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Abstract

Background: Migraine is a disabling neurological disease adversely affecting many aspects of life. Most patients are still

required to have failed several older oral preventive therapies before being reimbursed for a preventive, migraine-

specific anti-calcitonin gene-related peptide treatment. In the 24-week placebo-controlled portion of DELIVER, eptine-

zumab was shown to reduce migraine frequency and resulted in higher migraine responder rates compared with placebo

in patients with two to four previous preventive treatment failures. This subgroup analysis assessed if demographic or

clinical characteristics were associated with differences in preventive benefits.

Methods: Migraine frequency reductions and responder rates (i.e., the proportion of patients reaching a �50% and

�75% reduction in monthly migraine days relative to baseline) were determined in the total population and predefined

subgroups by sex, age, migraine frequency (chronic migraine, episodic migraine, high-frequency episodic migraine, low-

frequency episodic migraine), medication overuse, medication-overuse headache, and previous preventive treatment

failures (2, >2). The primary endpoint was change from baseline in monthly migraine days over weeks 1–12.

Results: Eptinezumab 100 and 300mg reduced monthly migraine days more than placebo over weeks 1–12 (�4.8 and

�5.3 vs –2.1, respectively; p< 0.0001). In most subgroups, eptinezumab-treated patients demonstrated larger monthly

migraine days reductions from baseline over weeks 1–12 than patients receiving placebo, with reductions maintained or

increased over weeks 13–24. For �50% and �75% migraine responder rates, the odds ratios versus placebo all

numerically favored eptinezumab.

Conclusion: Eptinezumab had larger monthly migraine days reductions and higher responder rates than placebo across

clinically relevant subgroups showing that, across different demographic populations and clinical characteristics, eptine-

zumab is effective in patients with migraine and prior preventive treatment failures.

Trial Registration: ClinicalTrials.gov (Identifier: NCT04418765)

1Danish Headache Center, Rigshospitalet Glostrup, University of

Copenhagen, Copenhagen, Denmark
2Pain Department and FHU InovPain, Centre Hospitalier Universitaire de

Nice, Nice, France
3INSERM U1107 Migraine and Trigeminal Pain, Auvergne University,

Clermont-Ferrand, France
4H. Lundbeck A/S, Copenhagen, Denmark
5Headache Unit, Neurology Department, Vall d’Hebron University

Hospital, Barcelona, Spain

6Headache and Neurological Pain Research Group, Vall d’Hebron

Research Institute, Department de Medicina, Universitat Autonoma de

Barcelona, Barcelona, Spain

Corresponding author:

Messoud Ashina, Danish Headache Center, Department of Neurology,

Rigshospitalet Glostrup, Faculty of Health and Medical Sciences,

University of Copenhagen, Valdemar Hansen Vej 5, DK-2600 Glostrup,

Denmark.

Email: ashina@dadlnet.dk

Cephalalgia

2023, Vol. 43(5) 1–11

! International Headache Society 2023

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03331024231170807

journals.sagepub.com/home/cep

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and dis-

tribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.

sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-0796-4702
mailto:ashina@dadlnet.dk
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03331024231170807
journals.sagepub.com/home/cep
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03331024231170807&domain=pdf&date_stamp=2023-04-26


Keywords

Chronic migraine, episodic migraine, eptinezumab, efficacy

Date received: 30 August 2022; revised: 27 March 2023; accepted: 4 April 2023

Introduction

Eptinezumab (VyeptiTM, Lundbeck Seattle

BioPharmaceuticals, Inc., Bothell, WA, USA) is a
humanized monoclonal antibody indicated for the pre-

ventive treatment of migraine in adults in the United
States (1,2), the European Union, and other countries.

Eptinezumab selectively binds to and inhibits the activ-
ity of calcitonin gene-related peptide (CGRP) (1), a

neuropeptide that plays a central role in migraine (3).
Administered intravenously (IV), eptinezumab pro-

vides immediate and sustained therapeutic levels in
patients, with peak plasma concentrations recorded

30 minutes to 1 hour after infusion (4,5). The efficacy
and safety of eptinezumab for the preventive treatment

of migraine in adults were established via multiple
large-scale clinical studies, which demonstrated both

rapid onset and sustained duration of its preventive
effect (6–13).

DELIVER is a phase 3b clinical study designed to
evaluate the efficacy and safety of eptinezumab for

migraine prevention in patients with two to four prior
preventive treatment failures. The primary data from

the placebo-controlled portion of DELIVER illustrat-
ed the preventive effects of eptinezumab in this

difficult-to-treat population, reducing migraine and
headache frequency and severity and acute medication

use relative to placebo (12). The objective of this sub-
group analysis was to determine if any demographic or

baseline clinical characteristics were associated with
differences in the preventive benefits of eptinezumab

compared to placebo in the placebo-controlled period
of the DELIVER study.

Methods

Study design

DELIVER was a multicenter, parallel-group, double-

blind, randomized, placebo-controlled phase 3b clinical
study conducted at 96 locations across Europe and the

United States. A detailed description of the study
design has been published, as well as the protocol

and statistical analysis plan (12). The full study com-
prised a 28–30-day screening period, a 24-week

placebo-controlled period, and a 48-week dose-
blinded extension period. The placebo-controlled

phase of the study began on 1 June 2020, and was

completed 7 October 2021. The placebo-controlled
period of DELIVER was conducted in accordance
with the standards of Good Clinical Practice as defined
by the International Conference on Harmonisation and
all applicable federal and local regulations, as is the
ongoing extension. All study documentation was
approved by the local review board at each site, or by
a central institutional review board or ethics commit-
tee. All patients provided written informed consent
prior to any study procedures. The DELIVER study
is registered on ClinicalTrials.gov (NCT04418765) and
EudraCT (2019-004497-25).

Patients

DELIVER enrolled adults aged 18–75 years (inclusive)
with onset of migraine at or before 50 years of age and
with a history of migraine (International Classification
of Headache Disorders 3rd edition (ICHD-3) diagnos-
tic criteria (14)) for �12 months before screening.
Eligible patients had to have documented evidence
(medical record or physician’s confirmation) of two
to four prior preventive treatment failures of different
medications (i.e., propranolol/metoprolol, topiramate,
amitriptyline, flunarizine, candesartan, valproate/dival-
proex, botulinum toxin A/B) due to inadequate efficacy
(i.e., no clinically meaningful improvement at the local-
ly recommended dose for �3 months), tolerability rea-
sons (i.e., discontinuation due to adverse events), or
contraindications (i.e., ineligibility due to medical rea-
sons) in the past 10 years. Due to specific requirements
in some countries for access to anti-CGRP treatments,
criteria were applied to the order and history of previ-
ous preventive medications. Specifically, at least two of
the treatment failures had to have been propranolol/
metoprolol, topiramate, amitriptyline, flunarizine, or
candesartan, with �1 due to inadequate efficacy.
Failure to succeed on valproate/divalproex or botuli-
num toxin A/B was considered only if the medication
was regarded as the latest preventive prior to study
inclusion. In addition, during the screening period,
patients with chronic migraine (CM) had to report
headache occurring on �14 days, of which migraine
occurred on �8 days, and patients with episodic
migraine (EM) had to report headache occurring on
<14 days, of which migraine occurred on >4 days.

Patients were excluded from study participation if
they had documented evidence of failure on a previous
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treatment targeting the CGRP pathway; history or

diagnosis of other headache types; history of clinically

significant cardiovascular disease; use of any tradition-

al migraine preventive medication (beta-blocker, anti-

convulsant, tricyclic, calcium channel blocker,

angiotensin II receptor antagonist, or other locally

approved migraine preventive) within one week prior

to the screening visit; use of oral anti-CGRP for acute

treatment <4 weeks prior to the screening visit; use of

botulinum toxin <16 weeks prior to the screening visit;

or use of eptinezumab or other monoclonal antibody

targeting the CGRP pathway <24 weeks prior to the

screening visit.
Patients using acute treatments for migraine were

allowed to participate in the study, as were those with

concurrent diagnosis of medication-overuse headache

(MOH), which was prospectively confirmed by study

investigators at screening using ICHD-3 criteria (14).

Individuals with opioid-overuse headache were exclud-

ed from the study given that opioid use was only

allowed providing its use did not exceed four days

per month.
For a more detailed description of eligibility criteria,

please refer to Ashina et al. (12).

Randomization and treatment

Patients were randomized (1:1:1) via a centralized ran-

domization system to eptinezumab 100mg, eptinezu-

mab 300mg, or placebo, which was stratified by

monthly headache days (MHDs) at baseline (�14

MHDs or >14 MHDs) and by country. Study drug

was administered by IV infusion at baseline (day 0)

and week 12. Treatments were administered by blinded

personnel over a period of 30 minutes (plus �15 addi-

tional minutes, per protocol, if required), and patients

were monitored for �1 hour after infusion completion.

Data collection and outcomes

At screening, patients were instructed to complete an

electronic diary (eDiary) daily from the screening visit

until the completion/withdrawal visit. The eDiary con-

sisted of applications and reports which were used to

derive the migraine and headache endpoints. The

eDiary included an evening report (completed daily

regardless of whether the patient had a headache)

and a headache report (completed for each headache).

Headache and migraine items were assessed with a yes/

no response; and severity was rated as mild, moderate,

or severe. For each headache reported, the start and

stop date and time was collected. In addition to cap-

turing headache episodes and migraine attacks, the

eDiary captured information regarding headache char-

acteristics and the intake of acute medications.

There were eight scheduled visits during the placebo-
controlled period. Four were physical visits (screening,
baseline, and at the end of weeks 12 and 24) and four
were phone contact visits (at the end of weeks 4, 8, 16,
and 20). Patients were contacted via phone every four
weeks between infusion visits for eDiary compliance
checks, to ensure that select patient-reported outcome
measures had been completed, and for collection of
relevant information such as adverse events and con-
comitant medication.

The primary efficacy endpoint was the change from
baseline in the number of monthly migraine days
(MMDs) following the first infusion (weeks 1–12).
A migraine day was defined using the International
Headache Society criteria (15). Key secondary end-
points included the percentages of patients with
�50% reduction from baseline MMDs (i.e., �50%
migraine responder rate (MRR); weeks 1–12) and
�75% reduction from baseline MMDs (i.e., �75%
MRR; weeks 1–12), as well as the change from baseline
in the number of MMDs following the second infusion
(weeks 13–24). Additional efficacy endpoints included
the �50% and �75% MRRs following the second
infusion (weeks 13–24). Safety endpoints analyzed
during the placebo-controlled period, already reported
(12), included treatment-emergent adverse events;
absolute values and changes from baseline in clinical
safety laboratory test values, vital signs, weight, and
ECG parameter values; potentially clinically significant
clinical safety laboratory test values, vital signs, weight
changes, and ECG parameter values; and the
Columbia–Suicide Severity Rating Scale score.

Statistical analyses

As analyses involved were both exploratory and post
hoc, no sample size calculations were made specifically
for these analyses. In the DELIVER primary study,
based on simulations, the power was calculated to be
at least 90% for the primary endpoints and at least
68% for individual key secondary endpoints (12).
Data were analyzed for the following prespecified sub-
populations defined at baseline: men, women, patients
�35 years, patients >35 years, patients with chronic
migraine (CM; >14 MHDs including �8 MMDs),
patients with episodic migraine (EM; �14 MHDs
including �4 MMDs), patients with high-frequency
episodic migraine (HFEM; �14 MHDs including
8–14 MMDs), patients with low-frequency episodic
migraine (LFEM; �14 MHDs including 4–7 MMDs),
patients with an MOH diagnosis, patients with two
prior preventive treatment failures, and patients with
>2 prior preventive treatment failures.

For the primary endpoint, data were analyzed using
the mixed model for repeated measures used for the
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primary analysis, described in detail in the statistical
analysis plan (12). The model included effects for
four-week periods from weeks 1–4 to 21–24, country,
stratum (baseline MHDs: �14/>14), treatment as
factors, baseline MMDs as a continuous covariate,
treatment-by-month interaction, baseline score-
by-month interaction, and stratum-by-month interac-
tion. For subgroups EM/CM and LFEM/HFEM,
terms with strata were not included.

The MRRs for �50% and �75% reduction from
baseline in MMDs were analyzed using logistic regres-
sion. The model included baseline MMDs as a contin-
uous covariate, and treatment and stratification
(MHDs at baseline: �14/>14) as factors. The model
was fitted using the maximum likelihood method and
the logit link function. The odds ratios for eptinezumab
100mg and eptinezumab 300mg compared to placebo
were estimated from the model and presented with p-
values based on the likelihood ratio test and 95% con-
fidence intervals (CIs) based on the profile likelihood.

Analysis of the primary endpoint (change from
baseline in MMDs over weeks 1–12) in prespecified
subgroups was a predefined exploratory analysis.
Post hoc analyses were conducted evaluating secondary
endpoints of change from baseline in MMDs (weeks
13–24), �50% MRR (weeks 1–12, weeks 13–24), and
�75% MRR (weeks 1–12, weeks 13–24). In addition,
the subgroup of patients who, based on eDiary data
during the baseline period, reported acute medication
use at or above medication overuse (MO) thresholds
(per ICHD-3 criteria (14)) was also analyzed for the
primary and secondary endpoints. MO thresholds
were �10 days/month of triptans, ergots, opioids, or
combination analgesics or �15 days/month of simple
analgesics, or using two of the following types: simple
analgesics, triptans, ergotamines, combination analge-
sics or opioid on �10 days/month.

Rules for missing data were previously published
(12). In brief, for the primary endpoint (MMDs), pro-
rating was used to calculate MMDs if the eDiary was
completed on at least 14 of the 28 days of each four-
week period, with MMDs classified as “missing” if the
eDiary was completed on less than 14 of the 28 days. A
missed day was defined as one in which the patient did
not complete the evening report and did not report a
headache. Prorated imputed missing data by four-week
periods using the number of migraine days within the
four-week period divided by the number of days with
observations for the four-week period� 28 was used to
obtain a monthly score for the four-week period. If the
MMD value was missing for a given month, the
responder status across a set of months including
this, was derived based on the months with available
values. Overall, there was a high level of compliance
with the eDiary. The mean rate of missing eDiary data

was �10% for all four-week intervals during the
placebo-controlled period; the proportion of patients
with �14 or �21 days of compliance was >96% and
>90%, respectively, for all the treatment groups across
intervals.

The following 3-way interaction tests were performed,
all of which returned p-values above the usual cut-off
value of 0.1: sex (p¼ 0.5103), EM/CM (p¼ 0.5091), age
group (p¼ 0.4116), MOH (p¼ 0.5618), number of previ-
ous failed treatments (p¼ 0.1777), and LFEM/HFEM/
CM (p¼ 0.8818). The models were fitted using maximum
likelihood and compared via a likelihood ratio test. The
tests showed no statistically significant interactions
between treatment and any of the subgroups.

All p-values were based on two-sided tests; the CIs
are two-sided and, as an exploratory analysis, all
p-values generated for the subgroup analyses were
not controlled for multiplicity. All statistical analyses
were conducted using SAS software (SAS Institute,
Inc., Cary, NC, USA) v9.4 or later.

Results

The full analysis set comprised 299, 293, and 298
patients receiving eptinezumab 100mg, eptinezumab
300mg, and placebo, respectively. In total, patients
were predominantly female (n¼ 800/890 (90%)) and
white (n¼ 854/890 (96%)). The majority of patients
(n¼ 697/890 (78%)) were older than 35 years. There
were slightly more patients with EM (n¼ 484) than
CM (n¼ 405), and most patients with EM had
HFEM (n¼ 372/484 (77%)). At screening, 12% of
patients were diagnosed with MOH (n¼ 110/890); the
post hoc analysis revealed that 49% of patients (n¼ 438/
890) reported MO levels of acute medication during the
28–30-day baseline period. Most patients (n¼ 550/890
(62%)) had experienced two prior preventive treatment
failures; 38% (n¼ 337/890) had experienced three or
four. Nearly all patients had experienced �1 failure
attributable to lack of efficacy (n¼ 889/890 (99.9%)),
and more than half had �1 failure due to tolerability
issues (n¼ 494/890 (56%)); only 28/890 (3.1%) had a
failure attributed to contraindication.

Baseline MMD frequency varied across subgroups:
means of 14.6 in men and 13.7 in women, and 14.4 in
patients �35 years of age and 13.6 in patients >35
years (Table 1). Mean baseline MMDs were 6.4, 10.7,
and 18.7 in patients with LFEM, HFEM, and CM,
respectively. Patients with MOH and MO experienced
an average of 17.3 and 17.1 MMDs at baseline, respec-
tively. Baseline MMDs were higher in patients with >2
prior preventive treatment failures (14.4) than in those
with just 2 (13.5).

In the total population, eptinezumab 100mg and
300mg reduced MMDs over weeks 1–12 by 4.8 and
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5.3 days, respectively, compared with 2.1 days with

placebo (p< 0.0001) (Figure 1(a)). Across all sub-

groups except men treated with eptinezumab 100mg

(n¼ 22) and patients with LFEM treated with eptine-
zumab 100mg (n¼ 40), both of which were smaller

subgroups, eptinezumab-treated patients demonstrated

larger reductions from baseline in MMDs over weeks

1–12 than did patients receiving placebo (p< 0.05;

Online Supplementary Figure 1(a)). The 95% CIs for

the mean differences from placebo in change from
baseline did not cross 0 for any subgroups except

men and patients with LFEM (both of which had

�40 patients per treatment arm).
Change from baseline MMDs with eptinezumab

treatment over weeks 1–12 was similar in men and

women (100mg, –5.0 and –4.5; 300mg, –5.0 and –5.2;

placebo, –2.7 and –1.8 MMDs, respectively). Change

from baseline MMDs was numerically larger in

patients >35 years of age (100mg, –5.2; 300mg, –5.9;
placebo, –2.5) than in younger patients (100mg, –3.2;

300mg, –3.5; placebo, –0.9). In the subgroups desig-

nated by migraine frequency, reductions in MMDs

were largest in patients with CM (100mg, –6.5;

300mg, –6.6; placebo, –3.3), followed by HFEM
(100mg, –3.9; 300mg, –4.9; placebo, –1.6) then

LFEM (100mg, –1.3; 300mg, –1.9; placebo, 0.0).

This is consistent with baseline differences across the

subgroups, with baseline MMDs highest in CM,

followed by HFEM then LFEM. Reductions from

baseline in MMDs with eptinezumab did not appear

to be numerically different depending on the number of

previous preventive treatment failures (100mg, –5.0;

300mg, –5.2; placebo, –2.7 for patients with two pre-

vious treatment failures vs 100mg, –4.6; 300mg, –5.7;

placebo, –1.5 for patients with >2 previous treatment

failures). A diagnosis of MOH, a subgroup that dem-

onstrated high baseline MMDs, was associated with

greater eptinezumab-associated MMD reductions rela-

tive to the total population (100mg, –5.6; 300mg, –7.3;

placebo, –2.3 vs 100mg, –4.8; 300mg, –5.3; placebo,

–2.1, respectively). In the post hoc analysis in patients

with MO during baseline, changes from baseline were

at least twice as large with eptinezumab as placebo

(100mg, –6.4; 300mg, –6.7; placebo, –3.2).
Reductions in MMDs were maintained or further

improved over weeks 13–24 across subgroups

(Figure 1(b) and Online Supplementary Figure 1(b)).
Across subgroups, more patients in each of the epti-

nezumab treatment groups than in the placebo group

achieved �50% reduction from baseline in MMDs

during weeks 1–12 (Figure 2) and weeks 13–24 (Online

Supplementary Figure 2). The odds ratios of achieving

�50% reduction in MMDs favored eptinezumab over

placebo (odds ratio >1; p< 0.05) for the majority of

subgroups over each dosing interval (Online

Supplementary Figure 3). There was numerical benefit

Table 1. Number of patients and baseline MMDs by subgroup and treatment.

Eptinezumab 100mg

N¼ 299

Eptinezumab 300mg

N¼ 293

Placebo

N¼ 298

Total

N¼ 890

n (%)

Mean

MMDs n (%)

Mean

MMDs n (%)

Mean

MMDs n (%)

Mean

MMDs

Sex

Male 22 (7.4%) 14.3 33 (11.3%) 14.5 35 (11.7%) 14.9 90 (10.1%) 14.6

Female 277 (92.6%) 13.8 260 (88.7%) 13.6 263 (88.3%) 13.7 800 (89.9%) 13.7

Age

�35 years 58 (19.4%) 14.1 66 (22.5%) 14.6 69 (23.2%) 14.6 193 (21.7%) 14.4

>35 years 241 (80.6%) 13.7 227 (77.5%) 13.5 229 (76.8%) 13.6 697 (78.3%) 13.6

Migraine classification

LFEMa 40 (13.4%) 6.2 38 (13.0%) 6.5 34 (11.4%) 6.4 112 (12.6%) 6.4

HFEMa 122 (40.8%) 10.8 120 (41.1%) 10.8 130 (43.6%) 10.6 372 (41.8%) 10.7

CMa 137 (45.8%) 18.7 134 (45.9%) 18.5 134 (45.0%) 18.9 405 (45.6%) 18.7

MOH 38 (12.7%) 17.0 35 (11.9%) 16.1 37 (12.4%) 18.9 110 (12.4%) 17.3

Medication overusea 150 (50.2%) 17.0 147 (50.3%) 16.7 141 (47.3%) 17.5 438 (49.2%) 17.1

Number of prior preventive treatment failuresb,c

2 187 (62.8%) 13.5 183 (62.7%) 13.4 180 (60.6%) 13.6 550 (62.0%) 13.5

>2 111 (37.2%) 14.5 109 (37.3%) 14.3 117 (39.4%) 14.3 337 (38.0%) 14.4

aDerived using the eDiary reports of MMDs and monthly headache days during the 28–30-day screening period and missing data rules in the statistical

analysis plan (12). A total of 292 patients received eptinezumab 300mg. b298 (100mg), 292 (300mg), and 297 (placebo) patients were included within

the treatment subgroups. cThree patients had <2 prior preventive treatment failures and were not included.

CM, chronic migraine; HFEM, high-frequency episodic migraine; LFEM, low-frequency episodic migraine; MMDs, monthly migraine days;

MOH, medication-overuse headache; NC, not calculated.
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with eptinezumab versus placebo across all subgroups;

however, over weeks 13–24, p-values were >0.05 for

men (100mg, p¼ 0.1035) and those diagnosed with

MOH (100mg, p¼ 0.2316; 300mg, p¼ 0.0578).
Across subgroups, more patients in each of the epti-

nezumab treatment groups than in the placebo group

achieved �75% reduction from baseline in MMDs

during weeks 1–12 (Figure 3) and weeks 13–24

(Online Supplementary Figure 4). The odds ratios of

achieving �75% reduction in MMDs favored eptine-

zumab over placebo (odds ratio >1; p< 0.05) for most

subgroups for which odds ratios could be calculated

(Online Supplementary Figure 5). Despite numerical

benefit with eptinezumab versus placebo across all sub-

groups, over weeks 1–12, the p-value was >0.05 for

patients with LFEM (100mg, p¼ 0.1080); over weeks

13–24, p-values were >0.05 for men (100mg, p¼ 0.9697),

patients �35 years of age (100mg, p¼ 0.0744), and those

with LFEM (100mg, p¼ 0.0747), and those diagnosed

with MOH (100mg, p¼ 0.5590; 300mg, p¼ 0.2141).

Discussion

In this analysis of data from the placebo-controlled

portion of DELIVER, the efficacy of eptinezumab

for migraine prevention in patients with two to four

prior preventive treatment failures met the primary

endpoint and demonstrated a greater change from

baseline in MMDs (weeks 1–12) for eptinezumab

than for placebo in the total population (12), as well

as most subgroups. The results for MMD reductions

over weeks 13–24 were consistent with the primary end-

point, and results for �50% and �75% MRRs dem-

onstrated numerical benefit with both eptinezumab

doses during weeks 1–12 and 13–24 for all subgroups.

Results demonstrate that at least one-third of
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Figure 1. Mean change from baseline in monthly migraine days: (a) During weeks 1–12 and (b) During weeks 13–24.
CM: chronic migraine; EM: episodic migraine; HFEM: high-frequency episodic migraine; LFEM: low-frequency episodic migraine;
MO: medication overuse; MOH: medication-overuse headache. Failures¼ prior preventive treatment failures.
*p< 0.05, **p< 0.01, ***p< 0.0001 vs placebo (not controlled for multiplicity).
The classification for CM/EM/HFEM/LFEM was based on the number of monthly headache and migraine days captured during the
28–30-day baseline period.
The estimated means, mean differences from placebo, and 95% confidence intervals are from a mixed model for repeated measures
with month (weeks 1–4, weeks 5–8, weeks 9–12, weeks 13–16, weeks 17–20, weeks 21–24), country, and treatment as factors;
baseline MMDs as a continuous covariate; and treatment-by-month interaction and baseline score-by-month interaction. From the
mixed model for repeated measures, estimates, and tests across multiple 4-week periods are computed via SAS LSMESTIMATE using
equal weights for each four-week interval.
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eptinezumab-treated patients in any subgroup experi-

enced a clinically relevant reduction in migraine fre-

quency (i.e., �50% MRR) after a single dose. Most

subgroups demonstrated additional benefit (i.e., larger

reductions and/or higher MRRs) after a second dose.

Together, these exploratory analyses indicate that a

single dose or an additional dose of eptinezumab is sim-

ilarly effective in reducing migraine frequency across

clinically relevant patient subgroups, with no one sub-

group suggesting a substantially different impact than
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MHDs: monthly headache days; MMDs: monthly migraine days; MO: medication overuse; MOH: medication-overuse headache.
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The �50% responder rate across the three 4-week intervals is calculated as the average percentage change in MMDs (based on the
available monthly values of MMDs). If the MMDs value is missing for a given month, the responder status is derived based on the
available values.
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the total population, showing that eptinezumab is effi-
cacious across patients with different clinical and disease
characteristics.

In the subgroups designated by migraine frequency,
reductions in MMDs over weeks 1–12 were numerically
greater in patients with CM, followed by HFEM, then
LFEM. This was consistent with average baseline
MMDs; that is, patients who started with a higher
migraine frequency (e.g., patients with CM) at baseline
had more MMDs to reduce when compared to those
with a lesser amount of MMDs at baseline (e.g.,
patients with LFEM). This finding is of importance
as it shows that eptinezumab can reduce MMDs in
patients with a varying frequency and severity of
migraine.

Similarly to the general migraine population in the
PROMISE studies (16), more than half of all
eptinezumab-treated patients in the HFEM and LFEM
subgroups achieved a �50% reduction from baseline
MMDs during weeks 1–12, as did 39% of patients in
the CM subgroup (16). Unlike the PROMISE studies,
the DELIVER study only examined patients with 2 or
more previous treatment failures; therefore, although a
comparison suggests that a higher proportion of patients
in the PROMISE studies had a robust response, the
DELIVER study represented a subpopulation of patients
with migraine that may be harder to treat based on their
history of treatment failure. In addition, patients with
CM in DELIVER had a higher number of baseline
MMDs than patients with CM in PROMISE-2 (18.7 vs
16.1, respectively) (8). Despite a seemingly more difficult-
to-treat population, DELIVER succeeded in reducing
MMDs in patients with multiple previous preventive
treatment failures and across various subpopulations.

Consistent with findings in the general PROMISE
population (16), eptinezumab-associated reductions in
MMDs were similar in males and females across weeks
1–12 and 13–24. The male subgroups were smaller in
both DELIVER (n¼ 90 (10.1%)) and PROMISE
(n¼ 231 (13.3%)) (16), a reflection of the epidemiology
of migraine (i.e., more common in females than in men
(17)). While these data suggest similar efficacy in males
and females, it is difficult to draw conclusions based on
a small number of males. Historically, males with
migraine have been underrepresented in clinical trials
(6,7,9–12,18–20). Future clinical trials including more
male participants are needed to demonstrate equal
treatment efficacy across genders.

The �50%MRRs in the current analysis were great-
er in patients >35 versus patients �35 years of age,
contrasting with the PROMISE studies which had sim-
ilar responder rates of �50% reduction from baseline
MMDs across different age groups (16). It should be
noted, however, that the number of patients in the
�35 years of age subgroup was relatively small and

that mean baseline MMDs was higher than for the
subgroup >35 years of age. Interestingly, during
weeks 1–12 of the FOCUS study, which examined the
efficacy and safety of fremanezumab in a similar pre-
ventive-treatment–resistant population, reductions in
migraine frequency were numerically greater in youn-
ger patients (19). Further studies are needed to under-
stand the impact of patient age on treatment efficacy
given these contrasting results.

Changes in MMDs following eptinezumab treat-
ment did not appear to be associated with the
number of previous preventive treatment failures; how-
ever, the subgroup with >2 previous treatment failures
had a lower placebo MMD response than the subgroup
with two previous treatment failures. The placebo
response was also lower in the overall cohort of
DELIVER patients, who were only eligible for study
inclusion if they had previous treatment failures, in
comparison to PROMISE-1 (7) and PROMISE-2 (8)
studies that included patients regardless of previous
treatment failures. The efficacy of CGRP inhibitors
was similarly demonstrated in a severe subpopulation
of the CONQUER study, for which galcanezumab
effectively reduced migraine frequency versus placebo
in patients with three to four previous preventive ther-
apy failures (20). Similarly, the FOCUS study examin-
ing the effects of fremanezumab in patients with two,
three or four previous therapy failures observed a
greater effect size with increasing number of previous
treatment failures (21).

The proportion of patients with MOH—a potential-
ly disabling secondary diagnosis for patients with
migraine (22,23)—in DELIVER was unexpectedly
low (12%) for a population composed mostly of
patients classified as high-frequency EM and CM
(12). This proportion is very different from those with
MO in the FOCUS and CONQUER studies and likely
reflects differences in how overuse was defined. The
MOH subgroup in DELIVER comprised patients diag-
nosed with MOH at screening per ICHD-3 criteria;
FOCUS and CONQUER reported MO during the
baseline period (i.e., not fulfilling the MOH diagnostic
criteria of a minimum of three months of medication
overuse) (24,25). In addition to evaluating the sub-
group with diagnosed MOH, we conducted a post
hoc analysis of each endpoint in patients with MO—
that is, those who were not necessarily prospectively
diagnosed in the DELIVER study but reported acute
medication use during a 28–30-day baseline period that
was at or above thresholds used for MOH diagnosis
(14). The analysis found that 49% of patients reported
MO levels of acute medication use, and efficacy anal-
yses indicated a preventive effect comparable to that in
the population diagnosed with MOH. This indicates
that preventive treatment with eptinezumab can be
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used to help break the cycle of MOH as well as pre-
venting patients with MO progressing to chronic
migraine and MOH. Another study is in progress to
evaluate the efficacy and safety of eptinezumab as add-
on to patient education in treating patients with CM
and MOH (26) and further research is needed to deter-
mine the impact of eptinezumab on preventing
migraine progression towards more severe migraine
and MOH.

Overall, when analyzing smaller subgroups of the
participants in the DELIVER clinical trial the results
of this study demonstrate that eptinezumab’s efficacy is
generally similar across different subpopulations of
patients. This is of importance, as this may show that
in real-world situations, eptinezumab can be effective
across diverse populations.

Limitations

The population of DELIVER was not demographically
diverse, comprising predominantly white females over
the age of 35 (12). Our findings, therefore, may not be
indicative of effects in other demographic segments
including patients of other ethnic and/or racial back-
grounds (27). Demographic representation in migraine
related studies is important and future clinical trials
will attempt to improve sample representativeness,
particularly regarding race and ethnicity. Several
approaches—such as developing a diverse pool of inves-
tigators and staff at clinical trial sites, engaging the com-
munity, developing patient-friendly resources that make
it easier to identify and enroll in relevant clinical trials,
and using alternative recruitment techniques—can be
used to increase diversity in studies. Ensuring care

equity by showing that preventive treatment is effective

in all patient populations can help increase quality of life

for all of those who suffer from migraine. For several of

the subpopulations, sample sizes were small—the male

subgroup had only 90 patients (10% of the total popu-

lation) and the �35-years age group had 193 (22% of

the total population). Only 112 (13%) had LFEM and

110 (12%) had MOH. DELIVER was not powered

for these subgroup analyses, making it difficult to dem-

onstrate separation in these patient subgroups.

Comorbidities and life events may influence disease

activity and while this study was placebo-controlled

and did control for levels of disease activity, the study

did not control for factors such as mood disorders,

insomnia, caffeine use, or stressful life events (28). The

study also did not examine effects in patients with a

history of anti-CGRP therapy failure and thus is only

demonstrative of effects in patients with a history of

failures of traditional preventive medications.

Conclusion

In adults with migraine and documented evidence of

two to four previous preventive treatment failures,

eptinezumab-treated patients demonstrated larger

reductions from baseline in MMDs over weeks 1–12

than did patients receiving placebo. Reductions in

MMDs across demographic subgroups, migraine clas-

sification, medication overuse, or number of prior pre-

ventive treatment failures also demonstrated larger

reductions in MMDs from baseline than did patients

receiving placebo.

Article highlights

• In patients with migraine and multiple previous preventive treatment failures, eptinezumab resulted in
greater MMD reductions than placebo during weeks 1–12 and 13–24 across subgroups defined by demo-
graphic and clinical characteristics.

• Rates of �50% and �75% MMD reductions were consistently higher with eptinezumab than with placebo
across all subgroups.
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