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ABSTRACT

Introduction: This MONONOFU trial subgroup
analysis evaluates the efficacy of lasmiditan
across patient and migraine characteristics in
Japanese patients with migraine.

Methods: MONONOFU trial was a multicenter,
randomized, double-blind, placebo-controlled
study. The patients were randomly assigned in a
3:7:6:7 ratio to receive lasmiditan S50 mg,
100 mg, 200 mg, or placebo for a single
migraine attack within 4 h of pain onset. Effi-
cacy of lasmiditan vs placebo was evaluated at
2h post dose for proportion of patients with
headache pain freedom. Efficacy was assessed
across patient characteristics (age, sex, body
weight, cardiovascular risk factors (CVRF), and
comorbidity of tension-type headache),
migraine disease characteristics (history of
migraine with aura, migraine prevention
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therapy, triptan response, and triptan use or
nonuse), and migraine attack characteristics
(headache severity, aggressive headache, attack
during perimenstrual period, time to dosing,
time of dosing, experienced treatment-emer-
gent adverse event (TEAE) of dizziness, and
experienced TEAE of somnolence). Logistic
regression was used; all subgroup analyses were
not analyzed with multiplicity-adjusted statis-
tical tests.

Results: Treatment-by-subgroup interactions
(by each arm) were not significant (p > 0.05) for
pain freedom at 2 h post dose across all patient
subgroups and lasmiditan doses, except for
CVRF (100 mg and 200 mg), migraine with aura
(50 mg), triptan response (50 mg), and time to
dosing (200 mg). Treatment-by-subgroup inter-
actions (by overall) were not significant (p
> 0.05) for pain freedom at 2 h post dose across
all patient subgroups, except for CVRFs. Higher
proportions of patients were pain free at 2h
post dose when treated with lasmiditan (50 mg,
100 mg, and 200 mg) versus placebo, irrespec-
tive of most patient characteristics, migraine
disease characteristics, and migraine attack
characteristics.

Conclusion: Although few interactions were
observed, lasmiditan could be a promising acute
treatment option in a wide range of Japanese
patients with migraine, as efficacy is not gen-
erally influenced by patient and migraine
characteristics.
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Key Summary Points

Why carry out this study?

The knowledge of factors influencing
efficacy of acute treatment is important
for physicians to prescribe acute treatment
for migraine.

The MONONOFU trial was a multicenter,
randomized, double-blind, placebo-
controlled, phase 2 study, conducted in
Japanese patients with migraine.

The subgroup analysis of the MONONOFU
trial was carried out to answer the clinical
question of whether lasmiditan is effective
across a wide range of patient and
migraine characteristics.

What was learned from the study?

Although few interactions were observed,
lasmiditan could be a promising acute
therapeutic option in Japanese patients
with migraine, as efficacy is not generally
influenced by patient and migraine
characteristics.

INTRODUCTION

Prevalence of migraine in Japan is 6.0-8.4%,
with 5.8% of migraines without aura and 2.6%
of migraines with aura [1-3]. As per the OVER-
COME Japan study (cross-sectional, population-
based web survey of migraine in Japan), 43% of
people experiencing migraine either do not
consult a physician or are never diagnosed
despite consultation, even though 70% of them
noticed that migraine significantly affected
their daily activities [2]. Moreover, substantial
disability, interictal burden, and activity
impairment were reported in Japanese people
with migraine [4]. This data highlights the

unmet need for migraine care among people
with migraine in Japan [2, 4].

Treatment of migraine can be broadly divi-
ded into two categories, acute and preventive
treatments. In Japan, 87.1% of patients with
migraine used acute treatment [2], and 35-40%
of them have insufficient response [5]. An
American Migraine Prevalence and Prevention
survey was used to identify sociodemographic
features and headache characteristics that could
predict response to acute treatment [6]. The
results indicated that male sex, higher body
mass index (BMI), severe headache pain inten-
sity, high frequency of headache days per
month, and absence of use of preventative
medications significantly predicted inadequate
pain freedom at 2 h post dose [6]. Therefore, the
knowledge of factors influencing efficacy of
acute treatment could be useful to physicians
for prescribing acute treatment for migraine.

Lasmiditan is a novel 5-HT receptor agonist
with high affinity and selectivity for the 5-HT;
serotonin receptor [7]. Lasmiditan is the first of
a new class of drugs called ditans, whose
chemical structure is based on a pyridinoyl-
piperidine scaffold and lacks the indole core of
triptans [7, 8]. The results from the randomized
phase 3 trials SAMURAI (NCT02439320) and
SPARTAN (NCT02605174) conducted in the
USA and Europe led to the US Food and Drug
Administration’s approval of lasmiditan for the
treatment of acute migraine with or without
aura in the USA [9, 10]. According to the pooled
analysis of SPARTAN and SAMURAI trials, the
efficacy of lasmiditan was generally not influ-
enced by the individual patient characteristics,
migraine disease characteristics, or migraine
attack characteristics [11, 12].

Similar to the SPARTAN trial [9], in Japan,
the MONONOFU trial (NCT03962738), which
was conducted to assess the efficacy and safety
of lasmiditan, indicated that a significantly
higher proportion of patients with migraine
treated with lasmiditan 100 mg and 200 mg and
a numerically higher proportion treated with
50 mg were headache pain free, had pain relief,
and were most bothersome symptom (MBS) free
vs placebo, and a significant linear dose-re-
sponse relationship for pain freedom was
achieved and reported in the primary
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manuscript [13]. On the basis of the similarities
in the primary and key secondary results from
MONONOFU and SPARTAN trials, lasmiditan
received regulatory approval in Japan in January
2022 [9, 10, 13].

There is an urgent need in the clinical field to
understand the efficacy of lasmiditan across
various patients and migraine backgrounds in
the Asian population. Therefore, the objective
of this subgroup analysis of the MONONOFU
trial was to evaluate the efficacy of lasmiditan vs
placebo in Japanese patients across a wide range
of patient and migraine characteristics, and to
add information on the use of lasmiditan in
medical practice.

METHODS

The MONONOTFU trial was a multicenter, ran-
domized, double-blind, placebo-controlled,
phase 2 study that evaluated the efficacy and
safety of lasmiditan in Japanese patients with
migraine [13]. Participants aged 18 years or
more with a history of migraine (with or with-
out aura for at least 1 year as per the Interna-
tional Classification of Headache Disorders,
ICHD) [14], with onset at less than 50 years of
age, and 3-8 migraine attacks per month (less
than 15 headache days/month for the past
3 months) were included in the trial. Key
exclusion criteria included participants with
known lasmiditan sensitivity, history of chronic
migraine or other chronic headache disorders
with at least 15 headache days/month within
the past 12 months, based on the International
Headache Society guideline for clinical trials of
acute treatment of migraine [15]. Other exclu-
sion criteria included hemorrhagic stroke, epi-
lepsy, or any other condition placing the
participant at increased risk of seizures, recur-
rent dizziness, and/or vertigo; diabetes mellitus
with complications; orthostatic hypotension
with syncope; significant renal or hepatic
impairment; and participants who, in the
investigator’s judgment, were a significant sui-
cide risk [13]. In the MONONFU trial, partici-
pants were randomly allocated 7:3:7:6 to receive
oral placebo or lasmiditan 50 mg, 100 mg, or
200 mg; this ratio provided the highest

statistical power for all primary and key sec-
ondary endpoints through statistical simulation
[13]. Participants treated a single migraine
attack with the study drug within 4 h, with the
assurance that the migraine was not treated by
another acute treatment within the previous
24 h. Furthermore, rescue medications for per-
sistent migraine were allowed only after the 2-h
postdose assessment. The efficacy outcomes
evaluated the proportion of patients who were
headache pain free, had pain relief, and were
MBS free at 2h post dose and at other time
points including 24 h and 48 h with lasmiditan
vs placebo. Details of the methodology are
published in Sakai et al. [13].

Patient and migraine attack characteristics
are known predictors of insufficient response to
acute treatment [12]. In this subgroup analysis,
efficacy (pain freedom at 2h post dose) was
analyzed in following subgroups:

Patient characteristics: sex, age (< 46 years and
> 46 years; 46 years was the median age of the
population), weight (< 56 kg and > 56 kg; 56 kg
was the median weight of the population), car-
diovascular risk factors (CVRFs; < 1 and > 2),
and comorbidity of tension-type headache.
CVREF subtypes were defined as CVRF1, current
smokers at baseline; CVRF2, patients with
hypertension at baseline; CVRF3, patients with
diabetes at baseline or a baseline non-fasting
glucose level of at least 200 mg/dL; CVRF4,
patients with dyslipidemia at baseline; CVREFS,
patients with chronic kidney disease at baseline;
CVRF6, patients with obesity (BMI > 25 kg/m?)
at baseline; CVRF7, age at baseline (male
patients at least 45 years old, female patients at
least 55 years old); CVREFS, sex (male, post-
menopausal female) [16]. In addition, the
investigators, who were headache specialists,
diagnosed patients with migraine with co-ex-
isting tension-type headache as per the ICHD
criteria [14].

Migraine disease characteristics: history of
migraine with aura as defined by the ICHD
diagnostic criteria [14], migraine prevention
therapy use at baseline [17], triptan response
(based on the most recent triptan experience),
and triptan use. Patients who had at least one
triptan within 3 months of informed consent
were defined as triptan wusers. Triptan
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responders were defined as patients with a prior
history and sufficient response to triptan use.
Triptan insufficient responders were defined as
patients with a prior history of triptan use who
had no or poor overall response, inconsistent
response, discontinued triptan, poor score in
migraine Treatment Optimization Question-
naire (mTOQ) at visit 2 (baseline), or triptan
contraindicated participants.

Migraine attack characteristics (attack treated by
study drug in MONONOFU study): headache
severity (moderate or severe based on ICHD
definition) [18], aggressive headache (reach
severe headache within 1 h of headache onset),
attack during perimenstrual period (+ 2 days of
menstruation), time to dosing (< 1hand > 1h
from migraine headache onset), time of dosing
(4-8a.m. or any other time), experienced
treatment-emergent adverse event (TEAE) of
dizziness, and experienced TEAE of somno-
lence, most commonly associated TEAEs during
the MONONOFU trial [13].

The protocol was approved by the ethics
review board of each site, and all patients pro-
vided written informed consent. The MONO-
NOFU trial was conducted in accordance with
the Declaration of Helsinki, the Council for
International Organizations of Medical Sciences
International Ethical Guidelines, and in com-
pliance with the International Council for
Harmonisation Guideline for Good Clinical
Practice, and related laws and regulations. The
study is registered at ClinicalTrials.gov (identi-
fier NCT03962738).

Statistical Analysis

All efficacy analysis was performed in the
modified intent-to-treat (mITT) population
defined by all randomized patients who were
treated for a migraine attack within 4 h of onset.
Logistic regression is a common method to
evaluate binary outcomes (pain free at 2h)
which can handle baseline differences and
interactions [12, 13]; therefore, logistic regres-
sion was applied to each subgroup separately.
The efficacy analysis based on proportion was
performed using the logistic regression, wherein
the model included terms such as treatment

and baseline usage of preventative medications
to reduce frequency of migraine (yes/no). Odds
ratio, 95% confidence interval, and p value were
calculated on the basis of this model. Alterna-
tively, the analysis for subgroup interaction
used a model with treatment, baseline usage of
preventive medications to reduce the frequency
of migraine (yes/no), subgroup, and treatment-
by-subgroup interaction as input variables; the
treatment effect and interaction were tested
with a two-sided significance level of 0.05. Pri-
mary and key secondary analyses were adjusted
for multiplicity [13], but no adjustment was
done for the subgroup analysis in this paper.

RESULTS

Patient Disposition

A total of 836 randomly assigned patients
completed the study. Of the 836 patients, 691
(81.7%) patients were administered study med-
ication. Overall, 682 patients were included in
the mITT population. The patient disposition
details are published elsewhere [13].

Patient Characteristics of Total Population

The majority of patients (83.0%) were female,
with a mean age of 45.2 years (median age
46 years) and a mean body weight of 58.3 kg
(median body weight 56 kg). The majority
(85.2%) of patients had migraine without aura
and 37.4% had history of migraine prevention
therapy use. Among the 655 patients that had
history of triptan use, 73.7% were triptan
responders and 26.3% were triptan insufficient
responders (Table 1). Reasons for insufficient
response in the subpopulation of triptan insuf-
ficient responders are described in Table S1 in
the supplementary material. The majority
(92.5%) of patients had moderate migraine
baseline severity, but only 3.4% experienced
aggressive headache. Overall, patient, migraine
disease, and migraine attack demographic
characteristics from the MONONOFU trial were
similar across treatment groups and are descri-
bed in Table 1.
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Table 1 Patient, migraine disease, and migraine attack demographic characteristics

Characteristic Lasmiditan Lasmiditan Lasmiditan Placebo Total
50 mg 100 mg 200 mg N =211 N = 682
N =85 N =207 N =179

Patient characteristics

Age, mean % SD (years) 449499 45.7 £ 9.7 447 £ 104 452+ 838 452496
Sex, female, 7 (%) 73 (85.9) 175 (84.5) 143 (79.9) 175 (82.9) 566 (83.0)
Body weight, mean + SD (kg) 57.8 +10.8 583 4 11.6 58.7 +10.8 582+ 122 583+ 11.5
Cardiovascular risk factor (CVRF)?, 7 (%)
CVRF <1 48 (56.5) 106 (51.2) 100 (55.9) 118 (55.9) 372 (54.5)
CVRF > 2 37 (43.5) 101 (48.8) 79 (44.1) 93 (44.1) 310 (45.5)
Tension-type headache, 7 (%)
Yes 13 (15.3) 36 (17.4) 36 (20.1) 37 (17.5) 122 (17.9)
No 72 (84.7) 171 (82.6) 143 (79.9) 174 (82.5) 560 (82.1)

Migraine disease characteristics

History of aura, 7 (%)

Yes 10 (11.8) 33 (15.9) 24 (13.4) 34 (16.1) 101 (14.8)

No 75 (88.2) 174 (84.1) 155 (86.6) 177 (83.9) 581 (85.2)
Use of migraine prevention therapy, 7 (%)

Yes 33 (38.8) 75 (36.2) 66 (36.9) 81 (38.4) 255 (37.4)

No 52 (61.2) 132 (63.8) 113 (63.1) 130 (61.6) 427 (62.6)
Triptan response, 7 (%)

Triptan responder” 62 (75.6) 148 (75.1) 122 (72.2) 151 (72.9) 483 (73.7)

Triptan insufficient responder” 20 (24.4) 49 (24.9) 47 (27.8) 56 (27.1) 172 (26.3)
History of triptan use within 3 months prior to informed consent, 7 (%)

Triptan use 80 (94.1) 186 (89.9) 160 (89.4) 195 (92.4) 621 (91.1)

Triptan nonuse 5 (5.9) 21 (10.1) 19 (10.6) 16 (7.6) 61 (8.9)

Migraine attack characteristics

Baseline migraine severity, 7 (%)

Moderate 75 (88.2) 191 (92.3) 169 (94.4) 196 (92.9) 631 (92.5)
Severe 10 (11.8) 16 (7.7) 10 (5.6) 15 (7.1) 51 (7.5)
Aggressive headache®, 7 (%)

Yes 4 (4.7) 6 (2.9) 7 (3.9) 6 (2.8) 23 (3.4)
No 81 (95.3) 201 (97.1) 172 (96.1) 205 (97.2) 659 (96.6)
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Table 1 continued
Characteristic Lasmiditan Lasmiditan Lasmiditan Placebo Total
50 mg 100 mg 200 mg N =211 N = 682
N =85 N =207 N =179
Dosed during menstrual period, 7 (%)
Yes 5 (5.9) 27 (13.0) 27 (15.1) 19 (9.0) 78 (11.4)
No 80 (94.1) 180 (87.0) 152 (84.9) 192 (91.0) 604 (88.6)
Time to dose, 7 (%)
<1h 32 (37.6) 66 (31.9) 69 (38.5) 86 (40.8) 253 (37.1)
>1h 53 (62.4) 141 (68.1) 110 (61.5) 125 (59.2) 429 (62.9)
Time of dose, 7 (%)
Dosed between 4 a.m. and 8 a.m. 9 (10.6) 29 (14.0) 20 (11.2) 29 (13.7) 87 (12.8)
Dosed other time 76 (89.4) 178 (86.0) 159 (88.8) 182 (86.3) 595 (87.2)
Experienced TEAE dizziness, 7 (%)
Yes 18 (21.2) 78 (37.7) 91 (50.8) 7 (3.3) 194 (28.4)
No 67 (78.8) 129 (62.3) 88 (49.2) 204 (96.7) 488 (71.6)
Experienced TEAE somnolence, 7 (%)
Yes 7 (8.2) 44 (213) 41 (22.9) 11 (5.2) 103 (15.1)
No 78 (91.8) 163 (78.7) 138 (77.1) 200 (94.8) 579 (84.9)

BMI, body mass index; dBP, diastolic blood pressure; IV, total number of patients in the specified group; 7, number of
patients in the subgroup; sBP, systolic blood pressure; SD, standard deviation
*CVREFs include current smoker, hypertension (sBP > 140 mmHg, dBP > 90 mmHg), diabetes, dyslipidemia, chronic
kidney disease, obesity (BMI > 25 kg/m?), age (male, > 45 years; female, > 55 years), sex (male or postmenopausal female),
or family history of cardiovascular disease (parents, grandparents, and siblings)
bProportions of patients were calculated from patients with history of triptan use (IV = 655)

“Aggressive headache defined as a headache reaching severe headache < 1 h of headache onset

Lasmiditan Efficacy Across Patient
Characteristics (age, sex, body weight,
CVRFs and comorbidity of tension-type
headache) (Figure 1)

Treatment-by-subgroup interaction (by each
arm) was not observed across doses (50 mg,
100 mg, and 200 mg) between headache pain
freedom at 2h post dose and patient charac-
teristics (p > 0.05) except for CVRFs at 100 mg
and 200mg doses (p <0.05). Treatment-by-
subgroup interaction (overall) was not observed
between patient characteristics and lasmiditan
treatment vs placebo (p > 0.05), except for
CVREs (p < 0.05) (Fig. 1). A higher proportion of

patients treated with lasmiditan 50 mg, 100 mg,
and 200 mg doses were migraine pain free vs
placebo, across age, sex, body weight, CVREFs,
and tension-type headache, except for male
patients and patients with tension-type head-
ache treated with 50 mg dose (Fig. 1).

Lasmiditan Efficacy Across Migraine
Disease Characteristics (history

of migraine with aura, migraine
prevention therapy, triptan response,
and triptan use) (Figure 2)

Treatment-by-subgroup interaction (by each arm)
was not observed across doses (50 mg, 100 mg,
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Proportion of patients
who were pain-freedom
. Interaction Interaction
Placebo Lasmiditan Odds ratio p-value for p-value for
% (n/N) % (n/N) (95% CI) each arm overall
Age < 46 16.3 (17/104)  19.0 (8/42) Ho— 1.22 (0.48, 3.10)
Age > 46 16.8 (18/107) 279 (12/43) |- @—— 194 (0.84,450) 0467
Age < 46 16.3 (17/104)  28.4 (29/102) 2.01(1.02, 3.96)
0.500 0.707
Age Age > 46 16.8 (18/107)  36.2 (38/105) 2.80 (1.47,5.33)
Age < 46 16.3 (17/104)  41.2 (40/97) —a— 3.61(1.87,6.98) —_—
Age > 46 16.8 (18/107)  40.2 (33/82) I 3.37 (1.72, 6.60) :
Female 16.6 (29/175)  24.7 (18/73) reo— 1.65 (0.85, 3.20) 0.60
601
Male 16.7 (6/36) 16.7 (2/12) —e—————— 1.00 (0.17, 5.79)
Female 16.6 (29/175)  30.9 (54/175) —¥ 2.25(1.35,3.76)
Sex _ 0.507 0.585
Male 16.7 (6/36) 40.6 (13/32) 3.43 (1.1, 10.59)
Female 16.6 (29/175)  42.0 (60/143) — 3.65(2.17,6.14) -
Male 16.7 (6/36) 36.1 (13/36) . 2.88 (0.94, 8.84) ’
Weight < 56 135 (15/111)  24.4 (11/45) eo— 2.06 (0.86, 4.91)
Weight > 56 20.0 (20/100)  22.5 (9/40) o 1.15(0.47,2.81) 0363
. Weight < 56 135 (15/111)  29.4 (32/109) —— 2.67 (1.35,5.29)
Weight . _ 0.707 0.842
Weight > 56 20.0 (20/100)  35.7 (35/98) — 2.22(1.17,4.22)
Weight < 56 135 (15111)  37.3(31/83) - 3.83(1.90, 7.74)
0.673
Weight > 56 20.0 (20/100)  43.8 (42/96) —a— 3.11 (1.65, 5.86)
CVRF =1 11.9 (14/118)  16.7 (8/48) Ho— 1.48 (0.58, 3.79) 4870
CVRF 22 226 (21/93)  32.4 (12/37) Ho—i 1.64 (0.71,3.82) :
CVRF <1 11.9 (14/118)  37.7 (40/106 4.51(2.28,8.92
CVRF ¢ ) ¢ ) ‘ € " o008 0.016
CVRF 22 22.6(21/93)  26.7 (27/101) 1.25(0.65, 2.41)
CVRF =1 11.9 (14/118)  43.0 (43/100) ——8————————  567(2.85,11.26)
0.043
CVRF 22 22.6(21/93)  38.0 (30/79) I 2.11(1.08, 4.10)
Yes 21.6 (8/37) 15.4 (2/13) Ho—— 0.71(0.13, 3.92) o7
No 15.5 (27/174)  25.0 (18/72) o—i 1.82 (0.93, 3.57) ’
Tension-type Yes 21.6 (8/37) 27.8 (10/36) - 1.40 (0.48,4.10) — G504
headache No 15.5(27/174)  33.3 (57/171) — 2.73 (1.62,4.59)
Yes 21.6 (8/37) 55.6 (20/36) = 4.69 (1.67, 13.14) 0,558
No 15.5 (27/174)  37.1 (53/143) —— 3.22 (1.89, 5.48) ’
I N D I I N I I Y Y )
0123458678 9101112131415

Odds Ratio (95% Cl)
2 Hours After Postdose

Fig. 1 Subgroup analysis for pain freedom at 2 h post dose based on patient characteristics. CI confidence interval, CVRF
cardiovascular risk factor, N total number of patients in the specified group, 7 total number of patients in the subgroup

and 200 mg) between headache pain freedom at
2h post dose and migraine disease baseline
characteristics (p > 0.05), except for history of
migraine with aura and triptan response at 50 mg
dose (p < 0.05). Treatment-by-subgroup interac-
tion (overall) was not observed between migraine
disease baseline characteristics and lasmiditan
treatment vs placebo (p > 0.05). A higher pro-

portion of patients treated with lasmiditan 50 mg,
100 mg, and 200 mg were pain free 2 h post dose
vs placebo, across history of migraine with aura,
migraine prevention therapy, triptan response,
and triptan use except for patients with insuffi-
cient triptan response and triptan non-users
treated with 50 mg dose (Fig. 2).

A\ Adis



Adv Ther (2022) 39:5274-5288

5281

Proportion of patients who
were pain-freedom

X Odds rat Interaction Interaction
Placebo Lasmiditan c‘s ratio p-value for p-value for
% (n/N) % (n/N) (95% Cl) each arm overall
Yes 11.8 (4/34) 50.0 (5/10) ® 7.67 (1.51, 38.99)
0.039
No 17.5 (31177) 20.0 (15/75) R == 1.18 (0.59, 2.34)
History of
migraine Yes 11.8 (4/34) 42.4 (14/33) ¥ 5.50 (1.57, 19.22)
with aura 0.153 0.090
No 17.5 (31177) 30.5 (53/174) v 2.06 (1.25,3.42)
Yes 11.8 (4/34) 33.3 (8/24) = 3.66 (0.95, 14.11)
0.899
No 17.5 (31/177) 41.9 (65/155) [ R 3.40 (2.06, 5.62)
Yes 19.8 (16/81) 24.2 (8/33) Ho— 1.30 (0.49, 3.42)
0.642
o No 14.6 (19/130) 23.1 (12/52) leo—i 1.75 (0.78, 3.93)
Migraine
prevention Yes 19.8 (16/81) 32.0 (24/75) 1.91(0.92, 3.97) 0422
thera - 0.725
Py No 14.6 (19/130) 32.6 (43/132) 2.82(1.54,5.18)
Yes 19.8 (16/81) 37.9 (25/66) | 2.48 (1.18,5.19) 0,255
No 14.6 (19/130) 42.5 (48/113) —— 4.31(2.34,7.96)
Good 14.6 (22/151) 29.0 (18/62) e 2.42(1.19,4.92) 55
Insufficient 21.4 (12/56) 10.0 (2/20) o 0.43 (0.09, 2.14)
Triptan
3.09 (1.75,5.43
response Good 14.6 (22/151) 34.5 (51/148) ( ) — -
Insufficient 21.4 (12/56) 26.5 (13/49) v 1.38 (0.56, 3.41)
Good 14.6 (22/151) 43.4 (53/122) . 4.49 (2.52,7.99)
0.106
Insufficient 21.4 (12/56) 34.0 (16/47) [ 5 1.88 (0.78, 4.53)
Triptan users 15.9 (31/195) 25.0 (20/80) o— 176 (0.93, 3.33)
Triptan nonusers ~ 25.0 (4/16) 0.0 (0/5)
Triptan users 15.9 (31/195) 32.3 (60/186) 252 (1.54,4.12)
Triptan use* 0.511
P Triptan nonusers ~ 25.0 (4/16) 33.3 (7/21) 1.70 (0.38, 7.58)
0.803
Triptan users 15.9 (31/195)  40.0 (64/160) — - 3.53 (2.14, 5.80)
0.732
Triptan nonusers ~ 25.0 (4/16) 47.4 (9119) q = 2.74 (0.64, 11.78)

Fig. 2 Subgroup analysis for pain freedom at 2 h post dose
based on migraine disease characteristics. *For pain
freedom at 50 mg, odds ratio and p values were missing
because the lasmiditan 50 mg arm had zero responders,
hence calculation could not be performed. No interaction

Lasmiditan Efficacy Across Migraine
Attack Characteristics (headache severity,
aggressive headache, attack

during perimenstrual period, time

to dosing, time of dosing, experienced
treatment-emergent adverse event (TEAE)
of dizziness, and experienced TEAE

of somnolence) (Figure 3)

Treatment-by-subgroup interaction (by each
arm) was not observed across doses (50 mg,
100 mg, and 200 mg) between headache pain

— T | —
6 810 20 30 40

0Odds ration (95% CI)
2 Hours Postdose

p values were observed for all results. CI confidence
interval, LTN lasmiditan, N total number of patients in
the specified group, 7 total number of patients in the

subgroup, PBO placebo

freedom at 2 h post dose and migraine attack
characteristics (p > 0.05), except for the time to
dosing at 200 mg dose (p < 0.05). Treatment-by-
subgroup interaction (by overall) was not
observed between migraine attack characteris-
tics and lasmiditan treatment vs placebo (p
> 0.05). Of note, treatment-by-subgroup inter-
action (by each arm and overall) could not be
calculated for headache severity, aggressive
headaches, and attack during the perimenstrual
period because of the small sample size of one
subgroup or the placebo arm having zero
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Proportion of patients
who were pain-free

Placebo Lasmiditan QOdds ratio :)T/earliceﬁ%: ::;r]:/earlice}i?or;
% (nVN) % (/N) (95% CI) each arm overall
Moderate 17.9(35/196)  26.7 (20/75) e 1.67 (0.89, 3.14)
Severe 0.0 (0/15) 0.0 (0/10)
Moderate 17.9 (35/1196)  33.0 (63/191) v 2.26 (1.41, 3.83)
Headache
severity* Severe 0.0 (0/15) 25.0 (4/16)
Moderate 17.9 (35/196)  42.6 (72/169) 8 341(212,549)
Severe 0.0 (0/15) 10.0 (1/10)
Yes 0.0 (0/6) 0.0 (0/4)
No 17.1(35/205)  24.7 (20/81) H—— 1.59 (0.85, 2.97)
Yes 0.0 (0/6) 16.7 (1/6)
Aggressive
N 17.1 (35/205)  32.8 (66/201 v 2.37 (1.49,3.79)
headache* © ¢ ) ( )
Yes 0.0 (0/6) 14.3 (117)
No 17.1 (35/205)  41.9 (72/172) e 3.50(2.18,5.61)
I T T T T 1
0 2 3 4 ] 6
0dds ration (95% Cl)
2 Hours Postdose
Proportion of patients
who were pain-freedom
Placebo Lasmiditan Odds ratio :)rjt/eaﬁ?z; :)rjt/earliglg:,
% () % (n/N) (95% CI) each arm overall
No 18.2(35/192) 23.8(19/80)  ~e— 1.40 (0.74, 2.63)
Yes 0.0 (0/19) 20.0 (1/5)
Attack during No 18.2(35/192) 33.9 (61/180) v 2.30 (1.42,3.71)
menstruation* Yes 0.0 (0719) 222 (6/127)
No 18.2(35/192)  40.1(61/152) = ! 3.01(1.84,4.91)
Yes 0.0 (0/19) 44.4 (12127)
<thour  24.4(21/86) 28.1 (9/32) —e— 1.20(048,299) 0,
>thour  11.2(14/125)  20.8 (11/53) e 2.06 (0.87, 4.90) ’
. . <thour  24.4(21/86)  39.4 (26/66) v 1.98 (0.99, 3.99)
Time to dosing 325 (167 631) 0-328 0.125
2thour  11.2(14/125) 29.1 (41/141) ¥ .25 (1.67,6.31)
<thour  24.4(21/86)  37.7 (26/69) = ' 1.84(0.92,369) (49
=1 hour  11.2(14/125)  42.7 (47/110) = 5.91(3.02, 11.57)
4-8 am 13.8 (4/29) 11.1 (1/9) . 0.70 (0.07, 7.35) oEEE
othertime ~ 17.0(31/182)  25.0 (19/76) H——— 1.62 (0.85, 3.10) :
Ti ¢ dosi 4-8 am 13.8 (4/29) 24.1 (7/29) 1 1.96 (0.50, 7.68) —
ime of dosin :
9 othertime  17.0 (31/182)  33.7 (60/178) 2.47 (1.50, 4.06) 0:933
4-8am 13.8 (4/29) 35.0 (7/20) = 4 295(0.71,12.25) 974
othertime ~ 17.0 (31/182)  41.5 (66/159) —— o 3.44 (2.09, 5.67)
T T T L I |
2 4 6 8 10 20 30 40 50

0Odds ration (95% CI)
2 Hours Postdose

A\ Adis



Adv Ther (2022) 39:5274-5288

5283

«Fig. 3 Subgroup analysis for pain freedom at 2 h post dose
based on migraine attack characteristics. *For headache
severity and aggressive headache, “severe” severity and “Yes”
for aggressive headaches, odds ratio and p values were
missing because the placebo arm had zero responders,
hence calculation could not be performed. *For the
menstruation analysis, male patients were included as the
“No” subgroup. Under the “no attacks during menstrua-
tion” subgroup, odds ratio and p values were missing
because the placebo arm had zero responders, hence
calculation could not be performed. C7 confidence interval,
LTN lasmiditan, N total number of patients in the
specified group, 7 total number of patients in the
subgroup, PBO placcbo, TEAE treatment emergent
adverse events

Proportion of patients
who were pain-freemodn

responders (Fig. 3). Therefore, frequency in each
subgroup was considered for comparison. For
headache severity (moderate vs severe), the
severe subgroup had lower response rate (%)
than the moderate subgroup across 50 mg (O vs
27), 100 mg (25 vs 33), 200 mg (10 vs 43) arms;
for the aggressive headache (yes vs no), the
“yes” subgroup had a lower response rate (%)
than the “no” subgroup across 50 mg (0 vs 25),
100 mg (17 vs 33), and 200 mg (14 vs 42) arms.
A higher proportion of patients treated with
lasmiditan 50 mg, 100 mg, and 200 mg were
pain free 2 h post dose vs placebo, across head-
ache severity, aggressive headache, attack dur-
ing perimenstrual period, time to dosing, time
of dosing, and who experienced TEAE of

Interaction  Interaction

Placebo Lasmiditan Odds ratio p-value for p-value for
% (n/N) % (n/N) (95% Cl) eacharm  overall
Yes 14.3 (1/7) 44.4 (8/18) H—— — 4.78 (0.47, 48.52)
0.230
No 16.7 (34/204) 17.9 (12/67) S 1.09 (0.53, 2.25)
) Yes 14.3 (1/7) 41.0 (32/78) ¥ 4.12 (0.47, 36.06)
Experienced . 80
TEAE dizziness g ’
No 16.7 (34/204) 27.1 (35/129) 1.88 (1.10,3.21)
Yes 14.3 (1/7) 48.4 (44/91) -— i 5.54 (0.64, 48.01)
0.467
No 16.7 (34/204) 33.0 (29/88) —— 2.47 (1.38, 4.40)
Yes 9.1 (1/11) 14.3 (1/7) —He— —A 1.47 (0.08, 28.54)
0.967
No 17.0 (34/200)  24.4 (19/78) 1.57 (0.83, 2.96)
Experienced Yes 9.1 (1/11) 38.6 (17/44) v 6.26 (0.73, 53.60) 0B 6665
TEAE Somnolence ’ '
No 17.0 (34/200)  30.7 (50/163) 217 (1.32, 3.56)
Yes 9.1 (1/11) 46.3 (19/41) = i 8.19(0.95, 70.38)
0.367
No 17.0 (34/200) 39.1 (54/138) — 3.14 (1.90, 5.19)

Fig. 3 continued

I
T S| T T 1
6 8 20 40 60 80
0dds Ratio (95% Cl)
2 Hours Postdose
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dizziness, and TEAE of somnolence, except for
patients with severe headache severity, aggres-
sive headache, and time of dosing 4 a.m. to
8 a.m. treated with 50 mg (Fig. 3).

DISCUSSION

This is the first subgroup analysis performed in
Asian patients with migraine across patient and
migraine characteristics. The results of the study
across the four enrolled groups (lasmiditan
50 mg, 100 mg, 200 mg, and placebo) indicated
that the efficacy of lasmiditan is generally not
influenced by patient characteristics, migraine
disease characteristics, and migraine attack
characteristics. Lasmiditan 200mg demon-
strated the most effective dose in patients across
most subgroups compared with placebo. The
results from this subgroup analysis were in
concordance with the MONONOFU trial and
other phase 3 trials [9, 10, 12, 13, 19]. These
findings suggest that lasmiditan could be a
promising and effective acute treatment option
for a wide group of Japanese patients with
migraine.

Some patient characteristics such as age, sex,
body weight, BMI, and tension-type headache
are known to influence acute treatment
response [6, 20-22]. Triptans are widely used as
an acute treatment, but are contraindicated for
patients with a history of cardiovascular disease
or with CVRFs [23, 24]. The results of the
treatment-by-subgroup interaction (by each
arm and by overall) indicated that efficacy of
lasmiditan was not generally influenced by
patient characteristics in Japanese patients. Of
note, treatment-by-subgroup interaction (by
each arm; at 100mg and 200mg [both
p < 0.05]) and treatment-by-subgroup interac-
tion (by overall; [p < 0.05]) was observed only
for CVRF subgroup. These results could be
attributed to the dose-dependent difference in
the odds ratio between treatment and placebo
groups. Notably, point estimates difference
between placebo CVRF < 1 and CVRF > 2 sub-
groups were about 10% (11.9% vs 22.6%). Given
that, this placebo result may have influenced
the odds ratios and interactions. Moreover, a
post hoc analysis of the pooled results of the

randomized phase 3 trials SAMURAI and SPAR-
TAN demonstrated no significant difference in
the proportion of patients achieving headache
pain freedom at 2h post lasmiditan dose in
patients with CVRF <1 and with CVRF > 2,
indicating that lasmiditan efficacy is not influ-
enced by the presence of CVRFs [25]. Thus,
these observed treatment-by-subgroup interac-
tions (by each arm and overall) for CVRFs in our
study may not be considered as clinically
meaningful and additional data is warranted.
Previous studies indicated that insufficient
response to triptans, the commonly prescribed
acute treatment in migraine, could affect the
quality of life of patients [2, 26-28]. Further-
more, only 12.1% were currently using preven-
tive medication within the patients who were
eligible for the preventive medication [2].
Notable proportions of patients (more than
20%) experienced at least one problem with
their preventive therapy, and lack of efficacy
was the mostly frequently identified problem
with preventive medication in Japan [29, 30].
Therefore, it was essential to evaluate the effi-
cacy of lasmiditan across migraine disease
characteristics. Treatment-by-subgroup interac-
tions (by each arm) was observed at 50 mg dose
for history of migraine with aura and triptan
response. The proportion of pain freedom in the
patients with aura (50.0%) was relatively higher
than the proportion of the overall population in
the 50 mg group (23.5%), explaining the sig-
nificant interaction in the history of migraine
with aura subgroup at 50 mg dose [13]. Simi-
larly, the proportion of pain-free patients with
insufficient response to triptans in the placebo
group (21.4%) was relatively higher than the
proportion of the overall population in the
placebo (16.6%) group, explaining the signifi-
cant interaction in the triptan response sub-
group at 50 mg dose [13]. These variabilities
could be derived from the small number of
patients in the 50 mg groups. Previously repor-
ted results with a higher sample size demon-
strated that efficacy of lasmiditan was
independent of history of migraine with aura
and prior response to triptans [11, 12, 31]. In
summary, although treatment-by-subgroup
interactions (by each arm) were observed with
respect to the 50 mg dose as a result of the small
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sample size, our findings suggested that the
efficacy of lasmiditan in Japanese patients with
migraine is not influenced by migraine disease
characteristics.

Menstrual migraines are clinically more sev-
ere and difficult to treat compared with non-
menstrual migraines [28, 29]. Furthermore,
migraine attack characteristics including
aggressive headache (headache that progresses
rapidly and peaks to moderate-to-severe head-
ache intensity in less than 1 h), delayed access
to treatment (more than 2 h), and severe head-
ache pain are known as predictors for poorer
response to acute treatment [6, 32-36]. In
addition, on the basis of the MONONOFU study
results, a certain number of patients experi-
enced dizziness and somnolence as the most
commonly reported TEAEs. Treatment-by-sub-
group interaction (by each arm) was observed
for the time to dosing subgroup at 200 mg dose.
This interaction might be derived from the
variability in the proportion of placebo groups
for the less than 1 h after the attack subgroup
(24.4%) and at least 1 h after attack subgroup
(11.2%). However, there is no clinical mean-
ingful difference in the proportion of pain
freedom between the patients who took las-
miditan 200 mg less than 1 h after the attack
(37.7%) and at least 1h after the attack sub-
groups (42.7%). In concordance with our
results, another subgroup study indicated that
efficacy of lasmiditan was not impacted by time
to dosing, time of dosing, and headache severity
[12]. Furthermore, presence of common TEAEs,
such as dizziness, paresthesia, somnolence, or
fatigue did not appear to have a negative
influence on pain freedom [37]. Together, our
findings suggested that the efficacy of lasmidi-
tan in Japanese patients with migraine is not
influenced by migraine attack characteristics.

This subgroup analysis evaluated the
response of lasmiditan in Japanese patients
across several patient and migraine characteris-
tics including patients with insufficient
response to acute treatment; however, the study
had a few limitations, including the small
sample size compared with global studies
including SAMURAI and SPARTAN [9, 10, 19]
and the lack of statistical power to signify a
difference between lasmiditan and placebo in

some subgroups. In addition, this study was not
designed to show statistical significance in las-
miditan 50 mg dose compared to placebo for
any efficacy analysis because of the anticipated
smaller effect size compared to the higher doses.
One multiplicity-adjusted endpoint showed a
linear dose-response trend for lasmiditan effi-
cacy [13]. Therefore, the subgroup analysis
result would, at best, show a dose-response
trend for lasmiditan efficacy. Additional studies
in subgroups with larger sample size could
alleviate the limitations.

CONCLUSION

In the MONONOFU study, a single dose of las-
miditan was effective in eliminating moderate
to severe migraine pain at 2 h post dose, and a
significant linear dose-response relationship for
pain freedom was achieved [13].In this sec-
ondary analysis, lasmiditan demonstrated con-
sistent  efficacy irrespective of patient
characteristics, migraine disease characteristics,
and migraine attack characteristics, indicating
that lasmiditan could be used as an effective
acute treatment option for a wide range of
Japanese patients with migraine.
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