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Abstract
Monoclonal antibodies (mAbs) acting on the calcitonin gene-related peptide (CGRP) or on its receptor are new therapeutic 
biologics to prevent chronic migraine (CM). Four mAbs acting on the CGRP or on its receptor are new therapeutic bio-
logics to prevent CM. The aim of current network meta-analysis (NMA) was to compare the efficacy and acceptability of 
CGRP mAbs with onabotulinumtoxinA or topiramate for CM. We included randomized controlled trials (RCTs) examin-
ing CGRP mAbs and onabotulinumtoxinA or topiramate in patients with CM. All network meta-analytic procedures were 
conducted using the frequentist model. The primary outcomes were changes in the monthly migraine days and the 50% 
response rate. The safety was evaluated with acceptability (i.e., drop-out rate) and rate of any adverse event. This NMA of 
thirteen RCTs, which, in total, consisted of 5634 participants, demonstrated that a single 300 mg of eptinezumab (mean 
difference =  − 2.60 days, 95% confidence intervals (95% CIs) =  − 4.43 to − 0.77 compared with placebo) demonstrated the 
best improvement in monthly migraine days among all interventions. In addition, 675 mg fremanezumab in the first month 
followed by 225 mg in the second and third months (odds ratio (OR) = 2.96, 95% CIs = 2.20 to 3.97 compared to placebo) 
was associated with the best response rate among all the interventions. Monthly 140 mg erenumab (MD =  − 2.50 days, 95% 
CIs =  − 3.83 to − 1.17 compared with placebo) was the best choice for reducing the number of acute migraine-specific medi-
cation use days. The safety analysis revealed that loading dose of 240 mg galcanezumab and monthly 240 mg (OR = 0.43, 
95% CIs = 0.22 to 0.84) was associated with the lowest drop-out rate; loading dose fremanezumab 675 mg and monthly 
675 mg (OR = 1.44, 95% CIs = 1.10 to 1.89), loading dose of 240 mg galcanezumab and monthly 120 mg (OR = 1.37, 95% 
CIs = 1.02 to 1.84), and single dose of fremanezumab 675 mg (OR = 1.35, 95% CIs = 1.00 to 1.83) were associated with sig-
nificantly higher rates of AEs than the placebo/control groups. Our NMA indicated that all four CGRP mAbs demonstrated 
excellent safety, acceptability, and efficacy profiles compared to the traditional prophylaxis for CM. However, because there 
are several limitations, the findings of the current NMA should be taken into consideration with caution.
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Onabot	� OnabotulinumtoxinA
CGRP	� Calcitonin gene-related peptide

CI	� Confidence interval
Ep300STAT​	� Eptinezumab 300 mg STAT​
Ep100STAT​	� Eptinezumab 100 mg STAT​
Ep10STAT​	� Eptinezumab 10 mg STAT​
Ep30STAT​	� Eptinezumab 30 mg STAT​
Er140QM	� Erenumab 140 mg monthly
Er70QM	� Erenumab 70 mg monthly
ES	� Effect size
F675STAT675QM	� Fremanezumab 675 mg monthly 

with loading dose with 675 mg at 
baseline
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F675STAT​	� Single dose of fremanezumab 675-
mg group

F900QM	� Monthly fremanezumab 900-mg 
group

G240STAT120QM	� Galcanezumab 120 mg monthly with 
loading dose with 240 mg at baseline

G240STAT240QM	� Galcanezumab 240 mg monthly with 
loading dose with 240 mg at baseline

mAB	� Monoclonal antibody
MD	� Mean difference
NMA	� Network meta-analysis
OR	� Odds ratio
Pla	� Placebo/control
RCT​	� Randomized controlled trial
SUCRA​	� Surface under the cumulative rank-

ing curve
Topiramate	� Oral topiramate treatment

Introduction

Chronic migraine (CM) affects approximately 1.4 to 2.2% 
of the general population [1, 2]. It is the most prevalent type 
of headache in tertiary clinics and presents a clinical treat-
ment challenge [3]. According to the third edition of the 
International Classification of Headache Disorders (ICHD-
3), CM is characterized by experiencing a headache at least 
15 days per month, of which at least 8 headache days per 
month meet the criteria for migraine or respond to migraine-
specific treatment (CM, A1.3) [4]. These patients are often 
burdened with substantial disability, comorbidities, sig-
nificant reduction in health-related quality of life, and high 
healthcare costs [1, 5].

Other than the already enormous burden, patients with 
CM have substantial unmet needs, especially when medica-
tion overuse worsened their conditions. Despite that many 
patients respond to conventional prophylactics, current 
preventive treatments are still insufficient to a considerable 
amount of patients due to contradictions, poor acceptability, 
or a long latency to efficacy [6, 7]. Only one-third of patients 
with CM receive preventive treatments, less than 20% of 
whom adhere to labeled or off-labeled preventive treatments 
after one year [6, 8, 9]. Poor adherence can lead to the wors-
ening of the disorder. Furthermore, many prophylactic drugs 
used to prevent episodic migraine (EM) are frequently used 
to treat CM despite a lack of evidence in patients with CM. 
OnabotulinumtoxinA and topiramate are class I drugs with 
level A evidence for CM, while other oral preventive agents 
are considered with lower evidence levels [7]. However, the 
considerable side effects of topiramate and the invasive-
ness with a relatively high cost, at least in regions where 
its fees, are not covered by general health insurance plans 

of onabotulinumtoxinA precluding their widespread use for 
CM [10–12].

Currently, the four monoclonal antibodies (mAbs) avail-
able that act on the calcitonin gene-related peptide (CGRP) 
pathway and represent a mechanism-based and disease-
specific class for migraine prevention are erenumab, eptin-
ezumab, fremanezumab, and galcanezumab, of which ere-
numab targets the CGRP receptor and eptinezumab and 
fremanezumab, and galcanezumab target the CGRP pep-
tide [9, 13]. Considering migraine pathophysiology, CGRP 
mAbs are migraine-specific, whereas all other available 
preventive drugs were developed for indications other than 
migraine and have an unclear mechanism of action. CGRP 
mAbs have demonstrated efficacy and acceptability with 
minimal side effects for the preventive treatment of CM in 
either phase 2 or phase 3 randomized, placebo-controlled 
trials [12]. Nevertheless, uncertainties remain regarding 
the effectiveness and safety of CGRP inhibitors compared 
with existing preventive therapies. Thus, the aim of the 
current study was to perform a systematic review and net-
work meta-analysis (NMA) to clarify the precise benefits 
of CGRP mAbs in migraine prevention compared with 
existing preventive therapies in CM. Clinicians will ben-
efit from this comprehensive review of clinical evidence, 
and the outcomes of this NMA will provide a guide for 
further studies.

Methods

The detailed description of method had been listed in eTable  
1. In brief, the current NMA followed the PRISMA  
guidelines (eTable 2) [14] with keywords of (migraine OR 
chronic migraine OR aura) AND (anti-CGRP receptor mono- 
clonal antibodies OR erenumab OR anti-calcitonin gene- 
related peptide monoclonal antibodies OR galcanezumab 
OR fremanezumab OR eptinezumab) AND (random OR  
randomized OR randomized) (eTable 9) and followed a pri-
ori defined unpublished protocol (appendix: study protocol), 
which was designed according to the previous meta-analyses  
and network meta-analyses [15–24, 23–27]. We only included 
published RCTs investigating prophylactic effect of CGRP in 
patients with CM. To increase the reliability of the current 
NMA, we included patients diagnosed with CM based on  
the ICHD system. To provide additional clinical informa-
tion, we also included trials investigating the efficacy of  
topiramate or onabotulinumtoxinA in patients with CM to 
serve as active controls [7]. To be specific, our comparisons 
were focused between topiramate, onabotulinumtoxinA, and 
CGRP mAbs. The inclusion criteria applied in the current 
NMA included (1) published RCTs with either placebo-
controlled or active-controlled designs, (2) human study, 
(3) investigated CGRP interventions applied in patients 
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with CM, and (4) patients diagnosed with CM based on 
the ICHD. The exclusion criteria included (1) not a clinical 
trial, (2) not an RCT, (3) no target outcome (i.e., response 
rate or change in monthly migraine days), (4) no inclusion 
of patients with CM, and (5) not reporting CGRP, topira-
mate, or onabotulinumtoxinA interventions. The primary 
outcomes were the change in monthly migraine days and 
response rate [12]. The secondary outcomes included the 
change in monthly days with acute migraine-specific abor-
tive medications and acceptability. The acceptability was 
defined as drop-out rate and rate of adverse events (AEs) 
[7, 28]. To be specific, the drop-out was defined as leaving 
study before the end of the trial due to any reason. Based on 
frequentist model, the current NMA, under the hypotheses 
of similarity and transitivity, was performed using STATA 
(version 16.0; StataCorp Statistics/Data Analysis, Stata-
Corp LLC, College Station, TX, USA) with the mvmeta 
command [29]. The indirect evidence between two active 
treatment arms could be derived from the comparisons to 
placebo. For continuous outcome, we calculated the mean 
difference (MD) with 95% confidence intervals (95% CIs). 
For categorical data, we calculated the summary odds ratio 
(OR) with 95% CIs. To provide clinical applications, we 
calculated the surface under the cumulative ranking curve 
(SUCRA) to rate the relative ranking probabilities between 
the preventive effects of all treatments for the target out-
comes [30]. To improve the reading of the current NMA, we 
abbreviate the treatment arms following the rationale below: 

the first character was the regimen (i.e., Ep = eptinezumab, 
Er = erenumab, F = fremanezumab, and G = galcanezumab), 
the numbers were dosage, and the final characters were fre-
quency (i.e., STAT = single use, QM = monthly).

Results

In Fig. 1, 329 articles were excluded because of unrelated 
topics after screening according to their titles and abstracts. 
After the initial screening procedure, forty-three articles 
were considered for full-text review. Thirty articles were 
excluded for various reasons (see Fig. 1 and eTable 3). 
Finally, thirteen articles were included in the current study 
(Table 1) [10, 11, 31–41]. The whole geometric distribution 
of the treatment arms is provided in Fig. 2A, B.

Characteristics of the Included Studies

A total of 5634 participants (mean age = 40.7 (ranging from 
35.7 to 48.5) years old, mean female proportion = 85.8% 
(ranging from 71.4% to 91.5%)) were included with dif-
ferent health conditions, such as concomitant use of pro-
phylactic medications, headache medication overuse, 
or failure of prior preventive therapies. The duration of 
CGRP interventions ranged from 4 to 49 weeks (mean 
duration = 19.3 weeks). The investigated pharmacologic 

Fig. 1   Flowchart of the current 
network meta-analysis
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interventions included eptinezumab (1 study), erenumab (1 
study), fremanezumab (2 studies), galcanezumab (1 study), 
onabotulinumtoxinA (6 studies), and topiramate (4 studies).

Primary Outcome: Change in Monthly Migraine Days

Eleven articles with fourteen individual treatment arms 
were included in the current NMA. In the NMA, all the 
interventions were associated with significantly greater 
reductions of monthly migraine days than the placebo/
control, except for a single dose of 10 mg eptinezumab 

(Ep10STAT) (MD =  − 1.10 days, 95% CIs =  − 2.88 to 
0.68) (Table 2 and Fig. 2C). According to the SUCRA, 
a single dose of 300  mg eptinezumab (Ep300STAT) 
(MD =  − 2.60 days, 95% CIs =  − 4.43 to − 0.77 compared 
with placebo) was associated with the best improvement 
in monthly migraine days among all the interventions, fol-
lowed by monthly doses of 70 mg erenumab (Er70QM) 
(MD =  − 2.40  days, 95% CIs =  − 3.68 to − 1.12 com-
pared to placebo) and monthly doses of 140  mg ere-
numab (Er140QM) (MD =  − 2.40 days, 95% CIs =  − 3.68 
to − 1.12 compared with placebo) (eTable 4A).

Fig. 2   The result of current network meta-analysis: A network struc-
ture of the primary outcome: the change in monthly migraine days 
and B network structure of the primary outcome: the 50% response 
rate. The lines between nodes represent direct comparisons in vari-
ous trials, and the size of each circle is proportional to the size of the 
population involved in each specific treatment; C forest plot of the 
result of primary outcome: change in monthly migraine days; and D 
forest plot of the result of primary outcome: the 50% response rate. In 

panels A and B, the thickness of the lines is proportional to the num-
ber of trials connected to the network. In panel C, when the effect 
size was less than zero, the specified treatment was associated with 
improvements in the change in monthly migraine days compared with 
placebo/control. In panel D, when the effect size was more than one, 
the specified treatment was associated with a higher 50% response 
rate than placebo/control
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Table 1   The characteristics of the enrolled trials for current prophylaxis of chronic migraine

CGRP calcitonin gene-related peptide, ICHD International Classification of Headache Disorders, Mx medication, onabotulinumtoxinA onabotu-
linumtoxinA injection
a One month is 28 days
b ICHD-2 2006 revised

Study Traditional Mx Subject Age range
(years)

Diagnostic criteria Concomitant 
Mx
(% of using)

Select by previous 
preventive failure
(n. of drugs/categories)

Administration 
route/treatment 
duration

Silberstein, 2007 Topiramate 328 18–65 ICHD-2 Not allowed  ≥ 2 4 weeks titration 
and 12 weeks 
maintenance

Diener, 2007 Topiramate 59 18–65 ICHD-2 Not allowed 
(unless stable 
for 3 months)

Prior history of topira-
mate, other anti-con-
vulsant or carbonic 
anhydrase inhibitors

Titration during 
12 weeks and 
remained stable 
during the last 
4 weeks

Aurora, 2010
(PREEMPT 1)

Onabotulinum-
toxinA

679 18–65 ICHD-2, revisedb Not allowed Not mentioned Subcutaneous 
every 12 weeks 
for 24 weeks

Dinner, 2010
(PREEMPT 2)

Onabotulinum-
toxinA

705 18–65 ICHD-2, revisedb Not allowed Not mentioned Subcutaneous 
every 12 weeks 
for 24 weeks

Freitag, 2007 Onabotulinum-
toxinA

41 18–65 Silberstein & 
Lipton

Not allowed
(unless stable 

for 60 days)

Prior use of botulinum 
toxin

Subcutaneous 
at the end of 
baseline

Cady 2011 Onabotulinum-
toxinA

Topiramate

59 18–65 ICHD-2, revisedb Not allowed Prior history of topira-
mate or onabotuli-
numtoxinA use

A single intrave-
nous dose for 
12 weeks

Mathew 2009 Onabotulinum-
toxinA

Topiramate

90 18–65 Silberstein & 
Lipton

Not allowed Prior history of topira-
mate use

A single intrave-
nous dose for 
12 weeks

Tepper, 2017 Erenumab
(AMG334)

667 18–65 ICHD-3β Not allowed  > 3 Subcutaneous 
every 4 weeks 
for 12 weeks

Bigal, 2015 Fremanezumab
(TEV‐48,125)

264 18–65 ICHD-3β 40%  > 3 Subcutaneous 
675 mg in the 
first month and 
225 mg in the 
second and third 
montha

subcutaneous 
900 mg for 
3 months

Silberstein, 2017
(HALO CM)

Fremanezumab
(TEV‐48,125)

1130 18–70 ICHD-3β 20%  ≥ 2 Subcutaneous 
225 mg monthly 
for 12 weeks

subcutaneous 
675 mg quarterly 
for 12 weeks

Detke, 2018
(REGAIN 2018)

Galcanezumab
(LY2951742)

1117 18–65 ICHD-3β 14%  > 2 Subcutaneous 
120 mg (with 
240 mg loading 
dose) monthly 
for 12 weeks

subcutaneous 
240 mg monthly 
for 12 weeks

Dodick, 2019 Eptinezumab
(ALD403)

616 18–55 ICHD-3β 35% Not mentioned A single intrave-
nous dose for 
12 weeks
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Primary Outcome: Response Rate (Defined 
as at Least a 50% Reduction in Monthly Migraine 
Days)

Eleven articles with fourteen individual treatment arms 
were investigated in the current NMA. In the NMA, all the 
interventions were associated with a significantly better 
response rate than the placebo/control, except for Ep10STAT 
(OR = 1.15, 95% CIs = 0.69 to 1.89) (Table 3 and Fig. 2D). 
According to the SUCRA, 675 mg fremanezumab admin-
istered in the first month followed by 225 mg adminis-
tered in the second and third months (F675STAT675QM) 
(OR = 2.96, 95% CIs = 2.20 to 3.97 compared with placebo) 
demonstrated the best response rate among all interven-
tions, followed by monthly doses of 900 mg fremanezumab 
(F900QM) (OR = 2.98, 95% CIs = 1.72 to 5.16 compared 
with placebo) and a single dose of 675 mg fremanezumab 
(F675STAT) (OR = 2.64, 95% CIs = 1.91 to 3.64 compared 
with placebo) (eTable 4B).

Secondary Outcome: Monthly Days with Acute 
Migraine‑Specific Medication Use

A total of six articles with nine individual treatment 
arms were investigated in the current NMA. In the NMA, 
almost all interventions were associated with significantly 
fewer monthly days with acute migraine-specific medica-
tion use than the placebo/control, except for topiramate 
(MD =  − 1.31 day, 95% CIs =  − 3.98 to 1.36) and onabotu-
linumtoxinA (MD =  − 0.73 day, 95% CIs =  − 3.29 to 1.84) 
(eTable 5A and eFigure 1A and 2A). According to the 
SUCRA, the association with the individual interventions 
and the reduced monthly days of acute migraine-specific 
medication use were ranked. In brief, the Er140QM group 
(MD =  − 2.50 days, 95% CIs =  − 3.83 to − 1.17 compared 
with placebo) was associated with the fewest monthly days 
of acute migraine-specific medication use among all the 
interventions, followed by the group that received 120 mg 
galcanezumab monthly with a loading dose of 240 mg 
at baseline (G240STAT120QM) (MD =  − 2.50  days, 
95% CIs =  − 3.99 to − 1.01 compared with placebo) and 
the F675STAT675QM group (MD =  − 2.30  days, 95% 
CIs =  − 3.70 to − 0.90 compared with placebo) (eTable 4C).

Acceptability with Respect to Drop‑out Rate

Twelve articles with fourteen individual treatment arms 
were investigated in the current NMA. Only 240 mg galcan-
ezumab monthly with a loading dose of 240 mg at baseline 
(G240STAT240QM) (OR = 0.43, 95% CIs = 0.22 to 0.84) 
was associated with a significantly lower drop-out rate than 
the placebo/control groups (eTable 5B and eFigure 2A and 
2B). According to the SUCRA, the association with the 

individual interventions and the drop-out rate were ranked. In 
brief, the G240STAT240QM group was associated with the 
lowest drop-out rate among all interventions, followed by the 
G240STAT120QM group (OR = 0.59, 95% CIs = 0.32 to 1.08 
compared with the placebo/control group) and the Er140QM 
group (OR = 0.52, 95% CIs = 0.18 to 1.48 compared with the 
placebo/control group) (eTable 4D).

Acceptability Considering the Rate of Any Reported 
AEs

Twelve articles with fourteen individual treatment arms were 
investigated in the current NMA. Only topiramate (OR = 1.79, 
95% CIs = 1.18 to 2.71), onabotulinumtoxinA (OR = 1.65, 
95% CIs = 1.34 to 2.03), F675STAT675QM (OR = 1.44, 
95% CIs = 1.10 to 1.89), G240STAT120QM (OR = 1.37, 
95% CIs = 1.02 to 1.84), and F675STAT (OR = 1.35, 95% 
CIs = 1.00 to 1.83) were associated with significantly higher 
rates of AEs than the placebo/control groups (eTable 5C and 
eFigure 1C and 2C). According to the SUCRA, a single dose 
of 30 mg eptinezumab (OR = 0.66, 95% CIs = 0.40 to 1.10 
compared with placebo/control) was associated with the low-
est rate of any AEs among all the interventions, followed by 
the placebo group and Ep10STAT (OR = 1.03, 95% CIs = 0.63 
to 1.70 compared with placebo/control) (eTable 4E).

Risk of Bias, Inconsistency, Publication Bias, 
and GRADE Ratings

We found that 82.4% (75/91 items), 14.3% (13/91 items), 
and 3.3% (3/91 items) of the included studies had an overall 
low, unclear, and high risk of bias, respectively. The vague 
reporting of allocation concealment of the studies further 
contributed to the risk of bias (eFigure 3A–3B).

Funnel plots of publication bias across the included 
studies (eFigure 4A–4J) revealed general symmetry, and 
the results of Egger’s test indicated no significant publica-
tion bias among the articles included in the NMA. In gen-
eral, NMAs did not demonstrate inconsistency, concerning 
either local inconsistency, as assessed using the loop-specific 
approach and the node-splitting method, or global inconsist-
ency, as determined using the design-by-treatment method. 
The results of GRADE evaluation have been listed in the 
eTable 8A–8B. In brief, the overall quality of evidence of the 
overall NMA, direct evidence, and indirect evidence were 
low to medium.

Discussion

To our knowledge, this is the first NMA addressing the 
effectiveness and acceptability of mAbs reacting with CGRP 
compared to traditional prophylaxis for CM management. 
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Clinicians can make relevant comparisons of CGRP mAbs 
with traditional pharmacologic treatments based on our find-
ings. In addition, this NMA is a collective affirmation that 
the application of CGRP mAbs provides significant value to 
patients with CM and is likely to serve as the new guideline 
for CM prevention. Our study findings suggest that all four 
CGRP mAbs demonstrated efficacy, safety, and acceptability 
compared to the traditional prophylaxis for CM.

A major strength of our study is the use of NMA, which 
is advantageous for estimating the multiple comparisons of 
the efficacy, safety, and superiority of numerous experimen-
tal pharmacologic interventions that have not been directly 
compared, providing more information and a higher level of 
evidence than RCTs and traditional meta-analyses [42]. Our 
findings are crucial to the clinical management of CM. First, 
inhibition of the CGRP pathway is superior to treatments with 
unclear mechanisms of action, and these results reinforce the 
prophylactic effects of CGRP mAbs against CM. Second, 
CGRP mAbs provide important insights into the relevance of 
CGRP in the pathophysiology of CM, which can apply to a 
broad population of migraine patients, and using CGRP mAbs 
is a disease-targeted and biologically specific approach for this 
disease state. Third, future well-designed RCTs investigating 
the long-term effects and safety profiles of CGRP mAbs are 
warranted to corroborate these findings of our NMA.

Based on the high frequency, severity, and impact on 
quality of life, patients with CM are identified as candi-
dates for preventive treatment [7]. In patients who receive 
oral migraine prevention medication, side effects are often 
problematic, efficacy rates are modest, and nonadherence is 
significant, which are key limitations of available preventive 
treatments [5, 9]. Furthermore, none of the currently avail-
able oral preventive treatments, including calcium-channel 
antagonists, tricyclic antidepressants, antidepressants, antie-
pileptics, and antihypertensives, was developed specifically 
for migraine or CM [7, 8]. In fact, onabotulinumtoxinA and 
topiramate are class I drugs with level A evidence for CM 
with and without analgesic overuse, while other oral preven-
tive agents, such as sodium valproate, gabapentin, prega-
balin, amitriptyline, and tizanidine, are considered alterna-
tive preventive treatments with lower evidence levels [7]. 
Despite the efficacy of topiramate for CM prophylaxis, it is 
associated with a high rate (66–82.5%) of AEs at the recom-
mended dose (100 mg/day) [7]. AEs commonly associated 
with topiramate include paresthesia, fatigue, difficulties with 
memory, concentration or attention, and taste perversion. 
In the current NMA study, topiramate showed the highest 
rate of AEs among all interventions. OnabotulinumtoxinA 
was reported to be effective with very good acceptability for 
the treatment of CM and is approved both by the European 
Medicines Agency and by the US Food and Drug Admin-
istration (FDA) for CM prophylaxis [13]. Effective use of 
onabotulinumtoxinA treatment for the prevention of CM 

may prove beneficial for avoiding poor adherence and com-
pliance with drug regimens such as daily dosing and dosage 
titration schedules and tends to be better tolerated than vari-
ous oral prophylactic treatments, including topiramate [13]. 
However, the higher cost, invasiveness, multiple injection 
sites, and inconvenience of onabotulinumtoxinA preclude 
its widespread use. In addition, approximately one-third of 
CM patients do not respond well to onabotulinumtoxinA 
[43]. Currently, onabotulinumtoxinA is recommended as a 
second-line option for CM patients who have not responded 
adequately or are intolerant to commonly prescribed oral 
pharmacies [43].

According to the Guidelines of the International Head-
ache Society for controlled trials of preventive treatment 
of CM in adults, the primary endpoint in controlled trials 
of preventive treatment of CM should be either change 
in migraine days, change in moderate to severe headache 
days, or response rate [12]. In the present study, we selected 
change in monthly migraine days and a 50% reduction in 
monthly migraine days as primary end points and monthly 
days with acute migraine-specific medication rescue and 
acceptability as secondary outcomes. In the current NMA 
study, fremanezumab (TEV-48125) was used in two tri-
als at 3 different dosages (675 mg quarterly or 675 mg in 
the first month followed by 225 mg in the second and third 
month) versus placebo in a phase III trial (675/225 mg); 
675/225 mg or 900 mg monthly for 3 months versus pla-
cebo in a phase II trial. As suggested by the rank probabil-
ity of SUCRA, fremanezumab 675/225 mg exhibited the 
best improvement in terms of a 50% reduction in monthly 
migraine days. The improvement in the 50% response rate 
means that the monthly burden of migraine decreases sub-
stantially. Additionally, fremanezumab led to a significant 
decrease in the number of headache hours starting as soon 
as 3 days after the highest dose (900 mg) was administered 
and 7 days after lower doses (675/225 mg) were adminis-
tered [37]. Of the four CGRP mAbs, three are administered 
subcutaneously, and eptinezumab (ADL403) is the only 
one that is administered intravenously (IV). IV adminis-
tration provides 100% bioavailability with Cmax (maximal 
plasma concentration), occurring at nearly the end of infu-
sion, which facilitates the potential for a rapid onset [41]. 
A post hoc analysis suggested that patients could achieve a 
clinically meaningful reduction in migraine activity as early 
as day 1 postinfusion of eptinezumab [41]. Meanwhile, the 
SUCRA results showed that a single high-dose of eptine-
zumab (300 mg) was associated with the best improvement 
in terms of change in monthly migraine days. Among four 
CGRP mAbs, erenumab (AMG334) is the only fully human 
monoclonal antibody that reacts with the receptor of CGRP 
and demonstrated the best improvement in terms of change 
in acute migraine-specific medication by a monthly dosage 
of 140 mg erenumab for 3 months in our NMA study. The 
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importance of reducing acute migraine-specific medicine 
use days is relevant for patients with CM who concomi-
tantly have medication overuse headaches. Previous studies 
have examined the effect of topiramate and onabotulinum-
toxinA in patients with CM, which showed that the efficacy 
in the medication overuse subgroup was similar to that of 
the overall population, with a significant reduction in the 
frequency of headache days and other headache symptom 
measures [44]. These results, along with current studies of 
CGRP mAbs, suggest that migraine preventive medications 
are not necessarily limited by acute headache medication 
overuse [45]. Future studies need to implement head-to-head 
comparative effectiveness trials between different classes 
of medications or among medications in the same class to 
evaluate the specific clinical outcomes of CM.

The outcome of mean changes of monthly migraine days 
indicates the efficacy of a treatment in improving the fre-
quency of migraine days. The outcome of 50% response rate 
indicates the odds of a treatment in relieving at least 50% of 
the frequency of migraine days. Both outcomes are impor-
tant to migraine care but with different measurement unit. 
Topiramate is efficacious for both outcomes when compared 
with a placebo. For the outcome of monthly migraine days, 
topiramate is not superior or inferior to any other active treat-
ment (Table 2). However, for the outcome of a 50% response 
rate, topiramate is only inferior to F675STAT675QM. There-
fore, future RCTs addressing both outcomes should be war-
ranted to provide a more comprehensive information about 
target outcomes for clinical practice.

In this study, all four CGRP mAbs demonstrated excellent 
safety, acceptability, and efficacy profiles in CM patients. 
Neither cardiovascular nor immunological safety con-
cerns have emerged in clinical trials [13]. Monthly doses 
of 240 mg galcanezumab were associated with the lowest 
drop-out rate among all interventions. The high molecular 
weight of the CGRP-mAbs compounds cannot pass through 
the blood–brain barrier like what compounds from oral pre-
ventive medications for CM can do. This possibly reduces 
the likelihood of central nervous system-related AEs. None-
theless, patients in the CGRP mAb group experienced more 
injection site discomfort than those in the placebo group, 
but the incidence of discontinuation due to AEs was simi-
lar between the two groups. These results demonstrate that 
CGRP mAb is a well-tolerated and promising drug.

Limitation

Several limitations to the current NMA should be considered. 
First, due to the limited data, we only focused on the short-
term AEs of mAbs during the double-blind period, whereas 
we neglected long-term effects. These short-term trials provide 
limited certainty about safety and acceptability. The long-term 

safety of CGRP binding mAbs remains unknown and needs to 
be investigated in large RCTs. Second, the inclusion criteria 
also varied among the included studies. Some studies only 
enrolled patients who were not receiving migraine preven-
tive medications, while other studies allowed the enrollment 
of patients with concomitant use of preventive medications. 
The different baseline characteristics might impose unwanted 
bias on the final statistical results. Therefore, clinicians should 
consider specific preventive strategies in specific clinical con-
ditions to avoid the potential bias, such as concomitant medica-
tions. Third, the double-blind period was not the same in our 
included studies, ranging from 3 to 6 months, which might 
contribute to heterogeneity. Fourth, the current study did not 
take the cost-effectiveness into account in the analysis. There-
fore, the result of current study should not be directly consid-
ered the guideline of clinical treatment. Fifth, the unclear risk 
of bias in allocation concealment might impose potential risk 
of bias to the strength of evidence in the current NMA. Six, 
although the three outcomes are inter-correlated (i.e., changes 
in monthly migraine days, response rate, and monthly days 
of acute migraine-specific medication use), we could not 
determine the best treatment over the three outcomes. This is 
because some of the included treatments did not provide all 
the three outcomes. Besides, the SUCRA value indicates the 
probability of a treatment being the best without considering 
the magnitude of differences in effects between treatments 
[46]. Seventh, there were several substantial discrepancies 
among the included RCTs, such as different diagnostic cri-
teria of CM, treatment duration (ranged from 4 to 49 weeks, 
mean duration = 19.3 weeks), and different primary endpoint 
(mean monthly migraine days vs. mean monthly headache 
days). These might limit the power of comparisons. Eighth, 
our main findings of NMA used placebo as a reference treat-
ment, while we included several head-to-head studies. This 
implied that the comparisons with placebo in head-to-head 
studies were derived from indirect effects. However, these 
head-to-head studies may provide direct effects on head-to-
head comparisons between different active drugs in our NMA. 
Finally, although our study is strengthened by comparing dif-
ferent treatments with NMA, the analysis is based on an over-
all limited number of studies and the results depend on the 
studies included and the possible comparisons within them, 
which limit the generalizability of the study results to broader 
populations. Because there are several limitations, the find-
ings of the current NMA should be taken into consideration 
with caution.

Conclusion

The results of this NMA suggest that most CGRP mAbs 
showed superior efficacy to currently available treat-
ments with good acceptability. However, the significant 

   2�648



Comparative Effectiveness and Tolerability of the Pharmacology of Monoclonal Antibodies…

1 3

heterogeneity among the trials may hinder firm conclu-
sions. These results suggest that CGRP mAbs may be viable 
therapeutic alternatives for patients with CM in whom cur-
rently available preventive treatments have failed. However, 
because of lack of consideration of cost-effectiveness in the 
current analysis, clinicians should not directly consider the 
results as the guideline of clinical treatment.
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