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ABSTRACT

Introduction: Migraine is associated with sub-
stantial functional impairment and affects
many aspects of daily life.

Methods: Using data from SAMURAI and
SPARTAN (double-blind, placebo-controlled,
phase 3 studies) and GLADIATOR (an open-la-
bel, phase 3 study enrolling patients who had
completed SAMURAI or SPARTAN), we assessed
the effects of lasmiditan on migraine-related
functional disability at multiple time points
from 0.5 to 48 h post dose by asking patients to
rate how much the migraine was interfering
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with normal activities. Pooled data from
SAMURAI and SPARTAN  (SAMURAI +
SPARTAN) and data from GLADIATOR were
analyzed using the intention-to-treat
populations.

Results: For SPARTAN + SAMURAI, signifi-
cantly more patients who received lasmiditan at
any dose versus placebo reported freedom from
migraine-related functional disability at every
timepoint from 2 h post dose, and this differ-
ence persisted to 48h (p < 0.05). Significant
differences from placebo in freedom from
migraine-related functional disability com-
menced at 1 h post dose for lasmiditan 200 mg,
1.5h for lasmiditan 100 mg, and 2h for las-
miditan 50 mg. Findings from GLADIATOR
supported those from SAMURAI + SPARTAN.
Conclusion: All doses of lasmiditan resulted in
an improvement in migraine-related functional
disability  that persisted to 48h. In
SAMURALI + SPARTAN, a significant difference
from placebo was observed as early as 1 h post
dose.

Trial registration at clinicaltrials.gov: SAMURAI
(NCT02439320), SPARTAN (NCT02605174), and
GLADIATOR (NCT02565186).

Keywords: Disability; Function; Lasmiditan;
Migraine
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Why carry out this study?

Migraine is a neurological disease
characterized by attacks of moderate-to-
severe head pain associated with other
symptoms. It has a substantial impact on
the ability of the patient to function and
affects many aspects of daily life, placing
significant burdens on both the patient
and their family.

Lasmiditan is a selective serotonin 5-HT§
receptor agonist (a ditan) that was
recently approved by the FDA for the
acute treatment of migraine with and
without aura in adults.

The aim of this post hoc analysis was to
assess the effects of lasmiditan on
migraine-related functional disability over
time for up to 48 h post dose, using data
from three phase 3 studies of lasmiditan.

What was learned from the study?

Lasmiditan treatment results in an
improvement in migraine-related
functional disability as early as 1 h post
dose, and the effect persists for 48 h.

Patients who report pain freedom with
lasmiditan treatment are more likely to
achieve freedom from functional
disability than patients who do not report
pain freedom at all time points from 0.5 to
48 h post dose.

Common adverse events associated with
lasmiditan treatment do not generally
appear to negatively impact migraine-
related functional disability.

INTRODUCTION

Migraine is a neurological disease characterized
by attacks of moderate-to-severe head pain
associated with other symptoms, including

nausea, vomiting, photophobia, phonophobia,
dizziness, and cognitive impairment [1]. It has a
substantial impact on the patient’s ability to
function and affects many aspects of daily life
[2-5], placing significant burdens on both the
patient and their family. The Global Burden of
Diseases, Injuries, and Risk Factors (GBD) Study
(2016) found migraine to be the sixth most
prevalent disease; it ranked second in terms of
years of life lived with disability, and was
among the ten most disabling disorders in each
of the GBD regions [6].

Migraine attacks interfere with normal daily
activities. Dodick et al. [7] recommended that
an important outcome measure for acute treat-
ment studies with real-world meaning for
patients is the ability to participate in normal
activities. Acute treatments would be expected
to improve patient-reported ability to function
in normal daily activities.

Lasmiditan is a selective serotonin 5-HT; g
receptor agonist (a ditan), recently approved by
the FDA for the acute treatment of migraine
with and without aura in adults. Two random-
ized double-blind placebo-controlled single-at-
tack phase 3 trials, SAMURAI and SPARTAN,
have been completed and the primary study
findings published; in both studies, lasmiditan
showed a benefit over placebo based on
migraine-related functional disability at Zh
[8, 9]. SAMURAI and SPARTAN were almost
identical in design, so various analysis findings
from the pooled dataset (SAMURAI +
SPARTAN) have also been published [10-16].
Analysis of the SAMURAI + SPARTAN dataset
using the modified intention-to-treat popula-
tion (i.e., patients who had taken the study
medication within 4h of the onset of pain)
showed that patients who took lasmiditan
achieved freedom from migraine-related func-
tional disability at 1 h post treatment for las-
miditan 200 mg, and at 1.5h for lasmiditan
50 mg and 100 mg (based on significant differ-
ences in percentages versus placebo) [10]. These
effects were maintained to 24 and 48 h [11].
Findings from the time points between 2 h and
24 h have not been previously published; nor
has the time course for achieving freedom from
migraine-related functional disability been
explored in detail.
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Completers of SAMURAI or SPARTAN could
participate in GLADIATOR, an open-label,
phase 3 study to evaluate the safety and efficacy
of lasmiditan for the intermittent, acute treat-
ment of migraine attacks for up to 1 year [17].

The aim of this post hoc analysis was to
assess the effects of lasmiditan on migraine-re-
lated functional disability over time for up to
48h post dose wusing data from both
SAMURAI + SPARTAN and from GLADIATOR.
The effects of pain freedom and adverse events
(AEs) on migraine-related functional disability
were also explored.

METHODS

Study Designs

SAMURAI [8] and SPARTAN [9] were prospec-
tive, randomized, double-blind, multicenter,
single-attack, phase 3 studies in which patients
with migraine were randomized to lasmiditan
S0 mg (SPARTAN only), lasmiditan 100 mg,
lasmiditan 200 mg, or placebo. Patient inclu-
sion criteria were almost identical, except that
SAMURAI (but not SPARTAN) excluded indi-
viduals with known coronary artery disease,
clinically significant arrhythmia, and uncon-
trolled hypertension. Key inclusion criteria were
a Migraine Disability Assessment (MIDAS) score
of > 11 (moderate or severe migraine-associated
disability), a history of migraine of > 1 year, 3-8
migraine attacks per month with less than 15
headache days per month, and migraine onset
before 50 years of age.

GLADIATOR [17] was a prospective, ran-
domized, open-label, multicenter, phase 3 study
enrolling patients who had completed either
SAMURAI or SPARTAN. The study was designed
to evaluate the safety (primary) and efficacy
(secondary) of lasmiditan for the intermittent,
acute treatment of migraine attacks for up to
1year. In GLADIATOR, patients were re-ran-
domized 1:1 to lasmiditan 100 mg or 200 mg
and were asked to use lasmiditan as the first
treatment for each new migraine attack of at
least moderate severity.

In SAMURAI, SPARTAN, and GLADIATOR, a
second dose of the study drug could be taken for

rescue or recurrence, and was to be taken 2-24 h
after the first dose. In SAMURAI and SPARTAN,
for the second dose, patients originally assigned
lasmiditan were randomized to the same active
dose or placebo (2:1 ratio), and patients origi-
nally assigned placebo received placebo. In
GLADIATOR, for the second dose, patients were
randomized to the same dose of lasmiditan
(100 mg or 200 mg) as they received for the first
dose.

SAMURAI, SPARTAN, and GLADIATOR con-
formed with the Helsinki Declaration of 1964,
as revised in 2013, concerning human and
animal rights. The study protocols were
approved by an independent ethics committee
or institutional review board at each study site
(see the Electronic supplementary material,
ESM, for details). All patients provided written
informed consent for study participation prior
to the start of the study. Springer’s policy con-
cerning informed consent was followed.

Efficacy Endpoints

Migraine-related functional disability, an
exploratory efficacy endpoint in all studies, was
assessed at multiple time points by asking
patients, “How much is your migraine interfer-
ing with your normal activities?” This had four
response options: “not at all,” “mild interfer-
ence,” “marked interference,” or “need com-
plete bed rest.” Freedom from migraine-related
functional disability was defined as having dis-
ability “not at all” at a given time point post
dose. An electronic diary was used to collect
these dataat 0.5, 1, 1.5, 2, 3, 4, 24, and 48 h post
dose in SAMURAI and SPARTAN, and at 0.5, 1,
2, 4, 24, and 48 h post dose in GLADIATOR.

Head pain severity was assessed at these same
time points, via the electronic diary, using a
headache severity rating scale. Pain freedom at
2 h was a primary endpoint of both SAMURAI
and SPARTAN.

At 2 h, patients were asked the Patient Global
Impression of Change (PGIC) question [18],
“How do you feel after taking study medica-
tion?” Responses were captured using a 7-point
Likert scale from “very much better” to “very
much worse.” The PGIC is an integrated
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measure of drug tolerability and efficacy, mea-
suring the patient’s view of improvement or
decline in clinical status after study drug
exposure.

Safety Endpoints

At the same timepoints specified for efficacy
endpoints, the electronic diary asked whether
the patient felt anything unusual since taking
the study medication that they had not felt
with a migraine previously. When a patient
answered “yes,” they were contacted by the
study site to determine if an AE had been
experienced. AEs that occurred or worsened
within 48 h of dosing were considered treat-
ment emergent. Common treatment-emergent
adverse events (TEAEs) were defined as those
with > 2% incidence in any lasmiditan dose

group.
Statistical Analyses

Data from the SAMURAI and SPARTAN studies
were pooled (SAMURAI + SPARTAN) for the
analyses. For GLADIATOR, first-attack data were
used. SAMURAI + SPARTAN and GLADIATOR
data were analyzed separately, and analyses
were post hoc unless otherwise specified.

To assess the effect of lasmiditan on
migraine-related functional disability, we
determined the percentage of patients reporting
no disability by treatment group at each avail-
able timepoint. Data were analyzed using the
intention-to-treat (ITT) population, defined as
all randomized patients who used at least one
dose of study drug and had any post-dose
headache severity or symptom assessments.

In the lasmiditan phase 3 studies, a second
dose of study drug or other approved medication
could be taken 2-24 h after the first dose if needed
for rescue or recurrence. This resulted in missing
data after the 2-h timepoint, as the electronic
diary clock reset for timepoints post second dose.
To account for these missing data beyond 2 h, we
employed two different data analysis methods: a
nonresponder imputation (NRI) approach and an
observed case analysis. Using the NRI method,
denominators for calculating migraine-related

functional disability percentages were the total
number of patients in the ITT population in each
treatment group. At any timepoint, if responses
were not available, they were considered missing.
For patients who took a second dose of the study
drug or other approved rescue medication, data
after the 2-h timepoint were also considered
missing. For statistical testing, missing data were
included in the “any interference” grouping. The
NRI approach potentially underestimates treat-
ment efficacy by treating missing data as treat-
ment failures (patients were considered not to be
disability free when they could have been). For
the observed case analysis, denominators for cal-
culating migraine-related functional disability
percentages were the total patient counts in each
treatment group at the specific time point, so that
missing data were excluded from the analysis. For
patients who took a second dose of study drug or
approved rescue medication, data after the 2-h
timepoint were also excluded. The observed case
approach potentially overestimates treatment
efficacy by analyzing only available data at the
timepoint. For SAMURAI + SPARTAN, the
Cochran-Mantel-Haenszel test with stratification
by study was used to compare the percentage
with no interference in the lasmiditan dose
groups to placebo at each timepoint.

To determine whether there was an associa-
tion between pain freedom and migraine-re-
lated functional disability, the percentages of
patients with disability ‘not at all’ for those who
were pain free and those who were not pain free
were summarized by treatment group at each
timepoint, and the association between pain
freedom and migraine-related functional dis-
ability was tested within each treatment group
using Cochran-Mantel-Haenszel tests with
stratification by study. Since it is not always
clear whether a patient’s response to the
migraine-related disability question is based on
the interference with their activities caused by
migraine, caused by TEAEs, or caused by both,
we assessed whether there was any association
between pain freedom and the response to the
PGIC question (“How do you feel after taking
study medication?”); we summarized the per-
centages of patients who gave a PGIC response
of “much better” or “very much better” and
were pain free or not pain free at 2h by
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treatment group, and tested the association
between pain freedom and PGIC response of
“much better” or “very much better.” In both
cases, an observed case analysis was performed.
To determine whether there was any associ-
ation between reporting of individual common
TEAEs and migraine-related functional disabil-
ity, we compared the percentages of patients
with disability “not at all” at each timepoint
between those who reported a common TEAE
up to that timepoint and those who did not;
TEAEs that had resolved before a specific time-
point were not excluded from that timepoint.
For the pain freedom/migraine-related func-
tional disability, the pain freedom/PGIC
response and TEAE/migraine-related functional
disability analyses for SAMURAI + SPARTAN
data from only the lasmiditan dose groups were
included (i.e., placebo data were excluded).

RESULTS

Migraine-Related Functional Disability
over Time

In SAMURAI + SPARTAN, wusing the NRI
method, significant differences from placebo
(p <0.05) in freedom from migraine-related
functional disability commenced at 1h post
dose for lasmiditan 200 mg, 1.5 h for lasmiditan
100 mg, and 2h for lasmiditan 50 mg; these
differences persisted to 48 h (Fig. 1a). The
observed case analysis showed a similar pattern
over time, but statistical differences between
active treatment and placebo were observed
only at timepoints up to 4 h post dose (Fig. 1b).
In GLADIATOR (first-attack data), the percent-
age of patients free from migraine-related
functional disability increased over time from
0.5 to 4 h post dose (NRI method) and from 0.5
to 48h post dose (observed case analysis)
(Fig. 2a and b). For all dose groups in both
SAMURAI + SPARTAN and GLADIATOR, the
percentage of patients reporting no interference
increased over time from 0.5 h post dose, while
the percentages reporting marked interference
or a need for complete bed rest decreased. The
percentages reporting mild interference
decreased from 1.5 h post dose (Figs. 1 and 2).

Pain Freedom and Migraine-Related
Functional Disability over Time

In both SAMURAI + SPARTAN (lasmiditan
treatment groups only) and GLADIATOR, a
significantly greater percentage of patients in
the pain-free group versus not pain-free group
reported no migraine-related disability at all
time points post dose (p < 0.001 in all cases)
(Fig. 3a, b). Overall, 62-98% (depending on the
dose group, post-dose timepoint, and study)
who were pain free reported no migraine-re-
lated disability. Those pain-free patients who
were not disability free generally reported only
mild interference with daily activity (data not
shown). In the pain-free group at timepoints up
to 3 h, there was some evidence of a dose effect;
the percentage of patients who had no disability
decreased with increasing lasmiditan dose.

Pain Freedom and PGIC at 2 h

In both SAMURAI + SPARTAN and GLADIATOR,
a significantly greater percentage of patients in
the pain-free group versus not pain-free group
reported feeling ‘much better’ or ‘very much
better’ 2 hours post dose (p < 0.001 in all cases)
(Fig. 4a, b). Overall, 84-92% of patients (depend-
ing upon the dose group and study) who were
pain free reported feeling “much better” or “very
much better” 2 h post dose.

Association Between Common Adverse
Event Occurrence and Migraine-Related
Functional Disability over Time

In SAMURAI + SPARTAN (pooled lasmiditan
dose groups), patients who experienced dizzi-
ness, fatigue, somnolence, or paresthesia did
not generally exhibit greater disability than
patients who did not experience a TEAE at any
timepoint (Fig. 5). In GLADIATOR, the number
of cases of each common TEAE was low; find-
ings were generally similar to those in
SAMURALI + SPARTAN, although more variable
(data not shown).
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Fig. 1 Migraine-related functional disability by treatment group and timepoint - SAMURAI4-SPARTAN by a NRI
method and b observed case analysis
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(a) NRI method
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Fig. 2 Migraine-related functional disability by treatment group and time point - GLADIATOR (first attack) by a NRI

method and b observed case analysis

A\ Adis



466 Neurol Ther (2020) 9:459-471

(a) SAMURAI+SPARTAN
100+ B painfree [0 not pain free
2
= 804
E
B
g 60
=
E
8 404
=
2
g
© 204
[ I = (= - = oS O O oS O O oS O O o O O oS O O oS O O
g 25 EBE3F £f2§ r£SEs KSR EBEES FES
fzz fzz fzz fzez fzez fzez feze fze
qd»-l '_]»—1»—1 bl;-]»-l q»-]»-l '_])—1>—J '_]>—1>—1 AA»-] A»-]»-l
0.5 hours 1 hours 1.5 hours 2 hours 3 hours 4 hours 24 hours 48 hours
0.5 hours 1 hour 1.5 hours 2 hours 3 hours 4 hours 24 hours 48 hours
LTN 50 10/132 35/34 95/35 151/36 190/9 209/13 196/11 189/5
LTN 100 14/23 93/60 200/78 293/81 389/26 408/28 357/21 372/15
LTN 200 16/34 128/55 236/65 327/62 406/31 464/19 424/27 407/17
2Number of patients with no disability in pain free/not pain free group
(b) GLADIATOR
100 B pain free O not pain free
2
= 80
E
LS}
g 60+
=
E
@ 404
=
2
g
° 20+
O_
o = o = = o = = = = = =
(=) S (=) (=] (=) (=] (=] (=] (=) (=] (=] S
— N — N — [N} — N — N — N
Z Z Z Z Z Z Z Z Z Z Z Z
= = = I 3 = = 3 3 = = =
= = - 1 = = = = = = = =
0.5 hours 1 hours 2 hours 4 hours 24 hours 48 hours
0.5 hours 1 hour 2 hours 4 hours 24 hours 48 hours
LTN 100 23/38? 115/64 264/69 358/35 365/18 359/16
LTN 200 18/36 129/56 284/61 410/27 412/17 430/16

aNumber of patients with no disability in pain free/not pain free group
p<0.001 for percent of patients with no disability in pain free vs not pain free group at all time points
Abbreviations: LTN, lasmiditan

Fig. 3 Percent of patients with no disability by pain freedom (yes versus no) over time in a SAMURAI+SPARTAN and b
GLADIATOR (observed case analysis)
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DISCUSSION

In this post hoc analysis of data from phase 3
studies, lasmiditan use was associated with an
improvement in migraine-related functional
disability. In SAMURAI + SPARTAN, based on
findings from the NRI analysis, lasmiditan
resulted in a significant improvement in
migraine-related functional disability compared
with placebo, commencing at 1 h post dose for
lasmiditan 200 mg, 1.5 h for lasmiditan 100 mg,
and 2 h for lasmiditan 50 mg, and persisting to
48 h for all doses. For SAMURAI + SPARTAN,
the observed case analysis showed a similar
pattern over time, but statistical differences
between the active treatment and placebo were
seen only at timepoints up to 4 h post dose. For

the observed case analysis, data from patients
who took a second dose of the study drug for
rescue or recurrence (i.e., patients who were
potentially more difficult to treat) were exclu-
ded; this was more frequent in the placebo
group. Excluding these data presumably leaves a
sample of patients with less severe migraine,
and reduces the ability to see an effect of the
active drug. Findings from GLADIATOR were
consistent with those from SAMURAI +
SPARTAN, with an improvement in migraine-
related functional disability over the 48h.
While only first-attack data are presented, the
findings were consistent across subsequent
attacks in GLADIATOR (unpublished data).

In both SAMURAI + SPARTAN and GLA-
DIATOR, a clear relationship between being
pain free and reporting no migraine-related
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Fig. 5 Percent of patients with no disability by reporting (yes versus no) of common TEAE - SAMURAI+SPARTAN

(lasmiditan dosing groups only)

disability was evident at all time points post
dose. At earlier time points (up to 3h) in
SAMURALI + SPARTAN, there appeared to be a
dose response in the pain-free group, with fewer
patients reporting being disability free with
increasing lasmiditan dose. For those who did
experience disability in this context, it was
generally only mild interference with daily
activity. This lasmiditan dose response suggests
that the occurrence of TEAEs may have influ-
enced patient response to the disability ques-
tion. A common concern expressed regarding
the interpretation of the disability question
(“How much is your migraine interfering with
your normal activities?”) is that it is unclear if a
patient’s response is based on the interference
with their activities caused by migraine, caused
by TEAEs, or caused by both. However, the
effects of common TEAEs associated with las-
miditan use on migraine-related function gen-
erally appear to be minimal or even potentially
positive (see the discussion of TEAEs below).

Due to some of the challenges involved in
interpreting the answer to the migraine-related
disability question, we also assessed the associ-
ation between pain status at 2h and how a
patient responded to the PGIC question “How
do you feel after taking study medication?” This
question seeks to evaluate the overall effect of
treatment on patient well-being, taking into
account both the benefits of reducing migraine
symptoms and any adverse effects of treatment.
In SAMURAI + SPARTAN and GLADIATOR,
feeling much or very much better was clearly
associated with being pain free.

While no formal comparisons were made,
the percentage of patients who reported no
disability was generally higher for patients who
experienced a common TEAE than for patients
who did not experience a common TEAE. The
only exception was for fatigue at earlier time-
points. This relationship between the occur-
rence of common TEAEs and disability has been
previously reported for the 2-h post-dose
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timepoint [14, 15]. Based on the findings of the
current analysis, the pattern was generally
maintained across the 48 h; fatigue was the only
exception, with a less consistent pattern across
the 48 h.

There are limitations of this study. The
majority of analyses were post hoc. Mainly as a
result of excluding data for patients who took a
second dose, sample sizes were reduced after
2h. Also, our measure of migraine-related
functional disability has not been formally val-
idated, although this measure has been used in
other migraine acute treatment trials [19-22].
The authors have not been able to identify any
other validated patient-reported outcome mea-
sure of in-the-moment function at timepoints
earlier than 24 h.

CONCLUSIONS

All doses of lasmiditan resulted in a significant
improvement in migraine-related functional
disability, which commenced as early as 1h
post dose and persisted to 48 h. Freedom from
migraine-related functional disability as well as
improvement in overall clinical status (as mea-
sured using the PGIC) were associated with pain
freedom. Common adverse events associated
with lasmiditan treatment did not generally
appear to negatively impact migraine-related
functional disability.
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