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Abstract
Objectives/Background: This prospective, multicenter, noninterventional cohort 
study evaluated the impact of erenumab on the quality of life and migraine-related 
impairment of adult patients with migraine, as well as the drug's tolerability in a real-
world setting over 2 years. Erenumab, a fully human monoclonal antibody targeting 
the calcitonin gene-related peptide (CGRP) receptor, was licensed in Switzerland for 
prophylactic treatment of adult patients with migraine in July 2018.
Methods: Adult patients with chronic or episodic migraine who received erenumab 
treatment as per Swiss label were enrolled from 19 sites across Switzerland between 
February 2019 and November 2022. Inclusion criteria were defined as the following: a 
migraine diagnosis per International Classification of Headache Disorders, 3rd edition, 
patient written informed consent, and adherence to Swiss label guidelines. Exclusion 
criteria were concomitant use of other investigational drugs or prior treatment with 
erenumab or any CGRP (receptor)-based therapy. Retrospective and prospective data 
from patients were collected over 24 months using patient-reported outcome ques-
tionnaires (Headache Impact Test-6 [HIT-6], modified Migraine Disability Assessment 
[mMIDAS], Impact of Migraine on Partners and Adolescent Children [IMPAC]), patient 
diaries, and medical charts to track migraine days, medication use, and health care 
utilization. Swiss regulations required patients to maintain migraine diaries 3 months 
before and during erenumab therapy to record migraine and acute medication days.
Results: A total of 173 patients (84.9% females) were enrolled who had an average 
age of 44.2 years. Of these, 54.3% were diagnosed with episodic migraine and 45.7% 
with chronic migraine. At baseline, the participants scored 65.9 ± 4.9 (mean ± SD) on 
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INTRODUC TION

Migraine is a highly prevalent neurological disorder imposing a 
substantial global health burden. It is characterized by recurring 
headaches lasting up to 3 days and often accompanied by transient 
neurologic deficits, such as visual problems, sensory disturbances, 
or cognitive impairment (e.g., deficits in attention and memory).1–6 
Further evidence reveals a high prevalence of productivity loss and 
employer costs.7 Traditional prophylactic migraine treatments in-
clude antihypertensive and anticonvulsive medication, calcium an-
tagonists, antidepressants, and onabotulinum toxin, none of which 
was specifically developed for the prevention of migraine.8,9 Instead, 
most of them were repurposed from other indications due to their 
ability to lower headache frequency, duration, and severity, while 
not initially being intended to address the fundamental pathophysi-
ology of migraine. These treatments have been associated with poor 
clinical outcomes resulting from safety issues, lack of efficacy and 
patient dissatisfaction, with low adherence to therapy.10 This high-
lights the need for novel therapeutic approaches.11 Erenumab, a fully 

human monoclonal antibody targeting the calcitonin gene-related 
peptide (CGRP) receptor, has emerged as a promising intervention 
for migraine prevention and was first approved in Europe, including 
Switzerland, in 2018 for preventive migraine treatment in adults.12

Randomized controlled trials have demonstrated the efficacy 
and safety of erenumab in reducing migraine frequency and improv-
ing patients' quality of life, with sustained improvements over time 
in episodic migraine (EM) and chronic migraine (CM).13–16 However, 
these trials include selected populations of patients and employ 
highly controlled environments that may not fully mirror real-world 
clinical practice. There are few real-world studies addressing the im-
pact of erenumab on multiple aspects of migraine including quality 
of life in the context of routine medical care.17,18

Swiss Quality of Life and Health Care Impact Assessment in a 
Real-World Erenumab-Treated Migraine Population (SQUARE), a 
prospective noninterventional study, seeks to contribute to the ex-
isting body of literature by investigating erenumab as a prophylactic 
treatment for migraine in a real-world setting in Switzerland. The aim 
of the study was to evaluate the impact of erenumab on migraine 

Funding information
Novartis Pharma Schweiz AG HIT-6. A total of 85.5% had grade III–IV on the mMIDAS and 87% had grade III–IV 

in IMPAC. Patients reported 16.5 ± 7.2 monthly migraine days and 11.5 ± 7.0 acute 
migraine-specific medication days per month. After 24 months, the mean HIT-6 
score had decreased by 8.1 ± 8.6, mean mMIDAS by 16.6 ± 21.2, monthly migraine 
days by 8.8 ± 7.6, and mean acute migraine-specific medication days by 5.2 ± 6.8 (all 
p < 0.001). Reductions of IMPAC by 6.5 ± 6.6 (p < 0.001) showed the beneficial impact 
of erenumab treatment on the patients' family burden attributed to migraine. Overall, 
84 of 173 patients (48.6%) had at least one adverse event and 61 of 173 patients 
(35.3%) had at least one adverse event related to study drug. The safety profile was 
in line with the pivotal studies, and no serious adverse events were regarded as being 
related to erenumab.
Conclusion: Overall, erenumab treatment significantly reduced the burden of mi-
graine, leading to improved quality of life for patients and their families over a treat-
ment period of 2 years.

Plain Language Summary
There are limited data on the real-world effects of erenumab, a preventive migraine 
therapy directed against the calcitonin gene-related peptide receptor. The SQUARE 
(Swiss Quality of Life and Health Care Impact Assessment in a Real-World Erenumab-
Treated Migraine Population) study investigated how erenumab impacts patient-
reported quality of life, migraine-related impairment, and treatment satisfaction in 
patients with episodic and chronic migraine. The results showed improvements across 
all migraine parameters, which extends and complements evidence from previous 
clinical trials, and highlights the efficacy and safety of erenumab as a preventive treat-
ment for migraine.

K E Y W O R D S
chronic and episodic migraine, drug holiday, Headache Impact Test-6, Impact of Migraine on 
Partners and Adolescent Children, medication overuse, monthly migraine days
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severity and frequency and its associated disability for patients in 
clinical practice. The impact of migraine on the quality of life of pa-
tients, as well as on their broader social context, was investigated 
utilizing validated patient-reported outcome questionnaires. This is 
an aspect of the condition that had remained largely unexplored in 
prior research. SQUARE thereby contributes a novel perspective to 
understanding the comprehensive benefits of erenumab for prophy-
lactic migraine management. The primary endpoint was defined as 
change in Headache Impact Test-6 (HIT-6) scores after 6 months on 
erenumab compared to baseline. Results after 6 months have been 
published recently, where erenumab treatment reduced HIT-6 scores 
by 7.7 ± 8.4 (p < 0.001).19 Secondary endpoints included change from 
baseline in HIT-6, Impact of Migraine on Partners and Adolescent 
Children (IMPAC), and modified Migraine Disability Assessment 
(mMIDAS) scores, as well as in monthly migraine days (MMD) at dif-
ferent time points (baseline and 3, 6, 12, 15, and 18 months) until the 
end of the study at 24 months. As such, SQUARE provides compre-
hensive evidence on the impact of erenumab treatment on patients 
with migraine and reports 24 months of real-world data from one of 
the first European countries where erenumab was approved.

METHODS

Study design

SQUARE is a prospective, multicenter, noninterventional, 2-year co-
hort study designed to evaluate the impact of erenumab treatment 
on quality of life, disease-related disability, treatment satisfaction, 
and persistence in an adult migraine population within a real-world 
setting in Switzerland. A primary analysis at 6 months and interim 
results at 18 months, highlighting the impact of the mandatory treat-
ment interruption within the first year of treatment required for 
reimbursement in Switzerland, were published elsewhere.19,20 This 
paper reports the results of the entire study period of 24 months.

Participation in SQUARE was open to treatment centers qual-
ified to prescribe erenumab, as stipulated by Swiss regulatory re-
quirements. According to the Swiss label for erenumab, treatment 
decisions must be made and supervised by health care professionals 
with established expertise in migraine management. Furthermore, 
Swiss reimbursement policies restrict the prescription of erenumab 
to health care providers holding specific qualifications in neurology, 
such as FMH (Foederatio Medicorum Helveticorum) Neurology cer-
tification or equivalent credentials recognized by the Swiss Institute 
for Medical Education.

To achieve a representative sample across diverse regions, con-
sideration was given to selecting a distribution of centers that would 
mitigate potential geographical bias, thereby reducing the influence 
of location-specific factors on the study outcomes. Sites from both 
hospital- and office-based settings were included in this study.

The visit schedule solely included recommendations with an 
acceptable window of ±1 month for each assessment time point 
(Figure 1) to adhere to the nature of an observational study.

During visits, data from patients were collected retrospectively 
and prospectively over a 24-month period, utilizing patient-reported 
outcome questionnaires (HIT-6, mMIDAS, IMPAC), patient diaries, 
and medical records. These tools were used to systematically track 
key metrics for all primary and secondary endpoints, including head-
ache impact, migraine disability assessment, number of migraine 
days, medication usage, and health care resource utilization (see 
complete list under subsection Data Collection). This comprehensive 
data collection approach aimed to provide a holistic understanding 
of the impact of treatment over time.

In accordance with the reimbursement requirements for 
erenumab in Switzerland, patients had to fill in migraine diaries 
at least 3 months prior to erenumab initiation, as well as during 
therapy, to collect MMD and acute migraine-specific medication 
(AMSM) treatment days (comprising triptans and ergot deriva-
tives).21 To comply with Swiss reimbursement regulations at time 
of recruitment, all patients had to start treatment with the lower 

F I G U R E  1  Study design and visit schedule. mo, month; V, visit. [Colour figure can be viewed at wileyonlinelibrary.com]
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dose (70 mg) of erenumab with the possibility of increasing the 
dose to 140 mg after 3 months of therapy. The reimbursement 
criteria require a mandatory therapy interruption after a maxi-
mum treatment duration of 1 year. Until February 28, 2021, this 
interruption had to last a minimum of 3 months, which was subse-
quently shortened to a minimum of 1 month during study conduct. 
This phase is reflected in the 15-month time point as highlighted 
in all figures in the Results section. If the patient experienced 8 or 
more MMD within 6 months after starting the pause, therapy with 
erenumab could be reinitiated.

Patients and setting

To collect a representative sample of the entire migraine treatment 
landscape, both general neurology centers and centers specialized 
in migraine care were included from all geographical regions of 
Switzerland. Patients had to meet the following inclusion criteria for 
study participation: a migraine diagnosis following the International 
Classification of Headache Disorders, 3rd edition of the International 
Headache Society, written informed consent obtained before partic-
ipating in the study, and erenumab treatment in alignment with the 
Swiss label (migraine prophylaxis for adult patients), prescribed inde-
pendently of the study.21 Concomitant use of other investigational 
drugs was excluded, either during the study period, within 3 months 
of enrollment, within five half-lives before enrollment, or until any 
pharmacodynamic effects subsided to baseline. Patients with prior 
treatment with erenumab or any CGRP (receptor)-based therapy 
were also excluded.

Data collection

Retrospective data were collected from patient medical records and 
charts, including baseline characteristics, prior migraine treatments, 
and historical information on MMD and acute medication use. These 
data provided a foundation for evaluating treatment outcomes and 
comparing changes over the study period. Prospective data were 
then collected through the following patient-reported outcome 
questionnaires. HIT-6 was developed to screen and monitor pa-
tients with headache in both clinical practice and clinical research 
with regard to the severity and impact of headache on social and 
cognitive functioning, energy, and psychological distress, whereby 
higher scores (values ranging from 36 to 78) indicate greater im-
pact.22 MIDAS is the preferred method to assess migraine disabil-
ity, where migraine is classified into categories of grade I–IV with 
increasing disability with a 90-day recall period.23 A modified ver-
sion (mMIDAS), which has a 30-day recall period, was used in this 
study to avoid overlapping MIDAS scores due to time flexibility and 
potentially short intervals between visits. The IMPAC questionnaire 
was designed to assess the imminent social context of an individual 
patient with migraine.24 Equivalent to MIDAS, IMPAC classification 

ranges from grade I to grade IV with increasing severity (mild, mod-
erate, severe, very severe).

Data were also collected from prospective patient diaries, includ-
ing MMD and AMSM days. Baseline characteristics were collected 
from medical charts, including demographics, medical history, and 
prior prophylactic treatment failures (PPTF). MMD and AMSM days 
were collected at every visit over the course of the study to keep 
track of the impact of erenumab on disease burden. Additionally, 
health care utilization such as physician visits or hospitalizations re-
lated to migraine were captured. All data were collected between 
February 2019 and November 2022.

Safety

Safety endpoints included all adverse events (AEs) and serious 
AEs (SAEs) and were recorded and archived in the study database 
regardless of causal relationship to the study drug. Prior and con-
comitant medications for AEs entered into the database were coded 
using the World Health Organization Drug Reference List. Patients' 
medical history, current medical conditions, and AEs were coded 
using the Medical Dictionary for Regulatory Activities terminology.

Throughout the duration of the study, designated staff members 
entered data into an electronic case report form utilizing the appli-
cation TrialMate, a fully validated web-based software solution for 
patient data collection.25

Statistical analysis

Depending on the level of measurement for the respective variables, 
appropriate descriptive statistics were used. For categorical vari-
ables, absolute frequencies and relative frequencies as a percent-
age were derived. For quantitative variables, mean values, medians, 
SDs, and quartiles as well as minimum and maximum values were 
calculated. Box plots representing median, quartiles, outliers (circles 
>1.5 box lengths above/below box), and extreme values (stars >3 
box lengths above/below box) were used as graphical methods for 
quantitative variables. Bar plots were used to describe frequencies 
of categorical variables.

Due to the observational nature of this study, descriptive meth-
odologies were used. Changes of quantitative variables between 
visits were analyzed by Wilcoxon signed ranks test. Subgroup dif-
ferences (i.e., gender, migraine type) were analyzed using Mann–
Whitney U-test. For categorical variables, chi-squared tests were 
applied. Changes of categorical variables over the course of the ob-
servation period were analyzed using the McNemar–Bowker test.

All statistical test results were conducted at a two-tailed level of 
significance of p ≤ 0.05. There were no data imputations made, which 
explains the differences between the number of patients across vis-
its and the calculated mean changes from baseline per endpoint as 
depicted in the figures.
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For statistical analysis, the following software was used: SPSS 
statistics version 24 (IBM, Armonk, NY, USA), Statistica version 13 
(StatSoft, TIBCO Software, Palo Alto, CA, USA), BiAS version 11 
(Dr. Hanns Ackermann, Goethe Universität, Frankfurt am Main, 
Germany), and Stata version 17 (StataCorp, College Station, TX, 
USA).

Sample size

SQUARE was designed to demonstrate whether treatment with er-
enumab would improve quality of life (measured by the HIT-6 instru-
ment) across the study population by a clinically meaningful amount 
between baseline and month 6. Based on the documented variabil-
ity of HIT-6 in the BECOME18,26 and STRIVE15 trials, a sample size 
of 77 patients was determined to provide a power of 80% for the 
primary endpoint with a significance level (alpha) of 0.05, assuming 
a minimum important difference for HIT-6 of 3.7 within one group 
from baseline to treatment.27 A total sample size of 193 patients was 
determined using an expected dropout rate of 60% (116 patients), 
accounting for patients who would respond below the threshold 
required for continuous reimbursement past 6 months (time point 
of primary analysis), as well as discontinuations due to AEs and loss 
to follow-up. Although patient enrollment was stopped before the 
targeted study size of 193 patients due to the COVID-19 outbreak, 
the achieved number of 173 patients was found to be sufficient to 
perform statistical analysis due to dropout rates being lower than 
initially anticipated.

The SQUARE study was approved by the competent lead eth-
ics committee (Ethikkommission Nordwest- und Zentralschweiz) in 
February 2019 and can therefore be found under BASEC ID 2018–
02375 in the Register of All Projects in Switzerland.

RESULTS

Patient characteristics at baseline

Between February 2019 and June 2020, a total of 173 adult patients 
(84.9% females, mean age = 44.2 ± 13.9 years) were enrolled from 
19 sites that included general neurology centers and specialized mi-
graine treatment centers in office- and hospital-based settings.

Patients had an average HIT-6 score of 65.9 ± 4.9 points at 
baseline. A total of 26.2% and 59.3% of the patient population re-
ported disability equivalent to mMIDAS grades III (moderate) and 
IV (severe), respectively. IMPAC grades III (severe) and IV (very se-
vere) were reached by 54.3% and 32.7% of patients, respectively 
(Figure 4). At baseline, defined as the 3 months prior to initiation of 
erenumab, patients reported an average (± SD) of 16.5 ± 7.2 MMD 
and 11.5 ± 7.0 AMSM days per month. Patients reported 4.0 ± 1.9 
PPTF before starting erenumab treatment (mainly beta-blockers or 
topiramate), whereof 21.6% had 1–2 PPTF, 24.6% had 3 PPTF, 22.2% 
had 4 PPTF, 15.2% had 5 PPTF, and 16.4% had ≥6 PPTF.

Of the total population, 94 patients (54.3%) had a diagnosis of 
episodic migraine and 79 patients (45.7%) were diagnosed with 
chronic migraine; 43.0% of patients showed predominantly migraine 
without aura (Table 1, Figure S1).

HIT-6 over 2 years

The primary endpoint of the study, HIT-6 after 6 months of therapy 
with erenumab, was met and has been previously published.19 The 
initial reduction of the HIT-6 score was maintained over the course 
of the study and achieved a mean reduction (± SD) of 8.1 ± 8.6 com-
pared to baseline (p < 0.001) in the overall cohort by study end at 
24 months (Figure 2). Box plots and median values are presented in 
Figure S2. Separate analysis for 57 patients with EM and 55 patients 
with CM showed reductions of 8.1 ± 8.9 and 8.2 ± 8.3, respectively.

mMIDAS over 2 years

Overall, mMIDAS decreased significantly from baseline over 
the whole study period at visits at months 6, 12, 15, 18, and 24 
(p < 0.001 with the exception of month 15, p = 0.001). Study patients 
presented with an average (± SD) mMIDAS score of 30.1 ± 21.4 at 
baseline, which was reduced by 16.6 ± 21.2 at month 24. The analy-
sis per migraine type showed a significant reduction of 11.5 ± 17.5 
and 21.9 ± 23.6 for EM and CM, respectively (p < 0.001). The distri-
bution of patients across mMIDAS grades and over the duration of 
the study is shown in Figure 3.

IMPAC score over 2 years

At baseline, patients showed an overall mean (± SD) IMPAC score 
of 12.8 ± 6.8. After 24 months, IMPAC had decreased by 6.5 ± 6.6 
from baseline (p < 0.001; see Figure  S3). Box plots and median 
values are presented in Figure  S4. Results showed an increased 
percentage of patients with grade I and II from 3.7% and 9.3% 
at baseline to 25.5% and 41.5% by study end, respectively. The 
proportion of patients with grade III and IV reduced from 54.3% 
and 32.7% at baseline to 30.2% and 2.8%, respectively. Over the 
course of the study, the shifts toward the lower IMPAC grades 
were statistically significant at all visits of months 6, 12, 15, 18, and 
24 (p < 0.001 at all time points except month 15, p = 0.002). The 
changes of IMPAC grade distributions for the duration of the study 
are shown in Figure 4.

MMD over 2 years

In comparison to an average of 16.5 ± 7.2 MMD at baseline, the num-
ber of MMD decreased by 8.8 ± 7.6 days by month 24 (p < 0.001; 
Figure 5A). Box plots and median values are presented in Figure S5. 
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When analyzed separately, patients with EM showed MMD reduc-
tions from 11.0 ± 2.2 at baseline to 6.2 ± 5.2 at study end, a mean 
change of −4.7 ± 4.9 (p < 0.001). For patients with CM, MMD levels 
decreased from 23.1 ± 5.3 at baseline to 9.9 ± 8.4, a mean change of 
−12.9 ± 7.6 (p < 0.001).

Response rates were determined as the proportion of patients 
whose number of MMD decreased by at least 30%, 50%, 75%, or 
100% from baseline to follow-up visits, as represented in Figure 5B. 
By the end of the study, 76.4%, 59.1%, 29.1%, and 3.6% of the pa-
tients achieved a ≥30%, ≥50%, ≥75%, and 100% reduction in MMD, 

TA B L E  1  Demographic and baseline characteristics, type and history of migraine, and working status of study population (N = 173).

Characteristic Value

Age, years, mean (SD) 44.2 (13.9)

Sex, n (%)

Female 146 (84.9)

Migraine history, mean (SD) Male Female

Years with headache 33.2 (21.9) 27.3 (14.1)

Years since diagnosis 14.7 (14.4) 19.2 (14.7)

Type of migraine according to ICHD-3, n (%)

EM 94 (54.3)

CM 79 (45.7)

Monthly migraine days, mean (SD)a 16.5 (7.2)

Monthly AMSM days, mean (SD)a 11.5 (7.0)

PPTF, mean (SD) 4.0 (1.9)

Working status, n (%)

Part-time employed 61 (35.3)

Full-time employed 54 (31.2)

Retired 14 (8.1)

Sick leave/disability insurance 11 (6.4)

In education/military service/civilian service 5 (2.9)

Note: A combination of different migraine types was allowed at data entry.
Abbreviations: AMSM, acute migraine-specific medication; CM, chronic migraine; EM, episodic migraine; ICHD-3, International Classification of 
Headache Disorders, 3rd edition; PPTF, prior prophylactic treatment failures.
aAverage shown by the study population in the 3 months prior to beginning of study.

F I G U R E  2  Mean change of HIT-6 during erenumab treatment. The full range of HIT-6 possible scores is shown, with 36 being the lowest 
possible score (no impact) and 78 the highest possible score (high impact). *Statistical significance at all time points p < 0.001 versus BL. BL, 
baseline; HIT-6, Headache Impact Test-6. [Colour figure can be viewed at wileyonlinelibrary.com]
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respectively. Subgroup analysis showed that 71.4%, 44.6%, 25%, 
and 5.4% of patients with EM and 81.5%, 74.1%, 33.3%, and 1.9% of 
patients with CM achieved a 30%, 50%, 75%, and 100% response to 
treatment, respectively.

AMSM days and health care utilization over 2 years

Among the study population, mean AMSM usage was 11.5 ± 7.0 
treatment days at baseline. AMSM use was reduced to 7.5 ± 7.6 
with erenumab therapy by the end of the study period (Figure 6A). 
Mean change from baseline was significant at all visits, with a re-
duction by 5.2 ± 6.8 days at month 24 (p < 0.001). Box plots and 
median values are presented in Figure  S6. Results by migraine 
type revealed significant reductions of AMSM days by 3.3 ± 5.3 
and 6.7 ± 7.5 for EM and CM, respectively (p < 0.001). At every 
visit, patients were asked about the use of health care utilization, 
that is, frequency of visiting the doctor's office due to worsen-
ing of symptoms. At month 6 and 12 of the study, the majority of 
patients reported an equal amount of health care utilization as in 
the previous interval. A total of 2.6% (month 6) and 2.3% (month 
12) reported an increase in health care utilization, whereas 23.5% 
and 30.3% reported a decrease. During therapy break, this pat-
tern changed; 10.7% reported an increase in doctor visits, and the 
percentage of patients reporting less doctor visits decreased to 
13.9%. Upon therapy resumption, this pattern changed again to a 
similar picture as before the break (Figure 6B).

Patient disposition over 24 months

All 173 patients entered the study receiving 70 mg erenumab, 
administered once every month, following the reimbursement 
requirement at the time of recruitment. From the third injection 
(month 3) onward and throughout the study, 128 patients (73.9%) 
escalated the dose to 140 mg, eight patients (4.6%) de-escalated 
again to 70 mg, and 119 patients (68.8%) underwent a treatment 
break for a mean duration of 4 months. Patients who discontinued 
the therapy reported the following reasons (reporting of multiple 
reasons was allowed): tolerability (n = 14), lack of efficacy (n = 16), 
costs (n = 4), and other reasons (n = 30). At month 24, 52 patients 
(30.1%) were either lost to follow-up or had withdrawn from the 
study or no further information was available for this data point. 
Figure 7 provides an overview on the number of patients with dif-
ferent erenumab doses (70 mg, 140 mg) or no dose at several time 
points. Figure S7 shows individual treatment doses and breaks for 
each patient.

Safety

Over the course of 24 months, 84 of 173 patients (48.6%) experi-
enced 165 AEs and 61 of 173 patients (35.3%) had at least one AE 
related to study drug. The most common AEs reported were con-
stipation (n = 24), lack of efficacy (n = 19), arthralgia (n = 6), injection 
site pain (n = 6), fatigue (n = 4), muscle spasms (n = 4), symptoms of 

F I G U R E  3  Patient distribution of mMIDAS grades per visit: grade I (little or no disability), grade II (mild disability), grade III (moderate 
disability), grade IV (severe disability). Significance of reduction versus baseline was p < 0.001 at months 6, 12, 18, and 24 and p = 0.004 at 
month 15. mMIDAS, modified Migraine Disability Assessment. [Colour figure can be viewed at wileyonlinelibrary.com]
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depression (n = 3), diarrhea (n = 3), nausea (n = 3), and vertigo (n = 3). 
Single reports comprised upper abdominal pain, alopecia, and anxi-
ety (Table S1).

Twenty-one SAEs were observed in 17 patients (9.8%). No 
SAE was found to be related to erenumab. One death related to a 
COVID-19 infection occurred during the study duration, which was 
not attributed to the study medication (Table 2). The complete list 
of AE and SAE can be found in the supplement (Tables S1 and S2).

DISCUSSION

The results of this noninterventional study are consistent with the 
key findings of erenumab pivotal trials and complement them with 
additional insights from the perspective of real-world evidence. The 
study's primary endpoint, measured by HIT-6 at month 6, demon-
strated significant improvements in the quality of life for patients 
with migraine following treatment with erenumab. These improve-
ments were clinically meaningful, exceeding the threshold of 3.7 at 
month 6, and were maintained and increased to >8-point meaning-
ful reduction until study end, thus affirming the consistency and 
sustained effectiveness of erenumab across the different clinical 
settings.27,28

Erenumab treatment was associated with significant improve-
ments across the entire study population in migraine-related dis-
ability, as measured by mMIDAS. The results depict a pattern that 
the research team denoted as “pendulum effect;” at baseline, most 
patients exhibited mMIDAS grade III or IV, which notably shifted 

toward milder grades, I and II, under erenumab therapy. At the visit 
at month 15, an increased migraine burden was documented, which 
coincided with mandatory therapy interruption per reimbursement 
requirements. Improvements returned after reinitiation of ere-
numab treatment and were maintained until study end. mMIDAS re-
sults reflected improvements similar to those collected with HIT-6, 
regardless of EM or CM. Reductions seen in the overall population 
as well as by migraine type are also clinically meaningful, exceeding 
the mMIDAS threshold of a 4.5-point reduction according to litera-
ture.29 These results emphasize the ability of erenumab to reduce 
the impact of migraine symptoms on patients' functional capabilities 
in daily routine.

Existing evidence and clinical experience indicate that the ef-
fects of erenumab on migraine extend beyond the individual disease 
burden of the patient to the broader social and familial environ-
ment. The inclusion of the IMPAC questionnaire in this study aimed 
to elucidate the impact of erenumab therapy on the broader social 
context of patients with migraine, namely the partner and adoles-
cent children. The observed shift toward lower IMPAC grades over 
the course of the study, analogous to the results seen for mMIDAS, 
indicate the potential of erenumab therapy to alleviate the disease 
burden on patients' family environment. This is an aspect of migraine 
that has not been explored in previous studies.

The study also assessed changes from baseline in MMD and 
monthly AMSM days. The analysis of these endpoints revealed 
significant and consistent reductions in both parameters that also 
resulted in improved health-related quality of life under erenumab 
treatment. In addition to MMD reduction, the proportion of 

F I G U R E  4  Mean IMPAC grades per visit. Grades are defined as mild (grade I), moderate (grade II), severe (grade III), and very severe 
(grade IV) impact. Significance of reduction versus baseline was p < 0.001 at months 6, 12, 18, and 24 and p = 0.002 at month 15. IMPAC, 
Impact of Migraine on Partners and Adolescent Children. [Colour figure can be viewed at wileyonlinelibrary.com]
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patients achieving different levels of response from baseline was 
investigated. Most patients had an MMD reduction ≥50% over the 
course of the study, which exceeded expectations based on the 
pivotal trials.13–16,30 Traditionally, a ≥50% response rate is consid-
ered clinically meaningful for patients with EM, whereas a ≥30% 
response rate is considered clinically meaningful for patients with 
CM, due to the complexity and higher severity of disease.30–32 
By the end of the observational period, a clinically meaningful 
response rate of ≥50% was achieved by 44.6% of patients with 
EM, and 81.5% of patients with CM achieved the group-related 
clinically meaningful ≥30% response rate. At baseline, the average 
patient took AMSM on 11.5 ± 7.0 days per month, which exceeds 

the 10 days/month diagnostic threshold for triptan-overuse 
headache.3 The observed AMSM reduction to 7.5 ± 7.6 days at 
24 months with erenumab for prevention is hence especially rel-
evant, as it indicates a transition to relatively infrequent use not 
thought to contribute to the overall headache burden.3

Although erenumab therapy showed significant and sustained 
treatment benefits over the entire study population, patients with 
severe CM particularly benefitted from erenumab treatment. 
Absolute improvements in MMD, AMSM days, and mMIDAS were 
higher in patients with CM than in patients with EM. This observa-
tion mirrors findings from the pivotal trials.13–16 The reason is most 
likely a higher disease burden before treatment initiation associated 

F I G U R E  5  (A) Number of MMD per visit over the observational period. *Statistical significance at all time points p < 0.001 versus 
baseline. (B) MMD response rates, as defined by proportion of patients exhibiting indicated percentage reductions of MMD relative to 
baseline. BL, baseline; MMD, monthly migraine days. [Colour figure can be viewed at wileyonlinelibrary.com]
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with higher baseline levels in all the parameters tested, resulting in a 
higher dynamic range for improvements. Another contributing fac-
tor might be a greater use of AMSM in the CM population, resulting 
in additional benefits of lowering the number of AMSM days below 
the threshold indicated above. However, these findings must be 
interpreted with care considering the high short-term variability of 
headache days per month in patients with migraine, whereby nearly 
three of four patients with CM dropped below the diagnostic EM/
CM threshold over 1 year.33,34

It is important to note that the peculiarity of the manda-
tory treatment break imposed by the health insurance system 
in Switzerland, while temporarily raising migraine burden in all 

observed parameters, did not affect overall long-term treatment 
outcomes during the study period. Improvements in migraine-
related symptoms seen after the mandatory break in therapy 
reached similar levels as prior to the break. Compared to the out-
comes from randomized controlled trials,13–16 these results provide 
evidence that erenumab produces similar results in a real-world 
scenario and therefore do not show an efficacy-effectiveness gap. 
The treatment break is timed on an individual patient level at the 
doctor's discretion in accordance with the patient. It is remark-
able that besides the innate heterogeneity of data, reinitiation of 
erenumab treatment after the mandatory break showed such a 
clear increase in mean efficacy parameters. Within 12 weeks after 

F I G U R E  6  (A) Mean change of AMSM days during erenumab treatment. *Probability values at all time points p < 0.001 versus baseline. 
(B) Assessment of patients' perceived health care utilization as visit frequency during the study period. AMSM, acute migraine-specific 
medication; BL, baseline. [Colour figure can be viewed at wileyonlinelibrary.com]
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resumption of therapy, all parameters improved again, reaching 
values comparable to before the break.20

All AEs documented in this study were consistent with the known 
safety profile of erenumab, indicating no change to the risk–benefit 
profile in a real-world setting. A total of 52 patients were categorized 
as lost to follow-up or withdrawn from study or generally had no fur-
ther information available at month 24. It is unknown whether these 
patients remained on erenumab treatment.

Limitations

Possible limitations of the study are the relatively small patient 
population, the potential for selection bias, incomplete data collec-
tion due to reliance on real-world clinical data, and the single-arm 
design, which is an inherent characteristic of observational studies. 
To mitigate the limitation of a smaller sample size and potential se-
lection bias, a broad patient population with no limitations on co-
morbidities or comedication (except other CGRP or investigational 
therapies) was recruited from multiple sites, including hospital- and 

office-based settings. Although incomplete data could affect the ac-
curacy of findings, real-world data also provide valuable insights into 
treatment effects in everyday clinical practice. The use of stand-
ardized patient-reported outcome measures (e.g., HIT-6, mMIDAS, 
IMPAC) and predefined data collection protocols helped to reduce 
data variability and increase data consistency.

Due to the heterogeneity of prophylactic treatments in terms of 
efficacy and tolerability, which leads to low therapy adherence,10 a 
single-arm design was chosen to address the primary objective of 
this study that focuses on erenumab only. Without a comparator, 
causality cannot be definitively established. However, significant 
improvements from baseline across multiple migraine-related out-
comes in line with findings from randomized controlled pivotal tri-
als support the body of evidence on the effectiveness and safety of 
erenumab.

In summary, the results of this noninterventional study extend 
and complement the evidence derived from pivotal trials, highlight-
ing the efficacy and safety of erenumab as a preventive treatment 
for migraine. The improvements across all parameters tested are 
consistent with previous controlled studies.13–16,30 With erenumab 

F I G U R E  7  Number of patients at different doses of erenumab over 24 months at each visit. “No dose” describes patients without 
erenumab treatment for reasons such as no efficacy, tolerability, or reimbursement issues and other nonspecified reasons. “No dose 
(mandatory break)” describes patients who underwent the treatment interruption and restarted therapy. “Study completed before last visit” 
describes patients who had the last dose before the last study visit due to different time intervals of injections (once every 4 weeks equal to 
13 injections/year or once monthly equal to 12 injections/year). [Colour figure can be viewed at wileyonlinelibrary.com]
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treatment, patients showed fewer MMD and migraine symptoms, 
resulting in improved quality of life for the patients and their social 
environment regardless of the migraine type. Despite the manda-
tory treatment break, erenumab showed effectiveness upon reini-
tiation of therapy. The safety profile remained consistent with that 
seen in previous clinical trials.13–16,30

CONCLUSIONS

This prospective non-interventional study confirmed the effective-
ness and tolerability of erenumab as a prophylactic treatment for 
adult patients with EM and CM. The results show that the therapeu-
tic effects of erenumab observed in clinical trials are also evident in 
everyday clinical practice.
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TA B L E  2  AEs and SAEs over 24 months of observation (N = 165).

Most frequently reported events Events, n (%)

AEs

Constipation 24 (14.5)

Drug ineffective 19 (11.5)

Arthralgia 6 (3.6)

Injection site pain 6 (3.6)

Fatigue 4 (2.4)

Muscle spasms 4 (2.4)

Symptoms of depression 3 (1.8)

Diarrhea 3 (1.8)

Nausea 3 (1.8)

Vertigo 3 (1.8)

SAEs 21 (12.7)

Headache 3 (14.3)

Nephrolithiasis 2 (9.5)

Anaphylactic shock 1 (4.8)

Cerebellar stroke 1 (4.8)

Chest pain 1 (4.8)

COVID-19 1 (4.8)

Death 1 (4.8)

Escherichia urinary tract infarction 1 (4.8)

Medication overuse headache 1 (4.8)

Meningioma 1 (4.8)

Meniscus damage 1 (4.8)

Migraine 1 (4.8)

Planned surgery 1 (4.8)

Pneumonia, mycoplasmal 1 (4.8)

Supraventricular tachycardia 1 (4.8)

Tendon rupture 1 (4.8)

Transient ischemic attack 1 (4.8)

Urinary tract infection 1 (4.8)

Abbreviations: AE, adverse event; SAE, serious AE.
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Additional supporting information can be found online in the 
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