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Abstract
Background  In controlled clinical trials, compared with placebo, a significantly greater proportion of participants using 
lasmiditan to treat a migraine attack achieved 2-h pain freedom (PF) and experienced ≥ 1 treatment-emergent adverse event 
(TEAE).
Objective  To better inform clinicians about treatment expectations by evaluating the association between TEAEs and efficacy 
outcomes after lasmiditan treatment.
Methods  Pooled data from SAMURAI, SPARTAN, MONONOFU, and CENTURION were analyzed. A common TEAE 
(CTEAE) was defined as occurring in ≥ 2% in the overall population. Central nervous system (CNS)-CTEAEs were based 
on Medical Dictionary for Regulatory Activities.
Results  At 2 h, a significantly higher percentage of lasmiditan 200 mg-treated participants who achieved PF experienced 
≥ 1 CTEAE than non-responders who continued to experience moderate/severe pain (48.2% vs. 28.7%, respectively). Cor-
respondingly, a significantly higher percentage of lasmiditan 200 mg-treated participants who experienced ≥ 1 CTEAE 
achieved PF at 2 h than those who did not (39.0% vs. 30.2%, respectively). Similar results were generally observed with 
individual CNS-CTEAEs, but for non-CNS-CTEAEs, this pattern was less evident or in the opposite direction. No consistent 
differences were observed for migraine-related functional disability freedom. The percentage of participants with improved 
patient global impression of change (PGIC) was greater with a CNS-CTEAE versus no CNS-CTEAE.
Conclusions  Those who had PF at 2 h were more likely to experience a CNS-CTEAE, and those with CNS-CTEAEs were 
more likely to experience PF. The occurrence of CTEAEs did not seem to negatively affect disability freedom or PGIC.
ClinicalTrials.gov Registration  SAMURAI (NCT02439320), SPARTAN (NCT02605174), MONONOFU (NCT03962738), 
CENTURION (NCT03670810), ClinicalTrials.gov: NCT02439320, NCT02605174, NCT03962738, NCT03670810
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1  Introduction

Lasmiditan is a highly selective, first-in-class ditan that 
exerts its therapeutic effects through agonist action on sero-
tonin 1F (5-HT1F) receptors located in the peripheral and 
central nervous system [1]. In previous trials, in comparison 

with placebo, treatment with lasmiditan (50 mg, 100 mg, 
or 200 mg) resulted in a significantly higher proportion of 
participants achieving pain freedom [2–4], freedom from 
their most bothersome symptom [2–4], migraine-related 
functional disability freedom [2, 5], and patient global 
impression of change (PGIC) of much better or very much 
better (improved PGIC) [4] at 2 h post-dose. Adverse events 
were more common with lasmiditan compared to placebo 
and were generally mild or moderate in severity. The most 
common treatment-emergent adverse events (TEAEs) were 
dizziness, paresthesia, somnolence, fatigue, nausea, muscu-
lar weakness, and hypoesthesia. These TEAEs were gener-
ally transient and self-limiting. Many of the most common 
TEAEs were central nervous system (CNS)-related, consist-
ent with entry of lasmiditan into the CNS [6]. Both efficacy 
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Key Points 

The likelihood of experiencing a central nervous system 
common treatment-emergent adverse event (CNS-
CTEAE) was greater in those who achieved pain free-
dom than in those with moderate/severe pain at 2 h, but 
more than 50% of participants with pain freedom did not 
have a CNS-CTEAE.

The incidence of pain freedom was greater for those who 
experienced a CNS-CTEAE, but the absence of a CNS-
CTEAE did not equate to lack of efficacy.

The occurrence of a CNS-CTEAE was not associated 
with a lower likelihood of achieving disability freedom 
or improved patient global impression of change.

2 � Methods

2.1 � Participants and Study Design

All studies were prospective, multicenter, randomized, dou-
ble-blind, controlled trials in which adult participants with 
migraine with or without aura treated one or more migraine 
attacks with lasmiditan or placebo on an outpatient basis. 
Inclusion and exclusion criteria were similar for all trials: 
history of migraine for at least 1 year, three to eight migraine 
attacks per month, and disabling migraine as defined by a 
Migraine Disability Assessment score ≥ 11. SAMURAI 
excluded participants with known coronary artery disease, 
clinically significant arrhythmia, and uncontrolled hyperten-
sion, while SPARTAN, MONONOFU, and CENTURION 
did not. Full details can be found in the primary reports from 
the studies [4, 10, 12, 13].

SAMURAI (conducted at 99 sites in the USA) and SPAR-
TAN (conducted at 125 sites in the USA, the UK, and Ger-
many) were Phase 3 studies [4, 12]. Participants were rand-
omized to treat a single migraine attack with lasmiditan 50 
mg (SPARTAN only), 100 mg, 200 mg, or placebo.

MONONOFU was a Phase 2 study of Japanese adult par-
ticipants. Participants were asked to treat a single migraine 
attack with study intervention and were randomized in a 
7:3:7:6 ratio to placebo, lasmiditan 50 mg, 100 mg, and 200 
mg [13].

CENTURION was a modified-parallel, Phase 3 study 
across four migraine attacks [10]. Participants were rand-
omized in a 1:1:1 ratio to lasmiditan 200 mg, lasmiditan 
100 mg, or a control group (that received placebo for three 
of the four attacks, and lasmiditan 50 mg for either the third 
or fourth attack in a randomized, blinded fashion). For com-
parability with other studies only the first treated attack was 
included in the analysis.

The studies were carried out in accordance with the 
International Conference on Harmonisation Good Clinical 
Practice guidelines and local regulatory requirements. The 
protocols were approved by an institutional review board 
or independent ethics committee at each study site. Written 
informed consent for study participation was obtained from 
each patient prior to the start of the study.

2.2 � Procedures

Data collection and adverse event coding were conducted 
as described [4, 10, 12, 13]. Briefly, participants recorded 
the date and time of migraine onset. They were instructed 
to treat pain of moderate or severe intensity and to record 
the level of head pain in an electronic diary at baseline and 
at specified post-treatment intervals (including 30, 60, 90 
(except for CENTURION), and 120 min). Head pain was 
assessed using the International Headache Society 4-point 

and adverse events were dose related, with higher doses of 
lasmiditan associated with a greater incidence of pain free-
dom at 2 h and increased incidence of TEAEs.

The association between efficacy outcomes and TEAEs 
has been a topic of interest across therapeutic areas. This 
information helps clinicians and their patients make trade-off 
decisions when considering a treatment that offers an oppor-
tunity for efficacy and a potential for adverse events [7]. In 
migraine, a study with triptans demonstrated that certain 
CNS-TEAEs were more prevalent in headache responders 
than non-responders, and that the percentage of participants 
obtaining pain freedom at 2 h was higher in those who expe-
rienced a CNS-TEAE than those who did not [8]. These 
associations have also been explored with lasmiditan. Pre-
vious analyses of lasmiditan Phase 3 studies showed that 
participants who reported dizziness, fatigue, paresthesia, 
or somnolence achieved 2-h pain freedom at numerically 
higher rates than those not reporting the symptom [5, 6, 9]. 
It has also been shown that the frequency of TEAEs gener-
ally decreased with subsequent attacks treated with the same 
lasmiditan dose [10, 11]. Furthermore, for participants who 
increased their lasmiditan dose for treatment of a subsequent 
migraine attack, the change in incidence of TEAEs was less 
than the increase in incidence of efficacy outcomes [7].

Previous lasmiditan analyses did not investigate the 
frequency of TEAEs in participants based on their pain 
outcome nor address the timing of the TEAEs relative to 
achieving pain freedom or other efficacy outcomes. The 
objective of this post hoc analysis was to further evaluate 
the association and relative timing of TEAE onset with effi-
cacy outcomes after lasmiditan treatment to better inform 
clinicians about treatment expectations. The current analyses 
also expand on previous results from SAMURAI [12] and 
SPARTAN [4] by adding two additional studies (MONON-
OFU [13] and CENTURION [10]).
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headache intensity rating scale: none, mild, moderate, or 
severe [14]. The primary endpoints of the studies were 
assessed 2 h post-treatment.

Pain improvement was also assessed on a continuous time 
scale by asking participants “Has headache relief become 
meaningful?” If the participant answered “Yes,” they were 
then asked the time at which headache relief became mean-
ingful to them, followed by the question, “Have you been 
headache pain-free?” If the answer was “Yes,” they were 
then asked the time that they became pain-free. These ques-
tions were asked at every designated time point until a “Yes” 
answer was given.

Migraine-related functional disability (disability) 
was assessed by asking participants, “How much is your 
migraine interfering with your normal activities?” Response 
options were “not at all,” “mild interference,” “marked 
interference,” and “need complete bed rest.” Freedom 
from migraine-related functional disability (disability) was 
defined as having disability “not at all.”

PGIC is an integrated measure of drug efficacy and tol-
erability that captures the patient’s view of improvement 
or decline in overall well-being after treatment [5]. PGIC 
was assessed at 2 h with the question “How do you feel 
after taking study medication?” Responses were recorded 
using a 7-point Likert scale, ranging from “very much bet-
ter” to “very much worse,” and participants who reported 
“much better” or “very much better” were considered to have 
improved with treatment.

Adverse events were captured by asking participants if 
they felt “anything unusual” since taking the study medica-
tion that they had not felt with a migraine before; if “Yes” in 
SAMURAI and SPARTAN, they received a follow-up phone 
call from the site; in CENTURION and MONONOFU, they 
were instructed to record relevant information in a paper 
journal. A TEAE was defined as an event that started or 
worsened after any dose of study medication and occurred 
within 48 h after dosing.

2.3 � Statistical Analyses

The analyses were conducted using pooled data from SAM-
URAI, SPARTAN, MONONOFU, and CENTURION (using 
data from the first eligibly treated migraine attack) [4, 10, 
12, 13]. For each efficacy analysis, the population was com-
posed of all randomized participants who took at least one 
dose of study drug and recorded any post-dose assessment 
of the relevant efficacy endpoint. The safety population (all 
participants who were randomized and received at least one 
dose of study drug) was used to determine common TEAEs 
(CTEAEs) as well as demographic and baseline charac-
teristics. A CTEAE was defined as any TEAE occurring 
in ≥ 2% in the overall population after rounding. The top 
five CTEAEs were assessed individually. For this post hoc 

analysis, a CTEAE was categorized as CNS-related if it was 
a member of the Neurological Disorders NEC (not elsewhere 
classified) High Level Group based on Medical Dictionary 
for Regulatory Activities version 24.0. Therefore, although 
fatigue is considered by some to be CNS-related, for the 
purposes of this study it is categorized as not CNS-related. 
Of the five CTEAEs, dizziness, somnolence, and paresthesia 
were considered CNS-CTEAEs.

Subgroup analyses were conducted for the incidence of 
CTEAEs for: multiple mutually exclusive patient categories 
based on the head pain status at 2 h (only those with moder-
ate/severe pain at baseline); disability-free (Yes and No); and 
PGIC rating as “very much better” or “much better” (Yes 
and No). The mutually exclusive pain-related subgroups 
were pain freedom, mild pain, and moderate/severe pain at 
2 h after dosing. Participants who took additional interven-
tion (over-the-counter or approved rescue medication) at or 
before 2 h were included in the moderate/severe group.

In addition, participants were categorized into subgroups 
based on the presence or absence of a CTEAE within 48 h 
after the first dose (Yes vs. No CTEAE). Participants with 
CTEAEs were further classified into CTEAE onset occur-
ring at or before 2 h versus after 2 h. CTEAEs with missing 
start date/time or dosing date/time were not included in the 
corresponding analysis.

Subgroup analyses with treatment and subgroup interac-
tion terms for treatment comparison across subgroups were 
performed on the proportion of participants who achieved 
efficacy responses, using a logistic regression model with 
treatment, study, subgroup, and subgroup-by-treatment inter-
action. The treatment comparisons between lasmiditan doses 
and placebo within a subgroup were evaluated using the 
Mantel-Haenszel method stratified by study. The subgroup 
comparison in a treatment group was similarly assessed. 
Subgroup effects in a treatment group were presented using 
odds ratios and associated 95% confidence intervals. A p 
value < 0.05 was considered statistically significant. SAS 
Enterprise Guide 7.1 (SAS Institute, Cary, NC, USA) sta-
tistical package was used for analyses.

To better understand the timing of onset of a CTEAE 
relative to the timing of change in headache intensity, indi-
vidual patient-level data were assessed. Of those with mod-
erate or severe pain at baseline and at least one post-baseline 
pain assessment, the distribution of those with and without a 
CTEAE was plotted on an inner ring of a donut chart. On the 
outer ring of the donut chart, the distribution of these par-
ticipants was further explored. For those who experienced 
a CTEAE, the distribution of CTEAE onset (≤ 2 h, > 2 h, 
and missing a complete onset time) was plotted. For those 
who did not experience a CTEAE, the pain level at 2 h was 
plotted.

Those who experienced a CTEAE at or before 2 h were 
then included in a rainbow chart. For this analysis, the onset 
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of TEAEs was plotted against assessment time points when 
headache intensity information was collected. Missing 
headache intensity was imputed using the last non-missing 
observation.

Lastly, the onset of CTEAEs versus the patient-reported 
time of meaningful pain improvement or pain freedom was 
assessed. CTEAE onset was classified as “before,” simulta-
neous “with,” or “after” the time of first achieving each pain 
outcome. The number and percentage of participants in each 
onset category were reported over time.

3 � Results

3.1 � Participants

Demographics and baseline characteristics of participants in 
the safety population (6602 patients in total) are presented in 
Table 1 and were consistent across treatments. The major-
ity of participants were White, female, and the age range 
was 18–81 years. There were some differences in regions 
(Table 1) and countries (Online Supplemental Materials 
(OSM) Table 1) across treatments due to the geographies 
where the trials were conducted, and only SPARTAN and 
MONONOFU included the 50 mg dose (for the first attack 
in CENTURION, participants were not assigned 50 mg 
lasmiditan).

3.2 � Summary of Common Treatment‑Emergent 
Adverse Events (CTEAEs)

The CTEAEs in the overall population are shown in Table 2. 
Only the five most frequent CTEAEs were investigated 
separately. In the placebo cohort, 187 participants (9.5%) 
had ≥ 1 CTEAE, 67 participants (3.4%) had dizziness, 45 
participants (2.3%) had somnolence, 32 participants (1.6%) 
had paresthesia, 45 participants (2.3%) had nausea, and 18 
participants (0.9%) had fatigue. With lasmiditan (pooled 
doses), 1,595 participants (34.5%) had ≥1 CTEAE, 892 
participants (19.3%) had dizziness, 324 participants (7.0%) 
had somnolence, 291 participants (6.3%) had paresthesia, 
219 participants (4.7%) had nausea, and 216 participants 
(4.7%) had fatigue (Table 2).

3.3 � Efficacy Outcomes

Across all of the studies, 2-h pain freedom was dose-depend-
ent: 15.5% with placebo, 27.3% with 50 mg lasmiditan, 
29.0% with 100 mg lasmiditan, and 33.9% with 200 mg 
lasmiditan. The incidence of 2-h moderate/severe pain was 
44.8% with placebo, 30.3% with 50 mg lasmiditan, 24.3% 

with 100 mg lasmiditan, and 23.8% with 200 mg lasmiditan 
(data derived from OSM Table 2)

3.4 � CTEAEs in Participants Who Experienced a Given 
Efficacy Outcome

The likelihood of experiencing a CTEAE within 48 h post-
dose in participants who reported a  2-h pain intensity, 
migraine-associated functional disability freedom, and PGIC 
“much better” or “very much better” versus those who did 
not was assessed.

3.4.1 � CTEAEs in Those Who Did or Did Not Have Pain 
Improvement

The occurrence of ≥1 CTEAE in lasmiditan 200 mg-treated 
participants was significantly greater when participants 
experienced pain freedom (48.2% Yes > 1 CTEAE) or 
mild pain (49.3% Yes > 1 CTEAE) versus moderate/severe 
pain (28.7% Yes > 1 CTEAE) at 2 h (data derived from 
OSM Table 2). This increase in percentage of lasmiditan 
200 mg-treated participants experiencing ≥ 1 CTEAE with 
pain improvement (pain freedom or mild pain) versus mod-
erate/severe pain at 2 h was also significant for individual 
CNS-CTEAEs (dizziness, somnolence, and paresthesia), 
and fatigue (pain-free only), but not nausea (these results 
and those of other treatment arms are shown in Fig. 1a). 
Participants who improved to mild pain or were pain-free at 
2 h had a similar or lower likelihood of experiencing nausea 
compared to participants with moderate/severe pain at 2 h 
post-dose (Fig. 1a, OSM Table 2).

3.4.2 � TEAEs in Those Who Were or Were Not Functional 
Disability‑Free

The percentages of participants experiencing a CTEAE were 
generally similar in those who were or were not disability-
free at 2 h (Fig. 1b, OSM Table 3). The percentage of those 
experiencing nausea was higher in those that did not become 
disability-free.

3.4.3 � TEAEs in Those Who Were or Were Not Patient Global 
Impression of Change (PGIC) “Much Better” or “Very 
Much Better”

The percentage of participants experiencing a CNS-CTEAE 
(dizziness, somnolence, and paresthesia) after lasmiditan 
treatment was generally similar in those who had improved 
PGIC versus other ratings at 2 h (Fig. 1c, OSM Table 4). The 
percentage of those experiencing nausea was lower in those 
with improved PGIC at 2 h.
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Table 1   Demographics and baseline characteristics

Pooled data from SAMURAI, SPARTAN, MONONOFU, and the first treated attack from CENTURION were used in the analysis
L Lasmiditan, MIDAS Migraine Disability Assessment, N number of participants in the analysis population, n number of subjects within each 
specific category, SD standard deviation
a The denominator = the number of participants with non-missing data and therefore may be slightly different than the N shown

Placebo (N = 1976) L50 mg (N = 742) L100 mg (N = 1958) L200 mg (N = 1926)

Female, n (%)a 1664 (84.2) 630 (84.9) 1630 (83.2) 1614 (83.8)
Age (years), mean (SD)a 42.30 (12.20) 43.04 (12.89) 42.87 (11.92) 41.90 (12.02)
Body weight (kg), mean (SD)a 78.45 (21.75) 78.83 (21.62) 78.61 (22.72) 79.81 (23.65)
Duration of migraine history (years), mean (SD)a 18.59 (12.70) 19.19 (12.92) 19.43 (13.29) 18.64 (13.03)
Number of migraines per month in past 3 months, 

mean (SD)a
5.27 (1.95) 5.28 (1.98) 5.14 (1.74) 5.24 (1.93)

MIDAS total score, mean (SD)a 30.67 (21.49) 32.22 (24.30) 30.00 (20.42) 31.39 (21.28)
History of migraine with aura, n (%)a 730 (37.1) 270 (36.6) 714 (36.6) 692 (36.2)
Racea

 White, n (%) 1374 (69.8) 524 (70.6) 1350 (69.2) 1340 (69.9)
 Asian, n (%) 297 (15.1) 93 (12.5) 289 (14.8) 265 (13.8)
 Black or African American, n (%) 236 (12.0) 106 (14.3) 238 (12.2) 239 (12.5)
 American Indian or Alaska Native, n (%) 33 (1.7) 3 (0.4) 34 (1.7) 37 (1.9)
 Native Hawaiian or other Pacific Islander, n (%) 4 (0.2) 2 (0.3) 2 (0.1) 6 (0.3)
 Multiple, n (%) 12 (0.6) 8 (1.1) 16 (0.8) 13 (0.7)
 Other, n (%) 12 (0.6) 6 (0.8) 22 (1.1) 18 (0.9)

Ethnicitya

 Not Hispanic or Latino, n (%) 1662 (84.1) 603 (81.3) 1638 (83.7) 1610 (83.6)
 Hispanic or Latino, n (%) 255 (12.9) 135 (18.2) 263 (13.4) 257 (13.4)
 Not reported, n (%) 58 (2.9) 3 (0.4) 54 (2.8) 57 (3.0)
 Unknown, n (%) 1 (0.1) 1 (0.1) 3 (0.2) 1 (0.1)

Regiona

 North America, n (%) 1218 (61.6) 542 (73.0) 1218 (62.2) 1209 (62.8)
 Europe, n (%) 484 (24.5) 112 (15.1) 475 (24.3) 477 (24.8)
 Asia, n (%) 274 (13.9) 88 (11.9) 265 (13.5) 240 (12.5)

Table 2   Common treatment-emergent adverse events from first treated attack

CNS central nervous system, CTEAE common treatment-emergent adverse event, L Lasmiditan, N number of participants in the treatment group, 
n number of participants experiencing the treatment-emergent adverse event
a Determined to be a CNS-CTEAE based on Medical Dictionary for Regulatory Activities version 24.0

Placebo L50 mg L100 mg L200 mg L (pooled) Overall
N = 1976 N = 742 N = 1958 N = 1926 N = 4626 N = 6602

n (%) n (%) n (%) n (%) n (%) n (%)

Participants with ≥ 1 CTEAE 187 (9.5) 154 (20.8) 665 (34.0) 776 (40.3) 1595 (34.5) 1782 (27.0)
Dizzinessa 67 (3.4) 74 (10.0) 382 (19.5) 436 (22.6) 892 (19.3) 959 (14.5)
Somnolencea 45 (2.3) 42 (5.7) 129 (6.6) 153 (7.9) 324 (7.0) 369 (5.6)
Paresthesiaa 32 (1.6) 17 (2.3) 115 (5.9) 159 (8.3) 291 (6.3) 323 (4.9)
Nausea 45 (2.3) 22 (3.0) 83 (4.2) 114 (5.9) 219 (4.7) 264 (4.0)
Fatigue 18 (0.9) 19 (2.6) 94 (4.8) 103 (5.3) 216 (4.7) 234 (3.5)
Asthenia 4 (0.2) 9 (1.2) 40 (2.0) 59 (3.1) 108 (2.3) 112 (1.7)
Hypoesthesiaa 6 (0.3) 3 (0.4) 47 (2.4) 53 (2.8) 103 (2.2) 109 (1.7)
Muscular weakness 2 (0.1) 8 (1.1) 43 (2.2) 48 (2.5) 99 (2.1) 101 (1.5)
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3.5 � Efficacy Outcomes in Those With and Without 
CTEAEs

The likelihood of achieving efficacy outcomes at 2 h in par-
ticipants who reported a CTEAE versus those who did not 
report the CTEAE by 48 h post-dose was assessed.

3.5.1 � Pain Freedom in Those With and Without CTEAEs

A significantly greater percentage of participants with ≥ 1 
CTEAE became pain-free at 2 h compared to those with no 
CTEAE by 48 h post-dose for lasmiditan 100 mg (33.7% 
and 26.4%, respectively) and 200 mg (39.0% and 30.2%, 
respectively) doses. In general, lasmiditan-treated partici-
pants with ≥ 1 CTEAE, individual CNS-CTEAEs, or fatigue 
were numerically more likely to have pain freedom at 2 h 
than those without the individual CTEAEs. For nausea, the 
opposite association was noted (Fig. 2a, OSM Table 5).

Lasmiditan-treated participants with onset of ≥ 1 CTEAE, 
dizziness, somnolence, paresthesia, and nausea occurring at 
or before 2 h generally became pain-free at 2 h at a higher 
rate than those with CTEAE onset after 2 h (Fig. 3a). The 
complete data set is presented in OSM Table 4.

3.5.2 � Functional Disability in Those With and Without 
CTEAEs

There were no consistent differences in disability freedom 
at 2 h between those with versus without a CTEAE onset 
within 48 h with the exception of nausea (Fig. 2b, OSM 
Table 6). Regardless of treatment, fewer participants with 
nausea achieved disability freedom at 2 h compared to 
those without nausea. There was no consistent relationship 
between early or late onset of any of the CTEAEs and dis-
ability freedom at 2 h (Fig. 3b, OSM Table 6).

3.5.3 � PGIC in Those With and Without CTEAEs

Generally, a numerically higher percentage of participants 
with a CTEAE after taking lasmiditan had improved PGIC at 
2 h than those who did not experience the CTEAE (Fig. 2c, 
OSM Table 7). Similar to other endpoints, significantly 
fewer participants with nausea in all treatment groups had 
improved PGIC at 2 h compared to those without nausea.

There was a general pattern of a higher percentage of 
lasmiditan-treated participants having improved PGIC in 
those with onset of ≥ 1 CNS-CTEAE, dizziness, somno-
lence, or paresthesia occurring at or before 2 h compared to 
onset after 2 h (Fig. 3c, OSM Table 7).

3.6 � Data Visualization

On an individual patient level, timing of a CTEAE onset was 
investigated relative to changes in pain to determine if the 
occurrence of a CTEAE consistently preceded the occur-
rence of pain freedom (Fig. 4 and OSM Interactive Fig. 4). 
OSM Interactive Fig. 4 is an interactive version of Fig. 4 that 
allows a user to select and visualize individual CTEAEs, 
dose, and pain level at the population level and individual 
patient level (for optimal viewing, please view OSM Interac-
tive Fig. 4 on a laptop/desktop computer instead of a mobile 
device).

3.6.1 � Nested Donuts

The percentage of participants without a CTEAE who expe-
rience pain freedom at 2 h was numerically greater than the 
percentage of participants who experience a CTEAE at any 
time, regardless of the specific CTEAE or dose (OSM Inter-
active Fig. 4, Donut Panel).

3.6.2 � Horizontal Bar Charts

The relative order of onset of meaningful pain improvement/
pain freedom and onset of a CTEAE was determined based 
on a continuous time scale. The bar charts show that CTEAE 
onset occurred before the time at which participants became 
head pain-free and generally before the time headache relief 
became meaningful (OSM Interactive Fig. 4, Bar Charts).

3.6.3 � Rainbow

The individual patient-level data analysis of OSM Interac-
tive Fig. 4 allows customized sorting of data. Individual par-
ticipants from the “Yes” CTEAE with onset ≤ 2 h depicted 
in the outer donut ring were followed over time, and CTEAE 
onset and pain intensity status are indicated. The default 

Fig. 1   (a). The percentage of participants in each pain group experi-
encing the indicated CTEAE within 48 h. Participants who achieve 
pain freedom or improve to mild pain were more likely to experience 
CNS-CTEAEs. *p  <  0.05, **p  <  0.01, ***p  <  0.001 versus M/S. 
The only treatment by subgroup interaction p values < 0.1 were ≥ 1 
CTEAE (0.021) and dizziness (0.033). (b) The incidence of CTE-
AEs is similar in those who do and do not achieve disability free-
dom. *p < 0.05, **p < 0.01, ***p < 0.001 Yes versus No disability 
freedom. The only treatment by subgroup interaction p value <  0.1 
was for nausea (0.087). (c) The incidence of CNS-CTEAEs is simi-
lar in those who experienced improved PGIC (rating of “much bet-
ter” or “very much better” vs. those who did not (all other ratings)). 
* p  <  0.05, ** p  <  0.01, *** p  <  0.001 Yes versus No PGIC. No 
treatment by subgroup interaction p-values <0.1 were identified. CNS 
central nervous system, CTEAE common treatment-emergent adverse 
event, IMP improved to mild pain, L lasmiditan, M/S severe/moderate 
pain, PBO placebo, PF pain-free, PGIC patient global impression of 
change, TEAE treatment-emergent adverse event

◂
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Fig. 2   The percentage of participants experiencing efficacy in those 
that did or did not experience the given CTEAE. A higher percentage 
of participants experiencing ≥ 1 CTEAE, dizziness, somnolence, or 
paresthesia achieved pain freedom than those who did not (a) No con-
sistent differences were observed for disability freedom (b) between 
those with and those without a CNS-CTEAE. The percentage of par-
ticipants with PGIC was greater with a CNS-CTEAE versus no CNS-

CTEAE (c). *p  <  0.05, **p  <  0.01, ***p  <  0.001 Yes versus No 
CTEAE. The only treatment by subgroup interaction p values < 0.1 
were dizziness and pain freedom (0.061), and nausea and disabil-
ity freedom (0.047). CNS central nervous system, CTEAE common 
treatment-emergent adverse event, L lasmiditan, PBO placebo, PGIC 
patient global impression of change
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Fig. 3   The percentage of participants experiencing efficacy in those 
that experienced the given CTEAE before or after 2 h. Generally, a 
higher percentage of participants whose CTEAE started at or before 
2 h became pain-free compared to those whose CTEAE started after 
2 h (a). There were no clinically meaningful differences in disability 
freedom (b) or PGIC (c) in those with a CTEAE onset at or before  

2 h versus after 2 h. *p < 0.05, **p < 0.01, ***p < 0.001 ≤ 2 h ver-
sus > 2 h. The only treatment by subgroup interaction p values < 0.1 
were ≤  1 CTEAE and pain freedom (0.075), ≤  1 CTEAE and dis-
ability freedom (0.056), and dizziness and disability freedom (0.089). 
CTEAE common treatment-emergent adverse event, h hour, L lasmid-
itan, PBO placebo, PGIC patient global impression of change
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sort shown, increasing pain in reverse chronological order 
(categorical) followed by CTEAE onset, demonstrates that, 
consistent with the results presented in the bar charts (con-
tinuous onset times for both parameters), CTEAE onset is 
generally before pain freedom regardless of CTEAE or treat-
ment selected (OSM Interactive Fig. 4, Rainbow). By chang-
ing the sorting options, this tool can be used to gain insight 
into the influence of other patient level characteristics, such 
as baseline pain and CTEAE onset.

4 � Discussion

The objective of these post hoc analyses was to explore the 
inter-relationship of the CTEAEs and efficacy outcomes 
reported (within treatment group comparisons only). We 
found that after lasmiditan treatment:

•	 Participants who experienced CNS-CTEAEs were more 
likely to experience pain improvement (reduction from 
moderate or severe pain to pain freedom or mild pain).

•	 Participants who experienced pain improvement were 
more likely to experience CNS-CTEAEs.

•	 CTEAEs were not associated with increased migraine-
related functional disability.

•	 A higher percentage of participants with a CNS-CTEAE 
had improved PGIC at 2 h than those who did not, though 
this difference was not statistically significant.

We found that a higher percentage of participants who 
had mild or no pain at 2 h experienced a CNS-CTEAE than 
those with moderate or severe pain at 2 h. This association 
should not be interpreted as a CTEAE is required in order 
to achieve mild/no pain at 2 h. In fact, 50% of participants 
who achieved 2-h pain freedom after treating an attack with 
lasmiditan 200 mg reported no CTEAEs.

Participants who experienced ≥ 1 CTEAE or one of the 
CNS-CTEAEs (dizziness, somnolence, or paresthesia) by 
48 h post-dose were numerically more likely to achieve pain 
freedom at 2 h compared to those who did not experience a 
CTEAE or the given CNS-CTEAE. It is important to note 
that at least 30% of participants without ≥ 1 CTEAE who 
received 200 mg lasmiditan still achieved 2-h pain freedom, 
but those who had ≥ 1 CTEAE had a significantly increased 
chance at pain freedom than those that did not experience 
≥ 1 CTEAE.

To further explore the temporal relationship between 
CTEAEs and efficacy, we analyzed the timing of CTEAE 
onset relative to efficacy outcomes at 2 h. Participants who 
experienced a CTEAE at or before 2 h were more likely to 
achieve pain freedom at 2 h. The results from the individual 
patient analysis suggest that CTEAE onset usually preceded 
the occurrence of pain freedom.

Next, we assessed the association of CTEAEs with dis-
ability freedom and PGIC. Disability freedom at 2 h was 
similar in those with and without ≥ 1 CTEAE. Numerically, 
a higher percentage of participants with a CNS-CTEAE had 
improved PGIC at 2 h than those who did not. Moreover, the 
percentage of participants with improved PGIC was greater 
if the onset of the CNS-CTEAE was before or at 2 h versus 
after 2 h. While CNS-CTEAEs were associated with greater 
pain freedom, they were not associated with increased dis-
ability or attenuated PGIC at 2 h.

In each of the CTEAE versus no CTEAE analyses, nau-
sea had an opposite association with efficacy outcomes 
compared to each of the CNS-CTEAEs. Specifically, the 
presence of nausea was associated with a lower likelihood 
of pain freedom, disability freedom, and improved PGIC. 
This may be indicative of the impact of nausea on drug 
absorption or the impact of nausea on participants’ ability 
to return to their usual daily activities and their perception 
of their overall condition [15]. An alternative possibility is 
that only the CNS-CTEAEs were associated with efficacy 
because they are mediated by a similar mechanism as that 
for efficacy.

The overall findings of CNS adverse events often being 
followed by pain reduction or elimination after lasmiditan 
dosing may have clinical implications and may be related to 
the central penetration of lasmiditan [1], with 5-HT1F recep-
tors being widely expressed in the CNS [16]. 5-HT1F ago-
nism both slows neural transmission and inhibits the release 
of neural transmitters such as calcitonin gene-related peptide 
[17–19] and glutamate [20]. These effects may account for 
efficacy but may also contribute to CNS side effects. For 
example, CTEAEs may be markers of rapid absorption or 
rapid achievement of high concentrations of drug at one 
or more CNS sites that lead to both CTEAEs and efficacy. 
The findings of a relationship between CTEAEs and pain 
reduction are consistent with findings reported by Goadsby 
et al. [8], but because onset of CTEAEs occurred before pain 
freedom and generally before pain relief, the hypothesis of 
unmasking CNS adverse events (or increased awareness of 
side effects once pain has lessened) seems unlikely in par-
ticipants treated with lasmiditan. It seems more likely that 
the CNS adverse events and efficacy of lasmiditan are caused 
by similar effects on neurological pathways or that the 
CNS-adverse effects in some way contribute to efficacy, for 
example, by restoring homeostasis in the setting of migraine 
attacks caused by imbalance of excitatory-inhibitory path-
ways [21]. Other work has shown efficacy of lasmiditan in 
attacks typically considered to be “hard to treat” [22], and 
the present work suggests the possibility that this efficacy 
might be related to the central penetration and CNS effects 
of the drug. Further elucidation of these concepts would 
require the development of a 5-HT1F agonist that is not cen-
trally penetrant. The finding that CNS-CTEAEs, generally 
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mild to moderate, transient, and self-limited [6], may predict 
reduction in pain without worsening disability or PGIC may 
be relevant information for prescribers and for patients tak-
ing lasmiditan. For example, participants could be informed 
that they might or might not feel effects such as dizziness 
or somnolence after taking lasmiditan, and that these symp-
toms, if experienced, may indicate that pain improvement is 
likely to follow.

There were limitations to this report. These post hoc 
analyses should be considered exploratory without multi-
plicity control. Safety data were obtained from randomized 
clinical trials and should not be interpreted as real-world 
evidence. Trial designs limited exploration of many factors 
that could influence the results. For example, participants 
were instructed to treat attacks within 4 h of onset when pain 
was moderate or severe, which limited the ability to assess 
the impact of delayed dosing or baseline pain intensity on 
efficacy and CTEAE-associations. Also, data regarding 
peripheral or central sensitization associated with the attack 
were not obtained. However, a previously disclosed post-hoc 
analysis demonstrated that 100 and 200 mg lasmiditan was 
effective for achieving 2-h pain freedom in participants with 
severe head pain, coexistent nausea at the time of dosing, or 
delayed treatment (by 2 or more h from onset) [22]. Another 
limitation is the unknown variability of lasmiditan pharma-
cokinetics. The small numbers of participants experiencing 
paresthesia, nausea, and fatigue limited conclusions, espe-
cially for lower doses and placebo, and also limited assess-
ment of associations across multiple attacks. In addition, 
pain intensity, disability, and PGIC were collected at discrete 
time points, while TEAEs were collected on a continuous 
time scale, limiting the exploration of outcomes at the exact 
time of CTEAE occurrence. Patient-reported time-to-pain 
freedom and time-to-meaningful pain relief, which were 
collected on a continuous timeline, partially addresses the 
limitation of comparing a categorical result variable with 
a continuous variable. However, this collection method is 
potentially limited by patient recall. Interpretation is further 
limited by missing or incomplete data.

5 � Conclusion

Overall, while we observed a greater likelihood of experi-
encing a CNS-CTEAE with pain freedom than with mod-
erate/severe pain at 2 h, more than 50% of participants 
with pain freedom did not have a CNS-CTEAE. While the 
absence of a CNS-CTEAE did not equate to lack of effi-
cacy, the incidence of pain freedom was greater for those 
who experienced a CNS-CTEAE. The occurrence of a 
CNS-CTEAE was not associated with a lower likelihood of 
achieving disability freedom or improved PGIC. The results 

found in this study are relevant to and may impact migraine 
treatment decisions in the clinic.
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