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Abstract

Background: Migraine has been recognized as one of common diseases in the world whose current treatment
options are not ideal. Lasmiditan, an oral 5-hydroxytryptamine (HT) ¢ receptor agonist, appears more promising for
the acute treatment of migraine because of considerably better effect profiles with no severe adverse events (AEs).
This review aimed to systematically evaluate the efficacy and safety of lasmiditan from the results of randomized
controlled trials (RCTs).

Methods: PubMed, Cochrane Library, Embase were searched on lasmiditan for the acute treatment of migraine
from inception of the databases to Feb 1, 2020. Pain free and pain relief, global impression (very much/much
better), and no/mild disability at 2 h in efficacy; total treatment-emergent adverse events (TEAEs), dizziness, nausea,
fatigue, paraesthesia and somnolence in safety were extracted from the included studies. A systematic review and
meta-analysis was performed using Review Manager Software version 5.3 (RevMan 5.3).

Results: Four RCTs with a total of 4960 subjects met our inclusion criteria. The overall effect estimate showed that
lasmiditan was significantly superior to placebo in terms of pain free (RR 1.71, 95% Cl 1.55-1.87), pain relief (RR 1.40,
95% Cl 1.33-147), global impression (very much/much better) (RR 1.55, 95% Cl 1.44-1.67), and no/mild disability (RR
1.15,95% Cl 1.10-1.20) at 2 h. For the safety, significant number of patients experienced TEAEs with lasmiditan than
with placebo (RR 2.77, 95% Cl 2.53-3.03), most TEAEs were central nervous system (CNS)-related and included
dizziness (RR 5.81, 95% Cl 4.72-7.14), nausea (RR 2.58, 95% Cl 1.87-3.57), fatigue (RR 5.38, 95% Cl 3.78-7.66),
paraesthesia (RR 4.48, 95% Cl 3.33-6.02), and somnolence (RR 2.82, 95% Cl 2.18-3.66).

Conclusions: This meta-analysis suggests that lasmiditan is effective for the acute treatment of migraine with a
higher incidence of CNS-related adverse reactions compared with placebo. Long-term, open-label, multi-dose trials
are required to verify the current findings.
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Background

Migraine is a common neurological disease that was
ranked by the Lancet Global Burden of Disease Study as
the second highest cause of disability in 328 diseases
from 195 countries between 1990 and 2016, and is be-
coming a larger component of the global burden of dis-
ease [1]. Statistically, 45.1 million of total years lived
with disability are suffered from migraine [1], which has
a significant impact on quality of life and increased use
of health resources [2, 3]. It is characterized by
moderate-severe, unilateral, throbbing headache attacks
lasting from 4 to 72 h, accompanied by additional symp-
toms such as nausea, vomiting, phonophobia, and/or
photophobia [4]. However, the exact etiology and patho-
genesis of migraine currently is unclear. Thus, to find a
safety, effective and highly specific medication remains a
challenge and warrants further research.

In general, the choice of acute treatment is based
mainly on two classes of medicines: nonspecific (analge-
sics and nonsteroidal antiinflammatory drugs, NSAIDs)
and specific drugs (triptans and ergot derivatives) [5].
The triptans, regarded as the gold standard in the mi-
graine therapy, are a class of selective and effective 5-
hydroxytryptamine (HT),g/1p receptor agonists that have
replaced ergot derivatives. However, 30% ~40% of
treated patients do not respond to triptans that are also
endowed with the risk of serious cardiovascular adverse
events caused by vasoconstriction yielded by 5-HT;p re-
ceptor activation [6, 7]. Therefore, a new acute therapy
for migraine is urgently needed, especially for those pa-
tients unable to achieve optimal outcomes with current
therapies.

Lasmiditan, also known as COL-144 and LY573144, is
a novel 5-HT receptor agonist with high-affinity and se-
lectivity for the 5-HTr receptor, which acts on the tri-
geminal system without causing vasoconstriction
because of its low affinity for 5-HT;p receptors [8].
Representing a new class of migraine medications, lasmi-
ditan is believed to act both centrally and peripherally,
and developed as an acute therapy for migraine to ad-
dress significant unmet needs in patients with cardiovas-
cular risk factors, those with stable cardiovascular
disease, or patients who respond poorly to their current
treatment.

The U.S. Food and Drug Administration approved las-
miditan for the acute treatment for migraine with or
without aura in adults on 11 October 2019 [9]. Data
from phase II and III studies showed significant efficacy
and high incidence of treatment-emergent adverse reac-
tions (TEAEs) of this molecule versus placebo in acute
treatment for migraine. However, up to now, there was
no systematic review that examined the efficacy and tol-
erability of lasmiditan. Therefore, in this paper, we per-
formed this systematic review and meta-analysis to
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evaluate the safety and efficacy of lasmiditan in the treat-
ment of acute migraine attacks.

Methods

Literature search and inclusion criteria

Two reviewers (MH and HYX) independently searched
PubMed, Cochrane Library, Embase for articles by enter-
ing “migraine” or “headache” and “lasmiditan” or “COL-
144” or “LY573144” or “5-HTp receptor agonists” as
search terms. Then all articles and their reference lists
were examined to expand potentially relevant articles.
The bibliographic databases were searched from their re-
spective inception to Feb 1, 2020. The articles were in-
cluded in the meta-analysis if they met the following
criteria: (1) included patients were adults (18—65 years of
age) with migraine with or without aura which had been
diagnosed according to the International Headache Soci-
ety criteria (IHS) [10, 11]; (2) randomized controlled tri-
als (RCTs) evaluating the efficacy and safety of
lasmiditan for the acute treatment of migraine; (3) lasmi-
ditan and placebo in any formulation or in any dose as
treatment group and control group respectively; (4) rele-
vant indexes of the efficacy and safety of lasmiditan were
provided or could be calculated from original data in the
articles. Studies were excluded when one of the follow-
ing issues occurs: (1) subjects were animals; (2) interven-
tions were drug combinations; and (3) except for RCTs,
other types of trials such as cross-over designs, healthy
controlled trials and self-contrast trials. Disagreement
between two reviewers was settled by consensus or con-
sultation with a third author (JHC or LC).

Quality assessment of the included studies

The methodological quality of included studies was
assessed by two independent raters using Review Man-
ager Software version 5.3 (RevMan 5.3) provided by the
Cochrane Collaboration with a seven-item scale (random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting and
other bias) [12]. Each of the items involved assigning a
judgment of high, low, or unclear risk of material bias
with lower bias indicating better quality. Detailed criteria
for making judgments about the risk of bias from each
of the items in the tool are available in the Cochrane
Handbook [13]. Any discrepancies between two re-
viewers were discussed and settled by consensus or con-
sultation with a third reviewer (XFW or LC).

Statistical analysis

All extracted data syntheses were performed by RevMan
5.3 (Cochrane Collaboration, Oxford, England), and
overall effects and safety of lasmiditan for the treatment
of acute migraine were calculated by risk ratios (RRs)



Hou et al. The Journal of Headache and Pain (2020) 21:66

with 95% confidence intervals (CIs) with a fixed- or
random-effect model. The heterogeneity analyses were
conducted by using Chi-square test, I values smaller
than 50% indicate no significant heterogeneity, and are
acceptable. The fixed-effect model of analysis is then ap-
propriate. Otherwise, the random-effect model is consid-
ered [14, 15]. In addition, representative funnel plots
were not performed to detect publication bias of the
meta-analysis due to the small number of RCTs.

Results

Selection and inclusion of studies

The initial search strategy retrieved 218 articles whose
titles were screened for eligibility. One hundred forty-
five potentially relevant studies remained after removing
duplicates, then 139 reports were eliminated during ab-
stract screening, of which full-text assessment was con-
ducted on 6 studies. Lastly, a total of 4 RCTs involved in
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phase II — III (4960 participants) met the inclusion cri-
teria and were included in this review [16—19]. A flow
chart of the search strategy is shown in Fig. 1.

The baseline demographics did not differ widely
among the included studies. All studies included patients
with migraine classified by the IHS criteria as mentioned
in the inclusion criteria. A greater percentage of subjects
were female in both treatment groups: lasmiditan
(84.93+1.72) %, placebo (86.82 +2.34) %. All subjects
were older than 18 years, with a mean age of 42.07 years
in the lasmiditan group and 42.31 years in the placebo
group. Patients had experienced a mean of 5.0 migraines
per month in the lasmiditan group, and a mean of 5.1
migraines per month in the placebo group. Efficacy re-
sults were reported at primary endpoints of 2h in
placebo-controlled phase, and the safety were observed
until 24 or 48 h. Details of the study characteristics were
shown in Table 1.
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Page 4 of 12

66

(2020) 21

Hou et al. The Journal of Headache and Pain

e1IRID A131D0S BYdRPEIH [PUOIIRUIAIU| BYL SH/ ‘el Pa|[0Auod paziwopuey (DY

eigoydouoyd ‘eiqoydoloyd

90UsjoUWos pue ABIeyia| ‘easneu ‘B3SNBU SB YINS SaWO02IN0 AdBDIYS 6C7LFoT 611 6107

‘anBiey ‘eisauisaled ‘ssauizziq  JAYIO ‘93l S ‘924 uted By depest Bw 00z ‘001 05 L'¢+¢s VCFGS  8TLF LT '691/60€ ‘S¥S/001 L'ZLR UL SHE 1Dy ‘leuoneuniniy “e 33 14 AqspeoS
ejqoydouoyd ‘eiqoydoloyd

suoneudied pue ‘ABieyis| ‘easneu ‘e3SNBU SE UDNS SaUI0DIN0 AdeDIyd [81]810C

‘anbiiey ‘ersayisaled ‘ssouizzig 1310 ‘931 SGW ‘9314 uled aupepeay Bui 00z ‘001 L'c+Cs SLFLS  6LLFSLYL20L/TIT  €CLF YTy 'STs/ce  L'TLR 'L SHI 104 vsn “le 12 g eony
eigoydouoyd ‘eigoydoloyd
9DU3JOUWIOS pue OBIIaA ‘Basneu ‘e35Neu Se YoNs sawodIno Adediys

‘anbiey ‘eisauisaied ‘ssauizzig JaU10 ‘asuodsal aypepeay ‘934 Uled  Bu 00 007 ‘001 ‘05 LLFEE gLFLE O'LLF 0y 'L9T/8¢ €0LF S0V 'SL/LL LT 'LSHI 1Dy ‘leuoneuniniy - [£1] Z10Z “[e 1@ W BIPpHed
uonexeal jo bulpay  “eigoydouoyd ‘eiqoydoloyd ‘easneu

pue ‘ssaulAray JO UONBSUS Se JoNS $SaW0dIN0 Adediye Jaylo [91] 0107

‘anbney ‘eisayisaled ‘ssauizziq ‘921) uled pauleISNS ‘WOpPaal) Uled bw G-57 g€ ce '8¢ 'S//EL COP'8E/r  LTLR ULSH 1Y {euoneuniniy “le 13 QW UewS

leu |ou0D) [eu] |onuoD
(s1e3A) 26 URSW euLD ubisep Apnig
S3y31 1uanbaly ISOp y 7 18 S3W0IN0 Adediys Alewlid sasop bnig yauow Jad syoene auesbipy ‘(3]eWay/3)eW) JopuaD) !(s) uoned07 S|eyy papnpu|

SaIpPN1S papn|dul 9yl JO soisiisldeieyd) L o|qer



Hou et al. The Journal of Headache and Pain (2020) 21:66

Risk of bias and quality of the included studies

Four studies evaluating the efficacy and safety of las-
miditan for migraine were included [16-19], all of
which were randomized, double-blind, placebo-
controlled trials. Except that the other bias was un-
clear, all the reviewed trials clearly described adequate
random sequence generation and allocation conceal-
ment (eg. via the Interactive Response Technology
system), which were evaluated as “low” risk of bias.
Blinding of participants, investigators, and outcome
assessors was considered adequate in all studies.
Therefore, blinding of participants and personnel, and
blinding of outcome assessment in all trials were clas-
sified as having a low risk of bias. Furthermore, all
studies had a low risk of incomplete outcome data
and selective reporting because they provided the
conclusions in detail. Using the 7-item criteria in Rev-
Man 5.3, the assessment on risk of bias between both
reviewers showed an overall agreement. As presented
in Fig. 2, all trials identified as low risk of bias and
high-quality assessment material.
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Effectiveness of lasmiditan for the acute treatment of
migraine

Pain free and pain relief

All four trials (4209 and 4489 subjects, respectively) in-
cluded in this meta-analysis were evaluated for the pain
free and pain relief at 2 h. As shown in Fig. 3 and Fig. 4,
the significantly higher percentage of recipients treated
with lasmiditan achieved pain free and pain relief after
treatment compared with placebo (pain free: RR 1.71,
95% CI 1.55-1.87, P<0.00001; pain relief: RR 1.40, 95%
CI 1.33-1.47, P<0.00001). Notably, there were dose-
related improvements for patients who reported the pain
free and pain relief across the lasmiditan treatment
groups (pain free:<50 mg RR 1.19[0.57, 2.48], 50 mg RR
1.37[1.12, 1.68], 100 mg RR 1.63[1.40, 1.91], 200 mg RR
1.96[1.69, 2.27], 400 mg RR 3.77[1.60, 8.91]; pain relief:<
50mg RR 1.23[0.84, 1.80], 50 mg RR 1.27[1.14, 1.42],
100 mg RR 1.41[1.31, 1.53], 200 mg RR 1.42[1.31, 1.53],
400 mg RR 2.81[1.64, 4.80]). The I value (x> =15.96,
P =0.07, I =44%) on pain free and pain relief revealed
non-significant heterogeneity among the included trials.

Oher bias

Ferrari MD et al, 2010

Farkkila M et al, 2012

=~

Kuca B et al, 2018

Goadsby PJ et al, 2019

. . . . Allocation concealment (selection bias)

. . . ‘ Incomplete outcome data (attrition bias)
‘ . . ‘ Selective reporting (reporting bias)
~)

. ‘ ‘ . Blinding of participants and personnel (performance bias)

Fig. 2 Risk of bias for included trials
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Lasmiditan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
1.1.1 <50 mg
Ferrari MD et al, 2010 20 88 8 42 2.0% 1.19[0.57, 2.48] -1
Subtotal (95% Cl) 88 42 2.0% 1.19 [0.57, 2.48] >
Total events 20 8
Heterogeneity: Not applicable
Test for overall effect: Z = 0.47 (P = 0.64)
1.1.2 50 mg
Farkkila M et al, 2012 11 79 6 81 1.1% 1.88[0.73, 4.84] T
Goadsby PJ et al, 2019 159 556 115 540 21.8% 1.34[1.09, 1.65] =
Subtotal (95% Cl) 635 621 22.9% 1.37 [1.12, 1.68] ¢
Total events 170 121
Heterogeneity: Chi2 = 0.47, df = 1 (P = 0.50); I2= 0%
Test for overall effect: Z = 3.02 (P = 0.003)
1.1.3100 mg
Farkkila M et al, 2012 11 81 6 81 1.1% 1.83[0.71,4.72] —_
Kuca B et al, 2018 142 503 80 524 14.6% 1.85[1.45, 2.36] -
Goadsby PJ et al, 2019 167 532 115 540 21.3% 1.47 [1.20, 1.81] -
Subtotal (95% Cl) 1116 1145 37.0% 1.63 [1.40, 1.91] )
Total events 320 201
Heterogeneity: Chi2 =2.00, df =2 (P = 0.37); 12= 0%
Test for overall effect: Z =6.19 (P < 0.00001)
1.1.4 200 mg
Farkkila M et al, 2012 13 69 6 81 1.0% 2.54[1.02, 6.33] —
Kuca B et al, 2018 167 518 80 524 14.8% 2.11[1.67, 2.68] -
Goadsby PJ et al, 2019 205 528 115 540 21.2% 1.82[1.50, 2.21] -
Subtotal (95% Cl) 1115 1145 37.1% 1.96 [1.69, 2.27] )
Total events 385 201
Heterogeneity: Chi2=1.22, df =2 (P = 0.54); 12= 0%
Test for overall effect: Z = 8.87 (P < 0.00001)
1.1.5 400 mg
Farkkila M et al, 2012 19 68 6 81 1.0% 3.77 [1.60, 8.91] —_—
Subtotal (95% CI) 68 81 1.0% 3.77 [1.60, 8.91] D
Total events 19 6
Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)
Total (95% Cl) 3022 3034 100.0% 1.71 [1.55, 1.87] (]
Total events 914 537 } } } i
Heterogeneity: Chi2 = 15.96, df = 9 (P = 0.07); 12 = 44% 0.001 0.1 1 10 1000

Test for overall effect: Z = 11.22 (P < 0.00001)

\

Favours [Placebo] Favours [Lasmiditan]

Test for subgroup differences: Chiz = 12.29, df =4 (P = 0.02), 12 = 67.5%

Fig. 3 Meta-analysis of the pain free at 2 h after therapy with lasmiditan compared with placebo. The diamond indicates the estimated relative
risk with 95% confidence interval for the pooled patients. M-H, Mantel-Haenszel; Cl, confidence interval

However, there was some heterogeneity on pain relief
()(2 =24.26, P = 0.04, P = 63%), which could result from
the difference of evaluation criteria. Heterogeneity was
best resolved by excluding the study by Férkkild M et al
(x> =3.55, P =0.62, I = 0%) [17].

Global impression: very much/much better
All four trials (4489 subjects) included in this meta-
analysis were evaluated for the global impression (very

much/much better) at 2h. The overall RR after treat-
ment favored lasmiditan over placebo (RR 1.55, 95% CI
1.44-1.67, P<0.00001, Fig. 5), which also had some dose-
effect relation (<50 mg: RR 1.51[0.89, 2.58], 50 mg: RR
1.32[1.12, 1.55], 100 mg: RR 1.60[1.42, 1.81], 200 mg: RR
1.62[1.43, 1.82], 400 mg: RR 2.11[1.16, 3.84]). Further-
more, the I value (x>=9.23, P=042, I’=2%) on the
global impression revealed a non-significant heterogen-
eity among the included trials.
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Lasmiditan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
1.2.1 <50 mg
Ferrari MD et al, 2010 49 88 19 42 1.9% 1.23[0.84, 1.80] o i
Subtotal (95% Cl) 88 42 1.9% 1.23 [0.84, 1.80]
Total events 49 19
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.29)
1.2.2 50 mg
Farkkila M et al, 2012 26 79 14 81 1.0% 1.90[1.08, 3.37]
Goadsby PJ et al, 2019 353 598 274 576  20.3% 1.24 [1.11, 1.38] =
Subtotal (95% Cl) 677 657 21.3% 1.27 [1.14, 1.42] (]
Total events 379 288
Heterogeneity: Chi?=2.12, df =1 (P = 0.15); 12 = 53%
Test for overall effect: Z =4.39 (P < 0.0001)
1.2.3100 mg
Farkkila M et al, 2012 36 81 14 81 1.0% 2.57 [1.51, 4.39] —
Kuca B et al, 2018 334 562 234 554 17.2% 1.41[1.25, 1.58] =
Goadsby PJ et al, 2019 370 571 274 576 19.9% 1.36 [1.23, 1.51] n
Subtotal (95% Cl) 1214 1211 38.1% 1.41 [1.31, 1.53] ()
Total events 740 522
Heterogeneity: Chi? = 5.30, df =2 (P = 0.07); 1= 62%
Test for overall effect: Z = 8.69 (P < 0.00001)
1.2.4 200 mg
Farkkila M et al, 2012 33 69 14 81 0.9% 2.77[1.62,4.73] —
Kuca B et al, 2018 330 555 234 554 17.1% 1.41[1.25, 1.59] -
Goadsby PJ et al, 2019 367 565 274 576 19.8% 1.37[1.23, 1.52] n
Subtotal (95% Cl) 1189 1211 37.8% 1.42 [1.31,1.53] ]
Total events 730 522
Heterogeneity: Chi? = 6.49, df =2 (P = 0.04); 12 = 69%
Test for overall effect: Z = 8.77 (P < 0.00001)
1.2.5 400 mg
Farkkila M et al, 2012 33 68 14 81 0.9% 2.81[1.64, 4.80] —_
Subtotal (95% Cl) 68 81 0.9% 2.81[1.64, 4.80] &
Total events 33 14
Heterogeneity: Not applicable
Test for overall effect: Z = 3.78 (P = 0.0002)
Total (95% Cl) 3236 3202 100.0% 1.40 [1.33, 1.47] |
Total events 1931 1365 ) ) ) )
Heterogeneity: Chi? = 24.26, df = 9 (P = 0.004); |12 = 63% 0.001 0:1 10 1000
Test for overall effect: Z = 13.44 (P < 0.00001) Favours [Placebo] Favours [Lasmiditan]
Test for subgroup differences: Chi2 = 10.09, df =4 (P = 0.04), 12=60.4%
Fig. 4 Meta-analysis of the pain relief at 2 h after therapy with lasmiditan compared with placebo. The diamond indicates the estimated relative
risk with 95% confidence interval for the pooled patients. M-H, Mantel-Haenszel; Cl, confidence interval

No/mild disability

Safety of lasmiditan for the acute treatment of migraine

Three trials with a total of 4111 subjects included in this
meta-analysis were evaluated for the no/mild disability
at 2 h. As showed in Fig. 6, lasmiditan also showed bene-
fits over placebo at 2 h in terms of the proportion of the
no/mild disability patients (RR 1.15, 95% CI 1.10-1.20,
P<0.00001). The I value (x*=4.23, P=0.52, > =0%) on
the no/mild disability revealed a non-significant hetero-
geneity among the included trials.

Total TEAEs

After the first dose for 24 or 48 h, more TEAEs were re-
ported in the lasmiditan group than in the placebo group,
with a statistically significant risk ratio of 2.77 (95% CI
2.53-3.03, P<0.00001). Total TEAEs rate of all subgroup
also had proved this dose-response relationship for the
treatment of migraine (50 mg: RR 2.33[1.88, 2.89], 100 mg:
RR 2.66[2.30, 3.07], 200: mg RR: 3.01[2.61, 3.48], 400 mg:
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Lasmiditan Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
1.3.1 <50 mg
Ferrari MD et al, 2010 38 88 12 42 2.0% 1.51[0.89, 2.58] | B
Subtotal (95% ClI) 88 42 2.0% 1.51 [0.89, 2.58] >
Total events 38 12
Heterogeneity: Not applicable
Test for overall effect: Z=1.51 (P = 0.13)
1.3.250 mg
Farkkila M et al, 2012 18 79 13 81 1.6% 1.42[0.75, 2.70] -
Goadsby PJ et al, 2019 219 598 161 576  20.7% 1.31[1.11, 1.55] =
Subtotal (95% Cl) 677 657 22.3% 1.32 [1.12, 1.55] ¢
Total events 237 174
Heterogeneity: Chi2 = 0.06, df =1 (P =0.81); I?= 0%
Test for overall effect: Z = 3.32 (P = 0.0009)
1.3.3100 mg
Farkkila M et al, 2012 29 81 13 81 1.6% 2.23[1.25, 3.97] —r
Kuca B et al, 2018 209 562 121 554 15.4% 1.70 [1.41, 2.06] -
Goadsby PJ et al, 2019 235 571 161 576  20.2% 1.47 [1.25, 1.73] -
Subtotal (95% ClI) 1214 1211 37.2% 1.60 [1.42, 1.81] (]
Total events 473 295
Heterogeneity: Chi? = 2.67, df =2 (P = 0.26); |12 = 25%
Test for overall effect: Z = 7.59 (P < 0.00001)
1.3.4 200 mg
Farkkila M et al, 2012 19 69 13 81 1.5% 1.72[0.92, 3.22] —
Kuca B et al, 2018 210 555 121 554 15.3% 1.73[1.43, 2.10] -
Goadsby PJ et al, 2019 240 565 161 576  20.1% 1.52[1.29, 1.79] -
Subtotal (95% Cl) 1189 1211 36.9% 1.62 [1.43, 1.82] (]
Total events 469 295
Heterogeneity: Chi? = 1.10, df = 2 (P = 0.58); 12 = 0%
Test for overall effect: Z=7.75 (P < 0.00001)
1.3.5 400 mg
Farkkila M et al, 2012 23 68 13 81 1.5% 2.11[1.16, 3.84] —_—
Subtotal (95% Cl) 68 81 1.5% 2.11[1.16, 3.84] &
Total events 23 13
Heterogeneity: Not applicable
Test for overall effect: Z = 2.44 (P =0.01)
Total (95% Cl) 3236 3202 100.0% 1.55 [1.44, 1.67] {
Total events 1240 789 b ; ' |
Heterogeneity: Chi? = 9.23, df = 9 (P = 0.42); 12=2% 0.001 0.1 1 10 1000
Test for overall effect: Z = 11.50 (P < 0.00001) Favours [Placebo] Favours [Lasmiditan]
Test for subgroup differences: Chi? = 5.54, df =4 (P = 0.24), I12= 27.8%

Fig. 5 Meta-analysis of the global impression (very much/much better) at 2 h after therapy with lasmiditan compared with placebo. The diamond

indicates the estimated relative risk with 95% confidence interval for the pooled patients. M-H, Mantel-Haenszel; ClI, confidence interval

RR 3.82[2.53, 5.75]) (See Additional file 1: Figure S1). Stat-
istical heterogeneity was significant (x> =17.33, P =0.03,
P = 54%), which was improved when the study by Kuca B
et al was removed ()(2 =10.17, P=0.12, P = 41%) [18].

Main TEAEs

The most frequently reported TEAEs in migraine with
lasmiditan were associated with the CNS, which in-
cluded dizziness, nausea, fatigue, paraesthesia and som-
nolence. As shown in Table 2, there were obvious

differences between lasmiditan and placebo group in
these TEAEs (dizziness: RR 5.81, 95% CI 4.72-7.14, P<
0.00001 (See Additional file 1: Figure S2); nausea: RR
2.58, 95% CI 1.87-3.57, P<0.00001 (See Additional file 1:
Figure S3); fatigue: RR 5.38, 95% CI 3.78-7.66, P<
0.00001 (See Additional file 1: Figure S4); paraesthesia:
RR 4.48, 95% CI 3.33-6.02, P<0.00001 (See Additional
file 1: Figure S5); somnolence: RR 2.82, 95% CI 2.18-
3.66, P<0.00001 (See Additional file 1: Figure S6)). Fur-
thermore, the increased risk appeared to be mostly dose-
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Lasmiditan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI _M-H, Fixed, 95% CI
1.4.1 <50 mg
Ferrari MD et al, 2010 46 88 21 42 1.9% 1.05[0.73, 1.50] I
Subtotal (95% CI) 88 42 1.9% 1.05 [0.73, 1.50] 0
Total events 46 21
Heterogeneity: Not applicable
Test for overall effect: Z=0.24 (P = 0.81)
1.4.1 50 mg
Goadsby PJ et al, 2019 352 598 304 576 20.7% 1.12[1.01, 1.24] =
Subtotal (95% ClI) 598 576 20.7% 1.12[1.01, 1.24] (]
Total events 352 304
Heterogeneity: Not applicable
Test for overall effect: Z=2.09 (P = 0.04)
1.4.2100 mg
Kuca B et al, 2018 318 562 275 554 18.5% 1.14[1.02, 1.27] =
Goadsby PJ et al, 2019 370 571 304 576 20.3% 1.23[1.11, 1.35]
Subtotal (95% CI) 1133 1130 38.8% 1.19 [1.10, 1.28] )
Total events 688 579
Heterogeneity: Chi?=0.97, df =1 (P =0.32); I?= 0%
Test for overall effect: Z = 4.54 (P < 0.00001)
1.4.3 200 mg
Kuca B et al, 2018 295 555 275 554 18.4% 1.07 [0.95, 1.20] =
Goadsby PJ et al, 2019 354 565 304 576 20.2% 1.19[1.07, 1.31] =
Subtotal (95% Cl) 1120 1130 38.6% 1.13 [1.05, 1.22] )
Total events 649 579
Heterogeneity: Chi?2 = 1.77, df =1 (P = 0.18); 12 = 44%
Test for overall effect: Z = 3.21 (P = 0.001)
Total (95% CI) 2939 2878 100.0% 1.15[1.10, 1.20] |
Total events 1735 1483 ! ' ' |
Heterogeneity: Chi? = 4.23, df = 5 (P = 0.52); I? = 0% 0.001 0.1 1 10 1000
Test for overall effect: Z = 5.81 (P < 0.00001) Favours [Placebo] Favours [Lasmiditan]
Test for subgroup differences: Chi2 = 1.45, df = 3 (P = 0.69), I? = 0%
Fig. 6 Meta-analysis of the disability (no/mild) at 2 h after therapy with lasmiditan compared with placebo. The diamond indicates the estimated
relative risk with 95% confidence interval for the pooled patients. M-H, Mantel-Haenszel; Cl, confidence interval

related. Majority I° value revealed a non-significant het-
erogeneity among the included studies except dizziness
(x*=7.69, P=0.10, I’ = 48%), which was resolved by ex-
cluding the studies by Ferrari MD et al [16] and Fdirk-
kild M et al [17].

Discussion

With the growing knowledge of the pathogenesis on mi-
graine, the expression of 5-HT ¢ receptor mRNA in neu-
rons of the trigeminal ganglia led to the suggestion that
5-HT ¢ receptors could be a therapeutic target for mi-
graine [20]. As expected, it became the potential new
class of anti-migraine therapy with no vascular activity
and the related issues on the vascular and neuronal as-
pects of migraine pathogenesis. So far two selective 5-
HTi ¢ agonists, LY334370 and lasmiditan, have been
studied in clinical trials for the acute treatment of mi-
graine. LY334370 was efficient with a much higher rate

of asthenia, dizziness, somnolence, and parestesia than
placebo for attenuating migraine attacks through select-
ive trigeminovascular neuronal inhibition [21]. Unfortu-
nately, the LY334370 project withdrew because of
toxicity in animals [22]. Admittedly, the efficacy of
LY334370 and lasmiditan also proved that vasoconstric-
tion was not essential for anti-migraine therapy.

The U.S. FDA approval was based on positive results
from two pivotal phase III trials (SAMURAI and SPAR-
TAN), in which lasmiditan signifcantly improved the
proportions of patients achieving freedom from head-
ache pain and freedom from the most bothersome
symptoms (photophobia, phonophobia or nausea) com-
pared with placebo [9]. The current study is the first
meta-analysis, to the best of our knowledge, to evaluate
the efficacy and safety of lasmiditan for the treatment of
acute migraine attacks. The results suggested the use of
lasmiditan (daily doses from <50 mg to 400 mg) for
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Table 2 Comparison of main TEAEs between different doses of lasmiditan and placebo

Outcome or Subgroup Studies Participants Risk Ratio (M-H, Fixed, 95% Cl) P P
Dizziness 4 7125 581 [4.72,7.14] <0.00001 67%
<50mg 1 130 1.75[0.77, 3.99] 0.18 /

50mg 2 1467 4.55 [2.70, 7.67] <0.00001 70%
100mg 3 2695 5.75 [4.10, 8.06] <0.00001 69%
200mg 3 2677 6.59 [4.72, 9.21] <0.00001 57%
400 mg 1 156 64.94 [4.03, 1047.06) 0.003 /
Nausea 3 6995 2.58 [1.87, 3.57] <0.00001 0%
50mg 2 1467 263 [1.20, 5.75] 045 0%
100 mg 3 2695 237 (142,394 0.0009 41%
200mg 3 2677 2.54 [1.54,4.21] 0.0003 0%
400 mg 1 156 1348 [0.76, 239.65] 0.08 /
Fatigue 4 7125 538 [3.78, 7.66] <0.00001 29%
<50mg 1 130 1.19 [040, 3.58] 0.75 /
50mg 2 1467 352162, 7.64] 0.001 0%
100 mg 3 2695 6.99 [3.62, 13.48] <0.00001 0%
200mg 3 2677 6.77 [3.51,13.07] <0.00001 0%
400 mg 1 156 9.83 [2.34, 41.31] 0.002 /
Paraesthesia 4 7125 448 (333, 6.02] <0.00001 13%
<50mg 1 130 20.78 [1.29, 334.92] 0.03 /
50mg 2 1467 2.24[0.98, 5.14] 0.06 0%
100 mg 3 2695 3.90 [243, 6.26] <0.00001 21%
200mg 3 2677 503 [3.17, 7.99] <0.00001 0%
400 mg 1 156 8.60 [2.02, 36.58] 0.004 /
Somnolence 3 6995 282 [2.18,3.66] <0.00001 0%
50mg 2 1467 2.86 [1.60, 5.09] 0.04 0%
100 mg 3 2695 259 [1.70, 3.95] <0.00001 0%
200 mg 3 2677 292 [1.92, 442] <0.00001 0%
400 mg 1 156 491 [1.08, 22.40] 0.0004 /

patients who had at least a 1-year history of disabling
migraine with or without aura was associated with sig-
nificantly more pain freedom and pain relief at 2 h. Fur-
thermore, lasmiditan also showed benefits over placebo
at 2h in terms of the proportion of patients in global
impression of change ratings and disability level ratings.
The findings of this systematic review confirmed that
lasmiditan was superior to placebo in relieving migraine,
however, as feared earlier, there was some concern about
the relatively high incidence of CNS-related AEs (espe-
cially dizziness, nausea, and fatigue) as the published re-
views discussing by Peer C et al [23] and David K et al
[24]. The CNS-related AEs were reported in all included
studies, and remarkably increased with increasing doses
compared with placebo. Most adverse events affected
the CNS probably due to the drugs lipophilic structure
which leads to high permeability through the blood
brain barrier [25], which prompted that the future

development of 5-HT;r agonists could give more atten-
tion to the safety profile.

For the long-term efficacy and safety of lasmiditan, a
phase III GLADIATOR study involved patients who had
completed SPARTAN or SAMURALI [26], and received
lasmiditan 100 mg or 200 mg to be used as their frst
treatment (within 4h of pain onset) for every new mi-
graine attack with moderate to severe pain. The interim
safety and efficacy results were consistent with the previ-
ous researches, which showed a benefit of lasmiditan for
reducing both the headache pain and most bothersome
symptoms of migraine attacks. It is interesting to note
that TEAEs over time generally showed a decrease in
the incidence of these events with subsequent treated
migraine attacks, and no new serious safety findings
were observed, with no deaths occurring and no other
trends with regard to serious AEs reported during treat-
ment with lasmiditan for up to 1 year. Despite the most
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frequently reported TEAEs were associated with the
CNS, there were no serious accidents or injuries result-
ing from a CNS-related AEs during long-term intermit-
tent treatment. Further research should be needed to
support these results, and verify the efficacy and safety
of lasmiditan.

Compared to previous studies [27, 28] aimed to
summarize the evidence on lasmiditan for the acute
treatment of migraine, this study provided a systematic
and more detailed assessment on the efficacy and safety
of lasmiditan. Indeed, this first meta-analysis covered a
greater number of studies and larger sample size to ob-
tain more precise estimates on the efficacy and safety.
The results showed some new valuable information
about lasmiditan. First, we proved that lasmiditan (daily
doses from <50 mg to 400 mg) was effective for the acute
treatment migraine with some dose-effect relationship.
Then, we analyzed the safety profile of lasmiditan by
comparing TEAEs across different doses, which ap-
peared to be mostly dose-related in the increased risk.
These more detailed findings will provide some refer-
ences for clinical application of lasmiditan, specially for
the subpopulation of patients with relative risk factors
and/or disease.

Limitations

While this review was systematic and comprehensive,
several limitations should be taken into account. First,
although a total of 4960 participants were included in
our meta-analysis, it was based on only four RCTs. That
funnel plots were not performed to detect publication
bias of the meta-analysis due to the small number of
RCTs. However, all of these four trials were multicenter
and high-quality RCTs. Second, the definitional standard
of some efficacy and safety indicators were various and
resulted in some heterogeneity in this meta-analysis,
such as headache pain relief when defined as a reduction
of moderate or severe pain to mild or no pain in Fark-
kild M et al study [17], however, also included a reduc-
tion in headache severity from mild at baseline to none
in Kuca B et al and Goadsby PJ et al trials [18, 19].
Third, this meta-analysis only focused on the short-term
pain responses and side effects after a single dose during
clinical trials and neglected the long-term efficacy and
safety due to the limited data. The long-term efficacy
and safety of lasmiditan remains unknown and needs to
be validated following continued dosing. Furthermore,
the safety evaluation period was not completely consist-
ent in our included studies, ranging from 24 h to 48h,
which might contribute to heterogeneity. Fourth, an-
other interesting aspect is the efficacy and tolerability of
lasmiditan in patients with cardiovascular contraindica-
tions to triptans. However, the subgroup analysis was
not performed due to the limited number of patients
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with pre-existing cardiovascular conditions in these in-
cluded studies.

Conclusions

This meta-analysis suggested that lasmiditan are effect-
ive for the acute treatment of migraine, however, with a
higher incidence of CNS-related adverse reactions com-
pared with placebo. It is critical to weigh the benefits
against the risk of AEs in clinical application of lasmidi-
tan. More long-term, open-label, multi-dose trials with
larger sample sizes are needed before a definitive conclu-
sion about the efficacy and safety of lasmiditan for mi-
graine in the future.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/510194-020-01138-x.

Additional file 1: Meta-analysis of the total TEAEs and main AEs after
therapy with lasmiditan compared with placebo. Figure S1, total TEAEs;
Figure S2, dizziness; Figure S3, nausea; Figure S4, fatigue; Figure S5,
paraesthesia; Figure S6, somnolence. The diamond indicates the
estimated relative risk with 95% confidence interval for the pooled
patients. M-H, Mantel-Haenszel; Cl, confidence interval.
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