50 mg of
diphenhydramine or placebo. Driving assessments were performed at 8 hours, 12 hours, and 24 hours post-dose. In Study 2, there
was no statistically significant increase in the number of lane exceedances at 8 hours for the 100 mg dose, but there was a higher
number for the 200 mg dose. The authors reported that there were significant differences at 12 hours for the 100 mg dose only and
no differences at 24 hours for either dose. The investigators further reported that there was no statistically significant difference in
the lane exceedance maximum (maximum lateral deviation from center) or duration of lane exceedance (time to make corrections
back to center) for either dose at 8, 12, or 24 hours compared with placebo. Of interest, most subjects reported that they were safe to
drive at 1.5 hours post-dose (50 mg: 80%, 100 mg: 67.9%, 200 mg: 55.3% vs alprazolam 2 mg: 43.5%), and all subjects reported
that they felt safe to drive at 8 hours. Based on these results, the authors concluded that there appeared to be clinically meaningful
impairment in driving performance at 1.5 hours post-dose but cautioned against operating a motor vehicle within 8 hours of

receiving a dose of lasmiditan.*®

Lasmiditan and Acute Treatment of Migraine: Place in Therapy
Because of lasmiditan’s unique mechanism of action, headache providers have been eager to define its role in the care of patients
with migraine. Several meta-analyses have been published based on data from the previously mentioned clinical trials which have

4749 with several demonstrating

demonstrated that lasmiditan is effective at relieving acute migraine pain compared with placebo
that the 200 mg dose is more effective than the 100 mg dose.’®>> When compared to triptans, lasmiditan has shown lower odds
ratios for pain freedom at 2 hours compared with most triptans (OR 1.72, 95% CI 1.06-2.80 to OR 3.40 95% CI 2.12-5.44) as well
as pain reliefat 2 hours (OR 1.46, 95% CI 1.09-1.96 to OR 3.31, 95% CI 2.41-4.55). Lasmiditan has also been found to have non-
significant differences in odds ratios compared with small molecule anti-CGRP gepant rescue medications such as ubrogepant and
rimegepant for both pain freedom and pain relief. Additionally, lasmiditan has also been found to have the highest incidence of
adverse events compared with triptans and gepants.> For a more detailed review of clinical data from trials comparing doses of
lasmiditan vs placebo and from trials of other acute migraine treatments, please see the meta-analyses published in 2021 by Yang
et al and VanderPluym et al.*>>* In 2022, Johnston et al compared lasmiditan, ubrogepant, and rimegepant using the number
needed to treat (NNT) and the number needed to harm (NNH). The authors reported NNT values for pain freedom at 2 hours as 15
(95% CI: 9-37), 10 (95% CI: 7-16), and 7 (95% CI: 5-9) for lasmiditan 50 mg, 100 mg, and 200 mg, respectively. NNT for most
bothersome symptom freedom at 2 hours was reported as 15 (95% CI: 8-59), 9 (95% CI: 7-16), and 8 (95% CI: 6-12) for
lasmiditan 50 mg, 100 mg, and 200 mg, respectively. Additionally, NNT for pain relief at 2 hours was 9 (95% CI: 6-16), 6 (95%
CI: 5-8), and 6 (95% CI: 5-8). For comparison, rimegepant 75 mg exhibited the following results: pain freedom at 2 hours: 8 (95%
CI: 5-14), most bothersome symptom freedom at 2 hours 12 (95% CI: 7-30), and pain relief at 2 hours 6 (95% CI: 5-9).
Ubrogepant 100 mg exhibited the following results: pain freedom at 2 hours: 9 (95% CI: 6-20), most bothersome symptom
freedom at 2 hours 10 (95% CI: 6-22), and pain relief at 2 hours 8 (95% CI: 5-14). Regarding NNH for dizziness, all lasmiditan
doses exhibited lower NNH compared with gepants with lasmiditan 200 mg exhibiting a NNH of 9 (95% CI: 6-15) and 100 mg
exhibiting a NNH of 11 (95% CI: 7-17) vs —84 and —81 for ubrogepant 50 mg and rimegepant 75 mg, respectively. NNH for
nausea was infrequent for all therapies and was lowest for rimegepant 24 (95% CI: 4-224) vs lasmiditan 200 mg 49 (95% CI:
21-144).

To further characterize the efficacy of lasmiditan vs gepants, Polavieja et al performed a meta-analysis that demonstrated that
lasmiditan 100 mg and 200 mg exhibited higher odds of achieving both pain freedom/relief 2 hours compared with either
rimegepant 75 mg or ubrogepant 50 mg. They also reported that lasmiditan 50 mg demonstrated no significant difference in pain
outcomes vs gepants. However, as with the previous studies described, this study did not report on outcomes from head-to-head
trials and relied only on comparison of the results from separate clinical trials.>*

Lasmiditan has been investigated across racial and ethnic groups based on data from the SAMURAI and SPARTAN
trials. Results from post-hoc analysis indicated that pain outcomes were not significantly different between Black vs
White participants as well as Hispanic/Latinx vs non-Hispanic/Latinx ethnic backgrounds.
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Cost and access to any new medication must be considered. For example, the cost of lasmiditan on the GoodRX site
as of June 2023 is over $700 for eight 100mg tablets.”> Insurance coverage of lasmiditan varies and often patients are
required to try and fail or have contraindication to standard acute migraine therapies, such as triptans. In general,
Medicare does not cover lasmiditan. This is surprising and frustrating given that an older population would be more
likely to have a history of cardiovascular and cerebrovascular disease or risk factors and as such would be most in need
of a medication that lacks vasoactive properties.

Drug Use Special Considerations
Lasmiditan is currently listed as a Schedule V controlled substance, indicating a low potential of abuse relative to higher tiers. Per
prescribing information, a human abuse potential study was performed in recreational polydrug uses. Subjects received single oral
doses of 100 mg, 200 mg, and 400 mg and responses were compared to alprazolam (2 mg) and placebo. Subjects in this abuse
potential study reported significantly higher “drug liking” scores compared to placebo, but lower scores compared to alprazolam.
Additionally, subjects reported euphoric mood with 200 mg, 400 mg doses around 43-49% of the time, like alprazolam 2 mg. The
authors interpreted this response as positive for abuse potential. Further reports from Phase 2 and 3 studies demonstrated that
euphoria and hallucination occurred at a low frequency (1% of subjects) but were still higher than placebo.

Per prescribing information, physical withdrawal was not observed in healthy subjects following cessation after seven

once daily doses of lasmiditan 200 mg or 400 mg.'"*°

Conclusion

Lasmiditan was approved by the FDA for the acute treatment of migraine in 2019 at 50 mg, 100 mg, and 200 mg doses. Unlike
triptans, lasmiditan can only be taken once in a 24-hour period and should be taken early in the headache attack for maximum
effectiveness. It is the first and only agent within the ditan class of medications that is available for clinical use. Lasmiditan is
highly selective for 5-HT1F serotonin receptors where it acts as a direct agonist within the central nervous system. Based on both
animal and human studies, activation of this receptor is not associated with dose-dependent vasoconstriction like the triptan or
ergot class of medications. Lasmiditan is a Schedule V controlled-substance and carries an 8-hour driving restriction.

The efficacy of lasmiditan was established by several clinical studies, including the SAMURAI, SPARTAN,
CENTURION, MONONOFU, and GLADIATOR Trials as well as numerous post-hoc analyses. Overall, lasmiditan
50, 100 mg, and 200 mg show lower efficacy at improving pain outcomes at 2 hours compared with the triptan class of
medications and similar efficacy compared with gepants. Higher doses of lasmiditan appear to be associated with higher
rates of pain freedom, most bothersome symptom freedom, and pain relief at 2 hours compared with lower doses. Though
lasmiditan has the highest incidence of treatment related adverse events compared with lower doses, triptans, and
gepants, these adverse events are mostly mild in intensity and may even be associated with good treatment response.
Lasmiditan appears safe for routine clinical use in those with cardiovascular disease, and elderly patients have not been
shown to experience higher rates of adverse events compared with younger patients.

Abbreviations
CGRP, calcitonin gene-related peptide; 5-HT, 5-hydroxytryptamine.
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