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ABSTRACT

Introduction: Erenumab, a first-in-class mono-
clonal antibody targeting the calcitonin gene-
related peptide pathway, was approved by the
US Food and Drug Administration in 2018 for

the prevention of migraine in adults. There is
limited data available on its impact in real-
world settings. The study aim was to character-
ize the real-world treatment profiles, clinical
outcomes, and healthcare resource utilization
of patients prescribed erenumab from select
major US headache centers.
Methods: A retrospective chart review of
patients with migraine treated with erenumab
for at least 3 months across five major headache
centers was conducted. Data was collected from
patient charts between April 2019 and April
2020 and included patient and clinical charac-
teristics, migraine medication use, and outpa-
tient visits. The date of the first prescription fill
of erenumab was defined as the index date. The
baseline period comprised the 3 months prior to
the index date and the study period comprised
the at least 3 months on erenumab treatment.
Results: Data from a total of 1034 patients with
chronic migraine with a mean of 9.3 months of
erenumab treatment were analyzed. Patients were
on average 48 years old, 86% were female, and
79% were white. Patients had a mean of 5 pre-
ventive treatment failures prior to erenumab ini-
tiation. Patients used a mean of 2 preventive
treatments (excluding erenumab) and 2 acute
treatments during baseline and study periods.
Among patients with effectiveness data, 45% of
patients had improvement in physician-reported
migraine severity and 35% experienced at least
50% reduction in mean headache/migraine days
per month. The average number of monthly

E. Faust (&) � K. Yang
Analysis Group, Inc., 151 W 42nd St, 23rd Floor,
New York, NY 10036, USA
e-mail: Lizzie.murdoch@analysisgroup.com

I. Pivneva
Analysis Group, Inc., Montreal, QC, Canada

K. A. Betts
Analysis Group, Inc., Los Angeles, CA, USA

Z. Ahmed
Center for Neurological Restoration, Cleveland
Clinic, Cleveland, OH, USA

S. Joshi � R. Hogan
DENT Neurologic Institute, Amherst, NY, USA

A. Blumenfeld � J. Schim
The Headache Center of Southern California,
Carlsbad, CA, USA

A. Feoktistov
Diamond Headache Clinic, Chicago, IL, USA

K. Carnes
Raleigh Neurology Associates, Raleigh, NC, USA

M. Bensink � D. E. Chou � D. Chandler
Amgen Inc., Thousand Oaks, CA, USA

E. Q. Wu
Analysis Group, Inc., Boston, MA, USA

Neurol Ther (2021) 10:293–306

https://doi.org/10.1007/s40120-021-00245-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-021-00245-4&amp;domain=pdf
https://doi.org/10.1007/s40120-021-00245-4


outpatient visits was 0.43 and 0.30 before and
after erenumab initiation, respectively.
Conclusion: In this predominantly refractory
chronic migraine population treated in select
headache centers, patients had fewer headache/
migraine days per month and outpatient visits
after initiating erenumab. However, patients lar-
gely continued to be managed via a polyphar-
macy approach after erenumab initiation.

Keywords: Effectiveness; Erenumab; Health-
care resource utilization; Migraine; Real world;
Treatment profiles

Key Summary Points

Why carry out this study?

Erenumab, a first-in-class monoclonal
antibody targeting the calcitonin gene-
related peptide pathway, was approved by
the US Food and Drug Administration in
2018 for the prevention of migraine in
adults.

Given the limited data available on its
impact in real-world settings, it is
important to characterize the real-world
treatment profiles, clinical outcomes, and
healthcare resource utilization of patients
prescribed erenumab from US headache
centers.

What was learned from the study?

The real-world evidence presented in this
study supports previous clinical findings
of the benefit of erenumab in the
management of chronic migraine,
including a reduction in the monthly
frequency of headache/migraine in a
predominantly refractory population
(multiple preventive treatment failures).

Despite the demonstrated effectiveness of
erenumab, patients treated in the US
headache centers largely continued to be
managed via a polypharmacy approach in
the initial months after erenumab
initiation.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14222975.

INTRODUCTION

Migraine is a neurological disorder that is
characterized by recurrent episodes of moder-
ate–severe headache, often associated with
nausea, phonophobia, photophobia, and/or
other sensory dysfunction [1]. The 1-year
prevalence of migraine in the USA is 12% [2].
Migraine has been shown to be associated with
reduced quality of life, functional impairment,
reduced productivity, and high economic bur-
den, highlighting the importance of having
effective therapeutic strategies [3–7].

Clinical management of migraine can be
preventive and/or acute, with the goals of
reducing overall attack frequency, severity,
duration, and disability for the former, versus
relief of pain and associated symptoms of a
migraine attack for the latter [8]. Because of the
heterogeneity of migraine characteristics and
symptom profiles amongst patients, optimizing
individualized treatment programs is challeng-
ing. Treatment guidelines recommend the use
of preventive treatment in patients with
migraine on the basis of severity and frequency
of attacks, adverse events or failure of acute
treatments, and/or patient preference [8]. Many
of the available preventive therapies were not
developed specifically for migraine and have
limited efficacy and tolerability [8]. Earlier pre-
ventive medication options included non-
specific therapies (such as repurposed
antiepileptic drugs, antihypertensives, antide-
pressants, and botulinum toxins) [8]. More
recently, monoclonal antibodies targeting the
calcitonin gene-related peptide (CGRP) path-
way were developed specifically for migraine
and are now available for the preventive treat-
ment of migraine in adults. Of these, erenumab
(erenumab-aooe in the USA) was the first anti-
CGRP pathway therapy to be approved by the
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US Food and Drug Administration (FDA) in May
2018, representing the first mechanism-based
and disease-specific preventive treatment for
migraine [8, 9]. Since the initial approval of
erenumab, three monoclonal antibodies target-
ing the CGRP ligand were subsequently
approved by the FDA for the preventive treat-
ment of migraine in adults (galcanezumab, fre-
manezumab, and eptinezumab) [10–12].

Clinical trials demonstrated that 3 months of
erenumab treatment resulted in an absolute
reduction of 2–7 monthly migraine days from
baseline, or 1–2.5 fewer monthly migraine days
relative to placebo, in patients with episodic or
chronic migraine, among other benefits
[13–15]. Given the recent approval of erenu-
mab, there is limited data available on its
impact in real-world settings. A few studies have
evaluated the use of erenumab in clinical prac-
tice, but they have been conducted at single
centers with limited sample sizes [16–18] or in
multiple centers outside of the USA [19, 20].
Therefore, this study aimed to characterize the
real-world treatment profiles, clinical outcomes,
and healthcare resource utilization (HRU) of
patients prescribed erenumab from select major
US headache centers.

METHODS

Study Design and Setting

This was a center-based, retrospective chart re-
view of patients with migraine treated at five
major US headache centers which were geo-
graphically dispersed, conducted from April
2019 to April 2020. The date of the first pre-
scription fill of erenumab was defined as the
index date (Fig. 1). The baseline period com-
prised the 3 months prior to the index date,
while the study period comprised the index
date to the earliest of erenumab discontinua-
tion (at least 3 months), end of data availability,
or death.

Patients were included in the study if they
met the following eligibility criteria: (1) were
diagnosed with migraine (chronic or episodic,
as indicated in the patient chart); (2) initiated
erenumab after its US approval date (May 17,

2018) and were treated with erenumab for at
least 3 consecutive months; (3) were aged
18 years or more as of the index date; (4) had
available disease, treatment, and healthcare
resource use history for the 3 months before
and after the index date; and (5) were not
treated with erenumab or another anti-CGRP
agent in a clinical trial setting.

Treating physicians extracted information
from patient charts using an electronic case
report form (eCRF). All data were extracted from
existing medical records and de-identified.
Ethics review was conducted by individual
centers with an internal review process. For
Cleveland Clinic participation, expedited ethics
review was approved by Cleveland Clinic IRB
(IRB# 19-614), which has an internal review
process. New England Institutional Review
Board exemption (IRB# 120190088) was
received for the remaining centers.

Data Collected and Statistical Analyses

Data collected from the 1103 patient charts
included information on patient characteristics,
erenumab use, effectiveness and safety, pre-
ventive and acute migraine treatments, and
HRU. Outcomes related to erenumab use
included dose changes and discontinuation
patterns. Effectiveness and clinical outcomes
included migraine severity, headache/migraine
days per month, headache/migraine duration,
proportion of patients with migraine with aura
or menstrual-related migraine, Migraine Dis-
ability Assessment Test (MIDAS) or modified
MIDAS scores, and Headache Impact Test (HIT-
6TM) scores. Treatment data included the types
and number of preventive and acute migraine
treatments, as well as initiation and discontin-
uation patterns. HRU was reported as the
number of outpatient visits per month and the
proportion of outpatient visits with a neurolo-
gist. Reporting of constipation in patient charts
was collected as a potential safety outcome of
interest.

Additionally, physician interviews were
conducted as semi-structured interviews with
principal investigators from four of the partici-
pating centers to gain additional insights into
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the results from the chart review study, as
highlighted in the ‘‘Discussion’’ section. In
particular, insights were gathered on perspec-
tives and perceptions in real-world clinical
practice settings regarding the clinical effec-
tiveness of erenumab, as well as the perspectives
and diagnostic decision-making involved in the
charting of constipation, an adverse event
associated with erenumab [21].

All analyses were descriptive in nature and
no statistical inference was performed. Contin-
uous variables were described using means,
standard deviations (SDs), and medians, while
categorical variables were described using fre-
quencies and proportions. All analyses were
conducted using SAS version 9.4 (SAS Institute,
Inc., Cary, NC).

RESULTS

After data abstraction, only 6% of included
patients had episodic migraine (n = 69); there-
fore, results for patients with chronic migraine
are reported herein.

Patient Characteristics

A total of 1034 patients with chronic migraine
were included in the study. The mean age was
48 years, 893 (86%) were female, and 814 (79%)
were white (Table 1). The majority of patients
were from the Central/Midwest region (39%),
followed by the West (26%), Northeast (24%),

and South (10%). The most common comor-
bidities included behavioral nervous system
disorders (53%; e.g., depression [31%], anxiety
[29%], sleep disorders [20%]), seasonal allergy
(26%), and cardiovascular diseases (19%; e.g.,
hypertension [14%], hyperlipidemia [7%]).

Prior to erenumab initiation, patients aver-
aged 8.8 years of disease duration (median
5 years) from either migraine diagnosis or onset,
depending on data available in patient charts
(Table 2). Among 301 (29%) patients with a
history of medication overuse as assessed by the
physician, the majority (67%) experienced
medication overuse headache (Table 1).

Erenumab Use

The study period covered a mean of 9.3 months
of erenumab treatment (median 9 months)
(Table 2). Among 793 (77%) patients who ini-
tiated erenumab at 70 mg, 572 (72%) patients
later escalated to 140 mg. Among 241 (23%)
patients who initiated at 140 mg, only 9 (4%)
reduced their dose. By the end of the study
period, 790 (76%) patients persisted on erenu-
mab. Among the 244 patients who discontin-
ued erenumab, the mean time on treatment was
7.3 months, and the most common reasons for
discontinuation were non-response or lack of
effectiveness (121 patients, 50%), tolerability/
adverse events (45 patients, 18%), and insur-
ance reimbursement (36 patients, 15%).

Fig. 1 Study design scheme. HRU healthcare resource utilization
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Treatment Patterns

The majority of patients had experienced sev-
eral migraine preventive treatment failures prior
to erenumab initiation (mean of 5 and median
of 4 preventive treatment failures [as assessed by
the physicians]). At baseline, the most com-
monly prescribed migraine preventive treat-
ments were antiepileptics (49%),
antidepressants (48%), and botulinum toxin
(42%), while the most commonly prescribed
acute treatments were triptans (69%), non-ster-
oidal anti-inflammatory drugs (NSAIDs; 40%),
and muscle relaxants (28%; Table 3).

The number of concomitant migraine pre-
ventive and acute therapies remained similar
from the baseline to study period, although
discontinuation and initiation of concomitant

Table 1 Patient characteristics as of erenumab initiation

Patients with chronic
migraine (N = 1034)

Demographic characteristics

Age (years), mean ± SD

[median]

47.56 ± 12.92 [48]

Female, N (%) 893 (86.4%)

Race/ethnicity, N (%)

White 814 (78.7%)

Black or African American 22 (2.1%)

American Indian or

Alaska Native

1 (0.1%)

Asian 8 (0.8%)

Native Hawaiian or other

Pacific Islander

1 (0.1%)

Hispanic or Latino 32 (3.1%)

Other 42 (4.1%)

Unknown/not sure 123 (11.9%)

Geographic region, N (%)

Northeast 247 (23.9%)

Central/Midwest 404 (39.1%)

South 108 (10.4%)

West 273 (26.4%)

Unknown/not sure 2 (0.2%)

Background characteristics

Body mass index (BMI), N (%)

\ 18.5 23 (2.2%)

18.5–24.9 230 (22.2%)

25.0–29.9 223 (21.6%)

C 30.0 275 (26.6%)

Unknown/not sure 283 (27.4%)

Comorbidities with prevalence C 10%, N (%)

Behavioral nervous system

disorders

544 (52.6%)

Depression 317 (30.7%)

Anxiety 303 (29.3%)

Table 1 continued

Patients with chronic
migraine (N = 1034)

Sleep disorder 208 (20.1%)

Allergy (seasonal) 273 (26.4%)

Cardiovascular diseases 192 (18.6%)

Hyperlipidemia 69 (6.7%)

Hypertension 141 (13.6%)

Asthma 110 (10.6%)

Clinical characteristics

History of medication

overuse,a N (%)

301 (29.1%)

Medication overuse

resulted in headache

201 (66.8%)

Medication overuse did

not result in headache

94 (31.2%)

SD standard deviation, BMI body mass index
a History of medication overuse and medication overuse
headache were reported for a patient’s lifetime manage-
ment of migraine prior to erenumab initiation and was not
strictly limited to the baseline period
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treatments were noted (Table 3). During the
baseline and study periods, patients used a
mean of 2 preventive treatments (other than
erenumab) and a mean of 2 acute treatments.
Among 1032 patients with preventive treat-
ment information in both the baseline and
study periods, 160 (16%) patients initiated new
preventive treatments (other than erenumab)
during the study period (Table 3). Among 1027
patients with acute treatment information
available in both the baseline and study periods,
250 (24%) patients initiated new acute treat-
ments during the study period (Table 3). Addi-
tionally, 300 (33% of 916 patients with data
available) discontinued at least one preventive
baseline treatment, and 250 (27% of 925
patients with data available) discontinued at
least one acute baseline treatment (Table 3).

Effectiveness

At baseline, 50% of patients had migraine clas-
sified as ‘‘severe’’ and 37% had migraine classi-
fied as ‘‘moderate’’ on the basis of physician
assessment of severity (Fig. 2a). After erenumab
initiation, only 19% had migraine classified as
‘‘severe’’ and 49% had migraine classified as
‘‘moderate.’’ Among the 877 (85%) patients

Table 2 Erenumab use during the study period

Patients with chronic
migraine (N = 1034)

Time from migraine

diagnosis/onset to

erenumab initiation (years),

mean ± SD [median]

8.82 ± 10.59 [5]

Time on treatment (months),

mean ± SD [median]

9.33 ± 3.83 [9]

Dose used at initiation, N (%)

70 mg 793 (76.7%)

140 mg 241 (23.3%)

Dose escalation,a N (%) 572 (72.1%)

Dose reduction,b N (%) 9 (3.7%)

Erenumab use by the end of the study period, N (%)

Persistence 790 (76.4%)

Discontinuation 244 (23.6%)

Time on treatment among

those who discontinued

(months),c mean ± SD

[median]

7.32 ± 3.11 [7]

Reason for discontinuation,d

N (%)

N = 244

Availability of other

treatments

10 (4.1%)

Cost 12 (4.9%)

Insurance reimbursement 36 (14.8%)

Non-response or lack of

effectiveness

121 (49.6%)

Patient assistance program

stopped

1 (0.4%)

Patient preference 11 (4.5%)

Table 2 continued

Patients with chronic
migraine (N = 1034)

Tolerability/adverse event 45 (18.4%)

SD standard deviation
a Dose escalation was reported among patients whose dose
at erenumab initiation was 70 mg
b Dose reduction was reported among patients whose dose
at erenumab initiation was 140 mg
c Time on treatment was reported among patients who
discontinued erenumab. Note that to be eligible for the
study, patients must be treated with erenumab for at least
3 consecutive months
d Reasons for discontinuation are not mutually exclusive,
so one patient may have more than one response
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with this information available in both baseline
and study periods, 397 (45%) improved in
severity after erenumab initiation on the basis
of physician assessment (Table 4).

Mean headache/migraine days per month
decreased by a mean of 5.6 days, from 18.3 days
at baseline to 12.7 days during the study period

Table 3 Preventive and acute migraine-related treatment
patterns during the baseline and study periods

Patients with chronic
migraine (N = 1034)

Baseline
period

Study
period

Number of prior preventive

treatment failures,a

mean ± SD [median]

5.20 ± 4.49

[4]

–

Number of preventive

treatments,b,c mean ± SD

[median]

2.00 ± 1.34

[2]

2.02

± 1.36

[2]

Number of acute treatments,d

mean ± SD [median]

2.00 ± 1.43

[2]

2.25

± 1.63

[2]

Initiation of new preventive

treatment during study

period,c N (%)

– 160

(15.5%)

Initiation of new acute

treatment during study

period,d N (%)

– 250

(24.3%)

Discontinuation of preventive

treatment from baseline,e

N (%)

– 300

(32.8%)

Discontinuation of acute

treatment from baseline,f

N (%)

– 250

(27.0%)

Most commonly reported preventive treatment types,

N (%)

Antiepileptic agents 506 (48.9%) 501

(48.5%)

Antidepressants 494 (47.8%) 488

(47.2%)

Botulinum toxin 438 (42.4%) 427

(41.3%)

Antihypertensive agents 309 (29.9%) 307

(29.7%)

Other migraine preventative

agents

83 (8.0%) 82 (7.9%)

Table 3 continued

Patients with chronic
migraine (N = 1034)

Baseline
period

Study
period

Anti-CGRP (excluding

erenumab)

0 (0.0%) 39 (3.8%)

Most commonly reported acute treatment types, N (%)

Triptans 709 (68.6%) 732

(70.8%)

NSAIDs 409 (39.6%) 453

(43.8%)

Muscle relaxants 285 (27.6%) 314

(30.4%)

Opioids 129 (12.5%) 121

(11.7%)

Ergotamines 65 (6.3%) 78 (7.5%)

Barbiturates 28 (2.7%) 33 (3.2%)

Other 11 (1.1%) 15 (1.5%)

Anti-CGRP anti-calcitonin gene-related peptide, NSAID
non-steroidal anti-inflammatory drug
a Assessed at any time prior to erenumab initiation; the
number of treatment failures prior to care at participating
centers may be underreported
b Number of preventive treatments excluded erenumab
c Assessed among 1032 patients with treatment informa-
tion in both baseline and study periods
d Assessed among 1027 patients with treatment informa-
tion in both baseline and study periods
e Assessed among 916 patients with known discontinua-
tion status of baseline treatments
f Assessed among 925 patients with known discontinua-
tion status of baseline treatments
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(Table 4, Fig. 2b). Among 993 (96%) patients
with this information available in both time
periods, 352 (35%) experienced at least 50%
reduction in their mean headache/migraine
days per month (Table 4).

Headache/migraine duration information
was available for 409 (40%) patients during the
baseline and study periods. Among these
patients, mean duration per attack decreased by
a mean of 5.1 h, from 17.3 h at baseline to
12.1 h during the study period (Fig. 2c; Table 4).

Among the 64 (6%) patients with MIDAS
and/or modified MIDAS scores recorded in the
baseline and study periods, the MIDAS score
decreased by a mean of 6.9 points to a mean of
27.6 (Table 4). Among the 151 (15%) patients
with HIT-6TM scores in the baseline and study
period, the HIT-6TM score decreased by a mean
of 3.9 points to a mean of 61.0 (Table 4).

Amongst the entire cohort, the number of
patients with report of at least one migraine
attack with aura decreased from 100 (10%) in
the baseline period to 53 (5%) in the study
period. Likewise, the number of female patients
with reported menstrual-related migraine
decreased from 197 (22%) to 145 (16%) (data
not shown).

Reported Constipation

Constipation was recorded in 23 (2%) patient
charts prior to erenumab initiation, compared
to 216 (21%) during the study period. Of these
patients, 48 (22%) were prescribed treatments
during the study period other than erenumab
that may be potentially associated with consti-
pation. For example, 22 (10%) patients used
opioids and 19 (9%) used gabapentin. Other
treatments included doxepin, pregabalin, and
cyproheptadine (data not shown).

Healthcare Resource Utilization

At baseline, patients averaged 0.43 outpatient
visits per month (or approximately 5.2 visits per
year) and 84% of these visits were with neurol-
ogists (Fig. 3). During the study period, patients
averaged 0.30 outpatient visits per month (or
approximately 3.6 visits per year) and 80% of
these visits were with neurologists.

DISCUSSION

In this retrospective chart review of patients
with chronic migraine treated at headache

Fig. 2 Headache/migraine characteristics during the baseline and study periods. aUnknown severity not shown. bSample
includes patients with data available in both baseline and study period

300 Neurol Ther (2021) 10:293–306



centers in the USA, the majority of patients
were refractory to multiple prior preventive
therapies yet experienced fewer headache/mi-
graine days per month and shorter migraine/
headache attacks after initiating erenumab. Two
recent studies also evaluated the real-world
effectiveness of erenumab in clinical practice
[17, 18]. In a US chart review and survey-based
study of patients with chronic migraine (94% of
patients), episodic migraine, or medication
overuse headache by Robblee et al., the number
of headache/migraine days per month
decreased by 6.5–8.4 days between baseline
(mean 24.8 days) and 6 months of erenumab
treatment (mean 18.3 days) [18]. Additionally,
35% of patients experienced at least 50%
reduction in their mean headache days per
month and 55% of patients experienced at least
50% reduction in their mean migraine days per
month. In a separate prospective evaluation of
patients with chronic migraine from a headache
center in the UK by Lambru et al., the number
of monthly migraine days was reduced by 6.0
(from 19.7 at baseline) following 3 months of
erenumab treatment, with 35% of patients
achieving at least 50% reduction in their mean
migraine days per month [17]. These results are
consistent with the current study, which

Table 4 Effectiveness: change from the baseline period to
the study period

Patients with chronic
migraine (N = 1034)

Patients with information for

physician-reported severity

in the baseline and study

periods, N (%)

877 (84.8%)

Patients who improved

between the baseline and

study period, N (%)

397 (45.3%)

Patients who had no change

between the baseline and

study period, N (%)

440 (50.2%)

Patients who worsened

between the baseline and

study period, N (%)

40 (4.6%)

Patients with information for

headache/migraine days per

month in the baseline and

study periods, N (%)

993 (96.0%)

Change in average number of

headache/migraine days per

month, mean ± SD

[median]

- 5.64 ± 7.29 [- 5]

Patients with at least 50%

reduction in average number

of headache/migraine days

per month, N (%)

352 (35.4%)

Patients with information for

average headache/migraine

duration in the baseline

and study periods, N (%)

409 (39.6%)

Change in average headache/

migraine duration (h),

mean ± SD [median]

- 5.14 ± 23.80 [- 2]

Patients with information for

MIDAS and/or modified

MIDAS score in the

baseline and study periods,

N (%)

64 (6.2%)

Table 4 continued

Patients with chronic
migraine (N = 1034)

Change in MIDAS and/or

modified MIDAS score,

mean ± SD [median]

- 6.89 ± 20.68 [- 6]

Patients with information for

HIT-6TM score in the

baseline and study periods,

N (%)

151 (14.6%)

Change in HIT-6TM score,

mean ± SD [median]

- 3.87 ± 11.17 [- 2]

SD standard deviation, MIDAS Migraine Disability
Assessment Test, HIT-6TM Headache Impact Test
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demonstrated a 5.6-day reduction in mean
headache/migraine days per month (from
18.3 days), with 35% of patients achieving at
least 50% reduction in the mean headache/mi-
graine days per month. Of note, Lambru et al.
reported a higher proportion of patients (54%)
with medication overuse compared to the cur-
rent study (29%) [17]. However, Lambru et al.
did not rely on chart review data, which may
underreport medication overuse (unknown for
16% of patients in the current study). Moreover,
patients included in the studies by Robblee et al.
and Lambru et al. had a greater number of
migraine preventive treatment failures prior to
initiating erenumab. Robblee et al. reported a
mean 11.2 ineffective oral preventive medica-
tions, Lambru et al. reported a mean of 8.4
preventive treatment failures, and the current
study a mean of 5 preventive treatment failures
[17, 18]. These data support erenumab’s real-
world effectiveness even amongst patients who
had multiple preventive treatment failures prior
to initiation. The results of the current study are
also consistent with those from the erenumab
clinical trials, which show that 30–50% of
patients with chronic or episodic migraine
achieve at least 50% reduction in mean
migraine days per month after treatment with
erenumab for at least 3 months [13–15, 22].

After erenumab initiation, patients largely
continued to be managed via a polypharmacy
approach, with an average number of 2 acute
and 2 preventive treatments, besides erenumab.
However, on the basis of perspectives and per-
ceptions from the semi-structured interviews

with physicians, tapering and discontinuation
of other treatments typically would only occur
after patients have achieved a stable response to
erenumab, which may be 3–6 months after
treatment initiation. Therefore, the current
study period may not have fully captured the
comprehensive landscape of treatment discon-
tinuation patterns or dose modifications in the
average 9 months of follow-up. In addition,
concomitant prophylactic treatments like
antidepressants, antihypertensives, and
antiepileptic agents may be continued or only
tapered (rather than discontinued) potentially
to treat other comorbid conditions. Of note,
more than half of the patients included in this
study also suffered from behavioral nervous
system disorders (such as depression and anxi-
ety) and nearly 15% had hypertension. These
comorbidities have been shown to be risk fac-
tors for chronic migraine [23]. Further research
is needed to gain a better understanding of
migraine treatment patterns and to establish a
clear approach to modifying existing migraine
treatment profiles after anti-CGRP pathway
therapies are initiated.

Although effective in the prevention of
migraine, anti-CGRP pathway therapies are also
associated with constipation [24]. The physician
interviews helped to contextualize the results
regarding constipation in the current study and
highlighted the need for better tools to measure
and assess constipation in a systematic and
clinically meaningful way. For instance,
regarding documentation of constipation-re-
lated information in patient charts, interviewed

Fig. 3 Outpatient visits during the baseline and study periods
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physicians reported that there was no stan-
dardized approach to eliciting, recording, and
confirming information related to constipation.
Prior to initiating erenumab, multiple physi-
cians reported that patients were not routinely
asked about constipation, unless they were
prescribed medications (e.g., opioids) that may
induce constipation or had comorbidities that
were risk factors for constipation (e.g., gas-
trointestinal disorders). The results of the
chart review study showed that only 23 (2%)
patients had constipation recorded in their
charts prior to erenumab initiation, despite the
use of baseline opioids in 129 (13%) patients.
This suggests there may be underreporting of
constipation in patient charts at baseline, in
part from lack of physician inquiry, given an
expected constipation rate of 41% among
patients with chronic non-cancer pain treated
with opioids [25]. Alternatively, these patients
may have been treated prophylactically for
constipation and therefore did not experience
constipation during baseline. The physicians
also reported that discontinuation of erenumab
because of constipation was uncommon. Half of
the physicians reported that only 5–10% of
their patients discontinued erenumab because
of constipation, while the other half stated that
discontinuation related to constipation hap-
pened rarely or never. Lambru et al. also repor-
ted a similar rate of erenumab discontinuation
due to constipation (6%) in their real-world
analysis of patients with refractory chronic
migraine, which is higher than what has been
reported in clinical trials (less than 1% of
patients discontinued treatment because of
constipation as an adverse event) [15, 17].
Similarly, for only 4% of all patient charts, the
reason for erenumab discontinuation was
reported as tolerability/adverse event in the
current chart review study, though the exact
type of adverse event was not specified this
study. Although 216 (21%) patients had con-
stipation after erenumab initiation recorded in
the patient charts, the details on the severity,
duration, or the extent to which it was clinically
meaningful was not provided. Therefore, there
is a need to better understand the association
between severity of constipation and treatment

patterns like medication persistence and
discontinuation.

This study also assessed the effectiveness of
erenumab using patient-reported outcomes
(PROs), specifically MIDAS and HIT-6TM mea-
surements. Since migraine is a condition that
can profoundly affect functional ability and
quality of life, self-reports of the severity and
impact of attacks are crucial to understand the
effectiveness of treatment [26]. However, the
current study demonstrated low utilization of
PRO instruments in clinical practice, with only
6% and 15% of patient charts reporting MIDAS
and HIT-6TM scores, respectively, in both the
baseline and study periods. The severity when
assessed by MIDAS and HIT-6TM in the study
period remained at the severe disability level.
However, the small proportion of patients with
PRO measurements in this study may not be
representative of the broader migraine popula-
tion in the real world and may be biased
towards more severe patients who may be more
likely to complete the questionnaire. Notably,
among patients for whom severity was assessed
by physicians instead of or in addition to the
PRO instruments, patients had a reduction in
migraine severity as assessed by physicians from
baseline to study period. On the basis of this
limited use of PRO measurements, there is a
need for the identification and systematic
application of specific PROs that may be useful
to patients and physicians in the management
of migraine. A systematic review of headache/
migraine PRO measures found that most lack
clarity with regards to measurement validity,
which limits their interpretation and utility in
both clinical research and routine practice set-
tings [26]. Newer PRO measures that incorpo-
rate valuable patient input in the development
process and rely on shorter recall periods, like
the Migraine Functional Impact Questionnaire
(MFIQ), may help to address this unmet need
[27].

In addition to an improvement in patient
outcomes, the current study also demonstrated
a reduction in the number of monthly outpa-
tient visits after erenumab initiation. Of note,
initial visits following the initiation of erenu-
mab may have been related to routine follow-up
and monitoring of the newly initiated
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treatment; therefore, further reductions in HRU
may occur as patients remain on treatment with
erenumab.

Limitations

The findings of this study should be interpreted
in light of some limitations. As with all
chart review studies, there is the potential for
missing or inaccurate data recorded in the
patient charts and lack of standardization in
physician reporting of data in charts across
centers. Physicians may only have had access to
data related to care provided at their center.
Additionally, headache and migraine days were
not assessed separately, and only abstracted
from information available in patient charts,
which may lack granularity or consistency
across centers. Moreover, PRO measurements
were only available for a small subset of the
sample. Results may not be generalizable to all
patients with migraine and to those with epi-
sodic migraine or patients treated in other set-
tings, given this study focused on patients with
chronic migraine from select participating
headache centers who were required to have
been treated with erenumab for at least
3 months. Additionally, treatment exposure to
erenumab was variable, with patients treated for
an average of 9 months. To minimize the
recency bias of physicians selecting charts from
patients seen recently, centers were advised to
select patient charts on the basis of a method of
random selection (e.g., reverse alphabetical
order). In addition, centers were selected on the
basis of having a significant number of patients
with migraine treated with erenumab and may
not be representative of general US treatment
practices for patients with migraine. Lastly,
given that erenumab had been available for less
than 2 years at the time of chart abstraction, the
results reported in this study describe erenumab
use for centers that can be considered as ‘‘early
adopters’’ of anti-CGRP pathway-targeting
therapies. One reason for early adoption of
erenumab may be because patients had failed
multiple preventive treatments. Future studies
should assess erenumab use among patients

treated with erenumab in earlier treatment
lines.

CONCLUSIONS

The real-world evidence presented in this study
supports previous clinical findings of the benefit
of erenumab in the management of chronic
migraine, including a reduction in the monthly
frequency of headache/migraine in a predomi-
nantly treatment-refractory population (multi-
ple preventive treatment failures). Despite the
demonstrated effectiveness of erenumab,
patients treated in the five US headache centers
largely continued to be managed via a
polypharmacy approach in the initial months
after erenumab initiation. Further long-term
research across various clinical practice settings
is needed to better understand real-world
patient outcomes and treatment patterns with
erenumab therapy.
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