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(57) Abstract: The present disclosure relates to an oral, immediate release, abuse deterrent liquid filled capsule containing poly-
ethylene glycol and at feast one active pharmaceutical ingredient susceptible to abuse. The dosage form is abuse deterrent to par -
enteral administration. The present disclosure also relates to processes of preparing the dosage form.
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IMMEDIATE RELEASE ABUSE BETERRENT LIQUID FILL DOSAGE FORM

Cross Reference to Related Applications

{3001 This application claims priovity to U8, Provisional Application No. 62/025,878 filed

July 17, 2014, the disclosure of which is incorporated herein by reference in their entirety.
Field of the Technology

16002} The present disclosure relates to an oral immediate release, abuse deterrent dosage
form. The dosage form contains polyethylene glycol (PEG) to reduce abuse by non-oral
administration routes, ¢.g. intranasal and/or intravenous. The composition of PEG is designed o
allow for immediate release of the active ingredient while deterring abuse and maintaining

stability of the dosage form at elevated temperatures.
Background

(00031 FDA-approved drugs are provided in many different forrus based on the type of
active substance, the indication treated and the preferred route of administration. These forms
include enteral formulations (e.¢., tablets, capsules or pills), parenieral formulations (e.g.,
injectable formulations such as intravenous, subeutaneous, intramuscular and intraarticular),
Liguid formulations (e.g., elixirs}, lyophilized formuldations and topical formulations, A magjority

of the FDA-~approved drugs are currently available in enteral form, as sither a tablet or capsule.

(00041 Several formulations have been investigated for deterring abuse, either by oral
ingestion of the drug with alcchol, or by non-oral administration routes such as intranasal and/or
intravenous administration, For example, 1ULS, 2014/0010873 (assigned to Egalet Lid) is
directed to an abuse-deterrent pharmaceutical composition inclading at least one polyethylene
oxide and at least one plasticizer. The polyethylene oxide has an average molecular weight of at
ieast 1,000,000 Daltons, and the pharmacewtical composition includes at least S percent w/w of
the at least one plasticizer. The pharmaceutical composition is designed {o prevent immediale
release of the at feast one active drug substance after physical tampering, U8, 200%/01233886

(assigned to MW Encap Limtted) is directed to an sbuse deterrent capsule including at least one

i



WO 2016/010771 PCT/US2015/039336

modifier selected to prevent abuse. The modifier may have a high melting point or be jnsoluble
i agueous aolvents or ethanol, For example, the high melting point excipient may be Poloxamer
18& or PEG 8000, 113, 2010/0204259 {assigned to Egalet A/S) is directed 1o immediale release
pharmaceutical compositions that are resistant 1o abuse by intake of alcohol. The release of the
drug substance from the immediate release composition is decreased when the composition ia
exposed to a dissolution medivm that includes ethanol. The compositions may be formulated to

inchude at least one polvglyeol and at feast one effervescent agent.
Summary

[0G05) The present disclosure relates to an immediate release, abuse deterrent capsule
inchiding an active substance susceptible (o abuse, a first polvethylene glyveol (PEG) having an
average molecular weight between about 30,000 Daltons and about 40,000 Dahons; and a second
PEG having an average molecular weight between about 3000 Daltons and about 4060 Dalions.

The ratio of the {irst PEG 10 the second PEL is less than about 1:4 wiw,

F0006] in some embodiments, the first PEG and the second PEG together are at least
ahout 60 wits of the dosage form. In some embodiments,; the active substance is hvdrocodone
bitarirate. in other embodiments, the active substance is oxyoodone hydrochloride (HCH. In
some embodiments the capsule includes g grey dye incloding FD&C Blue #1, FD&C Yellow #4,
and FD&C Red #40. In certain embodiments, the dye reduces abuse by providing a visual
deterrent to injecting. In certain embodiments, about 60%, 70%% 75%, 80%, 85%% or about 90%
or more of the capsule fill contents are soluble in both water and/or alcohol, e.g., ethanch, In
certain enthadiments, the ratio of the first PEG to the second PEG is between about 17 wiw and
about 111 wiw, In some exobodiments, the first PEG has an average molecular weight of about
35,000 Daltons and the second PEG has an average molecular weight of abowt 3350 Dalions. In
somne ernbodiments, the capsule incindes at least about 2.5 wit% of the active substance. The
capsule may be prepared by filling a capsule body with a heated bomogenized suspension

including the active substance, the first PEG and the second PEG.

100073 The present disclosure also relates to an immediaie release, abuse deterrent
capsule inchuding an active subsiance susceptible to abuse and polvethylene glyeol with a
weighted averapge molecular weight between about 6200 Daltons and about 7800 Daltons, In
certain embodiments, the capsule includes at least abow 60 wite of PEG. In some embodiments,

P
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the active substance is hydrocodone bifartrate. In other emnbodimnents, the active substance i3

oxycodone HCL

FOOOE] The present disclosure aleo relates o an invnediate release, abuse deterrent
capsule including an active substance susceptible to abuse, a first PE( having a melting point
greater than or equal to about 60 °C, and a second PEG having a melting point less than or equal
to about 57 “C. The contents of the capsule can be solid at 40 °C/ 75% relative humidity. In
some embodiraents, at least 90% of the getive ingredient can be released from the capsule within
30 minutes following administration or via dissohition testing. In other embodiments, at least
75% of the active ingredients can be released from the capsule within 45 winutes following
administration or via dissolution testing, In some embodiments, the first PEG and the second
PEG together are at ieast about 60 wi% of the capsule. In particular embodiments, the active
substance 13 hydrocodone hitarirate. [u other embodiments, the active substance is oxyeodone

HCL

10009 The present disclosure also relates 1o a process for the production of an immediate
release, abuse deterrent capsule including at least one active snbstance susceptible o abuse
including preparing a homogenized suspension of the at least one active substance susceptible o
abuse, a first PEG having an average molecular weight between about 30,800 Dalions and about
40,000 Daltons, and a second PEG having an average molecular weight between about 3060
Daltons and about 4000 Daltons. The process can further inchude filling the homogenized
suspension inte a capsule body to produce an encapsulated dosage form, The ratio of the {irst

g., between abowt 1.7 w/w and abowt

g

PEG 1o the second PEG can be less than about 1:4 w/iw, e

1211 wiw,

F0010] In certain embodiments of the aforementioned process, the first PEG and the second
PEG together can be at least about 60 wi% of the capsule. In particular embodiments, the active
substance is hydrocodone bitartrate, In other embodiments, the active substance is oxyeodone
HCL In certain embodiments the capsule can be formed by joining a capsule body with a
capsule cap.

(001711 The present disclosure also relates to a method of treating pain including
administering to a subject in need thereof a therapeutically effective amount of any of the

aforementioned capsules.
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Brief Deseription of the Drawings

(G012} The toregoing and other advantages provided by the present disclosure will be more
fully understood from the following description of exemplary embodiments when read together

with the accompanying drawings, in which:

(0013 Figure | shows cross sections of a capsule filling machine including the body

segment, the cap dise, the hopper, the pumping box, the substation roller, and capanle bodies.

{0141 Figure 2A shows solutions of grey dye before filtering, Figare 2B shows acintions of

grey dye after filtering.

[G015] Figure 3 shows g summmary of an exemplary manufacturing process for formulations

of the present disclosure.

[G016] Figure 4 shows unfiltered solutions of the dosage forms in 199 proof othanol after

shaking at 250 rpro {or 3 howrs,

{017 Figure 5 shows ayringe-filtered solutions of the dosage forms in 190 proot ethanol

after shaking gt 250 rpm for 3 hours,
Dretailed Description

(G018} Abuse of preseription drugs, particularly opicids, is a sertous and growing public
health concern. To address this concern, new formulations are being developed that contain
abuse-deterrent properties, Abuse deferrent properties tnelude properties that roake product
manipulation more difficult or make abuse of the manipulated product less attractive or

rewarding.

(0019] Recently the FDIA issued a drafl guidance for industry related to formulations having
abuse deterrent propeies. Guidance for Industry. Abuse -Deterrent OGpioids — Evaluation anud
Labeling, VLS. Department of Health and Human Services, FDA, CI3ER, Jannary 2013, the
entive conterrts of which arg incorporated herein by reference. These guidelines separate abuse
deterrent formulations into six categories, wneluding: physical/chemical barriers,
agonist/antagonist combinations, aversion, delivery svstem, prodrug, or a combination of the

atorementioned. As described by the FDA guidance, the categories are:
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1002401 Physical/Chemical barriers - Physical barriers can prevent chewing, pulverizing,
cutting, grating, or grinding. Chemical barriers can resist exiraction of the opioid using common
1]

solvents like water, alcohol, or other organic solvents. Physical and chemical barriers can

change the physical form of an oral drug rendering it less amenable to abuse.

(021 Agonist/Antagonist combinations ~ An optond antagoniat can be added to jnterfere
with, reduce, or defeat the euphoria associated with abuse. The antagonist can be sequestered
and released only upon manipulation of the product. For example, a drug product may be
formulated such that the substance that acts as an antagonist is not clinically active when the

product 18 swallowed bul becomes active it the product 1s crushed and injected or snorted.

(22 Aversion — Substances can be combined 10 produce an unpleasant effect if the dosage
L fat)

form is manipulated prior to ingestion or a higher dosage than directed is used,

100231 Delivery System (including depot ingeciable formulations and tmplants) — Certain
drug release designs or the method of drug delivery can offer resiatance to abuse. For example, a
sustained-release depot injectable formulation that is administered intramuscularly or a

subcutaneous implant can be more difficult to manipulate,

0241 Prodrug — A prodrug that lacks opinid activity until transformed in the gastrointestinal

tract can be unattraciive for infravenous injection or intranasal routes of abuse.

100251 Combination — Two or more of the above mwethods can be combined o deter abuse.
(00261 An opioid analgesic submitted for abuse detervent formulation { ADF) Iabeling must

show conformance to one or more of these categories. The present disclosure relates to an abuse
deterrent dosage form for oral admmstration, which provides immediate release of an active
prharmaceutical substance and conforms to one or more of these categories. In one embodiment,
the abuse deterrent dosage form of the present disclosure conforms o al least one of the six FDA
categories, In another embodiment, the abuse deterrent dosage form of the present disclosure
conforms o at least two of the six FDA categories. In ancther embodiment, the abuse deterrent
dosage form of the present disclosure contorms to at least three of the six FDA categories, In
another embodiment, the abuse deterrent dosage form of the present disclosure conforms fo at
icast four of the six FDA categories. In another erobodiment. the abuse deterrent dosage form of

the present disclosure conforms to at least hive of the six FIIA categories.

[
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[GO27] For example, an abuse deterrent dosage form of the present disclosure can reduce
abuse by the incorporation of at least one physical barrier. The physical barrier is designed to
prevent abuse based on chewing, pulverizing, cutting, grating or grinding. Preferably, the
physical barrier prevents or reduces the effectiveness of these roethods. As used herein, the
phrase “abuse deierrent” means that the active substance cannot readily be separated from the
formulation in a form suitable for abuse by such means as, for example, grinding. The abuse
deterrent form of the present disclosure canpot be easily ground, extracted from, or both. Abuse
deterrent measures render it difficult to transform the dosage form into a residue or extract for

non-oral administration, such as intranasal or intravenous.

[0028] in one embodiment, the present disclosure relates 1o an oral, immediate release, abuse
eterrent dosage form including an active substance susceptible to abuse, a first PEG having an
average molecular weight between about 30,000 Baltons and about 40,000 Daltons, and a second

PEG having an average molecular weight between about 3000 Daltens and about 4000 Daltons.

The ratic of the first PEG to the second PEG can be less than about 1:4 w/w. The wiSs of active
subsiance in the formulation may alse vary depending on the active substance of the dosage
form. In some embodiments, the dosage form includes at least about 0.0 wite, 0.2 wide, 0.3
wi%, 0.4 wit, 0.5 wi%e, 0.6 wi%, (.7 wi%, 0.8 wit%, 0.8 wi%h, L0 wi%, 1.1 wit, 1.2 wi%, 1.3
wits, 1.4 wibh, 1.5 wt %%, 2 wit%s, 2.5 wis, 3 widh, 4 wi%, 3 wits, 6 wils, 7 wi¥, 7.5 wil%, &
wi%s, 9 wite, 10 wi%, 11 wite, 12 wi, 13 wiSe, 14 wi%, 15 wi%s, 16 wi%, 17 wi%, 18 wids, 19
wils, 20 wi%t, 21 wi¥h, 22 with, 23 wi, 24 wits, 25 wibs, 26 wils, 27 wile, 28 wils, 29 wils

30 wit, 31 wits, 32 wiSh, 33 wi%, 34 widh, 35 wi%h, 36 wiSe, 37 wis, 38 wide, 39 wils, 40
wi%, 41 wite, 42 wi%, 43 wite, 44 with, 45 with, 46 wits, 47 wite, 48 wits, 49 wids, 50 wi,
51 witlh, 52 with, 53 wi%h, 54 wie, 55 wi, 56 witSe, ST wis, 38 wi%t, 59 wil, 60 wil, 65
wi%e, 69 wite, 70 wivs, 75 wi%e, 80 wit¥s, 85 wibo, 88 wi¥, 90 w1, or 95 wi% of the active
substance, Any of these values may be used to define a range for the wi% of the active
substance depending on the application. Por exarple, the amount of active sabstance in the
dosage form may range from aboot $.10 wi¥ 0 about 60 wi%. Particularly, the amount of
active subsiance in the dosage form may range from about 0.1 wi% to about 1.3 wi%, from about
5 wits to about 30 wi%, from about 15 wi% to about 20 wi%se, from about 15 wi%s to about 30
wiSo, from about 44 wi% to about 60 wi¥s, from about 40 wit%s to about 50 wi%%, or from about

47 wi1% 1o about 46 wi%
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(0291 For example, the dosage form may be a 100 mg capsule including about 5 mg, about
F0 mg, about 15 mg, about 20 myg, or about 30 mg of active substance {e.g., oxveodons HCH. In
other embodiments, the dosage form may be a 150 mg capsule including about 5 mg, about 10
mg. about 15 mg, sbout 20 mg, about 30 mg, or about 45 mg of active subsiance {e.g.,
exyeodone HCEL In other embodiments, the dosage form may be a 200 mg capsule including
about 5 mg, about 10 mg, about 15 mg, aboul 20 myg, about 30 mg, about 40 myg, about S8 myg, or
about 60 mg of active subsiance {e.g., oxycodone HCEL In other embodiments, the dosage form
may be a 700 mg capsule including sbout 2.5 g, about 5 mg, about 7.5 mg, about 10 mg. about
15 mg, about 28 wmyg, about 30 myg, about 45 myg, about 30 mg, about 60 wyg, about 70 mg, about

80 mg, about 90 myg or about 100 myg of an active substance (¢.g., hydrocodone bitarirate),

{030 As used herein, the term “active” or “active substance” or “active substance
susceptible to abuse” or “APD” means any opioid or opioid related compound subjeet fo potential
abuse. The active substance may inchude, without imitation, alfemanil, allylprodine,
alphaprodine, anilendine, benzyhmorphine, beritramide, buprenorphine, butorphanol,
clonitazene, codeing, cvelazocing, desomorphine, dextromoramide, dezocine, diampromide,
dihydrocodeine, dihvdromorphine, divoenoxadol, dimepheptanol, dimethyvithiambutene,
dioxaphetyl butyrate, dipipanone, eptazocing, ethoheptarine, ethyhmethylthiambutens,
ethylmorphine, etonitazene, fentanyl, berotn, hydrocodone, bydromorphone, hydroxypethidine,
isomethadone, ketobemidone, levatlorphan, levophenacyimorphan, levorphanc!, lofentanil,
meperidine, meptazinol, metazocine, methadone, metopon, rworphine, myrophine, nalbulphine,
narceine, picomorphine, horpipanone, opium, oxycedons, papvretun, pentazocing,
phenadoxene, phenazocine, phenomorphan, phenopernidine, piminadine, propiram,
propoxyphene, sufentanl, #lidine, tapentadol, and tramadol, and pharmaceutically acceptable
satts and mixtures thereof, For example, i some embodiments the active can be oxyeodone HC
or hydrocodone bitartrate, In the dosage forms of the present disclosure, the active substance is

aot oxymorphone,

{0631} In particular, the active substance can be hydrocodons bitarirate or oxyeodone HOL
The dosage form of the present disclosure can be rendered abuse deterrent by incorporating PEG
in the dosage form. The PEG can deter abuse by proventing at least 58%, or at least 75%, of the

capsule weight from being ground to a particle size below 500 wum, such as afier 30 seconds of

~3
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niitling at 10,000 RPM. PEG can also prevent extraction of the active substance from the dosage
form using an aleohol. Abusers can use the partial sohibility characteristics of dosage form
excipients to extract the active substance using alcohol and subseguently burn off the alcohol to
formn a purer residue contaimng the active substance. The inchusion of PEG in the formulation
can prevent or reduce extraction because PEG can melt and form a wax before the alcohol can be
compleiely evaporated or flashed off, an abuser yay not be able to oblain g residue containing
the active substance, Addition of a dye to the dosage form can also result in a colored solution
afier extraction of the active substance, delerring intravenous injection. By selecting the
appropriate average molecolar weight and gquantity of PHEG present within a dosage form, the
characieristics of the dosage form can be manipulated in & way to create a wide array of abuse

deterrent capenles having mmediate release profiles.

[G037] Inchusion of PE in the dosage form can result in the inabiltty of the dosage form,
e.g.. capsule, o be abused by pulverizing and snorting, pulverizing and injecting, or
combinations thereof. For example, the abuse deterrent dosage form of the present disclosure
may be incapable of being signaficantly pulverized by physical or mechanical force due at least

in part to the waxy characteristics of the PHG.

100331 Ome of the most common means of abuse of an orally administered opioid analgesic
involves the manipulation of the oral dosage form in order to cause rapid delivery to the
Bloodatream via nasal insufflation. In order for insufflation (o be used as an effective means of
abuse, the original dosage form must be manipulated so as 1o decrease the particle size of the
ingeated drug to about 300 wm or less. A particle size of about 300 pm or less is necessary for
gifective intranasal absorption to occur. By limiting the quantity of particles under about 500
un that an abuser can obiain by reasopable methods, one can render insufflation ineffective as a
means of abuse. Thus one way to prevent abuse by nasal insufflation is by capturing the active
substance susceptible to abuse in @ matrix which is resistant to being physically broken down to

produce particles smaller than about 380 wm.

{0034] The dosage form of the present disclosure cap inhibit manipulation by grinding or
pulverizing using commaon equipment, such as a coffee grinder. For example, the formulation

can deter abuse by Hmiting the particle size to which the formulation may be ground. The

formulation prevenis the dosage form, or at feast substantial portions of the desage from, from

3
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being ground in particles having a particle size of about 300 um or less that may pass through the
mucus membranes of the nasal cavity. The dosage form can also significantly imit the
extraction of the active substance by common solvents (e.g., cold waler or distilled agquecus
gthanol) from the formulation. For example, the formulation deters abuse by limiting the ability
of persons 1o exiract the active substance from the formulation {either wntentionally or
uninfentionally), such that the active substance cannot easily be concentrated for parenteral
administration. The abuse deterrent dosage form may also include, bui does not require, the

incorporation of other deterrents such as antagonists or irritands.

(00351 For example, in one embodiment, the abuse deterrent can work as follows, Hthe
dosage form is extracied with alcohol or an agueous solution, the PEG and/or dyve will also be
extracted and cannot easily be separated from the active substance, preventing the preparation of
pure drug for intravenons adminisiration. Extraction with a solution would resslt in a grey/black
Hogmd contatning the PEG, dve and active substance. The inchusion of PEG in the formulation
can prevent or reduce extraction because PEG can melt and form a wax before the aleohol can be
completely evaporated or flashed off] an abuser may not be able to obtain a residue containing
the active substance. These properties can aliow for an oral drug delivery system that satisfies at
feast one of the categories in the FDA gwdance {g.g., "physical and chemical barriers can change

the physical form of an oral drug rendering it less amenable to abuse™).

(00307 The PEG can be capable of allowing immediate release of the active substance,
providing abuse deterrence, and/or ensuring the formation of a solid dosage form that s stable at
elevated temperatures, for example 40 °C. In some embodiments, the PEG provides all three.
The dosage form of the present disclosure can accomplish the above capabilitics by using a
mwixture of PEG molecules of at least two ditferent average molecular weights. For example, the
dosage form may inchude 2 first PEG having an gverage molecular weight between about 36,000
Dabions and 40,000 Daltons, and a second PEG having ap average molecular weight abowt 3000
Dabtons and 4000 Daltons.

FO0371 in some embodiments, the first PEG has an average molecular weight of abowut 20,
004, 21,000, 22,000, 23,000, 24,000, 25,000, 26,004, 27,000, 28,000, 29,000, 30,000, 30,500,
31,000, 31,500, 32 000, 32,500, 33,000, 33,500, 34,000, 34,500, 35,000, 35,500, 36,000, 36,500,

37,000, 37,500, 38,000, 38,500, 39,000, 34,500 or 40,000 Daltons. Any of these values may be

e
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need 1o define a range for the average wolecnlar weight of the fivst PEG, For example, the first
PEG can have an average molecular weight between about 31,000 Dalions and about 39,000
Daltons, between about 32,000 Dalions and about 38,000 Daltons, between about 33,000 Daltons
and about 37,000 Daltons, between about 34,000 Dalions and about 36,800 Dalions, between
about 30,000 Dialtons and about 32,000 Daltons, between abouwt 32,000 Daltons and about 34,000
Draltons, between about 36,000 Dalions and about 38,000 Daltons, or between about 38 (00

Daltons and about 40,008 Daltons.

{00381 In some embodiments, the second PEG can have an average molecular weight of
3000, 2050, 3100, 3150, 3200, 3250, 3300, 3350, 3400, 3450, 3500, 3550, 3600, 3650, 3700,
3750, 3800, 3850, 3900, 3950 or 4000 Daltons. Any of these values may be used to define a
range for the average molecular weight of the second PEG. For example, the second PEG can
have an average molecular weight between about 3100 Daltons and about 3900 Daltons, between
about 3200 Dabions and about 3800 Dalions, between about 3300 Balions and abowt 3700
Dialtons, between about 3400 Daltons and about 3600 Daltons, between about 3000 Daltons and
3700 Dalions, between about 3200 Daltons and abowut 3400 Dalions, betwesn about 3600 Daltons

and about 3800 Daltons, or between about 3800 Dalons and sbout 4000 Daltons.

00301 In some embodiments, the ratio of the first PEG to the second PEG can be ghout 301
220, 00, B2, 3004, 15, 16, 107, 18, 109, 110, EE, 112, 33, 14, 1S, 1096, 1017, 1018,
1139 or 1:20. Any of these values may be used to define g range for the ratio of the first PEG 1o
the second PEG. For example, in some embodiments, the vatio of the first PEG 1o the second
PEG can be between about 1.2 w/w and about 2:1 w/w, between about 1:2 w/w and about 11
wiw, between about 112 w/w and about 1.1 w/w, between about 111 wiw angd about 2:1 wiw,
between about 13 w/w and about 3:1 w/w, between about 1:4 w/w and about 1:10 w/w, between
about 17 w/w/ and about 1:11 w/w, or between about 1:8 w/w and about 110 wiw. Inother
embaodiments, the ratio of the first PHG 1o the second PEO can be less than about 301, 201, 111,
102, 3004, 105, 106, 17, 18, 16, g, 10 1012, 133, g, 1ois) 1ol 1170 AR, g oy
1:20. For example, a ratic of 1,10 15 less than a ravio of 19

{00401 The total wi% of PEG in the dosage form may vary depending on the active
auphstance, stability, and release profile. In some embodiments, the first PEG and the second
PEG together are at least about 5 wi¥e, 18 wi%, 15 wis, 20 wite, 25 wi¥s, 30 wi¥s, 35 wi%, 36

10
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wi%o, 37 wis, 38 wido, 39 wi%h, 40 with, 41 wibe, 42 wi, 43 wids, 44 wit, 45 wi¥e, 46 wis
47 wi%, 48 wt%e, 49 wi%, 30 withs, 51 with, 52 wi¥, 33 wi%, 54 wi¥%, 535 wi%, 56 wils, 57

wi¥s, 58 wi%h, 59 wi%, 60 wits, 61 witbe, 62 wi%, 63 witls, 64 wits, 65 wibs, 66 wite, 67 wil,
68 witde, 69 wi%s, 69.7 wi¥s, T4 wiSe, 71 wils, 72 wi%, 73 wile, 74 wi%, 7S wibe, 70 wita, 77

wito, 78 wits, 79 wiSe, 30 wihh, 85 wite, 88 wibh, 90 wi, or 95 wits of the dosage form.

(041 in one embodiment, the formulation includes a disintegrant, A disintegrant prowmotes
disintegration of the capsnle, and dissolution of the active substance, after administration and
upon contact with water. The disintegrant may be selected from sodiurm starch glycolate, cross-
linked polyvinylpyrrolidone {e.g. crospovidone), eross-linked sodivrn carboxymethyleelhiose
{e.g. croscarmeliose sodium) sodium Mearbonate/citric acid, alginic acid or combinations
thereof. In particular embodiments, the disintegrant is selected from sodiurn starch glveolate,
crospovidone and croscarmetlose. The dosage form may contain about T wi¥, Z wi%, 3 wi%%, 4
wi%, 5 wiSh, 6 wit¥h, 7T wi%, 8 wi%, 8 wits, 10 wite, 11 wibs, 12 wi%, 13 wi%s, 14 wie, 15 wila,
16 wi%e, 17 wi¥, 18 wi%, 19 wi% or 20 wiSe of disintegrant. Any of these values may be used
io defing a range for the wi% of disintegrant. For example, the dosage forrn may contain
hetween about 1.0 wi¥e and about 20 wiSe of disintegrant. Particularly, the formulation may
contain between about 1.0 wi% and about 10 wi% disintegrant or between about 5 wi% and
about 8 wi% disintegrant. In certain embodiments, the dosage formy inchides 5 witt sodium
starch glycolate, 8 wi% sodium starch glyeolate, 5 wiSe crospovidone, or 5 wt% croscarmeltiose
sodivm, In another embodimend, the dosage form of the present disclosure excludes a

disiniegrant,

00472} in some embodiments, the formulation inchudes a dye. A dye can be useful in
deterring abuse by discouraging the abuser from intravenous irgection. For example, extraction
of the dye along with the active ingredient would result in a colored solution that would
discourage the abuser from intravenous injection. Thus, in certain embodiments, the dye reduces
abuse by extracting and injecting. The dyve may be selected from known dyes suitable for use in
pharmaceutical formulations or approved by the FDA for such use. For example, the dye may be
FD&C Blue No. 2 or a S0/50 witts solution of FDEC Blae No. 2 in PEG. In another
embodiment, the dve may be a grey dye including FR&EC Blue #1, FDR&C Yellow #6, and FDE&C

Red #40, The dye may be in a 90% PEG 3350 blend. In cortain crabodiments, 14 mg of dye
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blend can be used in each capsule or about 1.4 mg of concentrated dye. In cortain embodiments
a grey dye is used sinee 1 19 visnally deterning and von-transparent. The dosage form may
inclode about 010 wi%, 020 wite, 030 wi%, 0.40 wibs, 0.50 wis, 1 wils, 2 wi%s, 3 wi, 4
wit%e, 5 wi%, & wi%, 7 wide, 8 wi%, 9 wi¥s, 10 wide, 11 wi¥, 12 wi%s, 13 wils, 14 wi%e, 15 witbs,
16 wite, 17 wi%e, 1€ wi%, 19 wtle, or 20 wi% dye. Any of these valucs may be used 1o define a
range for the wit% of the dye. For example, the dosage form may contain between about §.10
wi% and about 15 wi% dye. Particularly, the dosage form may contain between about 0.20 wit%
and about 1.5 wi% dye, about 0.3 wi%e and about 1.0 wi% dye | or about 7 to about 14 wi%
dye. In certain embodiments, the dosage form may include about 1 mg, 1.4 mg, 2 mg, 3 mg, 4
mg, Smg, 6 mp, 7 mg, S mg, 9mg, 10mg, 11 mg, 12 mg, 13 mg, 14 mg, 13 mg, 16 mg, 17 mg,
18 mg, 19 mg 20 mg 21 mg, 22 mg, 23 we, 24 mg, 25 mg, 26 mg, 27 mg, 28 mg, 29 mg or 30

mg of dye. In another embodiment, the dosage form of the present disclosure excludes a dye,

100431 in some embodiments, the dosage form includes a first dye and a second dye, wherein
the first dve has a high solebility in aqueous solution that is higher than the solubility of the
second dve in aqueous solution. For example, in some embodiments the first dye has a solability
in agueous solutiop of abont 1 g, 5S¢, 108, 30 ¢ 53 g, 100 gor 5300 g in 1 L of aqueous solution
and the second dye has a solubility in aqueous solution of about 1 mg, 5 mg, 10 mg, 30 mg, 30
my, H00 mg, 500 mg, 1 g, or 10 gin 1 L of agueous solution. in some embodiments, the second
dve has & high solubility in non-aqueous solution that is greater than the solubility of the first dye
in non-agueous solution. For exarple, in some embodiments, the fivst dye bas a solubility in
non-aqueocus solution of about T mg, 5 mg, 18 mg, 3¢ mg, 50 mg, 1M mg, 500 mg, 1 g, or 10 g
in 1 L of non-aguecus solution, and the second dye has a solubility 1o non-agqueous solation of
about 1 g, 5¢, 18 g, 30 g, 50 ¢, 100 gor 300 g in 1 L of non-aqueous solution.  In soms
embodiments, the color of the first dve is substantially the same as the color o the second dye.
in other embodiments, the color of the first dye is substantially different from the color of the
second dye. For the purposes of the present disclosure, a dye is considered to be soluble mm a
solvent if about 1 g of the dye can be dissolved in about 10-30 mL of the solvent. For example, a
dvye is considered to be water soluble i about 1 g of the dye can be dissolved in 10-30 ml of

water.
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100441 In another embodiment, the dosage form tncludes a preservative or antioxidant. The
preservative or antioxidant can reduce or ot the degradation or deterioration of the abuse
deterrent dosage form. For example, the components of the oral drog delivery system {e.g.,
active subsisnces, PEG) may undergo degradation {e.g.. oxidative reduction, chain cleavage) due
to oxidation. Preventing degradation can help maintain the abuse deterrent properties of the
formulation. For instance, the molecular weight of PEG in the formulation affects the resistance
to grinding, for example, with a coffee gnnder. The addition of a preservative or antioxidant in
the formulation that reduces or eliminates the degradation of the molecular weight of PEG may
be nseful in maintaining the abuse deterrence properties of the dosage form. In addition to
maintaining abuse deterrence, the addition of a preservative o antioxidant in the dosage form
may be necessary to prevent premature degradation of the active substance over the shelf life of

the dosage form. .

100457 The preservative or antioxidant may be selected from preservatives or anticxidants
known to one skalled in the ant for uee in pharmacentical formulations, such 83 cliric acid,
ascorbic acid, ascorbyl palmitate, butylated hydroxyanisole {BHA), butylated hydroxyiciuens
(BHT), erythorbic acid, hypophosphorous acid, lactobionic acid, monothioghycerol, potassium
metabisuifite, propyl gatlate, racemsthionine, sodivm bisulfite, sodium formaldehyvde
sutfoxviate, sodium metabisulfite, sodim solfite, sodium thiosulfaie, stannous chloride, sulfur
dioxide and tocopherols. The formulation, or dosage form, may confain between about .1 wi%
and about 2.0 wi%, or about 0.23 wit%s and about 0.75 wi%s of preservative or antioxidant. In
another embodiment, the dosage form of the present disclosure exclodes a preservative or

antioxidant.

[0044] in some embodiments, the dosage form includes one or more excipionts that form a
gel in the presence of an alcohol. The aleohol gelling/thickening agent reduces or Hmits the
potential for abuse by preventing extraction of the active subsiance {rom the dosage form. For
example, when introduced to an aleohol solution, the components of the dosage form {e.g., active
substances, PEG)Y may become trapped in a gel/viscous haquid which prevents extraction and
subsequent alcohol evaporation 1o produce a pure active substance. in one embodiment, the
aicohol gelling/thickening agent does not forro a gel in the presence of water. The dosage form

can contain up to about 156, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, 10%, 11%, 12%, 13%, 14%,
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F5%, 16%, 17%, 18%, 199G, 2094, 21%, 22%, 23%, 24%, 25%, 26%, 27%:, 28%, 29%, 30%,

3194, 32%, 33%, 3450, 35%, 369, 3794, 38%, 39% or about 40%. These values can be used 1o

define a range, such as about 0.1 wi% to ghout 40 wi% alcoholic gelling/thickening agent. In
another emboediment, the dosage form of the present disclosure does not contain an alcshol

gelling/thickening agent.

3047 The alcohol gelling/thickening agent may be a gelling or thickening agent known 1o
f fag =
one skilled in the art for use in pharmaceutical formudations, such as acacia, alginic acid,
hentonite, calcium acetate, carbomers, carboxymethvicellulose, ethyicellulose, gelatin,
L‘;‘ B
hydroxyethyicellutose, hydroxypropyt celinlose, magnesiom aluminum silicate, methyleeliuiose,
potoxamers, poiyvinyl alcchol, polyvinyl acetate, polyvinylpyrrolidone, sodium alginate, sorbitol

derivatives, tragacanth, or xanthan gum.

(0451 The dosage form may additionally include af least one additive independently

selected from surfactants, bulking agents, lubricants, flavorings or combination thereof.

100491 The abuse deterrent dosage form of the present disclosure ¢ capable of immediate
release of the active substance. The dosage form may be manufactured to provide a composition
exhibiting an immediate release profile of gt least one active substance, As used herein,
“immediate release” refers to a dosage form that releases the active substance or a
pharmacentically acceptable salt thereof, e.g., oxycodone HCT or hydrocodone bitartrate,
substantially completely into the gastrointestinal tract of the user within a period of less than an
hour, and often less than about 45 minutes or 30 minutes from ingestion. In one embodiment,
the amount of active substance released frov the dosage form, o.g., oxveadone HC or
hvdrocodone bitartrate, by exposure o deagrated water within 45 minuties is greater than or equal
10 753%. In another embodiment, the amount of active subsiance released from the dosage form,
£.2., hyvdrocodone bitartrate, by exposure to a 8.1 N hydrochloric acid solution within 30 minutes

i5 greater than or equal to 0%, In other embodiment, the amount of active substance released

from the dosage form, e.g., oxyveodone HOCL within 45 muimutes is grester than or equal 1o 73%
FHISG fn one embodiment, the dosage form of the present disclosure releases greater than or

equal to about 75% of the active substance within 45 minutes after administration or via

dissolution testing. Particularly, the dosage form releases greater than or equal to about 8355,

i4
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about 8396, about 90%, or about 939 of the active substance within 45 minutes after

administration or via dissolution testing.

U In other embodiments, the dosage form of the present disclosure releases greater than
or equat 10 about 90% of the active substance within 30 mimutes after administration or via
dissolution testing, Particularly, the dosage form releases greater than or equal to about 2%,
about 94%, about 969, or abowut 98% of the active substance within 3¢ mimites after

administration or via dissolution testing.

100521 The present disclosure also relates to an oral, immediate release, shuse deterrent
dosage form mweluding an active subsiance suaceptible to abuse and PEG with g weighted
average molecular weight between about 6200 Daltons and about 7800 Dalions. In one
embodiment, dosage forms containing an average wolecnlar weight of PEG in this particolar
range have several desirable characteristios including immediate release of the active substance,
stability at high temperature conditions {e.g., 40 °C with 75% relative humidity), relatively low
viscosity at clevated temperatures {e.2., a viscosity less than or equal 1o 2000 P at 75 °C), and/or
a relatively high particle size atter grinding {e.g., greater than or equal to 30% of the particles
having a diameter greater than or equal to 500 wm after grinding, such as for 30 seconds at
10,000 RPM). Dosage forms inchuding PEG with an average molecular weight between about
6206 Praltons and about 7800 Daltons may be prepared by combining two or more PEG: with
difterent molecular weights. For example, any of the PEGs described herein (e.g., PEG 3350
and PEG 353000) may be comnbined {0 prepare a dosage form inclading PEG with an average

molecular weight range between about 6200 Dalions and about 7800 Daltons,

[G053] In particular embodiments, the dosage form includes PEG, or two or more PEGs, with
an average molecular weight of abowut 5004, SG15, 3100, 52040, 5300, 53400, 5500, 5600, 5704,
S800, 5900, 6000, 6100, 6200, 6300, 6400, 6500, 6515, 6600, 6700, 6800, 6900, 7000, 7100,
7200, 7300, 7400, 7500, 7600, 7700, TE00, 7900, RG00, §100, 8200, 8300, 8400, 8500, §600,
8700, REGD, 8900, 9000, 9100, 9200, 9300, 9400, 9500, 9604, 9700, 9800, 9500, 16,000, 10,100,
E0,200, 16,300, 10,400, 16,500, 10,600, 15,700, 10,800, 10,900, 11,000, 11,100, 11,200, 11,304,
£1.400, 11,500, 11,600, 11,675, or 11,704 Daltons. Any of these values may be used to define a
range of average molecular weights for PEG, or PEGs, depending on the application. For

example, in some embodiments, the dosage form includes PEG, or PEGs. with an average
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molecular weight between about 6200 Daltons and about 6515 Dalions, between abont 6515

Daltons and about 6800 Daltons, or between about 6200 Dalions and about 6800 Daltons.

100541 in other embodiments, the present disclosure relates to an oral, immediate release,
abuse deterrent dosage form incloding an active substance susceplible (o abuse, a first PEG
having a meiting point greater than or equal to about 60 °C, and a second PEG having a melting
point fess than or equal o about 37 °C. The dosage forro can be a solid at 40 °C/ 75% relative
hunnidity, and at Jeast 909 of the active ingredient can be released from the dosage form within
30 munutes following adminisiration or via dissolution testing. The dosage form can be g solid g
44 °0 7 75% relative homidity, and at least 75% of the active ingredient can be released from the

dosage form within 45 minutes following administration or via dissolution festing.

100551 The melting point of PEG can be positively correlated with molecular weaght, 1e
higher moelecular weight PEGs have higher melting peints. For example, PEGs with an average
malecular weight up to 400 Daltons can be considered nonvolatiie hiquids at room tomperature,
PEG 600, for example, has a melting range of about 17 10 22 °C, and may be liguid at room
temperature but waxy at lower tomperatures. PEGs with an average molecular weight of 800 to
26040 Daktons can be considered waxy matenals at room temperaiire with a relatively low
melting range. For example, PEG 1300 has a melting point of about 42-46 °C. PEGs with an
average molecilar weight above 3000 can be considered solids. Por example, PEG 3350 has a
nelting point of about 53-57 °C, and PEG 35,000 has a melting point of about 60-65 °C. By
combining a PEG with a relatively low meliing point {e.g., PEG 3350) with a PEG with &
relatively high melting point {e.g., PEG 35,0048} a dosage form with several desirable properties
can be formed, including immediate release of an active substance, stability at high temperatures
{e.g., 407 C with 73% relative lumidity), relatively low viscosity at elevated temperatures {g.g.,
iess than or cqual to 2000 ¢F at 75 °C), and/or a relatively high particle size atter grinding {2.g.,
greater than or equal to 30% of the particles having a diameler greater than or equal to 500 pm)
and/or the incorporation of a chemical barrier which makes 1t difficult to separate the active
substance from the rest of the formulation.

(00361 In some embodiments, the dosage form includes g first PEG having a meliing

temperature greater than or equial to about 52 °C, 33 °C, 54 %0, 55 °(, 36 °C, 57 %, 58 °C, 59

“C, 60 °C, 61 °C, 62 °C, 63 °C, 64 °C, 65 °C, 66 °, 67 "C, 68 °C, 69 °C, or 70 °C. Any of these

0.
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values may be used fo define a range of melting temperatures for the first PEG depending on the
application. For example, the dosage form may inciude a first PEQG having a melling
temperature from about 32 °C to about 60 °C, from about 55 °C to about 60 °C, from about 53
% to about 57 °C, from about 33 °C o about 56 °C, from abowt 55 °C 1o about 58 °C, from

about &0 °C 1o about &5 °C, or from ahout 60 °C to about 70 °C.

{30571 in some embodiments, the dosage form includes a second PEG having a melling
temperature 1eas than or egual to about 5 °C, 10 °C, 15 °C, 16 °C, 17 °C, 1€ °C, 19 °C, 20 °C, 21
PCL22°C, 23 °C, 24 70,25 °C, 25 °0, 27 2C, 28 °C, 29 °C, 30 °C, 31 °C, 32 °C, 33 °C, 34 °C,
3570, 36 °C, 37 °C, 3R °C, 39 °C, 40 °C, 41 7, 42 °C, 43 °0, 44 °(, 45 °C, 46 7, 47 °C, 48
°C, 4970, S0 °C, 31 °C, 52 °C, S3 00, 54 °C, 55 °C, 85 °C, 56 °C, or about 37 °C. Any of these
values may be used to define a range of melting temperatures for the second PEG depending on
the application. For example, the dosage form miay inchude a second PEG having a melting
temperature between about 17 °C and about 22 °C, between about 42 °C and about 46 7O,

between about 53 °C and about 57 °C, or between about 42 °C and about 87 °C.

{0058} In some embodiments, the dosage form inclades a first PEG and a second PEG,
wheretn the first PEG and the second PEG combined have a melting temperature of about 42 °C,
43 °C, 44 °C, 45 °C, 46 °C, 47 °C 48 °(C, 49 °C, 50 °(C, 51 °C, 32°C, 53 °C, 54 °C, 55 °C, 36
FOLST O, RE R0, 59 70, 60 °C, 61 °C, 62 TE, 63 °C, 84 °C, 65 7, 66 °C, 67 7L, 68 7, 69 °C,
70 °C. Any of these values may be used to define a range of melting temiperatures for the
combined first and second PEG depending on the apphication. For example, the first PEG and
the second PEG combinad may have a melting temperature between about 53 °C and about 65

",

100591 In other embodiments, the present disclosure relates to an oral, immediate release,
abuse deterrent dosage form inchuding an active substance susceptible to abuse, a fiest PEG
having a melting point greater than or equal to about 60 °C and a second PEG having a viscosity
at 100 °C less than or equal to about 11 ¢85t The dosage form can be a solid at 40 °C/ 75%

relative buniidity, and at least 75% of the active ingredient can be released from the desage form
within 45 minutes following adminisiration or via dissolution testing or at least 90% of the active
ingredient can be released from the dosage form within 30 mimutes following administration or

via dissohition testing.
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10060} In some embodiments, the dosage form includes 8 second PEG having a viscosity at
100 °C of less than or equal o about 500 ¢81, 450 ot 400 o5, 350 o5, 300 oS¢, 250 ¢St 200
oS, 190 81, 180 i, 170 oft, 160 ¢S4, 158 oS¢, 150 o8, 140 e8¢, 130 ¢B81, 123 81, 120 ¢8¢, 110
o8, 105 o8, 100 oSt 99 ¢S, 3 St 90 oSt 87 ¢S, 80 ¢St, 76 ¢St, 75 ¢5t, 73 ¢St, 70 ¢5t, 67 o,
60 o8, 50 ¢Bt, 49 oft, 48 oRt, 47 oFt, 46 o8, 45 o8¢, 44 oFy, 47 of, 42 ofi, 41 o, 40 ¢Xi, 39
oy, 38 oM, 37 o8 36 o8t 35 o8t 34 o8, 33 o5, 32 ¢3¢, 31 eBt, 30 o5, 29 oBy, 28 o84, 27 o5, 26
cS, 25 oSt 24 81, 23 ¢81, 22 ¢85, 21 ¢8, 2081, 19 eS8, 18 ¢854, 17 ¢St 1a el 15 81, 14 oSt
i30S 12 081, 11 oS8, 10 o5, 9 eS8, 8 o, 7 oft, 6 ¢St 5 o8¢, or about 4 ¢St Any of these values
may be used to define a range of viscosities for the second PEG depending on the application,
For example, the dosage form may inchude a second PEG having a viscosity between about 4.0
ot and about 49.0 ¢8t, between about 16.0 ¢St and about 49.0 o541, between about 23.8 ¢St and

about 32.0 ¢S, or betwesn about 76 ¢St and abowt 110 oSt

(0061 In some embodiments, the formmulation of the present disclosure can have a viscosity
af 100 °C of about 40 ¢S, 41 ¢51, 42 ¢b1, 43 ¢81, 44 ¢S81, 45 ¢51, 46 ¢5t, 47 ¢51, 48 ¢81, 49 ¢8¢, 50
51, A1 oRL, 32 o8, 3% oS8, 54 o8¢, 55 oft, 36 ok, 37 oy, 58 oft, 59 o, o ok, 61 ¢85, 62 o,
63 &1, 64 ¢cfit, 65 cSt, 60 ¢S, 67 ¢S, 068 ¢S, 69 ¢St, 70 ¢S, 71 ¢S, T oS, T3 ¢S, T4 ¢S, 7S
oSt 76 eS8, TR, 78 oSt 80 oSy, 90 81, 100 oSt 110 8, 120 e8¢, 130 ¢8t, 140 o5y, 150 ¢S5y,
158 ¢81, 160 o8t 170 cSt, 180 ¢Sy, 190 ¢S4, 200 ¢bt, 250 o3¢, 300 oSt 350 oS¢, 400 ¢St 450 ¢St
500 oSt, 600 ¢St, 700 ¢St, 800 <81, 800 ¢81, 1000 ofy, 1100 ¢St 1200 oSt, 1300 ¢8t, 1400 iy,
1500 ¢St 1600 o581, 1700 81, 1800 ¢85y, 1900 ot or about 2000 ¢St. Any of these values may
be used io define g range of viscosities for the forroulation of the present disclosure depending on
the application. For example, the formulation of the present disclosure may have a viscosity
hetween about 500 o8t and about 2000 ¢34, or between about 800 o3t and about 1900 ¢58. In
some embodiments, the formulation or dosage forny is a solid at room temperature and/or at 100

°C and has not measureable viscosity.

62 n another embodiment, the present disclosure relates to 8 process for the production
of an oral, immediate release, abuse deterrent dosage formy inchuding preparing a homogenized

suspension of at feast one active substance susceptible to abuse, a first PEG, and a second PEG.
For example, the first PEG can have an average molecular weight between about 36,000 Daltons

and about 44,000 Dalions, and the second PEG can have an average molecular weight between
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about 3000 Daltons and about 4000 Daltons. The ratio of the first PE(G to the second PEG can
be less than shout 114 whw, The process can further inelude dispensing or filling a homoegenized
suspension e a capsule to produce the dosage form. In some embodiments, the capsule can be
formed by joining a capsule body with a capaule cap. The first PEG and the second PEG
together may be any wit% of the dosage form as described herein, for example at least about 68
wi%o of the dosage form. In some emnbodimnents of the processes described herein, the active
substance is hydrocodone bitartrate. In other embodiments, the active substance 1s oxyeodone
HCL In certaim embodiments, the abuse deterrent dosage torms of the present disclosure are

capanles,

100631 The atnise deterrent dosage forms of the present disclosure may be produced by liguid
filled encapsulation. Liguid filled encapsulation is a process in which active pharmacentical
ingredients are suspended or emulsified i a carvior matrix and filled into capsules, The capsules
arc usually made of bard gelatin or hvdroxypropyl methyleellulose. One of the advantages of
this dosage form is that it requires Tewer excipients and processing steps than other traditional
compressed solid dosage forms. The internal solid phase APY (e.g., oxycodone Hl or
hyvdrocodone bitartrate) can be suspended in a PEG external fluid phase. In one embodiment,
PEGs with average molecular weights greater than about 1500 Daltons are ideal for Hguid filled
capsules becanse they are thermoplastics that mcl at temperatures below the melling point of the
hard gelatin capsule (<70 °C ) and are solids at room temperature. If the filling material is hgud
at room temperature, a banding process can be used. Thus process adds a gelatin band around the
point where the capasle body and cap join to create a unified capsule body to prevent leakage, In

some embodiments, the formulation of the present disclosure can include a band,

100641 In one embodiment, the Iiquid il process can begin by dispensing excipients {e.g.,
PEG and stabilizers/preservatives) and AP according to theoretical percent weights of the final
capsule fill weight, Following this step, the PEG powders or flakes and dyes are pre-melied
before they are added o a homogeniving mixing kettie which can maintain the PEG above is
melting point via jacketing on the kettle. When the PEG is completely fluid, the AP and other
non-meiting stabilizers and/or preservatives can be mixed in to form e homegenized suspension.
This can ocour with the aid of mechanmieal agitation by way of several internal stirring arms.

Once 2 homogenized suspension is attained {in some embodimeants newsr kettles can be

Y



WO 2016/010771 PCT/US2015/039336

equipped with NIR probes o indicate when this happens}, the suspension can be pumped
through jacketed hoses (to maintain the internal kettle temperature to prevent solidification in the
hose) to a hopper on the capsule filling machine. An illustration of a capsule filling machine is

provided in Figure 1,

{0065 The capaule filhing hopper can also be jacketed 1o beat the suspension to prevent
solidification. The capsule filling machine can contain a separate hopper which operators fill
with hard gelatin capsules. The hopper can feed into a rectifying drurn which can align all
capsules in the same direction. Once aligned, the capsules can sit vertically in a cap disk which
can allow for separation of the body and cap via vacuur, To fill the capsule, a positive
displacement pision pamp can be used to draw the product in from the jacketed hopper and
dispense the suspension inio the capsule body through a set of changeable nozzles, Fill weaight
adiustroent can be achieved by varving the piston stroke of the pump. These changes can be

made throughout the process due to frequent in-process capsule weight checks.

0066} Onee the capsule body i3 filled, the capsule body and cap can be joined via pusher
pine which raise the capaule body upwards and into the capsude cap, which are held in place
above the capsule body by @ joining block., The pusher pins can then push the unified capsule
out of the cap disk and discharge them from the machine., The capsules can then be allowed to
conl at room temperature on trays and can be each weight checked via g capsule weigh checking
machive, Following this, the capsules can then be placed info a final output drum,  Automatic
capsule filling machines can have the ability to produce 500 to 150,000 capsules an howr with a

very high degree of accuracy.

(60671 In some embodiments, the present disclosure relates to a dosage form as described
herein prepared by filling a capsule body with a heated homogenived suspension including an
active substance, a first PEG and 2 second PEG. In some embodiments, the homogenized
suspension including an active substance, a first PEG, and a second PESG melts at a temperature
of about 42 °C, 43 °C, 44 °C 45 °C, 46 °C, 47 °C, 48 °, 49 °C, 50 °C, 51 °C, 52 °C, 33 °C, 54
SCL, 8590, 36 0, ST RC, SBPC, A0 00, 60 T 61 TC, 62 °C, 63 7T, 64 °C, 63 70, 66 7T, 67 °(,

g

5

68 7, 69 °C, 7O °C, 71 20, 72 °C, 73 °C, 74 °C, or 75 °C. Any of these values may be used to
define a range of melting temperatures for the homogenized suspension. For example, in cortain

embodiments, the bomogenized suspension has a melting temperature between about 33 °C and
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about 63 °C. ln particular embodiments, the homogenized suspension including an active
substance, a first PEG and a second PEG melts at temperatures below 77 °C, Le., the meiting
point of the hard gelatin capsule. In ancther embodiment, the present disclosure relates to a
method of freating patn inchuding adminisiering to an individual in need thereof a therapeutically
effective amount of a dosage form as described hercin, The dosage form can be used for the
management of moderate 1o severe pain where the use of an opioid analgesic 18 appropriate, The
dosage form can provide rapid onset of analgesia for the treatiment of moderate to severe pain.
The dosage form, e.g., a hard gelaun capsule, can be adminstered orally every 4-6 hours as

needad,

JO00E] The disciosures of all cited references including publications, patents, and patent
applications are expressly incorporated herein by reference in their entivety, Further, when an
amount, coneentration, or other value or parameter is given as either a range, preferred range, or
a list of upper preferable values and lower preferable values, this is to be understood as
specifically disclosing ail ranges formed from any pair of any upper range Hmit or preferred
value and any lower range limit or preferred value, regardiess of whether ranges are separately
diselosed. Where a range of nurnerical values 1 recited hereln, unless otherwise stated, the range
is intended to include the endpoints thereof, and all integers and fractions within the range. Mt is
not intended that the scope of the nvention be limited to the specific values reciied when

defining a range.

FGG69] The present invention is further defined in the following Examples. It should be
understond that these Examples, while indicating preferred embodiments of the invention, are

given by way of tllustration only.
Examples
Example §

[O070] Initial tosting and cvaluation experiments for the immediate release ADF Liguid tilled
capsnle were based on suspending an APLin PEG and filling it to weight into a8 hard gelatin
capsule which then solidifies into & wax at room temperature. Some of these experiments used
acetaminophen (APAP) as a tracey drug in place of C-H navcotices. Oxyeodone HCand APAP
are both soluble in reaerated water. The USPE monograph for pooled hydrocodone bitartrate and

acetaminophen tablets specifios 80%% (Q) +10% refease of both drugs in 30 minutes in 0. 1N HCL
21



WO 2016/010771 PCT/US2015/039336

indicating both are capable of immediate release. As a result, APAP was expecied to be a viable

alternative for experimentation.

(00711 A formulation was prepared containing 30 mg APAP and a 50:50 ratio of PEG
333001300 g/miol and 0.50% FD&C dyve insive 3 white opagoe capsules. Three capsule Gl
weights were evaluated: 100 mg, 150 mg, and 280 mp. These fornmulations were tested for
dissolution. The USP criteria for imumediate release of oxyeodone HCH is 500 mL porified water
as media, Q=70% at 45 wimstes, Specification = 753% {{3+5%), apparatus 2 {paddies), 58 rpn.
All capsule weights proved to release immediately, with the 150 my and 200 rog formulations
releasing completely at 20 minutes. 100 mg capsule fill would be preferred to decrease material
costs. Table 1 below list the dissociagtion data of size 3 capsules containing 30 myz APAP, g

50:50 ratio of PEG 3350:1500 g/mol, and 0.5% FD&C dye,

s
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Table 1
Batch Capsule fill 20 Minutes 'A.verage 43 Minutes | Average
18-1 7R 18 $6.25
18.2 100 mg 78.66 TROT7 CBRIZ3 1 B6IY
18-% rr kYRR I 8411 |
,,,,,,,,, Batch | Capsulefill | 20 Minotes | Aversge | 45 Minutes | Aversge
Ae-r 92,7 96.95 :
‘‘‘‘ 19-2 150 mg 98.55 95.48 100.69 95.17
19-3 9513 87.80
Bateh Capsule il | 20 Minutes | Average | 45 Minutes | Average
201 S w274 96.68
20-2 200 mg 88.16 91.82 96.50 96,59
20-13 o457 | 96,50
(724 These dosage forms contain water- and ethanol-soluble FD&C dyes, ez, 8.5%

FD&C dye, to deter extraction of the APY and intravenous injection of the solution. Further

rendering of the drug solution would be reguired o separate the pure AP from the PEG and

FD&C dyes.

fOU73]

PEG 1450 (INF grade available from Dow Chemical Company) can be used in place

of PEG 1500 in the oxycodone HCI dosage forms. Additional exemplary oxyeodons HCH dosage

forms are shown in Table 2 below. 196 citric acid may be used in the desage forms as an APL

stabilizer.

Table 2
Total
Oxyecodone | PEG 3350 | PEG 1450 Fix&C Citric Acid | Capsule Fill
Dosage | HCllmgy | dmg) 1 {mg) | Dye(mg) {mg) (g or %)
5 5 44,25 44.25 0.5 | i00
N =T . 13 3445 34,25 0.3 ! 100
34 30 19,25 i9.25 8.5 { 100
Total
Oxyendone | PEG 33530 0 PEG 14530 FD&EC 1 Citrie Acid | Capsule Fill
BDogsage | HCI(%6) | {3 4 YO Dye (%) | (W - {mg ot %)
& 3 4i-47 41-47 | 025075 052 0 300
15 15 31.37 1137 | (.25-0.75 {3.5-2 IREY
39 30 16-22 16-22 $3.25-0.75 0.5-2 100
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Example 2 - Immediate Relegse ADF Liguid Fill Capsules including PEG 35660

FO0741 The dissolution rate, ADF properties and meit temperatures of additional immediate
release ADFE oxyeodone HCT lguid 6 capsule formudations containing varying amounts of PEG
1450 and PEG 35000 were evaluated. Acetaminophen (APAP) was used as a tracer drug for
oxyeondone HCL The formulations are shown tn Table 3 below. The target amount of APAP
was 30 mg per capsule, and the target il weight was 100 mg (batch number 923 or 200 mg

{batch numbers 93-94). The capsules contained 30% w/w (batch number 92} or 15% wiw (batch

munbers 93-04) APAP. Nize 3 opaque hard gelatin capsules were used.

(00751 Disaohotion was tested using the following criteriar (@ = not less than 70% dissolved
at 45 minutes, and the specification = 3+5% (75%) dissolved at 45 minutes, As shown in Table
3, the average dissolution for the three formulations ranged from 87% to 98%:. Accordingly, all

of the formulations met the specification of at least 75% dissolution at 45 minuies.

100761 As mentioned above, it s generally accepted that any particle greater than 500 poin
diameter cannot be sufficiently absorbed by the blood vessels in the nasal mucosa, Thus, in one
embodiment, a formulation is considered to deter intranasal abuse if 2 75% of the particles are
> 500w in diameter after grinding. As shown in Table 3, the percentage of particles > 500 um
in diameter atter grinding ranged from 90% 1o 92%. Thus all of the oxyeodone formulations met

~,

the standard of > 75% of the particles being > 500 um in diameter after grinding.
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Table 3: Dissolution and Particle Size after Grinding for Oxyesdone HO Formulations
Including PEG 35060 and PEG 1458,

. Execipients Dissolution Grinding / Particle Size
Batch Ye Yo of
Mumber | % PEG | PEG Overall | % @ 48 G >
35668 | 1438 L min®* | Average | S06um | % < 500um
180
106 { 70 83 87 G2 8
I )
82 18 a0 80 31 9
........................ b‘ e A UMM UMM SRR
S
59 41 a9 98 90 10
Q5
(60773 The oxycodone HCI formulations were also analyzed to determine melting

temperatore. The capsules were held at 40 °C /7 75% relative humidity for 72 hours. As shown
in Tabie 4 below, the batch number 92 and 93 formulations containing 100% and 82% PEG
35000, respectively, were solid at these conditions, while the batch number 94 formulation

E

containing 59% PEG 35000 had a much softer fill,

Tabie 4: Melt study of Oxyeodone HCI formulations,

—_ LY 6 WY %o of
Ngi;ig;r PEG gsé}zgj Overall | Designation® Nates
4 Eds{} 3 . Fiii ..........................................................................................
........... ELTE WS T L S A ! No evidence of melt
85
9 18 g2 1 1 Ng evidence of melt
94 43 5% 2 Much sofier fill
* 1 {one} = Solid, § (five} = Thick Liguid
FOG7E] The dissolntion, particle size afier grinding, and color extraction of two additional

formulations of oxyeodone HCI (batch numbers 11 and 12} contairung varying percentages of

2
A
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PEG 35000 and PEG 1450 were determined as described above, The formulations also
contained 1% citric acid and 14% Grey Dye. Both formmlations used a size 3 opague hard
gelatin capsule with a target il weight of 100 mg. APAP was used as 3 tracer drug for
oxyeodone HCL The target amount of APAY was 5 myg (5% w/w) for batch number 11 and 30
mg (30% wiw) for batch mumber 12, For dissolution, Q = Mot less than 70% dissolved at 45
minutes, and the specification = (+5% (75%) dissolved at 45 minutes, As a reference, an
aceeptable particle size afier grinding 182 73% particles > 500 pm in diameter. As a reference,

N

an accepiable color scaie designation after extraction of the dyeis > 4 ona scale of | o 5, with §

being the highest level of color.

(30791 As shown in Table 3 below, both oxyeodone HCY formulations met the criteria for

dissohution rate, particle size after grinding, and color extraction,

Table 5: Disselution, Particle Size after Grinding, and Color Extraction of Oxycedone H(Y
Formuiations containing PEG 33800 and PELG 1450,

{xyeodone HOI Formulation
Lrinding
/ Particie
Exeipients Dissolution Size Hxtraction
Batch : o py
Mumber | % % % A %% of o o | }
NI R T i Aveg. Yo @ | = < | {oloy Seale
PELG | PEG | Citrie | Grey | Overall 45 wri 500 | 500 | Desiznation
38600 | 1450 1 Acid | Dye Fill o N e
pm R
i
48 32 85 106 96 1 10 5
P2
113
: ] S i
12-1
(9. 33 22 70 96 89 | 11 5
123
{0080 in one embodiment, hot melt fill capsules are sufficiently viscous at elevated

temperatures o aliow for flow of the fil into the capsules. Accordingly, additional oxyendone
26
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HCI formulations containing PEG 35000 and either PEG 3350 or PEG 1450 were evaluated by
mmeasuring viscosity at 75 °C at 530 rpm. Forroulations were weighed out according 1o total wit %
of a 15g batch. Each formulation was poured inte a viscosity testing crucible and placed in an 80
°Cowater bath 1o melt. Once fully melied, the formulations were mixed using a siainless steel
spatula and transferred to a Brookfield £3V-I1+ Pro Viscometer (VISZ9 NCD: Upon Use}
atilizing Spindle: 827 (Small Sample Adapier). The viscometer was equipped with a water
jacketed crucible platform. Once the melt temperature reached 75 °C, a viscosity reading was
taken in centipoise (¢P). Based on manufacturer specifications, an acceptable viscosity for the
purpeses of this study 19 < 1300 ¢P. The particle size after grinding and stability a1 40 °C/ 75%
relative hunudity {RH} was also determined. For the grinding analysis, an acceptable particle
size after grinding was considered to be > 73% particles = 500 pmiin diameter. All

formulations were size 3 opague hard gelatin capsules.

(008 1] As shown in Table 6 below, batch rumber 100 containing 1% PEG 35000 and
4496 PEG 1450 had a viscosity of 1288 ¢P at 75 °C /7 S0 vpm, above the manofactirer
specification of < 31000 oP. Accordingly, viscosity was not measured for the formulations
containing higher percentages of PEG 35000 (e, batch numbers 97-99). In addition, batch
number 100 was not sufficiently stable for storage, since this formulation was a very viscous

figuid at the stability test conditions of 40 °C / 75% RH.

(82 Although batch nomber 181 containing 5.5% PEG 35000 and 49.3% PEG 1450
had an acceptable viscosity (705 ¢y at 75 °C /7 50 rpm, the stability tests revealed that this
formulation was a very viscous Hauid at 40 °C /7 73% RH, and thus was not stable for storage.
Because the formulations containing 11% PEG 35000 (batch number 1003 and 5.5% PEG 35000
{batch nomber 101} were not sufficiently stable for storage, stability of batch number 103
contatning 7.7% PEG 33000 was not determined.

FO083] Formulations containing FEG 35000 and PEOG 3350 were also evaluated. As
shown in Table 6 below, the formulation containing 6.97% PEG 35000 and 62.7%% PEG 3350
{batch murmber 1043 and the formulation contaiming 7.7% PEG 35000 and 69.3% PEG 3330

{batch number 105} met all of the criteria for particle size after grinding, viscosity, and stability.

£
-3



WO 2016/010771 PCT/US2015/039336

Table 6: Particle size, Viscosity, and Stability for Oxyeodone HUI Formulations Containing
PEG 35660,

. Stability
e ge .1 Vise~ ’
Grinding / osity at
Particle (k‘P) 480778
Excipients Size © YoRH
Baich g S .
% | Y% | % | Peg | % | % (:'{f‘?f,“if ‘ ;‘;}5 % <
PEG | PEG | PEG | Ratio  Grey | AP | (VS 20 500
35000 | 3350 | 1450 Dve | ¥ HERL B m
’ {mgy
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s
e e . . Wax,
275 274 | 50:50 830 11701 WA ,
: 1011~
g7 | ‘ Hiquid
- Softenad
22 331 4060 9140 86 1 MNA Wax,
NOf-
G o
--------- LA — 430 100 b liguid
w65 |0 ags ) 300 ‘ 5011 95 | Na | oo
9 . ’ L . : sotid
Yery
i1 44 20:8% 3 6571 43 128% VESCOLES
100 ,  higuid
j T Very
5.5 495 | 13:80 9961 04 705 viscous
101 , % % - Hiquid
R ENE 693 | 10:90 L 7 15 | 200 NA | NA | 298 NA
: 3 Scftened
55 1495 1090 | 14 36| 100 | 788212 1p4s | e
: : o~
102 5 Hoguid
1 Softened
% - Wa,
697 L 627 1 | 1090 | 933 20 | 150 799 1201 | 74§ Wax,
iy 3 o~
,,,,,,,, LIS S (— ﬁ Haud
Softened
. . . . . . Wax,
771 693 90 0 7 115 | 200 775 12250 620 -
103 3 hgquid
________________ 106 ;154 (616 F L2007 G5 1200 (85111481 1375 | ONA

Example 3 - Evaluation of Dyes

1)
K




WO 2016/010771 PCT/US2015/039336

{00847 Numerous dyes were evaluated for their potential to deter intravenous abuse.

Varving concentrations of FD&C Blue #2, green (FD&C Blue #2 and FD&C Yellow #5), FD&C
Yellow #5, FI&C Red #40, and grey dve (FDR&C Bhe# ], FO&C Yellow #6, FI&C Red #4403
were evaluated by dissolving them in a %5% ethanol 5% purified water {190 proof) solotion and
passing the solution through a syringe filter. Afler syringe fillering the dye solutions were
visually evalvated for color intensity and rated on a scale ot § to 5, with 0 indicating no color and
S indicating dark, significant color. As shown in the Table 7 below, the blue and green dyes
exhibited the highest color intensity at low concentrations, e.g. §.25% w/w. Solutions of grey
dye before and after filtering are shown in Figures 24 and 2B, respectively. The grey dye was
pariicularly striking and less appealing. An acceptable color scale designation after exiraction of

the dve is > 4 on a scale of | o 5, with 5 heing the highest level of color,

Table 7: Evaluation of Varicus Dyes af Varving Concontrations in 190 Proof Alcohel

Baich Diye Color Bye (Y wiw} Pyve {mg) Color Number™

o5 | 175
8.50 3.50 5
.75 5.25 5
1,86 7.00 5
{325 1.75 4
] S 35{) ;
Tl {ireen 5.25 4
73 Green 7.00 4
LT Yellow 175 %
e Yeliow 350 4

s Yeliow 325 5
77 Yeliow 7040 5
78 Red 0.75 2

A Red 139 E N
B e Bed ERLY ‘
g1 Red 4.44 5

82 frey SRR £ L S—— R
L83 L Grey 3,50 2
&4 Gray 525 4

85 Grey e oo 4
) Grey 2.00 14.00 3
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FOG85] {n one embodiment, the dye can be grey, Grey can be chosen because it is darker
than the others and can be effective at g lower relative concentration. Grey dye can allow for the

wost visually deterring form with the least amount of dye present in the formulation.
Faample 4 - Immediate Release ABF (xyeodone HUY Liguid Fill Capsules

[0086] Abusers of optoid products often adulterate the product to promote more rapid release
of the active ingredient. The products can be chewed and swallowed, crushed and inhaled, or
extracted in water or alcohol {either crushed or intact) to produce a solution that can be used for
iwtravenous administration or dried for insufflation of a purified produoct. Adulteration of the
products can enable a more rapid delivery of active than can be achieved by ingestion of the
intact product. This rapid onset, high exposure is associated with euphoria, drug likeng, and

greater abuse potential,

FGO87 Current abuse-deterrent formulations have miistions. Insufflation is a common
route of abuse for oxyeodone HC products. To be attractive for insufflation, crushing a product
should vield particles of fess than 300 pny to allow uptake of the active substance though the
nasal mucosa. Therefore, abuse deterrent formulations can be made to discourage crushing or
breaking of tablets to vicld particles less than 500 um. Test methods using flat platens to crush
the product as a criterion for abuse deterrence i3 not meaningful, Al C-H narcotic drug products
tested can be cut with an edged surface {e.g., scissors or a razor blade) and therefore can
potentially be abused, with forces that are substantiaily lower than what has been reporied using
the breaking strength test or eguivalent {e.g., >500 W), Flattening the tablets using forces greater
than 500 N (with traditional “tablet breaking force” definitions) does not address abuse

deterrence potential in the tested C-I1 narcotic drug products,

{008K] Grinding can be a better evaluation of the relative resistance of marketed prodacts o
abuse. The formulation of the present disclosure compares favorably against Roxicodone® with
respect 1o g decrease in the percentage of particles produced atter gninding that are smaller than
Sy, Statistically different results emerge between the formulation of the present disclosure
and Roxicodone® in the degree of resistance 1o grinding, with the formulation of the present
disclosure yielding less than 30% of particles smaller than 300 pr, compared with

approximately 77% of particles less than 500 pm for Roxicodone®. Better resistance to grinding

30
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can be due to differences in the manotacturing processes and/or the excipicnts emploved for the

twi products,

[(O849] The formulation of the present disclosure can be resistant to abuse by nasal
insufflation or extraction due o, tn part, the waxy nature of the formulation contents and the
selubility of the excipients. The excipients can be both water and alcohol sohible 1o create a
formulation that makes it twe consuming and costly 1o extract oxyeodone HCI from the
formmlation contents without also exiracting the excipients. A high molecular weight PEG can
he included because of 1ts solubility properties {e.g., soluble in both alcohol and water) and its
resistance to grinding fo particle sizes of less than 300 um. High-molecular weight PEGs are
less viscous at melt temiperatures than long chain PEO minlecules and are soluble in both water
and alcohol.

[{HIO0 Dves can alse be used and chosen to be soluble in both water and alcohol to produce
a dark colored sclution upon extraction and filtering a5 a visual deterrent to abuse. The
tormulation can include the following components listed in the Table 8 below, including a
number of different dves. Table 8 below lists the components along with their solubility
information taken from the various lifsrature sources and {esied experimentally {e.g., 200 proof
ethanol and filtered through a 0,45 micrometer PTFE filter). The extraction of the active to a

pure form can be very difficult using water or alcohol,

Table 8: Solubility of the Components of the Present Disclosure Formulation

Alechol
Wailer Aleohel Solubiiity Sohubility
Lomponents  Solability _ ¢ iterature} {Tested)

Oyeodone HOI Yos Yes | Yes
Hydrocodone Bitarirate R Stightly MiA
Polvethylene Glycol USPNF Yes Yes NiA
Anhydrous Citric Acid | Yes Yes N/A
FD&C Bioe #1 ) ' Yeog
FD&C Yeliow #6 Yas
FEC Red #40 Yea
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(0091 A conventional tablet or powder-filled capsule can be casily crushed 1o create a fine
powder. The waxy material contained in the formulations of the present disclosure can make it
ditficult 1o manipulate into particles srall enough to be easily absorbed by the nasal mucosa.
The waxy material may aiso congeal once introduced to the seri-agueous enviromment of the

nasal passages, which can make it difficult to intraduce the oxyeodone HC! or hydrocoedone

bitarirate 1o the bloodstream via the nasal passages.

100971 The formulations of the present disclosure can contatn one or more of the following
barriers to abuse. Insufflation - The formulation can be formulated to resist grinding to particle
sizes of less than about SGO pm. Extraction and Purification - The formulation can be
formmlated with water- and aleohol-soluble dyes to create a dark colored solution upon
exiraction that can be visually unappealing to intravenons drug users. The water- and slcohol-
soluble excipients can present obstacles o purification of the active. In some formulations, i the
solvent is flashed off or otherwise evaporated, the exciptents can return to the same waxy, dark-
colored form as before being introduced to the solvent. Vaporization — The formudation can
contain an active, such as oxycodone HCL which can degrade at temperatures close to where
vaporization occwrs. Chewing -~ Because the formulation is an immediate release formmilation, it
is not expecied that crushing or cuiting the dosage form will result in an especially rapid release

of the drug to produce a “euphoric high”
b4 &

HLERY Table & below lists exemplary formulations for the oxyeodone HC abuse deterrent

formulation capsules.

]

N
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””””””””””””””””””””””””” gredinss | Cople Quandy
Oxyeodone HOLUSE AP 5~ 30
‘Poi;;%ylene Glyeol 3350 106G 156
7 Polvethiviene Glyeol 35,000 325
Anhvdrous Citric Acid 12
Dryve Blend
FDX&C Red #40 (DB-175000) 8510
FD&C Yellow #6 (DB-175000) 03-04
FIXEC Bloe #1 (DB-175000) 0.1-03
Polvethylene Glyeol 3358 (DB-175000) ig-13
Gelatio (Capsdey |
o P W “,;),w(m ................

0941 Formulations of the present disclosure were manufactured by the following
exempiary process. The components of the hot-melt suspension, consisting of Polyethylene
Gilyeol 3350, Polvethylene Glyeol 35000, Dive Blend, Grey Powder, Citrie Acid and Oxyeodone
HET were dispensed according to theorotical bateh quantities based on formulation weight

pereents,

F0G95] Polvethvlens Glveot 3350, Polvethylens Glyeol 35080, Dve Blend, Grey Powder,
Oxyeodone HCH and Citric Acid were added 0 an Olsa 150 Liter Kettle and heated to a
temperature of 70 £ 20 °C. Unlizing the homogenizer muxer, external anchor blades and internal

wiing blades, the mel was then mixed untif uniform

(009¢] Prior to transferring the hot-melt suspension from the kettie to the Shionogy F4{
capsule filling machine hopper, a transfer purop and three heat traced hoses were set up and the
meli/suspension was recireulated. Miving and recirculating continued until capsule filling was

completed.
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(0097} The Shionogi F40 capsole filling machine target fill weight was set with an Action

Pimit of £ 3.5% and a Conirol Limit of + 5.0% plus the average empty capsule weight.

FO098} In-process capsule samples were taken gt the begioning, end, and every 30 minutes
{for the average capsule weight of 15 filled capaules). Filled capsules were placed onto stainless
steel cooling trays and allowed to cure. Following curing, 100% capsulc weight inspection was
performed using a Shionogi capsule weight inspection machine An exemplary manufacturing

process is shown in Figure 3

C::‘
H

163991 The formuiations of the present disclosure are stable upon storage at 25, 30, 35, 4
45 °C, and at 60%, 63%, 70% or 75% relative humidity, e.g., 30 °C 7/ 65% RH or 40 °C / 73%
RH. The formulation of the prosent disclosure can be stable under any of these conditions for up

e, 2,3,4.5,6,9, 12, 14, 18, 24, or 36 months,

Example 3 ~ Abuse Deterrent Properties of Immediate Release Liguid Fill Capsule PEG

Formuiations

[001001  In one embodiment, there are at least three determining factors which deem an
immediate release drug product “abuse deterrent,” namely resistance to grinding, purity upon
extraction, and visual evaluation bllowing extraction. Culting the dosage form can he
performed in order to increase the surface area of the product prior to ingesting i in an effort o
increase the rate of dissolution into the digestive tract, Cutiing can also be used 1o increase the
efficiency of grinding or extraction. Cutting alone, however, i3 not sufficient to render a
foromlation abusable. Orinding the dosage form can be performed in order to decrease the
particle size of the prodoct more efficiently than cutting 11 an effort o insufflate {snort) for
fmmediate release into the blood vessels of the nasal passages, A readily available too! used for
grinding is a commercially available cotfee grinder. In one crnbodiment, a drag produoct

Hham} is < 30%. A dosage form

Ly

considered abuse deterrent if the % maternial in the pan (<5
which, when ground, produces < 589 of the material on a per-dosage form basis available for
nasal insufflation (< 500um) is considered abuse deterrent. The purpose of this study was to
determine the grinding potential of different dosage forms of oxveodone HCL Texture analysis
i3 the mechanical testing of pharmaceutical products in order 1o measure their physical
properties, The Retsch Knife Mill GRINDOMIEX GM2Z00 (THI6) was utibized to mimic a
commercially available coffee grinder (Mr. Coffee) in order to grind the drug products into a

34
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particie size that is suitable for intranasal abuse (insuffiation). Particle size analysis was
conducted utilizing an ATM L3P Sonic Sifter {THAT), utilizing a 500 micrometer {um) particle
size sieve {35 mesh). For the purposes of this study, any particle less than 500 wmw in diameter 13
considered suitable for intranasal abuse. It is generally accepted that any particle greater than

500 g in diameter cannot be sufficiently absorbed by the blood vessels in the nasal passages.

FO01017  The Retsch Knife Mill GRINDOMIX GM200 utilizes a circular blade attachment to
mimic commercially available coffee grinders. The GM2Z0{0 has a top speed of 10,400
revoiutions per minute {rpmy, while commercially available cotfee grinders have a top speed of
approximately 20,000 rpm {an approximate two-fold increase in speed when comparing the
OM200 10 a My, Coffee grinder). However, the approximate two-fold increase in biade diameter
{118 mm vs. 60 mm, when comparing the GM204 1o a Mr. Coffee grnder, respectively)
compensates for the approximate twolold decrease in top speed via the inversely proportional
relationship of the two variables. Further, the torque provided by the GMZ200 15 significantly
higher than the torque provided by a Mr. Coffee grinder (0.860 Nim (MNewton meters} of the
G200 vs, 0,062 Nm of the Mr, Coffee prinder, respectively), which additionally tllustrates the
ability {or lack thereof) of the My, Coffee grinder to modify the drug produets into a particle size
suitable for intranasal abuse. The study evaluated the difference in particle sizes of several

different formulations of oxyeodone HOL following wodification {grinding) by the GMZO0

(001027 Experimental: The samples tested are forondated according to Table 8. The
following test equipment was used: Retsch Knife Mill GRINDOMIEX GM200 (TESa), ATM L3P
Sonie Sifter (TEAT), and a 500 pm sieve (35 mesh). The following testing conditions were used:
Analysis speed: 10,000 rpm: Analysis time: 30 seconds; Sieve Size: 500 um (35 mesh); Analysis
time: | minutes (no pulse). Each sample was prepared in riphicate (N==3),

f001031  The composite sample was transferred to a tared weigh boat and the weight of the

sample was recorded. The following squation was used to calculaie the % sample loss:

\ Analyesd Sample {mg)
Sample Loss (%) = 100 ~ ¢ yaed samble |

¥ 100
Sampleweight gt '

H001041  The weight of the 35 mesh sieve and sarople pan was recorded, The testing apparatus

was assembled with the 35 mesh steve above the sample pan. The composite sample was

Lol
LN
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iransferred to the testing apparatus and analyzed utilizing the following parameters: 1 minute
analysis time and no pulse. The analyzed 35 mesh sieve and samwple pan were weighed. The %
material remaining on the 35 mesh sieve & 500 pm) and in the sample pan (< 580 pm} was
calculated using the following cquation

Wnlght of Sample on Steve {mg)

Percent on Sieve (%) = —x e , e 3 100
: %) Total Weight of Sampleon Sigve{mig)

001051 Table 10 below shows the particle size afler grinding for the oxyeodone HCY
formulations tested. Dhuring testing it was observed by visual observation that the capsule
partion of the dosage form of all evaluated batches was not being significantly modified by
TES6, and that the majority of the capsule portion remained in the 35 mesh sieve (& 50{0um).
The grinding / particle size analysis for this protoceol is based on weight difterences, which, when
the capsule portion is taken into sccount, can skew the results towards a higher proportion of

particles > 500 pm.

(01061 In order to contirm the particle size of capsules modified by TESS, three empty size 3
capsules (N=1}) were ground and analyzed. Table 11 shows that for size 3 capsules, 99% of the
particles by weight were > 500 um. Additional caleulations were made which compensated for
the percentage of capsules 2> or < 500 um. These calculations removed the average capsule
weight from the analyzed sample by subtracting it from the weight 2 500 pm and the weight

<500 wm. The results adjusted for capsule weight are shown in Table 12
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Tabie 14: Particle size after grinding of axycodone HOY capsules before adjusting for
capsuie weight., % RS5D is percent relative standard deviation

Location | Keplicate . Present . ?E'“W . Fresent
Brisclosure 3 mg | Disclosore 15 mg | Bisclosure 30 mg
738 79.0
822 782
33 Miesh 3 727 78.5 777
566 | Minimum 727 73.8 T
pm} % | Maximum 75,8 #22.2 74,2
Average 74.8 78.1 8.7
MRED 2.3 5.4 L.
N 26,8 6.2 ALU
2 24 8
Pan 3 2003 _ 1.0 3
(<S80 Mintmum 24,1 17.8 B
pa} % Maximum | 273 | 26,3 2x3
LAverage L0 S 1.9 21.3
RS £.6 19.3 3.8
Table 11: Particle size of erupty size 3 capsules after grinding.
Tarse After 35 Pan
| Initial M‘iu s _L{;ss 15 Tare 35 After Msjsh (<RG0
Produet Wi | Grinding in Pan i Pan o LI
{mg} {mg} Grinding Mesh {m} Mesh {z} pm} ;m{a;
’ T {2 - {g} - %Pl EC
S w1445 05 1408367 1 44117 1409724 1 44124 1 993 8.5
Capsules

00147 Ag shown in Table 12, after adjusting {for the capsule portion, the average percentage
i : & & Lol s £
of particles > 300 pm after guinding for the oxycodone HOY capsules ranged from 62.3% (o
68.2%. For comparison, approximately 20% of particles by weight of an Immaediate Releass

{IR) Roxicodone® formulation were 2> 500 um after the same grinding procedure.
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Table 12: Particle size after grinding of sxyeodone HCI dosage forms, adjusted for capsule
weight, % RSD is percent relative standard deviation,

Location | Replicate . Present e Present - Pm‘”ﬁ‘t
Disclosure S mg | Disclosure 1S mg | Disclosure 30 mg
""""" i £0.9 60.8 67.4
SRS F— 636 b 728 b 69.9
33 Mesh 3 56.3 68.0 56.9
(=586 | Minmum 36.3 $1.8 _ 669
) Y% Madmum | 636 728 69.0
Average £2.3 66,8 68.2
%2 RS0 6.1 9.0 1.7
| 39.1 392 326
2 Lo 36.4 272 310
Pan 437 32.0 33.1
{<584 Minimum 36.4 27.2 318
pm} % Maximem | 437 0 392 _ 33.1
Average 37 328 32.2
%% RS 9.3 i8.4 3.8
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[00108]  Table 13 summarizes the grinding results and statistical analysis of the % waterial =
500 wm for the Present Disclosure 13mg and Roxicodone® | Smg tablets (Mallinckrodt

Pharmaceuticals, Inc.).

Table 13: Particle Size Analysis of 19mg Dasages of Roxicedone” and the Present
Bisclosure

?as‘i:cias
"Sﬁ@ um o

%% RED | Fotest | totest

...................................... 0“)72 4‘85';{,;~06 \/QS

Present Disclosure [5mg -3 44

[001091  Another method of rending & drug product abusable {s via extraction of the active
substance from the dosage form to produce a pure residue. This method can be performed, and
is often performed, using a high proof alcohol or an agueous media. The formulation of the
present disclosure can be readily soluble in both aquecus and alcohol environments when the
comtents are removed from the capsule. Therefore, agueous and alcohol extraction technigues
were evaluated, Solutions were analyzed qualitatively for solution color following filtration, as
well as quantitatively for % lgbel claim (LC) (with regards to oxycoedone HC) of solution
following fltration. Additionally, evaporated residaal samples were analyzed qualitatively for
residue color following evaporation, as weil as quantitatively for purity determination following
the %LC calenlations. The guantitative resulis of the analysis determine the % purity {with
regards 1o oxyeodone HCH of the extracted sample solution deseribed above. A drug product
can be considered abuse deterrent if the %% residue purity 15 < 50%, In other emnbodiments, less
than or equal to 40%, 45%, 55%, 60%, 65%, 70% or 75%. Residue purity iwei {with regards to
the APy < 50% can infer that the excipient load is greater than the AP level contained in the
residue. in one embodiment, this can be considered abuse deterrent with regards to potendial

intravenous abuse of a purified residue. Using the data analysis software functionality of
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Microsoft Excel and a 939

analyzed in order to determine it the drug products provide statistically

f001107  Tables 14 and 15

purity with regards to oxycodone HCY in alcohol and agueous environments,

Yo significance mterval {povalue = {

PCT/US2015/039336

e F-ieat and t-tests was
s different %% purity valoes,

show the formulation of the present disclosure resaits 1 9% and 9%

respectively. This

. - . v Ti‘ - o » Sy _ -] s > M -,
is in comparison to Roxicodone” 15mg, which has a purity of 68% and 19% purity in aleshol

and aqueocus environments, respectively,

. . . v . @ - P
disclosure is statistically ditferent than Roxicodone ™ in both aicohol and agqueous ex

Table 14

This data proves the formulation of the pres

ent

tracts.

% Purity Resulis - Aleohal

%t.&t;«stsm%i :
miiermt

fx(‘mmdon o Hnm -

Roxicodone” | 5myg

Ruxicodone” 15mg - 3

 Present Disclosure 15mg -1

Present Disclosure 15mg -3

Table 15

, D 4 -
Roxicodone” 15mg -2

NS

Roxicodone” Pimg- 3

43

<

&=

Yes

FO0311 ‘olor 18 one identityving
apphied to the dosage form in two ways: dye or coating. High potency aleohol (te, >
(95%:)) is one extraction solvent that can be used by abusers for APIs which are

waler or in order to separate the

ristic of comercial drug products, Color can be

190 proof

insoluble

APT from other water soluble excipients. Blyes or coatings can
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poientially be used to alter the physical appearance of the extracted solution of drug product (e,

turn the resulting selution a noticeable color).

{00112 Accordingly, the inclusion of one or more dyes in a drug formulaiion i one method
to render a formulation abuse deterrent. Sigmificant discoloration of an extraction product from a
formulation subject fo abuse can discourage a potential abuser fromw using (e.¢., injecting or

ingesting) the exiraction product,

[GOLI3] A study was conducied to mvestigate the effect of dyes in the formnlations of the
present disclosure. Extraction products from whele formmlations were visually inspecied to
determine abuse deterrence following aleohol extraction. Capsules were added to a flask
containing 190 proof ethano! and shaken at 250 rpm for 3 hours. After 3 bours all capsule
contertts were fully dissolved. Solutions were filtered with a syringe filter and then visually
analyzed for color intensity. The samples tested were the immediate release oxyeodone HCE

capsules according to Table 9 above,

(301141 The unhitered and fillered solutions are shown in Figures 4 and 5, respectively. As
shown i Table 16 below, all of the filtered solntions had a color value of 5, indicating that all
seven evaluated baiches produced a {iltered solution which was significantly dark in color. This
significant dark color provides potential abuse deterrence to Cl narcotic drug products,

Table 16: Color Neale Designation — Post-Ryringe Filter Analysb for Oxyeadone HCE
Formuiations of the Present Disclosure

Agtive Ingredient(s) {eolor Yalue

5 rnéééﬁi#éodone HC s
Bwpoxyeedone BC1L -+ 3

30 mgoxyeodone HOL  hoi 5

(001151 Adduionally, the color of filtered solations and resulting evaporated residues of
alcoholic and aqueous extracts of the formulations of the present disclosure and Roxicodone®
were compared. Table 17 below shows both of these dosage forms, with the formudation of the
present disclosure providing the wmost visual deterrence for both the filiered solution and

evaporated residue iy both media,
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Table 17
------------------ Color Determination
Product solution  Filtered Evaporated
........................................ Sﬂgutﬁfin Resiﬂ“e
s ~ i
Roxicodone™ 15mg b Aloobol
................................. Ag, A

) . Alechol 5

Present [haselosuwrs 15mg et

Ay, 2

H001 18] While this disclosure has been particularly shown and deseribed with reference 1o
example embodiments thereof, it will be understood by those skilled in the art that variouns
changes in form and details may be made therein without departing from the scope of the

invention eucompassed by the appended ¢laims.

42
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We claim:

:-3

An immediate refease, abuse deterrent capsule comprising:
{a} an active substance susceptible to abuse;

{b} a first polyethylene ghyeol (PEG) having an average molecular weight bebween about

30,000 Daltons and about 44,000 Daltons: and

{¢} a second PHO having an average molecular weight between about 3000 Daltons and

about 4000 Dalions,
wherein the ratio of the first PEG to the second PEG 15 less than ahout 14 wiw,

The capsule of claim 1, wherein the first PEG and the second PEG together are at least about

60 wit%e of the dosage form,

The capsule of claim 1, wherein at least 80% of the contents are soluble both water and

alcohol.
The capsule of claim 1, wherein the active substance is hydrocodone bitartrate.
The capsule of claim 1, wherein the active substance 1s oxycodone HCL

The capsule of claim 1, further comprising a grey dye comprising FD&C Blue #1, FD&C

Yellow #6, and FD&C Rad #40.

The capaule of claim 6, wherein the dye provides a visual deterrent o abuse.

The capsule of claim 1, wherein the ratio of the first PEG to the second PEG 1s between
about 1.7 w/w and about 1T wiw,

The capsule of claim 1, wherein the first PEG has an average molecular weight of about

35,000 Daltons and the second PEG has an average molecular weight of about 3330 Daltons.

. The capsule of claim 1, wherein the capsule comprises at feast about 2.5 wi%e of the active

suthstance,

L The capanle of claim 1, wherein the capsule 1s prepared by filling a capsule body with a

heated homogenized suspension comprising the active substance, the first PEG and the

second PEG.
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. An immediate release, abuse deterrent capsule comprising:

{a) an active substance susceptible to abuse; and

(b PEG with a weighted average molecular weight between about 6200 Daltons and abowt

7800 Daltons.

. The capsule of claim 12, wherein the capsule comprises at least about 60 wi% of the PEG.

The capsule of claim 12, wherein the active substance is hydrocodone bitartrate.
The capsule of claim 12, wherein the active substance is exycodone HCL

An immediate release, abuse deterrent capsule comprising:

{a} an active substance susceptible to abuse;

(b} a first PEG having a melting point greater than or equal to about 60 °C | and
{c} a second PEG having a meliing point less than or equal to about 37 °C,

wherein the contents of the capsule are solid at 40 °C / 75% relative humidity, and af least
753% of the active ingredient is released from the capsule within 45 minutes following

administration or dissoluiion testing.

. The capsule of claim 16, wherein the first PEG and the second PEG together are at least

about 60 wi%% of the capsule.

. The capsule of claim 16, wherein the active substance is hydrocodone bitartrate.
. The capsule of claim 16, wherein the active substance is oxycodone HCL

3, A process for the production of an immediate release, abuse deterrent capsule comprising at

least one active subsiance susceptible to abuse comprising:
{a) preparing a homogenized suspension of:
{1} the at least one active subsiance susceptible to abuse;

(i1} a first PECG having an average molecular weight between about 30,000 Daltons and
about 40,000 Daltons; and

(ii1) & second PEG having an average molecular weight between about 3000

Daltons and about 4500 Daltons; and

44
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{b) filling the homogenized suspension inte a capsule body to produce the capsule,
wherein the ratio of the first PEG 1o the second PEG s less than about 14 wiw,

The process of claim 20, wherein the first PEG and the second PEG together are at least

ahout 60 wi% of the capsule,

. The process of clairn 20, wherein the active substance is hydrocodone bitarirate.

. The process of clairn 20, wherein the active substance is oxyeodone HCL

The process of ¢laim 20, wherein the capsule 1s formed by joining a capsule body with a

capsule cap.

', A method of treating pain comprising administering 10 a subject in need thereof a

therapeutically effective amount of the capsule of claim 1.
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