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STIMULATION OF APPETITE, MANAGEMENT OF WEIGHT LOSS,
AND TREATMENT OF ANOREXIA IN DOGS AND CATS

[0001] This application claims the benefit of priority to US Provisional Application No.
62/126,188, filed February 27, 2015, which is incorporated by reference herein in its entirety for

any purpose.

FIELD

[0002] The present disclosure provides methods and pharmaceutical formulations for
stimulating appetite and weight gain, managing weight loss, and treating anorexia in animals.
The disclosure relates to the fields of biology, chemistry, pharmacology, and veterinary

medicine.

DESCRIPTION OF RELATED DISCLOSURES

[0003] Anorexia is a common occurrence in animals. Both dogs and cats manifest
anorexia when suffering from acute and chronic illness. Old age typically results in body weight
loss for unknown reasons. Likewise dental dysfunction may lead to an unwillingness to eat.
Chronic renal dysfunction and failure is characterized by weight loss, especially in cats. Further,
in cats a sudden cessation of eating can predispose the animal to a serious or fatal liver failure.
Adequate nutrition in cats is so important that anorexia is often treated by placement of a
nasogastric tube, or surgical insertion of a feeding tube directly into the esophagus.
Pharmacologic means to stimulate appetite, facilitate weight gain and manage weight loss are
needed for dogs and cats.

[0004] Several drugs are used in animals specifically for the stimulation of appetite
(orexigenic effect) (Plumb, Veterinary Drug Handbook, 7 Edition, Wiley-Blackwell, Ames
IA). Among them are diazepam, cyproheptadine, and maropitant. The most commonly used is
mirtazapine, an antidepressant approved for marketing in many countries for the treatment of
depression in humans. Mirtazapine is administered orally in man. Studies of mirtazapine
pharmacokinetics and appetite stimulation in cats show that oral administration stimulates
appetite (Quimby et al. J. Vet. Pharm. Therap, 2010,34:388-396. Quimby et al. J. Vet. Intern.
Med. 2011;25:985-989.). The typical oral dose of mirtazapine in cats is 1 to 5 mg per cat per day
or every other day.

[0005] In cats, mirtazapine is rapidly absorbed following oral administration, appearing
in the plasma within 1 hour and reaching a peak plasma concentration of approximately 126 to

250 ng/mL at 1 hour after an oral dose of 1.88 to 3.75 mg (Quimby et al Vet Pharmacology
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Therapeutics, 2010;34:388-396). Moreover, at this dose the plasma half-life is 9.2 to 15.9 hours.
In dogs, 20 mg mirtazapine given orally results in a peak plasma concentration of 164 ng/mL at
1 hour with a plasma half-life of 6.2 hours (Giorgi et al. Vet Journal, 2012;192:239-241),
[0006] Also used for the stimulation of appetite in dogs and cats are the chemicals
diazepam, cyproheptadine, and maropitant. However, diazepam is a potent sedative agent and
this side effect can limit the dose given. In addition, diazepam must be given intravenously and
can be associated with a severe hepatic lipidosis in cats. Cyproheptadine can also result in
sedation in cats, or sometimes can result in serious paradoxical agitation and mania. None of
these compounds has gained widespread use as an orexigenic medication.

[0007] One of the disadvantages of treating cats and dogs with mirtazapine is that the
drug is given orally. See, for example, PCT Patent Publication W0O2013158130, incorporated
herein by reference, where tablets containing 1.88 mg mirtazapine were administered orally to
stimulate appetite in cats with renal dysfunction. Oral administration of drugs to these animals,
however, can be difficult. Cats often resist oral administration and can injure themselves or their
handlers. In addition, cats are very sensitive to the taste of medications and can react strongly to
pharmacologic agents administered orally, often with hypersalivation and emesis. Dogs likewise
can be difficult to dose orally. The problem is amplified by the fact that these animals already
are not eating normally, and so orally dosing them can be even more difficult than usual.

[0008] Some pharmacies compound a mirtazapine ointment (see, e.g., Wedgewood
Pharmacy) that is applied to the skin of a cat in an attempt to achieve transdermal absorption of
therapeutically effective amounts of mirtazapine into the systemic circulation. However,
absorption of such compounded preparations is highly variable and can result in undesired drug
levels, including both peak plasma concentration levels that are too high, and drug not remaining
in the circulation at therapeutically effective levels for the desired time period.

[0009] There is the need for pharmaceutical formulations of mirtazapine which makes
administration to cats and dogs consistent, safe, efficacious, and practical.

[0010] The present disclosure provides methods and pharmaceutical formulations of the
orexigenic compound mirtazapine for stimulation of appetite in cats and dogs. Use of these
methods and formulations provides appetite stimulation, weight gain, and concomitant
management of weight loss, that is superior to presently used methods by providing accurate
dosing, more efficient delivery of drug, improved pharmacokinetics and pharmacodynamics,
safer drug delivery, and more controlled drug effects, and hence greater efficacy than currently
used methods and treatments. Importantly, the methods and formulations described herein

provide for more convenient application of a topical formulation of mirtazapine that can be
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transdermally absorbed and maintained at therapeutically effective levels sufficient to treat
anorexia and otherwise stimulate appetite in dogs and cats and manage weight loss in these

animals.

SUMMARY

[0011] In a first aspect, the present disclosure provides methods for the treatment of
anorexia and for appetite stimulation, causing weight gain, and/or management of weight loss,
comprising the administration of mirtazapine to a dog or a cat. In a preferred embodiment, the
administration is topical.

[0012] In a second aspect, the present disclosure provides for pharmaceutical
formulations for topical administration of mirtazapine to dogs or cats. These formulations
include, but are not limited to, ointments, creams, and pastes. In a preferred embodiment, the
formulation is a topically applied ointment that maintains mirtazapine in solution in the
formulation such that a therapeutically effective dose can be topically administered. In various
embodiments, the methods provided herein are practiced such that the topically administered
ointment is applied at a location on the cat or dog that deters inadvertent oral administration of
the formulation, i.e., the ointment is administered on or around the ear or neck of a cat or dog
where the animal would be less likely to ingest it. In preferred embodiments, the ointment
comprises at least 0.2% to about 4% by weight (w/w), mirtazapine (for purposes of the w/w
percentages provided herein, assume the HCI salt is employed in the formulation, although any
pharmaceutically acceptable form may be used), e.g., 2% to 4% w/w mirtazapine, and at least
25%, by weight, of mixtures of penetration enhancers and solubilizers. In some preferred
embodiments, the formulation is a formulation exemplified in the examples below.

[0013] In various preferred embodiments, the formulation is applied as an ointment in
an amount ranging from 0.05 mL to 0.2 mL for the cat, and 0.05 mL to 2 mL for the dog (given
their larger size range) from a device such as, but not limited to, a (needle-less) syringe or pen
or tube (with blunt tip suitable for ointment application) containing from one to up to about 5 or
more mL (but typically 60 mL or less) of a mirtazapine ointment formulation provided herein.
In some embodiments, a 2% w/w mirtazapine formulation is applied in a therapeutically
effective dose of about 0.1 mL to the skin of an animal, e.g., a cat. In certain embodiments, the
mirtazapine formulation is applied in a therapeutically effective dose to the ear of an animal,
e.g., a cat. In certain such embodiments, the mirtazapine formulation is applied in a
therapeutically effective dose to the anterior surface of the ear flap (the pinna) of the animal,

e.g.,acat.
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[0014] Exemplary formulations provided herein include those containing 0.2 to 4 % w/w
mirtazapine (2 to 40 mg/mL), e.g., 2% w/w mirtazapine or 4% w/w mirtazapine, which may
provide a mirtazapine dose in the range of about 0.05 mg/kg to 5.0 mg/kg, or about 0.05 mg/kg
to 3.0 mg/kg, or about 0.5 mg/kg to 3.0 mg/kg, or about 1 mg/kg, or about 2 mg/kg, and peak
blood plasma levels in the range of 10 ng/mL to 30 ng/mL (as measured in single dose studies).
In some embodiments, the formulations provided herein provide a peak blood plasma level of
mirtazapine in a range of 10 ng/ml to 150 ng/ml, or 10 ng/ml to 120 ng/ml, or 10 ng/ml to 100
ng/ml, or 10 ng/ml to 60 ng/ml, or 10 ng/ml to 30 ng/ml. In some embodiments, such
formulations provide a typical in vivo mirtazapine half-life can be about 20-32 hours, such that
each therapeutically effective administration achieves an AUC in the range of 250 — 1000
h*ng/mL, including but not limited to an AUC in the range of 450 — 650 h*ng/mL (as measured
in single dose studies). In some embodiments, the formulations provided herein provide an AUC
in the range of 300 to 1200 h*ng/ml in the 24 hour period immediately following application of
the formulation, or in the range of 300 to 1000 h*ng/ml in the 24 hour period immediately
following application of the formulation. In various embodiments, administration of a
formulation provided herein maintains blood levels of mirtazapine in the 10 to 30 ng/mL range
in the treated animal for at least 12 hours (as measured in single dose studies), or at least 10
ng/ml for at least 6 hours during the 24 hour period immediately following administration of the
formulation, or in a range of 10 ng/ml to 30 ng/ml for at least 6 to 12 hours during the 24 hour
period immediately following administration of the formulation.

[0015] The ointments described herein are composed in part of chemicals that enhance
transdermal absorption of mirtazapine through the skin. Preferred formulations include up to at
least about 25%, by weight (w/w), of a penetration enhancer or solubilizer. In some
embodiments, the percentage is at least about 30%. In some embodiments, the percentage is
about 30.5%. Ointment formulations and other mirtazapine formulations useful in the methods
described herein may comprise one or more antioxidant agents to improve stability of the
mirtazapine. The present disclosure also provides for various containers containing the ointments
or other mirtazapine formulations useful in the methods described herein. Such containers
include various tubes, syringes, bottles, and the like, and provide protection of the formulation
from air, moisture, and/or light.

[0016] In a third aspect, the present disclosure provides methods of applying such topical
ointment formulations having these special formulation characteristics to dogs or cats to achieve
increased transdermal absorption. In other embodiments, methods provided herein may be

practiced using other formulations, including other ointments, creams, gels, pastes, or solutions,
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such as those that provide delayed release of drug during transdermal absorption and/or
otherwise utilize delayed-release transdermal drug formulation technology, i.e., so that dosing
can be done less frequently (at more prolonged intervals between doses), or those methods may
be practiced using devices such as patches that enhance transdermal absorption. In preferred
embodiments, particularly advantageous using the novel ointments described herein, the
formulation is topically applied once daily for one or more consecutive days, including for at
least a week, 2 weeks, a month, a year, and even, in some instances, for the rest of the animal’s
life.

[0017] In a fourth aspect, the present disclosure provides for a device for the delivery of
a semi-solid mirtazapine formulation, including the novel ointment formulations described
herein, said device designed to deliver a small volume of drug product consistently and
accurately. In a preferred embodiment, the device is in the form of a syringe or pen containing
at least one and typically more than one, including, without limitation, five, seven, ten, fourteen,
20, 30, or more daily doses of mirtazapine. In various embodiments, the barrel of the syringe or
pen can contain from 1 mL to 10 mL, or 1 mL to 50 mL, or even 1 mL to 100 mL, such as 60
mL, of a mirtazapine formulation provided herein. In some embodiments, the barrel contains 5
mL to 6 mL of a formulation provided herein, including but not limited to an ointment, such as
ointment T, described in the examples below. In some embodiments, the barrel of the syringe or
pen contains from 0.5-10 g of a mirtazapine formulation. In some embodiments, the barrel of
the syringe or pen contains from 3-7 g of a mirtazapine formulation. In certain such
embodiments, the barrel contains 5-6 g of a mirtazapine formulation, or approximately 5 g of
such formulation.

[0018] In some embodiments, the device used to administer a formulation described
herein is a cosmetic pen, as a nonlimiting example, of the type marketed by Yiwu Tima Cosmetic
Packaging Co., Ltd., under “twist up design or click pen cosmetic packaging”. Other suitable
device formats for administration of a formulation described herein include, without limitation,
the applicator pens described in U.S. Patent Nos. 8,292,529, and 8,540,124, each of which is
incorporated herein by reference, as well as the applicator pen which may be used to administer
the topical mirtazapine formulation that is marketed under “Twist-a-Dose” by Wedgewood

Pharmacy.
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BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure 1 is a graph showing plasma concentration of mirtazapine over time
following a single oral administration of a commercially available oral tablet formulation of
mirtazapine to each of four healthy cats. See Example 1.

[0020] Figure 2 is a graph showing grams of food consumed over time following a single
oral administration of a commercially available oral tablet formulation of mirtazapine to each of
four healthy cats, as described in Example 1.

[0021] Figure 3 is a graph showing plasma levels of mirtazapine over time following a
single topical administration of a commercially available compounded transdermal ointment
formulation of mirtazapine to each of four healthy cats, as described in Example 2.

[0022] Figure 4 is a graph showing grams of food consumed over time following a single
topical administration of a commercially available compounded transdermal ointment
formulation of mirtazapine to each of four healthy cats, as described in Example 2.

[0023] Figure 5 is a graph showing plasma levels of mirtazapine over time following
single dose topical administration of transdermal ointment Formulation L to healthy cats, as
described in Example 3A.

[0024] Figure 6 is a graph showing grams of food consumed over time following single
dose topical administration of transdermal ointment Formulation L to healthy cats, as described
in Example 3A.

[0025] Figure 7 is a graph showing blood levels of mirtazapine over time following
single dose topical administration of transdermal ointment Formulation H to healthy cats, as
described in Example 3.

[0026] Figure 8 is a graph showing grams of food consumed over time following single
dose topical administration of transdermal ointment Formulation H to healthy cats, as described
in Example 3.

[0027] Figure 9 is a graph showing plasma concentration (ng/mL) versus time (h) profile
of mirtazapine following topical application of 2% (0.5 mg/kg/day) ointment to cat pinna, once
daily for 13 days, as described in Example 4.

[0028] Figure 10 is a graph showing plasma concentration (ng/mL) versus time (h)
profile of mirtazapine following topical application of 4% (1.0 mg/kg/day) ointment to cat pinna,
once daily for 13 days, as described in Example 4.

[0029] Figure 11 is a graph showing the percent change in weight over time for cats in
the field treated with placebo (solid lines) or mirtazapine formulation (dotted lines), as described

in Example 5. Each line represents an individual treated cat.
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DETAILED DESCRIPTION

[0030] In some embodiments, the present disclosure provides a pharmaceutical
formulation of mirtazapine that is an ointment intended for topical administration. This aspect
of the disclosure arose in part from overcoming substantial challenges for delivering mirtazapine
to a cat or dog topically to facilitate ease of administration and enhance therapeutic efficiency.
These challenges included the solubility constraints and base incompatibilities imposed by
mirtazapine, which has to be in solution for effective transdermal absorption. This required an
ointment for optimal delivery, as a cream is made up of at least two immiscible phases and to
keep the mirtazapine in solution, a more soluble product is preferred. A solution or other liquid
formulation would be at risk of shedding and running, depending on the site of application but
clearly suboptimal for a furred animal such as most cats and dogs. The present disclosure
provides novel ointment formulations of mirtazapine that have sufficiently high viscosity to
remain in place after application topically and deliver therapeutically effective doses
transdermally. To facilitate description of the invention and better appreciation of its advantages,
the following definitions are provided.

Definitions

[0031] Unless defined otherwise below, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art to which
this disclosure pertains.

[0032] The terms “a” and “an” and “the” and similar referents as used herein refer to
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context.

[0033] The term "aboul” as used herein refers to greater or Tesser than the valve or range
of values stated by 1/10 of the stated values, but is not miended o limit any value or range of
values to ondy this broader definition. For instance, a value of “about 30%"” means a value of
between 27% and 33%. Each value or range of values preceded by the term "about” is also
imtended to encompass the embodurent of the stated absolute value or range of values. Recitation
of ranges of values herein are merely indented to serve as a shorthand method of referring
individually to each separate value inclusively falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein.

[0034] The phrase “bulking agent” refers to an excipient suitable for use in a

pharmaceutical formulation that is inert and simply provides the product with more mass than it
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would have otherwise. Suitable bulking agents for use in the pharmaceutical formulations of the
disclosure include, without limitation, polyethylene glycol (PEG), such as PEG 400 and PEG
3350.

[0035] The term “cream” refers to a type of emulsion, comprising at least two immiscible
liquid phases, one dispersed in the form of drops or droplets within the other. Creams typically
are intended for external application to the skin or mucous membranes.

[0036] The term “ointment” refers to a pharmaceutical formulation that is a semisolid
preparation intended for external application to the skin or mucous membranes and are
compositions derived from four “ointment bases,” which are hydrocarbon bases, absorption
bases, water-removable bases, and water-soluble bases. The Merck Veterinary Manual defines
“ointment” as a greasy, semi-solid preparation that contains dissolved or dispersed drug.
Ointment bases include hydrocarbons, vegetable oils, silicones, absorption bases consisting of a
mixture of hydrocarbons and lanolin, emulsifying bases consisting of a mixture of hydrocarbons
and an emulsifying agent, and water-soluble bases. Ointment bases influence topical drug
bioavailability by (i) their occlusive properties that hydrate the stratum corneum, which can
enhance drug flux across the skin; and (ii) their properties that affect drug dissolution within the
ointment and drug partitioning from the ointment to the skin.

[0037] The term “paste” refers to a pharmaceutical formulation that is a semisolid
preparation of stiff consistency intended for external application to the skin, oral cavity, or
mucous membranes.

[0038] The phrase “penetration enhancer” refers to an excipient suitable for use in a
pharmaceutical formulation described herein, such as, but not limited to, an ointment, that
facilitates absorption of a drug into the skin. Suitable penetration enhancers for use in the
pharmaceutical formulations described herein include, but are not limited to, Di-ethylene Glycol
Monoethyl Ether (DGME) and PEG-8 Caprylic/Capric Glycerides (Labrasol®).

[0039] The phrase “pharmaceutical formulation™ refers to a composition intended for
therapeutic use that is safe and effective for its intended use. A formulation safe and effective
for one type of use, such as topical application, may in some embodiments not be safe for another
type of use, such as IV administration. Thus, as used herein, “pharmaceutical formulation for
topical administration”, for example, excludes any type of pharmaceutical formulation that
would not be safe or effective for its intended use.

[0040] The term “preservative” refers to an excipient suitable for use in a pharmaceutical
formulation described herein, such as, but not limited to, an ointment, that functions to maintain

the drug in a desired physical state. A preservative may have anti-microbial or anti-oxidant
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properties or may otherwise serve to protect the drug, e.g., from exposure to light or air.
Butylated hydroxytoluene (BHT) is a nonlimiting example of a suitable preservative in the
ointment formulations described herein.

[0041] The term “solubilizer” refers to an excipient suitable for use in a pharmaceutical
formulation described herein, such as an ointment, that facilitates dissolution of a drug into
another substance. Suitable solubilizers for use in the pharmaceutical formulations described
herein include, but are not limited to, DGME, Labrasol®, and oleyl alcohol.

[0042] The term “solution” refers to a homogenous liquid preparation that contains one
or more chemical substances dissolved in one or a mixture of miscible solvents.

[0043] The phrase “spreading agent” refers to an excipient suitable for use in a
pharmaceutical formulation described herein, such as an ointment, that facilitates the dispersion
or absorption of one substance with or into another, i.e., a spreading agent may facilitate
dissolution of one substance into another and/or the distribution of any component of a
formulation amongst any other component(s) and/or application of an ointment to the skin.
Suitable spreading agents for use in the pharmaceutical formulations described herein include,
without limitation, silicon and silicon derivatives, such as Polydimethylsiloxane fluid (Q7-9120
Silicone Fluid 20 CST), Aluminum Starch Octenylsuccinate (Dry Flo®), and PEG are examples
of spreading agents.

[0044] Certain compounds may have more than one of the above-defined properties. As
one nonlimiting example, PEG has the properties of both a bulking agent and a spreading agent.
In another nonlimiting example, DGME and Labrasol® can serve as both penetration enhancers
and solubilizers. In certain embodiments, it may be advantageous to use a formulation
component having more than one of the desired properties for the formulation to reduce overall
cost and complexity of the formulation while retaining the desired formulation properties.
[0045] The phrase “therapeutically effective dose” refers to that amount of a drug (an
“active pharmaceutical ingredient” or “API”) that is administered simultaneously or
contemporaneously in one administration (in some embodiments multiple unit dose forms, i.e.,
pills, tablets, capsules, or injections, can be administered in one administration) to achieve a
desired therapeutic outcome, even if multiple administrations over time are administered in the
course of therapy.

[0046] In some embodiments, the appetite stimulating compound mirtazapine is present
in a pharmaceutical formulation to be given to a dog or a cat to stimulate appetite and cause
weight gain, to treat anorexia, or to manage weight loss. Mirtazapine may be given by all

medically acceptable routes of administration, including but not limited to topically, orally,
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intravenously, intraperitoneally, subcutaneously, intramuscularly, or rectally. In certain
embodiments, the mirtazapine is topically applied, such as in the form of an ointment.

[0047] The therapeutically effective dose for practice of the methods provided herein is
in the range of 0.05 mg to 5 mg mirtazapine/per kg weight of animal (mg/kg) per dose, or 0.05
to 3 mg/kg per dose, or 0.05 to 2 mg/kg per dose, or 0.5 to 3 mg/kg per dose, or 0.5 to 2 mg/kg
per dose. Typically, the therapeutically effective dose is administered once daily, and daily
administration continues for several days or longer, but single day treatments can be effective in
some animals for some purposes. Generally, however, treatment will continue on consecutive
days for several days to a week, several weeks, a month, several months, or even the rest of the
animal’s life. In cats (or dogs or any other animal) the dose may be adjusted according to the
weight of the animal to be treated. Expressed in such terms, illustrative therapeutically effective
doses include those in the dosage range of 0.05 to 2 mg/kg per daily dose administered once per
day. Alternatively, a therapeutically effective dosage in accordance with the disclosure may be
expressed as a dose per animal, such as 0.1 to 5.0 mg per dose per cat or 0.5 to 50 mg per dose
per dog. The therapeutically effective dose is typically given once daily but may be given every
other day or once weekly or at other frequencies dependent upon the formulation chosen and
intended use. In some embodiments, the formulation used in the method is topically applied with
the mirtazapine largely transdermally absorbed and provides peak blood plasma levels in the
range of 10 to 30 ng/mL, and a half-life of at least 12 hours or longer, e.g., 15-24 hours. In
another embodiment, topical administration with an ointment formulation described herein is
continued for 2, 3, 5, 7, or more consecutive days, including for one, 2, 3, 4 or more weeks,
including for one, 2, 3, 4, 5, or 6 or more months.

[0048] In some embodiments, the present disclosure provides a pharmaceutical
formulation that is an ointment, cream, and paste or other suitable semi-solid form that can be
applied to the pelt of a dog or cat to provide for oral ingestion of the formulation when the animal
licks itself to clean the site of application. In preferred embodiments, however, the formulation is
an ointment or other suitable semi-solid form that is applied to the animal’s skin at a site where the
animal is unable to lick or otherwise reach to consume the dose orally: in this embodiment of the
methods provided herein, the drug is transdermally absorbed into the animal’s bloodstream. In
some embodiments, the formulation is applied to the pinna, such as the anterior pinna.

[0049] Thus, in some embodiments, the present disclosure provides a pharmaceutical
formulation that is an ointment or other suitable semi-solid form that can be applied to the skin of
a dog or cat to provide for transdermal absorption of mirtazapine through the skin and into the

systemic circulation. Preferred formulations of the disclosure include at least about 25%, by
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weight, of a mixture of penetration enhancers/solubilizers, including without limitation the
formulations described in the examples below. Suitable formulations generally include, in addition
to 25-35% w/w penetration enhancer/solubilizer, 4-6% spreading agent; 50-70% bulking agent;
0.2 to 4% by weight active pharmaceutical ingredient (mirtazapine hemihydrate or equivalent
amount of another salt, such as mirtazapine HCI); and an antioxidant (less than 1%, typically less
than 0.1%).

[0050] The examples below show preferred ointment formulations. The specifically
exemplified ointments in the examples and the more generic descriptions of them here result from
the discoveries made in overcoming the solubility challenges proposed by including mirtazapine
in an ointment at a concentration that could provide a therapeutically effective dose in a
conveniently administered amount and form and selecting from known excipients particular
combinations that provide especially beneficial results. Nonlimiting exemplary excipients in the
ointment formulations are penetration enhancers, solubilizers, bulking agents and spreading
agents.

[0051] In some embodiments, the pharmaceutical formulation is an ointment or other
solid or semi-solid form with extended release characteristics that allow for slower release and
absorption than an immediate release formulation and provides for dosing at longer intervals,
for example once daily or once weekly.

[0052] In other embodiments, however, the pharmaceutical formulation used in a method
described herein is an immediate release formulation for topical use, such as Formulations G, H,
and T, described in the examples below. These formulations are ointments that are applied so
that the mirtazapine is transdermally absorbed into the circulatory system of the target animal,
typically a cat or dog, where peak plasma levels are in the 10 ng/mL to 30 ng/mL range and the
mirtazapine half-life is at least 12 and more typically about 22 hours or longer, as measured
under test conditions using single doses similar to those employed in the examples below. In
some embodiments, a formulation provided herein provides a peak blood plasma levels of
mirtazapine in a range of 10 ng/ml to 150 ng/ml, or 10 ng/ml to 120 ng/ml, or 10 ng/ml to 100
ng/ml, or 10 ng/ml to 60 ng/ml, or 10 ng/ml to 30 ng/ml. In some embodiments, a formulation
provided herein provides blood plasma levels of mirtazapine of at least 10 ng/ml for at least 6
hours during the 24 hour period immediately following application of the formulation to the
pinna, or in a range of 10 ng/ml to 30 ng/ml for at least 6 to 12 hours during the 24 hour period
immediately following application of the ointment to the skin. Such formulations allow for

lower plasma and tissue concentrations of the chemical for a longer period of time than can be

11



WO 2016/138357 PCT/US2016/019730

achieved with other formulations, such as an oral dosing formulation. Such formulations also
have the advantages described herein of improved administrability to the animal.

[0053] Very high plasma concentrations (greater than about 50 ng/mL) are associated
with adverse effects of mirtazapine in cats, including behavioral changes and hyperactivity;
therefore, the transdermally absorbed ointment formulations described herein, which exhibit
generally lower peak concentrations and maintain therapeutically effective levels in the target
animal for longer times, relative to the oral formulations, represent a significant advance over
them.

[0054] In some embodiments, the formulation may be of such a nature to dry on the skin.
In some such embodiments, the formulation may be a quick drying formulation such that the
topical mirtazapine cannot be licked or rubbed off of the surface of the skin shortly after
application.

[0055] In some embodiments, the topically administered ointments and other topically
applied formulations useful in the methods described herein provide transdermal absorption over
a relatively prolonged period of time (such as at least 6 to 8 hours or longer, e.g., 12 hours or
longer, including up to 22 hours or longer).

[0056] Alternatively, in some embodiments, the objective may be met by other topically
applied formulations. For example, such formulations may contain microparticles of a variety of
types to delay release of mirtazapine from the formulation and/or enhance its absorption through
the skin and/or into the vascular system. The microparticles may be composed of organic
polymers, polysaccharides, oil-in-water droplets, or other compounds and vehicles to effect slow
diffusion of mirtazapine into the skin.

[0057] In various embodiments, the present disclosure provides a pharmaceutical
formulation that is an ointment that contains a penetration enhancer, such as a surfactant or solvent
or other agent which enhances transdermal absorption and which can be applied to the skin, and a
non-aqueous solubilizer to assure that the mirtazapine is in solution in the preparation, mirtazapine
being insoluble in water. In various embodiments, a preservative, including but not limited to an
antioxidant compound, is incorporated into the ointment. In various formulations, an anti-oxidant
is included to stabilize the mirtazapine from oxidation; BHT is a suitable anti-oxidant for this
purpose, for example and without limitation. Other suitable antioxidants include, without
limitation, BHA (Butyl Hydroxy Anisole).

[0058] In some embodiments, the pharmaceutical formulation for topical application, such
as an ointment, cream, or paste, is provided in a container that is air-tight and moisture resistant

to prevent the formulation coming into inadvertent contact with air or moisture. In some
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embodiments, the formulation is provided in a container that is amber or black or opaque to prevent
light from affecting the stability of the mirtazapine. In some embodiments, some or all of the
manufacturing steps used to make the pharmaceutical formulation are conducted in the absence of
air (e.g., under nitrogen) to prevent degradation of the drug.

[0059] In various embodiments, the ointment composition has an odor that not unpleasant
to cats, as even a mild irritant in this regard will quickly make the cat resist (sensitize the cat to)
application of the ointment. In preferred embodiments for use with felines, the ointment is
odorless. In various such embodiments, the formulation does not comprise ethanol. Similarly,
preferred ointments for felines utilize excipients selected for being non-irritants, i.e, non-
inflammatory, because the cat’s pinna, the site of application to the feline in many embodiments,
is highly vascularized with very thin skin. Inflammation in that area might not only sensitize the
cat to application of the drug but even more seriously lead to undesirable alteration of the
absorption properties, preventing administration of therapeutically effective levels, and potentially
resulting in higher, undesired levels.

[0060] In some embodiments, the mirtazapine formulation comprises 20-80%, or 20-
70%, or 30-80%, or 30-70%, or 40-80%, or 40-70%, or 50-80%, or 50-70% of polyethylene
glycols. In some embodiments, the polyethylene glycols include one or more of polyethylene
glycol 400, polyethylene glycol 3350, polyethylene glycol 4000, polyethylene glycol 2000, or
polyethylene glycol 6000. In some embodiments, the polyethylene glycols include polyethylene
glycol 400. In some embodiments, the polyethylene glycols include polyethylene glycol 3350.
In some embodiments, the polyethylene glycols include polyethylene glycol 400 and
polyethylene glycol 3350. In some embodiments, the mirtazapine formulation comprises 20-
60% polyethylene glycol 400 and 10-50% polyethylene glycol 3350. In some embodiments, the
mirtazapine formulation comprises 30-50% polyethylene glycol 400 and 10-30% polyethylene
glycol 3350. In some embodiments, the mirtazapine formulation comprises 30-45%
polyethylene glycol 400 and 20-25% polyethylene glycol 3350.

[0061] In some embodiments, the mirtazapine formulation comprises 15-25% diethylene
glycol monoethyl ether (DGME). In some embodiments, the mirtazapine formulation comprises
5-10% PEG-8 caprylic/capric glycerides. In some embodiments, the mirtazapine formulation
comprises 3-8% oleyl alcohol. In some embodiments, the mirtazapine formulation comprises
0.5-3% polydimethylsiloxane fluid. In some embodiments, the mirtazapine formulation
comprises 1-4% Tapioca Starch Polymethylsilsequioxane (Dry Flo TS).

[0062] In some embodiments, the mirtazapine formulation does not comprise ethanol.

In some embodiments, the mirtazapine formulation does not comprise hydroxypropylcellulose.
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[0063] In some embodiments, the mirtazapine ointment, cream, or paste for topical
application is contained in an applicator device to allow small increments (e.g., 0.1, 0.2, or 0.5
mL) of product to be dispensed as the device is activated by the user. The increments of product
dispensed range from 0.05 to 0.3 mL, such as 0.1 mL, for use in cats and 0.1 to 2.0 mL, such as
0.5 mL, for use in dogs and the device allows for accurate and consistent dosing, which may be
important to avoid untoward effects secondary to high plasma concentrations, at least for some
animals. Such devices are known in the art for use with other drugs, particularly ointments for
human or animal topical application but have not been previously used to deliver mirtazapine to
animals in accordance with the methods described herein. In some embodiments, the “Twist-a-
Dose” applicator of Wedgewood Pharmacy
(http://www.wedgewoodpetrx.com/items/methimazole-prednisolone-twist-a-dose-transdermal-

gel. html) may be used. In addition, such devices, or other devices intended to administer only a
set quantity of ointment or other formulation, have the advantage of more accurate dosing and
otherwise limiting undesired contact with the drug (i.e., as could result from too much drug being
dispensed, for example, such that the veterinarian or other applicator, as well as the animal, have
excessive contact), and generally make administration simpler to use.

[0064] In other embodiments, however, simpler devices are readily and easily employed
in the methods provided herein. For example, the present disclosure provides containers
composed of an aluminum tube with a tapered aluminum tip to control dosing. In some
embodiments, this or a similar product is packaged in a carton box with product insert. In those
and in other embodiments, the container is typically labeled with product information, including
directions for use.

[0065] In various embodiments, treatment in accordance with this disclosure will increase
appetite as measured by an increase in the consumption of food in a given time period, or by weight
gain or management of weight loss of the animal. Methods of managing weight loss are provided,
for example, for animals (such as cats and dogs) that are losing weight due to age, illness, and the
like. Managing weight loss in such animals includes, for example, slowing the weight loss,
stopping the weight loss (such that a constant weight is achiever), and reversing the weight loss.
Such weight gain or management of weight loss will improve the quality of life and longevity of

the animal.
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EXAMPLES

[0066] Example 1. Demonstration of therapeutic efficacy of oral mirtazapine for the

stimulation of appetite in cats.

[0067] A measured portion of a 45 mg commercial tablet (Remeron®) of mirtazapine was
prepared by cutting and weighing and administered orally to four adult cats at a dosage of 0.5
mg/kg. In this demonstration, venous blood samples were taken at measured intervals to quantify
the amount of mirtazapine in the plasma. Food consumption and activity were measured. The
cats remained active and demonstrated no adverse effects from the treatment. Plasma
concentrations of mirtazapine following oral dosing are summarized in Figure I. Peak plasma
concentrations of mirtazapine were in the range of 50 to 150 ng/mL (mean 131), the peak
concentration occurred at 1 to 2 hours after dosing, the total drug exposure as measured as area
under the curve (“AUC”) was 250 to 750 (mean 507) h*ng/mL, and the half-life was 10 hours.
Food consumption during the study was determined by weight of food consumed, and is shown

in Figure 2.

[0068] Example 2. Demonstration of variable therapeutic efficacy of a topical

(transdermal) commercially available compounded formulation of mirtazapine for the

stimulation of appetite in cats.

[0069] A measured amount of a commercially available compounded mirtazapine
ointment (Wedgewood Pharmacy) to deliver a dosage of 0.5 mg/kg was applied onto the skin of
the inner (anterior) surface of the ear flap (pinna) of four cats, using the manufacturer’s applicator
and instructions (available in video form at www.youtube.com/watch?v=1R6CE5-WKQo).

[0070] The ointment was rubbed onto the surface of the pinna. Venous blood samples
were taken at measured intervals to quantify the amount of mirtazapine in the plasma. Food
consumption and activity were measured. The cats remained active and demonstrated no adverse
effects from the treatment. Plasma concentrations of mirtazapine following topical dosing are
summarized in Figure 3. Peak plasma concentrations of mirtazapine were in the range of 10 to
50 ng/mL (mean 30 ng/mL), the peak concentration occurred at 1 to 12 hours after dosing, the
total drug exposure (AUC) was 100 to 500 (mean 285) h*ng/mL, and the half-life was 15 hours.
As shown in Figure 3, plasma concentrations of mirtazapine were variable. Food consumption
was either unchanged or increased modestly and was quite variable among the treated cats as
shown in Figure 4. Although the commercial, compounded formulation results in peak
concentrations below those associated with toxicity, variability in plasma concentrations and

food consumption indicate incomplete transdermal absorption and would make dosing with this
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formulation inaccurate. Those of ordinary skill in the art will appreciate that the drug exposure
for this compounded transdermal formulation as measured by AUC is only about half that
obtained using dosing of the oral tablet, as described in Example 1 above.

Figure 4.

[0071] Example 3. Demonstration of therapeutic efficacy using ointments for topical

(transdermal) administration to stimulate appetite in cats.

[0072] Sets of ointment excipients believed to be compatible with the present objectives
were prepared and assessed for performance in certain methods provided herein. A variety of
formulations were assessed.

[0073] In vivo testing of the formulations typically involved applying a measured amount
of the ointment test formulation to deliver a dosage of 1.0 mg/kg to the skin of the inner (anterior)
surface of the animal’s ear flap (pinna). Unless otherwise indicated, four cats were tested for each
formulation. The indicated amount of the transdermal ointment was rubbed onto the surface of the
pinna by hand. The drug was absorbed through the skin into the systemic circulation. Venous
blood samples were taken at measured intervals to quantify the concentration of mirtazapine in
the animal’s plasma. Appetite and activity were also measured in the treated animals. In all tests
for which results are reported here, the cats were active and demonstrated no apparent adverse
effects from the treatment.

[0074] A. Assessment of Formulation L

[0075] The data below show a test of Formulation L in accordance with the above
protocol.  The results below showed that Formulation L had inadequate performance

characteristics. Formulation L has the composition shown in the following table:

[0076] Table 1 Composition of Formulation L

Ingredient Name % Function
(weight)
Mirtazapine, USP 4% API
Alcohol, 200 proof, USP 63.8% Solvent, Solubilizer,
Penetration enhancer

Hydroxypropylcellulose, NF 1.7% Rheology modifiers
Diethylene Glycol Monoethyl Ether | 19% Penetration enhancer;
(DGME), NF/EP Solubilizer
PEG-8 Caprylic/Capric Glycerides 6.5% Penetration enhancer;
(Labrasol®), NF Solubilizer
Oleyl Alcohol, NF 5% Solubilizer

[0077] The measured plasma concentrations of mirtazapine following topical dosing

with Formulation L are shown in Figure 5. Plasma concentrations were lower than seen with
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other formulations, such as, for example, with Formulation H (see below), or with the above-
described oral dosing (Figure 1), and are notably more variable than either.

[0078] For test Formulation L, peak plasma concentrations of mirtazapine were in the
range of 5 to 75 ng/mL (mean 25 ng/mL), the peak concentration occurred at 1 to 12 hours after
dosing, the total drug exposure as measured as area under the curve (AUC) is 75 to 750 (mean
280) h*ng/mL, and the half-life could not be calculated because of extreme variability. Appetite
was increased as manifested in increased food consumption as shown in Figure 6. Formulation
L results in markedly variable and undesirably lower total drug exposure than other formulations
herein, such as Formulation H, demonstrating the superiority of the other formulations over
Formulation L. These data clearly show that some transdermal formulations are more effective
than others in providing efficient transdermal dosing of mirtazapine.

[0079] B. Assessment of Other Transdermal Formulations

[0080] Further ointment formulations for transdermal administration of mirtazapine
were assessed. Briefly, the other formulations were made generally as follows (the specific steps
described are for Formulation T, below). A “PEG Phase” is prepared by the following steps:
PEG 400 NF and PEG 3350 NF are placed in a 1500 mL beaker and mixed with a standard blade
under nitrogen and heated to 60-70°C, and mixing is continued under nitrogen until the mixture
is visually uniform. Then, with continued mixing under nitrogen, the mixture is allowed to cool
to 40-50°C, at which point mixing is continued under nitrogen and at that temperature range
until the addition of the “Active Phase”, which is prepared as follows. In a 600 mL beaker,
Diethylene Glycol Monoethyl Ether NF, PEG-8 Caprylic-Capric Glycerides NF, and Oleyl
Alcohol NF are added and mixing begun under nitrogen with a standard blade. Mixing is
continued under nitrogen until the mixture is visually uniform, at which point mixing under
nitrogen is continued while Butylated Hydroxytoluene NF is added and mixed until visually
dissolved. With continued mixing under nitrogen, Mirtazapine USP is added and mixed until
visually dissolved. The resulting Active Phase is mixed with the PEG phase to form an ointment.
[0081] After an ointment made as generally described above was applied to a subject
animal’s pinna at the desired dosage level, plasma samples were typically taken for 144 hours to
quantify mirtazapine concentrations. Appetite and activity were measured in each treated animal.
In all tests for which results are reported here, the treated cats were active and demonstrated no
apparent adverse effects from the treatment.

[0082] A novel ointment form of mirtazapine with improved performance characteristics
is referred to herein as “Formulation H,” which is prepared generally as described above and

contains the ingredients listed in Table 2, below.
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[0083] Table 2 Composition of Formulation H
| Ingredient Name % (weight) Function
Mirtazapine, USP 4.00% API
Polyethylene Glycol 400, NF/EP 40.00% Bulking Agent
Polyethylene Glycol 3350, NF/EP 20.00% Bulking Agent
C12-15 Alcohols Lactate, USP 1.50% Spreading Agent
Di-ethylene Glycol Monoethyl Ether 19.00% Penetration
(DGME), NF/EP enhancer;
Solubilizer
PEG-8 Caprylic/Capric Glycerides 6.50% Penetration
(Labrasol®), NF enhancer;
Solubilizer
Oleyl Alcohol, NF 5.00% Solubilizer
Polydimethylsiloxane fluid (Q7-9120 1.50% Spreading Agent
Silicone Fluid 20 CST), USP
Aluminum Starch Octenylsuccinate (Dry 2.50% Spreading Agent
Flo AF)
[0084] Another ointment formulation containing less mirtazapine (2% instead of 4%) is

Formulation G, which has the following composition as set forth in Table 3.

[0085] Table 3 Composition of Formulation G
| Ingredient Name % (weight) Function
Mirtazapine, USP 2.00% API
Polyethylene Glycol 400, NF/EP 40.00% Bulking Agent
Polyethylene Glycol 3350, NF/EP 20.00% Bulking Agent
C12-15 Alcohols Lactate, USP 3.50% Spreading Agent
Di-ethylene Glycol Monoethyl Ether 19.00% Penetration
(DGME), NF/EP enhancer;
Solubilizer
PEG-8 Caprylic/Capric Glycerides 6.50% Penetration
(Labrasol®), NF enhancer;
Solubilizer
Oleyl Alcohol NF 5.00% Solubilizer
Polydimethylsiloxane fluid (Q7-9120 1.50% Spreading Agent
Silicone Fluid 20 CST), USP
Aluminum Starch Octenylsuccinate (Dry 2.50% Spreading Agent
Flo AF)
[0086] Another ointment formulation for transdermal administration of mirtazapine is

Formulation T, which contains 2% mirtazapine and the antioxidant butylated hydroxytoluene
(BHT) to prevent the oxidation of mirtazapine (formulation G may degrade over time, as
monitored in stability studies (conducted at 25°C and 40°C over 3 months)). In addition,
Formulation T has no C12-15 alcohols lactate. Formulations T and H are contrasted in Table 4,

below.
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[0087] Table 4 Composition of Formulations H and T
Formula H with 4% Active Formula T with 2% Active
Ingredient Name % Function Ingredient Name % Function
Weight Weight
Mirtazapine, USP 4.00 API Mirtazapine, USP 2.00 API
Polyethylene Glycol 400, 40.00 | Bulking Polyethylene Glycol 400, 42.01 | Bulking
NF/EP Agent NF/EP Agent
Polyethylene Glycol 3350, 20.00 | Bulking Polyethylene Glycol 3350, 21.48 | Bulking
NF/EP Agent NF/EP Agent
C12-15 Alcohols Lactate, 1.50 Spreading - - -
USP Agent
Diethylene Glycol 19.00 | Penetration | Diethylene Glycol 19.00 | Penetration
Monoethyl Ether (DGME), enhancer, Monoethyl Ether (DGME), enhancer,
NF/EP Solubilizer NF/EP Solubilizer
PEG-8 Caprylic/Capric 6.50 Penetration | PEG-8 Caprylic/Capric 6.50 Penetration
Glycerides (Labrasol®), enhancer; Glycerides (Labrasol®), enhancer;
NF Solubilizer NF Solubilizer
Oleyl Alcohol, USP 5.00 Solubilizer Oleyl Alcohol, USP 5.00 Solubilizer
Polydimethylsiloxane fluid 1.50 Spreading Polydimethylsiloxane fluid 1.50 Spreading
(Q7-9120 Silicone Fluid Agent (Q7-9120 Silicone Fluid Agent
20 CST), USP 20 CST), USP
Aluminum Starch 2.50 Spreading Aluminum Starch 2.50 Spreading
Octenylsuccinate (Dry Flo Agent Octenylsuccinate (Dry Flo Agent
AF) or AF) or
Tapioca Starch Tapioca Starch
Polymethylsilsequioxane Polymethylsilsequioxane
Dry Flo TS Dry Flo TS
- - - Butylated Hydroxytoluene 0.01 Antioxidant
(BHT), USP
Total = 100% Total = 100%

[0088] Formulation H with Dry Flo AF was tested in cats using a measured amount of the
ointment formulation H (Table 2) to deliver a dosage of 1.0 mg/kg through application onto the
skin of the inner (anterior) surface of the ear flap (pinna) of four cats, following the protocol set
forth above. Plasma concentrations of mirtazapine following topical dosing with Test
Formulation H are summarized in Figure 7. Peak plasma concentrations of mirtazapine using
Formulation H were in the range of 10 to 30 ng/mL (mean 22 ng/mL), the peak concentration
occurred at 1 to 24 hours after dosing, the total drug exposure as measured as area under the
curve (AUC) was 250 to 750 (mean 573) h*ng/mL, and the half-life was approximately 22 hours.
Importantly the rate of absorption and the rate of clearance of the drug was slower than both the
oral formulation dosing and the commercial compounded topical formulation. Plasma
concentrations were more consistent among cats than with the commercially available
compounded formulation. Peak concentrations were below those associated with toxicity. These
combined attributes make this formulation ideal for once daily dosing and for more consistent
absorption from the skin. Appetite was consistently increased as manifested in increased food

consumption as shown in Figure 8.
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[0089] Formulation H is therefore illustrative of a mirtazapine formulation suitable for
topical application. The volume of material applied may be between 0.05 and 0.3 mL per
application, for example and without limitation. The concentration of mirtazapine in the
formulation can range from about 2 to about 40 mg/mL, for example and without limitation.

[0090] Example 4. Demonstration of therapeutic efficacy of mirtazapine ointment for

the stimulation of appetite and weight gain in cats.

[0091] For Study A, twenty healthy laboratory cats were randomized to placebo ointment
(4 cats), Formulation G ointment (2%), or Formulation H (4%) ointment with Dry-Flo AF and
dosed topically on the pinna for 14 days. The dosage was 0.5 or 1.0 mg/kg applied once daily (8
cats per dosing group). For Study B, twenty healthy laboratory cats were randomized to no
ointment (4 cats) or Formulation T with Dry-Flo TS ointment (2%) and dosed topically on the
pinna for 14 days. The dosage was 0.5 or 2.0 mg/kg applied once daily (8 cats per dosing group).
Study B cats wore Elizabethan collars to prevent oral absorption of the ointment.

[0092] Body weight, daily food consumption, and mirtazapine plasma concentrations
were measured, and the results are shown in Table 5. Mirtazapine plasma levels show modest
drug accumulation as predicted from pharmacokinetic modelling, and were consistent and
predictable among cats dosed with the formulations. (Figures 9 and 10). Appetite as measured
by daily food consumption was increased during the 14 days of dosing. Increased weight gain
and food intake trends were seen in most cats dosed with mirtazapine ointment, but no such
changes were seen in the cats dosed with placebo (Table 5). No adverse reactions were observed.
Both formulations G and H provided such desirable trends.

[0093] Pharmacokinetic results of 14 day dosing are shown in Table 5. In Study A cats
did not wear collars that prevent oral absorption of ointment. In Study B cats wore Elizabethan
collars to prevent oral absorption. The results show similar PK parameters in the two studies,
demonstrating that mirtazapine is being absorbed transdermally when using the ointment

formulation described herein.

[0094] Table 5. PK Parameters following Multiple Doses of Topical Mirtazapine
Ointment?
Study A Topical Study B Topical
With Elizabethan Collar

Ointment Conc. 4% 2% 2% 2%

Dosage (mg/kg) 1.0 0.5 0.5 2.0

Cunax (ng/mL) 87 26 40 98

Tinax (h) 2 5 2 3
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Tiz (h) 32 22 21 28
AUCo (h*ng/mL) | 1446 556 614 1870
AUCo (h*ng/mL) | 875 358 400 1000
AUCo. (h*ng/mL) | 1489 577 647 2045
Cave (ng/mL) 37 15 16 47
1 Food Intake ++ ++ - ++
1 Body Weight ++ ++ ++ ++
[0095] 2 Values are the mean of eight cats
[0096] Example 5. Demonstration of therapeutic efficacy of mirtazapine for the

stimulation of weight gain in cats.

[0097] Client-owned adult cats with sub-optimal body condition score and a history of
weight loss were randomized to Formulation T with Dry-Flo TS or a placebo ointment identical
to Formulation T with Dry-Flo TS except for the absence of active drug. The dosage was 2.0
mg/kg applied once daily to the pinna. Cats were followed for 4 weeks, with weight
measurements taken on day 1, at two weeks and at four weeks. The primary comparison was
weight gain. As shown in Figure 11, cats treated with mirtazapine showed greater percent weight
gain compared to cats treated with placebo. At the week 2 timepoint, the percentage change in
body weight from baseline in placebo-treated cats was -1.65 (n=11), versus +3.25 (n=13) in the
mirtazapine-treated cats (p=0.0042). At the week 4 timepoint, the percentage change in body
weight from baseline in placebo-treated cats was +1.44 (n=11), versus +3.39 (n=11) in the
mirtazapine-treated cats (p=0.1361). Placebo cats that experienced considerable weight loss at
week 2 were dropped from the study, explaining the seemingly improved response in placebo-
dosed cats at the week 4 timepoint relative to the earlier timepoints.

[0098] Example 6. Container with mirtazapine ointment,

[0099] An exemplary, non-limiting container suitable for use with an ointment provided
herein is an aluminum tube with a tapered aluminum tip having an open end. One of ordinary
skill in the art will appreciate that a variety of simple configurations are possible (e.g., screw-on
cap, flip-top, etc.), the embodiment chosen for a particular application may vary. One
consideration is the size of the orifice from which the ointment will be extruded. For a 1.27 mm
orifice with a typical ointment provided herein, a dose measured in the form of a ribbon length
of 1.25 inch yielded about 0.04 g of material, and even a ribbon length twice that amount (2.5
inches) may not be sufficient for some therapeutic applications. For many therapeutic
applications, it may be desirable to use a tube with a larger orifice, e.g., one that will deliver, in
a 1.25-1.5 inch long ribbon, about 0.09- 0.1 mL on average. A nonlimiting exemplary orifice is
1.6-2 mm diameter, or about 1.8 mm.
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[00100] While an aluminum tube with a tapered open tip may be somewhat less protective
of the drug than other simple container types, stability data from a prototype formulation
(Formulation O, which is substantially similar to Formulation T but contains C12-15 Alcohols
Lactate; Table 6) shows that the presence of an anti-oxidant such as but not limited to BHT, is

sufficient to provide a suitable formulation.

[00101] Table 6: Formulation O
Formula O with 2% Active
Ingredient Name % Weight Function
Mirtazapine, USP 2.00 API
Polyethylene Glycol 400, NF/EP 40.00 Bulking Agent
Polyethylene Glycol 3350, NF/EP 20.00 Bulking Agent
C12-15 Alcohols Lactate, USP 3.49 Spreading Agent
Diethylene Glycol Monoethyl Ether 19.00 Penetration
(DGME), NF/EP enhancer,
Solubilizer
PEG-8 Caprylic/Capric Glycerides 6.50 Penetration
(Labrasol®), NF enhancer,;
Solubilizer
Oleyl Alcohol, USP 5.00 Solubilizer
Polydimethylsiloxane fluid (Q7-9120 1.50 Spreading Agent
Silicone Fluid 20 CST), USP
Aluminum Starch Octenylsuccinate 2.50 Spreading Agent
(D1y Flo AF) or
Tapioca Starch
Polymethylsilsequioxane Dry Flo TS
Butylated Hydroxytoluene (BHT), 0.01 Antioxidant
USP
Total = 100%
[00102] Formulations with longer shelf life by inclusion of a variety of additives and

container choices in accordance with the present disclosure are also provided, including (i) a
variety of sealable containers, including, but not limited to, those with screw on lids and sealed
single-use applicators, nitrogen blanket pouch containers, and the like, as well as (ii) by
formulation changes, increased or more potent anti-oxidants, for example. Ointment
manufacturing may also be conducted under nitrogen blanket to prevent degradation of the
mirtazapine.

[00103] Although the foregoing invention has been descried in some detail by way of
illustration and example for purposes of clarity of understanding, the descriptions and examples
should not be construed as limiting the scope of the invention. The disclosures of all patent and

scientific literature cited herein are expressly incorporated in their entirety by reference.
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CLAIMS
1. A pharmaceutical formulation for the treatment of anorexia and stimulation of
appetite and management of weight loss in dogs and cats said formulation comprising a

therapeutically effective dose of mirtazapine for topical administration by transdermal

absorption.

2. The pharmaceutical formulation of claim 1, wherein said formulation is an
ointment.

3. The pharmaceutical formulation of claim 1 or claim 2 wherein at least one

component of the formulation is a solubilizer.

4, The pharmaceutical formulation of any one of claims 1 to 3 wherein at least one
component is a penetration enhancer.

5. The pharmaceutical formulation of any one of claims 1 to 4 that comprises both
a penetration enhancer and solubilizer.

6. The pharmaceutical formulation of claim 5 that contains at least 25% by weight
of said mixture of penetration enhancer and solubilizer.

7. The pharmaceutical formulation of any one of claims 1 to 6, which is selected
from the group consisting of Formulation G, Formulation H incorporating Dry-Flo AF,
Formulation H incorporating Dry-Flo TS, Formulation O, Formulation T incorporating Dry-Flo
AF, and Formulation T incorporating Dry-Flo TS.

8. A method of applying the formulation of any one of claims 1 to 7 comprising
topically administering onto the skin of a dog or cat a dose of such formulation sufficient to
result in transdermal absorption of a therapeutically effective dose of mirtazapine from the
surface of the skin into the systemic circulation.

9. The method of claim 8 wherein the dosage of mirtazapine administered in a single
daily dose is in the range of 0.05 to 2 mg/kg of weight of the dog or cat to be treated.

10. The method of claim 8 or claim 9 wherein the ointment placed onto the skin is
applied in a volume of 0.05 to 5.0 ml per dose.

11.  The method of claim 8 wherein the dose administered is between 0.2 and 5 mg
per cat, or between 0.5 and 50 mg per dog.

12, The method of any one of claims 8 to 11, wherein the dosage form generally
provides peak blood plasma levels of mirtazapine in a range of 10 ng/ml to 150 ng/ml, or 10
ng/ml to 120 ng/ml, or 10 ng/ml to 100 ng/ml, or 10 ng/ml to 60 ng/ml, or 10 ng/ml to 30 ng/ml.

13.  The method of any one of claims 8 to 12, wherein the dosage form generally

provides blood plasma levels of mirtazapine of at least 10 ng/ml for at least 6 hours during the
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24 hour period immediately following application of the formulation to the pinna, or in a range
of 10 ng/ml to 30 ng/ml for at least 6 to 12 hours during the 24 hour period immediately following
application of the formulation to the pinna.

14, The method of any one of claims 8 to 13, wherein the dosage form generally
provides an AUC of mirtazapine in the range of 450 — 650 h*ng/ml per dose, or in the range of
300 to 1200 h*ng/ml in the 24 hour period immediately following application of the formulation
to the pinna, or in the range of 300 to 1000 h*ng/ml in the 24 hour period immediately following
application of the formulation to the pinna.

15. The method of any one of claims 8 to 14 wherein the said dog or cat is suffering
from anorexia, weight loss, decreased body condition score secondary to renal failure,
hepatopathy, the results of surgery, dental disease, neoplasia, old age, or other acute or chronic
condition.

16. The method of any one of claims 8 to 15 wherein the dose is applied once daily,
or every other day, or once weekly, or once every 2 weeks, or monthly.

17. The method of any one of claims 8 to 16 wherein the dose is applied for 1 week,
including for 2, 3, or 4 weeks, including for 2, 3, 4, 5 or 6 months.

18.  The pharmaceutical formulation of any one of claims 1 to 7 wherein the
formulation is provided in a container which protects the formulation from moisture, air, and/or
light.

19.  The pharmaceutical formulation of claim 18, wherein the container is a device
capable of dispensing a volume of drug product in a range of between 0.05 and 2.0 mL repeatedly
and consistently by activation of the device by the user.

20. A method of treating anorexia, stimulating appetite, and/or managing weight loss
in a dog or cat, comprising applying an ointment comprising a therapeutically effective dose of
mirtazapine for topical administration by transdermal absorption onto the skin of the dog or cat.

21. The method of claim 20, wherein the applying results in transdermal absorption
of a therapeutically effective dose of mirtazapine from the surface of the skin into the systemic
circulation.

22. The method of claim 20 or claim 21, wherein the dosage of mirtazapine
administered in a single daily dose is in the range of 0.05 to 2 mg/kg of weight of the dog or cat
to be treated.

23. The method of any one of claims 20 to 22, wherein the ointment is applied in a

volume of 0.05 to 2.0 ml per dose.
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24, The method of any one of claims 20 to 23, wherein the dose administered is
between 0.2 and 5 mg per cat, or between 0.5 and 50 mg per dog.

25. The method of any one of claims 20 to 24, wherein the ointment provides peak
blood plasma levels of mirtazapine in a range of 10 ng/ml to 150 ng/ml, or 10 ng/ml to 120
ng/ml, or 10 ng/ml to 100 ng/ml, or 10 ng/ml to 60 ng/ml, or 10 ng/ml to 30 ng/ml.

26.  The method of any one of claims 20 to 25, wherein the ointment provides blood
plasma levels of mirtazapine of at least 10 ng/ml for at least 6 hours during the 24 hour period
immediately following application of the formulation to the pinna, or in a range of 10 ng/ml to
30 ng/ml for at least 6 to 12 hours during the 24 hour period immediately following application
of the ointment to the skin.

27. The method of any one of claims 20 to 26, wherein the ointment is applied to the
pinna.

28. The method of any one of claims 20 to 27, wherein the ointment generally
provides an AUC of mirtazapine in the range of 450 — 650 h*ng/ml per dose, or in the range of
300 to 1200 h*ng/ml in the 24 hour period immediately following application of the formulation
to the pinna, or in the range of 300 to 1000 h*ng/ml in the 24 hour period immediately following

application of the formulation to the pinna.

29.  The method of any one of claims 20 to 28, wherein the ointment comprises a
solubilizer.
30.  The method of any one of claims 10 to 29, wherein the ointment comprises a

penetration enhancer.

31.  The method of any one of claims 20 to 30, wherein the ointment comprises a
penetration enhancer and solubilizer.

32.  The method of any one of claims 20 to 31, wherein the ointment contains at least
25% by weight total of penetration enhancer and solubilizer.

33. The method of claim 29, 31, or 32, wherein the solubilizer is selected from
DGME, Labrasol®, and oleyl alcohol.

34.  The method of any one of claims 30 to 33, wherein the penetration enhancer is
selected from Di-ethylene Glycol Monoethyl Ether (DGME) and PEG-8 Caprylic/Capric
Glycerides (Labrasol®).

35.  The method of any one of claims 20 to 32, wherein the ointment is selected from
the group consisting of Formulation G, Formulation H incorporating Dry-Flo AF, Formulation
H incorporating Dry-Flo TS, Formulation O, Formulation T incorporating Dry-Flo AF, and
Formulation T incorporating Dry-Flo TS.
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36. The pharmaceutical formulation of any one of claims 1 to 7, 18, and 19, wherein
the formulation comprises 20-80%, or 20-70%, or 30-80%, or 30-70%, or 40-80%, or 40-70%,
or 50-80%, or 50-70% of polyethylene glycols.

37. The pharmaceutical formulation of claim 36, wherein the polyethylene glycols
include one or more of polyethylene glycol 400, polyethylene glycol 3350, polyethylene glycol
4000, polyethylene glycol 2000, or polyethylene glycol 6000.

38. The pharmaceutical formulation of claim 37, wherein the polyethylene glycols
include polyethylene glycol 400.

39. The pharmaceutical formulation of claim 37 or claim 38, wherein the
polyethylene glycols include polyethylene glycol 3350.

40.  The pharmaceutical formulation of any one of claims 37 to 39, wherein the
polyethylene glycols include polyethylene glycol 400 and polyethylene glycol 3350.

41.  The pharmaceutical formulation of claim 40, wherein the formulation comprises
30-50% polyethylene glycol 400 and 10-30% polyethylene glycol 3350.

42, The pharmaceutical formulation of claim 41, wherein the formulation comprises
30-45% polyethylene glycol 400 and 20-25% polyethylene glycol 3350.

43, The pharmaceutical formulation of any one of claims 36 to 42, wherein the
formulation comprises 15-25% diethylene glycol monoethyl ether (DGME).

44, The pharmaceutical formulation of any one of claims 36 to 43, wherein the
formulation comprises 5-10% PEG-8 caprylic/capric glycerides.

45.  The pharmaceutical formulation of any one of claims 36 to 44, wherein the
formulation comprises 3-8% oleyl alcohol.

46.  The pharmaceutical formulation of any one of claims 36 to 45, wherein the
formulation comprises 0.5-3% polydimethylsiloxane fluid.

47.  The pharmaceutical formulation of any one of claims 36 to 46, wherein the
formulation comprises 1-4% Tapioca Starch Polymethylsilsequioxane (Dry Flo TS).

48.  The pharmaceutical formulation of any one of claims 36 to 47, wherein the
formulation does not comprise ethanol.

49.  The pharmaceutical formulation of any one of claims 36 to 48, wherein the
formulation does not comprise hydroxypropylcellulose.

50. The method of any one of claims 8 to 17 and 20 to 35, wherein the formulation
comprises 20-80%, or 20-70%, or 30-80%, or 30-70%, or 40-80%, or 40-70%, or 50-80%, or
50-70% of polyethylene glycols.
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51. The method of claim 50, wherein the polyethylene glycols include one or more
of polyethylene glycol 400, polyethylene glycol 3350, polyethylene glycol 4000, polyethylene
glycol 2000, or polyethylene glycol 6000.

52. The method of claim 51, wherein the polyethylene glycols include polyethylene
glycol 400.

53. The method of claim 50 or claim 51, wherein the polyethylene glycols include
polyethylene glycol 3350.

54, The method of any one of claims 50 to 52, wherein the polyethylene glycols
include polyethylene glycol 400 and polyethylene glycol 3350.

55. The method of claim 54, wherein the formulation comprises 30-50%
polyethylene glycol 400 and 10-30% polyethylene glycol 3350.

56. The method of claim 54, wherein the formulation comprises 30-45%
polyethylene glycol 400 and 20-25% polyethylene glycol 3350.

57.  The method of any one of claims 50 to 56, wherein the formulation comprises
15-25% diethylene glycol monoethyl ether (DGME).

58.  The method of any one of claims 50 to 57, wherein the formulation comprises 5-

10% PEG-8 caprylic/capric glycerides.

59.  The method of any one of claims 50 to 58, wherein the formulation comprises 3-
8% oleyl alcohol.
60.  The method of any one of claims 50 to 59, wherein the formulation comprises

0.5-3% polydimethylsiloxane fluid.

61.  The method of any one of claims 50 to 60, wherein the formulation comprises 1-
4% Tapioca Starch Polymethylsilsequioxane (Dry Flo TS).

62.  The method of any one of claims 50 to 61, wherein the formulation does not
comprise ethanol.

63.  The method of any one of claims 50 to 62, wherein the formulation does not

comprise hydroxypropylcellulose.
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