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Effi  cacy and tolerability of lasmiditan, an oral 5-HT1F 
receptor agonist, for the acute treatment of migraine: 
a phase 2 randomised, placebo-controlled, parallel-group, 
dose-ranging study
Markus Färkkilä, Hans-Christoph Diener, Gilles Géraud, Miguel Láinez, Jean Schoenen, Nadja Harner, Alison Pilgrim, Uwe Reuter, 
for the COL MIG-202 study group*

Summary
Background Lasmiditan (COL-144) is a novel, centrally acting, highly selective 5-HT1F receptor agonist without 
vasoconstrictor activity that seemed eff ective when given as an intravenous infusion in a proof-of-concept migraine 
study. We aimed to assess the effi  cacy and safety of oral lasmiditan for the acute treatment of migraine.

Methods In this multicentre, double-blind, parallel-group, dose-ranging study in 43 headache centres in fi ve European 
countries, patients with migraine with and without aura and who were not using prophylaxis were randomly assigned 
(1:1:1:1:1) to treat one moderate or severe attack at home with 50 mg, 100 mg, 200 mg, or 400 mg lasmiditan, or placebo. 
Study drug and placebo were supplied in identical numbered tablet packs. The randomisation code was generated by 
an independent statistician. Patients and investigators were masked to treatment allocation. The primary endpoint was 
dose response for headache relief (moderate or severe becoming mild or none) at 2 h. The primary analysis was done 
in the modifi ed intention-to-treat population. This study is registered with ClinicalTrials.gov, number NCT00883051.

Findings Between July 8 2009, and Feb 18, 2010, 512 patients were randomly assigned to treatment, 391 of whom 
received treatment. 86 patients received placebo (81 included in primary analysis) and 305 received lasmiditan (50 mg 
n=79, 100 mg n=81, 200 mg n=69, and 400 mg n=68 included in primary analysis). There was a linear association 
between headache response rate at 2 h and lasmiditan dose (Cochran-Armitage test p<0·0001). Every lasmiditan 
treatment dose signifi cantly improved headache response at 2 h compared with placebo (lasmiditan 50 mg: diff erence 
17·9%, 95% CI 3·9–32·1, p=0·022; 100 mg: 38·2%, 24·1–52·4, p<0·0001; 200 mg: 28·8%, 9·6–39·9, p=0·0018; 
400 mg: 38·7%, 23·9–53·6, p<0·0001). The proportion of patients with treatment-emergent adverse events increased 
with increasing doses (53/82 [65%], 59/82 [72%], 61/71 [86%], and 59/70 [84%] for lasmiditan 50, 100, 200, and 
400 mg, respectively vs 19/86 [22%] for placebo). Most adverse events were mild or moderate in intensity, with 16 of 
82 (20%), 23 of 82 (28%), 28 of 71 (39%), and 31 of 70 (44%) of patients on lasmiditan 50, 100, 200, and 400 mg, 
respectively reporting a severe adverse event compared with fi ve of 86 (6%) on placebo. The most common adverse 
events were CNS related and included dizziness, fatigue, vertigo, paraesthesia, and somnolence.

Interpretation Oral lasmiditan seems to be safe and eff ective in the acute treatment of migraine. Further assessment 
in larger placebo-controlled and triptan-controlled trials are needed to assess the potential role of lasmiditan in acute 
migraine therapy.

Funding CoLucid Pharmaceuticals.

Introduction
Migraine is one of the most common neurological 
disorders and is ranked by WHO as one of the 20 most 
debilitating disorders.1 Although the introduction of 
5-HT1B/1D receptor agonists (triptans) has greatly improved 
acute treatment of migraine, the American Migraine 
Prevalence and Prevention study2 revealed that 40% of 
episodic migraineurs still have unmet treatment needs. 
Headache-related disability (19%) and dissatisfaction 
with present drugs (15%) were the most frequent 
complaints.2 In clinical trials, over 35% of patients do not 
benefi t from treatment with oral triptan formulations.3,4 
Because of potential vasoconstriction, patients with 
cardiovascular disease, uncontrolled hyper tension, and 

certain forms of migraine (eg, hemiplegic migraine) 
cannot use triptans,4,5 and side-eff ects such as chest 
tightness, throat discomfort, muscle pain, and 
paraesthesia lead some patients to avoid them.6 There-
fore, eff ective treatment options for patients who do not 
achieve adequate headache relief with triptans or who 
cannot or will not take them remains a considerable area 
of unmet clinical need. 

5-HT1F receptor agonists are a potential treatment 
alternative to triptans.7 The expression of 5-HT1F receptor 
mRNA in neurons of the trigeminal ganglia led to the 
suggestion that 5-HT1F receptors could be a therapeutic 
target for migraine.8 Lasmiditan, a highly selective 
5-HT1F agonist, has 470 times higher affi  nity for 5-HT1F 
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receptors than for vasoconstrictor 5-HT1B receptors.9 
Administration of lasmiditan inhibited neurogenic 
infl ammation in the dura and decreased c-Fos expression 
in the trigeminal nucleus caudalis after stimulation of 
the trigeminal ganglion in rats; unlike triptans, 
lasmiditan did not cause constriction of rabbit saphenous 
vein—an assay predictive of human coronary artery 
vasoconstriction.9

A proof-of-concept randomised, multicentre, placebo-
controlled trial with 130 patients showed that intravenous 
doses of lasmiditan of 20 mg and higher provided 
eff ective headache relief at 2 h of an acute migraine 
attack.10 However, migraine is usually self-treated on an 
outpatient basis. Therefore, an oral formulation of 
lasmiditan was developed. In otherwise healthy patients, 
oral lasmiditan doses up to 400 mg were well tolerated 
without clinically signifi cant eff ects on vital signs, 
electrocardiogram (ECG), or laboratory param eters.11 We 
therefore undertook a dose-ranging study to assess the 
effi  cacy and safety of oral lasmiditan for the acute 
treatment of migraine.

Methods
Patients
We undertook a randomised, double-blind, placebo-
controlled, multi centre, parallel-group, dose-ranging 
out patient study in patients with acute migraine from 
43 headache centres in fi ve European countries. Men or 
women (18–65 years) who had at least a 1-year history of 

migraine with or without aura (according to 
International Headache Society criteria 1.1 and 2.1)12 
with onset before the age of 50 years and one to eight 
migraine attacks per month were eligible for enrolment. 
Exclusion criteria included patients taking prescription 
or herbal migraine prophylaxis, vasoactive drugs, 
serotonin reuptake inhibitors, or known cyto chrome 
P450 inhibitors. Prescription preventative migraine 
drugs were dis continued at least 15 days (fl unarizine 
30 days) before screening. By pharma cokinetic/pharma-
codynamic (PK/PD) modelling, we selected doses for 
the study, with 50 mg predicted to have minimal effi  cacy 
and 400 mg to have both high effi  cacy and a rapid onset 
of eff ect.13 The rapidly disintegrating lasmiditan tablets 
used in this study achieve maximum plasma con-
centrations at 2·0–2·5 h.

The study was approved by the relevant authorities and 
independent ethics committees. This study was done 
in accordance with the Declaration of Helsinki and 
internationally accepted standards of Good Clinical 
Practice. All patients gave written informed consent 
before enrolment.

Randomisation and masking
Using a randomisation code generated by an independent 
statistician, patients were randomly assigned (1:1:1:1:1) to 
50 mg, 100 mg, 200 mg, or 400 mg lasmiditan, or placebo 
in blocks of fi ve. Treatment was double-blind, with all 
patients receiving numbered drug packs that were 

103 patients assigned placebo

17 did not use study drug

86 patients included in 
       safety analysis

2 did not consume all 
    4 tablets
1 severity at baseline not 
    moderate or severe
2 used other drugs before 
    study drug

81 patients included in 
       primary analysis (MITT)

106 patients assigned 
         50 mg lasmiditan

24 did not use study drug

82 patients included in 
       safety analysis

1 did not consume all 
    4 tablets
1 severity at baseline not 
    moderate or severe
1 used other drugs before 
    study drug

79 patients included in 
       primary analysis (MITT)

104 patients assigned
         100 mg lasmiditan

22 did not use study drug

82 patients included in 
       safety analysis

1 used other drugs before 
    study drug

81 patients included in 
       primary analysis (MITT)

100 patients assigned
         200 mg lasmiditan

29 did not use study drug

71 patients included in 
       safety analysis

1 did not consume all 
    4 tablets
1 severity at baseline not 
    moderate or severe

69 patients included in 
       primary analysis (MITT)

  99 patients assigned
         400 mg lasmiditan

29 did not use study drug

70 patients included in 
       safety analysis

2 used other drugs before 
    study drug

68 patients included in 
       primary analysis (MITT)

534 patients screened

22 failed screening

512 randomly assigned

Figure 1: Trial profi le
MITT=modifi ed intention-to-treat population.
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identical in appearance. All patients and investigators, 
excluding the independent statistician, were masked to 
treatment allocation. 

Procedures
At screening, medical and migraine history were taken, 
and physical examination, ECG, and laboratory tests were 
done outside a migraine attack for all patients. Eligible 

patients were instructed to treat their next migraine 
attack within 4 h of onset, providing that any aura 
symptoms had resolved and their headache was moderate 
or severe. Rescue drugs (excluding triptans or ergotamine) 
could be taken after 2 h. Patients were allowed 8 weeks to 
treat an attack.

The primary objectives were to assess the lasmiditan 
dose relation for headache relief at 2 h after intake of the 

Placebo 
(n=81); 
Response n 
(%; 95% CI)

Lasmiditan

50 mg (n=79) 100 mg (n=81) 200 mg (n=69) 400 mg (n=68)

Response n 
(%; 95% CI)

Diff erence 
(95% CI)

p 
value*

Response n 
(%; 95% CI)

Diff erence 
(95% CI)

p 
value*

Response n 
(%; 95% CI)

Diff erence 
(95% CI)

p 
value*

Response n 
(%; 95% CI)

Diff erence 
(95% CI)

p 
value*

Headache 
response at 2 h

21 (25·9%; 
16·8–36·9)

34 (43%; 
31·9–54·7)

17·9% 
(3·9–32·1)

0·022 52 (64%; 
52·8–74·6)

38·2% 
(24·1–52·4)

<0·0001 35 (51%; 
38·4–63·0)

28·8% 
(9·6–39·9)

0·0018 44 (65%; 
52·2–75·9)

38·7% 
(23·9–53·6)

<0·0001

Pain free at 2 h 6 (7·4%; 
2·8–15·4)

11 (14%; 
7·2–23·5)

6·5% 
(3·0–16·0)

0·18 11 (14%; 
7·1–23·3)

6·3% 
(3·1–15·8)

0·19 13 (19%; 
10·6–30·5)

11·7% 
(0·1–22·6)

0·032 19 (28%; 
18·0–40·7)

21·9% 
(8·8–33·1)

0·0007

Headache 
recurrence 
within 24 h

12 (57·1%; 
34·0–78·2)

19 (56%; 
37·9–78·8)

1·33% 
(–25·7 to 28·2)

0·93 30 (58%; 
43·2–71·3)

–0·5% 
(–25·6 to 24·5)

0·97 22 (63%; 
48·1–82·0)

9·5% 
(–35·8 to 16·8)

0·48 22 (50%; 
34·6–65·4)

7·1% 
(–18·6 to 32·9)

0·59

Rescue drug 
2–24 h

55 (68·8%; 
57·4–78·7)

42 (55%; 
42·8–65·9)

14·2% 
(–0·9 to 29·3)

0·067 42 (52%; 
40·5–63·1)

16·9% 
(2·0–31·8)

0·029 41 (61%; 
48·5–72·9)

7·6% 
(–7·9–23·0)

0·34 28 (42%; 
29·8–54·5)

26·7% 
(11·4–42·5)

0·001

Patients’ global 
impression 
(much or very 
much better) 
at 2 h

13 (16·0%; 
8·8–25·9)

18 (23%; 
14·1–33·6)

–6·74% 
(–18·9 to 5·5)

0·28 29 (36%; 
25·4–47·2)

–19·7% 
(–32·9 to –6·6)

0·0041 19 (28%; 
17·5–39·6)

–11·5% 
(–24·7 to 1·7)

0·087 23 (34%; 
23·2–46·9)

–18·3% 
(–32·1 to 4·4)

0·0099

Clinical 
disability score 
at 2 h†

81 (2·0; 
1·7–2·2)

79 (1·5; 
1·3–1·8)

0·4 
(0·1–0·7)

0·01 78 (1·4; 
1·1–1·6)

0·6 
(0·3–0·9)

0·0002 66 (1·5; 
1·2–1·8)

0·5 
(0·1–0·8)

0·0081 63 (1·5; 
1·2–1·7)

0·5 (0·2–0·8) 0·0039

Headache 
severity at 2 h†

81 (2·1; 
1·9–2·41)

79 (1·7; 
1·5–1·9)

0·4 
(0·1–0·7)

0·014 80 (1·3; 
1·1–1·5)

0·8 
(0·5–1·1)

<0·0001 68 (1·5; 
1·3–1·8)

0·6 
(0·3–0·9)

0·0003 67 (1·2; 
0·9–1·4)

0·9 
(0·6–1·2)

<0·0001

*For comparison with placebo. †For clinical disability and headache severity, data are mean (SD; 95% CI). Because the eff ects after 2 h were central to the primary endpoint, we only show data for this timepoint.

Table 2: Primary and secondary endpoints

Placebo (n=86) Lasmiditan

50 mg (n=82) 100 mg (n=82) 200 mg (n=71) 400 mg (n=70)

Age (years) 40·5 (10·3; 19–66) 40·4 (12·5; 18–65) 42·0 (10·6; 20–65) 39·5 (10·3; 18–57) 38·7 (10·3; 20–60)

Female sex 75 (87%) 69 (84%) 68 (83%) 65 (92%) 65 (93%)

White ethnic origin 86 (100%) 81 (99%) 81 (99%) 70 (99%) 69 (99%)

Migraine frequency (past 3 months) 3·1 (1·7) 3·3 (1·6) 3·3 (1·7) 3·3 (1·9) 3·1 (1·6)

Duration of treated attack before use of study drug (h) 2·2 (0·0–31·8) 1·8 (0·0–19·0) 2·8 (0·0–15·0) 2·3 (0·0–15·0) 2·1 (0·0–19·8)

Duration of moderate-to-severe headache before 
treatment (h)

0·2 (0·0–7·5) 0·1 (0·0–2·1) 0·2 (0·0–3·1) 0·3 (0·0–1·9) 0·1 (0·0–2·3)

Accompanying aura*†

No 79 (92%) 70 (85%) 76 (93%) 68 (96%) 62 (89%)

Yes 6 (7%) 11 (13%) 5 (6%) 3 (4%) 8 (11%)

Severity*

Moderate 51 (59%) 49 (60%) 49 (60%) 36 (51%) 39 (56%)

Severe 34 (40%) 32 (39%) 33 (40%) 34 (48%) 31 (44%)

Data are mean (SD; range), number (%), mean (SD), or median (range). *Some percentages do not add up to 100% because of missing data. †If the migraine attack was 
accompanied by aura, the study drug was not taken until the aura had resolved.

Table 1: Baseline demographics and clinical characteristics
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study drug and to assess the safety of lasmiditan over 
24 h. Secondary endpoints were headache response over 
time, proportion of patients who were pain free 
(ie, absence of headache) at 2 h, associated symptoms, 
time to meaningful pain relief, headache recurrence 
within 24 h, clinical disability within 24 h, use of rescue 
drugs between 2 and 24 h, and patients’ global 
impression at 2 h. The safety objective was to assess the 
safety and tolerability of lasmiditan in terms of adverse 
events, physical examination, vital signs, laboratory 
tests, and ECGs.

Patients recorded migraine symptoms in a 
standardised paper diary immediately before and 0·5, 1, 
1·5, 2, 3, 4, and 24 h after intake of study drug. Headache 
severity and clinical disability were rated on a four-point 
scale (none, mild, moderate, and severe). Headache 
response was defi ned as a reduction of moderate or 
severe pain to mild or no pain. Patients also recorded 
the date and time when they experienced meaningful 
relief of migraine.

Associated symptoms (nausea, vomiting, phono-
phobia, and photophobia) were each rated as present or 
absent. Patients recorded their global impression at 2 h 
after study drug intake on a seven-point scale (very 
much better, much better, a little better, no change, a 
little worse, much worse, and very much worse). 
Patients also recorded any unusual symptom (possible 
adverse event) within the treatment period (24 h). 
Adverse events were graded mild, moderate, or severe 
according to the judgment of the investigator, and a 
causal relation was assessed by the investigator.

At follow-up within 14 days after treatment, patients 
returned their completed diary card and study drug pack. 
A physical examination, vital signs, 12-lead ECG, and 

laboratory assessments were done and adverse events, 
concomitant drugs, and rescue drugs were recorded.

Because each patient received only one dose of 
lasmiditan within a range that had been well tolerated 
in phase 1 studies, the principal investigators and 
ethics committees did not deem a data safety 
monitoring board to be necessary. The trial was 
expected to recruit so rapidly that by the time a 
signifi cant amount of data were available for review by 
a data safety monitoring board the trial would be near 
to completion. Instead, to safeguard patient safety all 
serious adverse events were submitted urgently to a 
medical monitor for review and action.

Statistical analysis
The sample size was estimated assuming a response rate 
of 40% in the placebo group and 65% in the 400 mg 
lasmiditan group on the basis of data from previous 
intravenous studies.10,13 We assumed that the treatment 
groups were equally spaced (i.e. the dose response was 
linear) and that the response odds ratios (ORs) between 
pairs of adjacent dose groups were equal, and thus 
estimated the sample size needed to test for a linear 
association by the method of Nam.14 Based on a 1:1:1:1:1 
randomisation, a total sample size of 330 evaluable 
patients (66 per group) was needed for 90% power, on the 
basis of a two-sided test at the 5% level of signifi cance.

Patients who did not take study drugs because of 
occurrence of no or mild headaches, did not record 
baseline headache severity, did not take all study drug, or 
took other migraine drugs fi rst were excluded from the 
modifi ed intention-to-treat population, as prespecifi ed 
for the primary analysis. All patients who received any 
study drugs were included in the safety analysis.

For all tests, a two-sided signifi cance level of 5% was 
applied. A hierarchical test procedure was done for the 
primary analysis: we used the Cochran-Armitage test for 
trend to calculate whether there was a linear association 
between response rate and dose and, if signifi cant, we 
analysed individual between-treatment diff erences 
with Pearson’s χ² tests starting with lasmiditan 
400 mg versus placebo, then 200 mg and 100 mg versus 
placebo, followed by 50 mg versus 400 mg, and fi nally 
50 mg versus placebo. Each test was done only if the 
previous test was statistically signifi cant.

Patients who took rescue drugs within the fi rst 2 h or 
failed to record headache severity at 2 h were assumed to 
have had no headache response. All secondary endpoint 
analyses were exploratory and were done with a two-sided 
test at the 5% level of signifi cance.

Headache freedom and associated symptoms were 
analysed by similar methods to the primary analysis 
except that the comparison of 50 mg versus 400 mg 
lasmiditan was not done. For headache severity, clinical 
disability, and patients’ global impression at 2 h after 
treatment, we used the Cochran-Mantel-Haenszel (CMH) 
mean score test to compare placebo and each dose of 

Number at risk
Placebo 81 80 76 67 32 19 15 11 11

50 mg lasmiditan 79 78 72 53 33 24 20 15 13 
100 mg lasmiditan 81 77 66 45 22 14 6 4 3 
200 mg lasmiditan 69 66 56 36 22 12 10 8 8 
400 mg lasmiditan 68 61 50 35 20 9 6 3 3 

Di
st

rib
ut

io
n 

fu
nc

tio
n

1·0

0·8

0·6

0·4

0·2

0

Time to meaningful pain relief after dosing (h)

10842 60 11953 71 12

Placebo
50 mg lasmiditan
100 mg lasmiditan
200 mg lasmiditan
400 mg lasmiditan

0·5

Figure 2: Time to meaningful pain relief
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lasmiditan. We made comparisons across multiple dose 
levels with the CMH correlation test. To analyse and 
display time to meaningful pain relief, we did a Kaplan-
Meier analysis. Diff erences among treatment groups and 
diff erences between placebo and each dose of lasmiditan 
were compared with the log-rank test.

This study is registered with ClinicalTrials.gov, number 
NCT00883051.

Role of the funding source
The study was designed by the principal investigators 
together with the sponsor (CoLucid Pharmaceuticals). 
The sponsor participated in data collection, data analysis, 
data interpretation, and the writing of the report. All 
authors had full access to all the data in the study and 
reviewed the paper. The corresponding author had fi nal 
responsibility for the decision to submit for publication. 

Results
Between July 8, 2009, and Dec 22, 2009, 534 patients 
were screened, of whom 512 were randomly assigned to 
treatment. The study fi nished on Feb 18, 2010. 
121 patients did not use the study drug and one patient 
used the study drug but was lost to follow-up. The 
remaining 390 patients fi nished the study. 13 patients 
were excluded from the primary analysis for pre-
specifi ed protocol violations (fi gure 1). Table 1 shows 
patient demographics and features of the treated 
migraine attacks. Baseline headache characteristics 
were broadly similar across groups. However, the 
proportion of patients with severe headache was higher 
in the 200 mg lasmiditan group than in all other active 
treatment groups.

There was a signifi cant linear association between 
headache response rate and lasmiditan dose (Cochran-
Armitage test, p<0·0001). Every lasmiditan treatment 
dose signifi cantly improved headache response at 2 h 
compared with placebo (table 2; appendix). Signifi cantly 
more patients in the 400 mg lasmiditan group than in the 
50 mg group reported a headache response at 2 h 
(diff erence 21·7%, 95% CI 5·9–37·4; p=0·0087). 

A linear association was also noted between headache-
free rates at 2 h and lasmiditan dose (Cochran-Armitage 
test, p=0·0006). Both the 200 mg (diff erence 11·7%) 
and 400 mg (21·9%) doses of lasmiditan were superior 
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Time (h)

2·01·00·5 1·50·0

2·01·00·5 1·50·0

2·01·00·5 1·50·0

2·01·00·5 1·50·0
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Figure 3: Migraine-associated symptoms
*p=0·034 for comparison between 100 mg lasmiditan and placebo at 2 h. 

†p=0·0005 for comparison between 100 mg lasmiditan and placebo at 1·5 h. 
‡p=0·015 for comparison between 400 mg lasmiditan and placebo at 1·5 h. 

§p=0·018 for comparison between 50 mg lasmiditan and placebo at 2 h. 
¶p<0·0001 for comparison between 100 mg lasmiditan and placebo at 2 h. 

||p=0·031 for comparison between 200 mg lasmiditan and placebo at 2 h. 
**p=0·0006 for comparison between 400 mg lasmiditan and placebo at 2 h. 
††p=0·018 for comparison between 100 mg lasmiditan and placebo at 1·5 h. 
‡‡p=0·0013 for comparison between 100 mg lasmiditan and placebo at 2 h. 

§§p=0·019 for comparison between 400 mg lasmiditan and placebo at 2 h. 
¶¶p=0·018 for comparison between 100 mg lasmiditan and placebo at 1·5h. 

||||p=0·0088 for comparison between 400 mg lasmiditan and placebo at 1·5 h. 
***p=0·0027 for comparison between 100 mg lasmiditan and placebo at 2 h.
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to placebo (200 mg p=0·032; 400 mg p=0·0007; 
Pearson’s χ² test).

Lasmiditan reduced headache severity starting as early 
as 30 min in the 400 mg group versus placebo (CMH 
mean score test, p=0·0137). After 1 h, all but the lowest 
dose of lasmiditan (50 mg) were superior to placebo, and 
from 1·5 to 4 h all lasmiditan groups were superior to 
placebo. Likewise, there were statistically signifi cant 
diff erences between each lasmiditan dose group and 
placebo for time to meaningful pain relief (50 mg 
p=0·0294, 100 mg p<0·0001, 200 mg p=0·0003, 400 mg 
p<0·0001; log-rank test). Figure 2 shows data for the fi rst 
12 h after dosing, whereas the log-rank test was based on 
the full data up to 24 h.

There was a dose-related reduction in use of rescue 
drugs in the lasmiditan groups (CMH for linear 
association of rescue drug intake with dose p=0·0093). 
A global impression rating of much or very much better 
was obtained from 16·0% of patients in the placebo 
group compared with 22·8–35·8% of patients in the 
lasmiditan groups (linear association with dose; CMH 
correlation test, p=0·0162). Similar rates of headache 
recurrence were reported in all groups (50–63%; table 2). 
In a post-hoc analysis, there was a statistically signifi cant 
linear association between the decrease in severity of 
clinical disability and increasing dose of lasmiditan 
from 2 h after treatment onwards (CMH correlation 
test, p=0·0036).

Nausea, phonophobia, and photophobia decreased in 
all treatment groups within 2 h after intake of study 
drug, with the smallest decrease in the placebo group 
(fi gure 3). The greatest improvements after 2 h were 
achieved for phonophobia and photophobia with the 
100 mg and 400 mg doses of lasmiditan. The proportion 
of patients with vomiting was low in all groups (about 
0–10%) and therefore diff erences over time and 
between groups for this symptom must be interpreted 
with caution.

The study drug or placebo was taken by 391 patients, 
who were all included in the safety analysis. In general, 

lasmiditan was well tolerated. There were no deaths in the 
study and ECGs, vital signs, and laboratory assessments 
did not show any clinically relevant drug-related changes.

The proportion of patients who reported at least one 
adverse event and the proportion of patients with treatment-
emergent adverse events were higher in the active 
treatment groups than in the placebo group. Treatment-
emergent adverse events increased with increasing doses 
(53/82 [65%], 59/82 [72%], 61/71 [86%], 59/70 [84%] for 
lasmiditan 50, 100, 200, and 400 mg, respectively vs 19/86 
[22%] for placebo). The most frequently reported treatment-
emergent adverse events (table 3) were associated with the 
CNS (eg, dizziness, paraesthesia) or the vestibular system 
(eg, vertigo). The appendix lists treatment-emergent 
adverse events by country.

Most adverse events were mild or moderate in intensity, 
with 16 of 82 (20%), 23 of 82 (28%), 28 of 71 (39%), and 
31 of 70 (44%) patients in the lasmiditan 50, 100, 200, and 
400 mg groups, respectively, reporting a severe adverse 
event compared with fi ve of 86 (6%) on placebo. Dizziness 
was the most frequently reported severe adverse event.

A 46-year-old woman reported moderate dizziness 
30 min after taking 200 mg lasmiditan. Because this 
led to an overnight hospital admission, the adverse 
event was classifi ed as serious. Her ECGs showed sinus 
bradycardia 1·5 and 4 h after study drug intake but no 
other abnormalities. She received a saline infusion and 
had recovered completely by the next day.

Discussion
This trial with oral lasmiditan confi rms the results of the 
previous proof-of-concept trial10 with the intravenous 
formulation, suggesting that 5-HT1F receptor activation 
can dose-dependently improve acute migraine (panel). 
Dose-dependent effi  cacy was also noted in a phase 2 
study with a less selective 5-HT1F agonist, LY334370.15 
However, a vascular eff ect contributing to increased 
effi  cacy of high doses of LY334370 could not be entirely 
ruled out because of the affi  nity of LY334370 itself and of 
its major metabolite for the 5-HT1B receptor. The affi  nity 

Placebo (n=86) Lasmiditan

Treatment 
emergent

Severe 50 mg (n=82) 100 mg (n=82) 200 mg (n=71) 400 mg (n=70)

Treatment 
emergent

Severe Treatment 
emergent

Severe Treatment 
emergent

Severe Treatment 
emergent

Severe

Sensation of heaviness 1 (1%) 1 (1%) 4 (5%) 3 (4%) 4 (5%) 1 (1%) 7 (10%) 2 (3%) 5 (7%) 3 (4%)

Nausea 0 (0%) 0 (0%) 4 (5%) 2 (2%) 8 (10%) 0 (0%) 2 (3%) 1 (1%) 5 (7%) 0 (0%)

Paraesthesia 2 (2%) 0 (0%) 2 (2%) 1 (1%) 9 (11%) 2 (2%) 12 (17%) 4 (6%) 14 (20%) 5 (7%)

Somnolence 2 (2%) 1 (1%) 8 (10%) 3 (4%) 10 (12%) 2 (2%) 8 (11%) 2 (3%) 8 (11%) 2 (3%)

Vertigo 1 (1%) 0 (0%) 8 (10%) 1 (1%) 12 (15%) 3 (4%) 12 (17%) 3 (4%) 16 (23%) 7 (10%)

Fatigue 2 (2%) 1 (1%) 10 (12%) 5 (6%) 17 (21%) 7 (9%) 15 (21%) 11 (15%) 16 (23%) 7 (10%)

Dizziness 0 (0%) 0 (0%) 19 (23%) 1 (1%) 21 (26%) 8 (10%) 27 (38%) 11 (15%) 26 (37%) 12 (17%)

Data are number (%).

Table 3: Most commonly reported treatment-emergent and severe adverse events

See Online for appendix
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of lasmiditan for the 5-HT1B receptor is signifi cantly lower 
than that of LY334370 and surrogate assays did not show 
vasoconstrictive activity, although the precise mechanism 
of action remains to be identifi ed.9 5-HT1F receptors are 
expressed in trigeminal ganglion neurons, and activation 
of these neurons might contribute to the inhibition of 
protein leakage from venous blood vessels, probably 
owing to the blockade of neuropeptide release.16 The 
blockade of secondary trigeminal neuron activation 
within the CNS might also contribute to this inhibition.9 
Further sites of action remain speculative because 5-HT1F 
receptor distribution in the brain is diffi  cult to map 
owing to the absence of a specifi c antagonist. However, 
studies with ³H-LY334370 show that in human beings 
the 5-HT1F receptor is present mainly in cortical areas 
(frontal, temporal, parietal, and occipital cortices) and in 
the granule cell layer of the cerebellum.17 Some of these 
cortical areas have been linked to acute pain, but whether 
5-HT1F receptor binding of lasmiditan in these regions 
contributes to the anti-migraine activity is unclear. 

The primary endpoint of this study was met: lasmiditan 
improved moderate-to-severe migraine headache to mild 
or none at 2 h in a dose-dependent manner. Although 
the sample size was small, which is a shortcoming of this 
trial, statistically signifi cant diff erences between each 
lasmiditan dose and placebo were noted. The benefi cial 
eff ects of lasmiditan on migraine were supported by the 
secondary endpoints pain freedom, headache intensity, 
associated symptoms, and patients’ global impression. 
The eff ect of 200 mg lasmiditan was lower for the 
primary endpoint and for some secondary endpoints 
than that of the 100 mg dose, which might be due to 
small sample sizes and random variation in migraine 
attack severity and response. Headache severity at 
baseline was higher in the 200 mg group than in all 
other groups. However, in a post-hoc logistic regression 
analysis for the primary endpoint, with treatment group 
and severe migraine headache just before dosing (yes/
no) as covariates, there was a signifi cant eff ect of severe 
headache (OR estimates for no headache response: 
1·75 [1·13–2·70]), but adjustment for this result did not 
explain the lower eff ect of 200 mg lasmiditan (OR 
estimates for 50 mg, 100 mg, 200 mg, and 400 mg doses 
vs placebo 0·46 [0·23–0·90], 0·19 [0·096–0·37], 
0·32 [0·16–0·64], and 0·18 [0·09–0·37], respectively).

Analyses of secondary endpoints were exploratory and 
we did not adjust for multiple comparisons. The results 
should therefore be interpreted with caution. Lasmiditan 
reduced migraine-associated symptoms (nausea, photo-
phobia, and phonophobia) at 2 h, with the strongest 
eff ects with the 100 mg and 400 mg doses. Relief of 
these symptoms might be underestimated in this 
analysis because the use of rescue drugs was 
conservatively treated as failure, which might have 
contributed to the absence of statistical signifi cance 
versus placebo for some parameters and timepoints, 
especially after 2 h.

In a study of the 5-HT1F receptor agonist LY334370,15 
CNS side-eff ects were dose-dependent and seemed to be 
more frequent with lasmiditan than with triptans.18 
However, chest, neck, and jaw heaviness, tightness, or 
pain, reported by up to a quarter of patients taking an 
oral triptan,19 were uncommon and no more frequent 
after lasmiditan than placebo. Dizziness was the main 
treatment-emergent complaint attributed to the CNS, 
followed by vertigo and fatigue. Vertigo and dizziness 
might be related to the activation of 5-HT1F receptors in 
the lateral vestibular nucleus, temporoparietal cortex, 
and cerebellum, because 5-HT1F receptor expression has 
been detected in these areas in rodents.20,21 In the human 
brain, radioactive ligands bind signifi cantly to 5-HT1F 
receptors in the cerebellum, a structure that is strongly 
linked to the vestibular system.17 However, the diff erences 
between countries in the rates of vertigo and dizziness 
suggest that cultural and linguistic factors might have led 
patients to confuse the two events, with possible over-
reporting of vertigo. Modifi cation of the adverse event 
data collection procedure in future studies should resolve 
this issue. The CNS side-eff ects are unlikely to have been 
mediated by 5-HT1A receptor activation, as has been 
suggested for LY334370,15 because the 5-HT1A affi  nity of 
lasmiditan is extremely low.9

This study provides important information for dose 
selection for phase 3 clinical trials. The lowest dose of 
lasmiditan in this trial was 50 mg and was expected to be 
ineff ective or only marginally eff ective. Based on PK/PD 
modelling of the intravenous data described by Ferrari and 
colleagues,10 the peak plasma concentration with this oral 
dose is about 30 ng/mL and higher plasma concentrations 
were expected to be necessary to achieve effi  cacy.10,13 
However, 50 mg lasmiditan seems superior to placebo in 
this study, suggesting that lower oral doses might be 

Panel: Research in context

Systematic review
We searched Medline (1950 to December, 2011), the Cochrane Central Register of 
Controlled Trials (The Cochrane Library issue 12, 2011), and Embase (1988 to December, 
2011) with the search terms “placebo-controlled, randomised, double-blind clinical trials”, 
“acute migraine”, “migraine treatment”, “5-HT1F agonist”; “CGRP receptor antagonist”, 
“triptans”, “adverse events”, and “triptan” alone and in several combinations. We included 
results from placebo-controlled, randomised, double-blind clinical trials with 5-HT1F 
receptor agonists, calcitonin gene-related peptide receptor antagonists, and triptans for 
the acute treatment of migraine. We also assessed meta-analyses of controlled triptan 
trials and articles that discussed the adverse-event profi les of triptans. 

Interpretation
Our study confi rms that selective activation of 5-HT1F receptors with oral or intravenously 
administered agonists without vasoconstrictive activity reduces headache severity in 
migraine attacks compared with placebo. Both effi  cacy and nervous system-related 
adverse eff ects showed a clear dose response. The adverse-event profi le of lasmiditan in 
this trial is similar to those of a previous study with an intravenous formulation and a 
study with a less selective 5-HT1F agonist (LY334370), and is distinctly diff erent from that 
of triptans.10,15 However, long-term safety needs to be established.
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suffi  cient for pain relief in some patients. The signifi cant 
headache response at 2 h and the favourable adverse-event 
profi le compared with higher doses supports the use of a 
lasmiditan dose of 100 mg for future clinical trials.

We have shown that in migraineurs selective 5-HT1F 
agonism with lasmiditan results in a greater reduction in 
headache response than placebo. All oral lasmiditan 
doses seemed more eff ective than placebo and the 100 mg 
dose produced headache response rates comparable with 
established treatment options. The placebo-subtracted 
headache response rate of lasmiditan is comparable to 
that reported with oral triptans.3 Also, pain relief after 2 h 
seems to be similar to results from trials with oral 
calcitonin gene-related peptide receptor antagonists.22,23

The neural site of action and absence of vasoconstrictor 
activity might be of benefi t in clinical practice, where a 
substantial proportion of patients are unable to take 
triptans or are poorly or inconsistently responsive to 
them. Adverse events with lasmiditan were qualitatively 
diff erent from those reported with triptans. The typical 
triptan sensations such as chest or neck pain, tightness, 
or heaviness were rare and occurred with similar 
frequency after placebo and lasmiditan. The extent to 
which the CNS adverse events might limit use, and the 
place of lasmiditan in treatment relative to triptans, need 
to be studied in larger comparator trials that more closely 
resemble clinical practice. Our results suggest that non-
vascular mechanisms are suffi  cient for the treatment of 
acute migraine and thereby support the notion of 
migraine as a neuronal rather than a vascular disease.
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