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Abstract

Objective Calcitonin gene-related peptide (CGRP) receptor antagonists have been suggested as novel treatments for acute
migraine. This study aimed to use meta-analysis to compare the safety and tolerability of five existing oral CGRP receptor
antagonists (BI44370TA, MK-3207, rimegepant, telcagepant, and ubrogepant) with that of a placebo or triptans against
acute migraine.

Methods Five prominent databases were searched to identify randomized controlled trials on this topic. The primary safety
outcomes of interest were any adverse events (AEs) and treatment-related adverse events (TRAEs), and secondary outcomes
were individual events, namely diarrhea, dizziness, dry mouth, fatigue, nausea, paresthesia, somnolence, upper abdominal
pain, and vomiting.

Results Fifteen studies met the eligibility criteria and were examined in detail. Although, compared to placebo, oral CGRP
receptor antagonists significantly increased the incidence of any AEs (risk ratio [RR]=1.15; 95% confidence interval
[CI]=1.07-1.23), there was no difference in the incidence of TRAEs (RR=1.18; 95% CI=1.00-1.38). Moreover, CGRP
receptor antagonists were safer than triptans with respect to primary safety outcomes, such as any AEs (RR=0.78; 95%
CI=0.63-0.98) and TRAEs (RR =0.68; 95% CI=0.58-0.79).

Conclusion Despite oral CGRP receptor antagonists posing a significantly higher risk of AEs when compared to placebo,
CGREP receptor antagonists have a favorable safety profile compared to triptans. Our findings inform strategies to enhance
safety and tolerability in the treatment of acute migraine.
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Introduction

Key points
o Oral CGRP receptor antagonists increase the risk of any adverse

. : . Migraine is a chronic neurological disorder and a leadin
events compared to placebo, while no difference was found in g g g

the incidence of treatment-related adverse events between oral
CGRP receptor antagonists and placebo.

o Oral CGRP receptor antagonists are safer than triptans in
terms of any adverse events, treatment-related adverse events,
dizziness, dry mouth, fatigue, paresthesia, and somnolence.

o Although the safety profile for ubrogepant is more favorable than
that of triptans, more stringent safety monitoring is required in
patients treated with 100 mg of ubrogepant.
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cause of suffering and disability at national and global levels
[1]. It has been reported to have a prevalence rate of up to
15% in the adult population, and is largely concentrated in
healthy young and middle-aged people, particularly women
[2]. It is characterized by episodic and severe headaches
associated with nausea, photophobia, and/or phonophobia
[3-5]. Migraine remains an important public health problem
that is more common and burdensome for women.
Analgesics and triptans (5-hydroxytryptamine, g, , receptor
agonists) are used as standard treatments for acute migraine
[6]. Although triptans have been recognized as the current first-
line prescribed therapy for acute migraine, their contraindi-
cation in an increasing number of patients with co-existing
cardiovascular diseases is a major concern [7]. Triptans are
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not always appropriate for management of acute migraine, they
have a high incidence of adverse events (AEs), and more toler-
able treatment is sometimes needed.

Calcitonin gene-related peptide (CGRP) receptor antago-
nists, also called gepants, are emerging as promising, new
agents for the management of acute migraine [6]. To the
best of our knowledge, five oral CGRP receptor antago-
nists (BI44370TA, MK-3207, rimegepant, telcagepant, and
ubrogepant) have been studied. Ubrogepant (MK-1602)
and rimegepant (BMS-927711; BHV-3000) were approved
for the treatment of acute migraine by the Food and Drug
Administration (FDA) in December 2019 and February
2020, respectively [8]. While rimegepant and atogepant
were approved for the prevention of migraine by the FDA
in 2021 [9].

Several randomized controlled trials (RCTs) have been
undertaken to examine the clinical efficacy and/or safety of
individual oral CGRP receptor antagonists. Based on these
studies, a number of systematic reviews and meta-analyses
of the efficacy and/or safety of oral CGRP receptor antago-
nists have been performed. To date, 13 meta-analyses have
been published to assess the comparative efficacy and/or
safety of oral CGRP receptor antagonists versus placebo or
triptans in acute migraine treatment [10-22]. A previous
meta-analysis demonstrated that oral CGRP receptor antago-
nists are more effective than placebo, but less effective than
triptans against acute migraine [19]. With regard to safety,
the incidence of AEs, such as nausea, somnolence, and dry
mouth, have partially been reported in association with
rimegepant, telcagepant, and ubrogepant [23—-25]. However,
the safety and tolerability of oral CGRP receptor antagonists
has not been sufficiently compared with placebo or triptans.
Although five meta-analyses have examined the safety of
individual CGRP receptor antagonists, these have consid-
ered only one or two agents at a time, with none examining
safety and tolerability across all available treatments. Fur-
thermore, previous studies have not considered safety and
tolerability data that has been reported very recently on the
FDA-approved oral CGRP receptor antagonists, rimegepant
and ubrogepant.

The aim of this study was to compare the safety and toler-
ability of all five oral CGRP receptor antagonists with that
of a placebo and triptans against acute migraine. We consid-
ered all existing RCTs on five oral CGRP receptor antago-
nists (BI44370TA, MK-3207, rimegepant, telcagepant, and
ubrogepant). In this comparative study, the primary outcomes
of interest were AEs and treatment-related adverse events
(TRAES), and secondary outcomes were individual events,
namely diarrhea, dizziness, dry mouth, fatigue, nausea, pares-
thesia, somnolence, upper abdominal pain, and vomiting. In
addition, the clinical safety of each ubrogepant dose group (1,
10, 25, 50, and 100 mg) was compared with that of placebo.
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Methods
Literature search

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. A literature search was conducted to
identify RCT that compared the clinical safety and tolerabil-
ity of the aforementioned oral CGRP receptor antagonists to
placebo or triptans in acute migraine treatment using the fol-
lowing databases: PubMed, Cochrane Library, Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
ClinicalTrials.gov, and World Health Organization Inter-
national Clinical Trials Registry Platform (WHO-ICTRP).
Databases were searched from inception to August 20, 2021.
The search query is presented in Supplemental Table S1.

Inclusion and exclusion criteria

Two independent investigators screened the studies identi-
fied and made decisions on their eligibility for inclusion in
this research. Based on the PICO (participants, intervention,
comparison, outcomes) framework, inclusion criteria were as
follows: (a) adult patients aged 18 years or older, (b) patients
diagnosed with migraine with or without aura, as defined by
the International Headache Society criteria, (c) treatment inter-
vention for acute migraine, and (d) comparisons of safety, tol-
erability, or AEs of oral CGRP receptor antagonist to placebo
or triptan. A study was excluded if it was (a) for preventive
treatment of migraine, (b) a phase I or open-label trial, (c) a
clinical trial with incomplete or withdrawn data, (d) a clinical
trial with no placebo or control group, and (e) a clinical trial
with no results. Any disagreement between investigators on
the eligibility of a study was resolved by discussion and, in
cases of continued disagreement, by consulting a third party.
The search strategy was used to extract titles and abstracts of
relevant studies published in English, with no restrictions on
publication dates. Duplicate records were removed following a
review of the titles and abstracts, and full texts of the selected
articles were then retrieved for further examination. Identified
citations were tabulated in a Microsoft Excel 2019 spreadsheet,
and full-text articles were retrieved. All articles were appraised
for inclusion according to the pre-specified inclusion/exclusion
criterion. The final set of articles qualified for meta-analysis
were then subjected to quality scoring and data extraction by
the primary investigators. A PRISMA flow chart was con-
structed to visually describe the selection process (Fig. 1).

Data extraction and risk of bias assessment

A standardized data extraction form was designed based on the
Cochrane Handbook for Systematic Reviews of Interventions.
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Information on patient demographics, study design, oral CGRP
receptor antagonists used, type of comparator (placebo and/
or triptans), and safety outcome measures was extracted for
each study. Primary safety outcomes were AEs and TRAEs.
Secondary safety outcomes were individual events, namely
diarrhea, dizziness, dry mouth, fatigue, nausea, paresthesia,
somnolence, upper abdominal pain, and vomiting. Data extrac-
tion was performed independently by two investigators with a
third supervising the process.

Two reviewers independently assessed the risk of bias asso-
ciated with each included study using the Cochrane Handbook’s
Risk of Bias assessment tool and resolved disagreements by
discussion and further consultation if necessary. Studies were
assessed based on the following six methodological aspects:
random sequence generation and allocation concealment (to
examine selection bias), blinding of participants and personnel
(to examine performance bias), blinding of outcome assess-
ment (to examine detection bias), outcome data completeness

(to examine attrition bias), extent of selective reporting (to
examine reporting bias), and other biases.

Data analysis and statistical assessment

The clinical safety and tolerability of oral CGRP receptor
antagonists was compared to placebo across study par-
ticipants. In addition, the clinical safety and tolerability of
oral CGRP receptor antagonists was compared to triptans
as active controls across study participants. Furthermore,
the clinical safety and tolerability of the FDA-approved oral
CGRP receptor antagonists, rimegepant and ubrogepant, was
compared to placebo.

All dichotomous data were reported as the risk ratio (RR)
with 95% confidence interval (CI), and p values were two-
tailed, with statistical significance set at 0.05. The chi-square
(%) test was used to assess statistical heterogeneity among
studies, including this meta-analysis, and I* statistics were
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used to quantify heterogeneity. A fixed-effects model was
applied for all variables with I> < 50%, which was defined
as significant heterogeneity among the studies; otherwise, a
random-effects model was used to calculate the pooled effect
values in the presence of significant heterogeneity. All meta-
analyses were conducted with Review Manager, version 5.4
(RevMan, The Nordic Cochrane Center, The Cochrane Col-
laboration, Copenhagen, Denmark), using a two-tailed test
of significance (p <0.05). The risk of bias (ROB) tool was
used for quality assessment in each study with results plotted
using Review Manager 5.4 software.

Results
Study selection

A total of 666 studies were initially identified from elec-
tronic databases. After removing 288 duplicates, screening
against titles and abstracts excluded 302 references, as the
content was unrelated to this review. The full text of the
remaining 76 references was evaluated for eligibility, and
61 references were excluded. Finally, a total of 15 studies
including 14 full-text publications and one unpublished
study (ubrogepant, NCT01657370) were selected for the
present meta-analysis [24-38]. Figure 1 presents a flow dia-
gram of the literature search.

Study characteristics and risk of bias assessment

The characteristics of the included studies are summarized in
Table 1. The included studies were published between 2007
and 2019. Seven studies were phase Il trials, and the remain-
ing eight were phase III trials. There were 13,270 patients
involved across the 15 studies: the pooled oral CGRP receptor
antagonist group included 8,240 patients, the pooled placebo
group included 4,253 patients, and the pooled triptan group
included 777 patients. One study examined BI44370TA treat-
ment, one study examined MK-3207 treatment, three studies
examined rimegepant treatment, six studies examined tel-
cagepant treatment, and four studies examined ubrogepant
treatment. The overall quality of the trials examined was
good, and their designs were similar. The risk of bias across
the trials is shown in Supplementary Fig. S1. Most studies
had a low risk of bias, with one trial having an unclear risk
of bias [34].

Oral CGRP receptor antagonists versus placebo

The CGRP receptor antagonist group, consisting of five oral
CGRP receptor antagonists (BI44370TA, MK-3207, rimegepant,
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telcagepant, and ubrogepant), showed a significantly higher risk
of any AEs and fatigue, nausea, and somnolence than the pla-
cebo group did. There was no significant difference between the
oral CGRP receptor antagonists and placebo in the incidence
of TRAESs, diarrhea, dizziness, dry mouth, paresthesia, upper
abdominal pain, and vomiting.

Primary safety outcomes were reported in 12 studies for
any AEs and in 8 studies for TRAEs. The results of any
AEs and TRAEs associated with exposure to oral CGRP
receptor antagonists versus placebo are presented in Fig. 2.
The overall RR of any AEs was 1.15 (95% CI=1.07-1.23,
p=0.0001), and heterogeneity was low (y>*=4.99; I’ =0%;
p=0.93). The overall RR of TRAEs was 1.18 (95%
CI=1.00-1.38, p=0.05), and heterogeneity was low
()(2 =531; P=0%: p=0.62). Funnel plots were generated
to assess for publication bias associated with primary safety
outcomes when comparing oral CGPR receptor antagonists
and placebo groups, but no apparent trend was observed
(Supplementary Fig. S2). The result did not change during
a sensitivity analysis, after omitting any individual study
from the meta-analysis (Supplementary Fig. S3). Of the
oral CGRP receptor antagonists, telcagepant was associated
with the lowest risk of any AEs occurring (RR=1.11, 95%
CI=1.02-1.21, p=0.02), whereas MK-3207 was associated
with the highest risk of any AEs occurring (RR=1.41,95%
CI=0.99-2.03, p=0.06), although MK-3207 results were
only informed by a single trial.

The results of secondary safety outcomes (diarrhea, diz-
ziness, dry mouth, fatigue, nausea, paresthesia, somnolence,
upper abdominal pain, and vomiting) associated with expo-
sure to oral CGRP receptor antagonists versus placebo are
presented in Supplementary Fig. S4. Overall, oral CGRP
receptor antagonists were significantly associated with an
increased risk of fatigue, nausea, and somnolence. The overall
RR of fatigue from 9 studies was 1.52 (95% CI=1.14-2.03,
p=0.004), and heterogeneity was low (y>*=4.22; I’=0%;
p=0.84). The overall RR of nausea in 14 studies was 1.27
(95% CI=1.04-1.56, p=0.02), and heterogeneity was low
(¢*=12.19; P=0%; p=0.51). The overall RR of somnolence
from 7 studies consisting of only telcagepant and ubrogepant
was 1.59 (95% CI=1.18-2.16, p=0.003), and heterogeneity
was low ()(2 =7.82: FP=23%: p=0.25). Funnel plots associ-
ated with secondary safety outcomes when comparing oral
CGRP receptor antagonists and placebo groups were asym-
metrical, indicating the presence of bias due to heterogeneity
among the included studies (Supplementary Fig. S5).

Oral CGRP receptor antagonists versus triptans

The CGRP receptor antagonist group, consisting of five oral
CGRP receptor antagonists (BI44370TA, MK-3207, rimege-
pant, telcagepant, and ubrogepant), showed a significantly
lower risk of any AEs, TRAE:s, dizziness, dry mouth, fatigue,
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Table 1 Characteristics of studies included in the meta-analysis of oral CGRP antagonists for treatment of acute migraine

gﬁ\a!—mgeﬁ}g! Author, year Intervention Control Phase Safety outcome
Drug Dose (mg) Placebo Active
Diener et al. 2010 BI44370TA 50, 200, 400 pc Eletriptan 2 Any AEs, TRAEs
40 mg Diarrhea, dizziness, fatigue, nausea,
vomiting
Hewitt et al. 2011 MK-3207 2.5, 5,10, 20, 50, 100, 200 pc None 2 Any AEs, TRAEs
Dizziness, dry mouth, fatigue, nausea,
vomiting
Croop et al. 2019  Rimegepant 75 pc None 3 Any AEs, TRAEs
Dizziness, nausea
Lipton et al. 2019 Rimegepant 75 pc None 3 Any AEs
Nausea
Marcus et al. 2014 Rimegepant 10, 25, 75 150, 300, 600 pc Sumatriptan 2 Diarrhea, dizziness, nausea,
100 mg paresthesia, vomiting
Connor et al. 2009 Telcagepant 50, 140 (150), 280 (300) pc None 3 Any AEs

Dizziness, dry mouth, fatigue,
nausea, paresthesia, somnolence,
upper abdominal pain, vomiting

Connor et al. 2010 Telcagepant 280 (300) None Rizatriptan 3 Any AEs, TRAEs
10 mg Diarrhea, dizziness, dry mouth,
fatigue, nausea, paresthesia,
somnolence, upper abdominal
pain, vomiting
Hewitt et al. 2011  Telcagepant 280 (300) pc None 2 Any AEs, TRAEs

Dizziness, dry mouth, fatigue,

nausea, somnolence

Ho et al. 2008 Telcagepant 25, 50, 100, 200, 280 (300), 400, pc Rizatriptan 2 Any AEs, TRAEs

[NCT00246337] 600 10 mg Dizziness, dry mouth, fatigue,
nausea, paresthesia, somnolence

Ho et al. 2008 Telcagepant 140 (150), 280 (300) pc Zolmitraiptan 3 Any AEs

[NCT00442936] 5mg Dizziness, dry mouth, fatigue,
nausea, paresthesia, somnolence,
vomiting

Ho et al. 2010 Telcagepant 140 (150), 280 (300) pc None 3 Any AEs

Diarrhea, dizziness, dry mouth,
fatigue, nausea, somnolence, upper
abdominal pain, vomiting

Dodick et al. 2019 Ubrogepant 50, 100 pc None 3 Any AEs, TRAEs, nausea,
somnolence, dry mouth
Lipton et al. 2019  Ubrogepant 25, 50 pc None 3 TRAEs
Dizziness, nausea
Voss et al. 2016 Ubrogepant 1, 10, 25, 50, 100 pc None 2 Any AEs, TRAEs

Dizziness, dry mouth, fatigue,
nausea, somnolence
Unknown, 2016*  Ubrogepant 1, 10, 25, 50, 100 pc None 2 Any AEs
Diarrhea, dizziness, dry mouth,
fatigue, nausea, upper abdominal
pain

pc placebo, AEs adverse events, TRAE's treatment-related adverse event
*Unpublished study

paresthesia, and somnolence compared to that of the triptan  the incidence of upper abdominal pain between oral CGRP
group. There was no significant difference in the incidence  receptor antagonists and triptans.

of diarrhea, nausea, and vomiting between the oral CGRP Primary safety outcomes were reported in four studies
receptor antagonists and triptans. No study had compared  (one study for BI44370TA and three studies for telcagepants)
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Fig.2 Forest plots for primary (A) Any adverse events
A H Safety outcomes Comparing CGRP receptor antagonist Placebo Risk Ratio Risk Ratio
. Study or Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Pharmaceuticals oral CGRP receptor antagonist 1.1.1 BI44370TA
BI44370TA, Diener, 2010 23 202 770 10%  1.14[051,254]
group and placebo group Subtotal (95% CI) 202 70 1.0%  1.14[0.51, 2.54]
Total events 23 7

Heterogeneity: Not applicable
Test for overall effect: Z = 0.32 (P = 0.75)

1.1.2 MK-3207

MK-3207, Hewitt, 2011 17 405 29 142 4.0% 1.41[0.99, 2.03]

Subtotal (95% CI) 405 142 40%  1.41[0.99,2.03] -
Total events 17 29

Heterogeneity: Not applicable
Test for overall effect: Z = 1.89 (P = 0.06)

1.1.3 Rimegepant

Rimegepant, Croop, 2019 9 682 73 693 68%  1.25[0.94,1.67] .
Rimegepant, Lipton, 2019 93 543 77 543 7.2% 1.21[0.92, 1.59] 1=
Subtotal (95% CI) 1225 1236  141%  1.23[1.01,1.50] >
Total events 183 150

Heterogeneity: Chi? = 0.03, df = 1 (P = 0.86); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

1.1.4 Telcagepant

Telcagepant, Connor, 2009 302 928 113 366 15.2% 1.05 [0.88, 1.26] .
Telcagepant, Hewitt, 2011 34 137 27 148 2.4% 1.36 [0.87, 2.13] I
Telcagepant, Ho, 2008 [NCT00246337] 80 233 17 47 2.7% 0.95[0.62, 1.44] S
Telcagepant, Ho, 2008 [NCT00442936] 236 686 112 349 14.0% 1.07 [0.89, 1.29] ™
Telcagepant, Ho, 2010 497 1116 218 561 27.3% 1.15[1.01, 1.30] e
Subtotal (95% CI) 3100 1471 61.6% 1.11[1.02,1.21] *

Total events 1149 487

Heterogeneity: Chi? = 2.04, df = 4 (P = 0.73); 12 = 0%
Test for overall effect: Z = 2.32 (P = 0.02)

1.1.5 Ubrogepant

Ubrogepant, Dodick, 2019 265 951 113 485 14.1%  1.20[0.99, 1.45) ™

Ubrogepant, NCT01657370, 2016 32 137 6 28 0.9% 1.09 [0.50, 2.36] -

Ubrogepant, Voss, 2016 136 527 28 113 43% 1.04[0.73, 1.48] I

Subtotal (95% CI) 1615 626 19.3% 1.16 [0.98, 1.36] >

Total events 433 147

Heterogeneity: Chi? = 0.48, df = 2 (P = 0.79); I = 0%

Test for overall effect: Z = 1.73 (P = 0.08)

Total (95% Cl) 6547 3545 100.0%  1.15[1.07,1.23] .

Total events 1905 820

Heterogeneity: Chi? = 4.99, df = 11 (P = 0.93); I = 0% 3_1 0*_2 o%.s b 2 5 150

Test for overall effect: Z = 3.84 (P = 0.0001)

F Placebo] F CGRP antagonis]
Test for subarouo differences: Chit = 2.43. df = 4 (P = 0.66). I = 0% avours [Placebo]  Favours antagonisf]

(B) Treatment-related adverse events

CGRP receptor antagonist Placebo Risk Ratio Risk Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.2.1 BI44370TA
BI44370TA, Diener, 2010 9 202 1 70 0.6% 3.12[0.40, 24.18] ]
Subtotal (95% CI) 202 70 0.6% 3.12[0.40, 24.18] e ——
Total events 9 1

Heterogeneity: Not applicable
Test for overall effect: Z = 1.09 (P = 0.28)

1.2.2 MK-3207

MK-3207, Hewitt, 2011 70 405 14 142 8.3% 1.75[1.02, 3.01]
Subtotal (95% CI) 405 142 8.3% 1.75[1.02, 3.01]
Total events 70 14

Heterogeneity: Not applicable
Test for overall effect: Z = 2.03 (P = 0.04)

1.2.3 Rimegepant

Rimegepant, Croop, 2019 47 682 36 693 14.3% 1.33[0.87, 2.02] b
Subtotal (95% CI) 682 693 14.3%  1.33[0.87,2.02] R
Total events 47 36

Heterogeneity: Not applicable
Test for overall effect: Z = 1.32 (P = 0.19)

1.2.4 Telcagepant

Telcagepant, Hewitt, 2011 21 137 20 148 7.7% 1.13[0.64, 2.00] T
Telcagepant, Ho, 2008 [NCT00246337] 55 233 1 47 7.3% 1.01[0.57,1.78] -1
Subtotal (95% CI) 370 195  15.0% 1.07 [0.72, 1.60] >
Total events 76 31

Heterogeneity: Chiz = 0.08, df = 1 (P = 0.77); 12 = 0%

Test for overall effect: Z = 0.34 (P = 0.73)

1.2.5 Ubrogepant

Ubrogepant, Dodick, 2019 104 951 49 485 26.0% 1.08 [0.78, 1.49] -
Ubrogepant, Lipton, 2019 88 966 39 499 206%  1.17[0.81,1.67] ™
Ubrogepant, Voss, 2016 98 527 23 113 152% 0.91[0.61, 1.37] ™
Subtotal (95% CI) 2444 1097  61.8% 1.07 [0.87, 1.31] *
Total events 290 11

Heterogeneity: Chi? = 0.80, df = 2 (P = 0.67); I = 0%

Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% Cl) 4103 2197 100.0% 1.18 [1.00, 1.38]

Total events 492 193

Heterogeneity: Chi? = 5.31, df = 7 (P = 0.62); I = 0% 6.01 0:1 1 1'0 100‘

Test for overall effect: Z = 1.97 (P = 0.05)

F Placebo] F CGRP antagonist
Test for subarouo differences: Chit = 4.27. df = 4 (P = 0.37). I = 6.4% avours [Placebo]  Favours | antagonist]

for any AEs and in three studies (one study for BI44370TA (;(2 =11.68; *’=74%; p=0.009); thus, a random-effects
and two studies for telcagepants) for any TRAEs. The = model was used. The overall RR of TRAEs was 0.68 (95%
results of any AEs and TRAEs associated with expo-  CI=0.58-0.79, p<0.00001), and heterogeneity was low
sure to oral CGRP receptor antagonists versus triptans are  (y>=1.09; I?=0%; p=0.58). Although BI44370TA results
presented in Fig. 3. The overall RR of any AEs was 0.78  were only informed by a single trial, BI44370TA (any AEs
(95% CI=0.63-0.98, p=0.03), and heterogeneity was high ~ RR=0.65,95% CI1=0.34-1.24, p=0.20; TRAEs RR=0.51,
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(A) Any adverse events

A CGRP receptor antagonist Triptans Risk Ratio Risk Ratio
Pharmaceuticals -H, Rand 95% Cl M-H, Random, 95%Cl

2.1.1 BI44370TA

BI44370TA, Diener, 2010 23 202 12 69  9.0% 0.65 [0.34, 1.24] -1

Subtotal (95% Cl) 202 69  9.0% 0.65 [0.34, 1.24] -

Total events 23 12

Heterogeneity: Not applicable

Test for overall effect: Z = 1.29 (P = 0.20)

2.1.2 Telcagepant

Telcagepant, Connor, 2010 376 641 200 313 37.6% 0.92[0.83, 1.02] L]

Telcagepant, Ho, 2008 [NCT00246337] 80 233 21 50 18.8% 0.82[0.56, 1.18] —

Telcagepant, Ho, 2008 [NCT00442936] 236 686 175 345 34.7% 0.68 [0.59, 0.79] =

Subtotal (95% CI) 1560 708  91.0% 0.80 [0.63, 1.01] ‘

Total events 692 396

Heterogeneity: Tau? = 0.03; Chi*=11.11, df = 2 (P = 0.004); > = 82%

Test for overall effect: Z = 1.86 (P = 0.06)

Total (95% CI) 1762 777 100.0% 0.78 [0.63, 0.98] L 4

Total events 715 408

Heterogeneity: Tau? = 0.03; Chiz = 11.68, df = 3 (P = 0.009); I2 = 74% ‘0_01 of1 : 1’0 100‘
Test for overall effe(}t: Z=219 (P_= 0.03) Favours [Triptans] Favours [CGRP antagonist]
Test for subaroup differences: Chi? = 0.32. df = 1 (P = 0.57). 2= 0%
(B) Treatment-related adverse events

CGRP receptor antagonist Triptans Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% C|

2.2.1 BI44370TA

BI44370TA, Diener, 2010 9 202 6 69  3.9% 0.51[0.19, 1.39] -

Subtotal (95% CI) 202 69  3.9%  0.51[0.19,1.39] —~

Total events 9 6

Heterogeneity: Not applicable

Test for overall effect: Z=1.32 (P = 0.19)

2.2.2 Telcagepant

Telcagepant, Connor, 2010 197 641 145 313 85.9% 0.66 [0.56, 0.78] .

Telcagepant, Ho, 2008 [NCT00246337] 55 233 14 50 10.2% 0.84 [0.51, 1.39] -

Subtotal (95% CI) 874 363 96.1% 0.68 [0.58, 0.80] ‘

Total events 252 159

Heterogeneity: Chi? = 0.79, df = 1 (P = 0.37); I = 0%

Test for overall effect: Z = 4.73 (P < 0.00001)

Total (95% CI) 1076 432 100.0% 0.68 [0.58, 0.79] .

Total events 261 165

Heterogeneity: Chi? = 1.09, df = 2 (P = 0.58); I = 0% ‘0_01 0f1 : 1=0 100‘

Test for overall effect: Z = 4.91 (P < 0.00001)
Test for subaroup differences: Chi? = 0.31. df = 1 (P = 0.58). I = 0%

Favours [Triptans] Favours [CGRP antagonist]

Fig. 3 Forest plots for primary safety outcomes comparing oral CGRP receptor antagonist group and triptan group

95% CI=0.19-1.39, p=0.19) was associated with a lower
risk ratio of both AEs and TRAEs compared to telcagepant
(any AEs RR=0.80, 95% CI=0.63-1.01, p=0.06; TRAEs
RR=0.68, 95% CI=0.58-0.80, p <0.00001). Funnel plots
associated with primary safety outcomes when comparing
oral CGRP receptor antagonists with triptans were almost
symmetric and indicated none of the publication bias (Sup-
plementary Fig. S6). The results did not change during a
sensitivity analysis, after omitting any individual study from
the meta-analysis (Supplementary Figs. S7 and S8).

The results of secondary safety outcomes (diarrhea,
dizziness, dry mouth, fatigue, nausea, paresthesia, somno-
lence, and vomiting) associated with exposure to oral CGRP
receptor antagonists versus triptans are presented in Sup-
plementary Fig. S9. Overall, oral CGRP receptor antago-
nists were significantly associated with a lower risk of diz-
ziness, dry mouth, fatigue, paresthesia, and somnolence.
The overall RR of dizziness from 5 studies was 0.69 (95%

CI=0.52-0.92, p=0.01), and heterogeneity was moder-
ate ()(2=7.49; P=47%; p=0.11). The overall RR of dry
mouth from 3 studies consisting of only telcagepant was
0.72 (95% CI=0.54-0.95, p=0.02), and heterogeneity was
low (y*=0.51; >=0%; p=0.78). The overall RR of fatigue
from 4 studies consisting of BI44370TA and telcagepant
was 0.52 (95% CI=0.37-0.73, p=0.001), and heterogene-
ity was low (y*=1.55; ’=0%; p=0.67). The overall RR
of paresthesia from 4 studies consisting of rimegepant and
telcagepant was 0.34 (95% CI=0.21-0.56, p <0.0001), and
heterogeneity was low (;(2= 3.64; *=18%: p=0.30). The
overall RR of somnolence from 3 studies consisting of only
telcagepant was 0.65 (95% CI=0.49-0.87, p=0.004), and
heterogeneity was low (;(2 =245 "=18%: p=0.29). Fun-
nel plots associated with secondary safety outcomes when
comparing oral CGRP receptor antagonists with triptans
were generated to assess for publication bias, but no appar-
ent trend was observed (Supplementary Fig. S10).
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Subgroup analysis of each ubrogepant dose group
versus placebo

In terms of FDA-approved oral CGRP receptor antagonists,
all 3 clinical studies for rimegepant were performed after a
single dose (75 mg), whereas 4 clinical studies for ubroge-
pants were performed using different doses ranging from 1
to 100 mg. Therefore, a meta-analysis was conducted using
data from four studies to compare any AEs between each
ubrogepant dose group and the placebo group. The highest
dose (100 mg) of ubrogepant showed a significantly higher
risk of AEs compared to that of the placebo group. There
was no significant difference between the other dose groups
(1, 10, 25, 50 mg) of ubrogepant and placebo in the inci-
dence of AEs.

The overall RR of any AEs for ubrogepant 1 mg from 2 stud-
ies was 1.20 (95% CI=0.81-1.78, p=0.36), and heterogeneity
was low (*=0.15; =0%; p=0.69). The overall RR of any
AE:s for 10 mg of ubrogepant from 2 studies was 0.96 (95%
CI=0.63-1.46, p=0.84), and heterogeneity was moderate
(*=1.92; P=48%; p=0.17). The overall RR of any AEs for
ubrogepant 25 mg from 3 studies was 0.98 (95% CI=0.80-1.20,
p=0.84), and heterogeneity was low (;(2 =1.92;: P=0%;
p=0.38). The overall RR of any AEs for 50 mg of ubrogepant
from 4 studies was 1.15 (95% CI=1.00-1.33, p=0.06), and
heterogeneity was low (;(2 =1.55; P=0%; p=0.67). Finally, the
overall RR of any AEs for 100 mg of ubrogepant from 3 stud-
ies was 1.22 (95% CI=1.01-1.47, p=0.04), and heterogene-
ity was low (y*=0.02; ?=0%; p=0.99) (Fig. 4). Funnel plots
associated with any adverse events when comparing ubrogepant
(at different doses) with placebo were generated to access for
publication bias, but no apparent trend was observed (Supple-
mentary Fig. S11).

Discussions

The present meta-analysis was conducted to compare the clin-
ical safety and tolerability of oral CGRP receptor antagonists
and placebo or triptans in the treatment of acute migraine.
Pooled data were extracted from 15 RCTs involving five oral
CGRP receptor antagonists (BI44370TA, MK-3207, rimege-
pant, telcagepant, and ubrogepant). Our findings based on the
primary outcomes indicate that oral CGRP receptor antago-
nists increase the risk of any AEs compared to placebo, while
no difference was found in the incidence of TRAEs between
oral CGRP receptor antagonists and placebo. Analysis of
individual events as secondary outcomes demonstrated an
increased risk of fatigue, nausea, and somnolence in the oral
CGRP receptor antagonist group, but no increase in the rate
of other commonly cited adverse events, including diarrhea,
dizziness, dry mouth, paresthesia, upper abdominal pain, and
vomiting.

@ Springer

Although the pathogenesis of migraine is multifactorial
and has not yet been fully elucidated, CGRP is now consid-
ered a key element in its pathophysiology [39, 40]. Thus,
recently, the focus for a novel target for acute migraine
treatment has shifted to the development of CGRP receptor
antagonists [6]. Nevertheless, uncertainties remain regard-
ing the efficacy and safety of oral CGRP receptor antago-
nists compared with placebo or triptans as medications to
treat acute migraine. Notably CGRP receptor antagonists
MK-3207 and telcagepant were discontinued following phase
II clinical trials due to safety concerns around liver toxicity
in a migraine prevention study, with data on these two agents
coming from relatively small numbers of patients. This study
updates the current state of understanding around the clinical
safety and tolerability of oral CGRP receptor antagonists and
helps inform strategies to enhance safety and tolerability in
the treatment of acute migraine.

Among the individual CGRP receptor antagonists, telcage-
pant was associated with the lowest risk of any AEs occur-
ring, and the risk ratio increased in order from BI44370TA,
ubrogepant, rimegepant, to MK-3207. In terms of TRAE:s,
telcagepant and ubrogepant were associated with the lowest
risk, and the risk ratio increased in order, from rimegepant to
MK-3207; BI44370TA was associated with the highest risk
of TRAE:s. Further studies are required to demonstrate sig-
nificant differences in and ranking of clinical safety between
individual CGRP receptor antagonists.

Triptans are the current standard of care for treating acute
migraine, but their discontinuation rate is relatively high at
55.2-81.5% [41]. Frequent use of triptans may lead to head-
aches associated with medication overuse. Triptans are also
contraindicated in patients with cardiovascular disease due
to 5-hydroxytryptamine1B receptor—mediated vasoconstric-
tion [7, 42]. Few studies have compared the incidence of car-
diovascular events between CGRP receptor antagonists and
triptans. No cardiovascular events were verified by electro-
cardiography in RCTs involving rimegepant. RCTs involving
BI44370TA, MK-3207, and telcagepant did not report on the
incidence of cardiovascular events. A previous meta-analysis
suggested that the incidence of chest discomfort was not dif-
ferent between gepants and placebo [17]. Another previous
study concluded that oral CGRP receptor antagonists with
no or low likely cardiovascular risks might offer an alterna-
tive to current specific migraine treatments for patients with
cardiovascular disease [43]. Our meta-analysis demonstrated
that oral CGRP receptor antagonists were safer than triptans
in terms of AEs, TRAESs, dizziness, dry mouth, fatigue, par-
esthesia, and somnolence. Therefore, CGRP receptor antag-
onists may be a safer and better tolerated treatment option
not only in patients with cardiovascular disease, but also in
those suffering from overall AEs due to triptans.

The current meta-analysis included ubrogepant and rimege-
pant, which received US FDA approval for the treatment of
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Ubrogepant placebo

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

3.1.1 Ubrogepant 1mg

Ubrogepant, NCT01657370, 2016 6 28 6 28 1.0%
Ubrogepant, Voss, 2016 33 107 28 113 4.5%
Subtotal (95% CI) 135 141 5.5%
Total events 39 34

Heterogeneity: Chi? = 0.15, df =1 (P = 0.69); I? = 0%

Test for overall effect: Z =0.91 (P = 0.36)

3.1.2 Ubrogepant 10mg

Ubrogepant, NCT01657370, 2016 2 26 6 28  0.9%
Ubrogepant, Voss, 2016 29 108 28 113 4.5%
Subtotal (95% ClI) 134 141 5.4%
Total events 31 34

Heterogeneity: Chi? = 1.92, df =1 (P = 0.17); I? = 48%

Test for overall effect: Z = 0.20 (P = 0.84)

3.1.3 Ubrogepant 25mg

Ubrogepant, Lipton, 2019 105 478 112 499 18.0%
Ubrogepant, NCT01657370, 2016 10 28 6 28 1.0%
Ubrogepant, Voss, 2016 21 103 28 113 4.4%
Subtotal (95% CI) 609 640 23.4%
Total events 136 146

Heterogeneity: Chi? = 1.92, df =2 (P = 0.38); I?= 0%

Test for overall effect: Z = 0.21 (P = 0.84)

3.1.4 Ubrogepant 50mg

Ubrogepant, Dodick, 2019 126 466 113 485 18.2%
Ubrogepant, Lipton, 2019 133 488 112 499 18.2%
Ubrogepant, NCT01657370, 2016 7 28 6 28 1.0%
Ubrogepant, Voss, 2016 23 107 28 113 4.5%
Subtotal (95% ClI) 1089 1125 41.8%
Total events 289 259

Heterogeneity: Chi? = 1.55, df = 3 (P = 0.67); I = 0%

Test for overall effect: Z = 1.91 (P = 0.06)

3.1.5 Ubrogepant 100mg

Ubrogepant, Dodick, 2019 139 485 113 485 18.6%
Ubrogepant, NCT01657370, 2016 7 27 6 28 1.0%
Ubrogepant, Voss, 2016 30 102 28 113 4.4%
Subtotal (95% CI) 614 626 23.9%
Total events 176 147

Heterogeneity: Chi? = 0.02, df =2 (P = 0.99); I? = 0%

Test for overall effect: Z = 2.08 (P = 0.04)

Total (95% Cl) 2581 2673 100.0%
Total events 671 620

Heterogeneity: Chi? = 8.56, df = 13 (P = 0.80); I = 0%
Test for overall effect: Z = 2.35 (P = 0.02)
Test for subgroup differences: Chi2 = 3.26, df = 4 (P = 0.52), I? = 0%

1373
Risk Ratio Risk Ratio
M-H. Fixed, 95% CI
1.00[0.37, 2.73] — T
1.2410.81, 1.91] T
1.20 [0.81, 1.78] <>
0.36 [0.08, 1.62] e
1.08 [0.69, 1.69] -
0.96 [0.63, 1.46] <
0.98 [0.77, 1.24] -+
1.67 [0.70, 3.96] -
0.82 [0.50, 1.36] —
0.98 [0.80, 1.20] *
1.16[0.93, 1.45] =
1.21[0.98, 1.51] =
1.17 [0.45, 3.04] —
0.87 [0.53, 1.41] -
1.15 [1.00, 1.33] 4
1.23[0.99, 1.52] -
1.21[0.47, 3.14] R
1.190.76, 1.84] T
1.22 [1.01, 1.47] .
1.12 [1.02, 1.23] ¢
0.01 0.1 1 10 100

Favours [Ubrogepant] Favours [Placebo]

Fig.4 Forest plots for any adverse event to compare ubrogepant across different dosages (range from 1 to 100 mg) and placebo

acute migraine in adults in December 2019 and February 2020,
respectively. Rimegepant was administered orally at different
dosages (ranging from 10 to 600 mg) in a phase 2b trial, while
phase 3 clinical trials were performed with rimegepant 75 mg
only. Ubrogepant has been studied at doses of 1, 10, 25, 50,
and 100 mg. The highest dose group (100 mg of ubrogepant)
showed a significantly greater risk of any AEs compared to that
of the placebo group, while the incidence of any AEs in the
other dose groups (1, 10, 25, and 50 mg) was not significantly
different from that of placebo. In the dose group of 100 mg
ubrogepant, analysis of individual events as a secondary out-
come demonstrated an increased risk of nausea (RR=1.87,
95% CI=1.05-3.34, p=0.03) and somnolence (RR=3.74,

95% CI=1.33-10.49, p=0.01). Although the safety profile for
ubrogepant is more favorable than that of triptans, it is likely
more stringent safety monitoring is required in patients treated
with 100 mg of ubrogepant.

This review has several limitations. First, the number of
studies associated with some interventions was small, so we
could not draw definite conclusions regarding these regi-
mens. Although a minimum of two RCTs is considered ade-
quate for performing meta-analyses, considering the average
number of participants per group and anticipated high het-
erogeneity, more studies may be required to achieve a sta-
tistical power of 80% [44]. Moreover, according to Jackson
and Turner, at least 5 studies are required to achieve power
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from random-effects meta-analysis, which is greater than
the number of studies that contributed to this review [45].
Second, there was significant heterogeneity among the stud-
ies. When comparing oral CGRP receptor antagonists and
placebo, all eleven outcomes (any AEs, TRAEs, diarrhea,
dizziness, dry mouth, fatigue, nausea, paresthesia, somno-
lence, upper abdominal pain, and vomiting) had low hetero-
geneity (I <50%). When comparing oral CGRP receptor
antagonists and triptans, nine outcomes (TRAEs, diarrhea,
dizziness, dry mouth, fatigue, nausea, paresthesia, somno-
lence, and vomiting) had low heterogeneity (I <50%), and
one outcome (any AEs) had high heterogeneity (y>=11.68;
I?=74%; p=0.009). This is probably a result of some dif-
ferences in patient characteristics, clinical study design, and
methodology between the studies. Importantly, triptans used
in the enrolled trials were not identical. Studies by Diener
et al. [27] and Marcus et al. [36] utilized eletriptan and
sumatriptan, respectively. Studies by Connor et al. [33]
and Hewitt et al. [28] used rizatriptan, and a study by Ho
et al. [34] utilized zolmitriptan. The dosages of triptans
were different. Finally, other possible confounders may
exist across the different study methodologies. For example,
patients were sometimes prescribed other analgesics such
as acetaminophen or ibuprofen that may affect patient clini-
cal status in individual subjects. We tried to adjust for such
potential confounders where possible, but several studies
failed to assess or exclude concomitant medications. Thus,
high-quality prospective studies of strictly controlled vari-
ables are needed to validate the clinical safety of oral CGRP
receptor antagonists on acute migraine.

Conclusion

The present meta-analysis demonstrated that oral CGRP recep-
tor antagonists (BI44370TA, MK-3207, rimegepant, telcage-
pant, and ubrogepant) were associated with a significantly
higher risk of any adverse event when compared to placebo.
In particular, the incidence of fatigue, nausea, and somno-
lence with oral CGRP receptor antagonists was higher than
that with placebo. However, oral CGRP receptor antagonists
demonstrated a favorable safety profile compared to triptans
in terms of any AEs, TRAESs, dizziness, dry mouth, fatigue,
paresthesia, and somnolence. Our findings suggest that CGRP
receptor antagonists may be a safer and better tolerated treat-
ment option in the treatment of acute migraine, particularly in
those suffering from overall AEs due to triptans. Study find-
ings also inform strategies to enhance safety and tolerability
in the treatment of acute migraine.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-022-03347-6.
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