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ABSTRACT

Introduction: Combination use of onabo-
tulinumtoxinA and calcitonin gene–related
peptide (CGRP) monoclonal antibodies (mAbs)
has the potential to be more effective than
either therapy alone for migraine prevention.
Methods: This retrospective, longitudinal
chart review included adults with chronic
migraine treated at one clinical site with C 2
consecutive cycles of onabotulinumtoxinA
and C 1 month of subsequent combination
treatment with CGRP mAbs. Charts at time of
mAb prescription (baseline) and up to four vis-
its * 3, 6, 9, and 12 months post-baseline were
reviewed for safety, tolerability, and outcome
measures (monthly headache days [MHDs],

headache intensity, and migraine-related dis-
ability [MIDAS]).
Results: Of 300 charts reviewed, 257 patients
met eligibility criteria (mean age: 50 years; 82%
women). Average headache frequency was 21.5
MHDs before initiation of onabotulinumtoxinA
and 12.1 MHDs before adding CGRP mAb
therapy. Prescribed mAbs were erenumab
(78%), fremanezumab (6%), and galcanezumab
(16%). Over the entire study, patients discon-
tinued CGRP mAb more frequently than
onabotulinumtoxinA (23 vs. 3%). Adverse
events occurred in 28% of patients, most com-
monly constipation (9%). Compared with
onabotulinumtoxinA alone (baseline), MHDs
decreased significantly at all visits (mean
decrease: 3.5–4.0 MHDs over * 6–12 months of
combination treatment); 45.1% of patients had
clinically meaningful improvement in
migraine-related disability (C 5-point reduction
in MIDAS score) after * 6 months.
Conclusions: In this real-world study, combi-
nation treatment with onabotulinumtoxinA
and CGRP mAbs was well tolerated, with no
new safety signals identified, and was associated
with additional clinically meaningful benefits.
More real-world and controlled trials should be
considered to further assess safety and potential
benefits of combination treatment.
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Key Summary Points

Why carry out this study?

A multimodal treatment approach that
layers treatments targeting different
physiological pathways involved in
migraine may improve outcomes in
patients with chronic migraine.

OnabotulinumtoxinA and calcitonin
gene–related peptide monoclonal
antibodies (CGRP mAbs) act through
different physiological mechanisms and
are both effective and well tolerated when
administered individually for the
preventive treatment of migraine.

We collected real-world data from chronic
migraine patients who received CGRP
mAb treatment added to
onabotulinumtoxinA treatment to
investigate the safety, tolerability, and
potential benefits of this combination
treatment.

What was learned from the study?

Adding a CGRP mAb to
onabotulinumtoxinA was safe and well
tolerated, with no new safety signals
identified.

Combination treatment significantly
decreased monthly headache frequency
and migraine-related disability compared
with onabotulinumtoxinA alone.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and video abstract,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.14322125.

INTRODUCTION

Individuals with chronic migraine (CM; C 15
monthly headache days [MHDs]) [1] experience
greater severity of migraine-associated disability
[2] and greater prevalence of comorbid condi-
tions (e.g., other chronic pain disorders, anxi-
ety, depression) than those with less frequent
migraine attacks (\ 15 MHDs) [3, 4]. CM can
greatly impair daily activities and quality of life,
leading to substantial burden to the family and
society [5, 6]. Given the high burden of CM, a
multimodal management approach layering
treatments that target different pathways
involved in migraine pathophysiology may
improve outcomes.

OnabotulinumtoxinA has been approved for
CM prevention since 2010 and is well tolerated,
with proven efficacy across multiple clinical and
real-world studies [7–11]. For CM, onabo-
tulinumtoxinA is injected into specific head
and neck muscles containing sensory neuron
endings with cell bodies located in trigeminal
and cervical ganglia [12]. By inhibiting activa-
tion of these sensory inputs, onabotulinum-
toxinA reduces the magnitude of pain signaling
in the brain and prevents activation and sensi-
tization of central neurons thought to be
involved in migraine chronification. A key
mechanism of action of onabotulinumtoxinA is
the attenuation of the release of neuropeptides
and neurotransmitters into the synapse, and the
insertion of receptors and ion channels into the
nerve terminal membrane, which modulates
the activation of receptors implicated in
migraine pathophysiology, including gluta-
mate, substance P, and calcitonin gene–related
peptide (CGRP) [12]. Attenuation of CGRP
release from peripheral nerve terminals of
meningeal and trigeminal nociceptors plays a
key role in the effect of onabotulinumtoxinA on
migraine [12–15].

Direct inhibition of CGRP pathways has
emerged as a targeted approach for migraine
prevention [16]. In 2018, three subcutaneously
injected monoclonal antibodies (mAbs) direc-
ted against CGRP or its receptor (i.e., erenumab,
fremanezumab, and galcanezumab) were
approved by the US Food and Drug
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Administration (FDA) for migraine prevention
[17–19]. Erenumab targets the CGRP receptor,
whereas galcanezumab and fremanezumab pre-
vent CGRP ligand binding to the CGRP
receptor.

Combination treatment with mechanisti-
cally distinct preventive therapies could have
additive or synergistic effects in migraine pre-
vention [20], as supported by preclinical studies
demonstrating that onabotulinumtoxinA and
CGRP mAbs prevent activation of different
types of pain fibers. CGRP mAbs mainly prevent
activation of thinly myelinated Ad-fibers [21],
and onabotulinumtoxinA prevents activation of
myelinated C-fibers [22]. There have been sev-
eral clinical reports of adding CGRP mAb ther-
apy to onabotulinumtoxinA treatment in real-
world settings [23–30], many of which have
evidence of clinical benefits of combination
treatment [23–25, 28, 30].

The treatment of migraine in patients with
CM who experienced previous prophylactic
therapy failure is a challenge. While patients
with CM often benefit from onabotulinumtox-
inA treatment, they may continue to experience
migraine attacks at a frequency that meets cri-
teria for receiving additional preventive treat-
ments. Based on its distinct mechanism of
action, adding a CGRP mAb to ongoing treat-
ment with onabotulinumtoxinA may result in
additional improvement. According to a posi-
tion statement from the American Headache
Society (AHS) in 2019, CGRP mAb therapy may
be added to one or more established treatments
based on clinical judgment [31]. As long as the
risk of drug–antibody interactions is considered
minimal or nonexistent, AHS supports adding a
mAb to the existing regimen without making
other changes until the effectiveness of the
antibody therapy is determined [31]. Regarding
the preventive treatment paradigm, CGRP mAb
therapy may be appropriate for and initiated in
adults with migraine who have had inadequate
tolerability or response to a 6-week trial of at
least two other preventives with established
efficacy and 4–7 monthly headache days
(MHDs) characterized as at least moderate
migraine-related disability, 8–14 MHDs with
any level of disability, and 15 or more MHDs
(CM) and an inability to tolerate or inadequate

response to a minimum of two quarterly injec-
tions (6 months) of onabotulinumtoxinA.
These recommendations are consistent with
how experts treat their patients in clinical
practice.

To date, no randomized controlled trials
have evaluated the safety and efficacy of com-
bination treatment with onabotulinumtoxinA
and CGRP mAb for migraine prevention. This
study collected real-world data from the medi-
cal records of patients treated at a single clinical
site to gain improved understanding of the
safety, tolerability, and potential benefits of
adding CGRP mAb to onabotulinumtoxinA
treatment. Potential benefits of combination
treatment were based on effectiveness assess-
ments that are in the patient charts and are
widely used and generally recognized as being
reliable, accurate, and relevant to migraine.

METHODS

Study Design

This retrospective, longitudinal chart review
included adults (aged C 18 years) with CM
treated at The Neurology Center of Southern
California (San Diego County, CA) between
October 1, 2018, and November 1, 2019. The
center is a private-practice headache center that
primarily focuses on patients with CM. The
practice uses an electronic medical records sys-
tem that allowed for the capture of data across
the whole clinic. Site staff prepared de-identi-
fied extracts of charts from patients with a
physician’s diagnosis of CM. The index date
(alternatively referred to as index visit) was
defined as the initiation of combination
onabotulinumtoxinA and CGRP mAb therapy.
Included patients were required to have at least
two consecutive onabotulinumtoxinA treat-
ment cycles without concomitant CGRP mAb
therapy during the 8-month qualification per-
iod prior to the index date, and C 1 month of
subsequent combination treatment with
onabotulinumtoxinA and CGRP mAb (Fig. 1).
Baseline measure assessments included the
index visit and reflected assessments of
migraine characteristics over approximately
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1–3 months prior to the CGRP mAb prescrip-
tion. To evaluate the incremental benefits of
combination therapy, we collected, as available,
the dates of migraine diagnosis, initiation of
onabotulinumtoxinA, and headache frequency
prior to onabotulinumtoxinA treatment prior to
the 8-month qualification period.

No a priori power or sample size estimates
were performed; this study used a convenience
sample of approximately 300 patients based on
available charts and adequate sample size to
characterize the safety profile.

Compliance with Ethics Guidelines

The study was conducted in accordance with
International Council for Harmonisation
guidelines and local legal requirements, and
complied with the ethical principles of the
World Medical Assembly. The New England
Independent Review Board approved the study
protocol and case report form (CRF) before
study initiation and determined that the study

had minimal risk and met requirements for a
consent waiver.

Data Collection

Data from de-identified charts were entered into
an electronic CRF. Baseline demographic and
clinical characteristics were recorded, as were
index treatments received (i.e., type of CGRP
mAb and dose), changes in treatment during
follow-up (e.g., dose and/or brand), safety data,
headache day frequency (per-patient self-re-
port), headache intensity, migraine-related dis-
ability, headache impact, and depression
(assessed using the Patient Health Question-
naire [PHQ-9]; moderate to severe depression
was defined as PHQ-9 score[ 9 [32]) assess-
ments from up to four follow-up visits. Visits
generally coincided with clinic visits for
onabotulinumtoxinA administration, which
typically occur at 12- to 15-week intervals. Visits
1, 2, 3, and 4 occurred at approximately 3, 6, 9,
and 12 months, respectively, after the initiation
of combination treatment.

Fig. 1 Study design. aNot all patients had four visits or
12 months of data. bBaseline assessments for outcome
measures (e.g., headache day frequency, headache intensity,
disability) were collected from the visit at which the
CGRP mAb was prescribed and reflect patient assessments
during approximately 1–3 months prior to initiation of
the CGRP mAb. cCGRP mAbs were self-administered by

subcutaneous injection. Per label, erenumab and gal-
canezumab are administered once monthly, and fre-
manezumab is administered once every 3 months.
dOnabotulinumtoxinA treatment is not always adminis-
tered per label. CGRP calcitonin gene–related peptide,
mAb monoclonal antibody, MIDAS Migraine Disability
Assessment
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Safety and Tolerability

Adverse events (AEs), discontinuations, and
reasons for discontinuation were recorded for
each visit. The CRF permitted input of up to five
AEs/patient at each visit. This did not limit AE
reporting, as no patients had more than five AEs
at any visit.

Outcome Assessments

Due to variation in how headache frequency
was recorded in patient charts and to reduce the
risk of error during chart review, the CRF was
constructed so that either a 30- or 90-day
denominator could be used to report headache
frequency. Ultimately, all headache day data
collected using the 90-day denominator were
converted to a 30-day (monthly) basis.

Headache intensity was captured on a scale
of 0–10, with scores of 0, 1–4, 5–7, and 8–10
indicating absent, mild, moderate, and severe
headache intensity, respectively.

Migraine-related disability was captured on
the Migraine Disability Assessment (MIDAS)
questionnaire, a seven-item measure of head-
ache-related disability in the previous 3 months
[33]. MIDAS has five scored items assessing the
total number of days migraine prevented or
limited activities in the past 3 months, with
higher total scores indicating greater disability.
A five-point MIDAS score change is considered a
clinically meaningful overall reduction [34].

Because of the exploratory nature of this
retrospective study, it was unknown whether all
measures could be collected in full. Therefore,
the final analyses were based on measures
available for the majority of patients. The six-
item Headache Impact Test was present in only
43.7 to 50.9% of patient charts across visits 1 to
4, and the PHQ-9 was reported in only 23.4 to
34.6% of charts across post-baseline visits.
Therefore, post-baseline data for these assess-
ments have not been included in this report.

Statistical Analysis

Data were summarized using descriptive statis-
tics. Mean changes from baseline in headache

frequency, headache intensity, and MIDAS were
calculated for each follow-up visit. In patients
with available baseline and follow-up data,
mean changes from baseline with correspond-
ing 95% confidence intervals (CIs) were calcu-
lated. The proportions of patients with any
reduction in MHDs, C 50% reduction in
MHDs, C 5-point reduction in MIDAS score,
and C 30% reduction in MIDAS score compared
with baseline, and corresponding 95% CIs, were
calculated. No adjustments to alpha were made
to control for multiple comparisons. All CIs are
therefore nominal.

This chart abstraction study was conducted
using existing data collected under routine
clinical practices for the purpose of patient care,
not research. Missing values may have been the
result of several circumstances (e.g., informa-
tion was not applicable for the patient, or not
available in the chart or in the chart extract
prepared by the site). Not all patients con-
tributed data to all four post-baseline visits. This
may have been due to loss to follow-up, but
could have also been due to the patient not yet
completing a full year of combination therapy
at the time of database closure, since patients
were not required to have a full year of data to
be included. Missing data values, regardless of
reason, were not imputed given the exploratory
nature of the study and real-world design.

Study Cohorts

The primary analysis cohort included all
patients meeting study inclusion criteria. To
best understand the applicability of findings, a
sensitivity analysis was conducted in a cohort
aligned to the AHS position statement’s rec-
ommendation for when to initiate preventive
treatment with a CGRP mAb [31] and included
only patients with at least four MHDs at base-
line and at least moderate headache-related
disability (MIDAS score[ 11 or HIT-6 score
[50; Fig. 2). The AHS position statement also
requires an inability to tolerate (due to AEs) or
inadequate response to a 6-week trial of at least
two oral preventives with established efficacy.
Failure of prior preventives was not verified in
available chart data, although it is likely that
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these patients did have such a history, as it
would have likely been a payer requirement for
onabotulinumtoxinA initiation.

RESULTS

Of 300 patient charts extracted, 257 patients
met all inclusion criteria and comprised the
primary analysis cohort (Fig. 2). Demographic
and clinical characteristics are summarized in
Table 1. In the primary analysis cohort, mean
age was 50 years (range, 21–94) and 82.1% were
female. Concomitant use of other medications
was recorded in 92.2% of patients at baseline,
most commonly sumatriptan (20.7%) and
topiramate (6.8%). Mean time since migraine
diagnosis was 5.0 years and mean time since
initiation of onabotulinumtoxinA was
3.8 years. Headache frequency was the only
outcome measure that was consistently avail-
able in patients’ charts for the time period prior
to onabotulinumtoxinA initiation. The average

headache frequency was 21.5 MHDs before ini-
tiation of onabotulinumtoxinA and 12.1 MHDs
before starting CGRP mAb as add-on therapy
(Table 2). Mean change in headache frequency
from pre-onabotulinumtoxinA to baseline (pre-
mAb) was - 9.3 MHDs (95% CI: - 10.7, - 7.9;
n = 229). At baseline, 69.6% (179/257) of
patients had moderate to very severe disability,
112/138 (81.2%) had substantial to severe
impact, and 14/69 (20.3%) had moderate to
severe depression (PHQ-9 score[9). Baseline
clinical characteristics in the AHS [31] CGRP
mAb cohort (sensitivity analysis) were similar to
those in the primary analysis cohort (Tables 1
and 2).

Combination Treatment Characteristics

In the primary analysis cohort, the most com-
monly prescribed CGRP mAb was erenumab
(77.8%), with 52.9% of all patients receiving
erenumab 70 mg (Table 1). Mean interval

Fig. 2 Analysis cohorts for primary analysis and sensitivity
analysis (AHS CGRP mAb cohort [31]). aOther reasons
for exclusion included negative time from migraine
diagnosis to index date; negative time from first
onabotulinumtoxinA injection to index date; headache
frequency of 45/30 days recorded at index; and data

available for only one visit (visit 4). AHS American
Headache Society, CGRP calcitonin gene–related peptide,
CM chronic migraine, HIT-6 6-item Headache Impact
Test, mAb monoclonal antibody, MIDAS Migraine Dis-
ability Assessment

814 Pain Ther (2021) 10:809–826



between treatment visits ranged from 88 to
90 days, indicating that most patients attended
appointments at 3-month intervals. Across vis-
its, 96.7–99.6% of patients received onabo-
tulinumtoxinA during the visit, and the median
dose was 165 U at baseline and at all visits
during combination treatment (range across all
visits: 115–200 U). Changes in the CGRP mAb
brand were reported in 3.3–4.2% of patients,
and changes in dose were reported in 7.8–18.1%
of patients across visits. Treatment

characteristics were similar in the AHS CGRP
mAb cohort (data not shown).

Safety and Tolerability

In the primary analysis cohort, 95.3% (245/257)
patients had at least one follow-up visit. Sixty-
two (25.3%) of these 245 patients discontinued
onabotulinumtoxinA and/or CGRP mAb at any
time post-baseline (Table 3). Patients discon-
tinued CGRP mAb (23.3% [57/245])

Table 1 Baseline patient characteristics

Parameter Primary analysis cohort
(n = 257)

Sensitivity analysis cohorta

(n = 172)

Age, years

Mean (SD)

(n = 220)

50.2 (12.3)

(n = 151)

49.9 (12.6)

Sex, n/N (%)

Female 211/257 (82.1) 142/172 (82.6)

Male 32/257 (12.5) 23/172 (13.4)

Unknown 14/257 (5.4) 7/172 (4.1)

Years since migraine diagnosis, mean (SD) (n = 246)

5.0 (5.2)

(n = 168)

5.0 (5.6)

Years since initiation of onabotulinumtoxinA, mean (SD) (n = 218)

3.8 (3.1)

(n = 151)

3.7 (3.1)

Index CGRP mAb treatment, n/N (%)

Erenumabb 200/257 (77.8) 134/172 (77.9)

70 mg 136/257 (52.9) 92/172 (53.5)

140 mg 62/257 (24.1) 41/172 (23.8)

Galcanezumab 240 mgc 42/257 (16.3) 29/172 (16.9)

Fremanezumab 15/257 (5.8) 9/172 (5.2)

225 mg 8/257 (3.1) 4/172 (2.3)

675 mg 7/257 (2.7) 5/172 (2.9)

AHS American Headache Society, CGRP calcitonin gene–related peptide, HIT-6 6-item Headache Impact Test, mAb
monoclonal antibody, MHD monthly headache day; MIDAS Migraine Disability Assessment
a The sensitivity analysis cohort was aligned to the AHS position statement’s recommendation for when to initiate
preventive treatment with a CGRP mAb [31] and included only patients with at least four MHDs at baseline and at least
moderate headache-related disability (MIDAS score[ 11 or HIT-6 score[ 50)
b Erenumab dose was not reported in two patients in the primary analysis cohort and one patient in the sensitivity analysis
cohort
c Galcanezumab is administered as a 240-mg loading dose, followed by monthly doses of 120 mg
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Table 2 Headache characteristics and disability at baseline

Characteristic Primary analysis cohort (n = 257) Sensitivity analysis cohorta

(n = 172)

Before
onabotulinumtoxinA

Baseline
(before
mAb)

Before
onabotulinumtoxinA

Baseline
(before
mAb)

Headache frequency, days/month (n = 241) (n = 246) (n = 163) (n = 172)

Mean (SD)b 21 (8) 12 (8) 21 (8) 13 (8)

Change from pre-onabotulinumtoxinA,

mean (95% CI)

- 9 (- 11,

- 8)

- 8 (- 10,

- 6)

Category, n/N (%)

B 5 6/257 (2.3) 59/257

(23.0)

3/172 (1.7) 25/172

(14.5)

6–10 12/257 (4.7) 84/257

(32.7)

9/172 (5.2) 65/172

(37.8)

11–14 12/257 (4.7) 24/257

(9.3)

11/172 (6.4) 20/172

(11.6)

15–19 67/257 (26.1) 29/257

(11.3)

44/172 (25.6) 22/172

(12.8)

C 20 138/257 (53.7) 50/257

(19.5)

96/172 (55.8) 40/172

(23.3)

Unknown 22/257 (8.6) 11/257

(4.3)

9/172 (5.2) 0

Headache intensityc

Mean (SD)

NA (n = 232)

6.5 (3.6)

NA (n = 165)

6.7 (4.1)

MIDAS score (n = 215) (n = 171)

Mean (SD) NA 43.7 (43.4) NA 52.0 (44.7)

Moderate to very severe disability, n/N (%) NA 179/215

(83.3)

NA 160/171

(93.6)

HIT-6 score (n = 138) (n = 116)

Mean (SD) NA 60.8 (7.2) NA 61.5 (6.3)

Substantial to severe impact, n/N (%) NA 112/138

(81.2)

NA 98/116

(84.5)

PHQ-9 score (n = 69) (n = 56)
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approximately sevenfold more often than
onabotulinumtoxinA (3.3% [8/245]). The most
common reasons for CGRP mAb discontinua-
tion were lack of insurance reimbursement (24/
57 [42.1%]) and lack of effect (12/57 [21.1%]).
The most common reason for discontinuing
onabotulinumtoxinA was lack of reimburse-
ment (2/8 [25.0%]). AEs were reported by 27.8%
(68/245) of patients across all visits (Table 3).
The most common AE was constipation (8.6%
[21/245]), occurring most frequently in patients
receiving erenumab (18/21).

Changes in Headache Frequency
and Intensity (Primary Analysis Cohort)

Compared with onabotulinumtoxinA treat-
ment alone (baseline), adding CGRP mAb pro-
vided statistically significant and clinically
meaningful reductions in mean MHDs at all
visits (95% CIs did not include 0; Fig. 3a). In the
primary analysis cohort, mean decreases in
MHDs compared with baseline ranged from 3.5
to 4.0 MHDs across visits occurring approxi-
mately 6, 9, and 12 months after initiation of
combination therapy (Fig. 3a). Approximately
one-third (31.5–36.7%) of patients had a C 50%

reduction in MHDs after approximately 6 to
12 months (Fig. 3b). Data for all timepoints
evaluated are shown in Fig. 3a, b. Mean head-
ache intensity scores significantly decreased
from baseline at all visits, with mean score
reductions ranging from 0.4 to 0.9 points
(Supplemental Figure S1).

Changes in Migraine-Related Disability
(Primary Analysis Cohort)

Mean MIDAS scores significantly decreased
from baseline by 6.1 to 11.1 points during
approximately 6 to 12 months of combination
treatment (Fig. 4a). Mean decreases in MIDAS
score exceeded 5 points at all visits, indicating
that the magnitude of the mean reductions was
clinically meaningful at all timepoints [34].
Magnitudes of reductions were similar, but the
mean reductions from baseline were not statis-
tically significant at later visits, likely due to the
reduced sample size. After approximately 6 to
12 months of combination treatment,
43.7–45.1% of patients had a C 5-point reduc-
tion from baseline (Fig. 4b), and 27.1–29.6%
had a C 30% reduction in MIDAS score (Fig. 4c).

Table 2 continued

Characteristic Primary analysis cohort (n = 257) Sensitivity analysis cohorta (n = 172)

Before
onabotulinumtoxinA

Baseline
(before
mAb)

Before
onabotulinumtoxinA

Baseline
(before
mAb)

Mean (SD) NA 5.7 (5.0) NA 6.8 (4.8)

Moderate to severe depression,

n/N (%)

NA 14/69

(20.3)

NA 14/56

(25.0)

AHS American Headache Society, CGRP calcitonin gene–related peptide, HIT-6 6-item Headache Impact Test, MHD
monthly headache day, MIDAS Migraine Disability Assessment, PHQ-9 9-item Patient Health Questionnaire, NA not
available, mAb monoclonal antibody
a The sensitivity analysis cohort was aligned to the AHS position statement’s recommendation for when to initiate
preventive treatment with a CGRP mAb [31] and included only patients with at least four MHDs at baseline and at least
moderate headache-related disability (MIDAS score[ 11 or HIT-6 score[ 50)
b Standardized to 30-day denominator
c Headache intensity rated on a 0–10 scale
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Table 3 Discontinuations and adverse events in the primary analysis cohort

Visit 1
~ 3 months
(n = 232)

Visit 2
~ 6 months
(n = 197a)

Visit 3
~ 9 months
(n = 153a)

Visit 4
~ 12 months
(n = 118a)

Total:
patients with ‡ 1 follow-up
visit

(N = 245)

Discontinuations, n/N (%)

Anyb 17/232 (7.3) 16/197 (8.1) 16/153

(10.5)

13/118 (11.0) 62/245 (25.3)

OnabotulinumtoxinA 2/232 (0.9) 4/197 (2.0) 2/153 (1.3) 0 8/245 (3.3)

Lack of reimbursement 1/2 (50.0) 1/4 (25.0) 0 0 2/8 (25.0)

Lack of effect 0 0 1/2 (50.0) 0 1/8 (12.5)

Safety/tolerability 1/2 (50.0) 0 0 0 1/8 (12.5)

Other/unknown 0 3/4 (75.0) 1/2 (50.0) 0 4/8 (50.0)

CGRP monoclonal

antibody

17/232 (7.3) 12/197 (6.1) 15/153 (9.8) 13/118 (11.0) 57/245 (23.3)

Lack of reimbursement 8/17 (47.1) 2/12 (16.7) 10/15 (66.7) 5/13 (35.7) 24/57 (42.1)

Lack of effect 1/17 (5.9) 6/12 (50.0) 4/15 (26.7) 1/13 (7.1) 12/57 (21.1)

Safety/tolerability 4/17 (23.5) 2/12 (16.7) 1/15 (6.7) 2/13 (14.3) 9/57 (15.8)

Other/unknown 4/17 (23.5) 2/12 (16.7) 0 6/13 (42.9) 12/57 (21.1)

AEs, n (%)

Any AE 35 (15.1) 28 (14.2) 22 (14.4) 13 (11.0) 68 (27.8)

AEs in[ 2 patientsb

Constipation 11 (4.7) 6 (3.0) 8 (5.2) 1 (0.8) 21 (8.6)

Nausea 4 (1.7) 2 (1.0) 1 (0.7) 2 (1.7) 8 (3.3)

Musculoskeletal pain 2 (0.9) 3 (1.5) 2 (1.3) 2 (1.7) 6 (2.4)

Neck pain 2 (0.9) 1 (0.5) 1 (0.7) 3 (2.5) 6 (2.4)

Headache worsening 2 (0.9) 2 (1.0) 1 (0.7) 0 5 (2.0)

Migraine worsening 3 (1.3) 1 (0.5) 0 0 4 (1.6)

Erythema 0 0 2 (1.3) 2 (1.7) 3 (1.2)

Injection site pain 2 (0.9) 1 (0.5) 0 0 3 (1.2)

Neuropathy 0 3 (1.5) 0 0 3 (1.2)

Values are number of patients (%)
AE adverse event, CGRP calcitonin gene–related peptide
a Events reported at visits 2, 3, and 4 are not cumulative
b Discontinuation of onabotulinumtoxinA and/or CGRP antibody treatment
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Data for all timepoints evaluated are shown in
Fig. 4a–c.

Outcomes in the AHS CGRP mAb Cohort
(Sensitivity Analysis)

Magnitudes of improvement in headache char-
acteristics and migraine-related disability were
similar but slightly greater in the AHS CGRP
mAb cohort (patients with higher MHDs and at
least moderate disability at baseline). In these
patients, mean headache frequency of 13.4
MHDs at baseline decreased by 3.9 to 4.3 MHDs
after approximately 6 to 12 months of combi-
nation therapy (Fig. 3c). Approximately one-

third (32.4–34.9%) of patients had a C 50%
reduction in MHDs approximately 6 to
12 months after initiating CGRP mAb add-on
therapy (Fig. 3d). Mean headache intensity
scores significantly decreased from baseline at
approximately 3, 6, and 12 months after add-on
therapy, with mean score reductions ranging
from 0.4 to 1.1 points (Supplemental Figure S1).

Mean MIDAS scores decreased by 8.4 to 13.7
points (Fig. 4d), 58.3–62.1% of patients had a
C 5-point reduction in MIDAS score (Fig. 4e),
and 36.4–39.3% had a C 30% reduction in
MIDAS score (Fig. 4f) after approximately 6 to
12 months of combination therapy. Patterns of
discontinuations and AEs in the AHS cohort

Fig. 3 Change in monthly headache frequency during
combination therapy with onabotulinumtoxinA and a
CGRP monoclonal antibody. a Mean change from
baseline and b percentage of patients with a C 50%
reduction from baseline in monthly headache frequency in
the primary analysis cohort. c Mean change from baseline

and d percentage of patients with a C 50% reduction from
baseline in monthly headache frequency in the AHS
CGRP mAb cohort. AHS American Headache Society,
CGRP calcitonin gene–related peptide, CI confidence
interval, mAb monoclonal antibody
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Fig. 4 Change in migraine-associated disability during
combination therapy with onabotulinumtoxinA and a
CGRP monoclonal antibody. a Mean change from
baseline in MIDAS score, b percentage of patients with
a C 5-point reduction in MIDAS score, and c percentage
of patients with a C 30% improvement from baseline in
MIDAS score in the primary analysis cohort. d Mean

change from baseline in MIDAS score, e percentage of
patients with a C 5-point reduction in MIDAS score, and
f percentage of patients with a C 30% improvement from
baseline in MIDAS score in the AHS CGRP mAb cohort.
AHS American Headache Society, CGRP calcitonin
gene–related peptide, CI confidence interval, mAb mon-
oclonal antibody, MIDAS migraine disability assessment
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were similar to those observed in the primary
analysis cohort.

DISCUSSION

Both onabotulinumtoxinA [7–11] and CGRP
mAbs [35–39] have separately established safety
and efficacy for the prevention of migraine
attacks in those with CM. However, combina-
tion use of onabotulinumtoxinA and CGRP
mAbs may be indicated in patients who con-
tinue to experience significant migraine burden
despite receiving preventive and acute treat-
ments or who are refractory to multiple oral
preventive therapies. CM is polygenic and
involves multiple neuroanatomic pathways,
multiple vasoactive neuropeptides, and many
different receptors [40]. A monotherapy
approach is unlikely to achieve optimal man-
agement in some patients. The ultimate aspira-
tional goal of migraine treatment is freedom
from the impact of migraine, or migraine free-
dom, a concept that can vary greatly among
individuals, with some people considering
themselves migraine-free if they have an occa-
sional migraine attack, as long as it does not
impact their daily activities, whereas others may
expect complete freedom from any headache
and associated symptoms. These goals, despite
being aspirational, are important considerations
for clinicians treating patients with CM and
should guide treatment decisions. Therefore, a
layered approach that considers the patient’s
treatment goals and targets different pathways
involved in migraine pathophysiology may be
beneficial [20]. Many clinicians add CGRP mAbs
to onabotulinumtoxinA treatment in CM
patients in their practices [25, 41]. However,
data on the safety and efficacy of combination
use are limited. Preclinical and clinical data
suggest that combination treatment could be
additive or synergistic, as CGRP mAbs and
onabotulinumtoxinA have distinct mechanisms
of action in the prevention of migraine
[12–15, 21, 22, 28].

In this retrospective, real-world study of 257
patients receiving onabotulinumtoxinA com-
bined with either erenumab, galcanezumab, or
fremanezumab, treatment was generally well

tolerated and no new safety signals were iden-
tified. Patients discontinued CGRP mAb more
frequently than onabotulinumtoxinA (23.3 vs.
3.3%). However, all patients received at least
two onabotulinumtoxinA treatments before
initiating combination treatment, possibly
contributing to the lower discontinuation rate
for onabotulinumtoxinA, as patients not toler-
ating were likely precluded from study partici-
pation. Safety concerns were not the primary
driver of CGRP mAb discontinuation, as most
patients discontinued because of a lack of
insurance reimbursement (42%) or a lack of
effect (21%).

The safety profile during combination treat-
ment was similar to that observed in prior
analyses of each treatment alone. The only AE
reported by C 5% of patients was constipation,
which is reported with erenumab [17], the
CGRP mAb prescribed to 77% of patients in this
study. In randomized phase 3 clinical trials, the
only AEs reported in C 2% of participants trea-
ted with erenumab 70 mg and at an inci-
dence C 2% greater than placebo were
injection-site reactions (6%) [17]. The incidence
of constipation was higher (34%) in a real-world
observational study of 158 CM patients treated
with erenumab with or without other preven-
tives or onabotulinumtoxinA [24]. Gastroin-
testinal and other AEs are less common with
galcanezumab [38, 39] and fremanezumab
[42, 43], occurring at rates similar to those
observed with placebo in clinical trials. The
most common AEs reported with onabo-
tulinumtoxinA in placebo-controlled CM trials
were neck pain (9%) and headache (5%) [7, 8].

Patients included in this study had clinically
meaningful responses to onabotulinumtoxinA
prior to adding the CGRP mAb, experiencing an
average decrease of 9 MHDs during onabo-
tulinumtoxinA treatment alone. This level of
benefit is consistent with results of the phase 3
PREEMPT studies, where average decreases of
7.8 to 9.0 MHDs were observed after 6 months
of onabotulinumtoxinA treatment [7, 8, 44].
However, due to the nature and severity of CM,
the patients in our study continued to experi-
ence an average of 12 MHDs when CGRP mAb
was initiated. Combination treatment with the
two therapies was associated with additional
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reductions in headache frequency, headache
intensity, and migraine-related disability com-
pared with onabotulinumtoxinA without the
additive treatment. Monthly headache fre-
quency significantly decreased from baseline at
all visits, with mean reductions of approxi-
mately 3 to 4 days per month after approxi-
mately 6 to 12 months of combination
treatment, and clinically meaningful reductions
in migraine-related disability (C 5-point
decrease in mean MIDAS score) were also
observed at all visits. There are some important
caveats to these findings: we could not deter-
mine when patients administered their first
CGRP mAb injection, as compliance following
prescribing was not assessed. Additionally,
many patients did not have visits after approx-
imately 6 months. Therefore, assessments at
each visit may not accurately reflect 3, 6, 9, or
12 months of combination use.

Patients in this study initiated CGRP mAbs
during the first year following US FDA approval,
a time period when free product was widely
available. Thus, some patients may not reflect
the population most likely to be prescribed this
type of preventive combination treatment in
the future. Therefore, we conducted a sensitiv-
ity analysis to evaluate outcomes in a popula-
tion more reflective of current real-world
prescribing practices and consistent with the
AHS position statement [31]. The sensitivity
analysis showed that despite having higher
headache frequency and related disability at
baseline, these patients had greater reductions
in headache frequency and disability during
combination treatment than did the primary
analysis cohort (Figs. 3, 4).

Baseline headache burden at initiation of
combination therapy in this study was consis-
tent with that observed in CGRP mAb studies of
patients who failed two or more prior preven-
tive treatments [45–47]. In these studies, the
average decrease in migraine days after
3 months of treatment was 1.8 days with
monthly erenumab 70 mg [48], 1.8 to 3.5 days
with monthly erenumab 140 mg [46, 48],
4.1 days with monthly fremanezumab 225 mg
[45], and 4.1 days with monthly galcanezumab
120 mg (with 240-mg loading dose) [47]. Three
retrospective single-site studies reported mean

reductions in MHDs of 4.3 to 8.1 days/month
after CGRP mAb initiation in patients already
receiving onabotulinumtoxinA [23, 25, 28].
Another real-world observational study of 158
patients with CM who failed at least three prior
preventive drugs reported that 65% of patients
treated with erenumab added to onabo-
tulinumtoxinA had reductions in MHDs after
four antibody injections, versus 26% of those
treated with erenumab alone and 15% of those
who received erenumab added to an oral pre-
ventive [24].

This real-world chart review has several lim-
itations, including the fact that many patients
had missing data and the reasons for adding a
CGRP mAb treatment were not uniform across
patients. As stated above, data represent the first
year of launch of CGRP mAbs. Therefore, the
distribution of different antibody brands
depended on the time of product release and
the way in which they were used. Because ere-
numab was the first FDA-approved treatment,
most patients (53%) received the 70 mg dose. As
practice evolved, more patients received the
140-mg dose potentially due to improving effi-
cacy; the depth of response may have been
better if more patients had received this dose.
Insufficient numbers of patients were treated
with galcanezumab and fremanezumab to allow
for comparisons between different CGRP mAb
groups. This is an important area for future
research. Compliance with CGRP mAb injec-
tions is unknown, prohibiting confirmation of
the timing of the combination treatment initi-
ation. OnabotulinumtoxinA treatment is not
always administered per label, and some varia-
tion in the timing of injections was likely.
Therefore, consistency of treatment with both
onabotulinumtoxinA and CGRP mAbs may
have varied between patients. Lastly, the study
outcome measures were not consistently repor-
ted, and reporting methods may have varied.

CONCLUSIONS

These real-world data demonstrated that com-
bination use of onabotulinumtoxinA and a
CGRP mAb was generally well tolerated, with
no new safety signals identified, and associated
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with clinically meaningful improvements in
headache frequency and migraine-related dis-
ability compared with onabotulinumtoxinA
without CGRP mAb therapy. Additional real-
world and controlled trials should be consid-
ered to further assess safety and quantify the
additive or synergistic benefit of this multi-
modal treatment paradigm for people with CM.
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