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Objective: We reported gender-specific data on the efficacy and safety of erenumab, a
monoclonal antibody antagonizing the calcitonin gene-related peptide (CGRP) receptor.

Methods: Our pooled patient-level analysis of real-world data included patients treated
with erenumab and followed up for 12 weeks. We considered the following outcomes
at weeks 9-12 of treatment compared with baseline: 0-29%, 30-49%, 50-75%, and
>75% responder rates, according to the decrease in monthly headache days (MHDs),
rate of treatment stopping, change in MHDs, monthly migraine days (MMDs), monthly
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days of acute medication and triptan use, and Headache Impact Test-6 (HIT-6) score
from baseline to weeks 9-12. Outcomes were compared between men and women by
the chi-squared test or t-test, as appropriate. An analysis of covariance (ANCOVA) was
performed to identify factors influencing the efficacy outcomes.

Results: We included 1,410 patients from 16 centers, of which 256 (18.2%) were men.
Men were older than women and had a lower number of MHDs at baseline. At weeks
9-12, compared with baseline, 46 (18.0%) men had a >75% response, 75 (29.3%)
had a 50-74% response, 35 (13.7%) had a 30-49% response, and 86 (33.6%) had
a 0-29% response, while 14 (5.5%) stopped the treatment. The corresponding numbers
for women were 220 (19.1%), 314 (27.2%), 139 (12.0%), 402 (34.8%), and 79 (6.8%). No
gender difference was found in any of the outcomes. The ANCOVA showed that gender
did not influence the efficacy of outcomes.

Conclusion: We found that erenumab is equally safe and effective in men compared
with women after 12 weeks.

Keywords: migraine, erenumab, gender, migraine treatment, men, real-world evidence

INTRODUCTION

Migraine is a recurrent headache disorder that can be considered
a gender disease, as it affects more women than men. In detail, the
prevalence of migraine is 2-3-folds higher in women than in men
from adolescence to 50 years of age (1). Several factors, including
the provoking action of estrogens, genetic heritability, and
psychosocial factors such as pain catastrophizing, are thought
to determine the higher prevalence and burden of migraine
in women when compared with men (2). Sex hormones and
genetic factors determine a brain dimorphism in which the
female brain is more susceptible to migraine when compared
with the male brain (3). For the above reasons, the proportion
of men with migraine is much lower than that of women. Men
account for <20% of patients included in observational and
interventional studies on migraine (2). This proportion is too
low to allow adequate generalizability of overall results to the
male gender.

Monoclonal antibodies acting on the calcitonin gene-
related peptide (CGRP) pathway are the first approved
preventive drugs targeting a migraine-specific mechanism
(4-6). The efficacy and safety of monoclonal antibodies
acting on the CGRP pathway have been largely proven
by several randomized controlled trials (7-10) and real-
world studies (11-22). However, the proportion of men
included in those studies did not allow the performance of
subgroup analyses according to gender. Assessing the gender-
specific response to treatments targeting the CGRP is an
interesting research question, given the sexual dimorphism of
the trigeminovascular system that is responsible for CGRP
release (23).

With the present study, we aimed to provide reliable
gender-specific results on the efficacy and safety of
erenumab, a monoclonal antibody acting on the CGRP
receptor. To achieve this aim, we collected a large dataset of
real-world data.

MATERIALS AND METHODS

Inclusion Criteria and Study Population

A study on efficacy and safety of treatment with erenumab in men
(ESTEEMen) was a pooled patient-level analysis of real-world
data referring to treatment with erenumab. To be considered for
the study, all centers had to meet the following criteria:

- Having performed real-life studies on erenumab treatment
for migraine prevention, approved by the local Ethics
Committees, for which patients already signed an informed
consent if required by the local regulation.

- Using migraine diaries to collect patients’ data.

- Being able to share a patient-level database of patients treated
with erenumab reporting efficacy and safety endpoints.

- Minimal follow-up duration of 12 weeks.

Real-life studies that did not report outcome variables, including
migraine/headache days and acute medication use, were not
considered for the present study. Claims data and patient surveys
were also excluded from the present analysis.

A literature search containing the terms “erenumab” and
“real-life” or “real-world” was performed in PubMed in January
2021. From that search, we selected eligible studies and contacted
the corresponding authors to ask for participation in the
ESTEEMen study. The authors also referred to personal contacts
to search for eligible centers.

The pooled analysis of the ESTEEMen study was approved
by the Internal Review Board of the University of LAquila with
protocol number 07/2021, and local ethical approval to pool data
was obtained if needed.

Variables and Outcomes

All included patients were followed up for 12 weeks, irrespective
of treatment discontinuation. Baseline was considered as the 4
weeks preceding the start of erenumab treatment, while outcomes
were assessed at weeks 9-12 of treatment and compared with the
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TABLE 1 | Baseline characteristics and gender comparisons in the present study.

All (n =1,410) Men (n = 256) Women (n = 1,154) P-value
Age, mean + SD 483 +11.5 49.6 £1.1 48.0+11.3 0.038
Duration of migraine history (years), mean + SD 247 +£14.6 23.9+23.6 24.8+13.0 0.769
Chronic migraine, n (%) 1,036 (73.5) 169 (66.0) 867 (75.1) 0.002
Medication overuse, n (%) 733 (562.0) 133 (62.0) 600 (52.0) 0.830
Failed prior preventive drugs, mean + SD 55+ 3.0 55+3.0 55+29 0.941
Monthly headache days, mean + SD 212+75 202+ 7.4 21.4+75 0.028
Monthly migraine days, mean + SD 171 +£8.0 168+ 7.7 172 £8.0 0.453
Monthly acute medication days, mean + SD 16.2 + 8.5 16.1 £ 8.4 16.2 £85 0.862
Monthly triptan use days, mean + SD 10.9+9.8 11.2+£99 10.9+9.8 0.768
HIT-6 score, mean + SD 66.7 + 6.6 65.0 + 6.1 67.1+6.7 <0.001

P values in bold highlight significant results. HIT-6, Headache Impact Test-6; SD, standard deviation.

baseline. Weeks 9-12 were chosen because data were available
from all centers and because that timepoint was common to most
randomized controlled trials of erenumab (7-9).

Monthly headache days (MHDs), monthly migraine days
(MMDs), and monthly days of use of acute medication
and triptans were collected in all centers by using headache
diaries. Mean Headache Impact Test-6 (HIT-6) scores were also
compared between baseline and weeks 9-12. We classified the
categories of response as 0-29%, 30-49%, 50-74%, and >75%,
according to the reduction in MHDs at weeks 9-12 when
compared with baseline. We also reported the proportion of
patients stopping the treatment because of inadequate response,
adverse events, or loss to follow-up. Stopping of treatment due
to inadequate response occurred based on the preference of
patients, as erenumab treatment was meant to be continued for
at least 12 weeks.

Statistical Analysis

Descriptive statistics were reported as numbers and proportions
and means and SDs or SEs, as appropriate. We performed a
chi-square test with adjustment by linear trend data to compare
categorical variables, and a Student ¢-test to compare continuous
variables according to gender. All analyses used the intent-to-
treat population, which included all patients treated with at least
one dose of erenumab.

We performed univariate comparisons of baseline variables
between men and women, using the chi-square test or Student
t-test, as appropriate. Baseline variables were considered for
the analyses if available for at least two-thirds of patients; no
imputation was done for missing baseline data.

Efficacy outcomes included the proportion of 0-29%, 30-
49%, 50-74%, and >75% responders and mean change in
continuous variables (MHDs, MMDs, days of use of acute
medication and triptans, and HIT-6 scores) from baseline
to weeks 9-12. Safety outcomes included the proportion of
patients stopping the treatment within the first 12 weeks, with
reasons, and the proportion of subjects reporting adverse events.
Given the absence of gender-specific studies on erenumab, all
outcomes were considered as exploratory and no adjustment for
multiple comparisons was performed. To impute missing diary

data of patients stopping the treatment, we repeated the last
available observation according to a “last observation carried
forward” approach.

To assess the influence of baseline patients’ characteristics,
including gender, on the efficacy of erenumab, and to adjust for
possible differences between men and women, we performed an
analysis of covariance (ANCOVA) for each of the continuous
efficacy variables, considering as covariates the variables with P
< 0.1 at the univariate comparison between men and women. A
propensity score matching between men and women was initially
considered and then abandoned due to persistent imbalance
despite matching.

No sample size calculation was performed, as we used a
convenience sample based on the available data. Two-tailed P for
significance was set at <0.05. Statistical analyses were conducted
using SPSS version 20.

RESULTS

Sixteen of 18 invited centers agreed to provide data. The
number of patients included by each center is reported in
Supplementary Table 1. A total of 1,410 patients (256 males;
18.2%) were included.

The univariate comparison between men and women showed
that, at baseline, men were older and had lesser MHDs when
compared with women; men also had a lower prevalence of
chronic migraine and a lower impact of migraine on everyday
activities, as shown by the lower HIT-6 scores (Table 1). Acute
medication consumption was comparable in men and women
(Table 1).

At weeks 9-12, compared with baseline, 46 (18.0%) men had
a >75% response, 75 (29.3%) had a 50-74% response, 35 (13.7%)
had a 30-49% response, and 86 (33.6%) had a 0-29% response,
while 14 (5.5%) had stopped the treatment. The corresponding
numbers for women were 220 (19.1%), 314 (27.2%), 139 (12.0%),
402 (34.8%), and 79 (6.8%). The response and stopping rates were
comparable between men and women (P = 0.810; Figure 1).

At weeks 9-12, compared with baseline, the mean + SE
change in MHDs was —6.9 & 0.6 in men and —7.9 £ 0.3 in
women (P = 0.095); the change in MMDs was —7.1 & 0.5 in men
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FIGURE 1 | Categories of decrease in monthly migraine days at weeks 9-12 compared with baseline in men and women. The P-value refers to the gender
comparison in category distribution.

and —7.7 £ 0.3 in women (P = 0.262); the change in monthly
days of acute medication was —7.6 £ 0.5 in men and —7.5 £ 0.3
in women (P = 0.784), while that of monthly days of triptan use
was —6.0 = 0.7 in men and —5.1 & 0.3 in women (P = 0.249);
HIT-6 score change was —8.4 £ 0.7 in men and —9.1 £ 0.4 in
women (P = 0.401; Figure 2).

Table 2 reports details about the ANCOVA. The analyses
showed that the change in MHDs was influenced by age (F =
7.852; P = 0.005) and baseline MMDs (F = 15.164; P < 0.001);
change in MMDs was influenced by baseline MHDs (F = 11.633;
P =0.001) and baseline MMDs (F = 147.827; P < 0.001); change
in days of acute medication was influenced by baseline MMDs
(F = 27.624; P < 0.001) and baseline HIT-6 score (F = 7.107;
P = 0.008); change in days of triptan use was influenced by
age (F = 7.295; P = 0.007), baseline MHDs (F = 6.982; P =
0.009), and MMDs (F = 34.207; P < 0.001); and change in HIT-6
score was influenced by baseline MHDs (F = 38.074; P < 0.001),
baseline MMDs (F = 8.874; P = 0.003), and baseline HIT-6 (F
= 127.031; P < 0.001). Notably, gender did not influence any of
the outcomes.

At the end of the 12-week observation period, mean + SD of
MHDs (9.6 + 7.5 vs. 9.5 & 7.9; P = 0.825), MMDs (13.2 £ 9.0
vs. 13.7 £ 9.5; P = 0.467), days of acute medication (8.9 + 6.8 vs.
9.4 + 7.6; P = 0.375), days of triptan use (5.4 £ 5.2 vs. 6.2 £ 7.3;

P =0.233), and HIT-6 score (56.6 = 9.1 vs. 58.1 & 9.5; P = 0.060)
did not differ between men and women; 30 men (11.7%) and
175 women (15.2%) had an adverse event, and the most frequent
adverse event was constipation in both genders (7.0% in men
and 8.9% in women; Supplementary Table 2). Five patients, all
women, stopped erenumab treatment due to adverse events.

DISCUSSION

Reporting gender differences in diseases is important in
modern medicine to plan an adequately targeted management.
However, in the field of migraine, reporting gender differences
in the clinical presentation and response to treatments is
difficult due to the far higher prevalence of migraine in
women than in men. In the present study, we created
a large international collaboration to pool a significant
number of men treated with erenumab. The efficacy
and safety of erenumab were comparable between men
and women.

We found a slightly higher burden of migraine at baseline
in women than in men, characterized by a higher prevalence of
chronic migraine, a higher number of MHDs at baseline, and
higher headache-related disability. However, most characteristics
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of migraine, and especially MMDs and days of acute medication
at baseline, were comparable in men and women. Besides,
the high number of patients could have led to significant
differences that were likely not relevant on clinical grounds.
Population-based evidence shows that migraine is more severe
and more disabling in women than in men in the overall
population of migraineurs (24). However, patients treated with
erenumab represent a selection from that population. In real-
world practice, erenumab treatment is prescribed to patients
with the most severe forms of migraine, regardless of gender.
Hence, we expected to find that men and women had many
similar characteristics in our study. According to our findings,

erenumab was equally effective in men and women. The absolute
proportion of patients with adverse events was slightly higher
in women than in men; however, the difference was minimal
and non-significant. Notably, we did not find any gender-specific
safety concerns.

The comparable efficacy of erenumab in men and women
contrasts with the sexual dimorphism of the trigeminovascular
system, which is responsible for the release of CGRP and thus
the generation of migraine pain. Animal studies proved that the
trigeminal ganglion, which is central to the trigeminovascular
system, has receptors for female sex hormones (23, 25); besides,
the exogenous administration of estrogen compounds can
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TABLE 2 | Analysis of covariance for factors interacting with response to erenumab.

F B 95% CI P-value
Change in monthly headache days
Intercept 1.047 3.199 —3.533109.932 0.351
Gender (men vs. women) 0.627 0.514 —0.876 to 1.904 0.468
Age 7.852 —-0.072 —0.122 to —0.021 0.005
Baseline monthly headache days 2.385 —0.089 —0.201 to 0.024 0.123
Baseline monthly migraine days 15.164 —0.201 —0.303 to —0.100 <0.001
Baseline HIT-6 score 0.766 —0.041 —0.134 to 0.051 0.382
Change in monthly migraine days
Intercept 0.211 1.096 —4.968 to 7.160 0.723
Gender (men vs. women) 0.908 0.607 —0.644 to 1.859 0.341
Age 0.070 —0.042 —0.087 to 0.003 0.066
Baseline monthly headache days 11.633 0.176 0.075t0 0.277 0.001
Baseline monthly migraine days 147.827 —0.565 —0.657 to —0.474 <0.001
Baseline HIT-6 score 0.070 —0.011 —0.094 to 0.072 0.791
Change in days of acute medication
Intercept 4.064 6.806 0.036 to 13.576 0.049
Gender (men vs. women) 0.010 0.073 —1.8301t0 1.476 0.919
Age 2.556 —0.042 —0.093 t0 0.010 0.110
Baseline monthly headache days 0.093 0.018 —0.096 to 0.131 0.761
Baseline monthly migraine days 27.624 -0.277 —0.380to —0.173 <0.001
Baseline HIT-6 score 7.107 —-0.126 —0.219 to —0.033 0.008
Change in days of triptan use
Intercept 0.701 —2.781 —10.562 to 5.000 0.483
Gender (men vs. women) 1.111 —0.966 —2.767 10 0.836 0.292
Age 7.295 -0.079 —0.137 to —0.022 0.007
Baseline monthly headache days 6.982 0.171 0.044 to 0.297 0.009
Baseline monthly migraine days 34.207 —0.326 —0.436 to —0.217 <0.001
Baseline HIT-6 score 0.884 0.054 —0.059 to 0.166 0.348
Change in HIT-6 score
Intercept 47.864 26.405 18.862 to 33.948 <0.001
Gender (men vs. women) 0.293 —0.436 —2.016t0 1.145 0.588
Age 0.515 —0.021 —0.077 t0 0.036 0.473
Baseline monthly headache days 38.074 0.403 0.275 to 0.531 <0.001
Baseline monthly migraine days 8.874 -0.174 —0.289 to —0.059 0.003
Baseline HIT-6 score 127.031 —0.593 —0.697 to —0.490 <0.001

P values in bold highlight significant results.

potentiate CGRP release (26). A positive correlation between the
levels of estrogen and those of CGRP was also demonstrated in
a human study (27). Given the suggestion of a gender-specific
CGRP expression, a different response to CGRP blockade in
men when compared with women was expected but was not
found. Notably, previous studies investigating CGRP release
from the trigeminovascular system in animal models did not
consider the possible effect of monoclonal antibodies. Those
drugs may act with mechanisms that are independent of the
release of sex hormones, therefore being equally effective in
men and women. However, our study was not designed to
prove any biological hypothesis, as it was not interventional,
and we did not measure any level of female sex hormones or
CGRP in the study population. The measurement of functional

biomarkers of migraine in humans is an emerging trend (28)
and could provide useful insights when assessing the effect of
anti-migraine drugs.

The multicenter design of the present study ensures
generalizability to the overall population of patients treated
with erenumab in real-world practice. Our data are also the
first gender-specific analysis on patients with migraine treated
with a monoclonal antibody acting on the CGRP pathway.
Our results can be useful in clinical practice to discuss with
patients the possible therapeutic options and their anticipated
results. However, our study also has limitations. The retrospective
design of the study only allowed the inclusion of a limited set
of variables; thus, we could not control for all the potential
differences between men and women. The observational nature
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of the present study could also not exclude potential biases.
Besides, the observation period was rather short (12 weeks),
and gender differences in the response to erenumab might have
emerged over a longer time period.

CONCLUSIONS

We showed that erenumab, a monoclonal antibody acting on
the CGRP receptor, was equally safe and effective in men when
compared with women after 12 weeks. We reported the first
gender-specific data on a preventive drug that was designed for
migraine. A gap of knowledge should be filled regarding the
gender differences in response to migraine treatments and their
clinical implications.
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