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CAPSULES AND CAPSULE COATINGS FOR GASTRIC RESIDENCE BUOSAGE
FORMS

CROSS-REFERENCE TO RELATED APPEICATIONS
{0001} This application claims priority benetit of U.S. Provisional Patent Apphication No.

62/821,352 filed March 20, 2019. The entire contents of that application are hereby

mcorporated by reference herein.

FEELD OF THE INVENTION

[3002] This relates to capsules and capsule coatings, and more particularly, {o capsules and

capsule coatings for gastric residence dosage forms.

BACKGROUND OF THE INVENTION

[0003] Gastric residence systems are delivery systems for therapeutic agenis that can remain

in the stomach for days to weeks, or even over longer periods, during which time the
therapeutic agent can elute froru the gastric residence system for absorption in the
gastrointestinal tract. Gastric residence systems are typically designed to be administered in a
capsule 1o reach the stomach of a patient. The encapsulated gastric residence system is
swallowed or introduced into the stomach by an altermate method of administration {e.g.,
feeding tube or gastric tube}. Upon dissolution of the capsule in the stomach, the gastric
residence system expands or unfolds to a size which remains in the stomach and resists
passage through the pvloric valve over the desired residence period (such as three days, seven
days, two weeks, efc.). Once the desived residence time expires, the expanded or unfolded
dosage form may separate or otherwise become characterized by a reduced effective size
{e.g.. through sofiening and increased ability to collapse to a smaller size) and thereby pass

through the pyloric valve and be expelled from the patient.

SUMMARY OF THE INVENTION

[0004] Provided are capsules and capsule coatings for gastric residence systems. Also

provided are methods of preparing a gastric residence dosage form using the capsules and/or
capsule coatings provided herein. In particular, capsules and capsule coatings described
herein can ensure that the gastric residence system unfolds at a predetermined time and
location within the gastrointestinal tract (i.e., in the stomach}. For example, capsules and
capsule coatings provided can minimize the risk of the gastric residence system unfolding too
early {e.g., in the esophagus) and causing an obstruction. Capsules and capsule coatings

described herein may also minimize the possibility of the gastric residence system passing
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through the stomach and unfolding later in the gastrointestinal tract (i.e., intestine). Further,
capsules and capsule coatings provided herein minimize the risk of a gastric residence dosage
form passing through the gastrointestinal tract without unfolding at all. In each of these

possible scenarios, the therapeutic agent is not delivered to the patient as intended.

{86065] Capsules and capsule coatings provided herein may include a sleeve or band used to
bind the gastric restdence system in a folded configuration. In some embodiments, a bound
gastric residence system may be encapsulated with a capsule to form a gasiric residence
dosage form. Some gastric residence dosage forms may include a reverse-enteric coating to
ensure dissolution of the capsule in a gastric environment, and not prior to the gastric
environment, such that the gastric restdence system unfolds and assumes an open

configuration within the storach as intended.

{0006} Similarly, methods for preparing a gastric residence dosage form as provided herein
can include binding a folded gastric residence svstem with a sleeve and encapsulating the
bound gastric residence systerm with a capsule. In some embodiments, methods for preparing
a gastric residence dosage form may also include coating the encapsulated gastric residence
system with a reverse-enteric coating to ensure dissolution of the capsule and delivery of the

gastric residence svstem within the stomach of a patient.

{3087 In some embodiments, a gastric residence dosage form is provided, the gastric
residence dosage form comprising: a gastric residence system in a folded configuration; a
capsule encapsulating the gastric residence system in the folded configuration; and a coating
on the capsule, wherein the gastiic residence dosage form is configurad to release the gastric
residence sysiem in a stomach of a patient, allowing the gastric residence system to assume

an open configuration,

[8008] In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gasiric residence system to assume the open configuration in a first
amount of time when exposed 1o an agueous pH 7.0 environment, and the first amount of
time 1s greater than a second arsount of time for an uncoated gastric residence dosage form
comprising an uncoated capsule to allow a gastric residence system to assume an open
configuration when the uncoated gastric residence dosage form is exposed to the aqueous pH

7.0 environment.
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[8009] In some embodiments of the gastric residence dosage form, the first amount of time is

ai least 1 minute greater than the second amount of time.

{3018 In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gastric residence sysiem to assume the open configuration in at least

20 mimites when exposad to the aqueous pH 7.0 environment.

{8611} In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gasiric residence system to assume the open configuration in at least

30 minutes when exposed to the agueous pH 7.0 environment.

{8012} In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gastric residence system to assume the open configuration in a third
amount of time when exposed to an agueous pH 3.0 environment, and the third amount of
time 1s greater than a fourth arnount of time for an uncoated gastric residence dosage form
comprising an uncoated capsule to allow a gastric residence system to assuime an open
configuration when the uncoated gastric residence dosage form is exposed to the aqueous pH

3.0 environument.

18613} In some embodiments of the gastric residence dosage form, the third amount of time

is at least 15 seconds greater than the fourth amount of time.

{0001 4] In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gasiric residence system to assume the open configuration in less than

30 munutes when exposed (o the aqueous pH 3.0 environment.

[3015] In some embodiments of the gastric residence dosage form, the gastric residence
dosage form allows the gastric residence sysiem to assume the open configuration in less than

15 nvimutes when exposed to the aqueous pH 3.0 environment.

{0016} In some embodiments of the gastric residence dosage form, the gastric residence
dosage form comprises a sleeve, wherein the sleeve suwrrounds at least a portion of the gastric

residence system in the folded configuration.

{8017} In some embodiments of the gastric residence dosage form, the coating comprises a

reverse-enteric polymer.
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[8018] In some embodiments of the gastric residence dosage form, the reverse-enteric

polymer comprises a polymethacrylate-based polymer.

[3019] In some embodiments of the gastric residence dosage form, the coaling comprises an

anti-tacking agent.

[0028] In some embodiments of the gastric residence dosage form, the anti-tacking agent

comprises at least one of talc or magnesium stearate.

{6621} In some embodiments of the gastric residence dosage form, the coating comprises a

plasticizer.

18622} In some embodiments of the gastric residence dosage form, the plasticizer comprises
at least one of a phthalate, a phosphate, a citrate, a tartrate, an adipate, a sebacate, a
suifonamide, a succinate, a glycolate, a glvcerolate, a benzoate, a myristate, a polvethylene

glyvcol, a halogenated phenvl, or a poloxamer.

{3023 In some embodiments of the gastric residence dosage form, the plasticizer comprises

at least one of tniacetin or dibutyl sebacate.

[0024] In some embodiments of the gastric residence dosage form, the coating comprises a

hydration aid.

{0625} In some embodiments of the gastric residence dosage form, the hydration aid
comprises at Jeast one of a polyvinyipvirolidone, a vinvipyrrolidone-vinyl acetate copolvroer,

a polvethylene glveol, manmtol, or hydroxypropyl methylcellulose.

[8026] In some embodiments of the gastric residence dosage form, the coating comprises

from 50 10 95 wi. % reverse-enteric polymer.

{6027} In some embodiments of the gastric residence dosage form, the coating comprises

from 3 1o 25 wt. % anti-tacking agent.

[0028] In some embodiments of the gastric residence dosage form, the coaling comprises

from | to 20 wt. % plasticizer.

[08029] In some embodiments of the gastric residence dosage form, the coaling comprises

from 3 to 35 wt. % hvdration aid.
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[8038] In some embodiments of the gastric residence dosage form, the sleeve comprises at

teast one of gelatin, hydroxypropyl methylcellulose, or pullulan,

[3031] In some embodiments of the gastric residence dosage form, the capsule comprises at

least one of gelatin, hydroxypropyvl methyicellulose, or pullulan.

{0032} In some embodiments of the gastric residence dosage form, the gastric residence

dosage form is used to treat a patient.
{0633} In some embodiments of the gastric residence dosage form, the patient is a human.

{6034} In some embodiments, a coating for an encapsulated gastric residence system is
provided, the coating comprising: 50-95 wt. % reverse-enteric polymer; 3-23 wt. % anti-

tacking agent; and 1-20 wt. % plasticizer.

{0035] In some embodiments of the coating, the coating is on a surface of a capsule, forming

a coated capsule.

[8036] In some embodiments of the coating, the coated capsule encapsulates a gasiric
residence system to form a gastric residence dosage form, wherein the gasiric residence
dosage form is configured to release the gastric residence system n a stomach of a patient,

allowing the gasiric residence system to assume an open configuration.
{6637} In some embodiments of the coating, the coating comprises S t0 35 wi. % hydration
ard.

08038} In some embodiments of the coating, the hydration aid comprises at least one of a
fae bl )
polvvinylpvrrolidone, a vinvipyvrrolidone-vinyl acetate copolymer, a polvethviene glycol,

mannitol, or hydroxypropyl methylcellulose.

[0039] In some embodiments of the coating, the reverse-enteric polvmer comprises a

polymethacrylate-based polymer.

{8048 In some embodiments of the coating, the anti-tacking agent comprises at least one of

talc or magnesium stearate.

[0041] In some embodiments of the coating, the plasticizer comprises a phthalate, a

phosphate, a ciirate, a tartrate, an adipate, a sebacate, a sulfonamide, a succinate, a glvcolate,
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a glycerolate, a benzoate, a myrisiate, a polyethylene glycol, a halogenated phenvl, ora

poloxamer.

[3042] In some embodiments of the coating, the plasticizer comprises at least one of triacetin

and dibutyl sebacate.
{0043} In some embodiments of the coating, the coating is soluble in an aqueous solution,
{0044} In some embodiments of the coating, the coating is soluble in an organic solution.

[0045] In some embodiments of the coating, the gasiric residence dosage form allows the
eastric residence system fo assume the open configuration in a first amount of time when
exposed 1o an aqueous pH 7.0 environment, and the first amount of fime is greater than a
second amount of time for an uncoated gastric residence dosage form comprising an uncoated
capsule to allow a gastric residence svstem 1o assume an open configuration when the

uncoated gasirie residence dosage form is exposed to the agueous pH 7.0 environment.

[3046] In some embodiments of the coating, the {irst amount of time 1s at least T minute

greater than the second amount of time.

{0047} In some embodiments of the coating, the gastric residence dosage form allows the
gastric residence svstem to assume the open configuration in at least 20 minutes when

exposed to the aqueous pH 7.0 environment.

{8048} In some embodiments of the coaling, the gastric residence dosage form allows the
gastric residence system to assume the open configuration in at least 30 minutes when

exposed to the agueous pH 7.0 environment,

[0049] In some embodiments of the coating, the gastric residence dosage form atlows the
gastric residence svstem to assume the open configuration in a third amount of time when
exposed to an aqueous pH 3.0 envirowment, and the third amount of time is greater than a
fourth amount of time for an uncoated gastric residence dosage form comprising an uncoated
capsule {o allow a gastric residence sysiem to assume an open configuration when the

uncoated gastric residence dosage form is exposed to the agueous pH 3.0 environment.

18058} In some embodiments of the coating, the third amount of ime 1s at least 15 second

[47]

greater than the fourth amount of time.
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{8051} In some embodiments of the coating, the gastric residence dosage form allows the
gastric restdence svstem to assume the open configuration in less than 30 minutes when

exposed to the agueous pH 3.0 environment.

[0052] In some embodiments of the coating, the gastric residence dosage form allows the
eastric residence system fo assume the open configuration in less than 15 minutes when

exposed to the aqueous pH 3.0 environment.

18653} In some embodiments, 3 gastric residence dosage form is provided, wherein the
gastric residence dosage form comprises a coating according to one or more embodiments

provided herein, and the gastric residence dosage form 1s used fo treaf a patient.
{00584] In some embodiments of the gasiric residence dosage form, the patient is a human.

[805858] In some embodiments, a method of making a gasiric residence dosage form is
provided, the method comprising: encapsulating a gastric residence svstem in a folded
configuration with a capsule; and coating the capsule with a reverse-enteric coating to forma

eastric residence dosage form

[0056] In some embodiments of the method, the method comprises binding the gastric

residence system in the folded configuration with a sleeve prior (o encapsulating.

{6657] In some embodiments of the method, coating the capsule with a reverse-enteric

coating comprises pan-coating the capsule.

[B058] In some embodiments of the method, the reverse-enteric coating corprises a reverse-

enteric polymer, an anti-tacking agent, and a plasticizer.

[00589] In some embodiments of the method, the anti-tacking agent comprises at least one of

talc or magnesium stearale.

{8068 In some embodiments of the method, the plasticizer comprises at least one of a
phthalate, a phosphate, a citrate, a tarirate, an adipate, a sebacate, a sulfonamide, a succinate,
a glvcolate, a glycerolate, a benzoate, a myristate, a polvethylene glvcol, a halogenated

phenvl, or a poloxamer.

{8661} In some embodiments of the method, the plasticizer comprises at feast one of {riacetin

or dibutyl sebacate.
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[8062] In some embodiments of the method, the reverse-enteric coaling comprises a

hydration aid.

{3063 In some embodiments of the method, the hydration aid comprises at least one of a
polyvinvipyrrolidone, a vinylpyvrrolidone-vinyl acetate copolymer, a polyethylene glyeol,

mannitol, or hydroxypropyl methyicellulose.

{00664} In some embodiments of the method, the capsule comprises at least one of gelatin,

hy droxypropyl methylceltulose, or pultulan.

18065] Tn some embodiments of the method, the sleeve comprises al least one of gelatin,

hydroxypropyl methylcellulose, or pullulan.

[8066] In some embodiments of the method, the gastric residence dosage form is configured
to release the gastric residence system in a stomach of a patient, allowing the gastric

residence system to assume an open configuration.

{3067 In some embodiments of the method, the gastric residence dosage form allows the
gastric residence svstem to assume the open configuration in a first amount of time when
exposed to an aqueous pH 7.0 environment, and the first amownt of time is greater than a
second amount of time for an uncoated gasiric residence dosage form comprising an uncoated
capsule 1o allow a gastric residence sysiem to assume an open configuration when the

uncoated gastric residence dosage form is exposed to the agueous pH 7.0 environment,

[0068] In some embodiments of the method, the first amount of time is at least 1 minute

greater than the second amount of time.

[8069] In some embodiments of the method, the gastric residence dosage form allows the
gastric restdence svstem to assume the open configuration in at least 20 muinutes when

exposed to the agueous pH 7.0 environment.

[0078] In some embodiments of the method, the gastric residence dosage form allows the
eastric restdence system fo assume the open configuration in at least 30 minutes when

exposed to the agueous pH 7.0 environment,

18671} In some embodiments of the method, the gastric residence dosage form allows the

gastric residence system to assume the open configuration in a third amount of time when
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exposed to an aqueous pH 3.0 environment, and the third amount of time is greater than a
fourth amount of time for an uncoaled gastric residence dosage form comprising an uncoated
capsule to allow a gastric residence sysiem o assume an open configuration when the

unceated gasinic residence dosage form is exposed to the agueous pH 3.0 environment,

{6672} In some embodiments of the method, the third amount of time is at least 15 seconds

greater than the fourth amount of tirse.

18673} In some embodiments of the method, the gastric residence dosage form allows the
gastric residence systern o assume the open configuration in less than 30 minutes when

exposed to the agueous pH 3.0 environment,

{0074] In some embodiments of the method, the gastric residence dosage form allows the
gastric residence svstem to assume the open configuration in less than 15 minutes when

exposed to the agueous pH 3.0 environment.

{00758} In some embodiments, a gastric residence dosage form made using the method of any
embodiments provided herein, wherein the gastric residence dosage form is used to treat a

patient.
{06676} In some embodiments of the gastric residence dosage form, the patient is a human.

{6677} In some embodiments, a coated dosage form is provided, the coated dosage form

comprising: a dosage form; and a coating comprising a reverse-entenic polymer coating the

static coef ficient of friction of coated dosage form

< 0.8

dosage form, wherein —— - — - -
static coef fivient of friction of uncoated dosage form

[3478] In some embodiments of the coated dosage form, the coaling comprises magnesium

stearate.

[0079] In some embodiments of the coated dosage form, the dosage form comprises one of a

tablet, a capsule, or an enrobed gastric residence system.

{0080} In some embodiments of the coated dosage form, the dosage form comprises a

capsule.

18081} In some embodiments of the coated dosage form, the capsule encapsulates a gastric

residence system.
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[0#082] In some embodiments of the coated dosage form, the static coefficient of friction of

the coated dosage form is less than 0.3

[3083] In some embodiments of the coated dosage form, the static coefficient of friction of

the coated dosage form is less than 0.2,

{0084} In some embodiments of the coated dosage form, the static coefficient of friction of

the coated dosage form is fess than 0.1

{0085} In some embodiments of the coated dosage form,

static coef ficient of friction of coated dosage form __  w
- - =,

static coef ficient of friction of uncoated dosage form ~

[0086] In some embodiments of the coated dosage form, the static coefficient of friction is at

least 0.08 less than that of an uncoated dosage form.

[3087] In some embodiments of the coated dosage form, the static coefficient of friction of

the coated dosage form 1s at least 0.15 less than that of an uncoated dosage form.

[0088] In some embodiments of the coated dosage form, the static coefficient of friction of

the coated dosage form is at least 0.2 less than that of an uncoated dosage form.

[0089] In some embodiments of the coated dosage form, the reverse-enteric polymer

comprises a polymethacrylate.

{00690} In some embodiments of the coated dosage form, the coating comprises 10 1o 50 wt.

% reverse-enteric polymer.

{6091} In some embodiments of the coated dosage form, the coating comprises an anti~

tacking agent.

[6092] In some embodiments of the coated dosage form, the anti-tacking agent comprises

tale.

{8093] In some embodiments of the coated dosage form, the coating comprises 5 to 30 wi. %

anti-tacking agent.
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BRIEF BESCRIPTION OF THE DRAWINGS

{8094 The invention will now be described, by way of exarmple only, with reference to the

accompanying drawings, in which:

[0095] Fig 1A shows a gastric residence svstem in an open configuration, according to some

embodiments;

[08096] Fig. 1B shows a gasinc residence system in an open configuration, according {0 some

embodimenis;

{0097} Fig. 1C shows a gasiric residence svstem 1o an open configuration, according (o some

embodiments;

[0098] Fig. 2 shows a gastric residence system in a folded configuration, according 1o some

embodiments;

{6099] Fig. 3A shows a folded gastric residence sysiem and a sleeve, according to some

embodiments;
18168} Fig. 3B shows a sleeved gastric residence sysiem, according to some embodiments;

18161} Fig. 3C shows a sleeved gastric residence system and a body portion of a two-piece

capsule, according to some embodiments;

[0102] Fig 3D shows a sleeved gastric residence system placed inside a body portion of a

two-piece capsule, and a cap portion of a two-piece capsule, according to some embodiments;

[#103] Fig. 4A afolded gastric residence system and a sleeve, according 1o some

embodiments;
[3104] Fig. 4B shows a sleeved gasiric residence system, according {0 some embodiments;

[0108] Fig. 4C shows a sleeved gasiric residence system and a body portion of a two-piece

capsule, according to some embodiments;

[0106] Fig. 41 shows a sleeved gastric residence system placed inside a body portion of a

two-piece capsule, and a cap portion of a two-piece capsule, according to some embodiments;
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[#107] Fig. 5A shows a folded gastric residence system sleeved on a core side, according 1o
some embodiments;

[3108] Fig. 5B shows an encapsulated and sleeved folded gastric residence system, according

1o some embodiments;

[0109] Fig. 5C shows an encapsulated and sleeved folded gastric residence system, according

1o some embodiments;
{0118] Fig. 6A shows a folded gastric residence system, according to some embodiments;
{0111] Fig. 6B shows a sleeved gastric residence system, according to some embodiments;

{0112} Fig. 6C shows an encapsulated gasiric residence system, according (o some

embodiments;

{0113} Fig. 6D shows a coated encapsulated gastric residence system, according to some

embodimenis;

{0114 Fig 7 shows a method of making a gastric residence dosage form, according to some

embodiments;

[#115] Fig. 8A shows a compacted/folded gastric residence system comprising a filament

being sleeved on an arm side, according to some embodiments;

{0116} Fig. 8B shows a sleeved compacted/folded gastric residence systerm comprising a

filament, according to some embodiments;

[0117] Fig. 8C shows a compacted/folded gastric residence system comprising a filament

being sleeved on a core side, according to some embodiments;

{0118] Fig. 8D shows a sleeved compacted/folded gastric residence system comprising a

filament, according to some embodiments;

18118} Fig. 8E shows a compacted/folded gastric residence system comprising a filament and
sleeved on an arm side being encapsulated with a two-piece capsule, according to some

embodiments;
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[#128] Fig. 8F shows a compactaed/folded gastric residence system comprising a filament and
sleeved on an arm side being encapsulated with a two-ptece capsule, according 1o some

embodiments:;

{0121} Fig. 8G shows an encapsulated compacted/folded gastric residence system, according

1o some embodiments;

{0122} Fig. 9 shows static coefficient of friction data for different coating formulations,

according fo some embodiments;

18123} Figs. 10A and 10B show data on gastric residence dosage form deployvment time for

vartous coating weights, according to some embodiments;

10124 Fig. 11 shows data comparing coated gastric residence dosage forms and uncoated

gastric residence dosage forms, according to some embodiments;
{0128} Fig. 12 shows the uncoated deplovment times for two enrobing fornuiations;

{#126] Fig. 13 shows depioyment times ai both pH 3 & pH 7 for the two enrobing

formulations also depicted in Fig. 12;

[6127] Fig. 14A shows an Instron testing tool as used to test deployment time, according to

some embodiments:

{0128] Fig. 14B shows a view of a custom sled for testing static coefficient of friction,

according o some embodiments: and

{0128] Fig. 14C shows a view of a custom sled for testing static coefficient of friction,

according o some embodiments.

BETAILED DESCRIPTION OF THE INVENTION

[01306] Described herein are capsules and capsule coatings for gasiric residence systems.
Provided also are methods of preparing gastric residence dosage forms using capsules and
capsule coatings provided herein. As described above, gasinc residence systems are designed
io be administered to a patient when the gastric residence system is in a folded or collapsed
configuration {(i.e.. to enable swallowing and easv passage of the drug delivery device to the
patient’s stomach}. When the gastric residence sysiem enters the patient’s stomach, it unfolds

to assurne an open configuration. The physical opening or unfolding of the gastric residence
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system results in a dosage form with effective size (1.e., a gastiic residence system in an open
configuration) that is too large to pass through the patient’s pyloric valve (1.e., opening
between the stomach and the large intesting). The deployed, or expanded, gastric residence
system can stay in the patient’s stomach for a predeternined period of ime (e.g., 24 hours, 44

hours, 7 days, 10 days, etc.}.

{0131} However, one challenge in particular with gastric residence sysiems is controlling
their opening/unfolding. A gastric residence system that unfolds too early (e.g., in a patient’s
esophagus) or too late {e.g , in a patient’s intestine) is undesirable. A gastric regidence system
that fails to unfold at all may pass completely through a patient’s gastrointestinal iract still in
a folded configuration. In each of these hypothetical situations, the gastric residence system
fails to properly deliver its therapeutic agent {(e.g., active pharmaceutical ingredient) to the

patient’s stomach.

{0132] Accordingly, capsules and capsule coatings provided herein are designed to better
control the deployment of gastric residence systems such that they effectively deliver the
therapeutic agent to the patient’s stomach. In particular, gastric residence dosage forms
comprising a capsule and/or a capsule coating according to embodiments provided herein are
more likely to unfold and 1o assume an open configuration at the desired focation and at the
desired time within a patient’s body. For example, a gastric residence dosage form may be
used to deliver a therapeutic agent to a patient’s stomach. Thus, the particular capsule and/or
capsule coating used io prepare the gastric residence dosage form can be specially formulated
io ensure that the gastric residence system does not deploy (oo early {(e.g., in a patient’s

esophagus), too late (e.g., 1n a patient’s intestine), or not at all.

10133 As used herein, “gastric residence sysiem” is a dosage form comprising a therapeutic
agent and is configured to be administered 1o a patient in a folded configuration. A “gastric
residence dosage form” or “enrobed gastric residence dosage form™ comprises a folded
gastric residence svstem and 15 configured to hold the gastric residence system in a folded
configuration until deployment. A gasiric residence dosage form may comprise a capsule
and/or a capsule coating according to embodiments described herein. Further, “deployment
iime” is defined as the amount of time 11 {akes a gastnic residence sysiem to assume an open

configuration.
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[#134] In some embodiments, a capsule may include a sieeve or band configured to hold the
gastric residence svstem in a folded configuration. A gastric residence system folded and

retained in a folded configuration with a sleeve or band mayv be encapsulated by a capsule.

[01358] In some embodiments, an encapsulated gastric residence system may be coated with a
capsule coating fornuilated to control the release of the gastric residence system. For
example, an encapsulaied gastric residence system may be coaled with a reverse-enteric
coating. A reverse-enteric coating can encourage dissolution of the capsule i a patient’s
stomach, ensuring that the capsule and capsule coating dissolve within the stomach such that
the gastric residence system may be released to assume an open configuration. The reverse-
enteric coating can also discourage dissolution of the capsule in a patient’s esophagus and/or
intestines, preventing premature and/or late release of the gastric residence system. In some
embodiments, the coating may inchude a polymer. In some embodiments, the coating may
mclude a plasticizer. In some embodiments, the coating may include an anti-tacking agent. In

some embodiments, the coating mav include a hydration agent.

[0136] Described below are general principles of gastric residence systems, as well as

capsules and capsule coatings that can control the release of gastric residence systems.

GENERAL PRINCIPLES OF GASTRIC RESIDENCE SYSTEMS

{0137} Provided below is a description of gasinc residence systems and how they operate (o
deliver a therapeutic agent 1o a patient. In particular, the discussion includes a general
description of how gastric residence systems are designed to deliver a therapeutic agent {0 a
patient over an extended period of time, how gastric residence systems are configured for
adminisiration, how gastric residence systems are configured to deploy and deliver a
therapeutic agent to the stomach of a patient, how the therapeutic agent of a gasiric residence
system elutes from the device such that the therapeutic agent is delivered to the patient, how
the gastric residence sysiem passes through the stomach, and how gasiric residence svstems

are designed to account for some specific safely measures.

[0138] Gastric residence dosage forms can be designed to be admunistered to the stomach of a
patient by swallowing, by feeding tube, by gastric tube, etc. Unce a gasiric residence dosage
form is in place in the stomach, it can remain in the stomach for a desired residence time
{e.g., three days, seven days, two weeks, etc.). A gasiric residence dosage {orm that is

properly in place in a stomach will resist passage through the pyloric valve, which separates
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the stomach from the small intestine. Gasinc residence dosage forms can release a therapeutic
agent (i.e., APl or drug) over the period of residence with controlled release. While residing
in the stomach, the dosage form may not interfere with the normal passage of food or other
gastric contents. Once the desired residence time has expired, the dosage form passes out of

the stomach (i.e., through the pyloric valve) and is readily eliminated from the patient.

18138 To admanister a gastric residence system {0 a patient, the gasiric residence system can
be folded into a form small enough to be swallowed or otherwise adnunistered. In some
embodiments, the folded gastric residence system is retained in a capsule or other container
which can be swallowed by the patient. In some cages, the gastric residence system may be
delivered to a patient via gastrostomy tube, feeding tube, gastric tube, or other route of
adrmunisiration to the stomach. Examples of {olding and encapsulating the gastric residence

system are provided in further detail below.

{0140] Figures 1A-1C provide embodiments of foldable or compactable gastric residence
systems. Specifically, the foldable or compactable gastric residence systems shown in Figures

1A~1C are provided in an unfolded configuration.

{0141} For example, the ring-shaped design gastric residence system 100 shown in Figure 1A
can be twisted into a double helix. In particular, gastric residence system 100 includes carrier
polymer-agent components 102 and couplings 104, In some embodiments, couphing 104 may
comprise coupling polymer. In some embodiments, gastric residence systern 100 can be
folded at one or more coupling polymer joints 104, or twisted into a helix for packaging into
a capsule in its folded configuration. Once the capsule dissolves in the stomach, gasiric
residence sysiem 100 unfolds to the circular shape of its open, or unfolded, configuration,

preventing passage through the pyloric valve.

{0142} As shown in Figure 1B, gastric residence system 100 may also be star-shaped
{(steliate) according to some embodiments. In some embodiments, a star-shaped gastric
residence system 100 is constructed around central elastomer 106. Central elastomer 106 may
mclude one or more elongate member 108, or “arms,” projecting radially. The arms may be
formed by carrier polymer-agent components 102 and couplings 104 comprising coupling
polvmer. One or more polymer-agent component 102 and coupling 104 together comprise an
“arm’” of this “star-shaped” configuration. Flastomer 106 enables gastric residence system

100 to be folded for packaging into a capsule.
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[#143] Figure 1C shows gastric residence system 100 comprising three “arms™ according {o
some embodiments. This configuration can also include central elastomer 106 from which the
three “arms” radially extend. Each of the three arms comprise polymer-agent coraponent 102

and coupling 104 as well.

{0144] Figure 2 shows folded gasiric residence system 200 according to some embodiments.
As shown, the device can fold at central elastomer 206, bringing the ends of each “arm”
together. The Figure also shows how the carrier polvmer-agent components 102 and

couplings 104 of each arm may be oriented in a folded configuration,

{3145 The folded configuration of gastric residence svstem 100 can be bound (1e, heldina
folded configuration} with a sleeve or band. In some embodiments, a gastric residence system
in a folded configuration (with or without a sleeve or band) may be encapsulaled with a
capsule to form a gastric residence dosage form. In some embodiments, the gastric residence
dosage form may be coated with a reverse-enteric coating to ensure depioyment of the gastric

residence system in a patient’s stomach.

18146] Once the gastric residence dosage form arrives in the stomach of the patient, the
capsule and/or capsule coating of the gastric residence dosage form may dissolve/open and
release the folded gastric residence svstem. Upon release, the gastric residence system
unifolds to assume an open configuration, such as a ring shape or a star shape as provided in
Figures 1A-1C. The dimensions of the open gastric residence system are suitable to prevent
passage of the device through the pyloric valve for the period of time during which the device
is to reside in the stomach. In some embodiments, the folded gastric residence system can
also be secured by a dissolvable retaining band or sleeve that can prevent premature

deplovment of the gastric residence system in case of a fatlure of the capsule.

{0147} While in the stomach, the gastric residence svster 1s compatible with digestion and
other normal functioning of the stomach or gastrointestinal tract. The gastric residence
system does not inderfere with or impede the passage of chyme (partially digested food) or

other gastric contents which exiat the stomach through the pyloric valve into the duodenum.

[0148] Once released from the capsule into the stomach, the therapeutic agent of the gastric
residence system begins to take effect. In some embodiments, the gastric residence svstem
comprises a plurality of carrier polymer-agent components. The carrier polvmer-agent

components may comprise a carrigr polymer, a dispersant, and a therapeutic agent {or a salt
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thereof). The plurality of camier polymer-agent components are linked together by one or
more coupling polvmer components. The therapeutic agent may be eluted from the carrier
polymer-agent components into the gastric fluid of the patient over the desired residence tiroe
of the system. Release of the therapeutic agent is controlled by appropriate formulation of the
carrier polymer-agent components, including by the use of the dispersant in formulation of
the carrier polymer-agent components, and by mulling of the therapeutic agent to particles of

desired size prior to blending the agent with the carrier polymer and dispersant.

[0149] In some embodiments, a gasiric residence system may include a filament {or
“webbing”) between arms of a gastric residence system. Gastric residence systems having a
filament may help improve the gastric residence of the gasiric residence system. Specifically,
a filament can help provide a more consistent gastric residence tfime and/or a longer gastric
residence time. Thus, gastric residence systems that include a filament may provide more
predictable and/or controllable gastric residence times. Gastric residence svstems having
predictable and/or controllable gastric residence tirnes can nininize the possibility of the
gastric residence system passing through the stomach and unfolding later in the
gastrointestinal tract (i.e., intestine), or passing through the gastrointesiinal tract withowt
unfolding at all. In each of these possible scenarios, the therapeutic agent of the gastric

residence dosage form is not delivered to the patient as mtended.

[01508] In some embodiments, a filament wrapped circumferentially around a gastric
residence system and connecting the arms of the gasiric residence system, for example, can

help prevent premature passage through a patient’s gasiric pylorus.

18151} Additionally, coatings can be applied to outer surfaces of the gastric residence sysiem.
The coatings can include additional therapeutic agents or agents that can affect the release of

therapeutic agents or the residence duration of the gasiric residence system.

{1152 Once the desired residence time has expired, the gastric residence system passes out
of the stomach. To do so, various components of the gasiric delivery system are designed {o
weaken and degrade. The specific dimensions of the system are also taken into consideration.
In its intact, open configuration, the gastric residence svstem is designed to resist passage
through the pyloric valve. However, coupling polymer components of the gastric residence
system are chosen such that they gradually degrade over the specified residence period in the

stomach. When the coupling polvmer components are sufficiently weakened by degradation,
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the gastric residence system loses critical resilience to compression or size reduction and can
break apart into smaller preces. The reduced-size dosage form and any smaller pieces are
designed to pass through the pyloric valve. The system then passes through the intestines and
is eliminated from the patient. In some embodimenis, a gastric residence system may be made
of soft material such that the gastric residence system can pass through a pyvlonc valve intact

once the residence time expires without degrading into numerous smaller pieces.

{0153} There are some safety considerations to account for during the design and
administration of the gastric residence svstem and the gastric residence dosage form. in
particular, it is important that the gastric residence system remain in its folded configuration
until 1t reaches the stomach. If the gastric residence systern opens or unfolds prior o reaching
the patient’s stomach, the patient nisks an esophageal obstruction. Sinularly, if an intact
eastric residence dosage form passes through the pyloric valve without opening and the
gastric residence system expanding inilo its open configuration, there is a risk that it could do
so in the patient’s intestine, resulting in an intestinal obstruction. Accordingly, capsules and
capsule coatings according to embodiments describad herein have been designed to control

the deployment of gastric residence systems for improved patient safety.

{0134} Examples of gastric residence systems may be found in PCT/US2018/051816, WO
2015/191920, WO 2017/070612, WO 2017/100367, WO 2018/064630, W0 2017/205844,

WO 2018/227147, and US 62/933,211, each of which 1s incorporated herein in 1is entirety.
CAPSULES FOR GASTRIC RESIDENCE SYSTEMS

[0155] Following is a description of capsules for gastric residence systems, including both
sleeves {or bands) and capsules {e.g., hard-shell capsules). In particular, sleeves/bands as
described below may be used to hold a gastric residence sysiem in a folded configuration.
Capsules may be used to encapsulate the gasiric residence svsterm {(with or without a sleeve)

and control when the gasiric residence system is released in a patient’s stomach.

[#1586] Capsules have been developed according to embodiments provided herein to enhance
gastric residence svstem performance. Specifically, capsules have been developed {o retam a
gastric residence svstem in a folded configuration between the time of administration and the
time it reaches the stomach. Once the gastric residence dosage form reaches the stomach, the

capsule 1s configured to open and/or dissolve rapidly. A rapidlyv-opening or rapidly-dissolving
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capsule can ensure that the gastric residence system is released within the stomach before

passing through the pyloric valve.
Sleeve for mechanically holding the gastric device in a folded configuration

{3187} In some embodiments, gastric residence dosage forms described herein may include a
“sleeve” or “band”. A sleeve or band mav bind a gastric residence system into a folded
configuration. When used together with a capsule, a sleeve may reduce outward pressure on
the capsule. This can reduce any risk of capsule failure and premature deployment of the
gastric residence svstem. Moreover, a sleeve provides a second retaining layer (when used
together with a capsule) that must also lose the ability for to keep the dosage form in its
folded state, and thereby reduces the potential for premature break down upon administration
but prior to gastric localization. Thus, in the event of capsule fatlure, the sleeve provides a

second layer of protection against premature deplovment of the gagstric residence system.

[0158] Figure 3B shows compacted/folded gastric residence system 310 bound by sleeve 312
according to some embodiments. As shown, gastric residence system 310, in its folded

configuration, is capped off ai the arm end by sleeve 312,

18158] Figure 4B shows a compacted/folded gasinc residence system 410 bound by sleeve
412 according to some embodiments. Unlike sleeve 312 of Figure 3B, sleeve 412 of Figure
4B includes two open ends. Thus, compacted/folded gasiric residence system 410 passes
through sleeve 412 such that gasiric residence system 410 is exposed at both open ends of
sleeve 412, Like that of Figure 3B, gastric residence svstern 410 is bound by sleeve 412 at the

arm end of gastric residence system 410,

{0160} In some embodiments, a sleeve may be gelatin-based. In some embodiments, a sleeve
may be hvdroxypropy methylcelulose (HPMC )-based or pullulan-based. Other suitable
materials {e.g., carrageenan, starch, cellulose, eic.) may also be mncluded in the sleeves. For
example, suitable sleeves can include VCaps® HPMC, VCaps® Plus HPMC, Plantcaps®, or

ConiSnap®.

[#161] In some embodiments, the sleeve size and/or thickness may be optimized to control
deplovment time of a gastric residence system. For example, a sleeve having a thinner shell
thickness may be used to release the gastric residence system faster. In some embodiments, a

sieeve having a thicker shell thickness may be used to release the gastric residence system
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slower. In some embodiments, a sleeve having a smaller fength and/or width may be used to
control the release of a gastric residence system from the gasiric residence dosage form. In
some embodiments, a sleeve having a larger length and/or width may be used to control the
release of a gastric residence system from the gastric residence dosage form. For example, a
sleeve having a larger length/width may help delay the release of a gastric residence system.
In some embodiments, a sleeve having a shorter length/width may be used to speed the
release of a gastric residence system. In some embodiments, the placement of the sleeve on a
folded gastric residence system may also be optimized to control deployment time. For
example, the position of the sleeve may be optimired with respect to the folding force and/or

with respect to the positioning of the body and/or cap of the capsule.

{0162} Additionally, some embodiments may include a wicking material between the sleeve
and a folded gastric residence svstem. A wicking material may help a gastric residence
system deploy faster. In some embodiments, the wicking material may comprise a
hydrophilic polymer, a hyvgroscopic polymer, a hygroscopic wetting agent, and/or a
humectant. Polymeric examples may include polysaccharide-based polymers such as
hydroxypropyl methyicellulose, carboxymethylcelivlose, starch, pectin, chitosan, alginate,
other natural or semi-synthetic polymers like gelatin collagen, silk fibroin, and/or non-
cellulosic synthetic polymers like polyethylene glveol, polyethyl glveol-polvpropylene glycol
di- and tri-block copolymers, polyvvinvipyrrolidone, and derivatives thereof. Non-polymeric
wicking materials may include wetting agents and humectants including polysorbates,
glvcerol, propanediol, sugars such as sucrose, glucose, dextrose, mannitol, maltitol, mannose

and vartous salts.
Capsule for encapsulating a gastric residence system

[0163] In addition 1o a “sleeve” or “band™, as described above and provided in Figures 2 and
3, a capsule may also be used to ratain the gastric residence system in a folded configuration
uniti! the dosage form reaches the stomach. A capsule may be used in addition {o, or in lieu of,

asleeve,

{0164} Capsules can offer various advantages that include protection, blinding capabilities,
and good coating adherence. For example, a capsule provides resistance to physical impact
and external environmental factors (e.g., humidity ). This layer of protection can improve the

shelf-life of the gastric resident dosage form and protect it during transport. Additionally,
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capsules are opaque to allow for blinding {i.e., for use in clinical studies). Further, the
capsules offer a suitable surface for capsule coatings (described in detail below). Capsule
coatings according to embodiments provided herein suitably adhere to the surface of

capsules.

{0165] As described above, capsules and/or sleeves according to embodiments provided
herein are designed to protect a patient against esophageal deployment. For example, the
deployment tine of a capsule and/or sleeve in a pH 7.0 environment (i.¢., the approximate pH
of the esophagus) may be from 5 to 180 munutes, from 20 to 120 minutes, or from 20 to 60
minutes. In some embodiments, the deployment time of a capsule and/or sleeve in an aqueous
pH 7.0 environment may be less than 180 munutes, less than 160 minutes, less than 140
minutes, less than 120 munutes, less than 100 munutes, less than 80 minutes, less than 60
rmnutes, less than 530 minutes, less than 40 nunutes, less than 30 mimutes, less than 25
minuies, ot less than 20 minuies. In some embodiments, the deployment time of a capsule
and/or sleeve m an aqueous pH 7.0 environment may be more than 15 ninutes, more than 20
minutes, more than 25 minutes, more than 30 munutes, more than 40 minutes, more than 50
minutes, more than 60 nmunutes, more than 80 minutes, more than 100 minutes, more than 120

minutes, more than 140 minutes, or more than 160 minuies.

[#166] Capsules and/or sleeves according 1o embodiments provided herein can also be
designed to rapidly dissolve and/or open in a gastric environment. As described above, once a
eastric residence dosage form has reached the stomach, it should dissolve and/or open rapidly
io allow the gasiric residence system to release and unfold in the stomach. I the capsule
and/or sleeve fails o dissolve/open rapidly, then the gastric residence dosage form nisks
passing through the pyloric vaive prior to releasing the gastric residence syvstem. Accordingly,
capsules and/or sleeves according to embodiments provided herein are designed to
dissolve/open rapidly and consistently. In some embodiments, the dissolution/opening of the

capsule and/or slesve has little or no reliance on alow pH.

{0167} Additionallv, encapsulating gastric residence systems with capsules according to
embodiments provided herein allows for a slippery, non-adhesive surface for ease of
swallowing (to prevent esophageal holdups) and a non-tacky and defeci-free processing,

storage, and shipment phases.



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
23

[#168] In some embodiments, the capsules may be gelatin-based. In some embodimenits, the
capsules and/or sleeves may be hydroxypropy] methvicellulose (HPMC)-based or pullulan-
based. Other suitable materials (e.g., carrageenan, starch, cellulose, etc.) may also be included
in the capsules and/or sleeves. For example, suitable capsules can include VCaps® HPMC,

VCaps® Plus HPMC, Plantcaps®, or Coni-Snap®.

1816%] In some embodiments, in addition to the coating described in detail below, the capsule
size and/or thickness may be optinuzed to control deployment time of a gastric residence
system. For example, a capsule having a thinner shell thickness may be used 1o release the
gastric restdence svstem faster. In some embodiments, a capsule having a thicker shell
thickness may be used 1o release the gastric residence system slower. In some embodiments,
a capsule having a smaller length and/or width may be used to control the release of a gastric
residence system from the gastric residence dosage form. In some embodiments, a capsule
having a larger length and/or width may be used to conirol the release of a gasiric residence
system from the gastric residence dosage form. For example, a capsule having a larger
fength/width may help delay the release of a gastric residence system. In some embodiments,
a capsule having a shorter length/width mayv be used to speed the release of a gastric

residence system.

{8178 A folded gastric residence system (bound with a sleeve or unbound) may be mserted
mio a two-piece capsule using any sutiable encapsulation technique. For example, a gastnc
residence system may be manually folded and encapsulated. In some embodiments, the
sleeve may be a size 0 or OEL capsule cap. Once bound by the sleeve, the gastric residence
systemn may be encapsulated with the sleeved end of the gastric residence syster in the body
of the two-piece capsule If a 0 or OEL capsule cap is used to sleeve the gastric residence
system, for example, a slightly larger capsule (e.g., a size O0EL capsule} may be used {o
encapsulate the sleeved gastric residence system. In some embodiments, a folded gastric

residence system may be encapsulated without a sleeve.

{0171} Figures 3A-3D and Figure 4A-41 show the steps of encapsulation according to some
embodiments. Sleeve 312 of Figures 3A-3D is a full cap that fits on one end of folded gastric
residence sysiem 310, Sleeve 412 of Figures 4A-4D has a cyhindrical shape with an open top
and an open bottom. In particular, Figure 3A shows a folded gastric residence system 310
with sleeve 312, Figure 3B shows sleeve 312 binding gastric residence svstem 310 m a folded

configuration. Figure 3C shows gastric restdence svstem 310 including sleeve 312 being



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
24

inserted into body 314 of a two-piece capsule. Figure 3D shows body 314 including the
sleeve 312 and gastric residence system being capped off with cap 316 of the two-piece

capsule.

{0172} Simiarly, Figure 4A shows a folded gastric residence system 410 with sleeve 412.
Figure 4B shows sleeve 412 binding gasinc residence system 410 in a folded configuration.
Figure 4C shows gasiric residence system 410 includimg sleeve 412 being inseried into body
414 of a two-piece capsule. Figure 403 shows the body 414 mcluding the sleeved gasiric

residence system 410 being capped off with cap 416 of the two-piace capsule.

{3173] Additionally, the configuration of the sleeve and/or the two-piece capsule can vary
depending on the gastric residence dosage form. In some embodiments, the placement of the
sleeve and/or the two-piece capsule relative to the core side and the arm side of the gastnic

residence system may have an impact on the depioyment time of the gasinic residence system.

[0174] Figures SA-3C show a few different configurations for sleeve and two-piece capsule
placement. Specifically, Figure 5A shows a compacted/folded gastric residence system 510A.
As shown, gasiric residence system S10A can be sleeved by capsule sleeve 512A. Figure SA
shows gastric residence system S10A sleeved on the core side of the folded gastric residence
system 510A. However, gastric residence system 510A may be sleeved on an arm side in
some embodiments. In the figure, the core side of gastric restdence system 510A 1s shaded.
The opposing side of compacted/folded gastric residence system S10A is the arm side, where
the arms converge when the gastric residence system 1s folded. Once the sleave 512A 1s
placed on the compacted/folded gasiric residence system 510A, a sleeved compacted/folded

gastric residence system S40A 1s formed.

{8175] Figure 5B shows a sleeved compacied/folded gastric residence system 540B being
encapsulated with a two-piece capsule. In the figure, sleeved compacted/folded gastric
residence system 540B is sleeved on the core side of the gastric residence system, like that of
sleeved compacted/folded gasiric residence system 540A of Figure SA. Cap 5168 of the two-
piece capsule 1s placed over the sleeve of sleeved compacted/folded gastric residence system
3408 {i.e., on the core side of the gastric residence system). Body 514B of the two-piece
capsule is placed over the arm side of the compacted/folded gasiric residence system. When
both cap S16B and body 514B (i.e., both pieces of the two-piece capsule} are placed on

sleeved compacted/folded gastric residence system 5408, encapsulated gastric residence
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dosage form 542 1s formed. Additionally, cap 516B and body 514B may overlap to an extent
to form a seal protecting encapsulated gastric residence dosage form 542B from the exterior

environropent.

{0176} Figure 3C also shows a sleeved compacted/folded gastric residence system 540C
encapsulated with a two-piece capsule. However, unlike sleeved compacied/folded gastric
residence sysiem 540B of Figure 5B, sleeved compacted/folded gastric residence system
540C 15 encapsulated with a two-piece capsule such that the body of the two-piece capsule,
body 514C, encases the sieeve of sleeved compacted/folded gastric residence system 540,
The cap of the two-piece capsule, cap 516C, is placed over the arm side of the
compacted/folded gastnic residence systern. Cap 316C and body 514C may overlap to an
extent to form a seal protecting encapsulated gastric residence dosage form 542B frora the

exterior environment.
CAPSULE COATINGS FOR GASTRIC RESIDENCE DOSAGE FORMS

{0177} Following is a description of capsule coatings for gastric residence systems. In
particular, capsule coatings described below may be used to delay capsule
dissolution/opening when the gastric residence dosage form is in the esophagus. In some
embodiments, capsule coatings described below may speed up capsule opening when the
gastric residence dosage form s in the stomach. As described below, capsule coatings may
provide a protective motsture barrier, encourage gasiric dissoluiion, encourage passage

through the esophagus, and provide a more pleasant administration experience for the patient.

{0178} In some embodiments, capsules described herein may be coated with a reverse-enteric
low-friction static coefficient polymer. A reverse-enteric low-friction static coefficient
polvroer coaling may help encourage passage of the coated capsule through the esophagus,
minimizing the risk of pill esophagitis. Specifically, the presence of a reverse-enteric polyroer
and/or magnesium stearate in the coating may lfower the static coetficient of friction of the
dosage form. Some specific drugs/APIs in particular have a tendency to cause esophagiiis
such as doxyevchine, tetracycline, clindaroy cin, other antibiotics, potassium chlornide,
bisphosphonates, and non-steroidal anti-inflanmymatory drugs. Some of these APIs can pose a
health risk if they cause esophagitis. Thus, ensuring that thev pass easily through the

esophagus can help prevent esophagiiis.
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[#179] In some embodiments, the reverse-enteric low-friction static coefficient polymer
coating may be applied to the exterior surface of a dosage form. For example, a suitable
dosage form may include a tablet, a capsule, or an entobed gastric residence system. In some
embodiments, a coated dosage form may comprise a gastric residence svstem with an APL In
some embodiments, a coated dosage form may comprise an AP with no gastric residence

systerm

{0186} In some embodiments, the static coefficient of friction of a dosage form coated with a
reverse-enteric low-friction static coefficient polymer coating may be less than that of an
uncoated dosage form. In some embodiments, the static coefficient of friction of a coated
dosage form may be from 0.02 t0 0.3 or from 0.05 to 0.2, In some ernbodiments, the static
coefficient of friction of a coated dosage form may be less than 0.3, less than 0.25, less than
0.2, less than 0.15, less than 0.1, or less than .05, In some embodiments, the static
coeflicient of friction of a coated dosage form may be more than 0.02, more than 0.03, more

than 0.1, more than 0.15, more than 0.2, or more than 0.25.

static coef ficient ef friction of coated dosage form

{0181} In some embodiments, may be 0.2-

static coef ficient of friction of uncoated dosage form

static coef ficient of friction ¢f coated dosage form

0.8. In some embodiments, may be less than

static coefficient of friction of uncoated desage form
0.8, less than 0.7, less than 0.6, less than (.5, less than 0.4, or less than 0.3, In some

static coef ficient of friction of coated dosage form

embodiments, - may be more than 0.2, more

tatic coef ficient of friction of uncoaled dosage form

than 0.3, more than 0.4, more than 0.5, more than 0.6, or more than 0.7,

[#3182] In some embodiments, the static coeffictent of {riction of a coated dosage {orm may
be from 5-80%, from 20-80%, or from 50-80% that of an uncoated dosage form. In some
embodiments, the static coefficient of friction of a coated dosage form may be fess than 80%,
less than 70%., less than 60%, less than 50%, less than 40%, less than 309%, less than 20%, or
less than 10% that of an uncoated dosage form. In some embodiments, the static coeflicient
of friction of a coated dosage form may be more than 5%, more than 10%, more than 20%,
more than 30%, more than 40%, more than 509%, more than 60%, or more than 70% that of
an uncoated dosage form. In some embodiments, the static coefficient of friction of a coated
dosage form may be from 0.05 to 0.35, or from 0.1 to 0.2 less than that of an uncoated dosage
form. In some embodiments, the static coefficient of frniction of a coated dosage form may be
less than 0.35, less than 0.3, less than 0.25, less than 0.2, less than 0.15, or less than 0.1, or

less than 0.08 less than that of an uncoated dosage form. In some embodiments, the static
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coefficient of friction of a coated dosage form mavbe more than 0.05, more than 0.08, more
than 0.1, more than 0.15, more than 0.2, more than 0.25, or more than 0.3 less than that of an

uncoated dosage form.

{0183} For example, gasiric residence dosage forms comprising a coated capsule may release
a gastric residence system and allow the gastric residence system to assume an open
configuration in a first amount of time when exposed to an aquecus pH 7.0 environment {(i.e.,
esophageal environment). In some embodiments, uncoated gastric residence dosage forms
comprising an uncoated capsule may release a gastric residence system and allow the gastric
residence system to assume an open configuration in a second amount of time when exposed
to an aqueous pH 7.0 environment. Tn some embodiments, the first amount of time is greater
than the second amount of time. Tn some embodiments, the first amount of tiroe may be from
15 seconds to 20 minutes, from 1 minute to 15 minutes, or from 1 minute to 10 minutes
greater than the second amount of titne. In some embodiments, the first amount of time may
be more than 13 seconds, more than 30 seconds, more than 45 seconds, more than | minule,
more than 3 minutes. more than 5 minutes, more than 8 minutes, more than 10 nunutes, more
than 12 minutes, or more than 15 minutes greater than the second amount of time. In some
embodiments, the first amount of time may be less than 20 minutes, less than 18 minutes, less
than 15 minutes, less than 12 munutes, less than 10 nunutes, less than 8 minuies, less than 5
minutes, less than 3 minutes, less than 1 minute, less than 45 seconds, or less than 30 seconds
ereaier than the second amount of time. Gastric residence dosage forms comprising a coated
capsule and uncoated gastric residence dosage forms comprising an uncoated capsule may
have the same compaosttional properties {e.g., compositional properties of the capsule,
compositional properties of the gastric residence svstem, compositional properties of the
sleeve, if present) except for the coating. As described above, gastric residence dosage forms
comprising a coated capsule have a capsule coating according to embodiments provided
herein. Uncoated gastric residence dosage forms comprising an uncoated capsule have no

capsule coating,

18184} In some embodiments, gastnic residence dosage forms comprising a coaled capsule
may release a gastric residence system and allow the gastiric residence system to assume an
open configuration in a third amount of time when exposed to an aqueous pH 3.0
environment (i.e., gastric environment). In some embodiments, uncoated gastric residence

dosage forms comprising an uncoated capsule may release a gastric residence system and
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allow the gastric residence system to assume an open configuration in a fourth amount of
time when exposed to an agueous pH 3.0 environment. In some embodiments, the third
amount of time is greater than the fourth amount of time. In some embodiments, the third
amount of time may be from 15 seconds to 20 nunutes, from 1 nunute to 15 minutes, or from
1 minute to 10 minutes greater than the fourth amount of time. In some embodiments, the
third amount of time may be more than 15 seconds, more than 30 seconds, more than 45
seconds, more than 1 minute, more than 3 nunutes, more than 5 minutes, more than 8
minutes, more than 10 minntes, more than 12 minutes, or more than 15 minutes greater than
the fourth amount of time. In some embodiments, the third amount of time may be less than
20 munutes, less than 18 minuies, less than 15 minutes, less than 12 nunutes, less than 10
minutes, less than 8 minutes, less than 5 minutes, less than 3 munutes, less than 1 minute, less
than 45 seconds, or less than 30 seconds greater than the fourth amount of time. Gastric
residence dosage forms comprising a coated capsule and uncoated gasirnic residence dosage
forms comprising an uncoated capsule may have the same compositional properties {e.g.,
compositional properties of the capsule, compositional properties of the gastric residence
sysiem, compositional properties of the sleeve, if present) except for the coating. As
described above, gastric residence dosage forms comprising a coated capsule have a capsule
coating according to embodiments provided herein. Uncoated gastric residence dosage forms

comprising an uncoated capsule have no capsule coating,

{0185] Capsule coating compositions provided herein may delay the time at which the gastric
residence dosage form releases a gastric restdence svstem and allows it to assume an open
configuration to help prevent premature deployment in a patient’s esophagus (1.e., pH 7.0},
For example, a coaled gastric residence dosage form may release a gastric residence system
and allow it {o assume an open configuration after residing in an aqueous pH 7.0 environment
from 20 to 120 nunutes, from 30 1o 90 munutes, or from 40 to 60 munutes. In some
embodiments, a coated gastric residence dosage form may release a gastric residence svstem
and allow it to assume an open configuration after residing 1 an aqueous pH 7.0 environment
for less than 120 minutes, less than 100 minutes, less than 80 nunutes, less than 60 minutes,
fess than 50 minutes, less than 40 nunutes, or less than 30 minutes. In some embodimenis, a
coated gastric residence dosage form may release a gasinc residence system and aliow ii {o
assurse an open configuration after residing in an agueous pH 7.0 environment for more than
20 munutes, more than 30 nunutes, more than 40 nunutes, more than 30 nunutss, more than

60 minutes, more than 80 minuies, or more than 100 minutes. The time at which it takes a
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coated gastric residence dosage form 1o open in an esophagus may be longer than the amount
of time it takes the coated gastric residence dosage form to pass from a patient’s mouth,

through the patient’s esophagus, and to the patient’s stomach.

[0186] Capsule coatings as provided herein have also been developed to encourage rapid
dissolution/opening of the capsule and thus, release of the gastric residence system
encapsulated within. As discussed above, rapid opening of the capsule and release of the
gastric residence system in the stomach (e.g., pH 1.5-3.0) can help prevent a gasiric residence
dosage form from passing through the pyloric valve unopened. However, in some
embodiments, a coated gastric residence dosage form may release a gastric residence system
and allow it {o assume an open configuration after residing in an aqueous pH 3.0 environment
from 190 seconds 1o 30 nunutes, from 30 seconds to 20 minutes, or from 1 minute to 10
minuies. In some embodiments, a coated gastric residence dosage form may release a gastric
residence sysiem and allow it to assume an open configuration afier residing in an aqueous
pH 3.0 environment for more than 10 seconds, more than 20 seconds, more than 30 seconds,
more than 40 seconds, more than 50 seconds, more than 1 minute, more than 2 minutes, more
than 3 munutes, more than 4 minutes, more than 5 minutes, more than 10 minutes, more than
15 munutes, more than 20 minutes, or more than 25 minutes. In some embodiments, a coated
gastric residence dosage form may release a gastric residence system and allow it to assume
an open configuration after residing in an agqueous pH 3.0 environment for less than 30
rmnutes, less than 25 minutes, less than 20 munutes, less than 15 minutes, less than 10
nunutes, less than 3 nunutss, less than 4 minutses. less than 3 minutes, less than 2 minutes,
fess than 1 minute, less than 50 seconds, less than 40 seconds, less than 30 seconds, or less

than 20 seconds.

[#187] Capsule coatings according to embodiments provided herein may include a polymer, a

plasticizer, an anti-tacking agent, and/or a hydration aid.

[#188] In some embodiments, the polymer may be a reverse-enteric polymer. A reverse-
enteric polymer can encourage dissolution of the capsule in a gastric environment (e.g , pH
1.5-3.0}. A reverse-enteric polymer can also provide a moisture barrier to the capsule. A
suitable reverse-enteric polymer may have desirable physiochemical dissolution properties,
have good film-forming capacity, and be suitable for pharmaceutical coating methods (e.g.,
pan-coating). in some embodiments, polvmethacrviates are suitable reverse-enteric polvmers.

For example, Eudragit® polymers may be suitable in some embodiments. Eudragit®



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
30

polymers include a diverse range of polvmethacrvlate-based copoly mers specifically
formulated to aid in targeted drog release. Tn some embodiments, Hudragii® E may bea
suitable reverse-enteric polvmer. In particular, Eudragit® E dissolves in gastric fluid by the
salt formation of its tertiary amine group in pH environments below 5.0. Thus, Eudragit®
can provide a suitable moisture barrier at neuiral pH environments (i.e., in the mouth and
esophagus), but is readily soluble in acidic pH environments (i.e., in the stomach). However,
other materials may also be suitable as a reverse-enteric polymer, such as those that ionize
and/or solubilize in acidic environments to provide an enhanced rate of moisture permeation
(i.e., access (o the underlying capsule or coating layers). However, pH dependence isnot a
requirement of the polymer itself, but may be achieved with the addition of other excipients
in the coating formulation. For example, the coating formulation may include small molecule
additives with enhanced solubility at reduced pH (e g., tertiary amine, imidazole-containing
chemical entities, etc.). In some embodiments, a drv capsule coating composition on a
capsule may include from 40 10 95 wt. %, from 50 to 80 wi. %, or from 60 10 70 wt. %
polymer to total solids. In some embodiments, a dry capsule coating composition on a
capsule may include less than 95 wt. %, less than 90 wt. %, less than 85 wi. %, less than 80
wi. %, less than 75 wt. 96, less than 70 wi. %, less than 65 wt. %, less than 60 wt. %, less than
35 wt. %, less than 50 wt. %, or less than 45 wt. % polymer to total solids. In some
embodiments, a dry capsule coating composition on a capsule may inclhude more than 40 wt.
%, more than 45 wt. %96, more than 50 wi. %, more than 53 wi. %, more than 60 wi. %, more
than 65 wt. %, more than 70 wt. %, more than 75 wi. % polymer, more than 80 wt. %, more

than 85 wi. %6, or more than 90 wt. % polymer to total solids.

[#189] In some embodiments, a liquid capsule coating composition (i.e., in solution, prior {o
drving on the surface of a capsule) mayv include from 3 10 30 wt. % polvimer, from 5 to 25 wi.
% polymer, or froma S to 20 wt. % polvmer. In some embodiments, a liquid capsule coating
composition may include more than 3 wt. %, more than 5 wt. %, more than 8 wi. %, more
than 10 wt. %, more than 12 wt. %, more than 15 wt. %, more than 18 wt. %, more than 20
wit. %, or more than 25 wt. % polvmer. In some embodiments, a liqud capsule coating

composition may include less than 30 wt. %, less than 28 wt. %, less than 25 wt. %, less than

23 wi %, less than 20 wt. %, less than 18 wt. %%, less than 15 wt. %, less than 12 wt. 9%, less

than 10 wi. 95, less than 8 wi. %, or tess than 5 wi. % polvmer.
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[#198] Plasticizers in the coating formulation may reduce brittleness by enhancing the
flexibility, resihience, and adhesion of the coating to the underlying capsule surface. Suitable
plasticizers mav include phthalates, phosphates, citrates, tartrates, adipates, sebacates,
sulfonamides, succinates, glycolates, glvcerolates, benzoates, myristates, halogenated
phenyls, and poloxamers. Specific compounds that may be used as a plasticizer in the coating
formulation can include triacetin, triethyl citrate, polvethviene glveol, and dibutyl sebacate.
In some embodiments, a dry capsule coating composition on a capsule may include from 1 to
30 wi %, from 1 to 20 wt. %, or from 1 to 10 wi. % plasticizer 1o total solids. In some
embodiments, g dry capsule coating composition on a capsule may include less than 30 wt.
%, less than 25 wi. %, less than 20 wt. %6, less than 15 wt. %6, less than 10 wt. %, less than 9
wi. %. less than 8 wi. 9. less than 7 wt. 9. less than 6 wt. %, less than 5 wt. %, less than 4
wi. %, less than 3 wi. %, or less than 2 wt. % plasticizer to total solids. In some embodiments,
a dry capsule coating composttion on a capsule may mclude more than 1 wi. %, more than 2
wi. %, more than 3 wt. %, more than 4 wi. %. more than 5 wt. %, more than 6 wt. %, more
than 7 wt. %, more than 8 wi. %, more than 9 wt. %, more than 10 wt. %, more than 15 wt.

%, more than 20 wi. %, or more than 25 wi. % plasticizer o {otal solids.

{4191} In some embodiments, a liquid capsule coating composition (1.¢., in solution, prior (o
drving on the surface of a capsule) mav include from 0.1 to 5.0 wt. %, from 0.2 t0 3.0 wi. %,
ot from 0.3 to 1.0 wt. % plasticizer. In some embodiments, a liquid capsule coating
composition may include more than 0.1 wi. %, more than 0.2 wi. %, more than .3 wi. %,
more than 0.4 wi. %, more than 0.5 wi. %, more than 0.6 wt. %, more than 0.7 wi. %, more
than 0.8 wt. %. more than 0.9 wt. %, more than 1.0 wt. %, more than 1.5 wi. %, more than
2.0 wt. %, more than 2.5 wt. %, more than 3.0 wt. %, or more than 4.0 wi. % plasticizer. In
some embodiments, a hquid capsule coating composttion may include less than 5.0 wt. %,
tess than 4.0 wt. %, less than 3.5 wi. %, less than 3.0 wi.96, less than 2.5 wi. %, less than 2.0
wi. %. 1.5 wi. %, less than 1.0 wt. %6, less than 0.9 wt. %, less than 0.8 wt. %, less than 0.7
wi. %, iess than 0.6 wt. 9%, less than 0.5 wi. %, tess than 0.4 wt. %, less than 0.3 wt.%, or less

than 0.2 wt. % plasticizer.

[0192] An anti-tacking agent in the capsule coating formulation may help prevent capsule
tackiness during process and storage. Additionally, certain anti-tacking agenis mayv improve
the lubrnicity of the coated capsules and provide a glossy and smooth surface fimish. Suitable

anti-lacking agenis may include bulk-acting agents (e.g., tale) and surface-acting agents (e.g.,
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magnesium stearate). In some embodiments, magnesium stearate in particular may help
decrease the static coefficient of friction of a coaled encapsulated gastric residence system. In
some embodiments, a coating comprising magnesium stearate may be able to lower the static

coefficient of friction to less than 0.1, or such that

tatic coef ficient of friction of coated dosage form

is less than or equal to 0.4, A coatec
static coefficient of friction of uncoated dosage form

encapsulated gastric residence svstem having a decreased static coefficient of friction can
help the dosage form pass through a patient’s esophagus and minimize the possibility of pil
esophagitis. In some embodiments, a dry capsule coating composition on a capsule may
mclude from 1 10 40 wt. %, from 1 t0 25 wt. %, or from 1 to 10 wt. % anti-tacking agent to
total sohids. In some embodiments, a dry capsule coating composition on a capsule may
include less than 40 wi. %, less than 35 wi. %, less than 30 wi. %, less than 25 wt. %, less
than 20 wt. %, less than 15 wt. %, less than 10 wt. %, less than 9 wi. %, less than 8 wt. %,
less than 7 wi. %, fess than 6 wi. Y%, less than 5 wt. %, less than 4 wt. %6, less than 3 wt. %, or
tess than 2 wi. % anti-tacking agent to total solids. In some embodiments, a dry capsule
coating composttion on a capsule may include more than 1 wt. %, more than 2 wt. %, more
than 3 wt. %, more than 4 wt. %, more than 5 wt. %, more than 6 wt. %, more than 7 wi. %
more than & wi. %, more than 9 wt. %, more than 10 wt. %, more than 15 wt. %, more than
20 wit. %, more than 25 wi. %, more than 30 wt. %, or more than 35 wt. % anti-lacking agent

to total solids.

[0193] In some embodiments, a liquid capsule coating composition (i.e., in solution, prior o
drving on the surface of a capsule} may mclude from 0.1 t0 5.0 wt. %, from 0.2 to 3.0 wt. %,
or from 0.3 to 1.0 wi. % anti-tacking agent. In some embodiments, a liquid capsule coating
composition may include more than 0.1 wt. %, more than 0.2 wt. %, more than 0.3 wt. %,
more than 0.4 wt. %, more than 0.5 wt. %, more than 0.6 wi. %, more than 0.7 wt. %, more
than 0.8 wt. %, more than 0.9 wt. %, more than 1.0 wt. %, more than 1.5 wt. %, more than
2.0 wi. %, more than 2.5 wt. %, more than 3.0 wt. %, or more than 4.0 wt. % anti~tacking
agent. In some embodiments, a liquid capsule coating composition may include less than 5.0
wi. %, less than 4.0 wt. %, less than 3.5 wt. %, less than 3.0 wt.%, less than 2.5 wt. 9%, less
than 2.0 wi. %, 1.5 wi %, less than 1.0 wit. %, less than 0.9 wt. %, less than 0.8 wi, %, less
than 0.7 wit. %, less than 0.6 wt. %, less than 0.5 wt. %, less than 0.4 wt. %, less than 0.3

wi. %, or less than 0.2 wt. % anti-tacking agent.
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{8194} Capsule coating compositions according to embodiments provided herein may include
ahvdration aid. A hydration aid may help achieve faster dissolution of the capsule in the
gastric environment by accelerating hydration. Switable hydration aids may include Kollidon
PVPI2, Kollidon VA64, PEG 1000, low viscosity hydroxypropyl methylcellulose, and
crvstatiine mannitol. In some embodiments, a dry capsule coating composition on a capsule
may include from 2 to 50 wt. %, from 3 to 40 wt. %, or from 10 to 30 wt. % hydration aid to
total solids. In some embodiments, a dry capsule coating composition on a capsule may
include less than 350 wt. 9%, less than 43 wt. 9%, less than 40 wt. %, less than 35 wt. %, less
than 30 wt. %, less than 25 wt. %, less than 20 wt. %, less than 15 wt. %, less than 10 wi. %,
or less than 5 wt. % hydration aid to total solids. fn some embodiments, a drv capsule coating
composition on a capsule may include more than 2 wt. %, more than 5 wt. %, more than 10
wi. %, more than 15 wt. %, more than 20 wt. %, more than 25 wt. %, more than 30 wit. %,

more than 33 wi. %, more than 40 wi. %, or more than 45 wt. % hvdration aid to total solids.

{0195 In some embodiments, a liquid capsule coating composition (i.e., in solution, prior {o
drying on the surface of a capsule) may include from 0.1 10 5.0 wt. %, from 0.2 to 3.0 wt. %,
or from 0.3 to 1.0 wt. % hvdration aid. In some embodiments, a liquid capsule coating
composition may include more than 0.1 wt. %, more than 0.2 wt. %, more than 0.3 wt. %,
more than 0.4 wit. %, more than .5 wt. %, more than 4.6 wt. %, more than 0.7 wt. %. mors
than 0.8 wt. %, more than 0.9 wi. %. more than 1.0 wt. %, more than 1.5 wt. %, more than
2.0 wi. %, more than 2.5 wi. %, more than 3.0 wt. %, or more than 4.0 wi. % hydration aid.
In some embodiments, a hquid capsule coating composition may include less than 5.0 wit. %,
fess than 4.0 wt. %, less than 3.5 wt. %6, less than 3.0 wi.%, less than 2.5 wit. %, less than 2.0
wt. %, 1.5 wt. %, less than 1.0 wt. %, less than 0.9 wt. %, less than 0.8 wi. %, less than 0.7
wi. %, less than 0.6 wi. %, less than 0.5 wt. %, less than 0.4 wi. %, less than 0.3 wit.96, or less

than 0.2 wt. % hydration aid.

{0196} Capsule coating compositions according to embodiments provided herein may be
soluble in a variety of solvents. For example, capsule coating compositions may be soluble in
agueous solvenis and/or organic solvents. Examples of suitable solvents include isopropyl
alcohol, acetone, and ethvl acetate. In some embodiments, a iquid coating composition i
solution may include from 55 to 97 wi. % solvent. In some embodiments, a liquid coating
composition in solution may include more than 55 wt. %, more than 60 wi. %, more than 65

wi, %, more than 70 wi. %, more than 75 wi. %, more than 80 wi. %, more than 85 wt. %,
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more than 90 wt. %, or more than 95 wt. % solvent. In some embodiments, a hquid coating
composition in solution mayv include less than 97 wt. %, less than 95 wi. %, less than 90 wi.
%, less than 85 wi. %, less than 80 wi. %, less than 75 wi. %, less than 70 wi. %, less than 65

wi. %, or less than 60 wt. % solvent.

{0187} Capsule coating compositions according to embodiments provided herein may include
additional components other than those already described above. For exarnple, a pH-
modifying buffer may be used to help accelerate dissolution of the coating in a ruld acid (.e.,
i a gastric environment). Examples of pH~-modifving buffers may include an imidazole-
based buffer or an inudazole- or histatide-titrated with carboxyvlic acid buffer system. Other
components that may be included in the coating composition include, but are not himited o,

colorants, flavors, opacifiers, and preservatives,

[0198] In addition 1o coating the capsule, gastric residence dosage forms including a sleeve
may also include a sleeve coating. Much like the capsule coating composition described
above, a sleeve coating composition may promote dissolution in a gastric environment. In
some embodiments, a sleeve coating composition and a capsule coating composition may be
the same. In some embodiments, the sleeve coating composition may include a hvdration aid
to lower the dissolution time of the sleeve in a gastric environment to more rapidly release the
gastric residence system in the patient’s stomach. In sore embodiments, a sleeve coating
composition may comprise a hydrophilic and/or hygroscopic polvmer or alternatively a
hygroscopic wetting agent or humectant. Polymeric examples may include polvsaccharide-
based polymers such as hydroxypropy]l methylcellulose, carboxymethylcellulose, starch,
pectin, chitosan, alginate, other natural or senu-syuthetic polvmers like gelatin collagen, silk
fibroin and/or non-cellulosic synthetic polymers like polvethviene glveol, polyethyl glycol-
polypropylene glveol di- and tri-block copolymers, polyvinyipyrrolidone, and derivatives
thereof. Non-~polymeric materials may include wetting agents and humectants inchuding
polysorbates, glvcerol, propanediol, sugars such as sucrose, glucose, dextrose, mannitol,

maltitol, mannose, and vartous salis.

[0199] Figures 6A-6D show the steps of an encapsulation and coating process according {o
some embodiments. Figure 6A shows gastric residence system 610 in a folded configuration.
Figure 6B shows gastric residence system 610 bound in a folded configuration with sleeve

612. In Figure 6C, the sleeved gastric residence system is fully encapsulated in a capsule
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(comprising body 614 and cap 616). Figure 6D shows the two-piece capsule (comprising

body 614 and cap 616} coated with capsule coating 620,
ENROBING ENCAPSULATED GASTRIC RESIDENCE SYSTEMS

[3208] Following is a description of coating compositions for enrobing {olded gastric
residence systems. In some embodimenis, a coating composition may include a polymer, a

plasticizer, a gelling agent and/or a solvent.

{0261} As used herein, the term “coating” may refer to “enrobing.” “Enrobing” inciudes
surrounding a folded gastric residence system with a sofigel type shell matenial to form an
“enrobed gastric residence system.” “Coating” may also refer o a coating applied to the

exterior of an enrobed gastric residence device.

{6202] Coating compositions for enrobing gasiric residence systems have been developed
according to embodiments provided herein to enhance gastric residence sysiem deployment
performance. Specifically, coating compositions for enrobing gastric residence svstems have
been developed to retain a gastnic residence system in a compacted configuration between the
time of adnunistration and the time it reaches the siomach. Once the gastric residence dosage
form reaches the stomach, the coating 1s designed o dissolve rapidly. A rapidlyv-dissolving
coating can ensure that the gastric residence system is released within the stomach before

passing through the pyloric valve.

6203] Enrobed gastnic residence dosage forms can offer various advantages over gastric
residence systems encapsulated in conventional capsules. As mentioned above, a coating {or
enrobing a folded gastric residence system according to embodiments provided here can
protect the therapeutic agent {(and in this case, the gastric residence system) from tampering,
Additionally, enrobed gastric residence dosage forms can be easier to swallow than gastric
residence sysiems encapsulated only in conventional capsales, which can help reduce the
iransit time in the esophagus and minimize any chance of the gastric residence system

releasing and unfolding in the esophagus.

[0204] Additionally, enrobing gastric residence sysiems with a coating composition
according to embodiments provided herein allows for a shippery, non-adhesive surface for
ease of swallowing (to prevent esophageal holdups) and a non-tacky and defect-free

processing, storage, and shipment phases.
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[208] As described above, coaling compositions according to embodiments provided herein
are designed to protect a patient against esophageal deployment. For example, the
deplovment time of an enrobed gastric residence dosage form in an aqueous pH 7.0
environment {i.e., the approximate pH of the esophagus) may be from 15 to 120 nunutes,
from 20 to 60 minutes, or from 20 10 30 minutes. In some embodiments, the deployment time
of an enrobed gastric residence dosage form in an agueous pH 7.0 environment may be less
than 120 minutes, less than 100 minutes, less than 80 minutes, less than 60 minutes, less than
50 minutes, less than 40 minutes, less than 30 minutes, less than 25 minutes, or less than 20
minutes. In some embodiments, the deplovrment time of an enrobed gastric residence dosage
form n an agqueous pH 7.0 environmoent may be more than 15 nunutes, more than 20 nunutes,
more than 235 minutes, more than 30 minutes, more than 40 minutes, more than 50 nunutes,

more than 60 mimustes, more than 80 minutes, or more than 100 minutes.

18266] Coating compositions according to embodiments provided herein can also be designed
io rapidly dissolve in a gastric environment. As described above, once a gastric residence
dosage form has reached the stomach, it should dissolve rapidly fo allow the gastric residence
system to deploy in the stomach. If the coating material fails to dissolve rapidly, then the
gastric residence dosage form risks passing through the pyloric valve prior to releasing the

gastric residence svstem. Accordingly, coating compositions according to embodiments

provided herein are designed to dissolve rapidlv and consistently. in some embodiments, the

dissolution of the coating material has little or no reliance on a low pH.

18267 For example, an enrobed gastric residence dosage form may deploy after residing in
an aqueous pH 3.0 environment from | to 60 munutes, from S 1o 45 minutes, or from 10 to 30
mintes. In some embodiments, an enrobed gasiric residence dosage form may deploy after
residing in an agueous pH 3.0 environment for more than 1 munutes, more than 2 minutes,
more than 3 minutes, more than 4 minutes, more than 5 minutes, more than 10 minutes, more
than 15 minutes, more than 20 minutes, more than 25 minutes, more than 30 minutes, more
than 35 minutes, more than 40 minuies, more than 45 minutes, more than 50 mimues, or more
than 55 munutes. In some embodiments, an enrobed gastric residence dosage form may
deploy mn an aqueous pH 3.0 environment for less than 60 minutes, less than 55 minutes, less
than 50 minutes, less than 45 minutes. less than 40 minutes, less than 35 minutes, less than 30
minutes, less than 25 mimues, less than 20 minutes, less than 15 munutes, less than 10

minutes, less than 5 nunutes, less than 4 nunutes, less than 3 minudes, or less than 2 minutes.
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{208] The thickness of the coating for enrobing gastiric residence devices in foided
configurations may vary depending on desired properties of the enrobed gastric residence
dosage form (e.g., deployment time). In some embodiments, the thickness of the coaling
enrobing the folded gastric residence system may be from 30 to 700 microns or from 150 to
350 microns thick. In some embodiments, the thickness of the coating enrobing the folded
gastric residence system may be more than 50 microns, more than 100 mucrons, more than
150 microns, more than 200 microns, more than 230 microns, more than 300 microns, more
than 350 microns, more than 400 microns, more than 450 microns, more than 500 microns,
more than $30 nucrons, more than 600 microns, or more than 650 microns thick. In some
embodiments, the thickness of the coating enrobing the folded gastric residence system may
be less than 700 microns, less than 650 microns, less than 600 microns, less than 330
ricrons, less than S00 microns, less than 450 microns, less than 400 microns, less than 350
mucrons, less than 300 nucrons, less than 250 nucrons, less than 200 nucrons, less than 150
nicrons, of less than 100 microns thick. In some embodiments, the coating for enrobing
folded gastric residence systems may provide a hermetic seal. For example, the coating may
hermetically seal the folded gastric residence system to form an enrobed gastric residence
dosage form. In some embodiments, the coating for enrohing folded gastric residence systems

may comprise softgel type shell material.

{0209] Coating compositions according to embodiments provided herein may include a

polvmer, a plasticizer, a gelling agent, and/or water.

18218} In some embodiments, the polymer may be pH-responsive polymer such as a water-
based polymer dispersion or a reverse-enteric polymer. A suitable water-based polymer
dispersion includes Kollicoat® Smartseal. A reverse-enteric polymer can encourage
dissolution of the coating in the gastric environment and may provide a moisture barrier {0
the gastric residence system. The reverse-enteric polymer may also have desirable
physiochemical dissolution properties, good film-forming capacity, and mav be suitable for
pharmaceutical coating methods (e g., pan-coating}. In some embodiments,
polymethacrylates are suiiable reverse-enteric polymers. For example, Eudragit® polymers
may be suitable in soroe embodiments. Fudragit® polvmers include a diverse range of
polymethacrylate-based copolymers specifically formulated to aid in targeted drug release. In
some embodiments, Eudragit® E, a specific type of polymethacrylate, may be a suitable

reverse-enteric polymer. In particular, Eodragit® E dissolves in gastric fluid by the salt
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formation of s tertiary amine group in pH environments below 3.0, Thus, Eudragit® E can
provide a suitable moisture barrier at neutral pH environmentis (i.¢., in the mouth and
esophagus). Other materials may also be suitable as a reverse-enteric polvmer, such as those
that ionize and/or solubilize in acidic environmenis o provide an enhanced rate of moisture
permeation {i.e., access to the underlying capsuie or coating lavers). However, pH
dependence is not a requirement of the polvmer itself, but may be achieved with the addition
of other excipients in the coating formulation. For example, the coating formulation may
nclude small molecule additives with enhanced solubility af reduced pH {e.g.. tertiary amine,
tmidazole-containing chemical entities, eic.). In some embodiments, the coating composition
may include from 10 to 70 wi. %, from 20 to 60 wt. %, or from 30 1o 30 wt. % polymer. In
some embodiments, the coating composition may imclude less than 70 wi. %, less than 65 wi.
%, less than 60 wit. %, laegs than 55 wit. %, less than 50 wi. %, less than 45 wi. %, less than 40
wi. %, less than 35 wi. %, less than 30 wi. %, less than 25 wt. %, less than 20 wit. %, or less
than 13 wt. % polvmer. In some embodimenis, the coating composition may include more
than 10 wi. %, more than 15 wt. %, more than 20 wi. %, more than 25 wt. %, more than 30
wi. %, more than 33 wi. %, more than 40 wi. %, more than 45 wt. %, more than 50 wt. %,
more than 53 wt. %, more than 60 wt. %, more than 65 wi. % more than 70 wt. %, more than

75 wit. %, more than 80 wt. %, or more than 85 wi. % polymer.

{021 1] Plasticizers in the coating composition may reduce brittleness by enhancing the
flexibility and resilience of the enrobed gastric residence dosage form. Suitable plasticizers
may include phthalates, phosphates, citrates, tartrates, adipates, sebacates, sulfonamides,
succinates, glveolates, glvcerolates, benzoates, myristates, polyols, halogenated phenvis, and
poloxamers. Specific compounds that may be used as a plasticizer in the coating formmuilation
may include tnacetin, inethyl citrate, polvethyvlene glveol, and dibutyi sebacate, glveerin, or
sorbitol. In some embodiments, the coating composition may include from 10 to 70 wt. %%,
from 20 to 60 wt. %, or from 30 to 50 wit. % plasticizer. In some embodiments, the coating
composition may include less than 70 wt. %, less than 65 wt. %, less than 60 wi. %, less than
55 wt. 9%, less than 50 wt. 96, less than 45 wt. 9, less than 40 wi. 96, less than 35 wi. %, less
than 30 wt. %, less than 25 wit. %, less than 20 wt. %, or less than 15 wt. % plasticizer. In
some embodiments, the coating composition may include more than 10 wi. %, more than 15
wi. %, more than 20 wi. %, more than 25 wi. %, more than 30 wt. %, more than 35 wt. %,

more than 40 wt. %, more than 45 wt. %, more than 50 wit. %, more than 35 wi. %, more than
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60 wt. %, more than 65 wt. % more than 70 wt. %, more than 75 wt. %, more than 80 wt. %,

or more than 85 wt. % plasticizer.

{6212} Coating compositions according to embodimenis provided herein include a gelling
agent. For example, suitable gelling agents may include gelatin, pullulan, hyvdroxypropyl
methyvicellulose, and/or potato starch. If gelatin is used as the gelling agent, the bloom
strength of the gelatin may be from 100 1o 300 or from 150 10 250, In some embodiments, the
bloom strength of the gelatin may be more than 100, more than 150, more than 200, or more
than 2350, In some embodiments, the bloom strength of the gelatin may be less than 300, less

than 250, less than 200, or less than 150

{8213} In some embodiments, the coating composition may include from 30 to 0 wt. %,
from 40 10 70 wt. %, or from 50 to 60 wi. % gelling agent. In some embodiments, the coating
composition may include less than 80 wt. Y%, less than 75 wt. %, less than 70 wt. %, less than
65 wt. %, less than 60 wt. %, less than 55 wt. %, less than S0 wt. %, less than 45 wi. %, less
than 40 wi. %, or less than 35 wt. % gelling agent. In some ermbodiments, the coating
composition may include more than 30 wt. %, more than 35 wt. %, more than 40 wt. %, more
than 45 wt. %, more than 50 wt. %, more than 55 wit. %, more than 60 wi. %, more than 65

wi. %, more than 70 wit. %, or more than 75 wt. % gelling agent.

[6214] Coating compositions according to embodimenis provided herein may additionally
mclude water. The coating composition may include from 1 to 30 wt. %, from 5 {0 25 wt. %,
or from 10 to 20 wi. % water. In some embodiments, the coating composition may include
less than 30 wt. %, less than 25 wt. %, less than 20 wt. %, less than 15 wit. %, less than 10 wit.
%, or less than 5 wi. % water. In some embodiments, the coating composition may include
more than 1 wi. %. more than 5 wi. %, more than 10 wt. %, more than 15 wt. %, more than

20 wi. %, or more than 25 wt. % water.

{0215 Coating compositions according to embodimenis provided herein may include
additional components other than those already described above. For example, opacifiers,
colorants, flavors, and/or preservatives may also be used in coating compositions described
herein. A suitable opacifier may include titanium dioxide. Suitable colorants may include
FDA-approved dyes and lakes. Sutable flavors include ethyl vanitlin and sucrose. Suitable

preservatives mnclude parabens, such as methyl paraben or propy! paraben.
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ENCAPSULATION AND COATING PROCESS

{88216} Gastric residence systems may be encapsulated and/or coated using any suitable

encapsulation and/or coating technique. Figure 7 provides a schematic showing a method 600

of preparing a gastric residence dosage form according to some embodirments.

{0217} In step 702 of the method for preparing a gastric residence dosage form, a folded
eastric residence system is encapsulated in a capsule. In particular, step 702 of the method
may mnclude folding the gastric residence system and inserting the folded gastric residence
system into a container. Step 702 may be performed either manually or mechanically.
Folding the gastric residence system may include compacting or compressing the gastric
residence svstem into its folded configuration. Inserting the gastric residence system inio a
container may include inserting the compacted gastric residence system inio a capsule or

other container of appropriate size.

{0218} In some embodiments, methods for preparing a gastric residence dosage form may
mclude receiving the foldable gastric residence svstem in an unfolded form. For example, the
foldable gastric residence system can be received at a vibratory bowl feeder or a pick and
place conveyor. In some embodiments, methods for preparing a gastric residence dosage
form may mclude orienting the gastric residence system into a folding position. Methods may
also nclude folding the gastric residence system mto a folded configuration. Once the gastric
residence dosage form is in a folded configuration, the folded gastric residence dosage form
may be inserted into an opening of a container. Processes for encapsulating gastric residence
systems are provided i further detail in Application PCT/US2018/051816, the entirety of

which is incorporated herein,

{6219] In step 704 of the method for preparing a gastric residence dosage form, an

encapsulated gastric residence system may be coated with a reverse-enteric coating.

10226] For example, a pan-coating process may be used 1o coat the encapsulated gasiric
residence systems. In some embodiments, an LDCS 48098/Freund-Vector pan coater may be
used with a 1.5L pan size, a SCHLICK ABC LDCS-FP HCC-6869-3 spray gun, and
peroxide~cured silicone pump tubing to coat the encapsulated gastric residence systems. In
some embodiments, empty capsules may be coated before they are used to encapsulate gastric

residence systems.



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
41

{68221} Several processing conditions may be specified during the pan-coating process.
Processing conditions include inlet temperature, exhaust temperature, coater airflow, pan
speed, pump speed, atomization pressure, pattern pressure, spray rate, drying pan speed, and
drying time in pan. For example, the inlet temperature may be from 30 to 70°C, from 35 {0
65°C, or from 40 to 60°C. In some embodiments, the inlet temperature may be less than
70°C, less than 65°C, less than 60°C, less than 55°C, less than 50°C, or less than 45°C. In
some embodiments, the inlet temperature may be more than 30°C, more than 35°C, more

than 40°C, more than 45°C, or more than 50°C.

{0222} The exhaust temperature may be from 20°C to 60°C, from 25°C 10 50°C, or from 30
1o 40°C. In some embodiments, the exhaust temperature may be less than 60°C, less than
30°C, less than 40°C, or less than 30°C. In some embodiments, the exhaust temperature may

be more than 20°C, more than 30°C, more than 40°C, or more than 30°C.

{0223} The coater airflow may be from 20 1o 80 cubic feet per minute (CFM), from 30 10 70
CFM, or from 40 to 60 CFM. In some embodiments, the coater airflow may be less than 80
CFM., less than 70 CFM, less than 60 CFM, less than 50 CFM. or less than 40 CFM. In some
embodiments, the coater airflow may be more than 20 CFM, more than 30 CFM, more than

40 CFM, more than 53¢ CFM, or more than 60 CFM.

{3224} The pan speed may be from 10 o 50 rpm, from 15 to 40 rpm, or from 20 to 30 rpm. In
some embodiments, the pan speed may be more than 10 rpm, more than 13 rpm, more than
20 rpm, more than 30 rpm, or more than 40 rpm. In some embodiments, the pan speed may

be less than 50 rpm, less than 40 rpm, less than 30 rpm, less than 20 rpm, or less than 15 rpm.

{0225} The pump speed may be from 2 to 15 rpm, from 3 to 12 rpm, or from S to 10 rpm. In
some embodiments, the pump speed may be more than 2 rpm, more than 3 rpm, more than §
rpm, or more than 10 rpm. In some embodiments, the pump speed may be less than 15 mpm,

fess than 12 rpm, less than 10 rpm, or less than 3 rpm

[68226] The atomizaiion pressure may be from 10 1o 40 pounds per square inch {(psi}, from 15
to 35 psi, or from 20 to 30 psi. In some embodiments, the atomization pressure may be more
than 10 psi, more than 15 psi, roore than 20 psi, or more than 25 psi. In some embodiments,
the atomization pressure may be less than 40 psi, less than 335 psi, less than 30 pst, less than

25 pst, or less than 20 pst.
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{0227} The pattern pressure may be from 10 to 40 psi, from 15 to 35 psi, or from 20 to 30 pst.
In some embodiments, the patiern pressure may be more than 10 psi, more than 15 psi, more
tharn 20 psi, or more than 25 pst. In some embodiments, the pattern pressure may be less than

40 pst, less than 35 pst, less than 30 psi, less than 25 psi, or less than 20 psi.

{0228} The spray rate may be from 1 to 10 grams per muinute (g/min) or from 3 to & g/min. In
some embodiments, the spray rate may be more than 1 g/min, more than 2 g/min, more than 3
g/main, moore than 4 g/mun, or more than 5 g/min. In some embodiments, the spray rate may be
fess than 10 g/min, less than 8 g/min, less than 6 g/min, less than 5 g/min, or less than 4

&/mmin.

{0229} The drving pan speed may be from 1 to 30 rpm, from 3 to 20 rpmy, or from 5 to 10
rpm. In some embodiments, the drving pan speed may be more than T rpm, more than 2 rpm,
more than 3 rpmy, more than 4 rpm, more than 5 rpm, more than 8 rpmy, more than 10 rpm, or
more than 15 rpm. In some embodiments, the drying pan speed may be less than 30 rpm, fess
than 25 rpm, less than 20 rpr, less than 15 rpm, less than 10 rpmy, less than 8 rpm, or less

than 3 rpm.

{0230} The total drying time 1n pan may be from 15 to 120 manutes, from 30 fo 100 nunutes,
or from 45 to 80 minutes. In some embodiments, the total drying time in pan may be more
than 15 minutes, more than 30 minutes, more than 45 minutes, more than 60 minutes, or more
than 80 minutes. In some embodiments, the totlal drving time in pan may be less than 120
rminutes, less than 100 minutes, less than 80 nunutes, less than 60 minutes, or less than 43
minutes. In some embodiments, the diying time may be continuous. In some embodiments,

the drving time may be discontinuous.

{6231} The capsule coaling may comprise from 0.2 1o 15 wt. %, from 0.5 to 10 wt. %, or
from 1 to 5 wt. % of the total gastric residence dosage form. In some embodiments, the
capsule coating may comprise more than 0.2 wt. %, more than 0.5 wt. %, more than 0.8 wt.
Y%, more than 1.0 wt. %, more than 1.5 wi. %, more than 2.0 wi. %, more than 2.5 wt. %,
more than 3.0 wi. %, mors than 3.5 wt. %, more than 4.0 wt. %, or more than 4.5 wt. % of the
total gastric residence dosage form. In some embodiments, the capsule coating may comprise
less than 5.0 wt. %, less than 4.5 wt. %, less than 4.0 wt. 9%, less than 3.5 wi. %, less than 3.0
wi. %, iess than 2.5 wt. 9%, less than 2.0 wi. %, less than 1.5 wt. %, less than 1.0 wt. %, less

than 0.8 wi. %, or less than 0.5 wt. % of the total gastric residence dosage form.
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EXAMPLES

[68232] Provided below are various examples of the capsules and capsule coatings according

to embodiments provided herein.

[6233] Example 1: Provided below are testing data for various capsule coating compositions.
Spectifically, the data show the effects that different types and amounis of hydration aid can
have on dissolution of the capsule in both neutral {i.e., esophageal} and acidic {i.e., gasiric)
pH environments. Additionally, the data show tackiness of the capsules on storage, pan-~
coating processability ohservations, and static coefficient of friction (i.e., effects on
swallowing}. The polvmer used was Fudragit® E, the anti-tacking agent was magnesium
stearate, the plasticizer was friacetin, and the solvent used was isopropyl alcohol. The testing

was performed according to the techniques discussed i detail further below.

o fer Y% wiw Deployment Beployment 49°C175

Ov‘ e . Endragit £ {oesm) (in) relative Pan-coating CoF @ 2
hyidvation aid > ) i N i o iiae N
10 total solids polymer to pH 30 pE 7.0 humidity Processability min hold

~ i total solids Rocker Rocker Tackiness

EYYRTIRTYY
?.23 o Kollidon 23 01429 614226 Mo Yes 0.06+0.01
13.4% 7 18423 894156 | No Yes 0.0540.01
KoHidon 12 ) o ) - T
31.3%, o o o
21.5%% 62.5 15.9+2.1 33.6+9.5 No Yes 0.06+0.00

Kollidon 12

18.5% VAG4 1 741 20.6+2.6 3644 No Yes 0.05+0.01
313% VAs4 1 625 16.4+47 208+2.5 No Yes 0.06+0.01
21.4% 2 capsules gfﬁiiifesmted

e 714 171+2 46,6+ 162 stuck to °e . 0.06+0.01
PEGIO00 bottle during drying

T cvcle
31.2% s - N ; .
75 77+ 488+ 18 o 02+0.02

Manniiol 25¢ | 925 17.7+223 8.8+ 18 No Yes 0.08+0.02
bl a0 1%
2L4% HPMC 714 19.1+23 387+ 18 MNo Yes 0.13+0.03

15¢P

Table 1. Hydration aid testing results.

[0234] Example 2: [hfferent types of capsules were tested for deployment time. Both
unsiesved gastric residence systems and sieeved gastric residence systems were tested. The
sleeved gastric residence systems were sleeved on the arm side of the compacted/folded
gastric residence system. As shown in Table 2 below, gelatin capsules (Coni-Snap®}, HPMC
capsules {VCaps® Plus), and pullulan capsules (Planicaps®) were tested. In addition to
deplovment tume, observations on dissolution were also obtained. The sleeves used were size
OEL VCaps® Plus HPMC. The testing was performed according to the techruques discussed

in detail further below.
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GELATIN (Coni- oo @ P | PULLULAN
Snap®) HPMC (VCaps® Plus) (Plantcapst)

Deployment Time of
CAPSULE only with
Unsleeved Gastric
Residence System;
pH 3.8 Rocker

13.1 &3 min (8=3)

2.2 0.4 min (0=3)

1.6 +0.3 oun (n=3)

Reocker Deployment
Time of CAPSULES
+SLEEVED Gastrie
Residence System;
pH 3.8 Rocker

158 = 3.8 min (n=3)

7.4 + 2.8 min (5=3)

7.5 0.4 min (n=3)

Bissofution behavior

Slowly swells, softens but
stays intact, non-sticky
and floats

Rapidly disperses,
becomes sticky, settles
and disintegrates

Rapdly softens 1nto a gel,
disintegrates and slowly
dissolves

Seurce

Animal derived

Plant derived

Plant derived

Table 2. Capsule testing results.

{3235} Example 3: The deplovment time of gastric residence systers comprising a filament

and sleeved on the arm-side of and the deployment time of gastric residence systems

comprising a filament and sleeved on the core side was tested. Specifically, some gastric

residence systems, such as stellate-shaped gasiric residence systems, are configured to

compact/fold at the core. Thus, when compacted/folded, the gastric residence system has an

arm side and a core side {e.g., as shown in Figures 2, 5A-5C, and 6A). The example

described herein tesis the deployment time for gastiic residence systems that are compacted

and sleeved on an arm side and gastric residence svstems that are compacted and sleeved on a

core side.

{0236} Figures 8A-8G shows different sleeving and encapsulation configurations for gastric

residence systems comprising a filament. Specifically, Figure A shows a compacted/folded

gastric residence system 810A that is being sleeved on an arm side with sleeve 812A.

Compacted/folded gastric residence systermn 810A comprises a filament between each arm of

the gastric residence system. Thus, the filament of the gasiric residence system is covered by

sleeve B12ZA. Figure 8B shows gastric residence system 810A sleeved with sleeve 812A on

the arm side of the gastric residence system to form sleeved compacted/folded gastric

residence system 840B. Figure 8C shows a corapacted/folded gastric residence system 810C.

However, compacted/folded gastric residence system 810C is shown being sleeved on the

core side of the gastric residence svstem with sleeve 812C. Figure 8D shows

compacted/folded gastric residence system 810D sleeved with sleeve 812C on the core side

of the gastric residence system. Thus, unlike sleeved compacted/tolded gastric residence
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system 840B of Figure 8B, the webbing of compacted/folded gastric residence system 810C

1s not covered by sleeve 812C in sleeved compacted/folded gastric residence system 840D,

[6237] Figures 8E and 8F show different encapsulation configurations for sleeved
compacted/folded gastnic residence systems. Both sleeved compacted/folded gastric residence
system 840F of Figure 8E and sleeved compacted/folded gastric residence system 840F of
Figure 8F are sleeved on an arm side of the gasinic residence system. Further, Figure 8E
shows sleeved gastric residence system R40F being encapsulated with a two-piece capsule.
The cap of the two-piece capsule, cap 816F, is shown encapsulating the sleeved gastric
residence system on its core side, and the body of the two-pigce capsule, body 814F, is
shown encapsulating the sleeved gastric residence system on its sleeved arm side. Figure 8F
shows sleeved gastric residence system 840F being encapsulating with a two-~piece capsule.
However, unlike that of Figure 8E, the sleeved compacted/folded gastric residence system
R40F of Figure 8F is being encapsulated with the body of the two-piece capsule, body 814F,
encapsulating the core side, and the cap of the two-piece capsule, cap 816F encapsulating the

sleeved arm side of the gastric residence system.

160238] Figure 8G shows an encapsulated sleeved compacted/folded gastric residence system
3424

{0239} The sleeve used in these trials were VCaps® Plus HPMUC size 0. The sleeved gastric
residence systems were then encapsulated with a VCaps® Plus 00EL HPMC two-piece
capsule. Below, Table 3 shows deployment time data for arm-side sleeved gasiric residence
systems, and Table 4 shows deployment time data for core-side sleeved gastric residence
systems. The data of both Tables 3 and 4 was obtained using the Deplovment (Rocker) test at

pH 7, described in further detail below,

Capsule | Deployment time
# {min}
i 95.3
2 78.7
4 68.6
5 67.0
Average 78.6
StDev 11.6

Table 3. Armu-side sleeve deployment resulis.
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Capsule | Deployment time
# {min}
i 87.8
2 1302
3 107.7
4 31.9
5 55.6
6 71.0
7 101.0
8 84.8
9 85.7
10 55.0
Average 86.5
Sthev 22.5

Table 4. Core-side sleeve deplovment results.

[00246] As shown in Tables 3 and 4, the deplovment time of core-side sleeved gastric
residence systems and arm-side sleeved gastric residence systems are similar. Although the
average deplovment time of core-~side sleeved gasiric residence systems is slightly greater
than that of arm-side sleeved gastric residence systems, the difference is not enough to be
statistically significant. Thus, the deplovment time of arm-side gastric residence systems and
the deployment time of core-side gasiric residence systems, based on the data of Tables 3 and

4, may each be suitable and n some embodiments provide for similar outcomes.

{0241} Example 4: The deployment timne of gastric residence dosage forms comprising a
coated capsule with were tested with both sleeved and unsleeved gastric residence systems fo
evaluate the effect of the sleeve on deployment time. Based on the data reproduced in Table 5
below, the sleeved gastric residence systems took about an additional 6-7 munutes to deploy
in both a pH 7.0 environment (i.e., esophageal) and a pH 3.0 environment (i e, gastric}. The
sleeve that was used for the sleeved gastric residence systems was a size 0 V{aps® Plus
HPMC. The testing was performed according to the techniques discussed in detail further

below.

with sleeve” witheut sleeve
nH 7 Rocker Deployment Time | 644 £ 14 muin (n=8) 57.5+£6.2 min {(n=4)

pH 3 Rocker Deployment Time 27.6 =3 min (n=8) 21.2 + 1.5 nun (n=4)
Table 5. Deplovinent time for sleeve and unsleeved gastrc devices.

[0242] Example 5: Two different anti-tacking agents, talc and magnesium stearate, were

tested for static coefficient of friction and deplovment time. Twenty two weight-percent talc



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
47

to total solids was used and 4.6 wt. % magnesium stearate to total solids was used. The
reverse-enteric, low-{riction static coefficient polymer coatings tesied may help increase
slipperiness of a dosage form when used to coat the capsule. Anti-tacking agents, and in
particular, magnesium stearate, may also help increase the slipperiness of a dosage form by
lowering the static coefficient of the dosage form. A more slippery dosage form {1.e., having
a lower static coefficient of friction} can help minimize the risk of pill esophagitis. The

testing was performed according to the techniques discussed in detail further below.

{6243] Further, the static coefficient of friction at two nunutes for uncoated VCaps Plus
HPMC capsule was 0.35£0.04. However, the static coefficient of friction of VCaps® Plus
HPMC capsule coated with a formulation containing Eudragit E, dibuty! sebacate and
magnesium stearate was 0.06+0.01.This data indicates that a reverse-enteric coating of
Eudragit E in presence of magnesium stearate and dibutyl sebacate is efficient in reducing

friction during swallowing of an HPMC capsule.

{0244} As shown in Figure 9, both the dosage forms having the talc coating and the dosage
forms having the magunesium stearate coating have lower static coefficients of friction when
moist than the uncoated dosage form, indicating that both talc and magnesium stearate help

make the dosage form easier io swallow,

[6245] Below, in Table 6, the results show that both the talc-comprising coating and the
magnesium stearate~comprising coating yield acceptable deployment times in both a weally

acidic gastric environment (i.e., 3.0 pH) and an esophageal environment (1.e, pH 7.0},

Peployment Time (mia) pH 3.0 pH 7.8
Talc coating (23 mg) 23,5+ 2.1 nup 754 11 min
Mg Stearate coating (13 mg) 169 +2.6 min 587+ 113 min

Table 6. Deployvment time of coated gastuic residence dosage forms including either talc or magnesium stearate.

[0246] Example 6: Figures 10A and 10B show relationships between gastric residence
dosage form deplovment time and the total weight of the coating on the dosage form. As
shown in both Figures, as the individual coating weight of the gastric residence dosage form
mcreases, so too does the deployment tirne of the dosage form. The data in both Figure 10A
and Figure 10B were obtained by conducting a deployment test at pH 3.0 (i.e., weakly-acidic

gastric environment). The details of the deployment test are discussed in more detail below.
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[9247] Example 7: Gasingc residence dosage forms were dropped to test how physical impact
{e.g., due to processing, transport, etc.) may affect deployment time. Two groups of gastric
residence dosage forms were tested: one group was dropped and one group was not dropped.
As shown in Table 7 below, dropping the gastric residence dosage forms did not significantly
impact the depioyment time of the gasinc residence dosage forms in an aqueous pH 7.0
environment. This shows that the coating 1s robust enough to maintain protection against
esophageal deplovment even after experiencing a physical impact. The details of the drop test

and the deployment test are discussed in more detail below.

Deplovment Average
Group pH Sample 1D IR Beployment
Time (min} . .
Time (min}
1 46.45
Mot Bropped 7 2 46.8 3375
3 68
i 64.23
Dropped 7 2 52.62 59.04
3 60.28

Table 7. Deplovment time of dropped and undropped gastric residence dosage forms.

[06248] Example 8: Coated gastric residence dosage forms according to embodiments
provided herein were compared to uncoated gastric residence dosage forms. In particular, the
deployment times of coated and uncoated gastric residence dosage forms were tested in
agueous pH 3.0 and aqueous pH 7.0 environments. Figure 10 provides results of this test. The
uncoated gastric residence dosage forms were prepared using a VCaps® Plus sleeve and a
YCaps® Plus capsule. The coated gastric residence dosage forms were prepared using a
VCaps® Plus sleeve, a Vaps® Plus capsule, and were coated with a reverse-enieric coating
according to embodiments provided herein. In particular, the reverse-enteric coating mcluded
magnesium stearate as the anti-tacking agent, Eudragit® E PO as the reverse-enteric polymer,
and dibuty! sebacate as the plasticizer. The reverse-enteric coating did not include a hydration
aid. The deployment test was conducted with a lactate buffer; further details of the

deployment lest are provided below.

[0249] As shown in Figure 11, the deplovment times for the coated gastric residence dosage
forms at both an aqueous pH 3.0 environment and an agueous pH 7.0 environment were
greater than the deplovment time of the uncoated gastric residence dosage form at an agueous

pH 3.0 environment. It can be assumed that the deployment timne of an uncoated gastric
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residence dosage form at an aqueous pH 3.0 environment and at an aquecus 7.0 environment

will be approximately the same.

{3230} Example 9: Two types of gelatin shell formulations were evaluated for enrobing
gastric residence svstems. The components of the two formulations are provided in Table §,
below. The kev difference in the two formulations was their bloom strength and the presence
of a low molecular weight (3-6 kD) gelatin hydrolysate. The tow molecular weight gelatin
hydrolysate can allow faster hyvdration. Prior to enrobing, gastric residence systems were
folded/encapsulated in four different capsule and sleeve configurations shown in Table 9,

below. Enrobing was performed on each of the folded configurations for both gelatin

formulations.
Reagent Forsmulation 1 I‘i"ﬂrmulatian 2
= {(APPO73119) {APPOH72619)
150 Bloom Lime Bone Gelatin present N/A
115 Bloom Lime Bone Gelatin N/A present
RXL R"2 B )
Gelatin Hydrolysaic present N/A
Glyceorin, USP present present
Purified Water present present
Expected Bloom (g) 150-170 92-138

Table 8: Two gelatin shell formulations used for enrobing gastric residence systems.

Folded Gastric
Sublot R@ideznce Sy};ttﬂ}

Configuration
{encapsulation)

A 1 sleeve (arm-side), with

‘ capsule

B No sleeve, with capsule

. 1 sleeve (arm-side), no

’ capsule

D 2 sleeves (arm- & core-

side), ne capsule

Table 9: Configurations of folded gasiric residence system. Sz 00EL VCaps Plus Capsule, 87
{0 VCaps Plus Sleeve.

[#8281] The enrobed gastric residence systems were evaluated for appearance, dimension, and

deplovment turung at pH 3 (to simulate deployment in weak gastric pH conditions). Figure

12 shows the uncoated deplovment times for both enrobing formulations. No significant

difference was observed between the two formulations in terms of appearance and

dimensions. No significant difference in deployment times at pH 3 for Sublots A & B.

However, the deplovment tirnes at pH 3 for Sublots C & D have higher vaniability for
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Formulation 1 with the hydrolvsate compared to Formulation 2. Sublot C enrobed gastric
residence systems exhibit the fastest deployment times for both formulations. All uncoated
enrobed gastric residence systems deployed in less than 60 nuns at pH 3, except one i

Formulation 1--Sublot . Sublot I} took 85 mins to deploy at pH 3.

{0252] The deployment time of Sublot T enrobed gastric residence systems was also
evaluated at pH 7, which simulates esophageal environment, o assess the pH responsiveness
of the enrobing formulations. For both formulations, there was no significant impact of pH on

deplovment time,

{02583 Gastric residence systems enrobed with both formulations were then coated with an
Fudragit E based pH responsive coating. The processability, appearance and deployment
times of the coated enrobed gastric residence systems were assessed {as shown in Figure 13
& Table 10} Gastric residence svstems enrobed with the hvdrolysate contaming formulation
1 showed cracks in the shell afier the pan-coating process. Formulation 2 enrobed gastric
residence sysiems did not show any cracking and had shightly higher coating weight gamn

mdicating better coating adherence.

{0254} Figure 13 shows the deplovment times at both pH 3 & pH 7 for both enrobing
formulations. Formulation 1 enrobed gastric residence systems don’t show pH responsive
behavior for Sublots A, B & C posi-coating. However, coated enrobed gastric residence

systems with Formulation 2 show pH responsive behavior for all Sublots.

[025858] For example, in case of Formulation 2 Subplot C, the average deplovment time is
36+11 nun at pH 3 and 87+12 mun at pH 7. This provides a two-fold differential in
deployment time at pH 7 compared to pH 3 for this group of gastric residence systems. Such
a pH responsive behavior of coated enrobed gastric residence systems can provide sufficient

delay at esophageal pH while allowing rapid deployment in the gasiric environment.

Fi‘f’;ff;;giﬂ 1 (APPO7319) 2 (APPB72619)
Sublot A B C D A B ¢ D
{oating

Weight Gain | 33.5 | 325 | 268 | 253 | 356 | 368 | 293 30
{mg)

APPERFAnCE | oy g | Oracks |ooracks | o | Good | Good

after coating in shell | in shell

Table 10: Pan-coating processability observations of enrobed gastric residence systems.
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TESTING METHODS

{0236} Deployment Test: Deplovment time is defined as the amount of time it takes a gastric
residence system to assume an open configuration. To measure deplovment time, gasiric
residence dosage forms can be placed in 35 ml of the specified media on a laboratory rocker,
Specifically, a 450 mL jar comprising an 830 mm diameter, a 94 mum height, and a
polvtetrafluoroethylene-lined id was used. Once the gastric residence dosage form was
placed into the jar with the 35 mlb media, the jar was sealed, inverted, and immediately

placed on the laboratory rocker. The laboratory rocker was set at 30 cycles per nunute.

[0287] Varnous media were used depending on the testing conditions desirad. In some tests, a
phosphate buffered saline solwtion was used at either a pH of 7.0 (to replicate a human
esophageal pH condition) or a pH of 3.0 (to replicate a lumnan gastric weak acidic pH
condition). The 7.0 pH solution was prepared by dissolving 1.36 grams of monobasic
potassium phosphate, anhydrous, and 8.41 grams of sodium chloride in water and adjusting to
pH 7.0 with sodium hydroxide, then diluting to a final volume of 1.0 liters with water. The
3.0 pH solution was prepared by dissolving 1.36 grams of monobasic potassium phosphate,
anhydrous, and 8.41 grams of sodium chloride in water and adjusting to pH 3.0 with

hyvdrochloric acid, then diluting to a final volume of 1.0 liters with water.

[02588] Deployment tests were also conducted using a media of hydrochloric acid {pH 1.5)
with sodium chloride to replicate a human gasirie strong acidic pH condition. This solution
was prepared by dissolving 9.00 grams of sodium chloride in a solution of 1.5 pH

hydrochloric acid to a final volume of 1.0 hiters.

[0259] Tack on Storage: To measure tack, coated capsules were placed in containers and
stored for a specified duration (i.e., 1 week to 1 month). Five to ten coated capsules were
placed in each container and sealed with a twist~off cap having an integral foil liner. The
containers used were 40 c¢ or 60 cc wide-mouth pharmaceutical round bottles (Prug Plastics
Corp.). The coated capsules were held in the containers in a controlled chamber (g.g.,
humidity, temperature). Specific storage conditions that were tested include: room
temperature with low relative humidity (i.e.. fess than 40 %) and no ravon coil; room
temperature with high relative humidity (i.e., greater than 70 %) and no rayon ¢oil; room
iemperature with ambient relative humadity and a rayon coil, and 40°C with 75% relative

humadity. Tack on storage was evaluated by opening the cap at the conclusion of the
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specified duration and inverting the bottle to visually observe the sticking behavior of the

stored coated capsules.

{6268 Drop Test (Friability Test): Coated capsules were dropped through a two-foot long
piece of polyvinyl chloride (PVC) pipe onto a hard bench surface. The PVC pipe had a
diameter of approximately 1.5 inches. Each coated capsule was dropped five o ten times on
each rounded end. After each drop, the coated capsules were inspected under a microscope (o

observe any delamination or cracking.

{0261} Frictien Test: Squares of approximate three inches by three inches were cut from
sausage casing (LEM products Smoked Clear Edible Collagen Casing) and soaked in
detonized water for at least 30 minutes. One square was cut for each sample fo be tested. An
Instron tensile testing machine (Model 3342), shown in Figure 14A, was used with the static
coefficient of friction fixture (standard add-on) and a 10 N load cell. A custom sled was used
1o hold two capsules oriented horizontally in direct contact with the casing surface. Figures

14B and 14C show the custom sled.

18262} For each capsule sample, a hydrated casing square was laid on the testing surface and
flattened by wiping with a rubber scraper from the center to each edge to remove any air
bubbles and excess liquid located between the casing and the testing surface. Two capsule
samples were inseried imnto the slots on the custom machined sled. The sted was attached to a
nylon cord. The cord was passed through the fixture pulley and up to the hook on the 10N
load cell attached to the Instron crosshead. The sled was placed down on the casing, with
only the two capsules contacting the casing, in an orientation such that the direction of
movement as axial with respect to the capsules. The sled was let rest in place for a specified
aroount of tirne. Generally, the sled was let to rest in place for times from 2 to 10 minutes, to

reflect various swallowing times.

[60263] At the end of the hold time, the crosshead was caused to move upward at a speed of
150 mm/min, pulling the sled forward on the testing surface until a travel distance of 15 mm
was reached. The peak force which brought the sled in to motion was measured. The static
coefficient of friction for each pair of capsules was calculated by dividing the peak force by
the normal force exerted by gravity on the sled and capsules (the normal force exerted by
gravity on the sted and capsules was determuned based on sled and capsule weight). The static

coeflicients of friction for each capsule group were averaged and compared.
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EMBODIMENTS

{0264} The invention 1s further described by the following embodiments. The features of
gach of the embodiments are combinable with any of the other embodiments where

appropriate and practical,

[0265] Embodiment 1. A gastric residence dosage form comprising: a gastric residence
system in a folded configuration; a capsule encapsulating the gastric residence system in the
folded configuration; and a coating on the capsule, wherein the gastric residence dosage form
is configured to release the gastric residence system n a stomach of a patient, allowing the

gastric residence svstem {o assume an open configuration.

{0266} Embodiment 2. The gastric residence dosage form of embodiment 1, wherein
the gastric residence dosage form allows the gastric residence system to assume the open
configuration in a first amount of time when exposed to an aqueous pH 7.0 environment, and
the first amount of time is greater than a second amount of time for an uncoated gastric
residence dosage form comprising an uncoated capsule io allow a gasiric residence system
io assume an open configuration when the uncoated gasiric residence dosage form is

exposed to the aqueous pH 7.0 environment,

{6267} Embodiment 3. The gastric residence dosage form of embodiment 2, wherein

the first amount of time is at least 1 mimite greater than the second amount of time.

{0268} Embodiment 4. The gastric residence dosage form of embodiment 2, wherein
the gastric residence dosage form allows the gastric residence system o assume the open

configuration m at least 20 nunutes when exposed to the aqueous pH 7.0 environment.

{0269} Embodiment 5. The gastric residence dosage form of embodiment 2 or 4,
wherein the gastric residence dosage form allows the gastric residence system to assume the

open configuration in at least 30 minutes when exposed to the aqueous pH 7.0 environment.

{0278} Embodiment 6. The gasirnic residence dosage form of anv of embodiments 1-5,
wherein the gastric residence dosage form allows the gastric residence systern to asswme the
open configuration in a third amount of time when exposed to an aqueous pH 3.0
environment, and the third amount of time is greater than a fourth amount of time for an

uncoated gastric residence dosage form comprising an uncoated capsule to allow a gastric
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residence system to assume an open configuraiion when the uncoated gastric residence

dosage form is exposed to the agueous pH 3.0 environment.

{6271} Embodiment 7. The gastric residence dosage form of embodiment 6, wherein

the third amount of time 15 at least 15 seconds greater than the fourth amount of tirne.

{0272} Embodiment & The gastric residence dosage form of embodiment 6 or 7,
wherein the gastric residence dosage form allows the gastric residence system to assume the

open configuration in less than 30 mumutes when exposed to the aqueous pH 3.0 environment.

18273} Embodiment 9, The gasiric residence dosage form of any of embodiments 6-8,
wherein the gastric residence dosage form allows the gastric residence system to assume the

open configuration in less than 15 minutes when exposed to the aqueous pH 3.0 environment.

{6274} Embodiment 10, The gastiic residence dosage form of any of embodiments 1-9,
comprising a sleeve, wherein the steeve surrounds at least a portion of the gastric residence

system in the folded configuration.

{0275} Embodiment 11, The gastric residence dosage torm of any of embodiments 1-10,

wherein the coating comprises a reverse-enteric polymer,

{0276} Embodiment 12. The gastric residence dosage form of embodiment 11, wherein

the reverse-enteric polvmer comprises a poly methacrylate-based polymer.

18277} Embodiment 13, The gasiric residence dosage form of any of embodiments 1-12,

wherein the coating comprises an anti-tacking agent.

{6278} Embodiment 14, The gastric residence dosage form of embodiment 13, wherein

the anti-tacking agent comprises at least one of talc or magnesium stearate.

6279} Embodiment 15, The gastric residence dosage form of anv of embodiments 1-14,

wherein the coating comprises a plasticizer.

{0288} Embodiment 16. The gastric residence dosage form of embodiment 15, wherein
the plasticizer comprises at least one of a phthalate, a phosphate, a citrate, a tarirate. an
adipate, a sebacate, a sulfonamide, a succinate, a glycolate, a glvcerolate. a benvoate, a

myristate, a polyethviene glycol, a halogenated phenyl, or a poloxamer.



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
55

{0281} Embodiment 17. The gastric residence dosage form of embodiment 15 or 16,

wherein the plasticizer comprises al least one of {riacetin or dibuty] sebacate.

{0282} Embodiment 13, The gastric residence dosage form of any of emsbodiments 1-17,

wherein the coating comprises a hydration aid.

{0283} Embodiment 19. The gastric residence dosage form of embodiment 18, wherein
the hvdration aid comprises at least one of a polyvvinyipvrrolidone, a vinvipyrrolidone-vinyl

acetate copolymer, a polvethylene glveol, mamnitol, or hvdroxypropyl methylcellvlose.

18284] Embodiment 20, The gasiric residence dosage form of any of embodiments 1-19,

wherein the coating comprises from 50 to 95 wt. % reverse-enteric polymer.

[028%] Embodiment 21, The gastric residence dosage form of any of embodiments 1-20,

wherein the coating comprises from 3 to 25 wit. % anti-tacking agent.

{68286} Embodiment 22. The gastiic residence dosage form of any of embodiments 1-21,

wherein the coating comprises from 1 to 20 wi. % plasticizer.

{02871 Embodiment 23 The gastric residence dosage form of any of emsbodiments 1-22,

wherein the coating comprises from 3 to 35 wt. % hydration aid.

{0288} Embodiment 24, The gastric residence dosage form of embodiment 10, wherein

the sleeve comprises at least one of gelatin, hydroxypropyl methvicellulose, or puihian.

{028%] Embodiment 25, The gasinc residence dosage form of anv of embodimenis 1-24,
wherein the capsule comprises at least one of gelatin, hydroxypropy! methylcellulose, or

puliulan.

[0296] Embodiment 26, The gastric residence dosage formo of any of embodiments 1-25,

wherein the gastric residence dosage form is used to treat a patient.

6291} Embodiment 27, The gastric residence dosage form of claim 26, wherein the

patient is a human.

[6292] Embodiment 28, A coating for an encapsulated gastric residence system, the
coating comprising: 50-935 wt. % reverse-enteric polvmer; 3-25 wt. % anti-tacking agent; and

1-20 wt. % plasticizer.
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{6293} Embodiment 29, The coating of embodiment 28, wherein the coating is on a

surface of a capsule, forming a coated capsule.

{0294} Embodiment 30, The coating of embodiment 29, wherein the coated capsule
encapsulates a gastric residence system to form a gastric residence dosage form, wherein the
eastric residence dosage form is configured o release the gastric residence systemina

stomach of a patient, allowing the gastric residence system to assume an open configuraiion,

{0285} Embodiment 31, The coating of any of embodiments 28-30, comprising 5 to 35

wi. % hydration aid.

[0296] Embodiment 32. The coating of embodiment 31, wherein the hydration aid
comprises at feast one of a polyvinylpyrrolidone, a vinvipyrrolidone-vinyl acetate copolymer,

a polyethyiene glycol, mannitol, or hydroxypropyl methylcellulose.

{62971 Embodiment 33, The coating of any of embodiments 28-32, wherein the reverse-

enteric polvmer comprises a polymethacrylate-based polvimer.

{0298} Embodiment 34, The coating of any of embodiments 28-33, wherein the anti-

tacking agent comprises at least one of talc or magnesium stearate.

{0299} Embodiment 35, The coating of any of embodiments 28-34, wherein the
plasticizer comprises a phthalate, a phosphate, a citrate, a tartrate, an adipate, a sebacate, a
sulfonamide, a succinate, a glycolate, a glycerolate, a benzoate, a mvristate, a polyethviene

glvcol, a halogenated phenvl, or a poloxamer.

{03060} Embodiment 36. The coating of any of embodiments 28-35, wherein the

plasticizer comprises at least one of triacetin and dibutyl sebacate.

{0361} Embodiment 37. The coating of any of embodiments 28-36, wherein the coating

ts soluble in an agueous solution.

[68302] Embodiment 38, The coating of any of embodiments 28-37, wherein the coating

1s soluble in an organic solution.

{0363} Embodiment 39. The coating of any of embodiments 30-38, wherein the gastric
residence dosage form alfows the gastric residence sysiem to assume the open configuration

in a first amount of time when exposed to an agueous pH 7.0 environment, and the first
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amount of time is greater than a second amount of time for an uncoated gastric residence
dosage form comprising an uncoaled capsule to allow a gastric residence sysiem {0 assume an
open configuration when the uncoated gastric residence dosage form 1s exposed to the

agqueous pH 7.0 environment,

{0364} Embodiment 40, The coating of embodiment 39, wherein the first amount of

fime 15 at east 1 minute greater than the second amount of time,

18365] Embodiment 41, The coating of embodiment 39 or 40, wherein the gastric
residence dosage form allows the gastric residence system to assume the open configuration

1 at least 20 minutes when exposed to the aqueous pH 7.0 environment.

10306} Embodiment 42. The coating of any of embodiments any of claims 39-41,
wherein the gastric residence dosage form allows the gastric residence svstem to assume the

open configuration n at least 30 nunutes when exposed to the aqueous pH 7.0 environment.

{3307} Embodiment 43, The coating of any of embodiments 30-42, wherein the gastric
residence dosage form allows the gastric residence sysiem to assume the open configuration
in a third amount of time when exposed {0 an agueous pH 3.0 environment, and the third
amount of tirse 1s greater than a fourth amount of time for an uncoated gastric residence
dosage form comprising an uncoated capsule to allow a gastric residence system to assume an
open configuration when the uncoated gastric residence dosage form is exposed to the

aqueous pH 3.0 environment.

[1308] Embodiment 44, The coating of embodiment 43, wherein the third amount of

time s at least 15 seconds greater than the fourth amount of time.

{3309} Embodiment 43, The coating of embodiment 43 or 44, wherem the gastric
residence dosage form allows the gastric residence sysiem to assume the open configuration

in less than 30 minutes when exposed to the aqueous pH 3.0 environment.

{0318} Embodiment 46, The coating of any of embodiments 43-45, wherein the gastric
residence dosage form allows the gastric residence system to assume the open configuration

i less than 15 minutes when exposed to the agqueous pH 3.0 environment.

{0311} Embodiment 47. A gastric residence dosage form comprising the coating of any

of embodiments 30-46, wherein the gastric residence dosage form is used to treat a patient.
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{0312} Embodiment 48, The gastric residence dosage form of embodiment 47, wherein

the patient 1s a human.

{6313} Embodiment 49, A method of making a gastric residence dosage {orm
comprising: encapsulating a gastric residence system in a folded configuration with a capsule;
and coating the capsule with a reverse-enieric coating to form a gastric residence dosage

form.

§314] Embodiment 30 The method of embodiment 49, comprising binding the gasiric
P & g g

residence system in the folded configuration with a sleeve prior to encapsulating.

[0315] Embodiment 51, The method of embodiment 49 or 30, wherein coating the

capsule with a reverse-enteric coating comprises pan-coating the capsule.

#8316} Embodiment 52, The method of any of embodiments 49-51, wherein the reverse-

enteric coating comprises a reversg-enteric polymer, an anti-tacking agent, and a plasticizer,

{6317} Embodiment 33, The method of embodiment 52, wherein the anti-tacking agent

comprises at least one of talc or magnesium stearate.

{3318} Embodiment 54, The method of embodiment 52 or 53, wherein the plasticizer
comprises at least one of a phthalate, a phosphate, a citrate, a tarirate, an adipate, a sebacate, a
sulfonamide, a succinate, a glvcolate, a glycerolate, a benzoate, a myristate, a polyethyiene

glveol, a halogenated phenvl, or a poloxamer.

[0319] Embodiment 55, The method of any of embodiments 52-54, wherein the

plasticizer comprises at least one of triacetin or dibutyl sebacate.

{60320} Embodiment 56, The method of any of embodiments 49-535, wherein the reverse-

enteric coating comprises a hydration aid.

#8321} Embodiment 57, The method of embodiment 56, wherein the hydration aid
comprises at least one of a polvvinvipyrrolidone, a vinvipyrrolidone-vinyl acetate copolymer,

a polvethyiene glvcol. mannitol, or hvdroxypropyl methylcellulose.

{06322} Embodiment 58, The method of any of embodiments 49-37, wherein the capsule

comprises af least one of gelatin, hvdroxypropyl methvicellulose, or pulivlan.
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#8323} Embodiment 59, The method of embodiment 50, wherein the slesve comprises at

teast one of gelatin, hydroxypropyl methylcellulose, or pullulan,

{6324} Embodiment 60. The method of any of embodiments 49-59, wherein the gastric
residence dosage form is configured to release the gastric residence system in a stomach of a

patient, allowing the gastric residence system to assume an open configuration.

{0325} Embodiment 61, The method of any of embodiments 60, wherein the gastric
residence dosage form allows the gastric residence sysiem to assume the open configuration
in a first aroount of time when exposed to an aqueous pH 7.0 environrnent, and the first
amount of time is greater than a second amount of time for an uncoated gastric residence
dosage form comprising an uncoated capsule to allow a gastric residence sysiem {0 assume an
open configuration when the uncoated gastric residence dosage form is exposed to the

agqueous pH 7.0 environment,

{0326} Embodiment 62, The method of embodiment 61, wherein the first amount of

time is at least T minute greater than the second amount of time.

{0327} Embodiment 63, The method of embodiment 60 or 61, wherein the gastric
residence dosage form allows the gastric residence sysiem to assume the open configuration

i at least 20 minutes when exposed to the aqueous pH 7.0 environment.

00328] Embodiment 64, The method of any of embodiments 60-63, wherein the gastric
residence dosage form allows the gasiric residence system to assume the open configuration

i at least 30 minutes when exposed to the aqueous pH 7.0 environment.

63291 Embodiment 65, The method of any embodiments 60-64, wherein the gastric
residence dosage form allows the gastric residence system to assume the open configuration
in a third amount of time when exposed to an aqueous pH 3.0 environment, and the third
amount of time is greater than a fourth amount of time for an uncoated gastric residence
dosage form comprising an uncoated capsule to allow a gasiric residence system to assume an
open configuration when the uncoated gastric residence dosage form is exposed to the

aqueous pH 3.0 environment.

#8338} Embodiment 66, The method of embodiment 65, wherein the third amount of

time is at least 15 seconds greater than the fourth amount of time.
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{8331} Embodiment 67, The method of embodiment 65 or 66, wherein the gastric
residence dosage form allows the gastric residence system (o assume the open configuration

in less than 30 minutes when exposed to the agueous pH 3.0 environument.

{3332} Embodiment 68, The method of any of embodiments 65-67, wherein the gastric
esidence dosage form aliows the gastric residence system to assume the open configuration

in less than 15 minutes when exposed to the agueous pH 3.0 environment.

{6333} Embodiment 69, A gastric residence dosage form made using the method of any

of embodiments 49-68, wherein the gastric residence dosage form is used to treat a patient.

{6334} Embodiment 70. The gastric residence dosage form of embodiment 69, wherein

the patient 15 a human.

#3358} Embodiment 71. A coated dosage form comprising: a dosage form; and a coating
comprising a reverse-enteric polyvmer coating the dosage form, wheremn

static coef ficient of friction of coated dosage form

< 0.8

static coef ficient of friction of uncoated dosage form =

{0336} Embodiment 72. The coated dosage form of embodiment 71, wherem the coating

comprises magnesium siearate.

18337} Embodiment 73. The coated dosage form of emmbodiment 71 or 72, wherein the

dosage form comprises one of a tablet, a capsule, or an enrobed gastric residence system.
[0338]

{60339] Embodiment 74, The coated dosage form of embodiment 73, wherein the dosage

form comprises a capsule.

{88348} Embodiment 75, The coated dosage form of claim 74, wherein the capsule

encapsulates a gastric residence sysiem.

{341} Embodiment 76. The coated dosage form of any of embodiments 71-75, wherein

a static coefficient of friction of the coated dosage form is less than 0.3

{0342} Embodiment 77, The coated dosage form of embodiment 71-76, wherein the

static coafficient of friction of the coated dosage form is less than 0.2,
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{88343} Embodiment 78. The coated dosage form of embodiment 71-77, wherein the

static coefficient of friction of the coated dosage form is less than 0.1

[#1344] Embodiment 79, The coated dosage form of any of embodiments 71-78, wherein
static coef ficient of friction of coated dosage form < 05

static coef ficient of friction of uncoated dosage form -0

{6345} Embodiment 80. The coated dosage form of anv of emboduments 71-79, wherein

the static coefficient of friction is at least 0.08 less than that of an uncoated dosage form.

{6346} Embodiment 81, The coated dosage form of anv of embodiments 71-80, wherein
the static coefficient of friction of the coated dosage form ig at least 0.15 less than that of an

uncoated dosage form.

#8347} Embodiment 82, The coated dosage form of any of embodiments 71-81,
wherein the static coefficient of friction of the coated dosage form 1s at least 0.2 less than that

of an uncoated dosage form.

{0348} Embodiment &3, The coated dosage form of anv of embodiments 71-82, wherein

the reverse-enteric polymer comprises a polymethacrylate.

{0349} Embodiment 84, The coated dosage form of any of embodiments 71-83,the

coating comprises 10 to S0 wi. % reverse-enteric polymer.

{0356} Embodiment 85, The coated dosage form of anv of emboduments 71-84, wherein

the coating comprises an anti-tacking agent.

{0351} Embodiment 86. The coated dosage form of any of embodiments 71-85, wherein

the anti-tacking agent comprises talc.

#3582} Embodiment 87, The coated dosage form of embodiments 85 or 86, the coating

comprises S 1o 30 wi. % anti-tacking agent.

[3383] Unless defined otherwise, all terms of art, notations and other technical and scientific
terms or terminology used herein are intended to have the same meaning as is conmumonly
understood by one of ordinary skill in the art to which the claimed subject matter pertains. In

some cases, terms with commonly undersiood meanings are defined herein for clarity and/or
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for ready reference, and the inclusion of such definitions herein should not necessanly be

construed to represent a substantial difference over what is generally understood in the art.

[3384] Reference to “about” a value or parameter herein includes {(and describes) varations
that are directed to that value or parameter per se. For example, description referring to

“about X includes description of “X”.

{0355] As used herein, the singular forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise. It1s also to be understood
that the term “and/or” as used herein refers to and encompasses any and all possible
combinations of one or more of the associated listed ttems. It is further to be understood that
the terms “includes, “including,” “comprises,” and/or “comprising,” when used herein,
specify the presence of stated features, integers, steps, operations, elements, components,
and/or units but do not preclude the presence or addition of one or more other features,

mtegers, steps, operations, elements, components, units, and/or groups thereof.

{0356] This application discloses several numerical ranges in the text and figures. The
numerical ranges disclosed inherently support any range or value within the disclosed
numerical ranges, including the endpoints, even though a precise range limtation is not stated
verbatim in the specification because this disclosure can be practiced throughout the

disclosed numerical ranges.

{0387} The foregoing description, for the purpose of explanation, has been described with
reference to specific embodiments. However, the dlustrative discussions above are not
mtended to be exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. The embodiments
were chosen and described in order to best explain the principles of the techniques and thewr
practical applications. Others skilled i the art are thereby enabled to best utilize the
techniques and various embodiments with various modifications as are suited to the particular

use contemplated.

[6388] Although the disclosure and examples have been fully described with reference to the
accompanying figures, 11 1s to be noted that various changes and modifications will become
apparent 1o those skilled in the art. Such changes and modifications are to be understood as

being included within the scope of the disclosure and examples as defined by the claims.
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CLAIMS
1. A gastric residence dosage {orm comprising:

a gastric residence system in a folded configuration;

a capsule encapsulating the gastric residence syvstem in the folded configuration;
and

a coating on the capsule,

wherein the gastric residence dosage form is configured to release the gastric
residence system in a stomach of a patient, allowing the gastric residence system to

assume an open configuration.

2. The gastric residence dosage form of claim 1, wherein the gastric residence
dosage form allows the gastric residence system to assume the open configuration in a
first amount of time when exposed 1o an agueous pH 7.0 environment, and the first
amount of time 1s greater than a second amount of time for an uncoated gastric residence
dosage form comprising an uncoated capsule to allow a gastric residence systerm to
assume an open configuration when the uncoated gastric residence dosage form is

exposed to the agueous pH 7.0 environment.

3. The gastric residence dosage form of claim 2, wherein the first amount of tire 1s

at feast 1 minute greater than the second amount of time.

4. The gastric residence dosage form of claim 2, wherein the gastric residence
dosage form allows the gastric residence system to assume the open configuration in at

feast 20 munutes when exposed to the aqueous pH 7.0 environment.

5. The gastric restdence dosage form of claim 2 or 4, wherein the gastric residence
dosage form allows the gastric residence system to assume the open configuration in at

teast 30 minutes wheun exposed to the agueous pH 7.0 environment.

6. The gastric residence dosage form of any claims 1-5, wherein the gastric
residence dosage form allows the gasiric residence system to assume the open
configuration in a third amount of time when exposed o an aqueous pH 3.0
environment, and the third amount of time s greater than a fourth amount of time for an

uncoated gastric residence dosage form comprising an uncoated capsule to allow a
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gastric residence system to assume an open configuration when the uncoated gastric

residence dosage form s exposed to the aqueous pH 3.0 environment.

7. The gastric residence dosage form of claim 6, wherein the third amount of time is

at teast 15 seconds greater than the fourth amount of time.

8. The gastric residence dosage form of claim 6 or 7, wherein the gastric residence
dosage form allows the gasiric residence system to assume the open configuration in less

than 30 minutes when exposed to the agueous pH 3.0 environment.

9. The gastric residence dosage form of any of claims 6-8, wherein the gastric
residence dosage form allows the gastric residence system to assume the open

configuration in less than 15 minutes when exposed to the agueous pH 3.0 environment.

10. The gastric residence dosage form of any of claims 1-9, comprising a sleeve,
wherein the sleeve surrounds at least a portion of the gasinc residence system in the

folded configuration.

1. The gastric residence dosage form of any of claims 1-10, wherein the coating

comprises a reverse-enteric polvmer.

12, The gastric residence dosage form of claim 11, wherein the reverse-enteric

polymer comprises a polymethacrylate-based polymer.

13. The gastric residence dosage form of any of claims 1-12, wherein the coaling

comprises an anti-tacking agent,

14, The gastric residence dosage form of claim 13, wherein the anti-tacking agent

comprises at feast one of talc or magnesium stearate.

15, The gastric residence dosage form of any of claims 1-14, wherein the coating

comprises a plasticizer.

16.  The gastric residence dosage form of claim 15, wherein the plasticizer comprises
at least one of a phthalate, a phosphate, a citrate, a tartrate, an adipate, a sebacate, a
sulfonamide, a succinate, a glycolate, a glyvcerolate, a benzoate, a myristate, a polvethylene

elvcol, a halogenated phenyl, or a poloxamer.
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17.  The gastric residence dosage form of claim 15 or 16, wherein the plasticizer

comprises at least one of triacetin or dibutyl sebacate.

18.  The gastric restdence dosage form of any of claims 1-17, wherein the coating

comprises g hvdration aid.

19, The gastric residence dosage form of claim 18, wherein the hydration aid
comprises at least one of a polyvinylpyrrolidone, a vinylpyrrolidone-vinyl acetate

copolvmer, a polvethylene glycol, mannitol, or hvdroxypropvl methylcellulose.

20. The gastric residence dosage form of any of claims 1-19, wherein the coaling

comprises from 30 to 95 wt. % reverse-enteric polymer.

21, The gastric residence dosage form of any of claims 1-20, wherein the coating

comprises from 3 {o 25 wt. % anti-tacking agent.

22, The gastric residence dosage form of any of claims 1-21, wherein the coating

comprises from 1 to 20 wi. % plasticizer.

23 The gastric restdence dosage form of any of claims 1-22, wherein the coating

comprises from 3 to 35 wt. % hydration aid.

24, The gastric restdence dosage form of claim 10, wherein the sleeve comprises at

feast one of gelatin, hydroxypropyl methyiceliulose, or puliulan.

25.  The gastric residence dosage form of any of claims 1-24, wherein the capsule

comprises at least one of gelatin, hydroxypropyl methylcelulose, or pullulan.

26.  The gastric residence dosage form of any of claims 1-25, wherein the gastric

residence dosage form is used to ireat a patient.
27.  The gastric residence dosage form of clair 26, wherein the patient 1s a human.

28. A coating for an encapsulated gastric residence system, the coating comprising:
50-95 wt. % reverse-enteric polyvmer;
3-25 wt. % anti-tacking agent; and

1-20 wt. % plasticizer.
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29.  The coating of claim 28, wherein the coating is on a surface of a capsule, forming

a coated capsule.

30. The coating of claim 29, wherein the coated capsule encapsulates a gastric
residence system to forr a gastric residence dosage form, wherein the gastric residence
dosage form is configured to release the gastric residence system in a stomach of a

patient, allowing the gastric residence system (o assume an open configuration.

31 The coating of any of claims 28-30, comprising 5 to 35 wt. % hydration aid.
32. The coating of claim 31, wherein the hydration aid comprises at least one of a

polyvinylpyrrolidone, a vinylpyrrolidone-vinyl acetate copolvmer, a polyvethylene glveol,

mannitol, or hydroxypropyl methylceliuiose.

33. The coating of any of claims 28-32, wherein the reverse-enteric polymer

comprises a polymethacrylate-based polymer,

34,  The coating of any of claims 28-33, wherein the anti-tacking agent comprises at

least one of talc or magunesium stearate.

35, The coating of any of claims 28-34, wherein the plasticizer comprises a phthalate,
a phosphate, a citrate, a tartrate, an adipate, a sebacate, a sulfonamide, a succinate, a
elvcolate, a glvcerolate, a benzoate, a myrisiate, a polyethyiene glycol, a halogenated phenvli,

or a poloxamer.

36.  The coating of any of claims 28-35, wherein the plasticizer comprises at least one

of iriacetin and dibutyl sebacate.

37.  The coating of anv of claims 28-36, wherein the coating is soluble in an aqueous

solution.

38, The coating of any of claims 28-37, wherein the coating is soluble in an organic

solution.

39, The coating of any of claims 30-38, wherein the gastric residence dosage form
allows the gastric residence system to assume the open configuration in a first amount of
time when exposed to an agueous pH 7.0 environment, and the first amount of time is

greater than a second amount of time for an uncoaled gastric residence dosage form
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comprising an uncoated capsule o allow a gastric residence svstem o assume an open
configuration when the uncoated gastric residence dosage form is exposed o the agueous

pH 7.0 environment.

40.  The coating of claim 39, wherein the first amount of tirne 1s at least 1 nunute

ereater than the second amount of time.

41, The coating of claim 39 or 40, wherein the gastric residence dosage form allows
the gastric restdence sysiem to assume the open configuration in at least 20 minutes

when exposed to the aqueous pH 7.0 environment.

42, The coating of any of claims any of claims 39-41, wherein the gastric residence
dosage form allows the gastric residence system to assume the open configuration in at

feast 30 minutes when exposed to the agueous pH 7.0 environment.

43, The coating of any of claims 30-42, wherein the gastric residence dosage form
allows the gastric residence systern to assume the open configuration in a third amount
of time when exposed to an aqueous pH 3.0 environment, and the third amount of time is
ereater than a fourth amount of time for an uncoaied gastric residence dosage form
comprising an uncoated capsule to allow a gasiric residence system o assume an open
configuration when the uncoated gastric residence dosage form 15 exposed to the agueous

pH 3.0 environment.

44, The coating of claim 43, wherein the third amount of time is at least 15 seconds

greater than the fourth amount of tirne.

45, The coating of claim 43 or 44, wherein the gastric residence dosage form allows
the gastric residence system to assume the open configuration in less than 30 nminutes

when exposed to the aqueous pH 3.0 environment,

46.  The coating of any of claims 43-45, wherein the gastric residence dosage form
allows the gastric residence system to assume the open configuration in less than 1S

ninutes when exposed to the agqueous pH 3.0 environment.

47 A gastric residence dosage form comprising the coating of any of claims 30-46,

wherein the gastric residence dosage form is used to freat a patient.
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48.  The gastric residence dosage form of claim 47, wherein the patient is a human.

49 A method of making a gastric residence dosage form comprising:

encapsulating a gasiric residence system in a folded configuration with a capsule;
and
coating the capsule with a reverse-enteric coating to form a gasiric residence

dosage form.

50. The method of claim 49, comprising binding the gasiric residence system in the

folded configuration with a sleeve prior to encapsulating.

51, The method of claim 49 or 30, wherein coating the capsule with a reverse-enteric

coating comprises pan-coating the capsuie,

52, The method of any of claims 49-51, wherein the reverse-enteric coating

comprises a reverse-enteric polver, an anti~lacking agent, and a plasticizer.

53, The method of claim 52, wherein the anti-tacking agent comprises at least one of

talc or magnesium siearate,

54, The method of claim 52 or 33, wherein the plasticizer comprises at least one of a
phthalate, a phosphate, a citrate, a tarirate, an adipate, a sebacate, a sulfonamide, a succinate,
a glvcolate, a glycerolate, a benzoate, a myristate, a polyethylene glycol, a halogenated

phenvl, or a poloxamer.

55 The method of any of claims 52-54, wherein the plasticizer comprises at least one

of iriacetin or dibutv! sebacate.

56.  The method of any of claims 49-55, wherein the reverse-enteric coating

comprises a hydration aid.

57. The method of claim 36, wherein the hydration aid comprises at least one of a
polyvinvipyrrolidone, a vinylpyrrolidone-vinyl acetate copolymer, a polvethylene glycol,

mannitol, or hydroxypropyv! methylcellulose.

38, The method of any of claims 49-57, wherein the capsule comprises at least one of

gelatin, hydroxvpropvl methylcellulose, or pullulan.
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59, The method of claim 50, wherein the sleeve comprises at least one of gelatin,

hvdroxypropyl methylcellulose, or pullulan.

60.  The method of any of claims 49-39, wherein the gasiric residence dosage form is
configured to release the gastric residence system 1n a stomach of a patient, allowing the

castric residence svstem to assume an open configuration.

61.  The method of any of claims 60, wherein the gastric residence dosage form
allows the gastric residence system to assume the open configuration in a first amount of
time when exposed to an agueous pH 7.0 environment, and the first amount of time 1s
greater than a second amount of fime for an uncoaied gastric residence dosage form
comprising an uncoated capsule o allow a gastric residence svstem o assume an open
configuration when the uncoated gastric residence dosage form is exposed o the agueous

pH 7.0 environment.

62. The method of claim 61, wherein the first amount of time is at least 1 minute

ereater than the second amount of time.

63.  The method of claim 60 or 61, wherein the gasiric residence dosage form aliows
the gastric restdence svsiem to assume the open configuration in at least 20 minutes

when exposed to the aqueous pH 7.0 environment.

64.  The method of any of claims 60-63, wherein the gastric residence dosage form
allows the gastric residence system to assume the open configuration in at least 30

minuies when exposed (o the agqueous pH 7.0 environment.

65.  The method of any claims 60-64, wherein the gastric residence dosage form
allows the gastric residence systern to assume the open configuration in a third amount
of time when exposed to an aqueous pH 3.0 environment, and the third amount of time is
ereater than a fourth amount of time for an uncoaied gastric residence dosage form
comprising an uncoated capsule to allow a gasiric residence system o assume an open
configuration when the uncoated gastric residence dosage form is exposad to the agueous

pH 3.0 environment.

66. The method of claim 65, wherein the third amount of time is at least 15 seconds

greater than the fourth amount of timne.
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67.  The method of claim 65 or 66, wherein the gastric residence dosage form allows
the gastric residence system to assume the open configuration in less than 30 minutes

when exposed to the aqueous pH 3.0 environment.

68.  The method of any of claims 65-67, wherein the gastric residence dosage form
allows the gasiric residence system to assume the open configuration in fess than 15

minutes when exposed to the agueous pH 3.0 environment,

69. A gastric residence dosage form made using the method of any of claims 49-68,

wherein the gasiric residence dosage torm is used to treat a patient.

70.  The gastric residence dosage form of claimn 69, wherein the patient 1s a human.
71. A coated dosage form comprising:

a dosage form; and
a coating comprising a reverse-enteric polymer coating the dosage form,

static coef [icient of friction of coated dosage form )
g & J A e 8

wherein —— — e - <
static coefficient of friction of uncoatfed dosage form

72 The coated dosage form of claim 71, wherein the coating comprises magnesium
stearate.
73. The coated dosage form of claim 71 or 72, wherein the dosage {orm comprises one of

atablet, a capsule, or an enrobed gastric residence system.
74. The coated dosage form of claim 73, wherein the dosage form comprises a capsule.

75. The coated dosage form of claim 74, wherein the capsule encapsulates a gastric

residence system.

76. The coated dosage form of any of claims 71-75, wherein a static coefficient of friction

of the coated dosage form is less than 0.3,

77. The coated dosage form of any of claims 71-76, wherein the static coefficient of

friction of the coated dosage form is less than 0.2,

78. The coated dosage form of claim any of claims 71-77, wherein the static coefficient of

friction of the coated dosage form is less than 0.1,
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79. The coated dosage form of any of claims 71-78, wherein

static coef ficient of friction of coated dosage form < 05
< U0,

static coef ficient of friction of uncoated dosage form ™

80. The coated dosage form of anv of claims 71-79, wherein the static coefficient of

friction is at least (.08 less than that of an uncoated dosage form.

&1. The coated dosage form of any of claims 71-80, wherein the static coeflficient of

friction of the coated dosage form is at least 0.15 less than that of an uncoated dosage form.

82. The coated dosage form of any of claims 71-81, wherein the static coefficient of

friction of the coated dosage form is at least 0.2 less than that of an uncoated dosage form.

83, The coated dosage form of any of claims 71-82, wherein the reverse-enteric polymer

comprises a polymethacrylate.

34, The coated dosage form of any of claims 71-83 the coating comprises 10 to 50 wi. %

reverse-enteric polymer,

83.  The coated dosage form of anv of claims 71-84, wherein the coating comprises an

anti-tacking agent.

86.  The coated dosage form of any of claims 71-85, wherein the anti-tacking agent

comprises talc.

87. The coated dosage form of claim 85 or 86, the coating comprises 5 to 30 wt. % anti-

tacking agent.



WO 2020/191229 PCT/US2020/023704

— 102

FIG. 1B



WO 2020/191229 PCT/US2020/023704

FIG. 1C

FIG. 2



WO 2020/191229 PCT/US2020/023704

FIG. 3A FIG. 3B

FIG. 3C FIG. 3D



WO 2020/191229 PCT/US2020/023704
4/14
/412
Pl

FIG. 4A FIG. 4B
,.//412
; i 40 15
410
/414
_,,//414
N \__/

FIG. 4C FIG. 4D



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704

&5/14

RGElED

Q

o

el O

L EEDL D .
N X

)

o

- -

FIG. 5A




CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
6/14
62l
/7N B8 A%
i/ 610
g Yall / 614 614
4 ¥ 612

FIG.6A  FIG.oB  FIG.6C  FIG.6D

——
[omm?
<

Encapsulate a gastic residence ,
sysem inafolcedonfguration 1 U
with 8

capsule

athec apsulew“harewrsa- 704
gric coaling o forma gastric e
residence dosage form

o
W
ant

FIG. 7



WO 2020/191229

CA 03134049 2021-09-17

7714

//J,’,::::,,.' ”

O

o ¥ .\@
1\\ -y

PCT/US2020/023704

84}78

SN i
& e
§is i b

NN

FlG. 8B

FIG. 8D



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704

B4E 84

FIG. 8k FlG. 8F

FIG. 86



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704

9/14

+ -+
s & &= B &
= = = = =
—~— <
=3 = a3 a3 a3
(o] (o]
O j=r B = =
(4% 3 (4%
o b b= = == =
-~ e e =y P =y
e =) L= 2 ~ KD g
oo <o < &5 = =%
P > IS LD x> e
= + + + + o +
[ &) [} [ 32 T> | o Lo 0 } oo
e o W e L& .% e ..%
% g g g g e g e
25 = 2 <> <2
[ax] < L) <> L ~ L] ~
= < <> - o JRNC= S o S
= [T [T [T [ < [T &
— [} —— o3

,:.‘E
/AE
P
N
&

a3
A 4 o]
&3 &= L ®)]
2 hH o
[ // [ N
y -
= . D
d] &
RIS B N ] —
- . T S—
S 2
P e
5 =2
[ A
S =
- TS
oo
[ oo
&2 ;
a3
<

St C
5 //___.,
26 6mg

et =

SR I I N DD N N S LB NN I
X =t o (] -~ o
< < < < <>

U004 J0 UBKR07) NBIS



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
10/14
% Capsuls 1.1 Engineering Run
o Indhidual Weighed pHi3 Terget <30 minat pH 3
2
""""""" Lingar {Indvidual o
= . =096 .-
= Neighed pH d)
= B
= -
= .
% [e] f,
= A
A R
2 o
2

N BT B 29 30 3 32
: W
Ci ik

FEG. TQA
Capsule 1.1 R&D Runs Complled

B9 o pHI(5 s compled) o
~~~~~~~ Linear (pH 3 (5 runs =051
compled)) TUd
= I
= o
= Ry
= P O
% o cp’,x""’g o
I%-s = 0 a""”"’
2 B o 8-
[« 5] “-a”’ o]
o -
B o7 ©
S L= o
o o ,,f""ﬁ’
0 Lo E

DNDBUDBBYBBNNNIHU
Indivicual Capsule Coat Weight img)

FIG. 10B



CA 03134049 2021-09-17

WO 2020/191229 PCT/US2020/023704
11/14
%
80 +
. N
£,
=
= 50
g% 40
|
Z X
10 T
ShsosHs
0 ..........
Uncoated, pH 3 Coated, pH3




CA 03134049 2021-09-17

WO 2020/191229

[
i
i S
[
& O
P
=
(=) 1Bl =
o 4 )
=
I L)
3 [
T ® | =
] =3
«—1: @ =
[N <
£
= o0
3] s
E E
o & 3
<D % (e ]
jr.
P
=
T
=3
(]
i § ¥

¥
<> < < <2 < <>
< <o L] has LN}

(L) 8t JusliAoideq

11 33
o sl
o S e 2
e O

=
Xy
® p—{»—% =
<D
= E <>
o~ =
o & e
& «— 51 =

o

=

[ma
= =
e i <2
=5 &% =
e <D

=
<> =
- =
. )
e =
[l 0}

{ 1 1 i i
<D <2 <2 <o oy <
<5 O et LN

(L) 8t JusliAoideq

1214

FIG. 12

PCT/US2020/023704

U
. 2
& -]
[
& epe )
g o
= -8 =
=3 + 3
g P
. e
2 = L=
= 2
=
=X
| I . ﬁ-ﬁ .""-e--g"
i =
3 ¥ ¥ § 3 L]

2 O O O T S D
XD L2 N O g O

1)y Wewhodag

fir
t

M

o —
i,
& B
&-@-a %
& =
=23 hs_%_g 75
= <D
\‘—} -----
£ Mi{:” =
T w2
5 ot =
F
LE "‘m’ﬁ“-i---------...:w i %
ST
H ¥ ¥ H 1 1

2 o o O O 2 OO
XD L2 O O (o ged

W) aun uausfodag

H

(W

FIG. 13



WO 2020/191229

CA 03134049 2021-09-17

PCT/US2020/023704

13/14

FIG. 14A



WO 2020/191229 PCT/US2020/023704

FIG. 14C



FIG. 5A




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - CLAIMS
	Page 66 - CLAIMS
	Page 67 - CLAIMS
	Page 68 - CLAIMS
	Page 69 - CLAIMS
	Page 70 - CLAIMS
	Page 71 - CLAIMS
	Page 72 - CLAIMS
	Page 73 - CLAIMS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - REPRESENTATIVE_DRAWING

