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Treatment of chronic migraine with Botox
(onabotulinumtoxinA)

Development, insights, and impact

Catherine C. Turkel, PharmD, PhD?, Sheena Aurora, MDP, Hans-Christoph Diener, MD, PhDe,
David W. Dodick, MD¢, Richard B. Lipton, MD¢, Stephen D. Silberstein, MD', Mitchell F. Brin, MDo"*

Abstract \
Chronic migraine (CM) is a neurological disease characterized by frequent migraine attacks that prevent affected individuals from

performing daily activities of living, significantly diminish quality of life, and increase familial burden. Before onabotulinumtoxinA
was approved for CM, there were few treatment options for these seriously disabled patients and none had regulatory approval.

The terminology and recognition of CM evolved in parallel with the onabotulinumtoxinA clinical development program.
Because there were no globally accepted classification criteria for CM when onabotulinumtoxinA was in development, the patient
populations for the trials conducted by Allergan were determined by the Allergan migraine team in collaboration with headache
scientists and clinicians. These trials and collaborations ultimately led to improvements in CM classifications.

In 2010, onabotulinumtoxinA became the first medication and first biologic approved specifically to prevent headaches in
patients with CM. Approval was based on 2 similarly designed phase 3, double-blind, randomized, placebo-controlled, multicenter
clinical studies. Both studies showed significantly greater improvements in mean change from baseline in headache-day frequency
in patients with CM receiving onabotulinumtoxinA compared with those receiving placebo.

The safety and effectiveness of onabotulinumtoxinA have been established globally in >5000 patients with CM with or without

medication overuse treated in clinical and observational studies. Benefits also include improvements in quality of life, fewer
psychiatric comorbidities, and reduced healthcare resource utilization. Across studies, onabotulinumtoxinA was well tolerated;
adverse events tended to be mild or moderate in severity and to decline over subsequent treatment cycles.
Abbreviations: AEs = adverse events, CDH = chronic daily headache, CM = chronic migraine, CTTH = chronic tension-type
headache, EM = episodic migraine, FDA = Food and Drug Administration, ICHD = International Classification of Headache
Disorders, IHS = International Headache Society, PREEMPT = phase 3 research evaluating migraine prophylaxis therapy, SNAP-
25 = synaptosomal associated protein-25kDa.

Keywords: headache, human, neuromuscular agents, prevention, preventive treatment, treatment outcome

1. Introduction and burden of chronic migraine (CM) increase in frequency over time and become disruptive in adult-
hood during a time when higher education, careers, and raising
a family are important priorities.**) CM is characterized by
headache on 215 days per month with at least 8 days per month

Chronic migraine (CM) is a neurological disease that impacts
an estimated 1 to 2% of the global population.!'=! In childhood,
migraine can occur with low frequency and then gradually
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linked to migraine (International Classification of Headache
Disorders [ICHD]-3)."8 CM affects substantially more women
than men, and is more debilitating than episodic migraine (EM)
in terms of its greater frequency of headache and migraine days
and increased prevalence of comorbid conditions, such as other
chronic pain disorders, anxiety, depression, and medication
overuse.’'!l Individuals with CM experience frequent migraine
attacks that usually interfere with activities of daily living,
greatly diminish quality of life, and result in increased family
and societal burden, as well as lead to substantial economic bur-
dens for patients and healthcare systems.?!

The following historical narrative was compiled based on
review of the literature and interviews with the authors, and the
quoted portions reflect the personal observations and reflections
of the individuals who were interviewed. In some instances, this
article describes uses for which Allergan has not sought and/
or received regulatory approval in individual countries and are
mentioned for historical context or background only.

The burden of CM can be better understood by hearing from
the people with the disease and the doctors who treat them.

Dr Dodick: “I would describe the impact of chronic migraine
as being pervasive. Patients with chronic migraine are often
symptomatic every day. That does not mean that they have a
headache every waking moment of every day, but many have
one or more migraine symptoms nearly every day because they
are either in the beginning or middle of an attack, just recovering
from an attack, or in an interictal state between attacks when
nonheadache symptoms may persist. Symptoms may include
dizziness, cognitive impairment, brain fog, sensitivity to light, or
nausea, all of which are pervasive and impact the patients’ per-
sonal life, professional life, employment, and ability for career
opportunities. It impacts their family; they feel guilty as parents
and guilty as partners. One of my patients questioned whether
it was ethical to bring a child into the world when they were not
fit to take care of the child and also noted that they would never
want to burden their child with the kind of disease or illness that
they were living with. Some patients with chronic migraine are
bed-bound or house-bound, so not only are they not employed,
they don’t make plans; they don’t make plans to go on vacation;
they don’t make plans to go to a movie; they don’t make plans
to go to dinner; or to go out to meet a friend, because they can’t
predict when their next severe attack will occur or they may
have been told that they are so unreliable because they have
had to cancel so often. These patients don’t want to put them-
selves in that potential position again. They already live with the
stigma of having migraines; they don’t want to have to live with
the stigma of being called unreliable.”

While numerous patients express similar concerns and feelings,
the extent of disability caused by migraine remains poorly rec-
ognized and, despite treatment advances and the availability of
effective preventive therapies such as onabotulinumtoxinA and,
recently, monoclonal antibodies that target the calcitonin gene-re-
lated peptide pathway, CM often remains undertreated.”1%12.13]

Dr Aurora: “Patients want a medication that is going to do
what it says it is going to do: prevent migraine pain, improve
quality of life, provide them with headache-free time with their

This study was funded by AbbVie. AbbVie was involved in the manuscript
concept and participated in writing, reviewing, and approval of the final version.
No honoraria or payments were made for authorship. MF Brin is a full-time
employee of AbbVie and holds stock in the company.
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Inc., Seattle, WA, USA, ¢ Faculty of Medicine, Institute for Medical Informatics,
Biometry and Epidemiology, University of Duisburg-Essen, Essen, Germany,

9 Department of Neurology, Mayo Clinic, Phoenix, AZ, USA, ¢ Department of
Neurology, Albert Einstein College of Medicine, Bronx, NY, USA,  Jefferson
Headache Center, Thomas Jefferson University, Philadelphia, FA, USA, ¢ Allergan/
AbbVie, Irvine, CA, USA, " University of California, Irvine, CA, USA
*Correspondence: Mitchell F. Brin, Senior Vice President, Chief Scientific Officer,
Botox & Neurotoxins, Allergan Aesthetics, an AbbVie Company, 2525 Dupont
Drive, T2-3, Irvine, CA 92612 (e-mail: mitchell.brin@abbvie.com).
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family, and be a drug that is not going to cause a lot of intoler-

able side effects.”

2. Evolution of a disease and development of a
treatment

2.1. The evolving concept of CM

Our current clinical understanding of CM as a separate diag-
nostic category is relatively recent, evolving from concepts of
chronic daily headache (CDH), mixed headache, and trans-
formed migraine.l'*!5! The path to the current definition of CM
was not straightforward, and the definition undoubtedly will
continue to evolve as additional understanding of the biologic
foundations of migraine emerges.

In the early and mid-1980s, the research and clinical obser-
vations of the neurologist Dr Ninan T. Mathew (1937-2015)
spurred efforts to understand migraine in its entirety. Dr
Mathew reported that >75% of patients with CDH had a
history of EM, referring to the phenomenon as transformed
migraine.!'®I The first criteria for diagnosing a range of head-
aches were published by the International Headache Society
(IHS) in 1988. The first version of the ICHD redefined CDH as
chronic tension-type headache (CTTH) with the main criterion
being the presence of headache on at least 15 days a month
during at least 6 months."'8! Dr Silberstein et al observed that
many patients had long-duration (>4 hours) headache on at
least 15 days a month, but these headaches were not limited to
classic tension headaches. Thus, they proposed revised criteria
for 4 primary CDH subtypes (CTTH, hemicrania continua, new
daily persistent headache, and transformed migraine) and then
field-tested the revised transformed migraine criteria.!’s! Over
time, the terminology “transformed migraine” was replaced by
the terminology “chronic migraine” to be consistent with CTTH
(i.e., headaches of a particular type occurring on >15 days per
month). CM was first defined in the 2004 ICHD, 2nd edition as
migraine headache occurring on at least 15 days per month for
>3 months in the absence of medication overuse.!"”!

In June 2006, the ICHD of the IHS published revised crite-
ria for diagnosing CM (ICHD-2R) and confirmed their position
that CM was the preferred term among other terms used previ-
ously (i.e., CDH and transformed migraine).!'*! The revised cri-
teria were designed to more accurately reflect the patients seen
in clinical practice. The third and most recent version of the
ICHD (ICHD-3; 2018) defines CM as headache occurring on
at least 15 days per month, for >3 months, which has features
of migraine headache on at least 8 days per month.”! Following
incorporation of the term CM, patients classified with CM were
deemed too severe, and therefore at risk, for inclusion in clinical
trials of acute and preventive medications. Prior to accepted cri-
teria, patients who experienced migraine on 215 days per month
were excluded from many clinical trials.

Dr Lipton: “Most of my patients with migraine could not
be included in clinical trials because they were deemed too ill
for controlled trials of acute as well as preventive treatments.
Patients with 15 or more days of headache per month and

Copyright © 2023 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-
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patients with medication overuse were often systematically
excluded from clinical trials. That meant the results of many
clinical trials did not apply to the patients in my practice.
Developing criteria that included patients with chronic migraine
or transformed migraine in clinical trials was a step towards
developing the evidence we needed to treat them.”

3. Clinical development pathway of
onabotulinumtoxinA

Dr Brin: “In 1976, Dr Andrew Blitzer was chief resident in
Otolaryngology at the Mount Sinai Hospital in New York
and Dr William Binder was his junior resident. Subsequently,
when Dr Blitzer and I were exploring the cosmetic potential
of Oculinum® (first brand name for onabotulinumtoxinA, now
branded as Botox) at Columbia University, Dr Binder returned
to New York to learn about using onabotulinumtoxinA for aes-
thetic hyperfunctional lines.?® Beginning in 1994, we published
several papers together.*'**” Dr. Binder subsequently found
that some of his aesthetic patients observed that their migraine
symptoms improved.?3>4

In the early 1990s, Dr Binder observed that several of his
patients treated with onabotulinumtoxinA for hyperfunc-
tional facial lines also experienced alleviation of their migraine
headache symptoms. He conducted a small study between
1992 and 1994 and contacted Drs Brin and Blitzer to share his
observations. Together, they evaluated their patient charts to
determine improvements in migraine headache symptoms in
those treated with onabotulinumtoxinA?*! and subsequently
studied open-label treatment of 106 patients who initially
sought treatment for aesthetic hyperfunctional facial lines or
dystonias of the head and neck, and also had concomitant
headache disorders.?*l The retrospective case review study
demonstrated that onabotulinumtoxinA was safe and effective
for acute and preventive treatment of migraine headaches.**!
Because many of the patients identified in the case review had
received cosmetic treatment, relatively small doses (mean = 31
U; range 5 U-110 U) were administered.?* Thus, the initial
Allergan phase 2a trials were conducted using low doses of
onabotulinumtoxinA (e.g., 25 U and 75 U).*5! The first dou-
ble-blind, placebo-controlled trial in patients with a history of
2 to 8 moderate to severe migraine attacks per month demon-
strated a reduction in attack frequency and severity with low
dose (25 U) onabotulinumtoxinA along with a favorable
safety profile.l?’!

Dr Brin: “Based on physician experience, in 1997 Allergan
initiated several early phase 2 studies that focused on a treat-
ment paradigm of the frontal and temporal region. In total, §
studies were conducted in phase 2a to assess doses and treat-
ment paradigms. These studies evaluated doses that were too
low for consistent efficacy, and a clear signal for dose and sites
of injection had not emerged. Nevertheless, physicians used
the drug off label and explored various doses, cranial injection
sites, and headache patient populations. Some physicians were
using ‘fixed-site, fixed-dose, ‘follow-the-pain, or combined
approaches, and patients were reporting clear benefit. Allergan
held advisory boards to better understand how physicians were
exploring treatment in their clinics. Together with the early
phase 2a results and physicians’ experiences, the phase 2b stud-
ies were designed.”

The development of the clinical program for onabotulinum-
toxinA occurred largely in parallel with the evolution of the ter-
minology for CM.

Dr Aurora: “What we were noticing in the clinic in patients
that were receiving onabotulinumtoxinA for aesthetic indica-
tions was that there were patients with transformed migraine
or chronic daily headache with migraine features who were not
responding well to the standard of care, but were responding
to onabotulinumtoxinA. This observation led us to ponder
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whether all patients with chronic headache may not respond the
same way and, in fact, those with migraine features may respond
better. So our experience with onabotulinumtoxinA helped to
shape our notion of migraine classification, and we thought that
there might be a different classification needed to describe these
patients better so that they get the treatment that they deserve
and that they would respond to.”

When Allergan’s phase 2b clinical development program for
onabotulinumtoxinA began, it was still unclear as to which
patient population might respond to treatment. Therefore,
trials focused on patients with “episodic migraine” and trials
focused on patients with “CDH” were initiated (Fig. 1). CDH
comprised 4 subgroups: transformed migraine, CTTH, new
onset persistent daily headache, and hemicrania continua; the
most prevalent of these was transformed migraine. The major-
ity of patients enrolled into the CDH trials had transformed
migraine. In subsequent discussions with the US Food and Drug
Administration (FDA) regarding the phase 3 program, Allergan
learned that a labeled indication for a broad patient population
of CDH would not be possible without safety and efficacy being
demonstrated separately for each of the 4 CDH subgroups.
Therefore, a decision was made to enroll only patients with
CM (terminology recognized at the time the phase 3 trials were
designed) in the phase 3 program.

There was uncertainty about the clinical development pro-
gram, both internally at Allergan and within the migraine aca-
demic community. Internal skepticism was especially high upon
completion of the phase 2 program, as those trials had not met
their primary endpoints.

Dr Brin: “I came back from an American Academy of
Neurology meeting and reported to Lester Kaplan, the head of
Allergan R&D at the time, that many physicians in the head-
ache and nonheadache community had treated patients with
onabotulinumtoxinA and observed benefits for their headaches.
I urged him to continue the migraine development program so
we could seek an effective treatment paradigm.”

In part because of the controversies surrounding disease con-
cepts and migraine nomenclature, the phase 3 clinical devel-
opment program itself was controversial. The THS diagnostic
criteria for CM specifically excluded medication overuse; how-
ever, many clinicians did not accept this criterion. Allergan
elected to include CM patients with medication overuse, which
was operationally defined as the use of a simple analgesic on at
least 15 days, or other medication types (e.g., ergotamines, trip-
tans, and opioids) or combination analgesics on at least 10 days,
with use at least 2 days per week during the 28 days of the study
baseline period. Enrolled patients were then stratified to treat-
ment by this criterion. IHS guidelines for clinical studies in CM
subsequently adopted this methodology and allowed for the
inclusion of patients with medication overuse, although assign-
ment to treatment groups had to be stratified accordingly.?!

Dr Turkel: “One key issue in designing the phase 3 pro-
gram was how to deal with medication overuse headache. At
the time, there was widespread belief that chronic migraine was
caused by medication overuse. However, the criteria for chronic

-1 month 3 months 6 months 9 months
Episodic 037 FTP, 105 U to 260 U onabetulinumtoxinA or placebo
Migraine
Phase 2b 509 FSFD, 75, 150, or 225 U onabotulinumtoxinA or placebo
Chronic 038 FTP, 105 U to 260 U onabotulinumtoxinA or placebo
Migraine
Phase 2b 039 FSFD, 75, 150, or 225 U onabotulinumtoxinA or placebo

= 30-day placebo run-in period I = double-blind, placebo-controlled

Figure 1. Phase 2b studies of onabotulinumtoxinA conducted between
2001 and 2004. FSFD = fixed-site, fixed-dose, FTP = follow the pain.
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migraine at the time did not include medication overuse. We
chose to allow enrollment of patients with medication overuse
in the phase 3 program despite the objections of many clinicians
since our goal was to develop a treatment to meet the needs
of suffering patients. Our assumption was that patients were
suffering from chronic migraine and, as a result, were overusing
their acute treatments in a desperate attempt for pain relief. If
the treatment worked to address their underlying disease, then
reduction in acute medications would follow.”

Dr Brin: “Indeed, because Botox had benefits, including in
patients with medication overuse, many patients were able to
stop overusing their meds.*’*®! In this setting, the phrase ‘Detox
with Botox’ was coined and used by some migraine experts.”

Dr Aurora: “Patients with medication overuse had a big
stigma against them because they were overusing medication
and were told that preventive therapy was not going to work.
The onabotulinumtoxinA trials were the first to show that it
does not matter if you are overusing your medication; it is not
your fault. The reason is that there has not been good treatment
for your migraine, and now when you give a medication that is
a good preventive, you do not overuse medication.”

The Allergan headache team members working closely with
clinical experts examined the phase 2 data extensively and, as a
result, identified optimal efficacy endpoints, a standardized treat-
ment paradigm, and patient population for the phase 3 clinical trial
program. One of the biggest challenges was to show the efficacy
benefit of onabotulinumtoxinA beyond the robust and persistent
placebo response rates observed in the phase 2b program, which
was assumed to be related to the physical interaction of the physi-
cian and the patient due to multiple head and neck injections.

Dr Turkel: “The phase 3 program evolved from treating
patients in the phase 2 studies who had chronic daily head-
ache to treating patients with chronic migraine, mirroring the
environment at the time and identifying patients with chronic
migraine as the responsive candidates for moving forward with
clinical development. The injection paradigm was finalized in a
hotel suite at the AAN in 2005 with Mitchell, Sheena, David,
and myself, after a meeting with the FDA, who requested a stan-
dardized injection paradigm for the Phase 3 program that could
be easily translated to instructions for use on a package insert.”

Accordingly, the Phase 3 REsearch Evaluating Migraine
Prophylaxis Therapy (PREEMPT) clinical development pro-
gram enrolled adult patients who had a history of migraine
and an indication that most headaches were migraine in ori-
gin (protocol required at least 50% to be migraine or probable
migraine per ICHD-2), intermittent (protocol specified at least
4 episodes), and long-lasting headaches (at least 4 hours) on
215 days each month.1?>3% The PREEMPT clinical program con-
sisted of 2 phase 3 studies, each with a 24-week, double-blind,
placebo-controlled phase followed by a 32-week, open-label
phase.l?”3% PREEMPT I took place at 56 North American sites
from January 23, 2006 to July 16, 2008,2 while PREEMPT II
was conducted at 66 sites in Europe and North America from
February 7, 2006 to August 11, 2008.13%

Despite much discussion around the most appropriate effi-
cacy endpoint (debate between headache-episode frequency
or headache-day frequency), the primary efficacy endpoint for
PREEMPT I ultimately was proposed as the mean change from
baseline in headache-episode frequency for the 28-day period
ending with week 24.12) Headache-day frequency was designated
as a secondary endpoint. Unfortunately, the primary endpoint
in PREEMPT I (headache-episode frequency) did not demon-
strate a significant difference between the onabotulinumtoxinA
and placebo treatment groups, but the secondary endpoint of
headache-day frequency separated from placebo significantly
(P =.006). The crucial recognition that the headache-episode
frequency endpoint, which had been the gold-standard efficacy
endpoint accepted by health authorities for previous trials in
patients with EM, was insensitive for assessing CM was a sig-
nificant finding.
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Dr Dodick: “Based on my clinical experience and patient fol-
low-up, we realized that there was a major disconnect between
the data and what patients reported. Not unusually, patients
would report that they felt 75% better, whereas the data showed
only minimal reductions in episodes. We needed to listen to
what our patients were telling us. In chronic migraine, going
from an episode that could last 3 days to one that was 4 hours
was clinically meaningful.”

Dr Diener: “While some patients only had a small decrease
in beadache frequency, they had improvements in quality of life
and related disability and wanted to continue on the drug.”

These observations, combined with significant results in
PREEMPT 1 for the endpoint of mean change from baseline in
headache-day frequency, resulted in changing, before database
lock, the primary endpoint of the PREEMPT II trial to mean
change from baseline in headache-day frequency for the 28-day
period ending at week 24.5% In the end, both the initial and
the revised primary endpoints were met, allowing onabotuli-
numtoxinA to become the first medication and the first biologic
approved by the US FDA specifically for the prevention of CM.
After this first registration of onabotulinumtoxinA in October
2010 as a treatment specific for CM prevention, approval fol-
lowed in 86 additional countries. It is important to note that
unit doses are not interchangeable among different botulinum
toxin products,® as each has its own dosing guidelines and
clinical profile.

4. Efficacy, tolerability, and safety highlights

The effectiveness of onabotulinumtoxinA has now been demon-
strated in >5000 patients with CM treated in clinical and obser-
vational studies.?$-303242 The PREEMPT trials compared the
efficacy and safety of onabotulinumtoxinA with that of pla-
cebo over a 24-week double-blind period, which was followed
by a 32-week open-label phase, in 1384 adults with CM.[2:30:321
Treatment with onabotulinumtoxinA provided sustained and sig-
nificant reductions from baseline in headache-day frequency with
incremental benefits over succeeding treatment cycles (Fig. 2).[43:44]
Importantly, the data demonstrated that patients who failed to
respond to the first treatment cycle of onabotulinumtoxinA may
respond to the second or third cycle with clinically meaningful
improvements.*y In a pooled analysis of the PREEMPT trial
data, a significantly greater percentage of onabotulinumtoxinA-
compared with placebo-treated patients experienced at least a
50% decrease from baseline in the frequency of headache days
at all time points (P <.001), demonstrating a responder rate that
was clinically meaningful.’?! Data from the long-term, open-label
Chronic Migraine OnabotulinuMtoxinA Prolonged Efficacy open
Label study augment the results from the PREEMPT program.
The Chronic Migraine OnabotulinuMtoxinA Prolonged Efficacy
open Label study provided additional evidence of the consistency
and long-term safety, efficacy, and tolerability in patients treated
every 12 weeks with onabotulinumtoxinA over 108 weeks (9
treatment cycles).>*! Assessments of headache impact (total
6-item Headache Impact Test score),**! migraine-related disabil-
ity (Migraine Disability Assessment Questionnaire),! health
related quality of life (scores of all 3 Migraine-Specific Quality-
of-Life questionnaire domains),*! sleep disturbance (Pittsburgh
Sleep Quality Index),“! fatigue (Fatigue Severity Scale),“e!
depression (9-item Patient Health Questionnaire),*’! and anxiety
(7-item Generalized Anxiety Disorder Assessment)! were also
significantly (P <.0001) improved from baseline at week 108.
Additional ongoing and completed Allergan-sponsored onabot-
ulinumtoxinA trials are summarized in the timeline in Figure 3.
In people with migraine, the broad array of benefits
associated with onabotulinumtoxinA treatment is well
documented in the published literature.l*”*8! The bene-
fits include improvements in quality of life and reduction
of burdens and psychiatric comorbidities associated with
CM.[27:29:30,32,33,43.44,48-53] Treatment with onabotulinumtoxinA
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Figure 2. Mean (standard error) change from baseline in frequency of headache days in patients who completed 5 treatments of onabotulinumtoxinA versus
placebo in the PREEMPT trial. Reprinted with permission from Aurora SK, et al.“®! PREEMPT = Phase 3 REsearch Evaluating Migraine Prophylaxis Therapy.
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Figure 3. Ongoing and completed Allergan-sponsored onabotulinumtoxinA trials. CaMEO = Chronic Migraine Epidemiology and Outcomes, CM PASS =
Chronic Migraine Post-Authorization Safety Study, COMPEL = Chronic Migraine OnabotulinuMtoxinA Prolonged Efficacy open Label, PMS = Post-Marketing
Surveillance, PREDICT = Patient Reported Outcomes in Patients With Chronic Migraine Treated With Botox, REPOSE = REal-life use of botulinum toxin for
the symptomatic treatment of adults with chronic migraine, measuring healthcare resource utilization, and Patient-reported OutcomeS observed in practicE.

has also been shown to be cost-effective compared with
placebo and reduce healthcare resource utilization and
costs.’*531 The effectiveness of onabotulinumtoxinA for the
management of CM has been further documented through
extensive real-world experience.33*%1 To date, in the US
alone, >2 million treatments have been administered to
500,000 unique patients with CM.

A local treatment, onabotulinumtoxinA is safe and well tol-
erated with low rates of adverse events (AEs) that are typically
mild to moderate in severity and resolve without sequelae, as
reported in both clinical trials and real-world studies in CM.127:%
:30:32,33:43,44,49,50,52,56.57] Inn [ong-term studies, the incidence of overall
AEs and the most common individual AEs (which include neck
pain, muscular weakness, eyelid ptosis, muscle tightness, injec-
tion-site pain, headache, myalgia, musculoskeletal stiffness, and
musculoskeletal pain) tend to decrease with repeated adminis-
tration.*®%2l Also, in routine clinical practice, the incidence of
treatment-related AEs is consistent with rates in clinical trials,
also tending to decrease over treatment cycles.*”! Region-specific
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information regarding safety and efficacy can be found in local
labeling.

5. The mechanisms of action of
onabotulinumtoxinA in CM

When investigators first began reporting benefits of onabot-
ulinumtoxinA in open-label studies of migraine, little was
understood of the mechanisms by which it acted.>** Clinicians
initially considered the possibility that its effectiveness was due
to muscle relaxation, but several observations called this inter-
pretation into question, including a dissociation between muscle
effects and pain relief.?*!

Dr Brin: “We noticed a symptomatic dissociation between
pain relief and reduction of muscle spasm when treating dys-
tonia patients in the 1980s, and, for some, the pain relief
exceeded reduction of muscle contractions.5 This disso-
ciation was also reported during a discussion session at the
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International Toxins Meeting in Munich in 1995 on spas-
ticity, where an expert pointed out that the pain associated
with spasticity improved and resolved faster than the muscle
spasm. In our migraine study published in 2000, we discussed
the clinical observation that the duration of pain relief some-
times exceeded the duration of muscle relaxation and some
patients showed benefits on migraine-associated nausealvomit-
ing, visual disturbances, and phonophobia, arguing against an
exclusive neuromuscular mechanism.**) The sensory nature of
migraine and the dissociation between the muscle effects and
pain reduction, as demonstrated in spasticity®*' and a migraine
analysis, ) provide support for our early clinical observa-
tions. We now understand that onabotulinumtoxinA modu-
lates release of pain-inducing neurotransmitters at the synapse
and inhibits insertion of nociceptors into the nerve terminal
membrane.1*1”

Over the past 3 decades, understanding of both the patho-
physiology of migraine and the mechanisms by which onabot-
ulinumtoxinA acts in migraine has expanded substantially.!'!-¢?!
CM is now recognized as a highly complex neurological dis-
ease, involving multiple peripheral pathways and portions of
the central nervous system.!®! The trigeminovascular system has
emerged as central to migraine pathophysiology.'®! Early during
a migraine attack, peripheral sensitization can occur, resulting in
a decreased threshold for response in the trigeminal nerve. With
repeated attacks and progression, generalized central sensitiza-
tion can occur and is thought to lead to cutaneous allodynia,
hyperalgesia, and ongoing pain.!'’:¢3!

Following injection into head and neck muscles that are
innervated by sensory terminals of trigeminal neurons, onabot-
ulinumtoxinA is internalized into nerve terminals where it
ultimately cleaves the protein synaptosomal associated pro-
tein-25kDa (SNAP-25).164651 SNAP-25 is an integral component
of the soluble N-ethylmaleimide-sensitive fusion protein attach-
ment protein receptor complex, which is necessary for synaptic
vesicle docking and fusion. Without the formation of the soluble
N-ethylmaleimide-sensitive fusion protein attachment protein
receptor complexes, neurotransmitter/neuropeptide exocyto-
sis is inhibited, as is the insertion of membrane receptors that
depend on vesicle fusion with the neuronal membrane. Thus,
onabotulinumtoxinA cleavage of SNAP-25 inhibits the release
of neuropeptides and neurotransmitters such as calcitonin
gene-related peptide and glutamate, that are associated with
the genesis of pain.[''%¢! OnabotulinumtoxinA also reduces the
number of ion channel receptors in sensory nerve membranes;
these include transient receptor potential cation channel sub-
family V member 1, transient receptor potential cation channel
subfamily A member 1, and P2X3 - receptors that are upregu-
lated due to sensory afferent neuron activation that character-
izes migraine.[>6:11:67]

6. Lessons learned and the impact of
onabotulinumtoxinA in CM

The successful development of onabotulinumtoxinA for CM
underscored the critical value of teamwork and commitment.
Initially, the efficacy of onabotulinumtoxinA was not fully
accepted by the clinical community, particularly since the mech-
anism of action was not well understood; however, this waned
significantly over time with expanded evidence of its clinical
benefit.

Dr Turkel: “This program needed a champion, and I was for-
tunate to be in the position and to have such highly motivated,
committed, and supportive colleagues within Allergan and in
the research/clinical community. I had firsthand experience see-
ing my father suffer for decades with chronic migraine; 1 was
hopeful that onabotulinumtoxinA would prove to be the break-
through treatment that he and so many other patients needed. 1
worked very hard to ensure that Allergan pursued a scientifically
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rigorous development program to evaluate this drug’s potential
in patients who were otherwise excluded from clinical trials.”

The approval from the US FDA provided important valida-
tion to clinicians who had been witnessing improvements in
their patients in the clinic but had encountered resistance in the
academic community. Overall, the scientifically based clinical
trial program was acknowledged and well received in the aca-
demic community (Fig. 4).5!

After regulatory approval, educating physicians worldwide
about the treatment paradigm for CM required the develop-
ment and implementation of a completely new level of training
from Allergan. An unprecedented level of detail and infrastruc-
ture was required to teach neurologists and headache specialists.
In general, headache specialists did not have experience using
onabotulinumtoxinA to treat spasticity and dystonia and, there-
fore, were unlikely to have experience administering onabotuli-
numtoxinA into 31 to 39 sites in 7 muscles of the head and neck
for migraine treatment.

Dr Brin: “Considerations when developing the administra-
tion protocol included practical, therapeutic, and physician
experience, which all came together in the end. Training head-
ache specialists to inject into the head and neck muscles on a
worldwide basis had never been done before.”

Dr Aurora: “When developing the administration protocol,
we wanted to make it simple: simple math and simple transla-
tion. When we developed the postmarketing training materials,
we kept the approach uniform with the PREEMPT injection
paradigm and utilized many training materials that had been
developed to train the more than 100 global physician investiga-
tors who participated in the PREEMPT trials.”

The development of protocols that clearly defined and stan-
dardized inclusion and exclusion criteria, the use of electronic

Figure 4. Drs Mitchell Brin and Catherine Turkel at the 4th Galien Forum and
the 2013 Prix Galien USA Awards ceremony in New York City in October
2013.
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diaries to capture patient-specific information daily, and the
requirement of hands-on injection training overseen by regional
coordinating physician injector experts made the PREEMPT
clinical trials possible. The value of evidence of onabotulinum-
toxinA overall cannot be overstated. The importance of the
onabotulinumtoxinA clinical trial program for improving the
understanding of CM as a disease and its impact on patients and
global health systems had implications far beyond the approval
of onabotulinumtoxinA as a specific treatment to prevent CM.

Dr Diener: “Operational criteria [such as that used in the
PREEMPT program] had a major impact on clinical trials in
migraine and allowed us to approach chronic migraine as a
disease.”

Dr Turkel: “Because many migraine thought leaders in
Europe didn’t recognize chronic migraine as a disease at the
time we sought approval, Dr Diener had to present extensive
clinical and research data to convince the European Medicines
Agency that chronic migraine existed, and that onabotulinum-
toxinA was an effective and safe treatment needed by European
patients and physicians. Ultimately, they agreed and the product
has since been registered in many European countries.”

Dr Silberstein: “With the revised [chronic migraine] criteria
[as defined in the PREEMPT trials], the patient population was
now defined, and this informed the future of clinical develop-
ment in this field.”

In turn, the ability to conduct longitudinal studies, uncover
potential risk factors associated with the use of medications,
and better understand how to manage patients was enhanced.
In addition, for a complicated disease state such as CM, it has
been recognized that no one single endpoint can best define the
totality of benefits.

Dr Lipton: “When medication works, that can help legitimize a
disease and redefine best medical practice. OnabotulinumtoxinA
is a serious medication that did more than change the lives of
individual patients. It helped to reduce the stigma of migraine
and establish chronic migraine as a serious, disabling, and treat-
able neurologic disorder.”

Before onabotulinumtoxinA was approved for CM, there were
few options for seriously disabled patients. OnabotulinumtoxinA
treatment has changed patients’ lives for the better by reducing
the frequency of headache days and improving their quality of
life. It was not associated with many side effects seen with other
preventive oral medications such as topiramate and B-blockers.
For some, that also means a life that is more normal.

Dr Silberstein: “Following onabotulinumtoxinA’s approval
for chronic migraine, more and more physicians reported that
their clinics were happier places because they now had a very
effective therapeutic to prevent chronic migraine. One of my
patients noted that for the first time in years, they were able to
get out of the house without pain. For the first time in years, they
were able to be with their children.”

Dr Brin: “The success of this program helped to validate
thinking about pain being a separate dimension and therapeu-
tic target with onabotulinumtoxinA, and it spurred forward
new directions for both clinical and basic science research. It
expanded the research community’s consideration of novel
hypotheses about the mechanism of onabotulinumtoxinA in
treating medical conditions with a pain or sensory component.”
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