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Unveiling the efficacy and safety P

of Erenumab, a monoclonal antibody targeting
calcitonin gene-related peptide (CGRP)
receptor, in patients with chronic and episodic
migraine: a GRADE-assessed systematic review
and meta-analysis of randomized clinical trials
with subgroup analysis
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Abstract

Background Migraine is a highly prevalent and disabling disease, affecting nearly 14% of the global population. Pre-
ventive medications involve drugs like beta-adrenergic blockers, antidepressants, and anticonvulsants. However, these
drugs lacked effectiveness, and patients showed poor tolerance and low adherence to them. Erenumab, a calcitonin
gene-related peptide receptor blocker, has recently shown promising results in migraine management. In this meta-
analysis, the efficacy of Erenumab is investigated by employing a subgroup analysis approach.

Methods We conducted a systematic search of six electronic databases until July 2024. Review Manager 5.4 software
was utilized for the analysis, based on either weighted mean difference (MD) and standard deviation (SD) for continu-
ous outcomes or risk ratio (RR) for dichotomous outcomes, with a confidence interval (Cl) of 95%. A P-value <0.05
indicated statistical significance. The study was registered on PROSPERO with registration number CRD42024573300.
Additionally, we conducted subgroup analyses and assessed the quality of evidence using GRADE.

Results A total of 20 randomized controlled trials (n=5212) were included in our analysis. At three months, Ere-
numab showed statistically significant improvements in monthly migraine days (MMD), monthly acute migraine-
specific medication days (MSMD), Headache Impact Test (HIT-6) score, and > 50% reduction from baseline in MMD
(MD: -1.78,95% Cl: [-2.37 to -1.20], P<0.00001), (MD: -1.36, 95% Cl: [-1.92 t0 -0.81], P< 0.00001), (MD: -2.83, 95%
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Cl: [-3.83 t0 -1.82], P<0.00001), and (RR: 1.52, 95% CI: [1.31 to 1.76], P<0.00001), respectively. Subgroup analysis
revealed that Erenumab was significantly more effective in patients with prior preventive treatment failures com-
pared to patients with no prior failure. No significant difference in Erenumab’s response existed between episodic
and chronic migraine or between 140 and 70 mg, except for MSMD in dose subgrouping. Only constipation emerged

as a significant adverse effect in the Erenumab group.

Conclusions This meta-analysis found that Erenumab significantly reduced migraine attack frequency, medica-
tion days, and physical impairment. It was more effective for patients with prior treatment failures. The 140 mg dose
showed better MSMD reduction than 70 mg. Erenumab’s safety profile was similar to that of placebo, with only consti-

pation noted as significant.

Keywords Erenumab, CGRP, Migraine, Efficacy, Safety, Systematic review, Meta-analysis

Background

Migraine is a neurological disorder characterized by
headaches of moderate to severe intensity, possibly
accompanied by an aura. The pain is usually unilateral,
pulsatile, and associated with sensitivity to light and
sound [1]. Migraine is a highly prevalent and disabling
disease. It affects approximately 14% of the global popu-
lation and caused over 45.1 million years of life lived
with disability in 2016 [2, 3]. Despite the high prevalence
and burden, the disease pathophysiology remains poorly
understood. Besides, the pharmacotherapy of the disease
encounters many challenges, with few drugs showing
evidence-based efficacy in management and prevention
[4—6]. Preventive strategies often involve the use of drugs
such as beta-adrenergic blockers (like propranolol), cer-
tain antidepressants (such as amitriptyline), and anti-
convulsants (like topiramate) [7]. These drugs, however,
were not originally developed to treat migraines, and
their exact mechanisms of action in preventing migraine
attacks remain unclear [7, 8]. As many as 50% of patients
report inadequate effectiveness or poor tolerance of these
treatments, leading to early cessation of therapy [9-12].
Accordingly, a significant number of individuals strug-
gle to control their migraines with current preventive
options, leading to high levels of disability and a signifi-
cant reduced quality of life [13]. Furthermore, low adher-
ence rates (81% of patients had gaps of>90 days in their
migraine prevention in the first year) and low persistence
(20% of patients at 12 months) for oral migraine preven-
tive therapies lead to frequent switching, re-initiation,
or complete cessation of preventive therapies across the
migraine spectrum. As patients switch between preven-
tive therapies, these discontinuation rates increase [14,
15]. Therefore, novel therapies have recently been pro-
posed for the management of migraine.

Erenumab, a calcitonin gene-related peptide (CGRP)
receptor blocker, has recently shown promising results
in managing migraine [16-36]. CGRP plays an integral
role in the complex pathophysiology of migraine. Dur-
ing a migraine attack, CGRP is released from the nerve

terminals of the trigeminal nerve, subsequently causing
vasodilation and neurogenic inflammation [37, 38]. The
role of CGRP in migraine has been even more promi-
nent when administration of CGRP elicited migraine-like
symptoms in susceptible individuals [38, 39].

The present study aims to provide class-one evidence
regarding the effectiveness and safety of Erenumab in
treating migraines, supported by what we believe is the
most extensive meta-analysis to date. Unlike the latest
meta-analysis that included only observational studies
[40], the pooled results of this study are derived entirely
from randomized-controlled trials, providing a more
precise insight into the effect of Erenumab in migraine.
Besides, our meta-analysis sub-grouped the pooled effect
with respect to Erenumab doses, which were not taken
into account in other meta-analyses like Fernandez-
Bravo-Rodrigo et al. [40]. Moreover, our analysis delved
into details not covered in previous relevant studies [41];
our meta-analysis is the first to include a subgroup analy-
sis based on the history of prior failures with migraine-
preventive treatments. Additionally, we conducted two
further subgroup analyses: one comparing episodic and
chronic migraines and another comparing different doses
of Erenumab (70 mg versus 140 mg). We addressed sev-
eral metrics assessing migraine management efficacy,
including MMD (Monthly Migraine Days), MSMD
(Monthly Severe Migraine Days), and HIT-6 (Headache
Impact Test). Furthermore, we aimed to provide insights
into the safety profile of the drug. Additionally, we inves-
tigated sources of heterogeneity whenever possible using
sensitivity analysis and assessed the quality of evidence
using GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluations).

Methods

This systematic review and meta-analysis followed the
criteria of the Preferred Reporting Items for Systematic
Review and Meta-analysis (PRISMA) statement [42]. The
protocol held a registration number CRD42024573300
on PROSPERO.
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Eligibility criteria
The included studies followed the following criteria:

(1) randomized controlled trials (RCTs);

(2) studies including patients diagnosed with migraine:
either chronic migraine defined as>15 headache
days/month plus>8 migraine days/month for at
least three months or episodic migraine defined as
4 to<15 migraine days per month and<15 head-
ache days per month for at least three months
before screening and during the baseline period of
the trial [1];

(3) the intervention group in the participating RCTs
was Erenumab 70 mg or 140 mg, and the compara-
tor was placebo with a minimum follow-up period
of 3 months;

(4) English-language studies only.

Observational studies, case reports, conference
abstracts, uncontrolled studies, and studies not written in
English were excluded.

Search strategy

Comprehensive research was conducted from inception
until July 2024 in Scopus, PubMed, WOS, Embase, Clini-
cal trials.gov, and Cochrane Central Register of Con-
trolled Trials (CENTRAL) databases. The search strategy
comprised specific keywords and Medical Science Head-
ing (MeSH) terms, including the following: "Erenumab,"
"Erenumab-aooe," "AMG334," "headache*," "migraine*,"
and "Cephalgia."

Study selection data extraction

After developing the search strategy, two authors inde-
pendently performed studies screening using Rayyan
online software [43]. We began initially with title-
abstract screening, followed by full-text screening. A
third reviewer was responsible for resolving conflicts
between the two authors in the inclusion process. Four
authors have extracted data independently on an online
Excel sheet for easier access and communication between
authors. The online sheet included study characteristics,
population baseline characteristics, and outcome meas-
ures data. Study characteristics included study name and
year, sample size, design, duration of treatment, popula-
tion, and the key findings. Population baseline character-
istics included sample size, age, gender, history of use or
failure of prior migraine-preventive treatment, and dura-
tion of migraine. Outcome measures involved:

1. MMD (Monthly Migraine Days) refers to the num-
ber of days per month a person experiences migraine
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headaches and either at least two pain characteristics
(unilateral, throbbing, moderate to severe, or aggra-
vated by physical activity) and one non-pain symp-
tom (nausea, vomiting, or both photophobia and
phonophobia).

2. MSMD (monthly acute migraine-specific medica-
tion treatment days) refers to the number of days in
a month that a person requires migraine medication
(only migraine-specific medications like triptans or/
and ergots) [34].

3. HIT-6 (Headache Impact Test) assesses the head-
aches’ impact on quality of life. It comprises six ques-
tions that evaluate headache-related disability, cover-
ing pain severity, daily activity interference, fatigue,
cognitive issues, and emotional distress. Scores vary
from 36 to 78, with higher scores reflecting a higher
impact [44].

4. MPFID-PI (Migraine Physical Function Impact
Diary—Physical ~ Impairment) and MPID-EA
(Migraine Physical Function Impact Diary—Everyday
Activities) are part of the MPFID, a validated patient-
reported outcome tool developed to measure the
impact of migraine on physical functioning and daily
activities [45].

5. mMIDAS (modified Migraine Disability Assessment)
is a simplified questionnaire that assesses the impact
of migraine on the quality of life [46].

Our primary outcomes involved MMD, MSMD, HIT-6,
and > 50 reduction from baseline in MMD, and our sec-
ondary outcomes comprised MPFID-PI, mMIDAS, and
the safety of Erenumab.

Quality assessment

The included (RCTs) quality was assessed using the
Revised Cochrane risk-of-bias tool for randomized trials
(ROB 2). Five domains were evaluated during the quality
assessment: randomization process bias, bias due to devi-
ations from intended intervention, missing outcome data
bias, bias in the measurement of the outcome, and bias in
the selection of the reported result.

Two reviewers independently assessed each study, and
disagreements were resolved by discussion or consulta-
tion with a third reviewer. Studies were categorized as
having a low risk of bias, some concerns, or a high risk of
bias based on the ROB 2 criteria [47].

Statistical analysis

Review Manager 5.4 software (RevMan) was used for
the statistical analysis of both continuous and dichoto-
mous outcomes [48]. We applied the random effect
model employing the DerSimonian-Laird method [49].
The statistical analysis was based on a mean difference



Haseeb et al. Head & Face Medicine (2025) 21:19

(MD) and standard deviation (SD) whenever the out-
comes were continuous and on risk ratio (RR) when they
were dichotomous, with a confidence interval (CI) of
95% and a statistically significant P-value was considered
if it was<0.05. The heterogeneity of the included stud-
ies was evaluated using the Higgins score (/2). I-square
values >50% were indicative of high heterogeneity [50].
Adverse events were reported as the number per study
arm and pooled as RR. Furthermore, we conducted sensi-
tivity analyses to assess the heterogeneity and robustness
of the results whenever possible. One study adopted a
crossover design [35]; therefore, we used the paired anal-
ysis method mentioned in the Cochrane Handbook [51].

Quality of evidence

The level of certainty of the generated evidence was eval-
uated using the Grading of Recommendations, Assess-
ment, Development and Evaluation criteria (GRADE)
[52, 53] by the GRADEpro Guideline Development Tool
(GDT) online tool [54]. GRADE tool assesses the evi-
dence and classifies it into four levels of certainty: very
low, low, moderate, and high, taking into consideration
the following domains of evaluation: risk of bias, incon-
sistency, indirect evidence, imprecision, publication bias,
and other domains like dose—response effect and plausi-
ble confounding.

Publication bias

The Luis Furuya-Kanamori asymmetry index (LFK index)
and the Doi plot were used to evaluate the publication
bias. Publication bias is reflected by the existence of
asymmetry, whereas its absence is reflected by symmetry.
LFK index values of < +1,> +1 but< +2, and> +2 indi-
cate no asymmetry, minor asymmetry, and major asym-
metry, respectively [55]. Using the MetaXL Version 5.3
[56] add-in for Microsoft Excel, we conducted a publica-
tion bias analysis and generated Doi plots for our primary
outcomes. Furthermore, the funnel plots using Stata 17.0
software were generated for the primary outcomes.

Results

Literature search

We identified a total of 4426 records after conducting our
search strategy. Using Endnote, we identified 1660 dupli-
cates and removed them. The remaining 2766 records
underwent vigorous title/abstract screening, yielding 200
records left for the full-text screening process. Eventually,
21 RCTs were eligible for our qualitative analysis, and 20
(n=5212) underwent quantitative analysis. The PRISMA
flow diagram is shown in Fig. 1.
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Study and population characteristics

A total of 21 [16-36] studies were enrolled in our system-
atic review and meta-analysis. All the included studies
were RCTs, with a total number of participants of 5212.
Eight studies were either post-hoc analyses or subgroup
analyses based on previously conducted RCTs. The
STRIVE study [36] provided the largest number of par-
ticipants among all studies (n=955), while Hoon et al.
[20] provided the smallest number with 12 patients.
Most RCTs included three arms comprising placebo and
two doses of Erenumab: 140 mg and 70 mg. The major-
ity of the studies (#=16) included patients diagnosed
with episodic migraine. Yu et al. (DRAGON) [29] and
Tepper et al. [26] studies involved exclusively patients
diagnosed with chronic migraine. In addition, Basedau
et al. [17], Takeshiama et al. [25], and Hirata et al. [19]
studies included patients with either chronic or episodic
migraine (mixed). The patients included in most studies
exhibited a mixture of no prior treatment failures and
previous failures of other preventive treatments. The
studies that assessed only patients with previous treat-
ment failures are Filippi et. [35], Reuter et al. (LIBERTY)
[22], Hirata et al. [19], Ashina et al. [16], and Goadsby
et al. 2019 [18]. The latter three studies provided further
details on patient subgroups according to the occurrence
of prior treatment failure. The mean age across studies
ranged from 24 to 48 years old, with females being the
predominant participants in all studies. All study char-
acteristics, including sample size, duration of treatment,
and the key findings, are represented in Table 1. Further-
more, the characteristics of the studies’ population are
summarized in Table 2.

Quality assessment

The risk of bias assessed by the Cochrane Risk of Bias
tool version 2 in all studies is represented in Fig. 2. All the
included RCTs have been assigned low risk in all domains
and consequently considered to have an overall low risk
of bias. Moreover, one study [35] employed a crosso-
ver design and was assessed for additional considera-
tions given its different design. It showed some concerns
regarding the overall risk of bias, which could be attrib-
uted to the unclear reporting of the washout period and
carry-over effect details. The risk of bias summary for the
crossover study [35] is shown in Supplementary File: Fig-
ure (S1).

Efficacy of Erenumab
MMD, MSMD, and HIT-6
Erenumab showed a statistically significant reduction
in terms of MMD at three months compared to pla-
cebo (MD: -1.78, 95% CI: [-2.37 to -1.20], P<0.00001,
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Fig. 1 PRISMA flowchart of study selection

as shown in Fig. 3A), and a significant substantial
heterogeneity appeared in the analysis (p=0.0007;
["2=70%). Similarly, MMD at 4-6 months showed
a significant reduction (MD: -1.77, 95% CI: [-2.11 to
-1.43], P<0.00001, as shown in Supplementary File:
Figure (52)). However, no heterogeneity was evident in
the analysis (p=0.70; 1"2=0%). Both MSMD at three
months and 4—6 months showed statistically significant
improvement in favour of Erenumab compared to pla-
cebo (MD: -1.36, 95% CI: [-1.92 to -0.81], P<0.00001,
as shown in Fig. 3B) and (MD: -1.56, 95% CI: [-2.08 to
-1.03], P<0.00001, as shown in Supplementary File: Fig-
ure (S2)), respectively. Heterogeneity was significant in
both (p<0.00001; 1"2=284%) and (p=0.02; ["2=69%),
respectively. HIT-6 at three months exhibited a statis-
tically significant reduction favouring Erenumab (MD:
-2.83, 95% CI: [-3.83 to -1.82], P<0.00001, as shown in
Fig. 3C), and showed significant heterogeneity (p =0.02;
12 =65%).

>50%, >75%, and 100% reduction from baseline in MMD
The drug showed statistically significant improvements
in all responder rates, where significantly more subjects
reached >50% reduction in MMD at three months (RR:
1.52, 95% CI: [1.31 to 1.76], P<0.00001, as shown in
Fig. 4A) and at 4—6 months (RR: 2.03, 95% CI: [1.53 to
2.70], P<0.00001, as shown in Supplementary File: Figure
(S2)). Similarly, 75% and>100% reductions from base-
line in MMD at three months were significant compared
to placebo (RR: 1.84, 95% CI: [1.43 to 2.35], P<0.00001,
as shown in Fig. 4B) and (RR: 1.93, 95% CI: [1.11 to
3.36], P=0.02, as shown in Fig. 4C), respectively.>50%
responder rate outcome at three months showed signifi-
cant moderate heterogeneity (p =0.04; 1"2=52%).

MPFID-PI, MPID-EA, and mMIDAS at three months

Each of MPFID-PI, MPID-EA, and mMIDAS showed a
statistically significant reduction favouring Erenumab
compared to placebo, (MD: -1.85, 95% CIL: [-2.87 to
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Risk of bias domains

Study

RN

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Fig. 2 The risk of bias summary and risk of bias graph
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A Erenumab Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Basedau etal 2024 -1.649 3.88 21 -088 3449 19 48%  -0.71[2.5991.47] —

Dodick etal. 2018 -29 336 282 1.8 339 288 152% -110[1.65 -0.55] -

Filippi etal. 2023 -4.98 258 44 -014 426 44 B3% -4B4[631,-337] ——

Reuter etal. 2018 -1.8 436 119 -02 445 124 108% -1.60[-2.71,-0.49] —

Sakaietal 2019 -1.8496 36347 271 0 363 136 137% -1.85[2.60,-1.10] —

Sunetal 2016 -34 3.88 99  -23 36 144 118% -1.10[2.08,-013) I —

Tepperetal. 2017 -6B 54677 375 -42 BT1 281 11.89%  -240[-3.36,-1.44] E—

YWang etal.2021 -4.4325 43208 505 -31 44 30 147%  -1.33[1.95-0.71] —

Yuetal 2022 -8.2 822 270 -BE 828 274  BY9% -1.60[-299-0.21]

Total (95% Cl) 1986 1620 100.0% -1.78[-2.37,-1.20] <D

Heterageneity: Tau®=0.51; Chi®= 27.09, df= 8 (P = 0.0007), F=70% 54 52 b é j‘

Test for overall effect: Z=5.96 (P =< 0.00001) Favours [experimental] Favours [control]
B Erenumab Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Dodicketal. 2018 -1.2 168 282 -06 1.7 288 172% -060[0.88-0.32] -

Reuteretal. 2018 -1.3 218 119 05 334 124 138% -1.80[2.51,-1.09]

Sakaietal. 2019 -1.1889 30644 271 054 303 136 146% -1.73[2.36,-1.10] —_—

Sunetal 2016 -1.6 306 104  -07 247 153 139% -080[1.61,-0149) e

Tepperetal 2017 -3.7982 41105 375 16 335 281 151% -220[277,-1.63] ——

Wang et al. 2021 -2.0567 2913 203 -049 293 127 1458% -157[2.21,-082)] I —

Yuetal 2022 -5.34 .41 270 -466 B46 274 107%  -0.68[1.76,0.40] e —

Total (95% CI) 1624 1383 100.0% -1.36[-1.92, -0.81] e =

Heterogeneity: Tau®= 0.45; Chi®= 37.21, df= 6 (P = 0.00001); F= 84% 54 52 b é i

Testfor overall effect Z= 4.81 (P < 0.00001) Favours [experimental] Favours [control]
C Erenumab Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Buseetal 2018 -6.2629 72059 B30 -3904 T8 316 258% -2.36[3.33,-1.39)] —a

Dodick etal. 2018 -4.9 672 282 -2B B79 288 237% -230[3.41,-1.19) —

Filippi etal. 2023 -10.45 8.74 44 -304 487 44 8E6% -T.41[10.38,-4.44]

Lanteri-Minet et al. 2021 -5.3 676 119  -24 568 124 184% -290[4.47-1.33] —

Wang etal.2021 -B.7697 80986 548 -6HB2 THS 330 239% -215[3.25,-1.09) ——

Total (95% CI) 1623 1102 100.0% -2.83[-3.83,-1.82] <>

Heterogeneity: Tau®=0.79; Chi*=11.34, df= 4 (P = 0.02); F= 65% _150 45 ] é 1l0

Test for overall effect: 2= 5.50 (P = 0.00001)

Favours [experimental] Favours [

[=)

ontrol]

Fig. 3 Comparison of Erenumab vs placebo in terms of A) MMD, B) MSMD, C) HIT-6 at three months

-0.83], P=0.0004, as shown in Fig. 5A), (MD: -2.10, 95%
CL: [-3.45 to -0.75], P=0.002, as shown in Fig. 5B), and
(MD: -1.80, 95% CI: [-2.62 to -0.99], P<0.00001, as shown
in Fig. 5C), respectively.

Sensitivity analysis
Sensitivity analysis by removing one study at a time has
been conducted to investigate sources of heterogeneity
and test the robustness of the analysis in our primary out-
comes. In both MMD (p=0.0007; 1"2=70%) and HIT-6
(p=0.02; I"2=65%) at three months, the substantial het-
erogeneity was resolved by excluding Filippi et al. 2023
[35], yielding homogenous results (p=0.38; I"2="7%) and
(p=0.90; I"2=0%), respectively, as shown in Supplemen-
tary File: Figure (S3).

Regarding MSMD at three months, heterogene-
ity (P<0.00001; 1"2=84%) was resolved by excluding

both Dodick et al. 2018 [34] and Tepper et al. 2017
[26] (P=0.19; 1"2=35%). Moreover, the heterogene-
ity in>50% responder rate outcome at three months
(p=0.04; 1"2=52%) was resolved by excluding Sakai
et al. [23] (p=0.18; I"2=33%), as shown in Supplemen-
tary File: Figure (S3). No single study exclusion affected
the overall significance of any of the study's outcomes,
ensuring robust results.

Subgroup analysis

We conducted subgroup analysis according to multiple
criteria not only to investigate sources of heterogene-
ity but also to provide estimates of treatment effects for
clinically relevant subgroups of patients. According to
the status of previous failures, in all three primary out-
comes, MMD, MSMD, and>50% reduction in MMD,
the test for subgroup differences suggested that there was
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A Erenumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Basedau et al. 2024 4 b 1 19 0.5% 3.62[0.44, 29.60] +
Dodick etal. 2018 112 282 85 288 169% 1.35[1.07, 1.69] —
Reuteretal. 2018 3| 1149 17 124 6.3% 22111.31,3.71] e —
Sakaietal 2019 a1 27 16 136 6.8% 254 1[1.55 4.17] e —
Sunetal 2016 46 a9 43 144 11.9% 1.56[1.12, 2.16] I —
Tepperetal. 2017 152 375 66 281 16.0% 1.73[1.35, 2.20] —
Wang etal. 2021 322 548 148 330 228% 1.31[1.14,1.51] —a
Yuetal 2022 131 279 102 278 18.8% 1.281[1.05, 1.56] —
Total (95% Cl) 1994 1600 100.0% 1.52 [1.31, 1.76] <o
Total events ag84 478
Heterogeneity: Tau®= 0.02; Chi*= 14.62, df=7 (P = 0.04); F= 52% D=2 055 é é

Testfor overall effect: Z= 553 (P = 0.00001)

Favours [control] Favours [experimental]

B
Erenumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brandes etal. 2018 71 375 22 281 202% 2.42[1.54,3.80) —_—
Broessner etal. 2020 152 630 41 316 309% 1.86 [1.35, 2.55) ——
Reuteretal. 2018 14 119 5 124 57% 2.92[1.08,7.85)
Wang et al.2021 215 548 86 330 43.2% 1.51[1.22,1.86) ——
Total (95% Cl) 1672 1051 100.0% 1.84 [1.43,2.35] e
Total events 452 154
Heterogeneity: Tau*= 0.03; Chi*=5.15, df= 3 (P=0.16); F= 42% 0?2 0?5 é é
Test for overall effect: Z= 4.81 (P < 0.00001) Favours [control] Favours [experimental]
C
Erenumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brandes etal. 2018 13 375 1 28 6.7% 9.74[1.28,74.03]
Broessner etal. 2020 47 B30 15 316 37.7% 1.57(0.89,2.77) T
Reuteretal. 2018 7 119 0 124 36% 15.63(0.90, 270.59] >
Wang et al.2021 123 548 47 330 520% 1.58[1.16,2.14] -
Total (95% ClI) 1672 1051 100.0% 1.93 [1.11, 3.36]) =
Total events 190 63

Heterogeneity: Tau*=0.13, Chi*=5.70,df=3(P=0.13), F=47%
Test for overall effect. Z=2.32 (P =0.02)

I

50

01 10
Favours [control] Favours [experimental]

0.02

Fig. 4 Comparison of Erenumab vs placebo in terms of A) > 50%, B) > 75%, C) 100% reduction from baseline in MMD at three months

a statistically significant subgroup difference, p=0.02,
p=0.010, p=0.0007, respectively, as shown in Table 3.
The presence of prior failure significantly modified the
response of Erenumab compared to placebo. The treat-
ment effect favoured Erenumab over placebo in both
subgroups; however, it was significantly higher for the
subgroup with prior failures indicating a quantitative
subgroup effect. Although there was a significant differ-
ence between subgroups, an uneven distribution of trials
and participants between subgroups existed. The forest
plots are shown in Supplementary File: Figure (54).

In terms of different doses of Erenumab, only the
MSMD outcome revealed a statistically significant test
for subgroup difference (p=0.01) with a quantitative
subgroup effect showing a more significant improve-
ment favouring the 140 mg dose over the 70 mg com-
pared to placebo, as shown in Table 3. The forest plots

demonstrating subgroups of different doses are shown
in Supplementary File: Figure (S5). Regarding the type
of migraine, the test for subgroup differences indicated
that there was no statistically significant subgroup dif-
ference in either MMD or>50% reduction in MMD
(p=0.48) and (p=0.69), respectively, as shown in
Table 3. This finding suggested that the type of migraine
does not influence the effect of Erenumab compared
to placebo. However, a smaller number of trials and
participants contributed data to the chronic migraine
subgroup (two studies) than to the episodic migraine
subgroup (six studies in MMD and five in > 50% reduc-
tion in MMD), proposing a possibility that the analy-
sis may not be able to detect subgroup differences. The
forest plots of subgrouping according to the type of
migraine are shown in Supplementary File: Figure (S6).
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A Erenumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Dodicketal. 2018 -3.18 672 282 -19 679 288 444% -1.28[-239,-017] ——
Reuteretal. 2018 -1.9 873 118 16 891 124 172% -350[5.72,-1.29] —_—

Wang et al.2021 -4.0779 9.2709 548 -231 926 330 383% -1.77[3.03,-0.50) ——
Total (95% Cl) 949 742 100.0% -1.85[-2.87,-0.83] -
Heterogeneity: Tau*= 0.29; Chi*= 3.08, df=2 (P=0.21), F= 35% t +

Test for overall effect: Z= 3.56 (P = 0.0004)

4 2 0 2 4
Favours [experimental] Favours [control]

B Erenumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Dodick etal. 2018 -4.33 672 282 -32 B.79 288 402% -1.13[224,-0.07] ——

Reuter etal. 2018 -3.4 873 119 06 891 124 222% -400[6.22-1.78] s —

Wang et al.2021 -5.2078 9.0517 548 -319 808 330 377% -202[3.26,-0.79) —a—

Total (95% Cl) 949 742 100.0% -2.10[-3.45,-0.75] i
Heterogeneity: Tau®= 0.86; Chi*= 530, df=2 (P=0.07); F=62% t 1

Test for overall effect: Z= 3.05 (P = 0.002)

4 2 0 2 4
Favours [experimental] Favours [control]

c Erenumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dodick etal. 2018 -55 84 282 -38 849 288 348% -1.70[-3.09,-0.31) —

Wang etal.2021 -8.4617 7.7651 548 -659 781 330 591% -1.87[-2.94,-081] ——

Yuetal. 2022 -1467 1946 263 -1293 1948 268 61% -1.74[5.051.57] e

Total (95% CI) 1093 886 100.0% -1.80[-2.62,-0.99) -
Heterogeneity: Tau*= 0.00; Chi*=0.04, df= 2 (P = 0.98); F= 0% t t +

Test for overall effect. Z= 4.32 (P < 0.0001)

4 -2 0 2 4
Favours [experimental] Favours [control]

Fig. 5 Comparison of Erenumab vs placebo in terms of A) MPFID-PI, BIMPID-EA, €) mMIDAS at three months

Table 3 Summary of the subgroup analysis for the primary outcomes
Category Outcomes Subgroups  No. of Pooled effect Subgroup difference (P-value, 1/12)
studies  estimate [95% Cl]
Presence of previous failures MMD 3 months No failure 3 -1.24 [-1.82:-0.67] P=0.02*% A2=80.3%
Prior failure 5 -2.58 [-3.60:-1.57]
MSMD 3 months No failure 3 -0.92 [-1.25:-0.59] P=0.010%,1"2=85.1%
Prior failure 4 -1.93[-2.62:-1.24]
>50% reduction in MMD No failure 3 1.38[1.16:1.65] P=0.0007% 1"2=91.4%
Prior failure 4 2.281[1.82:2.85]
Type of migraine MMD 3 months Episodic 6 -1.80[-2.53:-1.06]  P=0.53,1"2=0%
Chronic 2 -2.14[-2.93:-1.35]
>50% reduction in MMD Episodic 5 1.57[1.27:1.93] P=0.74,1"2=0%
Chronic 2 147 [1.10:1.98]
Dose of Erenumab MMD 3 months 70mg 7 -1.39[-1.77:-1.01] P=0.07,1"2=69.8%
140 mg 5 -2.36 [-3.34:-1.38]
MSMD 3 months 70 mg 6 -1.18 [-1.69:-0.67] P=0.01%1"2=84%
140 mg 4 -1.99 [-2.35:-1.62]
>50% reduction in MMD 70 mg 8 1.4711.28:1.68] P=0.15,1"2=52.7%
140 mg 5 1.57 [1.40:1.76]

Publication bias

Regarding publication bias, the DOI plot of MMD at
3 months showed minor asymmetry with an LFK index
of -1.69, as shown in Fig. 6, suggesting possible publica-
tion bias. MSMD, HIT-6, and > 50% reduction in MMD

at 3 months showed major asymmetry in the DOI plots
with LFK indices of -3.51, -2.95, and 5.92, respectively,
indicating potential publication bias. The DOI plots
of MSMD, HIT-6, and >50% reduction in MMD at
3 months are shown in Supplementary File: Figure (S7).
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LFK index: -1.69 (Minor asymmetry)
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Fig. 6 Doi plot and LFK index for MMD at 3 months

Furthermore, funnel plots for MMD, HIT-6, MSMD,
and > 50% reduction in MMD at 3 months are shown in
Supplementary File: Figures (S8) and (S9).

Safety of erenumab

Erenumab showed an acceptable safety profile compared
to placebo. The intervention resulted in a significantly
higher incidence of only constipation compared to the

Table 4 Summary of the adverse events

2 -1
WMD

placebo (RR: 2.53, 95% CIL: [1.60 to 4.02], P<0.0001).
Although nasopharyngitis and upper respiratory tract
infection were the most reported adverse effects in both
the placebo and Erenumab groups, they were not statisti-
cally significant. A summary of the adverse events is dis-
played in Table 4. All the forest plots demonstrating the
adverse effects are represented in Supplementary File:

Figures (S10)—(S14).

Adverse events Number of Erenumab Placebo Risk Ratio (95%Cl) PValue
studies
Events Total Events Total

Any adverse event 12 1475 2914 1113 2219 1.02[0.94,1.11] 063
Any serious adverse event 11 45 2809 37 2183 0.90 [0.58, 1.39] 0.62
Any adverse event leading to treat- 11 30 2908 19 2183 1.07[0.59,1.92] 0.82
ment discontinuation

Nasopharyngitis 10 243 2765 182 2053 0.931[0.77,1.12] 045
Upper respiratory tract infection 8 99 2365 67 1786 1.09[0.80, 1.48] 0.60
Constipation 7 102 2534 28 1770 2.53[1.60,4.02] <0.0001*
Nausea 5 34 1626 29 1166 0.90 [0.54, 1.50] 0.69
Urinary tract infection 4 14 1520 8 1013 0.90 [0.40, 2.06] 0.81
Back Pain 4 25 988 19 727 1.05[0.57,1.93] 0.88
Influenza 3 24 1022 21 761 0.96 [0.52,1.77] 0.90
Injection site pain 4 49 1413 23 1014 1.76 [0.96, 3.25] 0.07
Abdominal pain 4 10 882 2 547 2.051[0.54,7.72] 0.29
Vomiting 3 3 610 2 411 1.00[0.20, 5.03] 1.00
Diarrhea 4 9 468 7 413 1.12[0.22, 5.60] 0.89
Migraine 4 24 1400 23 1043 0.88[0.38,2.08] 0.78
Arthralgia 3 17 745 11 478 1.05[0.34,3.23] 0.94
Fatigue 4 30 1141 19 885 126 [0.71,2.22] 043
Gastroenteritis 4 12 967 9 608 0.90 [0.39, 2.08] 0.81

" significant difference between groups (p-value less than 0.05)
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Quality of the evidence

The certainty of evidence regarding Erenumab efficacy in
the most important and relevant outcomes was assessed
using GRADE. All the outcomes at three months, includ-
ing MMD, MSMD, HIT-6, and >50% reduction in MMD,
were downgraded in two domains: inconsistency and the
presence of suspected publication bias. Therefore, this
downgrade resulted in a low overall certainty of evidence
regarding the aforementioned four outcomes. A sum-
mary of the findings and a GRADE evaluation of the out-
comes are shown in Table 5.

Discussion
In this meta-analysis, we assessed the efficacy and safety
of Erenumab in patients with episodic and chronic
migraine. Erenumab resulted in a significant reduction in
MMD and HIT-6 compared to placebo. However, there
was considerable heterogeneity, with I? =70% for MMD
and 65% for HIT-6TM, possibly due to several reasons.
First and most importantly, the crossover design utilized
in the study by Filippi et al. [35] (where patients were
randomly assigned to receive either Erenumab or pla-
cebo for 12 weeks, then switched to the other treatment
for another 12 weeks) raised some concerns that it might
contribute to this heterogeneity. Filippi et al. reported
they observed that the impact of Erenumab on MMD at
week 16 persisted in patients who were randomized to
the treatment sequence of Erenumab followed by pla-
cebo (who discontinued the drug at week 12). However,
there was no evidence that the carry-over effect persisted
up to week 24 when data from the second period were
included in our analysis. Besides, Jenssen et al. addressed
the crossover design in migraine preventive treatment in
four RCTs and detected no carry-over effect in migraine
patients [57]. However, it is noteworthy that Filippi et al.
[35] included only patients who had failed two or more
previous migraine preventives, which could be a plausible
cause for heterogeneity. This hypothesis was confirmed
by the resolution of heterogeneity when conducting a
leave-one-out analysis for the study by Filippi et al. [35].
Although there was a significant decline in MSMD
with Erenumab, substantial heterogeneity was evident
(12=84%), which was resolved by excluding Dodick et al.
[34] and Tepper et al. [26] Additionally, excluding Sakai
et al. [23] resolved the heterogeneity with >50% response
rate outcome. Differences in the eligibility criteria of each
study regarding the use of concurrent or prior migraine
preventive treatment might account for this heterogene-
ity. For instance, Tepper et al. [26] prevented migraine
preventive drugs during the study and two months
before the baseline. Sakai et al. [23] and Dodick et al. [34]
allowed using one preventive drug as long as the dose
did not differ from two months before. Moreover, Reuter
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et al. [22] required patients to have failed previous treat-
ment with 2—4 preventive medications.

Our subgroup analysis revealed that patients with
prior failures to preventive treatments exhibited a higher
response to Erenumab compared to those without such
a history. This enhanced treatment effect appears to be
influenced, in part, by a lower placebo response in this
subgroup, particularly concerning migraine frequency-
related endpoints such as change in MMD,>50%,
and >75% response rates [16, 18, 22]. This observation is
consistent across multiple studies, where a reduced pla-
cebo effect has been linked to lower expectations among
patients who have unsuccessfully tried several preventive
medications [16, 18, 22]. Moreover, the placebo response
in treatment-naive patients tends to be higher, which
may dilute the apparent efficacy of active treatments in
such populations [22, 26, 34, 36]. However, the uniform
placebo response observed in the MSMD endpoint sug-
gests that the influence of prior treatment failures may
vary across different outcome measures [18]. Overall,
these findings underscore the importance of considering
prior treatment history in the design and interpretation
of migraine trials, as including patients with failed prior
treatments might reduce placebo effects and provide a
better assessment of the treatment’s true efficacy. Fur-
ther research is warranted to explore the mechanisms
underlying these differences and to optimize treatment
strategies for this challenging patient population. The
aforementioned results are consistent with the recom-
mendations of the European Headache Federation guide-
lines [58] and the position statement of the American
Headache Society [59], which suggest using a CGRP
monoclonal antibody in patients who have failed two or
more preventive treatments. Besides, subgroup analy-
sis by doses revealed no significant difference between
the two doses (70 mg and 140 mg) in primary outcomes,
except for MSMD, in which Erenumab 140 mg exhibited
significantly higher response than the 70 mg dose. This
finding aligns with Gui MM et al., who also reported that
the 140 mg dose was more effective than the 70 mg dose
specifically for MSMD [60].

Regarding physical function in migraine patients, Yang
et al. reported no significant difference between the pla-
cebo and Erenumab groups in the change of MPFID-EA
and MPFID-PI scores from baseline [61]. In contrast,
our analysis showed that Erenumab led to a statistically
significant greater reduction in both scores compared to
placebo. These findings indicate that Erenumab not only
alleviates migraine symptoms but also improves physical
function and daily activity performance.

In terms of safety, although the most common adverse
events were nasopharyngitis and upper respiratory tract
infection, there was no statistically significant difference
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between both groups. Most importantly, Erenumab
showed a statistically significant increase in rates of con-
stipation compared to placebo (RR: 2.53, P<0.0001).
These higher rates of constipation could be explained by
the crucial role CGRP plays in regulating gastrointestinal
motor activity, thus affecting intestinal transit, propul-
sion, and secretion [62, 63]. Lampl et al. [64] found that
both doses of Erenumab (70 mg and 140 mg) demon-
strated a safety profile comparable to that of a placebo for
patients with episodic or chronic migraine. This finding
was consistent across all age groups, including those aged
50 and older, with no increase in adverse events noted in
the older age group. In contrast, many standard oral pre-
ventive treatments are used cautiously in older adults due
to poor safety and tolerability profiles. Therefore, Ere-
numab emerges as a viable, well-tolerated, and effective
alternative for patients of all ages [64].

To the best of our knowledge, this is the largest and
most comprehensive meta-analysis evaluating the effi-
cacy and safety of Erenumab for migraine patients. Nota-
bly, our meta-analysis is the first to conduct a subgroup
analysis based on prior migraine-preventive treatment
failure status. We performed two other subgroup analy-
ses according to the type of migraine and doses. Besides,
we conducted sensitivity analyses to detect the source
of heterogeneity found in primary outcomes. Further-
more, to assess the quality of the evidence, we utilized the
GRADE system. Given the small number of studies per
outcome, we employed Doi plots and the LFK index to
evaluate publication bias. Nevertheless, there are inevi-
table limitations. First, the small and unequal distribu-
tion of sample sizes and studies in the subgroup analysis
might cause imbalance and affect the overall analysis,
potentially leading to biased or less generalizable results
for specific subgroups. Additionally, variability in study
protocols posed another challenge, as some studies
allowed participants to use a concomitant migraine-pre-
ventive treatment during the study, while others prohib-
ited using any. This inconsistency could have impacted
the overall assessment of Erenumab’s efficacy, potentially
underestimating or overestimating its effects. Due to the
unavailability of separate data for patients who used con-
comitant preventive treatment and those who did not,
we could not perform a subgroup analysis. Furthermore,
the different definitions of a "migraine day" among stud-
ies represented another limitation. Most studies defined
a migraine day as any calendar day on which the patient
experienced a qualified migraine lasting for>30 min
with either >2 pain features or>1 associated non-pain
feature. However, four studies [19, 25, 26, 29] required
qualified migraine to have lasted for at least 4 h to be
considered a migraine day.
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Therefore, we recommend that future research focus
on carrying out more RCTs comparing patients with
migraine who have failed previous preventive treatment
with those who have not failed any prior treatment.
Such studies could help provide better insights into the
enhanced effectiveness of Erenumab in the non-failure
group. Furthermore, it would be valuable to conduct
studies evaluating the efficacy of Erenumab when admin-
istered concomitantly with other migraine-preventive
treatments. Additionally, long-duration RCTs investigat-
ing the formation of anti-Erenumab antibodies and their
potential impact on clinical improvement are necessary.

Conclusion

In conclusion, this meta-analysis demonstrated that Ere-
numab significantly reduced the frequency of migraine
attacks, the number of days on which migraine patients
require medication, and physical impairment scores.
Erenumab was more effective in patients with prior pre-
ventive treatment failures compared to patients with
no prior failure. There was no significant difference in
Erenumab's response between episodic and chronic
migraine patients. Furthermore, Erenumab administered
at a dose of 140 mg showed superior efficacy in MSMD
reduction compared to the 70 mg dose, though no signifi-
cant differences were evident in MMD or >50% response
rates. The safety profile of Erenumab was comparable to
that of the placebo, with constipation being the only sig-
nificant adverse event for Erenumab. Overall, Erenumab
is a safe and effective treatment for migraine. However,
long-term RCTs comparing Erenumab with other pre-
ventive migraine treatments, including further investi-
gations focused on patient groups with a history of prior
treatment failures, are required.

Abbreviations

(@Y Chronic Migraine

EM Episodic Migraine

CGRP Calcitonin Gene-related Peptide

MMD Monthly Migraine Days

HIT-6 Headache Impact Test

MSMD Monthly Acute Migraine-specific Medication Days

MPFID- PI Migraine Physical Function Impact Diary- Physical impairment
MPFID-EA  Migraine Physical Function Impact Diary- Everyday activities
mMIDAS Modified Migraine Disability Assessment

ICHD The International Classification of Headache Disorders

RoB Cochrane risk-of-bias tool for randomized trials

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RevMan Review Manager software

GRADE Grading of Recommendations, Assessment, Development, and
Evaluations

MD Mean Difference

a Confidence Interval

RR Risk Ratio
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