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Abstract
Background and purpose: New prophylactics for migraine, targeting calcitonin gene- 
related peptide (CGRP), have recently emerged. Real- world data are important for a 
comprehensive understanding of treatment response. We assessed the consistency of 
response to erenumab, a monoclonal CGRP receptor antibody, in a real- world setting, 
in order to determine which patients may be considered responders in clinical practice.
Methods: All erenumab- treated patients (n = 100) completed a time- locked daily elec-
tronic diary, and an automated algorithm was used to monitor treatment response. 
Monthly migraine days (MMD), non- migrainous headache days, days of acute medication 
use (MAMD), well- being and coping with pain were assessed for a 6- month period. The 
primary outcome was reduction in MMD compared to baseline.
Results: The numbers of MMD and MAMD decreased in all months, in both episodic and 
chronic migraine patients, compared to baseline (p < 0.001), while general well- being 
(p < 0.001) and coping with pain (p < 0.001) also improved. Of all patients, 36% had an 
MMD reduction of ≥50% in ≥3/6 months, and 6% had such a reduction in all 6 months. 
For a ≥30% MMD reduction, the figures were 60% and 24%, respectively. Almost 90% of 
patients with an average MMD reduction of ≥30% over the first 3 months had a sustained 
response in the last 3 months. In addition, 20% of patients without an initial response 
(average <30%), had a delayed response (average ≥30%) in the last 3 months.
Conclusion: Erenumab was effective in migraine patients who were highly refractory to 
previous prophylactics. As a practical guideline, we propose that treatment be continued 
for at least 6 months and that patients with a ≥30% MMD reduction in at least half of the 
treatment period should be considered to be responders.
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INTRODUC TION

New prophylactic therapeutic options for migraine, targeting cal-
citonin gene- related peptide (CGRP), have emerged [1]. Clinical tri-
als with these anti- CGRP (receptor) antibodies demonstrated that 
50% of episodic migraine patients experience a ≥50% reduction in 
migraine days in response to treatment compared to baseline [2,3]. 
The percentage of responders diminishes to 30% when studying 
patients who previously failed up to four prophylactics [4– 6]. Even 
though this cut- off point of a 50% reduction in monthly migraine 
days (MMD) is presented in trials, in clinical practice it seems 
less suitable because many patients who consider treatment to 
be effective will not fulfill this 50% criterion. Another issue is 
that, in many clinical trials, treatment response is assessed in the 
last month of treatment or as an average response over several 
months, but data on consistency of response obtained by look-
ing at every month of the treatment period are rarely provided. 
Real- world data, collected independently from the pharmaceutical 
companies, are important to obtain more comprehensive insight 
and understanding of response rates and consistency of individ-
ual response in order to formulate clinical treatment guidelines. In 
particular, as it is expected that health insurance reimbursements 
in most countries will depend on strict criteria, it is of utmost im-
portance to reach consensus on the definition of a “good response” 
in clinical practice.

In the present study we aimed to assess consistency in response 
to erenumab in a real- world setting in order to gain more insight into 
individual variability of response and to determine which patients 
may be considered responders.

METHOD

Participants

Migraine patients treated with erenumab at the Leiden Headache 
Center were included in this study. Because of the restricted avail-
ability of erenumab, all patients had ≥8 MMD and had failed on 
≥4 migraine prophylactic treatments (with failure defined as inef-
fective treatment, treatment discontinued because of side effects 
or treatment contraindicated), including candesartan, beta block-
ers, valproate and topiramate. Diagnosis, based on International 
Classification of Headache Disorders (ICHD)- 3 criteria [7], was made 
by a neurology resident in consultation with a heachache specialist 
neurologist, or by neurologists themselves. Patients with a second 
primary headache diagnosis, other than tension- type headache, 
were excluded. Patients with a history of cerebrovascular or cardio-
vascular events were excluded. Comorbidities were recorded for all 
patients, with a focus on disorders involving pain. This study was 
approved by the Medical Ethics Committee of the Leiden University 
Medical Center.

Treatment

In clinical trials, no evidence was provided that erenumab 140 mg 
led to a response that was clearly distinct from that of a 70 mg 
dose; therefore, all patients started treatment with erenumab 
70 mg (administered subcutaneously once every 4 weeks). Patients 
administered the initial injection themselves under supervision of 
a physician or a headache nurse, and subsequent injections were 
administered at home. After 3 months, patients had a consultation 
with their treating physician, after which the dose was optionally 
increased to 140 mg for the subsequent 3 months based on a joint 
decision between patient and physician. There were no strict criteria 
for increasing the dose. As there is a strict policy in the Netherlands 
regarding medication overuse, and polypharmacy is not part of clini-
cal practice [8], none of the patients used additional prophylactic 
treatment simultaneously with erenumab or had medication overuse 
before starting treatment. Other preventive medication was tapered 
off, including a wash- out period, before starting the baseline diary.

Headache diary

We prospectively collected data on headache using a daily elec-
tronic diary [9], which included questions about headache presence, 
headache severity (scores ranging from 1 [mild] to 3 [severe]) and 
headache characteristics, presence of aura, accompanying symp-
toms (nausea, vomiting, photophobia and phonophobia), acute pain 
medication use, a general well- being question (“How did you feel 
yesterday?”, scores ranging from 0 to 10) on a daily basis and a cop-
ing with pain question (“How well could you cope with the headache 
yesterday?”, scores ranging from 0– 10) in case of a headache. An 
automated and validated algorithm, based on the ICHD- 3 criteria, 
or intake of a triptan was used to determine whether headache days 
fulfilled migraine criteria [7,9]. Headache days not fulfilling migraine 
criteria were labelled as non- migrainous headache days. The diary 
was time- locked, meaning patients had 48 h to complete a given 
diary day. All patients started the headache diary at least 4 weeks 
before treatment was initiated, which was defined as the baseline 
period, and continued the diary for at least 6 months after initiating 
treatment, unless earlier treatment discontinuation occurred. One 
month was defined as a period of 28 days. Diary compliance had to 
be ≥80%.

Patient- reported outcome measures

To incorporate the patients' own perspectives of treatment effect, 
all patients were asked to fill out the Patient Global Impression of 
Change (PGIC) questionnaire [10] and the Headache Impact Test 
(HIT)- 6 [11]. The PGIC is a one- item questionnaire, in which patients 
indicate their global perception of change in clinical status since 
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starting treatment on a seven- point Likert scale, scoring from 1 (no 
change or worse) to 7 (much better). The HIT- 6 is a six- item ques-
tionnaire that assesses the impact headache has on a patient's daily 
life (total score range of 36– 78), with larger scores reflecting a higher 
impact. These questionnaires were asked independently, had no ef-
fect on the treating physicians decision to increase erenumab dos-
age, and were not repeated after 6 months.

Adverse events

In addition to the consultations with the treating physicians at the 
Headache Clinic where adverse effects were reported, patients 
were interrogated separately by structured interview to investigate 
adverse events, such as injection site reactions, upper respiratory 
tract infections and constipation, and had the opportunity to report 
other possible adverse events.

Statistics

Baseline characteristics, including sex, age, headache diagnosis, 
failed prophylactics and baseline headache measures were summa-
rized using means, standard deviations, frequencies and proportions. 
Failure to respond to the prophylactics propranolol and metoprolol 
was counted as one failure (treatment class: beta blockers). For each 
patient the number of MMD, monthly (non- migrainous) headache 
days (MnmHD) and monthly acute medication use days (MAMD), 
as well as average monthly general well- being, and average monthly 
pain coping were calculated in periods of 1 month (28 days). To inves-
tigate the change in severity of migraine, we studied headache se-
verity and accompanying symptoms. We also calculated the number 
of MMD with nausea, photophobia or phonophobia and the propor-
tion of MMD with severe headache (score 3 on the severity question 
in the e- diary). For each of these outcome variables, a linear mixed 
model was fitted with time (month) as a fixed effect and patient as a 
random effect, and post hoc pairwise comparisons were conducted 
with Bonferroni correction for multiple testing. Response per month 
was determined by calculating the proportion of patients with ≥30%, 
50%, 75% and 100% reductions in MMD compared to baseline. 
Consistency of response was determined by counting the number of 
months in which a patient experienced at least 30%, 50%, 75% and 
100% reductions. These months did not have to be consecutive.

In addition to the response per month, the migraine response 
was also investigated by calculating the average migraine reduction 
over several months. For the calculations of sustained and delayed 
response, we chose a similar approach to that used by Goadsby et al. 
in the STRIVE study [12]. The average reduction in MMD in months 
1 to 3 was compared to the average MMD reduction in months 4 to 
6. Sustained responders were defined as patients who achieved an 
average of ≥50% reduction in MMD during the first 3 months and 
who continued to have this response during months 4 to 6. Delayed 
responders had an MMD reduction <50% during the first 3 months 

of treatment, but achieved an MMD reduction ≥50% during months 
4 to 6. We then calculated the number of sustained and delayed re-
sponders in regard to a ≥30% reduction in migraine.

To investigate to what extent patients were capable of assessing 
the treatment effect after 3 months, PGIC score and absolute reduc-
tion in HIT- 6 score were correlated using Spearman correlation with 
migraine reduction in the third month and with the average migraine 
reduction in the first 3 months.

Adverse events were summarized using descriptive statistics. 
All calculations and analyses were performed using R version 3.6.2. 
Two- sided p values <0.05 were taken to indicate statistical signifi-
cance (https://www.r- proje ct.org/).

Missing data

Patients who discontinued erenumab before completion of the 
6- month follow- up were included in the linear mixed model anal-
yses only for the months in which they used erenumab, and they 
were added as non- responders (<30% response) in the subsequent 
months for the calculation of proportion of responders. Missing 
diary days were not imputed. For the calculations of sustained and 
delayed responders, only the patients who completed the 6- month 
follow- up period were included.

RESULTS

Between January 2019 and March 2020 a total of 100 patients (85 
women, 15 men) started erenumab treatment. Five patients discon-
tinued treatment before the 6- month follow- up period ended: one 
patient experienced general malaise, which made her reluctant to 
continue treatment after 2 months; one patient discontinued after 
3 months because of severe daily nausea; and two patients discontin-
ued after 4 months, one because of an allergic skin reaction increasing 
after every subsequent injection and the other because of severe con-
stipation which required hospital admission. One patient discontinued 
treatment after five erenumab injections because of lack of efficacy. 
No patients were excluded because of diary compliance <80%. Of 
all patients, 56 (56%) increased the erenumab dose to 140 mg after 
3 months of treatment. Almost 50% of patients fulfilled the criteria for 
chronic migraine, the other half experienced episodic migraine, with a 
high number of MMD but without ≥15 headache days/month in total. 
The mean number of failed prophylactics was 5. Three patients re-
ported fibromyalgia as a comorbidity, two had rheumatoid arthritis, 
and seven had a history of arthrosis. Average diary compliance was 
97%. Patient baseline characteristics are shown in Table 1.

Headache diary

The mean MMD decreased in all months compared to the baseline 
period (each month p < 0.001; Table 2). Months 2 to 6 also showed 

https://www.r-project.org/
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reduced MMD compared to the first month of treatment (month 2: 
p = 0.05, month 3: p = 0.03, months 4– 6: each p < 0.001). The num-
ber of MnmHD did not decrease compared to the baseline period. 
A reduction was found for MAMD for all months compared to the 
baseline period (each month p < 0.001). The number of migraine 
days with nausea as an accompanying symptom diminished in every 
month (each month p < 0.001) compared to baseline, as did the 
number of migraine days with photophobia (each month p < 0.001) 
and with phonophobia (p < 0.001). The proportion of migraine days 
with a severe headache (score 3 on the severity question in the 
electronic diary) decreased compared to baseline during the course 
of 6 months (months 2– 5: p < 0.001, month 6: p = 0.017). Average 
monthly general well- being (reported daily; each month p < 0.001) 
and average monthly coping with pain (reported when headache was 
present; each month p < 0.001), improved in all months compared 
to the baseline month (Table 2). Results for episodic and chronic mi-
graine patients separately are presented in Tables S1 and S2.

Consistency of response

We used the total study population (n = 100) to assess consistency 
of response. The number of patients with ≥50% reduction in MMD 
compared to the baseline month fluctuated in the 6- month follow-
 up period between 22 (22%) and 43 (43%). For episodic migraine 
patients this number fluctuated between 16 (29%) and 33 (61%), 
and for chronic migraine patients between 5 (11%) and 13 (28%). 
The number of patients with ≥30% reduction fluctuated between 
47 (47%) and 59 (59%; Figure 1). For episodic migraine patients this 
number fluctuated between 34 (63%) and 40 (74%), and for chronic 
migraine patients between 13 (28%) and 20 (43%).

Of all patients, 36% experienced ≥50% MMD reduction in at 
least 3 out of 6 months, while 6% of patients had ≥50% MMD reduc-
tion in all 6 months (Figure 2). For ≥30% MMD reduction this was 
60% and 24%, respectively. Of the patients with episodic migraine 
26/54 (48%) had ≥50% MMD reduction and 42/54 (78%) had ≥30% 
MMD reduction in at least 3 out of 6 months; for chronic migraine 
the equivalent figures were 10/46 (22%) and 18/46 patients (39%), 
respectively.

Sustained and delayed response

An average MMD reduction of ≥50% in the first 3 treatment months 
was seen in 25 patients. Of these 25 patients, 18 (72%) maintained 
this reduction in months 4 to 6 (sustained responders; Table 3). Of 
the 70 patients who had an average MMD reduction in the first 3 
months of <50%, 16 (23%) did have an average of ≥50% MMD reduc-
tion in months 4 to 6 (delayed responders). There were 54 patients 
with an average MMD reduction in the first 3 months of ≥30%. Of 
these 54 patients, 48 (89%) maintained this response during months 

TA B L E  1  Baseline characteristics (n = 100)

Women, n (%) 85 (85)

Age, years 43 ± 12

Migraine without aura, n (%) 61 (61)

Episodic migraine, n (%) 54 (54)

MMD baseline 14.0 ± 5.9

MnmHD baseline 2.9 ± 3.9

MAMD baseline 6.1 ± 3.7

Failed prophylactics 5.0 ± 1.0

Note: A month is defined as 28 days. Baseline = 28 days before starting 
treatment.
Abbreviations: MAMD, monthly acute medication days; MMD, monthly 
migraine days; MnmHD, monthly (non- migrainous) headache days. 
Values are mean ± SD, unless otherwise indicated.

TA B L E  2  Monthly treatment response

Baseline
Mean ± SD

Month 1
Mean ± SD

Month 2
Mean ± SD

Month 3
Mean ± SD

Month 4
Mean ± SD

Month 5
Mean ± SD

Month 6
Mean ± SD

MMD 14.0 ± 5.9 11.7 ± 7.6** 10.3 ± 7.5** 10.2 ± 7.0** 9.9 ± 7.1** 9.6 ± 7.5** 9.2 ± 6.6**

MnmHD 2.9 ± 3.9 3.2 ± 3.9 3.3 ± 4.3 3.2 ± 4.3 3.2 ± 4.4 3.0 ± 4.0 3.0 ± 4.1

MAMD 6.1 ± 3.7 4.6 ± 2.8** 4.8 ± 3.2** 4.6 ± 2.8** 4.5 ± 2.7** 4.1 ± 2.6** 4.4 ± 2.6**

MMD with nausea 9.2 ± 6.4 7.3 ± 7.1** 6.5 ± 6.6** 6.1 ± 6.3** 5.9 ± 6.5** 5.8 ± 6.6** 5.4 ± 5.8**

MMD with photophobia 13.1 ± 6.4 10.9 ± 7.9** 9.6 ± 7.5** 9.5 ± 7.0** 9.1 ± 7.2** 8.8 ± 7.6** 8.4 ± 6.7**

MMD with phonophobia 13.0 ± 6.5 10.6 ± 8.0** 9.4 ± 7.6** 9.3 ± 7.2** 9.0 ± 7.1** 8.7 ± 7.5** 8.2 ± 6.7**

Proportion of MMD with severe 
headache, % of MMD

47.9 ± 28.0 35.8 ± 29.0** 37.5 ± 32.9** 37.0 ± 32.1** 36.7 ± 32.8** 35.6 ± 34.3** 41.4 ± 36.4*

General well- being 5.2 ± 1.7 5.8 ± 1.8** 6.0 ± 1.9** 6.0 ± 1.9** 6.0 ± 1.9** 6.1 ± 1.8** 6.1 ± 1.8**

Coping with pain 4.5 ± 1.5 5.0 ± 1.6** 5.0 ± 1.7** 4.9 ± 1.7** 4.9 ± 1.6** 5.0 ± 1.6** 4.9 ± 1.6**

Note: Linear mixed model analysis was based on the data as observed, with no imputation of missing values. p values were calculated for each month 
compared to baseline. *p < 0.05, **p < 0.001. A month is defined as 28 days.
MMD with severe headache = migraine days with severe headache as a proportion of all migraine days. General well- being = monthly average of 
general well- being, inquired on daily basis, score range 0– 10. Coping with pain = monthly average score for coping with pain, assessed for every 
migraine and headache day, score range 0– 10.
Abbreviations: MAMD, acute medication days; MMD, monthly migraine days; MnmHD, monthly (non- migrainous) headache days.
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4 to 6 (sustained responders). Of the 41 patients with an average 
MMD reduction in the first 3 months of <30%, eight (20%) had an 
average MMD reduction in months 4 to 6 of ≥30% (delayed respond-
ers). The majority of patients (11/16) who were defined as delayed 
50% responders, had an increase in erenumab dosage from 70 mg to 
140 mg after 3 months of treatment.

Patient- reported outcome

After 3 months of treatment, a total of 90 patients completed 
the PGIC and the HIT- 6. The median (interquartile range) PGIC 

score was 5 (4– 6), which corresponds to a moderate improve-
ment. A moderate correlation was found between PGIC score 
and reduction in MMD in the third month after starting treat-
ment (r = 0.59, p < 0.001; Figure 3) as well as between the PGIC 
score and the average MMD reduction over the first 3 months of 
treatment (r = 0.64, p < 0.001, not shown). The mean HIT- 6 score 
diminished from 67 ± 3.4 at baseline to 62 ± 6.1 after 3 months 
(p < 0.001). The change in HIT- 6 was moderately correlated with 
the MMD reduction in the third month after treatment initiation 
(r = 0.43, p < 0.001; Figure 3) as well as with the average MMD re-
duction over the first 3 months of treatment (r = 0.46, p < 0.001, 
not shown).

F I G U R E  1  Response rate by month 
for (a) all patients (n = 100), (b) episodic 
migraine patients (n = 54) and (c) chronic 
migraine patients (n = 46). Proportions of 
patients with, respectively, ≥30%, ≥50%, 
≥75% and 100% reductions in migraine 
days compared to the baseline month, 
are shown, presented by month. A month 
is defined as 28 days. Total number of 
patients is n = 100 (all patients), and 56 
(56%) increased erenumab dosage after 
3 months from 70 mg to 140 mg. For 
patients who discontinued erenumab 
before 6 months, the months without 
medication were counted as <30% 
reduction [Colour figure can be viewed at 
wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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Adverse events

Adverse events were reported by 93 patients (93%). Most commonly 
reported were abdominal complaints (n = 72 [72%]), including con-
stipation (n = 65 [65%]), followed by fatigue (n = 43 [43%]) and injec-
tion site reactions (n = 27 [27%]; Table 4).

DISCUSSION

The present study shows that erenumab can be effective in highly 
treatment- refractory migraine patients, with a small additional 

effect of 140 mg compared to 70 mg. A reduction in migraine 
days, but not in non- migrainous headache days, was observed, 
along with a reduction in intake of acute medication, headache 
severity and accompanying symptoms. As none of the patients 
had acute medication overuse or additional prophylactics, we ob-
served the pure response to erenumab. We showed that there 
was a wide range in migraine reduction, and on an individual level 
that response was not consistent for each month. This makes 
the definition of a responder in clinical practice not as clear- cut 
as is suggested in clinical trials. Moreover, in clinical practice 
the patient's perception of treatment effectiveness is a factor 
most neurologists take into account in the decision to continue 

F I G U R E  2  Consistency of response 
by number of months for (a) all patients 
(n = 100). (b) episodic migraine patients 
(n = 54) and (c) chronic migraine patients 
(n = 46). Proportions of patients with, 
respectively, ≥30%, ≥50%, ≥75% and 
100% reduction in migraine days 
compared to the baseline month, are 
shown, presented by number of months 
(cumulative) with this response. A month 
is defined as 28 days. For patients who 
discontinued erenumab before 6 months, 
the months without medication were 
counted as <30% reduction. [Colour 
figure can be viewed at wileyonlinelibrary.
com]

https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
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or discontinue treatment. In the present study, the decision was 
shared based on patients' and physicians' impression of effective-
ness. Previously published expert opinion- based clinical guide-
lines suggest treatment with monoclonal antibodies be stopped 
after 6 to 12 months of treatment [13], but no clear indication 
is provided with regard to what treatment response is clinically 
meaningful. We would like to propose that (European) clinical 
guidelines define a responder in clinical practice by considering 
the cut- off value for response, the timing of this response and the 
duration of treatment.

Generally a 50% reduction in migraine days is regarded as a rel-
evant response to preventive treatment in episodic migraine [14]. 

For chronic migraine, a reduction of 30% is considered to be of clin-
ical relevance [15]. Episodic migraine patients who failed up to four 
migraine prophylactics showed a lower response rate [6,16]. Taking 
into account that the patients who will probably be eligible for mono-
clonal CGRP treatment are difficult- to- treat patients, with no other 
therapeutic options and highly frequent attacks, a 30% reduction 
could be considered relevant. This is supported by the fact that, in 
our patient population, 42% of patients chose to continue the 70- mg 
dose, and not to increase this to 140 mg, even if they did not reach 
the 50% reduction. In addition, our data evidently demonstrate that, 
on an individual level, 54% of patients already had a ≥30% and 25% 
a ≥50% response to the lower dose.

TA B L E  3  Sustained and delayed response to erenumab in patients who continued with erenumab 70 mg (n = 42) and patients who 
escalated the dosage to 140 mg (n = 53)

Patients who continued with 
70 mg dose Patients escalating dose to 140 mg Total

Average reduction MMD in months 1– 3 ≥50% 

N 21 4 25

Sustained responders, n (%) 15 (71) 3 (75) 18 (72)

Average reduction MMD in months 1– 3 <50% 

N 21 49 70

Delayed responders, n (%) 5 (24) 11 (22) 16 (23)

Average reduction MMD in months 1– 3 ≥30% 

N 35 19 54

Sustained responders, n (%) 31 (89) 17 (89) 48 (89)

Average reduction MMD in months 1– 3  <30% 

N 7 34 41

Delayed responders, n (%) 1 (14) 7 (21) 8 (20)

Note: N total = 95 (all patients who completed the 6- month follow- up period). Sustained responders = patients who achieved an average of ≥50% or 
≥30% reduction in MMD during the first 3 months and during the last 3 months of treatment. Delayed responders = patients who did not achieve an 
average of ≥50% or ≥30% reduction in MMD during the first 3 months of treatment, but did during the last 3 months of treatment.
Abbreviation: MMD, monthly migraine days.

F I G U R E  3  Scatterplot correlation migraine reduction and (a) Patient Global Impression of Change (PGIC) score and (b) change in 
Headache Impact Test (HIT)- 6 score. PGIC, scoring from 1 (no change or worse) to 7 (much better), was assessed after 3 months of 
treatment. HIT scores (total range 36– 78) are shown as absolute reductions from baseline to 3- month follow- up. Migraine reduction is 
shown in the third month after starting treatment compared to baseline. A month is defined as 28 days. N = 90 (all patients who completed 
the PGIC and the HIT- 6 at both baseline and 3- month follow- up)
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In clinical trials of erenumab, the third month after starting treat-
ment is often used to determine the response to treatment [2,6], and 
sometimes the average of 3 months is used [16]. The International 
Headache Society guidelines for controlled trials for preventive 
treatment of episodic migraine present a definition for persistence of 
response which includes patients who experience a ≥50% reduction 
in the first 4 weeks after initiating treatment and continue to have 
this response in the following months [17]. However, as is shown in 
the present study and in earlier trials of erenumab [16], MMD may 
still decrease after initial failure of response. Additionally, a longi-
tudinal epidemiological study in migraine patients demonstrated a 
high level of variability in MHD [18]. Importantly, the present study 
demonstrates that patients do not consistently reach a ≥30% reduc-
tion for each month. Even though 80% of patients reached a ≥30% 
reduction in at least 1 month, only 24% of patients reached this re-
sponse for all 6 months. So, in daily clinical practice, factors such 
as the natural fluctuation of migraine frequency and late onset of 
response need to be considered.

A recent publication on efficacy of erenumab presented the sus-
tained and delayed response to erenumab after 1 year of treatment 
[12]. Although the duration of the study was different from that 
of the present study, the results seem comparable. Approximately 
85% of patients with an initial response experienced a sustained re-
sponse after 1 year. Furthermore, 30– 40% of patients without an 
initial response had a delayed response, which is somewhat higher 
than observed in our present study. This could be useful information 

that may help physicians manage long- term expectations in clinical 
practice. However, decisions on (dis)continuation of treatment need 
to be taken after a much shorter treatment period.

We would like to make some recommendations for clinical 
guidelines. Firstly, starting treatment with erenumab on a dosage of 
70 mg may be a suitable approach, as a large proportion of patients 
respond well to this dose and choose to continue with it. Evaluation 
of response should take place after 3 months, and increasing dosage 
to 140 mg should be considered even if patients experience little 
to no response to 70 mg. Secondly, if there is no medical necessity 
to discontinue treatment, we recommend continuing erenumab for 
at least 6 months. We recommend that a patient be considered a 
'responder' if he/she has a ≥30% reduction in at least half of the 
treatment period. As retrospective self- reported MMD are sub-
ject to recall bias [9], we strongly advise an electronic headache 
diary. Discrepancy between the objective diary and subjective self- 
reported response was highlighted in the present study by the wide 
range in migraine reduction and associated PGIC and HIT- 6 scores 
after 3 months of treatment. Nevertheless, it seems important to 
incorporate patients' perception of treatment effectiveness, using a 
validated instrument or by simply asking for patients' perception of 
treatment effect.

A striking percentage of patients in the present study reported 
constipation as an adverse event, ranging from very mild and re-
solved with some dietary adjustments, to severe (hospitalization 
needed in one patient). This percentage was higher than reported 

Adverse events
Frequency, 
n (%) Adverse events

Frequency, 
n (%)

None 7 (7) Upper respiratory tract infection 26 (26)

Abdominal discomfort 72 (72) Common cold 22 (22)

Constipation 65 (65) Coughing 4 (4)

Nausea 9 (9) Pharyngeal pain 5 (5)

Diarrhea 8 (8) Dizziness 23 (23)

Change in appetite 2 (2) Light- headedness 20 (20)

Stomachache 2 (2) Vertigo 6 (6)

Feeling bloated 2 (2) Urinary tract infection 8 (8)

Fatigue 43 (43) Palpitations/tachycardia 7 (7)

Injection site reaction 27 (27) Pruritus 7 (7)

Pain 15 (15) Mood disturbance 7 (7)

Swelling 10 (10) Anxiety 5 (5)

Redness 7 (7) Trouble sleeping 5 (5)

Musculoskeletal system 27 (27) Dysregulated menstrual cycle 3 (3)

Myalgia 12 (12) Hair loss 3 (3)

Muscle cramps 5 (5) Nightmares 2 (2)

Neck pain 5 (5) Lower respiratory tract infection 1 (1)

Back pain 7 (7) Pneumonia 1 (1)

Note: Adverse events are presented as number and percentage of all patients (n = 100) reporting 
adverse events and divided in categories and subcategories. As patients could report more than 
one adverse event per category, numbers of subcategories could exceed the total number of 
adverse events per category.

TA B L E  4  Adverse events
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in clinical trials [2,6] and in previously reported real- world data 
[19– 21]. This might be because adverse events were specifically 
inquired about, with a risk of nocebo effect [22]. Even though we 
observed a higher rate of adverse events, the low number of pa-
tients who discontinued treatment because of side effects still 
represents a high tolerability. CGRP (mainly ßCGRP) affects the 
contractile activity of intestinal circular muscle [23]. A study on ex-
pression of the CALCRL gene, encoding one of the components of 
the CGRP receptor, indicated that the enteric neurons have a five 
times higher expression of CALCRL than vascular cells or sensory 
neurons [24], which supports the rationale for constipation as a 
side effect for erenumab.

A strength of the present study is the electronic headache diary, 
with use of an automated algorithm based on ICHD- 3 criteria. The 
time- lock makes the data less susceptible to reporting bias. As 
monoclonal CGRP treatment is costly, it may well be that healthcare 
insurance companies will require detailed information on effective-
ness in order to reimburse treatment.

The fact that none of the patients had medication overuse head-
ache or used additional prophylactic treatments could be seen as 
a limitation of this study. Not every region has the same policy re-
garding detoxification and combining migraine prophylactics, and 
thus our data may not reflect the general clinical practice for every 
headache center in the world. However, as our aim was to make a 
recommendation for the clinical guidelines, observing the purest 
response to erenumab is important. Moreover, the National Health 
Care Institute in the Netherlands will not approve monoclonal an-
tibodies for patients with medication overuse. Furthermore, only 
erenumab was studied, making the results not directly applicable to 
the other monoclonal antibody treatments. Similar studies regarding 
other monoclonal antibodies could contribute to recommendations 
for the clinical guidelines.

In conclusion, erenumab showed effectiveness in a highly 
treatment- refractory patient population. In addition to reductions 
in migraine days, severity of migraine headache, accompanying 
symptoms and acute medication intake, use of erenumab led to an 
increase in general well- being and coping with pain. However, re-
sponses to erenumab fluctuated in the course of treatment. As a 
recommendation for clinical guidelines, we advise that treatment is 
continued for at least 6 months and a patient is considered to be a 
responder if they have a ≥30% reduction in migraine days in at least 
half of the treatment period. A detailed electronic headache diary 
appears to be essential to reliably assess treatment response.
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