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COMPOSITIONS OF AND METHODS FOR A COLD SLURRY
HAVING HYALURONIC ACID

TECHNICAL FIELD

{0001} This application claims priority under 35 U.S.C. § 119{c) to U.S. Serial No.
03/309291, filed February 11, 2022, the contents of which are hereby incorporated by reference
10 its entirety.
0062} The present disclosure relates generally to compositions and methods for
manufacturing biomaterials that form flowable and/or injectable cold slurries. More
particularly, the present invention preferably relates to a formulation of a biocompatible soluticn
that contains a liquid {(e.g., saline, water, or phosphate-buffered saline), glycerol, hyaluronic
acid, a poloxamer, and, optionally, lipids.

BACKGROUND

0063} Cold slurries {¢.g., ice slurries) are known in the art as compositions that are made of
sterile ice particles of water, varying amounts of excipients or additives such as freezing point
depressants, hydrotropic molecules, and, optionally, one or more active pharmaceutical
ingredients, as described in U.S. Application Serial No. 15/505,042 (7042 Application”;
Publication No. US2017/0274011), the disclosure relating to the formulation of cold slurry
compositions is incorporated by reference in its entirety herein. Prior art cold slurries can be
delivered, preferably via injection, to a tissue of a subject, preferably a human patient, to cause
selective or non-selective cryotherapy and/or cryolipolysis for prophylactic, therapeutic, or
aesthetic purposes. Injectable cold shurries may be used for treatment of various disorders that
require inhibition of nerve conduction. For example, U.S. Application Serial No. 15/505,039
{'039 Application”; Publication No. US2017/0274078), the disclosure relating to the reversible
inhibition of nerve conduction is incorporated by reference in its entirety herein, discloses the
use of slurries to induce reversible degeneration of nerves {e.g., through Wallerian degeneration)
by causing crystallization of lipids in the myelin sheath of nerves. The "039 Application also
discloses using injectable cold slurries to treat various other disorders that require inhibition of
somatic or autonomic nerves, including motor spasms, hypertension, hyperhidrosis, and urinary
incontinence.

{0004} A method of preparing a cold slurry is shown in U.S. Application Serial No.
16/080,092 ("092 Application”; Publication No. US2019/0053939), incorporated by reference

in ifs entirety herein. However, the method disclosed in the "092 Application requires the point
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of care to manufacture the cold slurry by installing medical 1ce slurry production system. This
technique also requires the point of care to take steps to maintain sterility of the cold slurry
during manufacture and prior to administration. Alternative methods of preparing a cold shurry
are disclosed in U 8. Patent No. 11,241,330 and International Publication Number WG
2022/261494 A1 (7494 PCT™). The disclosure in WO 2022/211904 A1 (7904 PCT™)
pertaining to methods of manufacture is incorporated by reference herein. The disclosure in the
’494 PCT pertaining to cold slurry compositions is incorporated by reference herein. The
disclosure in the present application is compatible with the methods and systems disclosed in the
International Publication No. WO 2017/147367 A1 (7367 PCT”) and the 904 PCT.

0005} The 7904 PCT discloses a method of easily transporting a sterile biomaterial to a
point of care using standard shipping techniques, where the biomatertal can be transformed into
a flowable and injectable cold slurry at a point of care without requiring manufacturing
equipment to be available at the point of care and without compromising the sterility of the
biomaterial at the point of care. The disclosure in the present application is compatible with the
methods and systems disclosed in the 7304 PCT.

100066 There exists a need for compositions and methods that allow for simple transport,
storage, and preparation of a flowable and/or injectable cold slurry at a clinical peint of care
without compromising the sterility of the biomaterial {e. g, the solution that will be transformed
into the cold slurry} during preparation, without requiring specialized manufacturing equipment
to be available at the point of care, and without compromising the sterility of the biomaterial at
the point of care. The present disclosure addresses this need by providing for improved cold
sturry compositions and methods of preparation that allow for a biocompatible solution to be
received at a point of care in an easily shipped and stored container that the potnt of care can
place into a standard freezer and, optionally, perform further physical agitation of the containe’s
internal contents to transform the biocompatible solution into a therapeutic substance, e.g., a
flowable and/or injectable cold slurry. The present disclosure describes a composition and
methods that can provide an adequate and consistent amount of ice particles after being exposed

to freezing temperatures, and reliably allow injection of cold slurry through syringe needles.

SUMMARY

{0007} In certain aspects, the present disclosure provides a composition comprising an

amount of water, a hyaluronic acid, and a first excipient, wherein the composition is configured
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to be formed into a flowable cold slurry comprising a plurality of'ice crystals when the
composition is exposed to a temperature of 0°C or less.

{0008} In certain embodiments, the composition further comprises a water-soluble
surfactant. Tu further embodiments, the water-soluble surfactant is a poloxamer molecule. lo
certain embodiments, wherein the compaosition comprises a plurality of poloxamer molecules.
In certain erubodiments, the composition comprises a poloxamer particle, and wherein the
poloxamer particle comprises a plurality of poloxamer molecules. In further embodiments, the
poloxamer particle is a ricelle. In certaiv ermvbodinents, the poloxamer molecule is selected
from the group consisting of poloxamer 101, poloxamer 103, poloxamer 108, poloxamer 122,
poloxamer 123, poloxamer 124, poloxamer 181, poloxamer 183, poloxamer 188, poloxamer
212, poloxamer 215, poloxamer 217, poloxamer 231, poloxamer 234, poloxamer 235,
poloxamer 237, poloxamer 238, poloxamer 282, poloxamer 284, poloxamer 288, poloxamer
331, poloxamer 333, poloxamer 334, poloxamer 335, poloxamer 338, poloxamer 401,
poloxamer 402, poloxamer 403, poloxamer 407, poloxamer 105 benzoate, poloxamer 182
dibenzoate, and a combination thereof. In certain embodiments, poloxamer is poloxamer 407,
and wherein the concentration of the poloxamer 407 is between about 0.1% (w/w) and 10%
(w/w). In certain embodirents, the concentration of the poloxamer 407 in the composition is
about 0.5% {w/w). As used herein, {(w/w) and (w/v} are interchangeable.

{0069} In certain embodiments, the composition further comprises a first excipient selected
from the group cousisting of a salt, an ion, Lactated Ringer’s solution, a sugar, a biocompatible
surfactant, a polyol, and a combination thereof.

jeei9] In certain embodiments, the first excipient is glyeerol. In some embodiments, a
concentration of the glycerol in the composition is between about 12 % and 25 % (w/w). In
certain embodiments, the concentration of the glycerol tu the composition is about 19 % {(w/w).
j0011} In certain embodiments, the composition further comprises a second excipient. In
sowe embodiments, the second excipient is sodium chioride or sodium phosphate to form saline
or phosphate-buffered saline.

{0012} In certain embodiments, the composition further comprises a third excipient. In
some embodiments, the third excipient is a non-water-soluble substance. In some embodiments,
non-water-soluble substance is a lipid. In some embodiments, the lipid is selected from the
group conststing of 1,2-distearoyi-sn-glycero-3-phosphocholine (BSPC), egg sphingomyelin
{DPSM), dipalmitoviphosphatidyl (DPPC), dicethylphosphate (BCP), L-a-phosphatidylcholine
{(soy PC}, phosphatidylethanolamine,{(PE}, phosphatidylserine (PS), phosphatidylglycerol (PG).
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0013} In certain aspects, the compositions disclosed herein are configured to form the
plurality of ice crystals when the composition is exposed to a temperature of between about -25
°C and about -5 °C.

joe14] In certain aspects, the compositions disclosed herein are configured to have an
injection force of less than about 30 Ibf when injected through a 16G needle, a 17G needle, an
18G needie, a 19G needle, a 206G needle, a 22G needle, a 236G needle, or a 246 needle,

0015} In certain aspects, the compositions disclosed herein are configured to have an
injection force of fess than about 30 1bf when injected through a 17G needle or an 18G needle.
jeeis] In certain aspects, methods of preparing a cold shurry for administration to a patient
at a clinical point of care are provided. In certain embodiments, the method comprises preparing
a composition comprising a hyaluronic acid and an amount of water; adding a first excipient to
the composition, wherein the excipient comprises a water-soluble surfactant; wherein the
composition is configured to form a cold sturry corprising a plurality of ice particles when the
composition is cooled to a temperature below about 0°C.

{0617} In certaiv aspects, the water-soluble surfactant is a hydrotropic molecule. Tu certain
embodiments, the hydrotropic molecule is a poloxamer molecule. In certain embodiments, the
poloxamer molecule is selected from the group consisting of poloxamer 101, poloxamer 105,
poloxamer 108, poloxamer 122, poloxamer 123, poloxamer 124, poloxamer 181, poloxamer
183, poloxamer 188, poloxamer 212, poloxamer 215, poloxamer 217, poloxamer 231,

e
7
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poloxamer 234, poloxamer 235, poloxamer 237, poloxamer 238, poloxamer 282, poloxamer
284, poloxamer 288, poloxamer 331, poloxamer 333, poloxamer 334, poloxamer 335,
poloxamer 338, poloxamer 401, poloxamer 402, poloxamer 403, poloxamer 407, poloxamer 1035
benzoate, poloxamer 182 dibenzoate, and a combination thereof. In certain embodiments, the
poloxamer 13 poloxamer 407, and wherein the concentration of the poloxamer 407 is between
about 0.1% (w/w} and 10% (wiw). In certain embodiments, the concentration of the poloxamer
407 in the composition is about 0.5% (w/w}.

0018} In certain aspects, methods provided herein further comprise adding a second
excipient to the composition, wherein the composition including the second excipient is
configured to form the cold slurry when the composition is cooled to a temperature below about
0°C. In certain embodiments, the second excipient is selected from the group consisting of a
salt, an 1on, Lactated Ringer’s solution, a sugar, a biocompatible surfactant, a polyol, and a

combination thereof,
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0019} In certain embodiments, the second excipient is glycerol. In certain embodiments, a
concentration of the glycerol in the composition is between about 12 % and 25 % (w/w}. In
certain embodiments, the concentration of the glycerol in the composition is about 19 % (w/w}.
0028} In certain aspects, the methods provided herein further comprise adding a third
excipient to the composition, wherein the composition including the second excipient and the
third excipient is configured to form the cold slurry when the conmposition is cooled to a
temperature below about 0°C. In certain embodiments, the third excipient is sodium chloride or
sodium phosphate, to form saline or a phosphate-buffered saline.
jo021} In certain aspects, the methods provided herein further comprise adding a fourth
excipient to the composition, wherein the composition including the second excipient, the third
excipient, and the fourth excipient is configured to form the cold shurry when the composition is
cooled to a temperature below about 0°C.
[0022] In certain embodiments, the fourth excipient 13 a non-water~-soluble substance. In
some embodiments, the non-water-soluble substance is a lipid. In some embodiments, the lipid
is selected from the group consisting of 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC),
egg sphingomyelin (DPSM), dipalmitoylphosphatidyl (BPPC), dicethyiphosphate (BCP), L-a-
phosphatidylcholine (soy PC), phosphatidvlethanolamine (PE), phosphatidvlserine (PS),
phosphatidylglycerol (PG).
0023} In certain aspects, the methods provided heretn further comprise a composition
configured to form the plurality of ice crystals when the composition is exposed to a temperature
of between about -25 °C and about -5 °C.
0024} In certain aspects, the methods provided herein comprise a composition configured to
have an injection force of less than about 30 1bf when injected through a 16G needie, 2 17G
needle, an 18G needle, a 19G needle, 2 20G needle, 2 22G needle, a 236 needle, or a 246
needle. In certain embodiments, the composition is configured to have an injection force of less
than about 30 Ibf when injected through a 176 needle or an 186G needle.
0025} In certain aspects, methods of preparing a cold slurry for administration to a patient
at a clinical point of care are provided. In certain embodiments, the method comprises receiving
a composition comprising a freezing point depressant and a hyaluronic acid; and cooling the
composition to a terperature below about 0°C to form a cold slurry, wherein the cold slurry
comprises a plurality of ice particles. In certain embodiments, the freezing point depressant is
glycerol.
{00286} In certain aspects, the composition fusther comprises an amount of a poloxamer
molecule. In certain embodiments, the poloxamer molecule is selected from the group
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consisting of poloxamer 101, poloxamer 105, poloxamer 108, poloxamer 122, poloxamer 123,
poloxamer 124, poloxamer 181, poloxamer 183, poloxamer 188, poloxamer 212, poloxamer
215, poloxamer 217, poloxamer 231, poloxamer 234, poloxamer 235, poloxamer 237,
poloxamer 238, poloxamer 282, poloxamer 284, poloxamer 288, poloxamer 331, poloxamer
333, poloxamer 334, poloxamer 335, poloxamer 338, poloxamer 401, poloxamer 402,
poloxamer 403, poloxamer 407, poloxamer 108 benzoate, poloxamer 182 dibenzoate, and a
combination thereof. In certain embodiments, the poloxamer is poloxamer 407, and wherein the
concentration of the poloxamer 407 is between about §.1% {(w/w) and 10% {w/w)}. In certain
embodiments, the concentration of the poloxamer 407 in the composition is about 0.5% (w/w).
{0027} In certatn aspects, the receiving a composition comprises receiving the composition
within a container.

j00281 In certain embodiments, the container is a first syringe. In some embodiments, the
method further comprises connecting the first syringe to a second syringe, and processing the
cold slurry through a back-and-forth cycle, wherein the back-and-forth cycle comprises pushing
the cold slurry from the first syringe 1uto the second syringe and pushing the cold slurry from the
second syringe into the first syringe.

[0029] In certain aspects, the method further comprises processing the cold slurry through a
second, a third, or a fourth back-and-forth cycle.

{0030} In certain aspects, the container is a container configured for topical application. In
ceriain embodiments, the container configured for topical application is a first tube.

0031} In certain aspects, the method further comprises connecting the first tube to a second
tube and processing the slurry through a back-and-forth cycle, wherein the back-and-forth cycle
comprises pushing the cold slurry from the first tube into the second tube and pushing the cold
shurry from the second tube 1nto the first tube.

o832y In certain aspects, methods provided herein further comprise monitoring a
temperatare of the cold stusry,

0033} In certain aspects, the monitoring comprises viewing a temperature sensitive
indicator on a syringe or a container holding the cold slurry, wherein the temperature sensitive
indicator is configured to indicate the temperature of the cold slurry.

[0034] In certain embodiments, the temperature sensitive indicator is a temperature sensitive
sticker. In certain embodiments, the temperature sensitive indicator provides a visual indication

when the cold slurry reaches a pre-determined temperature.
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{0035} In certain embodiments, the pre~-determined temperature is about -15°C. In certain
embodiments, the pre-determined temperature is between about -19°C and -11°C, between about
-18°C and -12°C, between about -17°C and -13°C, or between about -16°C and -14°C.

00386} In certain aspects, the temperature sensitive indicator is configured to provide a
visual indication when the cold slurry is at a colder temperature than the pre-determined
temperature. In certain aspects, the temperature sensitive indicator is configured to provide a
visual indication when the cold slurry is warmer than the pre-determined temperature.

{0037} In certain aspects, the monitoring comprises viewing a therrvoreter.

0038} In certain aspects, the monitoring comprises viewing a temperature moniforing
component that is embedded within a container holding the cold slurry. In certain embodiments,
the temperature component is provided in the container or is provided along a fluid path.

[003%9] In certain aspects, the monitoring further comprises listening for an audio indicator
configured to indicate when the composition has reached a pre-determined temperature.

{0040} In certain aspects, the composition is terminally sterilized. In certain embodiments,
the composition is terminally sterilized via autoclave or steam sterilization. o certain
embodiments, the autoclave or steam sterilization comprises subjecting the composition to a
temperature between about 118°C and 121°C. In certain embodiments, the temperature 13 about
118°C.

0041} In certain aspects, a cold slurry delivery system is provided. In certain embodiments,
the cold slurry delivery system comprises a container holding a sturry composition, the container
comprising a sterile barrier and a temperature indicator, wherein the container is configured to
allow manual agitation of the slurry composition without breaking the sterile barrier.

{0042} In certatn embodiments, the container is a syringe or a tube.

{00431 In certain aspects, the container is configured to be convnected to a second container.
j0044} In certain aspects, the container and the second container are configured to be
connected using a conuector,

0045} In certain aspects, the container and the second container comprise a first syringe and
a second syringe, wherein the first syringe and the second syringe each comprise a male Luer
component. In certain embodiments, the connector comprises a female Luer component.

0046} In certain embodiments, the first syringe and the second syringe are connected using
the female Luer component, and wherein the shurry composition is capable of being moved from
the first syringe to the second syringe to manually agitate the slurry composition.

0047} In certain aspects, a temperature sensitive indicator is provided on the container.

-3
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{0048} In certain aspects, the temperature sensitive indicator comprises a temperature
sensitive sticker.

0049 In certain aspects, the temperature sensitive indicator provides a visual indication
when the slurry composition reaches a pre-determined temperature. In certain embodiments, the
pre-determined temperature is about -15°C. In certain embodiments, the pre-determined
temperature is between about -19°C and -11°C, between about -18°C and -12°C, between about
-17°C and -13°C, or between about -16°C and -14°C.

HUIRH In certain aspects, the temperature seusitive indicator provides a visual indication
when the shurry composition is a colder temperature than the pre-determined temperature.

{0051} In certain aspects, the temperature sensitive indicator provides a visual indication when

the sturry composition is warmer than the pre-determined temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

j6es2] The following figures depict illustrative embodiments of the invention.

[6653] FIG. 1 18 a table showing an exemplary formulation of a cold slurry composition
described herein.

{0034} FIG, 2 is a graph showing the characterization of ice content of a cold slusry
composttion described herein and a cold slurry composition containing glycerol and PBS and
prepared according to the methods as disclosed in, for example, the 367 PCT.

10055] FIG. 3 depicts an embodiment of a composttion that tocludes a plurality of
poloxamer micelles, glycerol, and hyaluronic acid gel.

[0056] FIGS. 4A-B. FIG. 4A is av image depicting an exemplary configuration of two
syringes to process a slurry composition in a back-and-forth process between the two syringes
according to certain embodiments described herein. FIG. 4B shows a process flow diagram for
preparing an injectable cold sturry using a back-and-forth ("BAF”) process by subjecting the
contents to three BAF cycles according to certain embodiments described herein.

{6637} FIGS. SA-B. FIG. 5A depicts an exemplary syringe configuration comprising a
temperature sensitive indicator to measure the temperature of the syringe’s contents where the
indicator displays a range of temperatures according to embodiments described herein. FIG. 58
depicts an exemplary syringe configuration comprising a temperature sensitive indicator
displaving a single specific temperature according to embodiments described herein. FIG. 8C
depicts an exemplary syringe configuration comprising an external temperature sensitive
indicator displaying “Process Now” when the contents of the syringe reach a predetermined
temperature. FEG. 5B depicts an exemplary syringe configuration comprising a plurality of

8
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temperature sensitive indicators displaying messages reading “Wait”, “Process Now”, and
“Discard” when the contents of the syringe reach a series of predetermined temperatures.
{0038} FIG, 6 is a graph showing injection force (1bf) to inject shurry as a function of the
temperature of the freezer into which a syringe containing the composition prepared according
to the present disclosure via a 17G needie.
100591 FIGK. 74-B. FIG. 7A (s a graph showing the relationship between the equilibrium
temperature (as a proxy for ice content} and the injection temperature for a composition
prepared according to the present disclosure. FIG. 7B is a graph showing the refationship
between the injection force (Ibf) and the injection temperature for a composition prepared
according to the present disclosure when injected through a 17G needle.
{00601 FIG. 8 is a graph showing the relationship between injection force (b1} and post-
processing temperature in compositions prepared according to the present disclosure and
subjected to one, two, three, or four BAF cycles when injected through an 183G needle.
{0061} FiG. 9 is a plot showing injection force (Ibf) versus post-processing temperature in
compositions prepared according to the present disclosure that were subjected to two BAF
cycles and injected either through a 17G or 18G needle.
[0062] FIG. 10 is a graph showing the characterization of ice content of compositions
described herein.
0063} FIG. 11 15 a table summarizing tujection force (Ibf) and injection reliability for
compositions described herein when prepared according to different processing methods.
10064} FIG. 12 is a plot showing injection forces required for cold sturry compositions
described herein terminally sterilized using gamma irradiation versus non-gamma irradiated
compositions.

DETAILED DESCRIPTION
[6065] The present disclosure relates generally to compositions and methods for
manufacturing biomaterials that form flowable and/or injectable cold slurries. More
particularly, disclosed herein is a composition comprising water, a hvaluronic acid, and at least
one excipient or additive. In certain embodiments, the at least one excipient or additive is a
Pluronic™ (also known as a “poloxamer”). As used herein, the term “excipient” means any
substance, not itself a therapeutic agent, used as a diluent, adjuvant, and/or vehicle for delivery
of a therapeutic agent {in this case the therapeutic agent is the ice) to a subject or patient, and/or
a substance added to a composition to improve its handling, stability, or storage properties. The
terms “excipient” and “additive” are used interchangeably herein. In some embodiments, the

solution may also contain liposomes, lipids, or other lipid structures {e.g., lamellar or non-
9
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tamellar structures, bilayer and non-bilayer structures, including lipid nanoparticles, micelles,
etc.}, non-water-soluble substances (7.e., substances that do not dissolve in water), or a water-
soluble surfactant such as a hydrotropic molecule (e.g., a polysorbate).
[0066] In some embodiments, the flowable and/or injectable or topically applied
composition contains significant amounts of ice which provides therapeutic benefit for various
applications. For example, therapeutic applications of cold slurry are disclosed in US.
Application Serial Nos. 16/288 073 and 16/327,266, the disclosures related to various
therapeutic applications are incorporaied by reference herein.
jees7] In some embodiments, the final product to be administered via injection to a human
patient or a subject (such as a human who is not a patient or a non-human animal} is a cold
shurry comprised of sterile ice particles of water and varving amounts of excipients/additives,
such as hyaluronic acid, a poloxamer, and/or freezing point depressants. For example, the
percentage of ice particles in the cold slurry can counstitute less than about 10% by weight of the
sturry, between about 10% by weight and about 20% by weight, between about 20% by weight
and about 30% by weight, between about 30% by weight and about 40% by weight, between
about 40% by weight and about 60% by weight, more than about 60% by weight, and the like.
The sizes of the ice particles will be controlled, optionally by adding the components such as a
water-soluble surfactant (e.g., hydrotropic molecule), a poloxamer (e.g., Pluronic™ F127 or
P407) and/or lipids, to allow for flowabtlity through a vessel of various sizes {e.g., needle gauge
size of between about 7 and about 433, Vessels of various sizes are described in U8, Serial
Application No. 15/503, 042 (Publication No. US2017/0274011), the disclosure relating to
vessels for injection is incorporated by reference herein. Further, other methods may be used to
condition the size of the ice particles to allow for flowability and/or injectability through a vessel
of varions sizes {e.g., using a filter or transferring the composition back and forth between two
syringes). In some embodiments, the majority of ice particles have a diameter that is less than
about half of the internal diameter of the lumen or vessel used for injection. For example, ice
particles can be about 1.5 mm or less in diameter for use with a 3 mm catheter.
{0068} In some embodiments, one or more excipients may be included in the cold slurry.
Excipients can constitute less than about 10% volume by volume (v/v), between about 10% v/iv
and about 20% v/v, between about 20% v/v and about 30% v/v, between about 30% v/v and
40% v/v, and greater than about 40% v/v of the cold slurry. Various added excipients can be
used to alter the phase change temperature of the cold slurry (e.g., reduce the freezing point),
alter the ice percentage of the cold slurry, alter the viscosity of the cold slusry, prevent
agglomeration of the ice particles, prevent dendritic ice formation (7 e., crystals with multi-
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branching “tree-like” formations, such as those seen in snowflakes), keep ice particles separated,
increase thermal conductivity of fluid phase, or improve the overall prophylactic, therapeutic, or
aesthetic efficacy of the flowable and/or injectable cold slurry. In the compositions described
herein, such excipients may include hyaluronic acid, a poloxamer, a polysorbate (or other water-
soluble surfactants such as hydrotropic substances), non-water-soluble substances, lipids
(including hipid particles), which all prevent agglomeration of the ice particles, prevent dendritic
ice formation (i.¢., crystals with multi-branching “tree-like” formations, such as those seen in
suowflakes), or keep ice particles separated, such that the cold slurry is flowable and/or
injectable when it is removed from a freezer.
{0069} One or more freezing point depressants can be added as excipients to sterile water to
form a cold slurry with freezing points below 0°C {e.g., about -10°C). Depressing the freezing
point of the cold slurry allows it to maintain flowability and remain injectable while still
containing an effective percentage of ice particles. Suitable freezing point depressants include
salts (e.g., sodium chioride, betadex sulfobutyl ether sodium}, ions, Lactated Ringer's solution,
sugars {e.g., glucose, sorbitol, mannitol, hetastarch, sucrose, (2-Hydroxypropyl)-B-cyclodextrin,
of & combination thereot), biocorpatible surfactanis such as glycerol (also koown as glycerin or
glycerine}, other polyols {e.g., polyvinyl alcohol, polyethylene glycol 300, polyethylene glycol
400, propylene glycol), other sugar alcobols, or urea, and the like. Other exernplary freezing
point depressants are disclosed in U.S. Application Serial No. 15/505,042 (Publication No.
US2017/0274011), the disclosure relating to slurry composition ingredients is incorporated in us
entirety herein.
{66703 The present disclosure describes compositions that, when frozen, result in flowable
and/or injectable cold slurrigs. In some embodiments, the compositions of the present disclosure
do not require processing or manipulation to be flowable and/or injectable. However,
manipulation may be used in other embodiments to further improve flowability and injectability
or to promote consistency. In some embodiments, the compositions comprise a suspension of
fluid with high water content {e.g., between about 70% and 8(%, between about 830% and 90%,
or greater than about 90%), a solute used to depress the freezing point {e.g., glycerol}, and a
hyaluronic acid. o some erobodirnents, to further improve flowability and injectability of the
cold slurry, the solution may contain one or more of a lipid, a non-water-soluble compound, ora
water-soluble surfactant such as a hydrotropic compound {e.g., a polysorbate} or a poloxamer
{e.g., P407). In some embodiments, the solution further comprises an additional excipient, such
as sodium chlonde or sodium phosphate, to form, for example, saline or a phosphate-buffered
saline.
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0671 The present disclosure provides for various compositions. In some embodiments, the
composition contains an effective amount of hyaluronic acid to create a flowable and/or
injectable cold slurry. Without intending to be bound by any particular theory, it is believed that
the hyaluronic acid in the composition facilitates the formation of small ice crystals when the
solution is exposed to freezing temperatures {e.g., between about -20°C and -15°C, between
about ~-13°C and ~10°C, between about -10 and -5°C, or in some embodiments about ~10°C). In
some embodiments, a composition comprising hyaluronic acid is transformed into a tlowable
and/or injectable and cold slurry baving ice particles when placed into & standard freezer without
requiring the application of any mechanical agitation or additional freatment to the cold slurry.
{06672} In some embodiments, the composttion further comprises an effective armount of 2
water-soluble surfactant such as a hydrotropic compound {e.g., a polysorbate}, to create a
flowable and/or injectable ice slurry. In some embodiments, the water-soluble surfactant is a
poloxamer {or Pluronic™) molecule. In some embodiments, any surfactant with a hydrophilic-
fipophilic balance (HLB) value greater than 10 is considered water-soluble. In some
embodiments, the water-soluble surfactant in the composition 1s in a concentration of between
about 0.01% (w/w) and 0.5% (w/w), between about 0.5% (w/w} and 1% (w/w}, between about
196 (w/w), and 2% (w/w), between about 2% (w/w) and 5% (w/w), between about 3% (w/w) and
10% {w/w), or greater than about 10% (w/w). Without intending to be bound by any particular
theory, it 1s believed that the water-soluble surtactant further serves to prevent ice particles from
growing too large when the composition is exposed to freezing temperatures {e.g., about -5°C or
less), large ice particles may prevent the composition from being flowable or injectable.

0073} In some embodinments, the composition further comprises an effective amount of one
or more of a hyaluronic acid, an optional hydrotropic molecule, and a lipid, or non-water-soluble
particies, to create a flowable and/or injectable cold sturry 1n the form of an ervulsion. Tn some
embodiments, an emulsion is any composition described herein that comprises a lipid. In some
embodiments, the Hipids in the composition are assembled into lipid particles having one or more
morphologies known in the art {e.g., lamellar or non-lamellar structures, bilayer and non-bilayer
structures, including liposomes, lipid nanoparticles, micelles, etc ). The lipid particle
morphology of the present disclosure may be determined by any method known in the art such
as by CryoTEM. In some embodiments, the lipid particles in the composition are between about
5 uot and about 300 um in diameter. In some embodiments, the lipid particles are about 250 pwm
in diameter. In some embodiments, the Hpid particles in the composition are between about §
um and 20 um in diameter, of between about 8 um and 14 um in diameter. Without intending
to be bound by any particular theory, it is believed that the lipids or non-water-soluble particles
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prevent ice particles from growing too large when the composition is exposed to freezing
temperatures such that the composition is no fonger flowable or injectable.

{0074 In some embodiments, the hyaluronic acid is of a natural or synthetic origin. In some
embodiments, the hyaluronic acid has a molecular weight of between about 250 kDa and 5,000
ki2a. In some embodiments, the hyaluronic acid has a molecular weight of about 1,000 kDa. In
some embodiments the concentration of hyaluronic acid in the composition 1s between about
0.01% {(w/w) and 2% {w/w). In some embodiments, the concentration of hyaluronic acid in the
composition s between about 0.1% (w/w) and 1% (w/w). o some embodimenis, the
concentration of hyaluronic acid in the composition is between about 0.5% (w/w} and 1.5%
{w/w}. In some embodiments, the concentration of hyaluronic acid in the composition is
between about 0.05% {w/w) and 0.75% (w/w}. lu some embodiments, the concentration of
hyaluronic acid in the composition is about 0.5% (w/w). In some embodiments, the hyaluronic
acid in the composition is in the form of & hyalurouvic acid gel (V.e., baving high viscosity).
{0075} In some embodiments, the excipient is selected from the group consisting of a salt, an
ion, Lactated Ringer's solution, a sugar, a biocompatible surfactant, a polyol, and a combination
thereof. In some embodiments, the excipient is a polvol. In some embodiments, the polvol 1s
glyeerol. In some embodiments, the glycerol concentration of the composition is between about
12% and 25% (w/w). In some embodiments, the glycerol concentration of the composition is
about 20% (w/w}.

0876} In some embodiments, the composition includes a second excipient. In some
embodiments, the second excipient is sodiurn chloride or sodium phosphate, to form, for
example, saline or a phosphate-buffered saline.

{0077} In some embodiments, the compostition includes a third excipient. In some
embodiments, the third excipient is a water-soluble surfactant. o some embodiments, the third
excipient is a hydrotropic compound. In some embodiments, the third excipient is a polysorbate.
{0078} In some embodiments, the composition inchudes a Pluronic™ (also referred to as
“poloxamers”). In some embodiments, the poloxamer forms a macromolecular assembly, like a
micelle. In some embodiments, the macromolecular assembly 1s a micelle {or a “poloxamer
micelle”). In some embodiments, the Pluronic or the poloxamer is selected from the group
constting of Pluronic L31, Pluronic L35, Pluronic F38, Pluronic 143, Pluronic 144, Pluronic
L61, Pluronic F68, Pluronic F77, Pluronic L.81, Pluronic P84, Pluronic P&35, Pluronic ¥77,
Pluronic F87, Pluronic 192, Pluronic F98, Pluronic L1061, Pluronic P103, Pluronic P104,
Pluronic P105, Pluronic F108, Plurenic L121, Plurenic P123, Pluronic K127, poloxamer 101,
poloxamer 103, poloxamer 108, poloxamer 122, poloxamer 123, poloxamer 124, poloxamer 181,
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poloxamer 183, poloxamer 188, poloxamer 212, poloxamer 215, poloxamer 217, poloxamer 231,
poloxamer 234, poloxamer 235, poloxamer 237, poloxamer 238, poloxamer 282, poloxamer 284,
poloxamer 288, poloxamer 331, poloxamer 333, poloxamer 334, poloxamer 335, poloxamer 338,
poloxamer 401, poloxamer 402, poloxamer 403, poloxamer 407, poloxamer 105 benzoate,
poloxamer 182 dibenzoate, and a combination thereof. In some embodiments, the Pluronic or
poloxamer is Pluronic F127. In certain embodiments, the poloxamer is poloxamer 407

00791 In certain embodiments, the concentration of the poloxamer is between about 0% and
10% (w/w). In certain embodiments, the concentration of the poloxamer is between about 0.1%
and 10% (w/w). In some embodiments, the concentration of the poloxamer is about 5% (w/w).
In certain embodiments, the Pluronic™ is Pluronic™ F127, wherein the concentration of
Pluronic™ F127 is about 5% (w/w). In some embodiments, the poloxamer is poloxamer 407,
wherein the concentration of poloxomer 407 is about 5% (w/w}.

{0088} In some embodiments, the composition includes a lipid. In some embodiments, the
composition includes a plurality of lipids in the form of a liposome formed from phospholipids
{e.z., soy PC). The lipid may be of any type {e.g., phospholipid, cholesterol, conjugated lipid, or
a combination thereof) or the composition may include any other non-water-soluble substance
instead of a lipid. The lipid {or lipid particle)or non-water-soluble substance is present in a
relatively high concentration, preferably between about 6% (w/w) and 28% {(w/w) of the
composition. Without intending to be bound by any particular theory, it 1s believed that the
{ipids {or lipid particles such as liposomes} or non-water-soluble substances create an emulsion
when the composition is exposed to freezing temperatures (between about -25°C and -15°C,
between about -15°C and -10°C, between about -15°C and -5°C, between about -10°C and -3°C,
or in some embodiments about -10°C) because these substances prevent large crystaliine
formations of 1ce. This allows the composition to bave ice particles while also being flowable
and/or injectable. In some embodiments, the composition further includes a lipid particle. In
some embodiments, the lipid particle is a Hposome. In some embodiments, the lipid particle is a
micelle. In some embodiments, the lipid particle is comprised of a phospholipid. In some
embodiments, the phospholipid is selected from the group consisting of 1,2-distearoyi-sn-
glycerc-3-phosphocholine (DSPC), egg sphingomyelin (DPSM),
dipalmitoviphosphatidylcholine (DPPC), dicethylphosphate (DCP), L-a-phosphatidyicholine
{PC), phosphatidylethanolamine, (PE), phosphatidylserine {PS), phosphatidylglycerol (PG), L-a-
phosphatidylcholine {soy PC), and a combination thereof. In some embodiments, the lipid is L-
a~-phosphatidylcholine (soy PC). In some embodiments, the lipid concentration in the
composition is between about 0% and 30% (w/w).
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{6681} In some embodiments, the composition further includes ethanol. In some
embodiments, the concentration of ethanol in the composition is between about $.01% and
0.1%. In some embodiments, the concentration of ethano! in the composition is about 0.07% or
fess,
{0082} In some embodiments, the composition comprises glycerol, hyaluronic acid, and
Pluronic™ F127 iun water, saline, or phosphate-butfered salive. In some embodiments, the
composition comprises glycerol, hyaluronic acid, and Pluronic™ F127 in saline, wherein the
hyaluronic acid has a molecular weight of about 1000 kDa. In some embodiments, the
composition comprises about 20% (w/w} glycerol, about 0.5% (w/w} hyaluronic acid, and about
5% (wiw) Pluronic™ F127 in water, saline, or phosphate-buffered saline. In some
embodiments, the composition comprises about 20% {(w/w) glycerol, about 0.5% (w/w)
hyaluronic acid, and about 5% {w/w) Pluronic™ F127 in water, saline, or phosphate-buffered
saline, wherein the hyaluronic acid has a molecular weight of about 1000 kDa.
{00683} In some embodiments, the composition comprises glycerol, PBS, hyalurenic acid,
and poloxamer 407 (Pluronic™ F127). In certain embodiments, the composition comprises
glycerol having a concentration of approximately 18.9% (w/w), 1x PBS having a concentration
of approximately 75.6% (w/w}, hyaluronic acid having a molecular weight of 1000 kDa and a
concentration of about 5% (w/w), and poloxamer 407 (Pluronic™ F127) having a concentration
of about 0.5% (w/w). See, ez, FHG. 1. In certain embodiments, the composition comprises a
temperature setpoint of about -14°C. See id  In certain embodiments, the composition has an
ice content wherein the ice content is about 50%. In certain embodiments, the composition is
the composition shown in FIG. 1. In certain embodiments, the composition includes a relatively
small percentage of hyaluronic acid, between about 0.5% (w/w) and 1.5% (w/w), wherein the
molecular weight of the hyaluronic actd 15 about 1,000 kDa. In such embodiments, the
composition also contains a concentration of glveerol of between about 15% (w/w) and 25%
{w/w}, and a small percentage of a polysorbate between about $.25% (w/w) and 1.5% (w/w).
This allows the composition to have ice particles while also being flowable and/or injectable
onece frozen.
{00841 In some embodiments, the composition is filled into a container with a volume less
than 10 mL and with a shape that results in maximum surface area of the container walls.
Without intending to be bound by any particular theory, it is believed that the large surface area
to volume ratio facilitates an increased freezing rate to further prevent large ice crystal formation
and therefore improve flowability and injectability. In some embodiments, a total injection
volume of the cold shurry into a patient, which is optionally injected via multiple containers and
15



WO 2023/154902 PCT/US2023/062443

multiple injections, is between about 5 mL and 10 mL, between about 10 mL and 20 mL,
between about 20 mL and 30 mL, between about 30 mi and 40 mL, between about 40 mL and
50 mL, between about 30 mbL and 60 mL, between about 60 mL and 70 mb., or more than about
70 mL. In some embodiments, the total injection volume is about 60 mL.
{0085] Methods of creating cold slurries by formulating a solution that prevents the
formation of large ice crystals are described 1n PCT Application No. PCT/US20/43280 and the
’494 PCT, incorporated by reference in its entirety herein. Described herein is an unexpected
method of forming a cold slurry by creating a composition having hyaluronic acid, water, and at
feast one excipient, wherein the creation of the cold shurry does not require any mechanical
manipulation or agitation of the composition. In some embodiments, the composition further
includes a poloxamer. In some embodiments, the composition includes a plurality of lipids. In
sore embodiments, the injectability of the composition is improved by utilizing miner,
mechanical agitation.
{0086} In some embodiments, the composition described herein is a homogenous mixture
such that the composition media throughout the container is uniform and the components are
distributed evenly. In some embodiments, the addition of a poloxamer, hyaluronic acid, and
glyveerol prevents the formation of large ice crystals such that a flowable cold slurry can be
injected into a subject immediately after removal of the cold shurry from the freezer or another
cold environment,
0087} The compositions provided herein can be provided in a syringe or other container,
The syringe or other container may also include a visible temperature indicator that can allow
for visual monitoring of the temperature of the slurry, or the approximate temperature of the
slurry. The temperature indicator can be a terperature sensing label, sticker, marker, crayon,
facquer, pellet, etc., including reversible temperature 1abels that can dynamically track
temperature changes. The temperature indicator can be located inside the syringe or other
container {e.g., a pellet placed directly into the internal solution), on the 1uside walls of the
syringe or other container, on the outside walls of the syringe or other container, or in any
focation that allows for visual tracking of the temperature of the contents inside the syringe or
other container. In certain embodiments, the composition is provided in a syringe and the
syringe is placed in a freezer. The syringe is withdrawn from the freezer following a period of
time {e.g., 24 hours} that is sufficient for ice crystals to form in the syringe. After removing the
syringe from the freezer, the syringe contents are monitored, for example, using a temperature
indicator {e.g., infrared sensor or external temperature-sensiiive indicator). Once the syringe
contents reach a predetermined temperature, the syringe is connected to a second syringe and
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subiected to BAF processing {e.g., three BAF cycles). The slurry 1s then injected to a patient or
a subject. In some embodiments, alternative methods of processing the slurry can be used, for
example, pushing the shurry through a filter; inciuding a wire between the two syringe openings
that the slurry bas to be injected around; providing internal components in the syringe that
provide such processing such as magnets, internal blades, or an internal formed wire (e.g., a
spring). In some embodiments, the BAF processing or other processing occurs after the
container’s contents reach a predetermined temperature after being removed from a freezer. In
sore embodiments, the BAF processing or other processing occurs immediately after the
container is withdrawn from the freezer, before it reaches a predetermined temperature. Without
intending to be bound by any particular theory, it is believed that the further mechanical
processing reduces ice crystal size in the cold slusry and makes the ice crystals easier to inject
through a needle.
0088} Referring to FIG. 2, two different cold slusry compositions (batches) are
characterized with respect to their temperature profiles and ice content over time. The different
cold slurry batches were placed into a copper plate that is heated to 40°C and has thermocouple
wires that measure changes in temperature of the cold shurry over time. The plotted data shows
temperature change over time in seconds for two different cold slurry compositions: 1}
containing 12.6% (w/w) glycerol and PBS (represented by traces Acand Am), and 2) containing
0.5% (w/w} soy-PC, 0.08% {w/w) EtOH, 0.75% (w/w) hyaluronic acid (1,000 kDa), 16% (w/w)
glycerol, and PBS (represented by traces Beand Bv). The temperatures are measured at two
different positions for each cold slurry: one thermocouple 1s embedded inside of the copper plate
{traces Ac, Be) and the other thermocouple is located in the middle of the copper plate exposed
to the outside of the plate (traces An, By When a batch of cold sturry is first introduced into
the copper plate, the thermocouple wire embedded 1uside the plate (traces Ac, Be) inttially
measures the warm temperature of the heated plate {e.g., 31 °C for trace Ac at timepoint 0} and
then reaches an equilibrium at a lower temperature due to the cooling effect of the introduced
cold slurry {e.g., 20°C for trace Ac at around 2 minutes). On the other hand, for the
thermocouple wire located in the middle of the plate (traces Am, Bum), when a cold slurry is first
introduced into the copper plate it immediately contacts the thermocouple wire since that wire is
exposed. This causes an initially negative temperature reading in the middle position due to the
crystallized cold shurry contacting the wire {e.g., -4°C for trace Awm at timepoint 0) followed by
an equilibrium at a warmer temperature as the cold slurry begins to melt on the heated plate
{e.g., 14°C for trace Am at around 6 minuies). The thermocouple wire exposed to the outside of
the plate (traces Am, Bm) can be used to detect phase transitions during which the crystallized
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cold slurry begins to melt. The graph shows that the slurry composition with hyaluronic acid
(traces B¢ and Bwm) have a progressive phase transition. The graph also shows that the cold
sturry batch having the hyaluronic acid compesition {traces Be and B} reaches equilibrium {as
measured by the two thermocouple wire positions) in a similar time frame and at similar
temperatures of between about 10°C and 14°C depending on the location of the thermocouple
(inside/middle). On the other hand, the cold slurry with a different composition {Jacking
hyaluronic acid; traces Ac and Am) has a different temperature profile from the composition
comprising hyaluronic acid, reaching an equilibrium sooner at the temwperature of between about
15°C and 17°C depending on the location of the thermocouple (inside/middle). FIG. 2 therefore
demonstrates that cold slurries can have different compositions that are designed {o have
different temperature profiles or can be designed to perform equivalently.
00891 FIG. 3 depicts an embodiment of a composition comprising poloxamer micelles,
glycerol, and a hyaluronic acid gel. In this embodiment, the composition includes micelles
formed by a Pluronic™ {e.g., Pluronic™ F127) with an aqueous core {e.g., containing water}.
in some embodiments, the media external to the micelles contains hyaluronic acid gel in a
water-glycercl and, optionally an ethanol solution (not shown). In some embodiments, water
droplets are trapped within the external media (7.e., outside the micelles in the hyaluronic acid
gel in a water-glycerol and, optionally an ethanol solution {(not shown)). The embodiment of
FIG. 3 is referred to herein as a “micellar dispersion” or a “miceliar gel.” The micellar
dispersion or micellar gel includes surfactant micelles that trap water where the micelles are
suspended in the hyaluronic acid gel. In some embodiments, the morphology of the micelles in
the composition are normal micelles (as depicted in FEG. 3) or reverse micelles. In some
embodiments, lipid micelle compositions comprising hyaluronic acid are provided.
{0690} In some embodiments, an at feast partially crystallized composition containing
hyaluronic acid, glycerol, water, and saline {or PB8) contains sufficient ice particles to be
flowable and/or injectable without the addition of other excipients upon being exposed to
freezing temperatures (i.¢., being placed in a freezer). In some embodiments, an at least
partially crystallized composition containing hyaluronic acid, glycerol, and water contains
sufficient ice particles to be flowable and/or injectable without the addition of other excipients
upon being exposed to freezing temperatures {/.e., being placed in a freezer). In alternative
embodiments, the addition of a poloxamer, a polysorbate, or a lipid further improves the
flowability and injectability of the partially crystallized composition. | has also been
discovered that increasing the rate of freezing of the material to a faster rate further improves
flowability and injectability of the composition. Optimization of the freezing rate includes
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selecting a material for the container into which the composition is placed {e.g., a syringe), the
geomeiry of the container, and the selection of the cold environment or freezer (e.g., the
humidity of the freezer may be modulated to improve the flowability and/or injectability of the
resulting cold sturry). It has also been found that the injectability or flowability of the partially
crystallized compaosition can be improved by spacing the containers from one anocther when
placed in a freezer.

0091} In some embodiments, the composition {e.g., in the form of a liquid solution} may be
packaged and sealed in a container such as a syringe. The syringe can be filled stevile (e.g.,
using aseptic procedures} or the syringe may be pre-filled, sealed, and then terminally sterilized
{e.g., using autoclave or steam sterilization). The composition can also be provided in any other
sealed container that can be terminally sterilized, such as a tube used for topical cintment, ora
larger container used to then fill a plurality of syringes. In certain embodiments, the pre-filled
syringe or other container can be terminally sterifized using gamma radiation, or autoclave or
steam sterilization at a temperature of about 118°C. In certain embodiments, the pre-filled
syringe or other container can be terruinally sterilized using gamma radiation, or autoclave or
steam sterilization at a temperature of between about 118°C and 121°C. In a preferred
embodiment, when using hyaluronic acid with a molecular weight of 1,000 kDa, the
composition is terminally sterilized using steam because sterilization using radiation will affect
the molecular weight of the hyaluronic acid. In certain embodiments, the composition is
terminally sterilized using hyalurcnic acid with a molecular weight of 1,000 kDa, the
composition is terminally sterilized using a low dose radiation or terminally sterilized using
radiation to irradiate a still-frozen cold shurry.

10092} In some embodiments, the composition inside the syringe (or other container) is
transformed into a flowable and/or injectable cold sturry by placing the pre-filled syrninge (or
other container} into a standard freezer, or other cold environment. In certain embodiments, a
structure 18 provided to store one or more pre-filled syringes {or other containers) in a freezer or
ather cold environment, wherein the structure is configured to store a first pre-filied syringe (or
container) of the one or more pre-filled syringes (or other containers) a pre-determined distance
spaced apart from a second pre-filled syringe {or container) of the one or more pre-filled
syringes {or other containers). In certain embodiments, a structure is provided to store a
plurality of pre-filled syringes (or containers) a pre~determined distance spaced apart from one
ancther to promote achieve even and rapid cooling of the cold sturry. See, e.g. Example 3. In
ceriain embodiments, the pre-determined distance is at least 0.5 inches. In certain embodiments,

the pre-determined distance is about 0.5 inches. In certain embodiments, the pre-determined
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distance is about 0.5 inches, about 0.75 inches, about 1 inch, about 1.25 inches, about 1.5 inches,
about 1.75 inches, about 2 inches, about 2.25 inches, about 2.5 inches, about 2.75 inches, about
3 inches, about 3.25 inches, about 3.5 inches, about 3.75 inches, about 4 inches, or more than
about 4 inches. In some embodiments, the structure 18 a rack, a tray, or a box. In some
embodiments, the composition may be flash-frozen using liquid nitrogen or other liquid cooling
methods to speed up the process.
0093} After freezing, in some embodiments, the syringe or container can be removed from
the freezer, cold environment, or other method of freezing, and the cold slurry can be
immediately injected or applied, optionally by topical application, for therapeutic benefit. In
some embodiments, slurry can be applied directly to tissue following tnvasive surgical methods.
in some embodiments, the cold shurry can be injected directly from the syringe using a needle.
In certain embodiments, the needle is a 16G needle, a 17G needle, an 18G needle, a 196G needle,
a 20G needle, a 21G needle, a 226G needle, a 23G needie, or a 24G needle. The cold slurry can
also be removed from the container for a topical application when the container is removed from
the freezer, such as by squeezing the countainer to dispel the cold slurry onio a targeted treatrment
site. In some embodiments, the cold slurry is in a flowable or injectable form immediately after
being removed from the freezer without any further mechanical manipulation.
{0094} In certain embodiments, after being removed from the freezer, the cold slurry is
subjected to mechanical manipulation to improve tlowability or injectability prior to being
injected or applied, optionally by topical application, for therapeutic benefit. In some
embodiments, as shown in FIG. 4A the cold slurry can be provided in a first syringe or
container configured to be connected, optionally via a female Leur adapter, to a second syringe
or container to facilitate “back-and-forth” (BAF) processing of the cold shurry. See, e.g.,
Example 5. In certain erobodiments, as shown in FIG, 44, a systern 13 provided comprising a
first sterile syringe or other container comprising a male Luer component and containing the
cold slurry and a second sterile syringe or container corprising a male Luer component and
containing no cold slurry, wherein the first syringe or container and the second syringe or
container are connected by a sterile female Leur connector. In certain embodiments, the BAF
processing constitittes: (1) pushing the cold slurry from the first syringe into the second syringe
and (2) pushing the cold slurry from the second syringe back into the first syringe to complete
one “back-and-forth” cycle. In certain embodiments, the cold shurry s subjecied to one, two,
three, four, or more BAF cycles. See Example 3; FIG. 8. In certain embodiments, the cold
slurry is subjected to two BAF cycles. In certain embodiments, the cold sharry is subjected to
three BAF cycles. An exemplary method comprising three back-and-forth cycles is shown in
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FIG. 4B, The exemplary method shown in FEG. 4B comprises freezing a first syringe for 24
hours, where the syringe holds the slurry composition, before removing the syringe from the
freezer. Next, the temperature of the now cold slurry is observed using temperature monitoring
{e.g., by using a temperature sensitive sticker as depicted in FIGS. 5A-5D) uoti] the cold slurry
reaches a pre-determined temperature. Once the pre-determined temperature is reached, the
slurry is processed using a second syringe connected to the first syringe using a Leur connector
and subjected to three BAF cycles. Following the three BAF cycles, the slurry is injected. This
process may be repeated as necessary to prepare the number of syringes necessary for treatment.
Pushing syringe contents from one syringe to another is a well-known technique that does not
compromise the sterility of the syringe contents when sterilized components are used.
Optionally, additional elements can be added to between the syringes to further break apart ice
crystals. For example, one of the syringe openings could be covered with a filter or with a wire
to break apart ice crystals. It is understood that the method shown in FIG. 48 can be used with
the methods and systems described in International Publication No. WO 2022/055934, where a
syringe containing the biocompatible composition described hereiu is transported to a point of
care at ambient temperature, and is then placed into a freezer at the point of care to transform the
composition into a cold slurrv containing a plurality of ice crystals. The disclosure in the “934
PCT related to methods of transporting and transforming biocompatible compositions is
incorporated by reference herein.

0895] In some embodiments, after being removed from the freezer, the syringe is set aside
and allowed to warm to a pre-determined temperature for injection or topical application. In
certain embodiments, the pre-determined temperature is reached after the syringe contents
undergo mechanical agitation. In some embodiments, the syringe or other container has an
external teraperature indicator configured to indicate when the pre-determined temperature is
reached, e.g., by a color change or by displaying a message. In certain embodiments, the
temperature indicator is a teraperature-sensitive sticker or the like. The temperature indicator
can allow for visual monitoring of the temperature of the contents of the syringe, or the
approximate temperature of the contents of the syringe. The temperature indicator, 2.,
temperature-sensitive sticker or the like, may display a range of temperatures, wherein a color
change a region corresponding to in the pre-determined temperature range indicates that the pre-
determined temperature has been reached. See, e.g., FIG. 54, The terperature indicator can be
a temperature sensing fabel, sticker, marker, crayon, lacquer, pellet, etc, including reversible
temperature labels that can dynamically track temperature changes. The terperature indicator
can be located inside the container (e.g., a pellet placed directly into the internal solution), on the
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inside walls of the container, on the outside walls of the container, or in any location that allows
for visual tracking of the temperature of the contents inside the container. In certain
embodiments, the pre-determined temperature is about -15°C. In certain embodiments, the pre-
determined temperature is between about -19°C and -11°C, between about -18°C and -12°C,
between about -17°C and -13°C, or between about -16°C and -14°C. In certain embodiments, a
color change in a region corresponding to a colder temperature than the pre-determined
temperature indicates that the cold slurry is colder than the pre-determined temperature to
indicate that the cold slurry should be allowed to warm to the pre-determined temperature prior
to injection or application. In certain embodiments, the colder temperature is about -20°C. In
certain embodiments, the colder ternperature 18 between about -20°C and -25°C, between about -
25°C and -30°C, or below about -30°C. In certain embodiments, a color change in a region
corresponding to a warmer temperature than the pre-determined temperature indicates that the
cold slurry is warmer than advisable for injection or application to produce a therapeutic effect.
in certain embaodiments, the syringe may be refrozen if the warmer temperature is reached. For
example, in certain embodiments, the warmer temaperature is between about -10°C and -3°C,
between about -10°C and -9°C, between about -9°C and -8°C between about -10°C and -7°C,
between about -10°C and -6°C, between about -10°C and -5°C, between about -10°C and -4°C,
between about -10°C and -3°C, between about -10°C and -2°C, between about -10°C and -1°C,
between about -10°C and 0°C, -9°C and 8°C, between about -9°C and -7°C, between about -9°C
and -6°C, between about -9°C and -5°C, between about -9°C and -4°C, between about -9°C and
-3°C, between about -9°C and -2°C, between about -9°C and -1°C, between about -9°C and 0°C,
between about -8°C and -7°C, between about -8°C and -6°C, between about -8°C and -5°C,
between about -8°C and -4°C, between about -8°C and -3°C, between about -8°C and -2°C,
between about ~-8°C and -17C, between about -8°C and 0°C, or warmer than 0°C. In certain
embodiments, the warmer temperature is between at least -10°C and -8°C or warmer. In certain
embodiments, the warmer temperature is between at least ~9°C and ~-8°C or warmer. lu certain
embodiments, the warmer temperature is between at least -10°C and -9°C or warmer. In certain
embodiments, the indicator, e.g., temperature-sensitive sticker or the like, displays a temperature
or range of temperatures indicating when the cold slurry has reached the pre-determined
temperature. See, e.g., FIG. 8B, In certain embodiments, the indicator, e.g., temperature-
sensitive sticker or the like, includes a region that displays a message indicating that the pre-
determined temperature has been reached. See, e.g., FIG. SC. For example, in certain
embodiments, the indicator may display a message such as “Process Now,” “Process,”
“Agitate,” “Go,” or any other suitable message. In certain embodiments, the indicator, e.g.,
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temperature-sensitive sticker or the like, includes a region that displays a message indicating that
the cold slurry is colder than the pre-determined temperature or warmer than the pre-determined
temperature. See, e.g., FEG, 3D For example, in certain embodiments, the indicator may
display a message such as “Wait,” “Hold,” “Not Yet,” “Too Cold,” or any other suitable
message to indicate that the cold slurry is colder than the pre-determined temperature. In certain
embodiments, the wdicator may display a message such as “Discard,” “Too Warm,” “Throw
Away,” “Refreeze,” or any other suitable message to indicate that the cold slurry is warmer than
the pre-determined temperature. In certain emwbodiwents, a method is provided including
temperature monitoring and back-and-forth mechanical agitation as depicted in FIG. 4B.

0096} In one aspect, compositions are provided wherein the composition require an
injection force of less than about 30 ibs plunger force to inject the composition through a 16G
needle, a 17G needle, an 18G needle, a 19G needle, a 20G needle, a 21G needle, a 22G needle, a
236G veedle, or a 240 needle syringe. In some embodiments, compositions provided herein
require an injection force of less than about 30 Ibs plunger force to inject the composition
through a 17G or 18G needle. Compositions disclosed herein were prepared according to FIG.
2 and tested to examine whether there is a relationship between freezer temperature and
injection force. As shown in FIG. 6, colder freezer temperatures require increased injection
force to inject the cold slurry from a syringe because the composition in the syringe had more
ice particles than at warmer temperatures. To determine ice content of a cold shurry, a test
method and apparatus were designed that allow for ice content to be calculated based on final
equilibrium temperature of the apparatus after a pre-determined amount of cold slurry is
dispensed into the apparatus as described in Example 3. Referring to FIG. 7A, as equilibrium
temperature increases, injection temperature increases. And as shown in FIG. 78, as injection
temperatures decrease, the injection force increased due to increased ice content. As the
temperature of the cold slurry increases, the injection force is reduced. This result was observed
for all syringe sizes {e.g., 3¢c, 6¢cc) and needle gauges {e.g., 17G, 18G) tested. See, ez, FIGK,
6, 7B, 8-9. Further, as temperature increases, it is possible to increase the overall reliability of
injections, /.e., reduce the number of failed injections {e.g., injections where a spike in injection
force is observed and slurry cannot be ejected from the syringe}). By monitoring temperature of
the cold slurry, it is possible to optimize injectability (reducing injection force) without reducing
ice content below a therapeutic threshold for a given application. It has been found that the
reliability of injection is greatly increased by following the steps oft {1} placing the syringe in a
freezer to form a cold slurry containing a plurality of ice crystals; (2) waiting for the cold slurry

to reach a pre-determined temperature after being withdrawn from the freezer; and (3) subjecting

=
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the cold slurry to three BAF cycles between two syringes. These results were consistently
observed in injections > 5ml. {e.g., 6cc injections). In another aspect, mechanical agitation of
the cold slurry according to methods described herein, e.g., by subjecting the cold slurry to one
or more back-and-forth cycles, injection force is decreased. See, e.g., FIGS. §, 10-11; Example
5.

{0097} Referring to FIG. 1, 6¢c cold shurry compositions (batches) prepared according to the
description below are characterized with respect to their temperature profiles and ice content.
The different cold sturry batches were placed into a copper plate that is heated to 40°C and has
thermocouple wires that measure changes in temperature of the cold slurry over time. The
plotted data shows temperature change over time for three batches of cold slurry compositions
prepared according to FEG. 1 containing 18.9% {(w/w) glycercl, 75.6% {w/w) 1xPBS, 5.0%
{(w/w} 1000 kDa hyaluronic acid, and 0.5% (w/w) poloxamer 407 (Pluronic™ F127). The three
batches of cold slurry composition were then subjected to two BAF processing cycles as
described herein. The temperatures were measured at two different positions for each cold
sturry: embedded iuside of the copper plate {(traces Ac, Be, Co) and in the middle of the copper
plate exposed to the outside of the plate (traces An, By Cag). When a batch of cold slurry is first
introduced into the copper plate, the thermocouple wire embedded inside the plate (traces Ac,
Be, Cc) initially measures the warm temperature of the heated plate (e.g., 35-40°C for traces Ac,
Be, and Ce at imepoint 0y and then reaches an equilibrium at a lower temperature due to the
cooling effect of the introduced cold slurry (e.g., about 20°C for traces Ac, Be, and Cc at around
2 minutes). On the other hand, for the thermocouple wire located in the middle of the plate
{traces Am, B, G}, when a cold slurry is fisst introduced into the copper plate it immediately
contacts the thermocouple wire since that wire is exposed. This causes an inttially negative
temperature readiog in the middie position due to the crystallized cold slurry coutacting the wite
{e.g., -4°C for trace Aw at timepoint 0} followed by an equilibrium at a warmer temperature as
the cold slurry begins to melt on the heated plate (e.g., between about 12°C and 14°C for traces
An, By, and Cy at arcund 6 minutes). The thermocouple wire exposed to the cutside of the
plate (traces Ang, Ba, Cu1) can be used to detect phase transitions during which the crystallized
cold slurry begins to melt. The graph shows that all cold shurry compositions tested (each
prepared as described in FIG. 1 and subjected to two BAF cycles) have a progressive phase
transition. The graph also shows that the cold slurry batches prepared in this way consisiently
reach equilibrium (traces Ay, By, and Cwum as measured by the two thermocouple wire positions)

in a similar timeframe and at similar temperatures. FIG. 18 therefore demonstrates that cold
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slurries designed according to the present disclosure produce consistent temperature profiles and
ice content when subjected to mechanical agitation.
100981 With reference to FIG, 11, characterizations of shurry compositions prepared to FIG,
1 and subjected to differing processing techniques and injected using an 18G or a 176 needle
are provided. For all tests, cold slurries were held in a Scc syringe. Reliability is characterized
by quantifying the percentage of injections that did not exhibit an injection foree spike above a
predetermined limit. For the results presented in FIG, 11, the predetermined limit is 40 1bf.
First, injection force was measured for cold slurries frozen at -20°C and not subjected to further
processing. Injection reliability was less than 20% using an 18G needle and 90% using a 17G
needle, meaning the cold sturry could be injected through an 18G needle less than 20% of the
time and through a 17G needle 90% of the time. Second, injection force was measured for cold
slurries frozen at -20°C and subjected to three BAF cycles after removal from the freezer but
without waiting and temperature monitoring. Injection reliability was 78% using an 18 needle
and greater than 95% using a 17G needle. Finally, injection force was measured for cold
slurries frozen at -20°C, allowed to warm to ~15°C as determined by temperature mouniioring,
and subjected to three BAF cycles. Injection reliability was greater than 95% using an 18G
needle and a 17G needle. Accordingly, FEG. 11 demonstrates that greater than 95% injection
reliability can be achieved when slurry is subjected to three BAF cycles after being frozen at -
20°C and injected using a 17G needle. FIG. 11 further demonstrates that greater than 95%
reliability can be achieved using both an 18G needle and a 17G needle when slurry is subjected
to three BAF cycles after being frozen at -20°C and allowed to warra to -15°C as determined by
temperature monitoring.
{6699} Referring to FIG, 12, results are presented from experiments testing the effect of
syringes containing slury composition were sterilized using radiation (gamma/e-beam
sterilization). Results demonstrated that radiation sterilization using gamma/e-beam sterilization
resulted in an increase in the injection force required fo giect the cold slurry from the syringe.
See FIG. 12. Without wishing to be bound to a particular theory, this increase in injection force
required may be due to an effect on the molecular weight of hyaluronic acid in the composition.
In some experiments, syringes containing slurry composition were sterilized using autoclave
sterilization (steam sterilization) at varying temperatures {e.g., at about 118°C or at about
121°C). It was observed that, unlike radiation sterilization, autoclave or steam sterilization did
not increase injection force required to eject cold slurry from the syringe.
{0108} The compositions described herein can be used for a variety of applications. Aftera
composition in accordance with some embodiments of the present disclosure has been exposed
25
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to freezing temperatures such that 1t forms a flowable cold slurry, 1t can be administered
topically to an area for therapeutic treatment.  Methods of topical administration of cold shurries
to the ocular surface are described in International Patent Application No. PCT/US21/24514, the
disclosure related to therapeutic use of the slurry is incorporated by reference in ifs entirety
herein. The compositions described herein can also be used to form a flowable and/or injectable
cold sturry that can be tnjected into the targeted treatment area for therapeutic effect. Injection
methods for cold shurries as described in International Patent Application No. US2017/0274078,
the disclosure related to therapeutic use of injected slurry is incorporated by reference in iis
entirety herein.

{6161} The devices, systems, compositions, and methods disclosed herein are not to be
fimited in scope to the specific embodiments described herein. Indeed, various modifications of
the devices, systems, and methods in addition to those described will become apparent to those
of skill in the art from the foregoing description.

EXAMPLES

10182] Example | — Methods tor preparing a cold slurry composition comprising hyaluronic

actd and a poloxamer

{0103} Cold slurry compositions were prepared and tested by varying the following
components: glycerol, hyaluronic acid, lipids, and a poloxamer {e.g., Pluronic™ F127).
Corpositions were prepared with glycerol content ranging from about 12-25% wiw.
Compositions further included hyaluronic acid content ranging from about 0.1-1% w/w of
hyaluronic acid having a molecular weight ranging from 250-5000 kDya. Lipid countent in said
compaosttions ranged from 0-30% w/w. Poloxamer content (e.g., Pluronic™ F127) in satd
compositions ranged from between 0-30% w/w.

{0104} Formulations for cold slurry compositions were evaluated using two primary test
methods. First, compositions were tested to measure injection force through various needle
gauges {e.g., 17G or 18G). Using a force test stand, force was applied to a plunger of a syringe
at a pre-determined speed and peak force required to express all material through a needie {e.g,
a 17G or 180G needle). Second, ice content was characterized for the cold slurry compaositions
using an apparatus to test thermal capacity of the cold slurry compositions. Following
evaluation, a formulation comprising 20% wiw giveerol, 0.5% w/w 1000 kDa hyaluronic acid,
and 5% w/w Pluronic™ F127 was prepared in saline. See ¥FIG. 1.

{0105} Example 2 — Evaluation of cold slurry cooling techniques and freezer spacing
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{0166} Cold slurry compositions were prepared as described in Example 2. To optimize
performance, different preparation methods were tested to determine the effect of the different
preparation methods on injection force as described below. In this Example, experiments were
conducted to determine whether freezing temperature affected injection force required to eject
the cold slurry composition from a syringe. Results demonstrated that lower freezer
temperatures required greater injection forces. See FIG. 6. Moreover, flash freezing cold slurry
compositions at a temperature of about -60°C required an increased injection force as compared
to controls. lo certain experiments, cold slurry 1 a plurality of syringes were placed in a freezer
by spacing the syringes apart to achieve even and rapid cooling of the cold sturry. It was
observed that if the syringes were placed too close together, freezing was adversely affected, and
farger ice crystals were observed. By contrast, decreased injection force was observed when
injecting cold slurry from syringes that were spaced farther apart in the freezer.
[0107] Example 3 —Injectable frozen shurry temperature monitoring for performance
optimization at point of care
[0108] Lower injection forces are generally preferable for injecting cold slurres according
to the present disclosure, however, it is desirable that the cold slurries are within a correct
terperature range and not too warm to produce a therapeutic effect. It is desirable that the cold
slurry maintain sufficient ice content because the ice content of the cold slurry allows the cold
shurry withdraw energy from a target tissue and provide a therapeutic effect. If the ice content of
the cold slurry is too low, the therapeutic effect may be diminished. Conversely, if the ice
content of the cold slurry 1s too high, the cold slurry may not be injectable. In the present
Example, experiments were conducied to determine the ice content of a shurry using a copper
plate. The ice content was calculated based on a final equilibrium temperature of the apparatus
after a pre~-determined volume of shurry was dispensed into the apparatus. As shown 1o FIG,
74, the relationship between injection temperature and the final equilibrium temperature are
inversely related such that as the injection temperature increases, the ice content of the cold
slurry is decreased. See FEG. 7A.
{0109} Further experiments demonstrated that as the temperature of the cold slurry
increases, the injection force decreases. See F1G. 7B, Lower ice content also resulted in more
reliable injections, /.e., the number of failed imjections was reduced when the cold sturry had a
fower ice content. However, as noted above, it is desirable that the cold shurry maintain
sufficient ice content and temperature to maintain a therapeutic effect. Results demonstrated
that, by targeting a pre-determined injection temperature, it was possible to optimize injection
performance by controlling ice content. Accordingly, temperature monitoring apparatuses and
27
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svstems were designed comprising an indicator that provides an indication of when the cold
slurry has reached a pre-determined temperature, wherein the pre-determined temperature is
selected to reduce the injection force required to eject the cold slurry from the syringe without
reducing the ice content of the cold slurry below a therapeutic terperature. See, e.g, FIGS.
5A-D; see afso FIG. 4B, Moreover, further temperature monitoring apparatuses and systems
were destgned comprising a plurality of indicators, wherein the plurality of wudicators provides
an indication of when the cold slurry is at a temperature that is too cold for injection; when the
cold slurry has reached a pre-determined temperature, wherein the pre-determined terperature
is selected to reduce the injection force required to eject the cold slurry from the syringe without
reducing the ice content of the cold slurry below a therapeutic temperature; or when the cold
slurry has reached a temperature that is too warm to achieve a desired therapeutic effect. See,
e.g., FIGS. 8A, 5B-C, see also FIG, 4B.
{0118} Example 4 — Method for processing a cold slurry between a plurality of syringes to
improve injectability
0111} In certain experiments, different mechanical processing methods were tested. In
some experiments, the cold shurry composition was prepared by connecting a first syringe and a
second syringe using a connector, e.g., a Luer connector, and pushing the contents of the first
syringe into the second syringe “back and forth.” See FIGS. 4A-B, 8. For example, inan
experiment, a first syringe comprising a male Luer component and containing a cold slurry
composition was connected fo a second syringe comprising a male Luer component and not
containing a cold slurry composition using a female-to-female Luer connector to connect the
first syringe and the second syringe. See FIGK. 4A~-8. Slurry was past back and forth between
the first syringe and the second syringe, wherein one back and forth cycle included transferring
the cold slurry from the first syringe to the secoud syringe followed by transfer back from the
second syringe to the first syringe. It was observed that processing slurry by pushing the slurry
back and forth significantly improved performance in injection tests and decreased the injection
force required to eject the cold shurry from the syringe. See FIGS, 8-11. Without wishing to be
bound by a particular theory, it is believed that performing one or more back and forth cycles
decreases injection force by reducing the size of ice crystals in the cold slurry, dispersing ice
crystals more evenly within the cold slurry, and/or increasing the temperature of the cold slurry
by imparting shear forces to the cold slurry composition. Experiments were conducted to
compare the injection force required to eject the slurry from the syringe following one, two,
three, or four back and forth cycles were conducted. FIG. 8. Experiments demonstrated a
significant reduction of injection force required to inject a cold shurry through a 6mb syringe
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with a 17G needle attached. 7d. Control cold slurries that were not subject to a back-and-forth
cycle required injection forces of about 50-95 1bf. See, e.g, FIG, 11 Cold shurries subjected to
a single back-and-forth cycle required a reduced injection force in the range of about 638 Ibf.
Id; see also FIGK, §, 9. While experiments demonsirated that the injection temperature of the
cold slurry is inversely correlated to the injection force, see FIG. 78, performing one or more
back-and-forth cycles further reduces the required injection force when the data was normalized
relative to temperature. See FIG. 8 Results demonstrated that increasing the number of
successive back-and-forth cycles to two cycles or three cycles further reduced the injection
force. /d. It was observed that after three back and forth cycles, an additional decrease in
injection force was not observed in the slurry subjected to a fourth back-and-forth cycle. id
Additional experiments demonstrated that cold slurries subjected to two back-and-forth cycles
were consistently injectable using less than about 30 Ibf injection pressure over a range of post-
processing temperatures using 176G and 186G needles. See FIG. 9.
{0112} Further experiments included a processing element in a connector, e.g., a Luer
counector, between a {irst syringe and a second syringe pushing the contents of the first syringe
into the second syringe back and forth as described above. It was observed that including a
processing element in the connector produced a neutral result on injection force required.
{0113} Example 5 — Sterilization methods for cold slurry compositions comprising
hyaluronic acid
0114} In certain experiments, various sterilization methods were examined. In some
experiments, syringes containing slurry composition were sterilized using radiation {gamma/e-
beam sterilization}. Results demonstrated that radiation sterilization using gamma/e-beam
stertlization resulted in an increase in the injection force required to gject the slurry from the
syringe. See FIG. 12, Without wishing to be bound to a particular theory, this increase in
injection force required may be due to an effect on the molecular weight of hyaluronic acid in
the composition. In some experiments, Syringes containing slurry composition were sterilized
using autoclave sterilization (steam sterilization) at varying temperatures (e.g., at about 118°C or
at about 121°C). I was observed that, unlike radiation sterilization, autoclave or steam
sterilization did not increase injection force required to gject slurry from the syringe.
Example ¢ — Method of creating a cold slurry composition comprising hyaluronic acid and sov
PC
Procedure to make 0.5%8Soy PC/HA/PBS/glycerol or 6.5% Tween80/HA/PBS/glycersl for
gjection test

1. Prepare PBS/Glycerol solution
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Weigh 20g glvcercl in a 125mL narrow mouth Erlenmeyer flask with a magnetic stir bar, added
B0mL 1xPRS, seal the flask’s mouth with parafilm to prevent solvent evaporate. Stir the liquid

at S00rpm for 4 hours to obtain PBS/¢lycerol (41 by wt/wt, or 5/1 by vol/vol).

. Prepare 0.75%HA/PBS/Glycerol solution

Weigh certain armpount of HA 1000kD (0.15g to 0.75g to make 20g to 100g of solution) in a
125mL narrow mouth Erlenmeyer flask with a magnetic stir bar (8mmx35mm), add certain
amount of PBS/Glycerol solution (19.85g to 99.25g to make 20g to 100g of solution). Seal the
flask’s mouth with parafilm to prevent solvent evaporate. Stir the liquid at 1200rpm for 12-24

hours to obtain 0.75%HA/PBS/glveeral.

. Dissclve soy PC in ethanol

Weigh 1g of Soy PC in a S5mL glass vial, add 0.2mL ethanol by pipeite, vortex and then incubate

it at 45 °C for 12-24h to make it a clear solution with light yellow color,

. Prepare 0.5%S0y PC/HA/PBS/glycerol

Example to make 20g sample

Weigh 0.116g above prepared soy PC in ethanol into a 125mE narrow mouth Erfenmeyer flask
with a disposable transfer pipetie. Add 19.884¢g 0.75%HA/PBS/glycerol. Put a magoetic stir
bar (8mmx35mm) and seal the flask’s mouth with parafilm to prevent solvent evaporate. Stir

the liquid at 1200rpro for 4-24 hours to obtain 0.5%Soy PC/HA/PBS/glycerol.

. Prepare 0.5%Tween 80/HA/PBS/glycerol

Example to make 20g sample

Weigh 0.1g Tween 80 into a 125mL narrow mouth Erlenmeyer flask with a disposable transfer
pipette. Add 19.9g 0.75%HA/PBS/glycerol. Put a magnetic stir bar (8mmx35mm) and seal the
flask’s mouth with parafilm to prevent solvent evaporate. Stir the liquid at 1200rpm for 4-24
hours to obtain 0.5%Tween 80/HA/PBS/glycerol.

Transfer the above prepared 0.5% Sov PC/HA/PBS/glycerol or 0.5%Tween
SO/HA/PBS/glycerol into a 20ml. glass vial and sonicate 10m. Then load the obtained liquid

into 3x3mL syringes by a 21G needle. Put the syringes into a freezer at -20 °C.

After 12-24h, take the syringes at -20 °C out of freezer and connect with a 18G needle for

gjection test. The test should be performed within 1 minute of rerooval out of freezer.
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CLAIMS

What is claimed is:

1. A composition comprising:
an amount of water;
a hyaluronic acid; and
a first excipient, wherein the composition is configured to be formed into a flowable cold

shurry comprising a plurality of ice crystals when the composition is exposed to a temperature of
0°C or less.

2. The composition of claim 1, wherein the composition further comprises a water-soluble
surfactant.

3. The composition of claim 2, wherein the water-soluble surfactant is a poloxamer
molecule.

4. The composition of claim 3, wherein the composition comprises a plurality of poloxamer
molecules.

S. The composition of claim 3, wherein the composition comprises a poloxamer particle,

and wherein the poloxamer particle comprises a plurality of poloxamer molecules.
6. The composition of claim 5, wherein the poloxamer particle is a micelle.

7. The composition of claim 3, wherein the poloxamer molecule is selected from the group
consisting of poloxamer 101, poloxamer 105, poloxamer 108, poloxamer 122, poloxamer 123,
poloxamer 124, poloxamer 181, poloxamer 183, poloxamer 188, poloxamer 212, poloxamer
215, poloxamer 217, poloxamer 231, poloxamer 234, poloxamer 235, poloxamer 237,
poloxamer 238, poloxarer 282, poloxamer 284, poloxamer 288, poloxamer 331, poloxamer
333, poloxamer 334, poloxamer 335, poloxamer 338, poloxamer 401, poloxamer 402,
poloxamer 403, poloxamer 407, poloxamer 105 benzoate, poloxamer 182 dibenzoate, and a
combination thereof.

3. The composition of claim 7, wherein the poloxamer is poloxamer 407, and wherein the
concentration of the poloxamer 407 is between about 0.1% {(w/w) and 10% (w/w).

9. The composition of claim 8, wherein the concentration of the poloxamer 407 in the
composition is about 0.5% (w/w).

10, The composition of claim I, wherein the first excipient is selected from the group
consisting of a salt, an ion, Lactated Ringet’s solution, a sugar, a biocompatible surfactant, a
polyoel, and a combination thereof.



WO 2023/154902 PCT/US2023/062443

[ The composition of claim 1, wherein the first excipient is glvcerol.

12. The composition of claim 1, wherein a concentration of the glycerol in the composition
is between about 12 % and 25 % {w/w).

13. The composition of claim 12, wherein the concentration of the glycerol in the
compaosition is about 19 % (w/w).

14, The composition of claim 1, wherein the composition further comprises a second
excipient.
15, The composition of claim 14, wherein the second excipient is sodium chloride or sodium

phosphate to form saline or phosphate-buffered saline.

16. The composition of claim 14, wherein the composition further comprises a third
exeipient.

17.  The composition of claim 16, wherein the third excipient is a non-water-soluble
substance.

18.  The composition of claim 17, wherein the non-water-soluble substance is a lipid.

19.  The composition of claim 18, wherein the lipid is selected from the group consisting of
1,2-distearoyl-sn-glycero-3~phosphocholine (DSPC), egg sphingoroyelin (DPSM),
dipalmitoylphosphatidyl (DPPC), dicethylphosphate (DCP), L-a-phosphatidylcholine (soy PC),
phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylglycerol (PG).

20 The composition of claim 1, wherein the cornposition is configured to form the plurality
of ice crystals when the composition is exposed to a temperature of between about -25 °C and
about -5 °C.

21, The composition of claim 1, wherein the composition is configured to have an injection
force of less than about 30 ibf when injected through a 160 needle, a 176 needle, an 18G

needle, a 19G needle, a 20G needle, a 22G needle, a 23G needle, or a 24G needle.

22. The composition of claim 1, wherein the composition is configured to have an injection

force of less than about 30 Ihf when injected through a 17G needle or an 18G needle.

23, A method of preparing a cold slurry for administration to a patient at a clinical point of

care, the method comprising:

preparing a composition comprising a hyaluronic acid and an amount of water;

3
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adding a first excipient to the composition, wherein the excipient comprises a water-
soluble surfactant; and
wherein the composition is configured to form a cold slurry comprising a plurality of ice

particies when the composition is cooled to a temperature below about 0°C.

24, The method of claim 23, wherein the water-soluble surfactant is a hydrotropic molecule.
25, The method of claim 24, wherein the hydrotropic molecule is a poloxamer molecule.
26, The method of claim 25, wherein the poloxamer molecule is selected from the group

consisting of poloxamer 101, poloxamer 105, poloxamer 108, poloxamer 122, poloxamer 123,
poloxamer 124, poloxamer 181, poloxamer 183, poloxamer 188, poloxamer 212, poloxamer
215, poloxamer 217, poloxamer 231, poloxamer 234, poloxamer 235, poloxamer 237,
poloxamer 238, poloxamer 282, poloxamer 284, poloxamer 288, poloxamer 331, poloxamer
333, poloxamer 334, poloxamer 335, poloxamer 338, poloxamer 401, poloxamer 402,
poloxamer 403, poloxamer 407, poloxamer 105 benzoate, poloxamer 182 dibenzoate, and a
combination thereof.

27 The method of claim 25, wherein the poloxamer is poloxamer 407, and wherein the
concentration of the poloxamer 407 18 between about 0.1% {w/w) and 10% {(w/w}.

238 The method of claim 25, wherein the concentration of the poloxamer 407 in the
composition is about 0.5% {(w/w).

29, The method of claim 23, further comprising adding a second excipient to the
composition, wherein the composition including the second excipient is configured to form the
cold slurry when the composition 1s cooled to a temperature below about 0°C.

30. The method of claim 29, wherein the second excipient is selected from the group
consisting of a salt, an 1on, Lactated Ringer’s solution, a sugar, a biocompatible surfactant, a
polyol, and a combination thereof

3t The method of claim 30, wherein the second excipient 18 glycerol.

32. The method of claim 31, wherein a concentration of the glycerol in the composition is
between about 12 % and 25 % (w/w).

33. The method of claim 31, wherein the concentration of the glycerol in the composition is
about 19 % {(w/w).

34, The method of claim 31, further comprising adding a third excipient to the composition,
wherein the composition including the second excipient and the third excipient is configured to
form the cold slurry when the composition is cooled to a temperature below about 0°C.

35, The method of claim 34, wherein the third excipient is sodium chloride or sodium
phosphate, to form saline or a phosphate-buffered saline.

3
el



WO 2023/154902 PCT/US2023/062443

36. The method of claim 34, further comprising adding a fourth excipient to the composition,
wherein the composition including the second excipient, the third excipient, and the fourth
excipient is configured to form the cold shurry when the composition is cooled to a temperature
below about 0°C.

37. The method of claim 36, wherein the fourth excipient is a non-water-soluble substance.
3R, The method of claim 37, wherein the non-water-soluble substance is a lipid.

39, The method of claim 38, wherein the lipid is selected from the group consisting of 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), egg sphingomyelin (DPSM),
dipalmitoylphosphatidy! (BPPC), dicethyiphosphate (DCP), L-a-phosphatidylcholine (soy PC),
phosphatidylethanolamine (PE), phosphatidyiserine (PS), phosphatidylglycerol (PG).

40. The method of claim 23, wherein the composition is configured to form the plurality of
ice crystals when the composition is exposed to a temperature of between about -25 °C and
about -5 °C.

41, The method of claim 23, wherein the composition is configured to have an injection
force of less than about 30 ibf when injected through a 16G needle, a 176 veedle, an 18G

needle, a 19G needle, a 206G needle, a 226G needle, a 23 needle, or a 245G needle.

42. The method of claim 23, wherein the composition is configured to have an injection

force of less than about 30 Ibf when injected through a 17G needle or an 18G needle.

43, A method of preparing a cold shurry for administration to a patient at a clinical point of

care, the method comprising:

receiving a composition comprising a freezing point depressant and a hyaluronic acid;

and

cooling the composition to a temperature below about 0°C to form a cold slurry, wherein

the cold slurry comprises a plurality of'ice particies.
44, The method of claim 43, wherein the freezing point depressant is glycerol.

45 The method of claim 43, wherein the coroposition further coroprises an amount of a

poloxamer molecule.

46.  The method of claim 45, wherein the poloxamer molecule is selected from the group
consisting of poloxamer 101, poloxamer 105, poloxamer 108, poloxamer 122, poloxamer 123,
poloxamer 124, poloxamer 181, poloxamer 183, poloxamer 188, poloxamer 212, poloxamer
215, poloxamer 217, poloxamer 231, poloxamer 234, poloxamer 235, poloxamer 237,
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poloxamer 238, poloxamer 282, poloxamer 284, poloxamer 288, poloxamer 331, poloxamer
333, poloxamer 334, poloxamer 335, poloxamer 338, poloxamer 401, poloxamer 402,
poloxamer 403, poloxamer 407, poloxamer 105 benzoate, poloxamer 182 dibenzoate, and a
combination thereof

47. The method of claim 46, wherein the poloxamer is poloxamer 407, and wherein the
concentration of the poloxamer 407 is between about 0.1% (w/w) and 10% (w/w).

438, The method of claim 46, wherein the concentration of the poloxamer 407 in the
composttion is about 0.5% (w/w).

49, The method of claim 43, wherein the receiving a composition comprises receiving the
composition within a container.

50. The method of claim 49, wherein the container is a first syringe.
51 The method of claim 50, further comprising connecting the first syringe to a second

syringe, and processing the cold slurry through a back-and-forth cycle, wherein the back-and-
forth cycle comprises pushing the cold slurry from the first syringe into the second syringe and
pushing the cold slurry from the second syringe into the first syringe.

32, The method of claim S1, further comprising processing the cold slurry through a secound,
a third, or a fourth back-and-forth cycle.

53, The method of claim 49, wherein the container is a container configured for topical
application.

54, The method of claim 53, wherein the container configured for topical application is a
first tube.

55, The method of claim 54, further comprising connecting the first tube to a second tube
and processing the slurry through a back-and-forth eycle, wherein the back-and-forth cycle
comprises pushing the cold sturry from the first tube into the second tube and pushing the cold
slurry from the second tube into the first tube.

56. The method of any one of claims 43-55, further comprising monttoring a temperature of
the cold shurry,

57 The method of claim 56, wherein the monitoring comprises viewing a temperature
sensitive indicator on a syringe or a container holding the cold shurry, wherein the temperature
sensitive indicator is configured to indicate the temperature of the cold slurry.

58, The method of claim 57, wherein the temperature sensitive indicator is a temperature
sensitive sticker.

59, The method of claim 57, wherein the temperature sensitive indicator provides a visual
indication when the cold slurry reaches a pre-determined teroperature.
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60, The method of claim 59, wherein the pre-determined temperature is about -15°C.

61, The method of claim 59, wherein the pre-determined temperature is between about -19°C
and -11°C, between about -18°C and -12°C, between about -17°C and -13°C, or between about -

16°C and -14°C.

62, The method of any one of claims 59-¢1, wherein the temperature sensitive indicator is
counfigured to provide a visual indication when the cold slurry 1s at a colder temperature than the

pre-determined temperature.

63, The method of any one of claims 39-62, wherein the temperature sensitive indicator is

configured to provide a visual indication when the cold sluiry is warmer than the pre-determined

temperature.
64, The method of claim 56, wherein the monitoring comprises viewing a thermometer.
65, The method of claim 56, wherein the monitoring comprises viewing a temperature

monitoring component that is embedded within a container holding the cold slurry.

66. The method of claim 65, wherein the temperature component is provided in the container

or is provided along a fluid path.

67.  The method of avy ove of claims 56-66, wherein the monitoring further comprises
listening for an audio indicator configured to indicate when the compesition has reached a pre-

determined temperature,
68,  The method of any one of claims 56-67, wherein the composition is terminally sterilized.

69.  The method of claim 68, wherein the composition is terminally sterilized via autoclave

of steam sterilization.

70. The method of claim 69, wherein the autoclave or steam sterilization comprises

subjecting the composition to a temperature between about 118°C and 121°C.
71 The method of claim 70, wherein the temperature is about 118°C.

72, A cold slurry delivery system comprising:
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a container holding a slurry composition, the container comprising a sterile barrier and a
temperature indicator, wherein the container is configured to allow manual agitation of

the slurry composition without breaking the sterile barrier.

~3
(98

The system of claim 72, wherein the container is a syringe or a tube.

74, The system of claim 73, wherein the container is configured to be connected to a second
contatoer.
75, The sysiem of clairo 74, wherein the container and the second container are configured to

be connected using a connector.

76, The system of claim 75, wherein the container and the second container comprise a first
syringe and a second syringe, wherein the first syringe and the second syringe each comprise a

male Luer component.

77.  The system of claim 76, wherein the connector compsises a female Luer component.
78. The system of claim 77, wherein the first syringe aund the second syringe are connected

using the female Luer component, and wherein the slurry composition is capable of being
moved from the first syringe to the second syringe to manmually agitate the slurry composition.
79. The systern of any one of clairs 72-78, further comprising a temperature sensitive
indicator provided on the container.

80.  The system of claim 79, wherein the temperature sensitive indicator comprises a
temperature sensitive sticker

31 The system of claim 80, wherein the temperature sensitive indicator provides a visual
indication when the slurry composition reaches a pre-determined temperature.

82, The system of claim 81, wherein the pre-determined temperature is about ~15°C.

&3, The system of claim &1, wherein the pre-determined temperature ts between about ~19°C
and ~11°C, between about -18°C and -12°C, between about -17°C and -13°C, or between about -

16°C and -14°C.

34, The system of any one of claims 7983, wherein the temperature sensitive indicator
provides a visual indication when the slurry composition is a colder temperature than the pre-

determined temperature.
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35. The svstem of any one of claims 79-84, wherein the temperature sensitive indicator

provides a visual indication when the slurry composition is warmer than the pre-determined

temperature.
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