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Abstract

Background: This post-hoc analysis was conducted to evaluate the effect of erenumab on monthly migraine days,
monthly migraine attacks, and attack duration in patients with episodic migraine to investigate whether erenumab
actually prevents the occurrence of migraine attacks and/or shortens them.

Methods: We conducted a post-hoc analysis of the data from the STRIVE study, in 955 patients with episodic migraine.
Relative changes from baseline to mean over months 4, 5 and 6 of the double-blind treatment phase in monthly migraine
days, monthly migraine attacks and mean migraine attack duration were assessed.

Results: Erenumab reduced monthly migraine days and monthly migraine attacks compared with placebo in a similar
way. Erenumab had only a minor impact on shortening the duration of migraine attacks.

Conclusion: These post-hoc analyses demonstrate that the decrease in monthly migraine days by erenumab is mainly
driven by a reduction in the frequency of monthly migraine attacks and to a much lesser extent by shortening the
duration of migraine attacks.

Trial registration: This study is registered at ClinicalTrials.gov (NCT02456740)
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Introduction guidelines for the prevention of episodic migraine,

which recommend a reduction in MMD from baseline
as the primary outcome, and the >50% responder rate

Erenumab is a fully human monoclonal antibody that
selectively targets and blocks the canonical calcitonin
gene-related peptide receptor with no affinity for any
related receptors (1). The efficacy, tolerability and
safety of erenumab 70 mg and 140 mg administered
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once per month by subcutaneous injection have been
demonstrated in both episodic migraine and chronic
migraine (2-6). In the randomized clinical trials
(RCTs) evaluating erenumab for prevention of episodic
migraine, the primary efficacy outcome was based on
monthly migraine days (MMD), be it the reduction in
MMD from baseline (3.4), or the proportion of
patients achieving a >50% reduction in MMD from
baseline (5). This is in line with the new clinical trial

Danish Headache Center, Department of Neurology, Rigshospitalet-
Glostrup Hospital, University of Copenhagen, Glostrup, Denmark
3Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA
4Amgen Inc., Thousand Oaks, CA, USA

*Novartis Pharma AG, Basel, Switzerland

Corresponding author:

Hans-Christoph Diener, Institute for Medical Informatics, Biometry and
Epidemiology, University Duisburg-Essen, Hufelandstrasse. 55, 45147
Essen, Germany.

Email: Hans.Diener@uk-essen.de


https://orcid.org/0000-0002-6556-8612
https://orcid.org/0000-0001-8073-719X
mailto:Hans.Diener@uk-essen.de
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03331024211010308
journals.sagepub.com/home/cep

Diener et al.

1263

for the reduction of migraine days as an alternative
primary endpoint (7).

The decrease in MMD after administration of ere-
numab observed in RCTs in patients with episodic
migraine is often assumed to be a consequence of a
decrease in the number of monthly migraine attacks
(MMA). However, given that migraine attacks can
last 2-3 days, the decrease in MMD could theoretically
also be a consequence of reduction in attack duration,
with no impact on the number of MMA. In this case we
should see a disconnect between the decrease in number
of MMD and number of MMA. A reduction in MMA
would demonstrate a real preventive effect by prevent-
ing the occurrence of migraine attacks and not only
shortening the duration of attacks. The effect of erenu-
mab on MMA, and the relative effects of erenumab on
MMD and MMA has not been previously evaluated.
In the current post-hoc analysis of STRIVE study (4),
we therefore evaluated and compared the relative effect
of two doses of erenumab (70 mg and 140 mg) vs pla-
cebo on MMD and MMA as well as duration of
migraine attacks in patients with episodic migraine.

Methods

We conducted a post-hoc analysis on data from the
STRIVE study (NCT02456740), which was the largest
randomized, double-blind, placebo-controlled, Phase 3
study of erenumab in patients with episodic migraine
(N=955). In this study, patients were randomly
assigned to receive a subcutaneous injection of either
erenumab 70 mg or 140 mg, or placebo once monthly
for 6 months. The detailed study design (Figure 1),
patient inclusion and exclusion criteria have been pub-
lished previously (4).

A migraine day was defined as any calendar day on
which the patient had onset, continuation, or recur-
rence of a qualified migraine headache as recorded in
the electronic diary. Any calendar day on which acute
migraine-specific medication (i.e. triptan or ergota-
mine) was used was also counted as a migraine day.
A qualified migraine headache was defined as a
migraine (with or without aura) lasting at least 30
minutes and meeting at least one of the following cri-
teria (a and/or b): a) >2 of the following pain features:
unilateral, throbbing, moderate to severe, exacerbated
with exercise/physical activity; b) >1 of the following
associated symptoms: nausea and/or vomiting, photo-
phobia and phonophobia.

A migraine attack was defined as an episode of any
qualified migraine headache or migraine specific med-
ication intake. A migraine attack that was interrupted
by sleep, or temporarily remitted, and then recurred
within 48 hours was considered as one attack. Also,
an attack treated successfully with medication but
with relapse within 48 hours and a migraine attack
lasting more than 48 hours was counted as one attack.

The monthly average migraine attack duration was
expressed in days and was calculated by dividing
MMD by MMA for every individual patient (if both
MMD and MMA are zero, then the migraine attack
duration was set to zero).

Outcome measures assessed included change from
baseline (4-week baseline phase) to the last 3 months of
assessment (mean over Months 4, 5 and 6) in MMD,
MMA and monthly average migraine attack duration.
Pre-specified exploratory (change from baseline in
MMA) or post-hoc analyses (change from baseline in
monthly average migraine attack duration) were con-
ducted using the efficacy analyses set. The efficacy

Erenumab 70 mg QM SC
N =317

Erenumab 140 mg QM SC

N =318

Erenumab
70 mg or 140 mg

Screening Double-blind Active Safety
Phase Treatment Phase? Treatment Phase?  Follow-up*®
(up to 7 weeks) (24 weeks) (28 weeks) (12 weeks)
Initial
Screening Baseline
Placebo QM SC |
Phase Phase ] N =319
(up to 3weeks) (4 weeks)

Figure I. Study design.*

*Randomized; "Re-randomized; 16 weeks after last dose of placebo or erenumab SC, subcutaneous; QM, once per month.

Note: This post-hoc analysis focuses on double-blind treatment phase only.
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Table 1. Clinical responses for MMD and MMA over the final 3 months of the double blind treatment phase (mean over Months
4-6)°.

Placebo Erenumab 70 mg Erenumab 140 mg
(N=316) (N=312) (N=318)
MMD
Baseline (SD) 8.25 (2.51) 8.31 (2.45) 8.33 (2.48)
LSM change from baseline (SE)° —1.83 (0.18) —3.23 (0.18) —3.67 (0.18)
LSM % change from baseline —22% —39% —44%
LSM difference vs. placebo (95% Cl)>< —1.40 (—1.88 to —0.92) —1.85 (—2.33 to —1.37)
P value* P<0.001 P<0.001
MMA
Baseline (SD) 5.12 (1.49) 5.24 (1.48) 5.16 (1.42)
LSM change from baseline (SE)° —1.32 (0.09) —1.99 (0.09) —2.22 (0.09)
LSM % change from baseline —26% —40% —43%
LSM difference vs. placebo (95% Cl)>< —0.67 (—0.93 to —0.42) —0.91 (—1.16 to —0.65)
P value* P<0.001 P<0.001
Migraine attack duration (in days)
Baseline (SD) 1.7 (0.49) 1.6 (0.47) 1.7 (0.52)
LSM change from baseline (SE)° —0.01 (0.03) —0.11 (0.03) —0.13 (0.03)
LSM % change from baseline —1% —7% —8%
LSM difference vs. placebo (95% Cl)>< —0.10 (—0.18 to —0.01) —0.12 (—0.20 to —0.05)
P value? P=0.0227 P=0.0015

*The analysis included patients who underwent randomization, received at least one dose of the randomly assigned trial regimen, and had at least one
post-baseline measurement for migraine days per month during the double-blind treatment phase (efficacy analysis set). ®Least-squares mean changes
from baseline in MMD, MMA and migraine attack duration during the DBTP are shown. “The adjusted analysis utilizes a generalized linear mixed model
which includes treatment, visit, treatment by visit interaction, stratification factors region and prior/current treatment with migraine prophylactic
medication, and baseline value as covariates and assuming a first-order autoregressive covariance structure. “P-values are nominal without multiplicity
adjustment.

Abbreviations: Cl, confidence interval; DBTP, double-blind treatment phase; LSM, least square mean; MMA, monthly migraine attacks; MMD, monthly

migraine days, SD, standard deviation; SE, standard error.

analysis set included patients who received at least one
dose of erenumab or placebo and had at least one post
baseline measurement for migraine days per month
during the double-blind treatment phase (DBTP), ana-
lyzed according to randomly assigned trial regimen (4).
To facilitate the comparison between MMD and MMA
which was the primary comparison in our analysis,
change from baseline to the last 3 months (mean over
months 4, 5, and 6) in MMD were also reported here.
The detailed statistical analyses for reporting the primary,
secondary and exploratory endpoints have already been
published (4). For the post-hoc endpoints, the adjusted
analysis of least square mean (LSM) difference versus
placebo utilized a generalized linear mixed model which
included treatment, visit, treatment by visit interaction,
stratification factors region and prior/current treatment
with migraine prophylactic medication, and baseline
value as covariates and assumed a first-order autoregres-
sive covariance structure. P-values are nominal without
multiplicity adjustment.

Results

During the DBTP, statistically significant greater
reduction in MMD, MMA and monthly average

migraine attack duration were observed in erenumab
groups as compared with placebo (Table 1). The mean
MMD at study baseline was 8.3 days. The absolute and
percent change from baseline in MMD was —1.8 days
(—22%) with placebo, —3.2 days (—39%) with erenu-
mab 70 mg, and —3.7 days (—44%) with erenumab 140
mg over the final 3 months of the DBTP (Table 1). The
mean MMA at baseline was 5.1 for placebo, 5.2 for the
erenumab 70 mg, and 5.2 for the erenumab 140 mg
group. The absolute and percent change from baseline
in MMA was —1.3 attacks (—26%) with placebo, —1.9
attacks (—40%) with erenumab 70 mg, and —2.2 attack
(—43%) with erenumab 140 mg over the final 3 months
of the DBTP (Table 1). The average migraine attack
duration at baseline was 1.7 days for placebo, 1.6 for
the erenumab 70 mg, and 1.7 for the erenumab 140 mg
group. The absolute and percent change from baseline
in average migraine attack duration was —0.01 day
(—1%) with placebo, —0.11 day (—7%) with erenumab
70 mg, and —0.13 day (—8%) with erenumab 140 mg
over the final 3 months of the DBTP (Table 1).

The quite similar percentage reduction from baseline
in MMD and MMA are as follows: for 70 mg erenu-
mab the change in MMD is —39% versus a —40%
change for MMA; and for 140 mg erenumab the
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Figure 2. Percentage reduction from baseline in mean MMD, MMA and monthly average migraine attack duration (days) over the last

three months of the DBTP (efficacy analysis set).

DBTP, double-blind treatment; MMA, monthly migraine attacks; MMD, monthly migraine day.
* p-value < 0.001 for all pairwise comparisons between erenumab and placebo. Tp-value < 0.05 for all pairwise comparisons between
erenumab and placebo. *p-value < 0.01 for all pairwise comparisons between erenumab and placebo.

change in MMD is —44% versus a —43% change for
MMA (Figure 2). The reduction from baseline in aver-
age migraine attack duration was relatively small with
—7% and —8% reduction compared to baseline for
erenumab 70 mg and erenumab 140 mg, respectively.

Discussion

The results of our post-hoc analysis of the STRIVE
study in patients with episodic migraine, showed that
erenumab decreases both MMD and MMA in a similar
manner. Migraine attacks may last longer than a
migraine day, and the definition of migraine attacks
in the erenumab studies included those which were
interrupted by sleep or treated successfully with a trip-
tan. In our analysis we observed a similar reduction in
migraine days and migraine attacks with erenumab
compared to placebo. We also observed only a minor
effect of erenumab on the duration of migraine attacks.
This indicates that in prevention of episodic migraine,
erenumab exerts an impact on mechanisms underlying
the generation of migraine attacks, i.e. a true migraine
preventive mode of action, and to a much lesser extent
an effect on the duration of attacks as seen with acute
migraine attack treatments.

It will be interesting to see the results of an analysis
of MMD versus MMA in the randomized trial inves-
tigating the efficacy of atogepant and other gepants in
the prevention of episodic migraine to see if they also
have an effect on reducing MMA (8).

The strength of this analysis is the large patient
number and the stringent way in which migraine days

and migraine attacks were defined as per protocol. A
limitation of this study is the fact that this is in part a
post-hoc analysis. The assessment of migraine attack
duration was not a predefined exploratory endpoint
of this trial, we therefore used both MMD and
MMA to calculate the attack duration in days for
each individual patient. It has to be noted that assess-
ing migraine attack duration has several obvious limi-
tations, as it is difficult to assess accurately because
some attacks will start or resolve in the night or when
a patient is asleep, in addition the attack duration will
be impacted by the use of acute headache treatment.
Given the limitations, caution is needed in interpreting
the results on migraine attack duration. Dedicated
studies are needed to assess the effect of erenumab on
headache duration using better defined criteria for
headache duration (9).

Analyses from other monoclonal antibodies could
support our findings. Of note are the results of a
Phase 2 study with galcanezumab 150 mg (once every
two weeks treatment for 12 weeks) which reported a
decrease in monthly headache days and MMA versus
placebo by LSM (standard error) of 1.2 (0.41) and 0.8
(0.29) respectively (10).

Conclusion

The current post-hoc analysis of a large RCT with ere-
numab suggests that the MMD and MMA decrease in
parallel, which supports that erenumab prevents the
occurrence of migraine attacks and not only shortens
the duration of migraine attacks.
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Clinical implications

amount.

occurrence of migraine attacks.

e This post-hoc analysis of the randomized, double-blind, placebo-controlled, parallel-group, Phase 3
STRIVE study was conducted to evaluate the effect of erenumab on the frequency of migraine days,
migraine attacks and duration of migraine attacks in patients with episodic migraine.

e Over the last three months of the double-blind phase, both monthly migraine days and monthly migraine
attacks were reduced by a similar magnitude. The duration of migraine attacks was only reduced by a small

e These findings suggest that erenumab has a preventive action in episodic migraine by preventing the
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