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METHODS OF TREATING TRIGEMINAL NERVE PAIN

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 62/811,258, filed

February 27, 2019, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0001] Provided are methods for treating trigeminal nerve pain in a subject in need thereof
comprising administering to the subject a therapeutically effective amount of guanfacine and

optionally lidocaine.

BACKGROUND

[0002] Trigeminal nerve pain includes conditions affecting cranial nerve V (trigeminal
nerve) that transmits sensation from the face. Painful trigeminal neuropathy and trigeminal
neuralgia are severely painful conditions affecting the trigeminal nerve. The current treatment
strategy for trigeminal neuralgia and painful trigeminal neuropathy includes the use of
neuropathic pain medications (carbamazepine, oxcarbazepine, gabapentin, lamotrigine) and
interventional procedures ranging from conservative local blocks to more invasive ablative
procedures.

[0003] Traditionally, anticonvulsant and antidepressant medications are used to raise the
threshold for neural signaling and reduce the severity of neuropathic pain sensed by the patient.
Acute and chronic neuropathic pain treatment with these classes of medications is often
insufficient, and opioids are added with the understanding of their accompanying risks and
decreasing long-term benefits.

[0004] Interventional or surgical procedures are offered to patients with intractable
trigeminal nerve pain when standard medical therapy fails. The interventional procedures often
begin with diagnostic regional block with local anesthetic to ensure peripheral treatment of first-
order neurons adequately relieves the patient’s pain. Further treatments include repeat regional
blocks with addition of adjunctive medications (i.e., steroids or botulinum toxin), or progression

to trigeminal nerve ablation via radio-frequency or balloon compression, or radiotherapy.
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[0005] There 1s a need therefore for effective therapies to treat trigeminal neuropathy that
provide durable, longer-lasting neuropathic pain relief without debilitating side-effects of the

currently used medications or recurrence levels of the currently used interventional procedures.

SUMMARY

[0006] In an aspect, the disclosure relates to methods for treating trigeminal nerve pain in a
subject in need thereof. The method may include administering to the subject by perineural
injection of the trigeminal nerve a therapeutically effective amount of a composition comprising
an alpha-2 adrenergic agonist, or a pharmaceutically acceptable salt thereof.

[0007] In some embodiments, the trigeminal nerve pain may be trigeminal neuralgia. In
some embodiments, the trigeminal nerve pain may be trigeminal neuropathy. In some
embodiments, the alpha-2 adrenergic agonist may be clonidine, p-aminoclionidine, tiamenidine,
5-bromo-6-(2 imidazolidine-2-ylamino) quinoxaline, dexmedetomidine, detomidine,
medetomidine, oxymetazonline, brimonidine, tizanidine, mivazerol (UCB-Pharma, Belgium),
lofexidine, xylazine, guanabenz, guanfacine, guanclofine, guanoxabenz, alpha-
methyinorepherine, azepexole, indoramin, 6-allyl-2-amino-5,6,7,8-tetrahydro4H-thiazolo [4,5-
dJazepine diHCI, or a combination thereof. In some embodiments, the alpha-2 adrenergic agonist
may be guanfacine. In some embodiments, the composition may include about 100 ug to about
400 ug guanfacine. In some embodiments, the composition may include about 250 ug
guanfacine. In some embodiments, the composition further may include an anesthetic. In some
embodiments, the composition further may include lidocaine. In some embodiments, the
composition may include about 30 to about 120 mg lidocaine. In some embodiments, the
composition may include about 60 mg lidocaine. In some embodiments, a second composition
comprising an anesthetic may be administered to the subject. In some embodiments, the second
composition may include about 60 mg lidocaine. In some embodiments, the second composition
may be administered by perineural injection of the trigeminal nerve. In some embodiments, the
second composition may be administered to the subject before the composition comprising
guanfacine may be administered to the subject. In some embodiments, the administration of the
composition comprising guanfacine and the administration of the second composition may be

sequential and separated by a period of time.
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[0008] In a further aspect, the disclosure relates to a method for treating trigeminal nerve
pain in a subject in need thereof. The method may include injecting at the trigeminal nerve of the
subject a composition that may include lidocaine; and injecting at the trigeminal nerve of the
subject a therapeutically effective amount of a composition that may include guanfacine and
lidocaine.

[0009] In some embodiments, the trigeminal nerve pain may be trigeminal neuralgia or
trigeminal neuropathy. In some embodiments, the composition that may include guanfacine and
lidocaine comprises about 250 pg guanfacine and about 60 mg lidocaine.

[0010] Another aspect of the disclosure provides an injectable pharmaceutical composition
that may include about 100 pg to about 400 pg guanfacine and about 30 mg to about 120 mg
lidocaine.

[0011] In some embodiments, the composition may comprise about 250 ug guanfacine. In
some embodiments, the composition may comprise about 60 mg lidocaine. In some
embodiments, the composition further may comprise a pharmaceutically acceptable carrier. In
some embodiments, the pharmaceutically acceptable carrier may be water. In some
embodiments, the composition may be administered to the subject by perineural injection of the
trigeminal nerve.

[0012] In some embodiments, the subject may have a single nucleotide polymorphism in
ADRA2B gene. In some embodiments, the single nucleotide polymorphism in the ADRA2B gene
may be a missense mutation. In some embodiments, the missense mutation may be a Val (376)
mutated to an Ile (376).

[0013] In some embodiments, the pain is measured by a visual analog scale (VAS) score. In
some embodiments, the VAS score may be less than 5 following administration of the
composition.

[0014] In some embodiments, the alpha-2 adrenergic agonist may comprise a compound of

the formula
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. In some embodiments, the R1 group may be chloro or
methyl and the R2 group may be a lower alkoxy, a lower alkylthio, an amine, or a p-
nitrobenzylthio.

[0015] Other aspects of the invention will become apparent by consideration of the

accompanying description.

DETAILED DESCRIPTION

1. Definitions
[0016] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. In case of conflict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described herein
can be used in practice or testing. All publications, patent applications, patents and other
references mentioned herein are incorporated by reference in their entirety. The materials,
methods, and examples disclosed herein are illustrative only and not intended to be limiting,
[0017] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms “a,”
“an” and “the” include plural references unless the context clearly dictates otherwise. The

2 <

present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting essentially of,” the embodiments or elements presented herein, whether explicitly set
forth or not.

[0018] The modifier “about” used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (for example, it includes at least the degree of
error associated with the measurement of the particular quantity). The modifier “about” should

also be considered as disclosing the range defined by the absolute values of the two endpoints.

For example, the expression “from about 2 to about 4” also discloses the range “from 2 to 4.”

4
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The term “about” may refer to plus or minus 10% of the indicated number. For example, “about
10%” may indicate a range of 9% to 11%, and “about 1” may mean from 0.9-1.1. Other
meanings of “about” may be apparent from the context, such as rounding off, so, for example
“about 1” may also mean from 0.5 to 1.4.

[0019] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated.

2 ¢

[0020] As used herein, the terms “administering,” “providing” and “introducing” are used
interchangeably herein and refer to the placement of the compositions of the disclosure into a
subject by a method or route which results in at least partial localization of the composition to a
desired site. The compositions can be administered by any appropriate route which results in
delivery to a desired location in the subject.

[0021] As used herein, the terms “effective amount” or “therapeutically effective amount,”
refer to a sufficient amount of an agent or a composition or combination of compositions being
administered which will relieve to some extent one or more of the symptoms of the disease or
condition being treated. The result can be reduction and/or alleviation of the signs, symptoms, or
causes of a disease, or any other desired alteration of a biological system. For example, an
"effective amount" for therapeutic uses is the amount of the composition comprising a compound
as disclosed herein required to provide a clinically significant decrease in disease symptoms. An
appropriate "effective" amount in any individual case may be determined using techniques, such
as a dose escalation study. The dose could be administered in one or more administrations.
However, the precise determination of what would be considered an effective dose may be based
on factors individual to each patient, including, but not limited to, the patient's age, size, type or
extent of disease, stage of the disease, route of administration of the regenerative cells, the type
or extent of supplemental therapy used, ongoing disease process and type of treatment desired
(e.g., aggressive vs. conventional treatment).

[0022] As used herein, the term “lidocaine,” also known as lignocaine, encompasses all
forms of lidocaine. The lidocaine may be in alternative forms or salts including, for example,

xylocaine or lidocaine HCL.
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[0023] As used herein, the term “perineural” refers to administration directly to, proximal to
or within the tissues surrounding at least one nerve of a subject.

[0024] As used herein, the terms “subject” and “patient” may be used interchangeably to
refer to any vertebrate including, but not limited to, a mammal and a human. In some
embodiments, the subject may be a human or a non-human. The subject or patient may be
undergoing forms of treatment.

[0025] As used herein, the term “mammal” refers to any member of the class Mammalia
including, without limitation, humans and nonhuman primates such as chimpanzees and other
apes and monkey species; farm animals such as cattle, sheep, pigs, goats, llamas, camels, and
horses; domestic mammals such as dogs and cats; laboratory animals including rodents such as
mice, rats, rabbits, guinea pigs, and the like. The term does not denote a particular age or sex.
Thus, adult and newborn subjects, as well as fetuses, whether male or female, are intended to be
included within the scope of this term.

[0026] As used herein, the terms “treat,” “treating” or “treatment” are each used
interchangeably to describe reversing, alleviating, or inhibiting the progress of a disease and/or
injury, or one or more symptoms of such disease, to which such term applies. Depending on the
condition of the subject, the term may also refer to preventing a disease, and includes preventing
the onset of a disease, or preventing the symptoms associated with a disease. A treatment may be
either performed in an acute or chronic way. The term also refers to reducing the severity of a
disease or symptoms associated with such disease prior to affliction with the disease. Such
prevention or reduction of the severity of a disease prior to affliction refers to administration of a
pharmaceutical composition to a subject that is not at the time of administration afflicted with the
disease. “Preventing” also refers to preventing the recurrence of a disease or of one or more
symptoms associated with such disease. “Treatment” and “therapeutically,” refer to the act of

treating, as “treating” is defined above.

[0027] As used herein, “lower alkyl” refers to an unbranched saturated hydrocarbon chain of
1-4 carbons, such as, methyl, ethyl, n-propyl, and n-butyl.
[0028] As used herein “lower alkoxy” refers to a group —OR, wherein R is a lower alkyl as

herein defined.
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[0029] As used herein “lower alkylthio” refers to a group —SR, wherein R is a lower alkyl
as herein defined.

[0030] As used herein “pharmaceutically acceptable salt” refers to those salts which retain
the biological effectiveness and properties of the free bases and which are not biologically or
otherwise undesirable, formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
menthanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and the like.

[0031]

2. Trigeminal Nerve Pain
[0032] The latest classification (ICHD-3) by the International Headache Society (IHS)
distinguishes trigeminal nerve pain into trigeminal neuralgia and painful trigeminal neuropathy.
Classical trigeminal neuralgia includes cases that develop idiopathically or secondary to
neurovascular compression. This compression causes wearing away of or damage to the
protective coating around the nerve. Trigeminal neuralgia is defined clinically by paroxysmal,
stereotyped attacks of usually intense, sharp, superficial, or stabbing pain in the distribution of
one or more branches of the trigeminal nerve. The pain of trigeminal neuralgia tends to occur in
paroxysms and is maximal at or near onset. Facial muscle spasms can be seen with severe pain.
[0033] Painful trigeminal neuropathy is caused by structural abnormalities or neural damage
rather than vascular compression. Painful trigeminal neuropathy affects one or more branches of
the trigeminal nerve, most often the second (V2, maxillary) or third (V3, mandibular) division.
Common causes of painful trigeminal neuropathy include multiple sclerosis, tumors, acute
herpes zoster, post-chemotherapy neuritis, post-radiation therapy neuritis, and space occupying
abnormalities. The pain associated with painful trigeminal neuropathy is highly variable in
quality and intensity. Painful trigeminal neuropathy is characterized by continuous or near-
continuous facial pain often described subjectively as burning, squeezing, electrical, or likened to
pins and needles.
[0034] The methods described herein may be used to treat any cause of pain associated with

the trigeminal nerve, including, for example trigeminal neuralgia or trigeminal neuropathy.
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3. Alpha-2 Adrenergic Receptor
[0035] The alpha-2 adrenoreceptor has important roles in signaling within and between both
the peripheral and central nervous systems. Stimulation of the alpha-2 adrenoreceptor may
suppress calcium entry into the nerve terminal. It has been postulated that this dynamic is
responsible for its inhibitory effect on secretion of neurotransmitters, leading to interruption of
the propagation of pain signals. Both central and peripheral alpha-2 adrenoreceptors are
proposed to mediate interruption of pain signaling by this mechanism. In humans, both the alpha-
2A and -2B subtypes are expressed in the spinal cord and have been shown to be involved in
antinociceptive activity. Alpha-2 adrenergic agonists mitigate postoperative neuropathic pain in
rats.

1. Alpha-2 Adrenergic Receptor Agonists

[0036] Alpha-2 adrenergic agonists include, for example, clonidine, p-aminoclionidine,
tiamenidine, 5-bromo-6-(2 imidazolidine-2-ylamino) quinoxaline, dexmedetomidine,
detomidine, medetomidine, oxymetazonline, brimonidine, tizanidine, mivazerol (UCB-Pharma,
Belgium), lofexidine, xylazine, guanabenz, guanfacine, guanclofine, guanoxabenz, or a
derivative or structural analogue thereof, alpha-methyinorepherine, azepexole, indoramin, 6-
allyl-2-amino-5,6,7 8-tetrahydro4H-thiazolo [4,5-d]azepine diHCI, and analogs thereof.

[0037] Further, alpha-2 adrenergic agonists may include substituted phenylacetyl derivatives
of guanidine, O-alkylisoureas, S-alkylisothioureas, and P-nitrobenzylisothiourea as described in
U.S. Pat. No. 3,632,645, which is incorporated herein by reference in its entirety. These
compounds, acetyl-guanidines, and/or pharmaceutically acceptable salts thereof, may be useful
in the methods of treatment described herein.

[0038] Disclosed herein are acetyl-guanidines and compounds of general Formula I,

H (I)
in which R1 signifies a chlorine atom or the methyl radical, and their tautomeric compounds of

general Formula Ia,
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in which R1 has the above significance, and their acid addition salts.

[0039] In the following description for the sake of brevity, a reference to compounds of
general Formula I is intended also to embrace the tautomeric compounds of Formula Ia. The
compounds of general Formula I and their acid addition salts may be obtained by a process
characterized either by

(a) reacting a compound of general Formula II,

R
‘,»-J’\ e -
N }\7]"’ ~ 0
S sﬁydl\\xu\ 0
~ R1

(ID)

in which R1 has the above significance, or a reactive, functional acid derivative thereof, with
guanidine, or

(b) reacting with ammonia a compound of general Formula III,

| o
x"f‘q"\ o~ N _‘i{’\

el N '\ﬂ/ \"
- . 0

in which R1 has the above significance, and R2 signifies a reactive radical capable of being split

(I

off together with one of the hydrogen atoms in ammonia, and when the resulting compound of

Formula I is obtained in the form of a salt, optionally liberating the free base therefrom, and/ or
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when the resulting compound of Formula I is obtained in the free base form, optionally salifying
it.

[0040] In the process described, suitable reactive, functional acid derivatives of the
compounds of Formula II include halides preferably chlorides or bromides, and lower alkyl
esters. When a halide is used and it is desired to obtain the compound of Formula I in the form of
a free base directly, the reaction may be effected in the presence of an acid binding agent e.g.
triethyl-amine, or by using at least a 100% excess of guanidine. It will be appreciated that in the
absence of such an acid binding agent or excess of guanidine, a salt of the compound of Formula
I may be obtained, from which the free base may be liberated in manner known per se, e.g., by
treatment with dilute aqueous alkali metal hydroxide solutions.

[0041] The reaction described is preferably carried out in the presence of an organic solvent
which is inert under the reaction conditions e.g. isopropanol or toluene. It may be carried out at a
temperature between room temperature (20-25°C.) and the reflux temperature of the reaction
medium, preferably between room temperature and 80°C. The progress of reaction may be
followed by, for example, thin layer chromatography.

[0042] In another process, suitable starting materials include, for example, those wherein the
reactive radical is a lower alkoxy, lower alkylthio or a substituted or unsubstituted aralkylthio
radical, especially a methoxy, methylthio, or n-nitrobenzylthio radical. The reaction is preferably
effected in an organic solvent which is inert under reaction conditions e.g. isopropanol. The
ammonia reactant is suitably in the form of a concentrated aqueous solution and the reaction
mixture may be stirred at a temperature between 20° and 80°C for 6 to 24 hours in order to
complete the reaction.

[0043] The compounds of Formula I produced in accordance with the above processes may
be isolated in manner known per se e.g. by extraction, precipitation or salt for-mation, and may

be purified in manner known per se e.g. by recrystallization.

[0044] The compounds of general Formula I may be solid, basic compounds at room
temperature. They may be converted into their acid addition salts by reacting with suitable
organic or inorganic acids. Suitable organic acids for acid addition salts formation include

toluene sulphonic acid, acetic acid, malonic acid, succinic acid, malic acid, maleic acid, and

10
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tartaric acid and suitable inorganic acids include hydrohalic acids, sulphuric acid, nitric acid and

phosphoric acid.

[0045] The compounds of general Formula II used as starting materials are known; the
functional acid derivatives of compounds of general Formula II used in accordance with the

invention are known or may be produced in manner known per se.

[0046] The compounds of general Formula III used as starting materials are known. The
compounds of Formula Il may be prepared by reacting a halide preferably a chloride or

bromide, of a compound of Formula IT with a compound of Formula VII,
HoN-CR2=NH, (VID)
in which R2 has the above significance.

[0047] The process may be carried out in an organic solvent which is inert under the reaction
conditions e.g. acetone, preferably at room temperature. Preferred reactants of Formula VII are
compounds wherein the carbon atom carries a lower alkoxy, lower alkylthio or a substituted or
unsubstituted aralkylthio radical, especially a methoxy, methylthio, or p-nitrobenzylthio radical
as substituent. When said substituent is a substituted or unsubstituted aralkylthio radical, an

excess of the reactant is preferably used.

[0048] The resulting compounds of general Formula III may be isolated in manner known
per se, e.g. by precipitating with a precipitant, and may subsequently be purified in a manner

known per se, e.g., by recrystallization.

[0049] The compounds of general Formula VII used as starting materials for the above

process are known or may be produced in manner known per se.

[0050] The compounds of general Formula I and their pharmaceutically acceptable acid
addition salts are useful because they possess pharmacological activity in animals. They are
useful as antihypertensives having a beneficial effect particularly with regard to essential and

renal hypertonia, as indicated by the "nictitating membrane" test in cats.

11
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[0051] The antihypertensive effect is demonstrated by a subsiding of the contraction of the
nictitating membrane in cats in the case of preganglionic and postganglionic stimulus of the neck
sympathicus. In order to measure this effect the dose of active compound (ED50 ) is ascertained
with which a 50% reduction of the nictitating membrane contraction occurs. The following table
gives a comparison of the values ascertained for the 2,6-disubstituted phenyl-acetylguanidines of
the invention with those of guanethidine known as the most effective antihypertensive, whereby

the superiority of the compounds of the invention is demonstrated.

[0052] Reduction of the neck
sympathicus stimulus
Active compound: EDS50 mg./kg. 1.v. (cats)
2,6-dichlorophenyl-acetyl-guanidine -------------------- 0.3
2,6-dimethylphenyl-acetyl-guanidine ------------------- 1.0
Guanethidine 2.0

[0053] For the above-mentioned use, the dosage administered will, of course, vary depending
upon the compound employed, mode of administration and treatment desired. However, in
general, satisfactory results are obtained for the larger mammals at a total daily dosage in the
range of from about 1 to about 10 mg., and dosage forms suitable for oral administration, e.g. as
tablets, dragees, or for parenteral administration, e.g. as injectable solutions, comprise from
about 1 to 2 mg of the compound administered with a solid or liquid pharmaceutical carrier or
diluent.

[0054] Guanfacine 1s the oldest alpha-2 adrenergic agonist in clinical use in this class. It
preferentially binds to a-2A adrenergic receptor and has 15- to 20-fold greater affinity for a-2A
adrenergic receptor compared to a-2B and a-2C adrenergic receptor. Of the alpha-2 agonists,
guanfacine has the lowest rate of sedation. Guanfacine is currently approved in tablet form for
the treatment of hypertension (1 to 2 mg) and Attention Deficit Hyperactivity Disorder (1 to 4
mg). Guanfacine has also been used off-label for the treatment of Tourette’s syndrome, autism,
and post-trauma stress disorder and has been proposed as a treatment option for withdrawal
syndrome of opioids. Guanfacine has the chemical name N-amidino- 2-(2,6-dichlorophenyl)
acetamide. Guanfacine is well known in the industry and FDA approved in the HCI salt form.
[0055] Guanfacine 1s readily absorbed with around 80% oral bioavailability and has an
elimination half-life of ~17 h with renal excretion accounting for ~50%. Guanfacine has been

shown to have similar in vitro potency as clonidine to inhibit conduction in rat sciatic nerve
12
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fibers. Intrathecal guanfacine has a similar antinociceptive effect as that of intrathecal clonidine
in a goat model. Guanfacine showed longer antinociceptive effect in comparison to clonidine (8
hvs. 5 h) due to slower elimination of guanfacine from spinal cord tissue. In a rat model,
intrathecal guanfacine has shown anti-nociceptive effect for greater than 18 h (both 25 mcg and
50 mcg) in comparison to clonidine injection (50 mcg) which declined to baseline within 4 h.
Additionally, a lower rate of elimination of guanfacine from spinal cord tissue compared to
clonidine was reported.

[0056] Highly concentrated guanfacine (75 mcg in 15 ul saline) solution administered
through an intrathecal route has been shown to be nontoxic in the subarachnoid space,
establishing the safe use of guanfacine for perineural blockade. Guanfacine, as studied in animals
and used in humans, has a safe risk profile, suggesting that it may be repurposed for other
indications. Guanfacine has the potential to be developed as a safe, non-opioid, analgesic for
acute and chronic debilitating pain. Guanfacine in combination with 1% lidocaine, as described
in the methods herein, may provide a safe and efficacious treatment for extended duration of pain
relief in painful trigeminal neuropathy patients who are not able to obtain pain relief from
standard neuropathic pain medication.

[0057] Guanfacine may be a guanfacine hydrochloride (HCI) powder that is active

pharmaceutical ingredient (API) grade with the following structural formula:

H

N L NH
Y e

G NH

. The guanfacine as described herein may be
Tenex® (guanfacine hydrochloride) with the chemical formula N-amidino- 2-(2,6-
dichlorophenyl) acetamide hydrochloride and its molecular weight is 282.56.

it.  Combination of Alpha-2 Adrenergic Receptor Agonists and Lidocaine
[0058] a2 adrenergic receptor agonists slow the clearance of lidocaine from the skin,
thereby prolonging the effect of anesthesia (Zhang Int J Pharm. 2012 Dec 15;439(1-2):187-92).
In the methods described herein, guanfacine may have a similar effect of delaying systemic
absorption and slowing lidocaine clearance from the nerve, and prolonging pain relief. In

addition to analgesic properties for neuropathic pain, guanfacine may also act as an adjuvant to
13
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prolong pain relief from an anesthetic, such as lidocaine, when the combination is delivered to

the nerve. Therefore, guanfacine may act by a dual mechanism to relieve trigeminal nerve pain.

4. Methods of Treating Trigeminal Nerve Pain
[0059] One aspect of the invention described herein encompasses methods for treating
trigeminal nerve pain in a subject. The methods may decrease the severity of the pain
experienced in the subject, may decrease the frequency of the pain attacks, may decrease the
length of the pain attacks, may decrease the susceptibility of the subject to triggers of pain, may
increase the quality of life of the patient, or a combination thereof. In some embodiments, the
nerve pain is trigeminal neuralgia. In some embodiments, the nerve pain is trigeminal
neuropathy.
[0060] The trigeminal nerve pain may be an acute or chronic pain. Some forms of acute pain
can develop into chronic pain through a progressive and complex process. Repeated acute injury,
opioid-induced hyperalgesia, neuroinflammation, comorbid psychiatric conditions, and
modification of pain processing systems have been linked to the development of chronic pain
states. Prolonged inflammation and degenerative conditions from tissue damage following an
injury or surgery can lead to a cascade of neural dysfunction that ultimately results in peripheral
and central nervous system sensitization. In some embodiments, the methods may prevent the
transition of acute trigeminal nerve pain from developing into a chronic pain state.
[0061] The method may comprise administering a therapeutically effective amount of a
composition comprising an alpha-2 adrenergic agonist or a pharmaceutically acceptable salt
thereof to a subject in need thereof. The method may comprise administering to the subject by
perineural injection of the trigeminal nerve a therapeutically effective amount of a composition
comprising an alpha-2 adrenergic agonist. The alpha-2 adrenergic agonist may comprise at least
one of the group consisting of clonidine, p-aminoclionidine, tiamenidine, S-bromo-6-(2
imidazolidine-2-ylamino) quinoxaline, dexmedetomidine, detomidine, medetomidine,
oxymetazonline, brimonidine, tizanidine, mivazerol (UCB-Pharma, Belgium), lofexidine,
xylazine, guanabenz, guanfacine, guanclofine, guanoxabenz, or a derivative or structural
analogue thereof, alpha-methyinorepherine, azepexole, indoramin, 6-allyl-2-amino-5,6,7,8-
tetrahydro4H-thiazolo [4,5-d]azepine diHCI, analogs thereof, and combinations thereof. In one

particularly suitable embodiment, the alpha-2 adrenergic agonist may include guanfacine.
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[0062] The composition may comprise about 100 to about 400 ug alpha-2 adrenergic agonist.
The composition may comprise at least about 100 ug, at least about 110 g, at least about 130
ug, at least about 150 pg, at least about 170 pg, at least about 190 pg, at least about 210 ug, at
least about 230 pg, at least about 250 pg, at least about 270 pg, at least about 290 ug, at least
about 310 pg, at least about 330 ug, at least about 350 ug, at least about 370 ug, or at least about
390 ug alpha-2 adrenergic agonist. The composition may comprise less than about 400 ug, less
than about 390 ug, less than about 370 ug, less than about 350 pg, less than about 330 ug, less
than about 310 ug, less than about 290 ug, less than about 270 pg, less than about 250 ug, less
than about 230 ug, less than about 210 ug, less than about 190 pg, less than about 170 ug, less
than about 150 ug, less than about 130 ug, or less than about 110 pg alpha-2 adrenergic agonist.
[0063] In some embodiments, the composition may comprise about 100 to about 400 pg
guanfacine. The composition may comprise at least about 100 ug, at least about 120 pg, at least
about 140 pg, at least about 160 pg, at least about 180 ug, at least about 200 ug, at least about
220 ng, at least about 240 pg, at least about 260 pg, at least about 280 ug, at least about 300 ug,
at least about 320 pg, at least about 340 pg, at least about 360 pg, or at least about 380 pg
guanfacine. The composition may comprise less than about 400 pg, less than about 380 ug, less
than about 360 ug, less than about 340 ug, less than about 320 pg, less than about 300 ug, less
than about 280 ug, less than about 260 ug, less than about 240 pg, less than about 220 ug, less
than about 200 ug, less than about 180 ug, less than about 160 pg, less than about 140 ug, or less
than about 120 pg guanfacine. In some embodiments, the composition may comprise about 250
ug guanfacine.

[0064] The injection of the composition comprising alpha-2 adrenergic agonist may be a
perineural injection of the trigeminal nerve. The injection may be a peripheral nerve block. A
peripheral nerve block refers to a percutaneous injection of a peripheral nerve with or without a
nerve stimulator to find and approach the nervous structure. The main advantages to peripheral
nerve blocks are to selectively restrict the analgesic effect to one sensitive territory and to allow
loco-regional analgesia in patients for whom the coagulation parameters are not optimal. In
consequence, the problems related to placement of an invasive drug delivery system can be
strongly minimized. Health-related quality of life, patient satisfaction and economic assessment

might be improved with such a treatment, especially in chronic pain conditions.
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[0065] The composition may further comprise a local anesthetic. Local anesthetics include,
for example, lidocaine, mepivacaine, bupivacaine, etidocaine, prilocaine, ropivicaine, articaine,
chloroprocaine, benzocaine, procaine, tetracaine, levobupivacaine or a combination thereof. The
local anesthetic may be lidocaine. Lidocaine is also known as lignocaine.

[0066] The composition may comprise about 30 mg to about 120 mg lidocaine. The
composition may comprise at least about 30 mg, at least about 40 mg, at least about 50 mg, at
least about 60 mg, at least about 70 mg, at least about 80 mg, at least about 90 mg, at least about
100 mg, or at least about 110 mg lidocaine. The composition may comprise less than about 120
mg, less than about 110 mg, less than about 100 mg, less than about 90 mg, less than about 80
mg, less than about 70 mg, less than about 60 mg, less than about 50 mg, or less than about 40
mg lidocaine. The composition may comprise about 60 mg lidocaine.

[0067] The method may further comprise administering a second composition comprising an
anesthetic to the subject. The second composition may comprise about 30 mg to about 120 mg
lidocaine. The second composition may comprise at least about 30 mg, at least about 40 mg, at
least about 50 mg, at least about 60 mg, at least about 70 mg, at least about 80 mg, at least about
90 mg, at least about 100 mg, or at least about 110 mg lidocaine. The second composition may
comprise less than about 120 mg, less than about 110 mg, less than about 100 mg, less than
about 90 mg, less than about 80 mg, less than about 70 mg, less than about 60 mg, less than
about 50 mg, or less than about 40 mg lidocaine. The second composition may comprise about
60 mg lidocaine.

[0068] The injection of the second composition may be a perineural injection of the
trigeminal nerve. The injection may be a peripheral nerve block.

[0069] The second composition may be administered to the subject before the administration
of the composition comprising alpha-2 adrenergic agonist (e.g., guanfacine). The second
composition may be administered to the subject after the administration of the composition
comprising alpha-2 adrenergic agonist. In some embodiments, the administration of the
composition comprising alpha-2 adrenergic agonist and lidocaine and the administration of the
second composition comprising lidocaine are sequential. In some embodiments, the
administration of the composition comprising alpha-2 adrenergic agonist and lidocaine and the
administration of the second composition comprising lidocaine are separated by a period of time.
The period of time may range from seconds, to minutes, to hours.
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[0070] In an alternative embodiment, the method of treating trigeminal nerve pain may
comprise injecting at the trigeminal nerve of the subject a composition comprising lidocaine and
injecting at the trigeminal nerve of the subject a therapeutically effective amount of a
composition comprising alpha-2 adrenergic agonist and lidocaine. The trigeminal nerve pain may
be trigeminal neuropathy, trigeminal neuralgia, or a combination thereof. In some embodiments,
the composition comprising guanfacine and lidocaine comprises about 250 pg guanfacine and
about 60 mg lidocaine.

[0071] The methods may be repeated, as needed, to provide and maintain therapeutically

effective treatment of trigeminal nerve pain.

5. Pharmaceutical Composition
[0072] The disclosed compositions may be incorporated into pharmaceutical compositions
suitable for administration to a subject (such as a patient, which may be a human or non-human).
The pharmaceutical composition may be prepared for administration to a subject. Such
pharmaceutical compositions can be administered in dosages and by techniques well known to
those skilled in the medical and pharmaceutical arts taking into consideration such factors as the
age, sex, weight, and condition of the particular subject, and the route of administration.
[0073] The pharmaceutical compositions may include pharmaceutically acceptable carriers.
As used herein, the term “pharmaceutically acceptable carrier,” refers to a non-toxic, inert solid,
semi-solid or liquid filler, diluent, encapsulating material or formulation auxiliary of any type.
Some examples of materials which can serve as pharmaceutically acceptable carriers are sugars
such as, but not limited to, lactose, glucose and sucrose; starches such as, but not limited to, corn
starch and potato starch; cellulose and its derivatives such as, but not limited to, sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt;
gelatin; talc; excipients such as, but not limited to, cocoa butter and suppository waxes; oils such
as, but not limited to, peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycols; such as propylene glycol; esters such as, but not limited to, ethyl oleate and
ethyl laurate; agar; buffering agents such as, but not limited to, magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl
alcohol, and phosphate buffer solutions, as well as other non-toxic compatible lubricants such as,

but not limited to, sodium lauryl sulfate and magnesium stearate, as well as coloring agents,
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releasing agents, coating agents, sweetening, flavoring and perfuming agents, preservatives and
antioxidants can also be present in the composition, according to the judgment of the formulator.
The route by which the composition is administered and the form of the composition will dictate
the type of carrier to be used.

[0074] One aspect of the invention described herein encompasses an injectable
pharmaceutical composition comprising alpha-2 adrenergic agonist (e.g., guanfacine) and
lidocaine.

[0075] The pharmaceutical composition may comprise about 100 to about 400 ug alpha-2
adrenergic agonist (e.g., guanfacine). The composition may comprise at least about 100 pg, at
least about 110 pg, at least about 130 pg, at least about 150 pg, at least about 170 ug, at least
about 190 pg, at least about 210 pg, at least about 230 pg, at least about 250 ug, at least about
270 ng, at least about 290 pg, at least about 310 pg, at least about 330 ug, at least about 350 ug,
at least about 370 pug, or at least about 390 ug alpha-2 adrenergic agonist. The composition may
comprise less than about 400 ug, less than about 390 ug, less than about 370 pg, less than about
350 pg, less than about 330 ug, less than about 310 ug, less than about 290 pg, less than about
270 ng, less than about 250 ug, less than about 230 pg, less than about 210 pg, less than about
190 ug, less than about 170 pg, less than about 150 pg, less than about 130 pg, or less than about
110 pg alpha-2 adrenergic agonist.

[0076] In some embodiments, the composition may comprise about 100 to about 400 pg
guanfacine. The composition may comprise at least about 100 ug, at least about 120 ug, at least
about 140 pg, at least about 160 pg, at least about 180 pg, at least about 200 ug, at least about
220 ng, at least about 240 pg, at least about 260 pg, at least about 280 ug, at least about 300 ug,
at least about 320 pg, at least about 340 pg, at least about 360 pg, or at least about 380 pg
guanfacine. The composition may comprise less than about 400 pg, less than about 380 ug, less
than about 360 ug, less than about 340 ug, less than about 320 pg, less than about 300 ug, less
than about 280 ug, less than about 260 ug, less than about 240 pg, less than about 220 ug, less
than about 200 ug, less than about 180 ug, less than about 160 pg, less than about 140 ug, or less
than about 120 pg guanfacine. In some embodiments, the pharmaceutical compositions may
comprise about 250 ug guanfacine.

[0077] The pharmaceutical composition may comprise about 30 mg to about 120 mg
lidocaine. The composition may comprise at least about 30 mg, at least about 40 mg, at least
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about 50 mg, at least about 60 mg, at least about 70 mg, at least about 80 mg, at least about 90
mg, at least about 100 mg, or at least about 110 mg lidocaine. The composition may comprise
less than about 120 mg, less than about 110 mg, less than about 100 mg, less than about 90 mg,
less than about 80 mg, less than about 70 mg, less than about 60 mg, less than about 50 mg, or
less than about 40 mg lidocaine. In some embodiments, the pharmaceutical compositions may
comprise about 60 mg lidocaine.

[0078] The pharmaceutical composition may further comprise a solvent such as water.

6. Doses and Administration
[0079] The compositions disclosed herein can be administered therapeutically. In therapeutic
applications, the composition is administered to a subject in need thereof in an amount sufficient
to elicit a therapeutic effect. An amount adequate to accomplish this 1s defined as
“therapeutically effective dose.” Amounts effective for this use will depend on, e.g., the
particular composition of the conjugate regimen administered, the manner of administration, the
stage and severity of the disease, the general state of health of the patient, and the judgment of
the prescribing physician. For purposes of all of the inventive methods, the dose should be
sufficient to affect a therapeutic response in the subject over a reasonable time frame.
[0080] The compositions disclosed herein can be administered by methods well known in the
art as described in Donnelly et al. (Ann. Rev. Immunol. 1997, 15, 617-648); Felgner et al. (U.S.
Patent No. 5,580,859, issued Dec. 3, 1996); Felgner (U.S. Patent No. 5,703,055, issued Dec. 30,
1997); and Carson et al. (U.S. Patent No. 5,679,647, issued Oct. 21, 1997). One skilled in the art
would know that the choice of a pharmaceutically acceptable carrier, including a physiologically
acceptable compound, depends, for example, on the route of administration.
[0081] The compositions disclosed herein may conveniently be presented in a single dose or
as divided doses administered at appropriate intervals, for example, as two, three, four or more
sub-doses per day. The sub-dose itself may be further divided, e.g., into a number of discrete
loosely spaced administrations.
[0082] The determination of effective dosage levels, that is the dosage levels necessary to
achieve the desired result, can be accomplished by one skilled in the art using routine methods,

for example, human clinical trials, in vivo studies and in vitro studies.
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[0083] It should be noted that the attending physician would know how to and when to
terminate, interrupt, or adjust administration due to toxicity or organ dysfunctions. Conversely,
the attending physician would also know to adjust treatment to higher levels if the clinical
response were not adequate (precluding toxicity). The magnitude of an administrated dose in the
management of the disorder of interest will vary with the severity of the symptoms to be treated
and the route of administration. Further, the dose, and perhaps dose frequency, will also vary
according to the age, body weight, and response of the individual patient. A program comparable
to that discussed above may be used in veterinary medicine.

[0084] A therapeutically effective amount of the compositions may be administered alone or
in combination with a therapeutically effective amount of at least one additional therapeutic
agents. In some embodiments, effective combination therapy is achieved with a single
composition or pharmacological formulation that includes both agents, or with two distinct
compositions or formulations, administered at the same time, wherein one composition includes
a compound of this invention, and the other includes the second agent(s). Alternatively, in other
embodiments, the therapy precedes or follows the other agent treatment by intervals ranging
from minutes to months.

[0085] The dose of the compositions also will be determined by the existence, nature and
extent of any adverse side effects that might accompany the administration of a particular agent.
Typically, the attending physician will decide the dosage with which to treat each individual
patient, taking into consideration a variety of factors, such as age, body weight, general health,
diet, sex, therapeutic agent to be administered, route of administration, and the severity of the
condition being treated.

[0086] The compositions disclosed can be administered using standard administration
techniques, including oral, intravenous, intraperitoneal, subcutaneous, pulmonary, transdermal,
intramuscular, intranasal, buccal, sublingual, rectal, vaginal, or suppository administration. The
compositions disclosed may be administered by injection. In some embodiments, the
administration is perineural administration, or administration directly to, proximal to or within
the tissues surrounding at least one nerve of a subject. The perineural administration may be a

nerve block.

7. Examples
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Example 1. Association between alpha-2B adrenergic receptor and trigeminal neuropathy
[0087] Phenome-wide association studies (PheWAS) is a systematic and efficient approach
to discover novel disease-variant associations and pleiotropy using BioVU, a centralized
resource for investigating genotype-phenotype associations. It is the comprehensive and diverse
nature of the diagnostic information within EMRs that enables PheWAS. PheWAS not only
replicates known genetic-phenotypic associations but also reveals new phenotypic associations
with genetic variants, enhancing analyses of the genomic basis of human diseases and providing
genetic support for drug discovery and drug repurposing efforts.

[0088] Through PheWAS analysis, associations with single nucleotide polymorphisms
(SNPs) in ADRA2B were identified (Table 1), which have functional effects opposite of alpha-2
adrenergic agonists. Sorting Intolerant from Tolerant (SIFT) scores at or below 0.05 are
considered to be deleterious; those above 0.05 are considered to be tolerated. Polyphen2 (PP2)
scores below 0.447 are considered benign; those higher than 0.908 are considered probably
damaging; and those in between possibly damaging.

[0089] The Val376lle variant (rs29000569) sits within one of the transmembrane domains of
the protein and was predicted to be damaging. The other variant, Gly211Ala (rs9333568), is in
the large cytoplasmic loop of the protein and was predicted to be tolerated but may have
functional effects not yet known.

Table 2: SNPs in ADRA2B

Ashkenazi Jewish
Val376lle rs29000569 Missense  0.02 0.891 0.0027 0.0003
(0.0054)

European ancestry

(0.00002)

Gly211Ala rs9333568 Missense  0.61 0.008 0.05 0.05

* Variant allele frequency (VAF) reflects the VAF in the BioVU Exomechip European ancestry
population.
JVariant allele frequencies for populations from the ExAC/gnomAD populations Feb. 2017.41

[0090] Data from PheWAS showed that the V376l variant in the gene ADAR2B strongly
associated with a cluster of phenotypes were related to neuralgia/nerve-related pain disorders.

More specifically, the conditions identified in the PheWAS study included pain involving the
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trigeminal nerve, a chronic and debilitating pain with few effective interventions for
management (Table 2). CNS is a nerve that breaks into three smaller nerves, and those three
nerves then subsequently branch into different areas of the head and face.

Table 2: Novel Association of neuropathic pain

Trigeminal nerve disorders

352.1 rs29000569 Val376lle  0.003075 4.62 4 170
[CN5]
Temporomandibular joint

526.41 rs9333568 Gly211Ala  0.00555 2.2 13 67
disorder, unspecified
Herpes zoster with nervous

053.1 rs29000569 Val376lle 0.0007443 7.7 3 82

system complications

Example 2. Treatment of trigeminal neuropathy with guanfacine and lidocaine.

[0091] The efficacy of guanfacine alone, or as an effective adjunct to lidocaine in trigeminal
nerve block for the treatment of painful trigeminal neuropathy will be compared to lidocaine
alone.

[0092] Pain management assessment will include measuring the efficacy of guanfacine in
reducing acute pain and extending the duration of pain relief when delivered in combination with
lidocaine by injection to the trigeminal nerve. Pain will be measured on a visual analog scale
(VAS), on a scale from 0-10, with 10 being the worst pain and O being no pain. Endpoints will be
measured to evaluate the exploratory objectives of the study assessing guanfacine and lidocaine
in combination compared to lidocaine alone, in pain management in the painful trigeminal
neuropathy patient. The primary endpoint will designate the time to return to baseline pain
(VAS) measurement after treatment with guanfacine as adjuvant to 1% lidocaine compared to
1% lidocaine alone. The safety endpoint will measure the side effect profiles of the combination
of guanfacine and lidocaine as compared to lidocaine alone on relevant adverse event measures
such as sedation, local site reaction, and confusion. The other data measured will include:
tracking of pain (VAS) following treatment with either the guanfacine and lidocaine or lidocaine
alone, quality of life after treatment to be measured using PROMIS Global Health-10 SF during
periods following treatment, frequency of acute trigeminal nerve pain attacks during the follow-

up periods, total amount of rescue medications (opioid and non-opioid analgesics) for pain
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management during the periods following treatment, and time to first rescue medication during
the periods following treatment.

Materials and Methods:

[0093] Study drug: Lidocaine 1% PF vials will be purchased from Pfizer. API grade
guanfacine will be purchased from Quimica Sintetica S.A. Vanderbilt University Medical
Center’s Investigational Drug Service will compound and dispense a 10 ml sterile syringe with a
sterile locking syringe cap containing 6 ml 1% lidocaine with 250 mcg guanfacine. As is well
known in the art, guanfacine may be in the HCl salt form. While the focus of this example is on a
combination treatment of guanfacine and lidocaine, guanfacine may be administered as discussed
herein alone without lidocaine.

[0094]  Active control: The active control drug (6 ml 1% lidocaine sterile injection) will be
dispensed by VUMC’s Investigational Drug Service and will be identical in appearance to the
study drug.

[0095] Trigeminal nerve block procedure: Trigeminal nerve block will occur with the patient
supine. Based upon landmark and fluoroscopic image, the needle insertion site will be located
and infiltrated with 1 ml of 1% lidocaine. A 22-gauge stimuplex needle will be advanced under
fluoroscopic guidance to the pterygoid fossa. Active stimulation at 0.75 mV will be used to
confirm needle tip approaching the V2 maxillary branch of the trigeminal nerve and reduced to
0.3 mV upon patient sensation. After confirming that the needle tip is in position with no
sensation felt by the patient at <0.3 mV, and after negative aspiration for blood or cerebral spinal
fluid (CSF), 0.25 ml of iodinated contrast (Omnipaque 300) or gadolinium-based contrast agent
(Omniscan) if allergic to 1odinated contrast will be injected under digital subtraction fluoroscopy
to ensure no vascular uptake. If vascular uptake occurs, the needle tip will be adjusted, and tested
again for vascular uptake. After confirmation of the needle placement, 3 ml of the study drug or
active control will be delivered. The needle will be retracted and angled toward the V3
mandibular branch of the trigeminal nerve and confirmed in the same method with fluoroscopy
and stimulation as above. After confirmation of needle placement, the remaining 3 ml of the
study drug or active control will be deposited. The needle will then be removed. The patient will
be taken to the recovery room and monitored for 60 minutes.

[0096] The study is a single center, randomized, double-blind, 2 x 2 crossover pilot study
with two arms; study drug (guanfacine and lidocaine combination) and active control (lidocaine
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alone). Adult participants between 18 and 80 years of age who have been diagnosed with painful
trigeminal neuropathy will be consented for the study. The study will include three visits; an
initial visit for evaluation, consent and baseline surveys followed by two procedural visits. After
each procedural visit data will be collected for 14 days. Participants will be randomized in
permuted pairs (to ensure balance after every second enrollment) to receive either study drug
(guanfacine and lidocaine combination) or active control (lidocaine alone) for the first nerve
block procedure.

[0097] One group of patients will receive a trigeminal nerve block with an injection of
lidocaine on Day 1 and a subsequent injection of the combination of lidocaine and guanfacine
between Day 15 and 28. Alternatively, another group of patients will receive a trigeminal nerve
block with an injection of the combination of lidocaine and guanfacine on Day 1 and a
subsequent injection lidocaine alone between Day 15 and 28. The lidocaine only injections will
be 6 mL of 1% lidocaine. The guanfacine in combination with lidocaine will include the same
dose of lidocaine with the addition of 250 ug guanfacine.

[0098] Patients with facial pain will be evaluated in clinic; those deemed to have a diagnosis
of painful trigeminal neuropathy will be considered for enrollment. Baseline data that will be
collected includes demographics (name, age, sex), physical examination; heat rate and rhythm,
blood pressure; comorbid health conditions and prior surgeries or treatments; current and past
medications within 6 months. The targeted pain history will include pain duration, frequency of
exacerbations, location, radiation, severity (VAS), quality, instigating event, exacerbations,
alleviations, pain treatment frequency and duration of use (non-medical and medical treatments)
and changes in pain over time. The targeted pain physical exam will include assessment of light
touch test for allodynia and pinprick test for hyperalgesia of the trigeminal dermatome V1-3
regions of the face. Standard practice prior to trigeminal nerve block is to review recent MRI or
CT imaging to ensure safety of needle approach to target location. If no recent imaging exists,
this will be ordered as part of standard care prior to nerve block. Urine pregnancy test and urine
drug screen for illicit use of controlled substances will be obtained. Participants will be educated
on birth control measures and agree to 2 methods of birth control that they will plan to use during

the study period (abstinence is an appropriate method).
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[0099] VAS pain scores will be collected every 30 minutes for 8 hours leading up to the first
procedure to establish a baseline area under the curve (AUC) measurement of pain. Current and
average 24-hour pain (VAS) before procedure will also be recorded.

[00100] On the day of the first procedure, participants will be asked to record their pain
intensity, 24-hour VAS and current VAS, before the procedure to establish a baseline pain score.
Other data will be collected for secondary measures: frequency of pain attacks, basal and
breakthrough opioid and non-opioid analgesic frequency and dose. Overall quality of life will
also be assessed.

[00101] A participant will receive either study drug (guanfacine and lidocaine combination) or
active control (lidocaine alone) for the first trigeminal nerve block based on randomization.
Participants will be monitored for pain intensity at 30-minute time intervals for the first 8 hours
after block in addition to safety monitoring procedures. Participant responses will be collected at
30 minute intervals for the first 8 hours while in the recovery (first 60 minutes) and after
discharge home.

[00102] During the follow-up period after the first trigeminal nerve block procedure,
participants will be monitored once daily at the same timepoint for 14 days. Participants will also
be monitored for any use of rescue medication (analgesics) once daily, once weekly for overall
quality of life and frequency of pain attacks, and instructed to record adverse events and to
immediately contact the nurse regarding adverse events.

[00103] At the end of the first follow-up period, participants will be eligible to receive the
second trigeminal nerve block procedure using the alternative drug not received during the first
nerve block. Participants will record 24-hour VAS and current VAS, and the other baseline
measurement as completed before the first procedure.

[00104] If VAS <5 on the pain scale, participants will not be eligible for second trigeminal
nerve block during the visit. The pain intensity will be monitored daily to see if the participant
pain is above 5 on the pain scale and eligible for the second nerve block procedure. In general,
the participants would likely receive both treatments unless they experience intolerable toxicity.
If a participant is unable or ineligible to receive second trigeminal nerve block, then the
participant’s data collected during the first nerve block will be included in the analysis. In
addition, a replacement participant may be enrolled to ensure proper participant number for
analysis.
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[00105] The procedure for the second trigeminal nerve block is the same as the first and will
be followed by the same measurements for the day of treatment and the fourteen days following.
Data Analysis:

[00106] The effects of guanfacine adjuvant (intervention) versus active control on the time to
return to baseline pain (primary) will be assessed using linear mixed-effects regression, adjusting
for randomization order group and its interaction with the intervention/control indicator. A
random intercept indexed by study participant will be used to account for within-participant
correlation of the pre- and post-crossover measurements. The linear model assumptions will be
assessed by examining residuals, conditional on the empirical Bayes estimates of random effects.
If there is evidence that the linear model assumptions are violated (e.g., non-normal residuals or
the very unlikely possibility of right censoring), alternative model formulations will be
considered as necessary. The overall effect of intervention on the primary outcome will be tested
using a two degree-of-freedom chunk test against the null hypothesis of no intervention main
effect and no order-by-intervention interaction. The effects of intervention on the mean time to
return to baseline will be summarized using estimates and 95% confidence intervals, stratified by
order group. The effects of guanfacine adjuvant versus active control on secondary outcomes
will be assessed using similar mixed-effects regression techniques as appropriate for the type of
outcome (including proportional hazards, cumulative logit, logistic, and linear regression
methods), adjusting for randomization order group and its interaction with the
intervention/control indicator. A random intercept indexed by study participant will be used to
account for within-participant correlation. Quantitative and/or graphical regression diagnostics
will be examined, and alternative model formulations will be considered as appropriate.
Intervention effects will be tested and summarized as described above. No familywise
hypotheses will be tested; no adjustments will be made to control any familywise type-I error
probability.

[00107]  Statistical power and sample size: Evidence from the medical literature and expert
opinion suggests that the mean duration of pain relief after treatment with lidocaine alone (active
control group) is approximately 140 minutes. The sample size for the proposed study was
selected to achieve at least 80% power to detect a 20% or greater increase in the duration of pain
relief after treatment with lidocaine plus guanfacine as an adjuvant (treatment group). This
corresponds to a mean difference of 28 minutes, as a proof of principal of the mechanism of
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action of guanfacine with lidocaine. If successful, a modified formulation of guanfacine may be
pursued to optimize delivery and pain relief duration.

[00108] A simulation-based power analysis was implemented using linear mixed-effects
regression. Both between- and within-subjects variability were conservatively assumed to have
standard deviation 30 minutes. Under these conditions, 30 participants will ensure approximately
90% power to detect a significant mean difference (28 minutes or greater in pain relief duration).
Although 28-70 incremental/additional minutes of pain relief would be clinically significant by
itself, the finding would validate the pain relief mechanism of guanfacine in the trigeminal nerve
and show that enhanced pain relief can be achieved by the combination of drugs, and therefore
extends the utility of the mechanism into further clinical development.

[00109] It is understood that the foregoing detailed description and accompanying examples
are merely illustrative and are not to be taken as limitation upon the scope of the invention,
which is defined solely by the following claims.

[00110] Various changes and modifications to the disclosed embodiments will be apparent to
those skilled in the art. Such changes and modifications, including without limitation those
relating to the chemical structures, substituents, derivatives, intermediates, syntheses,
compositions, formulations, or methods of use of the invention, may be made without departing
from the spirit and scope thereof.

[00111] For reasons of completeness, various aspects of the invention are set out in the
following numbered clauses:

[00112] Clause 1. A method for treating trigeminal nerve pain in a subject in need thereof, the
method comprising administering to the subject by perineural injection of the trigeminal nerve a
therapeutically effective amount of a composition comprising an alpha-2 adrenergic agonist, or a
pharmaceutically acceptable salt thereof.

[00113] Clause 2. The method of clause 1, wherein the trigeminal nerve pain is trigeminal
neuralgia.

[00114] Clause 3. The method of clause 1, wherein the trigeminal nerve pain is trigeminal
neuropathy.

[00115] Clause 4. The method of any of clauses 1-3, wherein the alpha-2 adrenergic agonist
comprises at least one of the group consisting of clonidine, p-aminoclionidine, tiamenidine, 5-
bromo-6-(2 imidazolidine-2-ylamino) quinoxaline, dexmedetomidine, detomidine,
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medetomidine, oxymetazonline, brimonidine, tizanidine, mivazerol (UCB-Pharma, Belgium),
lofexidine, xylazine, guanabenz, guanfacine, guanclofine, guanoxabenz, alpha-
methyinorepherine, azepexole, indoramin, 6-allyl-2-amino-5,6,7,8-tetrahydro4H-thiazolo [4,5-
dJazepine diHCI, and a combination thereof.

[00116] Clause 5. The method of any of clauses 1-4, wherein the alpha-2 adrenergic agonist
comprises guanfacine.

[00117] Clause 6. The method of clause 5, wherein the composition comprises about 100 pg
to about 400 pg guanfacine.

[00118] Clause 7. The method of clause 5 or clause 6, wherein the composition comprises
about 250 pg guanfacine.

[00119] Clause 8. The method of any of clauses 1-7, wherein the composition further
comprises an anesthetic.

[00120] Clause 9. The method of any of clauses 1-8, wherein the composition further
comprises lidocaine.

[00121] Clause 10. The method of clause 9, wherein the composition comprises about 30 to
about 120 mg lidocaine.

[00122] Clause 11. The method of clause 9 or clause 10, wherein the composition comprises
about 60 mg lidocaine.

[00123] Clause 12. The method of any of the preceding clauses, further comprising
administering a second composition comprising an anesthetic to the subject.

[00124] Clause 13. The method of clause 12, wherein the second composition comprises
about 60 mg lidocaine.

[00125] Clause 14. The method of clause 12 or clause 13, wherein the second composition is
administered by perineural injection of the trigeminal nerve.

[00126] Clause 15. The method of any of clauses 12-14, wherein the second composition is
administered to the subject before the composition comprising guanfacine is administered to the
subject.

[00127] Clause 16. The method of any of clauses 12-15, wherein the administration of the
composition comprising guanfacine and the administration of the second composition are

sequential and separated by a period of time.
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[00128] Clause 17. A method for treating trigeminal nerve pain in a subject in need thereof,
the method comprising:
a. injecting at the trigeminal nerve of the subject a composition comprising
lidocaine, or a pharmaceutically acceptable salt thereof, and
b. injecting at the trigeminal nerve of the subject a therapeutically effective
amount of a composition comprising guanfacine and lidocaine, or pharmaceutically
acceptable salts thereof.
[00129] Clause 18. The method of clause 17, wherein the trigeminal nerve pain is trigeminal
neuralgia or trigeminal neuropathy.
[00130] Clause 19. The method of clause 17 or 18, wherein the composition comprising
guanfacine and lidocaine comprises about 250 pug guanfacine and about 60 mg lidocaine.
[00131] Clause 20. An injectable pharmaceutical composition comprising about 100 ug to
about 400 pg guanfacine and about 30 mg to about 120 mg lidocaine.
[00132] Clause 21. The composition of clause 20 comprising about 250 ug guanfacine.
[00133] Clause 22. The composition of clause 20 or 21 comprising about 60 mg lidocaine.
[00134] Clause 23. The composition of any one of clauses 20-22 further comprising a
pharmaceutically acceptable carrier.
[00135] Clause 24. The composition of clause 23, wherein the pharmaceutically acceptable
carrier is water.
[00136] Clause 25. The method of any one of clauses 17-24, wherein the composition is
administered to the subject by perineural injection of the trigeminal nerve.
[00137] Clause 26. The method of clause 1 or clause 17, wherein the subject has a single
nucleotide polymorphism in ADRA2B gene.
[00138] Clause 27. The method of clause 26, wherein the single nucleotide polymorphism in
the ADRA2B gene is a missense mutation wherein Val (376) is mutated to Ile (376).
[00139] Clause 28. The method of clause 1 or clause 17, wherein pain is measured by a visual
analog scale (VAS) score.
[00140] Clause 29. The method of clause 28, wherein the VAS score is less than 5 following

administration of the composition.
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[00141] Clause 30. The method of any one of clauses 1-3, 8-14, 17-19, 23-25 or 29, wherein
the alpha-2 adrenergic agonist comprises a compound of the formula, or a pharmaceutically

acceptable salt thereof,

>

wherein R1 is chloro or methyl and R2 is lower alkoxy, lower alkylthio, amine, or p-
nitrobenzylthio.
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WE CLAIM:

1.

10.

11.

12.

13.
14.

A method for treating trigeminal nerve pain in a subject in need thereof, the method
comprising administering to the subject by perineural injection of the trigeminal nerve a
therapeutically effective amount of a composition comprising an alpha-2 adrenergic agonist,
or a pharmaceutically acceptable salt thereof.

The method of claim 1, wherein the trigeminal nerve pain is trigeminal neuralgia.

The method of claim 1, wherein the trigeminal nerve pain is trigeminal neuropathy.

The method of any of claims 1-3, wherein the alpha-2 adrenergic agonist comprises at least
one of the group consisting of clonidine, p-aminoclionidine, tiamenidine, S-bromo-6-(2
imidazolidine-2-ylamino) quinoxaline, dexmedetomidine, detomidine, medetomidine,
oxymetazonline, brimonidine, tizanidine, mivazerol (UCB-Pharma, Belgium), lofexidine,
xylazine, guanabenz, guanfacine, guanclofine, guanoxabenz, alpha-methyinorepherine,
azepexole, indoramin, 6-allyl-2-amino-5,6,7,8-tetrahydro4H-thiazolo [4,5-d]azepine diHC],
and a combination thereof.

The method of any of claims 1-4, wherein the alpha-2 adrenergic agonist comprises
guanfacine.

The method of claim 5, wherein the composition comprises about 100 ug to about 400 pg
guanfacine.

The method of claim 5 or claim 6, wherein the composition comprises about 250 pg
guanfacine.

The method of any of claims 1-7, wherein the composition further comprises an anesthetic.
The method of any of claims 1-8, wherein the composition further comprises lidocaine.
The method of claim 9, wherein the composition comprises about 30 to about 120 mg
lidocaine.

The method of claim 9 or claim 10, wherein the composition comprises about 60 mg
lidocaine.

The method of any of the preceding claims, further comprising administering a second
composition comprising an anesthetic to the subject.

The method of claim 12, wherein the second composition comprises about 60 mg lidocaine.
The method of claim 12 or claim 13, wherein the second composition is administered by

perineural injection of the trigeminal nerve.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.
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The method of any of claims 12-14, wherein the second composition is administered to the

subject before the composition comprising guanfacine is administered to the subject.

The method of any of claims 12-15, wherein the administration of the composition

comprising guanfacine and the administration of the second composition are sequential and

separated by a period of time.

A method for treating trigeminal nerve pain in a subject in need thereof, the method

comprising;

a. 1njecting at the trigeminal nerve of the subject a composition comprising lidocaine or
a pharmaceutically acceptable salt thereof; and
b. injecting at the trigeminal nerve of the subject a therapeutically effective amount of a

composition comprising guanfacine and lidocaine, or pharmaceutically acceptable
salts thereof.

The method of claim 17, wherein the trigeminal nerve pain is trigeminal neuralgia or

trigeminal neuropathy.

The method of claim 17 or 18, wherein the composition comprising guanfacine and lidocaine

comprises about 250 pg guanfacine and about 60 mg lidocaine.

An injectable pharmaceutical composition comprising about 100 pg to about 400 pg

guanfacine and about 30 mg to about 120 mg lidocaine.

The composition of claim 20 comprising about 250 ug guanfacine.

The composition of claim 20 or 21 comprising about 60 mg lidocaine.

The composition of any one of claims 20-22 further comprising a pharmaceutically

acceptable carrier.

The composition of claim 23, wherein the pharmaceutically acceptable carrier is water.

The method of any one of claims 17-24, wherein the composition is administered to the

subject by perineural injection of the trigeminal nerve.

The method of claim 1 or claim 17, wherein the subject has a single nucleotide

polymorphism in ADRA2B gene.

The method of claim 26, wherein the single nucleotide polymorphism in the ADRA2B gene is

a missense mutation wherein Val (376) 1s mutated to Ile (376).

The method of claim 1 or claim 17, wherein pain is measured by a visual analog scale (VAS)

score.
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29. The method of claim 28, wherein the VAS score is less than 5 following administration of
the composition.
30. The method of any one of claims 1-3, 8-14, 17-19, 23-25 or 29, wherein the alpha-2

adrenergic agonist comprises a compound of the formula, or a pharmaceutically acceptable

salt thereof:
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wherein R1 is chloro or methyl and R2 is lower alkoxy, lower alkylthio, amine, or p-

nitrobenzylthio.
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