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Abstract
Background Head-to-head comparator trials between first-line oral migraine preventatives and the new monoclonal antibod-
ies (mAbs) blocking the calcitonin gene-related peptide (CGRP) pathway have not been published to date.
Objectives This study aimed to indirectly compare the clinical efficacy and safety of mAbs against CGRP or its receptor 
(CGRPR) and topiramate in episodic migraine prophylaxis using meta-analysis.
Methods We included controlled trials testing efficacy and safety of erenumab, galcanezumab, fremanezumab, eptinezumab, 
and topiramate in adults diagnosed with episodic migraine. We searched PubMed, Cochrane Central Register of Controlled 
Trials (CENTRAL), and ClinicalTrials.gov from January 2000 to November 2020. We used the Risk of Bias 2 (RoB2) tool 
to assess the risk of bias and report pooled mean effects (mean difference and risk ratio) as estimated in a random effect 
model. For efficacy analysis, we determined the reduction of monthly migraine days (MMDs), reduction of days with acute 
medication (AMDs), and 50% responder rates (50% RR). For safety, we determined adverse events (AEs) occurring in ≥ 
2% of study participants and the number of patients who discontinue treatment due to AEs (DAEs). The number needed to 
treat (NNT) and to harm (NNH) were estimated as well as the likelihood to help or harm (LLH).
Results We included 13 trials involving 7557 patients: three trials with erenumab, two trials with galcanezumab, two trials 
with fremanezumab, one trial with eptinezumab, and five trials with topiramate, for the prophylaxis of episodic migraine in 
adults. The placebo-subtracted reduction (pooled mean difference) of MMDs were − 1.55 (95% CI − 1.86 to − 1.24; active 
drug n = 3326 vs placebo n = 2219, 8 studies) for the CGRP(R) mAb and − 1.11 (95% CI − 1.62 to − 0.59; active drug 
n = 1032 vs placebo n = 543, 4 studies) for topiramate (p for subgroup difference = 0.15). ‘Cognitive’ and ‘sensory & pain’-
related adverse events occurred more often in patients treated with topiramate compared with those treated with a CGRP(R) 
mAb (p for subgroup difference 0.03 and < 0.001, respectively). Based on the 50% RR and DAE, the NNT, NNH, and LHH 
for the CGRP(R) mAbs were 6, 130, and 24.3:1, respectively. For topiramate, these values were 7, 9, and 1.8:1, respectively.
Conclusion The efficacy of CGRP(R) mAbs to reduce migraine days does not differ from topiramate. However, the safety pro-
file is in favor of the CGRP(R) mAbs, with a higher likelihood to help than to harm compared with topiramate. The diversity 
of endpoint determination and the heterogeneity between studies for some endpoints cause some limitations for this study.
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1 Introduction

Migraine is one of the most disabling neurological diseases 
and often requires preventive therapy to reduce attack fre-
quency [1]. Recently, migraine-specific prophylactic agents 
targeting the calcitonin gene-related peptide (CGRP) path-
way have been introduced into the field [2]. Eptinezumab, 
fremanezumab, and galcanezumab bind to CGRP while 
erenumab blocks the canonical CGRP receptor (CGRPR) 
[3]. These monoclonal antibodies (mAbs) are approved 
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Key Points 

Our results suggest a favorable efficacy and safety profile 
of the new CGRP pathway drug class compared with 
topiramate for episodic migraine prophylaxis.

Based on the likelihood to help or harm, patients treated 
with a CGRP receptor (R) monoclonal antibody (mAb) 
are 19.2 times more likely to be helped compared with 
patients treated with topiramate.

Patients treated with topiramate have a higher risk of 
experiencing adverse reactions and discontinuing treat-
ment compared with patients treated with a CGRP(R) 
mAb (placebo-subtracted risk: 12% and 1%, respectively; 
p = 0.005).

The side effects of oral SoC medications lead to treat-
ment termination in approximately half of the patients within 
the first 2 months of therapy [11]. The lack of efficacy also 
contributes to the > 80% of patients who stop preventive 
therapy within 1 year after initiating therapy. In contrast, 
dropout rates in mAbs episodic migraine prophylactic trials 
are below 5% within a DB treatment period of 6 months 
[12–14].

Only head-to-head comparator trials of mAbs and SoC 
medications will allow a true comparison and estimation 
of the efficacy and tolerability of these new prophylactic 
agents. These data do not exist to date.

To assess the benefit of this new class of CGRP-targeted 
antibodies for migraine prophylaxis we performed this meta-
analysis. Based on the availability of trials, we decided to 
focus primarily on episodic migraine. The number of topira-
mate chronic migraine trials is limited and their sample size 
is small, which may be at the expense of a valid comparison. 
Therefore, we aimed to indirectly compare the clinical effi-
cacy and safety of the CGRP(R) mAbs (erenumab, galcan-
ezumab, fremanezumab, and eptinezumab) and topiramate 
in episodic migraine prophylaxis using meta-analysis.

2  Methods

2.1  Literature Search

This meta-analysis was conducted according to the recom-
mendations of the “Preferred Reporting Items for Systematic 
reviews and Meta-Analysis” (PRISMA). The International 
Headache Society (IHS) has set out guidelines for the con-
duction of clinical trials for migraine prevention [15]. These 
recommendations form the basis for the selection of inclu-
sion and exclusion criteria of this analysis.

We systematically searched PubMed, Cochrane Central 
Register of Controlled Trials (CENTRAL), and Clinical-
Trials.gov using the keywords ‘erenumab’, ‘AMG334’, 
‘galcanezumab’, ‘LY2951742’, ‘fremanezumab’, ‘TEV-
48125’, ‘eptinezumab’, ‘ALD403’, ‘topiramate’, ‘Topa-
max’, and ‘episodic migraine’. The detailed search strat-
egy can be found in the electronic supplementary material 
[ESM], page 5–8. The study search was performed by two 
authors (LO and TK) independently. The literature search 
was conducted on June 8, 2020.

2.2  Study Selection

Study inclusion criteria were (1) randomized, DB, pla-
cebo-controlled, parallel-group trials of phase IIb, III, 
or IV and (2) assessing the efficacy and/or safety of 

by numerous authorities for the preventive treatment of 
migraine in patients with at least four monthly migraine 
days. However, reimbursement restrictions limit the use of 
mAbs targeting the CGRP pathway in many countries.

The antibodies have shown efficacy in multiple placebo-
controlled, randomized, double-blind clinical trials. Their 
safety and tolerability profile has also been established. 
Clinical use led to the impression that CGRP antibody medi-
cations have a better tolerability profile than the standard 
of care (SoC) oral migraine prophylactic agents. However, 
adverse event (AE) rates in mAbs trials range between 60 
and 70% [4–6].

Some patients have a tremendous response to mAbs ther-
apy. For example, ~ 39% of patients treated with galcan-
ezumab in the EVOLVE studies had at least 1 month without 
any migraine day during the 6-month double-blind (DB) 
trial phase. A reduction of ≥ 75% monthly migraine days 
(MMDs) was achieved by > 40% of participants in month 
6 [7]. These parameters have typically not been analyzed in 
previous clinical trials with oral medications.

Topiramate is a first-choice oral SoC medication for 
migraine prophylaxis [8]. It is the most frequently prescribed 
preventative in the US and among the most frequently used 
anti-migraine drugs in Europe. Other first-line, non-specific 
preventatives include β-blockers, flunarizine, and amitrip-
tyline [8]. All these SoC medications are inexpensive treat-
ment options, which are effective in most patients.

The therapeutic benefit, which indicates the difference 
of an active drug versus placebo in the reduction of MMDs, 
does not seem to be different between mAbs and SoC medi-
cations. For example, differences for mAbs range between 
− 1.00 and − 1.99 MMDs, which is similar to data from 
clinical trials with oral SoC medications [1, 9, 10].
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erenumab, galcanezumab, fremanezumab, eptinezumab, 
or topiramate in episodic or high-frequency episodic 
migraine patients.

The following criteria led to the exclusion of studies: (1) 
studies performed in minors (< 18 years of age), (2) stud-
ies including patients with chronic migraine, (3) migraine 
diagnosis was not assessed according to IHS guidelines, and 
(4) no reporting of any outcome of our interest.

Studies were selected based on title and abstract but 
deemed suitable for inclusion only after full-text review. The 
screening process and study selection were independently 
performed by two authors (LO and TK). Disagreements 
were resolved through discussion with a third author (UR).

2.3  Data Extraction and Outcome Measures

Study information (design, duration, DB phase, assessment 
of primary outcome, study arms, and sample size), and 
demographic information (sex, age, and baseline migraine 
days) were extracted.

The primary efficacy outcome included the reduction 
of mean MMDs in the active study group compared with 
placebo. The secondary efficacy outcomes were reduction 
of acute anti-migraine medication days (AMDs), which 
includes specific and non-specific substances, and the 50% 
responder rate (50%RR, which indicates the number of 
patients with a reduction of at least 50% of MMDs versus 
baseline).

The primary safety outcome was the number of adverse 
events (AEs) occurring in at least 2% of the study popula-
tion. We then clustered AEs into the following six categories 
to create an organ system-related illustration: ‘cognitive’, 
‘sensory & pain’, ‘gastrointestinal’, ‘infection & infesta-
tion’, ‘administration site condition’, and ‘general & other’ 
related AEs. All AEs per category are listed in the supple-
ment (Additional Table 1 in the ESM). The secondary safety 
outcome was the discontinuation rate of patients due to AEs 
(DAEs). Data were extracted for all outcomes from each 
study independently (LO and JM). After evaluation, a con-
sensus was obtained. In case a publication reported data for 
several time points, we used the time point of the study’s 
primary endpoint.

2.4  Assessment for the Risk of Bias and Quality 
Assessment

To estimate the risk of bias of the included studies, we used 
the Risk of Bias 2.0 Tool, which assesses the randomization 
process, deviations from the intended interventions, missing 
outcome data, measurement of the outcome, and selection 
of the reported results for each study separately [16]. The 
assessment was performed by LO and BR independently. 

Disagreements were resolved through discussion with a third 
author (UR).

Heterogeneity was estimated using a Chi-square test and 
 I2 statistic, indicating the percentage of the variance between 
studies. Significant heterogeneity was assumed if the p value 
for the Chi-square test was significant (p < 0.05). Cochrane 
gives rough interpretations for heterogeneity as follows: “0% 
to 40%: might not be important; 30% to 60%: may represent 
moderate heterogeneity; 50% to 90%: may represent sub-
stantial heterogeneity; 75% to 100%: considerable hetero-
geneity” [17].

We assumed the random-effect model as more appropri-
ate for analysis because of differences between study settings 
(e.g. duration, location, and dose). We used the random-
effects for all outcomes to account for heterogeneity [17]. In 
case of significant heterogeneity, sensitivity analyses were 
performed to identify the studies causing the heterogene-
ity. Publication bias was not assessed because the number 
of studies in each meta-analysis group was insufficient, the 
Egger’s test will in this case not have enough power to dis-
tinguish between change and real asymmetry [17]. Funnel 
plots, however, are reported.

2.5  Data Synthesis and Analysis

All meta-analyses of eligible results were conducted using 
Review Manager Version 5.4.0. Meta-analysis was carried 
out for all outcomes of interest. For the continuous variables 
MMDs and AMDs, we calculated the pooled mean differ-
ence (PMD) with corresponding 95% confidence intervals 
(95% CI). Data are illustrated as mean (SD) and 95% CI. 
Studies were weighted by the use of the inverse variance 
method. For the categorical variables 50%RR, DAEs, and 
our categories of AEs as described above, we calculate the 
pooled risk ratio (PRR) with corresponding 95% CI. Data are 
illustrated as count (%). Studies were weighted by the use of 
the Mantel–Haenszel method. Additionally, we calculated 
the pooled risk difference (PRD) for the 50%RR and DAE 
with corresponding 95% CI, to calculate the number needed 
to treat (NNT: 1/RD of 50%RR) and the number needed to 
harm (NNH: 1/RD of DAE). The range of the 95% CI for 
the NNT and NNH is from 1 NNT to benefit (NNTB) to 1 
NNT to harm (NNTH), where RD = 0 is NNT = infinity 
[18]. From the calculations of the NNT and NNH (includ-
ing 95% CI), we calculated the likelihood to be helped or 
harmed (LHH: [1/NNT]/[1/NNH]).

We only analyzed available data (i.e. missing data was 
ignored) [17]. We considered p values of 5% or lower to be 
statistically significant.

For our efficacy and safety outcomes, we used one model 
(main comparison) in which we pooled all CGRP(R) mAbs 
studies into one subgroup and all topiramate studies in 
another subgroup. A subgroup comparison was performed 
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to assess the difference between the CGRP(R) mAbs and 
topiramate. The comparisons we made are indirect.

For our safety outcomes, we additionally used a second 
model in which we pooled studies together per substance and 
per dose of the experimental groups. Here we divided the 
‘shared’ placebo group into two or more groups to be able 
to perform two or more comparisons [17]. Subgroup com-
parisons were made between the pooled data of the CGRP 
mAbs, the CGRPR mAbs, and topiramate and not between 
the different mAbs. The benefit of model 1 is the aggregation 
of studies, which leads to higher statistical discrimination 
and robust effect estimates. Model 2 provides in-depth safety 
information about single drugs and doses.

3  Results

3.1  Eligible Studies

Our search until June 8, 2020, identified 305 records through 
database and trial registry screening (n = 114); after the 
removal of duplicates, 394 records remained. After screen-
ing titles and abstracts, we excluded 291 records, leaving 
102 records for a full reading. Full reading led to exclusion 
of an additional 89 records, which left 13 records for quali-
tative and quantitative synthesis (Figure 1 in the ESM). All 
studies were published between 2004 and 2019. All studies 
compared active treatment with placebo. One study included 
an active control arm with propranolol [19].

3.2  Characteristics of the Included Studies

Our search led to 13 studies on the prophylaxis of episodic 
migraine with 7557 patients for analysis (4670 receiving 
an active drug and 2887 receiving placebo). These trials 
had a multicenter, randomized, DB, parallel-group, placebo-
controlled design. We included one phase IIb trial [20], 11 
phase III [4, 12–14, 19, 21–26], and one phase IV trial 
[27]. All study characteristics are reported in Table 1. All 
CGRP(R) mAb studies were of high quality with a low risk 
of bias, where the topiramate studies had some concerns. 
We included the risk of bias to all forest plots in the ESM).

3.3  Efficacy Analysis

3.3.1  CGRP(R) mAbs

All studies reported the difference of MMDs and AMDs 
between the CGRP(R) mAb (n  =  3326) and placebo 
(n = 2219). The PMD for the reduction of MMDs was 
− 1.55 (95% CI − 1.86 to − 1.24; p < 0.001 | heterogeneity: 

p = 0.06; I2 = 49%) in favor of the CGRP(R) mAbs versus 
placebo (Fig. 1). The reduction of AMDs was also greater 
for the CGRP(R) mAbs than placebo with a difference 
(PMD) of − 1.26 (95% CI − 1.70 to − 0.81; p < 0.001 | het-
erogeneity: p < 0.001; I2 = 89%) days (Fig. 1). Sensitivity 
analyses identified the studies ‘Arise’ (for erenumab) and 
‘Promise-1’ (for eptinezumab) as causing the heterogene-
ity. Exclusion of these studies resulted in a PMD reduction 
of AMDs of − 1.51 (95% CI − 1.78 to − 1.23; p < 0.001 | 
heterogeneity: p = 0.13; I2 = 41%).

3.3.2  Topiramate

The differences of MMDs and AMDs were reported in 
only four trials with topiramate (n = 1032) versus pla-
cebo (n = 543). Patients treated with topiramate showed 
a larger reduction of MMDs compared with placebo (PMD 
− 1.11; 95% CI − 1.62 to − 0.59; p < 0.001 | heterogeneity: 
p = 0.08; I2 = 46%) (Fig. 1). Topiramate showed a greater 
reduction of AMDs (PMD − 0.78; 95% CI − 1.13 to − 0.44; 
p < 0.001 | heterogeneity: p = 0.28; I2 = 22%) (Fig. 1).

3.3.3  Efficacy Differences Between CGRP(R) mAbs 
and Topiramate

Our analysis (model 1) did not reveal differences between the 
CGRP(R) mAbs versus topiramate (p = 0.15) for the reduc-
tion of MMDs (Fig. 1). For AMDs, we also did not find any 
difference between the CGRP(R) mAbs versus topiramate 
(p = 0.10) for the reduction of AMDs (Fig. 1). In the sen-
sitivity analyses, excluding the studies ‘Arise’ (erenumab) 
and ‘Promise-1’ (eptinezumab), which caused heterogeneity 
between studies, a difference between the CGRP(R) mAbs 
versus topiramate (p = 0.001) for the reduction of AMDs 
was identified. This was in favor of the CGRP(R) mAbs.

Subgroup analysis for dose (model 2) and the reduction 
of MMDs revealed that erenumab 140 mg (p = 0.04) and 
galcanezumab 120 mg (p = 0.02) and 240 mg (p = 0.04) 
are superior to topiramate 50 mg. Galcanezumab 120 mg is 
also superior to topiramate 100 mg (p = 0.04). For AMDs 
reduction, erenumab 140 mg and galcanezumab 120 mg 
and 240 mg are superior to topiramate 50 mg as well as the 
100 mg dose (for all, p < 0.05; Supplementary Tables 2–4 
and Supplementary Figs 2–8, see ESM).

Fig. 1  Comparison between the calcitonin gene-related peptide 
(receptor)  [CGRP(R)]  monoclonal antibodies and topiramate of the 
efficacy outcomes monthly migraine days and acute medication  days†. 
SD standard deviation, IV inverse variance, df degrees of freedom, CI 
confidence interval.†The top eight studies of each analysis involved 
the CGRP(R) studies, and the bottom four studies involved the topira-
mate studies 

◂
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3.4  Safety Analysis

3.4.1  CGRP(R) mAbs

Patients receiving a CGRP(R) mAb had a higher risk for 
injection-site-related AEs (e.g. pain and bruising) compared 
with placebo (PRR 1.58; 95% CI 1.20–2.07; p = 0.001). Fur-
ther differences between the active substance and placebo 
could not be identified (Table 2). Significant heterogeneity 
was present in the categories ‘sensory & pain’ (caused by 
the galcanezumab study ‘EVOLVE-1’), ‘Gastrointestinal’ 
(caused by the erenumab study ‘Strive’), ‘Administration-
site condition’ (caused by the fremanezumab study ‘HALO-
EM’), and ‘General & other’ (caused by the erenumab study 
‘Strive’). The results after the exclusion of these studies that 
caused heterogeneity from the models are shown in Table 2.

3.4.2  Topiramate

Patients treated with topiramate had a higher risk than 
patients on placebo for the occurrence of AEs in four cat-
egories. The PRR were 2.21 (95% CI 1.84–2.64; p < 0.001) 
for cognitive AEs; 8.01 (95% CI 3.95–16.26; p < 0.001) for 
sensory & pain AEs; 1.66 (95% CI 1.16–2.35; p = 0.005) 
for gastrointestinal AEs; and 2.40 (95% CI 1.24–4.67; 
p = 0.010) for general and other AEs (Table 2). Heterogene-
ity was observed in the categories ‘sensory & pain’ (caused 
by the topiramate study ‘INTREPID’) and ‘general & other’ 
(caused by the topiramate study ‘INTREPID’). The results 
after the exclusion of these studies that caused heterogeneity 
from the models are shown in Table 2.

3.4.3  Safety Differences Between CGRP(R) mAbs 
and Topiramate

Patients treated with topiramate had a higher risk for cog-
nitive-related AEs (p = 0.03) and sensory & pain-related 
AEs (p < 0.001) compared with patients treated with a 
CGRP(R) mAb. After the sensitivity analyses, the catego-
ries ‘gastrointestinal-related AEs’ (p = 0.02) and ‘general 
& other-related AEs’ (p = 0.02) became significant in the 
comparison between the CGRP(R) mAbs versus topiramate, 
in favor of the CGRP(R) mAbs (Table 2).

We also explored the risk difference for each drug by 
dose. Figure 2 shows all risk differences (active drug vs 
placebo) for each drug by dose per category. (Additional 
comparisons between the CGRP(R) mAbs and topiramate 
for each drug by dose can be found in the Supplementary 
Tables 5–11 and Supplementary Figs 9–29 in the ESM.
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3.5  Assessment of the Likelihood of Help or Harm

3.5.1  CGRP(R) mAbs

For all CGRP(R) mAbs studies, the information on the 50% 
RR (active drug, n = 3326, and placebo, n = 2219) and the 
discontinuation rates (active drug, n = 3354, and placebo, 
n = 2245) were complete. The NNT was  6NNTB (95% CI 
4.6NNTB to 6.4NNTB; p < 0.001 | heterogeneity: p = 0.21; 
I2 = 28%). The NNH was  130NNTH (95% CI  1000NNTB ∞ 
64.9NNTH; p = 0.05 | heterogeneity: p = 0.38; I2 = 6%) 
(Fig. 3). The LLH was 24.3:1, indicating that for every 
patient harmed, 25 patients are helped by the treatment with 
a CGRP(R) mAb.

3.5.2  Topiramate

4 out of 5 topiramate trials reported the 50%RR (active drug, 
n = 1128, and placebo, n = 445), but all studies reported 
the AE-related drop-out rates (active drug, n = 1316, and 
placebo, n = 642). The NNT was  7NNTB (95% CI 4.4NNTB to 
13.6NNTB; p < 0.001 | heterogeneity: p = 0.08; I2 = 56%). 
The NNH was  9NNTH (95% CI 23.6NNTH to 5.1NNTH; 
p = 0.002 | heterogeneity: p < 0.001; I2 = 83%) (Fig. 3). 
The LLH was 1.3:1, indicating that for every patient harmed, 
two patients are helped by the treatment with topiramate. 

After the sensitivity analyses, the NNH was  12NNTH (95% 
CI 31.1NNTH to 7.2NNTH; p = 0.002|heterogeneity: p = 0.08; 
I2 = 56%). The LLH ratio became 1.8:1. The topiramate 
study ‘MIGR-003’ caused the heterogeneity between studies.

3.5.3  Differences Between CGRP(R) mAbs and Topiramate 
Regarding the NNT, NNH, and LHH

In our analysis (model 1) we did not observe differences 
between the CGRP(R) mAbs versus topiramate (p = 0.39) 
for the NNT (Fig. 3). For the NNH, we observed a difference 
between the CGRP(R) mAbs versus topiramate (p = 0.005) 
in favor of the CGRP(R) mAbs. (Fig. 3). Regarding the 
LHH, patients treated with a CGRP(R) mAb are 19.2 times 
more likely to be helped (13.8 times after sensitivity analy-
ses) compared with patients treated with topiramate.

3.6  Publication Bias

The funnel plots do not show any obvious asymmetry (Sup-
plementary Figs 34–45, see ESM). These analyses indicate 
that there is limited publication bias. Because we were not 
able to test asymmetry due to the limited number of included 
studies, we might not exclude the possibility of some pub-
lication bias. We included the funnel plots to all forest plots 
in the ESM.

Fig. 2  Risk differences (active vs placebo) for each drug by dose for each of our adverse event (AE) categories. Note, we only provided the risk 
difference for significant findings



815Results of an Indirect-Comparison Meta-Analysis Between Topiramate and mAbs in Migraine

4  Discussion

This meta-analysis of 13 studies for the prophylaxis of 
episodic migraine with a total of 7557 patients revealed 
comparable efficacy of the CGRP mAbs galcanezumab, 
fremanezumab, and eptinezumab, the CGRPR mAb ere-
numab, and topiramate. In contrast, the tolerability and 
safety analysis showed favorable effects for the CGRP(R)-
targeted antibody therapies in comparison with topiramate. 
The CGRP(R) antibody group has a much higher prob-
ability to help than to harm in comparison with topira-
mate based on the 50% responder rates and treatment dis-
continuation rates. Our analysis indicates an advantage, 
especially in tolerability, of these new medication groups 
in comparison with topiramate. A comparison between 
single substances within the group of CGRP(R) mAbs was 
not within the scope of our analysis, because we aimed 
to assess the possible benefits of this whole new CGRP 
pathway-targeted antibody medication class compared 
with an established SoC oral treatment.

Overall, topiramate and CGRP(R) mAbs have similar 
efficacy. The analysis by treatment dose revealed that only 
topiramate doses of 100 mg and higher effectively reduced 
the number of MMDs compared with placebo. These doses 
are often not reached in clinical practice. Many patients 
discontinue oral preventive treatments due to side effects 
before reaching the target dose [28, 29]. Treatment dis-
continuation with topiramate occurs often within the first 
3 months [29]. In patients receiving antiepileptic drugs 
for migraine prophylaxis, < 30% show adherence after 
6 months of treatment [30]. An observational study in 
patients with episodic migraine in Germany evaluated the 
preventive treatment with topiramate in a clinical setting. 
Of 366 patients, 22.6% discontinued treatment within the 
first 6 months, mainly due to side effects. The majority 
of patients who continued treatment reached only a dose 
of 50 mg or 75 mg [31]. Based on our data, there is no 
evidence for the superiority of the topiramate 50 mg dose 
versus placebo for the prevention of episodic migraine. 
In contrast, the CGRP(R) mAbs doses used in clinical 
practice demonstrated superior efficacy in clinical trials. 
Moreover, real-world data on CGRP(R) mAbs showed 
an efficacy and tolerability profile comparable to clinical 
trials or better [32–36]. Less than 12% of patients dis-
continued treatment due to side effects in these reports, 
which mainly focused on patients with chronic migraine 
and mostly on erenumab, as it was the first available mAb 
across several countries. There is no reason to expect dif-
ferent results from patients with episodic migraine and 
those treated with other CGRP antibodies.

To give a quick overview, we grouped AEs into six dif-
ferent categories. For topiramate, our analysis reveals a 

dose–response relationship for the risk of AEs. Patients 
treated with a higher dose are at higher risk to experi-
ence any side effects and to discontinue treatment due to 
AEs. We also identified that gastrointestinal-related AEs 
are more likely to occur in patients treated with erenumab 
140 mg compared with placebo. This is in line with data 
from real-world studies [37, 38].

Topiramate is available in immediate-release and 
extended-release formulations. Our study only included data 
with the immediate-release topiramate formulation in the 
absence of clinical trials with the extended-release tablets 
in episodic migraine. A real-world assessment in a migraine 
cohort (n = 285) compared both formulations. Potentially 
greater tolerability was found for extended-release topira-
mate tablets than the immediate-release formulation [39].

To our knowledge, this is the first meta-analysis compar-
ing CGRP(R) mAbs with topiramate. Previous attempts to 
summarize the evidence on CGRP(R) mAbs and topiramate 
for migraine prophylaxis have been performed separately. 
These meta-analyses on mAbs often pooled clinical trial 
phase II CGRPR mAb and CGRP mAb studies together as 
well as studies in episodic and chronic migraine [40–44]. 
This study included only patients with episodic migraine and 
performed separate analyses for the CGRPR antagonist and 
the CGRP mAbs from phase III–IV clinical trials. Because 
phase III studies cover larger study populations, accuracy 
and confidence increase relative to phase II studies, which 
leads to more precise estimates of the treatment effects. The 
study of Drellia et al. compared the CGRP(R) mAbs with 
topiramate and others, albeit not in a meta-analysis [45]. The 
authors concluded that CGRP(R) mAbs have a more favora-
ble benefit–risk ratio than topiramate in episodic and chronic 
migraine [45]. This is in line with our findings in episodic 
migraine. Our study adds pooled estimates and subgroup 
comparisons, thereby statically comparing the differences 
between the CGRP(R) mAbs and topiramate in an indirect 
fashion.

In addition to previous work, our study adds an indi-
rect comparison between the CGRP mAbs and topiramate, 
and the estimated NNT, NNH, and LHH that indicate the 
favorability of treatment outcomes. Former meta-analysis 
on the efficacy and tolerability of topiramate included other 
oral prophylaxes (network meta-analysis) and generally 
used headache frequency as an outcome measure instead of 
migraine days. Nevertheless, a large Cochrane meta-analysis 
shows similar results to this analysis [46]. The authors did 
not find a significant reduction of headaches for topiramate 
50 mg compared with placebo, but topiramate 100 mg and 
200 mg were superior compared with the 50 mg dose in the 
reduction of headache frequency. The occurrence of AEs 
did not differ between topiramate 50 mg and placebo, but 
was in favor of placebo compared with topiramate 100 mg 
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and 200 mg [46]. This analysis confirms that topiramate has 
a higher risk for adverse events versus placebo in four out 
of the five predefined AE categories. For sensory and pain-
related AEs, this translates into a higher risk for patients on 
topiramate compared with the CGRP(R) antibody. In gen-
eral, adverse events are more frequent in topiramate studies 
in the active substance and placebo groups than in all mAbs 
trials. Because both arms have an increased AE incidence 
in topiramate trials, we were not able to identify differences 
in risk ratios for side effects between topiramate and the 
CGRP mAbs. The high number of AEs reported in the pla-
cebo groups of topiramate trials are caused by the nocebo 
phenomena, which is substantially higher in topiramate trials 
than it is in anti-CGRP(R) trials [47], and probably led to an 
underestimation of the detected differences.

Based on the analysis of dropouts due to adverse events 
and the 50% responder rates, topiramate is more likely to 
harm than to help compared with all monoclonal antibody 
therapies. Although the use of dropouts due to AEs is a very 
rigid measure, it resembles clinical reality. With the lack of 
direct comparison (head-to-head study), a meta-analysis is 
currently the best possible way to compare the efficacy and 
safety of CGRP mAbs and topiramate. The current head-
to-head trial HER-MES (NCT03828539) is incomplete in 
this regard, as this study compares the CGRPR antibody 
erenumab and topiramate.

Results from three mAb clinical trials in difficult-to-treat 
cohorts suggest that mAbs have some benefits compared 
with topiramate [14, 48, 49]. These studies included patients 
who previously failed treatment with up to four standard pre-
ventives and topiramate was the most frequently used non-
successful previous oral preventative medication. Erenumab, 
fremanezumab, and galcanezumab showed good efficacy in 
this population compared with placebo with a significant 
reduction in monthly migraine days. We did not include 
these data in our meta-analysis because topiramate stud-
ies with a comparable patient population do not exist. The 
long-term safety of CGRP mAbs has been assessed in open-
label studies [50–52]. Erenumab was studied in episodic and 
chronic migraine over 1 and 2 years (Liberty study) and in ~ 
250 patients from the initial dose-finding study over 5 years 
[53, 54]. Galcanezumab and fremanezumab data are also 

available for 1 year. These studies found that the mAbs are 
safe and well tolerated. However, some concern still exists. 
Cardiovascular and cerebrovascular safety in compromised 
conditions is a matter of debate since CGRP is a potent vaso-
dilator. A study in an experimental stroke model in mice 
found that the small molecule CGRP receptor antagonists 
(gepants) had a negative impact on infarct size [55]. One 
case report in a patient with a stroke after the first dose of 
erenumab also exists [56]. Ongoing post-marketing surveil-
lance will shed further light on these important safety topics.

A limitation of this analysis is related to the primary end-
point analysis of the clinical trials. While some trials have a 
3-month DB treatment phase duration, others analyzed data 
over a 6-month DB period or months 4–6 of the DB treat-
ment phase. In addition, topiramate trials typically have a 
titration period as part of the DB phase. This heterogeneity 
between the studies may affect the estimated effect. In gen-
eral, topiramate studies are older and of lower quality, which 
may affect data reliability. Also, the differences between 
inclusion and exclusion criteria between studies may affect 
the external validity. Due to the short duration of the clinical 
trials, the results of our meta-analysis may not accurately 
reflect the clinical practice. However, long-term open-label 
studies report similar results after 1 year [50–52, 57].

Despite these limitations, our results are robust and com-
parable to previous work on topiramate. The comparisons 
between the CGRP(R) mAbs and topiramate lead to insights 
into the efficacy and safety differences between these medi-
cations. The assessment of safety measures has not been 
performed previously and is new in this regard, while the 
division of AEs into subcategories leads to a better under-
standing of the safety profiles. Because our comparison is 
indirect, the result should be interpreted with some cau-
tion. A firm recommendation for clinical practice should 
not be made based on these findings. However, clinicians 
should be aware of the tolerability profiles of topiramate and 
the CGRP(R) mAbs and should take this information into 
account when treating patients.

5  Conclusion

Our meta-analysis shows that topiramate has comparable 
efficacy to CGRP(R) mAbs, at least in doses of 100 mg and 
above. In contrast, mAbs have fewer adverse events than 
topiramate and lower discontinuation rates due to adverse 
events. Although this meta-analysis indicates some benefits 
for CGRP-targeted therapies over topiramate, only future 
head-to-head studies will allow a direct comparison of 
effects.

Fig. 3  Comparison between the calcitonin gene-related peptide 
(receptor) [CGRP(R)] monoclonal antibodies and topiramate of 
the number needed to treat and number needed to  harm†. 50%RR 
50% responder rate, DAE discontinuation due to adverse events, IV 
inverse variance, CI confidence interval, NNTB number needed to 
treat to benefit, NNTH number needed to treat to harm, df degrees 
of freedom.†The top eight studies of each analysis involved the 
CGRP(R) studies, and the bottom four and five studies involved the 
topiramate studies

◂
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