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Abstract

OnabotulinumtoxinA has recently been approved by regulatory agencies in the UK and United
States for treatment of chronic migraine based on data generated from the PREEMPT studies. As
such, onabotulinumtoxinA is the only prophylactic therapy specifically approved for chronic
migraine. Most headache clinicians would agree that acute episodic migraine and chronic migraine
differ in their pathophysiology, etiology, diagnosis, and response to pharmacological as well as
nonpharmacological therapies. Of the 7 botulinum neurotoxin serotypes, botulinum neurotoxin
type A (onabotulinumtoxinA) has been the most thoroughly investigated in preclinical and clinical
studies. Based on preclinical studies, onabotulinumtoxinA is known to inhibit the release of
excitatory neurotransmitters from both motor and sensory neurons by preventing vesicle fusion to
the cell membrane. In addition to the well-documented myorelaxant effects of this neurotoxin,
onabotulinumtoxinA can exert a direct analgesic effect that likely involves inhibition of primary
and secondary nociceptive neurons. The inhibitory effects of onabotulinumtoxinA are also likely
to involve suppressing the activity of myogenic trigger points and decreasing the persistent
nociceptive barrage that promotes and maintains central sensitization. This article describes
possible mechanisms to explain how onabotulinumtoxinA functions as a therapy for chronic
migraine and considers why treatment with the neurotoxin is not effective in some chronic
migraineurs.
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ONABOTULINUMTOXINA TREATMENT OF CHRONIC MIGRAINE

OnabotulinumtoxinA has recently been approved by regulatory agencies in the UK and
United States for treatment of chronic migraine. It is the only prophylactic therapy
specifically approved for chronic migraine. The basis for approval were 2 large Phase 1|
randomized, placebo-controlled, parallel clinical trials conducted in North America and
Europe entitled Phase |11 Research Evaluating Migraine Prophylaxis Therapy 1 (PREEMPT
1) and PREEMPT 2.1.2
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CHRONIC MIGRAINE — NOT AN EXTENSION OF EPISODIC MIGRAINE

In contrast to the findings of the PREEMPT studies, data from earlier clinical studies
demonstrated mixed results for onabotulinumtoxinA in episodic migraine.3 Curiously,
while commonly used preventive treatments for frequent episodic migraine have
demonstrated efficacy when migraine is not yet chronic, these drugs have either not been
adequately studied or were reported to have mixed results when studied in populations with
chronic migraine.8.” This suggests that chronic migraine may not simply be an extension of
episodic migraine but that there may be central nervous system changes that respond
uniquely to different pharmacological interventions as migraine chronifies and transitions
from an acute to a persistent pain state.

Most headache clinicians agree that acute episodic migraine and chronic migraine differ in
their pathophysiology, etiology, diagnosis, and response to pharmacological as well as
nonpharmacological therapies. While acute pain is often described as transient, self-limiting,
and serves a protective biological function, chronic pain is not thought to serve a protective
function but leads to neuroplastic tissue changes, and becomes detrimental to overall health.
Another major difference between episodic and chronic migraine is that while episodic
migraine attacks can often be effectively treated, chronic migraine is more refractory or its
response is more muted to commonly used antimigraine treatments, including the triptans.8
However, onabotulinumtoxinA, which is not recommended as a preventive treatment for
episodic migraine or tension-type headache, is now an approved prophylactic therapy for
chronic migraine. An intriguing question to consider is how onabotulinumtoxinA reduces
the number of headache days, improves quality of life, and lowers disability scores in
patients with chronic migraine.

MECHANISTIC CONSIDERATIONS FOR ONABOTULINUMTOXINA IN
CHRONIC MIGRAINE

Neurotoxins obtained from Clostridium botulinum are potent inhibitors of neurotransmission
between neurons and muscle, and signaling between neurons.®10 Of the 7 botulinum
neurotoxin serotypes, botulinum neurotoxin type A (onabotulinumtoxinA) has been the most
thoroughly investigated in preclinical and clinical studies. OnabotulinumtoxinA functions to
inhibit the release of excitatory mediators by preventing the fusion of intracellular vesicles,
which contain neurotransmitters, to the cell membrane.11-13 Injection of
onabotulinumtoxinA at the designated therapeutic sites in the head, neck, and shoulders
would result in internalization of the neurotoxin into nearby motor or sensory neurons and
disruption of the soluble N-ethylmaleimide-sensitive factor attachment protein (SNARE)
complex that facilitates vesicle fusion and release. Specifically, onabotulinumtoxinA binds
and enzymatically cleaves the 25 kDa synaptosomal-associated protein (SNAP-25) that is
anchored to the cell membrane and is responsible for binding the vesicle-associated
membrane protein (VAMP/synaptobrevin). Thus, internalization of onabotuliunumtoxinA in
motor neurons would inhibit the release of acetylcholing, resulting in muscle paralysis.
However, internalization of the neurotoxin in sensory neurons that innervate the skin and
muscles could potentially inhibit the release of proinflammatory mediators at several sites
within the sensory neuron. For example, onabotulinumtoxinA would suppress neurogenic
inflammation near the injection site by preventing the release of the neuropeptides calcitonin
gene-related peptide (CGRP) and substance P from free nerve endings that provide sensory
innervation to the skin and muscles.141° In addition, the neurotoxin would exert central
effects by blocking the release of CGRP and glutamate from nociceptive nerve fibers
terminating in the spinal cord6:17 and, thus, suppress stimulation of second-order neurons
and glial cells associated with the maintenance of central sensitization and pain.18-21
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Traditionally, onabotulinumtoxinA has been used clinically for the treatment of
neuromuscular disorders including focal dystonias and relief of pain associated with cervical
and oromandibular dystonias.?2 At the cellular level, it is well established that
onabotulinumtoxinA blocks the presynaptic release of the neurotransmitter acetylcholine
from motor neurons at neuromuscular junctions, and thus can suppress overactivity of
specific muscles.?1%:23 Chronic muscle overload and tension in the neck and shoulders can
lead to persistent fiber contraction, local ischemia, and the release of proinflammatory
mediators, including bradykinin, glutamate, and CGRP, which results in sensitization and
activation of primary nociceptors.242> Excitation of nociceptive neurons, which can occur
from tonic muscle activity (myogenic trigger points), leads to referred pain in the head and
face. Referred pain patterns are associated with central hypersensitization and lower pain
thresholds of second-order nociceptive neurons associated with the development of central
sensitization.26

Interestingly, the sites of onabotulinumtoxinA injections are topographically similar to the
myogenic trigger points associated with referred pain locations in the head, neck, and
shoulders.27-29 Of clinical significance, muscle pain and tenderness, especially in the
shoulders and neck, are physiological symptoms associated with migraine and are more
commonly observed as migraine chronifies. Sustained signaling from tonic contraction of
craniofacial muscles is sufficient to induce prolonged sensitization of nociceptive
neurons.39-32 Furthermore, results from these pre-clinical studies in animals provide
evidence that certain cervical spinal cord and trigeminal nociceptive neurons receive
nociceptive signals from both the dura and craniofacial muscles. Thus, onabotulinumtoxinA
may suppress the activity of myogenic trigger points and decrease the persistent nociceptive
barrage that promotes and helps maintain central sensitization. Supporting this notion,
results from a recent animal study provide evidence that injection of onabotulinumtoxinA
into craniofacial muscles rapidly decreases mechanical sensitivity of temporal muscle
nociceptors by inhibiting the central release of glutamate and CGRP from muscle
nociceptors.30 In another study, botulinum toxin type A administered subcutaneously or
injected intrathecally was found to diminish bilateral hyperalgesia in a model of sustained
muscle pain caused by unilateral repeated injections of acidic saline.33 Furthermore, data
from a clinical study of abobotulinumtoxinA (Dysport) provided evidence of the
antinociceptive effect of injection of botulinum toxin type A in the 10 most tender trigger
points in patients with moderate to severe myofacial pain syndrome affecting their cervical
and shoulder muscles.34 The percentage of patients reporting mild or no pain was
significantly greater in the abobotulinumtoxinA treated group when compared with patients
injected with saline. Importantly, muscle tenderness and allodynia have been proposed to be
a predictor of responsiveness to onabotulinumtoxinA,3° and therefore, it may be prudent to
routinely palpate for trigger points in the neck and shoulder muscles of chronic migraine
patients.

Another potential target of onabotulinumtoxinA is directly blocking activity of the
trigeminal nerves that provide sensory innervation to the head and face. Results from animal
studies have provided evidence that onabotulinumtoxinA can block the stimulated release of
CGRP, glutamate, and substance P from trigeminal neurons and inhibit activation of second-
order neurons within the spinal cord responsible for transmission of pain signals.14:36:37 |n
particular, data from inflammatory pain models clearly demonstrate an antinociceptive effect
of onabotulinumtoxinA.38-40 Based on these findings, one might assume that the primary
therapeutic benefit of using onabotulinumtoxinA for chronic migraine is to repress secretion
of inflammatory mediators from trigeminal neurons that mediate the development of
peripheral and central sensitization.1421:40 However, it is difficult to explain at the cellular
level how injection of onabotulinumtoxinA in the typical pattern used therapeutically to treat
chronic migraine could suppress activation of primary and secondary trigeminal nociceptive
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neurons directly implicated in migraine pathology. While there is evidence of cross-
excitation within the trigeminal ganglia,*1-43 there are no reports of cross-inhibition in
which suppressing the activity of a subset of neurons in one region of the ganglia leads to
decreased activity in other regions. Nevertheless, data from recent studies have provided
evidence that the antinociceptive effects of onabotulinumtoxinA may be mediated at the
level of the spinal cord.32 In a study by Lackovic and colleagues,** the antinociceptive effect
of botulinum toxin type A was reported to involve axonal transport of the neurotoxin within
trigeminal sensory neurons and cleavage of SNAP-25 in nociceptive nuclei in the medullary
dorsal horn (spinal trigeminal nucleus). Taken together, data from preclinical studies provide
evidence that onabotulinumtoxinA can suppress events associated with peripheral and
central sensitization, physiological events implicated in chronic migraine.

While the exact mechanism by which onabotulinumtoxinA functions to reduce the number
and severity of headaches in chronic migraineurs is not known, the neurotoxin is likely to
function by multiple mechanisms involving inhibition of neurotransmitter release from
motor neurons and from sensory nociceptive neurons associated with muscle fibers (Fig. 1).
In the proposed model, blocking of acetylcholine release from motor neurons would cause
relaxation of overactive muscle fibers and consequently result in a decrease in secretion of
inflammatory mediators responsible for sensitization of primary nociceptive neurons.
OnabotulinumtoxinA could also function by directly inhibiting the release of
proinflammatory mediators from the free endings of peripheral primary nociceptors. If this
were to occur, onabotulinumtoxinA would break an inflammatory loop involving activated
muscle fibers and nociceptive neurons that promote and maintain peripheral and central
sensitization. Finally, based on recent findings,** the antinociceptive effects of
onabotulinumtoxinA are likely to involve suppressing the activation of second-order
nociceptive neurons by blocking the release of CGRP and glutamate from primary
nociceptors that terminate in the medullary dorsal horn.

An important point to consider is why onabotulinumtoxinA treatment is not effective in all
chronic migraine patients. A plausible explanation is that the underlying pathophysiology at
the cellular level is not the same in each individual. While it is well established that
onabotulinumtoxinA inhibits SNARE-dependent release of neurotransmitters and
neuropeptides, there is evidence of calcium- and SNARE-independent mechanisms for
secretion of proinflammatory mediators contained in secretory vesicles.*>47 In addition, the
ability of onabotulinumtoxinA to block vesicle fusion and neurotransmitter release appears
to be dependent on the type of chemical stimulus that causes excitation of the neuron,39.48.49
Furthermore, the release of nitric oxide, which is known to contribute to peripheral and
central sensitization of nociceptive neurons, is not inhibited by onabotulinumtoxinA.50
These findings may help to explain why onabotulinumtoxinA is effective in reducing the
number of headache days and severity of attack in only a subpopulation of chronic
migraineurs.

SUMMARY AND FINAL THOUGHTS

There now exists considerable evidence that supports the notion that onabotulinumtoxinA
can exert a direct analgesic effect in addition to its myorelaxant effect. It is likely that the
benefit of using onabotulinumtoxinA as a prophylactic treatment for chronic migraine is due
to its ability to inhibit overactivity of motor neurons and hyperexcitability of sensory
neurons, and involves suppression of peripheral and central sensitization. Given the
significant amount of clinical data providing evidence that onabutulinumtoxinA is useful in
the management of focal muscle overactivity of cerebral or spinal origin, we predict that
onabotulinumtoxinA would be most beneficial in the treatment of chronic migraineurs with
active trigger points. In conclusion, it is likely that knowledge gained from future studies of
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onabotulinumtoxinA and other Clostridium neurotoxins will lead to a better understanding
of the underlying mechanisms and more effective treatments for chronic migraine.
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Fig 1.

Proposed cellular targets of onabotulinumtoxinA. Injection of neurotoxin in specific sites in
the head, neck, and shoulders would result in endocytosis in motor neurons and sensory
neurons. Internalization of onabotulinumtoxinA in motor neurons would inhibit release of
acetylcholine at the neuromuscular synapse and suppress tonic contractions.
OnabotulinumtoxinA would also indirectly repress the release of the proinflammatory
mediators including protons (H+), calcitonin gene-related peptide (CGRP), and glutamate.
This relase occurs with muscle contraction and is known to promote sensitization and
activation of nociceptive neurons. Similarly, onabotulinumtoxinA internalization in sensory
neurons would block the release of neuropeptides and other inflammatory mediators that
promote peripheral sensitization at the level of the muscles and within trigeminal ganglia. In
addition, internalization of the neurotoxin would inhibit the release of proinflammatory
mediators at the level of the spinal cord, and thus, suppress activation of second-order
nociceptive neurons and glial cells implicated in central sensitization.
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