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(57) Abstract: The invention provides gastric residence systems, or components of gastric residence system such as segments or
elongate members of gastric residence systems, with release rate- modulating films and methods for making and using such systems.
The release rate-modulating films provide good control over release of agents (such as therapeutic, diagnostic, or nutritional agents)
present in the gastric residence system. The films also permit higher drug loading in the gastric residence systems and components of
gastric residence systems while maintaining good control over release of agents. Some embodiments of the films can provide resistance

against burst release of agent upon exposure to alcohol.
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GASTRIC RESIDENCE SYSTEMS WITH RELEASE RATE-MODULATING FILMS

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims priority benetit of U.S. Provisional Patent Application
No. 62/517.732 filed June 9, 2017, of U.S. Provisional Patent Application No. 62/566,111 filed
September 29, 2017, and of U5, Provisional Patent Application No. 62/652,128 filed Apnl 3,
2018. The entire contents of those patent applications are hereby incorporated by reference

herein.

FIELD OF THE INVENTION
18602} The mnvention relates to systems which remain in the stomach for extended periods for

sustained release of pharmaceuticals, and methods of use thereof.

BACKGROUND OF THE INVENTION
10603} Gastric residence systems are delivery systems for agents which remain in the stomach
for davs to weeks, or even over longer periods, during which time drugs or other agents can chite
from the systems for absorpiion in the gastrointestinal tract. Examples of such svstems are
described in International Patent Application Nos. W0 2015/191920, W( 2015/161925,
WO 2017/070612, WO 2017/100367, and PCT/US2017/034856,
{0004} Gastrc residence systems are designed to be adnunistered to the stomach of a patient,
typically i a capsule which is swallowed or introduced into the stomach by an alternate method
of admunistration (for example, feeding tube or gastric tube}. Upon dissolution of the capsule in
the stomach, the systems expand or unfold {o a size which remains 1 the stomach and resists
passage through the pylornic sphincter over the desired residence period (such as three days,
seven days, two weeks, etc.). This requires mechanical stability over the desired residence
period. Over the period of residence, the systom releases an agent or ageuts, such as one or more
drugs, preferably with minimal burst release, which requires careful sclection of the carrier
material for the agent in order to provide the desired release profile. While resident in the
stomach, the system should not mterfere with the normal passage of food or other gastric
contents. The system should pass out of the stomach at the end of the desired residence time,
and be readily eliminated from the paticnt. I the system prematurely passes from the stomach

mto the small intestine, it should not cause intestinal obstruction, and again should be readily
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chminated from the patient. These characteristics require careful selection of the matenials from
which the system 1s constructed, and the dimensions and arrangement of the system.
{0603} The current invention describes the use of release rate-modulating filmas for use 1 gastac

residence systems, which provide good control over release rates of agents from the systems,

SUMMARY OF THE INVENTION
{0006] The invention provides gastric residence systems which have segments covered with
release rate-modulating polvmer films. The mvention also provides elongate members of gastric
residence systems which have segments covered with release rate-modulating polymer films.
The invention also provides segments covered with release rate-modulating polvmer films
suitable for use m gastric residence svstems. The mvention also provides elongate members
covered with release rate-modulating polymer films suitable for use in gastric residence systems.
Methods of making the segments, elongate members, and gastric residence systems are also
provided. Methods of using the gastrc residence systems are also provided.
{88607} In some embodiments, the invention provides gastnic residence svstems which comprise
a therapeutically effective amount of an agent or a pharmaceutically acceptable salt thereof,
where the gastric residence system has a compacted configuration and an uncompacted
contiguration, the gastric residence system comprises a plurality of elongate members affixed to
a central elastomer, cach clongate member comprises at least two segments joined by linkers,
where the linkers are configured such that they no longer join the at keast two segments of each
clongate member after a specified gastric residence period; and where the elongate members
comprise a carrier polvmer, and the agent or the pharmaceutically acceptable salt thereof, where
the gastric residence system s configured to release the agent or the pharmaceutically acceptable
salt thereof over the specified gastrc residence period. At least one of the linkers can comprise
an enteric polymer, or can comprise a polymer that degrades in a time-dependent manner in an
agueous enviromment. The gastric residence period of the svstem can be about four days, at least
about four days, about seven days, or at least about seven days. In some embodiments, the
gastric residence svstems as disclosed herein can have a gastric residence period of about four
days to about eight days when administered to a human patient. In some embodiments, the
gastric residence svstems as disclosed herein can have a gastric residence period of about four
days to about ten days when adouinistered to a human patient. In some embodiments, the gastric

residence systoms as disclosed herein can have a gastric residence period of about seven days, or
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at least about seven days, when admunistered to a human patient. In some embodiments, the
gastnc residence systems as disclosed herein can have a gastric residence period of about seven
davs to about ten days when administered to a human patient

{8608} In any of the embodiments described heremn, the invention can provide gastric residence
systems which comprise a therapeutically effective amount of an agent or a pharmaceutically
acceptable salt thereof, where the gastric residence system has a compacted configuration and an
uncompacted configuration, the gastric residence svstem comprises a plurality of elongate
members affixed to a central elastomer, each elongate member comprises at least two segments
joined by linkers, where the hinkers are configured to weaken or degrade to allow passage of the
gastric residence system through the pylorus after the specified gastric residence period (for
example, the linkers may soften and become flexible, or the linkers may no longer join the at
least two segments of cach elongate member afier the specified gastric residence period); and
where the segments of the clongate members comprise a carrier polymer and the adamantane-
class drug or the pharmaceutically acceptable salt thereof, or the segments of the clongate
members comprise a} a carrier polymer, b) at least one excipient, and c¢) the agent or the
pharmaceutically acceptable salt thereof, where the gastric residence system is configured to
release the agent or the pharmaceutically acceptable salt thereof over the specified gastric
residence period. At least one of the linkers can comprise an enteric polvmer, or can comprise a
polymer that degrades in a time-dependent manner in an aqueoss environment. The gastric
residence period of the system can be about four days, at keast about four days. about seven days,
or at least about seven days. The gastric residence period of the system can be about four days to
about ten davs, about four days to about eight days, or about seven days to about ten days.
{80609} In any of the embodiments described hercin, the invention can provide gastric residence
systems which comprise a therapeutically effective amount of an adamantane-class drug ora
phammaceutically accepiable salt thercof, where the gastric residence svstem has a compacted
configuration and an uncompacted configuration, the gastric residence system comprises a
plurality of elongate members affixed to a contral elastomer by linkers, where the linkers are
configured to weaken or degrade to allow passage of the gastric residence system through the
pvlorus after the specified gastric residence period (for example, the linkers may sofien and
become flexible, or the linkers may no longer join the ¢longate members to the ceniral elastomer
after the specified gastric residence period). The elongate members comprise a carrier polymer

and the adamantane-class drug or the pharmaceutically acceptable salt thereof. To another

3
3

?



WO 2018/227147 PCT/US2018/036743

embodiment, the elongate members further comprise at least one excipient. The gastric
residence system is configured o release the adamantane-class drug or the pharmaceutically
acceptable salt theroof over the specified gastric residence period. The adamantane-class drug or
a pharmaceutically acceptable salt thereof can be memantine or a pharmaceutically acceptable
salt thereof. At least ong of the linkers can comprise an enteric polymer, or can comprise a
polymer that degrades in a time-dependent manner in an aqueous environment. The gastric
residence period of the system can be about four days, at least about four days, about seven days,
or at least about seven days. The gastric residence period of the svstem can be about four days
to about ten days, about four days to about eight days. or about seven days to about ten days.
{0610} In any of the embodiments described heremn, the invention can provide gastrc residence
systems which comprise a therapeutically effective amount of nsperidone or a pharmaceutically
acceptable salt thereof, where the gastric residence system has a compacted configuration and an
sncompacted configuration, the gastric residence system comprises a plurality of elongate
members affixed to a central elastomer by linkers, where the linkers are configured to weaken or
degrade to allow passage of the gastric residence system through the pyviorus after the specified
gastric residence period {for example, the linkers may soften and become flexible, or the linkers
may no longer join the clongate members to the central elastomer afier the specified gastric
residence period). The elongate members comprise a carmer polvmer and nisperidone or
pharmaceutically acceptable salt thercof. In another embodiment, the elongate members further
comprise at least one excipient. The gastric residence system is configured to release
risperidone or the pharmaccutically acceptable salt thercof over the specified gastric residence
period. At least one of the linkers can comprise an enteric polymer, or can comprise a polymer
that degrades in a ime-dependent manner in an aqueous environment. The gastric residence
period of the system can be about four days, at least about four days, about seven davs, orat
least about seven days. The gastric residence period of the system can be about four days to
about ten days, about four days to about eight days, or about seven days to about ten days.
{8611} In any of the embodiments described herein, the wnvention can provide gastric residence
systerns which comprise a therapeutically effective amount of doxyeycline or a pharmaceutically
acceptable salt thereof, where the gastric residence system has a compacted configuration and an
uncompacted configuration, the gastric residence svstem comprises a plurality of elongate
members affixed to a central elastomer by linkers, where the linkers are configured to weaken or

degrade to allow passage of the pastric residence system through the pylorus after the specified
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gastric residence period {for example, the linkers may soften and become flexible, or the linkers
may 1o longer join the clongate members 1o the central elastomer afier the specified gastric
residence perind). The elongate merbers comprise a cartier polymer and doxycycline or
pharmaceutically acceptable salt thereof. In another embodiment, the elongate members further
comprise at least one excipient. The gastric residence system is configured to release
doxycycline or the pharmaceutically acceptable salt thereof over the specified gastric residence
period. At least one of the linkers can comprise an enteric polymer, or can comprise a polymer
that degrades in a time-dependent manner 1n an aqueous environment. The gastnic residence
period of the system can be about four days, at least about four days, about seven davs, orat
least about seven days. The gastric residence period of the system can be about four days to
about ten days, about four days to about eight days, or about seven days to about ten days.
18612} In any of the embodiments described heremn, the invention can provide gastric residence
systerns which comprise a therapeutically effective amount of donepezil or a pharmaceutically
acceptable salt thereof, where the gastric residence system has a compacted configuration and an
uncompacted configuration, the gastric residence svstem comprises a plurahity of elongate
members affixed to a central elastomer by linkers, where the linkers are configured to weaken or
degrade to allow passage of the pastric residence system through the pylorus after the specified
gastric residence period {(for example, the linkers may soften and become flexible, or the hinkers
may no longer join the elongate members to the central elastomer after the specified gastric
residence period). The clongate members comprise a carrier polymer and donepezil or
pharmaceutically acceptable salt thereof. In another crobodiment, the elongate members further
comprise at least one excipient. The gastric residence svstem is configured to release donepexzil
or the pharmacecutically acceptable salt thereof over the specified gastric residence pertod. At
least one of the linkers can comprise an enteric polymer, or can comprise a polymer that
degrades i a time-dependent manuer 1 an aqueous environment. The gastric residence period
of the system can be about four days, at least about four days, about seven davs, or at least about
seven days. The gastrc residence period of the system can be about four days to about ten days,
about four days to about cight days, or about seven days to about ten days.

{8813} In some embodiments, the invention provides gastnc residence svstems which comprise
an agent or a pharmaceutically acceptable salt thercof, where the gastric residence system has a
compacted configuration and an uncompacted configuration, the gastrc residence system

comprises a plurality of clongate members affixed to a central elastomer by linkers, where the
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linkers are configured such that they no longer join the clongate members to the central
clastomer after a specified gastric residence period. The clongate members comprise a carrier
polymer and the agent or the pharmaceutically acceptable salt thercof. In another embodiment,
the elongate members further comprise at least one excipient. The gastric residence system 1s
configured to release the agent or the pharmaceutically acceptable salt thercof over the specified
gastric residence period. At least one of the binkers can comprise an enteric polymer, or can
comprise a polymer that degrades n a time-dependent manner in an agueous environment, The
gastric residence peniod of the system can be about four days, at least about four days, about
seven days, or at least about seven davs. The gastric residence peniod of the system can be about
four days to about ten days, about four days to about cight days, or about seven davs to about ten
davs.

18614} In any of the gastric residence svstems disclosed herein, the carrier polymer can be
polycaprolactone. One or more additional excipients can be mixed in with the carner polymer.
The one or more additional excipients can be selected from the group consisting of soluble
excipients, msoluble wicking excipients, degradable excipients, insoluble swellable excipients,
and surfactants. The one or more additional excipients can be sclected from the group consisting
of P407, Eudragit E, PEG, Polyvinylpyrrolidone (PVE), Polyvinvl acetate (PV Ac), Polyvinyl
alcohol (PVA), Eudragit RS, Eudragit RE, PLA, PLGA, PLA-PCL, polvdioxanone,
Crospovidone, Croscarmellose, HPMCAS, Lecithin, Taurocholate, SDS, Scluplus, Fatty acids,
Kolliphor RH40; and hinear block copolymers of dioxanone and ethylene ghyeol; hinear block
copolymers of lactide and ethviene glveol; inear block copolymers of lactide, ethylene glyeol,
trimethyl carbonate, and caprolactone; hinear biock copolvmers of lactide, glyveolide, and
gthylene glycol; lingar block copolymers of glycolide, polyethylens glveol, and ethviene glycol;
lmear copolymers of caprolactone and glycolide; polvaxial block copolymers of glyeolide,
caprolactone, and trimethylene carbonate; polyaxial block copolymers of glveolide, timethyiene
carbonate, and lactide; polvaxial block copolymers of glycolide, trimethylene carbonate and
polypropylene succinate; polvaxial block copolymers of caprolacione, lactide, glveolide, and
trimethylene carbonate; polvaxial block copolymers of glveolide, trimethylene carbonate, and
caprolactone; and linear block copolymers of lactide, caprolactone, and trimethylene carbonate,
such as lingar block copolymers of dioxanone (8096) and ethylene glyveol (2096); hinear block
copolymers of lactide (60%} and ethyleng glvcol (40%:3; limear block copolymers of lactide

{68%). ethylene glveol (209), trimethyi carbonate (10%), and caprolactone {2%); lincar block
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copolymers of lactide (88%;), glyvcolide (8%}, and ethylene glveol (4%); linear block copolymers
of glycolide (67%), polyethyiene glycol (28%), and ethvlene glyeol (5%); hincar copolymers of
caprolactone (95%) and glveolide (3%); polvaxial block copolymers of glycolide (689%),
caprolactone (29%), and trimethylene carbonate (3%); polvaxial block copolvmers of glveolide
{86%0), tnimethyiene carbonate (9%), and lactide (5%); polvaxial block copolymers of glycohide
{70%)}, trimethylene carbonate {27%) and polypropylene succinate (29); polvaxial block
copolymers of caprolactone {33%6), lactide (34%), glycohide (179%), and trimethvlene carbonate
(14%;); polvaxial block copolvmers of glveolide (55%), trimethviene carbonate (25%), and
caprolactone {20%); and linear block copolymers of lactide (399%), caprolactone (33%3, and
trimethylene carbonate (28%).

{0015} In any of the gastric residence systems disclosed herein, when at least one of the linkers
is an enteric polvmer, the enteric polymer can be selected from the group consisting of
poly{methacrviic acid-co-cthyl acryvlate), cellulose acetate phthalate, cellulose acetate succinate,
bydroxypropyl methylcellulose phthalate, methylecllulose phthalate, cthylhydroxyecliulose
phthalate, polyvinylacetatephthalate, polyvinyibutyrate acetate, vinyl acetate-maleic anhydride
copolymer, styrene-maleic mono-gster copolymer, methacrylic actd methylmethacrvlate
copolymer, methyl acrylate-methacrvlic acid copolymer, methacrylate-methacrvlic acid-octyl
acrvlate copolymer; and copolymers, mixtures, blends and combinations thereof.
Hydroxypropyl methylcellulose acetate succinate (HPMCAS) 1s a particularly aseful enteric
polymer, and can be used alone or in a copolymer, mixture, blend, or combination with any one
or more of the other foregoing enteric polymers.

{8816} In any of the gastric residence svstems disclosed herein having a central elastomer, the
central elastomer can comprise silicone rubber.

10617} In any of the gastric residence systems disclosed herein, the system can further comprise
a dispersant selected from the group comprising silicon dioxade, hydrophilic fumed silicon
dioxide, a stearate salt, calcium stearate, magnesium stearate, microcrystalline celhulose,
carboxymethylcellulose, hydrophobic colloidal sibica, hyvpromellose, magnesiom aluminum
silicate, a phospholipid, a polvoxvethylene stearate, zinc acetate, alginic acid, lecithin, a fatty
acid, sodium lauryl sulfate, a non-toxic metal oxide, aluminum oxide, a porous inorgamic
matenal, and a polar morganic material.

10618} In any of the gastric residence systems disclosed herein, the agent or pharmaceutically

acceptable salt thereof can comprise particles of the agent or a pharmaceutically acceptable salt
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thereof in the form of particles disposed in the carrier polymer, where at least about 80% of the
mass of particies have sizes between about | micron and about 50 microns mn diameter.

{6619} In any of the gastric residence systems disclosed herein, the gastric residence system can
comprise about 10 mg to about 600 mg of agent or a pharmaceutically acceptable salt thereof.
18628} In onc embodiment, the mvention provides a formulation for extended release of an
agent or a pharmaceutically acceptable salt thereof, comprising about 10% to about 30% of an
agent or a pharmaceutically acceoptable salt thereof, about 0.1% to about 4% of silica; about 5%
to about 30% of an acrvlate polvmer or co-polymer; and about 0.2%to about 10% of a
polyalkyiene glycol; where the remainder of the composition comprises a polviactone. The
formulation can further comprise about 0.1% to about 2% of an anti-oxidant material. The anti-
oxidant material can comprise one or more compounds selected from the group consisting of
Vitamin E, a tocopherol, a Vitamin E ester, a tocopherol ester, ascorbie acid, or a carotene, such
as alpha-tocopherol, Vitamin E sucoinate, alpha-tocopherol succinate, Vitamin F acetate, alpha-
tocopherol acetate, Vitamin B nicotinate, alpha-tocopherol nicotinate, Vitamin E linoleate, or
alpha-tocopherol tinoleate. (Vitamin E can refer to alpha-tocopherol, beta~tocopherol, gamma-
tocopherol, delta-tocopherol, alpha-tocotrienct, beta-tocotriencl, gamma-tocotrienol, or delta-
tocotrienol, or to anv combinations of any two or more of the foregoing.y The silica can
comprise hydrophilic fumed silica particles. The acrylate polymer or co-polvmer can comprise a
co-polvimer of ethyl acrylate, methyl methacrylate and trimethylammonioethyl methacrylate,
such as a co-polymer comprising ¢thyl acrylate, methyl methacrylate and
trimethylammoniocthy! methacrylate in a molar ratio of about 1:2:0.1. The polyalkylene glycol
can be selected from the group consisting of polvethvlene glveol (PEG), polypropyiene glveol
(PP}, and a block copolymer of PEG and PPG. When the polvalkylene glveol comprises a
block copolvmer of PEG and PPG, it can comprise a copolymer of the formula H-(OCHZCH?)~
(O-CH(CH3)YCH2),~«(OCH2CH2),-0OH, where x and z are about 101 and v is about 56. The
polylactone can comprise polycaprolactone, such as a polveaprolactone having an average Mn of
about 60,000 to about 100,000, an average Mn of about 75,000 to about 85,000, or an average
Mn of about 80,000 (80k PCL).

{88621} In some embodiments, the invention provides one or more elongate members formed
from a material comprising a formulation for extended release of an agent or a pharmaceutically
acceptable salt thereof as described herein. In some embodiments, the invention provides gastric

residence systoms comprising one or more clongate members formed from a material
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comprising a formulation for extended release of an agent or a pharmaceutically acceptable salt
thereof as described herein.

{6622} In one embodiment, the mvention provides a method of making a gastric residence
system, comprising preparing at least three elongate members formed from a material
comprising any of the formudations for extended release of an agent or a pharmaceutically
acceptable salt thereof as described berein; and attaching the clongate members to a central
clastomer, to form a gastric residence system having ¢longate members projecting radially from
the central clastomer.

10623} In any embodiment of the methods of treatment disclosed herein, the gastric residence
system can administered to the patient on an approximately weekly basis over a period of at least
about one month, at least about two months, at least about three months, or indefinitely, or for a
period up to about one month, about two months or about three months.

18024} The wvention additionally provides gastric residence systems for administration of
agents or salts thereof which have segments or clongate members covered with release rate-
modulating polymer films, as well as elongate members of such gastric residence svstems which
have segments covered with release rate-modulating polymer film, scgments covered with
release rate-modulating polymer films suitable for use in such gastric residence systems, and
clongate members covercd with release rate-modulating polymer films suitable for use n such
gastric residence systems. Methods of making the segments, elongate members, and gastric
residence systems containing agents and salts thereof are alsc provided. Methods of using the
gastric residence svstoms containing agents and salts thereof are also provided.

{8825} In one embodiment, the invention provides a segment of a gastric residence sysiem, the
segment comprising a carrier polymer, an agent or a salt thereof; and a release-rate modulating
polymer film configured to control the release rate of the agent, wherein over a seven-day
mcubation of the segrent in simulated gastric fluid, the amount of the agent or salt thercof
released doring day 5 1s at least about 40% of the amount of agent or salt thereof released during
day 2; and wherein at least about 7% of the total amount of agent in the segment is released on
day 2 and at least about 7% of the total amount of agent is released on day 5.

{8026} In one embodiment, the invention provides a segment of a gastric residence system, the
segment comprising a carrier polymer, an agent or a salt thereof; and a release-rate modulating
polymer film configured to control the release rate of the agent, wherein over a seven-day

mcubation of the segrent in simulated gastric fluid, the amount of the agent or salt thercof
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released from the segment daring day 7 is at least about 20% of the amount of agent or salt
thereof released during day 1; and wherein at least about 4% of the total amount of agent in the
segment is released on day 1 and at least about 4% of the total amount of agent 15 released on
dav 7.

18627} In one embodiment, the mvention provides a segment of a gastric residence system, the
segment comprising a carrier polvmer, an agent or a salt thereof] and a release-rate modulating
polymer film configured to control the release rate of the agent, wherein the release-rate
modulating polymer film is configured such that the release of agent from the segment in 40%
ethancl/60% simulated gastric fhird over one hour is no more than about 40% higher compared
1o release of agent trom an equivalent segment 1 100% simulated gastric fluid over one hour.
{8628} In one embodiment, the invention provides a segment of a gastric residence system, the
segment comprising a carrier polymer, an agent or a salt thereof, and a release-rate modulating
polyvmer film configured to control the release rate of the agent, wherein the release-rate
maodulating polymer film is configured such that the release of agent from the segment in 40%
ethanol/60% simulated gastric fluid over one hour is at least about 40% lower than the release of
agent from a second segment 1n 40% ethanc/60% simulated gastric fhud over one hour, the
second segment comprising the same combination of carsier polymer and agent or salt thercof
but lacking the release-rate modulating polvmer film.

18629} In onc embodiment, the mvention provides a segment of a gastnic residence system, the
segment comprising a carrier polvmer, an agent or a salt thereof] and a release-rate modulating
polymer film configured to control the release rate of the agent, wherein the release-rate
modulating polymer film 1s configured such that the release ot agent from the segment in
simulated gastric fluid over an mitial 6 hour period is at least about 40% lower than the release
of agent from a second segment in simulated gastric fluid over an initial 6 hour period, the
second segment comprising the same combination of carrier polymer and agent or salt thereof
but Iacking the releasg-rate modulating polymer film; and wherein the release of agent from the
segment 1n simulated gastric fluid over a seven-day period is at least about 60%, at least 70%, or
at least 80% of the total amount of agent originally present in the segment.

{88636} In one embodiment, the invention provides a segment of a gastric residence system, the
segment comprising a carrier polymer, an agent or a salt thereof; and a release-rate modulating
potymer film, wherein the polymer film is configured to control the release rate of the agent such

that a best-fit lincar regression model of the release rate of agent from the segment in simulated
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gastric thud has a coefficient of determination R’ of at least about 0.8, at least 0.85, or at least
(.9 over an initial period of seven davs; and wherein the segment releases about 40% to abowt
60% of the agent or salt thercot within a time of about 40% to about 60% of the seven-day
period.

18631} In onc embodiment, the mvention provides a segment of a gastric residence system, the
segment comprising a carrer polymer; an agent or a salt thereof] and a release-rate modulating
polymer film, wherein the polvmer film is configured to control the release rate of the agent
from the segment over a seven-day period in simulated gastric thud such that the release rate
from the segment over any one of the seven davs varies by no more than about 25% from the
averaze datly total release from the segment over the seven days.

{8032} In any of the embodiments of the nvention described hereimn, the release-rate modulating
polymer film can comprise one or more polvester materials. The polvmer film can comprise
polyester with a repeating unit of the form: -R'-0-C{=0)- . wherein R' is selected from the
group consisting of C1-Cy; alkylene groups, cthers containing between two and twelve carbon
atoms, and polvethers containing between three and twelve carbon atoms. The polvmer film can
comprise polycaprolactong or polvdioxanone, such as polycaprolactong of about 10,000 to about
156,000 Mn, polycaprolactone of about 50,060 Mn to about 119,000 Mn, polvcaprolactone of
about 80,000 Mn to about 110,000 Mn, polycaprolactone of about 60,000 Mn to about 100,000
Mn, polycaprolactons of about 90,000 Mn, polycaprolactone of about 86,000 Mn,
polycaprolactone of about 70,000 Mn, or polveaprolactone having ntrinsic viscosity of about
1.0 dl/g to about 2.5 di/g, about 1.0 dl/g to about 2.1 dl/g or about 1.5 dl/g to about 2.1 di/g.
{88633} In any of the embodiments of the invention described herein, the release-rate modulating
polymer film can comprise one or more porogens. The porogen can comprise a water-soluble
polymer, a water-sohuble small molecule, an morganic salt, or an organic saft. The porogen can
comprise about 1% to about 40% by weight of the film. The porogen can comprise about 1% to
about 30% by weight of the film. The porogen can comprise about 5% to about 40% by weight
of the ilm. The porogen can comprise about 5% to about 30% by weight of the film. The
porogen can be selected from the group consisting of alkalt metal salts, sodium chloride, sodium
bronude, potassium chlonde, potassium sulfate, potassium phosphate, sodium benzoate, sodium
acetate, sodivm citrate, potassium nitrate, alkaline earth metal salts, calcium chlonde, calcium
nitrate, transition metal salts, ferric chlonde, ferrous sulfite, zinc sulfate, cupric chloride,

sacchandes, sugars, such as sucrose, ghicose, fructose, mannose, galactose, aldohexose, altrose,
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talose, lactose, celhulose, monosaccharides, disacchandes, water soluble polysaccharides,
sorbitol, mannitol, organic aliphatic and aromatic oils, diols and polyols, polyhydric alechols,
potv(alkyviene glycols), polvelveols, alkvlene glycols, poly{a,mialkylenediol esters, alkylene
glveols, poly vinvlalcohol, poly vinyl pyrrolidone, water soluble polvmeric matenals,
Poloxamer, hyvpromellose (HPMC), Kolliphor RH40 | polyvinyl caprolactam, polyvinyl acetate
{PV ALY, polyvethylene glveol (PEG) | Soluplus (copolymer of polvvinyi caprolactam, polyvinyl
acetate, and polvethviene glycol), copovidone, Fudragits (E, RS, RL), poly(methyl vinyl ether-
ajt~-maleic anhvdnde), polyoxyethyviene alkyi ethers, polysorbates, polvoxyethylene stearates,
potydextrose, polvacrylic acid, alginates, sodium starch glycolate, crosslinked polyacrylic acid
{carbopol)}, crosslinked PVP (crospovidone), crosslinked cellulose {croscarmellose), calcium
sificate, xanthan gum, and gellan gum. The porogen can be selected from the group consisting
of povidone, copovidone, and polyoxyl castor oil.

{8634} In onc embodiment, the invention provides a segment of a gastrc residence system, the
segment comprising a carrier polymer; an agent or a salt thereof, and a release-rate modulating
polymer film, wherein the polvmer film comprises a matenal sclected from the group consisting
of polycaprolactone, cellulose acetate, and ethyl cellulose.

{0035} In any of the embodiments disclosed herein, the release-rate modulating polymer film
can comprise about 0.1% to about 20% of the total weight of the segment. In any of the
embodiments disclosed herein, the release-rate modulating polymer film can comprise about
0.1% to about 15% of the total weight of the segment. In any of the embodiments disclosed
herein, the release-rate modulating polymer film can comprise about 0.1% to about 10% of the
total weight of the segment, about 0.1% to about 3% of the total weight of the segment, about
0.5% to about 5% of the total weight of the segment, about 0.5% to about 2% of the total weight
of the segment, or about 1% to about 2% of the total weight of the segment.

{0036} In any of the embodiments disclosed herein, the release-rate modulating polymer film
can comprise a thickness between about 1 micron and about 20 nuicrons, such as between about
5 microns and about 15 microns.

{0037} In anv of the embodiments disclosed herein, the release-rate modulating polvmer film
can further comprise a plasticizer. The plasticizer can comprise about 1% to about 40% by
weight of the film, such as about 1% to about 30%, or about 19 to about 20%, or about 1% 1o
about 15%, or about 3% to about 209%, or about 10% to about 20%. The plasticizer can be

selected from the group consisting of phthalates, phosphates, citrates, tartrates, adipates,
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sebacates, sulfonamides, succinates, glyvcolates, glyvcerolates, benzoates, myristates, halogenated
phenvls, triacetin, tricthyl citrate, PEG, and poloxamer. The plasticizer can be selected from the
group consisting of tricthyl citrate and triacetin.

{8038} In any of the embodiments disclosed herein, the release-rate modulating polymer film
can further comprise a permeable component which is permeable to the agent or salt thereof and
permeable to water. The permeable component ¢can be a polymer or a swellable matenial. The
permeable component can comprise about 19 to about 30% by weight of the film. The
permeable component can be selected from the group consisting of SSG, crospovidone,
croscarmellose, and Carbopol {PAA; polyacrylic acid). At least one of the rate of passage of
water and the rate of passage of agent or salt thereof through the permeable component should
be higher, as compared to the rate of passage of water or the rate of passage of agent through the
release-rate modulating polvmer film lacking permeable agent and lacking pores prodaced by
removal of porogens. In various embodiments, the rate of passage of water and the rate of
passage of agent or salt thereof through the permeable component is up to about 1.5 times, up to
about 2 times, up to about 3 times, up to about 4 times, up to about 5 times, up to about 6 times,
up to about 7 times, up to about 8 times, about to about 10 times, up to about 15 times, up to
about 20 times, up to about 25 times, up to about 50 times, or up to about 100 umes faster, as
compared to the rate of passage of water or the rate of passage of agent through the release-rate
modulating polymer film lacking permeable agent and lacking pores produced by removal of
porogens.

{8639} The invention further provides gastrc residence svstems for administration 1o a patient,
comprising at least one segment of any of the segment embodiments disclosed herein.

88340} The mvention further provides gastric residence systems for administration to a patient,
comprising an elastomer component, and at east three elongate members attached to the
clastomer component, wherein cach clongate member comprises a proximal end, a distal end,
and an outer surface therebetween, the proximal end of each elongate member i1s attached to the
clastomer component and projects radially from the elastomer component, each clongate
member has its distal end not attached to the clastomer component and located at a larger radial
distance from the elastomer component than the proximal end; wherein at least one elongate
member comprises a segment of any of the segment embodiments disclosed herein, sach as a
segment coated with a release rate-modulating polymer film or wherein at least one elongate

member is coated with a release ratc-modulating polvmer film. The central elastomer of the
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gastric residence svstem can be formed from hiquid silicone rubber. The clongate members of
the gastric residence system can be attached to the central elastomer via a disintegrating matriz,
such as a disintegrating raatrix comprising HPMC-AS and polycaprolactone.

{8641} The mvention further provides methods of making a segment of a gastric residence
system comprising coating a segment comprising a carrier polymer and an agent or a salt thereof
with a solution of a polymer film formulation to produce a film-coated segment; and drving the
film-coated segment. The coating can be performed by dip coating, pan coating, spray coating,
or fluidized bed coating. The solvent used in the solution of polymer film formulation can
comprise an organic solvent, such as ethyl acetate, dichloromethane, acefone, isopropvl alcohol,
or any combination thercof.

{8642} The mvention further provides methods of making an ¢longate member of a gastric
residence system comprising coating an elongate member comprising a carrier polvmer and an
agent or a pharmaceutically acceptable salt thercof with a sohution of a polymer film foronudation
to produce a film-coated clongate member; and drying the film-coated clongatc member. The
coating can be performed by dip coating, pan coating, spray coating, or fluidized bed coating.
The solvent used in the sohition of polvmer film formulation can comprise an organic solvent,
such as ethyl acetate, dichloromethane, acetone, 1sopropyl aleohol, or any combination thereof.
The invention further provides a method of making an clongate member of a gastric residence
system comprising co-extruding a polvmer film and a mixture of a carrier polymer and an agent
or a pharmaceutically acceptable salt thereof.

{0043} The mvention further provides a method of making a segment of a gastric residence
gystern comprising co-extruding a polvmer film and a mixtare of a carrier polymer and an agent
or a salt thercof.

103844} The mvention further comprises methods of administering a gastric residence system {0 3
paticnt, comprising administering a container containing any ermbodiment of the gastric
residence systems disclosed herein in a compacted state to a patient, wherein the container enters
the stomach of the patient and dissolves after entry into the stomach, releasing the gastric
residence system which then adopts its uncompacied state. Preferably, the patient s a human.
The container containing the gastric residence svstem can be administered by swallowing, by

feeding tube, or by gastrostomy tube.
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{8845} In any of the embodiments of the gastric residence systems, elongate members of gastric
residence systems, segments, or segments covered with a release rate-modulating polvmer film,
the agent in the systems, members, or segments does not comprise an adamantane-class drug or
a phammaceutically acceptable salt thereof. In any of the embodiments of the gastric residence
systems, elongate members of gastric residence svstems, segments, or segments covered with a
refcase rate-modulating polvmer film, the agent in the systems, members, or segments does not
comprise memaniine; amantadine; adapromineg; nitromemanting; rimantadine; bromantane;
tromantadime; neramexane; or a pharmaceutically acceptable salt of memantine, amantadine,
adapromine, nitromemantine, rimantadine, bromantane, fromantading, of NSramexane.

{0046] In any of the embodiments of the release rate-modulating polymer films, or anv of the
embodiments of segments covered with a release rate-modulating polymer film, the release rate-
modulating polymer film do not contain agents; that 1s, the films do not contain any sabstance
mtended for therapeutic, diagnostic, or nutritional use.

{00647} In anv of the embodiments of the release rate-modulating polymer films, or any of the
embodiments of scgments covered with a release rate-modulating polymer film, the release-rate
modulating polvmer film does not add substantially to the strength of the carrier polvmer-agent
segment that it covers.

{8648} It 15 contemplated that any features from any embodiment disclosed herein can be
combined with any features from any other embodiment disclosed herein where possible. In this
fashion, hybrid configurations of the disclosed features are within the scope of the present
mvention.

{8049} In anv of the embodiments disclosed herein, the term “about” used with numerical values
can indicate that both the value specified, as well as values reasonably close fo the valoe

specified, are included.

BRIEF DESCRIPTION OF THE DRAWINGS
10658} FIG. 1A shows a stellate design of a gastric residence system in its uncompacted state.
{6651} FIG. 1B shows a stellate design of a gastric residence system in a compacted or folded
state.
{8632} FIG. 1C shows a ring design of a gastric residence system in an uncompacted state.
{0053] FIG. 2A depicts tapering release profiles for representative formulations of memantine

hvdrochlonde over time.
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{88634} FIG. 2B depicts the hinear relationship between the square of cumulative release and time
for representative monolithic matrix based formulations, which is consistent with the Higuchi
mode! for matrix-based drug release.

{8055} FIG. 2C depicts lineanity versus extent of release for about 50 formulations of memantine
hydrochlornide studied.

108656} FIG. 3A depicts compositions of coating sclutions used in ethanol release studies.

{0057] FIGS. 3B, 3C, 3D, and 3F depict drug release profiles for coating €5 (1g Eudragit RS in
3 ml dichloromethane) on MIE release (FIG. 3B), coating €8 {ig 55K PCL i 6 mL
dichloromethane} on M18 release (FIG. 3C), coating €25 {(I1g ethyl celulose in 15ml acetone}
on M18 release (FIG. 3D). and coating C31 (1.5 g cellulose acetate in 15mb acctone) on M18
release (FI1G. 3E) in FaSSGF for 7 days and 10 40% ethanol, 60% FaSSGF for one hour followed
by the remainder of the 7 days i FaS5GF.

{0058] FIG. 4 depicts solvents used for dip coating PCL films. Dichloromethane and ethyl
acetate were both able to dissolve PCL at high concentrations and to form uniform coatings with
good performance.

[0039] FIG. § depicts release rate profiles of M77 uncoated formulation and M77 formulations
with coatings of PCL only and PCL with the addition of porogens (Water Soluble Polvmers,
WSPs) Kollidon VA64 and Kolliphor RH40.

18068 FIG. 6 depicts batch vanability of release rate profiles of M77 formulations with dip
coatings of PCL only and PCL with the addition of porogens (Kollidon VA64 and Kolliphor
RH40)

{0061} FIG. 7 depicts the tuning effect of release rate profiles for M77 formulations with dip
coatings of PCL with the addition of varying levels of porogens.

10062] FIG. 8 depicts release rate profiles for formulations with different levels of PEG 6000 in
PCL coating.

{8063} FIG. 9A depicts release rate profiles for formulations with increasing levels of TEC in
PCL coating.

{0064} FIG. 9B depicts additional release rate profiles for formulations with increasing fevels of
TEC n PCL coating.

[0065] FIG. 10A depicts release rate profiles for formulations with varying ratios of

PCL:copovidone and 10% or 30% tricthy! citrate in the coating.
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[08066] FIG. 10B depicts additional release rate profiles for formulations with varying ratios of
PCL:.copovidone and 10% or 30% tricthy! citrate in the coating.

10667} FIG. 11 depicts the effects of low weight coating on drug release rate, with varying ratios
of PCL:copovidone and 10% or 30% tncthvl citrate in the coating.

180668} FIG. 12 depicts the effect of ethyl cellulose coating on consistent drug serum levels of
Memantine HCL compared to an uncoated dosage form.

{0069} FIG. 13 depicts a near constant plasma drug concentrations for dosage formulations with
a PCL coating. The dosage forms consisted of 90A durometer polyurethane elastomers heat-
welded to M69 drug arms that were dip coated with a solution of 3% PCL w/v in cthyl acetate.
{0070} FIG. 14 depicts a near constant plasma drug concentrations for dosage formulations with
a PCL coating. The dosage form consisted of 60A durometer LSR clastomers {R welded to
50/50 PCL/HPMAS disintegrating matrices and M77 drug arms that were coated with a sohution
of 4.5% PCL/0.5% kollidon VA64 w/v in ethyl acetate.

{8671} FIG. 15 depicts the Iimearity versus extent of release comparison between coated drug
formulations and those without coating,

{6672} FIG. 16 depicts a companison of pharmacokingtic parameters for dosage forms consisting
of 60A durometer LSR elastomers IR welded to 50/50 PCL/HPMAS disintegrating matrices and
M77 drug arms that were coated with a solution of 4.5% PCL/0.5% kollidon VAS64 w/v 1n cthyl
acetate, versus a single dose of Namenda XR, a commercially available extended release
formulation of memantine. The left chart shows the Namenda XR reference product single dose
variability, with Cpax (ng/mL) on the loft axis and the left grouping of points, and AUC (hr-
ng/ral) on the right axis and the night grouping of points. The night chart shows the dosage form
variability, with Cpay (ng/mL} on the left axis and the left grouping of points, and AUC (hr-
ng/mb} on the right axis and the rnight grouping of points.  Compared to the reference product,
the dosage form achieves nearly 7-fold higher AUC with a lower Cuyx and potentially lower
mter-subject varability.

180731 FIG. 17 depicts assays of formulations M105 and M106.

{6674} FIG. 18 shows the dissolution of uncoated M103, M104, M105 and M106 formulations
m fasted-state simulated gastric fhud (FaSSGF).

{8675} FIG. 19 shows the dissolution of M103 formulations with various coatings {coatings {1,

2 versus uncoated).
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{08876} FIG. 20 shows the dissolution of M104 formulations with various coatings {coatings {1,
2 versus uncoated).

{6677} FIG. 21 shows the dissolution of M105 formulations with various coatings {coatings C1,
2 versus uncoated}.

18678} FIG. 22 shows the dissolution of M104 formulations with varicus coatings (coatings €3,
4 versus uncoated}.

{8679} FIG. 23 shows the dissolution of M104 formulations with various coatings {coatings C5,
6, 7 versus uncoated).

10080} FIG. 24 shows the dissolution of M107 formulations with various coatings {coatings {3,
C4, C5 versus uncoated).

18081} FIG. 25 shows the dissolution of M107 formulations with various coatings {coatings C6,
7, C8 versus uncoated).

18682} FIG. 26 shows percent release over time of donepezil from formuldations with various
coatings (2.5% w/w and 3% w/w) versus uncoated formulations.

{8083} FIG. 27 shows percent release over time of doxvevehne from formulations with various
polycaprolactone-based coatings ("DX21-PCL” coatings} versus uncoated formulations.

10084} FIG. 28 shows percent release over time of doxveychine from formulations with various
cthyl celluose-based coatings (“DX21-EC” coatings} versus uncoated formulations.

18683} FIG. 29 shows percent release over time of doxyeycline from formulations with vanous
polycaprolactone-based coatings (“DX23-PCL” coatings) versus uncoated formulations.

{0086} FIG. 30 shows percent release over time of doxveveline from formulations with various

ethyl celluose-~based coatings ("DXZ3-EC” coatings) versus uncoated formulations.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

{O087] A “carrier polvmer” is a polymer suitable for blending with an agent, such as a dmg, for
use n the invention.

{30688} An “agent” is any substance intended for therapeutic, diagnostic, or nutritional use m a
patient, individual, or subject. Agents include, but are not imited to, drugs, nutrients, vitaming,
and mincrals,

18083} A “dispersant” is defined as a substance which aids in the minimization of particle size of
agent and the dispersal of agent particles in the carrier polyvmer matrix. That is, the dispersant
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helps minimize or prevent aggregation or flocculation of particles during fabrication of the
systems. Thus, the dispersant has anti-aggregant activity and anti-flocculant activity, and helps
maintain an even distribution of agent particles in the carrier polvmer matrix.

[0099] An “excipient” is any substance added to a formulation of an agent that is not the agent
iself. Excipients include, but are not imuted to, binders, coatings, diluents, disintegrants,
emulsificrs, flavorings, glidants, lubricants, and preservatives. The specific category of
dispersant falls within the more general category of excipiont.

{8091} An “elastic polymer” or “elastomer” {also referred to as a “tensile polymer™} s a
polymer that is capable of being deformed by an applied force from its original shape fora
period of time, and which then substantially returns to its original shape once the applied force is
removed.

18692} A “coupling polymer™ is a polvmer suitable for coupling any other polvmers together,
such as coupling a first carrier polymer-agent component to a second carrier polymer-agent
coraponent. Coupling polymers typically form the hinker regions between other components.
{8893} A “time-dependent polymer” or “time-dependent coupling polymer” is a polvmer that
degrades in a ime-dependent manner when a gastric residence system is deploved i the
stomach. A time-dependent polymer is typically not affected by the normal pH vanations in the
stomach.

18094} “Approximately constant plasma level” refers to a plasma level that remams within a
factor of two of the average plasma level {that is. between 50% and 200% of the average plasma
level) measured over the period that the gastric residence system is resident in the stomach.
[B095] “Substantially constant plasma level” refers to a plasma level that remains within plus-
or-ninas 25% of the average plasma level measured over the period that the gastric residence
system is resident in the stomach.

[00%96] A “hvdrophilic therapeutic agent,” “hvdrophilic agent,” or “hydrophilic drug”™ is an agent
which readily dissolves in water. A hydrophilic agent 1s defined as an agent which has a
solubility in water of 1 mg/ml or greater. Alternatively, a hydrophilic agent can be defined as an
agent which has a log Poy (log partition coefficient Py, where Pog = {concentration in 1-
octanol}/{concentration in Hy(3)) in a L-octanol/water system of less than 0.5, The pH at which
solebility or log Py is measured is 1.6, approximating the gastric environment.

106971 A “hydrophobic therapeuatic agent,” “hydrophobic agent,” or “hydrophobic drug™ is an

agent which does not readily dissolve in water. A hydrophobic agent is defined as an agent
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which hags a solubility i water of less than 1 mg/mi. Alternatively, a hydrophobic agent can be
defined as an agent which has a log Py (log partition coefficient) in a 1-octancl/water system of
greater than 1. Altematively, a hyvdrophobic therapeutic agent can be defined as an agent which
has a higher solubility in ¢thanol than m water. Alternatively, a hvdrophobic therapeutic agent
can be defined as an agent which has a higher solubility in 40% cthanol/60% sinnulated gastric
fhud than 1o 100% simulated gastric fluid.

{0098] “Biocompatible,” when used to describe a material or system, indicates that the material
or system does not provoke an adverse reaction, or causes only minimal, tolerable adverse
reactions, when in contact with an organism, such as a humagn. In the context of the gastric
residence systoms, biocompatibility is assessed in the environment of the gastrointestinal tract.
{8699} A “patient,” “individual,” or “subject” refers to a mammal, preferably a human or a
domestic animal such as a dog or cat. In a most preferred embodiment, a patient, imdividual, or
subject 1s a human.

{01006} The “diamcter” of a particie as used herein refers to the longest dimension of a particie.
{3181} “Treating” a disease or disorder with the svstems and methods disclosed herein 1s
defined as administering one or more of the systems disclosed herein to a patient in need thereof,
with or without additional agents, i order to reduce or clinunate either the disease or disorder,
or one or more symptoms of the disease or disorder, or to retard the progression of the disease or
disorder or of one or more symptoms of the disease or disorder, or to reduce the severity of the
disgase or disorder or of one or morg symptoms of the disease or disorder. “Suppression” of a
diseasc or disorder with the systems and methods disclosed herein 1s defined as administering
one or more of the svstems disclosed herein to a patient in need thereof, with or without
additional agents, in order to inhibit the clinical manifestation of the disease or disorder, or to
inhibit the manifestation of adverse symptoms of the disease or disorder. The distinction
between treatment and suppression is that treatment occurs after adverse symptoms of the
disgase or disorder are mamifest in a patient, while suppression occurs before adverse symptoms
of the disease or disorder are manifest in a patient. Suppression may be partial, substantially
total, or total. Because some diseases or disorders are inherited, genctic screening can be used to
wdentify patients at risk of the disease or disorder. The systems and methods of the mvention can
then be used to treat asymptomatic patients at risk of developing the clinical symptoms of the

disease or disorder, in order to suppress the appearance of any adverse symptoms.
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{3102} “Therapeutic use” of the systems disclosed herein 1s defined as using one or more of
the systems disclosed herein to treat a discase or disorder, as defined above. A “therapeutically
cffective amount” of a therapeutic agent, such as a drug, 15 an amount of the agent, which, when
adminisiered to a patient, is sufficient to reduce or eliminate either a disease or disorder or one
or more symptoms of a disease or disorder, or to retard the progression of a disease or disorder
or of une or more symptoms of a disease or disorder, or to reduce the severity of a disease or
disorder or of one or more symptoms of a disease or disorder. A therapeutically effective
amount can be admimistered to a patient as a single dose, or can be divided and administered as
multiplc doses.

{0103} “Prophylactic use” of the systems disclosed herein is defined as using one or more of
the systems disclosed herein to suppress a discase or disorder, as defined above. A
“prophylactically effective amount” of an agent 1s an amount of the agent, which, when
administered (o a patient, is sufficient to suppress the clinical manifestation of a disease or
disorder, or to suppress the manifestation of adverse symptoms of a disease or disorder. A
prophylactically effective amount can be admimnistered 1o a patient as a single dose, or can be
divided and administered as multiple doses.

10104}  As used herein, the singular forms “a”, “an”, and “the” include plural references unless
mdicated otherwise or the context clearly dictates otherwise.

{8105 When numerical valaes are expressed herein using the term “aboat” or the term
“approximately,” it is understood that both the value specified, as well as values reasonably
close to the value specified, are included. For example, the description “about 50° C7 or
“approximately 50° C7 includes both the disclosure of 50° C tself, as well as values close to 50°
€. Thus, the phrases “about X or “approximately X7 mclude a description of the value X itself.
If a range s indicated, such as “approxamately 50° C t0 60° €7 or “about S0° C 10 60° (7 it ig
understood that both the values specified by the endpoints are included, and that values close to
cach endpoint or both endpoints are included for each endpoint or both endpoints; that 1s,
“approximately 50° C to 60° €7 {or “about 50° € to 60° C7) is equivalent to reciting both “50° C
to 60° C” and “approximatelv 50° C to approximately 60° C” {or “about 30° C 10 60° C7).

[3106] With respect to numerical ranges disclosed o the present description, any disclosed
upper limit for a component may be combined with any disclosed lower himit for that component
to provide a range (provided that the upper limit is greater than the lower limit with which #1s to

be combined)}. Each of these combinations of disclosed upper and lower himits are explicutly
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envisaged herein. For example, tf ranges for the amount of a particular component are given as
109% to 30%, 10% 1o 12%, and 15% to 20%. the ranges 10% to 20% and 15% to 30% are also
envisaged, whereas the combination of a 15% lower hmit and a 12% upper limit is not possible
and hence s not envisaged.

{8107} Unless otherwise specified, percentages of ingredients in compositions are expressed as
weight percent, or weight/weight percent. It i1s understood that reference to relative weight
percentages in a composition assumes that the combined total weight percentages of all
components in the composition add up to 100, 1t is further understood that relative weight

percentages of one or more components may be adjusted upwards or downwards such that the

weight percent of any particular component does not fall outside the limits of the range specitied
for that component.

{0108} Partiticrung behavior of an agent can be measured between a polycaprolactone phase
{PCL phase) and a simulated gastric fluid phase (SGF phase), to give the partition coctficient
Ppcr-gor between the two phases for the agent. Log Pper-sar can also be calculated. A 5.1
mixture of polycaprolactone diol (MW 530):cthyl acetate can be used as the PCL phase, and
fasted-state simulated gastac fluid (FaSSGE} can be used as the SGF phase, such that Peorsgr =
{concentration in polycaprolactone diol)/{concentration in FaSs8GF)).

8109} Some embodiments described herein are recited as “comprising” or “comprises” with
respect to their various elements. In altemative embodiments, those elements can be recited
with the transitional phrase “consisting essentially of” or “consists cssentially of” as applied to
those elements. In further altemative embodiments, those elements can be recuted with the
transttional phrase “consisting of” or “consists of” as applied to those clements. Thus, for
example, if a composition or method is disclosed herein as compnsing A and B, the altermative
embodiment for that composition or method of “consisting essentially of A and B” and the
alternative embodiment for that composition or method of “consisting of A and B” are also
considered to have been disclosed herein. Likewise, embodiments recited as “consisting
essentially of” or “consisting of” with respect to their various elements can also be recited as
“comprising” as applied 1o those elements. Finally, embodiments recited as “consisting
essentially of " with respect to their various elements can alse be recited as “consisting of” as
applied to those clements, and embodiments recited as “consisting of” with respect to their

various elements can also be recited as “consisting essentially of” as applied to those elements.
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{3116} When a composition or system 1s described as “consisting essentially of” the histed
clements, the composition or systern containg the elements expressly listed, and may contain
other elements which do not materially affect the condition being treated (for compositions for
treating conditions), or the properties of the descnibed svstem (for compositions comprising a
system}. However, the composition or system etther does not contain any other elements which
do materially affect the condition being treated other than those ¢lements expressly listed (for
compositions for treating systems) or does not contain anv other clements which do matenally
affect the propertics of the system (for composttions comprising a system); or, if the composition
or system does contain extra clements other than those listed which may materially affect the
condition being treated or the propertics of the system, the composition or system docs not
contain a sufficient concentration or amount of those extra elements to materially affect the
condition being treated or the properties of the system. When a method is described as
“consisting essentially of” the listed steps, the method contains the steps listed, and may contain
other steps that do not materially affect the condition being treated by the method or the
propertics of the systern produced by the method, but the method does not contain any other
steps which matenally affect the condition being treated or the system produced other than those
steps expressly listed.

{8111} This disclosure provides several embodiments. It s contemplated that anv features
from any embodiment can be combmed with anv features from any other embodiment where
possible. In this fashion, hvbrid configurations of the disclosed features arg within the scope of
the present invention.

{3112}  In addition to the embodiments and methods disclosed here, additional embodiments of
gastric residence svstems, and methods of making and using such systems, are disclosed in
International Patent Application Nos. WO 2015/191920, WO 2015/191925, WO 2017/070612,
WO 2017/100367, and PCT/USZ017/034856, which arc incorporated by reference herein in their

entirety.

Brug-polymer formulations and excipients for gastric residence systems

[3113] Selection of the carrier matenal for the agent or pharmaceutically acceptable salt
thereof in a gastric residence system imfluences the release profile of drug during the period of
gastric residence, and is discussed in more detail below 1 the section “Carrier polymers for

segments and elongate members {carricr polvmer-agent component).” Rclease of drug can be
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modulated by a wide variety of excipients included in the carrier polymer-agent component.
Sofuble excipients include P407, Eudragit E, PEG, Polyvinylpyrrolidone (PVP), and Polyvinyt
alcohol (PVA). Insoluble, wicking excipients include Eudragit RS and Fudragit RL.
Degradable excipients include PLA, PLGA, PLA-PCL, polvdioxanone, and linear copolymers of
caprolactone and glyvcohide; polyaxial block copolymers of glyeolide, caprolactong, and
rmethvlene carbonate; polvaxial block copolymers of glveolide, trimethylene carbonate, and
lactide; polvaxial block copolymers of glycolide, trimethvlene carbonate and polypropylene
succinate; polvaxial block copolvmers of caprolactone, lactide, giveohide, and trimethviene
carbonate; polvaxial block copolymers of glycolide, timethylene carbonate, and caprolactone;
and tincar block copolvmers of lactide, caprolactone, and trimethylene carbonate; such as linear
copolymers of caprolactone {85%) and givcolide (5%); polvaxial block copolymers of giveolide
{68%0}, caprolactone (29%;), and trimethyvlene carbonate {39); polvaxial block copolymers of
glveolide (86%), trimethylene carbonate {9%), and lactide (5%, polyaxial block copolymers of
glveolide (70%), trimethylenc carbonate (27%) and polvpropylene succinate (2%;); polvaxial
block copolvmers of caprolactone (35%), lactide (34%), glycolide (17%), and tnmethyiene

and caprolactone {20%;); and lincar block copolymers of lactide (39%), caprolactone (33%), and
trimethylene carbonate (28%). Insoluble, swellable excipients include Polvvinvl acetate

{(PV Ac), Crospovidone, Croscarmellose, HPMCAS, and hinear block copolyvmers of dioxanone
and ¢thylene glvcol; linear block copolymers of lactide and ethylene glyeol; linear block
copolymers of lactide, ethylene glveol, trimethyl carbonate, and caprolactone; linear block
copolvmers of lactide, giveolide, and ethylene glveol; hinear biock copolymers of glyeolide,
polyethylene glyveol, and ethyvlene glveol; such as linear block copolymers of dioxanone (809%
and cthylene glveol (20%;); knear block copolymers of lactide (60%;) and ethylene glycol (40%;3;
Iimear block copolymers of lactide {68%), cthylene glycol (20%), trimethy! carbonate (10%), and
caprolactone (2%); lincar block copolvmers of lactide (88%), glveolide (89%), and ethvlene
glveol (49); linear block copolymers of glveolide (67%), polyethylene glycol (289%), and
cthylene glyeol (5%). Surfactants include Lecithin, Taurocholate, SDS, Soluplus, Fatty acids,

and Kolliphor RH40.
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Release rate~-moduliating polymer films

10114} The current invention provides, inter alia, gastrc residence systems, elongate members
of gastric residence systems, and segments for use in gastric residence systems and elongate
members ot gastric residence systems, which are coated with a release rate~modulating film.
Use of a release rate-modulating polymer film with the gastric residence systems, such as on the
carrier polymer-agent segments of the gastric residence systems or on the elongate members of
the gastric residence systems, provides several significant advantages over systems with carrier
polymer-agent segments lacking a release rate-modulating film. Release rate-modulatimg
potymer films reduce the burst release of agent upon initial contact with gastac fluid. Lineanity
of agent release over the residence period is improved by using release rate-modulating polvmer
films. Both of these advantages provide better regulation of dosing from the gastnc residence
systems. Some compositions of the release rate-modulating polymer films can also significantly
reduce burst release upon exposure 1o alcohol, as compared to systems lacking such films.
{6115} The release rate-modulating polymer films are coatings which can coat all or part of a
carnier polymer-agent segment. The films can be continuous, discontinuous, flat, or textured.
Thev can be a smooth coating over a segment, or can follow contours of pores that may be
present on the surface of a segment.

{8116} In a preferred embodiment, the release rate modulating film of any of the gastric
residence systems disclosed herein does not cover the coupling polymers, enteric polymers,
enteric hinkers, time-dependent linkers, disintegrating polymers, disintegrating matrices, or other
linkers of the gastric residence svstem. If a release-rate modulating polymer film is coated on
the surface of an clongate member which comprises one or more linkers, such as a coupling
polymer, enteric polymer, enteric linker, time-dependent linker, disintegrating polymer,
disintegrating matrix, or other finker, the film is discontinuous and does not cover or coat the
flinkers. This is readily accomplished by applving a release rate-modulating film to scgments
which will comprise an clongate member, and then linking the coated segments together with
hinkers to form an elongate member; the segments comprising carrier polymer-agent {or agent
salt) will thus be coated with the release rate-modulating film, but the linkers will not be coated
with the release rate-modulating film.

{01171 The films are typically applied to segments of the gastric residence systems. The films
can also be applied to multi-segment clongate members prior to attachment of the multi-segment

clongate members to a ceniral elastomer. The filas can also be applied to non-segmented
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clongate members (that is, elongate members which compnse only ong segment) prior to
attachment of the non-segmented clongate members 1o a central elastomer. The non-segmented
clongate member can be attached to the contral elastomer etther directly or via a linker, such asa
disintegrating matnx or coupling polvmer. An example of segments of a gastric residence
system 1s shown i FIG. 1A, where segment 182 and segment 103 are linked by hinker 104, and
attached to a central elastomer 186. The segments 182 and 164 comprise carrier polymer and
agent (such as a drug). Using a release rate-modulating polymer film on the segments of the
gastric residence svstem provides the advantageous charactenistics described herein.

10118}  Several parameters of the films can be adjusted in order to generate desired agent

release charactenistics, and are discussed below.

Chemical composition of release rate-modulating polymer films

{8119} Various polvmers can be used to form the release-rate modulating polymer films.
Polvesters are a useful class of compounds for preparation of release rate-modulating polvmer
films. Polvesters that can be used in the invention include polvesters with aliphatic groups as
their main chains, including polyvlactones such as polveaprolactone (PCL); polyglyeolic acid
{(PGA); polvlactic acid (PLA); poly{lactic-co-glveolic acid) (PLGA), polyvhydroxyalkanoates
{PHA) such as polvhydroxvbutyrate (PHB), polvhydroxyvalerate (PHV), and poly(3-
hydroxybutyrate-co-3-hydroxyvalerate} (PHBV): polvethylene adipate (PEA); polvbutylene
succinate (PBS); and polyesters with aromatic groups in their main chaing, such as polyethvlene
terephthalate (PET), polvbutylenc terephthalate (PBT), polvtrimethylene terephthalate (PTT),
and polvethvilene naphthalate (PEN). Heteropolymers, including block or random copolymers,
such as block or random copolvmers incorporating the monomer constituents of the above
polyesters, can also be used, including copolyvmers of lactide and caprolactone {poly-lactide-co-
caprolactone; PLC). Mixtures of two or more polyesters can also be used.

{8128} In addition to polyesters, cellulose acetate (CA), ethyl cellulose (EC), and copolymers
of acrviate and methacrylate esters {e.g., Eudragit RS} can also be used as release rate-
maodulating polymer films.

{3121  Mixtures of polymers from two or more different chemical classes of polvmers can
also be emploved to form the release-rate modulating polymer films.

10122} Release rate modulating polyvmer films can comprise polyesters with a repeating unit of

the form:
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0123} -R-0-C=0)-

j0124] wherein R’ is selected from the group consisting of C-Cy; alkylene groups, such as C -
Cy alkyiene groups or C-Cy alkylene groups, cthers containing between two and twelve carbon
atoms, two and eight carbon atoms or two and four carbon atorns, and polvethers contaming
between three and twelve carbon atoms or between three and eight carbon atoms. The
polyesters can terminate with hydroxy groups, hvdrogens, -C1-C12 alkyl groups, -C1-Cg atkyl
groups, or ~C;-Cy alkyl groups. or ~C-C,-0OH, -C,~-Cs-0OH, or -C,-C4~OH (alcohol) groups as
appropriate. In some embomdiments, the R’ groups can be the same moiety throughout the
polymer to form a homopolymer. In some embodiments, the R' groups can be chosen from two
or more different moieties, to form a heteropolymer. The heteropolymer can be a random
copolymer, or a block copolymer.

181251 The relcase-rate modulating polvmer film can comprise at least two different
polvesters, cach different polvester with a repeating unit of the form:

-R-0-C(=0)-

wherein when at least two or more of the different polyesters are homopolymers, the R" group of
any one of the homopolymers is different from the R” group of any other of the homopolvmers;
and when at least two or more of the different polvesters are heteropolymers, cach
heteropolymer has a different varying pattern of R" groups than the varving pattem of R” groups
of any of the other heteropolvmers: and cach R" is selected from the group consisting of C-C1y
atkylene groups, ethers containing between two and twelve carbon atoms, and polvethers
containing between three and twelve carbon atoms.

[3126] Preferred polvesters for use as release rate-modulating polvmer films are
polyeaprolactone and polvdioxanone, particularly polycaprolactone (PCL}. PCL having
number-average molecolar weight of about 16,000 Ma to about 150,000 Mn; about 20,000 Mn
to about 120,000 Mn; about 30,000 Mn to about 120,000 My about 40,000 Mn to about 120,000
Mna; about 50,000 Mn to about 110,000 Mn; about 80,000 to abouat 120,000 Mn; about 80,000
Mn to about 110,000 Mn, about 60,000 Mn to about 100,000 Mn; about 70,000 Mn to about
90,000 M about 86,000 Mn; about 90,000 Mn; about 100,000 Mn; about 10,000 Mn to about
100,000 M about 10,000 Mn to about 80,000 Mn; about 40,000 Mn to about 70,000 Mn; about
50,000 Mn to about 60,000 Mn; or about 55,000 Mn can be used for release rate-modalating
potymer films. PCL of about 80,000 Mn to about 110,000 Ma is preferred, such as about 35,000
Mn to 95,000 Mn, or about 90,000 Mn.
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{3127}  Polycaprolactone can also be characterized by its mtrinsic viscosity. PCL of about 1.0
di/g to about 2.5 dL/g or about 1.5 dl/g to about 2.1 dl/g can be used. The intrinsic viscosity

can be measured m CHCl; at 25°C.

Porogens, plasticizers, and other additives to release rate-modulating polymer fiims

{0128} Porogens, plasticizers, or both porogens and plasticizers can be added to the release
rate~-modulating polymer films to further tune the release rate of the agent in the carrer polymer-
agent segment.

13129} Porogens are soluble additives that dissolve out of the release rate-modulating polymer
films, creating pores in the films. In some embodiments, the porogens dissolve out of the films
when the gastric residence svstems are deploved in the gasinc environment. That 1s, after
preparation of the segments, the porogens are left in the scgments which are assembled into the
gastric residence system, and in the gastrc residence system as administered to a patient; the
porogens then dissolve out of the release rate-modulating polymer film when the gastric
residence system s administered to the patient and contacts the gastric environment. In another
embodiment, the porogens are removed from the film-covered carmer polymer-agent segments
before the segments are assembled into the gastric residence svstem, or the porogens arc
removed from the gastric residence system before deployment of the gastnic residence system in
the gastric environment.

{8138} Porogens can be oreanic or inorganic materials. Hxamples of porogens mmclude alkal
metal salts such as sodium chloride, sodium bromide, potassium chloride, potassium sulfate,
potassium phosphate, sodium benzoate, sodium acetate, sodium citrate, potassium nitrate and the
tike; alkaline carth metal salts such as calcrom chlonde, calciom nitrate, and the like; and
transition metal salts such as ferric chloride, forrous sulfate, zine sulfate, cupnic chloride, and the
like. Additional examples of porogens include saccharides and sugars, such as sucrose, ghucose,

fructose, mannose, galactose, aldchexose, altrose, talose, laciose, cellulose, monosacchandes,

disacchandes, and water scluble polysacchandes. Additional examples of porogens inchude
sorbitol, mannitol, organic aliphatic and aromatic oils, mcluding diols and polvols, as
exemplified by polyhvdric alcohols, poly{alkyiene glycols), polvglyeols, alkylene glyveols,
poly(a,malkylenediol esters or alkvlene glyveols, poly vinvialeohol, poly vinyl pyrrolidone, and
water scluble polymeric materials. Further examples of porogens that can be used mclade

Poloxamer ; hvpromellose (HPMC); Kollipbor RH40; polvvinyt caprolactam; polyvinyl acetate
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(PV Ac}; polyethvlene glycol (PEG); Soluphus {available from BASF; a copolymer of polyvinyl
caprolactam, polyvinyl acetate, and polvethyiene glyeol); copovidone; Eudragits (B, RS, RL});
poly(methyl vinyi cther-alt-maleic anhvdnde); polvoxyethylenc alkvl ethers; polysorbates:
polvoxyethyiene stearates; polvdextrose; polvacryiic acid; algimates; sodium starch glvcolate
{88G): crosslinked polvacrylic acid {carbopol); crosslinked PVP {crospovidone}; crosshinked
cellulose (croscarmeliose); calenim silicate; xanthan gum; and gellan gum. Some particularly
uscful porogens include povidone, copovidone, and polyoxyl castor oil.

[3131] Porogens can be added to make up between about 1% to about 30% by weight of the
release rate-modulating polymer film. Porogens can be added to make up about 1% to about
25%. about 1% to about 20%, about 1% to about 15%, about 1% to about 10%, about 1% to
about 8%, about 1% to about 5%, about 19 to about 39, about 5% to about 30%, about 10% to
about 30%, about 15% to about 30%, about 20% to about 30%, or abowut 25% to about 30% by
weight of the release rate-modulating polymer film. A preferred range of porogen is about 5%
to about 209, more preferably about 10% to about 20%, by weight of the release rate-
modulating polymer film.

{3132} Plasticizers can also be added to further tune the properties of the release rate-
modulating polymer films. Plasticizers that can be used melade the classes of phthalates,
phosphates, citrates, tartrates, adipates, sebacates, sulfonamides, succinates, glveolates,
glveerolates, benzoates, myristates, and halogenated phenvis. Specific plasticizers that can be
used inchide triacetin, triethyl citrate, PEG, poloxamer, tributyl citrate, and dibuty! sebacate.
Triacetin and triethyl citrate (TEC) are particularly useful.

[3133] Plasticizers can be added to make up about 1% to about 35%, about 196 to about 30%,
about 1% to about 25%, about 1% to about 20%, about 1% to about 15%, about 1% {0 about
10%, about 1% to about 8%. about 1% to about 5%, about 1% 1o about 3%, about 3% to about
40%. about 10% to about 40%, about 15% to about 40%, about 20% to about 40%, about 25% to
about 40%, about 30% to about 40%, aboot 10% to about 30%. about 13% to about 30%, about
20% to about 30%. about 25% to about 30%, or about 10%, about 15%, about 20%, about 25%,
about 309, about 35%, or about 40% by weight of the release rate-modulating polvmer film. A
preferred range of plasticizer is about 5% to about 20%, more preferably about 10% to about
20%, by weight of the release rate-modulating polymer film.

10134} Processing aids can also be added to release rate-modulating polymer films. Anti-tack

agents, such as magnesium stearate, talc, or glveerol monostearate can be added to aid in
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processing of the films. Such anti-tack agents can be added 1n amounts of about 0.5% to about

5%, about 1% to about 3%, or about 2%.

Permeable components in release-rate modulating polymer films

[8135] The release-rate modulating polymer film can further comprise a permeable component
which is permeable to the agent or pharmaceutically acceptable salt thereof, permeable to water,
or permeable both to the agent or salt thereof and to water. Permeability componenis can thus
function to increase the rate of water influx into the carrier polymer of the gastric residence
system, and increase the rate of release of agent or salt thereof out of the gastric residence
system. The permeable component can be a polvmer or a swellable material. The permeable
component can comprise about 1% to about 30% by weight of the film. The permeable
component can be selected from the group consisting of 885G (sodium starch glycolate),
crospovidone, croscarmellose, and Carbopol (PAA crosslinked polvacrylic acid). At least one
of the rate of passage of water and the rate of passage of agent or salt thereot through the
permeable component should be higher, as compared to the rate of passage of water or the rate
of passage of agent through the releasc-rate modulating polvmer film lacking permeable agent
and lacking pores produced by removal of porogens. In various embodiments, the rate of
passage of water, the rate of passage of agent or salt thereof, or both the rate of passage of water
and the rate of passage of agent or salt thereof through the permeable component is up to about
1.5 times, up to about 2 times, up to about 3 times, up to about 4 times, up to about 3 times, up to
about 6 times, up to about 7 times, up to about 8 times, about to about 10 times, up to about 15
times, up to about 20 times, up to about 25 times, up to about 50 times, or up to about 100 times
faster, as compared to the rate of passage of water or the rate of passage of agent or salt thereof,
or both the rate of passage of water and the rate of passage of agent or salt thereof through the
release-rate modulating polymer film lacking peumeable agent and lacking pores produced by

removal of porogens.

Film combinations

[3136] Varous options that can be used for the release rate-modulating polymer film for
segments and clongate members are as follows (percentages are weight percentages):
18137} Polymer used in filmy, about 40% to about 80%: porogen, abowut 3% to about 20%;

plasticizer, about 3% to about 20%; anti-tack agent, about 0.5% to about 5%,
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[3138] Polymer used in film, about 50% to about 72%; porogen, about 5% to about 20%;
plasticizer, about 5% to about 20%,; anti-tack agent, about 0.5% to about 5%; or

0139]  Polymer used in film, about 33% to about 65%:; porogen, about 10% to about 20%:;
plasticizer, about 109 to about 20%; anti-tack agent, about 1% to about 3%.

{01488} EHxamples of polymers that can be used in any of these options are polycaprolactone
and polydioxanone; preferably, polycaprolactone is used as the polymer.

{0141] Examples of porogens that can be used in any of these options are povidone,
copovidone, and polvoxyl castor o1l

10142} Examples of plasticizers that can be used in any of these options include tnethyl citrate,
triacetin, PEG, poloxamer, tributyl citrate, and dibutvl schacate.

{6143} Examples of anti-tack agents that can be used in any of these options include
magnestum stearate, tale, and glycerol monostcarate.

{0144} A preforred combination for the release-rate modulating polymer film s
polycaprolactone, copovidone, tricthvl citrate, and Mg stearate.

[148]  Specific polymer-porogen-plasticizer-anti-tack agent combinations that can be used
mclude polycaprolactone-povidone-triethyl citrate-Mg stearate; polveaprolactone-copovidone-
tricthvl citrate-Mg stearate; polycaprolactone-polyvoxyl castor oil-triethyl citrate-Mg stearate:
polvcaprolactone-povidone-triacetin~-Mg stearate; polycaprolactone-copovidone-triacetin-Mg
stearate; polycaprolactone-polyoxyl castor oil-triacetin-Mg stearate; polvcaprolactone-povidone-
PEG-Mg stearate; polycaprolactone-copovidone-PE(G-Mg stearate; polycaprolactong-polyoxyl
castor o-PEG-Mg stearate; polycaprolactone-povidone-poloxamer-Mg stearate;
polveaprolacione-copovidone-poloxamer-Mg stearate; polycaprolacione-polvoxyl castor oil-
poloxamer-Mg stearate; polyveaprolactone-povidone-trnibatyl citrate-Mg stearate,
potycaprolactone-copovidone-tributyl citrate-Mg stearate; polvcaprolacione-polyoxyl castor oil-
tributyl citrate-Mg stearate; polycaprolactone-povidone-dibutyl scbhacate-Mg stearate;
polvcaprolactone-copovidone-dibotyl sebacate-Mg stearate; polycaprolactone-polyoxyl castor
oil-dibutyl sehacate-Mg stearate; polycaprolacione-povidone-triethyl citrate-talc;
polvcaprolactone-copovidone-tricthvl citrate-tale; polveaprolactone-polvoxyl castor oil-triethyl
citrate-tale; polycaprolactone-povidone-triacetin-tale; polycaprolactone-copovidone-triacetin-
talc; polvcaprolactong-polyvoxyl castor oil-triacetin-talc; polycaprolactone-povidone-PEG-talc;
potycaprolactone-copovidone-PEG-tale; polyeaprolactone-polvoxyl castor ail-PEG-tale;

polycaprolactone-povidone-poloxamer-tale; polveaprolactone-copovidone-poloxamer-tale;
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polyeaprolactone-polyoxyl castor gil-poloxamer-tale; polveaprolactone-povidone-tributyl
citrate-tale; polycaprolactone-copovidone-tributyl citrate-tale; polycaprolactone-polyoxyl castor
oil-tributyl citrate-tale; polycaprolactone-~povidone-dibuty! sebacate-~tale; polycaprolactone-
copovidone-dibutvi sebacate-tale; polveaprolactone~-polvoxyl castor oil-dibutyi sebacate-tale;
polvcaprolactone-povidone-triethyl citrate-glycerol monostearate; polyeaprolactong-copovidone-
tricthyl citrate-glycerol monostearate; polycaprolactone-polyoxyl castor oil-tricthyl citrate-
glycerol monostearate; polvcaprolactone-povidone-tnacetin-ghycerol monostearate;
polveaprolactone-copovidone-triacetin-glveerol monostearate; polycaprolactone-polvoxyi castor
oil-triacetin-glycerol monostearate; polycaprolactong-povidone-PEG-glyeerol monostearate;
polycaprolactone-copovidone-PHG-glvecrol monostearate; polveaprolactone-polyoxyl castor
oil-PEG-glveero! monostearate; polycaprolactone-povidone-poloxamer-glyeerol monostearate;
polvcaprolactone-copovidone-poloxamer-glycerol mongstearate; polycaprolactong-polyvoxyl
castor oil-poloxamer-glycerol monostearate; polycaprolactong-povidone-tributyl citrate-glycerol
monostearate; polycaprolactone~-copovidone-tributyl citrate-glycerol monostearate;
polycaprolactone-polvoxyl castor oil-tnbuty! citrate-glyeerol monostearate; polveaprolactone-
povidone-dibuty] sebacate-glycerol monostearate; polycaprolactone-copovidone-dibutyl
sebacate-glycerol monostearate; and polycaprolactone-polyoxyl castor oil-dibutvl sehacate-
glveerol monostearate.

{8146} In addition to the coatings listed above, any coating from Table COAT-1 and Table
COAT-2 may be used as a release rate-modulating polymer film, for example in amounts of 19,
1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, or 5% by weight of the elongate member or segment to
which they are apphed. The coatings can be used m any amount disclosed herein for the release-
rate polymer films, such as about 1% to aboat 20%. Each row of the table below represents a

coating formulation.

Table COAT-1

Coating Formulation
Euodragit RS

PCL 53k

Ethvl Cellulose

75:25 PLGA

50:50 PLGA
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Coating Formulation
Ethyl Cellulose

Cellulose Acetate

PCL 55k

PCL 15k

PLGA 50:50 Ester Terminated 35 - 45k
PLGA 30:50 Aaid Terminated 35-45k
PCL 80k

Ethyl Cellulose Cp 10
Ethyl Cellulose Cp 10
Polvcaprolactone, copovidone, tricthyl citrate, Mg stearate
Ethyl Cellulose :PVP 1.3M
PCL 80K TEC

Ethyl Cellulose Cpi0:TEC
&0k PCL.PVP

30k PCL:Koliphor RH40
80k PCL:Kollidon VAG4
PCL 80K TEC

Ethyl Cellulose Cpi0:TEC
PCL 55k:P407

PCL 55k:PI88

PCL 35k PEG 10k

PCL 55k:PEG 100k

PCL 55k:P407

PCL 55k:Pi88

PCL 55k:PVP IM

Ethyl Cellulose (PEG 1M
Ethyl Ceilulose (PEG 100k
PCL 80k TEC

Ethyl Cellulose CplG:TEC
PVP

80k PCL Kolliphor RH40
&0k PCL:Kollidon VAG4

{0147} Table COAT-2 lists specific amounts of ingredients that can be used in the film
formulations. The amounts listed in Table COAT-2 can be varied by plus-or-minus 20% of cach
mgredient (for example, a composition with 10% P407 can vary between 8% P407 t0 12%

P407}. The coatings can be used in any amount disclosed herein for the release-rate polymer
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films, such as about 1% to about 20%. Each row of the table below represents a coating

formulation.

Table COAT-2

Coating Formulation

9:1, PCL 55k:P407

9:1, PCL 55k:P188

Eudragit RS

o1 PCL 535k PEG 10k

9:1 PCL S3k:PEG 100k

PCL 53k

9:1, PCL 55k:P407

G:1, PCL 55k:P188

o1 PCL 35kPVP 1M

Ethyl Cellulose

9:1 Ethyl Celhilose :PVP 1.3M

G:1 Ethyi Cellulose PEG IM

9:1 Ethyl Cellulose :PEG 100k

75:25 PLGA

2575 PLGA

50:50 PLGA

Ethyl Cellulose

Cellulose Acetate

9:1 Ethvi Cellulose PEG 1M

9:1 Cellulose Acetate: PEG 1M

Cellulose Acetate

PCL 55k

PCL 15k

PLGA 50:50 Ester Terminated 35 - 45k

PLGA 50:50 Acid Terminated 35-45k

PCL 80k

9:1 PCL 80k:TEC

8:2 PCL 80k TEC

7.3 PCL 80k TEC

Ethyl Cellulose

Ethyi Celluiose Cp 10

9:1 Ethvl Cellulose CplO:TEC

8:2 Ethyl Cellulose CplO:TEC

7:3 Ethyl Celhilose CplOTEC

7:3 80k PCL.PVP

9:1 PVP
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Coating Formulation

7:3 80k PCL:Kolliphor RH40

9:1 80k PCL: Kolliphor RH40

7:3 80k PCL:Kollidon VA64

§:1 80k PCL- Kollidon VA4

polvcaprolactone 83 .8%. copovidone 4.4%, Tricthyl citrate 9.%8, Magnesum stearate% 2.0

polycaprolactone 66.7% copovidone 16.6%, Trethyl citrate 14.7%, Magnesium stearate 2.0%

polycaprolactone 48.0%, copovidone 20.6%, Triethyl citrate, 29 4%, Magnesium stearate 2.0%,

polycaprolactone 54 9%, copovidone 13.7%, Trethyl citrate 29.4%, Magnesiom stearate 2.0%

polycaprolactone 54.9%, copovidone 23 5%, Triethyl citrate 19.6%, Magnesunn stearate 2.0%

polveaprolactone 62.7%, copovidone 15.7%, Trethyl citrate 19.6%, Magnesium stearate 2.0%

polvcaprolactone 62.5%, copovidone 20.8%, Tricthyl citrate 14.7%, Magnesiom stearate 2.0%

polycaprolactone 76.6%, copovidone 17.6%, Triethyl citrate 9.8%, Magnesium stearate 2.0%

Film thickness
10148}  The releasg-rate modulating polymer films should be very thin in comparison to the
carrier polymer-agent segment of the gasiric residence system that they cover. This allows for
diffusion of water into the carrier polymer-agent segment, and ditfusion of agent out of the
segment.
{3149}  The thickness of the release-rate modulating polymer films can be between about |
micrometer 1o about 40 mucrometers, between about 1 micrometer to about 30 micrometers, or
between about 1 micrometer to about 25 micrometers. The films are typically between about 1
micrometer to about 20 micrometers, such as between about I micrometer to about 20
micrometers, about 1 micrometer to about 15 micrometers, about | micrometer to about 10
micrometers, about 1 micrometer to about 5 micrometers, about 1 micrometer to about 4
micrometers, about 1 micrometer to about 3 micrometers, about 1 micromeier to about 2
micrometers, about 2 micrometers to about 10 micrometers, about 5 micrometers to about 20
micrometers, about 3 micrometer to about 10 nucrometers, about 10 micrometer to about 15
micrometers, or about 15 mucrometers to about 20 micrometers.
10150} In further embodiments, the release-rate modulating polymer film does not add
substantially to the strength of the carrier polymer-agent scgment that it covers. In further
embodiments, the release-rate modulating polvmer film adds less than about 20%, less than
about 10%, less than about 5%, or less than aboat 1% to the strength of the segment. The
strength of the segment can be measured by the four-point bending flexural test (ASTM B790)
described n Example 18 of WO 2017/070612 and Example 13 of W0 2017/100367.
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Film weight

{0151}  The release-rate modulating polvmer films can make up about 0.1% to 20% of the
weight of the film-covered carner polvmer-agent segment of the gastric residence system. The
release-rate modulating polvmer films can make up about 0.1% to 15% of the weight of the film-
covered carrier polymer-agent segment of the gastric residence system. The release-rate
maodulating polymer films can make up about 0.1% to 10% of the weight of the film-covered
carnier polymer-agent segment of the gastric residence system. The weight of the film can make
up about 0.1% o about 8%, about 0.1% 0 about 5%, about 0.1% tc about 4%, about 0.1% 1o
about 3%, about 0.1% to about 2%, about 0.1% to about 1%, about 0.5% to about 10%, about
$.5% to about 8%, about $.5% to about 5%, about $.5% to about 4%, about 0.5% 1o about 3%,
about 0.539% to abowut 2%, about 0.3% to about 1%, about 1% to about 10%, about 1% to about

&%. about 1% to about 5%, about 1% to about 4%, about 1% to about 3%. or about 1% to about

2% of the film-covered carrier polymer-agent segment of the gastric residence system.

Application of release rate-modulating polymer films onto segments for use in gastric
residence systems

[0152] The release rate-modulating polvmer films can be applied to segments for use in gastric
residence systems using various technigues. Several of the techniques nvolve coating a
segment, comprising a carrier polymer and agent, with a sclution of a formulation of a release
rate~-modulating polymer film, producing a film-coated segment. The film-coated segment is
then dried.

{3133}  Various methods of coating films onto objects are known in the art, and include dip
coating, pan coating, spray coating, and fluidized bed coating. Floidized bed coating is also
known as Wurster coating or air suspension coating.  For these coating methods, a formulation
of g release-rate modulating polymer film, inclnding the polvmer, and any porogens and
plasticizers if present, 1s prepared as 3 solution. The solvent used for the solution of the polymer
film formulation is typically an organic solvent, such as ethvl acetate, dichloromethane, acetone,
methanol, ethanol, isopropanol, or any combination thercof. Preferably, Class 3 solvents as
listed in the guidance from the United States Food and Drug Administration at URL

www fda gov/downloads/drugs/gurdances/ucm073395 pdf (which mnclude ethanol, acetone, and

cthyl acetate) are used; however, Class 2 solvents {which include dichloromethane and
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methanol) can be used if necessary for the formulation. Class 1 and Class 4 solvents should be
used only when the formudation cannot be prepared with a suitable Class 3 or Class 2 solvent.
{0154} Rcelease rate-modulating polymer films can also be integrated onto segments by co-
extrusion, where the segment formulation is co-extruded with a surroundimg thin layver of the
release rate-modulating polymer film.

{0155} The Examples below illustrate the use of some of these coating techoigues for

preparation of segments with a release rate-modulating polymer film.

Orverall system configuration

{0156} The current invention provides, inter alia, gastue residence systems, clongate members
of gasiric residence systems, and segments tor use in gastric residence systems and elongate
members of gastric residence systems, which are coated with a release rate-modulating film. As
discussed, the release rate-modulating film provides a number of advantages.

{0157}  Gastric residence systems can he prepared in different configurations. The “stellate”
configuration of a gastric residence system is also known as a “star” {or “asterisk™)
configaration. An example of a stellate system 100 13 shown schematically in FIG. 1A
Multiple elongate members, or “arms” {only one such arm, 108, is labeled for clarity), are
affixed to disk-shaped central elastomer 106. The clongate members or arms depicted 1o FIG.
1A are comprised of segments 182 and 1983, joined by a coupling polymer or linker region 104
{again, the components are only labeled in one amm for clarity) which serves as a linker region.
This configuration permits the svstem to be folded or compacted at the central clastomer. FIG.
1B shows a folded configuration 198 of the gastric residence svstem of FIG. 1A (for clanity, only
two arms are Hlustrated in FIG. 1B}, Segments 192 and 183, linker region 194, elastomer 196,
and arm 198 of FIG. 1B correspond to segments 102 and 103, linker region 104, elastomer 166,
and arm 108 of FIG. 1A, respectively. When folded, the overall length of the system is reduced
by approximately a factor of two, and the system can be conveniently placed tn a container such
as a capsule or other container suitable for oral administration. When the capsule reaches the
stomach, the capsule dissolves, releasing the gastric residence systern. The gastric residence
system then unfolds nto its uncompacted state, which is retained in the stomach for the desired

residence period.
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[3138] While the hinker regions 104 are shown as slightly larger in diameter than the segments
162 and 183 in FIG. 1A, they can be the same diameter as the segments, so that the entire
clongate member 162-104-103 has a smooth outer surface.

{8159} In some embodiments, the steflate system may have an elongate member or arm
composed of only one segment, which 1s attached to the central elastomer by a linker region.
This corresponds to FIG. 1A with the segments 103 omitted. The single-segment elongate
members comprising segments 102 are then directly attached to central elastomer 106 via the
hinkers 184, The linkers can comprise a coupling polvmer or a disintegrating matrix.

10160} A stellate system can be described as a gastric residense system for admunistration to
the stomach of a patient, compnsing an ¢lastomer component, and a plurality of at least three
carrier polymer-agent components comprising a carmier polymer and an agent or a salt thercof,
attached to the clastomer component, wherein each of the plurality of carrier polymer-agent
components is an clongate member comprising a proximal end, a distal end, and an owter surface
therchetween, wherein the proximal end of each clongate mcember is attached to the elastomer
coraponent and projects radially from the elastomer component, each elongate member having
its distal end not attached to the elastomer component and located at a larger radial distance from
the elastomer component than the proximal end; wherein cach clongate member imdependently
COMPIises one or more segments, cach segment comprnising a proximal end, a distal end, and an
outer surface therebetween; and wherein, when two or morg segments are present in an elongate
member, each segment is attached to an adjacent segment via a linker region. The linker region
can be a coupling polvmer or a disintegrating matnx. The elongate members can be attached to
the central elastomer via a coupling polymer or a disintegrating matrix, and can have intervening
portions of mterfacing polymers. For the plurality of at least three elongate members, or fora
plurality of elongate members, a preferred number of elongate members 1s six, but three. four,
five, seven, cight, nine, or ten elongate members can be used. The clongate members should be
cqually spaced around the central elastomer; if there are N clongate members, there will be an
angle of about 360/N degrees between neighboring elongate members.

{3161} FIG. 1C shows another possible overall configuration 120 for a gastric residence
systern, which 1s a ring configuration. Segments 122 are joined by coupling polymer or Iinker
region 124 {only one segment and one coupling hinkage are labeled for clarity}. The coupling
polymer/tinker region in this design must also function as an clastomer, to enable the ring to be

twisted into a compacted state for placement in a container, such as a capsule.
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{3162}  In one embodiment of the stellate configuration, the segments 102 and 163 comprise a
carrier polymer blended with an agent or drug. In one embodiment of the ring configuration, the
segments 122 comprise a carrier polymer blended with an agent or drug.

10163] The coupling polymers of the gastric residence system, which serve as linker regions,
are designed to break down gradually in a controlled manner during the residence period of the
system in the stomach. If the gastac residence system passes prematurely into the small
miestine in an intact form, the system is designed to break down much more rapidly to avoid
miestinal obstruction. This is readily accomplished by using enteric polymers as coupling
polymers. Enteric polymers are relatively resistant to the acidic pH levels encountered in the
stomach, but dissolve rapidly at the higher pH levels found in the duodenum. Use of enternic
coupling polymers as safety elements protects against undesired passage of the intact gastric
residence system into the small mtesting. The use of enteric coupling polymers also provides a
manner of removing the gastne residence system prior to its designed residence time; shouid the
system need to be removed, the patient can drink a mildly alkaline solution, such as a sodium
bicarbonate solution, or take an antacid preparation such as hyvdrated magnesium hydroxide
{milk of magnesia) or calcium carbonate, which will raise the pH level in the stomach and cause
rapid degradation of the enteric coupling polvmers. The gastric residence svstem will then break
apart and be chiminated from the patient. In the system shown m FIG. 1A, at least the coupling
polymer used for the couplings 184 are made from such enteric polvmers.

{0164} In additional embodiments, a time-dependent coupling polyvmer or linker can be used.
Such a time-dependent coupling polyvmer or inker degrades 1n a predictable, time-~dependent
manner. In some embodiments, the degradation of the ime-dependent coupling polymer or
Iimker may not be affected by the varying pH of the gastrointestinal system.

10165}  In additional embodiments, different types of linkers can be used in the gastnic
residence systoms. That is, both enteric linkers {or enteric coupling polvmers) and time-
dependent hinkers {or time-dependent coupling polymers) can be used. In some embodiments, a
single mutli-segment clongate member (arm) of a stellate svstem can use both an enteric finker
at some linker regions between segments, and a time-dependent linker at other linker regions
between segments.

{#166] Linker regions are typically about 100 microns to about 1 millimeter in width, such as
about 200 um to about 1000 um, about 300 um to about 1000 um, about 400 um to about 1000

urn, about 300 um to about 1000 um. about 660 um to about 1000 um. about 700 um to about
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1000 um, about 800 wm to about 1000 um, or about 900 um to about 1000 um; or about 100 am
to about 900 wm about 100 um to about 800 um, about 100 um to about 700 um, about 100 um to
about 600 um, about 100 um to about 500 um, about 100 um to about 400 um, about 100 um to
about 300 um, or about 100 um to about 200 um. Linker regions can be about 100 um, about
200 am, about 300 um, about 400 wm, about 500 um, about 600 um, about 700 wm, about 800
uim, about 900 um, or about 1000 um in width, where gach value can be plus or mimus 50 um
{50 um).

{3167} The central elastomeric polvmer of a stellate system is typically not an entenic polymer;
however, the central elastomeric polymer can also be made from such an enteric polymer where
desirable and practical.

[8168] The ceniral clastomer should have a specific durometer and compression set. The
durometer 18 important because it determines the folding force of the dosage form and whether it
will remain in the stomach; a preferred range 1s from about 60 to about 90A. The compression
st should be as low as possible to avoid having permanent deformation of the gastric residence
systern when stored in the capsule m its compacted configuration. A preferred range is about 10
% to about 20% range. Materials that it these requirements are the QP1 range of liquid silicone
rubbers from Dow Coming. In any embodiment with a central elastomer, the QP1-270 (70A
durometer) liquid silicone rubber can be used.

[8169] Segments and clongate members of the gastric residence systems can have cross-
sections in the shape of a circle (inn which case the segments are cylindrical), a polygon {such as
segments with a triangular cross-section, rectangular cross-section, o1 square cross-section), or a
pie-shaped cross-section (in which case the segments are cvlindrical sections). Segments with
polygon-shaped or pie-shaped cross-sections, and ends of cyhindrically-shaped sections which
will come into contact with gastric tissue, can have their sharp edges rounded off to provide
rounded corners and edges, for enbanced safety in vivo. That is, instead of having a sharp
transition between intersecting edges or planes, an arc 18 used to transition from one edge or
plane to another edge or plane. Thus, a “triangular cross-section” includes cross-sections with
an approximatelv triangular shape, such as a triangle with rounded cormers. An arm with a
triangular cross-section includes an arm where the edges are rounded, and the comers at the end
of the arm are rounded. Rounded corners and edges are also referred to as fillet comers, filleted

comers, fillet edges, or filleted edges.
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{31706} As discussed herein, the segments of the gastric residence system, comprising carrier
polymer and agent, can be covered with a release rate-modulating polymer film. In some
embodiments, one or more of any coupling polymer, disimtegrating matrix, or interfacing
polymer affixed to the segments are also covered by the release rate-modulating polymer film.
In some embodiments, one or more of any coupling polvmer, disintegrating matrix, or
mterfacing polvmer affixed to the segments are not covered by the release rate-modulating
polymer film. If the coupling polymer (which may be an entenic polymer) or the disintegrating
matrix is covered by the release rate-modulating polvmer film, the kinetics of de-coupling or
disintegration should be determined on the film-covered coupling polvmer or the film-covered

disintegrating matrix.

Evaluation of release characteristics

{8171} The release characteristics of agent from segments, clongate members, and gastric
residence systems can be evaluated by various assays. Assayvs for agent release are descrbed in
detail i the examples. Release of agent in vitro from segments, elongate members, and gastric
residence systems can be measured by immersing a segment, elongate member, or gastric
residence system in a liquid, such as water, 0.1N HCI, fasted state simulated gastric fluid
{(FaS5GF), or ted state simulated gastric fhuid (FeSSGF). Fasted state simulated gastric fluid
{(FaSS8GF) is preforred for release assays. Simulated gastric fluid mdicates either fasted state
simulated gastric fhnd (FaSSGF) or fed state simulated gastric flind (FeSSGF) when a
hmitation is speciticd as being measured in stimulated gastric fluid (SGF), the linvtation is met if
the hmitation holds n either fasted state simulated gastric fluid (FaSSGF) or fed state simulated
gastric thud (FeSSGF}). For example, if a segment 1s indicated as releasing at least 10% of an
agent over the first 24 hours in stmulated gastric fluid, the limitation 15 met if the segment
releases at feast 10% of the agent over the first 24 hours in fasted state simulated gastric fluid, or
if the segment releases at least 10% of the agent over the first 24 hours in fed state simulated
gastric fuid.

{3172} FEthanol burst release is typically measured by immersing a segment, clongate member,
or gastric residence system in a solution of 40% ethano! and 60% fasted state simulated gastric
fluid for one hour, followed by immersing the same segment, clongate member, or gastric
residence system in 100% fasted state simulated gastric fluid for the remainder of the test period,

and measuring release of agent at appropriate time points. This test 15 designed to simulate the
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effects of consumption of alcoholic beverages by a patient having a gastric residence system of
the invention deployed in the patient’s stomach.

10173} While in vitro tests can be performed using segments, elongate members, or gastric
residence systems, use of segments for in vifro tests 18 most convenient for rapid evaluation of
the release characteristics. When in vitro tests are done to compare release rates under different
conditions (such as release in 100% FaSSGF versus release in 40% cthanol/60% FaSSGF), the
comparison solutions are kept at the same temperature, such as room temperature, 25°C, or
37°C. Room temperature {ambient temperature) is a preferred temperature for comparisons; in
one embodiment, the ambient temperature does not drop below 20°C or excead 25°C (although
it may fluctuate between 20°C and 25°C).

{8174} In vivo tests can be performed in aramals such as dogs (for example, beagle dogs or
hound dogs) and swine. For in vivo tests, a gastric residence system 18 used, since an individual
segment or clongate member would not be retained in the stomach of the animal. Blood sampics
can be obtained at appropriate time points, and, if desired, gastric contents can be sampled by
cannula or other technigue.

{8175}  Chnical trials in humans, conducted in accordance with appropriate laws, regulations,

and institutional guidelines, also provide in vivo data.

Release profiles

{0176] The increased lincarity profiles of the segments with release rate-modulating polymer

films provides advantageous release characteristics over a segment with the same carrier
polymer-agent composition, but lacking the release rate-modulating polymer films. For
gxample, a segment of a gastric residence system comprising a carrier polymer, an agent or a salt
thereof. and a release-rate modulating polymer film configured to control the release rate of the
agent, can have a release profile where the release-rate modulating polvmer film is configured
such that, over a seven-day incubation m simulated gastric fluid, the amount of the agent or salt
thereof released during day 5 is at least about 40% of the amouint of agent or salt thereof released
during day 2. That is, over the seven day incubation period, the amount of the agent or salt
thereof released from hours 96-120 {day 5) 1s at least about 40% of the amount of agent or salt
released during hours 24-48 {day 2) of the incubation. In some embodiments, release over day 3
1s at least about 30%, at least about 60%, at least about 70%. at least about 80%., or at least about

50% of the amount of agent or salt released over day 2. In some embodiments, release over day
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5 1s at feast about 40% to about 90%, at least about 30% to about 90%, at least abowt 60% io
about 90%, at least about 70% to about 90%, at least about #09% to about 90%, or at least about
40% to about 100%, of the amount of agent or salt released overday 2. In any of these
embodiments, at ieast about 39 of the total amount of agent is released on day 2 and at least
about 5% of the total amount of agent 1s released on day 3, at least about 5% of the total amount
of agent is released on day 2 and at least about 7% of the total amount of agent is released on
day 5, or at least about 7% of the total amount of agent is released on day 2 and at least about
7% of the total amount of agent 1s released on day 5. “Total amount of agent” refers {o the
amount of agent origimally present in the segment.

10177} In ancther embodiment, a scgment of a gastric residence system comprising a carrier
polvmer, an agent or a salt thereof, and a release-rate modulating polymer film configured to
control the release rate of the agent, can have a release profile where the release-rate modulating
polymer film is configured such that, over a seven-day incubation in simulated gastric fhud, the
amount of the agent or salt theroof released during day 7 s at least about 20% of the amount of
agent or sali thereof released during dav 1. That 1s, over the seven day mcubation penod, the
amount of the agent or salt thereof released from hours 144-168 (day 7} is at least about 20% of
the amount of agent or salt released during hours0-24 {day 1) of the incubation. In some
embodiments, release over day 7 1s at least about 30%, at least about 40%, at least about 50%, at
least about 60%, or at least about 70% of the amount of agent or salt relcased overday 1. In
some embodiments, release over day 7 is at least about 20% to about 70%, at least about 30% 1o
about 70%, at least about 40% to about 70%, at least about 50% to about 70%, at least about
6(% to about 70%, or at least about 20% to about 100%, of the amount of agent or salt released
over dav 1. In any of these embodiments, at least about 7% of the total amount of agent is
released on day | and at least about 4% of the total amount of agent is released on day 7, at least
about 4% of the total amount of agent 1s released on day 1 and at least about 4% of the total
amount of agent is released on day 7, or at least about 7% of the total amount of agent is released
on day 1 and at least about 7% of the total amount of agent is released on day 7. “Total amount
of agent” refers to the amount of agent originally present in the segmaent.

78]  Segments with release rate-modulating polymer films of the invention also have lower
burst release when tnitially immersed in simulated gastric fluid. In one embodiment, a segment
of a gastric residence system comprising a carrier polymer and an agent or a salt thereof, where

the segment has a release-rate modulating polvmer film configured to control the release rate of
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the agent, can have a release profile where the release-rate modulating polymer film 1s
configured such that the release of agent from the segment in simulated gastric fluid over an
mitial 24 hour period is at least about 40% lower than the release of agent from a second
segment in simulated gastric fluid over an initial 6 hour period, where the second segment
comprises the same combination of carrier polymer and agent or salt thereof, but lacks the
relcase-rate modulating polyvmer film; and wherein the release of agent from the segment with
the polymer film in simulated gastric fluid over a seven-~-day period is either 1) at least about 60%
of the release of agent from the second segment lacking the polymer film over a seven-day
period, or 11} at least 60% of the total amount of agent onginally present in the segment. In
further embodiments, the release of agent from the segment with the film in simulated gastric
fhuid over an mitial 24 hour period 1s at least about 40% lower, about 40% to about 30% lower,
about 40% to about 60% lower, or about 40% to about70% lower than the release of agent from
a second segment without the film mn simulated gastric fhud over an iitial 6 hour period, while
the release of agent from the scgment with the film in simulated gastric fluid over a seven day
period is either 1) at least about 60%, at least about 70%, at least about 80%, or about 60% 1o
about 80% of the release of agent from the second segment in simulated gastric fluid lacking the
polymer film over a seven-day period, or 11) at least about 60%, at least about 70%, at least about
&0%, or about 60% to about 80% of the total amount of agent originally present 1n the segment.
In further embodiments, the release of agent from the segment with the film m simulated gastric
fhud over a seven-day period is ¢ither 1} at least about 60%, at least about 709%, at least about
75%, or at least about 80% (such as about 609 to about 70%, about 60% to about 80%, about
60% to about 90%, or about 60% to about 99%) of the release of agent from the second segment
without the film in simulated gastric fhiid over a seven-day period, or 1) at least about 60%, at
least about 70%, at least about 75%, or at least about 80% (such as about 60% to about 70%,
about 60% to about 80%, about 60% to about 90%, or about 60% to about 99%) of the total
amount of agent originally present in the segment.

{8179}  Segments with release rate-modulating polymer films of the invention alsc have lower
burst release m an cthanol challenge as compared to segments lacking the films. o one
embodiment, a segment of a gastric residence system comprising a carmer polvmer and an agent
or a salt thereof, where the segment has a releasg-rate modulating polymer film configured to
control the release rate of the agent, can have a release profile where the release-rate modulating

polymer film is configured such that the release of agent from the segment in 40% cthanol/60%
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simulated gastric fluid over one houor is at least about 40% lower than the release of agent from a
second scgment in 40% ethancl/60% simulated gastric fluid over one hour, the second segment
comprising the same combination of carrier polymer and agent or salt thereot but lacking the
release-rate modulating polymer film. o further embodiments, the release of agent from the
segment with the film in simulated gastric fluid over a seven-day period is either 1) at least about
60%, at least about 70%, at least about 75%, or at least about 80% (such as about 60% to about
70%, about 60% to about 80%, about 60% to about 90%, or about 60% to about 99%) of the
release of agent from the sccond segment without the film o simulated gastric flid overa
seven-day period, or i1} 1} at least about 60%, at least about 70%, at least about 75%, or at least
about 80% (such as about 60% to about 70%, about 60% to about 80%, about 60% to about
5(%, or about 60% to about 99%) of the total amount of agent originally present 1n the segment,
In one embodiment, a segment of a gastric residence system comprising a carrier polymer and an
agent or a salt thereof, where the segment has a release-rate modulating polymer film configored
to control the release rate of the agent, can have a release profile where the release-rate
modulating polymer film is configured such that the release of agent from the segment in 40%
ethancl/60% simulated gastric fhied over one hour 1s no more than about 40% higher compared
1o release of agent trom an equivalent segment in 100% simulated gastric fluid over one hour.

In further embodiments, the release of agent from the segment with the film m simulated gastric
fhud over a seven-day period is either 1) at least about 60%, at least about 70%, at least about
75%, or at least about 80% {(such as about 60% to about 70%, about 60% to about 80%, about
60% to about 90%, or about 60% to about 99%) of the release of agent from the second segment
without the film in simulated gastric flund over a seven-day period, or 11) at least about 60%, at
feast about 70%, at least about 753%, or at least about 80% (such as about 60% to about 70%,
about 60% to about 80%, about 60% to about 90%, or about 60% to about 99%) of the total
amount of agent originally present in the scgment.

[8188] Lmeanty of release of agent from segments having a release rate-modulating polvmer
film coating is also improved. In one embodiment, a segment of a gastric residence system
coraprising a carrier polymer and an agent or a salt thereof, where the segment has a release-rate
modulating polymer film configured to control the release rate of the agent, can have a release
profile where the release-rate modulating polvmer film is configured such that a best-fit linear
regression mode! of the release rate of agent has a coefficient of determination R” of at least

about 0.8, at least about 0.85, or at least about 0.9 over an initial period of seven days in
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simuiated gastric fluid (where the mitial period of seven days is measured from the start tme
when the segment is initially immersed in simulated gastric fluid; that is, the period of seven
days includes the time at t= 0 or origin point of the release profile); and wherein the segment
releases about 30% to about 709 of the agent or salt thereof within a time of about 40% 1o about
60% of the seven-day period.

{8181} In one embodiment, a segment of a gastric residence system comprising a carrier
polymer and an agent or a salf thercof, where the segment has a release-rate modulating polymer
film configured to conirol the release rate of the agent, can have a release profile where the
release-rate modulating polymer film is configured such that the release rate over any one of the
seven days varies by no more than about 50%, no more than about 40%, no more than about
33%, no more than about 25%, no more than about 20%, or no more than about 10% from the

average datly total release over the seven days.

Carpier polymers for segments and elongate members {carrier polymer-agent component)
{182} The segments and clongate members of the gastric residence system comprise a carrier
polymer-agent component, which comprises the agent {or a pharmaceutically acceptable salt of
an agent} to be cluted from the gastric residence system in the gastric environment. The agent ig
blended nto the carrier polymer to form a carrier polymer-agent mixture. This mixture can be
formed mnto the desired shape or shapes for use as carrier polymer-agent components in the
systems. After the drug or drug salt is blended 1nto the carrier polymer to form the carrier
polymer-drug nuxture, the drug or drug salt is distributed or dispersed throughout the blended
mixture. If excipients, anti-oxidants, or other ingredients are included in the carmer polyvmer-
drug blend, they will also be distributed or dispersed throughout the blended mixture.

10183} Preferably, carrer polvmers have the following characteristics. They should be
thermoplastic, to allow extrusion using hot melt extrusion or 3D printing technigues. They
should also have a high encugh melt strength and viscosity to enable extrusion into the required
geometry. They should have low melting temperatures (for example, less than about 120°C), o
avoid exposing agents or drugs to high temperatures during manufacture. They should have
sufficient mechanical strength (Young’s modulus, compression strength, tensile strength) to
avoid breaking in the stomach during the desired residence period. They should be capable of
forming stable blends with agents, therapeutic agents, drugs, excipients, dispersants, and other

addiives.
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{0184] Exemplary carrier polvmers suitable for use m this invention mclude, but are not
tmited to, hydrophilic cellulose derivatives {such as hydroxypropylmethyl cellulose,
hyvdroxypropyl celivlose, bvdroxymethyl cellnlose, hvdroxyethyl cellulose,
carboxymethylcellulose, sodium- carboxymethylcellulose), cellulose acetate phthalate,
poly{vinyl pyrrolidone}, ethylene/vinyl alechol copolymer, poly{viny! alcohol), carboxyvinyl
polymer (Carbomer), Carbopol® acidic carboxy polymer, polycarbophil, poly{ethyleneoxide)
{Polyox WSR), polvsaccharides and their denivatives, polyalkylene oxides, polvethvlene glycols,
chitosan, alginates, pectins, acacia, fragacanth, guar gum, locust bean gum,
vinylpyrrolidonevinyl acetate copolymer, dextrans, natoral gum, agar, agarose, sodium alginate.
carrageenan, fucoidan, furcellaran, lammaran, hypnea, cucheuma, gum arabic, gom ghatti, gum
karaya, arbinoglactan, amvlopectin, gelatin, gellan, hvaluronic acid, pullulan, scleroglucan,
xanthan, xyloglucan, maleic anhvdride copolymers, ethylenemaleic anhydride copolymer,
polyvihydroxyethyl methacrylate), ammoniomethacrylate copolymers {such as Eudragit RL or
Eudragit RS), poly{cthvlacrviate-methvimethacryviate) (Hudragit NE), Eudragit E {(cationic
copolymer based on dimethylamino cthyl methylacrylate and neutral methylacrylic acid esters),
poly(acrvlic acid), polymethacrylates/polyethacrylates such as poly(methacrylic acid},
methylmethacrylates, and ethyl acrvlates, polvlactones such as polv{caprolactone),
polyvanhydndes such as polvibis-(p-carboxyphenoxy)-propane anhvdride], poly{terephthalic acid
anhydride}, polypeptides such as polylysine, polvelutamic acid, polv{ortho esters) such as
copolymers of DETOSU with diols such as hexane dicl, decane diol, cyclohexanedimethanol,
cthylene glyeol, polvethylenc glveol and incorporated herein by refercnce those poly{ortho)
esters described and disclosed m U.S. Pat. No. 4,304,767, starch, in particular pregelatinized
starch, and starch-based polymers, carbomer, maltodextring, amyiomaltodextring, dextrans,
poly(Z-ethyl-Z-oxazoline}, polyv{ethviencimine}, polvarethane, poly(factic acid}. polv{glyeolic
acid}, poly{lactic-co~glveolic acid} (PLGA), polvhydroxyalkanoates, polvhvdroxybutyrate, and
copolymers, mixtares, blends and combinations thereof. Polycaprolactone (PCL) is a preferred
carrier polymer. In another embodiment, polyvdioxanone is used as the carrier polymer. In any
of the embodiments of the gastric residence system, the carrier polymer used in the gastric
residence system can comprise polveaprolactone, such as lincar polvcaprolactone with a
number-average molecalar weight (Mn) range between about 60 kiloDalton (kDaj} to about 100
kDa; 75 kDa to 85 kDa; or about 80 kDa; or between about 45 kDa to about 55 kDa; or between
about 530 kDa to about 110,000 kDa, or between about 80 kDa to about 110,000 kDa.
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[3185] Other excipients can be added to the carrier polymers to modulate the release of agent.
Such excipients can be added in amounts from about 1% to 159, preferably from about 5% 1o
10%, more preferably about 5% or about 10%. Examples of such excipicnts inchude Poloxamer
407 {available as Kolliphor P407, Sigma Cat # 62035), poly{ethyiene glveol}-block-
poly{propylene glycolj-block-poly{ethvlene glyeol), CAS No. 8003-11-6; H{(OCH2CH2)x-(0-
CH{CH3YCHZy-{OCH2CH?2)2-0OH where x and z are about 101 and v is about 56); Pluronic
P407; Budragit B, Eudragit EPO (available from Evonik); hvpromellose (available from Sigma,
Cat # H37835), Kolliphor RH40 (available from Sigma, Cat # 07076), polyvinyl caprolactam,
potyvinyl acetate (PV Ac), polyvinylpyrrolidone (PVP), polyvinyl alcchel (PVA), polyvethyiene
glveol (PEG), and Soluplus (available from BASF; a copolymer of polyvinyl caprolactam,
polyvinyl acetate, and polvethvlene glveol). Preferred soluble excipients include Eudragit E,
polyethviene glveol (PEG), polyvinylpyrrolidone (PVP), polyvinyl acetate (PVAc), and
polyvinyl alcohol (PV A}, Preferred insoluble excipients include Eudragit RS and Eudragit RE.
Pretforred insoluble, swellable excipients include crospovidone, croscarmellose, hypromeHose
acetate succinate (HPMCAS), and carbopol. EUDRAGIT RS and EUDRAGIT RL are
registered trademarks of Evomk (Darmstadt, Germany) for copolymers of ethyl acryvlate, methyl
methacrvlate and methacrylic acid ester with guatemary ammonium groups
{tnimethylammonioethyvl methacrylate chlornide), having a molar ratio of ethyl acrvlate, methyl
methacrvlate and trimethylammonioethyl methacryvlate of about 1:2:0.2 in Eudragit® RL and
about 1:2:0.1 in Eudragit® RS, Preferred insoluble, swellable excipients include crospovidone,
croscarmellose, hvpromellose acetate succmate (HPMCAS), carbopol, and linear block
copolymers of dioxanone and ethylene glveol; Iinear block copolyvmers of lactide and ethvlene
glycol; lincar block copolvmers of lactide, ethylene glyeol, trimethyi carbonate, and
caprolactone; linear block copolymers of lactide, glycolide, and ethyvlene glycol; linear block
copolymers of glycolide, polyethyiene glyeol, and ethvlene glveol; such as hinear block
copolymers of dioxanone (80%;) and cthylene glveol (20%j; hincar block copolymers of lactide
{60%) and ethyvlene ghyeol {40%); linear block copolymers of lactide (68%), ethylene glyeol
{20%), tumethyi carbonate (10%), and caprolactone (2%); hnear block copolymers oflactide
{88%, glveolide (8%, and ethviene glveol (4%): linear block copolvmers of glveolide (67%),
polyethylene glycol (28%), and ethylene glveol (5%96).

{0186} Further examples of excipients that can be used in the segments of the gastric residence

system are listed in the Excipient Table below.
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Function

General examples

Specific examples

Polymeric and non-polymeric
solubilizers

Polvalkvleune oxides
Polyethoxylated castor oil
Detergents

Kolliptior RH, Kolliphor P407,
Soluplus, Cremophor, SDBS

Release-enhancing excipient
(porogen or wicking agent)

Acryiate polymers
Acrviate co~-polymers
Polyvinyipymolidone

Eudragit RL
Eudragit RS
Eudragit B
Linear block copolymer of
dioxanone and ethylene glycol
{e.g., 80:20 ratic)

Dispersant

porous inorganic material
polar inorganic material
non-foxic metal oxides
amphiphilic organic molecules
polysaccharides, cellulose, cellulose
dervatives
fatty acids
detergents

silica, hydrophilic-furued silica,
hydrophebic colloidal silica,
magnesium aluminum silicate,
stearate salts, calcium stearate,
magnesium stcaate,
microcrysialline ceilnlose,
carthoxymethylceliulose,
hypromellose, phosphelipids,
pelyoxyethylene stearates, zing
acetate, alginic acid, lecithin,
sodium laury] sulfate, aluminum

oxide
Stabilizer/Preservative agent Anti-oxidants Tocopherols
Anti-microbial agents Alpha~iocopherol
Buffering substances/pH stabilizers Ascorbic acid; ascorbate salts
Carotenes

Butylated hydroxytoluene (BHT)
Butylated hydroxyanisocle (BHA)
Fumaric acid
calcium carbonate
calcium lactate
calcium phosphaic
sodium phosphate
sodium bicarbonate

Agents for use in gastric residence systems

{3187} Agents which can be admimstered to or via the gastrointestinal tract can be used n the
gastric residence svstems of the invention. The agent is blended with the carrier polymer, and
any other excipients or other additives to the carrier polymer, and formed indo a segment for use
i a gastric residence system. Agents include, but are not himited to, drugs, pro~-drugs, biologics,
and any other substance which can be administered to produce a beneficial effect on an diness or
mjury. Agents that can be used in the gastric residence systems of the invention include statins,

such as rosuvastatin; nonsteroidal anti-inflammatory drugs (NSATDs) such as meloxicam;
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selective serotonin reuptake inhibitors (SSRIs) such as escitalopram and citalopram; blood
thinners, such as clopidogrel; steroids, such as preduisone; antipsychotics, such as aripiprazole
and risperidone; analgesics, such as buprenorphine; opioid antagonists, such as naloxone; anti-
asthmatics such as montelukast; anti-dementia drugs, such as memantine; cardhac glvcosides
such as digoxin; alpha blockers such as tamsulosin; cholesterol absorption inhibitors such as
czetimibg; anti-gout treatments, such as colchicine; antihistamines, such as loratadine and
cetirizine, opioids, such as loperamide; proton-pump inlubitors, such as omeprazole;, antiviral
agents, such as entecavir; antibiotics, such as doxyevchine, ciprofloxacin, and azithromyein; anti-
malarial agents; levothyroxing; substance abuse treatments, such as methadone and varenicling;
contraceptives; stimulanis, such as caffeine; and nutrients such as folic acid, calcium, iodine,
iron, zing, thiamine, niacin, vitamin C, vitanun D, biotin, plant extracts, phyvtohormones, and
other vitamins or minerals. Biologics that can be used as agents in the gastric residence systems
of the mvention include proteins, polypeptides, polynucleotides, and hormones. Exemplary
classes of agenis include, but arc not limited to, analgesics; anti-analgesics; anti-inflammatory
drugs; antipyretics; antidepressants; antiepileptics; antipsvchotic agenis; neuroprotective agents;
anti-proliferatives, such as anti-cancer agents; antthistamines; antimigraine drugs; hormones;
prostaglandins; antimicrobials, such as antibiotics, antifungals, antivirals, and antiparasitics;
anti-muscarinics; anxiolytics; bacteriostatics; immunosuppressant agents; sedatives; hypnotics;
antipsychotics; bronchodilators; anti-asthma drugs; cardiovascular drugs; anesthetics; anti-
coagulants; enzyme inhibitors; steroidal agents; steroidal or non-steroidal anti-inflammatory
agents; corticosteroids; dopaminergics; electrolytes; gastro-intestinal drugs; muscle relaxants;
nuiritional agents; vitamins; parasyvmpathomimetics; stimulanis; anorectics; anti-narcoleptics;
and antimalarial drugs, such as gquinine, lumefantrine, chloroguine, amodiagquine,
pyvrimethamine, proguanil, chlorproguanil-dapsone, sulfonamides (such as sulfadoxine and
sulfamethoxypyridazine}, mefloguine, atovaquone, primaquine, halofantrine, doxveycline,
ciimdamycin, artemisinin, and artemisinin derivatives {such as artemether, dihydroartemisinin,
arteether and artesunate). The term “agent” includes salts, solvates, polymorphs, and co-crystals
of the aforementioned substances. In certain embodiments, the agent is selected from the group
consisting of cetirizine, rosuvastatim, escitalopram, citalopram, risperidone, olanzapine,
donepezil, and ivermectin. In ancther embodiment, the agent 1s one that is used to treat a
neuropsychiatric disorder, such ag an anti-psychotic agent or an anti-dementia drug such as

memaniine.
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{3188} In some embodiments of the invention disclosed herem, the agent can exchude
adamantane-class drogs. In some embodiments of the invention disclosed herein, the agent can
exclude any one or more of memantine; amantadine; adapromine; nitromemanting; rimantading;
bromantane; neramexane; or fromantadine; or a pharmaceutically acceptable salt of memantine,
amantadine, adaproming, nitromemanting, rimantading, bromantane, or fromantadine. In some
embodiments of the invention disclosed herein, the agent can exclude memantine. In some
crbodiments of the mvention disclosed herein, the agent can exclude a salt of memantine ora

pharmaceutically accepiable salt of memantine.

Crystalline and Amorphous Forms of Agents

[0189] Agents can be used in the gastric residence systems of the mvention in any suifable
crystalline form, or in amorphous form, or in both crystalline form or forms and amorphous
forms. That is, agent or drug particles contained in the gastric residence systems can be used in
crystalline form, in amorphous foum, or in a muxture of crystalling forms (etther a single
crystalline form, or multiple crystalline forms} and amorphous forms, so as to provide a desired

rate of release or desired physical or chemical properties.

Agent Classes of Inferest

[8198]  Gastric residence systems are well-sutted for use in treatment of diseases and disorders
which present difficulties with patient compliance, and thus i some embodiments, the gastric
residence systems are used to treat a discase or disorder where patient compliance with a
medication regimen 1s problematic. Such diseases and disorders include neuropsychiatric
discases and disorders, dementia and other discases and disorders which affect memory,
Alzheimer’s disease, psychoses, schizophrenia, and parancia. Accordingly, agents which can be
used in the gasiric residence systems mclude, but are not hmited to, anti-dementia agents, anti-

Alzheimer’s disease agents, and anti-psychotics.
Hydrophilic Agents

{3191} Exemplary hydrophilic agents which can be used i the systems include nispendone,

cetirizine, memantime, and olanzapine.
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Hydrophobic Agents
{0192] Exemplary hvdrophobic agents which can be used in the systems include aripiprazole,

wermectin, rosuvastatin, citalopram, and escitalopram.

Agent loading of elongate members and segments

{0193} The clongate members, or segments of which the elongate members are comprised,
comprise agent or a pharmaceutically acceptable salt thereof. In some embodiments, the agent
or salt thercof (for example, a drug) makes up about 10% to about 40% by weight of the

clongate member or segment, and thus the carrier polymer and anv other components of the
clongate member or segment blended into the carmner polymer together make up the remainder of
the weight of the elongate member or segment. In some embodiments, the agent or salt thergof
makes up about 10% to about 35%. about 10% to about 309%, about 10% to about 25%, about
10% to about 20%, about 10% to about 15%, about 15% to about 40%, about 20% to about 40%,
about 259 to about 409, about 30% to about 40%, about 35% to about 40%, about 15% 1o
about 35%, about 20% to about 35%, or about 25% to about 409 by weight of the elongate
member or segment.

[8194] Further embodiments of elongate members or segments, where the agent or salt thereof
makes up more than about 40% by weight of the elongate member or segment, are described

below under “high agent loading of clongate members and segments.”

High agent loading of elongate members and segments

{3195}  In some embodiments of the invention, the elongate members, or segments of which
the elongate members are comprised, can have a high loading of agent or pharmaceutically
acceptable salt thereof. “High loading” generally refers to clongate members or scgments where
the agent or salt thereof (for example, a drug) makes up more than about 40% by weight of the
clongate member or segment, and thus the carrier polymer and any other components of the
clongate member or segment blended mto the carrier polvmer together make up less than about
60% by weight of the clongate member or segment. Any components of the clongate members
or segments which are not blended into the carrier polymer are not included 10 the calculation of
the weight percentage; for example, i an elongate member has one or more disintegrating

matrices interspersed between segments of the clongate member, the weight of such matrices
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would not be included as part of the weight of the elongate member in the calculation of the
weight percentage of agent in the clongate member. Ounce the loading of the agent increases o
about 60%, it becomes increasingly difficult to properly biend the agent with the carrier
polvmer, and phase separation of the agent and polvmer tends to occur. Thus, the loading of the
agent in an elongate member or segment should not exceed about 60% of the total weight of the
clongate member.
{3196} Thus, in some embodiments, the amount of agent by weight in the clongate members,
or segments of which the elongate members are comprised, can comprise at least about 40%, at
cast about 45%, at least about 50%, at lcast about 53%, or about 60%. In some embodiments,
the amount of agent by weight in the clongate members, or segments of which the clongate
members are comprised, can comprise about 40% to about 60%, about 45% 1o about 60%, about
50% 1o about 60%, about 33% to about 60%, about 40% to about 5596, about 40% o about 50%,
or about 40% to about 43%. In some embodiments, the amount of agent by weight in the
clongate members, or segmenis of which the elongate members are comprised, can comprise
about 2539 to about 60%, about 30% to about 60%, or about 35% to about 60%. In some
embodiments, the amount of agent by weight in the elongate members, or segments of which the
clongate members arc comprised, can comprise about 51% to about 60%, about 52% to about
60%, about 33% to about 60%, about 54% to about 60%, about 55% to about 60%, about 56% to
about 60%, or about 57% to about 60%. In some embodiments, the agent or pharmaceutically
acceptable salt thereof is present in an amount by weight of between about 67% and about 150%
of the weight of the carrier polymer.
{3197} The combination of the high agent or agent salf loading with the release rate~
controlling polymer film provides gastric residence systems with tncreased amounts of agent or
agent salt, while maintaining good release kinetics over the resudence peviod of the system.
10198]  The release-rate modulating polymer films can also be used with loadings lower than
the high-loading values above, such as an amount of agent by weight in the elongate members,
or segments of which the elongate members are comprised, of about 23% to abowt 35%.
Loading ranges covening both high-loading and lower-than-high-loading can be used, such as
between about 20% to about 60%, between about 25% to about 60%, between about 30% to
about 6%, between about 359 to about 60%, between about 20% 1o about 30%, batween about

20% to about 40%, or between about 25% to about 50%.
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Bispersants for modulation of agent release and stabifity of polymer biend

10199]  The use of a dispersant 1n the carner polymer-agent component provides mumerous
advantages. The rate of clution of agent from the carrier polvmer-agent component is atfected
by numerous factors as previously noted, including the composition and properties of the carrier
polymer {(which may itself compnse multiple polvmerie and non-polymeric components); the
physical and chemical properties of the agent; and the gastric environment. Avoiding burst
rclease of agent, especially hvdrophilic agents, and maintaining sustained release of the agent
over the effective release period or residence period 1s an important charactenistic of the systems.
The use of a dispersant according to the invention enables better conirol of release rate and
suppression of burst release. Burst release and relcase rate can be tuned by using varied
concentrations of dispersant. For example, different dispersants and different excipients, at
varying concentrations, can tune burst release of cetirizine 1n simulated gastric fluid.

{0200} Dispersants which can be used in the invention include: silicon dioxide (silica, 5105}
(hydrophilic fumed); stearate salts, such as calcium stearate and magnesium stearate;
microcrystatlime cellulose; carboxymethviceltulose; hyvdrophobic colloidal silica; hypromellose;
magnesium aluminum silicate; phospholipids; polvoxyethylene stearates; zinc acetate: alginic
acid; kecithin; fatty acids; sodium faury! sulfate; and non-toxic metal oxides such ag alominum
oxide. Porous inorganic materials and polar morganic materials can be used. Hydrophilic-
fumed silicon dioxide is a preferred dispersant. One particularly asefid silicon digxade is sold by
Cabot Corporation {Boston, Massachusetis, USA) under the registered trademark CAB-O-5IL®
M-5P (CAS# 112945-52-5), which is hydrophilic-fumed silicon dioxide having a BET surface
arca of about 200 m2/g + 15 m2/g The mesh residue for this product on a 45 micron sieve 1s less
than about 0.02%. The typical primary aggregate size is about 130 to about 300 nm, while
mdividual particle sizes may range from about 5 nm to about 50 nm.

{0201} 1o addition to anti-aggregation/anti-flocculation activity, the dispersant can help
prevent phase separation during fabrication and/or storage of the svstems. This is particularly
useful for manufacture of the systems by hot melt extrusion.

{0202} The weight/weight ratic of dispersant to agent substance can be about 0.1% to about 5
Yo, about 8. 156 to about 4 %, about 0.1% to about 3 %, about 0.1% to about 2 %, about 0.1% to
about | %, about 1% to about 5 %, about 1% 10 about 4 %, abouot 1% 1o about 3 %, abouwt %10
about 2 %, about 2% to about 4 %, about 2% to about 3 %, about 3% to about 4%, about 4% to

about 5%, or about (.1%, about 0.5%, about 1%. about 2%, about 3%, about 4% or about 5%.
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[203] Dispersants can comprise about 0.1%9 to about 4% of the carrier polymer-agent
components, such as about ¢.1% to about 3.5%, about ¢.1% to about 3%, about 0.1% to about
2.5%, about 0.1% to about 2%, about 0.1% to about 1.5%, about 0.1% to about 1%, about 0.1%
to about 0.5%, or about 0.2% to about 0.8%.

{0204} Drspersants can also be used to modulate the amount of burst release of agent or
pharmaceutically acceptable salt thereof during the nitial period when the gastric residence
system 1s adounistered. In embodiments of a gastric residence system that is to be admuustered
once weekly, the burst release over the approximately tirst six hours after inttial administration
is less than about 8%, preferably less than about 6%, of the total amount of agent (or salt
thercof) in the systent. In embodiments of a gastric residence system that is to be administered
once every three days, the burst release over the approxamately first six hours after initial
administration is Iess than about 12%, preferably less than about 10%, of the total amount of
agent {or salt thereof) in the system. In embodiments of a gastric residence system that is to be
administered once daily, the burst release over the approximately first six hours afier initial
administration 13 less than about 40%, preferably less than about 30%, of the total amount of
agent {or salt thergof) in the system. In general, if a new gastric residence system is
administered every D days, and the total mass of agent {or salt thereof) is M, then the gastric
residence system releases less than about [(M divided by D) times 0.5}, preferably less than
about {(M divided by D) maltiplied by 0.4}, or less than about [{M divided by D} maltiplied by
3/8}, more preferably less than about (M divided by D} mmdtiplied by 0.3}, over the
approximately first six hours after mitial administration. In further embodiments, the gastrc
residence system releases at least about [(M divided by D) multiplied by 0.25} over the
approximately first six hours after initial administration, that is, the system releases at least about

one~-quarter of the daily dosage over the first one-quarter of the first day of administration.

Stabilizers for use in gastric residence systems

{0205} Many agents are prone to oxidative degradation when exposed to reactive oxyeen
species, which can be present in the stomach. An agent contained in the system may thus
oxidize due to the prolonged residence in the stomach of the system, and the extended release
period of agent from the system. Accordingly, it is desirable to include stabibizers or
preservatives in the systems, in order to stabilize the agent to prevent oxidative and other

degradation.
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[0206] Stabilizers, such as anti-oxidants including tocopherols, alpha-tocopherol, ascorbic
acid, ascorby! palmitate, butylated hydroxytohuene, butvlated hydroxyanisole, and fumaric acid,
can comprise about 0.1% to about 4% of the carrier polymer-agent components, such as about
0.1% to about 3. 5%, about 8156 to about 3%, about 0. 156 to about 2.5%, abowt §. 1% to about
2%, about 0.1% 1o abouot 1.3%, abouot 0.1% to about 1%, about 0.1% o about 8.5%, or about
6.2% to about 0.8%.

{0207} Anti-oxidant stabilizers that can be included in the systems to reduce or prevent
oxidation of the agent mclude alpha-tocopherol (about .01 to about 0.05% v/v), ascorbic acid
{about 0.01 1o about 0.1% w/v), ascorby! palmitate {about 0.01 to about 0.1% w/v}, butylated
hydroxytoluene (about 0.01 to about 0.1% w/w), butviated hydroxyanisole {about 0.01 to about
0.1% w/w}, and fumaric acid (up to 3600 ppm). Vitamin E, a tocopherol, a Vitamin E ester, a
tocopherol ester, ascorbic acid, or a carotene, such as alpha-tocopherol, Vitamin E succinate,
afpha-tocopherol succinate, Vitamin E acetate, alpha-tocopherol acetate, Vitamin E nicotinate,
alpha-tocopherol nicotinate, Vitamin E linoleate, or alpha-tocopherol linoleate can be used as
anfi-oxidant stabilizers.

[0208] Certain agents can be pH-sensitive, especially at the low pH present m the gastric
cnvironment. Buffering or pH-stabilizer compounds that can be included in the systems to
reduce or prevent degradation of agent at low pH include calcium carbonate, calcium lactate,
calcium phosphate, sodium phosphate, and sodiam bicarbonate. They are typically used in an
amount of up to about 2% w/w. The buffering or pH-stabilizer compounds can comprise about
0.1% to about 4% of the carrier polymer-agent components, such as about 0.1% to about 3.5%,
about 0.1% to about 3%, about 0.1% to about 2.5%, about 0.1% to about 2%, about 0.1% 10
about 1.5%, about 0.1% to aboot 1%, about 0.1% 10 about 0.53%, or about §.2% to about .8%.
10209} The anti-oxidant stabilizers, pH stabilizers, and other stabiizer compounds are blended
mito the polvmers containing the agent (or pharmaceutically acceptable salt thereof) by blending
the stabilizer(s) into the molten carrier polyvmer-agent or agent salt mixture. The stabilizer(s} can
be blended mto moklien carrier polvmer prior to blending the agent {or salt thereof) into the
polymer-stabilizer mixture; or the stabilizer(s) can be blended with agent {or salt thereof) prior
to formulation of the blended agent {or salt thereof)-stabilizer mixture m the camier polymer; or
stabilizer(s}, agent (or salt thereof), and molten carrier polymer can be blended simultancously.
Agent {or salt thereof) can also be blended with molten carnier polymer prior to blending the

stabilizer(s} into the polvmer-agent or agent salt mixture.
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{82106} In one embodiment, less than about 10% of the agent (or salt thereof} remaining in the
system is degraded or oxidized after a gastric residence period of about 24 hours. In ong
embodiment, less than about 10% of the agent (or salt thercof) remaining in the system is
degraded or oxidized afier a gastric residence period of about 48 hours. In one embodiment, less
than about 10% of the agent (or salt thereof) remainming in the system is degraded or oxadized
after a gastric residence period of about 72 hours. fn one embodiment, less than about 10% of
the agent {or salt thereof) remaining in the system is degraded or oxidized after a gastric
residence period of about 96 hours. In one embodiment, less than about 10% of the agent (or
salt thereof) remaining in the system is degraded or oxidized after a gastnic residence period of
about five days. In some embodiments, less than about 10% of the agent {or salt thercof)
remaining in the svstem is degraded or oxidized after a gastric residence period of about a week.
In some embodiments, less than about 10% of the agent {or salt thereof) remaining in the system
is degraded or oxidized after a gastric residence period of about two weeks.

{0211} In onc embodiment, less than about 5% of the agent (or salt thercof) remaining in the
system is degraded or oxidized after a gastric residence pertod of about 24 hours. In one
embodiment, less than about 3% of the agent {or salt thereof) remaining n the system is
degraded or oxidized aficr a gastric residence period of about 48 hours. In onc embodiment, fess
than about 5% of the agent {(or salt thereof) remaining m the svstem is degraded or oxadized after
a gastric residence period of about 72 hours. In one embodiment, fess than about 5% of the
agent {or salt thereof) remaining v the system is degraded or oxidized afier a gastric residence
period of about 96 hours. In one embodiment, less than about 5% of the agent {or salt thereof)
remaining in the system is degraded or oxidized after a gastric residence period of about five
days. In some embodiments, less than about 5% of the agent (or salt thereof) remaining i the
system is degraded or oxidized after a gastrie residence period of about a week. In some
embodiments, less than about 5% of the agent {or salt thercof) remaining in the system is

degraded or oxadized after a gastric residence pertod of about two weeks,

Residence time

{0212} The residence time of the gasiric residence svstem s defined as the time between
administration of the system to the stomach and exit of the system from the stomach. In one
embodiment, the gastric residence system has a residence time of about 24 hours, or up 1o about

24 hours. In one embodiment, the gastric residence system has a residence time of about 48
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hours, or up to about 48 hours. In one embodiment, the gastric residence system has a residence
time of about 72 hours, or up to about 72 hours. In one embodiment, the gastric residence
system has a residence time of about 96 hours, or up to about 96 hours. In one crbodiment, the
gastric residence system has a residence time of about 5 days, or up to about 5 days. Inone
embodiment, the gastric residence system has a residence time of about 6 days, or up to about 6
dayvs. In one embodiment, the gasiric residence system has a residence time of about 7 days
{about one week), or up to about 7 davs (about one week). In one embodiment, the gastric
residence system has a residence time of about 10 days, or up to about 10 days. In one
embodiment, the gastric residence system has a residence time of about 14 davs {about two
weeks), or up to about 14 days {about two weeks).

{8213} In one embodiment, the gastric residence system has a residence time between about
24 hours and about 7 days. In onc embodiment, the gastric residence systent has a residence
time between about 48 hours and about 7 days. In one embodiment, the gastric residence system
has a residence time between about 72 hours and about 7 days. In one embodiment, the gastric
residence system has a residence time between about 96 hours and about 7 days. In one
embodiment, the gastric residence system has a residence time between about 5 davs and about 7
davs. In onc embodiment, the gastric residence system has a residenee time between about 6
davs and about 7 days.

0214} In one embodiment, the gastric residence system has a residence time between about
24 hours and about 10 days. In onc embodiment, the gastric residence systom has a residence
time between about 48 hours and about 10 days. In one embodiment, the gastric residence
systern has a residence time between about 72 hours and about 10 days. In one embodiment, the
gastric residence svstem has a residence time between about 96 hours and about 10 days. In one
embodiment, the gastric residence system has a residence time between about 5 days and about
10 days. In one embodunent, the gastric residence systern has a residence tune between about 6
days and about 10 davs. In ong embodiment, the gastric residence svstem has a residence time
between about 7 days and about 10 days.

{0215} In onc embodiment, the gastric residence system has a residence time between about
24 hours and about 14 days. In one embodiment, the gastric residence system has a residence
time between about 48 howrs and about 14 days. In one embodiment, the gastric residence
system has a residence time between about 72 hours and about 14 days. In one cmbodiment. the

gastrc residence system has a residence time between about 96 hours and about 14 days. In one
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embodiment, the gastric residence system has a residence time between about 5 days and about
14 days. In one embodiment, the gastric residence system has a residence time between about 6
davs and about 14 days. In onc embodiment, the gastric residence svstem has a residence time
between about 7 days and about 14 days. In one embodiment, the gastric residence system has a
residence time between about 10 days and about 14 days.

{0216} The gastric residence system releases a therapeutically effective amount of agent {or
salt thercof) during at least a portion of the residence time or residence period during which the
gystem resides in the stomach. In one embodiment, the system releases a therapeutically
effective amount of agent {or salt thereof) during at least about 25% of the residence time. In
one embodiment, the system releases a therapeutically offective amouwnt of agent {or salt thereof)
during at least about 50% of the residence time. In one embodiment, the system releases a
therapeutically effective amount of agent {or salt thereof) during at least about 60% of the
residence time. In one embodiment, the system releases a therapeutically effective amount of
agent {or salt thercof) during at least about 70% of the residence time. In one embodiment, the
system releases a therapeutically effective amount of agent {or salt thereof) during at least about
75% of the residence time. In one embodiment, the svstem releases a therapeutically effective
amount of agent {or salt thercof) during at least about 80% of the residence time. In one
embodiment, the sysiem releases a therapeutically effective amount of agent {or salt thereof)
during at least about 85% of the residence time. In one embodiment, the system releases a
therapeutically effective amount of agent {or salt thereof) during at least about 90% of the
residence time. In one embodiment, the svstem releases a therapeutically effective amount of
agent {or sait thereof) during at least about 95% of the residence time. In one embodiment, the
system releases a therapeutically effective amount of agent {or salt thereof) during at least about
989% of the residence time. In one embodiment, the system releases a therapeutically effective

amount of agent {or salt thercof) during at Ieast about 99% of the residence time.

Radiopacity

{0217} The systeros are optionally radiopaque, so that they can be located via abdominal X-ray
if necessary. In some embodiments, one or more of the materials used for construction of the
aystem 1s sufficiently radiopaque for X-ray visualization. In other embodiments, a radiopaque
substance is added to one or more materials of the system, or coated onto one or more materials

of the system, or are added to a small portion of the syvstem. Examples of suitable radiopague
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substances are barium sulfate, bismuth subcarbonate, bismuth oxychlonde, and bismuth triosade.
It ig preferable that these materials should not be blended into the polymers vsed to construct the
gastric residence system, so as not to alter drug release from the carrier polvmer, or desired
properties of other system polymers. Metal striping or tips on a small portion of the system

components can also be used, such as tungsten.

Carrier polymer-agent/agent salt combinations with excipients and other additives

10218} The blend of carrier polymer-agent or carrier polymer-agent salt can comprise various
excipicnts and other additives. The following Table CPE-1 hists combinations of excipients and
other additives that can be used in combination with agent or salt thereof and camer polvmer in
the compositions making up the elongate members or segments of ¢longate members of the
gastric residence systems. These excipients and other additives can be combined with agent or
salt thercof (where the agent or agent salt compnses between about 10% to about 60% by weight
of the composition) with the carmner polymer, such as polyvcaprolactone, making up the remainder
of the composition. Excipients inchude the following, which can be used individually or in any
combination, in amounts ranging from about 1% to about 30%, such as about 5% to about 20%,
by weight of the composition: Kolliphor P407 (poloxamer 407, poly{cthylene glyveol)-block-
polyt{propylene glycolj-block-polyiethylenc glveol)), Eudragit RS (Poly|Ethyl acrylate, methyl
methacryvlate, trimethylammoniocthyl methacrylate chlonde} 1:2:0.1}, Eudragit RL (PolyiEthyl
acrvlate, methy! methacrylate, trimethyiammoniocthyl methacrylate chlonide} 1:2:0.2), PDO
{polydioxanone), PEG-PCL, SIF (FaS5IF/FaSSGF powder from BioRelevant), EPO
(dimethylamimocthyl methacrylate - butyl methacrylate - methyl methacrylate copolymer),
Kollidon VA64 (vinylpyrrolidone - vinyl acctate copolymer in a ratio of 6:4 by mass), polyvinyl
acetate, polvvinyl pyrrolidine.

[8219] Cther additives inchude silicon digxide (comprising, for example, about 0.1% to about
5% by weight of the composition, such as about 0.1% to 1% or about 0.5%) and an anti-oxidant,
such as alpha-tocopherol {(comprising, for example, about 0.1% to about 5% by weight of the
composition, such as about 0.1% to 1% or about 6.5%). Each row of the table below represents
a formulation of excipients and other additives for use with the carrier polymer and agent or salt

thereof.
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Table CPE-1

Excipients and additives, in combination with agent or salt thereof and carrier polymer
EPQ, P407, Sihica, a-tocopherol

EPQ, Silica, a-tocopherol

Eadragit RL, Eudragit RS, Kolliphor P407, Silica, u-tocopherol
Eudragit RL, Kolliphor P407, Silica, a-tocopherol

Fudragit RL, Eudragit RS, Kolliphor P407, Silica, a-tocopherol
Eudragit RL, Kolliphor P407, Silica, n~tocopherol

Eudragit RL, Kolliphor P407, Silica, o-tocopherol

Eudragit RS, P407, Silica, g-tocopherc!

Eudragit RS, Silica, a-tocopherol

Kollidon VA64, Silica, a-tocopherol

Kothiphor P407, Silica, a-tocopherol

Kolliphor RH40, Silica, a-tocopherol
PDO, Silica, u~tocopherol

PEG-PCL, Silica, u-tocopherol

Poly Vinyl Acetate, Silica, a-tocopherol
PVP, Silica, a-tocopherol

SIF, Silica, u-tocopherol

Silica, P188, P407, g-tocophero!

silica, g-tocopherol

[220] Table CPE-2 lists specific amounts of excipients and other additives that can be used in
combination with agent or salt thereof and carrier polvmer in the compositions making up the
clongate members or segments of elongate members of the gastrc residence systems.

{02211  The amounts listed m Table CPE-2 can be varied by plus-or-mimus 20% of cach
mgredient (for example, 0.5% silica can vary between 0.4% and 0.6% silica, as 20% of 0.5% 15
0.1%;}. Each row of the table below represents a formulation of excipients and other additives

for use with the cartier polymer and agent or salt thereof,
y 2

Table CPE-2

Excipients and additives, in combination with agent or salt thereof and carrier polymer

0.53% Silica, 0.5% a-tocopherol

0.5% Silica, 2% P407, 0.5% o-~tocopherol

0.5% Silica,2% P188, 2% P407, 0.5% a-~tocopherol

0.5% Silica, 3% Budragit RS, 2% P407, 0.3% o-tocopherol
% Kolliphor P407, 0.5% Silica, 0.5% a-tocopherol

10% Eudragit RS, 2.5% P407, 2% Silica, 0.5% o-tocopherol
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Excipients and additives, in combination with agent or salt thereof and carrier polymer
10% Eudragit RS, 5% P407, 0.5% Silica, 0.5% a-tocopherol

10% Eudragit RS, 5% P407, 2% Silica, 0.5% o-tocopherol

12% Eudragit RL, 3% Kolliphor P407. 0.5% Silica, 0.5% o-tocopherol

| 2% Eudragit RL, 5% Kolliphor P407, (0.5% Stlica, 0.5% a-tocophero!

14.78% Fudragit RS, 0.226% P407, 0.5% Silica, 0.5% a~tocopherol

17.3% Eudragit RS, 5% P407, 0.5% Silica, 0.5% o-tocopherol

19.8% Eudragit RS, 0.5% Silica, 0.5% o-tocopherol

2% Koliiphor P407, 0.5% Silica. 6.5% o-tocopherol

2% P407, 0.5% Silica, 0.5% a-tocopherol

20% Eudragit RS, 2% P407, 0.5% Silica, 0.5% a-tocopherol
21.25% Eudragit RS, 2.5% P407, 0.5% Silica, 0.5% a-tocopherol
25% Eudragit RE, 3% P407, 0.5% Silica, 0.5% u-tocopherol
25% Eudragit RS, 0.3% Silica, 0.5% a-tocopherol

25% Eudragit RS, 5% P407, 0.5% Silica, 0.5% a-tocopherol

3% Fudragit RL, 9% Eudragit RS, 5% Kolliphor P407, 0.5% Silica, 8.5% a-tocopherol
3.5% Eudragit RS, 2.5% P407, 2% Silica, 0.5% a-tocopherol

3.5% Eudragit RS, 5% P407, 2% Silica, 0.5% a-tocopherch

30% PDO, 0.5% Sdica, 0.5% a-tocopherol

39.3% PEG-PCL, 0.36% Silica, 0.36% a-tocopherol

4.5% EPQ, 4.5% P407, 0.5% Silica, 0.5% o-tocopherol

5% Kolliphor P407, 0.5% Silica, 0.5% o-tocopherol

5% Koliphor RH40, 0.5% Silica, 8.5% a-tocopherol

5% SIF, 0.5% Silica, 0.5% a-tocopherol

6% Eudragit RL, 3% Kolliphor P407, 0.5% Silica, 0.5% a~tocopherol

5% Eadragit RL, 6% Eudragit RS, 5% Kolliphor P407, 0.5% Silica, 0.5% a-tocopherol
6.75% Eudragit RS, 3.75% P407, 2% Silica, 0.53% a-tocopherol

7% EPO, 2% P407, 0.5% Silica, 0.5% a-tocopherol

9% EPO, 0.5% Silica, 8.5% a-tocopherol

9% BEudragit RL, 3% Euadragit RS, 3% Kolliphor P407, 0.5% Silica, 0.5% a-tocopherol
9% Kollidon VA64, 0.5% Silica, 0.5% a-~tocopherol

9% Poly Vinyl Acetate, 0.5% Silica, 0.3% a-tocopherol

9% PVP, 0.53% Silica, 0.5% a-tocopherol

9% SIF, 0.5% Silica, 0.3% a~tocopherol

Manufacture/assembly of system: three-dimensional printing
18222} Three-dimensional printing of components of the gastric residence svstem, such as arm
or arm segments, is performed using commercially-available equipment. Three-dimensional

printing has been used for pharmaceutical preparation; see Khaled et al, “Deskiop 3D printing
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of controlled release pharmaceutical bilayer tablets,” International Journal of Pharmaceutics
461105~ 111 (2014), U8 Patent No. 7.276.252; Alhnan et al, “Emergence of 3D Printed
Dosage Forms: Opportunitics and Challenges,” Pharm. Res., May 18, 2016, PubMed PMID:
27194002}, Yu et al., “Three~dimensional printing in pharmaceutics: promises and problems,” J.
Pharm. Sc¢i. 97(9}:3666-3690 (2008); and Ursan et al ., “Three-dimensional drug printing: A
struchured review,” J. Am. Pharm. Assoc. 53{2}:136-44 {2013},

{0223} The tnitial feedstocks for three-dimensional printing are polymers or polymer blends
{c.g. enteric polvmers, time~-dependent polvmers, or blends of one or more of an agent, an agent
salt, a drog, an excipient, etc., with a carrier polymer, enteric polymaers, or time-dependent
polymers). The polvmer or ingredicnts which are to be used for onc region of the segment or
clongate member to be manufactured are mixed and pelletized using hot melt extrusion. The
polymer or blended polymer material 1s extraded through a circular die, creating a cylindrical
fiber which is wound around a spool.

0224} Multple spools are fed into the 3D printer (such as a Hyrel Printer, available from
Hyrel 3D, Norcross, Georgia, Umited States), to be fed into their representative print heads. The
print heads heat up and melt the material at the nozzle, and lay down a thin layer of material
{polvmer or polvmer blend) in a specific position on the piece being mamufactured. The material
cools and hardens within seconds, and the next laver 1s added until the complete structure is
formed. The quality of the dosage form is dependent on the feed rate, nozzle temperature, and
prinier resolution; feed rate and nozzle temperature can be adjusted o obtain the desired guality.
{0225} Three-dimensional printing can be used to manufacture individual clongate members,
ot segments of clongate members. Three-dimensional printing can also be used to prepare a
bulk configuration, such as a consolidated “slab,” stmilar to that prepared by co-extrusion
methods described herein. The bulk configuration can be cut into individual pieces (that 1,
mdividual clongate members or individual segments} as needed.

8226} In some embodiments of the mvention, producing an entire elongate member, or
“arm,” of the gastric residence system by three-dimensional printing of the elongate member is
conteraplated. In some embodiments of the mvention, producing a segment of an clongate
member, or “arm,” of the gastric residence svstem by three-dimensional printing of the segment
of an elongate member is contemplated. In some embodiments, an ¢longate member or a
segment thercof 1s produced by three-dimensional printing of adjacent portions of carrier

polymer-agent or polymer-agent salt biend and linker material in a bulk configuration, such as a
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aslab configuration. The three-dimensional printing can be followed by cutting the bulk
configuration into pieces which have the desired shape of the elongate member or segment
thercof. The threc-dimensional printing can be followed by compression molding of portions of
the bulk contiguration into pieces which have the desired shape of the elongate member or
segment thereof,

10227} Three-dimensional printing is ofien accomplished by feeding a rod or fiber of a solid
material to a print head, where it is melied and deposited with subsequent solidification, in a
technique known as fused deposition modehing (sometimes also called extrusion deposition); see
U.S. Patent Nos. 5,121.329 and 5.340.433. The methods described herein for the manufacture of
carrier polymer-drug components can also be used to manufacture foed materal, which can be
used in the manufacture via three-dimensional printing of components of the gastric residence

Systems.

Manuafacture/assembly of system: co-extrusion

[0228] Components of the gastric residence systems can be manufactured by co-extrusion.
Most of the various configurations for the segments discussed herein, such as the “islands-mn-
the-sea” configurations, can be made by cither three-dimensional printing or co-extrusion.
However, co-extrusion is Jess expensive, and can be run as a continuous process, as opposed to
three-dimensional printing, which is generally ron as a batch process.

10229} Co-extrusion of the “islands-in-the-sea” configuration is used in the textile industry and
for production of fiber optics, but has rarely been applied in biomedical systems. See US Patent
Nos. 3,531,368, 3,716,614; 4,812,012; and Haslaner et al., J. Biomed. Mater. Res. B Appl.
Biomater. 103(3}:1050-8 (2015)).

10230} Co-extrusion of components of the gastric residence system, such ag an elongate
member {arm}), or a segment of an clongate member (arm), can be performed using
commercially-available equipment, combined with customized co-extruder plumbing and
customized dies for the desired configuration. The mitial feedstocks for co-extrusion are
polymers or polymer blends (¢.g. enteric polymers, time-dependent polymers, or blends of one
or more of an agent, an agent salt, a drug, an excipient, etc., with a carrier polymer, enteric
polymers, or ime-dependent polymers). The polymer or ingredients which are to be used for
one region of the segment or elongate member to be manufactured are mixed and pelletized

using hot melt extrusion. The polymer pellets thus formed are placed into hoppers above single
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screw extraders and dried to remove surface motsture. Pellets are gravimetrically fed into
mdividual single-screw extruders, where they are melied and pressurized for co-extrusion.
{0231}  The appropriate molten polvmers are then puraped through custom designed dies with
multiple channels where they form the required geometry. The composite polymer block s
cooled (water-cooled, air-cooled, or both) and cut or stamped into the desired shape, including,
but not limited to, such shapes as tnangular prismos, rectangular prisms, or cylinder sections {pie-
shaped wedges).

{06232} In some embodiments of the invention, producing an entire clongate member, or
“arm,” of the gastric residence system by co-extruding the clongate member is contemplated. In
some cmbodiments of the invention, producing a segment of an clongate member, or “arm,” of
the gastric residence system by co-extruding the segment of an elongate member is
contemplated. In some embodiments, an clongate member or a segment thereof is produced by
co-extruding adjacent portions of carrier polymer-agent or camer polymer-agent sakt blend and
linker material in a bulk configuration, such as a slab configuration. The co-extruding can be
followed by cutting the bulk configuration mto picces which have the desired shape of the
elongate member or segment thereof. The co-extruding can be followed by compression
molding of portions of the bulk configuration unto pieces which have the desired shape of the
clongate member or segment thercof,

[8233] Insome embodiments, an ¢longate member or a segment thereof s produced by co-
extruding adjacent portions of carrier polymer-agent or carrier polyvmer-agent salt blend and
linker material in a bulk configuration, such as a slab configuration, while also co-extruding an
additional polvmer or polymers within the carrier polymer-agent or carrier polymer-agent salt
blend, the linker material, or both the carrier polymer-agent {or agent salt) blend and the Iinker
material. The co-extruding the additional polymer or polymers within the carrier polymer-agent
or carnier polymer-agent salt blend, the linker material, or both the carrier polymer-agent {or
agent salt) blend and the linker material can be performed in an islands-in-the-sea configuration.
The co-extruding can be followed by cutting the bulk configuration into pieces which have the
desired shape of the clongate member or segment thereof. The co-extrading can be foliowed by
corapression molding of portions of the bulk configuration into picces which have the desired

shape of the elongate member or segment thereof,
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Agent particie size and milfing

10234} Control of particle size used in the gastric residence systems i important for both
optunal release of agent and mechanical stability of the svstems. The particle size of the agents
affects the surface arca of the agents available for dissolution when gastric fluid permeates the
carrier polymer-agent segments of the system. Also, as the “arms” (elongate members) of the
systems are relatively thin in diameter (for example, | mullimeter to 5 millimeters), the presence
of a particle of agent of a size in excess of a foew percent of the diameter of the arms will result in
a weaker arm, both before the agent clutes from the device, and after elution when a void is left
i the space formerly occupied by the agent particle. Such weakening of the arms ig
disadvantageous, as it may lead to premature breakage and passage of the system before the end
of the desired residence period.

182353} In one embodiment, the agent particles used for blending into the carrier polymer-agent
components are smaller than about 100 microns in diameter. fn another embodiment, the agent
particles are smaller than about 75 microns n diameter. In another embodiment, the agent
particles are smaller than about 50 microns mn diameter. In another embodiment, the agent
particles are smaller than abowt 40 microns in diameter. In another embodiment, the agent
particles are smaller than abowt 30 microns in diameter. in another embodiment, the agent
particles are smaller than about 25 microns i diameter. In another embodiment, the agent
particles are smaller than aboot 20 microns m diameter. In another embodiment, the agent
particles are smaller than about 10 microns in diameter. In another embodiment, the agent
particles are smaller than about 5 microns in diameter.

[08236] In one embodiment, at least about 80% of the agent particles used for blending into the
carrier polymer-agent components are smaller than about 100 microns in diameter. In another
embodiment, at least about 80% of the agent particles are smaller than about 75 microns in
diameter. In another embodiment, at feast about 80% of the agent particles are smaller than
about 50 microns in diameter. In another embodiment, at least about 80% of the agent particles
are smaller than about 40 microns in diameter. In another embodiment, at least about 80% of the
agent particles are smaller than about 30 microns in diameter. In another embodiment, at least
about 80% of the agent particles are smaller than about 25 microns in diameter. In another
embodiment, at least about 80% of the agent particles are smaller than about 20 microns in

diameter. In another embodiment, at feast about 80% of the agent particles are smaller than
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about 10 microns in diameter. In another embodiment, at least about 80% of the agent particles
are smaller than about 5 microng in diameter.

10237} In one cmbodiment, at least about 809 of the mass of the agent particles used for
blending into the carmier polymer-agent components have sizes between about 1 micron and
about 100 miucrons in diameter. In another embodiment, at least about 80% of the mass of the
agent particles have sizes between about 1 micron and about 75 microns in diameter. In another
embodiment, at least about 0% of the mass of the agent particles have sizes between about 1
micron and about SO mucrons o diameter. In another embodiment, at least about 80% of the
mass of the agent particles have sizes between about 1 micron and about 40 microns in diamcter.
In another embodiment, at least about 80% of the mass of the agent particies have sizes between
about I micron and about 30 nucrons in diameter. In another embodiment, at least about 80% of
the mass of the agent particles have sizes between about 1 micron and about 25 microns in
diameter. In another embodiment, at least about 80% of the mass of the agent particles have
sizes between about 1 micron and about 20 microns in diameter. In another embodiment, at
least about 80% of the mass of the agent particles have sizes between about 1 micron and about
10 microns in diameter. In another embodiment, at least about 80% of the mass of the agent
particles have sizes between about 1 micron and about 5 microns in diameter.

[8238] In one embodiment, at least about 30% of the mass of the agent particles used for
blending into the carrier polymer-agent components have sizes between about 2 microns and
about 100 microns m diameter. In another embodiment, at least about 80% of the mass of the
agent particles have sizes between about 2 microns and about 75 microns in dianeter. In
another embodiment, at least about 80% of the mass of the agent particles have sizes between
about 2 microns and about 50 microng i diameter. In another embodiment, at least about 30%
of the mass of the agent particles have sizes between about 2 microns and about 40 microns i
diameter. In another embodiment, at feast about 80% of the mass of the agent particles have
sizes between about 2 microns and about 30 microns in diameter. In another embodiment, at
least about 80% of the mass of the ageunt particles have sizes between about 2 microns and about
25 microns in diameter. In ancther embodiment, at least about 80% of the mass of the agent
particles have sizes between about 2 microns and about 20 microns i diameter. In another
embodiment, at least about 80% of the mass of the agent particles have sizes between about 2
microns and about 10 microns in diameter. In another embodiment, at least about 80% of the

mass of the agent particles have sizes between about 2 microns and about 5 microns in diameter.
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108239}  In one embodiment, at least about 80% of the mass of the agent particles used for
blending into the carrier polymer-agent components have sizes between about 3 microns and
about 100 microns in diameter. In another embodiment, at [east about 80% of the mass of the
agent particles have sizes between about 3 nucrons and about 75 microns in diameter. In
another embodiment, at least about 80% of the mass of the agent particles have sizes between
about 5 microns and about 50 microns in diameter. In another embodiment, at least about 80%
of the mass of the agent particles have sizes between about 5 microns and about 40 microns in
diameter. In another embodiment, at feast about 80% of the mass of the agent particles have
sizes between about 5 microns and abowut 30 microns in diameter. In another embodiment, at
least about 80% of the mass of the agent particles have sizes between about 5 microns and about
25 miucrons in diameter. In another embodiment, at least about 80% of the mass of the agent
particles have sizes between about 5 microns and about 20 microns in diameter. In another
embodiment, at least about 80% of the mass of the agent particles have sizes between about 5
microns and about 10 muicrons in diameter.

[3248] The particle size of the agents can be readily adjusted by milling. Several milling
techniques are available to reduce larger particles to smaller particles of desired size. Fhud
energy milling is a dry milling technigue which uses inter-particle collisions to reduce the size of
particles. A type of fluid energy mill called an air jet mull shoots air mto a cvhindrical chamber
i & manner so as to maximize collision between agent particles. Ball milling utihizes a rolling
cvlindrical chamber which rotates around its principal axis. The agent and grinding material
{such as steel balls, made from chrome steel or CR-NI stecl; ceramic balls, such as zirconia; or
plastic polvamides) collide, causing reduction in particle size of the agent. Ball milling can be
performed in either the dry state, or with hiquid added to the cyvlinder where the agent and the
grinding material are insoluble in the hiquid. Further information regarding mulling is described
m the chapter bv RW. Lee et al. entitled “Particle Size Reduction” i Water-fnsoluble Drug
Formulation, Second Edition (Ron Liu, editor), Boca Raton, Florida: CRC Press, 2008; and in
the chapter by A W. Brzeozko et al. entitled “Granulation of Poorly Water-Soluble Drugs” i
Handbook of Pharmaceutical Granulation Technology, Third Edition (Dilip M. Parnikh, editor),
Boca Raton, Flonida: CRC Press/Taylor & Francis Group, 2010 (and other sections of that
handbook). Flaid energy milling (t.e., air jet milling} 15 a preferred method of milling, as it is

more amenable to scale-up compared to other dry milling techuigues such as ball mithing.
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Milling additives

10241} Substances can be added to the agent material during milling to assist in obtaining
particles of the desired size, and miminuize aggregation during bandling. Silica (silicon dioxide,
S100) 15 a preferred milling additive, as it 1s inexpensive, widely available, and non-toxic. Other
additives which can be used mnclude silica, calenim phosphate, powdered celhulose, colloidal
silicon dioxide, hydrophobic colloidal silica, magnesium oxide, magnesium silicate, magnesium
trisilicate, talc, polvvinylpvrrohidone, cellulose ethers, polyethyiene glycol, polyvinyl alcohol,
and surfactants. In particular, hvdrophobic particles less than 5 microns in diameter are
particularly prone to agglomeration, and hydrophilic additives are used when milling such
particles. A weight/weight ratio ot about 0.1% to about 5 9% of mulling additive, such as silica,
can be used for fhud nulling or ball milling, or about 0.1% to about 4 %, about 0.1% to about 3
%, about §.1% to about 2 %6, about 0.1% 1o about 1 %. about 196 to about 5 %, about 1% to
about 4 %, about 1% to about 3 %, about 1% to about 2 %. or about 0.1%, about (0.5%, about
1%, about 2%, about 3%, about 4% or about 5%.

Farticle Sizing

10242} Afier milling, particles can be passed through meshes of appropriate size to obtain
particles of the desired size. To obtain particles of a desired maximum size, particles are passed
through a mesh with holes of the maximum size desired; particles which are too large will be
retained on the mesh, and particles which pass through the mesh will have the desired maximum
size. To obtain particles of a desired mimimum size, particles are passed through a mech with
holes of the minimum size desired; particles which pass through the mesh are too small, and the

desired particles will be retaimed on the mesh.

Coupling polymers

{0243} The coupling polymer is used to link one or more carrier polvmer-agent components to
one or more carrier polymer-agent components, to link one or more carrier polvmer-agent
components to one or more clastomer components, or to link one or more elastomer components
to one or more clastomer components. Thus, the coupling polvmers form linker regions between
other components of the system. Enteric polymers and fime-dependent polymers are pretferred
for use as coupling polymers. In some embodiments, enteric polvmers are used as coupling
potymers. In some embodiments, time-dependent polymers which are pH-resistant, that s, less

sensitive to changes in pH than enteric polvmers, are used as coupling polymers. In some
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embodiments, both enteric polymers and time-dependent polymers which are less sensitive to
changes in pH than enteric polymers are used as coupling polyvmers.

{0244} Enteric polymers are relatively insoluble under acidic conditions, such as the
conditions encountered in the stomach, but are soluble under the less acidic to basic conditions
encountered in the small intestine. Entenic polvmers which dissolve at about pH 5 or above can
be used as coupling polymers, as the pH of the mitial portion of the small testine, the
duodenum, ranges from about 5.4 10 6.1, If the gasinic residence system passes intact through
the pyloric valve, the enteric coupling polvmer will dissolve and the components Iinked by the
coupling polymer will break apart, allowing passage of the residence system through the small
and large ntestines. Thus, the gastric residence systems are designed to uncouple rapidly in the
mtestinal environment by dissolution of the coupling polymer, within 48 hours, preferably
within 24 hours, more preferably within 12 hours, vet more preferably within 1-2 hours, 50 as to
avoid potential intestinal blockage. If, during treatment, the gastric residence system must be
removed quickly for any reason, the patient can drink a mildly basic agueous solution (such as a
bicarbonate solution) in order to induce immediate de-coupling of the gastric residence system.
8245} By “time-dependent polyvmer which are pH-resistant” {or equivalently, “pH-resistant
tme-dependent polymers™) 1s meant that, under conditions where an enteric polvmer would
degrade to the point that it would no longer hink the components together, the time-dependent
polymer will stll have sufficient mechanical strength to link the components together. In some
embodiments, the time-dependent polymer retains about the same linking capacity, that is, about
100% of 1ts linkage strength, after exposure 1o a solution between about pH 7 to about pH 8 as it
has after exposure to a solution between about pH 2 to about pH 3, where the exposure 1s for
about an hour, about a day, about three davs, or about a week. In some embodiments, the time-
dependent polymer retaing at keast about 90% of 1ts hinkage strength, after exposure to a solution
between about pH 7 to about pH 8 as it has after exposure to a solution between about pH 2 to
about pH 3, where the exposure 1s for about an hour, about a day, about three davs, or about a
week. In some embodiments, the time-dependent polyvmer retains at least about 75% of itg
linkage strength, after exposure to a solution between about pH 7 to about pH 8 as it has afier
exposure to a solution between about pH 2 to about pH 3, where the exposure 1s for about an
hour, about a day, about three days, or about a week. In some embodiments, the time-dependent
polymer retains at least about 60% of its linkage strength, after exposure to a sclution between

about pH 7 o about pH 8 as it has after exposure to a solution between about pH 2 to about pH

76



WO 2018/227147 PCT/US2018/036743

3, where the exposure s for about an hour, about a day, about three days, or about a week. In
some embodiments, the time-dependent polymer retains at least about 50% of its linkage
strength, after exposure to a solution between about pH 7 to about pH ¥ as 1f has after exposure
to a solution between about pH 2 to about pH 3, where the exposure is for about an hour, about a
day, about three days, or about a week. In some embodiments, the time-dependent polymer
retaing at least about 25% of its linkage strength, after exposure to a solution between about pH
7 to about pH 8 as it has after exposure to a solution between about pH 2 to about pH 3, where
the exposure is for about an hour, about a day, about three days, or about a week. In some
embodiments, the time-dependent polymer resists breaking under a flexural foree of about 0.2
Newtons (N}, about 0.3 N, about 0.4 N, about (.5 N, about 0.75 N, about i N, about 1.3 N, about
2 N, about 2.5 N, about 3 N, about 4 N, or about 5 N, after exposure to a solution between about
pH 7 to about pH &, where the exposure 1s for about an hour, about a day, about three days, or
about a week. Linkage strength can be measured by any relevant test that serves to test coupling
ability, such as a four-point bending flexural test (ASTM D790},

[0245] Exemplary coupling polvmers include, but are not limited to, ccllulose acetate
phthalate, cellulose acetate succinate, methyleellulose phthalate, ethylhydroxycellulose
phthalate, polyvinylacctatephthalate, polyvinvibutyrate acetate, vinyl acctate-maleic anhvdride
copolymer, styrene-maleic moneo-ester copolymer, methacryvlic acid methylmethacrylate
copolymer, methyl acrylate-methacrylic acid copolymer, methacrylate-methacrvhic acid-octyl
acrylate copolymer, and copolymers, mixtures, blends and combinations thercof. Some of the
enteric polymers that can be used in the invention are listed in the Enteric Polymer Table, along
with their dissolution pH. (See Mukheri, Gour and Clive G, Wilson, “Entenc Coating for
Colomic Delivery,” Chapter 18 of Modified-Release Dirug Delivery Technology {editors Michagl
J. Rathbone, Jonathan Hadgraft, Michael S. Roberts), Drugs and the Pharmaceutical Sciences
Volume 126, New York: Marcel Dekker, 2002 Preferably, enteric polymers that dissolve at a
pH of no greater than about 5 or about 5.5 are used. Polv{methacryvlic acid-co-ethyl acrylate)
{sold under the trade name EUDRAGIT L 100-55; EUDRAGIT is a registered trademark of
Evonik Réhm GmbH, Darmstadt, Germany) is a preferred enteric polymer.  Another preferred
enteric polymer is hvdroxypropyimethyleellulose acetate suecinate (hypromellose acetate
succinate or HPMCAS; Ashland, Inc | Covington, Kentucky, USA}, which has a tunable pH
cutoff from about 5.5 to about 7.0, Cellulose acetate phthalate, ceHulose acetate succinate, and

hyvdroxypropyl methvicellulose phthalate are also suitable enteric polymers.
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18247}  In one embodiment, the enteric polvmers used in the gastric residence system dissolve
at a pH above about 4. In some embodiments, the enteric polvmers used in the gastrc residence
system dissolve at a pH above about 5. In some embodiments, the enteric polymers used in the
gastric residence system dissolve at a pH above about 6. In some embodiments, the enteric
polvmers used in the gastric residence system dissclve at a pH above about 7. In some
embodiments, the enteric polymers used in the gastric residence system dissolve at a pH above
about 7.5. In some embodiments, the enteric polvmers used in the gastric residence syster
dissolve at a pH between about 4 and about 5. Tn some embodiments, the enteric polymers use
m the gastric residence system dissolve at a pH between about 4 and about 6. In some
embodiments, the enteric polymers used in the gastric residence system dissolve at a pH between

~
7
b

about 4 and about 7. In some embodiments, the entenc polvmers used in the gastric residence
system dissolve at a pH between about 4 and about 7.5, In some embodiments, the enteric
polymers used i the gastric residence system dissolve at a pH between about 5 and about 6. In
some embodiments, the enteric polymers used in the gastric residence system dissolve at a pH
between about 3 and about 7. In some embodiments, the enteric polvmers used m the gastric
residence system dissolve at a pH between about 5 and about 7.5, In some embodiments, the
enteric polymers used m the gastric residence system dissolve at a pH between about 6 and
about 7. In some embodiments, the enteric polymers used n the gastric residence system

dissolve at a pH between about 6 and about 7.5,
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Enteric Polymer Table

Polymer Bissolution pH
Cellulose acetate phthalate 6.0-6.4
Hydroxypropy! 4.3
methvicetiulose phthalate 50
Hydroxypropyl 52
methvicelivlose phihalate 33
Polvvinviacetate phthalate 5.0
Methacrylic acid-methvl 6.0
methacrylate copolymer

(1.1}

Methacrvlic acid-methvl 6.5-7.5
methacryvlate copolymer

(2:1)

Methacrvlic acid-ethyl 35
acrylate copolymer (2:1)

Shellac 7.0
Hydroxypropy! 7.0
methvicellulose acetate

succinate

Poly {methy! vinyl 4550
ether/maleic acid) monoethyl

ester

Poly {methyi vinyl 54
ether/maleic acid} n-butyl

ester

[0248] Additional preferred polymers for use as coupling polvmers are time-~-dependent
polymers, that is, polymers that degrade in a time-dependent manner in the gastric envircnment.
For example, the hiquid plasticizer triacetin releases from a polymer formulation in a time-
dependent manner over seven days in simulated gastric fluid, while Plastoid B retains its
strength over a seven-day period in simulated gastric fhud. Thus, a polymer that degrades m a
tme-dependent manner can be readily prepared by mixing Plastoid B and tniacetin; the
degradation time of the Plastoid B-triacctin mixture can be extended by increasing the amount of
Plastoid B used m the mixture (that is, using less triacetin in the mixture), while the degradation
time can be decreased by decreasing the amount of Plastoid B used 1n the mixture {that is, using

more triacetin in the mixture).
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[249] A vanety of time-dependent mechanisms are available, Water-soluble time-dependent
potymers break down as water penctrates through the polymer. Examples of such polymers are
hyvdroxypropyl methylceliulose and poly vinyl acctate. Acid soluble time-dependent polvmers
break down over fime in an acidic environment. Examples include Eudragit EPO. Time-
dependent polymers can use water soluble plasticizers; as plasticizer is released, the remaining
polymer becomes brittle and breaks under gasinc forces. Examples of such polymers include
triacetin and tricthyl citrate.

[82536] In some embodiments, the carrier polvmer-agent components are clongate members
comprised of segments attached by enteric polymers. In some embodiments, the carner
polymer-agent components are attached to the elastomer component of the system by enteric
polymers. In anv of these embodiments, when enteric polymers are used for both segment-to-
segment attachments and for attachment of the elongate members to the elastomeric component,
the enteric polymer used for segment-segment attachments can be the same enteric polymer as
the enteric polymer used for attachment of the elongate members to the clastomeric component,
or the enteric polvmer used for segment-segment attachments can be a different enteric polymer
than the enteric polymer used for attachment of the elongate members to the elastomeric
compeonent. The enteric polymers used for the segment-segment attachments can all be the same
enteric polymer, or can all be different enteric polymers, or some enteric polymers n the
segment-segment attachments can be the same and some enteric polymers in the segment-
segment attachments can be different. That is, the enteric polymer(s) used for cach segment-
segment attachment and the enteric polvmer used for attachment of the elongate members to the
elastomeric component can be independently chosen,

[02531]  In some embodiments, the carrier polymer-drug components are non-segmented
clongate members attached to the elastomer component of the system by enteric polymers, time-
dependent linkers, or disintegrating matrices, or by anv combination of enteric polymers, time-
dependent hinkers, and/or disintegrating matrices.

10252}  In any of the embodiments of the gastric residence systoms described herein, the
coupling polymers or linkers can comprise hydroxypropvl methyi cellulose acetate succinate
(HPMCAS) and polvcaprolactone (PCL}. These blends can be used to form disintegrating
linkers or disintegrating matrices. The ratio of HPMCAS to polycaprolactone in the
disintegrating finker or disintegrating matrix can be between about 30% HPMCAS:20% PCL to

about 20% HPMCAS:80% PCL. the ratio of HPMCAS to polvcaprolactone can be between

74



WO 2018/227147 PCT/US2018/036743

about 80% HPM{UAS:20% PCL to about 20% HPMCAS 80% PCL; between about 70%
HPMCAS:30% PCL to about 30% HPMCAS:70% PCL; between about 609% HPMCAS:40%
PCL to about 40% HPMCAS:60% PCL; between about 80% HPMCAS:20% PCL to about 50%
HPMCAS:50% PCL; between about 80% HPMCAS: 20% PCL to about 60% HPMCAS:40%
PCL: between about 70% HPMCAS:30% PCL 1o about 50% HPMUAS: 50% PCL; between
about 70% HPMCAS:30% PCL to about 60% HPMCAS:40% PCL; between about 20%
HPMCAS:80% PCL to about 40% HPMCAS:60% PCL; between about 209 HPMCAS:80%
PCL to about 50% HPMCAS:30% PCL; between about 30% HPMCAS: 70% PCL to about 40%
HPMCAS:60% PCL; between about 30% HPFMCAS:70% PCL to about 509% HPMCAS:50%
PCL; or about 80% HPMCAS:20% PCL, about 70% HPMCAS:30% PCL, about 60%
HPMCAS:40% PCL, about 50% HPMCAS:50% PCL, about 40% HPMCAS:60% PCL, about
30% HPMCAS:70% PCL, or about 209 HPMCAS: 809 PCL. The linker can further comprise
a plasticizer selected from the group consisting of triacetin, triethyl citrate, tributyl cifrate,
poloxamers, polvethviene glveol, polypropylence glveol, dicthyl phthalate, dibuty] scbacate,
glycerin, castor oil, acetyl tnethyvl atrate, acetvl tributyl citrate, polvethylene glveol monomethyl
ether, sorbitol, sorbitan, a sorbitol-sorbitan mixture, and diacetyvlated monoglveerides.

10253]  The linkers are chosen to weaken sufficiently after a specified period of time in order
to allow the gastric residence systems to reach a point where they de-couple and pass through
the pylorus and out of the stomach after the desired residence period or weaken sufficiently such
that the gastric residence system is no longer retained in the stomach; that is, the linkers weaken
to the pomnt of uncoupling (the uncoupling point) or to the point where the gastric residence
system can pass through the pylorus (the pyvloric passage pont, or passage point). Thus, in one
embodiment, linkers are used that uncouple after about two days in a human stomach; after
about three days in 3 human stomach; after about four days in a human stomach; after about five
davs in a human stomach; after about six days in a human stomach; atier about seven days in a
human stomach; after about cight dayvs in a human stomach; after about nine days in a human
stomach; after about ten davs 1o a human stomach; or after about two weeks 1n a human
stomach. In one embodiment, linkers are used that uncouple after about two days in a dog
stomach; after about three days in a dog stomach; after about tour days in a dog stomach; after
about five days in a dog stomach; after about six days i a dog stomach; after about seven days
i a dog stomach; after about eight days in a dog stomach; after about nine days in a dog

stomach; after about ten days in a dog stomach; or afier about two weeks in a dog stomach. In
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one embodiment, linkers are used that uncouple after about two days in a pig stomach; after
about three days 1n a pig stomach; after about four days in a pig stomach; after about five dayvs in
a pig stomach; afier about six days in a pig stomach; after about scven davs in a pig stomach;
after about eight days 1n a pig stomach; after about nine days 1 a pig stomach; after about ten
days in a pig stomach; or after about two weeks in a pig stomach. In one embodiment, linkers
are used that uncouple afier about two days (o fasted-state simulated gastric fluid; afier about
three days in fasted-state simulated gastric fluid; afier about four days in fasted-state stmulated
gastric fhuid; after about five days in fasted-state simulated gastric fluid; afier about six days in
fasted-state simulated gastric flaid; after about seven davs in fasted-state simulated gastric fhid;
after about eight days in fasted-state simulated gastric fluid; after about nine davs in fasted-state
simulated gastric thud; after about ten days in fasted-state simulated gastnic fluid; or after about
two weeks in fasted-state simulated gastric fhud. In one embodiment, Hnkers are used that
uacouple after about two days 1n fed-state simmudated gastric fluid; after about three days in fed-
state simulated gastrc fluid; afier about four days in fed-state simulated gastric fluid; afier about
five days in fed-state simulated gastnc fluid; after about six days in fed-state simulated gasiric
fluid; after about seven days in fed-state simulated gastric fhad; afier about cight days in fod-
state simulated gastric fluid; after about nine days in ted-state simulated gastric fluid; afier about
ten days in fed-state simulated gastric fluid; or afier about two weeks in ted-state simulated
gastric fluid. In one embodiment, linkers are used that uncouple after about two days in water at
pH 2; after about three days in water at pH 2; after about four days in water at pH 2; after about
five days in water at pH 2; after about six days in water at pH 2; afier about seven days in water
at pH 2; after about cight days in water at pH 2; afier about nine days in water at pH 2; after
about ten days in water at pH 2; or after about two weeks in water at pH 2. In one embodiment,
linkers are used that uncoupie after about two days m water at pH 1; afier about three days in
water at pH 1, after about four days in water at pH 1; after about five days in water at pH 1; after
about six days in water at pH 1; after about seven days in water at pH 1; after about eight days in
water at pH 1; after about nine days in water at pH 1; after about ten days in waterat pH 1; or
after about two weeks in water at pH 1.

[3254] The de-couphing or pvloric passage point in human, dog, or pig occurs when the system
passes out of the stomach, that is, when it passes through the pvlorus. For the in vitro
measurements in simulated gastric fluid or acidic water, the de-coupling or pyloric passage point

occurs when the linker weakens to the point where it will break under the nornmal compressive
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forces of the stomach, typically about 8.1 Newton to 0.2 Newton. Linkage strength {(breaking
point) can be measured by any relevant test that serves to test coupling ability, that is, the force
required to break the hinker, such as the four-point bending flexural test {ASTM D790} described
m Example 18 of WO 2017/070612, or Examples 12, 13, 13, 17, or 18 of WO 2017/100367. In
one embodiment, the de-coupling or pyloric passage point 1s reached when the linkers uncouple
at about 0.2 N of force. In another embodiment, the de-coupling or pvloric passage point is
reached when the linkers uncouple at about 0.1 N of force.

{8255} The gastric residence systems can reach the pvloric passage point without any or all of
the hinkers actually breaking. fthe linkers weaken or degrade to the point where they can no
longer hold the gastric residence system 1 the stomach, even if one, some, or all of the linkers
do not break, the gastric residence system will pass through the pylorus and mio the small
mtestine {the pyloric passage point or passage point). In some embodiments, hinkers are used
that weaken to the passage point after about two days in a human stomach; after about three days
in a human stomach; after about four days in a human stomach; after about five days i a human
stomach; after about six davs 1n a human stomach; after about seven days in a human stomach;
after about eight days 1n a human stomach; after about ning days in 2 human stomach; after
about ten davs in a human stomach; or afier about two weeks in a human stomach. In some
embodiments, linkers are used that weaken 1o the passage pomt afier about two davs n a dog
stomach; after about three days in a dog stomach; after about four days in a dog stomach; after
about five days m a dog stomach; after about six days i a dog stomach; after about seven days
in a dog stomach; after about cight days in a dog stomach; after about nine days in a dog
stomach; afier about ten davs in a dog stomach; or after about two weeks in a dog stomach. In
some embodiments, linkers are used that weaken to the passage point after about two daysin a
pig stomach; after abowut three days in a pig stomach; after about four days in a pig stomach;
after about five days in a pig stomach; after about six days in a pig stomach; after about seven
days in a pig stomach; after about eight days in a pig stomach; after about nime days in a pig
stomach; after about ten davs in a pig stomach; or after about two weeks in a pig stomach. In
some embodiments, linkers are used that weaken to the passage point afier about two days in
fasted-state simulated gastnic thud; after about three days in fasted-state simulated gastric fluid;
after about four days in fasted-state stmulated gastric fhud; after about five days in fasted-state
simulated gastric fluid; after about six days wn fasted-state simulated gastric fhud; afier about

seven days in fasted-state simulated gastric fluid; after about cight days in fasted-state simulated
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gastric thud; after about nine days in fasted-state simulated gastric fluid; after about ten days in
fasted-state simulated gastric fluid; or after about two weeks in fasted-state simulated gastric
fluid. In some embodiments, linkers are used that weaken to the passage point afier about two
davs in fed-state simulated gastnic find; after about three days in fed-state simulated gastric
fhaud; after about four davs in fed-state simuolated gastric fhad; after about five days in fed-state
simulated gastric flnd; after about six days in fed-state simulated gastric fluid; after about seven
days in fed-state simulated gastric fluid; after about eight days in fed-state simulated gastric
flurd; after about nine dayvs n fed-state simulated gastric fluid; afier about ten days m fed-state
simulated gastric fluid; or after about two weeks in fed-state simulated gastric fluid. In some
embodiments, linkers are used that weaken to the passage point afier about two days in water at
pH 2; after about three davs in water at pH 2; after about four davs in water at pH 2; afler about
five days in water at pH 2; after about six days in water at pH 2; after about seven days in water
at pH 2; after about eight days in water at pH 2; after about nine days in water at pH 2; after
about ten davs m water at pH Z; or after about two wecks in water at pH 2. In some
embodiments, linkers are used that weaken to the passage pomt after about two days in water at
pH 1; after about three days in water at pH 1, after about four days in water at pH 1; after about
five days in water at pH |; after about six days in water at pH 1; after about seven days in water
at pH 1; after about cight davs i water at pH 1; after about nine days in water at pH 1; after

about ten days 1n water at pH 1; or after about two weeks in waterat pH 1.

Flastomers

[8256] FElastomers {also referred {o as elastic polvmers or tensile polymers) enable the gastric
residence system to be compacted, such as by being folded or compressed, into a form sutable
for administration to the stomach by swallowing a container or capsule containing the
compacted svstem. Upon dissolution of the capsule in the stomach, the gastric residence system
expands into a shape which prevents passage of the system through the pyloric sphincter of the
patient for the desired residence time of the system. Thus, the elastomer must be capable of
being stored in a compacted configuration in a capsule for a reasonable shelf life, and of
expanding to its original shape, or approximately its original shape, upon release from the
capsule. In one embodiment, the clastomer 15 a silicone elastomer. In one embodiment, the
clastomer is formed from a liquid silicone mibber (LSR), such as sold m the Dow Corming QP-1

fiquid silicone rubber kit. in one embodiment, the elastomer 1s crosslinked polveaprolactone. In
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one embodiment, the clastomer 1s an enteric polymer, such as those listed in the Enteric Polymer
Table. In some embodiments, the coupling polymer(s) used in the system are also elastomers.
Flastomers are preferred for use as the central polymer in the star-shaped or stellate design of the
gastric residence systems.

{8257} In one embodiment, both the coupling polymer and elastomer are enteric polymers,
which provides for more complete breakage of the system into the carrier polymer-agent pieces
if the svstem enters the intestine, or if the paticnt drinks a mildly basic solution in order to
mduce passage of the system.

10258} Examples of elastomers which can be used include silicones, such as those formed
using Dow Corming QP-1 kits; urcthane-cross-linked polycaprolactones; polv{acrvioyl 6-
aminocaproic acid) (PASACA); poly(methacrylic acid-co-cthyl acrylate) (EUDRAGIT L 100-
535); and mixtures of poly(acrylovl 6-ammocaproic acid) (PASACA) and poly(methacrylic acid-
co-ethyl acrviate} (EUDRAGIT L 100-55).

{0259} Flexible coupling polymers, 1.¢., clastomeric coupling polymers or clastomers, are used
as the central polvmer in the star-shaped or stellate design ot the gastric residence systems. A
particudarly preferred elastomer for use as the central elastomer of the stellate or star
configuration is silicone rubber. Liguid silicone rebber (LSR) can be molded easily and cured
mto a desived shape. The Dow Coming QP-1 series, comprising cross-linked dimethyl and
methyl-vinyl siloxane copolymers and reinforcing silica, are examples of such silicone nibber
polymers (see, for example, the Web site

www . dowcorning.convDataFiles/090276t28018ed07 pdfy. Non-scgmented clongate members
or elongate members comprising segments of carrier polymer-agent components can then be
attached to the central silicone rubber clastomer. Another elastomer which can be used as the
central elastomer in the stellate design is crosslinked polycaprolactone.

[0260]  Specific configurations of gastric residence systens are disclosed in Interpational
Patent Application No. W0 2017/100367, and any of those configurations can be used for the

gastric residence systems disclosed herein.

System dimensions
[8261] The system must be able to adopt a compacted state with dimensions that enable the
patient to swallow the system (or for the system to be introduced mnto the stomach by alternate

means, such as a feeding tube or gastrostomy tube). Tvpically, the svstem is held in the
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compacted state by a container such as a capsule. Upon entry into the stomach, the system 1
then released from the container and adopts an uncompacted state, that is, an expanded
conformation, with dimensions that prevent passage of the system through the pyloric sphincter,
thus pernutting retention of the system in the stomach.

10262} Accordingly, the system should be capable of being placed mside a standard-sized
capsule of the type comunonly used 1o pharmacy. Standard capsule sizes in use in the United
States are provided below in the Capsule Table below (see “Draft Guidance for Industry on Size,
Shape, and Other Physical Atinbutes of Generic Tablets and Capsules™ at URL
www.regulations. gov/#! documentDetail . D=FDA-2013-N-1434-0002). As these are the outer
dimensions of the capsule, and as dimeunsions will vary slightly between capsule manufacturers,
the system should be capable of adopting a configuration which is about 0.5 to I mm smaller

than the cuter diameter shown, and about 1 to 2 mm shorter than the length shown in the

Capsule Table.
Capsule Table
Capsule Size Outer Diameter {mm)} | Length (mm}
000 9.9 26.1
0e g3 233
0 7.6 217
1 6.9 194
2 6.3 i8.0
3 38 159
4 33 14.3
5 49 111

10263} Capsules can be made of materials well-known in the art, such as gelatin or
bydroxypropyl methylcellulose. In one embodinment, the capsule is made of a material that
dissolves in the gastric environment, but not i the oral or csophageal environment, which
prevents premature release of the system prior to reaching the stomach.

10264} In onc embodiment, the sysiem will be folded or compressed mto a compacted state in
order to fit into the capsule, for example, in a manner such as that shown in FIG. 18. Once the

capsule dissolves i the stomach, the system will adopt a configuration suitable for gastric
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retention, for example, in a manner such as that shown in FIG. 1A Preferred capsule sizes are
G0 and 00c¢i (a G0cl-size capsule has the approximate length of a 000 capsule and the
approximate width of a 00 capsule), which then places constraints on the length and diameter of
the folded system.

18263} Once released from the container, the system adopts an uncompacted state with
dimensions suitable to prevent passage of the gastric residence system through the pylonce
sphincter. In one embodiment, the system has at least two perpendicular dimensions, each of at
cast 2 cm in length; that is, the gastnic residence system measures at least about 7 cm m length
over at least two perpendicular directions. In another embodiment, the perimeter of the system
m its uncompacted state, when projected onto a plane, has two perpendicular dimensions, each
of at least 2 cm in length. The two perpendicular dimensions can independently have lengths of
from about Z cm 1o about 7 cm, about 2 om 1o about 6 cm, about 2 om 1o about 5 cm, about 2 om
to about 4 em, about 2 ¢m to about 3 em, about 3 cm to about 7 em, about 3 ¢cm to about 6 em,
about 3 om to about 5 om, about 3 cm to about 4 ¢y, about 4 em to about 7 omy, about 4 cm to
about 6 cm, about 4 cm to about 5 cm, or about 4 cm to about 4 cm. These dimensions prevent
passage of the gastric residence system through the pyloric sphincter. For star-shaped polymers
with N arms (where N is greater than or cqual to three, such as N = 6}, the arms can have
dimensions such that the system has at least two perpendicular dimensions, cach of length as
noted above. These two perpendicular dimensions are chosen as noted above in order to
promote retention of the gastric residence system.

{0266] The system is designed to eventually break apart in the stomach at the end of the
desired residence time {residence period), at which point the remaining components of the
system are of dimensions that pernut passage of the system through the pyloric sphincter, small
mtestine, and large mtestine. Finally, the system is eliminated from the body by defecation, or
by eventual complete disschution of the system in the small and large tntestines. Thus, coupling
polvmers or disintegrating matrices are placed in the gastric residence systems of the invention
in a configuration such that, at the end of the desired residence period when the coupling
polymers or disintegrating matrices break or dissolve, the uncoupled components of the gastric
residence systermn have dimensions suitable for passage through the pylorie sphincter and

chimination from the digestive tract.
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System polymeric composition

10267}  The choice of the individual polymers for the carrier polyvmer, coupling polymer, and
clastomer influecnce many propertics of the system, such as drug elution rate (dependent on the
carrier polvmer, as well as other factors), the residence time of the system (dependent on the
degradation of any of the polvmers, principally the coupling polymers), the uncoupling time of
the system if it passes into the mtestine {dependent primartly on the enteric degradation rate of
the coupling polymer, as discussed herein), and the shelt life of the svstem in tts compressed
form {dependent primarily on propertics of the clastomer). As the systems will be administered
to the gastrointestinal tract, all of the system components should be biocompatible with the
gastrointestinal environment,

[0268] The rate of elution of drug from the carrier polvmer-drug component is atfected by
numerous factors, including the composition and properties of the carrier polymer, which may
ttselt be a mixture of several polymeric and son-polymeric components; the properties of the
drug such as hydrophilicitv/hydrophobicity, charge state, pKa, and hydrogen bonding capacity;
and the properties of the gastric environment. In the aqueous environment of the stomach,
avoiding burst release of a drug (where burst release refers to a high inttial delivery of active
pharaceutical ingredient upon initial deployment of the system in the stomach), particularly a
hyvdrophilic drug, and maintaining sustained release of the drug over a peried of time of days to
one or two weeks 1s challenging.

10269} The residence time of the systems in the stomach is adjusted by the choice of coupling
polymers used in the linker regions. The systems will eventually break down in the stomach,
despite the use of enteric coupling polvmers, as the mechanical action of the stomach and
fluctuating pH will eventually weaken the enteric coupling polymers. Coupling polymers which
degrade in a ime-dependent manner 1o the stomach can also be used o adjust the time until the
system breaks apart, and hence adjust the residence time. Once the system breaks apart, it
passes mto the intestines and 1s then elimmated.

{0278} The elastomer used 1n the systems 15 central to the shelf life of the systems. When the

systems are compressed, the clastomer is subjected to mechanical stress. The stress in turn can

cause polymer creep, which, if extensive enough, can prevent the svstems from retuming to their
uncompacted configurations when released from the capsules or other contamer; this i turn

would lead to premature passage of the systom from the stomach. Polymer creep can also be
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temperature dependent, and therefore the expected storage conditions of the systems alse need to
be considered when choosing the elastomer and other polymer components.

{0271} The system components and polyvmers should not swell, or should have minimal
swelling, in the gastric environment. The components should swell no more than about 20%, no
more than about 109, or preferably no more than about 5% when in the gastric environment

over the period of residence.

Methods of Manufacture of Carrier Polymer-Agent (or Agent Salt) Components

10272} Blending temperatures for incorporation of the agent {or a pharmaceutically acceptable
salt thereof) into polymeric matrices typically range from about 80°C 1o about 120°C, although
higher or lower temperatures can be used for polvmers which are best blended at temperatures
outside that range. When agent {(or salt thereof) particles of a particular size are used, and 15
desired that the size of the particles be maintained during and afier blending, blending can be
done at temperatures below the melting point of the agent {or salt thereof), so as to maintain the
desired size of the particles. Otherwise, temperatures can be used which melt both the polymer
and the agent (or salt thereof). Blending temperatires should be below the degradation
temperature of the agent {or sakt thereot). In one embodiment, less than about 2% of the agent
{or salt thereof) is degraded during manufacture. In one embodiment, less than about 1.5% of
the agent (or salt thereof) is degraded during manefacture. In one embodiment, less than about
1% of the agent {or salt thereof) is degraded dunng manufacture. In one embodiment, less than
about 0.75% of the agent (or salt thercof) is degraded during manufacture. In one embodiment,
less than about 0.5% of the agent {ov salt thereof} 1s degraded during manufacture. In one
embodiment, less than about 0.4% of the agent {or salt thereof} 1s degraded during manufacture.
In one embodiment, less than about 0.3% of the agent {or salt thereof) is degraded during
manufacture. In one embodiment, Iess than about 0.2% of the agent (or salf thereot) is degraded
during manufacture. In one embodiment, less than about 0.15% of the agent (or salt thereof) 1s
degraded during manufacture. In one embodiment, less than abowut 0.1% of the agent {(or salt
thereof) is degraded during manufacture. In one embodumnent, less than about 0.05% of the
agent {or sait thereof) is degraded dunng manufacture. In one embodiment, less than about
0.04% of the agent {or salt thereof} is degraded during manufacture. In one embodiment, less
than about 0.03% of the agent (or salt thereof) 1s degraded during manufacture. Inone

s ]

embodiment, less than about 0.02% of the agent {or salt thereof) is degraded during
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manufacture. In one embodiment, less than about 0.01% of the agent {or salt thereof) 1s
degraded dunng manofacture.

10273} Hot melt extrusion can be used to prepare the carrier polymer-agent {or agent salt)
components. Single-screw or, preferably, twin-screw systems can be used. As noted, ifit s
desired that the size of the particles be mamtained during and after blending, carnier polymers
should be used which can be melted at temperatures which do not degrade the agent or salt
thereof. Otherwise, temperatures can be used which melt both the polymer and the agent or salt
thereof.

10274} Melting and casting can alsc be used to prepare the camier polymer-agent {or salt
thercof) components. The carrier polvmer and agent (or salt thereof), and any other desired
components, are mixed together. The carrier polymer is melted and the melt 1s muxed so that the
agent {or salt thereof) particles are evenly distributed in the melt, poured into a mold, and
allowed to cool.

{8275} Solvent casting can also be used to prepare the carrier polymer-agent (or salt thercof)
components. The polvmer is dissolved in a solvent, and particles of agent (or salt thereof) are
added. Ifthe size of the agent {or salt thereof) particles are to be maintained, a solvent should be
used which does not dissolve the agent {or salt thereot) particles, so as to avoid altering the size
characteristics of the particles; otherwise, a solvent which dissolves both the polymer and agent
{or salt thereof) particles can be used. The solvent-carrier polymer-agent (or salt thercof)
particle mixture (or solvent-carrier particle-agent/agent salt sohution), is then mixed to evenly
distribute the particles {or thoroughly mix the solution), poured into a mold, and the solvent is

gvaporated.

Manufacture/assembly of system: affixing elongate members to central elastomer

10276} For a stellate gastric residence system, such as that shown in FIG. 1A, the clongate
members, or “arms” of the gastric residence system can be affixed to the central elastomerm a
number of ways. The ceniral polymer can be cast or molded with short “asterisk” arms. and a
linker polymer can be used to aftix the clongate members to the asterisk arms of the central
clastomer. Ajternatively, the central elastomer can be tormed in a mold into which the proximal
ends of the clongate members protrude. The elastomer sets, cures, or otherwise hardens into its

desired form with a portion of the clongate members extending into the body of the central
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clastomer. Alternatively, the central elastomer can be prepared with cavities into which the
clongate members can be firmly inserted.

102771 The invention thus includes a method of making a gastric residence system, comprising
prepanng at least three elongate members formed from a material comprising any drug-carrier
polvmer-excipient formulation as disclosed herein; and attaching the elongate memberstoa
central clastomer to form a gastric residence system. The elongate members can comprise at
least one segment with a release rate-controlling polymer film. The elongate members of the
gastric residence system project radially from the central elastomer, such as in a “hub and
spoke” arrangement. A preferred number of ¢longate members or “arms™ 1s six. However,
stellate systems with three, four, five, seven, or eight elongate members can also be used.

{8278} In some embodiments, elongate members or “arms” comprising anv carrer polvmer-
agent formulation, including arms comprising segments having release rate-modalating polymer
films, can be heat-welded, solvent-welded, or otherwise affixed to other elements, including
disintegrating matrices, coupling polymers, or interfacing polymers, which are then affixed to a
central elastomer. In some embodiments, the arms are directlv atfixed o a central elastomer.
Dhsintegrating matrices, coupling polymers, or interfacing polymer segments can be welded or
otherwise affixed to the central clastomer prior to affixing the clongate members.

{8279} In some embodiments, arms comprising any drug-carrier polvmer-excipient
formulation as disclosed herein can be heat-welded to polycaprolactone segments, such as short
polycaprolactone “asterisk™ arms affixed to a central elastomer. Linker segments can be welded
to the short “asterisk™ arms prior to atfixing the drug-camier polymer-excipient formulation
arms. Heat welding of drag-camier polymer-excipient tformulation arms to MW 80,000 PCL
segments at temperatures between 140°C to 170°C, followed by cooling for 24 hours at §°C,
resulted in stronger welds. Thus, in one embodiment, attaching the clongate members
comprising any drug-carner polyvmer-excipient formulation as disclosed herein to a central
clastomer to form a gastric residence system, can comprise heat-welding the elongate members
to other system components, such as asterisk arms or other segments comprising at least about
90%, at least about 95%, or at least about 999 polycaprolacione (such as MW 80,000 PCL), ata
temperature between about 146°C to about 170°C, followed by cooling of the welded members
attached to other system components for about 12 to about 48 hours at a temperature of about
2°C 1o about 14°C, such as about 5°C to about 10°C, or about 8°C. The other system

components can alternatively be linker clements.
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Manufacture/assembly of system

10280} Once the clongate members of the gastric residence system have been affixed to the
central ¢lastomer, the system is ready to be folded into its compacted configuration and placed
mto a capsule for storage, transport, and eventual administration. The system can be folded in
an automated mechanical process, or by hand, and placed into a capsule of the appropriate size
and material. More detail regarding manutacture and assembly of gastric residence systems, and
of packaging the gastric residence system into capsules, can be found n International Patent
Application Nos. WO 2015/191920, WO 2015/191925, WO 2017/070612, W0 2017/100367,
and PCT/US2017/034856,

Carrier polymer-agent/release rate-modulating film combinations

{0281} A vancty of camer polymer-agent segment formulations can be used with any given
rclease rate-modulating film to provide destred release characteristics from the film-coated
segment. Likewise, a variety of release rate-modulating films can be used with any given carrier
polymer-agent segment formulation. One useful combination of camer polymer-agent/film
comprises a segment with about 15% to about 40% agent, about 3% to about 15% of excipients
selected from one or more of P407, sithea, and vitanun E succinate, with the balance of the
segment made up of polycaprolactone (PCL}); and a release rate-modulating film that is about
75% to about 95% polycaprolactone with the balance of the film compusing copovidone
porogen, where the weight of the fm s about 0.5% to about 2% of the weight of the underlying
segment, and/or where the thickness of the film ranges from about 3 microns to about 10
microns. An exemplary combination 1s 27.5% agents, 6% excipients (P407, silica, vitamin E
succinate}, and 66.5% PCL, with a film that is 90% PCL 10% copovidone porogen, where the
weight of the film is about 1% of the weight of the underlying segment.

102821  Another uscful combination of carrier polymer-agent/film comprises a segment with
about 30% to about 50% agent, about 10% to about 30% plasticizer, about 0% to about 10% of
excipients selected from one or more of P407, silica, and vitamin E succinate, with the balance
of the segment made up of polveaprolactone (PCL); and a release rate-modulating film that is
about 75% to about 93% polycaprolactone with the balance of the film comprising copovidone

porogen, where the weight of the film is about 0.53% to about 3% of the weight of the underlying
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segment, and/or where the thickness of the film ranges from about 3 microns to about 12

MIcrons.

Methaods of treatment using the gastric residence systems

[0283] The gastric residence systems can be used to treat conditions requining administration
of a drug or agent over an extended period of time. In a preferred embodiment, a gastric
residence system is adovinistered to a human. For long-term adovinistration of agents or drugs
which are taken for months, vears, or mmdefinitely, administration of a gastric residence system
periodically, such as once weekly or once every two weeks can provide substantial advantages in
paticnt compliance and convenience. Accordingly, the gastric residence systems of the
mvention can be administered once every three days, once every five days, once weekly, once
every ten days, or once every two weeks, The administration frequency is timed to coincide
with the designed gastric residence period of the gastric residence system which is administered,
so that at about the same time that a gastric residence system passes out of the stomach aficr its
residence period, a new gastric residence system is admimistered.

[3284] Once a gastric residence system has been administered to a patient, the system provides
sustained reicase of agent or drug over the period of gastric retention.  After the period of gastric
retention, the system degrades and passes out of the stomach. Thus, for a system with a gastric
retention period of one week, the patient will swallow {or have administered to the stomach via
other methods) a new system every week. Accordingly, in one embodiment, a method of
treatment of a patient with a gastric retention system of the invention baving a gastric residence
period of a number of days D {(where D-days is the gastric residence period in days), over a total
desired treatment period T-total (where T-total is the desired length of treatment in days) with
the agent or drug in the system, comprises introducinog a new gastric residence system every D-
davs into the stomach of the patient, by oral administration or other methods, over the total
desired treatment period. The nomber of gastnic residence systems administered to the patient
will be {T-totaly divided by (D-days). For example, f treatment of a patient for a vear (T-total =
365 days) is desired, and the gastric residence peniod of the system is 7 days (D-davs = 7 days),
approximately 52 gastric residence svstems will be administered to the patient over the 365 days,
as a new system will be administered once every seven days.

10285}  Altematively, the patient can swallow (or have administered to the stomach via other

methods) a new gastric residence system at the end of the effective release period of the gastric
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residence system. The “effective release pertod™ or “effective release time” is the time over
which the gastric residence system releases an effective amount of the agent contamed in the
system. Accordingly, in one embodiment, a method of treatment of a patient with a gastrc
residence system of the invention having an effective release period of a number of days E
{where E-days is the effective release period in days), over a total desired treatment pertod T-
total (where T-total is the desired length of treatment o days} with the agent in the svstem,
comprises introducing a new gastric residence system every E-days into the stomach of the
patient, by oral administration or other means, over the total desired treatment period. The
number of gastac residence systems administered to the patient will be {T-total} divided by (E-
davs). For example, if treatment of a patient for a vear (T-total = 3635 days) is desired, and the
effective release period of the svstem 1s 7 days (E-days = 7 days), approximately 52 gastric
residence systems will be adnunistered to the patient over the 365 davs, as a new system will be

administered once every seven days.

Gastric Delivery Pharmacokinetics for Gastric Residence Systems
[0286] The gastnc residence systems of the invention provide for high bioavailability of the
agent as measured by AUCy after administration of the systems, relative to the bioavailability of
a conventional oral formulation of the agent. The systems also provide for maintenance of an
approxamately constant plasma level or a substantially constant plasma level of the agent.
{0287} Relative bicavailability, Feg, of two different formulations, formulation A and
formulation B, is defined as:

Frer = 100 x {AUC x Bosep)/(AUCs x Dosca)
where AU, 18 the area under the curve for formulation A, AUCy 15 the area under the curve for
formudation B, Dose, s the dosage of formulation A used, and Doseg 1s the dosage of
formulation B used. AUC, the arca under the curve for the plot of agent plasma concentration
versus time, is usually measured at the same time (1) after administration of each formulation, in
order to provide the relative biocavailability of the formulations at the same time point. AU
refers to the AUC measured or calculated over “infiute” time, that is, over a period of time
starting with mitial administration, and ending where the plasma level of the agent has dropped
to a negligible amount.
10288} In onc cmbodiment, the substantially constant plasma level of agent provided by the

gastric residence systems of the invention can range from at or above the trough level of the
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plasma level of agent when administered daily in a conventional oral formulation {(that 1s, Cppp of
agent administered daily in immediate-release formulation) to at or below the peak plasma level
of agent when admuinistered daily in a conventional oral fornmlation (that is, Cypy of agent
administered daily in immediate-release formulation}. In some embodiments, the substantially
constant plasma level of agent provided by the gastric residence systems of the mvention can be
about 50% to about 90% of the peak plasma level of agent when administered daily in a
conventional oral formulation (that is, Cpax of agent administered daily in tmmediate-release
formulation). The substanually constant plasma level of agent provided by the gastric residence
systems of the invention can be about 75% to about 125% of the average plasma level of agent
when adnunistered daily in a conventional oral formulation (that is, Ty of agent administered
daily m immediate-release formulation). The substantially constant plasma level of agent
provided by the gastric residence systems of the invention can be at or above the trough level of
plasma level of agent when administered daily in a conventional oral formulation (that is, Cyp of
agent administered daily in immediate-release formulation), such as about 1006% to about 150%
of C fiin-

[3289] The gastnc residence systems of the invention can provide bioavailabibity of agent
released from the system of at least about 50%, at least about 60%, at feast about 70%, or at least
about 80% of that provided by an immediate relcase form comprising the same amount of agent.
Ag indicated above, the bigavailability 1s measured by the area under the plasma concentration-

time curve (AUCInf).

Bissolution Profile, Bioavailability and Pharmacokinetics for Gastric Residence Systems
[9290] Dissolution: The gastric residence svstems described herein provide a steady release
of an agent or a pharmaceutically acceptable salt thereof over an extended period of time. The
systems are designed to release a therapeutically effective amount of an agent or salt thereof
over the period of residence in the stomach. The release of agent (or salt thereof) can be
measured 7 vifro or in vivo to establish the dissolution profile (elution profile, release rate) of
the agent {or salt thereof) from a given residence system in a specific environment. The
dissolution profile can be specified as a percentage of the onginal amount of agent {or salt
thereof) present n the system which elutes from the system over a given time period.

10291} Thus, 10 some embodiments, the agent (or salt thereot) contained in a gastric residence

system can have a dissolution profile of 10-20% release between zero hours and 24 hoursina
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given environment. That is, over the 24-hour period after mitial introduction of the gastric
residence system into the environment of interest, 10-20% of the initial agent (or salt thereof)
contamned in the system clutes from the system.

{8292} The environment of inferest can be 1) the stomach of a patient (that s, an in vivo
environment}, or 23 simulated gastrie fluid (that is, an in virro environment),

{0293} The gastric residence systems of the tnvention provide for high bicavailability of the
agent (or salt thercof) as measured by AUCiy atter administration of the systems, relative to the
bioavailability of a conventional oral formulation of the agent {or salt thereof). The systems also
provide for maintenance of a substantially constant plasma fevel of the agent {(or salt thereof).
{0294} Parameters of intorest for release include the hincarity of release over the residence
period of the gastric residence systems, the standard deviation of release over the residence
period {which is related to linearity of release; a standard deviation of zero indicates that release
is linear over the entire residence period), the release over the initial six hours of residence (that
is, burst release upon initial administration), and total release of agent {or salf thereof) over the
residence period. A preferable residence period 18 seven days, although other penods, such as
two, three, four, five, six, eight, nine, ten, 11, 12, 13, or 14 days can be useful.

10295} Lincarity of agent (or salt thereof) release over the residence period refers to the
amount released during each 24-hour period of residence. For a seven-day period of residence,
it is desirable that about the amount of agent (or salt thereof} s released each day, e that
kincarity of agent (or salt thereof) release 1s maximized. This will minimize the standard
deviation of daily agent or agent salt relcase over the residence period. in some crobodiments,
the gastric release svstems have a variation {or a standard deviation) for daily agent (or salt
thereof) relecase of less than about 100%, less than about 909%, less than about 80%, less than
about 70%, loss than about 60%, less than about 50%. less than about 40%, less than about 309,
fess than about 25%, less than about 20%, less than about 15%. less than about 10%, or less than
about 5%, over the period of residence. In some embodiments, the period of residence can be
about three days, about seven days, about ten days, or about two weeks.

[0296] Muumization of burst release, that is, release over the wnitial period of residence (such
as six hours, twelve hours, or 24 hours after administration of a gastric residence system) is
desirable in order to maintain a predictable and steady release profile. If'T is the total agent {or
salt thereof) release over the residence period (in units of mass), and B is the number of days of

the residenee period, then completely linear release would mean that about T/D mass of agent
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{or salt thereof) 1s released per day. If the period over which burst release s measured is the first
six hours, then a linear release profile will result in 0.25 x T/D mass of agent {or salt thereof)
released during the first six hours. in percentage terms of the total amount of agent {or salt
thereot) released over the residence period of D days, incar release would be about 100/D % of
agent {or salt thereof) per day, and a linear release over the first six hours would be 25/D %.
{Note that 100% in this context mdicates the total amount of agent {or salt thereof) released,
regardless of how much agent (or salt thereot) is contained in the mitial formulation.) Thus, for
a seven day residence period. linear release over the first six hours would be about 3.6% of the
total amount of agent (o1 salt thereof) released over the seven-day period.

{0297} In some embodiments, during the initial six hours of residence after adnunisiration the
gastric residence systems release about 0.2 to about 2 times T/D of the total mass of agent (or
salt thereof) T released over the residence period of D days, or about (1.2 to about 1.75 times T/D
of the total mass of agent {or salt thereof} T released over the residence period of I days, or
about 0.2 to about 1.5 times T/D of the total mass of agent (or salt thercof) T released over the
residence period of I days, or about 0.2 to about 1.25 times T/D of the total mass of agent (or
salt thereof) T released over the residence period of D days, or about 0.2 to about 1 times T/D of
the total mass of agent (or salt thereof) T released over the residence period of D days, or about
0.2 to about 0.8 times T/D of the total mass of agent (or salt thereof) T released over the
residence period of D days, or about 0.2 to about 0.75 times T/D, or about 9.2 to about 0.7 times
T/D, or about .2 to about 0.6 tumes T/D, or about 0.2 to about 0.5 times T/D, or about 0.2 to
about 0.4 times T/D, or about 0.2 to about 0.3 times T/D, or about 8.25 to about 2 times T/, or
about 0.3 to about 2 times T/D, or about 0.4 to about 2 times T/D, or about 0.5 to about 2 times
T/, or about 0.6 to about 2 times T/D, or about 0.7 to about 2 times T/D, or about 0.23 to about
1.5 times T/D, or about 0.3 to about 1.5 times T/D, or about 0.4 o about 1.5 times T/D, or about
(.5 to about 1.5 times T/, or about 0.6 to about 1.5 times T/D, or about 0.7 to about 1.5 times
T/D, or abowut .25 10 about 1.25 times T/D, or about 0.3 to about 1.23 times T/D, or about 0.4 o
about 1.25 times T/D, or about 0.5 to about 1.25 times T/D, or about 0.6 to about 1.25 times
T/D, or about 0.7 to about 1.25 times T/D, or about 0.25 to about 1 times T/D, or about 0.3 to
about | times T/D, or about 0.4 to about T times T/, or about 0.5 to about 1 times T/D, or about
(.6 1o about 1 times T/E, or about §.7 o about 1 times T/E, or about §.25 times T/D, or about
(.25 to about 0.8 times T/D, or about 0.3 to about 0.8 times T/D, or about 0.4 to about 0.8 times

T/D, or about 0.5 1o about 0.8 times T/D, or about 0.6 1o about 0.8 times T/D, or about 0.7 to

a1



WO 2018/227147 PCT/US2018/036743

about 0.8 times T/D, or about .8 ttmes T/D .. about | tumes T/D, about 125 times T/D, about 1.5
times T/D, or about 2 times T/D.

10298} In some embodiment of the gastric residence systoms, during the tnitial six hours of
residence after administration the gastric residence systems release about 296 to about 10% of
the total mass of agent {or salt thereof) released over the residence period, or about 3% to about
10%., or about 4% to about 10%, or about 5% to about 10%, or about 6% 1o about 10%. or about
7% to about 10%6, or about 8% to about 10%, or about 9% to about 10%, or about 2% to about
956, or about 2% to about 8%, or about 2% 1o about 7%, or about 2% to about 6%, or about 2%
to about 5%, or about 2% to about 4%, or about 2% to about 3%.

10299}  In some embodiments of the gastric residence systems, where the gastric residence
systems have a residence period of about seven days, during the mitial six hours of residence
after administration the gastric residence systems release about 2% to about 109 of the total
mass of agent {or salt thereof} released over the residence period of seven days, or about 3% to
about 10%, or about 4% to about 10%, or about 5% to about 10%, or about 6% to about 10%, or
about 7% to about 10%, or about 8% to about 10%, or about 9% to about 10%, or about 2% to
about 9%, or abowut 29 to about 8%, or about 2% 1o abowut 7%, or about 2% to about 6%, or
about 2% to about 3%, or about 2% to about 4%, or about 2% to about 3%.

{8308}  In some embodiments, during the mitial 24 hours of residence after adounistration, the
gastric residence systems release about 10% to about 35% of the total mass of agent (or salt
thereof) released over the residence pericd, or about 10% to about 30%, or about 10% to about
23%, or about 0% to about 20%, or about 10% to about 15%, or about 15% to about 35%, or
about 1539 to about 3539%, or about 15% to about 30%, or about 20% to about 30%, or about 25%
to about 33%, or about 23% to about 30%, or about 30% to about 35%.

13301} In some embodiments, where the gastric residence systems have a residence period of
about seven days, during the mitial 24 hours of residence after adnunistration the gastric
residence systems release about 10% to about 35% of the total mass of agent (or salt thereof)
refcased over the residence period of seven days, or about 10% to abowt 30%, or about 10% to
about 25%, or about 10% to about 20%, or about 10% to about 15%, or about 159 to about
35%, or about 15% to about 35%, or about 15% to about 30%, or about 20% 1o about 30%, or

about 25% to about 3539%, or about 25% to about 30%, or about 30% to about 35%.
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Reduction of pH Effect on Release Rate
10302} The gastnic residence systems, and segments of gastric residence systems, as descnbed
herein which comprise release-rate modulating polvraer films have reduced variabihity of relecase
of an agent or pharmaceutically acceptable salt thercof at different pH values, as compared to
release from gastric residence systems or segments of gastric residence systems of similar
composition but which lack the release-rate modelating polymer films.
{0303} The solubility of certain agents, or salts thereof, can vary at different pH values. For
example, the solubility of rispendone 1s significantly higher at the more acidic end of the gastric
pH range {¢.g., pH 1.5} than at the less acidic end of the gasiric pH range {e.z., pH 4 8}
Rispernidone will thus have a faster dissolution rate at the lower pH, and will have a tendency 1o
be released faster from a gastric residence system at the lower pH. Since the pH of the stomach
can vary over time doe to several factors, reducing the variation in release rate of a given agent
or salt thereof at different pH values aids in providing a linear dissolution profile over a given
period of time.
{0304} The pH-dependent release rate ratio, RRyy, for a given agent or salt thereof at a given
first pH value and a given second pH value can be expressed as:

RRpn = (rate of release at a first pH) divided by {rate of release at a second pH).
if the rates of release at the first and second pH are identical, the RRpn will be 1. ff the rate of
release at the first pH 1s higher than the rate of release at the second pH, the RR;i will be greater
than 1, while if the rate of release at the first pH is lower than the rate of release at the second
pH, the RR; will be less than one. In order to reduce varnability of release at different pH
values, a value of RRpq as close to T as possible 15 desirable.
{0305] A pH-dependent release rate ratio factor, RRF, can be defined as the factor by which
the release rate at the two pH values differ. RRFy 1s the same as RRyy when RRy s greater
than one, and is the reciprocal of RRpu when RRyu s less than one.
[8306] Release rate ratios for gastric residence systems can be measured at any two different
pH values between about 1 and about 6, and generally at pH values at least about 1 pH unit
apart, such as at least about 2 pH units apart, at least about 3 pH units apart, or at least about 4
pH units apart. Two useful values are a first pH of about 1.5 and a second pH of about 4.8, to
represent typical low-pH and high-pH extremes of stomach pH. Release rate ratios can be
measured in simulated gastric fluid adjusted to the pH of interest, such as FaSSGF, including

FaSSGF atabout pH 1 to pH 2. ¢z at pH 1.5, Releasc rate ratios can also be measured in buffer
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systems at the pH of mterest, such as ammonium acetate (for example, at about pH 4 8). Release
rate ratios can be calculated by measuring release from gastric residence systems at two different
pH values over a period of time, such as about one hour, about two hours, about three hours,
about six hours, about 12 hours, about 24 hours, about 48 hours, about 72 hours, about 96 hours,
about 5 days, about 6 days, about 7 days, about 8 days, about 9 days, about 10 davs, or about 2
weeks.

{3307} The gastric residence systems and the segments of gastric residence systems described
herein, comprising a release-rate modulating film, can have a pH-dependent release rate ratio
factor RRF . where the first pH 1s 1.5 and the second pH is 4.8, or altematively where the first
pH and the sccond pH are both between about pH 1 and about pH 6 and are at least about 3 pH
units apart, of greater than about 1, of greater than about 2, of greater than about 3, of greater
than about 4, of greater than about 5, of greater than about 6, of greater than about 10, of greater
than about 20, or of about 1 to about 20, of about 1 to about 10, of about 1 to about 6, of about 1
to about 4, of about 1 to about 3, of about 1 to about 2.5, about 1 to about 2.2, about 1 to about 2,
about I to about 1.9, about 1 to about 1.8, about 1 to about 1.7, about 1 to about 1 6, about 1 1o
about 1.5, about | to about 1.4, about | to about 1.3, about | to aboot 1.2, about 1 to about 1.1,
about 1.1 to about 2, about 1.2 to about 2, about 1.3 to about 2, about 1.4 to about 2, or about 1.5
to about 2.

{8308} The gastric residence systems and the segments of gastric restdence systems described
herein, comprising a release-rate modulating film, can have a pH-dependent release rate ratio
REyn, where the first pH s about 1.5 and the second pH s about 4.8, or alternatively where the
first pH and the sccond pH are both between about pH 1 and about pH 6 and are at least about 3
pH units apart, of about 0.05 to about 20, of about .1 to about 10, of about 0.2 to about 5, of
about 0.25 to about 4, about 0.3 to about 3. 0.4 to about 2.5, about 0.5 to about 2. about 0.6 1o
about 2, about 0.7 to about 2. about 0.8 to about 2, about 0.9 to about 2. about 1 to about 20,
about 1 to about 10, about 1 to about 3, about 1 to about 4, about 1 to about 3, about 1 to about 2,
about 1.1 to about 2, about 1.2 to about 2, about 1.3 to about 2, about 1.4 to about 2, or about 1.5
to about 2. The gastric residence systems and the segments of gastric residence systems
described herein, comprising a release-rate modulating film, can have a pH-dependent release
rate ratio RRyy, where the first pH is 1.5 and the second pH is 4.8, or altematively where the first
pH and the second pH are both between about pH 1 and about pH 6 and are at least about 3 pH

units apart, of about | to about 2.5, about 1 to about 2.2, about 1 to about 2, about | to about 1.9,
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about |t aboot 1.8, about 1 to about 1.7, about 1 to about 1.6, about 1 {0 about 1.5, about 1 to
about 1.4, about | to about 1.3, about 1 to about 1.2, or about 1 to about 1.1; or of greater than
about 1, greater than about 1.5, greater than about 2, greater than about 3, greater than about 4,
greater than about 5, greater than about 10, or greater than about 20. The gastric residence
systems and the segments of gastric residence systems described herein, comprising a release-
rate modulating film, can have a pH-dependent release rate ratio RRyy, where the first pHis 1.5
and the sccond pH is 4.8, or altematively where the first pH and the sccond pH are both between
about pH 1 and about pH 6 and are at east about 3 pH units apart, of about 0.05 to about 1 of
about 0.1 to about 1, of about 0.25 to about 1, about 0.3 to about 1, about 0.4 to about 1, about
(.5 to about 1, about 0.5 to about 1, about 0.7 to about 1, about 8.8 to about 1, or about 0.9 to
about §; or of less than about 0.9, less than about 0.8, less than about 0.7, less than about 0.6,
tese than abowut (0.5, less than about 0.4, less than about .3, less than about 0.2, less than about
0.1, or less than about (.05,

[3309] pH-dependent release rate ratios of agents and pharmaceutically acceptable salts
thereof from gastric residence systems tend to deviate from the ideal value of one when therc is a
significant difference in solubility of an agent or salt thercof at different pH values. The
difference in solubility of an agent or a pharmaceutically acceptable salt thereof at two different
pH values used in the gastric residence systerns described herein can be about a factor of about
1.25 or more, a factor of abowt 1.5 or more, a factor of about 3 or more, a factor of about 4 or
more, a factor of about 5 or more, a factor of about 10 or more, a factor of about 20 or more, a
factor of about 30 or more, a factor of about 40 or more, a factor of about 30 or more, a factor of
about 75 or more, or a factor of about 100 or more; or a factor of about 2 to about 100, about 2 1o
about 75, abowut 2 to about 50, about 2 to about 20, about 2 to about 10, about 3 to about 100,
about 5 to about 75, about 5 to about 30, about 5 to about 20, or about 5 to about 10, where the
two different pH values hie between about pH 1 and about pH 6, such as about pH 1.5 and about
pH 4 8, or where the first pH and the second pH are at least about 3 pH anits apart. Generally,
the greater the difference 1 solubility of an agent or pharmaceutically acceptable salt thereof at
two different pH values, the more useful release-rate modulating polvmer films become for
reducing differences in pH-dependent rates of release trom gastric residence systems. For
example, when the difference in solubility of an agent or a pharmaceutically acceptable salt
thereof at two different pH values between about pH 1 and about pH 6 {such as about pH 1.5 and

about pH 4.8) is a factor of about 5 or more, or where the difference in solubility of an agentor a
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pharmaceutically acceptable salt thereof at a first pH value and a second pH vahue where the
values are at least about 3 pH units apart is a factor of about 5 or more (for example, an agent
having a solubility of 12 mg/mi at pH 1.5 and a solubility of 2 mg/md at pH 4.8 has a difference
i solubility at the two different pH values of a factor ot 6), release-rate modulating polymer
films are very useful in reducing difference 1n pH-dependent rates of release from gastric
residence systems. However, release-rate modulating polymer films can be used io shift the pH-
dependent release rate ratio closer to one when there is any differonce in solubility of an agent or
a pharmaceutically acceptable salt thereof at two different pH values, and release-rate
modulating polymer films can be used for the other purposes disclosed herein even if there is no
signiticant difference i solubility of an agent at different pH values.

{8318} The release-rate modulating polvmer films used for the gastric residence systems and
the segments of gastric residence systems described herein, can reduce the deviation from the
ideal value of 1 in the pH-dependent release rate ratio factor RRFy of the gastric residence
system as compared to the deviation in the same gastric residence system lacking the release-rate
modulating films, bv about 10%, about 25%, about 33%, about 50%, about 75%, or by a factor
of about 1.25, about 1.5, about 2, or about 3. The deviation in pH-dependent release rate ratio
factor RRF,y 1s defined as (RRF i ~ 1), and can also be referred to as the deviation from | of the
pH-dependent release rate ratio factor RRF,u. For example, if a first gastric residence system
lacking a release-rate modulating polymer film has a release rate in arbitrary units of S atpH 1.5
and 3 at pH 4.8, its pH-dependent release rate ratio factor RRF g 1s (9/3) = 3, and 1t deviates by 2
units from the ideal value of 1 (where releasce rates at the two pH values are equal). If a second
gastric residence svstem having the same components as the first gastnc residence system, but
also mchiding a release-rate modalating polymer film, has a release rate in arbitrary vmnits of 4 at
pH 1.5 and 2 at pH 4.8, its pH-dependent release rate ratio factor RRFy is (4/2) = 2, which
deviates by | unit from the ideal value of 1. Thus, the release-rate modulating polymer coating
has reduced the deviation of the pH-dependent release rate ratio factor RRFu from the ideal
value by a factor of 2, since the deviation from the 1deal value for the system lacking the film

was 2 units, and the deviation from the ideal value for the system with the film was 1 unit.

Kits and Articles of Monufacture
13311}  Also provided herein are kits for treatment of patients with the gastric residence

systems of the mvention. The kit may contain, for example, a sutficient number of gastric
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residence systems for periodic admintstration to a patient over a desired total treatment time
period. i the total treatment time 1a days is (T-total}, and the gastac residence systems have a
residence time of {D-days), then the kit will contain a number of gastric residence systems equal
to ({T-total) divided by (D-days)) (rounded to an miegral number}, for adounistration every D-
davs. Alternatively, if the total treatment time in days 1s (T-total}, and the gastric residence
systems have an effective release period of (E-days), then the kit will contain a mumber of gastric
residence systems equal to ((T-total) divided by (E-days)) {rounded to an ntegral number), for
administration every E-days. The kit may contain, for example, several gastric residence
systems in containers {where the containers may be capsules) and may optionally also contam
printed or computer readable instructions for dosing regimens, duration of treatment, or other
mformation pertinent to the use of the gastric residence systems and/or the agent or drug
contained in the gastric residence systems. For example, if the total treatment period prescribed
for the patient is one vear, and the gastric residence system has a residence time of one week or
an effective release period of one week, the kit may contain 32 capsules, cach capsule containing
one gastric residence system, with imstructions to swallow one capsule once a week on the same
day {c.g., every Saturday).

10312}  Asticles of manufacture, comprising a sufficient number of gastric residence systems
for pertodic administration to a patient over a desived total treatment time period, and optionally
comprising instructions for dosing regimens, duration of treatment, or other information
pertinent to the uvse of the gastric residence systems and/or the agent or drug contained in the
gastric residence systems, are also included in the mvention. The articles of manufacture may be
supplied in appropriate packaging, such as dispensers, trays, or other packaging that assists the

patient in administration of the gastric residence systems at the prescribed interval.

Fxemplary Embodiments

[8313] The mvention is further described by the following embodiments. The features of cach
of the embodiments are combinable with any of the other embodiments where appropriate and
practical.

[6314] Embodiment 1. A segment of a gastric residence svstem, the segment comprising:
a carrier polymer; an agent or a salt thercof, and a release-rate modulating polvmer film
configured to control the release rate of the agent or salt thereof, wherein over a seven-day

mcubation of the segment in simudated gastric fluid, the amount of the agent or salt thercof
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released from the segment daring day 5 is at least about 40% of the amount of agent or salt
thereof released during day 2; and wherein at least about 7% of the total amount of agent or salt
thereof in the segment s released on day 2 and at least about 7% of the total amount of agent or
salt thereof is released on day 5.

18315} Embodiment 2. A segment of a gastric residence system, the segment comprising;
a carrier polymer; an agent or a salt thercof; and a release-rate modulating polymer film
configured to control the release rate of the agent or salt thereof, wherein over a seven-day
meubation of the segment in simulated gastric fluid, the amount of the agent or salt thereof
released from the segment durng day 7 is at least about 20% of the amount of agent or salt
thercof released during day 1; and wheremn at least about 4% of the total amount of agent or salt
thereot n the segment is released on day 1 and at least about 4% of the total amount of agent or
salt thereof 1s released on day 7.

{8316} Embodiment 3. A segment of a gastric residence systom, the segment comprising:
a carricr polymer, an agent or a salt thereof; and a release-rate modulating polymer film
configured to control the release rate of the agent or salt thercot, wherem the release-rate
modudating polymer film is configured such that the release of agent or salt thercof from the
segment in 40% ethanol/66% simulated gastric fluid over one hour is no more than about 40%
higher compared to release of agent or salt thereof from an equivalent segment m 100%
simulated gastrie fluid over one hour.

18317} Embodiment 4. A segment of a gastric residence systom, the segment comprising:
a carricr polymer, an agent or a salt thereof; and a release-rate modulating polymer film
configured to control the release rate of the agent or salt thercot, wherem the release-rate
modidating polymer film is configured such that the release of agent or salt thercof from the
segment in 40% ethanol/60% simulated gastric fluid over one hour is at least about 40% lower
than the reiease of agent or salt thereof from a second segment in 40% cthanol/60% simulated
gastric fluid over one hour, the second segment comprising the same combination of carner
polymer and agent or salt thereof but lacking the release-rate modulating polymer film.

{6318} Embodiment 5. A segment of a gastric residence system, the segment comprising:
a carrier polymer, an agent or a salt thereof, and a release-rate modulating polvmer film
configared to control the release rate of the agent or salt thercof, wheremn the release-rate
modulating polymer film is configured such that the release of agent or salt thereof from the

segment in simulated gastric fluid over an tutial 6 hour period is at least about 40% lower than
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the release of agent or salt thereof from a second segment in simulated gastric fluid over an
mitial 6 hour period, the second segment comprising the same combination of carrier polymer
and agent or salt thercof but lacking the release-rate modulating polvmer film; and whercin the
release of agent or salt thereof from the segment in simulated gastric flnd over a seven-day
period s at least about 60% of the total amount of agent or salt thercof onginally present 1n the
segment.

{3319} Embodiment 6. The segment of embodiment 5, wherein the release of agent or salt
thereof from the segment in simulated gastric fluid over a seven-day penod is at least about 70%
of the release of the total amount of agent or salt thereof originally present in the segment.
103208} Embodument 7. The secgment of embodiment 5, wherein the release of agent or salt
thereof from the segment in simulated gastric thuid over a seven-day period 1s at least about 80%
of the release of the total amount of agent or salt thereof origimally present in the segment.

{8321} Embodiment 8, A segment of a gastric residence systom, the segment comprising:
a carricr polymer; an agent or a salt thercof, and a release-rate modulating polymer film, wherein
the polvmer film 1s configured to control the release rate of the agent or salt thereof such that a
best-fit linear regression model of the release rate of agent or salt thereof from the segment in
simulated gastric fluid has a coefficient of determination R” of at least about 0.8 over an initial
period of seven davs; and wherein the segment releases about 40% to about 60% of the agent or
salt thereof within a time of about 40% to about 60% of the seven-day period.

18322} Embodiment 9. The segment of embodiment 8, wherein the polymer film is
configured to control the release rate of the agent or salt thereot such that a best-fit lincar
regression model of the release rate of agent or salt thereof from the segment 1n simulated gastric
flaid has a coefficient of determination R” of at least about 0.9 over an initial period of seven
days; and wherein the segment releases about 40% to about 60% of the agent or salt thereof
within a time of about 40% to about 60% of the seven-day period.

[6323] Embodiment 10, A segment of a gastric residence system, the segment comprising:
a carrier polvmer; an agent or a salt thereof; and a release-rate modulating polymer film, wherein
the polymer film is configured to control the release rate of the agent or salt thereof from the
segment over a seven-day penod in simulated gastric fluid such that the release rate from the
segment over any one of the seven davs varies by no more than about 25% from the average

daily total release from the segment over the seven days.
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[8324] Embodiment 11, The segment of a gastric residence system according to any one of
embodiments 1-10, wherein the release-rate modulating polymer film comprises one or more
polvester materials.

[0325] Embodiment 12.  The segment of embodiment 11, wherein the polymer film
comprises polyester with a repeating unit of the form

-R-0-C=0)-

wherein R is selocted from the group consisting of C1-C ), alkylene groups, ethers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve
carbon atoms.

{0326] Embodiment 13, The segment of embodiment 11, wherein the polymer film
comprises polveaprolacione or polydioxanone.

18327} Embodiment 14.  The segment of embodiment 11, wherein the polymer film
comprises polycaprolactone of about 10,000 to about 150,000 Ma.

{0328] Embodiment 15, The segment of embodiment 11, wherein the polymer fm
comprises polveaprolactone of about 80,000 Mn to about 110,000 Mn.

{3329] Embodiment 16,  The segment of embodiment 11, wherein the polymer film
comprises polveaprolactone of about 90,000 Mn.

[0338] Embodiment 17.  The segment of embodiment 11, wherein the polymer film
comprises polycaprolactone having intrinsic viscosity of about 1.5 dl/g to about 2.1 dL/g.
{0331} Embodiment 18.  The segment of any one of embodiments 1-17, wherein polymer
film further comprises a porogen.

[3332] Embodment 19, The segment of any one of embodiments 1-17, wherein the
porogen comprises a water-soluble polymer, a water-soluble small molecule, an inorganic salt,
oF an organic salt.

{0333] Embodiment 20.  The segment of anv one of embodiments 1-17, wherein the
porogen comprises about 1% to about 30% by weight of the film.

{0334 Embodiment 21.  The segment of any one of embodiments 1-17, wherein the
porogen is selected from the group consisting of alkali metal salts, sodivm chlonde, sodium
bronude, potassium chloride, potassium sulfate, potassium phosphate, sodium benzoate, sodium
acetate, sodivm citrate, potassium nitrate, alkaline earth metal salts, calcium chlonde, calcium
nitrate, transition metal saltg, ferric chlonde, ferrous sulfite, zinc sulfate, cupric chloride,

sacchandes, sugars, such as sucrose, ghicose, fructose, mannose, galactose, aldohexose, altrose,
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talose, lactose, celhulose, monosaccharides, disacchandes, water soluble polysaccharides,
sorbitol, mannitol, organic aliphatic and aromatic oils, diols and polyols, polyhydric alechols,
potv(alkyviene glycols), polvelveols, alkvlene glycols, poly{a,mialkylenediol esters, alkylene
glveols, poly vinvlalcohol, poly vinyl pyrrolidone, water soluble polvmeric matenals,
Poloxamer, hyvpromellose (HPMC), Kolliphor RH40 | polyvinyl caprolactam, polyvinyl acetate
{PV ALY, polyvethylene glveol (PEG) | Soluplus (copolymer of polvvinyi caprolactam, polyvinyl
acetate, and polvethviene glycol), copovidone, Fudragits (E, RS, RL), poly(methyl vinyl ether-
ajt-maleic anhvdnde), polyoxyethyviene alkyi ethers, polysorbates, polvoxyethylene stearates,
potydextrose, polvacrylic acid, alginates, sodium starch glyvcolate, crosslinked polyacrylic acid
{carbopol)}, crosslinked PVP (crospovidone), crosslinked cellulose {croscarmellose), calcium
sificate, xanthan gum, and gellan gum.

18335} Embodiment 22, The segment of any ong of embodiments 1-17, wherein the
porogen is selected from the group consisting of povidone, copovidone, and polvoxyl castor ot
[3336] Embodiment 23. A segment of a gastric residence system, the segment comprising:
a carrier polymer; an agent or a salt thereof] a release-rate modulating polymer film, wherein the
polymer film comprises one or more polyester materials,

{0337] Embodiment 24.  The segment of embodiment 23, wherein the polymer film
comprises polvester with a repeating unit of the form:

-RE-0-C(=0)-

wherein R’ is selected from the group consisting of C,-C), alkyiene groups, ethers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve
carbon atoms.

{3338] Embodiment 25.  The segment of embodiment 23, wherein the polymer film
comprises polycaprolactone or polydicxanone,

{0339] Embodiment 26.  The segment of embodiment 23, wherein the polymer film
comprises polveaprolactone of about 10,000 to about 150,000 Mn.

{0348} Embodiment 27.  The segment of embodiment 23, wherein the polymer film
comprises polvcaprolactone of about 80,000 Mn to about 110,000 Mn.

[#341] Embodment 28.  The segment of embodiment 23, wherein the polymer film
comprises polyeaprolactone of about 90,000 Mn.

18342] Embodiment 29.  The segment of embodiment 23, wherein the polymer film

comprises polycaprolactone having intrinsic viscosity of about 1.5 dl/g to about 2.1 dL/g.
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[8343] Embodiment 30. A segment of a gastric residence system, the segment comprising:
a carrier polvmer; an agent or a salt thereof; a releasc-rate modulating polymer film, wherein the
polymer film comprises a material selected from the group consisting of polycaprolactone,
cellulose acetate, and ethyl cellulose.

[0344] Embodiment 31, A segment of a gastric residence system, the segment comprising;
a carrier polymer; an agent or a salt thereof; and a release~rate modulating polvmer film,
wherein the polymer film comprises about 0.1% to about 10% of the total weight of the segment.
[3345] Embodment 32, The segment of embodiment 31, wherein the polymer film
comprises about 0.19% to about 5% of the total weight of the segment.

{0346] Embodiment 33.  The segment of embodiment 31, wherein the polymer film
comprises about 0.3% to about 5% of the total weight of the segment.

{8347} Embodiment 34.  The segment of embodiment 31, wherein the polymer film
comprises about 0.53% to about 2% of the total weight of the segment.

{0348] Embodiment 35.  The segment of embodiment 31, wherein the polymer fum
comprises about 1% to about 2% of the total weight of the segment.

[8349] Embodiment 36. A segment of a gastric residence system, the segment comprising:
a carrier polymer; an agent or a salt thercof, and a release-rate modulating polvmer film, wherein

the polymer film has a thickness between about 1 micron and about 20 microns.

[8358] Embodiment 37, The segment of embodiment 36, whergin the polymer film has a

thickness between about 5 microns and about 15 microns.

{0351] Embodiment 38 The segment of any one of embodiments 31-37, wherein the

polymer film comprises polyester with a repeating unit of the form:

RLO-CE=0)-

wherein R' is selected from the group consisting of C,-C; alkylene groups, cthers containing

between two and twelve carbon atoms, and polvethers containing between three and twelve

carbon atoms.

18352} Embodiment 39, The segment of any one of embodiments 31-37, wherein the

polymer film comprises polycaprolactone or polydioxanone.

[3353] Embodiment 40.  The segment of any one of embodiments 31-37, wherein the

polymer film comprises polycaprolactone of about 10,000 to about 150,000 Ma.

1#354] Embodiment41.  The segment of anv one of embodiments 31-37, wherein the

polymer film comprises polycaprolactone of about 80,000 Mu to about 110,000 Mn.
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[3385] Embodiment 42.  The segment of any one of embodiments 31-37, wherein the
potymer film comprises polycaprolactone of about 96,000 Ma.

[0356] Embodiment43.  The segment of anv one of embodiments 31-37, wherein the
polvmer film comprises polveaprolactone having intrinsic viscosity of about 1.5 dL/g to about
2.1 dL/g.

{0357} Embodiment 44, A segment of a gastric residence system, the segment comprising:
a carricr polymer; an agent or a salt thercof, and a release-rate modulating polymer film, wherein
the polymer film further comprises a porogen.

{3358] Embodiment 45.  The segment of embodiment 44, wherein the porogen comprises a
water-soluble polymer, a water-soluble small molecule, an inorganic salt, or an organic salt.
{6359} Embodiment46.  The segment of embodiment 44 or embodiment 45, wherein the
porogen comprises about 1% to about 30% by weight of the film.

{0368f Embodiment47.  The segment of any one of embodiments 44-46, wherein the
porogen is selected from the group consisting of alkali metal salts, sodium chlonde, sodium
bronude, potassium chlonde, potassium sulfate, potassium phosphate, sodium benzoate, sodmm
acetate, sodivm citrate, potassium nitrate, alkaline earth metal salts, calcium chlonde, calcium
nitrate, transition metal salts, ferric chlonde, ferrous sulfate, zinc sulfate, cupric chloride,
saccharides. sugars, such as sucrose, glucose, fructose, mannose, galactose, aldohexose, altrose,
talose, lactose, cellulose, monosaccharides, disaccharides, water soluble polysaccharides,
sorbitol, mannitol, oreamic aliphatic and aromatic oils, diols and polyols, polyhydric alcohols,
poiy{alkvlene glveols), polvglyveols, alkviene glveols, poly(a,malkylencdiol esters, alkylene
glycols, poly vinylaleohol, poly viny! pyrrolidone, water sotuble polymeric materials,
Poloxamer, hypromellose (HPMC}, Kolliphor RH40 | polvvinyt caprolactam, polyvinyi acetate
{(PV Ac), polvethylene glycol (PEG) |, Scluphis {copolymer of polyvinyi caprolactam, polyvinyl
acetate, and polyethylene glycol), copovidone, Eudragits (E, RS, RL), poly{(methyl vinyl ether-
alt-maleic anhydride), polvoxyethyiene alkyl ethers, polysorbates, polyoxyvethylene stearates,
polvdextrose, polvacrylic acid, algimates, sodiam starch glycolate, crosshinked polvacrylic acid
{carbopol)}, crosslinked PVP {crospovidone), crosstinked cellulose {croscarmellose), calcium
silicate, xanthan gum, and gellan gum.

[8361] Embodiment 48.  The segment of any one of embodiments 44-46, wherein the

porogen is selected from the group consisting of povidone, copovidone, and polyoxyl castor gk
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[8362] Embodiment 49.  The segment of anyv one of embodiments 44-48, wherein the
polymer film further comprises a plasticizer.

{0363} Embodiment 50, The segment of embodiment 49, wherein the plasticizer comprises
about 1% to 40% by weight of the film.

{8364} Embodiment 51, The segment of embodiment 49 or embodiment 50, whercin the
plasticizer is selected from the group consisting of phthalates, phosphates, citrates, tartrates,
adipates, schacates, sulfonamides, succinates, glycolates, glyveerolates, benzoates, myristates,
halogenated phenyls, triacetin, tricthyl citrate, PEG, and poloxamer.

18365} Embodiment 52, The segment of embodiment 49 or embodiment 50, wherein the
plasticizer is sclected from the group consisting of tricthyl citrate and triacetin.

[0366] Embodiment 53,  The segment of anv one of embodiments 44-52, wherem the
polymer film comprises polyester with a repeating unit of the form:

-R-0-C=0)-

wherein R is selected from the group consisting of C1-C); alkylene groups. cthers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve
carbon atoms.

13367} Embodiment 54.  The segment of anv one of embodiments 44-52, wherein the
polymer film comprises polycaprolactone or polydioxanonc.

{8368} Embodiment 55,  The segment of any one of embodiments 44-32, wherein the
polymer film comprises polycaprolactone of about 16,000 to about 150,006 Mn.

{0369] Embodiment 56.  The segment of any one of embodiments 44-52, wherein the
polymer film comprises polycaprolactone of about 80,000 Mn to about 110,000 Mn.

[8378] Embodiment 57.  The segment of any one of embodiments 44-52, wherein the
polymer film comprises polycaprolactone of about 90,000 Mu.

[0371] Embodiment 58.  The segment of anv one of embodiments 44-52, wherein the
polymer film comprises polycaprolactone having intrinsic viscosity of about 1.5 dL/g to abouot
2.1 db/g.

[6372] Embodiment 59, A segment of a gastric residence system, the segment comprising:
a carrier polymer; an agent or a salt thercof’ and a release-rate modulating polymer film, wherein
the polymer film further comprises a permeable component which is permeable to the agent or

salt thereof and permeable to water,
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[8373] Embodiment 60.  The segment of embodiment 59, wherein the permeable
component is a polymer or a swellable material.

10374} Embodiment 61.  The segment of embodiment 539 or embodiment 60, wherein the
permeable component comprises about 1% to about 30% by weight of the film.

{83751 Embodiment 62.  The segment of any one of embodiments 59-61, wherein the
permeable component is selected from the group consisting of 585G, crospovidone,
croscarmellose, and Carbopol (PAA).

[3376] Embodiment 63.  The segment of any one of embodiments 59-62, wherein the
polymer film further comprises a plasticizer.

{0377} Embodiment 64.  The segment of embodiment 63, wherein the plasticizer comprises
about 1% to 40% by weight of the film.

{8378} Embodiment 65,  The segment of embodiment 63 or embodiment 64, wherein the
plasticizer is selected from the group consisting of phthalates, phosphates, citrates, tartrates,
adipates, schacates, sulfonamides, succinates, glycolates, glyveerolates, benzoates, myristates,
halogenated phenyis, triacetin, tricthy] citrate, PEG, poloxamer, tributyl citrate, and dibutyi
sebacate.

10379} Embodiment 66,  The segment of embodiment 63 or embodiment 64, wherein the
plasticizer 1s selected from the group consisting of tricthyl citrate and triacetin,

{8388} Embodiment 67. The segment of any one of embodiments 59-66, wherein the
polymer film comprises polyester with a repeating unit of the form:

R -0-C(=0)-

wherein R! is selected from the group consisting of C1-C ), alkylene groups, ethers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve
carbon atoms.

[0381] Embodiment 68.  The segment of anv one of embodiments 59-66, wherein the
polymer film comprises polycaprolactone or polydioxanone.

{0382] Embodiment 69.  The segment of any one of embodiments 59-66, wherein the
polymer film comprises polycaprolactone of about 10,000 to about 150,000 Mn.

[3383] Embodment 70.  The segment of any one of embodiments 59-66, wherein the
polymer film comprises polycaprolactone of about 86,000 Mn to about 110,000 Mn.

13384] Embodiment 71.  The segment of anv one of embodiments 59-66, wherein the

polymer film comprises polycaprolactone of about 90,000 Mu.
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[3385] Embodiment 72.  The segment of any one of embodiments 59-66, wherein the
polymer film comprises polycaprolactone having intrinsic viscosity of about 1.5 dl/g to about
2.1 dl/g.

[6386] Embodiment 73. A gastric residence sysiem for administration to a patient,
comprising: an elastomer component, and at least three elongate members attached to the
clastomer component, wherein each clongate member comprises a proximal end, a distal end,
and an outer surface therebetween, the proximal end of each clongate member is attached to the
clastomer component and projects radially from the elastomer component, cach clongate
member hag its distal end not attached to the elastomer compounent and located at a larger radial
distance from the elastomer component than the proximal end; wherein at feast one clongate
member comprises a segment of any one of embodiments 1-72.

{8387} Embodiment 74, A gastric residence sysiem for administration to a patient,
comprising at least one segment of any one of embodiments 1-72.

[0388] Embodiment 75. A method of making a scgment of a gastric residence system
corprising: coating a segment comprising a carrier polymer and an agent or a salt thereof with a
solation of a polymer film formalation to produce a film-coated segment; and drying the film-
coated segment.

{6389} Embodiment 76.  The method of embodiment 75, wherein the coating is performed
by dip coating.

{0398} Embodiment 77, The method of embodiment 75, wherein the coating is performed
by pan coating.

[8391] Embodiment 78.  The method of embodiment 73, wherein the coating 1s performed
by spray coating.

10392} Embodiment 79, The method of embodiment 75, wherein the coating is performed
by fluidized bed coating.

183931 Embodiment 8¢, The method of any one of embodiments 75-79, wherein the
solvent used in the solution of polvmer film formulation comprises an organic solvent.

[0394] Embodiment 81.  The method of embodiment 80, wherein the solvent used in the
polymer film formulation comprises cthyl acetate, dichloromethane, acetone, isopropyi aleohol,

or any combination thereof.
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[8395] Embodiment 82. A method of making a segment of a gastric residence system
comprising: co-extruding a polymer film and a mixture of a carrier polymer and an agent or a
salt thereof.

[8396] Embodiment 83,  The method of any one of embodiments 75-82, wherem the
polymer film formudation comprises polyester with a repeating unit of the form:

-R-0-C=0)-

wherein R is selocted from the group consisting of C1-C ), alkylene groups, ethers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve
carbon atoms.

10397} Embodiment 84,  The method of any one of embodiments 75-82, wherein the
polvmer film formulation comprises polycaprolactone or polydioxanone.

[8398] Embodiment 85, The method of any one of embodiments 75-82, wherein the
polyvmer film formulation comprises polyeaprolactone of about 10,000 to about 150,000 Ma.
{6399} Embodiment 86, The method of any one of embodimenis 75-82, wherein the
polymer film formulation comprises polveaprolactone of about 80,000 Mn to about 110,000 Mn.
[3400] Embodiment 87,  The method of any one of embodiments 75-82, wherein the
polymer film formulation comprises polycaprolactone of about 90,000 Ma.

{8401} Embodiment 88.  The method of any one of embodiments 75-82, wherem the
polymer film formulation comprises polycaprolactone having intrinsic viscosity of about 1.5
di/gtoabout2.1 dl/g.

{0402} Embodiment 89,  The method of any one of embodiments 75-88, wherein polymer
film further comprises a porogen.

[3403] Embodiment 90.  The method of any one of embodiments 75-88, wherein the
porogen comprises a water-sohible polymer, a water-soluble small molecule, an inorganic salt,
or an organic salt.

[8404] Embodiment 91, The method of any one of embodiments 75-88, wherein the
porogen comprises about 1% to about 30% by weight of the film.

{0405} Embodiment 92,  The method of any one of embodiments 75-88, wherein the
porogen 1s selected from the group consisting of alkal metal salts, sodiuwm chlonde, sodium
bromude, potassium chloride, potassium sulfate, potassivm phosphate, sodium benzoate, sodium
acetate, sodium citrate, potassium nitrate, alkaline carth metal salts, calcium chlornde, calcium

nitrate, transition metal salts, ferric chlonde, ferrous sulfate, zinc sulfate, cupric chlornide,
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saccharides, sugars, such as sucrose, ghicose, fructose, mannose, galactose, aldohexose, altrose,
talose, lactose, celhufose, monosaccharides, disaccharides, water soluble polysaccharides,
sorbitol, mannitol, organic aliphatic and aromatic oils, diols and polyols, polvhvdric alcohols,
poly(alkviene glyeols), polvglyveols, alkylene glyceols, polv(am)alkvienediol esters, alkylene
glveols, poly vinvialcohol, poly vinyl pyrrolidone, water soluble polymeric maternals,
Poloxamer, hypromeltiose (HPMC), Koliphor RH40 | polyvinyl caprolactam, polyvinyl acetate
(PV Ac}, polvethylene glyvcol (PEG) , Soluplus (copolymer of polyvinyl caprolactam, polyvinyl
acetate, and polvethviene glveol), copovidone, Eudragits (E, RS, RL), poly(methvl vinyl ether-
alt-maleic anhydade), polyoxyethylene alkyl ethers, polysorbates, polyoxyethylene stearates,
polydextrose, polyacryvlic acid, algmates, sodium starch glycolate, crosshinked polvacryvlic acid
{carbopol}, crosslinked PVP {crospovidone), crosshinked cellulose {croscarmellose}, calcium
silicate, xanthan gum, and gellan gum.

{0406} Embodiment 93,  The method of any one of embodiments 75-88, wherein the
porogen is selected from the group consisting of povidone, copovidone, and polyoxyl castor oil.
{8407} Embodiment 94.  The gasinic residence system of embodiment 73, wherein the
central elastomer is formed from Liquid silicone rubber.

{0408] Embodiment 95, The gastric residence system of embodiment 73 or crnbodiment
94, wherein the elongate members are attached 1o the central elastomer via a disintegrating
manix,

{040%f Embodiment 96.  The gastiic residence system of embodiment 95, wherein the
disintegrating matrix comprises HPMC-AS and polycaprolactone.

[3416] Embodiment 97. A method of administenng a gastric residence svstem {o a patient,
comprising: administering a container containing a gastric residence system of any one of
embodiments 73, 74, or 94-96 in a compacted state to a patient, wherein the container enters the
stomach of the patient and dissolves after entry tnto the stomach, releasing the gastric residence
system which then adopts its uncompacted state.

{0411} Embodiment 98, The method of embodiment 97, wherein the patient 1s a human,
{0412} Embodiment 99, The method of embodiment 97 or 98, wherein the container
containing the gastric residence svstem 1s administered by swallowing, by teeding tube, or by
gastrostomy tube.

10413} Embodiment 100. The segment of any one of embodiments 1-72, the gasinic residence

system ot any one of embodiments 73, 74, 94, 95, or 96, or the method of any one of
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embodiments 75-93 or 97-99, wherein the agent or salt thereof is not an adamantane-class drug
or salt of an adamantane-class drug.

{0414} Embodument 101. A gastric residence system comprising a therapeutically etfective
amount of an agent or a pharmaceutically acceptable salt thereof, wherein: the gasiric residence
system has a compacted configuration and an uncompacted configuration,

{0415] the gastric residence system comprises a plurality of elongate members affixed to a
central elastomer, wherein at least one clongate member comprises: a carrier polymer, the agent
or the pharmaceutically acceptable salt thercof, and a release-rate modulating polvmer film
coated on the surface of the at least one clongate member; wherein the gastric residence system
1s configured to release the agent or the pharmaceutically acceptable salt thereof over a specitied
gastric residence period.

{8416} Embodiment 102. The gastric residence system of embodiment 101, wherein the agent
is not an adamantang-class agent or pharmaceutically acceptable salt of an adamantane-class
agent.

{8417} Embodiment 103, The gastric residence system of embodiment 101 or embodiment
102, wherein the clongate members are affixed to the central elastomer via hinkers, wherein the
linkers are configured to weaken or degrade to allow passage of the gastac residence system
through the pviorus after the specitied gastric residence period.

10418] Embodiment 104, The gastric residence system of embodiment 101 or embodiment
102, wherein at least one elongate member comprises at least two segments joined by Hnkers,
wherein the linkers are configured to weaken or degrade o allow passage of the gastric
residence system through the pylorus after the specified gastric residence pertod.

[3419] Embodiment 105, The gastric residence system according to any one of embodiments
101-104, wherein the release-rate modulating polvmer film comprises one or more polvester
materials.

{0428] Embodiment 106. The gastric residence system of embodiment 105, whercin the
polymer film comprises polyester with a repeating unit of the form:

R -0-C(=0)-

wherein R! is selected from the group consisting of C1-C ), alkylene groups, ethers containing
between two and twelve carbon atoms, and polyethers containing between three and twelve

carbon atoms.
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{3421] Embodiment 107, The gastric residence system of embodiment 106, wherein the
potymer film comprises polycaprolactone or polydioxanone.

{0422] Embodiment 108, The gastric residence system of embodiment 107, whercin the
polymer film comprises polyvcaprolactone of about 10,000 to about 150,000 Mn.

184231 Embodiment 109. The gastrie residence system of embodiment 107, wherein the
polymer film comprises polycaprolactone of about 86,000 Mn to about 110,000 Ma.

{0424] Embodiment 110, The gastric residence system of embodiment 187, wherein the
polymer film comprises polycaprolactone of about 90,000 Mn.

{#425] Embodiment 111, The gastric residence system of embodiment 107, wherein the
polymer film comprises polvcaprolactone having intrinsic viscosity of about 1.5 di./g to about
2.1 dl/g.

18426} Embodiment 112. The gastric residence system of any one of embodiments 101-111,
wherein the polymer film further compriscs a porogen.

{0427] Embodiment 113, The gastric residence system of embodiment 112, wherein the
porogen comprises a water-soluble polymer, a water-soluble small molecule, an inorganic salt,
or an organic salt.

10428} Embodiment 114 The gastric residence system of embodiment 112 or embodiment
113, wheren the porogen comprises about 5% to about 30% by weight of the film.

18429} Embodiment 115 The gastric residence system of any one of embodiments 112-114,
wherein the porogen is selected from the group consisting of alkali metal salts, sodiam chlornide,
sodium bromide, potassium chlonde, potassium sulfate, potassium phosphate, sodium benzoate,
sodium acetate, sodium citrate, potassium nifrate, alkaline earth metal salts, calcium chioride,
calcium nitrate, transition metal salts, ferric chloride, ferrous sulfate, zinc sulfate, cupric
chloride, saccharides, sugars, such as sucrose, glucose, fruciose, mannose, galactose,
aldohexose, altrose, talose, lactose, cellulose, monosacchanides, disacchandes, water scluble
polvsaccharides, sorbitol, manmitol, organic aliphatic and aromatic cils, diols and polvols,
polvhydric alechols, polvialkvlene glveols), polyalycols, alkylene glycols,
poly{a.mjalkyiencdiol esters, alkvlene glycols, poly vinylalcobol, poly vinyt pyrrohidone, water
soluble polymeric materials, Poloxamer, hypromellose (HPMC), Kolliphor RH40 | polyvinyl
caprolactam, polvvinyl acetate (PV Ac), polyethylens glycol (PEG) |, Soluplus (copolymer of
potyvinyl caprolactam, polyvinyl acetate, and polyethylene glveol}, copovidone, Eudragiis (E,

RS, RL}, polv{methvl vinyi ether-alt-maleic anhvdride), polvoxyethvicne alkyl ethers,
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polysorbates, polvoxyethylene stearates, polydextrose, polvacrylic acid, alginates, sodiom starch
glvcolate, crosslinked polyvacrvlic acid {carbopol), crosshinked PVP {crospovidone), crosslinked
cellulose {croscarmeliose), calcium sihicate, xanthan gum, and gellan gum.

10438] Embodiment 116, The gastric residence system of any one of embodiments 112-114,
wherein the porogen is selected from the group consisting of povidone, copovidone, and
polyvoxyl castor oil.

{0431} FEmbodiment 117. The gastric residence system of any one of embodiments 101-116,
wherein the polvmer film further comprises a plasticizer.

{#432] Embodiment 118. The gastric residence system of embodiment 117, wherein the
plasticizer comprises tricthyl citrate, tnacetin, PEG, poloxamer, tributyl citrate, or dibutyl
sebacate.

104331 Embodiment 119. The gastric residence system of embodiment 117 or embodiment
118, wherein the plasticizer comprises about 3% to about 30% by weight of the film.

{0434} Embodiment 120. The gastric residence system of any one of embodiments 101-119,
wherein the polvmer film further comprises an anti-tack agent.

[3435] Embodiment 121, The gastric residence system of embodiment 120, wherem the anti-
tack agent is selected from the group consisting of magnesium stearate, tale, and glycerol
monostcarate.

18436} Embodiment 122. The gastric residence system of any one of embodiments 101-121,
wherein the carrier polymer compnses a polylactone.

{0437] Embodiment 123. The gastric residence system of embodiment 122, wherein the
polvlactone comprises polycaprolactone.

[3438] Embodiment 124, The gastric residence system of embodiment 123, wherein the
polycaprolactone has an average M, of about 60,800 o about 100,060.

{0439] Embodiment 125 The gastric residence system of embodiment 123, whercin the
polvcaprolactone has an average M, of about 75,000 to about 85,000,

10448] Embodiment 126, The gastrie residence system of embodiment 123, wherein the
polycaprolactone has an average M, of about 80,000,

[8441] Embodmment 127. The gastric residence system of any one of embodiments 101-126,
wherein the clongate members further comprise at least one excipient.

13442} Embodiment 128 The gastric residense system of embodiment 127, wherein the at

least one excipient comprises a polyvalkylene glycol.
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{3443] Embodiment 129, The gastric restdence system of embodiment 128, wherein the
potvalkylene glyeol is selected from the group consisting of polyethvlene glyeol (PEG),
polypropyiene glycol (PP(G), and a block copolymer of PEG and PPG.

{0444] Embodiment 130, The gastric residence system of embodiment 128, whercin the
polvalkvlene glyveol comprises a block copolymer of PEG and PPG.

{0445] Embodiment 131. The gastric residence system of embodiment 130, wherein the block
copolymer of PEG and PPG comprises H-{(OCHCH A O-CH(CH: ) CH ) -{OCH,CHL ),-OH,
where x and z are about 101 and v 15 about 56.

1#446] Embodiment 132. The gastric residence system of any one of embodiments 101-131,
wherein the elongate members further coraprise an anti~oxidant.

10447} Embodiment 133, The gastric residence system of any one of embodiments 101-132,
wherein the elongate members further comprise silica.

{0448} Embodiment 134, The gastric residence system of any one of embodiments 101-133,
wherein the central clastomer comprises silicone rubber.

[8449] Embodmment 135. The gastric residence system of any one of embodiments 101-134,
wherein the plurality of elongate members comprises at least three elongate members.

13450} Embodiment 136, The gastric residence system of any one of embodiments 101-134,
wherein the plurality of elongate members s six elongate members.

18451} Embodiment 137, The gastric residence system of any one of embodiments 101-136,
wherein the system has a gastric restdence period of about four days to about gight days when
administered to a human patient.

[8452] Embodiment 138. The gastric residence system of any one of embodiments 101-136,
wherein the system has a gastric residence period of about seven days to about ten days when
administered to a human patient.

{0453] Embodiment 139, The gastric residence system of any one of ecmbodiments 101-138,
wherein the system is configured to have a dissohution profile characterized by about 10% to
20% dissolution of the mitial amount of the agent or pharmaceutically acceptable salt thereof
present in the system during an initial 24 hour period i an agueous environment.

[8454] Embodiment 140. The gastric residence system of any one of embodiments 101-138,
wherein the system is configured to have a dissolution profile characterized by about 20% to
40% dissolution of the nitial amount of the agent or pharmaceutically acceptable salt thereof

resent in the svstem durnng an mitial 48 hour period in an agueous environment.
J e
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{3455] Embodiment 141, The gastric residence system of embodiment 139 or embodiment
140, wherein the aqueous environment is the stomach of a mammal.

{0456] Embodiment 142, The gastric residence system of embodiment 139 or embodiment
140, wheren the agqueous environment is the stomach of a human patient.

104571 Embodiment 143. The gastric residence system of embodiment 139 or embodiment
140, wherein the aqueous environment is simulated gastric fhuid, fasted state simudated gastric
fluid, or fed state stmulated gastric fluid.

[8458] Embodiment 144. The gastric residence system of any one of embodiments 101-143,
wheretn the system comprises batween about 10 mg to about 400 mg of agent or
phamaceutically acceptable salt thereof

{8459} Embodiment 145, A gastric residence system comprising: a carrier polvmer;

[8468]  an agent or a salt thergof; and a release-rate modulating polymer film configured to
control the release rate of the ageunt or salt thereof, wherein over a seven-day incubation of the
system in simulated gastric fluid, the amount of the agent or salt thereof released from the
gystern during day 5 is at least about 40% of the amount of agent or salt thercof released dunng
day 2; and wherein at least about 7% of the total amount of agent or salt thereof in the systent is

released on day 2 and at least about 7% of the total amount of agent or salt thereof is released on

il

dav S.
{8461} Embodiment 146, A gastric residence system comprising: a carrier polvmer; an agent
or a salt thereof, and a release-rate modulating polymer film configured to control the release
rate of the agent or salt thereof, wherein over a seven-day incubation of the svstent in simulated
gastric fhuid, the amount of the agent or salt thereof released from the system duning day 7 is at
least about 20% of the amount of agent or salt thereof released during day 1; and wherein at least
about 4% of the total amount of agent or salt thereof 1n the system is released on day 1 and at
least about 4% of the total amount of agent or salt thereof is released on dav 7.

18462} Embodiment 147, A gastric residence system comprising: a carrier polymer, an agent
or a salt thereof, and a release-rate modulating polymer film configured to control the release
rate of the agent or salt thereof, wherein the release-rate modulating polyvmer film 1s configured
such that the release of agent or salt thereof trom the system in 40% ethanol/60% simulated
gastric thud over one hour 1s no more than about 409 higher compared to release of agent or

salt thereof from an equivalent system in 100% sinmulated gastric fluid over one hour.
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[3463] Embodiment 148, A gastric residence system comprising: a carrier polymer, an agent
o1 a salt thereof, and a release-rate modulating polvmer film configured to control the release
rate of the agent or salt thereof, wherein the release-rate modulating polymer film s configured
such that the release of agent or salt thereof from the svstem in 40% ethanol/60% simulate
gastric fluid over one hour s at least about 40% lower than the relcase of agent or salt thereof
from a second system in 40% ethanol/60% simulated gastric fluid over one hour, the second
systermn comprising the same combination of carrier polvmer and agent or salt thereof but Jacking
the release-rate modulating polymer film.

13464} Embodiment 149 A gastric residence system comprising: a carrier polymer, an agent
or a salt thereof; and a release-rate modulating polvmer film configured to control the release
rate of the agent or salt thereof, wherein the release-rate modulating polymer film is configured
such that the release of agent or salt thereof from the system in simalated gastric fluid over an
mitial 6 hour period is at least about 40% lower than the release of agent or salt thereof from a
second system m simulated gastric fluid over an initial 6 hour period, the second system
coraoprising the same combination of carvier polvmer and agent or salt theveof but lacking the
release-rate modulating polymer film; and wherein the release of agent or salt thereof from the
system in simulated gastric fluid over a seven-~day perniod is at least about 650% of the total
amount of agent or salt thereof onginally present in the system.

{8465] Embodiment 150, The gastric residence system of embodiment 149, whercin the
release of agent or salt thereof from the systen in simulated gastric fluid over a seven-day penod
is at least about 70% of the release of the total amount of agent or salt thereof originally present
mn the svsiem.

[3466] Embodiment 151. The gastric residence system of embodiment 149, whereimn the
release of agent or salt thereof from the system in simulated gastric flud over a seven-day period
1s at least about 80% of the release of the total amount of agent or salt thereof originally present
in the system.

{0467} Embodiment 152. A gastric residence system comprising: a carrier polymer; an agent
or a salt thereof’ and a release-rate modulating polymer film, whercin the polymer film is
configured to control the release rate of the agent or salt thereof such that a best-fit linear
regression mode! of the release rate of agent or salt thereof from the system in sinnlated gastric

fluid has a coefficient of determination R” of at least about 0.8 over an initial period of seven
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days; and wherein the system releases about 40% to about 60% of the agent or salt thereof
within a time of about 40% to about 60% of the seven-day period.

{0468} Embodiment 153 A gastric residence system providing an extended release agent
dosage form, comprising: a plurality of clongate members comprismg a therapeutically etfective
amount of an agent or a pharmaceutically acceptable salt thereof and a carmer polymer, wherein
the agent or pharmaceutically acceptable salt thereof s blended with the carner polymer such
that the agent or salt thereof 1s distributed throughout the clongate member, and a release-rate
modulating polymer film coating at least one clongate member; wherein the plurality of elongate
members are attached to a central elastomer; and wherein said gastric residence system provides
extended release of the agent or pharmaceutically acceptable salt thereof,

10469] Embodiment 154, The gastric residence system of embodiment 153, whercin the
clongate members further comprise one or morg additional component selected from the group
consisting of an excipient and an anti-oxidant, wherein the one or more additional component ig
blended together with the agent or pharmaccutically acceptable salt thereof and the carmier
polymer, such that the agent or salt thercot and one or more additional components are
distribated throughout the elongate member.

{0470] Embodiment 155 The gastric residence system of embodiment 153 or embodiment
154, wherein the camer polvmer is blended with the agent or pharmaceutically acceptable salt
thercof and the one or more additional component if present, by melting and mixing together the
carrier polymer, the agent or pharmaceutically acceptable salt thereof, and the one or more
additional compounent if present.

{8471} Embodiment 156. The gastric residence system of any one of embodiments 153-155,
wherein the clongate members are attached to the central elastomer via linkers, wherein the
linkers are configured to weaken or degrade to allow passage of the gastric residence system
through the pvlorus after the specified gastric residence period.

18472} Embodiment 157, The gastric residence system of any one of embodiments 153-155,
wherein at least one clongate member comprises at least two segments joined by hinkers,
wherein the linkers are configured to weaken or degrade to allow passage of the gastric
residence system through the pylorus after the specified gastric residence pertod.

{84731 Embodiment 158, The gastric residence system of embodiment 136, wherein the

release-rate modulating polymer film is coated onto the clongate member by coating the
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elongate member with a solution of a polvmer fibm formulation to produce a fikm-coated
clongate member; and drying the film-coated elongate member,

{0474] Embodiment 159, The gastric residence system of embodiment 157, whercin the
release-rate modulating polymer film 1s coated onto the segments by coating the segments with a
sohution of a polymer film formudation to produce a film-coated segment; and drying the film-
coated segment.

{0475]  Embodiment 160. The gastric residence system of embodiment 158 or embodiment
159, wherein the coating is performed by dip coating.

13476} Embodiment 161, The gastric residence system of embodiment 152 or embodiment
159, wherein the coating is performed by pan coating.

104771 Embodiment 162, The gastric residence system of embodiment 158 or embodiment
159, wherein the coating is performed by spray coating.

{0478] Embodiment 163. The gastric residence system of embodiment 158 or embodiment
159, wherein the coating s performed by fludized bed coating.

{3479} Embodmment 164. The gastric residence system of any one of embodiments 158-163,
wherein the solvent used in the sohlution of polvmer film formulation comprises an organic
solvent.

{0480] Embodiment 163, The gastric residence system of embodiment 164, whercin the
solvent used i the polyvmer film formulation comprises ethyl acetate, dichloromethane, acetone,
isopropyvl alcohol, or any combination thereof.

{0481} FEmbodiment 166. A segment of a gastric residence svstem coated with a release-rate
modulating polymer film or an elongate member of a gastric residence system coated with a
release-rate modulating polymer film, prepared by co-extruding a polymer film and a mixture of
a carrier polymer and an agent or a pharmaceutically acceptable salt thereof to form the segment
or clongate member.

[8482] Embodiment 167. A method of making a segment of a gastric residence system coated
with a release-rate modulating polyvmer film or an elongate member of a gastric residence gystem
coated with a release-rate modulating polvmer tilm, comprising: co-extruding a polvmer film
and a mixture of a carner polymer and an agent or a pharmaceutically acceptable salt thereofto
form the segment or elongate member.

13483} Embodiment 168, A method of making a gastric residence system, comprising:

blending an agent comprising an agent or 3 phammacentically acceptable salt thercof with a

116



WO 2018/227147 PCT/US2018/036743

carrier polymer to form a carmer polymer-agent blend or a carrier polymer-agent salt blend, such
that the agent or salt thereof is distributed throughout the carrier polvmer-agent blend or the
carrier polymer-agent salt blend; forming a plurality of elongate members from the carmrier
polvmer-agent blend or the carnier polymer-agent salt blend, wherein the agent or salt thereof 1s
distributed throughout the ¢longate member; coating the plurality of elongate members with a
releage-rate modulating polymer film; and attachiog the plurality of elongate membersto a
central clastomer.

[3484] Embodiment 169. The method of embodiment 168, wherein at least one elongate
member comprises at least two segments joined by linkers, wherein the hinkers are configured
such that they no longer join the at least two segments of cach clongate member after the
specified gastric residence period.

104851 Embodiment 170. A method of making a gastric residence system, comprising:
blending an agent comprising an agent or a pharmaceutically acceptable salt thereof with a
carrier polymer to form a carrier polymer-agent blend or a carrier polymer-agent salt blend, such
that the agent or salt thereof is distributed throughout the carner polymer-agent blend or the
carricr polvmer-agent salt blend; forming a plurality of segments from the carrier polymer-agent
blend or the carrier polvmer-agent salt blend, wherein the agent or salt thereof 1s distributed
throughout the segments; coating the segments with a release-rate modulating polymer filim;
forming a plurality of clongate members by joining at least two segments together via a linker to
make the elongate members; and attaching the plarality of elongate members to a central
clastomer.

[3486] Embodiment 171. The method of anv one of embodiments 168-170, further
comprising blending one or more additional component selected from the group consisting of an
excipient and ap anti-oxidant with the agent or pharmaceutically acceptable salt thereof and the
carrier polymer, such that the agent or salt thercof and one or more additional components are
distributed throughout the carrier polvmer-agent blend or the carrier polymer-agent salt blend.
{0487} Embodiment 172. The method of any one of embodiments 168-171, wherein the
blending of the agent or pharmaceutically acceptable salt thereof and the one or more additional
coraponents if present, comprises melting and mixing together the camer polvmer, the agent or
pharmaceutically acceptable salt thereof, and the one or more additional component if present.
10488} Embodiment 173 The method of any one of embodiments 168-172, wherein the

clongate members are attached to the central elastomer via binkers, wherein the linkers are
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configured such that they no longer join the elongate members to the central elastomer aftera
spacified gastac residence peried.
{0489} Embodiment 174, The method of any one of embodiments 168-173, wherein the

coating of the release-rate modulating polvmer filim onto the elongate members or the segments

7

comprises: coating the clongate members or segments with a solution of a polymer film
formulation to produce a film-coated clongate member or a film-coated segment; and drying the
fim-coated elongate member or film-coated segment.

[3496] Embodiment 175. The method of any one of embodiments 168-174, wherein the
coating comprises dip coating.

{0491} Embodiment 176, The method of any one of embodiments 168-174, wherein the
coating CoOmprises pan coating.

18492} Embodiment 177. The method of any one of embodiments 168-174, wherein the
coating COMPrises spray coating.

{0493} Embodiment 178, The method of anv one of embodiments 168-174, wherein the
coating comprises fludized bed coating.

[3494] Embodiment 179, The method of any one of embodiments 174-178, wherein the
solvent used 1 the solution of polyvmer filin foromlation comprises an organic solvent.

[8493] Embodiment 180. The method of embodiment 179, wherein the solvent used in the
polvmer film formulation comprises ethyl acetate, dichloromethane, acetone, 1sopropyl alcohol,
or any combination thereof.

[0496] Embodiment 181, A gastric residence svstem, made by any of the methods of
embodiments 168-180.

3497} Embodiment 182. A method of making a segment of a gastric residence svstem coated
with a release-rate modulating polvmer film or an clongate member of a gastric residence system
coated with a release-rate modulating polymer film, comprising: co-extruding a polymer film
and a mixture of a carrier polymer and an agent or a pharmaceutically acceptable salt thereofto
form the segment or elongate member.

[0498] Embodiment 183, A gastric residence svstem providing an extended release agent
dosage form, comprising a therapeutically effective amount of an agent or a pharmaceutically
acceptable salt thereof and a release rate-modulating polvmer film adapted to provide extended

release of the agent or salt thereof in an aguecus environment, wherein the system has a
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dissolution profile characterized by about 10% to 20% dissolution of the initial amount of agent
present in the system during an initial 24 hour period in the aqueous environment.

{0499] Embodiment 184, The gastric residence system of embodiment 183, whercin the
system has a dissolution profile charactenized by about 20% to 40% dissolution of the mitial
amount of agent present 1n the system during an initial 48 hour period in the agueous
environment.

{0500} Embodiment 185, The gastric residence system of embodiment 183 or embodiment
184, wherein the aqueous environment 18 the stomach of a human patient.

{3501] Embodiment 186. The gastric residence system of embodiment 183 or embodiment
184, wherein the aqueous environment s sinnulated gastric flwd.

10502] Embodiment 187, The gastric residence system of any one of embodiments 183-186,
wherein the system has a gastric residence period of at least about four davs when administered
to a human patient.

{0503] Embodiment 188, The gastric residence system of embodiment 187, wherein the
system has a gastric residence period of at about seven days.

[0504] Embodiment 189, The gastric residence system of any one of embodiments 183-188,
wherein the agent or pharmaccutically acceptable salt thercof s biended with the component
adapted to provide extended release of the agent or salt thereof,

18505] Embodiment 190, The gastrie residence system of embodiment 189, wherein the
gastric residence system further comprises a carrier polvimer and at least one excipient, and the
agent or a pharmaceutically acceptable salt thercof and the at least one excipient are dispersed
within the carrier polymer.

[3506] Embodiment 191. A segment of a gastric residence system, the segment comprising:
a carrier polymer; an agent or a salt thercof, and a release-rate modulating polvmer film
configured to control the release rate of the agent or salt thereof, wherein over a seven-day
meubation of the segment in simulated gastric fluid, the amount of the agent or salt thereof
released from the segment during day 5 is at least about 40% of the amount of agent or salt

=y
I
i

thercof released during day 2; and wherein at least about 7% of the total amount of agent or salt
thereof n the segment is released on day 2 and at least about 7% of the total amount of agent or
salt thereof is released on day S.

10507} Embodiment 192 A gastric residence system providing an extended release agent

dosage form, comprising: a plurality of elongate members, wherein at least one clongate member
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comprises a therapeutically effective amount of an agent or a pharmaceutically acceptable salt
thereof and a carrier polymer, and wherein the agent or pharmaceutically acceptable salt thereof
1s blended with the carrier polvmer such that the agent or salt thereof is distributed throughout
the at feast one elongate member; wherein the agent or pharmaceutically acceptable salt thereof
comprises about 40% to about 60% by weight of the at least one elongate member; wherein the
plurality of elongate members are attached to a central elastomer; and wherein said gastric
residence system provides extended release of the agent or pharmaceutically acceptable salt
thereof.

10508} Embodiment 193 A gastric residence system providing an extended release agent
dosage form, comprising: a plurality of elongate members, wherein at least one clongate member
comprises a therapeutically effective amount of an agent or a pharmaceutically acceptable salt
thereof and a carrier polymer, wheremn the agent or pharmaceutically acceptable salt thereof 1s
blended with the carrier polvmer such that the agent or salt thercof is distributed throughout the
at least one clongate member, and a release-rate modulating polymer fm coating the at least
one elongate member; wherein the agent or pharmaceutically acceptable salt thereof comprises
about 40% to about 60% by weight of the at least one elongate member; wherein the pherality of
clongate members are attached to a central clastomer; and wherein said gastric residence system
provides extended release ot the agent or pharmaceutically acceptable salt thereof

10509} Embodiment 194, The gastric residence system of any one of embodiments 101-144,
152-165, 181, 183-190, 192 or 193, or the scgment of embodiment 166 or embodiment 191,
wherein the agent or pharmaccutically acceptable salt thereof comprises about 40% to about
60% by weight of the at least one elongate member of embodiments 101-144, 152-165, 181,
183-190, 192 or 193 or about 40% to about 60% by weight of the segment of embodiment 166
or ¢mbodiment 191, exchuding the weight of any elastomer or linker attached to the at least one
clongate member or the segment.

18518 Embodiment 195 The gastric residence system of any one of embodiments 101-144,
152-165, 181, 183-190, 192 or 193, or the scgment of embodiment 166 or embodiment 191,
wherein the agent or pharmaccutically acceptable salt thereof comprises about 51% to about
60% by weight of the at least one elongate member of embodiments 101-144, 152-165, 181,
183-190, 192 or 193 or about 51% to about 60% by weight of the segment of embodiment 166

or embodiment 191,
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{511} Embodiment 196. The gastric residence system of any one of embodiments 145-152,
wherein the agent or pharmaceutically acceptable salt thereof is present in an amount by weight
of between about 67% and about 130% of the weight of the carrier polymer.

[0512] Embodiment 197, The gastric residence system of any one of embodiments 73, 74, 94,
93, 96, 101-165, 181, 183-190, 192 or 193, or the segment of any one of embodiments 1-72,
186, or 191, or the method of any one of embodiments 75-93, 97-69, 167-180, or 182, wherein
the agent or pharmaccuticallv acceptable salt thercof comprises donepezil or a salt thereof.
[0513] Embodiment 198. The gastric residence system of any one of embodiments 73, 74, 94,
95, 96, 101-165, 181, 183-190, 192 or 193, or the segment of any one of embodiments 1-72,
166, or 191, or the method of any one of embodiments 75-93, 97-99, 167-180, or 182, whercin
the agent or pharmaceutically acceptable salt thereof comprises doxyeveling or a salt thereof.
18514 Embodiment 199. The gastric residence system of any one of embodiments 73, 74, 64,
03, 96, 101-165, 181, 183-190, 192 or 193, or the segment of any one of embodiments 1-72,
166, or 191, or the method of any one of embodiments 75-93, 97-99, 167-180, or 182, wherein
the agent or pharmaceutically acceptable salt thercof comprises between about 10% to about
40% by weight of the clongate members or segment.

{0515] Embodiment 200, The gastric residence system of any one of cmbodiments 73, 74, 94,
95, 96, 101-165, 181, 183-190, 192 or 193, or the segment of any one of embodiments 1-72,
166, or 191, or the method of any one of embodiments 75-93, 97-99, 167-180, or 182, whersin
the agent or phammaceutically acceptable salt thereof comprises between about 40% to about

60% by weight of the elongate members or segment.

EXAMPLES

{0516} The mmvention is turther dlustrated by the following non-limiting examples.

Example 1: Drug release from monslithic matrix formulations slows over time

{6517} Monolithic polymer matrix formulations were tested for their drug release rate over
time. As can be seen from FIG. 24 representative monolithic polvmer matrix formulations of
memantine hyvdrochloride showed tapering release rates over time (see Table 1 below}. All
formulations contained 0.5% w/w silica, 0.5% w/w alpha tocopherol, drug content and

excipicnts listed below, and the balance 80k polycaprolactone (PCL)Y. M17: 20% w/w
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memantine, 7% Eudragit E, 2% P407; M18: 20% w/w memantineg, 25% Eudragit RS, 3% P407;
M27: 20% wiw memantine, 10% Eudragit RS, 5% P407; M438: 35% w/w memantine, 2%
Poloxamer P188. This slowing over ime drug release manner for monolithic polvmer matrx
formulations 1s consistent with the Higuchi model for matrix-based drug release. In the Higuchi
model, cumalative release 1s proportional to the square root of ime and the proportionality
constant depends on the properties of the matrix (porosity, tortuosity} and drug solubility (Dash
ef al., Acta Poloniac Pharmaceutica - Drug Rescarch, Vol. 67 No. 3 pp. 2171223, 2010). A
hinear relationship between time and the square of cumulative release was observed for a wide
range of drug-polvimer blends studied, with representatives shown in FIG. 2B. While drug
release from the matrix could be accelerated or decelerated by varying the propertics of the
polymer matrix, in each case the release rate slowed significantly over time. In the monolithic
matrix systems studied, the dose of drug delivered on day 1 was typically four- to six-fold
greater than the dose delivered on day 7. While this tapering dose profile may be acceptable for
certain applications, a more linear release profile is desired for many indications. The linearity
versus extent of release for about 50 formulations of memantine hydrochlonde studied is shown
i FIG. 2C. Total release over 7 days (X-value in Table 1) is plotted versus the ratio of (Bay 7
Release/Day 1 Release) (Y-value in Table 1) in FIG. 2C. Formulations closer to the upper night
comer of the plot {(where good total release and good lineanty of release occur) are preferable.
Asg can be seen from FIG. 20, drug release on day 7 was typically 10-30% of release on day 1.
Linearity of release, as measured by the ratic of release on day 7 to release on day 1, correlated
negativelv with total release at 7 days. Thus, in developing matrix-based systems, achieving
coraplete release in a 7-day treatment time requires sacrificing linearity of release, which is

consistent with the Higuchi model.

Example 2A: Dip coated polycaprolactone provides superior ethanel resistance

10518} Cellulose acetate (CA}, ethyl cellidose {EC), copolymers of acrviate and methacryvlate
esters {e.g., Eudragit RS) and polycaprolacione (PCL} were tested as release rate-modulating
polymer films.

Formudation preparation

[8519]  Moemantine hyvdrochlonde was blended with PCL and other excipients on a Haake

MiniCTW micro-compounder. The components were batch mixed at 100 - 120°C for 10 min and
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then extruded into 2-mm cyvlinders. The molten extradate was pressed into a compression mold

i the shape of a 20-mm rod of triangular cross section and allowed to cool at room temperature.

{05208} Representative formulations are listed in Table 1.

Table 1. Representative formulations of memantine.

Fa)mfui;itia)n Mﬂ':mamitae 80K PCL. Excipient (Yoww) Y- X-
Code {(%ww) {(Yoww) value | valme
MI 20 7 9% EPO, 0.53% Silica, 0.5% a-tocopherof 0,16 | 3935
M2 20 7 9% P4a07, 0.5% Silica, 0.5% o-tocopherol 018 | 2336
M3 20 70 4.5% EPC, 4.5% P407, 0.5% Silica, 8.5% a-tocopherol 0,16 | 2548
hYg 20 70 9% Foly Vinvl Acetate, 0.5% Silica, 8.53% o-tocopherol (.14 4,87
M3 20 76 9% PVP, (.5% Silica, (.5% w~tocopheiol 0.18 | 13.47
M6 20 74 9% Kollidon VAG4, 0 5% Silica, $.5% g-tocophero] 0.08 | 28.63
M7 20 74 5% Kolliphor BH40. 0.5% Silica, 0.5% o-tocopherol 0.09 9.41
Mi6 20 70 %o EPO, 0.5% Silica, 0.5% a-tocophers} 06,49 | 33.77
Mi7 20 70 T% EPO, 2% P407, 0.5% Silica, .5% o-tocopherol 0,20 | 3733
MI8& 20 49 25% Eudragit RS, 5% P407, 0.5% Silica, 0.5% o-tocopherol 0.11 89.73
M9 20 74 5% SIF, 0.5% Silica, 0.5% o-tocopherol .42 9.81
M20 20 70 9% SIF, 0.53% Silica, 0.5% u-tocophero! 0.22 | 28.97
M2} 20 49 25% Eudragit RL, 5% P407, 0.5% Silica, 0.5% o-tocopherol 4600 | 91.57
M22 20 49 30% PDO, 0.5% Silica, 0.5% g-tocopherot 000 | 2004
M23 20 70 9% EPO, 0.5% Silica, 0.5% o-tocopherol 0.17 | 5017
M24 20 57 20% Eudragit RS, 2% P407, 8.5% Silica, 8.3% a-tocopherol 017 | 57.73
M23 20 592 19.8% Eudragit RS, £.5% Silica, 0.5% o-tocopherol 031 | 2161
17.5% Eudragit RS, 3% P407, 0.5% Silica, 0.5% g~
M26 20 56.3 tocophierol 0.18 | 7045
M27 20 4 10% Endragit RS, 5% P407. 6.5% 3ilica, 6.5% u-tocophierol 0.15 | 78.20
14.78% Eudragit RS, 0.226% P407, 6.5% Silica, 0.5% o-
M238 20 64 tocopherol 022 | 1608
M29 20 54 25% Eudrapit RS, 0.5% Silica, 0.5% w-tocopherod (228 30,93
21.25% Endragit RS, 2.5% P407, 0.5% Silica, 0.5% a-
M30 20 55.25 tocophierol 0.23 | 4539
M31 20 49 25% Endragit RS, 5% P407. ¢.5% Silica, 6.5% c-tocopherol 0.10 | 7942
M32 14.37 56.63 39.5% PEG-PCL, 8.36% Stlica, 0.36% a~tocopherof (.00 6.27
M33 20 62.5 10% Eudragit B3, 5% P407. 2% Silica, .5% o-tocopherol 0.13 | 6862
M34 20 65 10% Endragit RS, 2.5% P407, 2% Silica, 0.5% a-tocopherol 023 | 22.65
M33 20 69 3.5% Eudragit RS, 5% P407, 2% Silica, 8.5% o-tocopherof 0.17 | 3589
M36 20 713 3.5% Eudragit RS, 2.5% P407, 2% Silica, 0.5% o-tocopherol | 0.12 1114
6.75% BEundragit RS, 3.75% P407, 2% Silica, 8.5% o-
M37 22.5 64.5 tocopherol 0.20 | 4937
M38 25 57.5 10% Eudrapgit RS, 5% P407, 2% Silica, 0.3% u-tocopherot 0,42 | 7411
M39 25 64 3.5% Fudragit RS, 5% P407, 2% Silica, (.5% o-tocopherol 0.13 | 7766
MAD 25 66.5 3.5% Eudragit RS, 2.5% P407, 2% Silica, 0.5% a-focopherol § 0,19 | 20.43
M4 i 20 o4 10% Eudrapit RS, 5% P407, 0.5% Silica, 0.5% a-tocopherol 0,17 | 65.14
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M42 35 64 0.5% Silica, 0.5% a-tocopherof 0.12 7.40
M43 35 62 2% P47, 0.5% Silica, §.5% g-tocopherol 0.17 | 47.96
M4a4 35 62 0.5% Silica, 2% P407, 0.5% a-tocopherol 043 1 70.22
M43 33 62 0.5% Sylica, 2% P47, 8.3% o-tocopherol (.15 | 3991
Md6 35 62 0.5% Silica. 2% P407_ 0.5% a~tocopherol 6.14 | 553%
M47 35 62 0.5% Silica, 2% P407, 0.5% a-tocopherol 0,45 | 43.59
M48 35 62 0.5% Silica, 2% P407, 8.5% a-tocopherol 0.16 | 5747
M4S 35 59 0.5% Silica, 3% Eudragit RS, 29 P407, (.5% u-tocopherol 0.08 | 86.84
M50 33 60 0.5% Silica, 2% P188, 2% P407, 0.5% u-tocopherol 009 | 8784
M31 40 57 0.5% Silica, 2% P407, 0.5% a-tocopherol 0.05 | 913
M52 40 59 0.5% Silica, 0.5% a-tocopherol 014 | 1408
M353 45 52 0.5% Silica, 2% P407, 8.5% a-tocopherol 0.00 | 8672
M54 43 54 0.5% Silica, 0.5% a-tocopherol G.11 | 7942
M35S 30 47 0.5% Silica, 2% P407, 0.5% g-tocopherol 0.00 | 8524
M36 30 49 0.5% Silica, 0.5% ov~tocopherol G.00 | 9063
12% Eudragit B, 3% Kolliphor P407, 0.5% Silica, 0.5% o~
MS57 20 62 tocopherof 001 | 8577
6% Eudragit RL, 6% Eundragit RS, 5% Kolliphior P407. 6.5%
M58 20 62 Silica, 0.5% a-tocopherol 0.05 | 8840
%o Eudragit RL, 3% Eundragit RS, 5% Kolliphor P407, 6.5%
M59 20 62 Silica, 0.5% a-tocopherol 001 | 8795
3% Eudragit RL, 9% Eudragit RS, 5% Kolliphor P407, 6.5%
MG0 20 62 Silica, 0.5% a-tocopherol 008 | 88.63
6% Eudragit RL, 5% Kolliphor P467, 0.3% Silica, 0.5% o-
Me2 20 68 tocopherol 000 | 86.67
M77 275 66.5 5% Kolliphor P407. 0.5% Silica, 0.5% a-tocopherol 142 | 9130
MIO4 40 58 %o Kolliphot P407. 0.5% Silica, 0.5% a-tocopherol 0.0} 103.8
M7 45 52 2% Kolliphor 2407, 0.5% Silica, 0.5% o-tocophers] 0.00 94.8

Dip coating

{0521} Coating solutions were prepared by dissolving coating components into appropriate
organic solvents. Compositions of coating solutions used in ethanol release studics are shown in
FIG. 3A. Drug arms were gripped with forceps, completely submerged in the coating solution,
and immediately removed. Coated arms were dried in a fume hood overnight.

Invitro release

{6522} Fasted state simulated gastric fhnd (FaSSGF) was prepared per the manufacturer’s
mstructions (www . blorelevant.com}. Individual coated drug arms were incubated 1o 10 mL
release media in a shaking incubator at 37°C for 7 days. Drug content in the release media was
typically analvzed aficr 6 hours, 24 hours, and then dady for up to 7 days by HPLC. At each
time point, the entire volume of release media was replaced with fresh media. For cthanol

release studics, drug arms were incubated in 40% cthanol in FaSSGF for the first hour of the
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study. After one hour, the release media was sampled for analysis and the ethanclic release
media was replaced with FaSSGF for the remainder of the 7-day study.

Coating stahility to ethanol

{06523} Drug arms were prepared as above and contamed 20% w/w memantine hydrochlonde,
0.53% silica, 0.5% alpha tocopherol, 25% Eadragit RS, 5% P407, and balance 80k PCL. Arms
were coated by dip coating using the coating sclutions described in FIG. 3A. Memantine release
from coated dmug arms was evaluated over 7 days i FaSSGF as well as 1 hour in 40% cthanol in
FaSSGF toliowed by the remainder of the 7 days in FaSSGF. Duning the 1 hour in 40% ethanol,
drug content was analyzed at 13-minute intervals. Results are shown in FIGS. 3B-3E,

{0524} In cach case, relcase was accelerated upon exposure to ethanol during the first hour.
Clear differences were observed among coatings with regard to their ability {o resist dose
dumping in sthanol. Ethanol soluble coatings, such as Eudragit RS, were most susceptible to
dose dumping, with a greater than five-fold increase in drug release in 6 hours (FIG. 3B).
Coatings that arc insoluble in ethanol, such as PCL, demonstrated minimal change in drug
release upon exposure to cthanol (FIG. 3C). Ethvl cellulose (FIG. 313) and cellulose acetate
(F1(z. 3E} coatings displaved intermediate cthanol stability. After switching from ethanol to
FaSSGF, the remainder of the release profile was generally similar to the release profile

observed in FaSSGF without ethanol exposure.

Example 2B: Pan coated polycaprolacione

Pan coating

[3525]  This experiment was performed to explore Ethyl Cellnlose (EC) coatings on M57 (20%
wiw memanting, 62% w/w 80k PCL, 12% w/w Eudragit RL, 5% w/w Kolliphor P467, 0.5%
wiw silica, 0.5% wiw a-tocopherol} drug loaded arms using a pharmaceutical pan coating
process in an effort to create a dosage form with lincar release over seven days.

18526] Solutions of EC were prepared in both 100% acetone and 80:20 acetone isopropyl
alcohol with the plasticizer triethyl citraie {TEC) in an ECTEC ratio of 9:1 and solid
concentrations of 2.3-10% w/v. The solution was then applied to drug loaded arms using a
Vector LTS pharmaceutical pan coater. The coating solution was applied to a pre-weighed bed
of placebo arms with a small quantity of drug loaded arms spiked 1n. The pan speed was set at
2{ RPM and the product temperature was approximately 35-40°C. After coating, the arms were

dried for approximatelv 5 minutes to drive off anv residual acetone. The entire batch of coated
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placebo and drug loaded arms were weighed to determine the percent mass gain of coating
applied. Coatings were applied to a porcent mass gam of approximately 2-7% w/w.

10527} The resulting drug loaded arms all had coatings that were not well adhered. The coated
placebo and active arms had visual imperfections where the coating was clearly not in contact
with the drug arm matrix. Coatings could be easily removed by scratching the surface of the
drug arm. Lack of coating adhesion was hkely due to the drug arm having a smooth surface that

does not allow adequate integration of the coating layer and surface.

Example 3: Solvent selection for dip coating with PCL

{0528} This example demonstrates investigation of solvents useful for dip coating PCL films.
{8529} Dhp coating requires dissolution of coating polymers in a volatile solvent at a
concentration sufficient to leave a continuous polymer film on a dipped material. Coating
thickness, and in turn drog release rate, can be modulated by varying the solution concentration
and/or viscosity. For 80k PCL coatings, a nunimum solution congentration of about 3% wi/vol
was necessary to deposit a polymer layer that provided some control over drug release.
Concentrations of 5-10% wt/vol are preferred for robust coating performance. This requires
high solubility of PCL in the coating solvent and limits the possible solvent systems that can be
used o apply coatings. FIG. 4 summarizes solvents used for dip coating PCL films.
Bickloromethane and ethyl acetate were both able to dissolve PCL at high concentrations and to
form uniform coatings with good performance. Ethvl acetate was chosen as the preferred solvent
over dichloromethane for operator safety durning processing. For coatings incorporating
porogens, the approprnate solvent selection criteria include dissolution of an adequate
concentration of porogen. If necessary, co-sclvent systems such as ethyl acetate/isopropancl

atlow addition of porogens to a PCL coating solotion.

Example 4: Coatings comprising porogens achieve linear and complete release

{0538} The burst release from the vancoated drug formulation could be controlied by coating
the drug arm matrix with a 5% w/v PCL coating solution, however, it also reduced the total drug
released in 7 days from ~ 90% (uncoated) to ~ 60% cumulative release. In this expenment, the
effect of adding porogens to the 5% w/v PCL coating to speed up the hoear release profile and
merease the cumulative drug released in 7 davs was studied. Dissolution tests were performed

for 7 days i fasted state SGF media.
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[531] The coating process was performed by dipping the drug-loaded M77 formulation
{arms} into a coating solution. Coating solutions of 80k PUL were prepared in ethy! acetate at
5% wiv with 90:10 PCL to porogens (Kollidon YV A64, Kolliphor RH40 and PVP). Tn case of
PVP. a co-solvent system of 8:2 ethyl acetate to isopropyl alcohol (JPA) was used. In vitro
release (dissohution) assay described in Example 2A was performed to stody the effect of
addition of porogen to coating solution using various porogens.

{0532} The addition of porogen to the outer coating layer increases the cumulative 7 day
release to >80%, similar to the cumulative 7-day release of the uncoated formulation, while
controlling the burst release. Dissolution results from this study showed that a controlled release
coating with porogens allows control of the burst release and improved hinearity of release, while

achieving a high 7-dayv cumulative drug release (FIG. 5).

Example 5: Porogen incorporation improves reproducibility of release kinetics for PCL-
based coatings

[8533] The coating process was performed by dipping the drug-loaded formulation {amms} into
coating solutions as described in Example 2 on two separate experimental runs (Run 1 and Run
2}. Two coating solutions were prepared for each run: 5% w/v 80k PCL ondy i cthyl acetate
and 80k PCL with porogen (Kollidon VA64) solution was prepared in ethyl acetate at 5% wiv
with 90:10 PCL to porogen. For both Run 1 and 2, dissolution assays were performed by
meubating dosage forms for 7 davs in FaSSGF as described in the i vitro release method in
Example 2.

[0534] Dissolution results from this study (FIG. 6) showed that addition of porogen to the 80k
PCL coating solution helps improve batch-to-batch reproducibility of drug release profile of Run
1 and Run 2. The PCL only coating solution leads to varability in the release profile of Run 1

and Run 2 (FIG. 6).

Example 6: Release rate can be tuned by varying the ratio of porogens

[0535] This experiment was performed to study the offect of changing the composition of the
30k PCL and porogen coating on tuning the release rate of the dosage form aficr dip coating.
Coating solutions of 80k PCL and porogens were prepared at 5% w/v with the appropnate

solvent ag described in Examples 3 and 4 at two different ratios of PCL to porogens, 90:10 and

127



WO 2018/227147 PCT/US2018/036743

70:30. Drug arms were dip coated and dissolution tests were performed for 7 days as deseribed
m Example 2.

{0536} Dissolution results from this study (FIG. 7) showed that drug arms coated with 70:30
PCLporogen ratios have a faster release profile than arms coated with 90:10 PCL:porogen
ratios, for various porogens tested (Kollidon VA64, Kolliphor RH40 and PVP). Increasing the
amount of porogen in the coating solution increases the rate of drug release from the coated
formulations in case of various porogens added to the PCL coating solution (FIG. 7). Varying

the level of porogen allows tuning the release rate of the coated dosage forms (FIG. 7).

Example 7: Linearity of release depends o the type of porogen used in the coating

{8837} This experiment was performed to explore how the level of the porogen poly(ethviene
glveol} (PEG 6000) in a PCL coating affects the release rate of the dosage umit. Coating
solutions were prepared using fixed amounts of plasticizer with varying ratios of PCL to PEG
6000,

[3338]  Solutions of PCL, PEG 6000 and TEC were prepared m cthyl acetate at 3.3% w/v with
70:30, 80:20 and 90:10 ratios of PCL to PEG 6000 and 30% triethy! citrate by coating material,
with 2% magnesium stearate as a processing aid. The sclution wag then applied to M37 (20%
w/iw memantine, 62% w/w 80k PCL, 12% w/w Eudragit RL, 3% w/w Kolliphor P407, 0.5%
wiw Silica, 0.5% w/w a~tocopherol) drug loaded arms using a Vector LBCS pharmaceutical pan
coater. The coating solution was applied to a pre-weighed bed of placebo arms (approximately
500 g} with a small quantity (approxmmately 80 amms) of drug loaded arms spiked in. The pan
speed was set at 20-22 RPM and the product temperature was approximately 40°C. After
coating the arms were drigd for approximately 5 minutes to drive off any residual ethyl acetate,
The entire batch of coated placebo and drug loaded arms were weighed to determine the percent
mass gain of coating applied. Drug arms were coated to approxamately 2.5% w/w mass gain.
[8539] Dhssolution results from this study showed that incorporating PEG 6000 into the
coating does not result in a linear release profile and does not create consistent resubts batch to
batch as displaved in rons 1 and 2, both coated with 80:20 PCL: PEG 6000 with 30% TEC at
approximately 2.5% mass gam (FIG. 8). Phase separation of PCL and PEG 6000 was observed

during the coating which is the likely caase of the lack of controlled releasc.
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Example 8: Plasticizer concentration in ceatings can be used to tune the release rate (Pan
Coating}

10540  This experiment was performed to explore how the level of the plasticizer TEC ina
PCL coating affects the release rate of the dosage unit afier coating in a pharmaceutical pan
coater. Coating solutions were prepared using fixed ratios of PCL to the porogen copovidone
with varying levels of the plasticizer TEC.

{0541} Solutions of PCL and copovidone were prepared in cthyl acetate at 3.3% w/v with a
30:20 ratio of PCL to copovidone. Tricthyl citrate was added to the solution at alevel of 10 or
30% w TEC /w polymer. Magnesium stearate {2% w/w polymer) was added as a processing aid.
The solution was then apphied to M77 (27.5% w/w memantine, 66.5% w/w 80k PCL, 5% w/w
Kolliphor P407, 0 5% wiw Silica, 0.3% w/w a-tocopherol) drug loaded arms using a Vector
LDBCS pharmaceutical pan coater. The coating solution was applied to a pre-weighed bed of
placebo arms {approximately 430 g) with a small quantity {approximately 80 arms) of drug
loaded arms spiked m. The pan specd was set at 20-22 RPM and the product temperature was
approximately 40°C. Afier coating, the arms were dried for approximately 5 minutes to drive
off any residual cthyl acetate. The entire batch of coated placebo and drug loaded arms were
weighed to determine the percent mass gain of coating applied. Drug arms were coated to
approximately 1.5% and 2.5% w/w mass gain.

18542} The dissolution results for these arms show that release rate can be tuned by adjusting
the amount of TEC in the coating sohution (FIGS. 94 and 9B}, Increased ratios of TEC to PCL
results in faster dissolution when the ratio of PCL to copovidone and coating % mass gain are

held constant.

Example 9: Release rate can be tuned by varying the ratio of porogens (Pan Coating)
10543] This experiment was performed to cxplore how the level of the porogen copovidone in
a PCL coating affects the release rate of the dosage unit after pharmaceutical pan coating.
Coating sclutions were prepared using fixed amounts of plasticizer with varying ratios of PCL to
copovidone.

[0544] Solutions of PCL and copovidone were prepared i ethyl acetate at 3.3% w/v with a
80:20 ratio of PCL to copovidone. Triethyl citrate was added to the sohution at alevel of 10 or
30% w TEC /w polymer. Magnesium stearate 2% w/w polymer) was added as a processing aid.

The solution was then applied to drug loaded arms using a Vector LRCS pharmaceutical pan
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coater. The coating solution was applied to a pre-weighed bed of placebo arms (approximately
500 gy with a small quantity (approximately S0 arms) of M77 (27.5% w/w memantine, 66.5%
w/iw 80k PCL, 5% w/w Kolliphor P407. 0.5% w/w Silica, 0.5% w/w a-tocopherol) drug loaded
arms spiked in. The pan speed was set at 20-22 RPM and the product temperature was
approximately 40°C. After coating, the arms were dried for approximately 3 minutes to drive
off anv residual ethyl acetate. The entire batch of coated placebo and drug loaded arms were
weighed to determine the percent mass gain of coating applied. Drug arms were coated to
approximately 2.5% w/w mass gain.

10545}  The dissolution results for these arms show that release rate can be tuned by adjusting
the ratio of PCL:copovidone in the coating solution (FIGS. 10A and 10B). Increased ratios of
PClL:copovidone resulis in siower dissolution when the amount of TEC and coating % mass gain

is held constant.

Example 19: Coatings applied by pan coating can control rate of release with minimal
coating mass

[0546] This experiment was performed to explore whether low coating weights (<2 5% wiw
mass gainr which gives about 6 to 12 um coating thickness range} of PCL pan coated drug loaded
arms were able to control release rate and provide lincar release tor 7 days.

18547} Soclutions of PCL and copovidone were prepared in ethyl acetate at 3.3% w/v witha
80:20 ratio of PCL to copovidone. Tricthyl citrate was added {o the solution at alevel of 10 or
30% w TEC /w polymer. Magnesium stearate 2% w/w polymer} was added as a processing aid.
The solution was then applied to drug loaded arms vemg a Vector LDCS pharmaceutical pan
coater. The coating solution was applied to a pre-weighed bed of placebo arms (approximately
500 gy with a small quantity (approximately S0 arms; approximately 10g) of M77 (27.5% wiw
memanting, 66.5% w/iw 80k PCL, 5% wiw Kolliphor P407, 0.5% w/w silica, 0.5% w/w a-
tocopherol} drug loaded arms spiked in. The pan speed was set at 20-22 RPM and the product
temperature was approximately 40°C. After coating, the arms were dried for approximately 3
minutes to drive off any residual cthyl acetate. The entire batch of coated placebo and drug
loaded arms were weighed to determine the percent mass gain of coating applied. Drug arms
were coated to approximately 1.5% w/w mass gain. The dissolution data for these arms show
that release rate can controlled at coating percent mass gains of less than 2 5% and as low as

1.5% (FIG. 1),
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Example 11: Coating of drug-polymer arms in Wurster coater

10548} Drug polvmer arms can also be coated 1n a fluid bed using a Wurster coating process.
In this process, the drug polymer arms are fluidized with heated air and coated with a coating
solution, e.g., 3% w/w PCL 1n ethyl acetate, while circulating through the Waurster column. The
dissolved coating solution is applied to the drug polymer arms as they enter the Warster column
and pass through the spray zone sttuated under the colurmn.  Solvent evaporation occurs as the
arms travel through the column and circulate back down to the bed of polvmer drug arms. This
process is contimued unti the appropriate amount of coating has been applied to the drug
polymer aras. Arms are then dried by turning off the coating spray and allowing the heat and

air flow to drve off remaining solvent.

Example 12: Coated drug arms lead to more consistent drug serum levels of Memantine
HCl than uncoated dose forms in the absence of alcohol challenge

[3349]  Eight male beagles (n=4/group) weighing between 9.3 and 11.1 kg were used n this
study. Dogs were fasted for 12 hr prior to dose administration. Dosage forms consisted of 90A
durometer polyurcthane elastomers heat welded to M57 (20% w/w momantine, 62% w/w 80k
PCL, 12% w/w BEudragit RL, 5% wiw Kolliphor P407, 0.5% w/w Silica, 0.5% w/w a-
tocopherol} drug arms that were dip coated with a solution of 6.67% ethyl cellulose w/v in
acctone or uncoated. Memantine was incorporated into the drug-polymer arms at a total load of
~155 mg/dosage form for an estimated ~22 mg/day of potential release over 7 days.
(Formulations for animal studies m Examples 12-14 are listed in Table 2.)

Table 2. Memantine formulations.

Formulation Memantine ROK Excipient {(%oww) Coating Selution Compasition
Cade (Yoww}) PCL
{Yoww}

M37 20 62 12% Ewudragit RL, 5% Kolliphor P407, | 6.67% ethyl cellulose wiv in
0.5% 8ilica, 0.5% a-tocopherol acetone

M9 27.5 56.5 12% Eundragit RL, 3% Kolliphor P407, | 5% PCL w/v 1u ethvl acetate
0.5% Silica, 0.5% a-tocopherol

M77 27.5 66.5 5% Kolliphot P407, 0.5% Silica, 0.5% a- | 4.5% PCL/0.5% Kollidon VAS4
tocopherol wiv in ethyi acetate

105507  Coated and uncoated dosage forms were placed into capsules immediately before

dosing. Capsules were placed at the back of the dog’s throat and after swallowing, dogs were

offered a food chase of canned tood. Blood samples (2 mL) were collected from left or night
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jagular veins pre-dose and at 2, 4, 6, 24, 48, 72,96, 120, 144 and 168 hr after dosing. Blood
samples were collected into KsEDTA tubes and plasma collected by centrifugation at 5,000 rpm
for 5 nun. Plasma sampies were analyzed for memantine content using a protein precipitation

method followed by quantitation on LC-MS/MS (FIG. 12).

Example 13: PCL coating resulis in near constant plasma drug cencentrations despite
variations in the underlying formulation: six dog study

[8551] Sixmale beagles weighing between 9.1 and 10.8 kg were used in this study. Dogs were
fasted for 12 br prior to dose administration. Dosage forms consisted of 90A duromcter
polyurcthane elastomers heat welded to M69 (27.3% w/w memantine, 56.5% w/w 80k PCL,
12% wiw Budragit RL, 3% w/w Kolliphor P407, 0.5% w/w Silica, 0.5% w/w a-tocopherol) drug
arms that were dip coated with a solution of 5% PCL w/v in ethyl acetate. Memantine was
mcorporated into the drag-polymer arms at a total load of ~183 mg/dosage form for an estimated
~26 mg/day of potential release over 7 davs. {See Table 2 above for memantine formulations. )
Coated and uncoated dosage forms were placed into capsules immediately before dosing.

18552} Capsules were placed at the back of the dog’s throat and after swallowing, dogs were
offered a food chase of canned food. Blood samples (2 mL) were collected from left or night
jugular veins pre-dose and at 2, 4, 6, 24, 48, 72,96, 120, 144 and 168 hr after dosing. Blood
samples were collected into KGEDTA tabes and plasma collected by centrifugation at 5,000 rpm
for 5 min. Plasma samples were analyzed for memantine content using a protein precipitation

method followed by quantitation on LC-MS/MS. The results of the study are shown in FIG. 13.

Example 14: PCL coating results in near constant plasma drug concentrations despite
variations in the underlying formulation: sixteen deg study

{0553} Sixteen male beagles weighing between 8.2 and 10.1 kg were used 1n this study. Dogs
were fasted for 12 hr prior to dose admimstration, and then subjected to one of three different
feeding regimens: (food 1 hour prior to dose administration. food | hour after dose
administration, and food 4 hours after dose administration). Dosage forms consisted of 60A
durometer LSR elastomers IR welded to 50/50 PCL/HPMAS disintegrating matrices and M77
(27 5% w/iw memantine, 66.5% w/w 80k PCL, 5% w/w Kolliphor P407, 0.5% w/w Silica, 0.5%
wiw g-tocopherot) drug arms that were coated with a sclution of 4.5% PCL/0 5% kollidon VAG4

w/v 1 cthyl acetate. Memantine was incorporated into the drug-polvmer anms at a total load of

132



WO 2018/227147 PCT/US2018/036743

~145 mg/dosage form for an estimated ~21 mg/day of potential release over 7 days. (See Table 2
above for memantine formulations.) Coated and uncoated dosage forms were placed into
capsulcs immediately before dosing.

{6554} Capsules were placed at the back of the dog’s throat and after swallowing, dogs were
offered a food chase of canned food. Blood samples (Z mL} were collected from left or nght
pugular veins pre-dose and at 2, 4, 6, 8, 24, 48, 72, 96, 120, 144, 168, 192 and 240 hr afier
dosing. Blood samples were collected into KGEDTA tubes and plasma collected by
centrifugation at 5,000 rpm for 5 min. Plasma samples were analyzed for memantine content
using a protein precipitation method followed by quantitation on LOC-MS/MS. The resulis are
shown in FIG. 14,

[05855] For comparison, the same animals were adnmunistered Namenda XR containing 28 mg
of memantine and plasma samples were collected and analyzed in a similar manner.
Pharmacokinetic parameters for individual animals are shown in FIG. 16, The mean CUmax
values for the dosage form and Namenda XR were 46.1 = 15.2 and 64.9 + 20.7 ng/ml.,
respectively, and mean AUC values for the dosage form and Namenda XR were 7438 £ 1590
and 1,113 + 382 hr*ng/mL, respectively. Despite the range of fed/fasted conditions, the
variability of Cmax and AUC observed with coated dosage forms was equal or less than for
Namenda XR. The relative standard deviations (RS8D) of the dosage form Umax and AUC were
33% and 21%, respectively, while the corresponding RS5Ds for Namenda XR were 32% and
34%. In addition, the Cmax observed following dosage form admunistration was lower than the
value observed following the lower dose of Namenda XR. The AUC observed following dosage
form administration was approximately 7 times higher than the Namenda XR AUC, mdicating

that the bioavailability of memantine was similar for both formulations.

Example 15: Coating of drug-polymer matrix increases linearity of drug release

[0556] Lmnearity versus extent of release for about 50 formulations of memanting
hydrochlonide was evaluated, in which drug-polymer matrices were coated in accordance with
the present invention in comparison with uncoated formulations (Example 1). Total release over
7 days (X-value mn Table 3) is plotted versus the ratio of (Day 7 Release/Day 1 Release) (Y-
value in Table 3) in FIG. 15, Formaulations closer to the upper nght corner of the plot (where
good total release and good linearity of release occur) are preferable. As can be seen in FIG. 15,

drug release on day 7 was up to 100% of releasc on day 1. Linearity of release, as measured by
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the ratic of release on day 7 to release on day 1, was greater than 30% for many formulations,
mcluding many formulations that displayed near complete cumulative refease at Day 7. In
systems of the present mvention, achieving complete release in a 7-day treatment time is
possible while maintaining near linear release (Day 7 release/Dayv 1 release > 0.3). Coating

formulations were as listed in Table 3.

Table 3. Coating tormulations.

Formulation Coating Solution Cencentration Y- X-
Code Coating Formulation Coating Solveut {%W/iv} vaine | value
Mig 9:1, PCL 55k:P407 DCM 33.3 0.94 36.92
M18 9:1, PCL 55k:Pi88 DCM 333 (.69 49.84
Mig Eudragit RS DCM 33.3 0.15 88.68
MI18 9.1 PCL 55kPEG 10k DCM 333 0.95 33.73
Mig 9:1 PCL 55k PEG 100k DCM 333 (.91 3534
M18 PCL 53k DCM 16.7 0.60 70,61
M18 9:1, PCL 55k:P407 DCM 16.7 (.62 54,22
Mig 9.1, PCL 55k PI88 DCM 16.7 0.57 34.21
MI18 91 PCL 35kPVP IM DCM 6.7 0.42 7451
Mig Ethyl Cellulose Acetone 6.7 0.19 82.44
M1g ¢:1 Ethyl Celhidose PVP 13M | Acetone 6.7 0.23 31.86
M18 2:1 Ethy! Cellulose :PEG IM Acctone 6.7 0.44 7287
Mi3 9:1 Ethyl Cellulose :PEG 100k | Acetone 6.7 0.28 79.19
M18 7525 PLGA Acetons 16.7 0.54 43 48
M18 50:50 PLGA Acetotie 16,7 (.40 61,98
Mig 2575 PLGA Acetone 138 0.28 38.86
MI18 50:50 PLGA Acetone 13.9 0.3 81,72
Mi8 S0:50 PLGA Acetone i3.9 0.18 72.64
Mi8 Ethyl Cellulose Acetons 6.7 0.25 6267
M8 Cellulose Acetate Acetone 6.7 0.11 79.50
Mig 9:1 Ethyi Cellulose PEG 1M Acetone 6.7 0.16 7218
MiS 9.1 Cellulose Acetate PEG 1M | Acelone 6.7 0.10 81.60
bi8 Celludose Acetate Acetore 10.0 0.16 6948
Mig PCL 535k Acetone 2000 0.08 86.53
Mi8 PCL 13k Acelone 20.0 0.07 §7.36

PLGA 50:50 Ester Terminated
M18 33~ 45k Acelone 16.7 (.38 56.45
PLGA 50:50 Acid Teominated
M18 33-45k Acelone 16.7 (.26 72.86
Mig PCL 80k Acetone 0.0 0.10 82.69
Mi8 PCL 80k Ethyl Acctate 10.0 0.26 68,57
A57 Ethyl Cellulose Agcetone 6.7 0.29 73.18
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M37 PCL 80k Ethyl Acctate 10.0 0.49 58.75
M58 Ethyl Cellulose Acetons 6.7 0.41 56.02
M58 FCL 80k Ethyl Acetate 10.0 0.62 39.53
M5G Ethyl Cellulose Acetone 6.7 0.38 60.50
MS59 PCL 80k Ethyl Acctate 10.0 044 56.53
AGO Ethyl Cellulose Agcetone 6.7 0.47 56.19
M60 PCL 80k Ethyl Acetate 10.0 0.52 4940
MS7 PCL 80k Ethyl Acetate 10.0 0.48 82.11
MS7 PCL 80k Ethiyi Acetate 15.0 0.78 33.78
MS7 9.1 PCL 80k TEC Ethyl Acetate 15.0 0.65 50,77
AS7 8:2 PCL SOk TEC Ethyl Acetate 15.0 0.59 68.87
MS57 7:3 PCL 80k: TEC Ethwl Acetate 15.0 0.36 8857
MS7 Ethyl Cellnlose Acetorie 6.7 0.45 78.07
M57 Ethy} Celiglose Cp 10 Acetone 6.7 0.21 92.28
MS5T Ethyl Cellulose Cp 10 Acetons 133 0.21 90.63
bM57 9:1 Ethyl Cellulose CplOiTEC Acetone 13.3 (.30 89,24
MS57 &:2 Ethyl Celhdose CplO:TEC Acetone 133 0.30 91.88
MST 7:3 Ethyl Cetlulose CplO:TEC Acctone 133 .25 92.46
AG2 PCL 80k Ethyl Acetate 10.0 0.46 7946
M77 PCL 80k Ethyl Acetate 3.0 0.22 81.19
M77 PCL 80k Ethyl Acetate 5.0 0.47 63.90
M77 PCL 80k Ethyl Acctate 10.0 0.5% 71.51
&:2 Ethyl
M77 7:3 80k PCL.PVF Acetate IPA 5.0 0.03 90.69
&:2 Ethyl
M77 9:1 PVP Acetate: TPA 5.0 0.23 84.89
M77 7:3 80k PCL Kolliphor RI#40 Ethyl Acetate 5.0 0,01 001,74
M77 9:1 80k PCL Kolliphor RH40 Ethyl Acctate 3.0 0.29 82.26
MTT 7:3 80k PCL:Kollidon VAGY Ethyl Acetate 5.0 0.03 89 56
M77 9:1 80k PCL:Kollidon VAG4 Ethy} Acetate 30 0.21 86.21
§.25% weight gain of C3 (Table 160.0
Mid4 5) Ethyl Acetate 3.3 0.01 3
2.5% weight gain of C3 (Tablke 1011
MI04 5) Ethyl Acctate 3.3 0.01 2
1.25% weight gain of C3 (Table
M197 5 Bty Acetate 3.3 0.00 95.85
2.5% weight gain of C3 (Table
M197 5 Ethyl Acetate 3.3 0.00 92.99
1.25% weight gain of C4 (Table 160.0
M1i04 5} Ethyl Acetate 3.3 0.08 2
2.5% weight gain of C4 {Table
Mi04 53 Ethyl Acetate 3.3 0.09 9220
1.25% weight gain of C4 (Table 1000
M107 53 Ethyl Acctate 33 0.00 0
2.5% weight gain of C4 (Table
M107 5) Ethyl Acetate 33 0.01 99.96
§.25% weight gain of C5 (Table §00L8
Mi04 5) Ethyl Acetate 33 0.01 5
2.5% weight gain of C5 (Table
Mi04 3) Ethyl Acetate 3.3 0.01 99.56
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§.25% weight gain of C5 (Table

M107 5) Ethvl Acetate 3.3 (.00 84.45
2.5% weight gain of C5 (Table

MI107 5) Ethyl Acetate 3.3 (.00 97.68
§.25% weight gain of C6 (Table

MiG4 5 Ethyl Acetate 3 0.49 81.38
2.5% weight gain of C6 (Table

M4 3 Ethyl Acetate 3.3 0.81 34.35
1.25% weight gain of C6 (Table

M1g7 5} Ethyl Acetate 3.3 0.3% 94.73
2.5% weight gain of C6 (Table

M1g7 5 Ethyl Acetate 3.3 0.80 62.42
1.25% weight gain of C7 (Table

M1i04 5} Ethyl Acetate 3.3 0.07 96.68
2.5% weight gain of C7 (Table 100.4

Mi04 53 Ethyl Acetate 3.3 0.36 i
1.25% weight gain of C7 (Table

M107 5 Ethyl Acctate 3.3 0.00 2111
2.5% weight gain of C7 (Table

M107 5) Ethvl Acetate 33 (.21 98.27
§.25% weight gain of C8 (Table

M107 5) Ethvl Acetate 3.3 (.56 86.36
2.5% weight gain of C8& (Table

MI107 5) Ethyl Acetate 33 (.83 46,97

Example 16: Memantine high drug loading

{0557}  This experiment was performed to explore the extrusion of high drug load memantine
formulations. Memantine formulations were extruded at 35, 40, 45 and 535% w/w APl {(named
MI103, M104, M105 and M106 respectively). Al extrusions were performed at a 500g scale.
The formulations in Table 4 were compounded and profile extruded using a Leistritz 187 hot
melt extruder. Each formulation was bag blended to create a homogenous mixture. The biended
powder was fed into the extruder hopper and compounded using a feed rate of 0.5 kg/hr. The
gxtrudate was cooled and pelletized using an m-line cotter to make pellets of appropriate size
{~0.6-2.0 mm) for profile extrusion.

10558} The pellets were then fed into the twin screw extruder and profile extruded using a
custom tniangular die and a feed rate of 0.4-0.5 kg/hr. Samples of the profile extruded drug arms
were taken every 2 minutes for the first 10 minuies and one additional sample was taken at the
beginning, muiddie, and end of the process. Samples for M 105 and M106 were run for
Memantine content analysis.  The results show reasonable uniformity with all samples having
assay of 85-115% (see FIG. 17). Samples were run for dissolution in fasted simulated gastric

fluid (FaSSGF). All samples showed complete release over 3-4 days {see FIG. 18).
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Table 4
%% Composition of Memantine High Drug Load Formulations
M103 M104 M103 Mi06 MI1G7
Memanting HC! 350 40.0 45.0 35.0 45.0
Polycaprolactone 62.0 38.0 54.0 44.0 52.0
Poloxamer P407 2.0 1.0 0.0 0.0 2.0
Colloidal Silicon 0.5 0.5 0.5 0.5 0.5
Dioxide
Vitamin E 0.5 0.5 0.5 0.5 (.5
Succinate
Total 100.0 100.0 100.0 100.0 100.0

Example 17: Coating of High Drug load Memantine to Control Release Rate

{0559} This experiment was performed to explore how coatings containing polycaprolactone,
the porogen copovidone and plasticizer tricthy! citrate {TEC) can control the release rate of
M103, M104, and M105 when applied in a LCDS pan coater.

[3560] Two solutions of PCL, copovidone and triethyl citrate were prepared in ethyl acetate at
3.3% wiv. The first coating solution (1) contained a 95:5 ratio of PCL to copovidone and 10%
TEC by coating matenial, with 2% magnesium stearate as a processing aid. The second solution
{CC2) contained 80:20 ratio of PCL to copovidone and 15% TEC by coating material, with 2%
magnesium stearate as a processing aid. The sohution was theo applied to drug loaded arms using
a Vector LDCS pharmaceutical pan coater. The coating solution was applied to approximately
480 g placebo arms with approximately 5g of M1035 drug loaded arms spiked in. The pan speed
was set at 20-22 RPM and the product temperature was approximately 40°C. After coating the
arms were dried for approximately 5 minutes to drive off any residual ethyl acetate. The entire
batch of coated placebo and drug loaded arms were weighed to detcrmine the percent mass gain
of coating applied. Dhrug arms were coated to approximately 2.5% and 5.0% w/w mass gain.
{0561} The process was repeated for M103 and M104. Coating solutions C1 and C2 were
prepared again and applied to a coating pan containing approximately 465 g placeho arms with
approximately 10g of M103 and 10g of M 104 drug loaded arms spiked m. Processing conditions
were the same as in the previcus paragraph.

105621  All coated material was run for dissolution in FaSSGF. Results showed that the lower
amounts of porogen and plasticizer in the C1 coating solution result in relatively slower

dissolution at similar coating weights when compared to drug arms coated with the C2
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formudation. FIG. 19 shows a graph of dissohution of formalation M103 with C1 coating, C2
coating, and unceated; FIG. 20 shows a graph of dissohution of formulation M104 with C1
coating, C2 coating, and uncoated; and FIG. 21 shows a graph of dissolution of formulation
M10S with Cl coating, C2 coating, and uncoated. For both coating formulations, increased
coating weight causes slower dissolution. These dissolution experiments show that the rate of
refcase from all high drug load Memantine formulations tested can be controlled with as little as
1.5% coating weight. Coated formulations show higher linearity than the corresponding
uncoated formulation. For example, formulation M104 with C1 coating display correlation co-
efficient (R”) values of 0.89, 0.84, 0.73 respectively for coating weights of 1.5%, 2.3%. 5.1%
and M 104 with C2 coating display correlation co-efficient (R”) values of 0.98, 0.98, .96
respectively for coating weights of 1.5%, 2.5%, 5.2% while the uncoated M 104 formulation

displays a correlation co-efficient {R”} value of 0.38.

Example 18: Coating of high drug lead formulations to increase extent of release

[3363] This experiment was performed to increase the extent of API release from Example 17
using polycaprolactone coatings, with increased amounts of porogen and the plasticizer triethyl

citrate (TEC) to conirol the release rate of M 104 and M107 when applied in a LCDS pan coater.
10564] Six additional solutions of PCL, copovidone and triethvl citrate were prepared in cthyl
acetate at 3.3% w/v. The first coating solution (C3) contained a 70:30 ratio of PCL to

7

copovidone and 30% TEC by coating material, with 2% magnesium stearate as a processing aid.
material, with 2% magnesium stearate as a processing aid. The third solution (C5) contained
70:30 ratio of PCL to copovidone and 20% TEC by coating material, with 296 magnesium
stearate as a processing aid. The forth solution ({6} contained 80:20 ratio of PCL to copovidong
sohution {C7) contained 75:25 ratio of PCL to copovidone and 15% TEC by coating material,
with 2% magnesium stearate as a processing atd. The sixth sclution ({U8) contained 80:20 ratio
of PCL. to copovidone and 10% TEC by coating material, with 2% magnesium stcaratc as a
processing aid. Coating formulations are summarized m Table 3. The solution was then applied
to drug loaded arms using a Vector LDCS pharmaceutical pan coater. The coating solution was
applied to approximately 480 g placcbo arms with approximately 5g of M1035 drug loaded arms

spiked in. The pan speed was set at 20-27 RPM and the product temperature was approximately
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40°C. After coating the arms were dried for approximately 5 mimites to drive off any residual
ethyl acetate. The entire batch of coated placebo and drug loaded arms were weighed to
deternune the percent mass gain of coating applied. Drug arms were coated to approximately
1.25% and 2.5% w/w mass gain. For every run M1G4 and M107 were coated in the same batch.
18563} All coated material was run for dissohution i FaS5GF. Results showed that the
imereased amounts of porogen and plasticizer inthe €3, C4, €5 and €7 coating solution offer
essentially no control of drug release compared to the uncoated amms at the coating weights
tested. However, coatings €6 and C8 show sustained release over seven days for both drug arm
formmdations at all coating weights, Only coatings with < 20% copovidone and < 20% tricthyl
citrate show controlled release compared to the uncoated dmg arms. FIG. 22 shows a graph of
dissolution of formulation M104 with C3 coating, C4 coating, and uncoated. FIG. 23 shows a
graph of dissolution of formudation M104 with C5 coating, 6 coating, C7 coating, and
vocoated. FiG. 24 shows a graph of dissolution of formulation M107 with 3 coating, C4
coating, C5 coating, and uncoated. FIG. 25 shows a graph of dissolution of formulation M107

with €6 coating, (7 coating, C8 coating, and uncoated.

Table 5
% w/w Composition of Coating Formulations

Cl C2 C3 C4 C5 Co C7 C8

polycaprolactone 83.8 66.7 43.0 549 549 62.7 62.5 70.6
copovidone 4.4 16.6 206 13.7 233 157 208 17.6
Triethvl citrate 9.8 147 29.4 29.4 19.6 19.6 147 9.8
Magnesium 2.0 2.0 20 2.0 20 2.0 2.0 2.0

stearate

Total 1000 11000 100.0 100.0 100.0 100.0 100.0 | 1000

Example 19: Pan coating of denepezil high drug load formulations with PCL

[0566] This experiment was performed to demonstrate how a polyvcaprolactone (PCL) coating
affects the release rate of donepezil from the dosage unitf atier coating in a pharmacentical pan
coater. A solution of PCL, copovidone and triethyi citrate (TEC) was prepared in ethyl acetate
at 3.3% wiv with 2 70:17:13 ratic of PCL 1o copovidone to TEC. The solution was apphied to
drug-loaded arms containing 40% donepezil HCI (w/w) using a Vector LIXCS pharmaccutical
pan coater. The coating solution was applied to a pre-weighed bed of placebo arms
{approximately 450 g} with a soall quantity (approximately 80 amms) of drug loaded arms
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spiked in. The pan speed was set at 20-22 RPM and the product temperature was approximately
40°C. After coating, the arms were dried for approximately 5 minutes to drive off any residual
cthyl acetate. The entire batch of coated placebo and drug loaded arms were weighed to
determune the percent mass gain of coating apphed. Drug arms were coated to approximately
2.5% and 5% w/w mass gain.

10567} Triplicate samples of 30 mg of formulated matrix, with or without coating, were placed
mn 15-ml conical tubes containing 10 ml FaSSGF. Tubes were placed in an incubator shaker at
37°C, 200 rpm. | mi aliquots were collected at approximately 025, 1,2, 3.4, 5, 6 and 7 days.
At each sampling the remaining media was discarded and replaced with 10 ml of fresh FaSSGF.
Sample aliquots were analyzed directly on HPLC. The results are shown in FIG. 26, and

demonstrate that coating improves linearity of release of drug from the arms.

Example 20: Bip coating provides release rate contrel for doxyeycline high drug load
formulations

10568]  Drug Arm Formulation Preparation: Doxyeychine hvclate was blended with PCL and
other exciptents on a Haake MimCTW micro-compounder by first adding PCL to form abed on
heated screws, followed by the powdered active pharmaceutical ingredient with excipients, then
with the balance of required PCL. Baich mixing was performed at 100°C at 75 rpm for 10
minutes and sample was extruded at 20-30 rpm into 2-mm cylinders and compression molded to
obtain 138 am or 20 mum long tnangular-cross section forms and allowed to cool and harden at

room temperature. Arm formulations used are bisted in Table 6.

Table 6
MName Composition Function
DX21 % ERL + 5% P407 Lead formulations for coating
DX23 6% ERS + 6% ERL + 2% P407 Lead formulations for coating

All formulations contained 23% Doxveychne Hyclate (granulated), 6.5% 5102, 0.5% alpha-
tocopherol, and balance 80k PCL. ERL - Eudragit RL; ERS - Eudragit RS

185691  Dip coaring. Coating solutions were preparcd by weighing excipients into a 20mbL
scintitiation vial, adding a magnetic stir bar, adding solvent, capping, and vortexing, and were
allowed to stir at 25°C (EC) or 40°C (PCL) overmight until a clear, homogenous solution had

been achieved. Compositions of coating solutions are listed in Table 7, as the percentage of
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coating material {¢.g., 80k PCL) in solution m the solvent indicated (¢.g., cthyl acetate}. Drug
arms were gripped with forceps, completely submerged in the coating solution, and immediately

removed. Coated arms were dried 1n a fume hood overnight.

Table 7
Base Polymer | Coating solution composition Solvent
8% 80k PCL
9% 80k PCL
10% 80k PCL
80k PCL 12% 80k PCL Ethy! acotate
{Sigma) 15% 80k PCL R

18% 80k PCL

10% (9:1) 80k PCL.TEC
12% (9:1) 80k PCL.TEC
6.67% Ethvl cellulose Cpll
12% Ethvl cellulose Cpl0
13.34% Ethyl cellulose CP10 Acetone
15% Ethyl cellulose Cpl0
18% Ethvi cellulose Cpl0

Eihvl
cellulose (EC)

{0578}  in Vitro Release: Each formulation was evaluated for release in fasted state simulated
castric flmd (FaS5GF) for seven days. Approximately 50 mg of formulated matnx, with or
without coating, was cut and placed in 15-m} contcal tubes containing 10 ml FaSSGF. Tubes
were placed in an incubator shaker at 37°C, 200 rpm. 1 mi aliguots were collected at
approximately 0.25, 1,2, 3, 4, 5, 6 and 7 days. At each sampling the remaining media was
discarded and replaced with 10 mi of fresh FaSSGF. Sample aliquots were analvzed directly on
HPLC.

{0871} FIG. 27 shows release curves from DX21 Doxveycline Hyclate hot melt extrusion
{(HME) formulations with 80k PCL coatings. FIG. 28 show release curves from DX21
Doxyeyeline Hyclate HME formulations with ethyl cellulose coatings. FIG. 29 shows release
curves from DX23 Doxyeveline Hyelate HME formulations with 80k PCL coatings. FIG. 30
show release curves from DX23 Doxveycline Hyelate HME formulations with ethyl cellulose
coatings.

{65872} The results show that release of doxyeycline can be modulated and controlled by use of

an appropriate release-rate modulating film, such as the highly linear release rate achieved over
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7 days by dip-coating into 153% PCL and 18% PCL sohutions in cthyl acetate, as shown i FIG.

27.

Example 21: Reduction of pH effect on release due to pan coating of risperidone high drug
foad formulations with PCL

{0573} This experiment was performed to evaluate whether a polycaprolactone (PCL) coating
affects reduces the effect of media pH on the rate of risperidone release from the dosage unit
after coating m a pharmaceutical pan coater. Risperidone is an example of a drug for which the
solubility 1s significantly higher at the more acidic end of the gastric pH range (c.g.. pH 1.3) than
at the less acidic end of the gastric pH range {¢.g., pH 4.8}, resulting in faster dissolution rates at
the tower pH. The release rate control imparted by PCL-based coating is shown to reduce the
ratio between percent drug released at different pHs over time.

10574} A solation of PCL, copovidone and trigthy! citrate (THC) was prepared in ethyi acetate
at 3.3% w/iv with a 68:22:10 ratio of PCL to copovidone to TEC. The solution was applied to
two different formulations of rispenidone-loaded arms contaming 40% risperidone {(w/w) using a
Vector LDCS pharmaceutical pan coater. Formulation 1 consisted of 409% nispendone, 16%
Soluptus, 5% Kollidon CL, 5% P407, 0.5% a-tocopherol succinate, 0.5% silica M3P, and 39%
cryomilled Parac PCH7 polveaprolactone. Formulation 2 consisted of 40% risperidone, 5%
dicalcium phosphate, 5% P407, 0.5% u-tocopherol suaccinate, 0.5% silica MSP, and 49%
crvomilled Purac PC17 polvcaprolacione. The coating solution was applied to a pre-weighed
bed of placcbo arms (approximately 450 g} with a small guantity (approximately 40 amms) of
drug-loaded arms spiked in. The pan speed was set at 20-22 RPM and the product temperature
was approximately 40°C. Afler coating, the arms were dried for approximately 5 nunutes to
drive off any residual ethyl acetate. The eantire batch of coated placebo and drug loaded arms
were weighed to determine the percent mass gain of coating applied. Drug arms were coated to
approximately 4.5% whv mass gain.

{0575] Sampics of ~ 50 mg of formulated matrix, with or without coating, were placed inn 20-
mi glass vials containing 10 ml FaSSGF pH 1.5 or aramonium acctate pH 4 8. Tubes were
placed in an incubator shaker at 37°C, 200 rpm. 1 o aliguots were collected at approximately 6
and 24 hours. At cach sampling the remaming media was discarded and replaced with 10 ml of
fresh FaSSGF or fresh ammonium acetate buffer pH 4.8, Sample aliquots were analyzed

directly on HPLC. The presence of the release-rate modulating coating approximately halved
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the effect of pH on release rate as measured at a 6 hour time point and reduced the effect of pH
on release by about 1/3 as measured at a 24h time poiot. The results are shown in Table 8, and

demonstrate that coating reduces the difference in relative dependence of rates on media pH.

Table 8
6 hour % Release 24 hour % Release
Rate Ratio Rate Ratio
pH {(pH 1.5/pH pH (pH 1.5/pH
Formulation pHIS| 48 4.8% 1.5 | pH4.8 4.8}
Uncoated Formulation
1 4338 14.6 3.0 84.0 299 2.8
Coated Formulation | 164 10.5 16 557 275 2.0
Uncoated Formulation
2 422 15.6 2.7 81.8 335 2.
Coated Formulation 2 129 9.4 14 40.8 251 1.6

[8576] The disclosures of all publications, patents, patent applications and published patent
applications referred to herein by an identifving citation are hereby incorporated herein by
reference in their entirety. Web sites references using “World-Wide-Web” at the beginning of
the Uniform Resource Locator (URL) can be accessed by replacing “World-Wide-Web” with
“www.”

10577F  Although the foregong invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is apparent to those skilled in
the art that certain changes and modifications will be practiced. Therefore, the descrniption and

examples should not be construed as limiting the scope of the invention.
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CLAIMS

What is claimed is:

1. A gastric residence system comprising a therapeutically effective amount of an agent or a
pharmaceutically acceptable salt thereof, wherein:
the gastric residence system has a compacted configuration and an uncompacted
configuration,
the gastric residence system comprises a plurality of elongate members affixed to a
central elastomer,
wherein at least one elongate member comprises:
a carrier polymer,
the agent or the pharmaceutically acceptable salt thereof, and
a release rate-modulating polymer film coated on the surface of the at least one
elongate member, wherein the release rate-modulating polymer film comprises polyester
with a repeating unit of the form -R'-O-C(=0)-,
wherein R! is selected from the group consisting of Ci-Ci2 alkylene groups,
ethers containing between two and twelve carbon atoms, and polyethers containing
between three and twelve carbon atoms;
wherein the gastric residence system is configured to release the agent or the

pharmaceutically acceptable salt thereof over a specified gastric residence period.

2. The gastric residence system of claim 1, wherein the polymer film comprises

polycaprolactone (PCL).

3. The gastric residence system of claim 1, wherein the polymer film comprises

polycaprolactone having intrinsic viscosity of about 1.0 dL/g to about 2.1 dL/g.

4. The gastric residence system of any one of claims 1-3, wherein the polymer film further
comprises a porogen, optionally wherein:
1) the porogen comprises a water-soluble polymer, a water-soluble small molecule, an

inorganic salt, or an organic salt;
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i1) the porogen comprises about 5% to about 40% by weight of the film; or
ii1) the porogen comprises about 5% to about 30% by weight of the film.

5. The gastric residence system of claim 4, wherein the porogen is selected from the group
consisting of alkali metal salts, sodium chloride, sodium bromide, potassium chloride, potassium
sulfate, potassium phosphate, sodium benzoate, sodium acetate, sodium citrate, potassium
nitrate, alkaline earth metal salts, calcium chloride, calcium nitrate, transition metal salts, ferric
chloride, ferrous sulfate, zinc sulfate, cupric chloride, saccharides, sugars, sucrose, glucose,
fructose, mannose, galactose, aldohexose, altrose, talose, lactose, cellulose, monosaccharides,
disaccharides, water soluble polysaccharides, sorbitol, mannitol, organic aliphatic and aromatic
oils, diols and polyols, polyhydric alcohols, poly(alkylene glycols), polyglycols, alkylene
glycols, poly(a,m)alkylenediol esters, alkylene glycols, poly vinylalcohol, poly vinyl
pyrrolidone, water soluble polymeric materials, Poloxamer, hypromellose (HPMC), Kolliphor
RH40 , polyvinyl caprolactam, polyvinyl acetate (PV Ac), polyethylene glycol (PEG) , Soluplus
(copolymer of polyvinyl caprolactam, polyvinyl acetate, and polyethylene glycol), copovidone,
Eudragits (E, RS, RL), poly(methyl vinyl ether-alt-maleic anhydride), polyoxyethylene alkyl
ethers, polysorbates, polyoxyethylene stearates, polydextrose, polyacrylic acid, alginates,
sodium starch glycolate, crosslinked polyacrylic acid (carbopol), crosslinked PVP
(crospovidone), crosslinked cellulose (croscarmellose), calcium silicate, xanthan gum, and

gellan gum.

6. The gastric residence system of any one of claims 1-5, wherein the polymer film further
comprises a plasticizer, optionally wherein the plasticizer comprises triethyl citrate, triacetin,
PEG, poloxamer, tributyl citrate, or dibutyl sebacate, and optionally wherein the plasticizer

comprises about 1% to about 30% by weight of the film.

7. The gastric residence system of any one of claims 1-6, wherein the polymer film further
comprises an anti-tack agent, optionally wherein the anti-tack agent is selected from the group

consisting of magnesium stearate, talc, and glycerol monostearate.

8. The gastric residence system of any one of claims 1-7, wherein the polymer film further

comprises a permeable component which is permeable to the agent or salt thereof, permeable to
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water, or both permeable to the agent or salt thereof and permeable to water, optionally wherein
the permeable component is selected from the group consisting of sodium starch glycolate

(SSG), crospovidone, croscarmellose, and crosslinked polyacrylic acid.

9. The gastric residence system of any one of claims 1-8, wherein the carrier polymer comprises

polycaprolactone having an average Mn of about 50,000 to about 110,000.

10. The gastric residence system of any one of claims 1-9, wherein the elongate members
further comprise:

1) at least one excipient, optionally wherein the at least one excipient is selected from the
group consisting of P407, Eudragit E, PEG, Polyvinylpyrrolidone (PVP), Polyvinyl acetate
(PVAc), Polyvinyl alcohol (PVA), Eudragit RS, Eudragit RL, PLA, PLGA, PLA-PCL,
polydioxanone, crospovidone, croscarmellose, HPMCAS, Lecithin, Taurocholate, SDS,
Soluplus, fatty acids, Kolliphor RH40; and linear block copolymers of dioxanone and ethylene
glycol; linear block copolymers of lactide and ethylene glycol; linear block copolymers of
lactide, ethylene glycol, trimethyl carbonate, and caprolactone; linear block copolymers of
lactide, glycolide, and ethylene glycol; linear block copolymers of glycolide, polyethylene
glycol, and ethylene glycol; linear copolymers of caprolactone and glycolide; polyaxial block
copolymers of glycolide, caprolactone, and trimethylene carbonate; polyaxial block copolymers
of glycolide, trimethylene carbonate, and lactide; polyaxial block copolymers of glycolide,
trimethylene carbonate and polypropylene succinate; polyaxial block copolymers of
caprolactone, lactide, glycolide, and trimethylene carbonate; polyaxial block copolymers of
glycolide, trimethylene carbonate, and caprolactone; and linear block copolymers of lactide,
caprolactone, trimethylene carbonate, and a polyalkylene glycol;

i) an anti-oxidant; or

iii) silica.

11. The gastric residence system of any one of claims 1-10, wherein the central elastomer

comprises silicone rubber.

12. The gastric residence system of claim 11, wherein:
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1) the elongate members are affixed to the central elastomer via linkers, wherein the
linkers are configured to weaken or degrade to allow passage of the gastric residence system
through the pylorus after the specified gastric residence period; or

i1) at least one elongate member comprises at least two segments joined by linkers,
wherein the linkers are configured to weaken or degrade to allow passage of the gastric

residence system through the pylorus after the specified gastric residence period.

13. The gastric residence systems of claim 12, wherein the linkers comprise hydroxypropyl

methyl cellulose-acetate succinate (HPMCAS) and polycaprolactone.

14. The gastric residence system of any one of claims 1-13, wherein the agent or
pharmaceutically acceptable salt thereof comprises about 25% to about 60% by weight of the at

least one elongate member

15. The gastric residence system of any one of claims 1-14, wherein, in simulated gastric fluid
at 37°C:

the agent or pharmaceutically acceptable salt thereof has a difference in solubility of a
factor of about 5 or more at two different pH values between about pH 1 and about pH 6;

and optionally wherein

a) the two different pH values are pH 1.5 and pH 4.8; or

b) the two different pH values are at least about 2 pH units apart.

16. The gastric residence system of any one of claims 1-14, wherein, in simulated gastric fluid
at 37°C:

1) the gastric residence system has a pH-dependent release rate ratio factor of about 3 or
less at two different pH values between about pH 1 and about pH 6; or

i1) the gastric residence system has a pH-dependent release rate ratio factor of about 2 or
less at two different pH values between about pH 1 and about pH 6;

and optionally wherein

a) the two different pH values are pH 1.5 and pH 4.8; or

b) the two different pH values are at least about 2 pH units apart; or
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c) the gastric residence system has a deviation from 1 of a pH-dependent release rate
ratio factor at least about 25% less than a deviation from 1 of a pH-dependent release rate ratio
factor of a comparison gastric residence system comprising the same components but lacking the
release rate-modulating polymer film; or

d) the gastric residence system has a deviation from 1 of a pH-dependent release rate
ratio factor at least about 50% less than a deviation from 1 of a pH-dependent release rate ratio
factor of a comparison gastric residence system comprising the same components but lacking the

release rate-modulating polymer film.

17. A gastric residence system of any one of claims 1-16 for use in a method of administration
to a patient, the method comprising:

administering a container containing the gastric residence system in a compacted state to
a patient, wherein the container enters the stomach of the patient and dissolves after entry into

the stomach, releasing the gastric residence system which then adopts its uncompacted state.

18. A segment for a gastric residence system, the segment comprising:
a carrier polymer comprising polycaprolactone;
an agent or a salt thereof; and

a release rate-modulating polymer film, wherein the release rate-modulating

polymer film comprises polyester with a repeating unit of the form -R'-O-C(=0)-,
wherein R! is selected from the group consisting of C1-Ci2 alkylene groups, ethers
containing between two and twelve carbon atoms, and polyethers containing between
three and twelve carbon atoms, and wherein:

1) the release rate-modulating polymer film is configured to control the release rate of
the agent or salt thereof, over a seven-day incubation of the segment in simulated gastric fluid at
37°C, the amount of the agent or salt thereof released from the segment during day 5 is at least
about 40% of the amount of agent or salt thereof released during day 2; and wherein at least
about 7% of the total amount of agent or salt thereof in the segment is released on day 2 and at
least about 7% of the total amount of agent or salt thereof is released on day 5; or

i1) the release rate-modulating polymer film is configured such that the release of agent

or salt thereof from the segment in 40% ethanol/60% simulated gastric fluid over one hour at
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37°C is no more than about 40% higher compared to release of agent or salt thereof from an
equivalent segment in 100% simulated gastric fluid over one hour at 37°C; or

ii1) the polymer film is configured to control the release rate of the agent or salt thereof
from the segment over a seven-day period in simulated gastric fluid at 37°C such that the release
rate from the segment over any one of the seven days varies by no more than about 25% from

the average daily total release from the segment over the seven days.

19. A segment for a gastric residence system, the segment comprising:
a carrier polymer comprising polycaprolactone;
an agent or a salt thereof; and
a release rate-modulating polymer film, wherein the release rate-modulating polymer film
comprises polyester with a repeating unit of the form -R'-O-C(=0)-, wherein R! is selected from
the group consisting of Ci-Ci2 alkylene groups, ethers containing between two and twelve
carbon atoms, and polyethers containing between three and twelve carbon atoms, and wherein
the polymer film:
a) comprises about 0.1% to about 20% of the total weight of the segment; or
b) comprises about 0.1% to about 10% of the total weight of the segment; or
¢) has a thickness between about 1 micron and about 40 microns; or

d) has a thickness between about 1 micron and about 20 microns.

20. A method of making the segment of claim 18 or claim 19, comprising:

coating a segment comprising the carrier polymer and the agent or salt thereof with a
solution of a polymer film formulation to produce a film-coated segment, and drying the film-
coated segment; or

co-extruding a polymer film and a mixture of the carrier polymer and the agent or

pharmaceutically acceptable salt thereof to form the segment.

21. The gastric residence system of any one of claims 1-17, or the segment of a gastric
residence system of claim 18 or claim 19, wherein the agent or pharmaceutically acceptable salt
thereof is selected from the group consisting of donepezil, doxycycline, risperidone, a
pharmaceutically acceptable salt of donepezil, a pharmaceutically acceptable salt of doxycycline,

or a pharmaceutically acceptable salt of risperidone.
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22. The gastric residence system of any one of claims 1-17, or the segment of a gastric
residence system of claim 18 or claim 19, wherein the agent or pharmaceutically acceptable salt

thereof is risperidone or a pharmaceutically acceptable salt thereof.

23. The gastric residence system of any one of claims 1-17, or the segment of a gastric
residence system of claim 18 or claim 19, wherein the agent or pharmaceutically acceptable salt

thereof is methadone or a pharmaceutically acceptable salt thereof.

24. The gastric residence system of any one of claims 1-17, or the segment of a gastric
residence system of claim 18 or claim 19, wherein the agent or pharmaceutically acceptable salt

thereof is buprenorphine or a pharmaceutically acceptable salt thereof.
25. The gastric residence system of any one of claims 1-17, or the segment of a gastric

residence system of claim 18 or claim 19, wherein the agent or pharmaceutically acceptable salt

thereof is aripiprazole or a pharmaceutically acceptable salt the
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