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Abstract

Objective This meta-analysis was performed to evaluate the efficacy and safety of monoclonal antibodies against calcitonin
gene-related peptide (CGRP) for episodic migraine prevention.

Methods MEDLINE, EMBASE, Web of Science, and the Cochrane Library were searched from inception to April 2018. Studies
considered to be eligible were randomized controlled trials about efficacy and safety of calcitonin gene-related peptide mono-
clonal antibody for episodic migraine prevention.

Results Eight randomized controlled trials involving 2292 patients were included. The outcomes of this meta-analysis presented
that CGRP monoclonal antibodies for preventive treatment of episodic migraine significantly reduced the monthly migraine days
from baseline [weighted mean difference (WMD) =—1.52; 95%CI, —1.92 to — 1.11; Z=7.40; P<0.001] and monthly acute
migraine-specific medication consumption from baseline [WMD =—1.45; 95%CI, —2.17 to —0.72; Z=3.93; P<0.001], as
compared with placebo group. CGRP monoclonal antibodies for preventive treatment of episodic migraine significantly in-
creased the > 50% reduction from baseline in migraine days per month [RR = 1.54; 95%CI, 1.38 tol.71; Z=7.88; P<0.001].
The adverse events were similar between the CGRP monoclonal antibody group and placebo group (P = 0.998). The outcomes of
subgroup analysis showed that erenumab, galcanezumab, and fremanezumab significantly reduced the monthly migraine days
from baseline and increased the > 50% reduction from baseline in migraine days per month. Both erenumab and fremanezumab
significantly reduced from baseline.

Conclusions Based on the results of this meta-analysis, CGRP monoclonal antibodies significantly reduced the monthly migraine
days and acute migraine-specific medication. CGRP monoclonal antibodies were effective and safe for preventive treatment of
episodic migraine.
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Introduction

According to the 2013 International Classification of Headache
Disorders-3 (ICHD-3), episodic migraine is at least two cluster
periods lasting from 7 days to 1 year (when untreated) and
separated by pain-free remission periods of >1 month [1-3].
Calcitonin gene-related peptide (CGRP) is a proinflammatory
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vasodilating neuropeptide implicated in the pathophysiology of
migraine and has become a promising target for treating mi-
graine [4-7]. Erenumab, eptinezumab, galcanezumab, and
fremanezumab are the most studied CGRP monoclonal anti-
bodies. Recently, the efficacy of CGRP monoclonal antibody
for episodic migraine prevention has been confirmed in several
clinical trials. Therefore, we utilize meta-analysis to improve
statistical power and review the efficacy and safety of CGRP
monoclonal antibody for episodic migraine.

Methods

This meta-analysis was performed to evaluate the efficacy and
safety of monoclonal antibodies against CGRP for episodic
migraine prevention.
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Search trials

We conducted this post hoc analysis by systematically searching
MEDLINE, the Cochrane Library, EMBASE, and Web of
Science (from inception up to April 2018) to identify relevant
randomized controlled trials (RCTs) by using the following
search terms: “monoclonal antibodies against the CGRP-
receptor,” “Erenumab,” “Eptinezumab,” “Galcanezumab,”
“Fremanezumab,” “episodic migraine,” “randomized con-
trolled trial,” “placebo-controlled.” The reference lists of the
initially retrieved articles were also reviewed.
Take the PubMed as an example.

#1 Calcitonin gene-related peptide monoclonal antibody
#2 Fremanezumab

#3 Galcanezumab

#4 Erenumab

#5 Eptinezumab

#6 episodic migraine

#7 randomized controlled trial

#8 #1 OR #2 OR #3 OR #4 OR #5

#9 #6 AND #7 AND #8

Inclusion criteria

Trials were selected based on the following inclusion criteria:
(1) RCTs about calcitonin gene-related peptide monoclonal an-
tibody for episodic migraine prevention; (2) reported at least one
of the following outcomes: the reduction of monthly migraine
days, >50% reduction from baseline in migraine days per
month, monthly acute migraine-specific medication consump-
tion from baseline and adverse event; (3) no limitations regard-
ing the country, time, or language of publications. Exclusion
criteria were as follows: (1) duration of follow-up was less than
7 days and (2) observational trials about episodic migraine.

Risk of bias assessments

The methodological quality for the included trials was
assessed independently by two researchers based on the rec-
ommendations exemplified in the Cochrane handbook for sys-
tematic reviews of interventions and summarized in a domain-
based evaluation of the following components: random se-
quence generation, allocation concealment, blinding, incom-
plete outcome data, selective reporting, and other biases [8].

Data extraction
Two researchers independently reviewed the full text of the

retrieved articles and reported the results in a structured dataset.
Disparities between researchers regarding the inclusion of each
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trial were resolved by a third independent researcher. The in-
formation for each study included lead author, publication year,
countries of origin, participant characteristics, study design,
sample size, clinical follow-up, and outcomes.

The primary end point was to compare the reduction of
monthly migraine days between the CGRP group and placebo
group from baseline to the final 12th week of the double-blind
treatment phase. The second end points included >50% re-
duction from baseline in migraine days per month and month-
ly acute migraine-specific medication consumption from
baseline and adverse event.

Statistical analysis

We performed meta-analysis by using the Mantel-Haenszel
statistical method. Dichotomous outcomes were analyzed
using relative risk (RR) and 95% confidence intervals (Cls).
Continuous outcomes were analyzed using weighted mean
differences (WMD) and 95% Cls. Based on the practice rec-
ommendation of the Cochrane Handbook, trials with zero
events in both the intervention and the control groups were
not included in the meta-analysis when RR and WMD were
calculated.

A random-effects model was used to pool the data, and the
statistical heterogeneity between summary data was assessed
by the chi-squared test and its extent was quantified by the /*
statistic. Sensitivity analysis was performed by excluding any
single hazard ratio from the analysis.

To evaluate the efficacy and safety of different kinds of
monoclonal antibodies against CGRP for episodic migraine
prevention, we specified subgroups based on the kind of
CGRP mABs. Publication bias was assessed by Egger’s test
and a visual assessment of a funnel plot.

All meta-analyses were performed by the software program
Statal2.0.

P <0.05 was considered statistically significant.

Results
Study characteristics

A total of 179 citations were identified from the literature
search. Eight RCTs [9-16] involving 2292 patients met the
inclusion criteria for this meta-analysis. The other studies were
excluded for various reasons (Fig. 1). All studies were pub-
lished in English from 2014 to 2017. The sample size varied
from 133 to 628 patients in those included studies. All of these
eight trials were multicenter, double-blind RCTs. Details of
the study characteristics are shown in Table 1 and methodo-
logical assessments are shown in Table 2.
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Fig. 1 The flow diagram of the
literature search and selection

process of the studies Medline (n=18);

The Cochrane Library (n=35),

Potentially relevant articles (n=179):

EMbase (n=69). Web of Science (n=57)

Additional records identified through the
review of the references of the initially
retrieved articles (n=0)

Records after duplicates removed

Records excluded (n=120),
because they were:

review (n=33)
meeting abstract (n=60)

letter (n=2)

H irrelevant to our subject

Records screened (n=148)

(n=25)

Full-text articles excluded

| Full-text articles assessed for eligibility

|% (n=20), because they were:

retrospective studies (n=5)
not designed as RCTs (n=10)

Studies included in qualitative synthesis(n=8)

repeated data (n=5)

Studies included in quantitative synthesis

(meta-analysis) (n=8)

Quantitative data synthesis
Primary end points

The primary end point was the reduction of monthly migraine
days from baseline at the 12th week.

A total of eight trials [9—16] including 2263 patients report-
ed the reduction of monthly migraine days from baseline at
12-week. CGRP mAbs for preventive treatment of episodic
migraine significantly reduced the monthly migraine days
from baseline [2263 patients, WMD =—1.52; 95%CI, — 1.92
to—1.11; Z=7.40; P<0.001] (Fig. 2), as compared with pla-
cebo group. There was significant heterogeneity in the results
(P<0.001; Z =99.1%) while no evidence of publication bias
(Egger’s test, P =0.838) (Fig. 3). The sensitivity analysis (ex-
clusion of any single hazard ratio from the analysis) did not
substantively alter the overall result. Besides, sensitivity anal-
ysis based on those trials with long duration of follow-up
(more than 12 weeks) led to similar outcomes.

The results of subgroup analysis showed that erenumab,
galcanezumab, and fremanezumab significantly reduced
monthly migraine days from baseline [(WMD =—1.63;
95%Cl, —2.31 to —0.96; Z=4.76; P<0.001); (WMD =—
1.10; 95%CI, —1.18 to —1.02; Z=27.84; P<0.001);

(WMD =-1.83; 95%CI, —2.55 to —1.10; Z=4.95;
P <0.001)], as compared with placebo group. Only one study
reported the monthly migraine days from baseline under
eptinezumab.

Secondary end points

The secondary end point included > 50% reduction from base-
line in migraine days per month and monthly acute migraine-
specific medication consumption from baseline and adverse
event.

> 50% reduction from baseline in migraine days per month

A total of eight RCTs [9-16] including 2206 patients reported
>50% reduction from baseline in migraine days per month.
The outcomes of this meta-analysis presented that the CGRP
mADbs for preventive treatment of episodic migraine signifi-
cantly increased the >50% reduction from baseline in mi-
graine days per month [2206 patients, RR =1.54; 95%ClI,
1.38 to 1.71; Z=7.88; P<0.001] (Fig. 4), as compared with
placebo group. There was no significant heterogeneity in the
results (P = 0.335; I = 12.2%) and no evidence of publication
bias (Egger’s test, P =0.081) (Fig. 5). The sensitivity analysis
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Table 2  Assessment of the methodological aspects of the included studies
Trial Random sequence Allocation Blinding Incomplete Selective outcome Other sources
generation concealment outcome data reporting of bias

Goadsby et al. [9] Low risk Low risk Low risk Low risk Low risk Unclear risk
Tepper et al. [10] Low risk Low risk Low risk Low risk Low risk Unclear risk
Sun et al. [11] Low risk Low risk Low risk Low risk Low risk Unclear risk
Dodick et al. [12] Low risk Low risk Low risk Low risk Low risk Unclear risk
Skljarevski et al. [13] Low risk Low risk Low risk Low risk Low risk Unclear risk
Dodick et al. [14] Low risk Low risk Low risk Low risk Low risk Unclear risk
Cohen et al. [15] Low risk Low risk Low risk Low risk Low risk Unclear risk
Bigal et al. [16] Low risk Low risk Low risk Low risk Low risk Unclear risk

not substantively alter the overall result. Besides, sensitivity
analysis based on those trials with long duration of follow-up
(more than 12 weeks) led to similar outcomes.

The results of subgroup analysis showed that erenumab,
galcanezumab, and fremanezumab shared the same risk of

adverse events when compared with placebo group [(RR =
0.98; 95%ClI, 0.87 to 1.11; Z=0.30; P=0.763); (RR =1.05;
95%CI, 0.91 to 1.22; Z=0.66; P=0.509); (RR=1.00;
95%CI, 0.92 to 1.08; Z=0.01; P=0.990)]. Only one study
reported adverse events under eptinezumab.

Stud H H . %
udy Monthly migraine days from baseline ¢
ID WMD (95% Cl) Weight
1
Erenumab !
Goadsby et al (2017) (9) - -1.40 (-1.43, -1.37) 33.43
Tepper et al (2017) (10) . ! -2.40 (-2.47, -2.33) 33.32
Sun et al(2016) (11) |- -1.10 (-1.19, -1.01) 33.25
Subtotal (I-squared = 99.7%, p = 0.000) <> -1.63 (-2.31, -0.96) 100.00
!
1
Eptinezumab ]
Dodick et al(2014) (12) —f—o—— -1.00 (-2.20, 0.20) 100.00
Subtotal (I-squared =.%, p =.) 0» -1.00 (-2.20, 0.20) 100.00
:
1
Galcanezumab 8
Skljarevski et al(2017) (13) . -1.10 (-1.18, -1.02) 99.08
Dodick et al(2014) (14) B — -1.20 (-2.01, -0.39) 0.92

Subtotal (I-squared = 0.0%, p = 0.810)

Fremanezumab
Cohen et al(2017) (15)
Bigal et al(2015) (16)
Subtotal (I-squared = 33.7%, p = 0.220)

Overall (I-squared =99.1%, p = 0.000)

o (s

NOTE: Weights are from random effects analysis :

4110 (-1.18,-1.02)  100.00
-1.65(-1.89,-1.41)  81.56
260 (-4.10,-1.10)  18.44
-1.83(-2.55,-1.10)  100.00

-1.52(-1.92, -1.11)

I
-4.1 CGRP mAbs group

Fig. 2 The monthly migraine days from baseline: forest plot showing the
comparison of the CGRP mAbs group vs. placebo group. The size of each
square represents the proportion of information provided by each study.
The vertical line depicts the point of “no difference” between the two

0

Placebo group 4.1

groups, and the horizontal lines correspond to the 95% confidence
intervals (Cls). Diamonds represent the weighted mean difference
(WMD) for all studies
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Fig. 3 The Egger test (P =0.838) Begg's funnel plot with pseudo 95% confidence limits
0
1 " o
[a)] o
=
; o
-2 -
-3
0 2 4 6 8
s.e. of: WMD
Discussion the monthly migraine days from baseline and monthly acute
migraine-specific medication consumption from baseline at the
In our meta-analysis, CGRP monoclonal antibodies for pre- 12th week when compared with placebo group. CGRP mono-

ventive treatment of episodic migraine significantly reduced  clonal antibodies for preventive treatment of episodic migraine

Study 250% Reduction from baseline in migraine days per month *

ID RR (95% Cl) Weight
[

Erenumab !

Goadsby et al(2017) (9) —_— 0.61(0.49, 0.77) 47.10

Tepper et al(2017) (10) —_— 0.59 (0.45, 0.77) 31.09

Sun et al(2016) (11) B — 0.64 (0.46, 0.89) 21.81

Subtotal (I-squared = 0.0%, p = 0.922) > 061(053,071) 100,00
1
|

Eptinezumab H

Dodick et al(2014) (12) * : 0.54 (0.37, 0.78) 100.00

Subtotal (I-squared =.%, p =.) <> 054 (0.37, 0.78) 100.00

1
1
1
Galcanezumab !
1
1

Skljarevski et al(2017) (13) —_— 0.82 (0.67, 0.99) 54.84
Dodick et al(2014) (14) —_— 0.64 (0.50, 0.82) 45.16
Subtotal (l-squared = 57.5%, p = 0.125) <:> 073 (0.58, 0.93) 100.00

|

1
Fremanezumab !
Cohen et al(2017) (15) - 0.60 (0.36, 1.01) 35.30
Bigal et al(2015) (16) - 0.57 (0.39, 0.84) 64.70
Subtotal (I-squared = 0.0%, p = 0.888) <—____— 058(0.43,079) 10000

|
- 1
Overall (I-squared =12.2%, p = 0.335) <> 0.65 (0.58, 0.72)

1
NOTE: Weights are from random effects analysis :

T T
359 CGRP mAbs group 1 placebo group 279

Fig. 4 >50% reduction from baseline in migraine days per month: forest by each study. The vertical line depicts the point of “no difference”
plot showing the comparison of the CGRP mAbs group vs. placebo group. between the two groups, and the horizontal lines correspond to the 95%
The size of each square represents the proportion of information provided confidence intervals (CIs). Diamonds represent the RR for all studies
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Fig. 5 The Egger test (P=0.081)

RR

1

significantly increased the >50% reduction from baseline in
migraine days per month. The adverse events were similar
between the CGRP monoclonal antibody group and placebo
group. The outcomes of subgroup analysis showed that
erenumab, galcanezumab, and fremanezumab significantly

Study

Erenumab

Goadsby et al(2017) (9)

Tepper et al(2017) (10)

Subtotal (I-squared = 99.9%, p = 0.000)

Eptinezumab

5

Begg's funnel plot with pseudo 95% confidence limits

s.e. of: RR

Monthly acute migraine—specific medication from baseline

WMD (95% Cl)

. -0.90 (-0.92, -0.88)

. -1.90 (-1.95, -1.85)

@ 1,40 (-2.38, -0.42)

Dodick et al(2014) (12)
Subtotal (I-squared =.%, p =.)

Fremanezumab

Cohen et al(2017) (15)

Bigal et al(2015) (16)

Subtotal (I-squared =0.0%, p = 0.505)

Overall (I-squared = 99.7%, p = 0.000)

NOTE: Weights are from random effects analysis

1.00 (-16.87, 18.87)

<> 1.00 (-16.87, 18.87)

-1.36 (-1.57, -1.15)
-1.80 (-3.08, -0.52)
137 (-1.57, -1.17)
-1.45 (-2.17,-0.72)

%

Weight

50.03

49.97

100.00

100.00

100.00

97.46

100.00

=6 CGRP mAbs group @

Fig. 6 The monthly acute migraine-specific medication from baseline:
forest plot showing the comparison of the CGRP mAbs group vs. placebo
group. The size of each square represents the proportion of information

Placebo group 189

mean difference (WMD) for all studies

provided by each study. The vertical line depicts the point of “no

reduced the monthly migraine days from baseline and in-
creased the >50% reduction from baseline in migraine days
per month. Both erenumab and fremanezumab significantly
reduced monthly acute migraine-specific medication con-
sumption from baseline. Only one study reported the clinical

difference” between the two groups, and the horizontal lines correspond
to the 95% confidence intervals (Cls). Diamonds represent the weighted
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Fig. 7 The Egger test (P=0.481) Begg's funnel plot with pseudo 95% confidence limits
20 1
10
g o
0 —
; %) ()
-10 -
-20
I T T
0 5 10
s.e. of: WMD
outcomes about eptinezumab. Therefore, the effectiveness and Former studies have explored the potential benefit of
safety of eptinezumab for episodic migraine still need further =~ CGRP monoclonal antibodies for preventive treatment of ep-
research. isodic migraine and the results showed that CGRP monoclonal
Study Adverse events *
D RR (95% Cl) Weight
Erenumab
Goadsby et al(2017) (9) —_— 0.91(0.80,1.03)  51.42
Tepper et al(2017) (10) + 1.12(0.90, 1.39) 25.33
Sun et al(2016) (11) 1.00(0.80,1.26)  23.24
Subtotal (-squared = 28.5%, p = 0.247) 1 0.98(0.87,1.11)  100.00
Eptinezumab
Dodick et al(2014) (12) + 1.08(0.82,1.43)  100.00

Subtotal (I-squared = .%, p = .) e 1.08(0.82,1.43)  100.00

Galcanezumab

Skijarevski et al(2017) (13) 1.01(0.76,1.33)  28.25
Dodick et al(2014) (14) R 1.07(0.90,1.28)  71.75
Subtotal (I-squared = 0.0%, p = 0.712) 1 — 1.05(0.91,1.22)  100.00
Fremanezumab

Cohen et al(2017) (15) - 1.26(0.89, 1.78)  46.82
Bigal et al(2015) (16) - 0.82(0.62,1.08)  53.18
Subtotal (I-squared = 71.5%, p = 0.061) <> 1.00 (0.66,1.52)  100.00
Overall (l-squared =8.2%, p = 0.367) <> 1.00 (0.92, 1.08)

NOTE: Weights are from random effects analysis

T
562  CGRP mAbs group Placebo group

1.78

Fig. 8 Adverse events: forest plot showing the comparison of the CGRP depicts the point of “no difference” between the two groups, and the
mAbs group vs. placebo group. The size of each square represents the horizontal lines correspond to the 95% confidence intervals (CIs).
proportion of information provided by each study. The vertical line Diamonds represent the RR for all studies
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Fig. 9 The Egger test (P=0.212) Begg's funnel plot with pseudo 95% confidence limits
1.4 -
1.2 4
£ 1
8- °
.6
I \ \
0 1 2

antibody significantly reduced migraine frequency, especially
for galcanezumab [9—16]. A systematic review including four
studies reported that CGRP monoclonal antibody reduced the
monthly migraine days from baseline in multiple dose sub-
groups [17]. The outcomes of our study which included eight
RCTs were consistent with these former findings. Besides, the
subgroup analysis of this meta-analysis presented the benefits
of erenumab, galcanezumab, and fremanezumab for episodic
migraine prevention. Therefore, this meta-analysis confirmed
and extended the results from previous reports [18-20].

CGRP monoclonal antibody, as a new preventive treatment
for migraine, significantly reduced the monthly migraine days
and acute migraine-specific medication in this meta-analysis.
However, whether it can improve the quality of life for pa-
tients with migraine may be more important and is still uncer-
tain. Most of the included patients were adults that ranging
from 18 to 65 years old. Whether patients who are younger
than 18 years or older than 65 years old also obtain the same
benefits from CGRP monoclonal antibody remains unknown.
Actually, a high proportion of migraine patients in clinical
practice present one or more comorbidities, such as fibromy-
algia [21-23], cardiovascular disease [24-26], pelvic pain
[27], and low back pain [28, 29]. However, the effect of
CGRP monoclonal antibody on these comorbidities is still
unclear and needs further research. Several studies reported
differing degrees of headache activity at baseline. However,
the effectiveness of CGRP monoclonal antibody on different
degrees of headache remains unknown and needs further
research.

Limitations Firstly, due to the limited trials in this meta-analysis,
we only included eight RCTs. However, all of these eight trials
were international, multicenter, and high-quality studies.
Secondly, several studies reported multiple dose groups.
Goadsby et al. [9] reported erenumab 70 and 140 mg, Tepper

s.e. of RR

et al. [10] reported erenumab 70 and 140 mg, Sun et al. [11]
reported erenumab 7, 21, and 70 mg, Dodick et al. [12] only
reported eptinezumab 1000 mg, Skljarevski et al. [13] reported
galcanezumab 5, 50, 120, and 300 mg, Dodick et al. [14] only
reported galcanezumab 150 mg, Cohen et al. [15] reported
fremanezumab 225 and 657 mg, and Bigal et al. [16] reported
fremanezumab 225 and 675 mg. Due to the complexity and
difference of the dose about CGRP mAbs, the heterogeneity will
be greatly increased if mix all the doses together. Therefore, in
order to reduce the heterogeneity among these trials, we choose
the most commonly dose for each kind of CGRP mAbs. Such
as, the common dose of erenumab was 70 mg, the common dose
of galcanezumab was 120 mg, the common dose of
fremanezumab was 225 mg, and the common dose of
eptinezumab was 1000 mg. Thirdly, in this meta-analysis, there
were one study reported 3-month follow-up, six studies reported
12th week follow-up (close to 3 months), and one study reported
6-month follow-up. The sensitivity analysis based on those trials
with long follow-up (more than 12 weeks) led to similar out-
comes. Due to the limitation of the included studies, the long-
term safety of CGRP monoclonal antibody still needs further
research. Fourthly, the potential for publication bias was
assessed by Egger’s test and a visual assessment of a funnel plot
in this meta-analysis. Although the P> 0.05 in Egger’s test, the
funnel plots were asymmetric. Potential conflicts of interest,
whether outcomes and analyses, have been standardized and
extent of trial registration may need to be considered. Fifthly,
recently, erenumab, eptinezumab, galcanezumab, and
fremanezumab are the most studied CGRP monoclonal antibod-
ies. However, among these included eight RCTs, only one RCT
provided the relative information about eptinezumab. Therefore,
the efficacy and safety about eptinezumab for episodic migraine
remain unknown and need further research. Sixthly, there was
significant heterogeneity in the result about the monthly acute
migraine-specific medication consumption from baseline.
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However, no evidence of publication bias was found and the
sensitivity analysis did not substantively alter the overall result.

Taken as a whole, CGRP monoclonal antibodies significant-

ly reduced the monthly migraine days and acute migraine-
specific medication, increased > 50% reduction from baseline.
CGRP monoclonal antibodies were effective and safe for pre-
ventive treatment of episodic migraine.
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