
Received: 15 November 2021 Revised: 9 January 2022 Accepted: 13 February 2022

DOI: 10.1002/brb3.2542

OR I G I N A L A RT I C L E

Efficacy and safety of calcitonin gene-related peptide
antagonists inmigraine treatment: Ameta-analysis

Tingting Huang Yang Xu Yajie Chen Jing Bian Zhaohu Chu

Shoucai Zhao LingsongMa

Department of Neurology, The First Affiliated

Hospital ofWannanMedical Collage,Wuhu,

Anhui, China

Correspondence

Tingting Huang, Department of Neurology,

The First Affiliated Hospital ofWannan

Medical Collage,Wuhu, 241000 Anhui, China.

Email: huangtingting1022@126.com

Funding information

Young Project of National Natural Science

Foundation of China, Grant/Award Number:

82171329

Abstract

Introduction:We systematically reviewed the efficacy and safety of Calcitonin Gene-

Related Peptide (CGRP) antagonists for migraine treatment.

Methods: Various databases including PubMed, Embase, The Cochrane Library, Chi-

nese National Knowledge Infrastructure (CNKI), WanFang Data were electronically

searched for randomized controlled trials (RCTs) on CGRP antagonists for migraine

treatment since inception toMarch 2021. The trials were screened for inclusion, after

which the methodological quality of the included trials was assessed. Then meta-

analysis was performed using the Revman 5.3 software.

Results: A total of 26 RCTs involving 21,736 patients were included. The CGRP antag-

onists group included 13,635 patients while the control group included 8101 patients.

Meta-analysis showed that compared to the control group, CGRP antagonists were

associated with various significant effects, including the following outcome indicators:

(1) number of patients with ≥50% reduction from baseline in mean monthly migraine

days (RR= 1.50, 95% CI [1.39,1.62], p< .00001); (2) number of patients with pain free

at 2 h postdose (RR= 1.98, 95%CI [1.77, 2.20], p< .00001), and (3) number of patients

with 2–24 h sustained pain free postdose (RR= 2.18, 95% CI [1.93, 2.46], p < .00001).

However, the number of patients with any adverse events was significantly high in the

antagonists group, relative to the control group (RR = 1.08, 95% CI [1.04, 1.12], p <

.0001).

Conclusions: CGRP antagonists are significantly effective for migraine treatment;

however, they are associated with various adverse events. Due to limitations with

regards to quantity and quality of the included studies, the above conclusions should

be verified bymore high quality studies.
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1 INTRODUCTION

Amigraine is a chronic disabling disease, that is associatedwith serious

harm topatients’ life andwork.Chemotherapeutic options formigraine

treatment are divided into two types: acute treatment and preven-

tive treatment drugs. Acute treatment drugs include nonsteroidal

anti-inflammatory drugs (NSAIDs), triptans, and ergotamines, while

preventive treatment drugs include tricyclic antidepressants (TCAs),

anticonvulsants, β-receptor blockers and calcium channel antagonists

among others. The clinical pathogenesis of migraines has not been

clearly established; however, various theories have been proposed to

explain their development. These include the classical trigeminal neu-

rovascular theory, in which 5-hydroxytryptamine(5-HT), CGRP, pitu-

itary adenylate cyclase activating peptide all play important roles

(Edvinsson et al., 2020). As new migraine treatment drugs, CGRP

antagonists have been widely researched. These antagonists can be

administered in both acute and interictal stages because they inhibit

vasodilation and neuroinflammation (Benemei et al., 2009; Barbanti

et al., 2017). CGRPs are widely expressed in multiple sites, including

precranial vessels, nerve cells and neurogliocytes in the trigeminal gan-

glion, central end of trigeminal ganglion, brain stem, cerebellum, aswell

as cerebral hemisphere among others (Messlinger, 2018). There are

two main types of CGRP antagonists: small molecule CGRP receptor

antagonists such as telcagepant, atogepant, ubrogepant, rimegepant,

olcegepant among others. The other type includes macromolecule

CGRP receptor antagonists, which are also known as anti-CGRP mon-

oclonal antibodies (mAbs) and they include erenumab (AMG334),

eptinezumab (ALD403), fremanezumab (TEV-48125), galcanezumab

(LY2951742) among others. Erenumab is a monoclonal antibody tar-

getingCGRP receptorwhile the rest aremonoclonal antibodies target-

ing CGRP (Szkutnik-Fiedler, 2020). In this study, we reviewed the effi-

cacies and safety of CGRP antagonists for migraine treatment.

2 METHODS

2.1 Inclusion and exclusion criteria

2.1.1 Study types

RCTs on the efficacy and safety of CGRP antagonists for migraine

treatment.

2.1.2 Research objectives

Studies that conformed to the recommended diagnostic criteria for

migraines (ICHD-3), with or without aura, no age, sex, or course

limitations.

2.1.3 Intervention measures

Observation group administered with CGRP antagonists with

or without conventional drugs for migraine treatment. Control
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TABLE 1 Basic characteristics of included studies

Included studies Research type

Follow-up

time

Number of cases (intervening

measure)

Mean age (mean

value± SD/median) Sex (F/M)

Dodick et al., 2018 RCT Phase III

NCT02483585

12weeks 286 (Erenumab 70mg)

291 (Placebo)

42± 11

42± 12

245/41

247/44

Diener et al., 2010 RCT Phase II

NCT00751803

1week 64 (BI44370TA 50mg)

65 (BI44370TA 200mg)

73 (BI44370TA 400mg)

69 (Eletriptan 40mg)

70 (Placebo)

42.8± 11.7

41.2± 9.7

41.1± 10.0

37.9± 10.1

38.2± 10.3

54/10

53/12

55/18

61/8

61/9

Marcus et al., 2014 RCT Phase II

NCT01430442

11weeks 85 (BMS-927711 10mg)

68 (BMS-927711 25mg)

91 (BMS-927711 75mg)

90 (BMS-927711 150mg)

121 (BMS-927711 300mg)

92 (BMS-927711 600mg)

109 (Sumatriptan 100mg)

229 (Placebo)

41.1± 10.36

36.5± 11.92

38.5± 11.87

39.2± 11.26

41.9± 11.46

39.3± 13.01

40.6± 10.47

37.9± 11.36

67/18

61/7

81/10

63/27

101/20

76/16

91/18

196/33

Olesen et al., 2004 RCT 24 h 1 (BIBN4096BS 0.25mg)

4 (BIBN4096BS 0.5mg)

20 (BIBN4096BS 1mg)

32 (BIBN4096BS 2.5mg)

16 (BIBN4096BS 5mg)

12 (BIBN4096BS 10mg)

41 (Placebo)

43

42

49

45

52

47

47

1/0

3/1

18/2

29/3

13/3

7/5

29/12

Goadsby et al., 2017 RCT

NCT02456740

6months 317 (Erenumab 70mg)

319 (Erenumab 140mg)

319 (Placebo)

41.1± 11.3

40.4± 11.1

41.3± 11.2

268/49

272/47

274/45

Reuter et al., 2018 RCT Phase IIIb

NCT03096834

12weeks 121 (Erenumab 140mg)

125 (Placebo)

44.6± 10.5

44.2± 10.6

97/24

103/22

Dodick, Lipton, Ailani

et al., 2019

RCT Phase IIb

NCT02275117

49weeks 130 (Eptinezumab 10mg)

122 (Eptinezumab 30mg)

122 (Eptinezumab 100mg)

121 (Eptinezumab 300mg)

121 (Placebo)

36.4± 10.3

35.7± 9.4

36.7± 9.4

37.2± 10.0

37.2± 9.2

113/27

111/9

104/18

98/23

109/12

Tepper et al., 2017 RCT Phase II

NCT02066415

12weeks 191 (Erenumab 70mg)

190 (Erenumab 140mg)

286 (Placebo)

41.4± 11.3

42.9± 11.1

42.1± 11.3

166/25

160/30

226/60

Silberstein et al.,

2017

RCT Phase II

NCT02621931

16weeks 376 (Fremanezumab quarterly)

379 (Fremanezumabmonthly)

375 (Placebo)

42.0± 12.4

40.6± 12.0

41.4± 12.0

331/45

330/49

330/45

Voss et al., 2016 RCT Phase IIb

NCT01613248

48 h 107 (Ubrogepant 1mg)

108 (Ubrogepant 10mg)

104 (Ubrogepant 25mg)

106 (Ubrogepant 50mg)

102 (Ubrogepant 100mg)

113 (Placebo)

39.6± 10.7

41.1± 10.9

41.4± 11.5

40.7± 12.3

41.9± 11.0

40.5± 11.7

95/12

92/16

91/13

92/14

90/12

99/14

Hewitt, Aurora et al.,

2011

RCT

NCT00758836

5 days 145 (Telcagepant+Ibuprofen)

133 (Telcagepant+Acetaminophen)

138 (Telcagepant)

147 (Placebo)

39.2± 11.7

42.3± 12.7

39.3± 11.6

41.9± 12.0

123/22

118/15

119/19

130/17

Ho et al., 2008 RCT Phase II 14 days 14 (MK-0974 25mg)

15 (MK-0974 50mg)

16 (MK-0974 100mg)

12 (MK-0974 200mg)

39 (MK-0974 300mg)

45 (MK-0974 400mg)

40 (MK-0974 600mg)

34 (Rizatriptan 10mg)

115 (Placebo)

43

41.5

40.9

34.3

40.5

40.1

44.5

40.2

42.2

11/3

14/1

14/2

9/3

34/5

42/3

36/4

28/6

104/11

(Continues)
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TABLE 1 (Continued)

Included studies Research type

Follow-up

time

Number of cases (intervening

measure)

Mean age (mean

value± SD/median) Sex (F/M)

Hewitt, Martin et al.,

2011

RCT Phase II

NCT00712725

14 days 33 (MK-3207 2.5mg)

47 (MK-3207 5mg)

67 (MK-3207 10mg)

67 (MK-3207 20mg)

68 (MK-3207 50mg)

62 (MK-3207 100mg)

63 (MK-3207 200mg)

140 (Placebo)

43.3± 10.5

43.4± 11.1

44.1± 10.0

44.1± 11.3

42.2± 10.8

42.4± 10.9

40.5± 10.7

42.1± 11.2

27/6

40/7

62/5

54/13

62/6

52/10

54/9

125/15

Ho et al., 2010 RCT Phase III

NCT00483704

14 days 573 (Telcagepant 140mg)

549 (Telcagepant 280mg)

555 (Placebo)

43.4± 11.7

42.4± 11.5

42.5± 11.6

490/83

471/78

463/92

Connor et al., 2009 RCT Phase III

NCT00432237

14 days 177 (Telcagepant 50mg)

381 (Telcagepant 150mg)

371 (Telcagepant 300mg)

365 (placebo)

41.4± 11.3

41.6± 11.0

41.8± 11.6

41.9± 11.9

156/21

329/52

320/51

318/47

Sun et al., 2016 RCT Phase II

NCT01952574

256weeks 108 (AMG334 7mg)

108 (AMG334 21mg)

107 (AMG334 70mg)

160 (placebo)

40.3± 10.9

39.9± 12.3

42.6± 9.9

41.4± 10.0

88/20

87/21

82/25

132/28

Dodick, Lipton,

Silberstein et al.,

2019

RCT

NCT02828020

24 h 466 (Ubrogepant 50mg)

485 (Ubrogepant 100mg)

485 (Placebo)

40.1± 11.7

40.6± 12.0

40.9± 11.7

418/48

418/67

430/55

Lipton, Croop et al.,

2019

RCT

NCT03235479

8 h 582 (Rimegepant)

580 (Placebo)

N/A

N/A

N/A

N/A

Lipton, Dodick et al.,

2019

RCT Phase III

NCT03237845

7 days 537 (Rimegepant)

535 (Placebo)

40.2± 11.9

40.9± 12.1

479/58

472/63

Lipton et al., 2018 RCT Phase III

NCT02867709

48 h 478 (Ubrogepant 25mg)

488 (Ubrogepant 50mg)

499 (Placebo)

41.6± 12.4

41.2± 12.5

41.7± 12.1

431/47

444/44

442/57

Croop et al., 2019 RCT Phase III

NCT03461757

80 days 669 (Rimegepant 75mg)

682 (Placebo)

40.3± 12.1

40.0± 11.9

568/101

579/103

Goadsby et al., 2019 RCT Phase

IIb/III

NCT02848326

12weeks 93 (Atogepant 10mgQD)

183 (Atogepant 30mgQD)

86 (Atogepant 30mg BID)

186 (Atogepant 60mgQD)

91 (Atogepant 60mg BID)

186 (Placebo)

39.4± 12.4

41.0± 13.6

38.5± 11.2

40.4± 11.7

39.7± 11.9

40.5± 11.7

82/11

166/17

73/13

156/30

83/8

154/32

Skljarevski et al.,

2018

RCT Phase III

NCT02614196

6months 231 (Galcanezumab120mg)

223 (Galcanezumab240mg)

461 (Placebo)

40.9± 11.2

41.9± 10.8

42.3± 11.3

197/34

191/32

393/68

Detke et al., 2018 RCT Phase III

NCT02614261

3months 278 (Galcanezumab120mg)

277 (Galcanezumab240mg)

558 (Placebo)

39.7± 11.9

41.1± 12.4

41.6± 12.1

237/41

226/51

483/75

Stauffer et al., 2018 RCT Phase III

NCT02614183

6months 213 (Galcanezumab120mg)

212 (Galcanezumab240mg)

433 (Placebo)

40.9± 11.9

39.1± 11.5

41.3± 11.4

181/97

175/102

362/196

Mulleners et al.,

2020

RCT Phase IIIb

NCT03559257

3months 232 (Galcanezumab120mg)

230 (Placebo)

45.9± 11.3

45.7± 12.3

195/37

202/28

group administered with conventional drugs or placebo for

migraine treatment. Conventional drugs included NSAIDS, trip-

tans, or ergotamines. There were no dosage or treatment course

limitations.

2.1.4 Outcome indicators

Outcome indicators are as follows: (1) number of patients with ≥50%

reduction from baseline in mean monthly migraine days; (2) number
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TABLE 2 Risk of bias evaluation result

Included studies Randommethod Blindmethod Distribution of hidden Data integrity

Selective

report data

Dodick et al., 2018 Computer randomness Double blind Interactive voice

response system

Integrity No

Diener et al., 2010 Computer randomness Double blind Unclear Integrity No

Marcus et al., 2014 Interactive voice response

system

Double blind Unclear Integrity No

Olesen et al., 2004 Unclear Double blind Unclear Integrity No

Goadsby et al., 2017 Interactive voice/web

response system

Double blind Unclear Integrity No

Reuter et al., 2018 Interactive voice response

system

Double blind unclear Integrity No

Dodick, Lipton, Ailani et al.,

2019

Interactive web response

system

Double blind Unclear Integrity No

Tepper et al., 2017 Interactive voice/web

response system

Double blind Unclear Integrity No

Silberstein et al., 2017 Electronic interactive

response system

Double blind Unclear Integrity No

Voss et al., 2016 Computer randomness Double blind Unclear Integrity No

Hewitt, Aurora et al., 2011 Computer randomness Double blind Unclear Integrity No

Ho et al., 2008 Computer randomness Double blind Unclear Integrity No

Hewitt, Martin et al., 2011 Computer randomness Double blind Interactive voice

response system

Integrity No

Ho et al., 2010 Computer randomness Double blind Central interactive

voice system

Integrity No

Connor et al., 2009 Computer randomness Double blind Central interactive

voice system

Integrity No

Sun et al., 2016 Interactive voice/web

response system

Double blind Central distribution Integrity No

Dodick, Lipton, Silberstein

et al., 2019

Automated network

response system

Double blind Unclear Integrity No

Lipton, Croop et al., 2019 unclear Double blind Unclear Integrity No

Lipton, Dodick et al., 2019 Interactive web response

system

Double blind Unclear Integrity No

Lipton et al., 2018 Computer randomness Double blind Interactive web

response system

Integrity No

Croop et al., 2019 Interactive web response

system

Double blind Interactive web

response system

Integrity No

Goadsby et al., 2019 Interactive web response

system

Double blind Unclear Integrity No

Skljarevski et al., 2018 Computer randomness Double blind Interactive web

response system

Integrity No

Detke et al., 2018 Interactive web response

system

Double blind Unclear Integrity No

Stauffer et al., 2018 Computer randomness Double blind Interactive web

response system

Integrity No

Mulleners et al., 2020 Computer randomness Double blind Interactive web

response system

Integrity No
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TABLE 3 Jadad Scale

Included studies Randomized

Double

blinded

Description of

withdrawals

and drop outs

Randomization

Method described

and appropriate

Blindingmethod

described and

appropriate Total

Dodick et al., 2018 1 1 1 1 1 5

Diener et al., 2010 1 1 1 1 1 5

Marcus et al., 2014 1 1 1 1 1 5

Olesen et al., 2004 1 1 1 1 0 4

Goadsby et al., 2017 1 1 1 1 1 5

Reuter et al., 2018 1 1 1 1 1 5

Dodick, Lipton, Ailani et al., 2019 1 1 1 1 0 4

Tepper et al., 2017 1 1 1 1 1 5

Silberstein et al., 2017 1 1 1 1 0 4

Voss et al., 2016 1 1 1 1 1 5

Hewitt, Aurora et al., 2011 1 1 1 1 1 5

Ho et al., 2008 1 1 1 1 1 5

Hewitt, Martin et al., 2011 1 1 1 1 0 4

Ho et al., 2010 1 1 1 1 1 5

Connor et al., 2009 1 1 1 1 1 5

Sun et al., 2016 1 1 1 1 1 5

Dodick, Lipton, Silberstein et al., 2019 1 1 1 1 1 5

Lipton, Croop et al., 2019 1 1 0 0 0 2

Lipton, Dodick et al., 2019 1 1 1 1 0 4

Lipton et al., 2018 1 1 1 1 1 5

Croop et al., 2019 1 1 1 1 1 5

Goadsby et al., 2019 1 1 1 1 1 5

Skljarevski et al., 2018 1 1 1 1 1 5

Detke et al., 2018 1 1 1 1 1 5

Stauffer et al., 2018 1 1 1 1 0 4

Mulleners et al., 2020 1 1 1 1 1 5

of pain free patients at 2 h postdose; (3) number of patients with sus-

tained pain free 2–24 h postdose; and (4) incidences of adverse events.

2.1.5 Exclusion criteria

Exclusion criteria are as follows: (1) studies reported innon-English lan-

guage; (2) studies whose main outcome indicators were not included;

(3) duplicate published studies; (4) studies limited to specific popula-

tions; and (5) unfinished research.

2.2 Literature retrieval strategy

Various databases including PubMed, Embase, The Cochrane Library,

CNKI, WanFang Data were electronically searched from inception to

March 2021 for RCTs involving CGRP antagonists for migraine treat-

ment.

Chinese search items included migraine and CGRP antagonists,

while English search items included CGRP antagonist, Calcitonin gene-

related peptide antagonist, CGRP receptor antagonist, Calcitonin

gene-related peptide receptor antagonist, eptinezumab, ALD403,

fremanezumab, TEV-48125, erenumab, AMG334, galcanezumab,

LY2951742, BI 44370TA, BMS 927711, olcegepant, telcagepant, MK-

3207, rimegepant, atogepant, migraine, and randomized controlled

trials.

2.3 Literature screening and data extraction

Two valuators (Tingting Huang and Yang Xu) independently screened

the literature, extracted the data and cross-checked it. In case of dif-

ferences, an investigator (Zhaohu Chu) was consulted. Corresponding

authors of the literatures were contacted when key data could not

be directly obtained. Irrelevant literatures were excluded by screen-

ing the titles and summaries while valuable literatures were included
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F IGURE 2 Forest of number of patients with≥50% reduction
from baseline in meanmonthly migraine days in all groups

by screening full articles based on inclusion and exclusion criteria.

Data types that were extracted included (1) basic information of the

included studies, which consisted of titles, first author name, publica-

tion journal and time; (2) basic information regarding research partic-

ipants, including sample sizes, age and sex; (3) details regarding inter-

vention drugs such as dose and course; (4) key elements to assess bias

risk; and (5) outcome indicators.

2.4 Risk bias evaluation of the included studies

Two valuators (Tingting Huang and Yang Xu) evaluated risk bias of the

included studies according to theCochrane handbook. In case of differ-

ences, an investigator (Zhaohu Chu) was consulted.

2.5 Statistics analyses

MetaanalyseswereperformedbyRevman5.3 software.Outcome indi-

cator were enumeration data while relative risk (RR) was the effect

indicator. Effect sizes are presented as point estimated value and 95%

confidence interval. Heterogeneity test was performed using the chi-

square test (inspection level α = .1) as well as I2 value. Fixed effect

model was used when there were no heterogeneities among the sta-

tistical data, while the random effects model was used in case of het-

erogeneities.

3 RESULTS

3.1 Acquired studies

A total of 2297 studies were acquired in the initial screening pro-

cess, out of which 26 RCTs were included in the final meta-analysis

after the final screening. Fifteen RCTs evaluated small molecule

CGRP receptor antagonists including BI 44370TA, BMS 927711,

olcegepant (BIBN4096BS), ubrogepant (MK-1602), telcagepant (MK-

0974), MK-3207, rimegepant, and atogepant. Eleven RCTs evaluated

anti-CGRP monoclonal antibodies including eptinezumab (ALD403),

fremanezumab (TEV-48125), erenumab (AMG334), and galcanezumab

(LY2951742). Quality evaluation of the included literatures was per-

formed by using a flowchart based on the Preferred Reporting

Items for Systematic Reviews andMeta-Analyses (PRISMA) statement

(Moher et al., 2009) (Figure 1). The Jadad scale (Jadad et al., 1996) was

performed to evaluate themethodological quality of the included stud-

ies in the meta-analysis. Each study was scored from 0 to 5 (0 repre-

sents “pool” quality and 5 represents “good” quality) according to the

following judgment criteria: (1) the studywas described as randomized

or not, (2) the study was described as double blind or not, (3) there was

adescriptionofwithdrawals anddropoutsornot, (4) themethodof ran-

domization was described and appropriate or not, (5) the blinding was

described and appropriate or not. A single pointwas given if the answer

to one of the above five questions was “yes” and zero point was given if

the answer was “no.” Among the included 26 RCTs, only 7 RCTs (Dod-

ick, Lipton, Ailani et al., 2019; Hewitt,Martin et al., 2011; Lipton, Croop

et al., 2019; Lipton, Dodick et al., 2019; Olesen et al., 2004; Silberstein

et al., 2017; Stauffer et al., 2018) didn’t get “5” scores. Besides, most

RCTs got scores “≥4” scores except 1 RCT (“2” scores, Lipton, Croop
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F IGURE 3 Funnel plot of number of patients with≥50% reduction from baseline in meanmonthly migraine days in all groups

F IGURE 4 Forest of number of patients with≥50% reduction from baseline in meanmonthly migraine days in Erenumab group
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F IGURE 5 Forest of number of patients
with≥50% reduction from baseline in mean
monthly migraine days in Atogepant group

F IGURE 6 Forest of number of patients
with≥50% reduction from baseline in mean
monthly migraine days in Eptinezumab group

F IGURE 7 Forest of number of patients
with≥50% reduction from baseline in mean
monthly migraine days in Galcanezumab group
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F IGURE 8 Forest of number of pain free patients at 2 h postdose
in all groups

et al., 2019), which illustrated that the quality of the included RCTswas

relatively high.

3.2 Basic characteristics of the included studies
and risk of bias evaluation result

The basic characteristics of the included studies are shown in Table 1

and risk of bias evaluation results are shown in Table 2. The Jadad Scale

was shown in Table 3. The outcome indicators of the included studies

are shown in Table 4.

3.3 Meta-analysis results

3.3.1 Efficacy

In terms of the three indicators, CGRP antagonists were found to

be more effective when compared to controls. Outcome indicator for

the number of patients with ≥50% reduction from baseline in mean

monthly migraine days was reported in 9 RCTs and the random effects

model showed that CGRP antagonists exerted better effects, relative

to controls (RR=1.50, 95%CI [1.39, 1.62], p< .00001) (Figures 2 and3)

and the meta-analysis of each CGRP antagonist for the outcome indi-

cator of “the number of patients with ≥50% reduction from baseline in

meanmonthly migraine days” were also performed (Figures 4–7). Out-

come indicator for the number of pain free patients at 2 h postdosewas

reported in 13 RCTs and the random effects model showed that CGRP

antagonists exerted better effects relative to the controls (RR = 1.98,

95%CI [1.77, 2.20], p< .00001) (Figures 8 and 9) and themeta-analysis

of each CGRP antagonist for the outcome indicator of “number of pain

free patients at 2 h postdose” were also performed (Figures 10–15).

Outcome indicator for the number of patients with pain-free patients

at 2–24 h postdose was reported in 10 RCTs and the random effects

model showed that CGRP antagonists exerted better effects, relative

to controls (RR = 2.18, 95% CI [1.93, 2.46], p < .00001) (Figures 16

and 17) and the meta-analysis of each CGRP antagonist for the out-

come indicator of “number of patients with pain-free patients at 2–24

h postdose” were also performed (Figures 18–23).

3.3.2 Safety outcomes

Twenty-one RCTs reported on treatment-associated adverse out-

comes. The randomeffectsmodel showed that CGRPantagonistswere

associated with more adverse reactions than controls (RR= 1.08, 95%

CI [1.04, 1.12], p< .0001) (Figures 24 and 25) and the meta-analysis of

each CGRP antagonist for the adverse outcomes were also performed

(Figures 26–35). The adverse reactions included upper respiratory
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F IGURE 9 Funnel plot of number of pain free patients at 2 h postdose in all groups

F IGURE 10 Forest of number of pain free patients at 2 h postdose in BI44370TA group
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F IGURE 11 Forest of number of pain free patients at 2 h postdose in Ubrogepant group

tract infections, pain at injection sites (dose dependent), nasopharyn-

gitis, influenza, fatigue, somnolence, nausea, and constipation among

others.

3.3.3 Sensitivity analysis

To check the stability of the results obtained from this meta-analysis,

leave-one out method was used by analyzing the results when delet-

ing one single trial each time.We first excluded the lowest quality RCT

(Lipton, Croop et al., 2019), which got “2” scores by Jadad Scale and

then performed the meta-analysis again. It showed that the outcome

indicator of “number of pain free patients at 2 h postdose” was still in

line with the original result (RR= 2.01, 95%CI [1.81, 2.24], p< .00001,

Figure 36). Then we excluded the RCT (Olesen et al., 2004) for the

reason of small sample size. And we also found the consistency with

the original result on the outcome indicator of “number of pain free

patients at 2 h postdose” (RR = 1.93, 95% CI [1.75, 2.13], p < .00001,

Figure 37).

4 DISCUSSION

The trigeminal neurovascular theory states that the trigeminal gan-

glion is a trigeminal nerve vascular reflex center that once activated, it

can cause pain perception inmigraine patients. CGRP is expressed in C

fibers of the trigeminal ganglion, while CGRP receptors are expressed

in the Aδ fiber. These fibers play different roles in pain induction.

Since the trigeminal ganglion does not have a blood-brain barrier with

endocranium, it is a potential drug target. CGRP antagonists have

been shown to relieve pain in migraine patients (Edvinsson et al.,

2018). This meta-analysis is presented based on the types and doses
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F IGURE 12 Forest of number of pain free patients at 2 h postdose in BIBN4096BS (Olcegepant) group

of CGRP antagonists. We found that CGRP antagonists exerted better

effects relative to the controlled group in which conventional drugs,

such as NSAIDS, triptans, or placebo were administered to migraine

patients. These outcomes indicators included (1) number of patients

with ≥50% reduction from baseline in mean monthly migraine days

(RR = 1.50, 95% CI [1.39, 1.62], p < .00001);(2) number of pain free

patients at 2 h post-dosing (RR= 1.98, 95%CI [1.77, 2.20], p< .00001);

(3) number of sustained pain-free patients at 2–24 h sustained post-

dosing (RR = 2.18, 95% CI [1.93, 2.46], p < .00001). And though sub-

group analysis, all CGRP antagonist groups showed better outcomes

than controls. BI44370TA, ubrogepant, telcagepant, MK-3207, and

rimegepant showedbetter outcomes both onoutcomes including num-

ber of patients with pain free at 2 h postdose and number of patients

with 2–24 h sustained pain free postdose. However, CGRP antagonists

were associatedwithmore adverse reactions than controls (RR= 1.08,

95% CI [1.04, 1.12], p < .0001), which was not consistent with previ-

ous studies; the reasons may be that (1) previous meta-analyses that

evaluated the efficacy and safety of calcitonin gene-related peptide

antagonists for migraine treatment focused on only one type of CGRP

antagonists, such as small molecule CGRP receptor antagonists or

anti-CGRPmonoclonal antibodies, while this meta-analysis focused on

both small molecule CGRP receptor antagonists and anti-CGRP mon-

oclonal antibodies. (2) Anti-CGRP monoclonal antibodies are mostly

administered via injections, which can easily lead to injection related

adverse reactions, such as localized redness and swelling of the skin.

(3) RCTs on CGRP antagonists always classified drugs based on dose

gradients,which can lead todose-dependent adverse reactions, such as

somnolence, nausea and vomiting among others. However, the above

adverse reactions are mild and transient and do not cause much harm

to patients’ health. Only one death was reported in the fremanezumab

quarterly group set by silberstein and the cause of death was deter-

mined to be chronic obstructive pulmonary disease (COPD) (Silber-

stein et al., 2017). Compared to small molecule CGRP receptor antago-

nists (gepants), anti-CGRPmonoclonal antibodies (mAbs) are not asso-

ciatedwithhepatotoxic effects because they arenotmetabolized in the

liver.Moreover, mAbs have long half-lives, high affinity aswell as selec-

tivity and they do not exert adverse effects on the cardiovascular sys-

tem, which is a common adverse reaction site for triptan. By the way,

through meta-analysis of each drug, erenumab showed less adverse

reaction than control andeptinezumab showedmuch the sameadverse

reaction with control, and these two CGRP antagonists also showed

greater effect on outcome of “number of patientswith≥50% reduction

frombaseline inmeanmonthlymigraine days” comparedwith controls,

which can provide guidance to clinical work.
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F IGURE 13 Forest of number of pain free patients at 2 h postdose in Telcagepant group
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F IGURE 14 Forest of number of pain free patients at 2 h postdose inMK-3207 group

F IGURE 15 Forest of number of pain free patients at 2 h postdose in Rimegepant group
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F IGURE 16 Forest of number of patients with sustained pain free
2–24 h postdose in all groups

5 LIMITATIONS

This meta-analysis has some limitations: (1) the included participants

in most studies were almost middle-aged and young, with a majority

of them being women and (2) the maximum follow-up time was 256

weeks, which is comparatively short to explore the long-term effica-

cies and safety of the CGRP antagonists on migraine treatment. Based

on the above limitations, future studies should evaluate the efficacies

of CGRP antagonists among different age groups combined with other

diseases, the benefits and safety of long-term drug use, withdrawal

reactions on the vascular system, and the stability of drug responses

withmultiple migraine attacks.

6 CONCLUSION

Thismeta-analysis reveals thatCGRPantagonists canbe effective drug

for migraine treatment. However, their safety need more high-quality

RCT researches to be proved.
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F IGURE 17 Funnel plot of number of patients with sustained pain free 2–24 h postdose in all groups

F IGURE 18 Forest of number of patients with sustained pain pain free 2–24 h postdose in BI44370TA group
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F IGURE 19 Forest of number of patients with sustained pain free 2–24 h postdose in BMS-927711 group
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F IGURE 20 Forest of number of patients with sustained pain free 2–24 h postdose in Telcagepant group
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F IGURE 21 Forest of number of patients with sustained pain free 2–24 h postdose in Rimegepant group

F IGURE 22 Forest of number of patients with sustained pain free 2–24 h postdose inMK-3207 group
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F IGURE 23 Forest of number of patients with sustained pain free 2–24 h postdose in Ubrogepant group
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F IGURE 24 Forest of AEs in all groups
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F IGURE 25 Funnel plot of AEs in all groups
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F IGURE 26 Forest of AEs in Erenumab group

F IGURE 27 Forest of AEs in Fremanezumab group
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F IGURE 28 Forest of AEs in Telcagepant group
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F IGURE 29 Forest of AEs inMK-3207 group
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F IGURE 30 Forest of AEs in Eptinezumab group

F IGURE 31 Forest of AEs in Bl44370TA group
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F IGURE 32 Forest of AEs in Rimgepant group

F IGURE 33 Forest of AEs in Ubrogepant group
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F IGURE 34 Forest of AEs in Atogepant group

F IGURE 35 Forest of AEs in Galcanezumab group



36 of 38 HUANG ET AL.

F IGURE 36 Forest of number of pain free patients at 2 h postdose
in all groups excluding one RCT (Lipton, Croop et al., 2019)

F IGURE 37 Forest of number of pain free patients at 2 h postdose
in all groups excluding one RCT (Olesen et al., 2004)
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