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(57) Abstract: This disclosure includes syringes, kits
containing the same, and related methods. Some syringes
are pre-loaded with paste and have a syringe body defin-
ing a reservoir having an internal first transverse dimen-
sion, a paste disposed within the reservoir, the paste hav-
ing a solids concentration of greater than 50 mg/mL, a
needle detining a lumen having an internal second trans-
verse dimension that is smaller than the first transverse
dimension, the needle configured to be in fluid commu-
nication with the reservoir to allow intracutaneous deliv-
ery of the paste, and a plunger and/or piston disposed
within the reservoir and configured to be moved to dis-
pense paste from the reservoir through the lumen. Some
syringes include a fitting (e.g. Luer fitting) disposed on
the syringe body and in fluid communication with the
reservoir and a sealing cap disposed on the Luer fitting
to seal the reservoir.
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SYRINGES, KITS, AND METHODS FOR INTRACUTANEOUS AND/OR
SUBCUTANEOUS INJECTION OF PASTES

BACKGROUND

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application Serial No. 62/034,004, filed August 6, 2014, hereby incorporated by reference in

its entirety.

1. Field of Invention
[0002] The present invention relates generally to intracutaneous and/or subcutaneous
injection, and more specifically, but not by way of limitation, to intracutaneous and/or

subcutaneous injection of pastes.

2. Description of Related Art

[0003] A paste, or a two-phase mixture of a solid dispersed in a non-solvent liquid (e.g.,
relative to the solid), can be an effective structure for delivering medicament(s) (e.g.,
intracutaneously). For example, pastes may be able to achieve much higher solids
concentrations than typical solutions (e.g., water-based solutions) while also providing
greater stability relative to aqueous solutions.

[0004] Pastes are semisolid dosage forms containing a high percentage of finely dispersed
solids (e.g. powder particles) with a stiff consistency. The actual solids content of the paste
will primarily depend on the properties of the constituent powder. To prepare a paste, the
minimum quantity of fluid that is added to a powder must be sufficient to coat and produce a
monolayer of fluid around each individual powder particle. Note that this is an idealized
situation where all powder-powder contacts have been fully disrupted, though in reality many
micronized powders are highly cohesive and complete disruption of all direct powder-powder
contacts may not be possible despite the application of high-shear mixing techniques.
Additional fluid is then added to the mixture to fill in the interstitial spaces between the
powder particles (i.e. the void volume) and thus enable the particles to flow as a fluid when
the yield stress of the paste has been exceeded. Accordingly, powders possessing very low
density (i.e. high surface area-to-volume ratio) will require a greater amount of fluid to form
a paste compared to powders with a lower surface area-to-volume ratio. Thus, the percent

solids content of a paste can vary greatly.
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[0005] Though being a two-phase system and thus often falling under the category of
suspensions, pastes are physically distinct from traditional suspensions in that the
concentration of the particulate matter (e.g. powder) in the composition is such that the
particles are prevented from settling in the fluid due to steric interactions with neighboring
particles. This provides pastes with the stiff consistency, relative to gels, creams, foams and
other ‘semi-solid” pharmaceutical dosage forms that renders pastes highly viscous.

[0006]  Accordingly, intracutaneous delivery (e.g., injection) of such pastes may pose
difficulties. In particular, such pastes typically have a significantly higher viscosity when
compared with traditional aqueous solutions, and it is generally believed that injection of
such high viscosity pastes using traditional syringes is difficult, if not impossible (e.g.,
requiring excessive force and/or causing excessive pain due, for example, the use of large
needles). Further, being two-phase mixtures of liquids containing homogeneously dispersed
particulate matter, these compositions are particularly susceptible to either partial and/or
complete clogging of the delivery device, imposing a further limitation on the potential for
intracutaneously delivering therapeutic pastes.

[0007] Methods of injecting pastes have been described. For example, US Patent
Publication 2006/0211982 describes the preparation of therapeutic pastes for intracutaneous
administration. US Patent Publication 2006/0211982 describes paste formulations as
typically displaying poor flow properties in standard syringes and that novel needle/syringe
designs are required to deliver these formulations. In order to accomplish delivery the
injection device preferably incorporates a plunger that can fit into the lumen of the needle,
and that acts in a way such that the full amount of the therapeutic formulation loaded into the
device is loaded into the lumen of the needle and is then pushed out into the patient upon
administration using a positive displacement design. Accordingly, as described in the prior
art this type of configuration would require a plunger that fits within the lumen of a needle
and is displaced toward the end of the needle upon activation in such a manner that
substantially all (e.g., approaching or equal to 100%) of the loaded therapeutic formulation is
pushed out of the needle and into the location of injection.

[0008] As is well known in the field, commercially available syringes possess internal
barrel diameters that are several times larger than the internal diameter of the lumen of a
needle. Moreover, the injection device described in the prior art would only be capable of
delivering a very small volume of paste and/or fluid through a standard needle. As an
example, a typical needle used for subcutaneous injection is a 27-gauge (or 27QG), ultra-thin

wall (UTW) 6-mm long needle. This needle has an internal diameter of approximately 300

2.
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um (0.300 mm). Modeling the internal volume of the needle as a cylinder of height 6 mm
and diameter 0.300 mm, the volume of paste that can be contained within such a needle is
424 x 10™* ecm’, or approximately 0.42 puL. Typical injection volumes for intracutaneous
delivery often range from 100 — 1000 puL (0.1 — 1.0 mL), and depending on the indication,
drug, etc., the delivered volume may be even larger (e.g. 2000 or 3000 uL). Thus, delivery of
most therapeutically relevant volumes will require very long and very large (with respect to
the internal diameter) needles.

[0009]  As further discussed in the prior art, “the needle portion of the injection device is
from about 6 to about 8 cm in length, thereby providing a lumen having a sufficient interior
volume to contain the dose of semisolid therapeutic formulation and the plunger.” US Patent
Publication 2006/0211982, paragraph [0115]. Typical needle lengths for intradermal (I.D)
and subcutaneous (S.C.) administration are below 0.5 inches (or 1.3 cm). Even deeper
intramuscular (I.M.) injections commonly employ needles only between 1.0 and 1.5 inches
(or between 2.5 - 3.8 cm). Accordingly, the needles envisioned for the administration of
viscous therapeutic pastes would have to be at least twice as long as commercially available
needles. However, even using these long and specially designed needles, and even assuming
a relatively large internal diameter, the volume that can be placed within the lumen may still
be well below that required to achieve a therapeutic dose. For example, the internal volume
of an 8-cm long, 18G needle (internal diameter of 0.84 mm) is only 4.4 x 107 cm’, or
approximately 44 pL.

[0010] In addition to the small volumes that can be administered from an arrangement
where the entire dose is contained within the lumen of the needle, such long needles typically
have to be specially manufactured and may be frightening or repulsive to certain patients due
to their length. Moreover, as injection pain can be related to the overall diameter of the
needle, such large needles may be very painful, and thus adversely affect patient compliance
with a dosing regimen that requires multiple injections with such large needle.

[0011]  Accordingly, there is a need in the art for compositions, methods, and devices for
use in delivering a highly-concentrated, viscous, non-Newtonian fluid comprising a
therapeutic (e.g. protein pastes) using standard syringes coupled to needles that are typically
used for intracutaneous administration. There is an additional need for compositions,
methods, and/or devices for delivery of a volume of a therapeutic paste that may exceed the

volume of the lumen of a needle.
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SUMMARY

[0012]  Aspects of the invention described herein are directed to the surprising discovery
that high viscosity, non-Newtonian fluids such as pastes (and even high viscosity Newtonian
fluids) can be readily delivered from a standard syringe/needle combination. Some
embodiments of the present syringes, kits, and/or methods are configured to provide for
intracutaneous delivery of pastes. In certain aspects a paste having a solids concentration of
greater than 50, 60, 70, 80, 90, or 100 milligrams per mL (mg/mL) is preloaded within a
reservoir of a syringe body. Some embodiments of the present syringes, kits, and/or methods
are configured, through a Luer fitting disposed on the syringe body configured to releasably
secure a needle (e.g., a needle having a size from 18 Gauge to 30 Gauge), to provide for
intracutaneous delivery of relativity large volumes (e.g., from 50, 100, or 200 to 1000, 2000,
or 3000 pL) of high viscosity pastes using conventional needle sizes. Thus, some
embodiments of the present syringes, kits, and/or methods are configured to alleviate the
need for custom-made (e.g., single-piece) syringe and needle designs.

[0013] Some embodiments of the present pre-loaded syringes comprise a syringe body
defining a reservoir, a paste disposed within the reservoir, the paste having a solids
concentration of at least about, about, or greater than 50, 60, 70, 80, 90, or 100 mg/mL, a
plunger and/or piston disposed within the reservoir and configured to be moved to dispense
paste from the reservoir, a Luer fitting disposed on the syringe body and in fluid
communication with the reservoir, and a sealing cap disposed on the Luer fitting to seal the
reservoir. Some embodiments comprise a needle defining a lumen, the needle configured to
be coupled to the syringe body via the Luer fitting to allow intracutaneous delivery of the
paste, where the reservoir has an internal first transverse dimension larger than an internal
second transverse dimension of the lumen. Embodiments of the present pre-loaded syringes
may have the needle affixed to the syringe via a Luer-lock or Luer-slip (“slip-tip™) fitting.
Alternative embodiments of the present invention may have the needle permanently affixed
to the syringe body using, for example, a staked-needle configuration, wherein needle is not
removable from the syringe body as with a Luer fitting.

[0014] Some embodiments of the present pre-loaded syringes comprise a syringe body
defining a reservoir having an internal first transverse dimension, a paste disposed within the
reservoir, the paste having a solids concentration of at least about, about, or greater than 50,
60, 70, 80, 90, or 100 mg/mL, a needle defining a lumen having an internal second transverse

dimension that is smaller than the first transverse dimension, the needle configured to be in
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fluid communication with the reservoir to allow intracutaneous delivery of the paste, and a
plunger disposed within the reservoir and configured to be moved to dispense paste from the
reservoir through the lumen.

[0015] In some embodiments of the present pre-loaded syringes, the paste has a volume of
between 15, 50, 100, or 500 uL and 1000, 2000, or 3000 L. In certain aspects the paste can
have a volume of between 15 puL and 1000 pL. In some embodiments, the paste has a
volume greater than 50 pL. In some embodiments, the paste has a volume greater than 100
uL.

[0016] Some embodiments of the present pre-loaded syringes are configured to dispense
paste at a flow rate of at least about, about, or greater than 15 microliters per second (uL/s)
under a force applied to the plunger having a magnitude of about or at most 50, 60, or 70
newtons (N). In certain aspect the force applied to the plunger can be below 5, 10, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, or 70 N. In a further aspect the force applied to the plunger can be
below 25 N. Some embodiments are configured to dispense paste at a flow rate of greater
than 65 uL/s under a force applied to the plunger having a magnitude of about or at most 50
to 70 N.

[0017] Some embodiments of the present kits comprise a syringe body defining a
reservoir having an internal first transverse dimension and a needle configured to be coupled
to the syringe body and defining a lumen having an internal second transverse dimension that
is smaller than the first transverse dimension, and a paste having a solids concentration of
greater than 50 to 100 mg/mL. In some embodiments, the paste is disposed within the
reservoir. In some embodiments, the syringe body comprises a Luer fitting (e.g. Luer-lock or
Luer-slip fitting) in communication with the reservoir and a sealing cap disposed on the Luer
fitting to seal the reservoir, where the needle is configured to be coupled to the syringe body
via the Luer fitting. In some embodiments, the reservoir has a volume of between 50, 75, or
100 uL and 1000, 2000, or 3000 uL.

[0018] Some embodiments of the present kits comprise a plunger disposed within the
reservoir and configured to be moved to dispense paste from the reservoir through the lumen
at a flow rate of greater than 30 uL/s under a force applied to the plunger having a magnitude
below 25 N. Some embodiments comprise a plunger disposed within the reservoir and
configured to be moved to dispense paste from the reservoir through the lumen at a flow rate
of greater than 65 uL/s under a force applied to the plunger having a magnitude below 25 N.
[0019] An alternative embodiment is the use of bolus injectors, which are alternatively

known as patch pumps or high-volume injectors. In certain aspects a patch pump can be

-5-



10

15

20

25

30

WO 2016/022831 PCT/US2015/044060

employed for prolonged delivery of viscous pastes to a patient. Examples of these injectors
include the SmartDose™ electronic wearable bolus injector (West Pharmaceutical Services,
Inc.) and the Lapas bolus injector (Bespak). These devices can be worn on the body and can
provide automated intracutaneous delivery of a high concentration paste at a slower infusion
rate relative to a traditional auto-injector or manually operated syringe. In these devices the
paste is filled in an internal reservoir and slowly infused into the patient at a low volumetric
flow rate (relative to manual syringes and auto-injector devices). These devices may be worn
like a patch adhered to the skin, delivering the medicament over the course of several
minutes, or up to about an hour. As a non-limiting example of the volumetric flow rates that
may be employed in these systems, delivery of 3 mL of a therapeutic paste over the course of
10 minutes would entail a delivery rate of 5 pL/second. Delivery of a 3 mL volume of paste
over the course of 1 hour would entail a delivery rate of 0.83 uL/second.

[0020] Some embodiments of the present methods for intracutaneously injecting a volume
of paste comprise moving a plunger of a syringe to dispense paste from a reservoir of the
syringe through a lumen of a needle of the syringe, the reservoir having an internal first
transverse dimension that is larger than an internal second transverse dimension of the lumen,
where the second transverse dimension is between 0.1 and 0.9 mm, where the paste has a
solids concentration of greater than 50 to 100 mg/mL, including all values and ranges there
between, and where the paste is dispensed at a flow rate of greater than 30 uL/s as the
plunger is moved at a rate of between 2 and 50 millimeters per second (mm/s). Some
embodiments comprise disposing the needle into and/or through cutaneous tissue of a patient.
Some embodiments comprise removing a sealing cap from a Luer fitting of the reservoir.
Some embodiments comprise coupling the needle to the reservoir via a Luer fitting disposed
on at least one of the needle and the reservoir. In some embodiments, the flow rate of the
paste is substantially linearly proportional to the rate of plunger movement.

[0021] In some embodiments of the present methods, the injected volume of paste is
greater than 10 uL. In some embodiments, the injected volume of paste is between 15, 30, or
100 pL and 1200, 2000, or 3000 pL. In some embodiments, the injected volume of paste is
between 30 uLL and 100 pL.

[0022] In some embodiments of the present syringes, kits, and/or methods, the first
transverse dimension is 3 to 16 times larger than the second transverse dimension. In some
embodiments, the first transverse dimension is between 1, 2, 3, 4 and 5, 6, 7, 8, 9, 10 mm,

including all values and ranges there between. In some embodiments, the second transverse
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dimension is between 0.1, 0.2, 0.3, or 0.4 and 0.5, 0.6, 07, 0.8, or 0.9 mm, including all
values and ranges there between.

[0023] In some embodiments of the present syringes, kits, and/or methods, the needle has
a size of 18 Gauge or smaller. In some embodiments, the needle has a size of 27 Gauge or
smaller. In some embodiments, the needle has a size of 30 Gauge. In some embodiments,
the needle has a length smaller than or about 50 mm. In some embodiments, the needle has a
length smaller than or about 40 mm. In some embodiments, the needle has a length smaller
than or about 13 mm. In some embodiments, the needle has a length of approximately 6 mm.
[0024] In some embodiments of the present syringes, kits, and/or methods, the paste has a
solids concentration of greater than 200 mg/mL. In some embodiments, the paste has a solids
concentration of between 200 and 600 mg/mL. In some embodiments, the paste has a solids
concentration of between 300 and 500 mg/mL. In some embodiments, the paste has a solids
content of between 1% and 99%. In some embodiments, the paste has a solids content of
between 30% and 60%. In some embodiments, the paste has a solids content of between 40%
and 50%. In some embodiments, the paste has a density of between 1.0, 1.1, 1.2, 1.3, to 1.4,
1.5,1.6,.1.7, 1.8, 1.9, 2.0 g/mL, including all values and ranges there between.

[0025]  As used in this disclosure, a paste is a two-phase mixture of a solid (e.g., a powder
containing a medicament and, if necessary, stabilizing excipients) dispersed in a liquid (e.g., a
biocompatible diluent), which is a non-solvent to the solid (e.g., and thus, the diluent is
typically, but not always, lipophilic in nature). A paste behaves as a solid until a sufficiently
large load or stress is applied (typically referred to as the ‘yield stress’), at which point the
paste flows like a liquid (e.g., pastes may be defined as semi-solids). Pastes may exhibit non-
Newtonian fluid behavior, specifically shear-thinning flow characteristics.

[0026] The term “coupled” is defined as connected, although not necessarily directly, and
not necessarily mechanically; two items that are “coupled” may be unitary with each other.
[0027]  The terms “a” and “an” are defined as one or more unless this disclosure explicitly
requires otherwise.

[0028] The term ‘“‘substantially” is defined as largely but not necessarily wholly what is
specified (and includes what is specified; e.g., substantially 90 degrees includes 90 degrees
and substantially parallel includes parallel), as understood by a person of ordinary skill in the

2% <<

art. In any disclosed embodiment, the terms “substantially,” “approximately,” and “about”
may be substituted with “within [a percentage] of” what is specified, where the percentage

includes .1, 1, 5, 10, and 20 percent.
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[0029] As used herein, the term "intracutaneous injection” encompasses epidermal,
intradermal, subcutaneous or intramuscular injection.

[0030]  As used herein, a “phase” is defined as a homogeneous, physically distinct portion
of a system that is separated from other portions of the system by bounding surfaces. It is
known that there are three primary phases of matter (solid, liquid and gaseous). As an
example, a system containing particulate matter suspended in a liquid that is a non-solvent to
the particulate matter is considered a two-phase system. Conversely, a system consisting of
organic macromolecules uniformly distributed throughout a liquid such that no apparent
boundaries exist between the macromolecules and the liquid molecules is considered a single-
phase solution.

[0031]  As used herein, the term “solids content” reflects the percent mass of solids (e.g.
particulate powder) per mass of paste. As an example, a paste of 40% solids content is a two-
phase mixture where the solids phase comprises 40% (by mass) of the total paste. A paste of
40% solids content that has an overall density of, for example, 1.2 g/mL would contain mass
of solids per milliliter of paste.

[0032] As used herein, a “semisolid” is an attribute of a material that exhibits plastic flow
behavior. A semisolid material is not pourable, does not readily conform to its container at
room temperature, and does not flow at low shear stress. Accordingly, semi-solids have a
yield stress that must be exceed before plastic (i.e. non-reversible) deformation occurs.

[0033] Accordingly, a semisolid is not a specific physical composition or pharmaceutical
dosage form, but rather refers to a physical property of the material. Thus, a variety of
materials can be considered semi-solids, as they will possess the attribute of a semi-solid
material, despite being physically distinct compositions. For example, the USP-NF describes
both a cream and a medicated foam as having a semi-solid consistency, and thus both may be
considered semi-solid fluids, or semi-solids, despite being otherwise physically distinct
compositions. Similarly, gels and pastes are often both termed semi-solids, despite being
physically distinct. Gels are defined by the USP-NF as a dosage form that is a semi-solid
dispersion of small particles or a solution of large molecules interpenetrated by a solution
containing a gelling agent to provide stiffness. Thus, gels may be either single-phase or two-

phase systems. As defined in Remington: The Science and Practice of Pharmacy (2006), gel

systems may be either clear or turbid, as the ingredients comprising the gel may not be
completely soluble or insoluble, or they may form aggregates and disperse light. Gels are
defined ““as semi-rigid systems in which the movement of the dispersing medium is restricted

by an interlacing three-dimensional network of particles or solvated macromolecules in the

-8-



10

15

20

25

30

WO 2016/022831 PCT/US2015/044060

dispersed phase...the interlacing and consequential internal friction is responsible for
increased viscosity and the semisolid state.”

[0034]  Gels in which the macromolecules are distributed throughout the liquid in such a
manner that no apparent boundaries exist between them and the liquid are called single-phase
gels. In instances in which the gel mass consists of floccules of small distinct particles, the
gel is classified as a two-phase system and frequently called a magma or a milk. Gels and
magmas are considered colloidal dispersions since they each contain particles of colloidal
dimension. The generally accepted size range for a substance “colloidal” is when particles
fall between 1 nm and 0.5 pm.

[0035] By contrast, pastes may be defined as a semisolid dosage form containing a high
percentage of finely dispersed solids with a stiff consistency. As discussed earlier, the actual
solids content of the paste will primarily depend on the properties of the constituent powder.
To prepare a paste, the minimum quantity of fluid that is added to a powder must be
sufficient to coat and produce a monolayer of fluid around each individual powder particle.
Note that this is an idealized situation where all powder-powder contacts have been fully
disrupted, though in reality many micronized powders are highly cohesive, and complete
disruption of all direct powder-powder contacts may not be possible, despite the application
of high-shear mixing techniques. Additional fluid is then added to the mixture to fill in the
interstitial spaces between the powder particles (i.e. the void volume) and thus enable the
particles to flow as a fluid when the yield stress of the paste has been exceeded. Accordingly,
powders possessing very low density (i.e. high surface area-to-volume ratio) will require a
greater amount of fluid to form a paste compared to powders with a lower surface area-to-
volume ratio. Thus, gels and pastes may both possess the semi-solid character, and may both
be referred to as semi-solids, but they are physically distinct dosage forms. Particularly, the
solids concentration of a paste is typically much greater and the particles are often much
larger than the upper limit of the colloidal region (0.5 pm). Overall, the USP-NF defines at
least six different dosage forms as being semi-solids, including creams, foams, gels, jellies,
ointments, and pastes. However, it will be readily known and understood by the skilled
technician that these pharmaceutical dosage forms are distinct physical compositions, despite
all having the semi-solid attribute and thus broadly termed semisolids.

[0036] “Non-Newtonian,” as used herein, defines a fluid where the viscosity is dependent
on the shear rate or shear rate history. This contrasts with a Newtonian fluid, where the

viscosity is typically independent of the applied shear rate.
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[0037]  “Thixotropic,” as used herein, defines a fluid that exhibits a shear-thinning
property. More specifically, a thixotropic fluid exhibits a time-dependent shear-thinning
property, which contrasts with a pseudoplastic fluid, which may characterize a fluid that
exhibits time-independent shear-thinning. However, for the purpose of this application, a
thixotropic fluid describes shear-thinning fluids in general.

[0038] The term “pharmaceutically acceptable” as used herein means suited for normal
pharmaceutical applications, i.e. giving rise to no serious adverse events in patients.

[0039] The term “pharmaceutically acceptable carrier" means a pharmaceutically
acceptable solvent, suspending agent or vehicle for delivering a compound of the present
invention to the animal or human. The carrier may be liquid, semisolid or solid.

[0040] The term "pharmaceutically acceptable" ingredient, excipient or component is one
that is suitable for use with humans and/or animals without undue adverse side effects (such
as toxicity, irritation, and allergic response) commensurate with a reasonable benefit/risk
ratio.

[0041] The term "therapeutic agent" means an agent that effects a desired, beneficial,
often pharmacological, effect upon administration to a human or an animal, whether alone or
in combination with other pharmaceutical excipients or inert ingredients. In certain aspects
of the present invention a therapeutic agent encompasses drugs, vaccines and the like used in
the prevention, diagnosis, alleviation, treatment or cure of a condition, ailment or disease.
[0042] The term "chemical stability” means that with respect to the therapeutic agent, an
acceptable percentage of degradation products produced by chemical pathways such as
oxidation or hydrolysis is formed. In particular, a formulation is considered chemically stable
if no more than about 20% breakdown products are formed after one year of storage at the
intended storage temperature of the product (e.g., 4 °C (refrigerated), or 25 °C (room
temperature)); or storage of the product at 30 °C/60% relative humidity for one year; or
storage of the product at 40 °C/75% relative humidity for one month, and preferably three
months.

[0043] The term "physical stability" means that with respect to the therapeutic agent, an
acceptable percentage of aggregates (e.g., dimers, trimers and larger forms) is formed. In
particular, a formulation is considered physically stable if no more that about 15% aggregates
are formed after one year of storage at the intended storage temperature of the product (e.g.,
room temperature); or storage of the product at 30 °C/60% relative humidity for one year; or
storage of the product at 40 °C/75% relative humidity for one month, and preferably three

months.
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[0044] The term "stable formulation" means that at least about 65% chemically and
physically stable therapeutic agent remains after two months of storage at room temperature.
Particularly preferred formulations are those which retain at least about 80% chemically and
physically stable therapeutic agent under these conditions.

[0045] The term "bioavailability" is defined for purposes of the present invention as the
extent to which the therapeutic agent is absorbed from the formulation.

[0046] The term "systemic" means, with respect to delivery or administration of a
beneficial agent to a subject, that beneficial agent is detectable at a biologically-significant
level in the blood plasma of the subject.

[0047]  The term "slurry" means a thin paste.

[0048] The term "controlled-release" is defined for purposes of the present invention as
the release of the therapeutic agent at such a rate that blood (e.g., plasma) concentrations are
maintained within the therapeutic range but below toxic concentrations over a period of time
of about one hour or longer, preferably 12 hours or longer.

[0049]  Further, a device or system that is configured in a certain way is configured in at
least that way, but it can also be configured in other ways than those specifically described.
[0050] The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has” and “having”), “include” (and
any form of include, such as “includes” and “including”), and “contain” (and any form of
contain, such as “contains” and “containing”) are open-ended linking verbs. As a result, an
apparatus that “comprises,” “has,” “includes,” or “contains” one or more elements possesses
those one or more elements, but is not limited to possessing only those elements. Likewise, a
method that “comprises,” “has,” “includes,” or “contains” one or more steps possesses those
one or more steps, but is not limited to possessing only those one or more steps.

[0051] Any embodiment of any of the apparatuses, systems, and methods can consist of or
consist essentially of — rather than comprise/include/contain/have — any of the described
steps, elements, and/or features. Thus, in any of the claims, the term “consisting of” or
“consisting essentially of” can be substituted for any of the open-ended linking verbs recited
above, in order to change the scope of a given claim from what it would otherwise be using
the open-ended linking verb.

[0052]  The feature or features of one embodiment may be applied to other embodiments,
even though not described or illustrated, unless expressly prohibited by this disclosure or the

nature of the embodiments.
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[0053] Some details associated with the embodiments described above and others are

described below.
BRIEF DESCRIPTION OF THE DRAWINGS

[0054] The following drawings illustrate by way of example and not limitation. For the
sake of brevity and clarity, every feature of a given structure is not always labeled in every
figure in which that structure appears. Identical reference numbers do not necessarily
indicate an identical structure. Rather, the same reference number may be used to indicate a
similar feature or a feature with similar functionality, as may non-identical reference
numbers. The figures are drawn to scale (unless otherwise noted), meaning the sizes of the
depicted elements are accurate relative to each other for at least the embodiment depicted in
the figures.

[0055] FIG. 1 is a diagram of a conventional syringe, showing various exemplary
contributions to injection force.

[0056] FIG. 2A is a side-view of one embodiment of the present pre-loaded syringes,
showing a removable needle.

[0057] FIG. 2B is a side view of the embodiment of FIG. 2A, showing a sealing cap.
[0058] FIG. 2C and 2D are cross-sectional end views of a reservoir and a needle,
respectively, of the embodiment of FIG. 2A.

[0059] FIG. 3 is a graph of injection force versus plunger movement for various syringe
reservoir volumes at first flow rate.

[0060] FIG. 4 is a graph of injection force versus plunger movement for various syringe
reservoir volumes at a second flow rate.

[0061] FIG. 5 is a graph of average injection force versus syringe reservoir cross-sectional
area at the first and second flow rates.

[0062] FIG. 6 is a graph of injection force versus plunger movement for a syringe at the
first flow rate.

[0063] FIG. 7 is a top view of one embodiment of the present kits.

[0064] FIG. 8 depict a paste that exhibited both partial and complete clogging while
delivered from a 4.6 mm reservoir through a 27G UTW, 6 mm needle at a volumetric flow
rate of 33.3 uL/sec.

[0065] FIG. 9 depicts the force required to deliver the paste from the syringes which was
measured using a texture analyzer (where the force required to drive the plunger is plotted

against the plunger distance).
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0066] U.S. Patent No. 8,790,679, to the extent not inconsistent with the present
disclosure, is expressly incorporated by reference herein, in its entirety.

[0067] Referring now to the drawings, and more particularly to FIG. 1, shown is a
diagram of a conventional syringe 10, showing various exemplary contributions to injection
force (e.g., a force required to cause flow from a syringe, typically applied to a syringe
plunger). In this diagram, syringe 10 is shown having a reservoir 14 (containing a substance
18), a needle 22, and a plunger 26. As shown, the total force required to dispense fluid (e.g.,
including paste, viscous Newtonian and/or non-Newtonian and/or thixotropic fluids, and/or
the like) is generally a combination of forces generated within and/or near three particular
regions: reservoir exit 30, needle 22, and reservoir/plunger interface 34. For example, at
reservoir exit 30, the cross-sectional area through which substance 18 may flow can sharply
decrease, which may result in viscous resistance as the substance is forced to flow through
reservoir exit 30 and into needle 22. Such viscous resistance can also be present in flow
through needle 22 (e.g., which has a relatively small cross-sectional area when compared to
reservoir 14). And, in the depicted example, plunger 26 is configured to directly interface
with reservoir 14 at reservoir/plunger interface 34 (e.g., a sealed and/or friction fit interface),
and frictional forces may occur as plunger is moved relative to reservoir 14. These viscous
and/or frictional injection force contributions may be additive to provide the total injection
force for a given syringe 10 containing a given substance 18.

[0068] As will be described below, it may be shown that injection force and/or flow
resistance for a given syringe, needle, and/or substance combination can be substantially
dominated by viscous effects near a reservoir exit (e.g., 30), for example, due to the sharp
change in cross-sectional area proximate this region. Further, it has been observed that in
pastes containing cohesive, micronized powders that are highly susceptible to forming robust
aggregates (where an aggregate is comprised of two or more powder particles that have not
been completely dispersed during mixing) may exhibit partial, and/or complete clogging
during delivery of the paste from the syringe reservoir and into the needle. Complete
clogging results in the total obstruction of fluid flow from the device. In contrast, partial
clogging does not result in the complete obstruction of fluid flow, but may be noted as an
abrupt increase in force/pressure during delivery resulting in a discontinuity during fluid

delivery. FIG. 8 depicts a paste that exhibited both partial and complete clogging while
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delivered from a 4.6 mm reservoir through a 27G UTW, 6 mm needle at a volumetric flow
rate of 33.3 uL/sec.

[0069] FIG. 2A-2D depict a first embodiment of the present pre-loaded syringes,
designated by the reference numeral 38. In the embodiment shown, pre-loaded syringe 38
comprises a syringe body 42 defining a reservoir 46 having an internal first transverse
dimension (e.g., diameter) 50. In this embodiment, reservoir 46 comprises a substantially
circular cross-section; however, in other embodiments, reservoir 46 can comprise any
suitable cross-section, such as, for example, square, rectangular, and/or otherwise polygonal,
circular, elliptical, and/or otherwise rounded, and/or the like, and the cross-section need not
be constant from one end of the reservoir to the other. Table 1 provides non-limiting
examples of dimensions for reservoirs which may be suitable for use in some embodiments of

the present syringes.

TABLE 1: Ilustrative Reservoir Dimensions Consistent with Some Embodiments of
the Present Syringes.

Example 1 Example 2 Example 3 Example 4
Reservoir 100 250 500 1000
Volume (uL)
Internal 1.46 2.30 3.30 4.61
Diameter (imm)
Cross-sectional 1.67 4.15 8.55 16.69
Area (mmz)

Reservoirs of the present disclosure may have volumes, internal diameters (e.g., first
transverse dimension 50), cross-sectional areas, and/or the like, that are less than, between
any two of, or greater than any one of any value listed in TABLE 1, above.

[0070] In the embodiment shown, syringe 38 comprises a Luer fitting 54 (e.g., disposed
on syringe body 42) in fluid communication with reservoir 46. In the depicted embodiment,
Luer fitting 54 is configured to allow removable coupling of a needle 58 with syringe body
42, for example, to allow intracutaneous delivery of a paste 62 (described in more detail
below) from the reservoir through the needle. In this way, embodiments of the present pre-
loaded syringes can be provided without a needle attached to the syringe body and can allow
a clinician to select, replace, change, and/or the like needles, as may be desired. In the
embodiment shown, syringe 38 comprises a sealing cap 66 configured to seal reservoir 46
(e.g., which can be removably coupled to syringe body 42, for example, via Luer fitting 54).

Sealing cap 66 can function to seal the reservoir to prevent inadvertent loss, contamination,
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and/or the like of paste 62, and can be removed from the reservoir to allow attachment of
needle 58. Other embodiments of the present pre-loaded syringes can be provided with a
needle 58 attached to syringe body 42, and Luer fitting 54 and sealing cap 66 may be omitted.
[0071] In the embodiment shown, needle 58 is configured to be in fluid communication
with reservoir 46 to allow intracutaneous delivery of paste 62. In this embodiment, needle 58
defines a lumen 70 having an internal second transverse dimension 74 that is smaller than
first transverse dimension 50 of reservoir 46. For example, in this embodiment, first
transverse dimension 50 is 3 to 16 times larger than second transverse dimension 74.
However, in other embodiments, first transverse dimension 50 can be between any two of or
greater than any one of 1.1, 1.2, 1.3, 1.4, 1.5,2, 2.5, 3,3.5,4,45,5.5,6,65,7,7.5,8, 85,9,
95,10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19,
19.5, or 20 times second transverse dimension 74. For further example, in this embodiment,
first transverse dimension 50 is between 1 and 5 mm, and second transverse dimension 74 is
between 0.1 and 0.9 mm.

[0072] In the embodiment shown, needle 58 is a 27 Gauge needle; however in other
embodiments, needle 58 can comprise any suitable size, such as, for example, 18 Gauge or
smaller (where smaller refers to a needle with a smaller internal diameter, or alternatively, a
larger gauge), 27 Gauge or smaller, 30 Gauge or smaller, or sizes larger than 18 Gauge, and
can comprise any suitable wall size (e.g., ultra-thin wall, thin wall, regular wall, and/or the
like). To illustrate, a 30 Gauge regular wall needle can have approximately the same median
internal diameter (e.g., second transverse dimension 74) as a 33 Gauge ultra-thin wall needle.
Needles that are 30 Gauge and smaller are typically considered pain-free, as some patients
may not experience discomfort (or any sensation) when the cutaneous tissue is pierced.
Needles of the present disclosure can comprise any suitable length, such as, for example,
smaller than 50 mm, smaller than 40 mm, smaller than 10 mm, approximately 6 mm, 6 mm,
and/or any other suitable length. For example, needles of the present disclosure can comprise
a length that is greater than any one of or between any two of 1, 2, 3, 4,5, 6,7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, or larger mm.
[0073] In the depicted embodiment, syringe 38 comprises a plunger 78 disposed within
reservoir 46 and configured to be moved (e.g., relative to the reservoir) to dispense paste 62
from the reservoir.

[0074] In the embodiment shown, paste 62 is disposed within reservoir 46 (e.g., syringe
38 is pre-loaded). The reservoir 46 may be made of any material that is suitable for the

intended application and that is compatible with the paste 62. Non-limiting examples of
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reservoir materials include glass (e.g. borosilicate glass) and plastics (e.g. polypropylene,
polycarbonate, polystyrene, etc). As described above, reservoir 46 can comprise any suitable
dimensions, and any suitable volume of the reservoir may comprise paste 62. For example,
in some embodiments, paste 62 has a volume of between 15 uL and 1000 pL. In some
embodiments, the paste can have a volume greater than 50 pL, and in some embodiments, the
paste can have a volume greater than 100 uL. In some embodiments, the paste can have a
volume greater than 1000 pL, and in some embodiments, the paste can have a volume greater
than 2000 puL. A volume of paste 62 disposed within reservoir 46 may sometimes be referred
to as an injection volume (e.g., if substantially all of the volume of paste is to be injected
and/or dispensed from the syringe).

[0075]  Pastes suitable for use with the present syringes can comprise any suitable material
properties (e.g., solids concentrations, solids content, viscosity profile, density, and/or the
like). For example, paste 62 can comprise a solids concentration of greater than 100 mg/mL,
greater than 200 mg/mL, or between 300 and 500 mg/mL (e.g., greater than any one of or
between any two of 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475, 500, or greater mg/mlL). For further example, paste 62 can comprise a solids
content (e.g., a mass of powder relative to a total mass of the paste) of between 30% and 40%
(e.g., 35%) (e.g., greater than any one of, or between any two of 1, 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99 or more %). For yet further example, paste
62 can comprise a density of between 1.1 and 1.4 g/mL (e.g., 1.25 g/mL) (e.g., greater than
any one of or between any two of 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, or larger
g/mL).

[0076] In certain aspects a suitable paste may be a protein paste having a solids content of
35%, a density of 1.3 g/mL, and a solids concentration of approximately 450 mg/mL. In one
example, such a paste can be tested, characterized, or optimized by dispensing the paste from
a variety of syringes (e.g., having reservoirs with various first transverse dimensions 50
and/or volumes), each equipped with a 27 Gauge ultra-thin wall needle 58 (e.g., having a
second transverse dimension 74 of 0.3 mm).

[0077] Flow resistance within a needle 58 (e.g., opposing an injection force) can be
dependent on volumetric flow rate of a fluid (e.g., paste 62) through the needle, and this
volumetric flow rate can also be equal to the volumetric flow rate of the fluid through a
reservoir 46 in communication with the needle (e.g., allowing for conservation of mass). If
fluid flow rate is matched for syringes having reservoirs with varying dimensions and/or

volumes, but substantially identical needles, the flow resistance within the needle for each
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syringe can be substantially the same as the flow resistance within the needles of the other
syringes, and thus any differences in total injection force amongst the syringes may be
dominated by viscous effects near the reservoir exits of the syringes (e.g., 30).

[0078]

dimension 50) of the reservoir and plunger 78 velocity. Thus, volumetric flow rates between

Volumetric flow rate can depend on the cross-sectional area (e.g., first transverse

syringes with differing reservoirs may be matched by varying applied plunger velocities
amongst the syringes. For example, syringes having reservoirs with smaller internal
transverse dimensions (e.g. 100 pLL volume reservoirs) can require higher plunger velocities
than syringes having reservoirs with larger internal transverse dimensions (e.g. 1000 pL
volume reservoirs) to attain a given flow rate. For further example, for four illustrative
syringes having reservoirs of varying volumes and internal dimensions, TABLE 2 provides

respective plunger velocities required to achieve two particular volumetric flow rates: 33.3

uL/s and 67.0 uL/s.

TABLE 2: Plunger Velocities at Two Illustrative Flow Rates for Reservoirs
Consistent with Some Embodiments of the Present Syringes.

Reservoir Volume 33.3 ul/s 67.0 uL/s
(uL)
Plunger Velocity Plunger Velocity
(mm/s) (mm/s)

100 19.91 40.00

250 8.02 16.12

500 3.90 7.83

1000 2.00 4.01

[0079]

dispense paste at a flow rate of greater than 30 uL/s as plunger 78 is moved at a rate of

As shown, some embodiments of the present syringes (e.g., 38) are configured to

between 2 and 40 mm/s. Also, as shown in the depicted examples, flow rate of paste is
substantially linearly proportional to the rate of plunger movement.

[0080]

Newtons) versus plunger movement (abscissa; units provided in millimeters) for syringes

FIG. 3 and FIG. 4 are graphs that depict injection force (ordinate; units provided in

represented in TABLES 1 and 2, at flow rates represented in TABLE 2. As shown, for a
given flow rate, syringes having reservoirs with smaller internal transverse dimensions 50
may produce smoother (e.g., flatter) injection force curves with lower injection force

magnitudes than those observed for syringes having reservoirs with larger internal transverse
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dimensions. One implication of smoother injection force curves is the absence of clogging
during paste flow from the reservoir into the needle. As flow rate is increased, syringes
having reservoirs with smaller internal transverse dimensions may experience a smaller
increase in injection force than syringes with reservoirs with larger internal transverse
dimensions.  Additionally, syringes having reservoirs with smaller internal transverse
dimensions have been noted to be less susceptible to either partial or complete clogging.
[0081] FIG. 5 is a graph of average injection force versus syringe reservoir cross-sectional
area for the syringes represented in TABLES 1 and 2, at the flow rates represented in TABLE
2. As shown, syringes having reservoirs with smaller internal transverse dimensions may
require less injection force than syringes having larger internal transverse dimensions at a
given flow rate, and/or may be less susceptible to increases in injection force, which may be
induced by flow rate increases and/or clog formation.

[0082] FIG. 6 is a graph of injection forces versus plunger movement for a syringe having
a reservoir 46 with a first internal transverse dimension 50 of 1.03 mm, a needle 58 having a
lumen 70 with a second internal transverse dimension 74 of .160 mm (e.g., a 30 Gauge
needle), and a length of 13 mm, at a plunger 78 velocity of 40 mm/s to produce a flow rate of
33.3 uL/s, dispensing the 35% solids content protein paste described above. As shown, the
injection force curve is smooth (i.e. free of clog formation), with a magnitude of 5.38 N.
[0083] Typically, the upper limit for manual injection force (e.g., considering patient
and/or clinician comfort) is approximately 25 N. As shown, some embodiments of the
present syringes are configured to dispense paste (e.g., 62) at a flow rate of greater than 30
uL/s under a force (e.g., an injection force) applied to the plunger having a magnitude of
below 25 N (e.g., less than 20, 15, 10, or 5 N). Some embodiments are configured to
dispense paste at a flow rate of greater than 65 ulL/s under a force applied to the plunger
having a magnitude below 25 N (e.g., less than 20, 15, 10, or 5 N).

[0084] Thus, using embodiments of the present syringes, pastes may be intracutaneously
and/or subcutaneously delivered through relatively thin needles (e.g., from 18 Gauge to 30
Gauge, or smaller), using relatively small injection forces (e.g., from 25 N to 5 N, or smaller).
[0085] In addition to enabling low injection forces for manual injection, alternative
embodiments of the invention enable pastes to be smoothly delivered (i.e. free of partial
and/or complete clogging) intracutaneously and/or subcutaneously through relatively thin
needles via auto-injectors, where the force driving the plunger/piston is partially or
completely provided by an external source (i.e. the energy to displace the piston/plunger and

deliver the paste is not provided directly by the patient/clinician). Such an external energy
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source may be a compressed spring or a compressed gas that drives the piston/plunger of the
auto-injector device when the patient activates the device via, for example, the press of a
button.

[0086] Some embodiments of the present syringes can be configured to provide for any
suitable injection force, flow rate, plunger velocity, and/or the like, for example, by varying
paste viscosity, solids concentration, solids content, density, and/or the like, needle size,
Gauge, length, lumen interior transverse dimension, and/or the like, syringe reservoir size,
volume, cross-sectional area, interior transverse dimension, and/or the like.

[0087] FIG. 7 depicts an embodiment 82 of the present kits. Syringes of the present kits
can comprise any and/or all of the features described above for syringe 38. As shown, kit 82
comprises a syringe (e.g., 38), depicted with needle 58 separated from syringe body 42 (e.g.,
with sealing cap 66 sealing reservoir 46). In the embodiment shown, kit 82 comprises one or
more needles (e.g., 58) (e.g., to allow a clinician to select, change, replace, and/or the like
needles). In the depicted embodiment, kit 82 comprises one or more containers 86 that can
be used to store paste (e.g., 62) (e.g., such that an assembled syringe 38 (e.g., with a needle
58 attached to syringe body 42) can be loaded with paste, for example, by puncturing a seal
of a container 86 with the needle and drawing plunger 78 away from syringe body 42).
However, in some embodiments, syringe 38 may be pre-loaded (e.g., as described above).
[0088] Some embodiments of the present methods for intracutaneously injecting a volume
of paste (e.g., 62) comprise moving a plunger (e.g., 78) of a syringe (e.g., 38) to dispense
paste from a reservoir (e.g., 46) of the syringe through a lumen (e.g., 70) of a needle (e.g., 58)
of the syringe, the reservoir having an internal first transverse dimension (e.g., 50) that is
larger than an internal second transverse dimension (e.g., 74) of the lumen, where the second
transverse dimension is between 0.1 and 0.9 mm, where the paste has a solids concentration
of greater than 100 mg/L, and where the paste is dispensed at a flow rate of greater than 30
uL/s as the plunger is moved at a rate of between 2 and 40 mm/s. Some methods comprise
removing a sealing cap (e.g., 66) from a fitting (e.g., a Luer fitting 54) of the reservoir. Some
methods comprise coupling the needle to the reservoir via a Luer fitting disposed on at least
one of the needle and the reservoir. Some methods comprise disposing the needle into and/or
through cutaneous tissue of a patient.

[0089] In some methods, the injected volume of paste is greater than 10 uL. In some
methods, the injected volume of paste is between 15, 500, or 1000 puL to 1200, 2000, or 3000
uL. In some methods, the injected volume of paste is between 30 uL and 100 pL.
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[0090] The above specification and examples provide a complete description of the
structure and use of illustrative embodiments. Although certain embodiments have been
described above with a certain degree of particularity, or with reference to one or more
individual embodiments, those skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the scope of this invention. As such, the
various illustrative embodiments of the methods and systems are not intended to be limited to
the particular forms disclosed. Rather, they include all modifications and alternatives falling
within the scope of the claims, and embodiments other than the one shown may include some
or all of the features of the depicted embodiment. For example, elements may be omitted or
combined as a unitary structure, and/or connections may be substituted. Further, where
appropriate, aspects of any of the examples described above may be combined with aspects
of any of the other examples described to form further examples having comparable or
different properties and/or functions, and addressing the same or different problems.
Similarly, it will be understood that the benefits and advantages described above may relate
to one embodiment or may relate to several embodiments.
[0091] The claims are not intended to include, and should not be interpreted to include,
means-plus- or step-plus-function limitations, unless such a limitation is explicitly recited in a
given claim using the phrase(s) “means for” or “step for,” respectively.
[0092]

EXAMPLES

[0093] The following examples as well as the figures are included to demonstrate
preferred embodiments of the invention. It should be appreciated by those of skill in the art
that the techniques disclosed in the examples or figures represent techniques discovered by
the inventors to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in light
of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing
from the spirit and scope of the invention.

EXAMPLE 1
A SPRAY DRIED POWDER CONTAINING A MONOCLONAL ANTIBODY

[0094] A spray dried powder containing a monoclonal antibody (where the dried powder
contained approximately 70% (w/w) protein) was used to prepare a high-concentration paste

formulation by blending the powder with Miglyol 812 to yield a homogeneous two-phase
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suspension of mAb powder particles dispersed in a non-solvent. The final paste
concentration contained 1.6 mL of fluid per gram of powder. As the density of Miglyol at
25 °C is 0.95 g/mL, the solids content of the resulting paste was approximately 40%. The
measured density of the paste was 1.12 g/mL and the corresponding solids concentration was
448 mg/mL.

[0095] This paste was loaded into glass syringes with varying internal diameters, and
delivered through 27G, UTW 6-mm needles (median internal diameter = 300 um) affixed to
the syringes via a Luer-lock fitting. The force required to deliver the paste from the syringes
was measured using a texture analyzer (force is plotted against the plunger distance).

[0096] As shown in the table below, when the same paste is delivered at the same
volumetric flow rate through the same needle, the syringe possessing the narrower internal
transverse dimension greatly reduces the force required to deliver the concentrated, high-
viscosity paste. The lower injection force facilitates delivery and improves the overall ease-
of-administration.

[0097] The mean injection glide force for N = 3 replicates for each syringe are shown in

Table 3:
TABLE 3.
Plunger
Syringe Flow Rate Replicate 1 Replicate 2 | Replicate 3 | Average | StDev
Velocity
7.83
0.50 mL 66.7 ul/sec 12.15 N 1251 N 1249 N 1238 N | 0.20N
mmy/sec
4.01
1.00 mL 66.7 ul/sec 22,44 N 2230 N 2258 N 2244 N | 0.14 N
mmy/sec

EXAMPLE 2
A MODEL PASTE CONTAINING MILLED EXCIPIENT POWDER
[0098] A model paste containing only excipient particles was prepared by blending
micronized lactose particles (Dsp < 10 um) with triacetin (a triglyceride with viscosity of
approximately 18 cP at 25 °C) to prepare a two-phase composition with 38% solids content.
The measured density of the paste was 1.24 g/mL and the corresponding solids concentration
was approximately 470 mg/mL. The lactose-triacetin paste was loaded into glass syringes
with varying internal diameters, and delivered through 30G (30 gauge), regular wall needles

(median internal diameter = 160 pm) of 0.5 inch length affixed to the syringes via a Luer-
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lock fitting. The force required to deliver the paste from the syringes was measured using a
texture analyzer (where the force required to drive the plunger is plotted against the plunger
distance)(FIG. 9).

[0099] As shown in the table below, when the same paste is delivered at the same
volumetric flow rate through the same needle, syringes possessing a narrower internal
transverse dimension greatly reduce the force required to deliver the concentrated, high-
viscosity paste. The lower injection force facilitates delivery and improves the overall ease-

of-administration.

TABLE 4.

Syringe Barrel
Needle Lumen| Volumetric

Internal Plunger Velocity Replicate 3
Diameter Flow Rate

Diameter
0.160 mm 1.03 mm 40.00 mm/sec 33.3 uLl/sec 3.6 N
0.160 mm 1.46 mm 19.91 mm/sec 33.3 uLl/sec 72N
0.160 mm 2.30 mm 8.02 mm/sec 33.3 uL/sec 16.2N
0.160 mm 3.30 mm 3.90 mm/sec 33.3 uLl/sec 26.6 N
0.160 mm 4.61 mm 2.00 mm/sec 33.3 uLl/sec 51.4N

[00100] Further, the smoothness of the injection force profiles of the lactose-triacetin paste
were noted to improve as the internal diameter of the syringe barrel decreased, reflecting a
reduced tendency for partial clogging during paste delivery. This feature is particularly
important for the delivery of two-phase composition such as pastes, where the particulate
matter can render the composition susceptible to partial and/or complete clogging during
delivery through narrow internal diameter needles, as the highly cohesive powder particles
may not be completely disrupted, despite the application of high-shear mixing techniques.
Accordingly, an equally important feature of the disclosed invention is the ability to deliver
highly-concentrated two-phase compositions through narrow-internal diameter needles

commonly used for intracutaneous injection without the formation of partial and/or complete

clogging.
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CLAIMS
1. A pre-loaded syringe comprising:

a syringe body defining a reservoir;

a paste disposed within the reservoir, the paste having a solids concentration of
greater than 50 mg/mL;

a plunger disposed within the reservoir and configured to be moved to dispense paste
from the reservoir;

a Luer fitting disposed on the syringe body and in fluid communication with the
reservoir; and

a sealing cap disposed on the Luer fitting to seal the reservoir.

2. The pre-loaded syringe of claim 1, comprising:
a needle defining a lumen, the needle configured to be coupled to the syringe body via
the Luer fitting to allow intracutaneous delivery of the paste;
where the reservoir has an internal first transverse dimension larger than an internal

second transverse dimension of the lumen.

3. A pre-loaded syringe comprising:

a syringe body defining a reservoir having an internal first transverse dimension;

a paste disposed within the reservoir, the paste having a solids concentration of
greater than 100 mg/mL;

a needle defining a lumen having an internal second transverse dimension that is
smaller than the first transverse dimension, the needle configured to be in fluid
communication with the reservoir to allow intracutaneous delivery of the
paste; and

a plunger disposed within the reservoir and configured to be moved to dispense paste

from the reservoir through the lumen.

4. The pre-loaded syringe of claim 2 or 3, where the first transverse dimension is 3 to 16

times larger than the second transverse dimension.

5. The pre-loaded syringe of any of claims 2-4, where the first transverse dimension is

between 1 and 5 mm.

6. The pre-loaded syringe of any of claims 2-5, where the second transverse dimension

is between 0.1 and 0.9 mm.
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7. The pre-loaded syringe of any of claims 2-6, where the needle has a size of 18 Gauge

or smaller.

8. The pre-loaded syringe of claim 7, where the needle has a size of 27 Gauge or
smaller.

0. The pre-loaded syringe of claim 8§, where the needle has a size of 30 Gauge.

10. The pre-loaded syringe of any of claims 2-9, where the needle has a length smaller

than 50 mm.

11. The pre-loaded syringe of claim 10, where the needle has a length smaller than 40

mim.

12. The pre-loaded syringe of claim 11, where the needle has a length smaller than 13

mim.

13. The pre-loaded syringe of claim 12, where the needle has a length of approximately 6

mim.

14. The pre-loaded syringe of any of claims 1-13, where the paste has a volume of

between 15 uL and 1000 pL.

15. The pre-loaded syringe of any of claims 1-14, where the paste has a volume greater
than 50 pL.

16. The pre-loaded syringe of claim 15, where the paste has a volume greater than 100
uL.

17. The pre-loaded syringe of any of claims 1-16, where the syringe is configured to

dispense paste at a flow rate of greater than 30 uL/s under a force applied to the plunger

having a magnitude below 25 N.

18. The pre-loaded syringe of any of claims 1-17, where the syringe is configured to
dispense paste at a flow rate of greater than 65 ulL/s under a force applied to the plunger

having a magnitude below 25 N.

19. The pre-loaded syringe of any of claims 1-18, where the paste has a solids

concentration of greater than 200 mg/mL.
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20. The pre-loaded syringe of claim 19, where the paste has a solids concentration of

between 425 and 475 mg/mL.

21. The pre-loaded syringe of any of claims 1-20, where the paste has a solids content of

between 1% and 99%.

22. The pre-loaded syringe of claim 21, where the paste has a solids content of between

30% and 40%.

23. The pre-loaded syringe of any of claims 1-22, where the paste has a density of
between 1.1 and 1.4 g/mL.

24. A kit comprising:
a syringe body defining a reservoir having an internal first transverse dimension; and
a needle configured to be coupled to the syringe body and defining a lumen having an
internal second transverse dimension that is larger than the first transverse
dimension; and

a paste having a solids concentration of greater than 100 mg/mL..
25. The kit of claim 24, where the paste is disposed within the reservoir.

26. The kit of claim 24 or 25, where the syringe body comprises:
a Luer fitting in fluid communication with the reservoir; and
a sealing cap disposed on the Luer fitting to seal the reservoir;

where the needle is configured to be coupled to the syringe body via the Luer fitting.

27. The kit of any of claims 24-26, where the first transverse dimension is 3 to 16 times

larger than the second transverse dimension.

28. The kit of any of claims 24-27, where the first transverse dimension is between 1 and

5 mm.

29. The kit of any of claims 24-28, where the second transverse dimension is between 0.1

and 0.9 mm.
30. The kit of any of claims 24-29, where the needle has a size of 18 Gauge or smaller.

31. The kit of claim 30, where the needle has a size of 27 Gauge or smaller.
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32. The kit of claim 31, where the needle has a size of 30 Gauge.

33. The kit of any of claims 24-32, where the needle has a length smaller than 50 mm.
34. The kit of claim 33, where the needle has a length smaller than 40 mm.
35. The kit of claim 34, where the needle has a length smaller than 13 mm.

36. The kit of claim 35, where the needle has a length of approximately 6 mm.

37. The kit of any of claims 24-36, where the reservoir has a volume of between 100 puL.
and 1000 pL.
38. The kit of any of claims 24-37, comprising a plunger disposed within the reservoir

and configured to be moved to dispense paste from the reservoir through the lumen at a flow
rate of greater than 30 puL/s under a force applied to the plunger having a magnitude below 25
N.

39. The kit of any of claims 24-38, comprising a plunger disposed within the reservoir
and configured to be moved to dispense paste from the reservoir through the lumen at a flow
rate of greater than 65 pL/s under a force applied to the plunger having a magnitude below 25
N.

40. The kit of any of claims 24-39, where the paste has a solids concentration of greater

than 200 mg/mL.

41. The kit of claim 40, where the paste has a solids concentration of between 425 and

475 mg/mL.

42. The kit of any of claims 24-41, where the paste has a solids content of between 1%
and 99%.

43. The kit of claim 42, where the paste has a solids content of between 30% and 40%.

44. The kit of any of claims 24-43, where the paste has a density of between 1.1 and 1.4
g/mL.

45. A method of intracutaneously injecting a volume of paste comprising:
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moving a plunger of a syringe to dispense paste from a reservoir of the syringe
through a lumen of a needle of the syringe, the reservoir having an internal
first transverse dimension that is larger than an internal second transverse
dimension of the lumen, where the second transverse dimension is between
0.1 and 0.9 mm;

where the paste has a solids concentration of greater than 100 mg/L; and

where the paste is dispensed at a flow rate of greater than 30 pL/s as the plunger is

moved at a rate of between 2 and 40 mm/s.

46. The method of claim 45, comprising disposing the needle into and/or through

cutaneous tissue of a patient.

47. The method claim 45 or 46, comprising removing a sealing cap from a Luer fitting of

the reservoir.

48. The method of any of claims 45-47, comprising coupling the needle to the reservoir

via a Luer fitting disposed on at least one of the needle and the reservoir.

49. The method of any of claims 45-48, where the flow rate of the paste is substantially

linearly proportional to the rate of plunger movement.

50. The method of any of claims 45-49, where the first transverse dimension is 3 to 16

times larger than the second transverse dimension.

51. The method of any of claims 45-50, where the first transverse dimension is between 1
and 5 mm.
52. The method of any of claims 45-51, where the second transverse dimension is

between 0.1 and 0.9 mm.

53. The method of any of claims 45-52, where the needle has a size of 18 Gauge or

smaller.
54. The method of claim 53, where the needle has a size of 27 Gauge or smaller.

55. The method claim 54, where the needle has a size of 30 Gauge.
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56. The method of any of claims 45-55, where the needle has a length smaller than 50

mm.
57. The method of claim 56, where the needle has a length smaller than 40 mm.
58. The method of claim 57, where the needle has a length smaller than 13 mm.

59. The method of claim 58, where the needle has a length of approximately 6 mm.

60. The method of any of claims 45-59, where the injected volume of paste is greater than

10 uL.

61. The method of claim 60, where the injected volume of paste is between 15 pL. and

1200 pL.

62. The method of claim 61, where the injected volume of paste is between 30 pL. and

100 uL.

63. The method of any of claims 45-62, where the paste has a solids concentration of
greater than 200 mg/mL.
64. The method of claim 63, where the paste has a solids concentration of between 425

and 475 mg/mL.

65. The method of any of claims 45-64, where the paste has a solids content of between

1% and 99%.

66. The method of claim 65, where the paste has a solids content of between 30% and
40%.

67. The method of any of claims 45-66, where the paste has a density of between 1.1 and
1.4 g/mL.
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