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TITLE

IMPROVED USE OF CANNABINOIDS IN THE TREATMENT OF EPILEPSY

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Patent Application No. 17/225,738 filed April
08, 2021, which claims priority to U.S. Provisional Application No. 63/114,194 filed
Wovember 16, 2020; U.S. Provisional Application No. 63/114,1381 filed November 16, 2020;
U.S. Provisional Application No. 63/147 453 filed February (9, 2021; U5, Provisional
Application No. 63/172,343 filed April 08, 2021, U.S. Provistonal Application No.
63/172,362 filed Apnil 08, 2021, U.S. Provisional Application No. 63/172.386 filed April 08,
2021; UK. Provisional Application No. 63/172,368 filed April 08, 2021, and U.S. Provisional
Application No. 63/180,193 filed April 27, 2021, which are gach incorporated herein by

reference in their entirety.

BACKGROUND OF THE INVENTION
TECHNICAL FIELD

The present disclosure relates {0 methods of treating epilepsy with a rapidly infusing
composition formulated with cannabidiol (CBD), cannabinods or a derivative/analog thereof

as the active therapeutic ingredient (AT,

DESCRIPTION OF THE RELATED ART

The “background™ description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named mventors, to the extent
it is described in this background section, as well as aspects of the description which may not
otherwise qualify as prior art at the time of filing, are neither expressly or impliadly admitied

as prior art againsi the present invention.
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Epilepsy, or seizure disorder, is a chronic neurological condition characterized by
recurrent seizures that begin in the brain and are associated with excessive or abnormal
synchronization of neural activity. It has been estimated that about 1% of the population, or
upwards of 65 million individuals worldwide, saffer from some form of epilepsy. While
therapeutic intervention with fraditional antiepileptic drugs (AEDs) remains a viable
approach for a sigmficant number of patients with epilepsy, approxamaltely 25-30% of
epilepsy patients remain intractable to currert anticonvulsant freatment, and as such are
termed as suffering from “drug resistant epilepsy” (DRE). DRE 1s thought to develop
following an iratial seizure event early 1o hife, such as a febrile seizure or status epilepticus,
with this setrure activity leading to neuronal cell death and subsequent epileptogenesis that
causes the development of pharmaco-resistance. Lennox-Gastaut syndrome and Dravet
syndrome are exarples of life-long epilepsy disorders that begin in early childhood. Drug
resistant seizures are a hallmark of these syndromes, which are ofien frequent, prolonged, and
severe.

Eptdiclex® is currently the only FDA-approved drug containing cannabidiol {CBD)
as the aciive ingredient. CBD is formmulated in an oral higuid dosage form with inactive
mgredients dehydrated alcohol, sesame oil, strawberry flavor, and sucralose for the treatment
of epilepsy, specifically for the treatment of seizures associated with Lennox-(astaut
svndrome, Dravet syndrome, or Tuberous Sclerosis Complex.

However, the oral iquid dosage administration of Epidiolex® suffers from a number
of disadvantages. For example, treatment with Epidiolex® requires extremely high doses of

CBD, with the FDA-approved recormmmended dosages of CBD being in the range of 5
mg/kg/day to 25 mglkg/day, divided between two daily doses. These extremely high doses

are an unavoidable consequence of oral hquud admunistration, which results in low

bicavailability and inconsistent levels of CBD m systemic circulation. Specifically, drugs
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taken by mouth and swaliowed are absorbed first into the blood perfusing the gastrointestinal
(G tract. The venous drainage from the GI tract is info the blood perfusing the hver, and
thus drogs absorbed from the humen of the Gl tract are imnediately presented (o the hver —
the major detoxifving organ of the body — whereby the drugs are metabolized and then
retumned to the left side of the heart via the hepatic portal ven and sent into systemic
circulation. This first pass metabolism through the liver mayv result in the removal of a
substantial poriion of an ingested drug and 1s more pronounced for some drugs than others; in
the case of cannabinoids such as CBD, extensive first pass metabolism provides a paltry
hoavailability of only about 6 to 11% when ingested orally. This bioavailability is further
affected by whether the subject is tn a “Tasted” or a “fed” state and even the conient of the
meal for subjecis in the “fed” state.

Another disadvantage associated with medications administered thorough oral higud
dosing is inaccurate dosing. To use FEpidiolex®, subjects are instructed to fill a 5 mkL oral
syringe with the required dosage of the oral solution and then to squirt the contents into the
mouth. It is recommended to direct the medication agamst the inside of the cheek because
directing the medication towards the back of the mouth mayv cause choking. Since each mb of
Epidiolex® contains 100 mg of CBD, the instructions recognire that many patients will
require greater than 5 mb of oral solution durning each of the two daily dosing events to reach
the recommended dosage amount, requiring muliiple loadings and dispensings of the oral
syringe. Anv inaccuracy 1 each of the muttiiple, daily oral svringe loadings and dispensings
can result in large variations i the amount of CBDY dosed. This process is not only
inaccurate, it is cumnbersome and generally unpleasant for the patient, particular given that
many of the patients will be children, who can be as voung as two-vears old. Additionally,
the otly and foul taste of CBD exacerbates the unpleasant user experience and can result o

poor patient comphiance when adoumstered orally.
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Yet another disadvantage of the oral liguid dosage adnunistration of Epidiolex® is the
adverse reactions associated with consuming voluminous amounts of the hquid carrier,
specifically sesame oil, needed to meet the hugh daily dosing requurerents of CBIDY (5
mg/kg/day to 25 mglkg/day). As aresult, taking Epidiolex® is known o cause
gastrointestinal ailmenis sach as diarthea, decrease weight, gastroenieritis, decreased appetite,
and abdominal pain/discomfort.

In view of the foregoing, there exists a need for new epilepsy treatment roethods
based on dosage forms which are bioavailable, are easy to administer, provide for accurale

dosing, mintnmize adverse reactions, and result i high levels of patient compliance.

SUMMARY OF THE INVENTION

In U.8. provisional application 63/114,194 and U.S. non-provisional application
17/225,738~each incorporated herein by reference in its entirety, the instant inventors
described a rapidly infusing composition containing cannabidiol (CBDjora
derivative/analog thereof as the active therapeutic ingredient {(ATI) and corresponding
methods for treating pain using that composition. The inventive raptdly infusing composition
provides numerous benefits compared to traditional modes of dosing CBD, such as the oral
liquid dosing required with Epidiolex®, including, but not innted to: higher bicavailability;
more rapid uptake; more accurate dosing; greater convenience; fewer side effects; and
superior patient compliance.

As described in more detail below, the Rapid Tnfusion Technology™ {(RiTe) platform
formulated with CBD, cannabinoids or a denvative/analog thereof, enables rapid infusion of
CBD or a derivative/analog thereof into svstemie circulation via the oral mucosa while
bypassing the G tract and hepatic first pass metabolism, and provides for the first time a

consisient, repeatable mecharisto for the treatment of epilepsy 10 a bicavaiiable wit dosage
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form for accurate dosing, easy administration, smaller dosages, reduced side effects, and high
levels of patient compliance.

Thus, the present invention provides:

{1} A method of treating eptlepsy in a subject, comprising:

admunisiering {0 the subject in need thereof, via the oral mucosa, a rapidly infusing
composition comprising (a) a pharmaceutically acceptable binder and/or excipient system
comprising gelatin and a sugar alcohol, and (b} a therapeutically effective amount of

cannabidiol {CBD) or a denvative/analog thersof

{2} The method of (1), wherem the rapidly infusing coroposttion 1s lvophilized.

(3} The method of (1} or (2}, wherein the rapidly infusing composition has a
disintegration time of approximately 1 to 30 seconds in deionized water maintained at 37° €

+2°(,

{4) The method of anv one of {1) to (3), wherein the rapidly infusing composition has
a disintegration time of approximately 1 {0 5 seconds in deionized water maintained at 37° €

£20C

(5} The method of any one of (1) to (4), wherein the gelaiin is present in the rapidly
mfusing composition in an amount of 10 to 35 wit.%, based on a total weight of the rapidly

infusing composition on a dry basis.

{6} The method of any one of (1) to (8), wherein the gelatin 15 bovine gelatin,
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(7) The method of anv one of {1) to (6), wherein the sugar alcohol is present in the
rapidly infusing composition in an amount of 5 1o 35 wt.%, based on a total weight of the

rapidly infusing composition on a dry basis.

{(8) The method of any one of (1) to (7), wherein the sugar alcohol comprises

mannitol

{9} The method of any one of (1) 1o (), wherein the CBD or derivative/analog thereof
is present in the rapidly infusing composition 1o an amount of 20 to 70 wt. %, based on a total

weight of the rapudly infusing composition on a dry basis.

(10) The method of any one of (1) to (9), wherein the rapidly infusing composition s

formulated with a solid form of the CBD.

{11} The method of any one of (1} to (10}, wherein the rapidly infusing composition is

formulated with a solid form of the CBD having a purity between 95 and 99.9 wt.%.

{12) The method of any one of {1} to (11}, wherein the rapidly infusing composiiion is

formulated with a solid form of the CBD that has been micronized to have a D30 diameter

between T and 50 um.

{13} The method of any one of (1) to (9), wherein the rapidly infusing compostiion is

formulated with a CBD derivative/analog.

G
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{14) The method of {13}, wherein the CBD denivative/analog is cannabidiolic acid

methyl ester.

{153 The method of any one of (1} to {14}, wherein the rapidly mfusing composition
further comprises ait least one selected from the group consisting of a sweetener, a flavorant,

and a colorant.

{163 The method of (13), wheremn the rapidly infusing composition comprises the

flavoraot, and the flavorant comprises lernon-lime favor

{17} The method of (15) or (16}, wherain the rapidly infusing composition comprises

the colorant, and the colorant comprises FD&C Yellow #5.

{18} The method of any one of {15} to (17}, wherein the rapidly infusing composition
comprises the sweetener, and the sweetener comprises a nixture of sucralose and acesulfame-

K.

{19) The method of any one of {1} to (18), wherein the rapidly infusing composiiion is

admuinistered {o the subject via the buccal mucosa.

{20} The method of any one of (1} to (19}, wherain the therapeutically effective

amount of CBD or denvative/analog thereof ts from 0.1 mg/kg/day to less than 5 mg/kg/day.

(21} The method of any one of (1) to (20}, wherein the rapidly infusing composition is

admnistered o the subject 1 to 3 tumes per day.
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22} The method of any one of (1) to (21}, wherein the subject presenis with focal

onaet serzures,

{23} The method of any one of (1) to (21), wherein the subject presents with

generalized onset seizures.

{24) The method of any one of (1) to (21}, wherein the subject presents with both

generalized onset and {ocal onset seizures.

{25} The method of any one of (1} to (24}, wherein the epilepsy is childhood epilepsy.

{26} The method of (23), wherein the subject has Dravet Syndrome, myoclonic-
absence epilepsy, Lennox-Gastaut syndrome, generalized epilepsy of unknown origin,
CDKLS deficiency disease, PCDH19-epilepsy, continuous spikes and waves during sleep
{C5WS), elecincal status epilepticus during slow-wave sieep (ESES) epilepsy, Atcardi
svndrome, Ghiahara syndrome, bilateral polymicrogyvria, DuplSq syndrome, SNAPZ3-
associated epilepsy, febrile infection related epilepsy syndrome (FIRES), benign rolandic
epilepsy. juvenile myoclonic epilepsy, Doose syndrome, infantile spasm {(West syndrome}, or

Landau-Kleffner syndrome.

{27} The method of any one of (1) to (24), wherein the epilepsy is drug resistant

epilepsy.
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(28) The method of (27), wherein the subject has Dravet syndrome, Lennox-Gastaut

treatment-resistant adult focal epilepsy (TRAFE), or PCDH19-epilepsy.

{29} The method of any one of {1} to (24), wherein the subject presents with atonic

sedzures.

{30) The method of (29}, wherein the subject has Lennox-Gastaut syndrome, tuberous
sclerosis complex, Dravet syndrome, Doose syndrome, Aicardi syndrome, CDKL3S

deficiency, or Dupl 5g syndrome.

(31) The method of any one of (1) to {24), wherein the subject has Lennox-Gastaut

syndrome, Dravet syndrome, or tuberous sclerosis complex,

{32} The method of any one of {1} to {31}, wherein a total convulsive frequency of the
subject is reduced by at least S0%, relative to the total convulsive frequency observed prior to

administration of the rapidly infusing composition.

{33} The method of any one of (1} to {32}, wherein a total convulsive frequency of the
subject is reduced by at least 70%, relative to the fotal convulsive frequency observed prior to

admanistration of the rapidly infusing composition.

{34} The method of any one of (1} to {33}, wherein the rapidly infusing composition 15

adovimistered in combination with an antiepileptic drug.
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{(35) The method of (34), wherein the antiepileptic drug is at least one sefected from
the group consisting of phenobarbital, eslicarbazepine, ethosuximide, everolimus, tiagabine,
acetazolamide, brivaracetam, cenobamate, clorazepate, lorazepam, methsuximide, primadone,
diazepam, divalproex, felbamate, fenfluramine, carbamazepine, oxcarbazepine, lacosamide,
vigabatrin, gabapentin, lamoingine, pregabalin, baclofen, phenytoin, valproic acid or its salts

such as sodium valproate, topiramate, zonisamide, levetivacetam, clonazepam, rafinammde,

stitipentol, peraropanel, and fosphenvtoin

DETAILED DESCRIPTION OF THE INVENTION
In the following description, it is understood that other ernbodiments may be utilized
and structural and operational changes may be made withowt departure from the scope of the

present embodiments disclosed herein.

Defirutions

As used herein, the terms “compound” and “product” are used interchangeably, and
are intended to refer {0 a chemical entity, whether in the solid, liquid or gasesus phase, and
whether in a crude mixture or purified and isolated. Throughout the specification and the
appended claims, a given chemical formula or name shall encompass all stereo and optical
isomers and racemates thereof where such isomers exist. Unless otherwise indicated, all
chiral (enantiomeric and diastersomeric) and racemic forms are within the scope of the
disclosure. Many geometric isomers of C=C double bonds, C=N double bonds, ring systems,
and the like can also be present, and all sach stable isomers are contemplated mn the present
disclosure. Cis~ and trans- (or E~ and Z-) geometric isomers, when present, may be isolated as
a rmxture of 1somers or as separated isomeric forms. Compounds referenced 1o the disclosure

can be isolated 1 optically active or racemic forms. Optically active forms may be prepared
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by resolution of racemic forms or by synthesis from optically active starting materials. All
processes used to prepare these compounds and intermediates made therein are considered to
be part of the present disclosure. When enantiomeric or diastereomeric products are prepared,
they may be separated by conventional methods, for example, by chromatography, fractional
crystallization, or through the use of a chiral agent. Depending on the process conditions, the
end products referenced in the present disclosure are obtained either in free (neutral} or sall
form. Both the free form and the saits of these end products are within the scope of the
disclosure. If so desired, one form of a compound roay be converted into another form. A free
base or acid mav be converted nto a salt; a salt may be converted into the free compound or
another salt; a mixture of 1soroeric compounds may be separated into the individual isomers.
Compounds referenced in the present disclosure, free form and salis thereof, may exist in
nmltiple tautomeric forms, in which hydrogen atoms are transposad to other parts of the
molacules and the chemical bonds between the atoms of the molecules are consequently
rearranged. It should be understood that all tawtomeric forms, insofar as they may exist, are
included within the disclosure. Further, a given chemical formula or name shall encompass
all conformers, rotamers, or conformational 1somers thereofl where such isomers exast.
Dnfferent conformations can have different energies, can usually interconvert, and are very
rarely isolatabie. There are some molecules that can be isolated in several conformations. For
example, atropisomers arg isomers resulting from hindered rotation about single bonds where
the steric strain barrier to rotation 15 ligh enough to allow for the isolation of the conformers.
I should be understood that all conformers, rotamers, or conformational isomer forms,
insofar as they may exist, are included within the present discloswure.

As used herein, the term “solvate” refers to a physical association of a referenced
compound with one or more solvent molecules, whether organic or inorganic. Thas physical

association includes hydrogen bonding. In certain instances, the solvate will be capable of

1i
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isolation, for example when one or more solveni molecules are incorporated in the crystal
lattice of the crystalline solid. The solvent molecules in the solvale may be presentin a
regular arrangement and/or a non-ordered arrangement. The solvate may comprise either a
stoichiometric or nonstoichiometric amount of the solvent molecules. Solvate encompasses
both schution phase and isolable solvates. Exemplary solvent molecules which may form the
solvate include, but are not imited to, water, methanol, ethanol, n-propanol, isopropanol, -
butanol, 1sobutanol, tert-butanol, ethyl acetate and other lower alkanols, glycern, aceione,
dichloromethane (DCM), dimethy! sulfoxade (DMSO), diroethyl acetate (DMA),
dimethyformarode (DMF), isopropyi ether, acetonttrile, toluene, N-methylpyrrolidone
(NMP)}, tetrahydrofuran (THF), tetrahydropyran, other cvchic mono-, di~ and tri~ethers,
polvalkylene glycols {e.g., polvethviene glveol, polypropyiene glyveol, propviens glveol), and
mixtures thereof in suitable proportions. Exemplary solvates include. but are not hinuted to,
hydrates, ethanolates, methanolates, isopropanoclates and mixtures thereof. Methods of
solvation are generally known 1o those of ordinary skill in the art.

The phrase “pharmaceutically acceptable”™ s employved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings without
excessive toxicily, wrritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/nisk ratio.

As used herein, “pharmaceutically acceptable salt” refers to derivatives of the
disclosed compounds wherein the parent compound 1s modified by making acid or base salts
thereof. Exarnples of pharmaceutically acceptable salis inchude, but are not limited to, mineral
or organic acid salts of basic groups such as amines; and alkali or organic salts of acidic
groups such as carboxylic acids and phenols. The pharmaceutically acceptable salts include

the conventional non-toxic salts or the quaternary amunoniur salts of the parent compound

12
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formed, for example, from non-toxic inorganic or organic acids. For example, such
conventional non-toxic salts include those derived from inorganic acids such as hvdrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric, and nitric; and the salts prepared from organic
acids such as acetic, propionic, suceinic, giveohe, stearic, lactic, malic, tartaric, citric,
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic,

sul fanitic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonie, ethane disulfonic,
osalic, and isethiorue, and the like. The pharmaceutically acceptable salts of the present
disclosure can be svothesized {rom the parent compound that contains a basic or acidic
moiety by conventional chemical methods. Generally, such salls can be prepared by reacting
the free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a muxture of the two;
generally, non- aqueous media like ether, ethvl acetate, ethanol, 1sopropancl, or acetonitrile
are preferred. Lists of suitable salts are found m Remington’s Pharmaceutical Sciences, 18&th
Edition, Mack Publishing Company, Easton, Pa. {1990}—which is incorporated herem by
reference in iis endirety.

When referencing a particular composttion/maierial, the phrase “consists essentially
of 7, means that the particular composition/maierial may include minor amounts of impurities
so fong as those impurities do not affect the basic and novel property of the invention—the
ability 1o treat epilepsy.

As used herein, the terms “optional” or “optionally” means that the subsequently
described event{s) can or cannot ocour or the subsequently described component(s) may or
may not be present {e.g., 0 wt.%).

As used herein, the terms “treat”, “reatment”, and “treating” in the contexi of the
adovimistration of a therapy {o a subject in need thereof refers to the reduction or amebioration

of severity of symptoms of the condition being treated; reduction of duration of symptoms of
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the condition being treated; reduction, inhibition, slowing, or arresting of the progression of
svmpioms associated with the condition: reduction of frequency of symptoms of the
condition being treated; elimination of symptoms and/or underlying cause of the condition;
prevention of the occurrence of symptoms of the condition, for example in a subject that may
be predisposed to the condition but does not yet experience or exhibit symptoms of the
condition; improvement or remediation or amelioration of damage following a condition, for
example improving, remediating, or arnehorating neurological darnage or other physical
damage associated with epileptic seizures; and/or causing regression of the condition.

As used herein, “seizure freedom” i defined as freedom from all types of setzures for
12 months or longer or three fimes the premntervention inderseizure interval, whichever is
fonger. With continued and sustained seizure freedom, the subject’s epilepsy may be
constdered to be “resolved”—the subject has remained seizure-free for the past 10 vears,
while taking no seizure medication for the last 5 vears.

As used herein, “drug resistant epilepsy” {DRE), 1s defined as epilepsy that does not
achieve sustained seizure freedom status after adequate trials of two tolerated and
appropriately chosen and used AED schedules (whether as monotherapies or in combination),
per the International League Against Eptlepsy (ILAE) guidance, see Kwan ¢t al. Definition of
drug resistant epilepsy: Consensus proposal by the ad hoc Task Force of the ILAE
Commission on Therapeutic Strategies, 2610, Epilepsia, 51{63:.1069-1077.

The term “subject” and “patient” are used interchangeably. As used herein, they refer
to any subject for whom or which therapy is desired. In most embodiments, the subjectis a
human,

The terms “admimster”, “adminmstening”, “administration”, and the like, as used

herein, refer to the methods that mav be used to enable delivery of the active therapeutic

14
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ingredient {ATI} to the desired site of biclogical action. Routes or modes of administration
are as set forth herein.

The term “Rapid Infusion Technology™ (RiTe} platform™ or “rapidly infusing
compostiion”, as used herein means a solid dosage form containing medicinal substances that
disinlegrates rapidly in the oral cavity (when contacted with saliva) with no need for chewing
or drinking/swallowing lquids {e. g, water, liquid carriers, saliva, efc.} 1o ingest these
medicinal substances, with an iin-virro distntegration tiroe of 30 second or less according to
the United States Pharmoacopeia (USP) <701> Disintegration Test. The disclosed rapdly
fusing compositions are thus a different dosage form than, for example, a chewable tablet, a
lozenge intended to be dissolved slowly m the mouth, an orally disintegrating filro or tablet
designed to be dissolved/disintegrated in the mouth and swallowed {also called
“orodispersible”™ formulations), a tablet that should be swallowad whole with food or iquid,
oral liquid dosage forms, or any other oral dosage form designed for absorption from the Gl
{ract.

The dosage amownt and treatment duration are dependent on factors, such as
bipavailability of a drug, administration mode, toxicity of a drug, gender, age, lifestyle, body
weight, the use of other drugs and dietary supplements, the disease stage, tolerance and
resistance of the body to the administered drug, etc., and then determined and adjusted
accordingly. The terms “effective amount” or “therapeutically effective amount” refer to a
sufficient amowunt of an active therapeutic ingredient (ATY) being administered which
provides the desired therapeutic or physiological effect or outcome, for example, the amount
of ATT sufficient {or reducing convulsive seizure frequency or elimination of epileptic
seizures altogether. The result can be a reduction and/or alleviation of the signs, symptoms, or
causes of a disease, or any other desired alteration of a biclogical system. Undesirable effects,

e.g. side effects, are sometimes manifested along with the desired therapeutic effect; hence, a

o
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practitioner balances the potential benefits against the potential risks in determining what 13
an appropriate “effective amount”™ The exact amount required will vary from subject to
subject, depending on the age and general condifion of the subject, mode of admimistration,
and the hike. An appropnate “effective amount”™ in anv individual case may be determined by
one of ordinary skill in the art using only routine experimentation, for example through the

use of dose escalation studies.

Rapid Infusion Technology™ (RiTe) Platform

The present disclosure provides a therapeutic formulation presented in the formof a
rapidly nfusing coraposiiion which s suitable for admirustration of lipophilic active
therapeutic ingredients {ATls) such as cannahdiol (CBD) via a non-gastric mucosal surface.
As described in more detail below, the novel delivery platform allows otherwise difficult to
formulate ATls—such as (B0 be presented in unit dosage form for accurate dosing and
m an easy-to-take format for high levels of patient comphiance. For example, the rapdly
infusing composition may be presented in tablet form and packaged in individual blister
uniis.

In particular, the rapidly infusing composition enables oral mucosal administration of
lipophilic ATls in a solid dosage form directly into systemic circulation via the sublingual
mucosa or the buccal mucosa and avoidance of first pass metabolism. The rapidly infusing
composition thus presents lipophilic ATIs such as CBD {which may otherwise be susceptible
to extensive first pass mwetabolism} in a highly biocavailable dosage form, typically with a
bioavailabibity of ai least 50%, preferably at least 55%, preferably at least 60%, preferably at
least 65%, preferably at least 70%, preferably at least 75%, preferably atl least 80%,
preterably at least 859, preferably at least 90%, and up to 99%, preferably up to 98%,

preferably up to 96%, preferably up (o 95%, preferably up 1o 92%. Such hugh bioavailability
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allows the dosage amount of ATI 1o be reduced, whilst maintaining the same
pharmacological effect. For example, the RITe™ platform allows CBD or its
derivatives/analogs to be dosed in an amount of under 5 mg/kg/day for the treatment of
epilepsy.

Additionally, the rapidly mfusing composition enables a defined dose of ATT to be
absorbed via the oral mucosae, prior to the gastrnic mucosa, thereby presenting a defined and
consistent level of ATI wnto systeroie circulation for consistent and reliable pharmacological
effects. Consistency in pharmacological effects helps to iroprove patient adherence dunng
treatment. The aforementioned hugh levels of bioavailability may be consistently achieved
because the RITe™ platform reduces the tendency for enteral oral admunisiration through
voluntary or involuntary swallowing by shortening the residence time the ATT spends m the
oral cavity. Any amount of ATl (e g, CBD) that is swallowed would be subject to first-pass
metabolism and thus overall lower bioavailability. Swallowing further results in greater
variability in the effective amount of dosing, as a result of variability in the amount
swallowed and the greater subject variability of bicavailability through first-pass metabolism
for the amount swallowed.

Administration may be carried ouwt by simply placing the rapidly infusing composition
directly in the buccal cavity {(between the cheek and gum) or over the sublingual mucous
gland (under the ventral surface of the tongue). Preferred rapidly infusing compositions are
those which are lyophilized products formulated for rapid disintegration when placed in such
an oral environment for rapid release of the ATL The rapidly infusing compositions of the
present disclosure way have a disintegration time of from approximately 1 second to 30
seconds or less, preferably 25 seconds or less, preferably 20 seconds or less, preferably 15
seconds or less, preferably 10 seconds or less, preferably 5 seconds or less, preferably 3

seconds or less, according to the United States Pharmacopeia (USP) <701> Dismtegration
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Test performed in deionized water maintained at 37° € £ 2° In particular, preferred rapidly
infusing compositions are those formulated for oral disintegration in 5 seconds or less,
preferably 4 seconds or less, preferably 3 seconds or less, preferably 2 seconds or less,
preferably in approximately 1 second, according to the United States Pharmacopeia (USP)
<701> Disintegration Test performed in deionized water mamntained at 37°C £ 2° A
disintegration profile no higher than the above-mentioned upper limit when in intimate
contact with a non-gastric mucosal surface provides for rapid absorption of the ATY and short
onset times to therapeutic relief

The easv-to-take oral mucosal dosage formo presented herein is a vast iaproverent
over the cumbersorne and generally unpleasant oral hiquid dosage form of Epidiolex®, which
as discussed heretofore, 1s known to cause gastrointestinal side effects and often requires
nmltiple loadings and dispensings of the oral svringe to meet the prescribed high dosages—a
particular concern given that a large percent of the patient population receiving Epidiolex®
will be children, some as young as two-vears old. In contrast, adminisiration of the rapidly
mfusing composition of the present disclosure is eagy, one simply “takes it and it's gone,”
with no need for swaliowing, thus offering improved patient compliance whether self-
administered or adminisiered by a healthcare provider, a care-taker, etc.

Patient compliance may also be improved in terms of temporary abstinence from
swallowing, which is often triggered when a patient is presented with foul-tasting oral
medications. Aoy issues related to foul taste may be minimized with the above rapid
disintegration times, which reduces the tendency for enterval oral admimistration through
voluntary or involuntary swallowing, and as a result, the aforementioned high levels of
bicavailability may be achieved.

The rapid disintegration profile disclosed herein, coupled with the direct mtroduction

of the AT into systenue circulation through the sublingual mucosa or the buccal mucosa,
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preferably through the buccal mucosa, provides a rapid onset of therapeutic effect. For
example, the rapidly miusing composition may provide the desired rehef from epileptic
seizare eptsodes in (has an onset time of) under 15 mumutes, preferably under 10 minutes,
preferably under S minutes, preferably under 4 minutes, preferably under 3 minutes,
preferably under 2 minutes, preferably under 1 minute, preferably under 45 seconds,
preferably under 30 seconds, preferably under 20 seconds, preferably under 10 seconds,
preterably approximately 5 seconds. Such short onset times are superior to those which can
be obtained with traditional oral dosage forms such as tablets taken with food or iquds,
higuid dosage forms, as well as orodispersible dosage forms dissolved by mouth and then
swallowed.

The rapidly infusing composition herein generallv contains (a) a pharmaceutically
acceptable binder and/or excipient system that includes gelatin and a sugar alcohol e g,
mammitol, and optionally one or more of a sweetener, a flavorant, and a colorant; and (b} a
therapeutically effective amount of an active therapeutic ingredient such as cannabidiol

{({CBD) or a pharmaceutically acceptable derivative/analog, salt, or solvate thereof

Pharmaceutically acceptable carrier and/or excipient system

Carriers and/or excipients are ingredients which do not provide a therapeutic effect
themselves, but which are designed o interact with, and enhance the properties of, the active
therapeutic ingredient. In particolar, carriers and/or excipients may act as a vehicle for
transporting the active therapeutic ingredient from one organ, or portion of the body, 1o
another organ, or portion of the body. The selection of appropriate carrier/excipient
mgredients may impact the solubility, distribution, release profile/kingtics, absorption, sergm
stability, therapeutic onset time, and ultimately the efficacy of the ATE as well as the shel{-

lifs, dosage forms, and processability of the drug product. Each ingredient in the
E o) J £
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pharmaceutically accepiable carrier and/or excipient system must be “pharmaceutically
acceptable” in the sense of being compatible with the other ingredients of the rapidly nfusing
composition and not injurious to the patient.

In light of the above, particular preference is given herein to pharmaceuntically
acceptable carrier and/or excipient systems which include gelatin and a sugar alcohol (e,
mannitoh).

Gelatin 1s to be mcluded in the pharmaceutically acceptable carmier and/or excipient
svstem in order to effect mairix formation n the lvophilized product, 1.e., gelatin may act
primardy as a matrx former. Durning manufacture of the rapidly mfusing compostition,
tvophilization from an aqueous suspension results in the removal of water thereby leaving
hehind a gelatin matnix/scaffolding upon which the ATI can be evenly dispersed or
suspended. 1t has been found that gelatin has a propensity to establish a stable matrix in
fyophilized form, vet allow for rapid disintegration when brought into contact with the
aqueous oral environment, thereby providing efficient transfer of the ATI from the
hydrophilic vehicle to the oral mucosa. In this regard, mammalian gelatins such as bovine
gelatin and porcine gelatin are preferred, with bovine gelatin being particularly preferred. In
some embodiments, the rapidly infusing composition does not contain fish gelatin.

The amount of gelatin used mayv be varied. Generally, gelatin may be present in the
rapidly infusing composition in an amount of at least 10 wt. %, preferably at least 12 wt.%,
preferably at east 14 wi.%, preferably at least 16 wi.%, preferably at least 18 wt %,
preferably at least 20 wit. %, preferably at least 22 wt %, and up to 30 wt.%, preferably up to
45 wi.%, preferably up to 40 wi.%, preferably up to 35 wt %, preferably up to 32 wi %,
preferably up to 30 wi.%, preferably up to 28 wt.%, preferably up to 26 wi.%, preferably up

10 24 wt. %, based on a total weight of the rapidly infusing composition on a dry basis.
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The pharmaceutically acceptable carrier and/or excipient system is also formulated
with one or more sugar algohols, which may act primarily as a bulking agent. Examples of
sugar alcohols include, but are not limited (o, ervihritol, xylitol, sorbitol, maltitol, mannitol,
lactitol, and glycerin, which may be used singly or in combinations. Advantage can also be
taken of the effect of certain sugar aleohols in terms of taste (sweetness and coolness due to
endothermal heat of solution}, as well as their ability to aid/speed tablet disintegration. In this
regard, particular preference is given to mannitol.

The sugar alcohol, preferably mannitol, may be present in the rapidly nfusing
composition in any amount which provides the desired bulking/taste/disintegration effects.
Generally, this amount will range from of at feast 5 wt %, preferably at least 10 wt %,
preferably at feast 12 wt.%, preferably at least 14 wi.%, preferably at least 16 wt.%,
preferably at teast 18 wt.%, and up 1o 50 wt. %, preferably up to 45 wt.%, preferably up to 40
wt.%, preferably up 1o 35 wt %, preferably up to 30 wt.%, preferably up to 28 wt.%,
preferably up to 26 wi.%, preferably up to 24 wt %, preferably up to 22 wit.%, preferably up
10 20 wt. %, based on a total weight of the rapidly infusing composition on & dry basis.

in some embodiments, a weight ratio of gelatin to sugar alcohol ranges from 1.3,
preferably from 1.2, preferably from 1.1, preferably from 1.1:1, and up 0 3:1, preferably up
10 2.1, preferably up to 1.5:1, preferablyv up to 1.2:1.

The pharmacewtically acceptable carrier and/or excipient svstem may also optionally
include ons or more of a sweetener, a flavorant, and a colorant.

The sweetener may be used n any amount which provides the desired sweetening
effect, generally i amount of 0 to 10 wit.%, for example in an amouont of up to 10 wt.%,
preferably up to 8 wi.%, preferably up to 6 wt.%, preferably up to § wi.%, preferably up ic 4
wt.%, preferably up to 3 wi. %, preferably up to 2 wi.%, preferably up to 1.5 wt.%, preferably

up to 1 wi.%, preferably up to 0.5 wi.%, preferablv up to 0.1 wt. %, based on a total weight of
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the rapidly infusing composition on a dry basis. Suitable examples of sweeteners include, but
are not limited to, aspartame, saccharin {as sodium, potassiom or calcium saccharing,
cyclamate {as a sodium, potassium or calcium sali}, sucralose, acesulfame-K, thaumatin,
neohigperidin, dihvdrochalcone, ammoniated glyeyrrhizin, dextrose, maltodextrin, fruciose,
levulose, sucrose, and glucose, which may be used singly or in combinations, with particular
preference given to sucralose and acesutfame-K.

It is to be readily appreciated by those of ordinary skill in the art that one or more
flavorants may be optionally included in the rapidly 1ofusing composition to mask any
unpleasant taste imparted by certain ingredients {e.g., an unpleasant tastimg AT or o
otherwise impart an acceptable taste profile {o the composition, and the composition is not
fimited to any particular flavor. Suitable flavorants include, but are not limited to, ol of
wintergreen, oil of peppermint, oil of spearmint, oil of sassafras, oil of clove, cinnamon,
anethole, menthol, thymol, eugenol, eucalyptol, lemon, hme, lemon-lime, orange, and other
such flavor compounds to add fruit notes {e.g., ctirus, cherry efc ), spice notes, eic., to the
compostiion. The flavorants may be constitulionally composed of aldehvdes, ketones, esters,
acids, alcohols (inchuding both aliphatic and aromatic alcohols}, as well as mixiures thereof
Specific mention is made to lemon-lime flavor powder, which works particularly well with
CBD as the ATI The flavorant may be used in any amount which provides the desired flavor,
generally in an amount of 0 to 10 wit.%, for example in an amount of up to 10 wt.%,
preferably up to 8 wt.%, preferably up to 6 wit.%, preferably up 10 5 wi. %, preferably upto 4
wt. %, preferably up to 3 wi.%, preferably up o 2 wi %, preferably up to 1.5 wi.%, preferably
up to 1 wi %, preferably up to 0.5 wi.%, preferably up to0 0.1 wt.%, based on a total weight of
the rapidly mfusing composition on a dry basis.

Two main sirategies coniribuie to the taste masking success of the present disclosure.

First, any issues related to foul taste are fundamentally ontigated by the short oral residence
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fimes provided by the rapid disintegration profile described heretofore. One “takes it and 1t’s
gone.” Second, when formulated with a flavorant, a robust mixture of flavors will hit the
fongue at essentially the same tirne—the flavor of the CBD still hits the tongue, but the
perception of the flavor is canceled or mutigated by the simultaneous arrival of other flavors.
Even then, the robust mixture of flavors will quickly subside as the composition is rapidly
absorbed through the oral mucosa.

Likewise, the rapidly infusing composition may be colored or tinted through the
opiional use of one or more colorants. Suitable colorants are those approved by appropriate
regulatory bodies such as the FDA and those listed 10 the European Food and Pharmaceutical
Dhirectives and include both pigments and dyes such as FD&C and D&C dyves, with specific
mention being made to FD&C Yellow #3.

In addition to gelatin and a sugar alcohol (e g., mannitol}, and optionally one or more
of a sweetener, a flavorant, and a colorant, the pharmaceutically acceptable carrier and/or
excipient system may optionally include one or more other pharmaceutically acceptable
carriers and/or excipients known to those of ordinary skill in art, in art appropriate levels.
Examples of which include, but are not limited to,

- fillers or extenders such as starches (e.g., corn starch and potato starch), sugars

{e.g

>

., lactose or milk sugar, maltose, fructose, ghicose, trehalose, sucrose),
dexirates, dextrin, polydextrose, high molecular weight polyethylene glveols,
silicic acid, potassiom sulfate, aluminum monostearate, polvesters,
polycarbonates, and polyanhydrides,

- binders, such as cellulose and its derivatives, {e.g., carboxymethyl cellulose,
sodium carboxymethy] cellulose, hydroxypropyl cellulose, hydroxyethyl
cellulose, hvdroxsypropyimethy] celiulose (hypromeliose), hvdroxyethyl methyl

cellulose, methyl cellulose, ethyl cellulose, celiulose acetate, cellulose acetate

]
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phthalate, and microcrystalline cellulose), alginates (e g., sodium alginate),
polyvinyl pyrrolidone, polvvinyl acetate-vinylpyrrolidone, polvacrvlic acid,
methacrvlate copolymers {e.g., methyl methacrvlate copolymers and Budragit®
products available from Evonk), modified starch, powdered tragacanth, malt,
acacia {(gum arabic}, carbomer/carboxyviny! polymer, carrageenan, chitosan,
copovidone, cvclodextring and modified cyvclodextring, guar gum, inulin, pectin
{e.g., low viscosily pecting, polvearbophil or a salt thereof, polyvinyl alcohol,
putlulan, xanthan gum, casewn, protein exiracts {e.g., whey protein extraci, soy
protein extract), zewn, levan, elsinan, gluten, locust bean gum, gellan gum, and
agar;

- disinfegrating agents, such as agar-agar, calcium carbonate, tapioca starch, alginic
acid, certain silicates, sodium carbonate, sodium starch glvcolate, and cross-linked
sodium carboxymethy celluiose (croscarmellose sodiumy};

- surfactants/absorption accelerators/wetting agents/enmulsifying agents/solubilizers,
including any of the anionic, cationic, nonionic, zwitterionic, amphoteric and
betaine variety, such as polyalkviene oxide copolymers {e.g., poloxamers,
polyethviene oxide-polypropylene oxide copolymers), sodiom lauryl suifate,
sodium dodecyl benzene sulfonate, sodium docusate, sodium laurvi sulfoacetate,
alkali metal or ammonium salts of lauroyl! sarcosinate, myristoyl sarcosinate,
palmitov] sarcosinate, stearoyl sarcosinate and oleovl sarcosinate, cetyl alcohol,
glycerol monosiearate, glveerol oleate, fatty acid mono- and di-esters of glyveerol,
fatty acid esters of polvethylene glyeol, polyoxyethylene sorbitol, {atty acid esters
of sorbitan, polyvsorbates {polvalkolvated faity acid esters of sorbitan) (e.g.,
polyoxyethvlene sorbitan monostearate, roonoisosiearate and monolaurate),

polvethyvlene oxide condensates of alkvl phenols, cocoamidopropyl betaine,
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lauramidopropyl betaine, palmityl betaine, glveervl monooleate, glveervi
monostearate, {atly alcohols {(e.g., cetostearvl and cetvl aleohol}, medim chain
iriglycerides, medium chain fatty acids, polyethoxylated castor o1l
polyvethoxyiated alkyl ethers {e.g., ethoxylated isostearyl alcoholsy, polvethylens
glycols (Macrogols}, polypropylene glveols, polvoxyethviene stearates, antonic
and nontonic emulsifving waxes, propvlene glveol alginates, alcohol-oil
{ransesterification producis, polyglycenized fatty acids, propvlens glveol fatty acid
ssters, muxtures of propviene glveol fatty acid esters and glycerol fatty acid esters,
sterol and sierol derivatives, sugar esiers, lower alcohol fatty acid esters, fatty
acids and bile acids and their corresponding salts, ricinoleic acid / sodiurn
ricinoleats, linoleic acid/ sodium linoleats, lauric acid/sodium faurate, mono-, di-,
and tri-hydroxy bile acids and their salts, sulfated bile salt derivatives,
phospholipids. ether carboxylates, succinviated monoglycerides,
mono/diacetylated tartaric acid esters of mono- and diglyceridas, citric acid esters
of mono- and diglycerides, aiginate salts, and lactvlic esters of fatty acids;

- plasticizers such as glycerin faity acid esters, sucrose faity acid esters, lecithin
{e.g., enzyme modified fecithin}, polysorbates, sorbitan fatty acid esters,
polyethylene glvcol, propylene giyeol, triacetin, giycerol oleate, medium chain
fatty acids, inbutyl ciirate, triethyl ciirate, acetyl iri-n-butyl citrate, diethyl
phthalate, castor oil, dibutyl sebacaie, and acetylated monoglyeerides;

- absorbents, such as kaohin and bentoniie clay;

- lubricants, such as talc, calenmn stearale, magnesium stearate, solid polvethylens
glycols, 7ing stearate, sodium stearate, stearic acid, ethyl oleate, and ethyl lavrate;

- conirolled release agents such as cross-linked polvvinyt pyrrolidone

{crospovidone);
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opacifying agents such as titanium dioxide;

buffering agents, including alkaline buffering agents, such as sodium hvdroxide,
sodium citrate, magnesium hydroxide, aluminum hydroxide, sodium carbonate,
sodiumn bicarbonate, potassium phosphate, potassium carbonate, potassium
bicarbonate, ¢calcium phosphate, potassivm hydroxide, caloium hvdroxide,
magnesium oxide, potassium dihydrogen phosphate, sodium dihydrogen
phosphate, sodium phosphate, calcium carbonate, magnesium carbonate;

osmotic agents such as sodiurn chloride, calcium chloride, potassium chloride
diluents/tableting agents such as dicalcium phosphate and collowdal silicon
dioxide;

antioxidants, including (1) water soluble antioxidants, such as ascorbic acid,
cysteine hydrochloride, sodium bisulfate, sodium metabisulfite, and sodium
sulphite, (2) oil-soluble antioxidants, such as ascorbyl palmitate, butylated
hydroxyanisole {BHA), buivlated hvdroxyioluene (BHT), lecithin, propyl gallate,
and alpha-tocopherol; and {3} metal chelating agents, such as citric acid,
ethvienediamineg tetraacetic acid (EDTA), tartaric acid, and phosphoric acid;
antibacterial and antifungal agents, such as paraben, chlorobutanol, phenoi, sorbic
acid;

mucosal adhesion enhancers such as starch graft copolymers {e g, starch/acrylic
acid copolvmoers) and other water-swellable polyimers that adhere to wet surfaces
of the oral mucosa such as carbomers, hydrolysed polyvinyl alcohol, polvethylene
oxides, and polyacryiates;

as well as other non-toxic compatible substances emploved in pharmaceutical
formulations, such as liposomes and nucelle forming agents;

mcluding mixtures thereol
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Preferred rapidly mfusing compositions are those which contain less than 1 wi.%,
preferably less than 0.3 wt %, preferably less than 0.1 wt.%, preferably less than 0.05 wi%,
preferably less than ¢.001 wit.9%, preferably 0 wt.%, of other pharmaceutically acceptable
carriers and/or exciptents, such as those listed above, in particular alkaline buffering agents
and/or surfactants.

Also preferred are rapidly infusing compositions which do not contain inert diluents,
aquUecus carriers, or non-agqueous carriers coromondy used in the art for moanufacture of hquid
dosage forms for oral adminisiration, such as emulsions, microemulsions, solufions,
suspensions, syrups, and elixirs. Examples of inert diluents, agqueous or non-agueous carriers,
etc. which are preferably excluded herein may include, but are not imited to. water or other
solvents, solubilizing agents, and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethy! acetate, benzyl alcohol, benzvl benzoate, glycerol, polyethylene glvcol,
propylene glycol, 1, 3-butylene glveol, oils (whether synthetic, semi-synthetic, or naturally
occurring, such as long chain inglycerides, mixed glvcerides, and free fativ acids, in
particular, cottonsead oil, groundnut oil, com oil, germ, olive oil, castor ail, sesame oil,
borage oil, coconut oil, soybean oil, safflower oil, sunflower oil, palm oil, peanut oil,
peppermint oil, poppy seed oil, canola oil, hydrogenated sovbean oif, hvdrogenated vegetable
oils, giyceryl distearate, behenic acid, caprylyic/capric glycerides, lauric acid, linoleic acid,
linolenic acid, myristic acid, palmitic acid, palmitoleic acid, palmitostearic acid, ricinolgic
acid, stearic acid, soy fatty acids, oleic acid, glyceryl esters of faity acids such as glyeeryl
behenate, glveeryi isostearate, glyveeryl laurate, glyceryl palmitate, glvcervi palmitostearate,
glyeeryl ricinoleate, glyceryl oleate, glveervi siearate), tetvahydrofuryvl alcohol, fatty acid
esters of sorbitan, organic esters such as ethyl oleate, and mixtures thereof, with specific

mention being made to ethyl alcohol and sesame o1l

27



i
[

20

WO 2022/103634 PCT/US2021/057901

Active therapeutic ingredient (ATI

The amount of active therapeutic ingredient (ATT) which can be combined with the
pharmaceutically accepiable carrier and/or excipient system to produce the rapidly infusing
composttion may vary depending upon the subject being treated, and other factors. The
amount of ATI which can be combined with the pharmaceutically acceptable carrier and/or
excipient system to produce a single dosage form will generally be that amount which
produces a therapeutic effect. Generally, this amount will range from 0.1 t0 90 wi.% of ATL,
for example, at least 20 wi.%, preferably at least 22 wi.%, preferably at least 24 wit.%,
preterably at least 26 wi. %, preferably at least 28 wi.%, preferably at least 30 wt %,
preferably at least 32 wt %, preferably at least 34 wt %, preferably at least 36 wit.%,
preferably at feast 38 wi. %, preferably at least 40 wi.%, preferably at least 42 wt %,
preferably at teast 44 wt %, preferably at least 46 wit %, preferably at least 48 wt.%,
preferably at feast 50 wt.%, preferably at least 52 wi %, preferably at least 54 wt.%. and up to
7O wit. %, preferably up to 68 wt. %, preferably up to 66 wi.%, preferably up to 64 wit %,
preferably up to 62 wi. %, preferably up to 60 wt.%, preferably up to 58 wt %, preferably up
10 56 wit. % of the ATI based on a total weight of the rapidly infusing composition on a diy
basis.

in terms of unit dose, the rapidly infusing composition is generally formulated with 2
to 100 mg of ATI per unit {e.g. tablet}. for example af least 2 myg, preferably at least 4 mg,
preferably at feast 6 mg, preferably at least 8 mg, preferably at least 10 mg, preferably at least
12 mg, preferably at least 14 mg, preferably at least 16 mg, preferably at least 18 mg,
preferably at least 20 mg, preferably at least 22 mg, preferably at least 24 wg, and up to 100
mg, preferably up to 75 mg, preferably up to 70 mg, preferably up to 65 mg, preferably up to

60 mg, preferably up to 55 mg, preferably up to 50 mg, preferably up to 45 g, preferably up
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10 40 mg, preferably up to 35 mg, preferably up to 30 mg, preferably up to 25 mg of ATI per
unit {e.g., tablet}.

In preferred embodiments, the rapidly infusing composition is formudated with, as the
active therapeutic ingredient, cannabidiol {CBD), or any pharmaceuiically acceptable
derivative/analog, sali, solvate, or stereoisomer thereof. In some preferred embodiments,
CBD or a derivative/analog thereof is the only active therapeutic ingredient in the rapidly
ofusing composition. To some preferred embodiments, CBD is the only active therapeutic
ingredient i the rapidly nfusing coropostiion. In some preferred embodiments, a CBD
derivative/analog is the only active therapeutic ingredient in the rapidly infusing composition.
In other embodiments, CBD or derivative/analog thereof may be combined with other active
therapeutic ingredients. For example, CBD or derivative/analog thereof, formulated as
described below may be combined with a water-soluble ATI such as melatonin, as a sleep
aid.

Preferred rapidly infusing compositions are those which are formulated with CBD,
preferably a solid form of UBD. That is, the rapidly infusing composition is prepared through
tvophilization from a drug product suspension in which the CBD is in the form of a solid. In
particular, micronized particles of CBE are preferred. In some embodiments, the rapidly
infusing composition is formulated with solid CBD i the form of micronized particles
having a D50 particle size in the range of 1 ym to 50 pm, for example, those having a DISO
particle size of at least T um, preferably atleast 10 pm, preferably at least 20 um, preferably
at least 30 pum, preferably at least 40 pm, and up to SO pm, preferably up 1o 40 pum, preferably
up to 30 pum, preferably up to 20 pm, preferably up to 10 um.

Even more preferred are those rapidly infusing compositions which are formulated
with a solid form of CBD having a purity of at least 95 wt %, preferably at least 96 wt %,

preferably at least 97 wt %, preferably at least 98 wt %, preferably at least 99 wi.%. While
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CBD having a purity of 100 wt.% is likely not achievable, preferably rapidly mfusing
composttions are formulated with a solid form of CBD having a purity up 10 99.1 wi.%,
preferably up to 99.2 wi %, preferably up to 99.3 wi.%, preferably up to 99.4 wi %,
preferably up to 99.5 wit. %, preferably ap to 99.6 wt.% , preferably up to 99.7 wi %,
preferably up 1o 99.8 wi. %, preferably up 1o 99.9 wi.%. The percent purity of CBD refers to
the percent of CBD by mass relative to a total weight of CBD containing material—the CBD
containing material being the sum of CBD plus any additional impurities which roay be
present, such as those 1mpurities originating trom the biomass from which the CBD s
obtained (e.g., Cannabis safiva L./“Industrial Herap™) or encountered during manufacture.
The purity may be determaned by methods known to those of ordinary skill in the art, for
example, one or more of liquid chromatography such as high performance ligud
chromatography (HPLC)Y, Hiquid chromatography-mass spectrometry {(LCMS), and hiquid
chromatography with tandem mass spectrometry {LCMSMS); gas chromatography such as
headspace gas chromatography with flame ionization detection (HS-GC-FID), gas
chromatography mass spectrometry (GC/MB), and headspace gas chromatography-mass
spectrometry {(HSGCMS); inductively coupled plasma-mass spectromeiry (JUCP-MS}, and
polymerase chain reaction (PCR}.

Examples of potential impurities, such as those orniginating from the biomass from
which the CBD 15 obtained (e.g., Cannabis sativa L./ Industrial Hemp™) or encountered
during manufacture, include, but are not imited to,

- cannabinoids (other than CBD) mcluding, but not hmited {o, cannabidivarin

{CBDV), canmabichromene (CBC), cannabidiolic acid (CBDa), cannabigerol
(CBG}, cannabigerolic acid {CBGa), cannabinol {CBN), tetrahydrocannabinolic

acid (THCa), tetrahvdrocannabivann (THCV), tetrahvdrocannabivann acid
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{THCVa)}, and tetrabydrocannabinol {A9-THC) and related THC -cannabinoids
such as ASTHC,

pesticides inchuding, but not hmited {o, aldicarb, carbofuran, chlordang,
chlorfenapyr, chlorpyrifos, coumaphos, daminozide, dichiorvos (BDVP),
dimethoate, ethoprophos, etofenprox, fenoxyearb, fiproml, imazalil, methiocarb,
methyl parathion, paclobutrazol, propoxur, spiroxaming, and thiacloprid;

residual solvents mcluding, but not bmited to, 1,4-dioxane, 2-butanol, 2~
sthoxyethanol, 1,2-dichloroethane, acetone, acetonitrile, benzene, butane, cumene,
cyvelohexane, chloroform, ethanol, ethyl acetate, ethy] benzene, ethylene oxide,
ethylene glveol, ethyl ether, heptane, isopropanol, roethanol, methylene chionde,
hexanes, isopropyl acetate, pentanes, propane, toluene, tetrahvdrofuran,
trichloroethene, and xvlenes;

microbials including, but not limited to, Aspergilius flavus, Aspergilius fumigatus,
Aspergilius niger, Aspergillus terreus, Salmonella, and Shiga toxin-producing £
coli;

mycotoxins including, but not limited to, aflatoxins (e g., aflatoxin B1, aflaioxin
B2, aflatoxin 1, and aflatoxin (G2} and ochraioxin A;

heavy metals including, but not limited 1o, arsenic, cadmium, lead, and mercusy;
terpenes including, but not himited to, (1} monoterpenes such as camphene,
camphor, 3-carene, u~cedrene, cedrol, endo~-fenchyl alcohol, eucalypiol, fenchone,
geraniol, gevanul acetale, hexahydrothymol, isobormeol, tsopulegol, hmonene,
linalool, p-mentha-1,5-diene, B~-myrcene, o- and P-pinene, pulegone, sabinene and
hvdrale, a- and y-terpinene, lerpinesl, terpinolene, u-, B~, and y-terpineol, nerol,

bomneol, and ocimene 1somers I and {1, and {2) sesquiterpenes such as a~bisabolol,
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B-caryophyliene, carvophyllene oxide, guaiol, a-humulene, cis- and trans-
nerolidol, and valencene;

- as well as mixtures thereof

In some embodiments, the rapidly infusing composition is formulated with a form of
CBD which contains less than 1 wi.%, preferably less than 0.5 wt.%, preferably less than 0.1
wt. %, preferably less than 0.05 wi.%, preferably less than (.001 wt. %, preferably 0 wi.% of
the above histed tmpurities, based on a {otal weight of the CBI3 material, with specific
mention being made to THC. Tn some embodiments, the rapidly infusing composition 1s
formulated with a form of CBD which contains no tmapurity, such as those listed above, inan
amount above the limits of detection (LOD) and/or limuts of quantification (LOQ) for the

echnique/instrumentation being used to make such a determination. For example, preferred
rapidly infusing compositions are those formulated with a pure form of CBD which has a
THC content of less than 0.1577 wt. %, preferably less than 0.1 wt %, preferably less than
0.01 wt. %, preferably less than 0.001 wt %, based on a total weight of the CBD material. In
preferred embodiments, the rapidly infusing composition is formulated with a pure form of
CBD which consists of, or consists essenttally of, CBD.

The full effects of the present disclosure may not be realized when the rapidly
infusing composition is formulated with an impure form of CBD or when the composition is
formulated with CBD in oil/liquid form. Without being bound by theory, it is believed thai
during the manufacture of the rapidly infusing composition, when the CBD 1s in solid form
with sutficiently high purity, lvophilization from a drug product suspension generates a
struciured and robust matrix of gelatin as the water is removed via sublimation, and an even
disinbution of the CBD throughout the gelatin mainx, Such a structured assembly of CBD
suspended within a gelatio matnx 1s believed to afford the rapudly infusing composition with

rapid disintegration properties and efficient transfer of CBD from the hvdrophilic vehicle to
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the mucous membrane of the buccal cavily, or the ventral surface under the tongue, upon
admanistration.

On the conirary, when the composttion is formtated with an impure {(oil) form of
CBD doring manufacture, Ivophilization 15 instead performed from an o/w emulsion of CBD,
which may produce an unstable, disordered matrix of gelatin more prone to collapse back into
an oil or semi-solid state. The resuliing composition tends o suffer from poor shel{-hfe,
mereased disintegration times, and inferior delivery/uptake of the CBD mto syvstenuc
circulation reflected m Jonger onset times and overali less efficacy against epilepsy
conditions.

Accordingly, any CBD manufacturing method kuown by those of ordinary skill 1o the
art which provides CBD in solid form, and of sufficient purity, may be utilized herein for
preparation of the CBD ATE For illustration purposes, one exemplary CBD manufacturing
method is described below, although it should be understood that numerous modifications
and variations are possible, and the CBD may be produced using methods or techniques
otherwise than as specifically described.

CBRD may be exiracted/isolated from biomass, for example, a cured flower of

Cannabis sativa L. The biomass may contain, for example, at feast 1 mg/g, preferably at least

2 mg/g, preferably at least 3 mg/g, and up to 10 mg/g, preferably up to 8 mg/g, preferably up

o0

7

to 6 mg/g, preferably up to 4 mg/g of CBD; at least 50 mg/g, preferably at least 60 mg/g,
preferably at least 70 myg/g, preferably at least 80 mg/g, preferably at least 90 mg/g, and up to
150 mg/g, preferably up to 140 mg/g, preferably up to 130 mg/g, preferably up to 120 mg/e,
preferably up to 110 mg/g, preferably up to 100 mg/g of cannabidiolic acid (CBDa). and no
detectable amount of THC. Extraction of the biomass with an alcoholic solvent {e.g., ethanol)

and cooling may form a tincture. The tincture may be GHered to remove sediment and

particulates, and concentrated, for example, usimg a rotary evaporator.
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An alumimuim phyilosilicate clay (e.g., bentonite) may then be mixed with the
concentraied product at a weight ratio of at least 2:1, preferably at least 3:1, preferably at
least 4:1, and up 1o 6.1, preferably up to 5:1, and the resulting mix filtered to remove fats,
waxes, and lipids. The product may then be frozen/winterized, after which the frozen product
may be again filtered and taken through another solvent removal/recovery ¢ycle to forma
winterized crude.

Decarboxvlation of the winterized crude by heating, for example in an induction oven
centrifugal reacior, may be performed to rernove the carboxylic acid functionality from the
cannabinoids. Distillation of the decarboxvlated matenal may then provide a distiliate.

The distillate may then be precipitaied 10 a high-pressure reactor using an alkane
solvent (e.g , pentane), and a cryochamber may be used to subject the precipitate to cryo
temperatures {e.g., -20 °F 1o -40 °F} to promote the growth of crystalline CBD. The CBD
crystals may be washad with an alkane solvent (e.g., pentane), filtered, and ground to a finer
particie size, prior {0 being purged in a vacuum oven for removal of solvenis and tmpurities.
The obtained solid CBD may then be analyzed for purity, as appropriate.

in preferred embodiments, the rapidly infusing composition comprises, consisis
essentially of, or consists of gelatin, mannitol, sweetener, flavorant, colorant, and as the ATI,
CBD or denivative/analog thereof,

Also contemplated for use as an active therapeutic ingredient are derivatives/analogs
of CBD that retain the desived activity for the treatment of epilepsy. Derntvatives/analogs that
retain substantially the same activity as CBD, or more preferably exhibit improved activity,
may be produced according to standard principles of medicinal chemisiry, which are well
known in the art. Such derivatives/analogs may exhibit a lesser degree of activity than CBD,
50 long as they retain sufficient activity o be therapeutically effective. Derivatives/analogs

may exhibit improvements 1o other properties that are desirable in active therapeutic agents
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such as, for example, improved solubility, reduced toxicity, enhanced uptake, increagsed
bicavailability, etc. Contemplated CBD denvatives/analogs include, but are not imited to,
cannabidiolic acid compounds and variants thereof, such as cannabidiolic acid and esters of
cannabidiolic acid, in particular alkyl esters of cannabidiclic acid {e.g., cannabidiolic acid
methyl ester); §° side chain modified CBD compounds such as cannabidivarin {CBDV),
cannabidiol-dimethylheptyl ({CBD-DMH), and 1,2-cannabidiol-dirpethylheptyl (1,2-CBD-
DMH); 7-methvl modified CBD compounds such as 7-carboxy cannabidiol (7-COOH-CBD)
and 7-hvdroxy cammabidiol {(7-OH-CBD); hvdrogenated CBD compounds such as 8,9-
dihvdrocannahdiol (H,~CBD) and tetrahydrocannabidiol (Hy-CBD); halogenated CBD
compounds such as 3'-chloro-CBD, 37 S -dichloro-CBD, 3°-bromo-CBD, 3°,5 -dibromo-
CBD, 37 -10do-CBD, and 37,57 -diiodo-CBD; hydroxyl group modified CBD compounds such
as desoxy-CBD and dimethylether CBD; cannahielsoin (CBE), machaeridiols A, B, and C; as
well as any pharmaceutically acceptable salts, solvates, and/or sterecisomers of such
compounds. When a CBD derivative/analog is used as the ATI in the disclosed rapidiv
infusing composition, particilar preference is given fo cannabidiolic acid methv! ester.

it is contemplated thai UBD or derivatives/analogs of CBD may be useful in
combination. It is also contemplated that CBD or derivatives/analogs of CBD may be useful
in combination with current Standards of Care for the treatment of epilepsy as well as any
that evolve over the foreseeable fiture. Specific dosages and dosing regimens would be based

on physicians” evolving knowledge and the general skill in the art.

Process for manufacturing the rapdly infusing composition

Manufacturing of the rapidly infusing compostiions are preferably pharmaceutical~
GMP comphiant and may be accomplished generally by bringing o association the ATH

{e.g., CBI3) with the gelatin and sugar alcohol (e.g., mamitol), and, optionally, one or more
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accessory pharmaceutically acceptable carrier and/or excipient ingredients, in water to form a
drug product suspension which is then vophilized.

One exemplary method for manufacturing the rapidly mfusing composition is
presented below, although it should be understood that numerous modifications and
variations are possible, and the rapidly infusing composition may be produced using mwethods
or techniques otherwise than as specifically described.

Purified water, gelatin, and sugar alcohol {e.g., mannitol) may be charged to a miver,
for exarple a pot equipped with an overhead stirrer, and heated (e.g., 40 to 80 °C) with
agitation unéil coroplete solvation. Any desired sweetener (e.g., a nuxture of sucralose and
acesulfame-K) may then be added and allowed {0 dissolve.

Upon cooling, for example to 20 to 35 °C, the solution may next be transferred to a
homogenizer, and the ATI (e g.. CBD} may be subsequently charged and dispersed using the
homogenizer, with preferable micronization of the AT, to form a drug product suspension.
Any desired flavorant and colorant may be added at this point with continued mixing. The
drug product suspension may be transferred to a second mixer whilst maintaining a cooled
temperature (e.g., 2010 35 °().

In a blistering machine equipped with a dosing system, blister pockets may next be
filled with the drug product suspension uniil achieving a target dose weight, followed by
freezing in a switable crvochamber. The blister travs may be transferred from the
cryochamber (0 a suitable refrigeraied siorage cabinet (e.g., at a temperature below 0 °C) o
keep the product frozen prior to lvophilization. Then, the frozen blisters may be loaded nto a
Ivophilizer and subject to lvophilization to sublimate the water and form the rapidly infusing
composttions. Finally, when the lvophilization cycle is deemed complete, final sealing (e.g.,
heat sealing of blister hidding) may be performed to provide the rapidly mfusing compositions

in single dose units in individual blister units.
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Therapeutic applications and methods

The present disclosure provides a method of treating epilepsy by administering to a
subject in need thereof the disclosed rapidly infusing composition, in one or more of s
embodiments,

Eptleptic syndromes often present with many different types of setzures, any of which
may be treated herein. Epileptic seizures are generally categorized as: 1) focal onset seizures,
where the seizure originates within networks hinited to only one hemisphere, such as aura,
motor, autonomic, and awareness/responsiveness seizures (e.g., focal iropaired awareness
seizure and focal awareness seizure), including wctal atonia seizures; 2) generalized onset
seizures, where the seizure arises within and rapidly engages bilaterally distributed networks,
such as generalized tonic-clonic seizures, absence seizures, clonic seizures, tonic seizures,
atonic setzures, and myoclonic seizures; and 3) unknown onset seizures where the origination
stte of the seizure cannot be determined. Subjects with epilepsy can also present with “mixed
seizures,” which are those defined by the existence of both generalized and focal onset
seizures in the same subject.

The epilepsy treated herein mav be childhood epilepsy, which refers to the many
different syndromes and genetic mutations that can occur to cause epilepsy in childhood.
Examples of childhood epilepsy include, but are not limited to, Dravet Syndrome, myoclonic-
absence epilepsy, Lennox~-Gastaut syndrome, generalized epilepsy of unknown origin,
CDEKLS deficiency disease, PCDHI19-epilepsy, continuous spikes and waves during slegp
{(CSWS), elecincal status epilepticus during slow-wave sleep (ESES) eptlepsy, Aicardi
svondrome, Ohtahara svndrome, bilateral polymicrogyria, Dupl8g svndrome, SNAP23-

associated epilepsy, febrile jnfection related epilepsy syndroroe (FIRES), berugn rolandic
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epilepsy, juvenile myoclonic epilepsy, mvocionic astatic epilepsy (Doose syndrome),
infantite spasm (West syndrome), and Landau-Kleffner syndrome.

The epilepsy ireated herein may be drug resistant epilepsy (DRE). Examples of types
of epilepsy which frequently {all inio the drug resistant epilepsy category inchude, but are not
himied to, Dravet syndrome, Lennox-Gastaut syndrome, myoclonic absence seizures, febrile
infection related epilepsy syndrome (FIRES), treatment-resistant adult focal epilepsy
(TRAFE), and PCDH19-epilepsy.

The epilepsy treated herein may also be those epileptic disorder eticlogies that present
10 the form of atonic seizures, which involve the loss of muscle tone, causing the person to
fall to the ground. Atonic setzures are often associated with Lennox-Gastaut syndrome, but
are also associated with tuberous sclerosis complex, Dravet syndrome, Doose syndrome,
Aicardi syndrome, CDKLS deficiency, and Dupl 5q syndrome.

Admirustration of the rapidly infusing composition may result in the reduction of total
convuisive seizure frequency or elimination of epileptic episodes aliogether, for example,
where the subject atiains setzure freedom, preferably where the subjects epilepsy is
eventually considered to be resolved. In some embodiments, treatment with the rapdly
mfusing composition herein reduces the total convulsive frequency by at least 50%,
preferably at least 609, preferably at least 70%, preferably at least 75%, preferably at least
80%, preferably at least 85%, preferably at feast 90%, preferably af least 95%, preferably at
least 99%, preferably 100%, relative {0 the total convulsive frequency observed prior {o
admanistration of the rapidly ifusing composition. In some embodiments, the epilepsy is
drug resistant epilepsy, and treatment herein reduces the total convalsive frequency by at
least 50%, preferably at least 60%, preferably at least 70%, preferably atl least 80%,

preterably at least 909, preferably at least 95%, preferably at least 99%, preferably 1009,
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relative {o the total convulsive frequency achieved from taking one or more antiepileptic
drugs (AED} and prior to administration of the rapidly infusing composition.

With respect to admimstration, the rapidly infusing composition is preferably
admunistered {0 the subject via one or more of the oral mucosae, preferably via the buccal
miucosa {buccally) or the sublingaal mucosa {(sublingually). Advantages of orval mucosal
delivery include the ease of admunisiration, the ability to bypass {irst pass metabolic
processes thereby enabling higher bicavailability than through enteral dehvery via the
gastroiniestinal tract (which in tum allows the dosage amount of ATT to be reduced whilst
maintaining the same pharmacological effect), less variability between patients, sustained
drug delivery, and extensive drug absorption and rapid onset of therapeutic action due o
either a large surface area i the case of sublingual administration or high-levels of
vascularization in the case of buccal administration. Adnimisiration may be carried out by
stmply placing the rapidly infusing composition directly in the buccal cavity {(between the
cheek and gum) or over the sublingual mucous gland (under the veniral surface of the
tongue}. While the sublingual mucosa has a large surface area and extremely good
permeabiiity, the blood supply {blood flow} is lesser than that of the buccal cavity.
Furthermore, sublingual administration tends to stimulate the flow of saliva more than buccal
administration, and the increased saliva production may make it more difficult for patients to
avoid swallowing. Any amount of ATI that is swallowed would be subject to first pass
metabolism and thus overall lower bioavailability. Swallowing {urther results in greater
variability i the effective amount of dosing, as a result of, including bui not limited to, the
variabthity in the amount swallowed and the greater patient vanability of bicavailability
through first-pass metabolism for the amount swallowed. Therefore, in preferred
embodiments, the rapdly infusing composition 1s admirastered buccally (through the buccal

mucosa). The rapid disintegration of the rapidly infusing composition, approximately mn 1-5
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seconds in preferred embodiments, and buccal administration together combine to provide
optimal dosing control by limiting the time {or potential swallowing and ensuring that the
vast majority of the ATI is absorbed through the buccal mucosa. Admanistration may be
performed by the subject (self-adoumstered) or by someone other than the subject, {or
example, a healthcare provider, care-taker, family member, stc.

The actual amount of AT administered to the subject may be vaned so as to achieve
the desired therapeutic response for a particular subject, composition, and mode of
adrmanistration, without being toxic to the subject. The selected amount of AT1 adnunistered
to the subject will depend upoun a vanety of factors including the condition being treated, the
activity of the ATI emploved, the route of adnmunistration, the tme of administration, the rate
of excretion or metabolism of the particular compound being emploved, the rate and extent of
absorption, the duration of the treatment, other drugs, compounds, and/or materials used in
combination with the rapdly infusing composition, the age, sex, weight, condifion, general
health, and prior medical history of the subject being treated, and like factors well known in
the medical arts.

A physician having ordinary skill in the art can readily determine and prescribe the
effective amownt of the ATI required. For example, the physician could start doses of the ATI
at levels lower than that required in order to achieve the desired therapeutic effect and
gradually increase the dosage until the desired effect is achieved. In general, a suitable dose
of the AT will be that amownt which is the lowest dose effective (o produce a therapeutic
effect, which will generally depend upon the factors described above. Typically, when the
ATT s CBD or a derivative/analog thereot, the therapeutically effective amount of CBD or a
derivative/analog thereof will be under 5 mg/kg/day, for example in a range of from at least
0.1 mg'kg/day, preferably at least 0.15 mg/kg/day, preferably at least 0.2 wog/kg/day,

preferably atleast 0.25 mg/kg/day, preferably at least 0.3 mg/kg/day, preferably at least 0.35
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mg/kg/day, preferably at least (.4 me/kg/day, preferably at least 0.45 mg/kg/day, preferably
at least 0.5 mg/kg/day, preferably at feast .55 mg/kg/day, preferably at least 0.6 mg/kg/day,
and up 1o 4.9 mg/kg/day, preferably up to 4.8 mg/kg/day, preferably up to 4.6 mg/kg/day,
preferably up to 4.4 mg/kg/day, preferably up t0 4.2 mg/kg/day, preferably up to 4
mg/kg/day, preferably up 1o 3.5 mg/kg/day, preferably up to 3 mg/kg/day, preferably up to
2.5 mg/kg/day, preferably up to 2 mg/kg/day, preferably up to 1.5 mg/kg/day, preferably up
10 1.25 myg/kg/day, preferably up to | mg/kg/day, preferably up to 0.9 mg/kg/day, preferably
up to 0.8 mg/kg/day, preferably up to 0.7 mg/kg/day, preferably up to 0.65 mg/kg/day.

The methods heren may involve administering one, or more than one, uott of the
rapidly nfusing coraposiiion per dose {dosing event). For example, in circumstances where
each unit of the rapidly infusing composition contains 20 mg of AT (e g, CBD), and it has
been determined that a subject weighing 20 kg requires a therapeutically effective amount of
2 mg/kg/day of ATL then the subject may be given one (1} unit {(e.g, tablet) twice a day
{b.1.d.} to achieve the desired therapeutically effective amount of 2 mg/kg/day. In another
example, in circumstances where each unit of the rapidly infusing composition contains 10
mg of ATI {e.g., CBD}, and it has been determined that a subject weighing 20 kg requires a
therapeutically effective amount of 2 mg/kg/day of ATI, then the subject may be given two
{23 units {e.g., tablets} twice a day (b.1.d.} to achieve the desired therapeuticaliy effective
amount of 2 mg/kg/day. Accordingly, depending on the umit dose of ATH in each unit of the
rapidly infusing composition, the therapeutically effective amount of ATI preseribed, etc., 1,
2,3, 4,5, or more umiis {e.g., lablets) may be adnunistered to the subject per dose.
Accordingly, the phrases “admunistering {o the subject in need thereot a rapidly infusing
composttion”, “the rapidly infusing composition i1s administered”, etc., are intended herein to
mclude adnunistration of a single unit {e.g., tablet), or multiple units (e.g., tableis), o the

subject in order o provide the therapeutically effective arnount of AT eg, CBD. While
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may be possible to administer partial {e.g., half) tablets 1o the subject, for practical reasons, it
1s preferred that one or more whole tablets are administered 1o the subject.

In preferred embodiments, the subject may be prescribed a dosage regimen that
mvolves a single dosing event per day (QD), or multiple, separate dosing events at
appropriate time intervals throughout the day. The subject may be adminisiered a
therapeutically effective amount of ATI 1 time, 2 times, 3 fimes, or 4 times, at appropriate
motervals, throughout the day. Preferred dosing regumens involve admirustration at the sare
timne each day, for example, at roeal times every morning and/or evening. Particularly
preterred dosing schedules involve adnunistration of the rapudly mfusing composition once
{QD), two times (b.a.d.), or three times (1.1.4.) per day. The rapidly infusing composition may
also be adnunistered on an hourly dosing schedule (g}, for example, adminsstration may take
place every & to 12 hours, as appropriate. Regardliess of dosing schedule, when the AT1 is
UBD or a derivative/analog thereof, the maximum daily dosage of CBD or derivative/analog
thereof is preferably less than 5 mg/kg/day. Treatment may involve administration uniil
desired effects are achieved, for example for weeks, months, or even years, or throughout the
subjects life-span.

Preferred dosing regimens are those involving a consistent dosing amount and
schedule. Une non-limiting example of a dosing regimen may involve the subject taking one
wnit of the rapidly imfusing composition {e.g., 25 mg CBD)—therapeutically effective amowunt
of 25 mg CBD per dose—once per day (QD). Another non-himiting example of a dosing

regimen may involve the subject taking one unit of the rapidly infusing composition {e.g., 25

mg CBD}—therapeotically effective amount of 25 mg CBD per dose—two times per day
{b.1.d.}. Another non-limitting example of a dosing regimen may imvolve the subject taking

two units of the rapidly infusing composition (e.g., 10 mg CBD each)y—therapeutically

effective amount of 20 mg CBD per dose—two times per day (h.id).
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Upon being administered buccally (between the cheek and gum) or sublingually
{under the veniral surface of the longue), the rapidly infusing composition preferably
disiniegrates in 5 seconds or less, preferably 4 seconds or less, preferably 3 seconds or less,
preferably 2 seconds or less, preferably about 1 second. Further, this route of admunistration
may provide a single dose bioavailability of at least 509, preferably at least 55%, preferably
at least 60%, preferably ai least 65%, preferably at least 70%, preferably at least 75%,
preterably at least 809, preferably at least 85%, preferably at least 90%, and up 1o 99%,
preferably up to 98%, preferably up (o 96%, preferably up 1o 95%, preferably up to 929%.

Besides efficacy of treatment and general rehef from setzures, pharmacokinetic
ouicomes may provide another useful measure of i vivo performance. In thas regard, the
rapidly infusing composition formulated with CBD and administered according to the
methods described herein may provide a time to maximum plasma concentration {Tmax) of
{ess than 5 hours, preferably less than 4 hours, preferably less than 3 hours, preferably less
than 2 hours, preferably less than 1 hour, preferably less than 45 minutes, preferably less than
30 nunutes, preferably less than 15 minutes; an area under the plasma concentration versus
me curve {AUC) of at least 1 h x ng/mL, preferably at least 3 h x ng/mlb., preferably at least
5hxng/mL, preferably at feast 10 h x ng/mL, preferably at least 15 h x ng/ml, preferably at
least 20 h x ng/mb., preferably at least 25 h x ng/mL, preferably at least 30 h x ng/mL, and up
to 8¢ h x ng/mL, preferably up to 70 h x ng/mL., preferably up to 60 h x ng/ml., preferably up
10 SO h x ng/ml, preferably up to 40 h x ng/mL, from a single (1} unit of rapidly infusing
compostiion formdated with 25 mg CBD, and a mean plasma half-hife (41 of CBD of at
east 1 hour, preferably at least 2 hours, preferably at least 3 hours, preferably at least 4 hours,
preferably at feast S hours, preferably at least 6 hours, and up to 12 hours, preferably up to 11
hours, preferably up to 10 hours, preferably up to 9 hours, preferably up to & hours,

preferably up to 7 hours, for a single dose, but may provide a significantly higher mean
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plasma half-life (112} after prolonged buccal or sublingual admunistration (e ., f1pof 210 5
days).

Using the platform, the rapidly infusing composition may be used as a stand-alone
therapeutic agent for the treatioent of epilepsy or may be used in combination therapy—
wherein the rapidly infusing composition 15 used in combination with one or more other
forms of therapy such as one or more second therapeutic agents. The combination therapy
may be apphed to treat epileptic seizures, or a combination of epileptic seizures and a
different condition.

Combination therapy roay involve admanistering the rapudly infusing composition
formulated with CBD or derivative/analog thereof and a second therapeutic agent, such as
one or more antieptieptic drugs (AFDs) {other than CBD or its derivatives/analogs) for the
treatroent of epilepsy. In particular, when co-admunistered with one or moreg AEDs, the
rapidly infusing compositions formulated with BT or a denivative/analog thereof may
advantageously function to reduce traditional AED usage, for example by reducing the
number of AEDs dosed, reducing the overall dosage of the AED{s) needed, or shortening the
AED dosage period, without sacrificing antiepilepiic efficacy.

AEDs suitable for use in combination therapy may function as voltage-gated ion
channel blockers, ligand-gated ion channel blockers, antagonists of the excitatory receptors
for glutamate and N-methyl-D-aspartate, or enhancers of the y-aminobutyric acid, and mayv be
categorized as narrow-spectrum (typically used to treat focal seizures) or broad-specirum
{(ireats a variety of setzure varieties). Examples of AEDs inchude, but are not imited to,
phenobarbiial, eshcarbazepine, ethosuximide, everolimus, tiagabine, acetazolamide,
brivaracetam, cenobamate, clobazam, clorazepate, lorazepam, methsuximide, primidone,
diazeparn, divalproex, felbamate, fenfluranune, carbamarepine, oxcarbazepine, lacosamide,

vigabatrin, gabapentin, lamotrigine, pregabalin, baclofen, phenvioin, valproic acid or its salis
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such as sodium valproate, topiramate, romsamide, levetiracetam, clonazepam, rufinamide,
stiripentol, perampanel, and fosphenyiom, When the rapidly infusing composition is co-
admimstered with an AED, 11 15 preferred that the AED 18 not clobazam, i.e., the rapidly
infusing composition is not co-administiered with clobarzam.

Combination therapy 1s intended to embrace administration of these therapies in a
sequential manner, that is, wherein the rapidly infusing composition and one or more other
therapies are adroinistered at a different time, as well as adminisiration of these therapies, or
at least two of the therapies, in a substantially simulianecus manner. Substantially
simuitaneous administration can be accomplished, for example, by administering o the
subject multiple, single dosage forms for each of the therapeutlic agents. Sequential or
substantially simultaneous administration of each therapeutic agent can be effected by any
appropriate route incliding, but not limited to, oral routes, intravenous routes, inframuscular
routes, and direct absorption through mucous membrane tissues. The therapeutic agents can
be administered by the same route or by different routes. For example, the rapidly infusing
compostiion fornmdated with CBD or derivative/analog thereof mayv be administered via
buccal administration while a second therapeutic agent of the combination may be
administered intravenously. Alternatively, for example, all therapeutic agents may be
administered buccally.

Combination therapy also can embrace the admunistration of the rapidly infusing
composition in further combination with other biologically active ingredients and non-drug
therapies. Examples of non~drug therapies may include, but are not hmted to, surgery to
remove a localized resectable seciion of brain fissue identified to cavse seizures such as
anterior temporal lobe resection to remove the hippocampus, removal of humors, removing
parts of the neocortex, and corpus callosotomy; and neurostimulation such as vagus nerve

stirmiation, anterior thalamic stimulation {deep brain stimulation), and closed-loop



20

WO 2022/103634 PCT/US2021/057901

responsive stimulation. Where the combination therapy further comprises a non-drug
treatment, the non-drug ireatment may be conducted at any suitable time so long as a
beneficial effect from the co-action of the combination of the therapeutic agent(s) and non-
drug treatment is achieved. For example, in appropriate cases, the beneficial effect 15 still
achigved when the non-drug treatment 1s temporally removed from the administration of the
therapeutic agents, perhaps by davs or even weeks.

The examples below are intended to further dlustrate the matenals and methods of the
present disclosure, and are not intended to hout the scope of the claims.

Where a nurserical lunat or range 15 stated herein, the endpownts are included. Also, all
values and subranges within a numerical limit or range are specifically included as if
explicitly written out.

As used herein the words “a” and “an” and the like carry the meaning of “one or
more.”

The present disclosure also contemplates other embodiments “cormprnising”,
“consisting of " and “consisting essentially of ", the embodiments or elements presentad
herein, whether explicitly set forth or not.

All patents and other references mentioned above are incorporated in full herein by
thig reference, the same as if set forth at length.

Obviously, numercus modifications and variations of the present invention are
possible i light of the above teachings. 1t 1s therefore to be understood that, within the scope
of the appended claims, the invention may be practiced otherwise than as specifically

deccribed herein.

EXAMPLES

Rapdly Infusing Compoesiiion

46
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Ingredients
The mgredients that were used to make the rapidly infusing composition and the
placebo are given in Table 1. USP = United States Pharmacopeia. EP = European

Pharmacopoeia. NF = National Formulary.

Table 1. Ingredients

Ingredient Primary Functien | Specification
Gelatin Matrix former USP/EP/NF
Mannitol Bulking agent USP/EP
Lemon-hime flavor powder Flavorant Mon-compendial
CBD isolate ATE Non-compendial
Sucralose Sweetener USP/NF
Acesulfame-K Sweetener USP/NF
FD&C Yellow #5 Colorant Mon-compendial
Purified water Vehicle USP/EP

An example rapidly mfusing composition was made using the formulation given in
Table 2. The amount of each component is expressad in terms of weight percentage relative
to a total weight {100%). The weight perceniage of each component in the drug product
suspension is on a wet basis {prior to removal of water). The weight percentage of each

component in the rapidly infusing composition 18 on a dry basis (after removal of water).
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Table 2. Example rapidly infusing composttion fornudation
Drug product
SUSpEension

Rapdly Infusing Composition

Inoredient %% wiwit. wi.funit % wiiwi
® {wet) : (dry) (dry)
Gelatin 35 10.5 mg 227

Mannitol 3.0 § 9 mg 19.4
Lemon-lime flavor 02 : 0.6 mg 13
powder ;

CBD isolate 8.4 § 25 mg 54.0

Sucralose 0.2 0.6 mg 1.3
Acesulfame-K (.2 0.6 mg 1.3
FD&C Yellow #5 Trace Trace Trace
Purified water 84 : Rem@ve‘d dur.mg Rem;wgd during
; manufacture manufacture
Total 100.0 ; - 100.0

Methods of making the rapudly infusing composition

¢ Purified water was charged (o a pot and muxed using an overhead stirer as an
agitating device.

¢ With agitation, the requisite amount of gelatin and mannitol were dispersed, and the
mixture was heated until the excipients were dissolved.

& Ongce dissolved, the sweeteners sucralose and acesulfame-K were added and allowed
o dissolve.

= The solution was cooled to 30 °C, moved to an overhead homogenizer, and then the
requisite amount of cannabidiol (CBD) isolate was charged and dispersed using the
homogenizer to micronize the CBD and create a drag product suspension.

¢ The requisite amount of Lemon-Lime flavor was charged and mixed for 10 minutes,
then the FD&C Yellow #5 colorant was added.
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¢ The resulting drug product suspension was transferred to a second overhead mixer
and mantained at a temperature of 30 °C for the ensuing dosing operation.
& In a blistering machine equupped with a dosing system, blister pockets were filled

with a target dose weight of 300.0 mg of the drug product suspension,

[ 4]
®

The product was frozen in a suitable crvochamber and then the blister trays were
transferred from the crvochamber to a suitable refrigerated storage cabinet
{temperature below { °C) prior to lyophilizing o keep the product frozen.

e The frozen blisters were loaded from the refrigerated storage cabinet umo Ivophilizers

and the product was lvophilized {water was sublimated} to form the rapidly infusing

10 COMpPOSIHonS.

e  When the lyophilizing cvcle was completed, the rapadly infusing compositions were
transferred from the lvophilizers to the blistering machine where the blister trays were
heat sealed with lidding material. The resulting tablets are flat-topped circular uniis

approximately 15 mm in diameter with a convex bottom packaged in individual

[
(V4

blister units {see also U.S. Provisional Application 63/114,181- incorporated heretn
by reference in ifs entirety).
& The following tests were performed:
o A seal integnity test was performed at -0.5 Bar for 30 seconds, 1-minute soak
iime
20 o Visual mnspection was performed

o Dry weight testing was performed

Placebo
A placebo product was also formulated 1 the same manner as the rapidly infusing

25 compasition, with the exception that the placebo product was formulated withowt CBD.
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Interim Clinical Trial Results

Interim resulls from a clinical trial addressing post-surgical pain following shoulder
arthroscopy, the methodology for which is desceribed in ULS. Patent Application No.
17/225.738 filed April 08, 2021, which 1s incorporated heren by reference, show that the
rapidly infusing dosage form of the instant invention has superior safety compared to all
known CBD dosage forms.

So far, 87 patients have completed the study, with 47 completed subjects in the active-
treatroent cohort receiving the ATL In the compleied subjects i the active-treatment cohort
there were no serious adverse events, and only three (3} nuld adverse events total potentially
related to treatment. No single subject in the active-treatment cohort had more than one
adverse event and no two subjecis had the same tvpe of adverse event. This extremely low
rate of adverse events, 6 4%, 1s basically unheard of in CBD trials and will likely make a
tremendous difference in adherence to the therapy by future patients.

By contrast, chinical inal data for Epidiclex®, the onlv currently FDA-approved drug
containing CBD, showed a far higher incidence of adverse events. For example, in epilepsy-
related {rials, adverse event rates varied from 43% (NCT02224703 at “nid dose™ of 20
me/kg/dav) to 4% (NCT02564952 at 20-30 mg/ke/day) and a Parkinson’s disease related
trial (NCTO2818777) experienced adverse events i 100% of the subjects. Results for pain-
related clinical trials of Sativex®, an oromucosal spray containing both THC and CBD
{which is not approved for any indication i the Uniled States), also showed {ar more adverse
events, with serious adverse events occurring in as high as 45.6% of patients (NCTG1337089)
and other adverse events {(notl including serious adverse events} occurring in as high as 97%

of patients (NCTO1606176) in certamn trials.
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CLAIMS

i A method of treating epilepsy inn a subject, comprising:

administering to the subject in need thereod, via the oral mucosa, a rapidly infusing
compostiion comprising (a) a pharmaceutically acceptable binder and/or excipient system
comprising gelatin and a sugar alcohol, and (b} a therapeutically effective amount of

cannabidiol {CBD) or a denvative/analog thereof.

2. The method of claim 1, wherein the rapidly infusing composition is iyophilized.

3. The method of claim 1, wherein the rapidly infusing composttion has a
> o f=]
disinlegration time of approximately 1 to 30 seconds in deionized water maintained at 37° C

+ 20

4. The method of claim 1, wherein the rapidly infusing composition has a
disiniegration time of approximately | to 5 seconds in deionmized water maintained at 377 C +

22 C

5. The method of claim 1, wherein the gelatin 15 present o the rapidly infusing

composition in an amount of 10 1o 35 wit.%, based on a total weight of the rapidly infusing

composiiion on a dry basis.

6. The method of claim |, wherein the gelatin is bovine gelatin,

N
[
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7. The method of claim 1, wherein the sugar alcohol is present in the rapidly infusing
composttion in an amount of 5 1o 35 wt.%, based on a total weight of the rapidly infusing

composition on a dry basis.

8. The method of claim 1, wherein the sugar alcohol comprises mannitol,

9. The method of claim 1, wherein the CBD or derivative/analog thereof is present in
the rapidly infusing composition in an amount of 20 {0 70 wi. %, hased on g total weight of

the rapidly infusing composttion on a drv basis.

10. The method of claim 1, wherein the rapidly infusing composition is formulated

with a solid form of the CBD.

11. The method of claim |, wherein the rapidly infusing composition is formulated

with a sohid form of the CBD having a purity between 95 and 99.9 wt %.

12. The method of claim 1, wherein the rapidly infusing composition is formulated
with a solid form of the CBD that has been micronized to have a D50 diameter between 1 and

50 pm.

13. The method of claim 1, wherein the rapidly wnfusing composition is formulated

with a CBD derivative/analog.

i4. The roethod of claim 13, wherein the UBD derivative/analog 1s cannabidiolic acd

methyl ester.

N
o)
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15. The method of claim 1, wherein the rapidly infusing composition further
comprises at least one selected from the group consisting of a sweetener, a flavorant, and a

colorant,

16. The method of claim 15, wherein the rapidly mfusing composition comprises the

flavorant, and the flavorant comprises lemon-hime flavor.

17. The method of claim 15, wheren the rapidly nfusing composition comprises the

colorant, and the colorant comprises FD&C Yellow #5.

18. The method of claim 15, wherein the rapidly infusing composition comprises the

sweetener, and the sweetener comprises a mixture of sucralose and acesulfame-K.

19. The method of claim |, wherein the rapidly infusing composition is administerad

1o the subject via the buccal mucosa.

20. The method of claim 1, wherein the therapeutically effective amount of CBD or

derivative/analog thereof is from 0.1 mg/kg/day 1o less than 5 mg/kg/day.

21. The method of claim 1, wherein the rapidly infusing composition 1s administered

{o the subject 1 to 3 imes per day.

22. The method of claim 1, wherein the subject presents with focal onsel seizures.

N
73]
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23. The method of claim 1, wherein the subject presents with generalized onset

sedzures.

24. The method of claim 1, wherein the subject presents with both generalized onset

and focal onset seizures.

25 The method of claim 1, wherein the epiepsy 15 chuldhood epilepsy.

26. The method of claim 25, wherein the subject has Dravet Syndroroe, myoclonic-
absence epilepsy, Lennox-Gastaut syndrome, generalized epilepsy of unknown origin,
CDKLS deficiency disease, PCDH19-epilepsy, continuous spikes and waves during sleep
{CSWS8), electnical status eptlepticus during slow-wave sieep (ESES) epilepsy, Atcardi
svndrome, Ohtahara syndrome, bilateral polyoucrogyria, Dupl3qg syndrome, SNAP2S-
associated epilepsy, febrile infection related epilepsy syndrome (FIRES), benign rolandic
epilepsy. juvenile myoclonic gpilepsy, Doose syndrome, infantile spasm {West syndrome}, or

Landau-Kleffner syndrome.

27. The method of claim 1, whergin the epilepsy is drug resistant epilepsy.

28. The method of claim 27, wherein the subject has Dravet syndrome, Lennox-

Gastaut syndrome, myoclonic absence seizures, febnle mfection related epilepsy syndrome

(FIRES), treatmeni-resistant adult focal epilepsy (TRAFE), or PCDHI19-epilepsy.

23, The method of claim 1, wherein the subject presents with atonic setzures.

N
s
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30. The method of claim 29, wherein the subject has Lennox-Gastaut syndrome,
tuberous sclerosis complex, Dravet syndrome, Doose syndrome, Atcardi svodrome, CDELS

deficiency, or DuplSq syndrome.

31. The method of claim 1, wherein the subject has Lenvox~Gastaut syndrome, Dravet

svondrome, or tuberous sclerosis complex.

32. The method of claim |, wherein a fotal convulsive frequency of the subject 18
reduced by at least 50%, relative 1o the total convulsive frequency observed prior o

admanistration of the rapidly infusing composition.

33 The method of claim |, wherein a total convulsive frequency of the subject is
reduced by at least 70%, relative to the total convulsive frequency observed prior to

administration of the rapidly infusing composition.

34. The method of claim 1, wherein the rapidly infusing composition is administered

in combination with an antiepileptic drug,

35 The method of claim 34, wherein the antiepileptic drag is at least one selecied
from the group consisting of phenobarbital, eslicarbazepine, ethosuximide, everolimus,
tiagabine, acetazolamide, brivaracetam, cenobamate, clorazepate, lorazepam, methsuximide,
primidone, diazepam, divalproex, felbamate, fenfluramine, carbamareping, oxcarbazepine,
lacosamide, vigabatrin, gabapentin, lamotngine, pregabalin, baclofen, phenvtoin, valproic
acid or its salts such as sodium valproate, topiramate, zonisarmide, levetivacetam, clonazepam,

rufinanude, stiripentol, perampanel, and fosphenytoin.

N
N
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