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Abstract
Objective: This post hoc analysis in patients medically diagnosed with chronic mi-
graine (CM) and medication-overuse headache (MOH) evaluated reductions in the use 
of acute headache medication (AHM) and sustained changes in the diagnostic status 
of CM and MOH following eptinezumab treatment in the PROMISE-2 study.
Background: Eptinezumab, a monoclonal antibody that inhibits calcitonin gene-
related peptide, is approved in the United States for the preventive treatment of mi-
graine. A previous analysis showed that eptinezumab reduced monthly migraine days 
and was well tolerated in the subgroup of PROMISE-2 patients diagnosed with both 
CM and MOH.
Methods: The phase 3, double-blind, placebo-controlled PROMISE-2  study 
(NCT02974153) randomized adults with CM to eptinezumab 100 mg, 300 mg, or pla-
cebo (administered intravenously every 12  weeks for up to two doses). MOH was 
prospectively diagnosed at screening by trained physicians based on 3  months of 
medication history and International Classification of Headache Disorders-3β crite-
ria. This post hoc analysis evaluated changes in total and class-specific days of AHM 
usage, the percentage of patients using AHM at or above MOH diagnostic thresholds, 
and the percentage of patients experiencing monthly headache and migraine day fre-
quency below diagnostic thresholds for MOH and/or CM.
Results: In PROMISE-2, 431/1072 (40.2%) patients with CM were diagnosed with 
MOH (eptinezumab 100 mg, n = 139; 300 mg, n = 147; placebo, n = 145) and were 
included in this analysis. Total monthly AHM use decreased from 20.6 days/month 
at baseline to 10.6 days/month over 24 weeks of treatment (49% decrease) with ep-
tinezumab 100 mg, from 20.7 to 10.5 days/month (49% decrease) with eptinezumab 
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INTRODUC TION

Medication-overuse headache (MOH) is a secondary headache dis-
order associated with excessive acute use of analgesics or other 
drugs used to treat migraine.1  The International Classification of 
Headache Disorders, 3rd edition (ICHD-3) criteria for a diagnosis 
of MOH is ≥15 headache days/month in a patient with a preexist-
ing headache disorder, with >3  months of regular overuse of ≥1 
drug that can be taken for acute and/or symptomatic treatment of 
headache or ≥15 days/month for nonopioid (simple) analgesics, or 
≥10  days/month for triptans, ergots, opioids, and/or combination 
analgesics, as well as combinations of different classes of headache 
medications.2 The resolution of MOH is typically regarded as reduc-
tion of acute medication below the levels defined by ICHD-3 thresh-
olds for three consecutive months.2

MOH occurs in 0.5%–7.2% of the total population (median es-
timate of 1%–2%), depending on the country and age range of the 
subjects in the various settings evaluated. MOH most commonly af-
fects women, with a peak incidence in those who are 50–60 years 
of age.1  The disorder may lead to considerable disability, medical 
and societal costs, as well as often making headache refractory to 
treatment.1,3–5 MOH is considered by many to be the most costly 
headache disorder.

Frequent medication use and increased headache frequency 
are common events among patients who experience migraine.1 
Clinic-based studies have shown an association between the fre-
quent use of analgesics and the development of MOH.6 Although 
not all patients who overuse acute headache medications (AHMs) 
will transform from episodic migraine to chronic migraine (CM) with 
MOH, an important goal of treatment is to prevent this transition. It 
is, however, not known whether the frequent intake of medication 
leads to MOH or whether patients with more frequent headaches 
take more medications. Furthermore, it is not clear whether patients 

who develop MOH have a genetic predisposition and hypersensi-
tivity to pain stimuli that may indicate increased risk.7 In addition, 
overuse of most acute medications, such as triptans, combination 
analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, 
and others may increase the risk of MOH.1 MRI studies of the brain 
structure of patients with MOH reveal evidence of structural and 
functional changes in the areas of the brain associated with pain 
and addiction.8  Those abnormalities associated with pain appear 
to return to normal after MOH is resolved, but the areas associ-
ated with addiction may still be abnormal. An unmet need clearly 
exists to prevent MOH from developing, which may be achieved by 
using new treatments with high levels of sustained efficacy, high 
tolerability, and delivery methods that improve patient adherence 
to treatment.9

Eptinezumab is a humanized IgG1 monoclonal antibody that se-
lectively binds to and durably inhibits the calcitonin gene-related 
peptide (CGRP) ligand with high affinity.10–12 Eptinezumab is ap-
proved in the United States for the preventive treatment of mi-
graine in adults.13 In pivotal phase 3 studies, eptinezumab 100 and 
300  mg met the primary efficacy endpoint by significantly reduc-
ing mean monthly migraine days over Weeks 1–12, compared with 
placebo, in patients with episodic migraine (PROMISE-114) and CM 
(PROMISE-215). On average, the percentage of patients experiencing 
a migraine on the day following infusion was reduced by >50% in 
both studies and for both the 100 and 300 mg doses in both ep-
isodic migraine and CM, which was sustained across the 12-week 
treatment period.16  Those receiving eptinezumab treatment were 
more likely to achieve ≥75% migraine response during Weeks 1–4 
and Weeks 1–12 than were patients receiving placebo. A popula-
tion pharmacokinetic analysis using data from eight trials of eptin-
ezumab found that patient characteristics (including demographics 
and disease state) had no clinically significant effects on pharma-
cokinetic parameters, concluding that no dose adjustments were 
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300 mg, and from 19.8 to 14.0 days/month (29% decrease) with placebo. Numerically 
greater decreases from baseline with eptinezumab were also observed for individ-
ual drug classes. In each study month, the percentages of patients who were below 
MOH thresholds were numerically higher for both eptinezumab doses compared with 
placebo, as were the percentages of patients experiencing headache and migraine 
frequency below CM thresholds. Of patients with available data across the entire 
treatment period, 29.0% (58/200) of patients treated with eptinezumab stopped 
meeting and remained below diagnostic thresholds for both CM and MOH during 
Weeks 1–24, as well as 6.3% (6/96) of patients who received placebo.
Conclusions: Across 24 weeks of treatment, eptinezumab reduced AHM use in pa-
tients diagnosed with CM and MOH. More than one-fourth (29%) of patients treated 
with eptinezumab did not meet the diagnostic thresholds for either CM or MOH for 
the entire treatment period.
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necessary in different patient populations.11 A post hoc analysis of 
the PROMISE-2 trial found that, in patients with a dual diagnosis 
of CM and MOH, eptinezumab showed migraine-preventive effi-
cacy on the primary and key secondary endpoints compared with 
placebo.17

Based on the fact that MOH is highly prevalent in the CM popu-
lation, a subgroup analysis of the patients with MOH was prespeci-
fied15 as part of the statistical analysis plan for the PROMISE-2 clinical 
trial of patients with CM,17 hypothesizing that eptinezumab would 
reduce the frequency of migraine to the point of effectively reducing 
the frequent need for acute medications. Specifically, we considered 
that preventive eptinezumab treatment could, despite no protocol-
directed intervention for the treatment of MOH, potentially reduce 
the use of AHM and decrease the proportion of patients who con-
tinue to meet diagnostic thresholds for CM and MOH. Thus, the ob-
jectives of the current post hoc analyses were to evaluate the impact 
of eptinezumab compared with placebo on days of AHM use and 
to assess whether eptinezumab treatment sustained changes in the 
diagnostic status of CM and MOH as identified at screening in the 
PROMISE-2 study.

METHODS

Study overview, design, and patients

The detailed methodology for PROMISE-2 (NCT02974153) has 
been published previously.15 Briefly, PROMISE-2 was a randomized, 
double-blind, placebo-controlled trial that evaluated the efficacy and 
safety of eptinezumab for migraine prevention in adults with CM. 
Written informed consent was obtained from all participants prior to 
study initiation; consent forms used at each site were approved by 
the Independent Ethics Committee/Institutional Review Board for 
each study site in accordance with local legal requirements. Enrolled 
patients were treated with eptinezumab 100 mg, 300 mg, or placebo 
every 12 weeks for up to two doses. The subgroup of patients with 
CM in these analyses included those who were diagnosed at the 
screening visit as having MOH by the investigator.

The diagnosis of MOH was conducted as a prespecified measure 
for one of several subgroup analyses of the primary efficacy endpoint 
in PROMISE-2, and investigators were formally trained on how to di-
agnose MOH using the ICHD-3β classification guidelines.18 Patients 
were prospectively diagnosed with MOH at screening based on 
3 months of medication history in alignment with ICHD-3β criteria. 
Limited use of barbiturates (including any combination containing 
butalbital) or prescription opioids (including single ingredient or 
combination medications containing opiates, opioids, tramadol, or 
tapentadol) was allowed if patients maintained a stable dose for 
2 months prior to screening and dosing was not expected to exceed 
4 days/month through Week 24. Patients using opioids or barbitu-
rates >4 days/month prior to or during baseline were excluded from 
the study, as it was considered that frequent use of these drugs had 
the potential to make patients refractory to preventive treatments. 

Thus, no patients had MOH based exclusively on either of these 
drug classes. Active treatment for MOH (e.g., behavioral or psycho-
logical interventions, or pharmacological treatment other than the 
study drugs) was not a part of the PROMISE-2 study protocol.

Outcomes

Analyses in the MOH subgroup included the change in monthly 
AHM days, in total and by class (triptan, ergotamine, simple anal-
gesics, combination analgesics [combination of drugs of different 
classes acting as analgesics or adjuvants], and opioids); the percent-
age of patients using AHM at or above MOH diagnostic thresholds, 
as well as the number of study months (4-week intervals) patients 
used AHM below MOH diagnostic thresholds; the percentage of pa-
tients experiencing a monthly headache and migraine day frequency 
below diagnostic thresholds for CM, as well as the number of study 
months patients reported migraine frequency below CM diagnos-
tic thresholds; and the percentage of patients reporting AHM use 
and headache/migraine day frequency that were below both CM 
and MOH diagnostic thresholds, including the number of successive 
study months for which this was achieved.

MOH diagnostic thresholds were defined by ICHD-3β criteria 
(Table S1), which is ≥10 days/month of triptans, ergots, opioids, and/
or combination analgesics and/or ≥15  days/month of simple anal-
gesics. For analysis of patients diagnosed with MOH, days of acute 
medication use were counted separately for each class. Within the 
≥10 days/month group, if multiple drug classes were taken on a sin-
gle day, the count was reported as a multiple of days. Thus, if 5 days 
of sumatriptan and 5 days of combination analgesics were taken per 
month, this would be counted as 10 days, and the diagnosis would 
be MOH. Simple analgesics were analyzed separately from other 
acute medications and used a 15 days/month cutoff. The CM diag-
nostic threshold was defined as ≥15 headache days/month, includ-
ing ≥8  migraine days/month per ICHD-3 criteria. Additionally, if a 
migraine resolved in less than 4 hours because of triptan use, the 
classification of a “migraine day” is still applied.

Statistical analyses

Daily AHM use was captured in a daily eDiary, as were headache 
and migraine days. Use of AHM was captured each day regardless of 
whether a patient had a headache on that day. Descriptive statistics 
(including mean, standard deviation, and percentage) were used to 
report data. Analyses were performed using SAS software version 
9.4 (SAS Institute, Inc., Cary, NC, USA).

AHM use was analyzed over time for the full MOH population. 
For analyses of specific drug classes, the patient population was lim-
ited to those who reported any use of the specific drug class during 
the baseline period. For analyses across dosing intervals (12 weeks), 
two methods were used to determine if a patient met diagnostic 
thresholds for MOH or CM; these comprised the average over the 
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dosing interval (i.e., the average across the three 4-week intervals 
within Weeks 1–12) and an evaluation of each individual study 
month.

Missing data imputation was used for the endpoints related to 
headache and migraine days, as described in the primary report of 
PROMISE-2.15 Briefly, the rate of headache and migraine was as-
sumed to be the same on days when the diary was not completed 
as on days when it was completed. In cases where patients provided 
limited eDiary data in a given month (i.e., <21 days), the assumed mi-
graine/headache rate was a weighted function of the data from the 
current month and prior month where the weight was a function of 
how much data were missing in the current month. As missing data 
were always imputed, results for headache and migraine endpoints 
were available for all patients at all time points.

Similar logic was used for the medication endpoints (i.e., medica-
tion usage rates days were assumed to be the same on days without 
data as those with data). However, in this case, if the eDiary was 
completed for ≥50% of days in the study month, any days the patient 
failed to complete the diary were assumed to be the same as the 
previous reported days, but if a patient failed to report medication 
data for ≥50% of days in a study month, the data were not imputed 
and were classified as missing.

RESULTS

Acute headache medication use at baseline in patients 
with MOH

Of 1072 patients with CM treated in the PROMISE-2 trial, 431 
(40.2%) had a diagnosis of MOH at screening, as determined by 
the study investigator, including 139 patients who received eptin-
ezumab 100 mg, 147 who received eptinezumab 300 mg, and 145 
who received placebo. Of these, 135, 144, and 142 patients, respec-
tively, provided sufficient data to allow baseline medication use to 
be determined. The demographics and disposition of the patients 

in the MOH analyses are shown in Table 1. The MOH subgroup was 
primarily female (87.2%; 376/431) and white (93.5%; 403/431).

Mean (standard deviation) baseline acute medication days were 
similar for the eptinezumab 100 mg, 300 mg, and placebo groups: 
16.4 (6.5), 16.7 (5.9), and 16.1 (6.7), respectively (Table  1). In the 
respective treatment groups of eptinezumab 100 mg, 300 mg, and 
placebo, 18.7% (26/139), 12.9% (19/147), and 20.7% (30/145) of 
patients were overusing simple analgesics at baseline and 59.7% 
(83/139), 71.4% (105/147), and 60.7% (88/145) were overusing trip-
tans, ergots, opioids, and/or combination analgesics. The overuse of 
both categories at baseline was reported in 7.9% (11/139; 100 mg), 
7.5% (11/147; 300 mg), and 9.7% (14/145; placebo) of patients.

Acute headache medication use by patients with 
MOH after treatment

Prophylactic and acute concomitant headache medication use dur-
ing the study is shown in Table  2 for those diagnosed with MOH 
at baseline. In patients with MOH, eptinezumab treatment re-
sulted in numerically larger reductions compared with placebo in 
mean days of total AHM use over Weeks 1–12, and these reduc-
tions were sustained over Weeks 13–24 (Figure  1). Total monthly 
AHM use decreased from 20.6 days/month (100 mg) and 20.7 days/
month (300 mg) at baseline in the eptinezumab groups to 10.6 and 
10.5 days/month, respectively, over Weeks 13–24 (both decreases 
of 49%); in the placebo group, total monthly AHM use decreased 
from 19.8 to 14.0 days/month (a decrease of 29%).

Across all drug classes, there were numerically larger decreases 
in monthly use with eptinezumab, compared with placebo, over 
24 weeks of treatment; decreases were observed as early as Weeks 
1–4 and were maintained or improved over the subsequent monthly 
periods. At baseline, for patients using triptans, usage rates were 
generally high, at 13.2  days/month for those in the eptinezumab 
100 mg group (n = 92), 11.8 days/month for eptinezumab 300 mg 
(n = 112), and 11.5 days/month (n = 105) for those in the placebo 

Eptinezumab
100 mg
n = 139

Eptinezumab
300 mg
n = 147

Placebo
n = 145

Total
N = 431

Age (years), mean (SD) 41.5 (11.4) 42.1 (10.2) 40.7 (10.9) 41.4 (10.8)

Sex: Female, n (%) 120 (86.3) 131 (89.1) 125 (86.2) 376 (87.2)

Race: White, n (%) 133 (95.7) 137 (93.2) 133 (91.7) 403 (93.5)

Baseline migraine days,a  
mean (SD)

16.7 (4.6) 16.7 (4.9) 16.7 (4.4) 16.7 (4.6)

Baseline headache days,a  
mean (SD)

20.7 (3.0) 20.6 (3.3) 20.7 (3.0) 20.7 (3.1)

Baseline acute medication 
days,a  mean (SD)

16.4 (6.5) 16.7 (5.9) 16.1 (6.7) 16.4 (6.4)

Abbreviations: SD, standard deviation.
aCalculated from the eDiary during the 28-day baseline screening period.

TA B L E  1  Demographics and 
baseline characteristics of patients with 
medication-overuse headache
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group. By Week 24, the triptan usage among these patients dropped 
to 6.3 days/month (a decrease of 6.9 days/month), 5.1 days/month 
(a decrease of 6.7 days), and 7.0 days/month (a decrease of 4.5 days) 
for eptinezumab 100 mg (n = 78), eptinezumab 300 mg (n = 96), and 
placebo (n = 85), respectively (Figure 2A). For patients who reported 
use of simple analgesics at baseline, usage was 10.2 days/month for 
those in the eptinezumab 100 mg group (n = 101), 9.3 days/month 
for eptinezumab 300 mg (n = 95), and 11.1 days/month (n = 98) for 
those in the placebo group. By Week 24, simple analgesic usage in 
these patients dropped to 5.3, 5.9, and 7.4 days/month for eptine-
zumab 100 mg (n = 80), eptinezumab 300 mg (n = 80), and placebo 
(n = 78), respectively (Figure 2B). The use of combination analgesics 
at baseline was 7.8 days/month for those in the eptinezumab 100 mg 

group (n = 64), 8.7 days/month for eptinezumab 300 mg (n = 79), and 
7.5 days/month (n = 63) for those in the placebo group. By Week 
24, combination analgesic usage dropped to 4.3, 3.2, and 4.7 days/
month for eptinezumab 100  mg (n  =  51), eptinezumab 300  mg 
(n = 64), and placebo (n = 50), respectively (Figure 2C).

Consistency of response and diagnostic resolution 
after treatment

The decreases in acute medication usage observed during the study 
resulted in patients no longer meeting the monthly MOH medica-
tion threshold based on ICHD-3β criteria. Across the study, the 

TA B L E  2  Preventive and acute medication use in patients with medication-overuse headache

Eptinezumab
100 mg
n = 139

Eptinezumab
300 mg
n = 147

Placebo
n = 145

Total
N = 431

Preventive medication

Prior use 139 (100%) 147 (100%) 143 (98.6%) 429 (99.5%)

Concomitant use 68 (48.9%) 80 (54.4%) 80 (55.2%) 228 (52.9%)

Acute medicationa 

Triptan/ergot 103 (74.1%) 114 (77.6%) 111 (76.6%) 328 (76.1%)

Opioidb  13 (9.4%) 15 (10.2%) 16 (11.0%) 44 (10.2%)

Butalbitalb  6 (4.3%) 6 (4.1%) 3 (2.1%) 15 (3.5%)

Combination nonopioid analgesic 36 (25.9%) 45 (30.6%) 41 (28.3%) 122 (28.3%)

Simple analgesic 35 (25.2%) 37 (25.2%) 34 (23.4%) 106 (24.6%)

NSAID 83 (59.7%) 88 (59.9%) 84 (57.9%) 255 (59.2%)

Other 2 (1.4%) 1 (0.7%) 1 (0.7%) 4 (0.9%)

Abbreviation: NSAID, nonspecific anti-inflammatory drug.
aPatients (n [%]) with ≥1 use of medication during the study over Weeks 1–32.
bIntake of four or fewer days per month per protocol.

F I G U R E  1  Mean days/month of totala acute headache medication use. aTotal acute headache medication days is the sum of triptan, 
ergotamine, opioid, simple analgesic, and combination analgesic days of use. If a patient used two classes of medication on the same day, 
they were counted twice. SE, standard error [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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percentage of patients with MOH overusing medication was gen-
erally consistent during eptinezumab treatment, with numerically 
fewer patients treated with eptinezumab (25.6%–37.3%) using 
acute medication at or above MOH monthly thresholds than pa-
tients who received placebo (36.3%–50.7%) across all time points 
(Figure  3). The percentage of patients experiencing headache and 
migraine day frequency below CM thresholds during Weeks 1–4 was 
46.8% (100  mg, 65/139) and 47.6% (300  mg, 70/147) for patients 
treated with eptinezumab and 29.0% (42/145) for patients who re-
ceived placebo (Figure 4). More than 50% of patients treated with 

eptinezumab remained below the CM threshold across each study 
month following Weeks 1–4; the percentage of patients below the 
CM threshold was numerically larger in the eptinezumab treatment 
groups compared with placebo at each time point.

When the rates of freedom from both CM and MOH combined 
were analyzed over Weeks 1–12, 26.6%–29.3% of patients treated 
with eptinezumab were free of CM and MOH for each of the three 
study months as well as 8.3% of patients who received placebo 
(Figure 5). The proportions of patients remaining free of both CM 
and MOH further increased (33.8%–34.0%) over Weeks 13–24 

F I G U R E  2  Mean days/month of acute 
headache medication use by class, in 
patients with any of that class during 
baseline. (A) Triptan use. Analysis includes 
patients who reported ≥1 day of triptan 
use during the 28-day screening period. 
Sample sizes at baseline: eptinezumab 
100 mg, n = 92; eptinezumab 300 mg, 
n = 112; placebo, n = 105. (B) Simple 
analgesic use. Analysis includes patients 
who reported ≥1 day of simple analgesic 
use during the 28-day screening period. 
Sample sizes at baseline: eptinezumab 
100 mg, n = 101; eptinezumab 
300 mg, n = 95; placebo, n = 98. (C) 
Combination analgesic use. Analysis 
includes patients who reported ≥1 day 
of combination analgesic use during the 
28-day screening period. Sample sizes at 
baseline: eptinezumab 100 mg, n = 64; 
eptinezumab 300 mg, n = 79; placebo, 
n = 63. SE, standard error [Color figure 
can be viewed at wileyonlinelibrary.com]
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across eptinezumab treatment arms. Of patients with available data 
across the entire treatment period, 29.0% (58/200) of patients 
treated with eptinezumab (100 mg, 27/93; 300 mg, 31/107) never 
reached diagnostic thresholds for either CM or MOH during Weeks 
1–24, as well as 6.3% (6/96) of patients who received placebo.

Safety

Full details of the safety outcomes in PROMISE-2  have been re-
ported.15  No differences in treatment-emergent adverse events 
were seen between the MOH subgroup in these analyses and the 
overall PROMISE-2 study population.

DISCUSSION

Reducing AHM use and its associated burden of overuse is an im-
portant goal for patients with CM and MOH. In addition to the risk 
of developing MOH, the various AHM drug classes have also been 
associated with sometimes serious adverse events, including gastro-
intestinal bleeding, cardiovascular risk, and renal or hepatic toxic-
ity,19,20 adding complexity to migraine management and increasing 
the overall burden of this condition. The historical approach to treat-
ing MOH has been to request patients to discontinue or wean the 
use of acute medications, potentially leading to unpleasant symp-
toms or withdrawal depending on the drug class.21  This series of 
post hoc analyses was conducted to evaluate the impact of migraine 

F I G U R E  3  Rates of medication overuse in patients with chronic migraine and medication-overuse headache (MOH), by study month. 
Medication overuse was defined by MOH thresholds in the ICHD-3β criteria (including section 8.2.6). Classes of medication included triptan, 
ergot, opioid, simple analgesic, and combination analgesic, and were counted separately for days of use; simple analgesics were counted 
separately as ≥15 days/month [Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  4  Patients experiencing below chronic migraine (CM) thresholds by study month. CM diagnostic thresholds were defined as 
≥15 headache days/month and ≥8 migraine days/month per ICHD-3β criteria [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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prevention with eptinezumab compared with placebo on AHM use 
and overuse and its potential for resolving CM and MOH diagno-
ses in the subgroup of PROMISE-2 patients with a dual diagnosis 
of CM and MOH at baseline. These analyses showed that fewer 
patients treated with eptinezumab used acute medication at levels 
that support an MOH diagnosis than patients who received placebo 
across all study time points, from Weeks 1–4 and continuing through 
Weeks 21–24. Eptinezumab treatment was also associated with a 
large reduction in the percentage of patients overusing AHM, as well 
as a numerically greater percentage of patients transitioning from 
CM to episodic migraine compared with placebo. In total, 50.5% of 
those patients treated with eptinezumab 100 mg and 49.5% of those 
treated with eptinezumab 300  mg were consistently below MOH 
diagnostic thresholds for AHM use for the entirety of the 24-week 
treatment period compared with 27.1% of patients who received 
placebo.17  More than one-fourth (29.0%) of patients treated with 
eptinezumab and 6.3% of patients who received placebo demon-
strated resolution of both diagnoses, experiencing 24 weeks without 
overusing AHM per MOH diagnostic thresholds and without expe-
riencing CM diagnostic thresholds for headache and migraine days. 
These post hoc analyses provide initial evidence that eptinezumab 
could be an effective treatment for patients with CM and MOH, pro-
viding early and sustained reduction in AHM use in addition to the 
reduction in migraine frequency.

Reduction of AHM use in patients with CM and MOH has pre-
viously been analyzed in secondary and post hoc analyses with 
onabotulinumtoxinA (medication overuse only),22–26 erenumab (a 
monoclonal antibody against the CGRP receptor),27,28 and freman-
ezumab (a monoclonal antibody against CGRP)29; these analyses did 
not include double-blind, placebo-controlled trials, and/or did not 
diagnose patients with MOH formally or monitor the consistency 

of response for individuals with MOH over time. In a 3-year study, 
patients with MOH treated with onabotulinumtoxinA showed sus-
tained improvements in migraine symptoms; however, it was not a 
placebo-controlled trial, and given that continued patient participa-
tion was likely linked to onabotulinumtoxinA efficacy, the results are 
more difficult to evaluate.23 Two placebo-controlled studies of ere-
numab27,28 and one of fremanezumab29 included patients with med-
ication overuse, but the ICHD diagnostic criteria were not formally 
applied for MOH; in these analyses of patients with acute medica-
tion overuse, no efforts were made to assess the sustained response 
over the entire study period.27,28

Although the extent to which medication overuse contributes to 
migraine progression is often difficult to determine,30 education can 
effectively treat MOH in a proportion of patients and is often used 
as adjuvant treatment. When education is used alone, rates of MOH 
remission over 60% have been reported in some studies.31,32 In the 
PROMISE-2  clinical trial, investigators avoided advising or educat-
ing patients about MOH to avoid a placebo response. Geographic 
differences in healthcare systems, variations in AHM prescribing, 
referral pathways, and access to headache specialists also add to the 
complexity of managing MOH, and may impact patient outcomes.9,33 
Furthermore, patients who overuse centrally acting analgesics, such 
as codeine preparations or opioids, commonly display the character-
istics of substance dependence,34 which makes successful reduction 
or withdrawal of AHM less likely.

Within the ongoing debate around actively treating MOH, val-
idation of any strategy in controlled clinical trials has been lack-
ing,1,35 and the paucity and inconsistency of available data has 
resulted in the deployment of numerous management techniques. 
Some clinicians recommend medication weaning in combina-
tion with patient education as the first step,21,36 whereas others 

F I G U R E  5  Percentage of patients who did not experience chronic migraine (CM) nor medication-overuse headache (MOH) thresholds for 
an entire dosing interval. Subgroup includes patients with MOH who reported headache and migraine days below CM thresholds, as well as 
acute medication use below MOH thresholds, for each individual study month within the respective dosing interval. Medication overuse was 
defined by MOH thresholds in the ICHD-3β criteria (including section 8.2.6). Classes of medication included triptan, ergot, opioid, simple 
analgesic, and combination analgesic, and were counted separately for days of use; simple analgesics were counted separately as ≥15 days/
month. CM diagnostic thresholds were defined as ≥15 headache days/month and ≥8 migraine days/month per ICHD-3β criteria [Color figure 
can be viewed at wileyonlinelibrary.com]
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recommend starting migraine-preventive treatment along with 
education, and then gradual detoxification.1 A third strategy is to 
treat MOH aggressively with migraine prevention, the acute use of 
short-term acute treatment such as antiemetics or corticosteroids, 
and patient education.37 The key arguments for weaning prior to 
initiating migraine prevention is that (1) oral preventives may cause 
significant adverse events such as sedation or cognitive slowing, 
which could exacerbate withdrawal symptoms; and (2) oral pre-
ventives are typically titrated over a period of several weeks. The 
rapid onset of efficacy of eptinezumab (as early as Day 1) and its 
12-week dosing interval, with no known central nervous system 
adverse events, make eptinezumab a promising option for treating 
patients with MOH. The data raise the possibility of a change in the 
MOH treatment paradigm, that of engaging in the beginning with 
an anti-CGRP ligand monoclonal antibody such as eptinezumab 
and allowing the use of AHMs to decline over months and then re-
evaluating, before further intervention.

Limitations

Limitations of this analysis include those inherent in the nature of 
post hoc and exploratory analyses; all analyses herein were de-
scriptive to reflect this limitation. Another factor to be considered 
when making inferences from these study data was that although 
thresholds for MOH were defined similarly in the ICHD-3β (2013) 
and ICHD-3 (2018) criteria for MOH,2,18 there were some changes 
in drug definitions between the two sets of criteria (Table S1). In 
ICHD-3 (2018), simple analgesics were put in a category called 
nonopioid drugs, and in section 8.2.6 simple/nonopioid are among 
the list limited at ≥10  days/month instead of the ≥15 threshold; 
this change would have resulted in an increase in the number of 
patients in PROMISE-2 diagnosed with MOH. Although this list 
does not include combination analgesics, it is not expected that 
the results would significantly change should the data have been 
analyzed using the ≥10  days/month threshold for simple analge-
sics. Lastly, opioid and barbiturate use was limited to ≤4  days/
month during the screening and treatment periods of PROMISE-2; 
therefore, patients with opioid-overuse headache were excluded, 
making the results less generalizable to individuals with migraine 
who use opioids or barbiturate-containing combination analgesics 
regularly.

This post hoc analysis showed a large placebo response, which 
is quite often observed in migraine treatment studies; however, the 
placebo effect was less pronounced in patients with MOH in this 
analysis compared with the overall PROMISE-2 population (differ-
ence from placebo in change from baseline in monthly migraine 
days: ~3  days in the MOH subgroup vs. ~2–2.5 in PROMISE-2). 
Furthermore, eptinezumab efficacy after subtracting the placebo 
value was >3 days, and the same response was observed for both 
the 100 and 300 mg doses.

Another limitation is that patients who used opioids for more 
than 4  days per month were excluded, because of their potential 

for higher rates of adverse events and poor outcomes.6 As a result, 
a class of patients with MOH that can be found in the general pop-
ulation were omitted from this evaluation; however, another post 
hoc analysis of PROMISE-2 showed no change in the primary effi-
cacy endpoint in patients who had no barbiturate or opioid use at 
any time during the study compared with those who did.15 Opioid 
or barbiturate use, as well as the presence of significant mood or 
personality disorders, complicates the management of migraine 
with MOH and may warrant a different treatment strategy.38 Finally, 
an integrated treatment plan for these patients was not provided, 
which could affect outcomes in a clinical setting.

Conclusions

In patients with CM diagnosed with MOH, preventive migraine 
treatment with eptinezumab, with either 100 or 300 mg doses, pro-
vided meaningful reductions from baseline in AHM use. Reductions 
were observed during the first 4  weeks and were sustained over 
24 weeks of treatment. A sustained resolution of both CM and MOH 
diagnoses over the entire 24 weeks of treatment was observed for 
29.0% of patients treated with eptinezumab (placebo, 6.3%). These 
post hoc analyses suggest that eptinezumab could be an effective 
treatment for these patients with difficult to treat migraine.

ACKNOWLEDG MENTS
Assistance with manuscript preparation was provided by Rosemary 
Reinke, PhD, Philip Sjostedt, BPharm, and Nicole Coolbaugh, CMPP, 
of The Medicine Group, LLC (New Hope, PA, USA), which was 
funded by H. Lundbeck A/S (Copenhagen, Denmark) in accordance 
with Good Publication Practice guidelines.

CONFLIC T OF INTERE S T
M. J. Marmura: Grants for research (no personal compensation): 
Allergan/Abbvie, ElectroCore, and Teva; Consultant and/or advisory 
board member: Alder/Lundbeck, Amgen/Novartis, Antres, Promius, 
Supernus, Theranica, and Valeant; Speaker's bureau: Amgen/
Novartis, and Eli Lilly; Royalties: Cambridge, Demos Medical, and 
MedLink. H.-C. Diener: Honoraria for participation in clinical tri-
als, contribution to advisory boards, or oral presentations over 
the last 3  years: Alder, Allergan, Amgen, Bristol-Myers Squibb, 
Electrocore, Ipsen Pharma, Lundbeck, Lilly, MSD, Novartis, Pfizer, 
Teva, and Weber & Weber; Financial research support: Allergan and 
Electrocore; Headache research support: German Research Council 
(DFG), the German Ministry of Education and Research (BMBF), 
and the European Union; Editorial boards: Cephalalgia and Lancet 
Neurology. R. P. Cowan: Consultant and/or advisory board mem-
ber: Alder, Allergan, Amgen, ATI, ElectroCore, eNeura, Novartis, 
Teva, and Zosano; Speaker's bureau: Biohaven. Expert Consultant: 
GLG, Guidepoint Global, Impel, Satsuma, Spherix Global Insights, 
Teva, Theranica, XOC, and Zosano; Royalties: Penguin/Avery and 
Springer. S. J. Tepper: Grants for research (no personal compensa-
tion): Allergan, Amgen, Electrocore, Eli Lilly, Lundbeck, Neurolief, 



1430  |    HEADACHE

Novartis, Satsuma, Zosano; Consultant and/or Advisory Boards 
(honoraria): Aeon, Align Strategies, Allergan/Abbvie, Alphasights, 
Amgen, Aperture Venture Partners, Aralez Pharmaceuticals 
Canada, Axsome Therapeutics, Becker Pharmaceutical Consulting, 
BioDelivery Sciences International, Biohaven, ClearView Healthcare 
Partners, CoolTech, CRG, Currax, Decision Resources, DeepBench, 
DRG, Eli Lilly, Equinox, ExpertConnect, GLG, Guidepoint Global, 
Healthcare Consultancy Group, Health Science Communications, 
HMP Communications, Impel, Interactive Forums, Krog and 
Partners, Lundbeck, M3 Global Research, Magellan Rx Management, 
Medicxi, Navigant Consulting, Neurolief, Nordic BioTech, Novartis, 
Pulmatrix, Reckner Healthcare, Relevale, SAI MedPartners, 
Satsuma, Slingshot Insights, Spherix Global Insights, Sudler and 
Hennessey, Synapse Medical Communications, System Analytic, 
Teva, Theranica, Thought Leader Select, Trinity Partners, Unity 
HA, XOC, Zosano; Salary: Dartmouth-Hitchcock Medical Center, 
American Headache Society, Thomas Jefferson University; CME 
honoraria: American Academy of Neurology, American Headache 
Society, Cleveland Clinic Foundation, Diamond Headache Clinic, 
Elsevier, Forefront Collaborative, Hamilton General Hospital, 
Ontario, Canada, Headache Cooperative of New England, 
Henry Ford Hospital, Detroit, Inova, Medical Learning Institute 
Peerview, Medical Education Speakers Network, Miller Medical 
Communications, North American Center for  CME, Physicians’ 
Education Resource, Rockpointe, ScientiaCME, WebMD/Medscape. 
M. L. Diamond: Advisory board member: Amgen, Assertio, Eli Lilly, 
Lundbeck, Promius Pharma, Supernus Pharmaceuticals, Teva, and 
Upsher-Smith Laboratories; Consultant: Amgen, Eli Lilly, Lundbeck, 
Promius Pharma, and Teva; Speaker's bureau: Amgen, Assertio, Eli 
Lilly, Supernus Pharmaceuticals, and Teva. A. J. Starling: Consulting 
fees: Alder, Amgen, eNeura, Eli Lilly, Impel, Lundbeck, Novartis, 
Theranica. J. Hirman: Contracted service provider of biostatistical 
resources: Lundbeck Seattle BioPharmaceuticals. L. Mehta and R. 
Cady: Full-time employee: H. Lundbeck A/S or one of its subsidiary 
companies. T. Brevig: Full-time employee and stockholder: Lundbeck.

AUTHOR CONTRIBUTIONS
Study concept and design: Michael J. Marmura, Hans-Christoph 
Diener, Joe Hirman, Lahar Mehta, Roger Cady. Acquisition of data: 
Michael J. Marmura. Analysis and interpretation of data: Michael J. 
Marmura, Hans-Christoph Diener, Robert P. Cowan, Stewart J. 
Tepper, Merle L. Diamond, Amaal J. Starling, Joe Hirman, Lahar 
Mehta, Thomas Brevig, Roger Cady. Drafting of the manuscript: 
Michael J. Marmura, Hans-Christoph Diener, Robert P. Cowan, 
Stewart J. Tepper, Merle L. Diamond, Amaal J. Starling, Joe Hirman, 
Lahar Mehta, Thomas Brevig, Roger Cady. Revising it for intellectual 
content: Michael J. Marmura, Hans-Christoph Diener, Robert P. 
Cowan, Stewart J. Tepper, Merle L. Diamond, Amaal J. Starling, Joe 
Hirman, Lahar Mehta, Thomas Brevig, Roger Cady. Final approval 
of the completed manuscript: Michael J. Marmura, Hans-Christoph 
Diener, Robert P. Cowan, Stewart J. Tepper, Merle L. Diamond, 
Amaal J. Starling, Joe Hirman, Lahar Mehta, Thomas Brevig, Roger 
Cady.

CLINIC AL TRIAL S REG IS TR ATION NUMBER
Clini​calTr​ials.gov Identifier: NCT02974153.

R E FE R E N C E S
	 1.	 Diener HC, Dodick D, Evers S, et al. Pathophysiology, prevention, 

and treatment of medication overuse headache. Lancet Neurol. 
2019;18:891-902.

	 2.	 Headache Classification Committee of the International Headache 
Society (IHS). The International Classification of Headache 
Disorders, 3rd edition. Cephalalgia. 2018;38:1-211.

	 3.	 Linde M, Gustavsson A, Stovner LJ, et al. The cost of head-
ache disorders in Europe: the Eurolight project. Eur J Neurol. 
2012;19:703-711.

	 4.	 Benz T, Nüssle A, Lehmann S, et al. Health and quality of life in pa-
tients with medication overuse headache syndrome after standard-
ized inpatient rehabilitation: a cross-sectional pilot study. Medicine 
(Baltimore). 2017;96:e8493.

	 5.	 Bendtsen L, Munksgaard S, Tassorelli C, 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 proj-
ect). Cephalalgia. 2014;34:426-433.

	 6.	 Thorlund K, Sun-Edelstein C, Druyts E, et al. Risk of medication 
overuse headache across classes of treatments for acute migraine. 
J Headache Pain. 2016;17:107.

	 7.	 Tolner EA, Houben T, Terwindt GM, de Vries B, Ferrari MD, van den 
Maagdenberg AMJM. From migraine genes to mechanisms. Pain. 
2015;156:S64-S74.

	 8.	 Schwedt TJ, Alam A, Reed ML, et al. Factors associated with acute 
medication overuse in people with migraine: results from the 2017 
migraine in America symptoms and treatment (MAST) study. J 
Headache Pain. 2018;19:38.

	 9.	 Krymchantowski AV, Jevoux CC, Krymchantowski AG, Vivas RS, 
Silva-Néto R. Medication overuse headache: an overview of clin-
ical aspects, mechanisms, and treatments. Expert Rev Neurother. 
2020;20:591-600.

	10.	 Baker B, Schaeffler B, Cady R, Latham J, Whitaker T, Smith J. 
Rational design of a monoclonal antibody (mAB) inhibiting calci-
tonin gene-related peptide (CGRP), ALD403, intended for the pre-
vention of migraine (p2.155). Neurology. 2017;88:p2.155.

	11.	 Baker B, Schaeffler B, Beliveau M, et al. Population pharmacoki-
netic and exposure-response analysis of eptinezumab in the treat-
ment of episodic and chronic migraine. Pharmacol Res Perspect. 
2020;8:e00567.

	12.	 Garcia-Martinez LF, Raport CJ, Ojala EW, 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.

	13.	 VYEPTI. Package insert. Lundbeck Seattle BioPharmaceuticals, 
Inc.; 2020.

	14.	 Ashina M, Saper J, Cady R, et al. Eptinezumab in episodic migraine: a 
randomized, double-blind, placebo-controlled study (PROMISE-1). 
Cephalalgia. 2020;40:241-254.

	15.	 Lipton RB, Goadsby PJ, Smith J, et al. Efficacy and safety of eptin-
ezumab in patients with chronic migraine. PROMISE-2. Neurology. 
2020;94:e1365-e1377.

	16.	 Dodick DW, Gottschalk C, Cady R, Hirman J, Smith J, Snapinn S. 
Eptinezumab demonstrated efficacy in sustained prevention of 
episodic and chronic migraine beginning on day 1 after dosing. 
Headache. 2020;60:2220-2231.

	17.	 Diener H-C, Marmura MJ, Tepper SJ, 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;61:125-136.

http://ClinicalTrials.gov


    | 1431HEADACHE

	18.	 Headache Classification Committee of the International Headache 
Society (IHS). The International Classification of Headache 
Disorders, 3rd edition (beta version). Cephalalgia. 2013;33:629-808.

	19.	 Ong JJY, De Felice M. Migraine treatment: current acute medica-
tions and their potential mechanisms of action. Neurotherapeutics. 
2018;15:274-290.

	20.	 Cooper W, Doty EG, Hochstetler H, Hake A, Martin V. The current 
state of acute treatment for migraine in adults in the United States. 
Postgrad Med. 2020;132:581-589.

	21.	 Evers S, Jensen R. Treatment of medication overuse 
headache–guideline of the EFNS headache panel. Eur J Neurol. 
2011;18:1115-1121.

	22.	 Blumenfeld AM, Stark RJ, Freeman MC, Orejudos A, Manack 
Adams A. Long-term study of the efficacy and safety of onabotuli-
numtoxinA for the prevention of chronic migraine: COMPEL study. 
J Headache Pain. 2018;19:13.

	23.	 Guerzoni S, Pellesi L, Baraldi C, et al. Long-term treatment benefits 
and prolonged efficacy of onabotulinumtoxinA in patients affected 
by chronic migraine and medication overuse headache over 3 years 
of therapy. Front Neurol. 2017;8:586.

	24.	 Negro A, Curto M, Lionetto L, Crialesi D, Martelletti P. 
OnabotulinumtoxinA 155 U in medication overuse headache: a two 
years prospective study. SpringerPlus. 2015;4:826.

	25.	 Silberstein SD, Blumenfeld AM, Cady RK, et al. OnabotulinumtoxinA 
for treatment of chronic migraine: PREEMPT 24-week pooled sub-
group analysis of patients who had acute headache medication 
overuse at baseline. J Neurol Sci. 2013;331:48-56.

	26.	 Pijpers JA, Kies DA, Louter MA, van Zwet EW, Ferrari MD, Terwindt 
GM. Acute withdrawal and botulinum toxin A in chronic migraine 
with medication overuse: a double-blind randomized controlled 
trial. Brain. 2019;142:1203-1214.

	27.	 Tepper SJ, Diener HC, Ashina M, et al. Erenumab in chronic mi-
graine with medication overuse: subgroup analysis of a randomized 
trial. Neurology. 2019;92:e2309-e2320.

	28.	 Lipton RB, Tepper SJ, Reuter U, et al. Erenumab in chronic migraine: 
patient-reported outcomes in a randomized double-blind study. 
Neurology. 2019;92:e2250-e2260.

	29.	 Silberstein SD, Cohen JM, Seminerio MJ, Yang R, Ashina S, 
Katsarava Z. The impact of fremanezumab on medication overuse 
in patients with chronic migraine: subgroup analysis of the HALO 
CM study. J Headache Pain. 2020;21:114.

	30.	 Louter MA, Robbins MS, Terwindt GM. Medication overuse head-
ache: an ongoing debate. Neurology. 2017;89:1206-1207.

	31.	 Rossi P, Di Lorenzo C, Faroni J, Cesarino F, Nappi G. Advice alone 
vs. structured detoxification programmes for medication overuse 
headache: a prospective, randomized, open-label trial in trans-
formed migraine patients with low medical needs. Cephalalgia. 
2006;26:1097-1105.

	32.	 Grande RB, Aaseth K, Benth J, Lundqvist C, Russell MB. 
Reduction in medication-overuse headache after short infor-
mation. The Akershus study of chronic headache. Eur J Neurol. 
2011;18:129-137.

	33.	 Find NL, Terlizzi R, Munksgaard SB, et al. Medication overuse head-
ache in Europe and Latin America: general demographic and clinical 
characteristics, referral pathways and national distribution of pain-
killers in a descriptive, multinational, multicenter study. J Headache 
Pain. 2015;17:20.

	34.	 Lundqvist C, Gossop M, Russell MB, Straand J, Kristoffersen ES. 
Severity of analgesic dependence and medication-overuse head-
ache. J Addict Med. 2019;13:346-353.

	35.	 Chiang CC, Schwedt TJ, Wang SJ, Dodick DW. Treatment of 
medication-overuse headache: a systematic review. Cephalalgia. 
2016;36:371-386.

	36.	 Olesen J. Detoxification for medication overuse headache is the 
primary task. Cephalalgia. 2012;32:420-422.

	37.	 Trucco M, Meineri P, Ruiz L, Gionco M. Medication overuse head-
ache: withdrawal and prophylactic therapeutic regimen. Headache. 
2010;50:989-997.

	38.	 Saper JR, Lake AE 3rd. Medication overuse headache: type I and 
type II. Cephalalgia. 2006;26:1262.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Marmura MJ, Diener H-C, Cowan RP, 
et al. Preventive migraine treatment with eptinezumab 
reduced acute headache medication and headache frequency 
to below diagnostic thresholds in patients with chronic 
migraine and medication-overuse headache. Headache. 
2021;61:1421–1431. https://doi.org/10.1111/head.14206

https://doi.org/10.1111/head.14206

