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ABSTRACT

Introduction: As 5-HT;g receptor agonists,
triptans produce vasoconstriction and have
cardiovascular contraindications and precau-
tions. Lasmiditan, a selective 5-HT;r receptor
agonist, has a low affinity for 5-HT; receptors,
does not cause vasoconstriction, and is free of
cardiovascular contraindications and precau-
tions. The objective of this post hoc analysis was
to evaluate the efficacy and safety of lasmiditan
in patients with and without at least one triptan
contraindication.

Methods: Patient subgroups, with and without
triptan contraindications, were analyzed from
pooled patient data from four randomized,
double-blind, placebo-controlled clinical trials
(SAMURAI, SPARTAN, CENTURION, and
MONONOFU). Patients experiencing a single
migraine attack of moderate or severe intensity
were treated with lasmiditan 50 mg (SPARTAN
and MONONOFU only), 100 mg, 200 mg, or
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placebo, and efficacy data were recorded in an
electronic diary.

Results: Of 5704 patients, 207 (3.6%) patients
had at least one contraindication to triptans.
Overall subgroup analysis revealed that the
effects of lasmiditan on pain freedom, pain
relief, freedom from most bothersome symp-
tom, disability freedom, and Patient Global
Impression of Change at 2 h post-dose did not
differ in patient groups with and without trip-
tan contraindications. These outcomes gener-
ally showed a similar benefit pattern for
lasmiditan in both subgroups, with all results
being statistically significant in patients with-
out contraindications, and pain relief being
statistically significant in patients with con-
traindications. The safety and tolerability pro-
files of patients with triptan versus without
triptan contraindications were similar, includ-
ing dizziness in 18.3 to 22.8% and somnolence
in 7.9 to 9.9% of patients at the highest dose of
lasmiditan.

Conclusions: In pooled analyses from four tri-
als, patients with and without triptan con-
traindications did not differ in their patterns of
lasmiditan efficacy. Lasmiditan may be a treat-
ment option in patients with contraindications
to triptans.

Trial Registration Numbers: SAMURAI,
NCT:02439320; SPARTAN, NCT:02605174;
CENTURION, NCT:03670810; and MONO-
NOFU, NCT:03962738.
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Key Summary Points

Triptans are vasoconstrictors and have
been associated with rare vascular adverse
events, leading to contraindications for
patients with cardiovascular conditions.

Lasmiditan does not cause
vasoconstriction and does not have these
contraindications.

The objective of this post hoc analysis was
to evaluate the efficacy and safety of
lasmiditan in patients with and without
triptan contraindications. Pooled data
were from randomized, double-blind,
placebo-controlled trials SAMURAI,
SPARTAN, MONONOFU, and
CENTURION.

The efficacy and safety of lasmiditan
appeared to be independent of whether
patients had (n = 207) or did not have
(n = 5497) a contraindication to triptans,
supporting that lasmiditan may be a
therapeutic option for patients with
contraindications to triptans.

INTRODUCTION

Migraine is a chronic neurological disorder
characterized by recurrent attacks of headache
typically accompanied by additional symptoms
such as nausea, vomiting, photophobia, or
phonophobia [1]. As the leading cause of dis-
ability in those under 50 years old [2] and the
second highest cause of disability worldwide,
migraine imposes a significant global health
burden [3]. Optimal migraine care depends on a
careful, personalized analysis of individual
needs. In the absence of contraindications, the
triptan class of drugs has been a first-line
approach for treating migraine acutely [4].

Triptans are serotonin 5-HTip/1p,r receptor
agonists. These receptors are present predomi-
nantly on peripheral trigeminal sensory nerve
endings, neurons in the trigeminal cervical
complex, rostral brainstem, thalamus, and on
blood vessels [5].

Based on the hypothesis that migraine
attacks resulted from vasodilation [6], triptans
were developed to selectively target cranial
blood vessels and to produce vasoconstriction.
This vasoconstrictive effect is mediated through
5-HT;p receptors [7, 8]. Preclinical and clinical
studies have shown that triptans induce vaso-
constriction in different intracranial and
extracranial vessels, including the coronary
arteries [7-11]. Consistent with this mecha-
nism, triptans have been associated with rare
vascular adverse events after dosing [12], lead-
ing to contraindications for patients with car-
diovascular conditions [13]; these
contraindications and precautions are present
in the package insert for all triptans and are
referred to as class labeling. Results from the
2009 American Migraine Prevalence and
Prevention (AMPP) survey estimated that in the
USA, there were roughly 2.6 million people with
episodic migraine aged 22 years and older, liv-
ing with one of more prior cardiovascular
events, conditions, or procedures that were
triptan contraindications; the prevalence of
these contraindications increased with age [14].
Still more individuals have risk factor profiles
that mandate caution in the use of triptans [15].

Lasmiditan is a selective 5-HTir receptor
agonist [16, 17] approved in the USA for the
acute treatment of migraine, with or without
aura, in adults. The efficacy and safety profile of
lasmiditan in the treatment of acute migraine
has been reported in phase 3 trials [18-22]. Like
triptans, lasmiditan also works on the trigemi-
nal system but has a low affinity for 5-HT,p
receptors and does not cause vasoconstriction
[16]. Lasmiditan aborts migraine attacks by
decreasing neural transmission and inhibiting
the release of neurotransmitters involved in
migraine pathophysiology, including calcitonin
gene-related peptide (CGRP) [23]. In experi-
ments using sumatriptan as a positive control,
lasmiditan did not cause vasoconstriction in
human proximal or distal coronary, internal
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mammary, or middle meningeal arteries
ex vivo, or in dog coronary or carotid arteries
in vivo [24]. Additionally, the presence of car-
diovascular risk factors has not been associated
with differences in the efficacy or safety profile
of lasmiditan based on two studies reported
previously [25].

Because lasmiditan is free of the 5-HT;p
agonism thought to mediate vasoconstriction
associated with triptans, the drug was devel-
oped with the hope that it would be free of
cardiovascular contraindications. Nonetheless,
both lasmiditan and triptans are serotonergic
agonists that have sufficient pharmacologic
overlap to make shared adverse events possible.
In addition, lasmiditan may be preferentially
used in those with triptan contraindications.
Therefore, the efficacy and tolerability of las-
miditan in people with triptan contraindica-
tions is especially relevant to clinical practice.
Though prior work focused on those with car-
diovascular risk factors [25], that group is much
larger and may be less vulnerable to adverse
events than those with firm contraindications.

The objective of this post hoc analysis was to
evaluate the efficacy and safety of lasmiditan in
patients with and without at least one triptan
contraindication, and to assess whether the
presence of cardiovascular contraindications
could interfere with lasmiditan treatment out-
comes, given its distinct mechanism of action.

METHODS

Statement of Ethics Compliance

All studies were conducted in accordance with
the Declaration of Helsinki, the International
Conference on Harmonization Good Clinical
Practice guideline, and local regulatory
requirements. The study protocols were
approved by an independent ethics committee
or institutional review board at each study site.
All participants provided written consent before
the start of the study. All studies were registered

at ClinicalTrials.gov (SAMURALI,
NCT:02439320; SPARTAN, NCT:02605174;
CENTURION, NCT:03670810; and MONO-

NOFU, NCT:03962738).

Study Design

This post hoc analysis examined pooled data
from four randomized, double-blind, placebo-
controlled trials (SAMURAI, SPARTAN, CEN-
TURION, and MONONOFU). All trials had a
common design. Participants were asked to
treat a single migraine attack (SAMURAI,
SPARTAN, and MONONOFU) or four migraine
attacks (CENTURION; first attack data only
included). Participants were randomized 1:1:1
to placebo, lasmiditan 100 mg, or lasmiditan
200 mg (SAMURAI and CENTURION first
attack), 1:1:1:1 to placebo, lasmiditan 50 mg,
lasmiditan 100 mg, or lasmiditan 200 mg
(SPARTAN), and 7:3:7:6 to placebo, lasmiditan
50 mg, lasmiditan 100mg, or lasmiditan
200 mg (MONONOFU). Full details of each
trial’s study design can be found in the primary
report for each trial [18, 19, 22, 26].

Trial Population and Definition
of Cardiovascular Contraindications
to TRIPTANS

Eligibility criteria were similar across all studies
with the exception that SAMURAI excluded
patients with known coronary artery disease,
clinically significant arrhythmia, and uncon-
trolled hypertension [18]. Participants were
aged 18years or older, with a diagnosis of
migraine with or without aura fulfilling the
criteria of the International Classification of
Headache Disorders (ICHD). Criteria were from
ICHD-2 for SAMURAI, SPARTAN, and MONO-
NOFU [1], and ICHD-3 for CENTURION [27].
Participants were required to have a history of 3
to 8 migraine attacks per month, a history of
disabling migraine for at least 1year, and a
Migraine Disability Assessment (MIDAS) score
of > 11.

For this analysis, participants from the four
trials were pooled and then separated into two
distinct patient subpopulations: patients with at
least one triptan contraindication and patients
with no triptan contraindications. The defini-
tion of triptan contraindications was based on a
previous report [S]. In this research, a team of
headache specialists, cardiologists, and health
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economics and outcomes researchers identified
triptan contraindications by reviewing labels
and then identified current procedural termi-
nology (CPT) diagnostic codes corresponding to
these contraindications in some or all of the
triptan labels. Because medical conditions are
coded in Medical Dictionary for Regulatory
Activities (MedDRA) terms in clinical trials,
each of the CPT diagnostic codes was converted
to MedDRA codes to generate a comprehensive
list of triptan contraindications (see supple-
mentary material, including number of patients
with each contraindication in the safety popu-
lation). Medical histories were then reviewed to
identify study participants who did and did not
have at least one of the triptan
contraindications.

Outcomes/Endpoints/Assessments

Patient-reported efficacy outcomes were recor-
ded by the patient in an electronic diary at
baseline and at 0.5, 1, 1.5, 2, 3, 4, 24, and 48 h
after treatment or at baseline, 0.5, 1, 2, 4, 6, 24,
and 48 h after treatment (CENTURION only).
For the efficacy analysis, only the time points
up to 2 h post treatment were evaluated because
rescue medications were permitted after the
assessment at 2h. At the designated time
points, patients recorded their level of headache
pain as “none”, “mild”, “moderate”, or “severe.”
Headache pain freedom is defined as a reduc-
tion in headache severity from mild, moderate,
or severe at baseline to none at the indicated
assessment time. A subject is not counted as
being pain-free at a specific time point if she or
he used rescue or recurrence medication at or
before the specific time point. Sustained pain-
free is defined as experiencing headache pain-
free at 2h after dosing and at the indicated
assessment time, having not used any medica-
tions after the first dose. Patients also indicated
the presence or absence of migraine-associated
symptoms, including nausea, vomiting, photo-
phobia, or phonophobia. At baseline, patients
identified their most bothersome symptom
(MBS) from choices, including nausea, phono-
phobia, or photophobia. At each time point,
patients indicated their level of migraine-

related disability by responding to the following
question: “How much is your migraine inter-
fering with your normal activities?” with
response options “none”, “mild interference”,
“marked interference”, or “need complete bed
rest.” At 2 h post treatment, patients indicated
their global impression of change (PGIC) in
response to the following question: “How do
you feel after taking study medication?” with
seven response options ranging from “very
much better” to "very much worse.”

Statistical Analyses

The patient demographics and baseline
migraine attack characteristics were summa-
rized using descriptive statistics for patients
with and without triptan contraindications. All
efficacy analyses were conducted in the efficacy
population defined as all randomized patients
who used at least 1 dose of study drug to treat
an attack of at least mild pain severity and had
any non-missing post-dose pain severity assess-
ment at or before 2 h after dose. Mantel-Haen-
szel odds ratio with 95% confidence intervals
and general association p values at 2h post
treatment, stratified by study, were calculated
for two distinct patient subpopulations: “Trip-
tan contraindication” versus “Triptan no con-
traindication.” Additionally, p values for
treatment-by-triptan  contraindicated status
interaction were calculated based on a logistic
regression model with treatment-by-triptan
contraindicated status interaction term and
study, treatment group, and triptan con-
traindicated status as covariates.

The safety population (all patients who were
randomized and received at least one dose of
study medication) was used for all safety anal-
yses. Treatment-emergent adverse events were
defined as new or worsening adverse events
within 48 h of dosing.

Due to the post hoc nature of these analyses,
the analyses were not corrected for multiplicity.
Subgroup tests for interaction were considered
statistically significant based on a p value of
0.10; otherwise, p values less than 0.05 were
used to define statistical significance.
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Table 1 Patient demographics and baseline characteristics

Triptan contraindicated Triptan not contraindicated

(N = 207) (N = 5497)
Age (years), mean (SD) 49.1 (12.6) 42.0 (12.0)
Female, 7 (%) 171 (82.6) 4635 (84.3)
Race, White, 7 (%) 170 (82.5) 3810 (69.6)
BMI, mean (SD) 30.4 (8.4) 28.5 (8.1)
Family history of CAD, 7 (%) 70 (42.2) 1108 (26.1)
Duration of migraine history (years), mean (SD) 22.8 (14.3) 18.8 (12.9)
Average migraines/month in past 3 months, mean (SD) 5.2 (2.0) 5.2 (1.8)
Use of medications for migraine prevention, 7 (%) 54 (27.8) 1133 (23.5)
History of migraine with aura, 7 (%) 87 (42.4) 1929 (35.3)

BMI body mass index, CAD coronary artery disease, N number of patients from efficacy population, z number of patients

with stated characteristic, SD standard deviation

RESULTS

Patient Demographics and Baseline
Characteristics

A total of 5704 patients in the efficacy popula-
tion, pooled from the SAMURAI, SPARTAN,

MONONOFU, and CENTURION trials, were
included in this analysis. Of the 5704 patients,
207 (3.6%) patients had at least one con-
traindication to triptans. The patient demo-
graphics and baseline disease characteristics for
the efficacy population are summarized in
Table 1. In comparison to patients free of
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Fig. 1 Headache pain freedom (A) and freedom from
MBS (B) in patients with and without a contraindication
to triptans, 2 h following treatment with placebo, lasmid-
itan 100 or 200 mg. Comparisons of lasmiditan effect in
the group of patients with triptan contraindications versus
those without were not significant for any treatment group

for either pain freedom or freedom from MBS (all
interaction p values > 0.1). Odds ratio compared to
patients who received placebo in the same subgroup.
**p < 0.001 vs. placebo. CI confidence interval, LTN
lasmiditan, MBS most bothersome symptom, N number of
patients, PBO placebo
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Fig. 2 Headache pain relief (A), Patient Global Impres-
sion of Change (B), and patient-reported freedom from
migraine-related disability (C) in patients with and
without a contraindication to triptans, 2h following
treatment with placebo, lasmiditan 100 or 200 mg.
Comparisons of lasmiditan effect in the group of patients
with triptan contraindications versus those without were
not significant for any treatment group for cither headache
pain relief (percentage of patients with a reduction in pain
severity from “moderate” or “severe” at baseline to “mild” or

triptan contraindications, those with a triptan
contraindication were older, more likely to be
White, more likely to have a family history of
coronary artery disease, more likely to take a
migraine preventive agent, and more likely to
have a history of migraine with aura (Table 1).

Efficacy Outcomes

The subgroup analysis revealed that the effects
of lasmiditan on the study co-primary end-
points of headache pain freedom at 2 h post-
dose (2hPF) and freedom from MBS at 2 h post-
dose (2hMBS) were not statistically different in
patients with and without triptan contraindi-
cations (interaction p values > 0.1; Fig. 1). For
example, for the 100-mg dose, 2hPF rates were
31.7% in the group with triptan contraindica-
tions and 30.3% in the group without con-
traindications, and odds ratios relative to
placebo had overlapping confidence intervals
(Fig. 1A). For the 100-mg dose, ZhMBS freedom
rates were 47.1% in the group with triptan
contraindications and 45.6% in the group
without contraindications, and odds ratios rel-
ative to placebo had overlapping confidence

Triptan contracndwa!ed Triptan not contralnd'cated

Triptan contramdmated Triptan not contramdlcated
¥ Odds ratio
1925 20,27 95% Cl

N=4871

07 37 05 28

N=179

14 20 |ﬁ 22

N=4871

at 2h), PGIC (percentage of patients with

responses “very much better” or “much better”), or freedom

« »
none

from migraine-related disability (percentage of patients
with response option “none”) (all interaction p val-
ues > 0.1). Odds ratio compared to patients who received
placebo in the same subgroup. *p < 0.05, **p < 0.001 vs.
placebo. CI confidence interval, LTN lasmiditan, N num-
ber of patients, PBO placebo, PGIC Patient Global
Impression of Change

intervals (Fig. 1B). Figure2 shows that the
magnitude of the treatment effect for 2-h
headache pain relief, PGIC, and migraine-asso-
ciated disability were similar, the confidence
intervals for the odds ratios relative to placebo
overlapped, and again the interaction p values
were > 0.1. These outcomes generally showed a
similar pattern of benefit for lasmiditan in both
subgroups, with all results being statistically
significant in the larger subgroup of patients
without contraindications, and the results for
pain relief being statistically significant in the
smaller subgroup of patients with contraindi-
cations (Figs. 1 and 2).

The proportion of patients achieving head-
ache pain freedom over the 2 h post treatment
is shown in Table 2. This time course was similar
in patients with and without triptan
contraindications.

Safety Outcomes

Proportions of patients with treatment-emer-
gent adverse events (TEAEs) were generally
similar in the triptan contraindicated and trip-
tan not contraindicated population. There were
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Table 2 Pain freedom at time points up to 2 h in patient subgroups
Hours after Lasmiditan  Triptans contraindicated Triptans not contraindicated Interaction
dosing (mg) Pain freedom, Odds ratio  Pain freedom, Odds ratio 2 ¥alue
n (%) (95% CI) n (%) (95% CI)

0.5 PBO 0 (0.0) 17 (1.0) 0.906

100 0 (0.0) 29 (1.8) 1.7 (0.9, 3.1)

200 1(L6) 41 (2.6) 2.5 (1.4, 4.5)
1.0 PBO 4(6.9) 85 (5.2) 0.267

100 8 (13.3) 2.2 (0.6, 7.8) 158 (9.7) 2.0 (1.5, 2.6)

200 6 (9.8) 1.6 (0.4, 5.6) 241 (15.1) 33 (2.5, 42)
2.0 PBO 11 (19.0) 267 (16.2) 0.614

100 19 (31.7) 25 (1.0, 6.1) 493 (30.3) 2.2 (1.9,2.7)

200 19 (31.1) 2.5 (1.0, 62) 577 (36.1) 3.0 (2.5, 3.5)

CI confidence interval, 7 number of patients meeting pain-free criteria, PBO placebo

no deaths in either group, and the proportions
of patients experiencing adverse events (AEs) or
serious AEs (SAEs) were similar between the two
groups. There were no cardiovascular events in
either subgroup suggesting vasoconstriction.
The proportion of patients with triptan con-
traindications reporting SAEs was 0% (0/67) in
the placebo group and 1.5% (2/138) in the las-
miditan group. The reported SAEs (menorrha-
gia, somatic symptom disorder) were not
treatment-emergent (new or worsening within
48 h after dosing) and were not considered
related to study drug. TEAEs with at least 2%
frequency are reported in Table 3 and were
similar in the subgroups, with dizziness in
18.3-22.8% and somnolence in 7.9-9.9% of
patients at the highest lasmiditan dose.

DISCUSSION

The results of this post hoc analysis show that
the effects of lasmiditan in terms of efficacy and
safety appeared to be independent of whether
patients had or did not have a contraindication
to triptans. Because lasmiditan is not a vaso-
constrictor, these results support that lasmidi-
tan may be a therapeutic option for patients
with contraindications to triptans.

The four clinical trials included in the cur-
rent analysis shared a common design. No
upper age limit was applied, and patients were
not excluded on the basis of having cardiovas-
cular risk factors or disease, with the exception
that SAMURAI excluded patients with known
coronary artery disease, clinically significant
arrhythmia, and uncontrolled hypertension
[18].

As expected, patients with triptan con-
traindications were older, more likely to have a
family history of coronary artery disease, use
medications for migraine prevention, and have
a history of migraine with aura. Efficacy data
were similar among patients with and without
triptan contraindications, as defined by all
interaction p values being greater than 0.37. For
pain freedom, pain relief, and PGIC at 2 h, and
the time course of pain freedom, the results
were similar visually and in terms of odds ratios
for patients with and without contraindica-
tions. For MBS at 2 h, responses for patients
treated with lasmiditan and those having con-
traindications versus not having contraindica-
tions were similar, but the placebo response was
higher in triptan contraindicated patients,
leading to odds ratios of 1.2 for patients treated
with lasmiditan and having a contraindication
compared to 1.7-1.8 for patients not having a
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Table 3 Treatment-emergent adverse events in patient subgroups

TEAE Lasmiditan dose (mg) Triptans contraindicated Triptans not contraindicated
n/N (%) n/N (%)
Dizziness PBO 2/67 (3.0) 65/1909 (3.4)
50 3/35 (8.6) 71/707 (10.0
100 11/67 (16.4) 371/1891 (19.6
200 13/71 (18.3) 423/1855 (22.8
Somnolence PBO 1/67 (1.5) 44/1909 (2.3)
50 3/35 (8.6) 39/707 (5.5)
100 8/67 (11.9) 121/1891 (6.4)
200 7/71 (9.9) 146/1855 (7.9)
Paresthesia PBO 1/67 (1.5) 27/1909 (1.4)
50 0/35 (0.0) 17/707 (2.4)
100 3/67 (4.5) 109/1891 (5.8)
200 5/71 (7.0) 149/1855 (8.0)
Fatigue PBO 3/67 (4.5) 15/1909 (0.8)
50 0/35 (0.0) 19/707 (2.7)
100 0/67 (0.0) 94/1891 (5.0)
200 5/71 (7.0) 98/1855 (5.3)
Nausea PBO 1/67 (1.5) 44/1909 (2.3)
50 0/35 (0.0) 22/707 (3.1)
100 2/67 (3.0) 81/1891 (4.3)
200 2/71 (2.8) 112/1855 (6.0)

N number of patients in the analysis population by triptan contraindication, 7z number of participants in the specified
category, PBO placebo, TEAE treatment-emergent adverse event

contraindication. For migraine-related disabil-
ity, the odds ratios for lasmiditan versus placebo
were 1.2-1.8 in the contraindicated group
compared with 1.7-1.9 in the not contraindi-
cated group. Statistical testing of lasmiditan
versus placebo within the subset of patients
with contraindications to triptans showed sta-
tistical significance only for pain relief; these
statistical tests not showing statistical signifi-
cance should be considered within the context
of the limited sample size and power in the
subset of triptan contraindicated patients.

Safety data revealed that the proportions of
patients with TEAEs were generally similar in
the triptan contraindicated and triptan not
contraindicated population. There were no
deaths in either group, and the proportions of
patients experiencing AEs or SAEs were similar
between the two groups. TEAEs also displayed a
similar profile across the subgroups, including
dizziness in 18.3-22.8% and somnolence in
7.9-9.9% of patients at the highest lasmiditan
dose. There were no cardiovascular events in
either subgroup suggesting vasoconstriction.
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Lasmiditan is a highly selective 5-HTir
receptor agonist distinct from triptans in
chemical structure and in pharmacology and
was developed to have a neurological mecha-
nism of action [16]. Importantly, lasmiditan
lacks significant activity at the vasoconstrictive
5-HT;p receptor and so is not vasoconstrictive.
Patients who have contraindications to triptans
might be candidates for lasmiditan therapy, and
the results from the current analysis suggest
that these patients may benefit from lasmiditan
therapy.

A strength of this analysis is that results from
four similarly conducted clinical trials with
similar inclusion and exclusion criteria were
pooled to maximize the available patients with
triptan contraindications.

There are limitations to consider when
interpreting the results of this report. The first
limitation is that all analyses were completed
post-hoc and that the studies were not powered
to detect treatment-by-triptan contraindicated
status interaction. The relatively small sample
size of patients with triptan contraindications
limits the power to detect significant changes
within this subset and to detect differences in
effects between patients having versus not
having triptan contraindications (subset
effects). Prior efforts to enroll patients with
cardiovascular disease into migraine studies
have proven challenging. For example, a study
of telcagepant in patients with stable coronary
artery disease and migraine enrolled 165 of the
planned 400 patients and was stopped for
tutility due to enrollment difficulties (28).

CONCLUSIONS

In conclusion, the efficacy and safety findings
for lasmiditan appeared to be independent of
whether patients had or did not have con-
traindications to triptans. Lasmiditan may be a
therapeutic option in patients unable to take
triptans because of contraindications.
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