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ABSTRACT
Objective To evaluate individual and group long- term 
efficacy and safety of erenumab in individuals with 
episodic migraine (EM) for whom 2–4 prior preventatives 
had failed.
Methods Participants completing the 12- week double- 
blind treatment phase (DBTP) of the LIBERTY study could 
continue into an open- label extension phase (OLEP) 
receiving erenumab 140 mg monthly for up to 3 years. 
Main outcomes assessed at week 112 were: ≥50%, 
≥75% and 100% reduction in monthly migraine days 
(MMD) as group responder rate and individual responder 
rates, MMD change from baseline, safety and tolerability.
Results Overall 240/246 (97.6%) entered the OLEP 
(118 continuing erenumab, 122 switching from placebo). 
In total 181/240 (75.4%) reached 112 weeks, 24.6% 
discontinued, mainly due to lack of efficacy (44.0%), 
participant decision (37.0%) and adverse events 
(AEs; 12.0%). The ≥50% responder rate was 57.2% 
(99/173) at 112 weeks. Of ≥50% responders at the 
end of the DBTP, 36/52 (69.2%) remained responders 
at ≥50% and 22/52 (42.3%) at >80% of visits. Of the 
non- responders at the end of the DBTP, 60/185 (32.4%) 
converted to ≥50% responders in at least half the visits 
and 24/185 (13.0%) converted to ≥50% responders 
in >80% of visits. Change from baseline at 112 weeks 
in mean (SD) MMD was −4.2 (5.0) days. Common AEs 
(≥10%) were nasopharyngitis, influenza and back pain.
Conclusions Efficacy was sustained over 112 weeks in 
individuals with difficult- to- treat EM for whom 2–4 prior 
migraine preventives had failed. Erenumab treatment 
was safe and well tolerated, in- line with previous studies.
Trial registration number NCT03096834

INTRODUCTION
Migraine is a common, highly disabling, episodic 
or chronic neurovascular headache disorder that 
remains undertreated.1 2 Although treatments for 
acute attack have greatly improved over the last 
decades, they provide full relief in fewer than half of 
patients.3 The current non- calcitonin gene- related 
peptide (CGRP) oral preventive medicines were not 
designed for migraine, do not provide improvement 
for many patients, and are associated with poor 
tolerability.3 Adherence is also consequently poor.4

Erenumab is a fully human, potent, selective 
monoclonal antibody that targets and blocks the 
canonical CGRP receptor.5 Clinical trials have 
demonstrated the preventive efficacy and good 
tolerability of erenumab in episodic migraine 
(EM)6–8 and chronic migraine (CM).9–11 The long- 
term efficacy, tolerability and safety of erenumab 
in patients for whom <2 prior migraine prophy-
lactic medications had failed over 1 year in EM7 
and CM,11 and over 5 years in EM12 have been 
reported. Post hoc analysis suggests that erenumab 
may also be effective in individuals with difficult- 
to- treat migraine for whom multiple preven-
tive treatments have failed.13–15 The 12- week 
randomised, double- blind, placebo- controlled 
LIBERTY study confirmed the efficacy and safety 
of monthly erenumab 140 mg in individuals with 
EM for whom 2–4 prior preventive treatments had 
failed.16 Subsequent follow- up demonstrated that 
efficacy was maintained throughout the first year 
of the open label extension phase (OLEP).17 Effi-
cacy of erenumab on the functional outcomes at 12 
Weeks have been published previously.18 This study 
addresses the interim results of the 2- year efficacy, 
safety and tolerability follow- up in 240 LIBERTY 
participants who completed the placebo- controlled, 
double- blind treatment phase (DBTP) and entered 
an ongoing 3- year OLEP with monthly erenumab 
140 mg. The data were presented in an abstract 
form at the 62nd Annual Scientific Meeting of the 
American Headache Society.19

METHODS
Study design
LIBERTY (NCT03096834) was a multicentre, 
randomised, double- blind, placebo- controlled, 
parallel- group, phase 3b study conducted across 
Europe and Australia in participants with EM for 
whom 2–4 prior preventive treatments had failed.

The study design and other details of LIBERTY 
study have been reported previously.16–18 In brief, 
the study was conducted in five phases: screening 
(2 weeks), baseline period (4 weeks), a DBTP (12 
weeks), an ongoing OLEP (156 weeks) and a safety 
follow- up (12 weeks). The DBTP baseline is referred 
to as ‘baseline’ in this manuscript. Participants were 
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initially randomised (1:1) to subcutaneous erenumab 140 mg 
(given as two 70 mg injections) or placebo once every 4 weeks 
for 12 weeks. Participants completing the DBTP could enrol 
in an ongoing 3- year OLEP, in which all participants received 
erenumab 140 mg monotherapy. Other preventive comedica-
tions were not permitted.

Study participants
Inclusion and exclusion criteria for the study have been described 
previously.16–18 Adults ≤65 years of age with a documented 
history of migraine (with or without aura) according to the Inter-
national Classification of Headache Disorders third Edition (beta 
version)20 for ≥12 months, a diagnosis of EM (4–14 migraine 
days per month) over the past 3 months and <15 days/month of 
headache symptoms could enrol in this study. Other prerequisites 
for inclusion were1 failed 2–4 prior prophylactic treatments with 
amitriptyline, candesartan, flunarizine, lisinopril, propranolol or 
metoprolol, topiramate, valproate or divalproex, venlafaxine or 
other locally approved preventives2; failed one treatment and 
failed or considered unsuitable for a secondary preventive treat-
ment with propranolol or metoprolol, topiramate or flunarizine; 
and3 failed or considered unsuitable for treatment with valproate 
or divalproex.16–18

‘Efficacy failure’ was defined as having no meaningful reduc-
tion in headache frequency after administration of the respective 
medication for an adequate period at therapeutic doses based 
on the investigator’s assessment within the last 5 years prior to 
screening. ‘Tolerability failure’ was documented as discontinua-
tion due to adverse events (AEs) at any time. ‘Not suitable’ was 
defined as unsuitable for treatment due to contraindications or 
precautions or other medically relevant reasons, as confirmed by 
the treating doctor.16–18

Participants were excluded if they met the following criteria: 
at least 50 years of age at migraine onset, history of cluster 
headache or hemiplegic migraine headache, hypersensitivity 
or previous exposure to erenumab, previous treatment with 
products targeting the CGRP pathway or botulinum toxin 
A treatment in the head or neck region within the 4 months 
before initiation/during the baseline phase. Participants who 
were pregnant or nursing, history of seizure; major psychiatric 
disorders, active chronic pain syndrome, current diagnosis of 
ECG abnormalities, hepatic disease, malignancy within the 
last 5 years or a history of cerebrovascular or cardiovascular 
disease/surgery within the year prior to screening, and those 
with medication overuse for any indication in the month 
before/during the baseline phase were also excluded.16–18 
Detailed inclusion/exclusion criteria have been provided in 
online supplemental appendix 2.

Outcome measures
Efficacy outcomes assessed at Week 112 of the OLEP included 
the proportion of participants achieving ≥50%, ≥75% and 
100% reduction from DBTP baseline in monthly migraine days 
(MMDs); change from baseline in MMD, Headache Impact Test 
(HIT- 6) score, and Migraine Physical Function Impact Diary 
(MPFID) everyday activities (EA) and physical impairment (PI). 
Achievement of a ≥50% reduction in MMDs or 50% responder 
rate was defined as achievement of at least a 50% reduction in 
MMDs from individual baseline.16

Individual ≥50% response to erenumab therapy to week 112 
of the OLEP is presented using heat maps, where fluctuations in 
individual ≥50% MMD reduction response are visualised over 
time. In each column, the response status of each participant is 

presented at each visit across the entire study until week 112. 
After reaching the initial ≥50% response threshold, a <40% 
response versus baseline was always considered non- responder. 
To accommodate for small fluctuations in response, an MMD 
reduction between 40% and 50% was acceptable and the partic-
ipant was considered as a ≥50% responder for that visit if the 
response at the next visit was ≥50% once more. A participant 
with a <50% response at two consecutive visits was considered 
a non- responder for both periods. For instance, if a participant 
had a 55% reduction at week 12 and they were considered a 
responder; at week 16, if the MMD reduction compared with 
baseline had dropped to 44%, this participant would still be 
considered a responder for that period if the reduction had 
reverted to ≥50% by week 20. If, however, the participant had 
a <50% reduction (ie, a <50% reduction for two consecutive 
4- week periods), they would be considered a non- responder 
over both periods.

Safety was evaluated by monitoring AEs, vital signs, changes 
in laboratory evaluations, and electrocardiograms.16 17 The 
Medical Dictionary for Regulatory Activities V.22.1 (21)21 was 
used to code treatment- emergent AEs (TEAEs).16 17 AEs were 
graded according to severity based on the Common Terminology 
Criteria for Adverse Events system, V.4.03.16 17 22

Statistical analysis
Statistical analyses used in the OLEP have been presented previ-
ously for the 64 weeks data.17 Participants receiving at least one 
dose of erenumab during the OLEP were included in the open- 
label analysis set. Descriptive statistics were used to summarise 
continuous endpoints by each treatment group at each visit and 
the number and percentage of participants were used for cate-
gorical endpoints.17 Participants with missing MMD data were 
imputed as non- responders. Multiplicity adjustment was not 
performed in this study.18

AEs were evaluated as frequency and exposure- adjusted 
participant incidence rates.16 17

RESULTS
Demographic and disease characteristics
Of the 246 participants randomised to receive erenumab (n=121) 
or placebo (n=125), 240 (97.6%) completed the 12- week DBTP 
of the LIBERTY study and were enrolled in the OLEP. In each 
arm, three participants discontinued and did not enter the OLEP 
(figure 1).16 In total, 118 participants continued on erenumab, 
and 122 switched from placebo to erenumab. Of these, 181/240 
(75.4%) reached 112 weeks of the OLEP.

Overall, 59/240 (24.6%) participants discontinued the OLEP 
at the time of the planned interim analysis at week 112: 27/118 
(22.9%) participants from the erenumab group and 32/122 
(26.2%) previously on placebo. Of the 59 participants who 
discontinued the OLEP, the main reasons for discontinuation 
were lack of efficacy in 26/59 (44.0%), participant’s decision 
in 22/59 (37.0%), AEs in 7/59 (12.0%), new therapy for study 
indication (migraine OR migraine prophylaxis) in 2/59 (3.4%), 
and pregnancy and physician decision in 1/59 (1.7%) each. Of 
these participants, 36/59 (61.0%) entered the 12- week safety 
follow- up, of which 34/36 (94.0%) completed follow- up. The 
reasons for the two discontinuations at this stage were new 
therapy for study indication (migraine OR migraine prophy-
laxis) and participant decision (figure 1).

Baseline demographic and disease characteristics were well- 
balanced across both treatment groups (those continuing 
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erenumab and those initiating erenumab in the OLEP) as 
reported previously.16–18

A temporary technical issue in July 2018 resulted in the loss 
of electronic diary data for the efficacy endpoints for a subset of 
participants at week 60/week 64 of the OLEP; ~25% of partici-
pants had missing data for the week 64 visit for efficacy endpoints 
based on daily electronic diary and week 60 for HIT- 6. Subse-
quently, a lower number of data points were reported for these 
visits. There was no impact on the collection of safety data.17

Efficacy
Monthly migraine days
The proportion of participants achieving a ≥50% reduction 
from baseline in MMD were 46.7% (64/137) at Week 64% and 
57.2% (99/173) at week 112 (figure 2A). The proportion of 
patients achieving a ≥75% reduction from baseline in MMD 
were 23.4% (32/137) at week 64% and 30.6% (53/173) at week 
112 (figure 2B); the proportion of patients achieving a 100% 
reduction from baseline in MMD were 12.4% (17/137) at week 
64% and 16.2% (28/173) at week 112 (figure 2C).

Individual participant responses to erenumab therapy from 
weeks 0 to 112 are presented in the heat maps (figure 3).

Among the 35/118 (29.7%) participants from the active arm 
who had a ≥50% response at week 12, 24/35 (68.6%) main-
tained their responder status at more than half of the visits 
during the 2 years of OLEP and 15/35 (42.9%) at ≥80% of the 
visits (online supplemental table 1). Among the 17/121 (13.9%) 
participants from the placebo arm who had a ≥50% response 
at Week 12, and who then switched from placebo to erenumab, 
12/17 (70.6%) remained as ≥50% responders at at- least half the 
visits during the 2 years of OLEP and in 7/17 (41.2%) at ≥80% 
of the visits.

In the active arm, of the ≥75% responders at week 12, 7/13 
remained ≥75% responders in at- least half of the visits and 4/13 
were ≥75% responders at ≥80% of the visits. Of the 100% 
responders at week 12, 4/6 remained ≥100% responders in at 
least half of the visits and 1/6 were ≥100% responders at ≥80% 
of the visits.

In the placebo arm, of the ≥75% responders at Week 12, 1/5 
converted to ≥75% responder in at least half of the visits and 
1/5 converted to ≥75% responders in at least 80% of visits.

Of the non- responders from the active arm at week 12, 16/82 
(19.5%) converted to ≥50% responders in at least half of the 
visits and 6/82 (7.3%) converted to ≥50% responder in at- least 
80% of visits.

Of 103 non- responders from the placebo arm at Week 12, 44 
(42.7%) converted to ≥50% responders in at least half of the 
visits and 18 (17.5%) converted to ≥50% responder in at least 
80% of the visits (online supplemental table 1).

The overall population reported a mean reduction in MMDs 
from baseline in the OLEP as −2.0 days (N=237) at weeks 
13–16, −3.6 days (N=137) at weeks 61–64, and −4.2 days 
(N=173) at the weeks 109–112 assessment (figure 4). The mean 
(SD) change from baseline in MMD at week 112 for the contin-
uous erenumab group was −3.9 (5.5) days (N=88) and for those 
who switched from placebo to erenumab in the OLEP was −4.6 
(4.6) days (N=85).

Functional outcomes
The mean (SD) change in HIT- 6 score at week 108 was −9.5 
(8.7) for the overall population (N=181), –8.5 (8.0) for the 
continuous erenumab group (N=91) and −10.4 (9.3) for those 
who switched to erenumab in the OLEP (N=90) (table 1).

The mean (SD) change in MPFID- PI scores at weeks 109–112 
was −4.5 (10.3) for the overall population (N=174), –4.1 (9.1) 
for the continuous erenumab group (N=88) and −5.0 (11.4) 
for those who switched to erenumab in the OLEP (N=86). The 
mean (SD) change in MPFID- EA scores at weeks 109–112 was 
−5.4 (10.3) for the overall population (N=174),–4.9 (9.7) for 
the continuous erenumab group (N=88), and −6.0 (10.9) for 
those who switched to erenumab in the OLEP (N=86) (table 1).

Safety
A total of 70 (59.3%) participants in the erenumab arm and 
68 (55.7%) in the placebo arm experienced at least one TEAE 
during the DBTP. The corresponding exposure- adjusted patient 

Figure 1 Participant disposition during the liberty study OLEP. *Participants continuing in the 3- year OLEP of the liberty study. This is a new figure and 
approved by all authors. The authors confirm that this figure was not used previously in any other publication. AE, adverse event; OLEP, open- label extension 
phase.
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Figure 2 Responder rates over 112 weeks: (A) ≥50%, (B) ≥75% and (C) 100% reduction in MMDs. A total of six participants (three in each arm) 
discontinued the DBTP and did not enter the OLEP. Data in the graph are provided for a time point only if a participant had a valid baseline diary and a 
diary at the respective time point. This is a new figure and approved by all authors. The authors confirm that this figure was not used previously in any other 
publication. DBTP, double- blind treatment phase; MMD, monthly migraine day; N, total number of participants in treatment arm with response variable 
defined; OLEP, open- label extension phase.

Figure 3 Heat maps presenting individual participant response to erenumab therapy until week 112 of the OLEP. Each vertical column denotes the 
responder status (≥50% reduction in MMDs) of an individual participant through their journey in the trial at each time point. The visit names are provided 
along the y- axis. in each participant- column, the colour of the cell denotes Responder status (green=responder, red=non- responder, blue=missing). Columns 
are sorted according to Responder status with those on the right side of the plot with a higher number of visits as responders and those on the left side with 
fewer visits than non- responders. After reaching the initial ≥50% response threshold, a <40% response vs baseline was always considered a non- responder 
status (red). An MMD reduction of between 40% and 50% was acceptable and considered a ≥50% Responder (green) for that visit if the response at the 
next visit was ≥50% once more. A <50% response at two consecutive visits was considered non- responder over both periods. Week 12 presents the DBTP 
wherein participants received subcutaneous injections of either placebo or erenumab. On completion of the DBTP, participants receiving placebo had a 
choice to continue erenumab for 3 years of the OLEP. This is a new figure and approved by all authors. The authors confirm that this figure was not used 
previously in any other publication. DBTP, double- blind treatment phase; MMD, monthly migraine day; OLEP, open- label extension phase.
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incidence rates were 402.6/100 patient- years for erenumab and 
377.9/100 patient- years for placebo (table 2).

During the first year, 194 (80.8%) participants experienced 
TEAEs; over the 2- year OLEP, 207 (86.3%) participants expe-
rienced TEAEs. The exposure- adjusted patient incidence rates 

were 242.9/100 patient- years in the first year and 198.0/100 
patient- years over the 2- year study duration.

During the 2- year duration, the exposure- adjusted incidence 
rates were 157.6/100 patients- years in the continuous erenumab 
group, and 255.7/100 patients- years in those who switched to 

Figure 4 Change in MMD until week 112 of the OLEP. *At each time point, mean values for a week are determined for a 3- week time period. This is a 
new figure and approved by all authors. The authors confirm that this figure was not used previously in any other publication. DBTP, double- blind treatment 
phase; MMD, monthly migraine day; OLEP, open- label extension phase.

Table 1 Functional outcome measures over 112 weeks of the LIBERTY study (open- label analysis set)

Outcomes Time point (weeks)
Participants continuing on erenumab 
140 mg, N=118

Participants switching from placebo to 
erenumab 140 mg, N=122

Overall population entering 
OLEP, N=240

Change from 
baseline in HIT- 6*

12 −5.2 (6.6), n=116 −2.3 (5.9), n=122 −3.7 (6.4), n=238

16 −5.9 (6.6), n=114 −6.9 (7.6), n=120 −6.4 (7.2), n=234

36 −7.9 (8.2), n=103 −8.6 (9.0), n=105 −8.3 (8.6), n=208

48 −7.9 (7.6), n=97 −10.6 (9.2), n=99 −9.2 (8.6), n=196

60 −8.5 (7.4), n=88 −9.7 (10.0), n=82 −9.0 (8.7), n=170

72 −8.2 (7.7), n=94 −9.3 (9.3), n=97 −8.7 (8.5), n=191

84 −8.8 (8.0), n=91 −8.9 (8.5), n=97 −8.8 (8.2), n=188

96 −9.2 (8.0), n=88 −10.4 (9.6), n=89 −9.8 (8.8), n=177

108 −8.5 (8.0), n=91 −10.4 (9.3), n=90 −9.5 (8.7), n=181

Change from 
baseline in MPFID- 
PI†

9–12 −2.0 (8.8), n=117 1.3 (8.9), n=120 −0.3 (9.0), n=237

13–16 −1.3 (8.5), n=116 −2.4 (8.7), n=121 −1.9 (8.6), n=237

37–40 −3.2 (8.7), n=102 −4.7 (8.6), n=103 −3.9 (8.7), n=205

49–52 −4.6 (7.8), n=93 −5.5 (8.7), n=94 −5.1 (8.2), n=187

61–64 −5.2 (6.9), n=70 −4.5 (8.4), n=67 −4.9 (7.6), n=137

73–76 −3.2 (8.3), n=95 −4.8 (9.7), n=92 −4.0 (9.0), n=187

85–88 −3.8 (8.1), n=89 −4.5 (9.4), n=93 −4.1 (8.8), n=182

97–100 −2.2 (10.5), n=90 −4.3 (10.3), n=89 −3.2 (10.4), n=179

109–112 −4.1 (9.1), n=88 −5.0 (11.4), n=86 −4.5 (10.3), n=174

Change from 
baseline in MPFID- 
EA†

9–12 −3.3 (8.8), n=117 0.4 (8.9), n=120 −1.4 (9.0), n=237

13–16 −2.6 (9.1), n=116 −3.7 (8.5), n=121 −3.2 (8.8), n=237

37–40 −4.6 (8.8), n=102 −5.5 (8.8), n=103 −5.0 (8.8), n=205

49–52 −5.7 (7.6), n=93 −6.7 (8.5), n=94 −6.2 (8.1), n=187

61–64 −6.6 (7.7), n=70 −5.1 (9.3), n=67 −5.9 (8.5), n=137

73–76 −4.4 (9.1), n=95 −5.6 (9.8), n=92 −5.0 (9.5), n=187

85–88 −4.9 (8.2), n=89 −5.4 (9.4), n=93 −5.2 (8.8), n=182

97–100 −3.4 (11.1), n=90 −5.4 (10.5), n=89 −4.4 (10.8), n=179

109–112 −4.9 (9.7), n=88 −6.0 (10.9), n=86 −5.4 (10.3), n=174

Data are presented as mean (SD). Change from baseline=postbaseline−baseline. The baseline period is defined as the period between week −4 visit and the day prior to first 
dose. The baseline value is the prorated number to 28- day equivalents during baseline period.
*HIT- 6 total score was assessed by visit.
†At each time point, mean (SD) values for week are determined for a daily collection during the respective 4- week periods.
EA, everyday activities; HIT- 6, Headache Impact Test; MPFID, Migraine Physical Function Impact Diary; N, number of participants included in the analysis set; n, number of 
participants who responded; OLEP, open- label extension phase; ; PI, physical impairment.
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erenumab in the OLEP. The most frequently reported TEAEs 
(exposure- adjusted patient rate of ≥10%) were nasopharyngitis, 
influenza and back pain. Hypersensitivity was reported in one 
participant continuing erenumab in the OLEP. Constipation 
was reported in eight participants continuing erenumab in the 
OLEP and in five participants that switched to erenumab. The 
exposure- adjusted incidence rate of constipation was 3.1/100 
patient- years in the overall population; 3.9/100 patient- years for 
those continuing erenumab and 2.4/100 patient- years for those 
who switched to erenumab.

 
The rate of serious AEs remained stable over the 2 years. The 

exposure- adjusted incidence of serious AEs in the erenumab arm 
during DBTP was 7.2/100 patient- years. The exposure- adjusted 
incidence of serious AEs in the overall population was 7.2/100 
patient- years during the first year and 6.3/100 patient- years 
during the overall OLEP. In the second year of OLEP, the most 
commonly reported serious AEs were migraine (3/240 partici-
pants) and depression (2/240 participants).

Rates of treatment discontinuation due to AEs were low. The 
exposure- adjusted incidence rate of discontinuation of treatment 
due to AEs in the erenumab arm during the DBTP was 3.6/100 
patient- years. The exposure- adjusted incidence rate of discon-
tinuation of treatment due to AEs in the overall population was 
1.7/100 patient- years in the first year and 2.1/100 patient- years 

in second year. In the second year of OLEP, 4 (3.4%) participants 
in the continuous erenumab group and 5 (4.1%) participants 
who switched to erenumab in OLEP discontinued the study 
treatment due to AEs.

The proportion of treatment- related AEs in the erenumab 
arm was comparable with that of placebo during the DBTP. 
Exposure- adjusted incidence rate of any treatment- related AEs 
during the DBTP in the erenumab arm was 86.7/100 patient- 
years and 95.1/100 patient- years in the placebo arm. The 
exposure- adjusted incidence rates of any treatment- related AE 
in the overall population was 30.1/100 patient- years in the first 
year and 19.8/100 patient- years in the second year of OLEP.

There were no clinically meaningful differences between treat-
ment arms during the OLEP for laboratory parameters, vital signs 
or ECG parameters. No deaths were reported, and no new safety 
findings were reported in participants during the 2- year OLEP.

DISCUSSION
In this 2- year open- label follow- up study on the long- term effects 
of monthly erenumab 140 mg in individuals with EM in whom 
2–4 migraine preventives had failed, ~70% of≥50% responders 
in the erenumab treatment arm at the onset of the extension 
study maintained a good response in half of the visits and 42% 
in ≥80% of the visits in the 2- year OLEP. A sustained ≥75% 

Table 2 Summary of treatment- emergent AEs in the DBTP and OLEP (open- label analysis set)

Event

DBTP OLEP

Erenumab 140 mg
N=118, n (%)/e(r)

Placebo
N=122, n (%)/e(r)

1 year 1- year+2 years

Overall population
N=240, n (%)/e(r)

Overall population
N=240, n (%)/e(r)

Any AE 70 (59.3)/17.4(402.6) 68 (55.7)/18.0(377.9) 194 (80.8)/79.9(242.9) 207 (86.3)/104.6(198.0)

Any SAE 2 (1.7)/27.9(7.2) 1 (0.8)/29.1(3.4) 16 (6.7)/222.7(7.2) 25 (10.4)/398.4(6.3)

Any AE leading to discontinuation of treatment 1 (0.8)/27.9(3.6) 0 (0)/29.3(0) 4 (1.7)/229.3(1.7) 9 (3.8)/422.9(2.1)

Any treatment- related AE 21 (17.8)/24.2(86.7) 24 (19.7)/25.2(95.1) 57 (23.8)/189.3(30.1) 66 (27.5)/334.2(19.8)

Most frequently reported treatment- emergent AEs (per 100 patient- years) during the DBTP and OLEP, by preferred term

  Nasopharyngitis 6 (5.1)/26.9(22.3) 12 (9.8)/27.7(43.3) 74 (30.8)/178.6(41.4) 99 (41.3)/291.6(33.9)

  Influenza – – 31 (12.9)/212.6(14.6) 39 (16.3)/379.6(10.3)

  Back pain 5 (4.2)/27.2(18.4) 2 (1.6)/28.9(6.9) 18 (7.5)/219.5(8.2) 26 (10.8)/393.6(6.6)

  Sinusitis 1 (0.8)/27.9(3.6) 1 (0.8)/29.1(3.4) 10 (4.2)/224.0(4.5) 20 (8.3)/405.6(4.9)

  Migraine 1 (0.8)/27.9(3.6) 2 (1.6)/28.9(6.9) 10 (4.2)/224.8(4.4) 19 (7.9)/405.1(4.7)

  Urinary tract infection 0 (0)/28.1(0) 1 (0.8)/29.1(3.4) 10 (4.2)/225.9(4.4) 18 (7.5)/405.9(4.4)

  Gastroenteritis 1 (0.8)/27.9(3.6) 0 (0)/29.3(0) 11 (4.6)/222.9(4.9) 16 (6.7)/408.3(3.9)

  Oropharyngeal pain 1 (0.8)/27.8(3.6) 0 (0)/29.3(0) 6 (2.5)/227.4(2.6) 16 (6.7)/410.9(3.9)

  Arthralgia 1 (0.8)/28.0(3.6) 4 (3.3)/28.6(14.0) 8 (3.3)/225.5(3.5) 15 (6.3)/411.0(3.7)

  Bronchitis 2 (1.7)/27.8(7.2) 1 (0.8)/29.1(3.4) 11 (4.6)/223.7(4.9) 15 (6.3)/406.4(3.7)

  Injection site pain 7 (5.9)/27.0(26.0) 7 (5.7)/28.1(24.9) 13 (5.4)/221.5(5.9) 14 (5.8)/403.7(3.5)

  Fatigue 3 (2.5)/27.4(10.9) 2 (1.6)/28.8(6.9) 12 (5.0)/223.0(5.4) 14 (5.8)/406.4(3.4)

  Hypertension 1 (0.8)/28.0(3.6) 1 (0.8)/29.3(3.4) 7 (2.9)/225.3(3.1) 14 (5.8)/410.6(3.4)

  Constipation 1 (0.8)/27.9(3.6) 2 (1.6)/29.0(6.9) 6 (2.5)/226.4(2.7) 13 (5.4)/415.0(3.1)

  Nausea 3 (2.5)/27.6(10.9) 2 (1.6)/29.0(6.9) 7 (2.9)/226.5(3.1) 13 (5.4)/414.1(3.1)

  Dizziness 3 (2.5)/27.7(10.8) 2 (1.6)/28.9(6.9) 12 (5.0)/222.0(5.4) 12 (5.0)/404.7(3.0)

  Cystitis 1 (0.8)/27.9(3.6) 2 (1.6)/28.9(6.9) 11 (4.6)/224.6(4.9) 12 (5.0)/410.0(2.9)

  Upper respiratory tract infection 4 (3.4)/27.6(14.5) 0 (0)/29.3(0) 9 (3.8)/224.2(4.0) 12 (5.0)/408.5(2.9)

Time at risk during the OLEP is the time from the start of OLEP to onset of the first event in the OLEP or the minimum (end of study date, data cut- off date, last investigational 
product dose+112). Data cut- off date: Week 116 or if participant discontinued prior Week 116 then minimum (end of study date, last patient last week 116) - Double- blind 
treatment (either erenumab 140 mg or placebo) was given at day 1, week 4 and week 8 visit then open label erenumab 140 mg was given during OLEP starting from week 12 
visit. MedDRA V.22.1 was used for the reporting of AEs. The 1- year+2- year overall population data are cumulative of the data from DBTP, first and second year of OLEP. In the 
'overall population' column, preferred terms are sorted by AE frequency in decreasing order.
e, sum across all participants, the total time at risk in the OLEP in years r, exposure- adjusted patient rate per 100 patient- years (n/e × 100).
AE, adverse event; DBTP, double- blind treatment phase; n, number of participants reporting at least one occurrence of an AE in that class; N, number of participants in the 
analysis set; OLEP, open- label extension phase; SAE, serious AE.
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response of this difficult- to- treat population was observed in over 
half of ≥75% responders at the onset of the extension study, in 
at least half of the visits and in nearly one third in ≥80% of the 
visits in the 2- year OLEP. Sustained 100% response was seen in 
two thirds of the 100% responders at the onset of the extension 
study, in at least half of the visits and in nearly one fifth in ≥80% 
of the visits in the 2- year OLEP.

Erenumab was safe and well tolerated over the 2- year 
follow- up period, in line with the safety profile observed in 
other long- term studies with erenumab6–11 and other CGRP 
inhibitors23 24 in migraine populations that were not specifically 
selected for prior failure to migraine preventives.

The number of participants achieving a≥50% reduction in 
MMDs at year 2 in this population with difficult- to- treat EM 
(57.2%) was slightly lower than those seen in EM with <2 
previous treatment failures: 71.0% at Year 5 of the 5- year OLEP 
study,12 64.9% at week 52 of the STRIVE study,7 and 59.0% at 
week 52 of the OLEP in participants with CM,11 but remained 
clinically relevant.

The heat map presents the monthly (4 weeks) response status 
of individual participant responses to erenumab/placebo therapy 
from weeks 0 to 12 and erenumab therapy to the end for this 
2- year analysis period (week 112). The heat map provides an 
overall visualisation of the fluctuation between responder and 
non- responder status of each participant providing a partici-
pant monthly journey of treatment benefits. Some participants 
had treatment benefit at each monthly time point while others 
had a consistent treatment effect with some months with lower 
response and still others had very few, if any, months with a 
treatment response. The heat map illustrates the nature of the 
disease, with some months being better than others, and indi-
cates that participant response is variable even with continued 
treatment. The heat map also visually shows a clear switch to 
responders for participants treated with placebo during the first 
12 weeks who switched to erenumab. A greater response was 
observed in participants that switched from placebo to erenumab 
where more non- responders converted to responder status on 
switching.

The group responder rate demonstrates that of the ≥50% 
responders at week 12, 69.2% remained responder on ≥50% and 
42.3% on >80% of the visits and this can be visualised on the 
heat map. Of non- responders at week 12, 32.4% converted 
to ≥50% responder in at- least half the visits and 13.0% in 
at- least 80% of the visits. The heat maps and group responder 
rates validate the sustained response of erenumab over time on 
an individual as well as at a group level.

The mean reduction in MMDs of 4.2 days from a baseline of 
9.2 days at 112 weeks is comparable to mean reductions of (1) 
5.3 days from a baseline of 8.7 days in the phase 2 study12; (2) 
3.1 days from 8.7 days in the subgroup analysis of the STRIVE 
(Study to Evaluate the Efficacy and Safety of Erenumab in 
Migraine Prevention) study in participants who had previously 
failed >2 migraine preventives14 and (3) 8.8 days from 18.1 days 
in the 52- week OLEP in participants with CM.11

Other functional parameters, as measured by HIT- 6 and 
MPFID scores, also showed a similar improvement from weeks 
12 to 112. A higher and consistent improvement was observed 
in the change from baseline in MMDs and functional outcomes 
(HIT- 6 and MPFID scores) in participants who switched to 
erenumab at week 12 compared with those who continued 
erenumab.

No new safety signals were observed throughout the 2 years 
OLEP. The safety profile of erenumab in the OLEP was consis-
tent with that seen in the DBTP16 and across the year 1 of the 

OLEP.17 The most frequently reported TEAEs in the 2- year 
OLEP were nasopharyngitis, influenza, and back pain, similar to 
those reported in the DBTP and the first year of the OLEP.16 17

The safety profile of erenumab in the 5- year OLEP of a 
blinded phase 2 study was consistent with that observed in the 
DBTP, with no increase in AEs over 5 years of exposure.12 The 
long- term safety of erenumab in participants with CM from the 
52- week OLEP with a 12- week DBTP was consistent with the 
known safety profile of erenumab, with comparable AEs in both 
arms in the DBTP.11

Recent trials also demonstrated the efficacy and safety of two 
other CGRP inhibitors, galcanezumab25 and fremanezumab,26 
in participants with 2–4 prior preventive treatment failures, 
extending the findings from LIBERTY.16 Long- term follow- up 
data of galcanezumab and fremanezumab are, however, not yet 
available. Altogether, these findings show that CGRP inhibitors 
are a novel, safe and effective treatment option for difficult- to- 
treat migraine.

Overall, results from the 2- year OLEP demonstrated that 
erenumab 140 mg exhibited sustained efficacy, and was well- 
tolerated; these results coupled with a low dropout rate, are clin-
ically meaningful outcomes in participants in whom 2–4 prior 
preventive treatment had failed with a high unmet need.

Limitations
Open- label trials are generally associated with a responder bias, 
with participants not responding to treatment dropping out, 
and those that do respond remaining in the trial thus inflating 
the overall treatment effect observed. This is an inherent limita-
tion of these types of studies. The individual heat maps have 
been provided to show the treatment effect for each indi-
vidual participant so a visual comparison could be made. The 
low drop- out rate and high retention rates (nearly 75% over 2 
years) are reassuring and indicate that erenumab was safe and 
well tolerated, but do not address the potential efficacy bias. 
The potential efficacy bias could be influenced by fluctuations 
in participant numbers and individual effects with 36 (15.0%) 
participants discontinuing within the first year of the OLEP (19 
(7.9%) discontinuing due to lack of efficacy) and an additional 
23 (9.6%) participants discontinuing during the second year (7 
(2.0%) discontinuing due to lack of efficacy). The numerical 
rise in individual responder rates may be due to missing values 
among non- responders that prematurely discontinued the study. 
Additionally, the sample size in this study was smaller compared 
with other studies conducted in similar populations,14 25 26 and 
only participants with EM were included, whereas a mix of 
participants with EM and CM would be observed in clinical 
practice. This study had a limited scope for evaluation of the 
efficacy and safety of erenumab 140 mg in participants with EM 
when compared with real- life clinical practice due to inclusion of 
participants aged 65 years or younger that were predominantly 
Caucasians females. However, since its launch in May 2018, 
erenumab has been used by thousands of patients from different 
ethnicities and age groups, including older than 65 years and its 
risk- benefit assessment continues to be positive.

CONCLUSIONS
Monthly erenumab 140 mg was effective, safe and well tolerated 
in the preventive treatment of EM in individuals in whom up 
to four prior preventive medications had failed. The efficacy of 
erenumab was well sustained over a 2- year follow- up; the safety 
profile was in- line with that of previous reports. Erenumab is 
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a novel, effective and safe preventive treatment option for 
difficult- to- treat migraine.
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Supplementary table 1. Achievement of ≥50% reduction in MMD during the OLEP: shift table by treatment arm and 

responder status during the DBTP (open-label analysis set) 

Criteria for 

DBTP 

Percentage of OLEP visits reaching 50% responder criteria among visits with non-missing MMD values 

Patients on erenumab 140 mg in DBTP who continued erenumab 

in OLEP 

Patients on placebo in DBTP who switched to erenumab in 

OLEP 

 Total 0 ≥30% ≥50% ≥80% 100% Total 0 ≥30% ≥50% ≥80% 100% 

0 visit with 

50% response 

62 24 (38.7) 19 (30.6) 10 (16.1) 3 (4.8) 0 97 30 (30.9) 47 (48.5) 39 (40.2) 15 (15.5) 6 (6.2) 

1 visit with 

50% response 

27 6 (22.2) 13 (48.1) 10 (37.0) 3 (11.1) 0 12 3 (25.0) 9 (75.0) 8 (66.7) 3 (25.0) 0 

2 visits with 

50% response 

17 1 (5.9) 14 (82.4)  11 (64.7) 7 (41.2) 4 (23.5) 10 0 10 (100) 8 (80.0) 6 (60.0) 4 (40.0) 

3 visits with 

50% response 

12 0 11 (91.7)  9 (75.0) 8 (66.7) 7 (58.3)  2 0 2 (100) 2 (100) 1 (50.0) 1 (50.0) 

≥1 visit with 

50% response 

56 7 (12.5) 38 (67.9) 30 (53.6) 18 (32.1) 11 (19.6) 24 3 (12.5) 21 (87.5) 18 (75.0) 10 (41.7) 5 (20.8) 

≥2 visits with 

50% response 

29 1 (3.4) 25 (86.2) 20 (69.0) 15 (51.7) 11 (37.9) 12 0 12 (100) 10 (83.3) 7 (58.3) 5 (41.7)  

50% 

responder at 

Week 12 only 

10 1 (10.0) 8 (80.0) 7 (70.0) 2 (20.0) 0 6 2 (33.3)  4 (66.7) 3 (50.0) 1 (16.7) 0 
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50% 

responder at 

week 12 and 

≥1 other visit 

25 1 (4.0) 21 (84.0)  17 (68.0) 13 (52.0) 10 (40.0) 11 0 11 (100) 9 (81.8)  6 (54.5)  5 (45.5) 

50% responder is defined as achievement of ≥50% reduction in MMD.  

DBTP, double-blind treatment phase; MMD, monthly migraine days; OLEP, open-label extension phase 
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Supplementary appendix 1 

List of Independent Ethics Committees (IEC) or Institutional Review Boards (IRB) by 

study centre 

Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

1003 Austin Health Human 

Research Ethics 

Committee  

Office for 

Research 

Heidelberg 

Victoria 3084 

Australia 

HREC/16/AUSTIN/398 

1011 Ethikkommission der Med. 

Universität Wien 

Ethikkommission Vienna A-1090 

Austria 

1946/2016 

1013 Ethikkommission der Med. 

Universität Wien 

Ethikkommission Vienna A-1090 

Austria 

1946/2016 

1021 Commissie voor Medische 

Ethiek UZ Gent 

Commissie 

Medische Ethiek  

Gent 9000 

Belgium 

2016/290 

1022 Commissie voor Medische 

Ethiek UZ Gent 

Commissie 

Medische Ethiek  

Gent 9000 

Belgium 

2016/290 

1023 Commissie voor Medische 

Ethiek UZ Gent 

Commissie 

Medische Ethiek  

Gent 9000 

Belgium 

2016/290 

1024 Commissie voor Medische 

Ethiek UZ Gent 

Commissie 

Medische Ethiek  

Gent 9000 

Belgium 

2016/290 

1031 Etická komise IKEM a TN, 

Thomayerova nemocnice 

Vídeňská 800 Praha 4 140 59 

Czech Republic 

M-16-50  

1033 Etická komise IKEM a TN, 

Thomayerova nemocnice 

Vídeňská 800 Praha 4 140 59 

Czech Republic 

M-16-50  

1034 Etická komise IKEM a TN, 

Thomayerova nemocnice 

Vídeňská 800 Praha 4 140 59 

Czech Republic 

M-16-50  
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

1041 De Videnskabsetiske 

Komiteer for Region 

Hovedstaden 

Regionsgården, 

Center for 

sundhed, 

Kongens Vænge 

2 

Hillerød 3400 

Denmark 

H-16038336 

1051 Varsinais-Suomen eettinen 

toimikunta 

  Turku 20521 

Finland 

EC dnro 101/1800/2016 

1053 Varsinais-Suomen eettinen 

toimikunta 

  Turku 20521 

Finland 

EC dnro 101/1800/2016 

1054 Varsinais-Suomen eettinen 

toimikunta 

  Turku 20521 

Finland 

EC dnro 101/1800/2016 

1061 Comite de protection des 

personnes Sud 

Mediterranee I 

  Marseille 13274 

France 

16 89 MS 3 

1063 Comite de protection des 

personnes Sud 

Mediterranee I 

  Marseille 13274 

France 

16 89 MS 3 

1065 Comite de protection des 

personnes Sud 

Mediterranee I 

  Marseille 13274 

France 

16 89 MS 3 

1071 Landesamt für Gesundheit 

und Soziales, Ethik-

Kommission des Landes 

Berlin 

  Berlin 10707 

Germany 

16/0297 – EK 15  
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

1072 Ludwig-Maximilians-

Universität München, 

Medizinische Fakultät 

Ethikkommission 

  München 80336 

Germany 

16/0297 – EK 15  

1073 Christian-Albrechts-

Universität zu Kiel, Ethik-

Kommission der 

Medizinischen Fakultät 

  Kiel 24105 

Germany 

16/0297 – EK 15  

1074 Ärztekammer Hamburg, 

Geschäftsstelle der Ethik-

Kommission 

  Hamburg 22083 

Germany 

16/0297 – EK 15  

1075 Landesärztekammer 

Hessen, Ethik-Kommission 

  Frankfurt am Main 

60488 

Germany 

16/0297 – EK 15  

1076 Landesamt für Gesundheit 

und Soziales, Ethik-

Kommission des Landes 

Berlin 

  Berlin 10707 

Germany 

16/0297 – EK 15  

1077 Sächsische 

Landesärztekammer, Ethik-

Kommission 

  Dresden 01099 

Germany 

16/0297 – EK 15  

1078 Universitätsklinikum Essen, 

Medizinische Fakultät der 

Universität Duisburg-Essen 

Ethik-Kommission 

  Essen 45147 

Germany 

16/0297 – EK 15  
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

1079 Ethik-Kommission an der 

Medizinischen Fakultät der 

Eberhard-Karls-Universität 

und am 

Universitätsklinikum 

Tübingen 

  Tübingen 72074 

Germany 

16/0297 – EK 15  

1081 Ethik-Kommission der 

Ärztekammer Westfalen-

Lippe und der 

Westfälischen Wilhelms-

Universität Münster 

  Münster 48147 

Germany 

16/0297 – EK 15  

1082 Ethik-Kommission der 

Ärztekammer Westfalen-

Lippe und der 

Westfälischen Wilhelms-

Universität Münster 

  Münster 48147 

Germany 

16/0297 – EK 15  

1084 Friedrich-Alexander-

Universität Erlangen-

Nürnberg, Medizinische 

Fakultät Ethik-Kommission 

  Erlangen 91054 

Germany 

16/0297 – EK 15  

2001 National Ethics Committee   Cholargos Attica 

15562 

Greece 

62648/2018, dated 18-Jun-

2018 

2003 National Ethics Committee   Cholargos Attica 

15562 

Greece 

62648/2018, dated 18-Jun-

2018 
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

2004 National Ethics Committee   Cholargos Attica 

15562 

Greece 

62648/2018, dated 18-Jun-

2018 

2011 Comitato Etico 

dell'Università Sapienza 

Policlinico 

Universitario 

Umberto I 

Roma 00161 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2012 Comitato Etico Regione 

Toscana Area Vasta 

Centro 

Azienda 

Ospedaliero 

Universitaria 

Careggi di 

Firenze 

Firenze 50134 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2014 Comitato Etico Palermo AOU Policlinico 

P. Giaccone di 

Palermo 

Palermo 90127 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2015 Comitato Etico Seconda 

Università degli Studi di 

Napoli - Università degli 

Studi della Campania L. 

Vanvitelli  

AOU SUN-

AORN Ospedale 

dei Colli 

Napoli 80138 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2016 Comitato Etico Regione 

Lombardia - Sezione della 

Fondazione IRCCS 

Istituto 

Neurologico 

Carlo Besta 

Milano 20133 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2017 Comitato Etico di Area 

Vasta Emilia Centro della 

Regione Emilia-Romagna 

CE AVEC 

AOU di Bologna, 

Policlinico 

S.Orsola-

Malpighi 

Bologna 40138 

Italy 

2011: 114 SA/2018 

2012: 2018-147 CINECA 

10151 

2013: NA 

2014: 06/2018 

2015: 131/2018 
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

2016: 64/2016 

2017: 158-

16131/2018/Em003/AUSLBO 

2028 METC LUCM Commissie 

Medische Ethiek  

Leiden N/A 2300 

PC 

the Netherlands 

NL58509.058.16 

CME number: P16.250 

2029 METC LUCM Commissie 

Medische Ethiek  

Leiden N/A 2300 

PC 

the Netherlands 

NL58509.058.16 

CME number: P16.250 

2030 METC LUCM Commissie 

Medische Ethiek  

Leiden N/A 2300 

PC 

the Netherlands 

NL58509.058.16 

CME number: P16.250 

2041 Regionale komiteer for 

medisinsk og helsefaglig 

forskningsetikk 

REK sor-ost B Oslo 0484 

Norway 

2016/1429/REK sør-øst B, 

dated: 18-Jun-2018 

2043 Regionale komiteer for 

medisinsk og helsefaglig 

forskningsetikk 

REK sor-ost B Oslo 0484 

Norway 

2016/1429/REK sør-øst B, 

dated: 18-Jun-2018 

2051 CEIC Grupo Hospitalario 

Quirón en Barcelona 

Centro Médico 

Teknon 

Barcelona 

Barcelona 08022 

Spain 

G.3/PROT.HIP 

2052 CEIC Grupo Hospitalario 

Quirón en Barcelona 

Centro Médico 

Teknon 

Barcelona 

Barcelona 08022 

Spain 

G.3/PROT.HIP 

2053 CEIC Grupo Hospitalario 

Quirón en Barcelona 

Centro Médico 

Teknon 

Barcelona 

Barcelona 08022 

Spain 

G.3/PROT.HIP 
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Centre 

No. 

Ethics Committee or  

Institutional Review 

Board 

Department / 

Organization 

City, 

State/Province, 

Postal Code 

Country 

IRB/IEC Approval number 

2055 CEIC Grupo Hospitalario 

Quirón en Barcelona 

Centro Médico 

Teknon 

Barcelona 

Barcelona 08022 

Spain 

G.3/PROT.HIP 

2056 CEIC Grupo Hospitalario 

Quirón en Barcelona 

Centro Médico 

Teknon 
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Supplementary appendix 2 

Inclusion criteria 

Patients eligible for inclusion in this study must have fulfilled all of the following criteria. For 

inclusion purposes, one month equals one calendar month.  

During the Screening Epoch: 

• Written informed consent was obtained before any assessment was performed 

• Adults ≥18 to ≤65 years of age upon entry into screening 

• Documented history of migraine (with or without aura) for ≥12 months prior to 

screening according to the International Classification of Headache Disorders-(ICHD-

3 beta) 

• 4 to 14 days per month (in at least two separate attacks) of migraine symptoms 

(based on ICHD-3 criteria) on average across the 3 months prior to screening based 

on retrospective reporting 

• <15 days per month of headache symptoms (i.e., migraine and non-migraine)  

Patients must have*: 

• Failed 2 to 4 prior migraine prophylaxis treatments out of the following:  

propranolol/metoprolol, topiramate, flunarizine, valproate/divalproex, amitriptyline, 

venlafaxine, lisinopril, candesartan, locally approved products (e.g. oxetorone or 

pizotifen) 

• Failed one AND failed or not be suitable for a second of the following: 

o Propranolol OR metoprolol 

o Topiramate 

o Flunarizine 

• Failed or not be suitable for valproate or divalproex  

* The following definitions were applicable for inclusion criteria 6-8: 
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• Efficacy failure was defined as “no meaningful reduction in headache frequency after 

administration of the respective medication for an adequate period of time (at least 2-

3 months are recommended by the European Headache Federation treatment 

guidelines) at generally accepted therapeutic dose(s) based on the investigator’s 

assessment within the last 5 years prior to screening.” 

• Tolerability failure was defined as “documented discontinuation due to adverse events 

of the respective medication at any previous time.” 

• “Not suitable” for the purpose of this study was defined as “patient was not 

considered to be suitable for the treatment for medical reasons such as 

contraindications or precautions included in local labels, national guidelines or other 

locally binding documents, or other medically relevant reasons” as confirmed by the 

treating physician. 

During the Baseline Epoch: 

• Migraine frequency of 4 to 14 migraine days during the Baseline Epoch, confirmed by 

the eDiary 

• ≥80% eDiary compliance during the Baseline Epoch 

 

Exclusion criteria 

Patients fulfilling any of the following criteria were not eligible for inclusion in this study. No 

additional exclusions were applied by the investigator, in order to ensure that the study 

population was representative of all eligible patients. Calendar months were used for 

exclusion purposes. 

• Older than 50 years of age at migraine onset 

• Unable to differentiate migraine from other headaches 

• History of cluster headache or hemiplegic migraine headache 

• Failed more than 4 prior migraine prophylaxis treatments out of the following: 
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o Propranolol/metoprolol, topiramate, flunarizine, valproate/divalproex, amitriptyline, 

venlafaxine, lisinopril, candesartan, locally approved products (e.g. oxetorone or 

pizotifen) 

• Use of a prophylactic migraine medication within 5 half-lives, or a device or procedure 

within one month prior to the start of the baseline phase or during the baseline phase  

• Prior Botulinum toxin A treatment in the head/neck region (including cosmetic use or 

other licensed indications for Botox®) within 4 months prior to the start of the baseline 

epoch or during the baseline epoch 

• Use of the following for any indication in the 1 month prior to the start of the baseline 

phase or during the baseline phase: 

o Ergotamines or triptans ≥10 days/month, or 

o Simple analgesics (nonsteroidal anti-inflammatory drugs [NSAIDs], 

acetaminophen, paracetamol) ≥15 days/month, or 

o Opioid- or butalbital-containing analgesics ≥4 days/month 

• Anticipated to require any excluded medication or device (such as occipital nerve 

stimulators, transcranial magnetic stimulation) during the study 

• Active chronic pain syndromes (such as fibromyalgia or chronic pelvic pain) 

• History or current evidence of major psychiatric disorder (such as schizophrenia, 

bipolar disorder or type B personality disorder that might interfere with the ability to 

properly report clinical outcomes) 

• Evidence of drug or alcohol abuse or dependence within 12 months prior to 

screening, based on medical records or patient self-report 

• Current evidence of depression based on a Beck Depression Inventory (BDI)-II total 

score of >19 at screening. Patients with anxiety disorder and/or major depressive 

disorder were permitted in the study if they were considered by the investigator to be 
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stable and were taking no more than one medication per disorder. Patients must have 

been on a stable dose within the 3 months prior to the start of the baseline phase 

• History of seizure disorder or other significant neurological conditions other than 

migraine 14. Score “yes” on item 4 or item 5 of the Suicidal Ideation section of the 

Columbia Suicide Severity Rating Scale (C-SSRS), if this ideation occurred in the 

past 6 months, or “yes” on any item of the Suicidal Behaviour section, except for the 

“Non-Suicidal Self-Injurious Behaviour” (item also included in the Suicidal Behaviour 

section), if this behaviour occurred in the past 2 years 

• Myocardial infarction, stroke, transient ischemic attack, unstable angina, or coronary 

artery bypass surgery or other revascularization procedures within 12 months prior to 

screening 

• History or current diagnosis of electrocardiogram abnormalities indicating significant 

risk of safety for patients participating in the study 

• History of malignancy of any organ system (other than localized basal cell carcinoma 

of the skin or in situ cervical cancer), treated or untreated, within the past 5 years, 

regardless of whether there is evidence of local recurrence or metastases 

• Hepatic disease by history or total bilirubin ≥2 x upper limit of normal (ULN) or alanine 

transaminase (ALT) or aspartate aminotransferase (AST) ≥3.0 x ULN as assessed by 

central laboratory at initial screening 

• Pregnant or nursing (lactating) women 

• Women of child-bearing potential, defined as all women physiologically capable of 

becoming pregnant, unless they are using highly effective methods of contraception 

during dosing and for 110 days after stopping of study medication. Highly effective 

contraception methods include: 

o Total abstinence (when this is in line with the preferred and usual lifestyle of 

the patient). Periodic abstinence (e.g. calendar, ovulation, symptothermal, 
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post-ovulation methods) and withdrawal were not acceptable methods of 

contraception 

o Female sterilization (have had surgical bilateral oophorectomy with or without 

hysterectomy) total hysterectomy or tubal ligation at least six weeks before 

taking investigational drug. In case of oophorectomy alone, only when the 

reproductive status of the woman has been confirmed by follow up hormone 

level assessment 

o Male sterilization (at least 6 months prior to screening). For female patients on 

the study, the vasectomized male partner should be the sole partner for that 

patient  

o Use of oral (oestrogen and progesterone), injected or implanted hormonal 

methods of contraception or placement of an intrauterine device (IUD) or 

intrauterine system (IUS) or other forms of hormonal contraception that have 

comparable efficacy (failure rate <1%), e.g. hormone vaginal ring or 

transdermal hormone contraception 

o In case of use of oral contraception women should have been stable on the 

same pill for a minimum of 3 months before taking investigational drug 

o Women are considered post-menopausal and not of child bearing potential if 

they have had 12 months of natural (spontaneous) amenorrhea with an 

appropriate clinical profile (e.g. age appropriate, history of vasomotor 

symptoms) or have had surgical bilateral oophorectomy (with or without 

hysterectomy), total hysterectomy or tubal ligation at least six weeks ago. In 

the case of oophorectomy alone, only when the reproductive status of the 

woman has been confirmed by follow up hormone level assessment is she 

considered not of child bearing potential. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

 doi: 10.1136/jnnp-2021-327480–9.:10 2021;J Neurol Neurosurg Psychiatry, et al. Ferrari MD



 

 

• Use of other investigational drugs within 5 half-lives of enrolment, or until the 

expected pharmacodynamic effect has returned to baseline, whichever is longer  

• History of hypersensitivity to the study drug or its excipients 

• Any prior exposure to investigational products targeting the calcitonin gene-related 

peptide pathway, including previous erenumab studies 

• Unlikely to be able to complete all protocol required study visits or procedures, and/or 

to comply with all required study procedures (e.g. independent completion of 

electronic diary items) to the best of the patient’s and investigator’s knowledge. 
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