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(57) Abrégé/Abstract:

The present disclosure relates to an oral, immediate release, abuse deterrent liquid filled capsule containing polyethylene glycol and
at feast one active pharmaceutical ingredient susceptible to abuse. The dosage form is abuse deterrent to parenteral

administration. The present disclosure also relates to processes of preparing the dosage form.
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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.



IMMEDIATE RELEASE ARUSE DETERRENT LIQUID FILL DOSAGE FORM

{0001}

Field of the Technobogy

10002] The present disclosure relates (© an oral immediate release, abuse deterrent dosage
form. The dosage form contains polyvethylene plycol (PEG) to reduce abuse by non-oral
administration routes, e.g. intranasal and/or iniravenous. The composition of PEG is designed to
aliow for immediate release of the active ingredient while deterring abuse and maintaining

stability of the dosage form at elevated temperatures.
Background

06037 FDA-approved drugs are provided in many different forms based on the iype of
sctive substance, the indication treated and the preferred route of administeation. These forms
include enteral formulations (e.g., tablets, capsules or pills), parenteral formulations (e.g.,
injectable formulations euch as intravenous, subcutaneous, intramuscular and intraarticular),
liquid formulations (e.g.. elixirs), lyophilized formulations and topical formulations, A majority

ot the FDA-approved drugs are currently available in enteral form, as either a tablet or capsule.

{00047 Several formulations have been investigated for deterring abuse, either by oral
ingesiion of the drug with alcohol, or by non-oral administration rouies such as intranasal and/or
intravenous administration. For cxample, U.8. 2014/0010873 (assigned to Egalet Ltd.) is
directed o an abuse-deterrent pharmaceutical composition including at least one polyethylene
oxide and at least one plasticizer. The polyethylene oxide has an average molecular weight of at
least 1,000,000 Daltons, and the pharmaceutical coraposition includes at least § pereent w/w of
the at least one plasticizer. The pharmaceutical composition is designed to prevent immediate
release of the at least one active drug substance after physical tampering. 1.8, 200%/0123386

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

H
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modifier selected to prevent abuse. The medifier may have a high melting point or be insoluble
i agueows solvents or ethanol. For example, the bigh melting point exeipient may be Poloxamer
18% or PEG 8000, 118, 201/0204259 {assigned to BEgalet A/8) ia directed 1o immediate release
pharmaceutical composttions that are resistant 1o sbuse by intake of alecohol. The release of the
drug substance from the immediate release composition is decreased when the composition ia
exposed {o a dissolution medium that includes ethanel. The compositions may be formulated o

include at least one polvglyeo! and at least one effervescent agent.
Xummary

(80051 The present disclosure relates to an immediate release, abuse deterrent capsule
mchiding an active substance susceptible to abuse, a Orst polvethylene glveol (PEG) baving an
average moelecular weight between about 30,000 Daltons and about 40,000 Dahions; and a second
PEG having an average molecular weighi betwesw about 3000 Daltons and about 4000 Daltons.

The ratio of the first PFEG 1o the second PEG ic less than about 1:4 wiw,

[0006] In some embodiments, the first PEG and the second PEG together are al least
about 68 wits of the dosage form. In some ombodiments, the active subsiance i hydrocodone
bitarirate. in other embediments, the active substance is oxyeodone hydrochloride (HCHDL In
some embodiments the capsule inclhudes a grey dye meluding FD&C Blue #1, FD&O Yellow #4,
and FD&U Red #40. In certain embodiments, the dye reduces abuse by providing a visual
deterrent 1o injecting. In certain embodiments, about 60%, 70% 75%, 80%, 85% or about 8%
or more of the capsule fill contents are soluble in both water and/or alechol, g, ethanol. In
certain embodiments, the ratio of the fivst PEG to the second PEG is between about 1:7 wiw and
about 1111 wiw, In some embodiments, the frst PEG has an average molecular weight of about
35,000 Daltons and the second PEG has an average molecnlar weight of about 3350 Dalions. In
sowne ermbodiments, the capsule includes st least about 2.5 wi%e of the active substance. The
capsule may be prepared by filling a capsule body with a heated bomogenized suspension

mcluding the active substance, the first PEG and the second PHG.

[G0071 The present disclosure also relates to an immediale release, abuse deterrent
capsule inchuding an active subsiance susceptible to abuse and polyethyiene glveol with a
weighted average molecular weight between about 6200 Daltons and about 780G Daltous. In
certain embodiments, the capsule includes at least about 60 wi% of PEG. In some embodiments,

~
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the active substance s hydrocodone bitartrate. In other erobodiments, the sctive substance 15

oxyeodone HCL

REERY The present disclosure also relates io an inunediate release, abuse deterrent

4 k »

capsule including an active substance susceptible to abuse, a first PEG baving a melting point
greater than or equal to about 60 "C, and a second PEC having a roeliing point less than or equal

il RV

1o about 57 °C. The contents of the capsule can be solid at 40 °C 7 75% relative humidity. In
some embodiments, at least 30% of the getive ingredient can be released from the capsule within
30 minutes followtng adminisiration or via dissohution testing. In other embodiments, al least
75% of the active ingredients can be released from the capsule within 45 minutes following
adminisiration or via dissointion testing. In some embodiments, the first PEG and the second
PEG together are at least about 00 wi% of the capsule. In particular emvbodiments, the active
substance i3 hydrocodone bitarirate, In other embodiments. the active substance is oxyoeodons
HCL

[H009] The present disclosure alse relates to a process for the production of an immediate
release, abuse deterrent capsule including at least one active substance susceptible 1o abuse
including preparing a homogenized suspension of the at jeast one active substance susceptible fo
abuse, a first PEG having an average molecular weight between about 30,800 Daltons and about
40,000 Daltons, and a second PEG having ap average molecular weight between about 3000
Dabions and abowt 4000 Daltons. The process can further include filling the homogenized
suspension into a capsule body to produce an encapsulated dosage form, The ratio of the {irst

PEG 1o the second PEG can be less than about 1:4 wiw, e.g., between about 1.7 wiw and about

11 wiw,

(01061 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
substanece is hydrocodone bitartrate. In other ernbodiments, the active substance is oxyeondone
HCI. In certain embodiments the capsule can be formed by joining a capsule body with a
capsule cap.

(00111 The present disclosure aiso relaies to g method of treating pain inchuding
administering to a subject in need thereof a therapentically effective amount of any of the

aforementioned capsules.

Lad



Brief Description of the Drawings

[GO12] The foregoing and other advantages provided by the present disclosure will be more
{ully understond from the following deseription of exemplary ermboditoents when read together
with the accompanying drawings, in which:

{6013} Figure | shows cross seetions of a capsule filling machine including the body
segment. the cap disc, the hopper, the pumping box, the substation roller, and capsule bodies.
(G014} Figure 2ZA shows solutions of grey dye before filtering. Figure 2B shows sointions of
grey dye alier iltering,

0] 5} Figure 3 shows a suwrmary of an exemplary manufacturing process for formulations
of the present disclosure,

[6016] Figurs 4 shows unfiltered solutions of the dosage forms in 1990 proof ethanol after

shaking at 250 mpm for 3 houss.

[G017] Figure 5 shows syringe-{iltered solutions of the dosage forms i 190 proof ethano)

after shaking at 230 rpm for 3 hours,
Detatled Description

{G018) Abuse of prescription drugs, particularty opicads, is a setous and growing public
health concern. To address this concern, new formulations are being developed that contain
abuge-deterrent properties. Abuse deterrent propertes include properties that inake produoct
manipulation more difficult or make abuse of the manipulated product less attractive or
rewarding,

{0019] Revently the FIDA issued a drafl gutdance oy industry related 1o formulations having
abuse deterrent properties. Guidance for fadustry. dbuse -Oeterrent Qpioids - Evaluation and
Labeling, 118, Department of Health and Human Services, FDA, CDER, January 2013,
These guidelines separate abuse

deterrent formulations into six categories, eluding: physical/chemical barriers,
agonist/antagonist combinations, aversion, delivery system, prodrug, or a combination of the

aforementioned. As described by the FDA guidance, the categories are;

CA 2955229 2019-04-25
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100241 Physical/Chemical barricrs - Physical barriers can prevent chewing, pulverizing,
cutting, grating, or grinding. Chermical barriers can resist extraction of the opioid using common
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 o abuse,

(021 Agonist/Antagonist combinations - An opiond antagonist can be added to interfere
with, reduce, or defeat the euphoria associated with abuse, The antagonist can be sequestered
and released only upon manipulation of the product. For exarople, a drug product may be
formulated such that the substance that acls as an artagoenist is not clinically active when the

product i3 swallowed but becomes active o the product 13 crushed and injected or snorted.

I Aversion — Substances can be combined 10 produce an unpleasant effect if the dosage

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

(60231 Delivery System {(ncluding depot injectable formulations and implante) ~ Certgip
drug release designs or the method of drug delivery can offer resistance to abuse. For example, a
susiained-release depot injecisble formulation that is administered intramuscularly or a

subcutaneous tmplant can be more difficult to manipulate,

FO0241 Prodrug — A prodrug that lacks opinid activity untit ransformed in the gastrointestinal

K

fract can be vnattractive for intravenous irjection or intranasal routes of abuse,
(002351 Combination — Two or more of the above methods can be combined io deter abuse,

G261 An opioid analgesic submiited for abuse deterrent formulation { ADF) tabeling must
show conformance to one or more of these categories. The present disclosure relates to an abuse
deterrent dosage form for oral administralion, which provides immediate release of an active
pharmaceutical substance and conforms 9 one or more of these categories. In one embodiment,
the sbuse deterrent dosage form of the present disclosure conforms to af least one of the six FDA
categorics. In ancother embodiment, the abuse deterrent dosage form of the present disclosure
contorms to at least two of the six FDA categories. In another embodiment, the abuse deterrent
dosage form of the present disclosure conforns to at least three of the six FDA categories. In
another embodiment, the abuse deterrent dosage form of the present disclosure conforms to at
feast four of the six FDA categories. In another erobodiment, the abuse deterrent dosage form of

the present disclosure conforms to at least live of the six FEA categories,

h
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16627] 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 barvier prevents or reduces the effectivencss of these wosthods. As used herein, the
phrase “abuse deterrent” means that the active substance cannot readily be separated from the
formulation in a form suitable for gbuse by such means as, for example, grinding. The abuse
deterrent form of the present disclosure cannot be easily ground, extracted from, or both. Abuse
deterrent measures render it ditficult to transform the dosage form into a residue or exiract for

npon-oral administration, such as infranasal or intravenous,

[0028] in one embodiment, the present disclosure relates 1o an oral, immediate release, abuse
eterrent dosage Torm inchuding an active substance susceptible to abuse, a first PEG having an
average molecular weight between about 30,000 Daltons and about 44,000 Daltons, and a second
PEG having an average molecular weight between about 3000 Daltens and about 4000 Daltons.
The ratio of the first PEG to the second PEG can be less than about 1:4 wiw. The wi% of active

subsiance in the formulation may also vary depending on the active substance of the dosage
form. In some embodiments, the dosage form includes at least about 0.1 wi%, 4.2 wils, 0.3
wi%, 0.4 wit, 0.5 wile, (.6 wi%, (.7 wi%h, 0.8 wi, 0.9 wita, 1.0 wite, 1.1 wils, 1.2 wihs, 1.3
with, 1.4 witbh, 1.5 wit %, 2 wi%s, 2.5 wih, 3 wits, 4 wi%, 5 wi, 6 wile, 7 wi%, 7.5 wi%s, &
witte, @ wiYe, 10 wi%, 11 wide, 12 wi%, 13 wide, 14 wi%h, 15 wibh, 16 with, 17 wih, 18 wils, 19
wits, 20 wi%h, 21 wih, 22 wibt, 23 wi%, 24 wi¥, 25 wi%a, 26 wi%, 27 wite, 28 wils, 29 wile,
30 wi%, 31 with, 32 wiYh, 33 wite, 34 wiSe, 35 wi%, 36 wide, 37 wi%, 38 wi%e, 39 wibe, 40
Wi, 41 wide, 42 with, 43 wite, 44 witbs, 435 wib, 46 wits, 47 wile, 48 wils, 4% wi¥s, 50 wit,
31 wi%h, 52 with, 53 wi%s, 34 wilo, 55 wils, 36 wi%h, 5T wi¥, 58 wi%e, 59 wi%, o0 wil, 65
wi%e, 69 wito, 70 wits, 75 wili, 80 wite, 85 wils, 88 wiV, 90 wibe, 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. For e’xamp}e, the amount of active aubstance in the
dosage form may range from about .10 wi%% 0 60 wi%., Particularly, the amount of
active subsiance in the dosage form may range from about (.1 wi% to about 1.3 wi%, frow about
3 withs to about 30 wi%, from sbout 15 wi% to about 20 wiSe, from about 15 wi% to about 30
wi%, from about 46 wi% to about 60 wis, from about 40 wih to about 50 wi%s, or from about

47 wi% to about 46 wit%h.
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{00281 For example, the dosage form may be a 180 mg capsule including abowt 5 mg, about
FQ mg, about 13 mg, shout 20 wyg, or about 30 mg of active substance {e.g., oxyeodones HORL In
other embodiments, the dosage form may be a 156 mg capsule including about 5 mg, about 10
mg. about 15 mg, about 20 mg, about 30 g, or about 45 mg of active subsiance (e.g.,
oxyeodone HCEL In other embodiments, the dosage form may be a 200 mg cepsule including
about 5 mg, shout 10 mg, about 15 mg, about 20 mig, about 30 mg, aboul 40 myg, about 58 mg, or
about 60 myg of active subsiance {e.g. codone HCLL In other embodiments, the dosage form

may be a 700 my capsule including about 2.5 mg, about 5 mg, about 7.5 mg. about 10 mg. about

15 me,

1
o

ahout 20 myg, about 30 mg, about 45 g, about 530 myg, about 66 g, about 70 mg, about

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

\'7 2

32

(G030] Ag used herein, the form “active” or “active substancs” or “aciive substance
susceptible to abuse” or “APY” means any opicid or opioid related compound subject fo potential
abuse. The active substance may include, without limitation, alenianil, allylprodine,
aiphaprodine, anileridine, benzybmorphine, bezitramide, buprenorphine, butorphanol,
clonitazene, codeine, cyelazocine, desomorphine, dextromoramide, dezocine, diampromide,
dihydrocodeine, dihydromorphine, dimenoxadol, dimephepianci, dimsthylihiambutene,
dinxaphetyl butyrate, dipipanong, eptazocing, ethohentazine, etiylmethylthiambutene,
ethylmorphine, etonitazene, fontanyl, herow, hydrocodons, hydromorpbone, hydroxypethidine,
isemethadone, ketobemidone, levaliorphan, levophenacylmorphan, levorphanad, lofentanil,
meperidine, meptazinol, metazocine, methadone, metopon, worphine, myrophine, nalbulphine,
nrceine, nicomorphine, norpipanone, opium, oxycedons, papvretum, pentazocing,
phenadoxone, phenazocine, phenomorphan, phenoperidine, piminodine, propiram,
propoxyphene, sufentanid, tilidine, taperntadol, and tramadol, and pharmaceutically accepiable
salts and mixtures thereof, For example, in some embodiments the active can be exyeadone HCL
or hydrocodone bitartrate, In the dosage forms of the present disclosure, the sctive substance is

aot gxymorphone,

(0031 in particular, the active substance can be hydrocodone bitarirate or oxycodone HCL
The dosage form of the present disclosure can be rendered abuse deterrent by incorporsting PEG
in the dosage form, The PEG can deter abuse by preventing at least 30%, or at feast 75%, of the

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

3
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mitling at 19,000 RPM. PEG can also prevert exiraction of the gctive substance from the dosage
form using an alcohol. Abusers can use the partial sohubility characteristics of dosage form
excipients to extract the active substance using alechol and subseguently burn off the aleohol 1o
form a purer residue containing the active substance, The inclusion of PEG in the formmlation
can prevent or reduce extraction because PEG can melt and form a wax before the aicohol can be
compleiely evaporated or flashed off, an abuser may ot be able to oblain g residue containing
the active substance, Addition of a dye to the dosage form can also result in a colored sohition
afier extraction ol the active substance, deterning intravenous injection. By selecting the
appropriate average molecular weight and quantity of PHG present within a dosage form, the
characteristics of the dosage form can be manipulated in o way o create a wide array of abuse

deterrent capsules having nmediate release profifes.

[G032] inchusion of FEG in the dosage form cap result in the inability of the dosage form,

. capsule, to be abused by pulverizing and snorting, pulverizing and injecting, or
cormbinations thereof. For example, the abuse deterrent dosage form of the present disclosure
may be incapable of being sigmficantly pulverized by physical or mechanical force due at least

in part to the waxy characteristics of the PEG.

(00331 Ome of the most common means of abuse of an orally adiministered opicid analgesic
involves the manipulation of the oral dosage form in order to cause rapid delivery to the
bloodstream via nasal insefflation. [n order for insufflation to be used as an effective means of
abuse, the original dosage form must be manipulated so as 1o decregse 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 fo ocour. By limiting the quantity of particles under about 500
win that an abuser can obtain by reasonable methods, one can render insufflation ineffoctive as a
means of abuse. Thus one way o prevent abuse by nasal insufflation is by caphuring the active
sizhstance susceptible to abuse in a matriy which 15 resistant to being physically hroken down fo

produce parlicles smaller than about 500 pm.

(00341 The dosage form of the present disclosure can inhibit manipulation by grinding or
pulverizing using common equipment, such as a coffee grinder. For example, the formulation
can deter abuse by limiting the particle size to which the formulation may be ground. The

formulation prevents the dosage form, or at least substantial portions of the dosage from, from
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being ground in particles having s particle sive of about 500 wm or less that may pass through the
mucus membranes of the nasal cavity, The dosage form can also significantly limit the
extraction of the active substance by common solvents (e.g., cold waler or distilled agquecus
gthancl) from the formulation. For example, the formulation detors abuse by limiting the ability
of persons 1o exiract the active substance from the formulation {gither wtentionally or
unintentionally), such that the active substance cannot easily be concentraied for parenteral
administration. The shuse deterrent dosage form may also include, but does not require, the

incorporation of other deterrents such as antagonists or irritants.

(00357 For example, in one embodiment, the abuse deterrent can work as follows, Hthe
dosage form is extracted with aleohol 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 intravenens adminisiration. Exiraction with a solution would resuit in a grey/black
fguid contatming the PEG, dve and active substance. The inclusion of PEG in the formulation
can prevent or reduce extraction because PEG can moch and form g wax before the alechol can be
completely evaporated or flashed off] an abuser may not be able to obtain a residue containing
the active substance. These properties can allow for an oral drug delivery systom that satisties at
feast one of the categories in the FDA gndance (e.g., “physical and chemical barners can change

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

(00307 The PEG can be capable of allowing iromediate release of the active substance,
providing abuse deterrence, and/or ensuring the formation of a solid dosage form that is stable at
elevaied temperatures, for example 40 °C. In some embodiments, the PEG provides all three
The dosage form of the present disclosure can accomplish the above capabilitios by vsing a
wixture of PHEG molecules of at least two different average molecular weights. For example, the
dosage form may include 2 first PEG having an average molecular weight between about 30,000
Dalions and 40,000 Daltons, and a second PEG having an average molecular weight about 3300

Daltons and 4000 Daltons.

[371 in some embodiments, the first PEG has an average molacular weight of about 20,
000, 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, 34,504, 35,000, 35,500, 26,004, 36,500,
7000, 37 500, 38000, 38,500, 39,000, 39,500 or 40,000 Daltons. Any of these values may he

149
3
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need 1o define a range for the average ywoolecnlar weight of the frst PEG, For example, the fivst
PEG can have an average molecular weight between about 31,000 Daltons and about 39,000
Paltons, between about 32,000 Daltons and about 38,0800 Daltons, between about 33 000 Dalions
and about 37,000 Daltons, between abont 34,000 Daltons and abowt 36,000 Dalions, between
about 30,000 Daltons and gbout 32,000 Daltons, between about 32,000 Daltons and about 34,000
Braltons, berween about 36,000 Daltons and about 38,000 Daltons, or between about 38,000

Daltons and about 40,000 Daltons.

{00381 In some embodiments, the second PEG can have an average molecular weight of
3000, 3050, 3100, 3150, 3200, 3250, 3300, 3350, 3400, 3450, 3500, 3550, 3600, 3650, 3700,
3730, 3800, 3858, 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 sn average molecular weight between about 3100 Daltons and about 3900 Daltons, betwsen
avout 3200 Daltons and about 3800 Daltons, between about 3300 Baltons and abowt 3700
Praltons, between about 3400 Daltons and about 3600 Baltons, between sbout 30060 Baltons and
37240 Dalions, between about 3200 Dalions and about 3400 Dabions, between about 3600 Daltons

and about 3800 Daltons, or between about 3860 Daltons and abowt 4000 Daltons.

(00397 In some embodiments. the ratio of the first PEG to the second PEG can be ghout 311,
220, 00 B2 0304, RS e, 17 RE, 19, G, LE, 182 RAL g, BS, 1Ee, 17, 1018,
1119 or 1:20. Any of these vahies may be used o define g range for the rstio of the first PEG 1o
the second PEG. For example, in some embodiments, the vatio of the first PEG 10 the second
PEG can be between about 12 w/w and about 2.1 w/w, between about 1:3 wiw and about 1:1
wiw, between about 112 w/w and abowt 121 w/w, between about 11 wiw and about 2:1 wiw,
between about 111 w/w and about 3:1 w/w, between about 1:4 w/w and about 1118 w/w, between
ahout 17 wiw/ and abowd 111 w/w, or between ahout 18 whw and about 110 wiw. Inother
embodinents, the ratio of the st PEG (o the second PEO can be less than abouwt 301, 204, B:1,
122, B:3004,01:5, 106, 127, 108, 108, 10, 1) 1002, 133, Bdd) 1) bode, 1037, 18, 0% or
1:20. For example, g rato of 1:10 15 less than g rato of 1.9

1004071 The total wivs of PEG in the dosage form may vary depending on the aotive
substance, stabilily, and release profie. In some embodiments, the first PEG and the second
PEG together ave at feast about 5 wit%e, 10 wit%, 15 wis, 20 wit, 25 wids, 30 wib4h, 35 wils, 36

10
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wi%e, 37 wi%, 38 widh, 39 wils, 40 wits, 41 wile, 42 wits, 43 wits, 44 wi¥e, 45 wils, 46 wils,

47 o, 48 witds, 49 wi%, 50 wi¥s, 51 wi%e, 52 wi, 33 wi%s, 54 wi, 55 wito, 56 wi's, 57
W, 58 wih, 59 wive, 60 wits, 61 wibe, 02 wil, 63 wil, 64 wits, 65 wids, 66 wile, &7 wite,

68 wits, 69 wi%s, 697 Wi, T4 with, 71 wite, 72 wil, 73 wile, 74 wi¥, 75 wibe, 76 wits, 77

widh, TR wite, 79 wi, 80 wi%h, &5 wite, 88 wi¥s, 90 wie, or 95 wi% of the dosage form.

{40411 in one embodiment, the formulation includes a disintegrant, A disinfegrant promotes
disintegration of the capsule, and dissoluntion of the active substance, afier administration and
upon confact with water. The disimegran‘( may be selected from sodiwm starch glyeolate, cross-
linked polyvinvipyrrolidone {e.g. crospovidone), eross-linked sodiurs carboxymethyleelhulose
{e.g. croscarmellose sodium) sodium Bearbonate/citric acid, alginic acid or combinations
thereof. In particular embodiments, the disintegrant 13 selected frow sodiurn starch glyeolats,
crospovidone and croscanmetlose. The dosage form may contain about T wi, 2 wit, 3 wi%, 4
wi%s, 5 wi%, 6 wthh, 7 with, 8 wite, 9 wils, 10 wil, 11 wi%, 12 wi¥, 13 wits, 14 wie, 15 wibe,
16 wi%a, 17 wi%, 18 wi%h, 19 wi% or 20 wi% of disintegrant. Any of these values may be used
io define a rangs for the wi%e of disintegrant. For example, the dosage form may contain
between about 1.0 wi%e and about 20 wiSo of disintegrant. Particularly, the formulation may
contain between sbout 1.0 wi% and about 18 wi% disintegrant or between gbout 5 wib and
about 8 wi% disintegrant. In certain embodiments, the dosage form includes 5 wi% sodinm
starch glyeolate, & wi¥s sodium starch glveolate, 5 wi%t crospovidone, or 3 wit% croscarmellose

sodium. In encther embodimend, the dosage form of the present disclosurs excludes a

disiniegrant,

[G042] in some embodiments, the tormulation inchides a dye. A dye can be useful in
deterring abuse by discouraging the abuser from intravenous jryection. For example, extraction
of the dyve 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
sbuse by extracting and injecting. The dye may be selected from known dyes suitable {or use in
pharmaceutical formulations or apprcwed by the FDA for such use. For exampie, the dye may be
FO&C Blue No. 2 or a 50750 wi9s solution of FD&C Bloe No, 2 in PEG, In another
embodiment, the dve may be a grey dye including FR&T Blue #1, FR&C Yellow #6, and FD&C

Red #40, The dye may be ina 90% PEG 3350 blend. In cortain ernbodiments, 14 mg of dye

11
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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 stoee i s vicualty deterring and von-transparent, The dosage form may
inciode about G110 wi%, 0.20 wi%s, 0.30 wids, 8.40 wits, G.50 wibe, T wilo, 2 wi%g, 3 wilg, 4
wit¥e, 5 wi%h, & wi%, 7 wide, 8 wi%, 9 wit, 10 wiSe, 11 wi¥p, 12 wids, 13 wi%, 14 widse, 15 wils,
16 wid%e, 17 wibh, 18 wi%, 19 witbs, or 20 wids dyve. Any of these values may be used 1o define a
range for the wi% of the dye, For example, the dosage form may contain between abowt 0,10
wi¥s and about 15 wi% dye. Particularly, the dosage form may contain between about 0.20 witth
and about 1.5 wi% dye, sbout 0,50 wit% and about 1.0 wi% dye |, or about 7 to gbout 14 9%

dye. In certain embodiments, the dosage form may include about 1 mg, 1.4 mg. 2 mg, 3 mg, 4
me, Smg, 6mg, 7T mg, 8mg, 9mg, 10mg, 11 mg, 12 mg, 13 mg, 14me, 15mg, 16mg, 17 mg,
8 mg, 19 mg 20 me 21 myg, 22 mg, 23 wg, 24 myg, 25 mg, 26 mg, 27 mg, 28 mg, 29 mg or 30

o

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

(00433 In some embodiments, the dosage form includes 2 first dyve and a second dye, wherein
the first dye has a high selubility in aqueocus solution that is higher than the sofubility of the
second dye in aqueous solution. For example, in some embodiments the first dve has a solubility
moagueous solution of about 1 g, 52, 108 30 8 50 g 100 gor 300 gin 1 L of aqueous solution
and the second dye has a solubility in aqueous solution of about T mg, 5 mg, 18 myg, 30 mg, 50
my, 0 myg, 500 mp. 1 goor 10 gin b L of agueocus sohation. o some emsbodiments, the second
dye has a high solebility in non-aqueous solution that is preater than the solubility of the first dye
in non-agueous solution. For examople, in some embodiments, the fivst dye bas a solubility in
non~-agueous solution of about 1 mg, 5 mg, 10 mg, 30 mg, 3¢ mg, 1M mg, 500 mg, 1 g, or {0 g
in 1 L of non-aguecus solution, and the second dye has a solubility 1o nop-aqueous solution of
about 1 g, 5¢, 180¢, 30 g, 50¢g, 100 gor 300 g in 1 L of non-aquecus solution.  Insome
embodiments, the color of the first dve is substantially the same as the color of the second dyve.
In other embodiments, the color of the first dve is substantially different frow the color of the
second dye, For the purposes of the present disclosure, a dye is considered 1o be soluble in a
solvent if about 1 g of the dyve can be dissolved i about 10-30 mL of the solvent. For example, a
dye is considered o be water soluble ifabout 1 g of the dye can be disselved in 10-30 mb of

water.
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(0044 in another embodiment, the dosage form includes 2 preservative or antiosidant. The
preseryvative or anttoxidant can reduce or Himit the degradation or deterioration of the abuse
deterrent dosage form, For example, the components of the oral drug delivery system {e.g.,
active substances, 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
o grinding, for example, with a coffee grinder. The addition of 2 preservative or antioxidant in
the formulation that reduces or climinates the degradation of the molecular weight of PEG may
be useful in maintaining the abuse deterrence properties of the dosage form. In addition to
maintaining abuse deterrence, the addition of a preservative or antioxidant in the dasage form
may be necessary to prevent prernature degradation of the active substance over the shelf life of

the dosage form. .

(00451 The preservative or antioxidant may be szlected from preservatives or anticxidants
known to one skalied i the art for use in pharmacentical formlations, such as ciiric geid,
ascorbic acid, ascorbyl palmitate, butvlated hvdroxyanisole {BHA), butylaled hydroxyvioiuens
(BHTY, erythorbic acid, hypophosphorous acid, laciobionic acid, monothioglycerol, potassium
metabisulfite, propy! gallate, racemethionine, sodium bisulfite, sodium formaldehyde
salforylate, sodium metabisulfite, sodinm sulfite, sodium thiosulfate, stanmous chloride, sulfor

dioxide and tocopherols. The formulation, or dosage form, may contain between abowt 0.1 wt%

and about 2.0 wite, or about 0.25 wi% and about 0.75 wi¥% of preservative or antioxidant. In
another embodiment, the dosage form of the present disclosure excludes a preservative or

antioxidant,

[G046] in some embodiments, the dosage torm includes one or more excipients that form a
gel in the presence of an alcohol. The aleohol gelling/thickening agent reduces or limita the
potential for abuse by preventing extraction of the active substance from the dosage form. For
exaraple, when introduced to an aleohol solution, the components of the dosage form {e.g., active
ubstances, PEG)Y may become trapped in a gel/viscous Haquid which prevenis extraction and
subseguent alechol evaporation to preduce 2 pure active substance. In ong embodiment, the
alechol gelling/thickening agent does not forr a gel ju the presence of water. The dosage form

can contain up to about 1%, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, 10%, 11%, 12%, 13%, 149,
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5%, 16%, 17%, 18%, 19% o, 22%6, 23%, 24%, 25%%, 26%, 27%:, 28%, 29%, 30%,
33%%, 32%. 339, 3484, 359, 36%%, 37%, 38%%, 39% or about 40%. These values can be used to
define a range, such as about 0.1 wi% to about 40 wi alooholic gelling/thickening agent. In
another embodiment, the dosage form of the present disciosure dogs not coniain an alcohol

gelling/thickening agent.

(30471 The aleobol geliing/thickening agent may be a gelling ov thickening agent known o
ope skilled in the art for use in pharmaceutical formudations, such as acacia, alginic acid,
hentonite, calcium acetate, carbomers, carboxymethyicellulose, ethyleellniose, gelatin,
hydroxyethyicethdose, hydroxypropyt cellulose, magnesiom aluminum silicate, methylceliuiose,
poloxamers, polyvinyl alechol, polyvinyl acetate, polyvinylpyrrolidone, sodinm alginate, sorhitol

derivatives, tragacanth, or xanthan gum.

[(O481 The dosage form way additionally include at least one additive independenily

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

{045 The abuse deterrent dosage form of the present disclosure is capable of immediate
release of the active substance. The dosage form may be manufactured to provide a composition
exhibiting an immediate release profile of at least ove active substance. As used herein,
“immediate release” vefers 1o a dosage form that releases the active substance or a
pharmacentically acceptable salt thereof] e.g., oxvendone HOCT or hydrocodone bitartrate,
substantially completely into the gastrointestinal tract of the user within a period of lees than an
hour, and often less than about 45 minutes or 30 minutes from ingestion. In one embodiment,
the amount of active subsiance released from the dosage form, .2, oxyeodone HC L or
hydrocodone bitartrate, by exposure 1o deasrated water within 45 minules is greater than or equal
w5 753%. In another embodiment, the amount of active substance released from the dosage form,
2.9, hvdrocodone bitartrate, by exposure to a ¢.1 W hydrochioric acid solution within 30 minutes
is gregter than or equal o 90%. In other embodiment, the amount of active substance released

fromy the dosage form, e.g., oxyeodone HOL within 45 minutes is grester than or equal to 75%.

(IS0 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

dissohution testing. Particularly, the dosage form releases greater than or equal io about 8095,
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about 8396, about 90%, or about 93% of the active substance within 45 minutes after

administration or via dissolution testing.

(0031} In other embodiments, the dosage form of the present disclosure releases greater than
or egual to about 0% of the active substance within 30 minutes after administration or via
dissolution testing. Particularly. the dosage form releases greater than or equal to about 92%,
about 94%, about 965, or about 98% of the active substance within 30 minutes after

administration or via dissolution iesting.

{60521 The present disclosure also relates to an oral, immediate release, sbuse deterrent
dosage form weluding an active subsiance suaceptible to abuse and PEG with a weighted
average molecular weight between about 6200 Daltons and about 7800 Dalions. In one
embodiment, dosage forms containing an average wolecular weight of PEG in this particular
range have several desirable characteristics including ummediate release of the active substance,
stabiliiy at high temperature conditions {e.g., 40 °C with 75% relative humidity)y, relatively low
viscosity at elevated temperatures {e.g., a viscosity less than or egual 10 2000 ¢P at 75 °C), and/or
a relatively high particle size afier grinding {e.g., grealer than or cqual to 50% of the particles
having a diameter greater than or equal to 500 um after grinding, such as tor 30 seconds al
10,000 RPM), Dosage forms including PEG with an average molecular weight between about
6200 Daltons and abont 7800 Daltons may be prepered by combining two oy more PEGs with
difterent molecular weights, For example, any of the PEGs desoribed herein (e.g., FEG 3350
and PEG 353000) may be comwbined 1o prepare a dosage form incloding PESG with sn average

melecular weight range between about 6200 Dakions and about 7800 Daltons,

[(033] In particular embodiments, the dosage form includes PEG, or two or more PEGs, with
an average molecnlar weight of abowut 3000, 58135, 5100, 3200, 5300, 3409, 5500, 5600, 5704,
5800, 5900, 6000, 5100, 6200, 6300, 6400, 6500, 6515, 6608, 6700, 680G, 6800, 7000, 7100,
7200, 7300, 7400, 7500, 7600, 7700, 7800, 7900, 8000, §100, 8200, 8300, 8400, RS04, 8600,
8700, 88GG, 8900, 9000, 9106, 9200, 8300, 9400, 9500, 9600, 9700, 8800, 9900, 10,000, 10,100,
F0.206, 16,300, 10,400, 10,500, 10,600, 16,700, 16,800, 10,5900, 11,000, 11,100, 11,200, 11,300,
F1.400, 11,500, 11,600, 11,675, or 11,700 Dalions. Any of these valucs may be used to define
range of average molecular weights for PEG, or 'EGs, depending on the application. For

example, o some embodiments, the dosage form includes PEG, or PEGs, with an sverage
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molecular weight between about 6200 Dialtons and abowut 6515 Dalions, between about 6515

Daltons and about 6800 Daltons, or between about 5200 Dalions and about 6800 Daltons.

100541 In other embodiments, the present disciosure relates 1o an oral, immediste release,
shuse deterrent dosage form including an active suhstance suscepiihle to abuse, a first PEG
having a meiting point greater than or equal to about 60 °C, and a second PEG having 2 melting
point less than or equal o about 37 °C. The dosage form can be a solid at 40 °C / 75% velanive
humidity, and at Jeast 90% of the active ingredient can be released from the dosage form within
30 minutes following administration or via dissolution testing. The dosage formcan bea solid a
40 7 7 75% relative homidity, and at least 75% of the active ingredient can be released from the

dosage form within 45 minutes hliowing administration or via disselution testing.

100551 The melting point of PEG can be positively correlated with molecnlar weight, i.e.
higher molecular weight PEGs have higher melting points. For example, PEGs with an average
molecular weight up to 400 Daltons can be considered nonvelatile higuids at room temperature
PEG 600, for example, has a melting range of about 17 10 22 °C, and may be ligquid at room
temperature but waxy at lower temperatures, PEGs with an average molecular weight of 800 (o
2000 Daltons can be considered waxy materials at room temperature with a relatively fow
melting range. For example, PEG 1500 has a melting point of about 42-46 °C. PEGs with an
average molecular weight above 3000 can be considered solids, For example, PEG 3350 has a
nelting point of about 53-57 °C, and PEG 35,000 has a melting point of about 60-63 °C. By
combining a PEG with a relatively low meling point {e.g., PEG 3350 with a PHG with a
relatively high melting point (e.g., PEG 35,000} a dosage form with several desirabdle properties
can be formed, including immediate release of an active substance, atability at high temperatures
{e.g., 407 C with 75% relative humidity), relatively fow viscosity at elevated temperatures (2.2,
fess than or equal to 2000 o at 75 °0C), and/or a relatively high particle size after grinding {e.g.,
greater than or equal to 50% of the particles having a diamcier greater than or equal to 500 um)
and/or the incorporation of a chemical barrier which makes it ditficult to separate the active

substance from the rest of the fonmulation.

(60561 In some embodiments, the dosage form inciudes g first PEG having a melting
temperature greater than or equal to about 52 °C, 53 °C, 54 °, 55 °C, 536 °C, 57 *{, 58 °C, 59

°C, 60 °C, 61 °C, 62 °C, 63 °C, 64 °C, 65 °C, 66 °C, 67 °C. 68 °C. 69 °C, or 70 °C. Any of these
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values may be used o define a range of melting temperatures for the fivst PEG depending on the
application. For example, the dosage form may include a fivst PEG having a melting
temperature from about 52 °C to about 60 °C, from about 35 °C to about 60 °C, from about 53
L to about 37 °C, from about 53 °C to sbout 56 °C, from abowt 55 7C 1o about 58 °C, from

about &3 °C 1o about 65 °C, or from ghouni 60 °C to about 70 °C.

{33571 fnsome embodiments, the dosage form includes a second PEG having a meliing
temperature less than or egual to about 5 °C, 10°C, 15 °C, 16 °C, ¥7 °C, 18°C 19 °C, 20 °C, 21
SCL,A2°C, 23 °C, 24 20, 35 °C, 25000, 27 R, BB 00, 29 70, 30 70, 31 °C, 32 7, 33 °C, 34 °()
359, 36 °C, 3T °C, 3870, 39 °C, 40°C, 41 7, 42 °C, 43 70, 44 7, 45 °C, 46 7, 47 °C, 48
°C, 4970, 86 °C, 531 °C, 52 2, 83 °C, 534 °C, 53 °C, 85 °C, 36 °C, or about 37 °C. Any of these
values may be used 1o define 2 range of melting temperatures for the second PEG depending un
the application. For example, the dosage form gy inchude a second PEG having a melting
temperature between about 17 °C and about 22 °C, hetween shout 42 “C and about 46 °C,

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

{0058} In some embodiments, the dosage form includes a first PEG and a second PEG,

wheretn the first PEG and the second PEG combined have a melting temperature of abowt 42 °C,
43 °C, 44 °C, 45 °C, 46 °C, 47 °C, 48 °C, 49 °C, 50 °(C, 51 °C, 52°C, C, 54 °C, 557
FCL8T 0, 38 °C, 59 7, 60 °C, 61 FC, 62 T, 63 °C, 64 0, 65 7L, 66 °C, 67 °C, 68 °(, 69 °C,

‘J:
L4y

fu]
|21
[o3

7070, Any of these values may be used to define a range of welting temperatures for the
combined first and second PEG depending on the application. For example, the firet PEG and
the second PHEG combined may have a melting temperatore between about 53 °C and about 85

“C,

100591 In other embodiments, the present disclosure relates to an oral, immediate release,
abuse deterrent dosage form including an active substance susceptible to abuse, a fiest PEG
having a melting point greater than or egual to about 60 °C and a second PEG having a viscosity
at 100 °C less than or equal to about 110 ¢81. The dosage form can be a solid a1 40 °C/ 75%
relative hunnidity, and at least 75% of the active ingredient can be released from the dosage form
within 45 minutes following adminisiration or via disselution testing or 8t least #0% of the active
ingredieni can be released from the dosage form within 30 mimstes following administraiion or

via dissolution testing.
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{00601 In some ernbodiments, the dosage form includes 3 second PEG having a viscosity at

108 °C of less than or equal Lo about 500 o8, 450 ¢54, 400 o5t 350 ¢5t, 300 oS¢, 250 ¢S4, 260
cSt, 190 81, 1RO B, 170 o8t 160 oSt, 158 o8¢, 150 eSt, 140 ¢St 130 B, 123 8y, 120 ¢8¢, 110
oBt, 105 o8, 100 oS¢, 99 ¢S, 23 ¢St %0 oSt, 87 ¢St 80 oSt, 76 ¢85t 75 oSt, 73 ¢St, 70 oSt, 67 o5y,
60 el 50 eB, 49 o4, 48 oit, 47 oL, 46 o8, 45 o8, 44 oL, 47 oSt 42 oL, 41 oy, 40 e, 39
e, 38 o, 37 oMt 36 e84, 35 eb1, 34 a8t 33 e8¢, 32 e8¢, 31 Bt 30 b, 29 b, 28 o851, 27 b, 26
e, 25 ¢Bt, 24 ¢B, 23 ¢85, 22 o8, 21 o5, 20 o5, 19 o5 18 o814, 17 ¢S 16 ¢51, 15 o84, 14 e,
13 ¢80 12 o518, 11 e 10 oBt, 9 e, 8 oft, 7 o, 6 ¢St 5 o8, or about 4 ¢85t 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 include a second PEG having a viscosity between about 4.4
St and about 49.0 ¢St, between about 16.0 ¢St and about 49.0 o5y, between about 25.0 ¢St and

about 32.0 ¢85, or between about 76 ¢St and about 110 ¢St

{00611 in some embodiments, the formulation of the present disclosure can have a viscosity
at 100 °C of about 40 ¢l 41 58, 42 o551, 43 o841, 44 ¢St 45 ¢4, 46 051, 47 ¢81, 48 ¢51, 49 o8¢, 50
oSt 3T ofL, 37 o8, 33 ¢St 54 oBt, 55 ol 56 ot 57 o, 5B S8, 59 ol 6l el 61 o8, 62 ¢

3 oSt 64 ce, 65 el Bh ¢ ot 68 cft, 69 ¢S, 70 oS, 71 oSt T2 S, 73 ¢81, 74 e8¢, 7S
oSt 76 oS8t TTelt, 78 oSy, 80 ¢St 90 ¢Sy, 100 o8, 110 8t 126 o8, 130 81, 148 Sy, 158 S,
158 oS, 160 8¢, 170 ¢S, 180 ¢S, 190 ¢S, 200 ¢Bt, 250 o8, 300 o8¢, 350 o5t, 400 oSt, 450 ¢St
500 oSt, 600 S, 700 ¢S, 800 <81, 900 81, 1000 o&y, 1100 oS8t 1200 b1, 1360 i, 1408 X
1500 e84, 1600 o8, 1700 ¢85t 1800 81, 1900 o5t or about 2000 ¢St Any of these values may
be used to define a range of viscosities for the formoulation of the present disclosure depending on
the application. For example, the formmiation of the present disclosure may have a viscosity
between about 300 oit and about 2000 o3, or between about 800 oit and about 1900 ¢81. In
some embodiments, the formulation or dosage form is 4 solid at room temperature and/or at 100

°C and has not measureable viscosity.

FH621 i another embeodiment, the present disclosure relates to a process for the production
of an oral, immediate release, abuse deterrent dosage form inchuding preparing & homogenized
suepension of at least one active substance susceptible to abuse, a first PEG, and a second PEG.
For exampie, the first PEG can have an average molecular weight between about 30,000 Daltons

and abowt 40,000 Daltons, and the second PEG can have an average molecular weight between
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about 3000 Daltons and about 4060 Daltons. The ratio of the first PESG to the second PEG can
be less than about 1:4 wiw, The process can further inclnde dispensing or filling a homogenized
suspension it a capsule o produce the dosage form. In some embodiments, the capsule can be
formed by joining g capsule body with a capeule cap. The first PEG and the second PEG
together may be any wit%s of the dosage Torm as described herein, for exampie at least about 60
wi%h of the dosage form. o soroe embodiments of the processes described herein, the active
substance is hydrocodone bitartrate. In other embodiments, the active subatance 1s oxyeodone
HCL In certain embodiments, the abuse deterrent dosage forms of the present disclosure are

capsules

(0063 The ataise deterrent dosage forms of the present disclosure may be produced by Liguid
filled encapsulation. Liguid filled cncapsulation 1s a process in which active pharmacoutical
nngredients are suspended or emulsified i a carrier matrix and filled into capaules. The capsules
arc usually made of hard gelatin or hydroxypropyl methyleellulose. One of the advantages of
this dosage form is that it requires fewer excipients and processing steps than other traditional
compressed soiid dosage forms. The internal solid phase APY {z.g., oxyeodone HC  or
hydrocodone bitartrate) can be suspended i a PEG external Hluid phasaa In one embodiment,
PEGs with average molecular weights greater than about 1500 Daltons are ideal for Hguid filled
capsules becanse they are thermoplastics that weli atl emperatures below the melting point of the
hard gedatin capsule (<70 °C ) and are solids at room temperature. H the filling material {s Boguid
at room temperature, a banding process can be used. This process adds a gelatin band around the
point where the capsule body and cap join to create a unified capsule body to prevent leakage, In

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

(00041 In one embodiment, the liquid fill process can begin by dispensing excipients {c.g.,
PEG and stabilizers/preservatives) and AP according to theorstical percent weights of the final
capsule il weight. Following this step, the PEG powders or flakes and dyes are pre-mehied
before they are added 1o a homogenizing mixing kettle which can maintain the PEG above s
melting point via jacketing on the kettfe. When the PEG is compleiely fluid, the AP and other
non-meiting stabilizers andfor preservatives can be mixed in to form a homogenizaed suspension,
This can ocour with the aid of mechanical agitation by way of several internal stirring arms.

Once a homogenized suspension is attained {(in some embodiments newer ketiles can be
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equipped with IR probes 1o indicate when this happens}, the suspension can be pumped
through jacketed hoses (o maintain the internal kettle temperature to provent solidification in the
hose) to 2 hopper on the capsule filling machine. An illustration of a capsule filling machine is

provided in Figure 1.

[B065] The capsule filling hopper can also be jacketed 1o beat the suspension to prevent
solidifications. The capsule filling machine can contain a separate hopper which operators fill
with hard gelatin capsules. The hopper can feed info 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 vacuum, To fill the capsule, a positive
displacernent pision pump can be used to draw the product in from the jacketed hopper and
dispense the suspension into the capsule body through a set of changeable nezzies, Fill weight

adiustroent can be achieved by varving the piston stroke of the pump. These changes can be

made throughout the process due 1o freguent in-process capsule weight checks
(0060} Onee the capsule body is filled, the capsule body and cap can be joined via pusher

pine which raise the capsule body upwards and into the capsule 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 maching. The capsules can then be allowed (o
conl at room temperature on trays and can be each weight checked via a capsule weigh checking
machive, Following this, the capsules can then be placed into a final output drum,  Automatic
capsule filling machines can have the ability to produce 500 to 150,000 capsules an hour with

very high degree of accuracy.

(6087} In some embodiments, the present disclosure relates to a dosage form as deacribed
herein prepared by filling a capsnle body with a heated homogenized suspension inchuding an
active substance, a first PEG and a second PEG. In some embodiments, the homogenized
suspension including an active substance, g first PEG, and a second PEG melfs at a temperature
of about 42 °C, 43 °C, 44 °C, 45 °C, 46 °C, 47 °C, 48 °, 49 °C, 3¢ °C, 51 °C, 52 °C, 533 °(, 54
PCUSSCC, 536 °C, ST RC, SR 20, 39 °0, o0 70, 61 "CL 62 °C, 63 7, 64 °C, 63 °C, 66 "L, 67 °C,

68 70, 6% C, 7O =C, 71 20, 72 °C, 73 °C, 74 °0, or 75 °C. Any of these valugs may be used to

A

define a range of melting temperatures for the homogenized suspension. For example, i cortain

smbodiments, the bomogenized suspension has a melting temperature between about 53 7 and

20



about 65 °C. 1a particular embodimants, the homoegenized suspension including an active
substance, a first PEG and a second PEG malis at temperatures below 77 °C, Le, the melting
point of the hard gelatin capsule. 1n another embodiment, the present discloswre relates te a
method of freating pain including administering to an individoal in need thereof a therapeutically
effective amount of a dosage form as described herein. The dosage form can be used for the
management of moderate to severe pain where the use of an opioid analgesic s appropriate. The
dosage form can provide rapid onset of analgesia for the treatment of moderate 16 severe pain.
The dosage form, e.g., a hard gelativ capsule, ean be administerad orally every 4-6 hours as

needad.

[0068] When an amount, concentration, 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 undersiood as
specifically disclosiug all ranges formed from any pair of any upper vange Hmit or preferred
value and any lower range linit or preferred value, regardiess of whether ranges are scparately
disclosed, Where a range of numerical values is recited herein, unless otherwise stated, the range
is intended to include the endpoints thereof, and all integers and fractions within the range. 1t
not intended that the scope of the Invention be timited 1o the specific valaes recited when

defining a range.

16069) The present invention is further defined in the following Examples. It should be
understood that these Examples, while tndicating preferred embodiments of the invention, are

given by way of iflustration only.
Examples

Example |

[G070] Initial testing and evaluation experiments for the immediate release ADF liguid tilled
capsule were based on suspending an AP in PEG and 3ling it to weight into a bard gelatin
capsule which then solidifies into a wax at room temperature. Some of these experimants usad
acetanunophen (APAP) as a tracer drug in place of C-H narcotics, Oxyeodone HO and APAP
ave both soluble in reaerated waler. The USP monograph for peoled hydrocadoene bitartrate and

acetaminophen tablets specifies 8094 {Q) +10% release of both drugs in 30 minutes in 01N HCY,
11
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indicating both are capable of immediate release. As a result, APAP was expecied t© be a viable

alternative for experimentation.

o7 A formulation was prepared containing 30 mg APAP and a 50:50 ratio of PEG
333011500 g/imol and 0.50% PD&C dye insize 3 white opaque capsules. Three capsule G
weights were evaluated: 160 mg, 150 mg, and 200 mg. These formulations were tested for
dissolution, The USP criteris for immediate releage of oxveodone HCE is 300 mL porified water
ae media, Q=T0% at 45 minutes, Specification = 75% (+3%), apparatus 7 {paddies), 50 o
All capsule weights proved fo release immediately, with the 130 mp and 200 mog formulations
releasing completely al 20 minutes. 100 mg capsule fill would be preferred to decrease material
costs. Table | below list the dissociation data of size 3 capsules containing 30 mg APAP, 3

SG:50 vatio of PEG 3350:1500 gimol, and 0.5% FD&C dye,

~ey
i
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08 mg

78.66

'77 17
LI

78.67

Ratch demieﬁﬂzii I‘e’iinuig;j;w: Average | 43 Minutes | Average
18-1 7818 86.25

3

86.19

Capsule fill

20 Minates

92,76

45 Miinutes

Ayverage

96.95

19-2 mg 8855 95.48 100.69 95.17
19-3 9513 = R7.R6
Batch Capeale B | 20 Minutes | Average | 45 Minutes | Average

96.68
896.59
G654

91.82

200 myg

{3721 These dosage forms confain water- and ethavol-soloble FDE&C dyes, g, 6.5%
FO&C dye, 1o deter extraction of the AP and infravenous injection of the solution. Further
rendering of the drug sohition would be required to separate the pure APT from the PEG and
FO&C dyes.

0731 PEG 1450 (NF grade available from Dow Chemical Company) can be used in place
of PEG 1300 in the oxyeodone HCI dosage forms. Additional exemplary oxyeodons HCH dosage
forms are shown in Table 2 below. 194 citric acid may be used in the dosage forms as an API
stabilizer.

Tabie 2

Total
Citric Acid | Capsule Fill
{mg} {myg or %)
1 100
i 100
1 100
Total

PO
~ Dwe {mg}

PEG 3350
o kmg)

””” 4403
34.25
1925

o]
i

=
[

<
9

Oxyendone | PEG 3350 D&C | Citrie Acid | Capsule Fill
BPosage | HCIOe () L Whve gy o O (ng oty
3 b 0.25-0.75 {.5-2 00

0.25-0.75
0.25-0.75

’ 15 :
30

Los
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Example 2 — Immediate Release ADY Liguid Fill Capsules including PEG 35660

10074} The dissolution rate, ADF properties and melt temperatures of additional immediaie
release ADF oxyeodone HCL lquid 81 capaule formulations containing varying amounts of PEG
1450 and PEG 35000 were evaluated. Acstaminophen (APAP) was used as a tracer drug for
oxyeodone HCL The formulations are shown in Table 3 below. The target amount of APAP
was 20 mg per capsule, and the target il weight was 100 myg (batch number 923 or 200 mg

{(batch numbers 93-94). The capsules contained 30% w/w (batch number 923 or 15% wiw (batch

wanbers 93-94 APAP, Size 3 opague hard gelatin capsules were used.

(00751 Disaolution was tested using the following criteria: (@ = not less than 70% dissolved
at 45 minutes, and the specification = (3+5% (75%) dissolved at 45 mimates. As shown in Table
3, the average disselution for the three formulations ranged from 87% 0 98%. Accordingly, all

of the formulations met the specification of at least 753% dissolution at 45 myrtes.

10076t As mentioned above. 1t is generally accepted that any particle greater than 5300 po in
diameter cannot be sufficiently absorbed by the bload vessels in the nasal mucosa, Thus, inone
embodiment, a formulation is considered to deter intranasal abuse 11 2 75% ol the particles are
> 500 yry in diameter afler grinding. As shown in Table 3, the percentage of particles > 500 um
in diameter after grinding ranged from 90% 10 92%. Thus all of the oxyeodone formulations met

the standard of > 75% of the particles being > 500 pm in diameter after grinding.
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Table 3: Dissolution and Particle Size after Grinding for Oxyeodone HU Formulations
Including PEG 35000 and PEG 14540,

_________________ Excipientis Dissolution Grinding / Particle Size
Batch Yo Yo of
Mumber | % PEG | PEG | Overall | % @ 45 Yo =
38006 | 1439 Fill .L.mimit | Average | Mm% <500um
92-1 100
92- 100 { 70 83 87 92 8
| 1
82 18 90 90 91 9
85 .............................................................
59 41 , 98 90 i0
85

0077

The oxycodone HCI formulations were also analyzed to determine melting

temperature. The capsules were held at 40 °C/ 75% velative humidity for 72 hours. As shown

in Table 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 formuldation

containing 59% PEG 35000 had a much softer fifl,

Table 4: Melt study of Oxyrodone HC formulations,

""" e L % | o e | Yhof
Pji‘;ig;r  PEG gfg}z‘éx Gverall | Designalion® Notes
4 { } 45@ - ) Figg ..........................................................................................
........... S WL 7 ! . No evidence of melt
&5
s I8 82 ] No evidence of melt
84 41 s¢ 2 Much sofier fill
*. 1 {one) = Solid, 5 (five) = Thick Liguid
106781 The dissolution, particle size after grinding, and color extraction ol two additional

formulations of oxyeodone HCE (batch numbers 11 and 12 containing varying percentages of

P2
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PEG 35000 and PEG 1438 were determined as desoribed above, The formulations also
contained 1Y oitric acid and 14% Grey Dye. Both formulations used a size 3 opague hard
celatin capsule with a target Gl weight of 100 mg. APAP was used as a tracer drug for
oxycodone HCYL The target amournt of APAP was 5 mg (5% w/w) for batch number 11 and 30
mg (30% wiw} for batch monber 12, For dissohition, Q = Not lees than 70% dissolved at 43
minutes, and the specification = (5% (75%) dissolved at 45 minutes. As a reference, an
aceeptable particle size aller grinding s > 73% particles = 500 pm in diameter. As a reference,

N

an accepiable color scale designation after extraction of the dve is > 4 ona scale of 1 to 5, with §

being the highest level of color,

(3079 As shown in Table 3 below, both oxveodone HCT formulations met the eriteria for

dissolution rate, particie size after grinding, and color extraction.

Table 5: Dissclution, Particle Size after Grinding, and Color Exdraction of Oxyeedons HO
Formuiations containing PEG 35080 and PEG 1486,

Oxyeodone HC Formulation
Grinding
/ Particls
Excipients Dissolution Size Extvaction
Batch v EYAEY:
Mumber | % % % N %% of - R :
i .}‘:)w ,}‘:.‘}w AT /o o Avg Ye @ | @ < | {sloy Reale
PELG | PEG | Citrie | Grey | Overall 45 wain 506 | 508 | Desiznation
35606 1 1458 | Acid | Dye Fifi o N ) ppha
jREm o o
-l
48 32 G5 106 93 ¢ 10 5
11-2
EE
: z 14
[2-1
(5.3 33 22 gt 96 8% | 11 S
24
(0080 In one embodiment, hot melt fill capsules are sufficiently viscous at elgvated

femperatures fo allow for flow of the fill into the capsules. Accordingly, additional oxyeodone
26
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HCI formulations containing PEG 35000 and either PEG 3350 or PEG 1450 were evaluated by
measuring viscosity at 75 °C at 50 rpm. Formulations were weighed out according to total wt %
of a 15 baich. Each formulation was poured o a viscosity testing crucible and placed in an 80
°C water bath to mell. Once fully welied, the formulations wore mixed using a stainless stecl
spatula and transferred to a Brookfield V-1 Pro Viscometer {VINZ9 NCD: Upon lse}
atilizing Spindle: 327 (Small Sample Adapter). The viscometer was equipped with a water
jacketed cracible platform. Once the melt temperature reached 75 °C, a viscosity reading was
taken in centipoise (¢P). Based on manutacturer specifications, an acceptable viscosity for the
purposes of this study 19 < 1300 ¢P. The particle size after grinding and sfability at 40 °C/ 75%
refative homudity (RH}Y was also determuned. For the grinding analysis, an acceptable particle
size after grinding was considered to be > 753% particles 2 500 umiin diameter. Al

formuliations were size 3 opaque hard gelatin capsules.

[oGs1] As shown in Table 6 below, batch nunher 180 containing 11% PEG 350060 and
4456 PEG 1450 had a viscosity of 1288 P at 75 °C/ 50 vpm, above the mancfachirer
specification of < 1000 cP. Accordingly, viscosity was not measured for the formulations
containing bigher ;.7&;:’06!‘1?3;;&5 of PEG 35000 (e, batch numbers 97-99) Inaddition, batch

number 100 was not sufficiently stable for storag ce this formulaiion was 4 very viscous

Hguid at the stability test conditions of 40 °C 7/ 75% BH.
|

(G821 Although batch number 161 containing 5.5% PEG 35000 and 49.5% PEG 1450
had an acceptable viscosity {705 Py at 75 °C/ 50 rpm, the stability {ests revealed that this
formulabion was a very viscous Hauid at 40 9C 7 73% RH, and thus was not stable for storage,
Because the formulations containing 11% PROG 35000 (batch number 108 and 5.5% PEG 35000
{batch number 101} were not sufficiently stable for storage, stability of batch number 103

confatning 7.7% PEG 35000 was not determined.
2

FOGE3] Formulations containing PEG | 3 were also evaluated. As
shown in Table 6 below, the formulation containing 6.97%% PEG 350600 and 62.7% PEG 3350
{batch murnber 104) and the formulation containing 7.7% PEG 35000 and 69.3% PEG 3330

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

3
~~}
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Table 6: Particle sizve, Viscosity, and Stability for Oxyesdone HO Formulations Containing

PEG 35666,

Baich

Grinding /

Vize-

osity

Stability
at

550

(mg}

Particle (:F) 480778
Excipients Size YoRH
e v YN
% | % | % o Peg | % | v | D T2 e
PEG | PEG | PEG | Ratio | Grey AP | U85 7001 500
35000 | 3350 | 1450 Dye | 1 R L Y

Softened
Wax,
HoM-
Hauid

- Softened
L Wax,

22 33 40:60 G141 86 MNA
fnon-
BT ‘ 4 10 00 e hq“@
65 | U | ams | 300 901 99 | oNa | OPTE
90 ; sotid
Very
i1 44 2054 857 1 4.3 1288 VISCOUS
160 Hauid
Very
5.5 485 1G:9{ Q6 04 705 ViSCouUs
16 Hiquid
143 N 693 1G:90 7 15 200 MNA T NA 288 NA
Scftened
55 1 495 10:00 L 14 30| 100 | 7R8 1212 1o4s | VA%
non-

102

HES
136 154 61.6

3

Haguid

Softened

Example 3 - Evaluation of Dves

? N,
10:90 | 933 | 20 iS00 1799 1200 | 748 Wax,
RO~
liguid
Softened
- - < - Py -y Wax,
10:90 7 13 200 7751028 620 *
RO~
biquid
L I Sb4 BS54 4148 | 1375 | NA
78



CA 02955229 2017-01-13

WO 2016/010771 PCT/US2015/039336

(084} Numerops dyes were evaluaied for their potential to deter intravenous abuse.

Yaryving concentrations of FD&C Blue #2, groen (FD&T Blue #2 and FD&C Yellow #5), FD&C
Yellow #S, FD&C Red #40, and grey dve (FI&C Bhue#l, FDEC Yellow #6, FIREC Red #40)
were evaluated by dissoiving them in a #3% ethanol 5% purified water {190 proof) solution and
passing the solution through a svringe filter. Afler syringe fillering the dye solutions were
visually evaivated for color intensity and rated on a scale ot @ to 5, with § mdicating no oolor 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, c.g. 0.25% w/w. Solutions of grey
dye hefore and after filtering ave shown in Figures 24 and 2B, respectively. The grey dye was
particalarly striking and less appealing. An acceptable color scale designation after extraction of

>4 on a scale of 1 to 5, with 5 being the highest level of color.

the dye is

Table 7: Evaluastion of Various Dyes at Varying Concentrations in 120 Proof Aleohs]

Baich Dy Color Bye (% wiw Bye {mg) Color Number®
66 Blug S 1.75% 4
R Biue 0.56 3,50 3
______________ 68 .. Bhe 0.75 5.25 5
Y Bhie 7.80 5
701 Green L7
oo Green 3.50 4
72 Green | 5.25 4
73 Groon 7.00 4
LT Yeliow &
73 Yellow L 3,50 4
8 Yeliow b 272U SRR R e
77 Yelow .00 7.04 5
___________________________ g.11 (4.75 2
0,21 1.5¢ o
{143 3.00 4 V
8.63 444 5
R4 Gray 2.00 14.00 5

28
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[GG8SE in one embodiment, the dve can be grev. Grey can be chosen because it is darker
than the others and can be effective gt g lower relative concentration. Grey dye can allow for the

rncst visually deterring form with the least amount of dye present in the formulation.
Example 4 - Immediate Release ADF Ohyyeodone HOI Liguid Fill Capsules

[0086] Abusers of optowd producis often adulterate the product 1o promote more rapid release
of the active ingredient. The products can be chewed and swallowed, crushed and inhaled, or
extracied in water or aleohol {either crushed or intact) to produce a solution that can be used for
mwiravenous administration or dried for insufflation of a purified prodact. Adulteration of the
pmducts can enable a more rapid delivery of active than can be achieved by ingestion of the
wact product. This rapid onsel, high exposure i3 associated with euphoria, drug hling, and

greater abuse polential,

FOGRTY Current abuse-deterrent formulations have Hmitations. Insufflation is a common
route of abuse for oxyeodone HC products. To be attractive for insufflation, crushing a product
should vield particles of izss than 500 um o allow upiake of the aciive substance though the
nasal mucoss. Thercfore, abuse doeterrent formulations can be made to discourage crushing or
hreaking of tablets to vield particles loss than 500 um. Test methods using fiat platens to crush
the product as 2 criterion for abuse deterrence i3 not wmeaningful, Al G- nareotic drog 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 substantially lower than what has been reported using
ihe breaking strengih test or eguivalent {e.g., >500 W), Flattening the tablets using forces greater
than 500 M (with traditional “tablet breaking force” definitions) does not address abuse

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

[O088] Grinding can be a better evaluation of the relative resistance of marketed prodacts to
abuse. The formulation of the present disclosure compares favorably againgt Roxicodone® with
respect 1o a decrease in the pereentage of particles prodoced after gninding that are smaller than
SO0 g, Statistically different results emerge between the formulation of the present disclosure

and Roxicodone® in the degree of resistance to grinding, with the formulation of the present

o2

[+ 04

disclosure yielding less than 30% of particles smaller than 300 i, compared with

approximately 77% of particles less than 308 pm for Roxicodone®. Better resistance to grinding

30



CA 02955229 2017-01-13

WO 2016/010771 PCT/US2015/039336

can be due to differences in the manufacturing processes and/or the excipionts employed for the

two products,

{089 The tormulation of the present disclosure can be resistant to abuse by nasal
insufflation or exiraction due o, in part, the waxy nature of the formulation contenis and the
solubility of the excipients. The excipients can be both water and alcohol soluble 1o create a
formuiation that makes it time consuming and costly to extract oxyveodone HCT from the
formmiation coptents without aleo extracting the excipicats. A high molecuiar weight PEG can
be included because of 1te solubility properties {e.g., soluble in both alcoho! and water) and its
resistance 1o grinding 1o particle sizes of less than 300 um. High-molecular weight PEGs are
iess viscous at mell temperatures than long chain PEO molecules and are soluble in both water

and aicohol.

001 Byves can also be used and chosan to be soluble in both water and alcobol 1o produce
a dark colored solution upon extraction and filtering a5 a visual deterrent to abuse. The
formulation can inchide the following components listed in the Table 8 below, including a
number of different dyes. Table 8 below lists the components along with their solubility
information taken from the various literature sources and tested experiraentally {e.g., 200 proof
ethanol and filtered through a 0.43 micremeter PTFE filter). The extraction of the active to a

pure form can be very difficult using water or alcobol,

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

Alcohol
Waier Aleohol Solubility Selubility
{Componenis ~ Solability ‘ {1 iterature) {Tested)
(reyeodone HCE Yeos ' Yes
Hydrocadone Bitarirate Stightly MA
Folvethyviene Glycol LIBP NF Yer N/A
Anhydrous Citric Acid Yes NFA
FO&C Bioe #1 Yes Vs
FB&C Yoliow 46 Yes Yes
FD&C Red #40 | Ves
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(00211 A conventional tablet or powder-filled capsule can be easily crushed o create a fine
powider, The waxy material contained in the formulations of the present disclosure can make it
difficult {0 manipulate into particles small enough to be easily absorbed by the nasal mucosa.
The waxy material may also congeal once introduced 1o the serpi-agueocus environment of the
nasal passages, which can make it ditficult to introduce the oxyeodone HCI or hydrocodone

bitarirate 1o the bloodstream via the nasal passages.

(00921 The formulations of the present disclosure can contatn one or more of the following
barriers to abuse. Insuftlation - The formulation can be formulated to resist grinding to particle
sizes of less than about 500 pm. Exfraction and Puwrification - The formulation can be
formulated with water- and aleohol-seluble dyes to create a dark colored solution upen
exiraction that can be visually unappealing (o intravenous drug osers. The waier- and sleohol-
soluble exciplents can present absiacles to purification of the active. In some formulations, i the
sodvent 13 flashed off or otherwise evaporated, the excipients can relurn to the same waxy, dark-
colored form as before being introduced to the solvent. Vaporization - The formulation can
contain an active, such as oxycodone HCL, which can degrade at temperatures close to where
vaporization occurs. Chewing — Because the formulation is an immediate release formulation, it
is not expecied that crushing or cutting the dosage form will result in an especially rapid relegse

of the drug 1o produce a “euphoric high”
¥ &

{00937 Table 9 below lists examplary formulations for the oxyoodone HCI abuse deterrent

forvlation capsules.

Lo
[
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Table 2 Quantitative L ﬂmpmamm of Oxyeodone HOT ADY Capsules

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> ?ngruhmn RIS apsuk ﬁ;mmaw
Oxyeodone HOLUSE AP S ~ .é(l?

‘}: o.iyemyiemz Glycol 3356 106 - 156
Polyethylene Glycol 35,000 325
Anbvdrous Cltric Acid 12
rye Blend

FD&C Red #40 (DB-175000) 8518
FO&C Yellow #6 (DR-175000) 03048
FIxEC Blue #1 (DB-173060) 8103
Polvethviene Glyeol 3358 (DB-173000;) 1-15
Gelatin (Capsley |
Total Fill Weight per capsule | iiﬂ)—?(m ““““““““““““
(00941 Formlations of the present disclosure were manufactured by the following

exempiary process. The components of the hot-melt suspension, consisting of Polyethylene
Giyeo! 3350, Polvethylens Glyeol 35000, Dve Blend, Grey Powder, Citrie Acid and Quyeodone
HCT were dispensed according to theoretical batch quantities based on formulation weight

pereents,

FO095] Polvethviene Glyeot 3330, Polvethylene Glyeol 353000, Dye Blend, Grey Powder,
Oxyeodone HCL and Ciiric Acid were added 1o an Olsa 1530 Liter Kettle and heated to 8
temperature of 70 + 20 °C. Unlizing the homogenizer mixer, external anchor biades and internal
mixing biades, the mel was then mixed until unifbrm

{009%¢] Prior to transferring the hot-melt suspension from the ketiie o the Shionoyi F40
capsule filing machine hopper, a transfer purnp and three heat traced hoses were set up and the
meli/suspension was recirculated. Mixing and recireulating continued ntil capsule filling was

complated.

ey
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[0097] The Shionogi F40 capsule Blling machine target Bl weight was set with an Action

Limit of & 3.5% and a Control Limit of + 5.0% plus the average empty capsule weight.

[G098} In-process capsule samples were taken gt the beginning, end, and every 30 minutes
{Tor the average capsule weight of 135 filled capacles). Fiiled capsules were placed onto stainless
steel cooling travs and allowed to cure. Following curing, 100% capsule weight inspection was
performed using a Shionog capsule weight inspection machine An exemplary manufacturing

process is shown in Figure 3.

06951 The formulations of the present disclosure are stable upon storage at 25, 30, 35, 40 or
43 °C, and at 60%, 65%, 70% or 75% relative humidity, e.g., 30 °C /7 63% RH oy 48 °C / 75%
RH. The formulation of the present disclosure can be stable under any of these conditions for up

o d,2,3,4,5,6,9, 12, 16, 18, 24, or 36 months.

Example 5 - Abuse Deterrent Properties of Immediate Release Liguid Fill Capsule PEG

Formuiations

(001007 In one ernbodiment, there are at least three determining factors which deem an
immediate release drug product “abuse deterrent,” namely resisiance (o grinding, purity upon
extraction, and visual evalustion bllowing extraction. Cutting the dosage form can be
performed o order 1o increase the surface area of the product prior to ingesting i in an effort to
increass the rate of dissolution into the digestive tract, Cutling can also be used to increase the
etficiency of grinding or cxtraction. Cutling alone, however, 13 not sufficient (o render a
forolation abusable. (rinding the dosage form can be performed in order to decrease the
particle size of the product more efficiently than cutling in an effort fo msufflate (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 drog produoct is

considered abuse deterrent if the % material 10 the pan (500 1s £ 50%. A dosage form

z

which, when ground, produces < 5096 of the material on a per-dosage form basis available for
nasal insufflation (< 500um) is considered abuse deterrent. The purpose of this study was 1o
determine the grinding potential of different dosage forms of oxyeodone HCL Texture analysis
i3 the mechanical testing of pharmacentical products in order to measure their physicsl
propertics, The Retsch Knife Mil GRINDOGMEX GM200 (THI6) was utilized to mimic a
commercially available coffes grinder {Mr. Coftes) in ovder to grind the drug products inio 8
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particie size that is suitable for intranasal abuse (insuftiation). Particle size analysis was
conducted utilizing an ATM L3P Sonjc Sifter {THEAT), utilizing a 500 wmicrometer {pmy) particle
size sieve {35 mesh). For the purposes of this study, any particle less than 500 wm in diameter is
considered suitable for intranasal abuse. It is generally accepted that any particle greater than

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

FO01017  The Retsch Enife Mill GRINDOMIPX GM200 uiilizes a circular blade attachment (o
mimic commercially available coffee grinders. The GM200 has a top speed of 10,000
revolutions per minute (rpm), while commercially gvailable coffee grinders have a top speed of
approximately 20,000 rpan (an approximate two-fold increase in speed when comparing the
OM2Z00 10 2 Mr. Cotflee grinder). However, the approximate two-fold increase in blade diameter
{118 mm vs. 60 mm, when comparing the GM204 1o a Mr. Coffee grinder, respectively)
compensates for the approximate twofold decrease in top speed via the inversely proportional
relationship of the two variables. Further, the torque mrovided by the GMI00 1s signuficantly
higher than the torque provided by a My, Coffee grinder (0.8360 Nim (MNewton meters) of the
GMZ00 vs. 0.062 Nm of the Mr, Coffee grinder, respectively), which additionally tHlustrates the
ability {or lack thereo?) of the My, Coffee g,ri.nder to modify the drug products into a particle size
suitable for intranasal abuse. The study evaluated the difference in particle sizes of several

different formulations of oxyeodone HCH following modification {grinding) by the GMZE0.

(001027 Experimental: The samples tested are {ormudated according to Table . The

following test equipment was used: Retsch Kmife Mall GRINDOMIX GM200 (TESa), ATM L3P
Ronic Sifter (TE4T), and a SO0 pm sieve (35 mesh). The folfowing testing conditions were used:
Analysis speed: 10,000 rpmy Analysis time: 30 seconds; Sieve Bize: 500 pm (35 meshy); Analysis

time: | minutes (no pulse). Each sarmple was prepared in wiphicate (N=3),

[001031  The composite sample was transferred o a tared weigh boat and the weight of the

sample was recorded. The foliowing equation was used to calculate the % sample loss:

Anabyasd Sample (mg)

Sampledveight fng)

Sample Loss (%) = 100 ~{ x 100}

10061041 The weight of the 35 mesh sieve and sample pan was recorded, The testing apparatus

was assembled with the 33 mesh sieve above the sample pan. The composite sample was

Lol
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ransferred 1o the testing apparatus and analyzed utilizing the following parameters: 1 minute
analysis time and no pulse. The analyzed 35 mesh sieve and sample pan were waighedh The %
material remaining on the 35 mesh sieve (& 500 pm) and in the sampile pan (< 300 um) was
calculated using the following equation:

Walght of Sample on Steve {mg}

eeeneno : ¢ 100
Total Weight of Sampleoh Sieve{mg) *

Percent on Sieve (36} =

(001051 Table 10 below shows the particle size afier grinding for the oxyeodone HCI
formulations tested, Dhuring testing it wae obaerved by visual observation that the capsule
portion of the dosage form of all evaluated batehes was not being sigrificantly modified by
TES6, and that the majority of the capsule portion remained o the 335 mesh sieve (> 300um).
The grinding / particle size analysis for this protocol is based on weight differences, which, when
the capsule portion is taken into gecount, can skew the resulta towards a higher proportion of

particles 2 500 pom,

(001061 o order to confirm 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 pm. Additional caleulations were made which compensated for
the percentage of capsules > or < 500 um. These calculations removed the average capsule
weight from the analvzed sampic by subtracting it from the weight > 580 pm and the weight

<500 wm. The results adjusted for capsule weight are shown in Table 12

ik
(o
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Fable 14: Particle size after grinding of oxyesdone HUY capsules before adjusting for
capsule weight., %% RSD iz percent relative standard deviation

Present Present Present

Lecatisn | Replicate . " . . .
‘ ¥ Bisclasure 3 mg | Disclosure IS wg | Bisclosure 38 mg

i 73.2 738 79.0
............... S T &5 S5
35 Maesh 3 2.7 78.5 777
{360 Minimum 77 738 o
pm} % | Maximuam 75.% 233 78.2
Average 74.G 78,1 78.7
YoRSD 2.3 5.4 1.4
S S A 268 262 . 248
2 241 Y2 S . 208
Pan 3 375 _ 213 273
(<50 Mintmum 24,1 17.8 208
po} % | Madmue | 273 26.2 223

21.9 31.3
6.6 19.3 3.8

------ Tare 4 fter 35 Pan
Initial | After | % Less | ot 1 Tare | UUT L After | Mesh | ol
Product | Wt | Grinding in . Pan ] Pap | (=886 | ° 7
{mig) {mg} Grinding Meak g} Mesh {g} g} : if%ﬁ !
e w e TRy
Size 3 , U U R R D N
. i 438 144.5 4.5 408367 { 4.411F | 409724 [ 44124 ¢+ %91 8.3
Capsules

[001G7Y As shown in Table 12, alier adiusting for the capsule portion, the average percentage
of particles > 500 uw after grinding for the oxyeodone HCO capsules ranged from 62.3% (o
68.2%. For comparison, approximately 20% of particles by weight of an Immaeadiate Releass

{1k Roxicodone® formulation were 2 560 um after the same grinding procedure.

L
“
-3
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Table 12: Particle size after grinding of oxveodone HCY dozage forms, adjusted for capsule

weight, %% RS s percent relative standard deviadion,

Location | Repleate | [, Present . Present - me
Disclosure S mg | Disclosure 18 mg | Disclosure 38 mg
““““ i 60.8 674
P 728 69,4
35 Mesh 3 68.0 o604
(2300 | Minimum 865
B Yo Maximum 69.0
Average 68.2
% RSD 17
i za
2 1 310
Pan | 3 33.1
{<838 | Minimum 319
pm) % L Maximum 331
32.2
%% RED 3.8
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[G0108]  Table 13 swrnmarizes the grinding results and statistical analysis of the % walerial =
300 wm for the Present Disclosure 13mg and Roxicodone® 1 Smg tablets {(Mallinckrodt

el o] \
Pharmaceuticals, fnc.)

‘Table 13: Particle Size Analysis of 15mg Dosages of Roxicedong” and the Present
Bisclosuve

_____________ i

| Statistically

% Pavticles ;
~ Differsnt?

L E50%um

% RED | Fetest | tetet

. o R
Roxicodone” 15mg - | 5
B
Roxicodone” iSme-2 1 75 75 1.9
Roxicodone” 1Smg -3 73 - .
: 2 R e R 0672 4.85F-06 Yoy
Present Disclosure 15mpg -1 4

Present Disclosurs [53mg -3 44

(001497 Another method of rending s drug product abusable {s via extraction of the active
substance from the dosage form to produce & pure residue. This method can be performed, and
is often performed, using a high proof alcoho! or an agueous media. The formulation of the
present disclosure can be readily soluble in both agueous and alcohol environments when the
contents are removed from the capsule. Therefore, agueous and alcohol extraction technigues
were evaluated, Solutions were analyzed qualitatively for soluiion color following filiration, as
well as quantitatively for % label claim (LC) (with regards 1o oxycodone HCI) of solution
foltowing filivation. Additionally, evaporated residaal samples were analyzed qualitatively for
residue color following evaporation, as well as quantitatively for purity determingtion following
the %LC calenlations. The guantitative resulis of the analysis detervune the % purity {with
regards to oxycodone HC of the extracted sample sohation deseribed above. A drug product
can be considered abuse deterrent if the % residue punity 15 < 50%. In other embodiments, less
than or equal to 40%, 45%, 55%, 60%, 65%, 70% or 753%. Residue purity levels {with regards to
the APL) < 530% 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 1o potential

intravenous abuse of a purified residue. Using the data analysis software functionality of
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Microsoft Excel and a 93% significance mterval {p-value = (.05}, the F-test and t-tests was

analyzed in order to determine if the drug products provide statistically different 9% purity values,

[001107  Tables 14 and 15 show the formulation of the present disclosure resuits 1o 9% and 9%
purity with regards to oxveodone HCL in alcohol and agueous environments, respectively. This
18 in comparison to Roxicodone™ 15Smg, which has a purity of 68% and 19% purity in aleohol
and aquecus environments, respectively, This data proves the formulation of the present

o « [ o T . a - 4 N 3
disclosure is statistically different than Roxicodone™ in both alcohol and agueous extracts.

Table 4

% Purity Resalis - Alechal

‘ ‘_‘_Sffaiisﬁs:aﬂy :

;‘ ?smﬁmt . ‘%‘Pmit}' f Avémgfc v- %.RSE’}‘ Fwias‘i |
Roxicodone® 1ma - 1\ 66 . R
G208 87707 Yag
 Present Disclosure 15mg 9 6.4

Present Disclosure 15mg -3 e,

Table 15

Rosticodone® 15mg - 2 14 55 2.6
Roxicodone™ 15myg - 3 9 S
; e 0.823 | 1.02E-05 Yes
Present Disclosure 15mg -1 { LU
Present Disclosure 15mg -2 9 9 4.6
Present Disclosure {5mg -3 3

001111 Color s one identifying charvacteristic of commercial drug products. Color can be
apphied to the dosage form in two ways: dye or coating. High potency alechel (e, 2190 proof
{85%:) is one extraction solvent that can be used by abusers for APIs which are msoluble 1n

water or in order to separate the AP from other water soluble excipients. Byes or coalings can
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potentially be used to alter the physical appearance of the extracted solution of drug product (1.2,

turn the resulting solution a noticeable color).

{00112F  Accordingly, the inclusion of one or more dyes in 3 drug formulation is one method
1o render a formulation abuse deterrent. Sigmificant discoloration of an extraction product from a
formulation subject to abuse can discourage a potential abuser from using {e.g., injecting oy

ingesting) the exiraction product.

[G01131 A study was condocied to nvestigate the effect of dyes in the formuolations of the
present disclosure. Extraction products from whele formulations were visually inspecied to
determing abuse deterrence folowing aleohol extraction. Capsules were added to a flask
containing 190 proof ethano! and shaken at 250 rom for 3 hours. After 3 bours all capsule
conterts were fully disselved. Seolutions were filtered with a syringe filter and then visually
analyzed for color intensity. The samples tested were the hmmediate release oxyveodone HCI

capsules according to Table 9 above.

130114]  The unfiltered and filtered solutions are shown in Figures 4 and 5, respectively, As
shown inn Table 16 below, all of the filtered sclutions had 2 color value of 3, indicating that all
seven evaluated batches 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 Seale Designation — Post-Ryringe Filter Analysis for Oxyeadone HC
Formulations of the Present Disclosure

Artive Ingredient(s} Color Yalue
5 méékrycodsm HCT 3
P mp oxyeodone HCL 1 3
3 myg oxveodone HCH 5

[001151  Additonally, the color of filtered solutions and resulting evaporated residues of
alesholic and agueous extracts of the formulations of the present disclosure and Roxicodone®
were compared, Tabie 17 below shows both of these dosage forms, with the formulation of the
present disclosure providing the most vieual deterrence for both the fillered solution and

evaporated residue in both media,
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Table 17

Color Determination

Product Solstion | Filtered | Evaporated
.......................................... Sﬂgugif?n
o ~ i
Roxicodone™ 15mg b= Aloohol
Ag, o
e 5
Present Disobosure 15mg Aleoho! :
Ad, 3

0016 While this disclosure has been particularly shown and described with reference to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention epcompassed by the appended claims,

42



We Claim:

1.

An immediate release, abuse deterrent capsule comprising:

(a) an active substance susceptible to abuse;

(b) a first polyethylene glycol (PEG) having an average molecular weight between about
30,000 Daltons and about 40,000 Daltons; and

(c) a second PEG having an average molecular weight between about 3000 Daltons and
about 4000 Daltons,

wherein the ratio of the first PEG to the second PEG is less than about 1:4 w/w.

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 3350 Daltons.

The capsule of claim 1 or 2, wherein the first PEG and the second PEG together are at least about
60 wt% of the dosage form.

The capsule of claim 1 or 2, wherein at least 80% of the contents are soluble both water and

alcohol.
The capsule of claim 1 or 2, wherein the active substance is hydrocodone bitartrate.
The capsule of claim 1 or 2, wherein the active substance is oxycodone HCI.

The capsule of claim 1 or 2, further comprising a grey dye comprising FD&C Blue #1, FD&C
Yellow #6, and FD&C Red #40.

The capsule of claim 7, wherein the dye provides a visual deterrent to abuse.

The capsule of claim 1 or 2, wherein the ratio of the first PEG to the second PEG is between

about 1:7 w/w and about 1:11 w/w.

The capsule of claim 1 or 2, wherein the capsule comprises at least about 2.5 wt% of the active

substance.

The capsule of claim 1 or 2, wherein the capsule is prepared by filling a capsule body with a
heated homogenized suspension comprising the active substance, the first PEG and the second
PEG.

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

one active substance susceptible to abuse comprising:

(a) preparing a homogenized suspension of;
(i) the at least one active substance susceptible to abuse;
43
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18.

19.

(ii) a first PEG having an average molecular weight between about 30,000 Daltons
and about 40,000 Daltons; and
(iit) a second PEG having an average molecular weight between about 3000 Daltons
and about 4000 Daltons; and
(b) filling the homogenized suspension into a capsule body to produce the capsule,

wherein the ratio of the first PEG to the second PEG is less than about 1:4 w/w.

The process of claim 12, wherein the first PEG and the second PEG together are at least about 60
wt% of the capsule.

The process of claim 12, wherein the active substance is hydrocodone bitartrate.
The process of claim 12, wherein the active substance is oxycodone HCL.

The process of claim 12, wherein the capsule is formed by joining a capsule body with a capsule

cap.

The process of claim 12, 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 3350 Daltons.

Use of a therapeutically effective amount of the capsule of any one of claims 1-11, for treating

pain in a subject in need thereof.

Use of a therapeutically effective amount of the capsule of any one of claims 1-11, for the

preparation of a medicament for treating pain in a subject in need thereof.

44
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