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Abstract
Background: Calcitonin gene-related peptide monoclonal antibodies (CGRP mAbs) are a novel class of drugs for migraine that includes
erenumab, fremanezumab, galcanezumab and eptinezumab. In clinical trials, CGRP mAbs have been reported to show good e�cacy in the
prevention of episodic migraines or chronic migraines. Our aim was to evaluate the e�cacy and safety of CGRP monoclonal antibodies in
this study.

Methods: We systematically searched for randomized controlled trials in the PubMed, Embase, ClinicalTrials.gov, and Cochrane Library
databases. The primary outcome was overall mean change from baseline to end of treatment in the number of monthly migraine headache
days (MMHDs). The secondary outcomes included 50% response rate, in the number of monthly headache days (MHDs), in the number of
monthly headache hours (MHHs), and in the number of monthly acute migraine-speci�c medication days (MSMDs). The safety outcomes
were evaluated in terms of reported adverse events.

Results: Eighteen studies including 11,099 patients were included in the meta-analysis. The meta-analysis showed that CGRP mAbs
exhibited a signi�cant bene�t in reducing the number of MMHDs compared to placebo (Episodic migraine: Std. MD -0.42, 95% CI -0.47 to
-0.36; Chronic migraine: Std. MD -0.28, 95% CI -0.35 to -0.21). Similarly, CGRP mAbs were superior to placebo in the secondary outcomes of
50% response rate, MHDs, MHHs, and MSMDs. With respect to safety, serious adverse events and withdrawal due to adverse events were not
signi�cantly associated with CGRP mAbs. Fremanezumab was associated with a signi�cantly higher incidence of any adverse event
compared with placebo (RR 1.10, 95% CI 1.03 to 1.17). Galcanezumab was associated with signi�cantly higher treatment-emergent adverse
events compared with placebo (RR 1.11, 95% CI 1.04 to 1.17). Constipation and injection site pain were signi�cantly higher with erenumab
than placebo. Injection site erythema and injection site induration were signi�cantly higher with fremanezumab than placebo. Upper
respiratory tract infection, injection site erythema, injection site pruritus and injection site reaction were signi�cantly higher with
galcanezumab than placebo.

Conclusions: This study con�rms that CGRP mAbs are effective as preventive treatments for episodic migraines and chronic migraines.
Adverse reactions at the injection site were associated with erenumab, fremanezumab and galcanezumab therapy. Constipation was more
common with erenumab. The risk of upper respiratory tract infection was higher with galcanezumab.

Systematic review registration: Our PROSPERO protocol registration number: CRD42019125928. Registered 26 November 2019.

Introduction
Migraines are a common primary neurological disease that can cause severe pain and disability; migraines are typically characterized by
recurrent attacks of moderate to severe unilateral pulsating headache that are often accompanied by nausea, vomiting, dizziness, fatigue,
photophobia, and phonophobia [1]. Migraines can be roughly divided into episodic migraines and chronic migraines depending upon the
frequency of the attacks. Episodic migraines are de�ned as fewer than 15 days of migraines per month [1, 2]. Chronic migraines are de�ned
as headaches that occur on 15 or more days per month for more than 3 months with at least 8 migraine days per month with symptoms that
are consistent with the features of migraine headaches [1]. Episodic migraines can transform into chronic migraines [3]. The 2016 Global
Burden of Disease study estimated that 1.04 billion people worldwide had migraines, indicating an overall prevalence of 14.4% [4]. Migraines
lead to heavy disease burdens for patients, family, and society. Migraines are the leading cause of neurological dysfunction worldwide and
the second most disabling condition worldwide [5, 6].

Currently, the pharmacological management of migraines includes the treatment of acute attacks and prophylactic treatment. Acute
treatment focuses on stopping migraines quickly, while preventive treatment aims to reduce the frequency and severity of migraines [2, 7].
For migraine sufferers, preventive treatment is key. The current medications that are commonly used to prevent migraines include β blockers,
antidepressants, antiepileptics, and botulinum toxin [8]. Unfortunately, these migraine-preventing drugs usually have problematic or
intolerable side effects, lack of e�cacy and complex methods of administration, so patients have low compliance, and the drugs are often
restricted in clinical application [9].

Calcitonin gene-related peptide (CGRP) is an important neuropeptide in the pathophysiology of migraines, and antagonizing CGRP or its
receptor offers a new option for migraine management [10]. CGRP monoclonal antibodies (mAbs) are mainly used for the prevention of
migraines. Four CGRP mAbs have been developed: three against CGRP itself, including fremanezumab (TEV-48215), galcanezumab
(LY2951742), and eptinezumab (ALD403), and only one against the CGRP receptor, erenumab (AMG-334) [11]. In recent years, phase II and III
randomized clinical trials have been completed that assessed the e�cacy and safety of CGRP mAbs for chronic or episodic migraines, and
full reports have been published one after another. Previous meta-analyses and systematic reviews analyzed only a small number of studies
on episodic migraines [12–14], analyzed studies of a single CGRP monoclonal antibody [15], or only evaluated e�cacy [16]. Additionally,
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several new studies were not included in the published meta-analyses and systematic reviews. Therefore, the purpose of our systematic
review and meta-analysis was to provide a comprehensive synthesis of current studies to update the e�cacy and safety of CGRP mAbs in
migraine prevention.

Methods

Search Strategy and Selection Criteria
We searched all references in the PubMed, Embase, ClinicalTrials.gov, and Cochrane Library databases from the date of their inception to
July 2019, and then, an updated search was performed in January 2019. The search used the following terms: “headache”, “migraine”,
“erenumab”, “amg 334”, “fremanezumab”, “tev-48125”, “galcanezumab”, “ly 2951742”, “eptinezumab”, “placebo”, “ald 403”, “randomized
controlled trial” and “human”. Two reviewers (XJY and YC) independently reviewed the titles and abstracts from the search results to exclude
duplicate studies, irrelevant studies, and studies that did not meet the eligibility criteria. When these reviewers disagreed, a third author
(GBW) resolved the issue. The full texts of the potentially relevant studies were carefully reviewed, and the studies were included if: (1) the
patients were adults, (2) the patients were diagnosed with migraines according to the International Classi�cation of Headache Disorders,
and (3) one or more primary or secondary outcomes were reported. A study was excluded if: (1) it did not report the outcomes of interest
clearly, (2) it did not provide su�cient information to extract or calculate the data, (3) it included migraines secondary to other diseases, or
(4) it was not a randomized placebo-controlled trial. This review has been accepted by PROSPERO (CRD42019125928).

Primary and secondary outcomes
The primary outcome was overall mean change from baseline to end of treatment in the number of monthly migraine headache days
(MMHDs). The secondary outcomes included overall mean percentage of participants with reduction ≥ 50% in monthly migraine headache
days (50% response rate), overall mean change in the number of monthly headache-days (MHDs), overall mean change in the number of
monthly headache-hours (MHHs), and overall mean change in the number of monthly acute migraine-speci�c medication days (MSMDs).
The safety outcomes were evaluated in terms of reported adverse events, including serious adverse events (SAEs), any adverse event,
withdrawal due to adverse events, and treatment-emergent adverse events (TEAEs).

Data extraction and risk of bias assessment
Two reviewers (XJY and YC) independently extracted the relevant information from the eligible studies using specially designed extraction
tables. When these reviewers disagreed, the issues were resolved through discussion or consultation with a third author (KC). The extracted
information included the name of the �rst author, publication year, sources of the studies, study design, diagnostic criteria for migraines,
types of migraines, number of patients on each arm, age, gender, interventions, outcomes, and adverse events. Moreover, two reviewers
independently assessed the risk of bias of the eligible studies, including the selection bias (random sequence generation and allocation
concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias
(incomplete outcome data), reporting bias (selective outcome reporting), and other sources of bias, by using the Cochrane risk of bias tool
for randomized trials.

Data analysis
The Review Manager software program, version 5.3, was used to conduct the statistical analyses. For continuous variables, standard mean
difference (Std. MD) was selected for the analysis using the inverse variance (IV) method. For dichotomous variables, risk ratios (RRs) were
selected for the analysis using the Mantel-Haenszel test. The precision of effect sizes was estimated using 95% con�dence intervals (CIs).
The degree of heterogeneity was evaluated using Cochrane’s Q test and the I2 statistic. Substantial heterogeneity was indicated by the p-
value of Cochran Q lower than 0.10 or I-square higher than 50%. The random-effects model was used when the data were signi�cantly
heterogeneous, and the �xed-effect model was used when the data were homogeneous. To reduced heterogeneity, quantitative synthesis
analysis was conducted by using the subset design. The subset was strati�ed according to different types of drugs or types of migraines.
Whenever signi�cant heterogeneity was still present, we searched for potential sources of heterogeneity by omitting one study at a time from
the meta-analysis. Funnel plots were used to determine publication bias regarding the end points.

Results
The initial search strategy yielded a total of 1361 references from the online databases, and 500 references were excluded because of
duplication. Additionally, 838 references were excluded after screening the titles and abstracts, and 5 references were excluded after the full
text was screened. Finally, eighteen studies were enrolled in the meta-analysis. A detailed �owchart of the study selection is shown in Fig. 1.
In the pooled analysis, we did not summarize the low-dose groups of phase 2 clinical trials, including erenumab 7 mg/21 mg/28 mg,
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galcanezumab 5 mg/50 mg, and eptinezumab 10 mg/30 mg; as these low-dose groups had only had only partial e�cacy and did not enter
phase 3 clinical trials.

Study characteristics and study quality
The eighteen included studies recruited 11,099 patients with migraines. Table 1 presents the characteristics of the included studies. Most of
the patients were females (n = 9405; 84.74%), and there were only 1694 males (15.33%). Eighteen studies focused on four CGRP mAbs:
erenumab (6), fremanezumab (5), galcanezumab (5), and eptinezumab (2). Twelve trials focused on episodic migraines, and �ve trials
investigated chronic migraines. The other study recruited populations of both episodic migraine and chronic migraine patients. Moreover,
two trials focused on patients who had documented failure to two to four classes of migraine preventive medications. The risk of bias in the
studies is shown in Fig. 2. The risk of bias was low in almost all the studies.
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Table 1
Characteristics of included studies.

Studies Trial

Registration

Study
Design

Migraine

Type*

Interventions Sex

(male/female)

Age

(mean 
± SD)

Course of

Treatment

Bigal
2015a [17]

NCT02021773 RCT
Phase
2b

C Fremanezumab 900 mg/675-225-
225 mg/placebo

37/227 40.7 ± 
12.0

3 months

Bigal
2015b [18]

NCT02025556 RCT
phase
2b

E Fremanezumab
675 mg/225 mg/placebo

36/261 41.2 ± 
12.2

3 months

Detke
2018 [19]

NCT02614261 RCT
phase
3

C Galcanezumab
240 mg/120 mg/placebo

167/946 41.0 ± 
12.1

3 months

Dodick
2014a [20]

NCT01625988 RCT
phase
2

E Galcanezumab 150 mg/placebo 33/184 41.4 ± 
11.5

3 months

Dodick
2014b [21]

NCT01772524 RCT
phase
2

E Eptinezumab 1000 mg/placebo 30/133 38.8 ± 
10.2

2 months

Dodick
2018a [22]

NCT02483585 RCT
phase
3

E Erenumab 70 mg/placebo 85/492 42.0 ± 
11.5

3 months

Dodick
2018b [23]

NCT02629861 RCT
phase
3

E Fremanezumab 675 mg single higher
dose/225 mg monthly/placebo

133/742 41.8 ± 
12.1

3 months

Dodick
2019 [24]

NCT02275117 RCT
phase
2

C Eptinezumab
300 mg/100 mg/30 mg/10 mg/placebo

81/535 36.6 ± 
9.7

3 months

Ferrari
2019 [25]

NCT03308968 RCT
phase
3b

E/C Fremanezumab 675 mg
quarterly/225 mg monthly/placebo

138/700 46.2 ± 
11.1

3 months

Goadsby
2017 [26]

NCT02456740 RCT
phase
3

E Erenumab 140 mg/70 mg/placebo 141/814 40.9 ± 
11.2

6 months

Reuter
2018 [27]

NCT03096834 RCT
phase
3b

E Erenumab 140 mg/placebo 46/200 44.4 ± 
10.5

3 months

Sakai
2019 [28]

NCT02630459 RCT
phase
2

E Erenumab
140 mg/70 mg/28 mg/placebo

75/400 44.0 ± 
8.6

6 months

Silberstein
2017 [29]

NCT02621931 RCT
phase
3

C Fremanezumab 675 mg quatrerly/675-
225-225 mg/placebo

139/991 41.3 ± 
12.1

3 months

Skljarevski
2018a [30]

NCT02163993 RCT
phase
2b

E Galcanezumab 300 mg
120 mg/50 mg/5 mg/placebo

70/340 40.2 ± 
12.0

3 months

Skljarevski
2018b [31]

NCT02614196 RCT
phase
3

E Galcanezumab
240 mg/120 mg/placebo

134/781 41.8 ± 
11.2

6 months

Stauffer
2018 [32]

NCT02614183 RCT
phase
3

E Galcanezumab
240 mg/120 mg/placebo

140/718 40.7 ± 
11.6

6 months

Sun 2016
[33]

NCT01952574 RCT
phase
2

E Erenumab 70 mg/21 mg/7 mg/placebo 94/389 41.3 ± 
10.7

3 months

* C: chronic migraine, E: episodic migraine.
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Studies Trial

Registration

Study
Design

Migraine

Type*

Interventions Sex

(male/female)

Age

(mean 
± SD)

Course of

Treatment

Tepper
2017 [34]

NCT02066415 RCT
phase
2

C Erenumab 140 mg/70 mg/placebo 115/552 42.1 ± 
11.2

3 months

* C: chronic migraine, E: episodic migraine.

Publication bias
The probability of publication bias was estimated only by the visual inspection of a funnel plot, since the Review Manager software
program, version 5.3, was used. We presented only a funnel plot of the primary outcome, and there was no obvious asymmetry in the funnel
plot (Fig. 3) by visual analysis.

MMHDs
The meta-analysis of MMHDs included seventeen trials with a total of 10,007 patients. Obviously, CGRP mAbs were superior in reducing
MMHDs compared with placebo for the prevention of migraine (Episodic migraine subgroup, Std. MD -0.42, 95% CI -0.47 to -0.36, I2 = 7%;
Chronic migraine subgroup, Std. MD -0.28, 95% CI -0.35 to -0.21, I2 = 13%; Fig. 4). The test for subgroup differences re�ected a high
heterogeneity among the three subsets (I-square = 91.1%).

50% response rate
Of the 18 studies, seventeen trials with a total of 9061 patients reported data abouts the 50% response rate. CGRP mAbs led to a
signi�cantly higher 50% response rate compared with placebo for the prevention of migraines (Episodic migraine subgroup, RR 1.61, 95% CI
1.51 to 1.72, I2 = 47%; Chronic migraine subgroup, RR 1.61, 95% CI 1.41 to 1.83, I2 = 13%; Fig. 5). The subgroup differences were mainly due
to the episodic and migraine subsets, which included only Ferrari 2019. In the sensitivity analysis, after the exclusion of Sakai 2019, the RR
of the 50% response rate was 1.58 (95% CI: 1.48 to 1.69, I2 = 18%) in the episodic migraines prevented by CGRP mAbs compared with the
episodic migraines prevented by placebo.

MHDs and MHHs
Regarding the MHDs, seven trials with a total of 3480 patients reported this outcome. There was a signi�cant difference between CGRP
mAbs and placebo in the decrease in MHDs (Episodic migraine: Std. MD -0.31, 95% CI -0.44 to -0.18, I2 = 26%; Chronic migraine: Std. MD
-0.28, 95% CI -0.36 to -0.20, I2 = 17%; Fig. 6a). Regarding the MHHs, seven trials with a total of 4346 patients reported this outcome. Similarly,
there was a signi�cant difference between CGRP mAbs and placebo in the decrease in MHHs (Episodic migraine: Std. MD -0.34, 95% CI -0.42
to -0.25, I2 = 0%; Chronic migraine: Std. MD -0.23, 95% CI -0.31 to -0.15, I2 = 0%; Fig. 6b).
MSMDs

Seven trials with a total of 3911 patients reported the MSMDs. Using a random -effect model, CGRP mAbs were associated with signi�cantly
reduced MSMDs (Std. MD − 0.56, 95% CI − 0.67 to − 0.45, I2 = 60%; Fig. 7) compared with placebo. In the sensitivity analysis, after the
exclusion of Dodick 2018a, the same signi�cant result was observed (Std. MD − 0.60, 95% CI − 0.70 to − 0.51, I2 = 33%). Due to the
insu�cient number of studies, we did not conduct subgroup analysis by type of migraine.

Adverse events
The adverse events were used to evaluate the safety of the drugs. Currently, the CGRP mAbs used to prevent migraine include erenumab,
fremanezumab, galcanezumab, and epitinezumab. Therefore, subgroup analysis was used to assess the safety of each CGRP mAb.
Fremanezumab was associated with signi�cantly higher incidence of any adverse event when compared with placebo (RR 1.10, 95% CI 1.03
to 1.17, I2 = 0%; Additional �le1: S1), and no differences were observed between erenumab and placebo (RR 0.97, 95% CI 0.91 to 1.04, I2 = 
39%; Additional �le1: S1). Regarding TEAEs, no signi�cant differences were observed between fremanezumab and placebo (RR 1.06, 95% CI
0.89 to 1.27, I2 = 57%; Additional �le1: S2), while the incidence of TEAEs after treatment with galcanezumab was signi�cantly higher
compared with treatment with placebo (RR 1.11, 95% CI 1.04 to 1.17, I2 = 0%; Additional �le1: S2). Unfortunately, the subgroup of
fremanezumab included two studies with a high heterogeneity. All the included studies reported withdrawal due to adverse events and SAEs.
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No signi�cant differences were observed in the withdrawal due to adverse events and SAEs between the four CGRP mAbs and placebo
(Additional �le1: S3 and S4).

Common adverse events reported in included studies
We analyzed the common adverse events of each CGRP mAb with �xed-effect model. For erenumab, the results showed that the rates of
constipation and injection site pain were signi�cantly higher compared to placebo (RR 2.01, 95% CI 1.06 to 3.82, I2 = 31%; RR 1.80, 95% CI
1.10 to 2.94, I2 = 4%; Table 2). For galcanezumab, the meta-analysis showed that the rates of upper respiratory tract infection (RR 1.45, 95%
CI 1.03 to 2.05, I2 = 0%), injection site pain (RR 1.31, 95% CI 1.07 to 1.60, I2 = 67%), injection site erythema (RR 2.69, 95% CI 1.63 to 4.45, I2 = 
0%), injection site pruritus (RR 15.99, 95% CI 4.47 to 57.24, I2 = 0%), and injection site reaction (RR 4.70, 95% CI 2.68 to 8.25, I2 = 69%) were
signi�cantly higher compared with placebo (details are shown in Table 3). There was high heterogeneity in injection site pain and injection
site reaction. In the sensitivity analysis, after the exclusion of Skljarevski 2018a, no differences were noted between galcanezumab and
placebo in terms of injection site pain (RR 1.22, 95% CI 0.99 to 1.50, I2 = 46%). For injection site reaction, this outcome was still signi�cant
after the exclusion of Skljarevski 2018b (RR 3.03, 95% CI 1.66 to 5.50, I2 = 20%). For fremanezumab, the incidence of injection site erythema
and injection site induration were signi�cantly higher compared with placebo (RR 1.29, 95% CI 1.06 to 1.57, I2 = 0%; RR 1.27, 95% CI 1.05 to
1.53, I2 = 0%; Table 4). There were only two studies on epitinezumab in the included studies, and we analyzed the adverse events reported
jointly by these two studies. The results showed that epitinezumab led to rates of dizziness, nausea, migraine, and upper respiratory tract
infection that were similar to those caused by placebo (Table 5).

Table 2
Common adverse events of erenumab and placebo.

Common adverse events Number of studies Erenumab Placebo RR P I2

Nausea 4 33/1400 28/1043 0.91 [0.55, 1.52] 0.73 0%

Fatigue 4 30/1141 19/885 1.27 [0.73, 2.22] 0.41 0%

Constipation 4 41/1566 13/1026 2.01 [1.06, 3.82] 0.03 31%

Back pain 4 26/1130 15/732 1.14 [0.60, 2.18] 0.69 0%

Arthralgia 2 15/739 11/472 0.88 [0.38, 2.02] 0.75 29%

Migraine 4 24/1400 23/1043 0.80 [0.46, 1.39] 0.44 49%

Nasopharyngitis 6 185/1791 129/1303 0.89 [0.72, 1.10] 0.27 30%

Sinusitis 2 24/916 13/608 1.19 [0.60, 2.35] 0.62 0%

Upper respiratory tract infection 5 71/1519 39/1167 1.30 [0.89, 1.90] 0.18 0%

In�uenza 3 24/1022 21/761 0.93 [0.51, 1.68] 0.8 0%

Injection site pain 5 51/1751 24/1150 1.80 [1.10, 2.94] 0.02 4%
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Table 3
Common adverse events of galcanezumab and placebo.

Common adverse events Number of studies Galcanezumab Placebo RR P I2

Dizziness 3 31/987 24/1003 1.31 [0.78, 2.22] 0.31 0%

Nausea 3 21/670 29/679 0.74 [0.42, 1.28] 0.27 0%

Fatigue 2 23/1009 22/1019 1.06 [0.59, 1.88] 0.85 0%

Diarrhoea 2 19/1009 20/1019 0.96 [0.52, 1.79] 0.9 0%

Back pain 3 30/1088 28/1100 1.09 [0.65, 1.80] 0.75 16%

Neck pain 3 18/1088 14/1100 1.30 [0.65, 2.60] 0.46 0%

Abdominal pain 2 16/662 12/668 1.35 [0.64, 2.83] 0.43 0%

Arthralgia 2 12/662 12/668 1.02 [0.46, 2.23] 0.97 0%

Migraine 2 16/981 9/990 1.79 [0.80, 4.04] 0.16 0%

Oropharyngeal pain 2 14/981 6/990 2.36 [0.91, 6.11] 0.08 0%

Nasopharyngitis 5 95/1679 105/1698 0.92 [0.70, 1.20] 0.52 0%

Sinusitis 3 33/1088 23/1100 1.45 [0.86, 2.46] 0.16 15%

Upper respiratory tract infection 4 73/1253 51/1266 1.45 [1.03, 2.05] 0.04 0%

In�uenza 3 31/1435 22/1451 1.43 [0.83, 2.45] 0.2 25%

Injection site pain 5 193/1679 149/1698 1.31 [1.07, 1.60] 0.008 67%

Injection site erythema 4 54/1542 20/1561 2.69 [1.63, 4.45] 0.0001 0%

Injection site pruritus 3 39/1435 2/1451 15.99 [4.47, 57.24] 0.0001 0%

Injection site reaction 3 67/1435 14/1451 4.70 [2.68, 8.25] 0.00001 69%
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Table 4
Common adverse events of fremanezumab and placebo.

Common adverse events Number of studies Fremanezumab Placebo RR P I2

Dizziness 3 35/1508 8/756 2.10 [1.00, 4.40] 0.05 0%

Nausea 4 28/2089 26/1049 0.54 [0.32, 0.92] 0.02 16%

Fatigue 3 31/1334 8/674 1.95 [0.90, 4.23] 0.09 0%

Constipation 2 11/735 2/366 2.30 [0.59, 8.96] 0.23 0%

Insomnia 2 16/735 2/366 3.29 [0.87, 12.35] 0.08 0%

Paraesthesia 2 5/366 3/193 0.83 [0.22, 3.17] 0.78 68%

Back pain 3 15/927 8/470 0.96 [0.41, 2.24] 0.92 0%

Neck pain 2 7/735 0/366 4.02 [0.50, 32.06] 0.19 0%

Arthralgia 2 7/753 3/381 1.10 [0.31, 3.84] 0.89 12%

Migraine 2 4/366 2/193 0.95 [0.20, 4.46] 0.95 0%

Headache 2 7/366 2/193 1.58 [0.38, 6.61] 0.53 48%

Nasopharyngitis 5 82/2263 46/1138 0.89 [0.63, 1.27] 0.53 0%

Sinusitis 4 29/1702 22/861 0.67 [0.39, 1.16] 0.15 0%

Upper respiratory tract infection 4 80/2089 37/1049 1.09 [0.74, 1.59] 0.67 0%

Depression 2 2/366 3/193 0.39 [0.09, 1.78] 0.23 62%

In�uenza 2 11/753 3/381 1.86 [0.52, 6.64] 0.34 0%

Bronchitis 2 15/773 3/397 2.28 [0.72, 7.21] 0.16 0%

Injection site pain 5 433/2263 197/1138 1.10 [0.95, 1.27] 0.19 0%

Injection site erythema 5 308/2263 119/1138 1.29 [1.06, 1.57] 0.01 0%

Injection site pruritus 3 16/927 3/470 2.15 [0.73, 6.35] 0.16 0%

Injection site bruising 3 15/927 5/470 1.54 [0.56, 4.20] 0.4 0%

Injection site induration 3 317/1897 125/945 1.27 [1.05, 1.53] 0.01 0%

Injection site hemorrhage 2 27/1336 16/668 0.84 [0.46, 1.55] 0.59 0%

Table 5
Common adverse events of eptinezumab and placebo.

Common adverse events Number of studies Eptinezumab Placebo RR P I2

Dizziness 2 17/324 10/203 0.95 [0.45, 1.99] 0.89 22%

Nausea 2 20/324 11/203 1.02 [0.50, 2.08] 0.95 0%

Migraine 2 9/324 4/203 1.36 [0.40, 4.66] 0.63 0%

Upper respiratory tract infection 2 28/324 12/203 1.50 [0.77, 2.94] 0.23 0%

Discussion
This study compared the e�cacy and safety of four different CGRP mAbs compared to those of placebo for migraine prevention. The
present meta-analysis included 18 studies including a total of 11,099 migraine patients. The analysis showed that patients with migraines
who received CGRP mAbs experienced signi�cantly reduced MMHDs, MHDs, MHHs, and MSMDs and increased 50% response rate
compared with patients who received placebo. In addition to MSMDs, we performed a subgroup analysis of the above outcomes, which
showed that CGRP mAbs showed signi�cant e�cacy in both episode migraines and chronic migraines, and the results were reliable and
stable. The results were similar to those of previous meta-analyses, which included only episodic migraines or chronic migraines[14, 35–37].
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In terms of safety, there were no signi�cant differences between CGRP mAbs and placebo in terms of SAEs and withdrawal due to adverse
events. However, the incidence of any adverse event was signi�cantly higher after treatment with fremanezumab, and TEAEs were
signi�cantly higher after treatment with galcanezumab, compared to treatment with placebo.

Regarding the common adverse events, nasopharyngitis, upper respiratory tract infection and adverse reactions at the injection site were the
most frequently reported adverse events. By summarizing the analysis, we observed a noteworthy �nding. Constipation and injection site
pain were signi�cantly higher after treatment with erenumab than after treatment with placebo. Injection site erythema and injection site
induration were signi�cantly higher after treatment with fremanezumab than after treatment with placebo. Upper respiratory tract infection,
injection site erythema, injection site pruritus and injection site reaction were signi�cantly higher after treatment with galcanezumab than
after treatment with placebo. Adverse reactions at the injection site seem to be common among CGRP mAbs (except for eptinezumab);
however, according to the literature, most of these adverse reactions were mild to moderate and rarely led to discontinuation[38]. In most
previous studies and reviews, there was no signi�cant difference in the incidence of noninjection site adverse events between the CGRP
mAbs group and the placebo group. In our analysis, we found that constipation was associated with the use of erenumab, and the use of
fremanezumab increased the risk of upper respiratory tract infection. Constipation has been reported to be the most signi�cant adverse
effect of erenumab in clinical practice, but this was not observed in clinical trials, which may be related to study duration[39]. Upper
respiratory tract infection is a common adverse event of CGRP mAbs, but previous clinical studies have not shown that fremanezumab use
increases the risk of upper respiratory tract infection. Does fremanezumab affect immune function? This question deserves our attention
and should be scrutinized in clinical application.

Regarding eptinezumab, it is currently the only CGRP mAb administered intravenously. In our meta-analysis, only two articles reported the
results of clinical studies of eptinezumab, and these articles included a total of 779 participants, which was lower than the numbers of
participants included in the other trials. Therefore, the safety and e�cacy of eptinezumab should be carefully considered. Since
eptinezumab is administered via intravenous injection, unlike other CGRP mAbs administered by percutaneous injection, there are few
adverse reactions at the injection site. Although the two key clinical trials of eptinezumab, Promise-1 and Promise-2, have been completed,
the complete data are not available at the time of writing, and we look forward to further updates to con�rm the safety and e�cacy of
eptinezumab.

CGRP is a neuropeptide that is widely found in the peripheral and central nervous system. CGRP regulates pain perception and maintains
neurogenic in�ammation, which further leads to peripheral and central pain sensitization, which may play a role in the pathogenesis of
migraines[40]. Therefore, CGRP has become a new target for the treatment of migraines. To date, two drugs have been developed to target
CGRP, including small molecule CGRP receptor antagonists and CGRP mAbs. A small molecule CGRP receptor antagonist, known as
gepants, was designed for the treatment of acute migraines, but previous studies have been limited by potential hepatotoxicity or other
causes[41]. While mAbs are mainly used to prevent migraine, their intended goal was to achieve high targeting speci�city and minimal
systemic adverse reactions. The role of mAbs in migraine prevention has not been fully elucidated. The ability of these monoclonal
antibodies to cross the blood-brain barrier is very limited, suggesting that their role may lie primarily outside the blood-brain barrier[42]. Since
CGRP is an effective vasodilator that may play a protective role in the cardiovascular system, a future issue to be addressed is the safety of
mAbs in patients with long-term or increased cardiovascular risk. Moreover, it is also important to identify the appropriate patient population.
The Ferrari 2019 and Reuter 2018 studies included in this meta-analysis show rapid effectiveness and good tolerance in the prevention of
migraine attacks in di�cult-to-treat migraine patients who previously did not respond to up to four classes of migraine preventive drugs[25,
27]. Compared with those of placebo, the treatment bene�ts were higher than previous studies using other migraine preventive medications.

Our study has several advantages compared with previous meta-analyses. First, we systematically and comprehensively searched the
literature. All the included randomized controlled trials were rigorously evaluated, and a total of 18 studies with low risks of bias were
included. Second, we evaluated several related results. Third, we used appropriate subgroup analysis. Our analysis also has some
limitations. First, due to limited data, we only focused on short-term, double-blinded controlled studies that lasted no more than half a year,
and long-term e�cacy and safety were unclear. Second, there are differences in the included studies, such as the severity of the migraines
and the course and dosage of the medications, which may lead to signi�cant heterogeneity. Third, we did not pay attention to the differences
in treatment time and dose of the different types of CGRP mAbs.

Conclusions
This study con�rms that CGRP mAbs are effective as preventive treatments for episodic migraines and chronic migraines. Adverse reactions
at the injection site were associated with erenumab, fremanezumab and galcanezumab. Constipation was more commonly associated with
erenumab. The risk of upper respiratory tract infection was higher with galcanezumab. In general, CGRP mAbs are effective in preventing
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migraine, and have certain reference and guiding value for clinicians and migraine patients. However, further clinical trials and clinical
applications are still needed to verify its safety.

Abbreviations
CGRP mAbs: Calcitonin gene-related peptide monoclonal antibodies; MMHDs:monthly migraine headache days; MHDs:monthly headache
days; MHHs:monthly headache hours; MSMDs:monthly acute migraine-speci�c medication days; SAEs:serious adverse events;
TEAEs:treatment-emergent adverse events.
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Figure 1

Flowchart of study selection
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Figure 2

Risk of bias assessment summary of each study
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Figure 3

A funnel plot estimating of publication bias.
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Figure 4

MMHDs of CGRP mAbs and placebo.
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Figure 5

50% response rate of CGRP mAbs and placebo.
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Figure 6

a MHDs of CGRP mAbs and placebo; b MHHs of CGRP mAbs and placebo.
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Figure 7

MSMDs of CGRP mAbs and placebo
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