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Introduction: Migraine is a highly prevalent and disabling neurological disease.

Excessive use of acute medications can lead to medication-overuse headache

(MOH), occurring when a patient experiences an increasing number of headache

and migraine days, despite taking greater amounts of acute medication. To

treat MOH, a preventive migraine treatment and/or withdrawal of the overused

medication(s) are advised. Brief Educational Intervention (BEI) has been shown to

be an e�ective tool with promising results for MOH. Here, we report the design of

a clinical trial that aims to evaluate the e�cacy of eptinezumab, an anti-calcitonin

gene-related peptide preventive migraine treatment, as an add-on to BEI for

treatment of MOH in those with chronic migraine.

Methods and analysis: RESOLUTION will be a phase 4, multi-national,

randomized, double-blind, placebo-controlled study. This study will enroll

approximately 570 participants with dual diagnoses of chronic migraine and

MOH. Eligible patients will be randomly allocated to one of two treatment

groups, BEI and eptinezumab (100mg; n = 285) or BEI and placebo (n = 285),

in a 1:1 ratio. The primary endpoint is the change from baseline in monthly

migraine days over weeks 1–4. Secondary and exploratory endpoints will assess

monthly migraine days over weeks 1–12, MOH remission, transition from

chronic to episodic migraine, health-related quality of life, work productivity,

and the safety and tolerability of eptinezumab in this patient population.
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Ethics and dissemination: This study will be conducted in accordance with good

clinical practice. All patients will be fully informed about the study, including

the risks and benefits of participation, and all participants will provide informed

consent for participation in the trial and dissemination of results.

KEYWORDS

migraine, preventive medicine, protocols and guidelines, medication-overuse headache,

eptinezumab, Brief Educational Intervention

1. Introduction

For people under the age of 50 years, migraine is the
leading cause of disability worldwide and is one of the most
prevalent neurological diseases (1, 2). Though acute treatment is
nearly universally used to relieve attacks, patients may experience
decreased acute medication effectiveness over time, leading to
a vicious cycle of increased headache frequency and disability
despite taking increased amounts of acute medication. Without
intervention this may lead to the development of chronic migraine
(CM) andmedication-overuse headache (MOH) (3–7). Medication
overuse occurs in up to 50% of individuals with CM, triggering
MOH in about 60 million people and making MOH one of the top
20 causes of disability worldwide (5, 8–10). A first step in reducing
MOH is to educate patients and prescribers on the harmful
effects of medication overuse (9, 11). At this point, a patient with
CM and MOH may choose to stop or drastically reduce their
intake of acute medications; however, this may lead to an initially
worsened headache, and depending on the medication, withdrawal
symptoms (8, 11). Additionally, a small subset of patients may
require hospitalization to withdraw from the overused medication
(12). Moreover, some patients subsequently redevelopMOHwithin
year(s), a phenomenon known as relapse (8).

To ensure the effectiveness of acute medication withdrawal and
prevent worsening of headaches during this withdrawal process,
a combination of preventive migraine treatment and withdrawal
of the overused medication(s) has been suggested as a plausible
management strategy (13–15). Patient education is extremely
important and universally recommended in patients with CM and
MOH, because ultimately the patient is the one who decides when
and how to treat each attack and how to implement necessary
behavioral or lifestyle changes (16, 17). One form of patient
education that has proven efficacy in the treatment of patients
with MOH is Brief Educational Intervention (BEI) (9). A recent
concealed double-blind randomized trial showed the effect of
behavioral intervention during acute medication withdrawal (18).

BEI is safe, effective, and low in cost. It involves a short
screening followed by individual feedback on how and why one
should reduce the substance of concern; this approach has been
proven to provide long-term results of medication reduction for
patients suffering from MOH (11, 19). Similar approaches have
been shown to be effective in the management of alcohol and
drug addiction (20). However, for patients with complex MOH,
BEI alone may not be enough to yield good outcomes (21).
Coupling BEI with preventive migraine therapy may provide a

patient with the most promising chance of recovering and breaking
the cycle of MOH (15, 22). On average, BEI takes about 10min
to complete. Therefore, it should be feasible to adopt BEI in most
headache clinics.

In previous studies, eptinezumab, an anti-calcitonin gene-
related peptide (anti-CGRP) monoclonal antibody administered
via intravenous (IV) infusion for migraine prevention in adults, has
been shown to reduce the burden of migraine on patients as early
as day one (23–26). An additional exploratory subgroup analysis of
patients with CM and MOH in the PROMISE-2 study showed that
eptinezumab was effective at reducing the number of migraine days
for patients with this dual diagnosis (3). However, to date no studies
have investigated if systematic application of BEI would improve
outcomes in patients with MOH treated with eptinezumab. Here,
we report the design of a randomized controlled trial to evaluate
the efficacy of eptinezumab as an add-on to BEI for the prevention
of migraine and the treatment of MOH, and in turn, the impact on
health-related quality of life and work productivity.

2. Methods and analysis

2.1. Trial design and study setting

RESOLUTION is a phase 4, interventional, multi-national,
multi-site, randomized, double-blind, parallel-group, placebo-
controlled study. The study began 1 July 2022 and is anticipated
for completion 30 May 2024. The target population is defined as
patients with a dual diagnosis of CM and MOH according to the
International Headache Society (IHS) International Classification
of Headache Disorders, 3rd edition (ICHD-3) (4). Both CM and
MOH diagnoses will be confirmed via prospectively collected
information in a daily headache electronic diary (eDiary) during
the screening period. Patients will be recruited from various
countries (in Australia, North America, and Europe) and sites
(∼70 in total) during the planned recruitment period to ensure
the required sample size is met. This study will be conducted in
outpatient settings such as tertiary headache centers or neurology
out-patient clinics. The RESOLUTION protocol described in
this article is edition 1.1, with a date of 7 February 2022,
and has been registered with EudraCT (2021-003049-40) and
ClinicalTrials.gov (NCT05452239).

The total study duration will be approximately 36 weeks and
includes a screening period (4 weeks), a placebo-controlled period
(12 weeks), an open-label period (12 weeks), and a safety follow-
up period (8 weeks; Figure 1). During the open-label period, all
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FIGURE 1

RESOLUTION study design. Study design for the randomized clinical trial included a baseline period (screening; 4 weeks), a placebo-controlled

period (12 weeks) supplemented with Brief Educational Intervention (BEI), an open-label period (12 weeks), and a safety follow-up period (8 weeks).

BEI, Brief Educational Intervention; IV, intravenous.

patients will receive eptinezumab (100mg) to provide further relief,
to gain exploratory data on the durability of a potential remission
of MOH and CM, and to further assess the safety and tolerability
of eptinezumab.

Patients are required to be on-site at the screening visit, at
visits with study drug IV infusions (baseline visit and week 12 visit;
IV infusion is administered over 30–45min plus a post-infusion
observation time of 1.5 h), and at the end-of-study visit (week 24).
All other visits will be conducted as telephone or telemedicine visits.
To support the assessment of endpoints, an eDiary will be filled in
daily by each patient from the screening visit until either the end of
study or the withdrawal visit. Adherence to eDiary compilation was
monitored remotely.

2.2. Eligibility criteria

Patient selection is based on the main inclusion and exclusion
criteria presented in Table 1 (for full inclusion and exclusion
criteria please see Supplementary Table 1). Patients who meet all
the inclusion criteria and none of the exclusion criteria are eligible
to participate in this study.

2.3. Interventions

2.3.1. Brief Educational Intervention
All patients will receive BEI, administered by a trained clinician,

at the baseline visit prior to study drug infusion to reflect real-world
treatment scenarios. BEI is a 10-min, semi-structured educational
conversation consisting of three components. First, patients are
asked five questions adapted from the Severity Dependence Scale
for Headache (SDS:H; Supplementary Figure 1) (27), including
an indication of a patient’s confidence to stop their medication
overuse (Figure 2). Then, patients receive a short, structured
presentation with information about MOH and the association
between medication overuse and chronic headache. Topics include

TABLE 1 Main inclusion and exclusion criteria.

Inclusion criteria prior to screening

• The patient is aged ≥18 and ≤75 years of age
• A dual diagnosis of CM and MOH as defined by ICHD-3 guidelines (4), with

migraine onset at ≤50 years of age and a history of migraine for ≥12 months
• ≥8 migraine days per month for each month within the past 3 months (per

ICHD-3 guidelines (4))
• ≥15 headache days per month for each month within the past 3 months (per

ICHD-3 guidelines (4))
• Failure with ≥1 preventive treatment within the last 5 years due to lack of

efficacy∗
• Regular overuse of≥1 drugs that can be taken for acute treatment of headache,

for >3 months at a level that meets ICHD-3 criteria for MOH (4)

Inclusion criteria during screening (based on information
collected in the eDiary)

• ≥15 to ≤26 headache days, of which≥8 days were assessed as migraine days
• Overuse of drugs that can be taken for acute headache treatment at a level that

meets criteria for ICHD-3 MOH (4)

Inclusion criteria after screening

• Headache eDiary compliance for ≥24 of 28 days

Main exclusion criteria

• Previous anti-CGRP treatment failure including gepants for acute or preventive
use

• Confounding and clinically significant pain syndromes (i.e., fibromyalgia,
chronic low back pain, and complex regional pain syndrome)

• Severe psychiatric conditions whose symptoms are not controlled or who have
not been adequately treated for ≥6 months prior to the Screening Visit

• Clinically significant cardiovascular disease
• Acute or active temporomandibular disorders
• History or diagnosis of other headache disorders

∗Lack of efficacy is defined as no clinically meaningful improvement at the locally

recommended dose for ≥3 months.

CGRP, calcitonin gene-related peptide; CM, chronic migraine; eDiary, electronic diary;

ICHD-3, International Classification of Headache Disorders, 3rd edition; MOH, medication-

overuse headache.

acute medication overuse, its side effects and pitfalls for migraine
chronification, guidance for overcoming migraine chronification,
and importantly, information that the headache may worsen
initially before improvement occurs (i.e., “rebound headache”).
Finally, BEI ends with a discussion on how to stop medication
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overuse and an agreed-upon plan for reducing acute medication
use. At the baseline visit, patients will be advised to stop (or to limit
the use of) their medications for acute and/or symptomatic
treatment of headache (i.e., paracetamol/acetaminophen,
nonsteroidal anti-inflammatory drugs, triptans, ergotamine,
opioids, and/or combination analgesics). The discontinuation
should be done abruptly. However, depending on the nature of
the overused medication, the investigator can decide exceptionally
to taper down instead. Patients are not excluded if they have
used analgesics, but frequency of use will be recorded in the
headache eDiary. Furthermore, the use of barbiturates and/or
opioid analgesics are allowed provided a stable regimen of
≤4 days/month has been maintained for ≥12 weeks prior
to screening.

2.3.2. Study drug
Patients will be randomized to either BEI and eptinezumab

100mg or BEI and placebo. Eptinezumab 100mg will be dispensed
as 1 single-use vial of 100 mg/mL (1 mL/vial) concentrate for
solution for infusion, which is added to 100mL of 0.9% normal
saline, to be administered intravenously. Placebo will be dispensed
as 100mL of 0.9% normal saline, to be administered intravenously.
Study drug is to be administered over a period of 30min (up to
45min as needed) by the blinded investigator or designee.

2.3.3. Actigraphy assessments
To investigate the efficacy of eptinezumab as an add-on

to BEI on daily physical activity and sleep, at certain sites
consenting patients will have the option to participate in actigraphy
assessments using a digital device for 24 h/day over the screening
and placebo-controlled periods. Actigraphy is a non-invasive
way of monitoring activity and sleep and is recorded using a
wrist-worn device (EmbracePlus; Empatica, Boston, MA, US) that
continuously records physiological data using an accelerometer, an
electrodermal activity sensor, and a peripheral temperature sensor.
The following actigraphy parameters will be derived to capture
physical activity and sleep: movement intensity, rest (measured as
minutes per 24 h in the rest epoch state [range 0–300: 0 = wake
epoch; 101 = rest epoch; 102 = turn and toss epoch; 300 = rest
interruption epoch]), total sleep time (the total time identified as
sleep, per night, in minutes), wake after sleep onset (the amount
of time spent awake after the sleep onset), sleep efficiency (the
percentage of time asleep within the time-in-bed period), and sleep
onset latency (the time from the start of the time-in-bed period to
the actual sleep onset). Prior to use, a guide with details on how to
use the device will be provided to the patient.

2.4. Randomisation

Prior to randomisation, the investigator will review the data
in an eDiary eligibility report to determine if the eligibility
criteria are fulfilled. Eligible patients will then be allocated via a
randomisation system to one of the two treatment groups (1:1
ratio): BEI and eptinezumab 100mg or BEI and placebo. The
placebo group will be included to represent supportive care in
the absence of pharmacotherapy. Each patient will be assigned a

screening number, and that number will be used to identify the
patient throughout the study. Randomisation of the patient will be
performed by the interactive response technology (IRT) system and
stratified by country and number of previous preventive treatment
failures (≤2; >2) occurring ≤5 years prior to the baseline visit. For
this study, treatment failure is defined as treatment discontinuation
due to lack of efficacy (no clinically meaningful improvement
at the recommended or prescribed dose for ≥3 months), side
effects, or general poor tolerability of the treatment. The IRT will
allocate the patient to a treatment group and assign the patient a
randomisation number in accordance with the specifications from
the biostatistics team.

The pharmacist will have access to the unblinded information
for the double-blind treatment for each patient. All other study staff
and patients will be blinded to treatment. The investigator may
only break the code if knowledge of the study drug is necessary
to provide optimal treatment to the patient in an emergency.
If possible, the investigator should consult the clinical research
associate before breaking the code, or as soon as possible. If this
occurs during a visit, the investigator must complete the visit as a
withdrawal visit. Otherwise, the patient will be asked to attend a
withdrawal visit as soon as possible and a safety follow-up visit 20
weeks after study drug administration.

2.5. Data collection and management

During the screening period, after the informed consent form is
signed (Supplementary material 1), participant information will be
recorded, including baseline demographic data, complete medical
history, migraine and treatment history, vital signs including
electrocardiogram (ECG) recording, pregnancy screening, routine
blood work, and baseline efficacy data. Throughout the study,
patients will undergo efficacy and safety assessments as outlined in
Table 2.

Electronic case report forms (eCRFs) will be used to collect all
data related to the study, except for the external data (i.e., safety
laboratory test data, eDiary data, actigraphy, and electronic patient-
reported outcomes [ePRO data]), which will be transferred by the
vendor and kept in a secure designated storage area separate from
the eCRF. The eCRFs use third-party software (Rave

R©
) to capture

data via an online system on a computer. When the investigator
enters data in the eCRF (ideally during the visit or no more than 3
days thereafter), the data will be recorded electronically in a central
database over encrypted lines, and all entries and modifications
to the data will be logged in an audit trail. For the actigraphy
assessment, the data will be recorded on the internal memory of the
wearable wristband and sent to a paired application (Care App) via
Bluetooth. Data from the application are transferred to a research
portal (Care Portal) via an internet connection. As this is a phase 4
study, with an approved treatment, a data monitoring committee is
not required.

2.6. Outcome measures

The primary endpoint is the change from baseline in monthly
migraine days (MMDs) over weeks 1–4 and will be assessed
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FIGURE 2

BEI: Assessing dependency-like behavior in patients with headache. The structure of Brief Educational Intervention (BEI) for treatment of MOH. MOH,

medication-overuse headache; Q1–Q5, Questions 1–5; SDS:H, Severity-Dependence Scale for Headache.

based on eDiary data after 4 weeks of collection during the
placebo-controlled period. Key secondary outcomes will assess
migraine days, headache days, acute medication days, and
fulfillment of ICHD-3 diagnostic criteria for CM and MOH.
Additional secondary and exploratory endpoints will be assessed as
summarized in Supplementary Table 2.

Primary and key secondary endpoints will be tested sequentially
in the order shown in Supplementary Table 2. Only if one step
demonstrates a statistically significant effect will the formal testing
continue to the next step; a significance level of 0.05 will be used.
Assessing the primary outcome of this study at week 4 has been
chosen both as an early marker of the efficacy of eptinezumab with
BEI and to demonstrate that this intervention has the potential
to rapidly break the vicious cycle that leads to MOH, thereby
immediately reducing acute medication use and patient burden.

2.7. Statistical methods

2.7.1. Sample size considerations
It is assumed that the treatment effect of eptinezumab 100mg

compared to placebo in change from baseline in MMDs (weeks

1–4) will be −1.5 MMDs. In DEFINE3, the differences between
treatment + withdrawal and withdrawal were −1.7 and −1.4 days,
respectively, after 2 and 4 months (15) and in the PROMISE-2
trial, 2.0 days between eptinezumab and placebo in the CM +

MOH population (3). The standard deviation (SD) is assumed
to be 6.2, based on the averaged SD across treatment groups in
the MOH subgroup of PROMISE-2 on the change from baseline
in MMDs (weeks 1–4) (3). Based on the assumed effect size
and SD, using a two-sided test on the 5% significance level,
270 patients per treatment group will provide 80% power for
showing an effect on the primary endpoint. Assuming 5% of
patients will not contribute data to the analysis, 285 patients
randomized per treatment group, or 570 patients randomized in
total, will be needed. Sample size re-assessment will be conducted
on blinded data when approximately 70% of the patients have
been randomized. The SD is estimated in the same model as
the primary endpoint, except that all terms including treatment
(main effect of treatment group and interaction between treatment
group and month) are excluded. Based on this estimate, the
sample size may be increased if the estimated SD exceeds the
planned SD to ensure 80% power on the primary endpoint, but
not decreased.
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TABLE 2 Study procedures and assessments timeline.

End of week∗ −4 0 4† 8† 12 16† 24 32† WD

Infusion Primary
outcome

Infusion End of
study

Safety
follow-up

Withdrawal

Screening and baseline procedures and assessments

Baseline demographics ◦

C-SSRS ◦

Inclusion/exclusion criteria ◦ ◦

Randomisation ◦

E�cacy assessments (eDiary and ePROs)

eDiary recording‡§ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦

eDiary compliance check ◦ ◦ ◦ ◦ ◦ ◦

PGIC ◦ ◦ ◦ ◦

MBS ◦ ◦ ◦ ◦ ◦

HADS ◦ ◦ ◦ ◦ ◦

Digital device (optional)|| ◦ ◦ ◦ ◦ ◦ ◦

Pharmacoeconomic assessments ePROs¶

HIT-6 ◦ ◦ ◦ ◦ ◦

mMIDAS ◦ ◦ ◦ ◦ ◦

MSQ v2.1 ◦ ◦ ◦ ◦ ◦

EQ-5D-5L ◦ ◦ ◦ ◦ ◦

HCRU ◦ ◦ ◦ ◦ ◦

WPAI:M ◦ ◦ ◦ ◦ ◦

TSQM-9 ◦ ◦ ◦ ◦ ◦

Safety assessments

Adverse events ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦

Vital Signs ◦ ◦ ◦ ◦ ◦ ◦

Other procedures

Brief Intervention (with SDS:H) ◦

◦, the respective assessment or procedure will occur that week.
∗All assessments may be completed over a maximum of two consecutive days except for ePROs.
†Decentralized visits; the patient will be contacted for eDiary compliance check, to ensure that the selected assessments have been completed and for collection of relevant information such as

adverse events and concomitant medications.
‡eDiary assessments will be completed in the remote setting daily from screening to end of study visit.
§On the baseline visit and week 12 visit day, patients must complete the ePRO entries prior to infusion.
||At designated sites, the patients undergoing the additional actigraphy assessments must provide a signed digital device Informed Consent Form.
¶ePROs scheduled at the baseline visit and week 12 visit must be completed in the clinical site on the visit date and before the infusion. ePROs that are scheduled in alignment with a decentralized

contact must be completed in a remote setting and can be completed on the day or within 3 days prior to the scheduled decentralized contact date.

C-SSRS, Columbia-Suicide Severity Rating Scale; eDiary, electronic diary; ePRO, electronic patient-reported outcome; HADS, Hospital Anxiety and Depression Scale; HCRU, health care

resource utilization; HIT-6, 6-item Headache Impact Test; MBS, most bothersome symptom; mMIDAS, modified Migraine Disability Assessment; MSQ v2.1, Migraine-Specific Quality of Life

Questionnaire Version 2.1; PGIC, Patient Global Impression of Change; SDS:H, Severity Dependence Scale for Headache; TSQM-9, Treatment Satisfaction Questionnaire for Medicine−9

items; WD, withdrawal date; WPAI:M, Work Productivity and Activity Impairment questionnaire, adapted for migraine.

2.7.2. Analysis groups
For data analyses, the following analysis sets will be used:

all randomized patients (APRS), all patients in the APRS who
received an infusion of the study drug in the placebo-controlled
period (APTS), all patients in the APTS who had a valid baseline
assessment and≥1 valid post-baseline 4-week assessment ofMMDs

in weeks 1–12 (FAS), and all patients in the APRS who received an
infusion of the study drug in the open-label period (APTS-OL). The
FAS will be used for all efficacy analyses in the placebo-controlled
period, the APTS will be used for all safety analyses in the placebo-
controlled period, and the APTS-OL will be used for the safety and
efficacy analysis of the open-label period.
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2.7.3. E�cacy endpoint analyses
The primary endpoint will be analyzed using a mixed model

repeated measures (MMRM) with the number of MMDs at
baseline as a continuous covariate and including treatment group,
month (weeks 1–4), country, sex, age, and previous treatment
failures (≤2, >2) as categorical variables. The model will assume
an unstructured covariance matrix to model the within-patient
variance. The statistical test will be based on the treatment contrast
for change from baseline in MMDs (weeks 1–4).

All continuous key secondary endpoints addressing changes
from baseline to weeks 1–4 will be analyzed using the same
methodology as described for the primary analysis, except for
continuous key secondary endpoints addressing changes from
baseline to weeks 1–12 in which the test will be based on the
estimated mean MMDs averaged over weeks 1–4, 5–8, and 9–
12. Daily pain assessment data will be collected in the headache
eDiary via the question “What was the worst pain intensity of this
headache today?”. The pain intensity assessment is collected on a
3-point scale: Mild (score = 1), Moderate (score = 2) and Severe
(score= 3).

For each day, the daily pain assessment score will be derived
by averaging the worst pain intensity over all headaches of that
day. The average daily pain score will be calculated using the
daily pain assessments collected during weeks 1–2. Change from
baseline in average daily pain will be analyzed using the analysis of
covariance (ANCOVA) with the average daily pain at baseline as
a covariate and including treatment group, country, and previous
treatment failures, as categorical variables. Regarding the use of
acute medication, supplementary analyses looking only at days
where no acutemedicationwas used or where patients reported that
the acute medication was not successful (this would be a composite
strategy) will be done. The binary key secondary endpoints will
be analyzed using logistic regression with baseline MMDs as a
covariate and treatment and previous treatment failures (≤2, >2)
as categorical variables.

2.7.4. Handling missing data
For any patients who do not complete their eDiary for 24 of

the 28 days per each 4-week period, there will be missing data. It is
expected that most missing eDiary data will be sporadic. However,
to account for this, for each 28-day period, missing data from the
eDiary will be imputed in the following way: if the number of days
with observations, n, is≥14 days, theMMDs for the 28-day interval
will be calculated as the number of migraine days observed/n×28
(prorated) and rounded to 2 decimals and if n <14, the MMDs for
the period will be set to missing.

In the primary analysis, missing data will be regarded as non-
headache/non-migraine days. Sensitivity analyses with missing
days imputed as headache-free and days as migraine, and vice-
versa, will be performed. For missing data in the quality-of-
life questionnaires, missing items will not be imputed. However,
strategies will be provided for calculating sub-score or total score
with missing individual scores separately in the statistical analysis
plan, which will be prepared by Biostatistics at the contract research
organization before the study is unblinded. No imputation will be
taken for missing data in the wearable digital device during the
study period.

3. Discussion

3.1. Strengths and limitations of the
RESOLUTION trial design

None of the new anti-CGRP monoclonal antibodies have been
investigated as add-on treatment to medication management or
MOH withdrawal education. This randomized controlled trial
will evaluate the use of an anti-CGRP monoclonal antibody,
eptinezumab, as an add-on to BEI in the treatment of MOH
in patients with CM. The results of this trial are of high
clinical relevance when determining if BEI, aiming to eliminate
medication overuse, would be enhanced by a preventive treatment.
Eptinezumab has high bioavailability and reaches maximum
plasma concentration within 30min of administration (28, 29).
Offering patients an effective preventive treatment, that in
combination with BEI can ameliorate the negative effects of
stopping acute medications, could terminate acute medication
overuse and secure lasting relief fromMOH.

In this study design, the primary outcome will be assessed
at week 4, allowing efficacy results to be determined quickly,
which greatly benefits this subset of patients by allowing them to
reduce their acute medication use while simultaneously reducing
the burden of disease. Additionally, this study not only assesses a
change in migraine days as the primary outcome but will also assess
whether eptinezumab with add-on BEI improves the quality of life
for patients with a dual diagnosis of CM and MOH, who have been
identified as having a greater disease-based burden than patients
with CM alone (30).

This study is being performed across approximately 70 sites in
a variety of geographical locations with varying cultural differences
regarding physician practices, patient expectations, medication
availability, and regulatory rules between participating countries
and headache centers. This will allow insight into how BEI and
preventive treatment may benefit patients with MOH and CM in
different settings and will allow for additional post hoc analyses
regarding MOH treatment globally.

There are potential limitations associated with this study
design, which focuses on patients with MOH with underlying CM
and is therefore not generalizable to MOH patients with other
underlying primary or secondary headache disorders. Additionally,
patients with previous anti-CGRP therapy failures and those who
use barbiturates and/or opioid analgesics more than four times per
month will be excluded from participation, as will be individuals
with clinically significant cardiovascular disease or confounding
pain syndromes. Therefore, the findings from this study may not be
indicative of safety and efficacy in the general population of patients
with these or other excluded conditions.

4. Ethics and dissemination

4.1. Research ethics approval and consent

This study will be conducted in accordance with the
International Conference on Harmonization note for guidance
on Good Clinical Practice only after the sponsor has received
confirmation that the regulatory authorities have approved or
confirmed notification of the study and that written approval of the
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protocol has been granted by the appropriate ethics committee or
institutional review board. All patients will be fully informed about
the study, including the risks and benefits of their participation in
the study. A patient may withdraw from the study at any time, for
any reason, specified or unspecified, and without penalty or loss of
benefits to which the patient is otherwise entitled. No study-related
procedures, including any screening procedures, may be performed
before the investigator has obtained written informed consent from
the patient. Patients and/or the public were not involved in the
design, conduct, reporting, or dissemination plans of this research.

4.2. Confidentiality and dissemination

The data collected will be processed in accordance with the
specifications outlined in the Danish Data Protection Act and the
European Union legislation to ensure that requirements regarding
personal data protection are met. If an external organization
processes data on behalf of the sponsor, a contractual procedure
will be signed between the sponsor or delegate and the external
organization to ensure compliance with the above-mentioned
legislation. The results will be submitted to ClinicalTrials.gov
and EudraCT and actively disseminated through peer-reviewed
journals, conference presentations, and social media.

4.3. Data sharing

In accordance with the European Federation of Pharmaceutical
Industries and Associations and Pharmaceutical Research and
Manufacturers of America’s “Principles for Responsible Clinical
Trial Data Sharing” guidelines, Lundbeck is committed to
responsible sharing of clinical trial data in a manner that is
consistent with safeguarding the privacy of patients, respecting
the integrity of national regulatory systems, and protecting the
intellectual property of the sponsor. The protection of intellectual
property ensures continued research and innovation in the
pharmaceutical industry. Deidentified data are available to those
whose request has been reviewed and approved through an
application submitted to https://www.lundbeck.com/global/our-
science/clinical-data-sharing.

Author contributions

Conceptualized the project and developed the protocol: CL,
RJ, HS, LC, OØ, and AM. Drafting of the manuscript, revising
it for intellectual content, and final approval of the completed
manuscript: RJ, HS, CT, GT, LC, AM, OØ, RL, ST, AB, and CL.
All authors contributed to the article and approved the submitted
version.

Funding

The clinical trial will be funded by H. Lundbeck A/S,
Copenhagen, Denmark. The publication was supported by H.

Lundbeck A/S, Copenhagen, Denmark. Medical writing support
was funded by H. Lundbeck A/S (Copenhagen, Denmark).

Acknowledgments

The authors thank Julia L. Jones, PhD and Nicole Coolbaugh,
CMPP, of The Medicine Group, LLC (New Hope, PA,
United States) for providing medical writing support in accordance
with Good Publication Practice guidelines.

Conflict of interest

RJ has given lectures for Pfizer, Berlin-Chemie, Norspan,
Merck, Autonomic Technologies, Teva, Allergan/AbbVie,
Lundbeck, and Novartis and she is or has been a principal
investigator on clinical trials sponsored by Eli Lilly, Lundbeck,
and Autonomic Technologies. HS has received personal fees from
Novartis, Lilly, Allergan/AbbVie, Teva, and Lundbeck and research
support from Novartis, has served on advisory boards for Teva
and Lundbeck, and is affiliated with BMJ Open as a reviewer. CT
has received funding for participation in Advisory Boards or for
scientific presentations from Allergan/AbbVie, Eli Lilly, Lundbeck,
Novartis, and Teva and is or has been a principal investigator
in clinical trials sponsored by Allergan, Eli Lilly, Lundbeck,
Novartis, and Teva. GT is a board member for the Dutch Headache
Society and the CGRP Education and Research Forum and
is an advisory member for the Dutch Headache Alliance; she
has received personal fees from Consultancy: Novartis, Teva,
Allergan, Lilly, and Lundbeck, received research support from
the Dutch Brain Foundation, Dutch Heart Foundation, Dutch
Research Council, IRRF, and Dioraphte (all to institution), has
a pending patent for an eDiary collaboration with Interactive
Studios, is involved with the clinical trial WHATstudy on the
effect of hormonal treatment in migraine, is a National Primary
Investigator in the ALLEVIATE and CHRONICLE studies by
Lundbeck, and is also a presenter for satellite symposia/webinars
with Springer Media (Mednet)/Ashfield MedComms. LC has
received grants from the Danish Health Authority. AM is a
current employee of Lundbeck. OØ was previously an employee
of Lundbeck and is now employed by Biogen. RL has been a
consultant, advisory board member, and/or has received honoraria
from Lundbeck Seattle BioPharmaceuticals, Allergan, American
Academy of Neurology, American Headache Society, Amgen,
Biohaven Pharmaceuticals, BioVision, Boston Scientific, Dr.
Reddy’s Laboratories, electroCore Medical, Eli Lilly, eNeura
Therapeutics, GlaxoSmithKline, Merck, Pernix, Pfizer, Supernus,
Teva Pharmaceuticals, Trigemina, Vector, and Vedanta, received
compensation from eNeura and Biohaven Pharmaceuticals, has
stock or stock options in Biohaven Pharmaceuticals and Manistee,
and has received research support from Amgen, Migraine
Research Foundation, and National Headache Foundation. ST
reports grants for research (no personal compensation) from
Allergan/AbbVie, Amgen, Eli Lilly, Lundbeck, Neurolief, Novartis,
Satsuma, and Zosano, is a consultant and/or on advisory boards
(honoraria) for Aeon, Allergan/AbbVie, Alphasights, Amgen,
Aruene, Atheneum, Axsome Therapeutics, Becker Pharmaceutical

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2023.1114654
https://www.lundbeck.com/global/our-science/clinical-data-sharing
https://www.lundbeck.com/global/our-science/clinical-data-sharing
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jensen et al. 10.3389/fneur.2023.1114654

Consulting, BioDelivery Sciences International, Biohaven,
ClearView Healthcare Partners, Click Therapeutics, Collegium,
CoolTech, CRG, Decision Resources, Defined Health, DRG,
Eli Lilly, ExpertConnect, FCB Health, Fenix, GLG, Guidepoint
Global, Health Advances, Health Science Communications,
HMP Communications, Impel, InteractiveForums, Keyquest,
Krog and Partners, Lundbeck, M3 Global Research, Magnolia
Innovation, MJH Holdings, Neurofront Therapeutics, Neurolief,
Novartis, P Value Communications, Pain Insights Inc, Palion
Medical, Pulmatrix, Putnam Associates, SAI MedPartners,
Satsuma, Slingshot Insights, Spherix Global Insights, Strategy
Inc, System Analytic, Taylor and Francis, Teva, Theranica,
Tremeau, Unity HA, XOC, and Zosano, and reports salary from
Dartmouth-Hitchcock Medical Center and Thomas Jefferson
University, and CME honoraria from the American Academy
of Neurology, American Headache Society, Catamount Medical
Education, Diamond Headache Clinic, Forefront Collaborative,
Haymarket Medical Education, Peerview, Medical Education
Speakers Network, Migraine Association of Ireland, National
Association for Continuing Education, North American Center for
CME, The Ohio State University, Physicians’ Education Resource,
PlatformQ Education, Primed, Vindico Medical Education,
and WebMD/Medscape. AB has served on advisory boards for
Allergan, AbbVie, Aeon, Alder, Amgen, Axsome, Biohaven, Impel,
Lundbeck, Lilly, Novartis, Revance, Teva, Theranica, and Zosano;
has received funding for speaking from Allergan, AbbVie, Amgen,

Biohaven, Lundbeck, Lilly, and Teva; has served as a consultant
for Allergan, AbbVie, Alder, Amgen, Biohaven, Lilly, Lundbeck,
Novartis, Teva, and Theranica, received grant support from
Allergan and Amgen, and has been a contributing author for
Allergan, AbbVie, Amgen, Novartis, Teva, Lilly, and Biohaven. CL
has participated on an advisory board and received payment for
lectures arranged by AbbVie Pharma AS, Lundbeck, Novartis AS,
and Roche AS, Norway and he has received research sponsorship
from AbbVie Pharma, and is a regular reviewer with BMJ.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.
1114654/full#supplementary-material

References

1. Steiner TJ, Stovner LJ, Vos T, Jensen R, Katsarava Z. Migraine is first cause of
disability in under 50s: will health politicians now take notice? J Headache Pain. (2018)
19:17. doi: 10.1186/s10194-018-0846-2

2. Kristoffersen ES, Lundqvist C. Medication-overuse headache:
epidemiology, diagnosis and treatment. Ther Adv Drug Saf. (2014)
5:87–99. doi: 10.1177/2042098614522683

3. Diener H-C, Marmura MJ, Tepper SJ, Cowan R, Starling AJ, Diamond ML,
et al. Efficacy, tolerability, and safety of eptinezumab in patients with a dual
diagnosis of chronic migraine and medication-overuse headache: subgroup
analysis of PROMISE-2. Headache. (2021) 61:125–36. doi: 10.1111/head.
14036

4. Headache Classification Committee of the International Headache Society (IHS).
The international classification of headache disorders, 3rd edition. Cephalalgia. (2018)
38:1–211. doi: 10.1177/0333102417738202

5. Diener HC, Dodick D, Evers S, Holle D, Jensen RH, Lipton RB, et al.
Pathophysiology, prevention, and treatment of medication overuse headache. Lancet
Neurol. (2019) 18:891–902. doi: 10.1016/s1474-4422(19)30146-2

6. Buse DC, Greisman JD, Baigi K, Lipton RB. Migraine progression: a systematic
review. Headache. (2019) 59:306–38. doi: 10.1111/head.13459

7. Bigal ME, Serrano D, Buse D, Scher A, Stewart WF, Lipton RB. Acute
migraine medications and evolution from episodic to chronic migraine: a longitudinal
population-based study. Headache. (2008) 48:1157–68. doi: 10.1111/j.1526-4610.2008.
01217.x

8. Alstadhaug KB, Ofte HK, Kristoffersen ES. Preventing and treating medication
overuse headache. Pain Rep. (2017) 2:e612. doi: 10.1097/PR9.000000000000
0612

9. Kristoffersen ES, Straand J, Vetvik KG, Benth JŠ, Russell MB, Lundqvist C. Brief
intervention for medication-overuse headache in primary care. The BIMOH study: a
double-blind pragmatic cluster randomized parallel controlled trial. J Neurol Neurosurg
Psychiatry. (2015) 86:505–12. doi: 10.1136/jnnp-2014-308548

10. GBD 2016 Neurology Collaborators. Global, regional, and national
burden of neurological disorders, 1990-2016: a systematic analysis
for the Global Burden of Disease Study 2016. Lancet Neurol. (2019)
18:459–80. doi: 10.1016/s1474-4422(18)30499-x

11. Grande RB, Aaseth K, Benth JŠ, Lundqvist C, Russell MB. Reduction in
medication-overuse headache after short information. The Akershus study of chronic
headache. Eur J Neurol. (2011) 18:129–37. doi: 10.1111/j.1468-1331.2010.03094.x

12. Diener H-C, Holle D, Solbach K, Gaul C. Medication-overuse headache:
risk factors, pathophysiology and management. Nat Rev Neurol. (2016) 12:575–
83. doi: 10.1038/nrneurol.2016.124

13. Rouw C, Munksgaard SB, Engelstoft IMS, Nielsen M, Westergaard ML, Jensen
RH, et al. Dependence-like behaviour in patients treated for medication overuse
headache: a prospective open-label randomized controlled trial. Eur J Pain. (2021)
25:852–61. doi: 10.1002/ejp.1715

14. Bendtsen L, Munksgaard S, Tassorelli C, Nappi G, Katsarava Z, Lainez M,
et al. Disability, anxiety and depression associated with medication-overuse headache
can be considerably reduced by detoxification and prophylactic treatment. Results
from a multicentre, multinational study (COMOESTAS project). Cephalalgia. (2014)
34:426–33. doi: 10.1177/0333102413515338

15. Carlsen LN, Munksgaard SB, Nielsen M, Engelstoft IMS, Westergaard ML,
Bendtsen L, et al. Comparison of 3 treatment strategies for medication overuse
headache. JAMA Neurol. (2020) 77:1069–78. doi: 10.1001/jamaneurol.2020.1179

16. Andrasik F, Grazzi L, Usai S, Buse DC, Bussone G. Non-pharmacological
approaches to treating chronic migraine with medication overuse. Neurol Sci. (2009)
30:89–93. doi: 10.1007/s10072-009-0081-3

17. Cady R, Farmer K, Beach ME, Tarrasch J. Nurse-based education: an office-
based comparative model for education of migraine patients.Headache. (2008) 48:564–
9. doi: 10.1111/J.1526-4610.2008.00911.X

18. Pijpers JA, Kies DA, van Zwet EW. Frits |, Rosendaal R, Terwindt GM. behavioral
intervention in medication overuse headache: a concealed double-blind randomized
controlled trial. Eur J Neurol. (2022) 29:1496–504. doi: 10.1111/ene.15256

19. Kristoffersen ES, Straand J, Russell MB, Lundqvist C. Lasting improvement
of medication-overuse headache after brief intervention - a long-term follow-up in
primary care. Eur J Neurol. (2017) 24:883–91. doi: 10.1111/ENE.13318

20. Babor TF, Higgins-Biddle JC. Brief Intervention for Hazardous And Harmful
Drinking : A Manual for Use in Primary Care. World Health Organization. (2001) p.
1–52. Available online at: https://apps.who.int/iris/handle/10665/67210 (accessed July
21, 2022).

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2023.1114654
https://www.frontiersin.org/articles/10.3389/fneur.2023.1114654/full#supplementary-material
https://doi.org/10.1186/s10194-018-0846-2
https://doi.org/10.1177/2042098614522683
https://doi.org/10.1111/head.14036
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1016/s1474-4422(19)30146-2
https://doi.org/10.1111/head.13459
https://doi.org/10.1111/j.1526-4610.2008.01217.x
https://doi.org/10.1097/PR9.0000000000000612
https://doi.org/10.1136/jnnp-2014-308548
https://doi.org/10.1016/s1474-4422(18)30499-x
https://doi.org/10.1111/j.1468-1331.2010.03094.x
https://doi.org/10.1038/nrneurol.2016.124
https://doi.org/10.1002/ejp.1715
https://doi.org/10.1177/0333102413515338
https://doi.org/10.1001/jamaneurol.2020.1179
https://doi.org/10.1007/s10072-009-0081-3
https://doi.org/10.1111/J.1526-4610.2008.00911.X
https://doi.org/10.1111/ene.15256
https://doi.org/10.1111/ENE.13318
https://apps.who.int/iris/handle/10665/67210
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jensen et al. 10.3389/fneur.2023.1114654

21. Rossi P, Faroni JV, Tassorelli C, Nappi G. Advice alone versus structured
detoxification programmes for complicated medication overuse headache (MOH):
a prospective, randomized, open-label trial. J Headache Pain. (2013) 14:1–
8. doi: 10.1186/1129-2377-14-10

22. Hagen K, Stovner LJ, A. randomized controlled trial on medication-overuse
headache: outcome after 1 and 4 years. Acta Neurol Scand Suppl. (2011) 124:38–
43. doi: 10.1111/j.1600-0404.2011.01542.x

23. Vyepti [package insert]. Vyepti. Lundbeck Seattle BioPharmaceuticals, Inc.:
Bothell, WA. (2022).

24. Smith TR, Janelidze M, Chakhava G, Cady R, Hirman J, Allan B, et al.
Eptinezumab for the prevention of episodic migraine: sustained effect through
1 year of treatment in the PROMISE-1 study. Clin Ther. (2020) 42:2254–
65.e3. doi: 10.1016/j.clinthera.2020.11.007

25. Ashina M, Saper J, Cady R, Schaeffler B, Biondi DM, Hirman J, et al.
Eptinezumab in episodic migraine: a randomized, double-blind, placebo-controlled
study (PROMISE-1). Cephalalgia. (2020) 40:241–54. doi: 10.1177/0333102420905132

26. Lipton RB, Goadsby PJ, Smith J, Schaeffler BA, Biondi DM, Hirman J,
et al. Efficacy and safety of eptinezumab in patients with chronic migraine:

PROMISE-2. Neurology. (2020) 94:e1365–77. doi: 10.1212/WNL.0000000000
009169

27. Grande RB, Aaseth K, Šaltyte Benth J, Gulbrandsen P, Russell MB, Lundqvist
C. The Severity of Dependence Scale detects people with medication overuse: the
Akershus study of chronic headache. J Neurol Neurosurg Psychiatry. (2009) 80:784–
9. doi: 10.1136/JNNP.2008.168864

28. Garcia-Martinez LF, Raport CJ, Ojala EW, Dutzar B, Anderson K, Stewart E,
et al. Pharmacologic characterization of ALD403, a potent neutralizing humanized
monoclonal antibody against the calcitonin gene-related peptide. J Pharmacol Exp
Ther. (2020) 374:93–103. doi: 10.1124/jpet.119.264671

29. Baker B, Schaeffler B, Beliveau M, Rubets I, Pederson S, Trinh M, et al.
Population pharmacokinetic and exposure-response analysis of eptinezumab in
the treatment of episodic and chronic migraine. Pharmacol Res Perspect. (2020)
8:e00567. doi: 10.1002/prp2.567

30. Benz T, Nussle A, Lehmann S, Gantenbein AR, Sandor PS, Elfering A, et al.
Health and quality of life in patients with medication overuse headache syndrome
after standardized inpatient rehabilitation: a cross-sectional pilot study. Medicine
(Baltimore). (2017) 96:e8493. doi: 10.1097/md.0000000000008493

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2023.1114654
https://doi.org/10.1186/1129-2377-14-10
https://doi.org/10.1111/j.1600-0404.2011.01542.x
https://doi.org/10.1016/j.clinthera.2020.11.007
https://doi.org/10.1177/0333102420905132
https://doi.org/10.1212/WNL.0000000000009169
https://doi.org/10.1136/JNNP.2008.168864
https://doi.org/10.1124/jpet.119.264671
https://doi.org/10.1002/prp2.567
https://doi.org/10.1097/md.0000000000008493
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Adding eptinezumab to brief patient education to treat chronic migraine and medication-overuse headache: Protocol for RESOLUTION—A phase 4, multinational, randomized, double-blind, placebo-controlled study
	1. Introduction
	2. Methods and analysis
	2.1. Trial design and study setting
	2.2. Eligibility criteria
	2.3. Interventions
	2.3.1. Brief Educational Intervention
	2.3.2. Study drug
	2.3.3. Actigraphy assessments

	2.4. Randomisation
	2.5. Data collection and management
	2.6. Outcome measures
	2.7. Statistical methods
	2.7.1. Sample size considerations
	2.7.2. Analysis groups
	2.7.3. Efficacy endpoint analyses
	2.7.4. Handling missing data


	3. Discussion
	3.1. Strengths and limitations of the RESOLUTION trial design

	4. Ethics and dissemination
	4.1. Research ethics approval and consent
	4.2. Confidentiality and dissemination
	4.3. Data sharing

	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


