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ABSTRACT
Background: Erenumab-induced medication overuse headache (MOH) remission in participants with chronic migraine (CM) 
in a prospective, Phase 4, randomized, placebo-controlled trial with an open-label treatment period (OLTP). We present 1-year 
results from the combined double-blind treatment period (DBTP) and OLTP for the stratified nonopioid cohort.
Methods: Participants with CM-MOH were randomized 1:1:1 to subcutaneous 70 or 140 mg erenumab every 4 weeks (QM) or 
placebo for the initial 24 weeks (DBTP). Those successfully completing DBTP could continue the 28-week OLTP, maintaining the 
same erenumab dose received during DBTP or, if receiving placebo, randomly assigned 1:1 to erenumab 70 or 140 mg QM. OLTP 
endpoints were exploratory.
Results: Overall, 552 participants received erenumab (70 mg, n = 274; 140 mg, n = 278); 95.3% completed OLTP. One-year MOH 
relapse in participants who achieved MOH remission at DBTP Month 6 was 2.7% (3/111) and 2.4% (3/124) with erenumab 70 and 
140 mg, respectively; absence of MOH at study end was observed in 69.0% (189/274) and 75.5% (210/278) of participants. Sustained 
MOH absence over 1 year was reported in 60.5% (107/177) and 68.8% (119/173) of participants, respectively. Sustained improve-
ments in measures of headache days, medication days, and function were observed in both groups. No new safety concerns were 
identified (grade ≥ 3, 35 [6.3%]; serious, 17 [3.1%]; adverse events leading to treatment discontinuation, 5 [0.9%]).
Conclusions: Erenumab was effective in inducing and sustaining MOH remission and improving function over 1 year. Treatment 
compliance remained high, with safety events consistent with erenumab's known safety profile.
Trial Registration: NCT03971071
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1   |   Introduction

Medication overuse headache (MOH) is recognized by the 
International Classification of Headache Disorders, Third Edition 
(ICHD-3), as a secondary, chronic headache disorder defined by 
sustained overuse of acute headache medication(s) with signifi-
cant worsening of a preexisting headache or development of a 
chronic headache pattern (i.e., ≥ 15 headache days/month for 
more than 3 months) [1]. The most common approach to MOH 
management is participant education combined with withdrawal 
from the overused medication, initiation or optimization of pre-
ventive therapy, and limited use of alternate medication or bridge 
therapy [2]. However, underutilization of preventive treatments [3] 
and high rates of relapse within 1 year of withdrawal (25%–41%) 
remain important challenges that limit effective long-term man-
agement of MOH [4, 5]. Underutilization of preventive therapies 
for MOH is, in part, due to inappropriate migraine management 
and devaluation of the condition by participants and physicians 
[3, 6]. High rates of relapse may be the result of psychosocial fac-
tors. In a qualitative study, participants with frequent relapse, 
defined as requiring ≥ 2 withdrawals for MOH within 3 years, 
tended to have a pessimistic attitude, poor coping strategies, and 
lacked awareness of their condition [7]. Although data with older 
nonspecific migraine-preventive drugs (e.g., topiramate) are ques-
tionable, migraine-specific preventive treatments are proving to 
be effective even in participants with associated MOH [8].

Monoclonal antibodies (mAbs) targeting the calcitonin gene re-
lated peptide (CGRP) pathway have shown promising results in 
reversing medication overuse status in participants with CM, with 
one study specifically evaluating CM-MOH [9–12]. Erenumab 
demonstrated superiority over placebo in a prospective random-
ized controlled trial (primary analysis of NCT03971071), inducing 
MOH remission in participants with CM-MOH [12]. In nonopioid-
treated participants, treatment with monthly erenumab 140 mg 
(odds ratio [95% CI], 2.01 [1.33, 3.05]; p < 0.001), but not erenumab 
70 mg (1.37 [0.92, 2.05]; p = 0.13), yielded statistically significantly 
higher rates of MOH remission over a 24-week double-blind treat-
ment period (DBTP) compared with placebo while observing low 
rates of treatment discontinuation. Reduction in acute headache 
medication days (AHMD) and sustained MOH remission were 
also greater with erenumab 140 mg versus placebo (p < 0.001), 
with adverse events (AEs) remaining consistent with the known 
safety profile of erenumab in CM.

Given the long-term challenges of managing CM-MOH, including 
the well-reported tendency of MOH relapse and poor compliance 
with different MOH treatments, the erenumab CM-MOH trial 
was designed to include an open-label treatment period (OLTP) 
in which additional analyses of MOH relapse and remission rates 
were conducted alongside measurements of the residual number 
of headache medication days. Here, we present 1-year results from 
the combined DBTP and OLTP of the erenumab CM-MOH trial.

2   |   Methods

2.1   |   Study Design and Procedures

This global Phase 4, randomized, double-blind, parallel-group, 
placebo-controlled trial evaluated the efficacy and safety of 

erenumab in adults with CM and a concomitant diagnosis of MOH 
(per ICHD-3 criteria) who had a history of at least 1 preventive 
treatment failure. Key definitions are provided in Table  S1. The 
study protocol and all amendments, the informed consent form, 
and any accompanying materials provided to participants were 
reviewed and approved by an institutional review board or inde-
pendent ethics committee at each study center. This study was reg-
istered at Clini​calTr​ials.​gov (NCT03971071) and was conducted in 
accordance with International Council for Harmonization Good 
Clinical Practice regulations and guidelines. All participants pro-
vided written informed consent before study participation.

Eligible participants were enrolled and randomized in a 1:1:1 
ratio to receive either erenumab (70 mg or 140 mg) or match-
ing placebo in a double-blind manner (Figure  1). Participants 
were stratified into nonopioid-treated and opioid-treated cohorts 
based on their opioid medication use profile at baseline (≤ 4 vs. 
> 4 days per month). Erenumab (70 mg or 140 mg) or placebo 
was administered subcutaneously every 4 weeks (QM) for the 
first 24 weeks. Participants who successfully completed the 24-
week DBTP of the study were offered an opportunity to continue 
in the 28-week OLTP. In the OLTP, participants who received 
erenumab during the DBTP continued to receive the same dose 
of erenumab, and those who received placebo were allocated 1:1 
to receive erenumab 70 or 140 mg QM. Follow-up clinic visits 
were conducted at the start of OLTP (Week 24) and Weeks 28, 
40, and 52; follow-up via telephone was conducted in Weeks 32, 
36, 44, and 48. Adverse events were monitored throughout the 
OLTP, and physical examination and vital signs were assessed at 
Weeks 24, 40, and 52.

Results of the primary analysis (all randomized participants 
in the nonopioid-treated cohort who completed the Week 24 or 
early termination assessments for the DBTP) were previously re-
ported [12]. Here, we provide the results of the final analysis for 
all nonopioid-treated participants who completed the Week 52 
or end-of-study visit of the OLTP. Results from the opioid-treated 
cohort were analyzed separately as an exploratory cohort, and 
these data will be presented in a separate report.

2.2   |   Participants

Eligibility and exclusion criteria were previously reported [12]. 
In brief, participants' eligibility was assessed during an initial 3-
week screening period followed by a subsequent baseline period. 
Key inclusion criteria at screening were age ≥ 18 years; history 
of migraine without or with aura and MOH, according to the 
ICHD-3 classification, for ≥ 12 months at screening; history of 
CM for ≥ 6 months before screening; current diagnosis of MOH; 
and history of treatment failure with at least one preventive 
treatment. Key inclusion criteria at baseline were ≥ 14 headache 
days during a 28-day baseline period, ≥ 8 migraine days, and ob-
servation of a pattern of migraine medication intake consistent 
with medication overuse (defined in Table S1).

2.3   |   Outcomes and Statistical Analysis

Endpoints in the OLTP were exploratory and are summarized in 
Table 1. Data regarding AEs were collected throughout the study.

 14681331, 2025, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70328 by U

niversidade C
atã³L

ica, W
iley O

nline L
ibrary on [01/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://clinicaltrials.gov


3 of 14

Summary statistics were computed by treatment group and 
visit. For the OLTP, descriptive summaries for the efficacy 
endpoints were tabulated by visit based on observed data 
without imputation. No formal statistical hypothesis testing 
comparing treatment groups was performed in the efficacy or 
safety analyses. Exposure-adjusted participant incidence rates 
of all treatment-emergent AEs were tabulated by system organ 
class and preferred term.

3   |   Results

3.1   |   Participant Disposition

The study was conducted at 67 centers in North America, 
Europe, and Australia from October 7, 2019 (first participant 
enrolled) to June 13, 2023 (last participant completed the 
study), and included the span of the COVID-19 pandemic. 
Participant disposition is shown in Figure  2; 94.7% of par-
ticipants (n = 587) continued in the OLTP (nonopioid-treated 
cohort, n = 552; opioid-treated cohort, n = 35). Of the 552 
participants in the nonopioid-treated cohort who entered the 
OLTP, 274 received erenumab 70 mg and 278 received ere-
numab 140 mg. A total of 526 (95.3%) nonopioid-treated partic-
ipants who entered the OLTP completed the trial for a total of 
84.8% of participants who completed overall. Twenty-six par-
ticipants (4.7%) discontinued erenumab during OLTP; reasons 
for discontinuation included participant request (19 [3.4%]), 
AEs (6 [1.1%]), and lost to follow-up (1 [0.2%]). Overall, 354 
out of 369 (95.9%) participants in the nonopioid-treated cohort 
who were originally assigned to an erenumab treatment arm 

during DBTP continued the OLTP and successfully completed 
a full year of erenumab treatment.

Baseline demographics and disease characteristics were balanced 
across treatment groups (Table 2). In this trial, the mean (SD) age 
of participants was 43.6 (12.1) years (median [range], 44.0 [18–82] 
years); 82.6% were women, 91.7% were White, and 95.1% were not 
Hispanic/Latino. At baseline, overuse of acute headache medica-
tion treatment was reported for 544 (98.6%) participants.

3.2   |   Efficacy

Relapse of MOH was uncommon, and most participants 
treated with erenumab showed sustained absence of MOH over 
the entire study period (Table 3). Sustained improvements in 
measures of headache quantity and medication days, as well 
as the effect of headache on physical impairment and every-
day activities, were observed in both erenumab dosing groups, 
with additional numerical improvements seen at Month 13 rel-
ative to Month 6 (Table 3). Mean (SD) baseline monthly AHMD 
for the erenumab 70-mg group was 18.92 (4.09) and by Week 
52 (Month 13) had been reduced by 10.49 (6.53) days/month. 
For the erenumab 140-mg group, mean (SD) baseline monthly 
AHMD was 18.77 (4.33) days/month, and by Week 52 (Month 
13) had been reduced by 11.66 (5.71) days/month. For MMD, 
mean (SD) baseline values were 19.10 (4.69) for the erenumab 
70-mg group and 18.53 (4.54) for the erenumab 140-mg group. 
By Week 52 (Month 13), mean (SD) MMD had been reduced 
by 10.01 (6.80) and 11.49 (6.27) days, respectively. Mean (SD) 
baseline MHD with at least moderate pain intensity was 19.57 

FIGURE 1    |    Study schema. Randomization was performed using interactive response technology. Randomization was stratified by concomitant 
treatment with an oral preventive (yes or no) in the nonopioid-treated cohort. During the DBTP, treatment assignment was blinded to all participants, 
site personnel, and sponsor. During the OLTP, all participants, personnel-in direct contact with sites, and investigators remained blinded to the initial 
dose level. Blinded individuals had no access to unblinded information until study completion. DBTP, double-blind treatment period; EOS, end of 
study; OLTP, open-label treatment period; QM, every 4 weeks; SC, subcutaneous.
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(4.72) days for the erenumab 70-mg group, and by Week 52 
(Month 13) had been reduced by 10.55 (7.03) days. In the ere-
numab 140-mg group, mean (SD) baseline MHD with at least 
moderate pain intensity was 19.23 (4.59) days, and by Week 52 
(Month 13) had been reduced by 12.04 (6.55) days. For MPFID, 
mean (SD) baseline values for the erenumab 70-mg and 140-
mg groups were 32.27 (15.49) and 30.14 (14.22), respectively, 
for monthly everyday activities, and 30.08 (16.50) and 27.62 
(15.74), respectively, for monthly average physical impairment 
score. At 1 year, mean (SD) changes were −16.88 (16.16) and 
−17.39 (16.37), respectively, for monthly everyday activities 
score and −14.18 (17.23) and −14.61 (16.92) for monthly aver-
age physical impairment score. For the HIT-6 total score, mean 

(SD) baseline was 64.50 (5.02) for erenumab 70 mg and 64.26 
(4.61) for erenumab 140 mg; mean (SD) changes at 1 year were 
−8.40 (9.29) and −9.10 (8.60), respectively (Table 4).

Erenumab produced sustained improvements in migraine-
related disability and productivity metrics, also with additional 
numerical improvements seen at Month 13 relative to Month 
6 (Table  4). The mean (SD) change from baseline at Week 52 
(Month 13) in the erenumab 70- and 140-mg groups on MFIQ 
domain scores was −26.68 (29.63) and −29.45 (28.65), respec-
tively, for overall impact on usual activities; −25.59 (26.70) and 
−26.82 (26.16) for impact on physical function; −23.83 (25.81) 
and −25.92 (24.89) for impact on usual activities; −25.30 (28.95) 

TABLE 1    |    Summary of exploratory endpoints in the OLTP.

Endpoints

MOH relapse at Year 1, defined as both mean monthly AHMD ≥ 10 days over Months 11–13 (Weeks 41–52) AND mean MHD 
≥ 14 days over Months 11–13 (Weeks 41–52) in participant who achieved MOH remission at Month 6 of the DBTP. This endpoint 
was analyzed among participants who were treated with erenumab throughout the entire study

Absence of MOH at end of study as defined by mean monthly AHMD < 10 days over Months 11–13 (Weeks 41–52) OR mean 
MHD < 14 days over Months 11–13 (Weeks 41–52)

Sustained absence of MOH over 1 year as defined by absence of MOH over the DBTP (Months 1–3 [Weeks 1–12], OR Months 4–6 
[Weeks 13–24]) AND OLTP (Months 11–13 [Weeks 41–52])

Change from baseline in mean AHMD, MMD, and MHD of at least moderate pain intensity at assessment time points

Change from Week 24 (OLTP baseline) in mean AHMD, MMD, and MHD of at least moderate pain intensity at assessment time 
points during OLTP

Change from baseline in monthly average impact on everyday activities score as measured by the MPFID at assessment time 
points

Change from Week 24 (OLTP baseline) in monthly average impact on everyday activities score as measured by the MPFID at 
assessment time points during OLTP

Change from baseline in monthly average physical impairment score as measured by the MPFID at assessment time points

Change from Week 24 (OLTP baseline) in monthly average physical impairment score as measured by the MPFID at assessment 
time points during OLTP

Change from baseline in HIT-6 total score at Week 52

Change from Week 24 (OLTP baseline) in HIT-6 total score at Week 52

Change from baseline in MFIQ domain scores and overall impact on usual activities global item score at Week 52

Change from Week 24 (OLTP baseline) in MFIQ domain scores and overall impact on usual activities global item score at 
Week 52

Change from baseline in MIDAS total score, absenteeism score, and presenteeism score at Week 52

Change from Week 24 (OLTP baseline) in MIDAS total score, absenteeism score, and presenteeism score at Week 52

Change from baseline in monthly opioid/opioid-containing medication days at assessment time points during DBTP. Opioid-
treated cohort only (findings to be published elsewhere).

Change from baseline in mean monthly opioid/opioid-containing medication days over Months 4–6 (Weeks 13–24) of the DBTP. 
Opioid-treated cohort only (findings to be published elsewhere).

Change from baseline in monthly opioid/opioid-containing medication days at assessment time points during OLTP. Opioid-
treated cohort only (findings to be published elsewhere)

Safety (adverse events)

Abbreviations: AHMD, acute headache medication day; DBTP, double-blind treatment period; HIT-6, 6-item Headache Impact Test; MFIQ, Migraine Functional 
Impact Questionnaire; MHD, monthly headache days; MIDAS, Migraine Disability Assessment; MMD, monthly migraine days; MOH, medication overuse headache; 
MPFID, Migraine Physical Function Impact Diary; OLTP, open-label treatment period.
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and −27.54 (26.79) for impact on social function; and −27.04 
(29.40) and −29.19 (27.94) for impact on emotional function. The 
mean (SD) change from baseline at Month 13 in erenumab 70- 
and 140-mg groups was −40.4 (83.9) and −51.5 (70.7), respec-
tively, for monthly MIDAS total score; −20.9 (49.3) and −24.3 
(41.9) for MIDAS absenteeism score; and −19.5 (43.7) and −27.1 
(37.3) for MIDAS presenteeism score.

3.3   |   Safety

Of the 552 participants in the nonopioid-treated cohort, 515 
(93.3%) received seven doses of erenumab during the OLTP. 
Median (range) duration of exposure to erenumab was 196 
(1–224) days. Treatment-emergent AEs were reported in 340 
(61.6%) participants, with an exposure-adjusted incidence rate 
per 100 participant-years of 200.9 (Table  5). Grade ≥ 3 AEs 
were reported in 35 (6.3%) participants, serious AEs in 17 (3.1%) 
participants, and AEs leading to discontinuation of erenumab 
in five participants (0.9%). AEs leading to discontinuation in-
cluded upper abdominal pain, intestinal prolapse, drug hyper-
sensitivity, migraine, and transient ischemic attack, occurring 
in one participant each. Treatment-related treatment-emergent 

drug hypersensitivity was reported in a participant who ini-
tially received placebo and was randomized to receive ere-
numab 70 mg in the OLTP, and a transient ischemic attack was 
reported in a participant who received erenumab 140 mg (this 
AE was considered serious). No fatal AEs were reported during 
the study.

Adverse events reported by ≥ 5% of participants were COVID-19 
(12.0% [exposure-adjusted incidence rate per 100 participant-
years, 23.9]), constipation (7.8% [15.6]), and nasopharyngitis 
(5.1% [9.8]; Table 6). Serious AEs included two cases (0.4% [0.7]) 
of COVID-19 pneumonia and one case (0.2% [0.3]) each of en-
dometrial hyperplasia, hypertension, hypokalemia, migraine, 
ovarian cyst, periarthritis, sinusitis, transient ischemic attack, 
type 1 diabetes mellitus, uterine polyp, ventricular arrhythmia, 
appendicitis, breast cancer stage I, contusion, intestinal prolapse, 
sphincter of Oddi dysfunction, and vertigo. One case of grade 
≥ 4 transient ischemic attack in the erenumab 140-mg group was 
deemed to be treatment related. The exposure-adjusted partici-
pant incidence rate of AEs of interest per 100 participant-years 
by preferred term was highest for COVID-19 (erenumab 70 mg, 
20.1; erenumab 140 mg, 27.8) and constipation (erenumab 70 mg, 
16.0; erenumab 140 mg, 15.2; Table S2).

FIGURE 2    |    CONSORT diagram. DBTP, double-blind treatment period; IP, investigational product; OLTP, open-label treatment period; QM, every 
4 weeks.
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4   |   Discussion

Study findings demonstrated that preventive treatment with ere-
numab in individuals with CM and MOH can yield and sustain 
MOH remission, reduce acute medication consumption, and im-
prove function over a 1-year observation period while being well 
tolerated. Participants were not instructed on whether or how to 
initiate a wean from the medication causing MOH; rather, treat-
ment with erenumab was the sole intervention.

MOH relapse at 1 year was uncommon, with only three partici-
pants in each dosage group relapsing (2.7% and 2.4% in the ere-
numab 70- and 140-mg groups, respectively). Most participants 
who completed the study achieved absence of MOH and showed 

sustained absence of MOH over the entire study period, with nu-
meric increments in treatment response for the erenumab 140-mg 
group compared with the erenumab 70-mg group. Mean change 
from baseline at 1 year for all exploratory efficacy endpoints sup-
ports sustainability of treatment effects over time, with additional 
numeric improvements observed at 1 year compared with 6 months 
(end of DBTP) on all efficacy parameters. It is also important to 
note that, despite not having a required and structured approach 
to decrease acute medication intake, mean AHMD at Week 52 
(Month 13) decreased by approximately 11 days from about 19 days 
at baseline. During the OLTP, erenumab treatment effect was 
consistent across participants who received either erenumab or 
placebo during their DBTP assignment. Moreover, our results are 
consistent with other long-term studies of erenumab [13, 14].

TABLE 6    |    Exposure-adjusted participant incidence rates of the most common treatment-emergent adverse events during the open-label treatment 
period for the nonopioid-treated cohorta.

Treatment-
emergent AEs, n 
(%)/e [r]

Erenumab 70 mg QM, OLTP Erenumab 140 mg QM, OLTP

Total (pt-
y, 293.6) 
(N = 552)

Placebo, 
DBTP 

(pt-y, 48.6) 
(N = 92)

70 mg QM, 
DBTP 

(pt-y, 97.8) 
(N = 182)

All (pt-y, 
146.4) 

(N = 274)

Placebo, 
DBTP 

(pt-y, 48.3) 
(N = 91)

140 mg 
QM, DBTP 
(pt-y, 98.9) 
(N = 187)

All (pt-y, 
147.2) 

(N = 278)

COVID-19 7 (7.6)/
47.0 [14.9]

21 (11.5)/
92.2 [22.8]

28 (10.2)/
139.2 [20.1]

10 (11.0)/
45.8 [21.9]

28 (15.0)/
90.7 [30.9]

38 (13.7)/
136.5 [27.8]

66 (12.0)/
275.6 [23.9]

Constipation 13 (14.1)/
43.0 [30.2]

9 (4.9)/
94.2 [9.6]

22 (8.0)/
137.2 [16.0]

8 (8.8)/
44.6 [17.9]

13 (7.0)/
93.1 [14.0]

21 (7.6)/
137.7 [15.2]

43 (7.8)/
274.9 [15.6]

Nasopharyngitis 5 (5.4)/
47.5 [10.5]

10 (5.5)/
95.5 [10.5]

15 (5.5)/
143.0 [10.5]

1 (1.1)/
48.1 [2.1]

12 (6.4)/
95.6 [12.6]

13 (4.7)/
143.7 [9.0]

28 (5.1)/
286.8 [9.8]

Injection site 
erythema

5 (5.4)/
46.7 [10.7]

7 (3.8)/
94.6 [7.4]

12 (4.4)/
141.3 [8.5]

4 (4.4)/
46.4 [8.6]

5 (2.7)/
96.9 [5.2]

9 (3.2)/
143.3 [6.3]

21 (3.8)/
284.7 [7.4]

Back pain 2 (2.2)/
48.2 [4.2]

5 (2.7)/
96.1 [5.2]

7 (2.6)/
144.3 [4.9]

5 (5.5)/
46.6 [10.7]

5 (2.7)/
97.4 [5.1]

10 (3.6)/
144.0 [6.9]

17 (3.1)/
288.3 [5.9]

URTI 2 (2.2)/
47.9 [4.2]

2 (1.1)/
97.0 [2.1]

4 (1.5)/
144.9 [2.8]

5 (5.5)/
46.9 [10.7]

6 (3.2)/
96.5 [6.2]

11 (4.0)/
143.4 [7.7]

15 (2.7)/
288.3 [5.2]

Injection site pain 3 (3.3)/
47.6 [6.3]

4 (2.2)/
96.6 [4.1]

7 (2.6)/
144.3 [4.9]

1 (1.1)/
48.0 [2.1]

6 (3.2)/
96.5 [6.2]

7 (2.5)/
144.5 [4.8]

14 (2.5)/
288.8 [4.8]

Influenza 2 (2.2)/
48.3 [4.1]

5 (2.7)/
96.3 [5.2]

7 (2.6)/
144.5 [4.8]

1 (1.1)/
48.0 [2.1]

6 (3.2)/
97.1 [6.2]

7 (2.5)/
145.1 [4.8]

14 (2.5)/
289.6 [4.8]

Migraine 0 (0.0)/
48.6 [0.0]

5 (2.7)/
95.7 [5.2]

5 (1.8)/
144.4 [3.5]

1 (1.1)/
48.0 [2.1]

6 (3.2)/
97.6 [6.2]

7 (2.5)/
145.5 [4.8]

12 (2.2)/
289.9 [4.1]

Injection site 
pruritus

1 (1.1)/
48.1 [2.1]

1 (0.5)/
97.3 [1.0]

2 (0.7)/
145.4 [1.4]

0 (0.0)/
48.3 [0.0]

6 (3.2)/
97.1 [6.2]

6 (2.2)/
145.3 [4.1]

8 (1.4)/
290.7 [2.8]

Urinary tract 
infection

3 (3.3)/
47.8 [6.3]

3 (1.6)/
96.9 [3.1]

6 (2.2)/
144.7 [4.1]

1 (1.1)/
47.8 [2.1]

1 (0.5)/
98.7 [1.0]

2 (0.7)/
146.6 [1.4]

8 (1.4)/
291.3 [2.7]

Fatigue 0 (0.0)/
48.6 [0.0]

0 (0.0)/
97.8 [0.0]

0 (0.0)/
146.4 [0.0]

3 (3.3)/
46.9 [6.4]

2 (1.1)/
98.2 [2.0]

5 (1.8)/
145.1 [3.4]

5 (0.9)/
291.5 [1.7]

Urticaria 0 (0.0)/
48.6 [0.0]

0 (0.0)/
97.8 [0.0]

0 (0.0)/
146.4 [0.0]

3 (3.3)/
47.9 [6.3]

0 (0.0)/
98.9 [0.0]

3 (1.1)/
146.8 [2.0]

3 (0.5)/
293.2 [1.0]

Abbreviations: AE, adverse event; DBTP, double-blind treatment period; e, sum across all participants, the total time at risk in OLTP in years (time at risk during OLTP 
is time from first dose of OLTP investigational product to onset of first event in OLTP or end of study); n, number of participants with observed data; N, number of 
participants in the analysis set; OLTP, open-label treatment period; pt-y, total participant-years of follow-up from first OLTP dose to end of study across all participants; 
QM, every 4 weeks; r, exposure-adjusted participant rate per 100 participant-years (n/e × 100) %, n/N × 100; URTI, upper respiratory track infection.
aTreatment-emergent AE occurring in ≥ 3% of participants in any treatment group.
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As expected, erenumab treatment of participants with 
CM-MOH was safe and well tolerated, with treatment dis-
continuation rates remaining low throughout the study. 
Exposure-adjusted participant incidence rate and the in-
cidence of treatment-emergent and serious AEs per 100 
participant-years were similar across treatment groups and 
were consistent with the overall safety profile of erenumab. 
Serious AEs were all single occurrences except COVID-19 
pneumonia, which was reported in two participants; no 
fatal AEs were reported. The most frequent AEs of interest 
were COVID-19 and constipation. This trial was conducted 
throughout the COVID-19 pandemic, with SARS-CoV-2 infec-
tion and/or disease being a commonly reported AE during the 
study. Overall, no new safety concerns were identified from 
the final analysis, and the safety profile was consistent with 
those from previous studies of erenumab [13, 14].

The broader picture of long-term MOH treatment includes non-
pharmacologic and pharmacologic approaches. Data available 
to evaluate the mid- to long-term effect of non-pharmacologic 
treatments for MOH, such as medication washout, show a wide 
range of remission rates and high relapse rates. In the large 
COMOESTAS study in 694 participants with MOH, the com-
bination of wean and preventive treatment reduced headache 
by 58.5% and medication days/month by 70.0% [15]. However, 
only 70.9% of participants completed the study, and 6.5% of 
participants relapsed by the 6-month follow-up. Another study 
from the COMOESTAS group that evaluated participants with 
different types of primary headache disorders and MOH on a 
mandatory detoxification protocol with or without prophylac-
tic association also observed similar challenges with partic-
ipant attrition, with only 321 out of 376 (85.4%) participants 
being able to successfully complete detoxification protocols. 
Additionally, 64 participants were unable to complete the in-
tended additional 6-month observation period, for an over-
all study non-completion rate of 31.7% [16]. Nonetheless, the 
study reported high remission rates, with 62.2% of the intent-
to-treat population no longer meeting MOH criteria at Month 
6% and 46.5% regressing from a chronic headache pattern to 
an episodic one. The reported relapse rate for the study was 
8.9% among participants who completed the 6-month obser-
vation period.

In a systematic literature review of 27 studies investigating the 
therapeutic success of a medication pause or withdrawal for 
MOH, the completion rate varied from 39% to 93% [17]. Preventive 
medication was mostly given during participant discontinuation 
of acute medications or at discharge, and participants continued 
to use preventive medication at follow-up. From 2 to 6 months 
after medication discontinuation, remission rates ranged from 
66% to 100% and relapse rates from 0% to 34%. Remission and 
relapse rates at 1 year were 57%–83% and 17%–43%, respectively; 
at 3 to 5 years, rates ranged from 58% to 66% and 34% to 45%. 
Overall, abrupt withdrawal of overused medications appears 
to more effectively reduce disability and improve quality of life 
than gradual withdrawal in participants with MOH. Although 
evidence for bridging therapies is low, adding preventive therapy 
to complete withdrawal may lead to better outcomes than dis-
continuation alone, and preventive therapy might be helpful in 
avoiding complete withdrawal [17]. In a 2020 study, participants 

with MOH were prospectively randomized to one of three dif-
ferent MOH strategies: withdrawal plus preventive treatment, 
preventive treatment without withdrawal, or withdrawal with 
optional preventive treatment given 2 months after withdrawal 
[18]. Although all three MOH strategies were effective, with-
drawal therapy combined with preventive medication from the 
start of withdrawal was recommended as the preferred treat-
ment for MOH management [18], which represented the stan-
dard prior to studying migraine-specific anti-CGRP therapies 
for MOH.

Four mAbs targeting CGRP (eptinezumab, fremanezumab, and 
galcanezumab) or its receptor (erenumab) have been approved 
for migraine prevention. Open-label extension studies have 
demonstrated the long-term efficacy and tolerability of ere-
numab (CM/episodic migraine [EM], up to 5 years) [13, 19, 20], 
eptinezumab (CM, 2 years) [21], fremanezumab (CM/EM, 1 year) 
[22], and galcanezumab (CM, 1 year) [23]. However, there are 
limited long-term data of mAbs targeting the CGRP pathway for 
CM-MOH. Most studies are limited to a three- to six-month fol-
low-up, which is insufficient to properly assess persistence with 
treatment and long-term remission and relapse rates [24, 25]. 
One-year results from an open-label extension in 252 partici-
pants with CM-MOH receiving erenumab showed a reduction of 
9.3 MMD compared with the parent study baseline; additionally, 
use of acute migraine-specific medication was reduced com-
pared with the parent study baseline [13]. A post hoc analysis 
of up to 2 years' treatment with eptinezumab in 49 participants 
with CM-MOH showed a reduction in MHD and improvement 
in a number of participant-reported outcomes (MIDAS, HIT-6, 
Patient Global Impression of Change, and the 36-item Short-
Form Survey) [26]. Long-term availability of relapse and remis-
sion rates from our study, as well as compliance rates, provide 
valuable clinical utility.

These data suggest that anti-CGRP pathway mAbs appear to 
have a better long-term outlook than non-pharmacologic ther-
apy (i.e., medication pause/washout) when considering MOH 
relapse. The underlying mechanisms of action for CGRP path-
way antagonism, therefore, are likely more fundamental to 
migraine pathophysiology than the variable neurotransmit-
ter effects of the traditional, nonspecific migraine-preventive 
medications, which have modest and sometimes unpredictable 
effects in many migraine subtypes. Regarding the clinical basis 
for the effects observed in our study, it is possible that frequent 
recurrent migraine attacks may lead to neuroplastic brain 
changes and a greater effect on CGRP level effects, promot-
ing further and more severe attacks. Medication overuse con-
tributes to lowering the nociceptive threshold, expanding the 
receptive nociceptive field, and decreasing pain inhibitory con-
trol, thereby accelerating the chronification process [27]. An 
effective preventive therapy not only decreases the frequency 
of migraine attacks but also reduces migraine attack burden 
and intensity, requiring less acute medication to control at-
tacks. The effect of anti-CGRP pathway mAbs is sustained, and 
the compliance rate is likely to be much better than with oral 
nonspecific preventives, with far fewer side effects and lower 
intake burden [28]. Therefore, it may be easier to maintain the 
efficacy of treatment and provide enough time to revert neuro-
plastic changes that promote central sensitization [29].
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The clinical importance of reverting MOH with preventive treat-
ment alone and in the absence of drug withdrawal should be 
highlighted, and evidence suggests the combination of limiting 
the overused medication combined with preventive treatment 
might not be the best strategy for participants [30]. This is espe-
cially salient in the primary care setting where the knowledge and 
limited time clinicians have for each participant means that drug 
withdrawal alone is neither practical nor in the participant's best 
interests, especially within the context of a high relapse rate and 
eventual use of preventive treatment. This issue is observed across 
the healthcare sector, including among headache specialists in 
highly specialized centers. Results from this study might translate 
into the development of practical recommendations for manage-
ment of MOH in these participants by their primary care provider, 
where most receive their initial and sometimes only care.

Our study was strengthened by a relatively long follow-up pe-
riod. Migraine is a long-term, sometimes lifelong, condition; 
however, migraine studies generally focus on short-term out-
comes and limited follow-up periods. This is also the first pro-
spective, placebo-controlled trial of an anti-CGRP pathway 
mAb in MOH with a 28-week OLTP that allowed assessment 
of long-term therapeutic benefit and rate of MOH relapse. A 
limitation of this study is that our trial was not designed to 
evaluate the safety and efficacy of erenumab outside of the 
context of migraine or in direct comparison with different mo-
dalities that have been postulated for CM-MOH. In addition, 
there was limited ethnic diversity in the trial.

Our study findings demonstrated that erenumab treatment 
achieved sustained MOH remission, reduced acute medica-
tion consumption, and improved function over a 12-month ob-
servation period. Erenumab treatment effect during the OLTP 
was consistent, regardless of whether participants received 
erenumab or placebo during the DBTP. Only three partici-
pants in each erenumab group (2.6% of participants overall) 
relapsed over the year study. AEs were consistent with the 
known safety profile of erenumab, and no new safety concerns 
were identified.
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