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FIG. 13
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FIG. 16
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FIG. 17
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FIG. 20

Risperidone Levels: Rat Study
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FIG. 21
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FIG. 25
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COMPOSITIONS AND METHODS
INVOLVING POLYMER, SOLVENT, AND
HIGH VISCOSITY LIQUID CARRIER
MATERIAL

[0001] The present application is a Continuation of appli-
cation Ser. No. 14/995,658, filed Jan. 14, 2016, which is a
Continuation of U.S. application Ser. No. 14/204,529, filed
Mar. 11, 2014, which claims the priority under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/776,336,
filed Mar. 11, 2013; and U.S. Provisional Application No.
61/798,874, filed Mar. 15, 2013; the disclosures of each of
which are expressly incorporated by reference herein in their
entireties.

[0002] Compositions that provide controlled delivery of
pharmaceutical active agent offer several advantages. For
instance, controlled delivery can reduce or obviate the need
for repeated dosing. Further, biodegradable matrices for
drug delivery are useful because they obviate the need to
remove a drug-depleted device.

[0003] Noncompliance is prevalent with oral medications,
e.g., in the treatment of schizophrenia and/or bipolar disor-
der. It has also been established that the risk for relapse can
substantially increase with noncompliant patients. Long-
acting medications, e.g., antipsychotic medications, have
several advantages over short-acting oral tablets or IM
agents when administered, e.g., for the treatment of chronic
schizophrenia and/or bipolar disorder, e.g., assurance of
compliance resulting in fewer relapses and re-hospitaliza-
tions. By contrast, some of the current long-acting products
(e.g., Risperdal Consta® long-acting injection) requires
supplementation, e.g., with oral risperidone, both at the
initiation of IM dosing and in the event of a missed dose, due
to a 3-week lag between the time of dose administration and
initiation of drug release.

[0004] AIl currently approved or development-stage,
long-acting injections of antipsychotic drugs are adminis-
tered intramuscularly, which is associated with the disad-
vantages of injection site pain and, for this class of drug, the
more significant potential safety issue of inadvertent vascu-
lar contact resulting in systemic exposure of toxic levels of
drug. This issue was most recently manifested during the
development of Zyprexa® (olanzapine) long-acting-injec-
tion in which excessive sedation and even incidences of
coma have been observed post injection. In contrast, dosage
forms that have the potential for subcutaneous (SC) admin-
istration mitigate this potential safety issue.

[0005] There remains, however, a need for compositions
and methods that provide reproducible, controlled delivery
of pharmaceutical active agents with low toxicity. Accord-
ingly, there also remains a need for methods of making these
compositions that provide reproducible, controlled delivery
of pharmaceutical active agents with low toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present disclosure is further described in the
description that follows, in reference to the noted plurality of
non-limiting drawings, wherein:

[0007] FIG. 1 presents a longitudinal cross-section
through a needle-free injector.

[0008] FIGS. 24, b and ¢ show the latch 6 and dispensing
member 2 part of the needle-free injector from FIG. 1 in the
three stages ending in triggering. In (a) the latch 6 is in the
first, or safe position. In (b) the latch 6 is in the second
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position, the non-safety, ready to trigger position. In (c), the
latch 6 is in the third position, following triggering.

[0009] FIG. 3 illustrates a needle-free injector with one
embodiment of the attachment for disengaging the safety
mechanism.

[0010] FIG. 4 is a phase diagram of compositions includ-
ing 65:35 DL-PLGA initiated with 1-hexanediol, which
polymer has a weight average molecular weight of 4.3 to 5.1
kDa.

[0011] FIG. 5 is a phase diagram of compositions includ-
ing 65:35 DL-PLGA initiated with 1-hexanediol, which
polymer has a weight average molecular weight of 7.0 kDa.
[0012] FIG. 6 is a phase diagram of compositions includ-
ing 65:35 DL-PLGA initiated with dodecanol, which poly-
mer has a weight average molecular weight of 6.6 kDa.
[0013] FIG. 7 shows in vitro release, as measured using
dialysis tubing, of olanzapine from various vehicles.
[0014] FIG. 8 shows in vitro release, as measured using
dialysis tubing and a USP 2 apparatus, of olanzapine from a
vehicle comprising sucrose acetate isobutyrate, propylene
carbonate, and dodecanol-initiated poly(lactic acid)(glycolic
acid).

[0015] FIG. 9 shows in vitro release, as measured using
dialysis tubing and a USP 2 apparatus, of olanzapine from a
vehicle comprising sucrose acetate isobutyrate, di methyl-
sulfoxide, and dodecanol-initiated poly(lactic acid)(glycolic
acid).

[0016] FIG. 10 shows in vitro release of exenatide from a
vehicle comprising sucrose acetate isobutyrate, propylene
carbonate, and poly(lactic acid)(glycolic acid) initiated with
either octanol or 1-hexadecanol.

[0017] FIG. 11 shows in vitro release of exenatide from a
vehicle comprising sucrose acetate isobutyrate, dimethyl-
sulfoxide, and poly(lactic acid)(glycolic acid) initiated with
either octanol or 1-hexadecanol.

[0018] FIG. 12 compares the real time settling behavior of
risperidone particles in a composition based on N-methyl-
pyrrolidone versus a composition based on propylene car-
bonate, both stored at 5° C.

[0019] FIG. 13 shows in vitro release of risperidone from
a vehicle comprising sucrose acetate isobutyrate, N-methyl-
pyrrolidone, and octanol-initiated poly(lactic acid)(glycolic
acid).

[0020] FIG. 14 shows in vitro release of risperidone from
a vehicle comprising sucrose acetate isobutyrate, N-methyl-
pyrrolidone, and hexadecanol-initiated poly(lactic acid)(g-
lycolic acid).

[0021] FIG. 15 shows in vitro release of risperidone from
a vehicle comprising sucrose acetate isobutyrate, N-methyl-
pyrrolidone, and dodecanol-initiated poly(lactic acid).
[0022] FIG. 16 shows the PK profile of risperidone in rats
from compositions comprising risperidone, sucrose acetate
isobutyrate, solvent (e.g., benzyl alcohol, ethanol, benzyl
benzoate, and N-methyl-pyrrolidone), and polymer (e.g.,
poly(lactic acid) (PLA) and poly(lactic acid)(glycolic acid)
(PLGA)).

[0023] FIG. 17 shows the active moiety (risperidone 9-hy-
droxy risperidone) PK profile following subcutaneous (SC)
administration of the compositions shown in FIG. 16.
[0024] FIG. 18 shows the PK profile of risperidone in
individual rats following SC administration of one of the
risperidone compositions shown in FIG. 16.
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[0025] FIG. 19 shows the molecular weight of polymer
with respect to storage time in compositions with or without
risperidone and with or without gamma radiation treatment.
[0026] FIG. 20 shows the PK profile of risperidone in rats
from compositions comprising risperidone, sucrose acetate
isobutyrate, solvent (N-methyl-pyrrolidone or dimethylsul-
foxide), dodecanol-initiated poly(lactic acid)(glycolic acid),
and optionally poly(lactic acid).

[0027] FIG. 21 shows the active moiety (risperidone+9-
hydroxy risperidone) PK profile following SC administra-
tion of the compositions shown in FIG. 20.

[0028] FIG. 22 shows the active moiety PK profile of
individual rats following SC administration of one of the
risperidone compositions shown in FIG. 21.

[0029] FIG. 23 compares the PK profile of risperidone in
rats from three compositions: (1) made with large particle
risperidone and a vehicle including hexanediol-initiated
poly(lactic acid)(glycolic acid) (PLGA); (2) made with
small particle risperidone and a vehicle including hexane-
diol-initiated PLGA; and (3) made with small particle ris-
peridone and a vehicle including dodecanol-initiated PLGA.

[0030] FIG. 24 is an expanded view of a portion of FIG.
23.
[0031] FIG. 25 involves the same experiment as shown in

FIGS. 23 and 24, and compares the AUC from composi-
tions: (1) made with small particle risperidone and a vehicle
including hexanediol-initiated PLGA; and (2) made with
small particle risperidone and a vehicle including dodeca-
nol-initiated PLGA.

[0032] FIG. 26 shows pharmacokinetic profiles in dogs
following SC administration of a 9 wt % risperidone com-
position.

[0033] FIG. 27 shows the effect of particle size on PK
profile in dogs.

[0034] FIG. 28 shows the PK profile when 25 mg of
risperidone in a vehicle comprising sucrose acetate isobu-
tyrate (SAIB) was administered as a SC injection 0f 0.25 mL.
(100 mg/ml. concentration) in the abdominal region of
humans.

[0035] FIG. 29 shows the PK profile when 50 mg of
risperidone in the SAIB based vehicle was administered via
a DosePro® needle-free injector of 0.5 mL (100 mg/mL
concentration) in the abdominal region of humans.

[0036] FIG. 30 shows the PK profile when 50 mg of
risperidone in the SAIB based vehicle was administered as
a subcutaneous (SC) injection of 0.5 mL (100 mg/mL
concentration) in the abdominal region of humans.

[0037] Unless otherwise stated, a reference to a compound
or component includes the compound or component by
itself, as well as in combination with other compounds or
components, such as mixtures of compounds:

[0038] As used herein, the singular forms “a,” “an,” and
“the” include the plural reference unless the context clearly
dictates otherwise.

[0039] Before further discussion, a definition of the fol-
lowing terms will aid in the understanding of the present
disclosure.

[0040] “Administering” or “administration” means pro-
viding a drug to a subject in a manner that is pharmacologi-
cally useful.

[0041] “Polymer” means a naturally occurring or synthetic
compound made up of a linked series of repeat units.
Polymer(s) include, but are not limited to, thermoplastic
polymers and thermoset polymers. Polymer(s) may com-
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prise linear polymers and/or branched polymers. Polymers
may be synthesized from a single species of monomers, or
may be copolymers that may be synthesized from more than
one species of monomers.

[0042] “Copolymer” includes terpolymers, etc.

[0043] “Linear” means a polymer in which the molecules
form long chains substantially without branches or cross-
linked structures.

[0044] “Weight average molecular weight” or “Mw”
means the weighted average molecular weight of polymers
of interest. It can be expressed at the first moment of a plot
of the weight of polymer in each molecular weight range
against molecular weight. In certain embodiments, weight-
average molecular weight, Number-average molecular
weight (Mn), and the molecular weight distribution
(MWD=Mw/Mn) may be measured by gel permeation chro-
matography (GPC). GPC is a column fractionation method
wherein polymer molecules in solutions are separated based
on their sizes. The separated polymer molecules are
observed by a detector to generate the GPC chromatogram,
which is a plot of elution volume or time (related to
molecular size) versus abundance. The GPC chromatogram
may be integrated to determine Mw, Mn, and MWD.
[0045] GPC samples of polymer(s) of interest, approxi-
mately 50 mg in 10 mL solvent, are filtered through a 0.2 pm
Teflon filter before injection into the instrument. Injections
of 50-200 pl. are made to generate chromatograms. Chro-
matograms may be generated using various systems. In an
embodiment, a system comprises an Agilent LC 1100 using
Chemstation software. In another embodiment, a system
comprises a Waters 510 pump, a Shimadzu CTO-10A col-
umn oven, and a Waters 410 differential refractometer. Data
may be recorded directly to a PC via a Polymer Labs data
capture unit using Caliber® software. A calibration curve
may be generated using polystyrene standards. Mw, Mn, and
MWD relative to polystyrene are calculated. Representative
solvents for use in GPC comprise: chloroform, dichlormeth-
ane (methylene chloride), and tetrahydrofuran (THF). Rep-
resentative column sets comprise: (1) two Polymer Labs
Mixed C columns in series, (2) two Polymer Labs Mixed D
columns in series, or (3) two Polymer Labs Mesopore
columns in series. Representative polystyrene calibrants
comprise: Polymer Labs Easical PS1 kit, Polymer Labs
Easical PS2 kit, Polymer Labs S-L.-10 kit.

[0046] “Solvent” means material that is capable of dis-
solving other materials.

[0047] “Solvent capacity” means amount(s) of the one or
more solvents that dissolves the HVL.CM and polymer in the
composition to the same extent as would a hypothetical
amount of N-methylpyrrolidone in the composition. Solvent
capacity is expressed as that hypothetical weight percent of
N-methylpyrrolidone in the composition, based on the total
weight of the hypothetical composition that would contain
the N-methylpyrrolidone.

[0048] Thus, for example, a composition having a solvent
capacity of about 20% would have sufficient amounts of one
or more solvents to dissolve the HVLCM and linear polymer
to the same extent as if about 20% by weight of NMP were
added to the composition instead of the one or more sol-
vents. [f NMP were present as the one or more solvents in
this embodiment, it would be present in an amount of about
20% by weight, based on the total weight of the composi-
tion. If the one or more solvents were poorer solvents for the
HVLCM and linear polymer, then the one or more solvents
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would be present in an amount greater than about 20% by
weight, based on the total weight of the composition.
[0049] “Subject” is used interchangeably with “indi-
vidual” and means any human or animal with which it is
desired to practice the present disclosure. The term “subject”
does not denote a particular age, and the present systems are
thus suited for use with subjects of any age, such as infant,
adolescent, adult and senior aged subjects In certain embodi-
ments, a subject may comprise a patient.

[0050] “Hydrophilic solvent” means substantially water-
miscible solvents, preferably those when mixed with water
in a ratio from 1:9 to 9:1 form a single-phase solution.
[0051] In one aspect, the present composition comprises
25 wt % to 80 wt %, based on total weight of the compo-
sition, of a non-polymeric, non-water soluble high viscosity
liquid carrier material (HVLCM) having a viscosity of at
least 5000 cP at 37° C. that does not crystallize neat at 25°
C. and 1 atmosphere; a lactic-acid based polymer that is
poly(lactic acid)(glycolic acid) comprising an alkoxy end
group, the poly(lactic acid)(glycolic acid) having a lactic
acid to glycolic acid molar ratio greater than 65:35; and an
organic solvent.

[0052] In another aspect, the present composition com-
prises 25 wt % to 80 wt %, based on total weight of the
composition, of a non-polymeric, non-water soluble high
viscosity liquid carrier material (HVLCM) having a viscos-
ity of at least 5000 cP at 37° C. that does not crystallize neat
at 25° C. and 1 atmosphere; a lactic acid-based polymer
comprising an alkoxy end group, wherein the lactic acid-
based polymer has a weight average molecular weight
ranging from 7000 Daltons to 30,000 Daltons; and an
organic solvent.

[0053] In yet another aspect, the present composition
comprises a pharmaceutical active agent; 25 wt % to 80 wt
%, based on total weight of the composition, of a non-
polymeric, non-water soluble high viscosity liquid carrier
material (HVLCM) having a viscosity of at least 5000 cP at
37° C. that does not crystallize neat at 25° C. and 1
atmosphere; a lactic acid-based polymer comprising an
alkoxy end group; and an organic solvent.

[0054] In still another aspect, the present composition
comprises particles comprising pharmaceutical active agent,
the particles having a median particle size, as measured by
laser diffraction, ranging from 0.5 micrometers to 10
micrometers; 25 wt % to 80 wt %, based on total weight of
the composition, of a non-polymeric, non-water soluble high
viscosity liquid carrier material (HVLCM) having a viscos-
ity of at least 5000 cP at 37° C. that does not crystallize neat
at 25° C. and 1 atmosphere; a lactic acid-based polymer; and
an organic solvent.

[0055] In a further aspect, a gamma-irradiated composi-
tion comprises pharmaceutical active agent; and wherein the
gamma-irradiated composition further comprises 25 wt % to
80 wt %, based on total weight of the composition, of a
non-polymeric, non-water soluble high viscosity liquid car-
rier material (HVLCM) having a viscosity of at least 5000
cP at 37° C. that does not crystallize neat at 25° C. and 1
atmosphere; a lactic acid-based polymer; and an organic
solvent.

[0056] In another aspect, the present composition com-
prises a pharmaceutical active agent that is risperidone or
pharmaceutically acceptable salt thereof; a non-polymeric,
non-water soluble high viscosity liquid carrier material
(HVLCM) having a viscosity of at least 5000 cP at 37° C.
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that does not crystallize neat at 25° C. and 1 atmosphere, a
lactic acid-based polymer comprising an alkoxy end group,
and an organic solvent in a ratio sufficient to maintain a
therapeutically effective plasma concentration of the risperi-
done or pharmaceutically acceptable salt thereof for a period
of at least 7 days when the composition is administered
parenterally to a patient.

[0057] In still another aspect, the present composition
comprises a pharmaceutical active agent that is risperidone
or pharmaceutically acceptable salt thereof; a non-poly-
meric, non-water soluble high viscosity liquid carrier mate-
rial (HVLCM) having a viscosity of at least 5000 cP at 37°
C. that does not crystallize neat at 25° C. and 1 atmosphere,
a lactic acid-based polymer comprising an alkoxy end
group, and an organic solvent in a ratio such that when the
composition is administered parenterally, an amount of
pharmaceutical active agent released from the composition
provides an AUC(0 to 1 day) that is less than 10%, such as
less than 5%, of AUC(0 to 28 days).

[0058] In a further aspect, the present composition com-
prises 5 wt % to 20 wt %, based on total weight of the
composition, of particles comprising pharmaceutical active
agent that is risperidone or pharmaceutically acceptable salt
thereof, the particles having a median particle size, as
measured by laser diffraction, ranging from 0.5 micrometer
to 7 micrometers; 30 wt % to 60 wt %, based on total weight
of the composition, of a non-polymeric, non-water soluble
high viscosity liquid carrier material (HVLCM) having a
viscosity of at least 5000 cP at 37° C. that does not
crystallize neat at 25° C. and 1 atmosphere, wherein the
HVLCM is sucrose acetate isobutyrate; 5 wt % to 30 wt %,
based on total weight of the composition, of a lactic acid
based-polymer that is poly(lactic acid)(glycolic acid) com-
prising an alkoxy end group, the poly(lactic acid)(glycolic
acid) having a lactic acid to glycolic acid molar ratio ranging
from 95:5 to 60:40, the poly(lactic acid)(glycolic acid)
having a weight average molecular weight ranging from
4000 Daltons to 15,000 Daltons; and 10 wt % to 40 wt %,
based on total weight of the composition, of a solvent that
is at least one member selected from N-methyl-pyrrolidone,
propylene carbonate, and dimethylsulfoxide.

[0059] In another aspect, the present composition com-
prises a pharmaceutical active agent that is risperidone or
pharmaceutically acceptable salt thereof; means for extend-
ing a release profile of the pharmaceutical active agent when
the composition is administered to a patient in need thereof.
[0060] In a still further aspect, the present composition
comprises a pharmaceutical active agent that is risperidone
or pharmaceutically acceptable salt thercof, means for
reducing settling of the pharmaceutical active agent within
the composition.

[0061] In another aspect, the present disclosure involves a
method of reducing phase separation, comprising combining
apharmaceutical active agent with a means for achieving the
reduction of phase separation.

[0062] In a further aspect, the present disclosure involves
a process comprising: wet milling a pharmaceutical active
agent in an aqueous solution at less than 20° C. to form a
milled pharmaceutical active agent; maintaining the milled
pharmaceutical active agent at less than 5° C.; and lyophiliz-
ing the milled pharmaceutical active agent to form a
lyophilized pharmaceutical active agent having a median
particle size, as measured by laser diffraction, of less than 5
micrometers.
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[0063] In another aspect, a suspension is produced by wet
milling a pharmaceutical active agent in an aqueous solution
at less than 20° C. to form a milled pharmaceutical active
agent; maintaining the milled pharmaceutical active agent at
less than 5° C.; and lyophilizing the milled pharmaceutical
active agent to form a lyophilized pharmaceutical active
agent having a median particle size, as measured by laser
diffraction, of less than 5 micrometers.

[0064] Inanother aspect, a monophasic composition, com-
prises 25 wt % to 80 wt %, based on total weight of the
composition, of sucrose acetate isobutyrate; a poly(lactic
acid)(glycolic acid) comprising an alkoxy end group
wherein the alkoxy end group consists of 12 carbons, the
poly(lactic acid)(glycolic acid) having a lactic acid to gly-
colic acid molar ratio of at least 70:30; and an organic
solvent that maintains the composition monophasic at 25° C.
and 1 atmosphere.

[0065] The pharmaceutical active agent may be dissolved
or suspended in the composition. The particles comprising
pharmaceutical active agent, which are used to make the
disclosed compositions, typically have a median particle
size, as measured by laser diffraction, ranging from 0.1
micrometer to 100 micrometers, such as 0.25 micrometers to
50 micrometers, 0.5 micrometers to 10 micrometers, 0.5
micrometer to 7 micrometers, or 1 micrometer to 5 microm-
eters.

[0066] When particles are relatively large, e.g., median
particle size, as measured by laser diffraction, above 10
micrometers, the particles have a tendency to fall out of
suspension in lower viscosity formulations. When particles
are relatively small, the particle size may change due to
recrystallization, which affects the storage time dependence
of the release profile.

[0067] Inthe context of the present disclosure, the median
particle size, as measured by laser diffraction, refers to the
size of the particles before addition with the vehicle. Thus,
the recited compositions are “made from™ or “obtainable by
combining” the particles comprising the pharmaceutical
active agent and the one or more further specified compo-
nents.

[0068] In some cases, the pharmaceutical active agent has
a solubility in the composition at 25° C. of less than about
100 mg/ml, such as less than about 50 mg/ml., less than
about 10 mg/ml., less than about 5 mg/mlL,, less than about
1 mg/mL, or less than about 0.1 mg/mlL..

[0069] In one aspect, the pharmaceutical active agent
comprises at least one member selected from peptide, pro-
tein, antibody, carbohydrate, small molecule, nucleic acid,
and nucleoside.

[0070] Representative pharmaceutical active agents
include drug, peptide, protein, carbohydrate (including
monosaccharides, oligosaccharides, and polysaccharides),
nucleoprotein, mucoprotein, lipoprotein, synthetic polypep-
tide or protein, or a small molecule linked to a protein,
antibody, glycoprotein, steroid, nucleic acid (any form of
DNA, including cDNA, or RNA, or a fragment thereof),
nucleotide, nucleoside, oligonucleotides (including anti-
sense oligonucleotides), gene, lipid, hormone, mineral
supplement, vitamin including vitamin C and vitamin E, or
combinations of any of the above, that cause(s) a biological
effect when administered in vivo to an animal, including but
not limited to birds and mammals, including humans.
[0071] Drug means any substance used internally or exter-
nally as a medicine for the treatment, cure, or prevention of
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a disease or disorder, and includes but is not limited to
immunosuppressants, antioxidants, anesthetics, chemo-
therapeutic agents, steroids (including retinoids), hormones,
antibiotics, antivirals, antifungals, antiproliferatives, antihis-
tamines, anticoagulants, antiphotoaging agents, melano-
tropic peptides, nonsteroidal and steroidal anti-inflammatory
compounds, antipsychotics, and radiation absorbers, includ-
ing UV-absorbers.

[0072] In one embodiment disclosed herein, the pharma-
ceutical active agent is a vaccine and the substance to be
delivered is an antigen. The antigen can be derived from a
cell, bacteria, or virus particle, or portion thereof. As defined
herein, antigen may be a protein, peptide, polysaccharide,
glycoprotein, glycolipid, nucleic acid, or combination
thereof, which elicits an immunogenic response in an ani-
mal, for example, a mammal, bird, or fish. As defined herein,
the immunogenic response can be humoral or cell-mediated.
In the event the material to which the immunogenic response
is to be directed is poorly antigenic, it may be conjugated to
a carrier such as albumin or to a hapten, using standard
covalent binding techniques, for example, with one of the
several commercially available reagent kits.

[0073] Examples of antigens include viral proteins such as
influenza proteins, human immunodeficiency virus (HIV)
proteins, and hepatitis A, B, or C proteins, and bacterial
proteins, lipopolysaccharides such as gram negative bacte-
rial cell walls and Neisseria gonorrhea proteins, and parvo-
virus.

[0074] Non-limiting examples of pharmaceutical active
agents include anti-infectives such as nitrofurazone, sodium
propionate, antibiotics, including penicillin, tetracycline,
oxytetracycline, chlorotetracycline, bacitracin, nystatin,
streptomycin, neomycin, polymyxin, gramicidin, chloram-
phenicol, erythromycin, and azithromycin; sulfonamides,
including sulfacetamide, sulfamethizole, sulfamethazine,
sulfadiazine, sulfamerazine, and sulfisoxazole, and anti-
virals including idoxuridine; antiallergenics such as antazo-
line, methapyritene, chlorpheniramine, pyrilamine prophen-
pyridamine, hydrocortisone, cortisone, hydrocortisone
acetate, dexamethasone, dexamethasone 21-phosphate, fluo-
cinolone, triamcinolone, medrysone, prednisolone, predni-
solone 21-sodium succinate, and prednisolone acetate;
desensitizing agents such as ragweed pollen antigens, hay
fever pollen antigens, dust antigen and milk antigen; vac-
cines such as smallpox, yellow fever, distemper, hog chol-
era, chicken pox, antivenom, scarlet fever, dyptheria toxoid,
tetanus toxoid, pigeon pox, whooping cough, influenzae,
rabies, mumps, measles, poliomyelitic, and Newcastle dis-
ease; decongestants such as phenylephrine, naphazoline, and
tetrahydrazoline; miotics and anticholinesterases such as
pilocarpine, esperine salicylate, carbachol, diisopropyl fluo-
rophosphate, phospholine iodide, and demecarium bromide;
parasympatholytics such as atropine sulfate, cyclopentolate,
homatropine, scopolamine, tropicamide, eucatropine, and
hydroxyamphetamine; sympathomimetics such as epineph-
rine; sedatives and hypnotics such as pentobarbital sodium,
phenobarbital, secobarbital sodium, codeine, (a-bromois-
ovaleryl) urea, carbromal; psychic energizers such as 3-(2-
aminopropyl) indole acetate and 3-(2-aminobutyl) indole
acetate; tranquilizers such as reserpine, chlorpromayline,
and thiopropazate; androgenic steroids such as methyl-
testosterone and fluorymesterone; estrogens such as estrone,
17-.beta.-estradiol, ethinyl estradiol, and diethyl stilbestrol;
progestational agents such as progesterone, megestrol,
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melengestrol, chlormadinone, ethisterone, norethynodrel,
19-norprogesterone, norethindrone, medroxyprogesterone
and 17-.beta.-hydroxy-progesterone; humoral agents such as
the prostaglandins, for example PGE.sub.1, PGE.sub.2 and
PGF.sub.2; antipyretics such as aspirin, sodium salicylate,
and salicylamide; antispasmodics such as atropine, methan-
theline, papaverine, and methscopolamine bromide; antima-
larials such as the 4-aminoquinolines, 8-aminoquinolines,
chloroquine, and pyrimethamine, antihistamines such as
diphenhydramine, dimenhydrinate, tripelennamine, per-
phenazine, and chlorphenazine; cardioactive agents such as
dibenzhydroflume thiazide, flumethiazide, chlorothiazide,
and aminotrate; antipsychotics including typical and atypi-
cal antipsychotics, wherein the atypical antipsychotics com-
prise risperidone, paliperidone, or olanzapine; nutritional
agents such as vitamins, natural and synthetic bioactive
peptides and proteins, including growth factors, cell adhe-
sion factors, cytokines, and biological response modifiers;
together with pharmaceutically acceptable salts of the
above.

[0075] The pharmaceutical active agent is typically
included in the composition in an amount sufficient to
deliver to the host animal or plant an effective amount to
achieve a desired effect. The amount of pharmaceutical
active agent incorporated into the composition depends upon
the desired release profile, the concentration of pharmaceu-
tical active agent required for a biological effect, and the
desired period of release of the pharmaceutical active agent.

[0076] The concentration of pharmaceutical active agent
in the composition will also depend on absorption, inacti-
vation, and excretion rates of the pharmaceutical active
agent as well as other factors known to those of skill in the
art. It is to be noted that dosage values will also vary with
the severity of the condition to be alleviated. It is to be
further understood that for any particular subject, specific
dosage regimens should be adjusted over time according to
the individual need and the professional judgment of the
person administering or supervising the administration of
the disclosed compositions, and that the concentration
ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the present disclo-
sure. The compositions may be administered in one dosage,
or may be divided into a number of smaller doses to be
administered at varying intervals of time.

[0077] In some cases, the pharmaceutical active agent
comprises an antipsychotic, such as an atypical antipsy-
chotic. Examples of anti-psychotic drugs include, but are not
limited to metabotropic glutamate receptor 2 agonists, gly-
cine transporter 1 inhibitors, partial agonists of dopamine
receptors, chlorpromazine, fluphenazine, mesoridazine, per-
phenazine, prochlorperazine, promazine, thioridazine/sul-
foridazine, trifluoperazine, butyrophenones (azaperone, ben-
peridol, droperidol, haloperidol), thioxanthenes (flupentixol,
chlorprothixene, thiothixene, zuclopenthixol), diphenylbu-
tylpiperidines (fluspirilene, penfluridol, pimozide, loxap-
ine), butyrophenones (melperone), indoles (sertindole, zip-
rasidone, molidone), benzamides (sulpiride, remoxipride,
amisulpride), diazepines/oxazepines/thiazepines (clozapine,
olanzapine, quetiapine), aripiprazole, risperidone, paliperi-
done, zotepine), amisulpride, asenapine, iloperidone, lurasi-
done, cannabidiol, tetraenazine, and L-theanine, including
pharmaceutically acceptable salts, solvates, bases, and ester
forms thereof. Combinations of two or more of these com-
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pounds, or combinations with other compounds are included
in the scope of the disclosure.

[0078] For instance, the pharmaceutical active agent may
comprise at least one member selected from chlorpromaz-
ine, fluphenazine, mesoridazine, perphenazine, prochlo-
rperazine, promarzine, thioridazine, sulforidazine, trifluop-
erazine, molindone, azaperone, benperidol, droperidol,
haloperidol, flupentixol, chlorprothixene, thiothixene,
zuclopenthixol, fluspirilene, penfluridol, pimozide, loxap-
ine, melperone, sertindole, ziprasidone, sulpiride, remox-
ipride, amisulpride, clozapine, olanzapine, quetiapine, arip-
iprazole, risperidone, paliperidone, zotepine, amisulpride,
asenapine, iloperidone, lurasidone, cannabidiol, tetra-
enazine, and [-theanine, or pharmaceutically acceptable salt
thereof. In some cases, the pharmaceutical active agent
comprises risperidone or pharmaceutically acceptable salt
thereof.

[0079] Exemplary salts include hydrochloride, phosphate,
citrate, maleate, mesylate, pamoate, and naphthaline-2-sul-
fonate monohydrate. For instance, representative salts
include risperidone pamoate, risperidone naphthaline-2-sul-
fonate, paliperidone palmitate. In some cases, the salt is
lipophilic.

[0080] The pharmaceutical active agent is typically pres-
ent in the compositions in the range from 0.5 wt % to 50 wt
%, such as 0.5 wt % to 30 wt %, 1 wt % to 25 wt %, 1 wt
% to 20 wt %, 2 wt % to 20 wt %, or 5 wt % to 20 wt %,
based on total weight of the composition. For potent phar-
maceutical active agents, such as growth factors, typical
ranges include less than 1 wt %, and further even less than
0.0001 wt %.

[0081] The compositions can include one or more non-
polymeric, non-water soluble high viscosity liquid carrier
material (HVLCM) having a viscosity of at least 5000 cP at
37° C. that does not crystallize neat at 25° C. and 1
atmosphere. For instance, the HVLCM may have a viscosity
of at least at least 10,000 cP, at least 15,000 cP, at least
20,000 cP, at least 25,000 cP, or at least 50,000 cP at 37° C.
The term non-water soluble refers to a material that is
soluble in water to a degree of less than one percent by
weight under ambient conditions.

[0082] Insome cases, the HVL.CM significantly decreases
in viscosity when mixed with a solvent to form a low
viscosity liquid carrier material (“LVLCM”) that can be
mixed with a substrate for controlled delivery. The LVL.CM/
substrate composition is typically easier to place in the body
than a HVLCM/substrate composition, because it flows
more easily into and out of syringes or other implantation
means, and can easily be formulated as an emulsion. The
LVLCM can have any desired viscosity. It has been found
that a viscosity range for the LVLCM of less than approxi-
mately 2000 cP, such as less than 1000 cP, is typically useful
for in vivo applications.

[0083] In one embodiment, sucrose acetate isobutyrate
(“SAIB”), a sucrose molecule nominally esterified prefer-
ably with two acetic acid and six isobutyric acid moieties, is
used as the HVLCM.

[0084] SAIB is orally non-toxic and is currently used as to
stabilize emulsions in the food industry. It is a very viscous
liquid and has an unusual property that there is a dramatic
change in viscosity with small additions of heat or with the
addition of solvents. It is soluble in a large number of
biocompatible solvents. When in solution or in an emulsion,
SAIB can be applied via injection or an aerosol spray. SAIB
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is compatible with cellulose esters and other polymers that
can affect the rate of delivery of the substance.

[0085] In some embodiments of the disclosure, the
HVLCM can be stearate esters such as those of propylene
glycol, glyceryl, diethylaminoethyl, and glycol, stearate
amides and other long-chain fatty acid amides, such as
N,N'-ethylene distearamide, stearamide MEA and DEA,
ethylene bistearamide, cocoamine oxide, long-chain fatty
alcohols, such as cetyl alcohol and stearyl alcohol, long-
chain esters such as myristyl myristate, beheny erucate, and
glyceryl phosphates. In a particular embodiment, the
HVLCM is acetylated sucrose distearate (Crodesta A-10).
Additional materials suitable for use as the HVLCM are
disclosed in US Patent Application Publication US 2004/
0101557 by Gibson et al.

[0086] The amount of HVLCM in a composition will
depend on the desired properties of a composition and the
solvent capacity of the chosen solvent. If the chosen solvent
has poor solvent capacity performance, then the actual
amount of solvent may be large, with a corresponding
reduction in the amount of HVL.CM in the composition. The
HVLCM is typically present in controlled delivery compo-
sitions in an amount ranging from about 10 wt % to about
99.5 wt %, such as from 25 wt % to 95 wt %, from 25 wt
% to 85 wt %, from 30 wt % to 60 wt %, and from 45 wt
% to 55 wt %, relative to the total weight of the composition.

[0087] The compositions can include one or more poly-
mer, such as a lactic-acid based polymer. The lactic-acid
based polymer is typically biodegradable and biocompat-
ible.

[0088] The lactic-acid based polymer can be used to alter
the release profile of the pharmaceutical active agent to be
delivered, to add integrity to the composition, or to other-
wise modity the properties of the composition.

[0089] An exemplary property of the composition is the
miscibility or solubility of the polymer in the composition
with the HVLCM. In situations where the polymer is not
miscible or soluble in the composition with the HVLCM,
phase separation of the polymer and the HVLCM may occur.
Once this occurs, it may be very difficult to remix the
polymer and the HVLCM, especially at the point of use.
Should improper remixing of the composition occur, it
might not release drug in a desired manner. Additionally, the
compositions might be difficult to administer. Accordingly,
compositions that have high miscibility or solubility of the
polymer in the composition with the HVL.CM are desirable.

[0090] The lactic-acid based polymer may be linear or
branched. The lactic acid-based polymer may be unsaturated
or saturated.

[0091] The lactic-acid based polymer may comprise a
homopolymer, i.e., poly(lactic acid), which includes poly-
lactide for purposes of the present disclosure.

[0092] Alternatively, the lactic acid-based polymer may
comprise a copolymer. In addition to lactic acid, the polymer
may also comprise repeat units of other suitable materials,
including but not limited to glycolic acid repeat units,
glycolide repeat units, polyethylene glycol repeat units,
caprolactone repeat units, valerolactone repeat units, and the
like.

[0093] For instance, the lactic acid-based polymer may
comprise poly(lactic acid)(glycolic acid), which includes
poly(lactide)(glycolide) for purposes of the present disclo-
sure.
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[0094] The poly(lactic acid)(glycolic acid) typically has a
lactic acid to glycolic acid molar ratio ranging from 100:0 to
40:60, such as from 95:5 to 60:40, 65:35 to 90:10, or 75:25
to 85:15. In some cases, the poly(lactic acid)(glycolic acid)
has a lactic acid to glycolic acid molar ratio greater than
65:35, such as greater than 70:30, or greater than 75:25.
Polymers with higher L:G ratio tend to be more compatible
with sucrose acetate isobutyrate and tend to provide longer
release profiles.

[0095] The lactic acid-based polymer typically has a
weight average molecular weight ranging from 1000 Dal-
tons to 30,000 Daltons, such as from 4000 Daltons to 15,000
Daltons, further such as from 7000 Daltons to 30,000
Daltons, even further such as 7000 Daltons to 15,000
Daltons, and as an even further example, from 5000 Daltons
to 10,000 Daltons. The weight average molecular weight
may be less than or equal to about 15,000 Daltons, such as
less than or equal to about 12,500 Daltons, or less than or
equal to about 10,000 Daltons. Polymers with lower molecu-
lar weight tend to be more miscible with sucrose acetate
isobutyrate and tend to provide shorter release profiles.
[0096] The lactic acid-based polymer may have an alkoxy
end group. For instance, the lactic acid-based polymer may
comprise an alkoxy end group that consists of 8 to 24
carbons, such as 12 carbons.

[0097] Initiators for the polymers include but are not
limited to diol initiators including 1,6-hexanediol, 1,2-pro-
panediol, 1,3-propanediol, 1,4-butanediol and the like; diol
initiators including difunctional polyethylene glycol)s
(PEGs); monofunctional alcohol initiators including 1-do-
decanol, methyl lactate, ethyl lactate and the like; mono-
functional PEGs including methoxy(polyethylene glycol)
(mPEG); and other initiators including water, glycolic acid,
lactic acid, citric acid, and the like. In some cases, the lactic
acid-based polymer is initiated with a member selected from
fatty alcohol and diol. For instance, the lactic-acid based
polymer may be initiated with 1,6-hexanediol or with dode-
canol.

[0098] Compositions including polymers initiated dode-
canol tend to provide a larger region of solubility than
compositions including the polymer initiated with 1-hexane-
diol. As a result, compositions including polymer initiated
with dodecanol, which results in a polymer having an alkoxy
end group (which consists of 12 carbons), can require less
solvent and/or can tend to be more resistant to phase
separation.

[0099] Surprisingly, compositions comprising polymers
comprising alkoxy end group and made from small drug
particles, e.g., median particle size, as measured by laser
diffraction, of 10 um or less, can have lower drug burst in
vivo relative to compositions using other polymers. For
example, compositions comprising dodecanol-initiated
PLGA and made from risperidone in the form of small
particles were shown to have a lower drug burst than
compositions based on hexanediol-initiated PLGA.

[0100] The lactic acid-based polymer is typically present
in an amount ranging from 1 wt % to 50 wt %, such as from
1 wt % to 45 wt %, from 5 wt % to 35 wt %, from 5 wt %
to 30 wt %, from 5 wt % to 25 wt %, from 10 wt % to 25
wt %, from 15 wt % to 45 wt %, or such as from 15 wt %
to about 35 wt %, based on total weight of the composition.
[0101] The compositions can include one or more organic
solvents. Solvents used in the practice of the present dis-
closure are typically biocompatible, polar, non-polar, hydro-
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philic, water miscible, water soluble, and/or non-toxic. In
some embodiments, the pharmaceutical active agent is
soluble in the solvent. The solvents used to inject the
disclosed compositions into animals should not cause sig-
nificant tissue irritation or necrosis at the site of implanta-
tion, unless irritation or necrosis is the desired effect.
[0102] The solvent is typically water miscible and/or
water soluble, so that it will diffuse into bodily fluids or other
aqueous environment, causing the composition to assume a
more viscous form. Certain solvents that are not water
miscible and/or not water soluble may also be used in the
practice of the disclosure.

[0103] The one or more solvents should be biocompatible,
which may eliminate some solvents from use in the dis-
closed compositions. In an embodiment, the one or more
solvents should be good solvents for both the polymer and
HVLCM.

[0104] The solvent may comprise at least one member
selected from N-methyl-pyrrolidone (NMP), dimethylsul-
foxide (DMSO), propylene carbonate (PC), benzyl alcohol
(BA), benzyl benzoate (BB), dimethylacetamide, caprylic/
capric triglyceride, polyoxyethylene ester of 12-hydrox-
ystearic acid, ethanol, ethyl lactate, glycofurol, propylene
glycol, acetone, methyl acetate, ethyl acetate, methyl ethyl
ketone, triacetin, dimethylformamide, tetrahydrofuran,
caprolactam, decylmethylsulfoxide, oleic acid, tocopherol,
linoleic acid, oleic acid, ricinoleic acid, pyrrolidone, diethyl
phthalate, isopropylidene glycerol, and 1-dodecylazacyclo-
heptan-2-one. In some cases, the solvent comprises at least
one member selected from N-methyl-pyrrolidone (NMP),
dimethylsulfoxide (DMSO), propylene carbonate (PC), ben-
zyl benzoate (BB), dimethylacetamide, caprylic/capric tri-
glyceride, polyoxyethylene ester of 12-hydroxystearic acid,
ethanol, ethyl lactate, glycofurol, propylene glycol, acetone,
methyl acetate, ethyl acetate, methyl ethyl ketone, triacetin,
dimethylformamide, tetrahydrofuran, caprolactam, decylm-
ethylsulfoxide, oleic acid, tocopherol, linoleic acid, oleic
acid, ricinoleic acid, pyrrolidone, diethyl phthalate, isopro-
pylidene glycerol, and 1-dodecylazacycloheptan-2-one. In
some cases, the solvent comprises N-methyl-pyrrolidone. In
other cases, the solvent comprises DMSO.

[0105] Instill other cases, the solvent comprises propylene
carbonate. Propylene carbonate improves the settling and
allows longer shelf life and storage at refrigerated conditions
of 2-8° C.

[0106] When SAIB is used as the HVLCM, the typical
solvents include ethanol, dimethylsulfoxide, ethyl lactate,
ethyl acetate, benzyl alcohol, triacetin, N-methylpyrroli-
done, propylene carbonate, and glycofurol. Particularly pre-
ferred solvents include ethanol, dimethylsulfoxide, ethyl
lactate, ethyl acetate, triacetin, N-methylpyrrolidone, pro-
pylene carbonate, and glycofurol. SAIB is not miscible with
glycerol, corn oil, peanut oil, 1,2-propanediol, polyethylene
glycol (PEG200), super refined sesame oil, and super refined
peanut oil. Accordingly, the latter group of solvents is not
preferred for use with SAIB.

[0107] In certain cases, the solvent is not an alcohol. For
instance, in some cases, the solvent is not ethanol. In other
cases, the solvent is not benzyl alcohol. Thus, the compo-
sition may be free of alcohol, ethanol, and/or benzyl alcohol.
[0108] The solvent typically has a solvent capacity of
greater than or equal to 25%, such as greater than or equal
to 20%, greater than or equal to about 15%, or greater than
or equal to about 10%.
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[0109] The solvent is typically present in an amount
ranging from 1 wt % to 60 wt %, such as from 1 wt % to 50
wt %, 1 wt % to 40 wt %, 5 wt % to 35 wt %, 5 wt % to 30
wt %, 10 wt % to 50 wt %, or 20 wt % to 40 wt %, based
on total weight of the composition. Minimizing total solvent
content of the compositions is generally biologically desir-
able. Increasing solvent content, however, can move a
HVLCM/linear polymer/solvent composition from phase
separation to single phase behavior.

[0110] In some embodiments, a weight ratio of the
HVLCM to the lactic acid-based polymer to the solvent
ranges from 1:0.066-1.3:0.3-1.7, such as 1:0.25-0.5:0.4-0.8.
[0111] In one embodiment of the disclosure, a composition
comprises 5 wt % to 20 wt %, based on total weight of the
composition, of particles comprising a pharmaceutical
active agent that is risperidone or a pharmaceutically accept-
able salt thereof, the particles having a median particle size,
as measured by laser diffraction, ranging from 0.5 microm-
eter to 7 micrometers; and the composition further com-
prises from 30 wt % to 60 wt %, based on total weight of the
composition, of sucrose acetate isobutyrate; from 5 wt % to
30 wt %, based on total weight of the composition, of a lactic
acid based-polymer that is poly(lactic acid)(glycolic acid)
comprising an alkoxy end group, the poly(lactic acid)(gly-
colic acid) having a lactic acid to glycolic acid molar ratio
ranging from 95:5 to 60:40, the poly(lactic acid)(glycolic
acid) having a weight average molecular weight ranging
from 4000 Daltons to 15,000 Daltons; and 10 wt % to 40 wt
%, based on total weight of the composition, of a solvent that
is at least one member selected from N-methyl-pyrrolidone,
propylene carbonate, and di methylsulfoxide.

[0112] A variety of additives can optionally be included in
the compositions to modify the properties of the composi-
tions as desired. The additives can be present in any amount
that is sufficient to impart the desired properties to the
compositions. The amount of additive used will in general
be a function of the nature of the additive and the effect to
be achieved, and can be easily determined by one of skill in
the art.

[0113] When present, additive(s) are typically present in
the compositions in an amount in the range from about 0.1
percent to about 20 percent by weight, relative to the total
weight of the composition, and more typically, is present in
the composition in an amount in the range from about 1, 2,
or 5 percent to about 10 percent by weight, relative to the
total weight of the composition. Certain additives, such as
buffers, may be present only in small amounts in the relative
to the total weight of the composition.

[0114] Another additive for use with the present compo-
sitions are non-biodegradable polymers. Non-limiting
examples of non-erodible polymers which can be used as
additives include: polyacrylates, ethylene-vinyl acetate
polymers, cellulose and cellulose derivatives, acyl substi-
tuted cellulose acetates and derivatives thereof, non-erodible
polyurethanes, polystyrenes, polyvinyl chloride, polyvinyl
fluoride, poly(vinyl imidazole), chlorosulphonated polyole-
fins, and polyethylene oxide.

[0115] Exemplary non-biodegradable polymers include
polyethylene, polyvinyl pyrrolidone, ethylene vinylacetate,
polyethylene glycol, cellulose acetate butyrate (“CAB”) and
cellulose acetate propionate (“CAP”).

[0116] A further class of additives which can be used in the
disclosed compositions are natural and synthetic oils and
fats. Oils derived from animals or from plant seeds of nuts
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typically include glycerides of the fatty acids, chiefly oleic,
palmitic, stearic, and linolenic. As a rule the more hydrogen
the molecule contains, the thicker the oil becomes.

[0117] Non-limiting examples of suitable natural and syn-
thetic oils include vegetable oil, peanut oil, medium chain
triglycerides, soybean oil, almond oil, olive oil, sesame oil,
peanut oil, fennel oil, camellia oil, corn oil, castor oil, cotton
seed oil, and soybean oil, either crude or refined, and
medium chain fatty acid triglycerides.

[0118] Fats are typically glyceryl esters of higher fatty
acids such as stearic and palmitic. Such esters and their
mixtures are solids at room temperatures and exhibit crys-
talline structure. Lard and tallow are examples. In general
oils and fats increase the hydrophobicity of the composition,
slowing degradation and water uptake.

[0119] Another class of additives which can be used in the
disclosed compositions comprise carbohydrates and carbo-
hydrate derivatives. Non-limiting examples of these com-
pounds include monosaccarides (simple sugars such as
fructose and its isomer glucose (dextrose); disaccharides
such as sucrose, maltose, cellobiose, and lactose; and poly-
saccarides.

[0120] Other additives, such as preservatives, stabilizers,
anti-oxidants, coloring agents, isotonic agents, humectants,
sequesterants, vitamins and vitamin precursors, surfactants
and the like, may be added as needed. Examples of preser-
vatives include paraben derivatives, such as methyl paraben
and propyl paraben. Examples of anti-oxidants include butyl
hydroxyanisole, butyl hydroxytoluene, propyl gallate, vita-
min E acetate, and purified hydroquinone. Humectants
include sorbitol. Sequesterants include citric acid.

[0121] Insome aspects, the composition may further com-
prise at least one member selected from viscosity enhancers,
antioxidants, preservatives, and particle stabilizers. For
instance, the composition may comprise at least one member
selected from ricinoleic acid, polyoxyethylene-polyoxypro-
pylene block copolymer, polyvinylpyrrolidone, polyethyele-
neglycol (e.g., PEG4000), and Cremophor EL® ethoxylated
castor oil which includes polyethylene glycol ether.

[0122] As noted above, an aspect of the compositions
according to the present disclosure is the miscibility or
solubility of the polymer in the composition with the
HVLCM. In situations where the polymer is not miscible or
soluble in the composition with the HVLCM, phase sepa-
ration of the polymer and the HVLCM in the composition
may occur. Once this occurs, it may be very difficult to remix
the polymer and the HVL.CM, especially at the point of use.
Should improper or no remixing occur, undesirably wide
variations in release performance might result. Accordingly,
compositions that have high miscibility or solubility of the
polymer in the composition with the HVL.CM are desirable.
[0123] The present compositions typically possess high
miscibility or solubility of the polymer in the composition
with the HVLCM. In one aspect of the disclosure, the
composition may comprise the HVLCM, the polymer, one
or more good solvents for the polymer, and one or more
good solvents for the HVLCM, with the resultant compo-
sition being a single phase.

[0124] Solubility and phase separation of various
HVLVM/linear polymer/solvent composition may be inves-
tigated by visual techniques well known to those skilled in
the art. For compositions with significant instability or
tendency to phase-separate, the linear polymer may absorb
solvent but remain as a separated, very viscous layer or
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phase in the composition. Other compositions might be
rendered into a uniform clear solution by sufficient heating
and mixing. However, when cooled to room temperature,
two clear liquid phases may form. Sometimes, the two clear
layers may not be easy to detect, thus requiring strong light
and a thorough inspection of the composition to discern the
boundary between the two phases. In a number of cases,
compositions may appear clear and uniform on initial cool-
ing to room temperature, but when left quiescent at room
temperature for a period of several days or greater, the
compositions may separate into two phases. For composi-
tions that are at the border of phase separation, the compo-
sition may turn cloudy and sometimes slowly separate into
two phases.

[0125] The HVLCM, the lactic acid-based polymer, and
the solvent are typically monophasic when stored at 25° C.
for a period of time, such as 7 days, for 1 month, for 24
months, or longer.

[0126] In one embodiment, the composition is monopha-
sic and comprises: from 25 wt % to 80 wt %, based on total
weight of the composition, of sucrose acetate isobutyrate; a
poly(lactic acid)(glycolic acid) comprising an alkoxy end
group wherein the alkoxy end group consists of 12 carbons,
the poly(lactic acid)(glycolic acid) having a lactic acid to
glycolic acid molar ratio of at least 70:30; and an organic
solvent that maintains the composition monophasic at 25° C.
and 1 atmosphere.

[0127] In another aspect of the disclosure, a method of
reducing phase separation comprises combining: a pharma-
ceutical active agent, a non-polymeric, non-water soluble
high viscosity liquid carrier material (HVLCM) having a
viscosity of at least 5000 cP at 37° C. that does not
crystallize neat at 25° C. and 1 atmosphere; a lactic acid-
based polymer; and an organic solvent.

[0128] In another aspect of the disclosure, a method of
reducing phase separation, comprises combining: a pharma-
ceutical active agent with a means for achieving the reduc-
tion of phase separation.

[0129] The composition typically has a viscosity of less
than 5000 cP, such as less than 3000 cP. For instance, the
viscosity may range from 50 cP to 2000 cP, such as 500 cP
to 1500 cP.

[0130] In one aspect, the composition comprises a phar-
maceutical active agent that is risperidone or a pharmaceu-
tically acceptable salt thereof; and means for extending a
release profile of the pharmaceutical active agent when the
composition is administered to a patient in need thereof.
[0131] Inanother aspect of the disclosure, the composition
comprises a pharmaceutical active agent that is risperidone
or a pharmaceutically acceptable salt thereof; and a non-
polymeric, non-water soluble high viscosity liquid carrier
material (HVLCM) having a viscosity of at least 5000 cP at
37° C. that does not crystallize neat at 25° C. and 1
atmosphere, a lactic acid-based polymer comprising an
alkoxy end group, and an organic solvent in a ratio sufficient
to maintain a therapeutically effective plasma concentration
of the risperidone or pharmaceutically acceptable salt
thereof for a period of at least 7 days when the composition
is administered parenterally to a patient. The period may be
at least 14 days, such as at least 21 days, at least 28 days, or
at least 84 days.

[0132] In another aspect, the composition comprises ris-
peridone or pharmaceutically acceptable salt thereof; and a
non-polymeric, non-water soluble high viscosity liquid car-
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rier material (HVLCM) having a viscosity of at least 5000
cP at 37° C. that does not crystallize neat at 25° C. and 1
atmosphere, a lactic acid-based polymer comprising an
alkoxy end group, and an organic solvent in a ratio such that
when the composition is administered parenterally, an
amount of pharmaceutical active agent released from the
composition provides an AUC(0 to 1 day) that is less than
20%, such as less than 15%, less than 10%, or less than 5%,
of AUC(0 to 28 days).

[0133] In yet another aspect, the composition comprises a
pharmaceutical active agent, wherein when the composition
is administered parenterally, an amount of pharmaceutical
active agent released from the composition at 4 weeks of
administration to a patient ranges from 20% to 100%, such
as 20% to 75%, 30% to 60%, or 40% to 50%, of a total
amount of the pharmaceutical active agent in the composi-
tion.

[0134] In one aspect of the disclosure, the composition
comprises a pharmaceutical active agent, wherein when the
composition is placed in phosphate buffered saline at 37° C.,
an amount of pharmaceutical active agent released from the
composition at 4 weeks of placement in the phosphate
buffered saline ranges from 20% to 100%, such as 30% to
90%, 40% to 80%, or 50% to 70%, of a total amount of the
pharmaceutical active agent in the composition.

[0135] In yet another aspect of the disclosure, the com-
position comprises a pharmaceutical active agent, wherein
when the composition is placed in phosphate buffered saline
at37° C., an amount of pharmaceutical active agent released
from the composition at 24 hours after placement in the
phosphate buffered saline is less than 20%, such as less than
15%, less than 10%, or less than 5%, of an amount released
at 28 days. Further, the amount of pharmaceutical active
agent released at 28 days after placement in the phosphate
buffered saline at 37° C. may be greater than 50%, such as
greater than 60%, or greater than 70%, of a total amount of
pharmaceutical active agent in the composition.

[0136] In another aspect of the disclosure, the composition
comprises a pharmaceutical active agent, wherein when the
composition is administered parenterally, an amount of
pharmaceutical active agent released from the composition
provides an AUC(0 to 1 day) that is less than 20%, such as
less than 15%, less than 10%, or less than 5%, of AUC(0 to
28 days).

[0137] In still another aspect, the composition comprises a
pharmaceutical active agent, wherein when the composition
is administered parenterally, an amount of pharmaceutical
active agent released from the composition provides an
AUC(0 to 1 day) that is less than 20%, such as less than
10%, or less than 5%, of AUCinf.

[0138] In one embodiment of the disclosure, a method of
improving reproducibility of a release profile, comprises
combining: a pharmaceutical active agent, a non-polymeric,
non-water soluble high viscosity liquid carrier material
(HVLCM) having a viscosity of at least 5000 cP at 37° C.
that does not crystallize neat at 25° C. and 1 atmosphere; a
lactic acid-based polymer; and an organic solvent.

[0139] In one aspect, the composition comprises a phar-
maceutical active agent that is risperidone or a pharmaceu-
tically acceptable salt thereof; and means for reducing
settling of the pharmaceutical active agent within the com-
position.

[0140] In another aspect, the composition comprises a
pharmaceutical active agent, wherein when 2 ml. of the
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composition is placed in an upright 2 mL vial for 10 months
at 5° C., a difference between top concentration and bottom
concentration divided by initial concentration is less than
35%, such as less than 15% or less than 10%. The top
concentration is concentration of pharmaceutical active
agent of the top 10% of the composition within the upright
2 mL vial after the 10 months storage. The bottom concen-
tration is concentration of pharmaceutical active agent of the
bottom 10% of the composition within the upright 2 ml. vial
after the 10 months storage. The initial concentration is
concentration of pharmaceutical active agent of the compo-
sition before the 10 months storage.

[0141] In one aspect, the composition is a unit dosage
form comprising from 0.01 mg to 500 mg, such as 1 mg to
250 mg or 10 mg to 100 mg of the pharmaceutical active
agent. The composition may be contained within a vial, a
syringe, a pre-filled syringe, an autoinjector, a needle-free
injector.

[0142] The composition may be contained within a recep-
tacle.
[0143] The compositions of the present disclosure may be

made by any of the various methods and techniques known
and available to those skilled in the art in view of the
directions supplied in this specification.

[0144] For instance, polymer (DD, PLGA) may be dis-
solved in propylene carbonate. SAIB may be added to the
mixture and allowed to dissolve and mix to make the vehicle
(SAIB/PC/PLGA). Risperidone powder (e.g., produced by
agitator bead milling and lyophilization) may then be added
to the vehicle, and the suspension may be mixed using a
homogenizer (or other suitable mixer).

[0145] In certain embodiments, first combine room tem-
perature solvent(s), room temperature polymer and HVLCM
heated to 80° C. Next, mix at 60-80° C. for a period of
several hours to overnight (8-16 hours) until the composition
is well-mixed. In other embodiments, dissolve the linear
polymer in all of the solvent(s). Add hot HVLCM (heated at
up to 80° C.). Then, mix at temperature of room temperature
to 80° C. for 1 hour to overnight (8-16 hours) until the
composition is well-mixed. In yet other embodiments, dis-
solve the linear polymer in some of the solvent(s). Mix the
remainder of the solvent(s) with the HVLCM. Add hot
HVLCM/solvent mixture (heated at up to 80° C.) to the
linear polymer/solvent(s) mixture. Then, mix at tempera-
tures that may range from room temperature to 80° C. for 1
hour to overnight (8-16 hours), until the composition is
well-mixed.

[0146] The compositions are typically prepared at tem-
peratures above room temperature. Once mixed, the com-
positions may be cooled back to room temperature and
initially observed for cloudiness (indication of incipient
phase separation), the presence of two liquid layers (usually
of low to moderate viscosity) or the presence of a viscous
layer underneath a less viscous layer. The compositions may
then be left at room temperature for a significant period
(usually one week or greater) and observed again for cloudi-
ness, separation into two layers of moderate viscosity or the
presence of a viscous layer.

[0147] A surprising result of the present disclosure is the
ability to obtain small particles comprising pharmaceutical
active agent, e.g., risperidone, via wet milling. In one aspect,
a process comprises wet milling a pharmaceutical active
agent in an aqueous solution at less than 20° C. to form a
milled pharmaceutical active agent; maintaining the milled
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pharmaceutical active agent at less than 5° C.; and lyophiliz-
ing the milled pharmaceutical active agent to form a
lyophilized pharmaceutical active agent having a median
particle size, as measured by laser diffraction, of less than 10
micrometers, such as less than 5 micrometers, less than 3
micrometers, or less than 2 micrometers.

[0148] In another aspect, a suspension is produced by wet
milling a pharmaceutical active agent in an aqueous solution
at less than 20° C. to form a milled pharmaceutical active
agent; maintaining the milled pharmaceutical active agent at
less than 5° C.; and lyophilizing the milled pharmaceutical
active agent to form a lyophilized pharmaceutical active
agent having a median particle size, as measured by laser
diffraction, of less than 10 micrometers, such as less than 5
micrometers, less than 3 micrometers, or less than 2
micrometers.

[0149] The composition may be gamma-irradiated to ster-
ilize the composition. After storage for 150 days at 37° C.,
the weight average molecular weight of the lactic acid-based
polymer of the gamma-irradiated composition is at least
90%, such as at least 95%, of the weight average molecular
weight of the lactic acid-based polymer of an otherwise
identical composition that is not gamma-irradiated before
being stored for 150 days at 37° C. The weight average
molecular weight of the lactic acid-based polymer of the
composition after storage for 150 days at 37° C. is typically
at least 50%, such as at least 60%, of the weight average
molecular weight of the lactic acid-based polymer immedi-
ately before gamma radiation. Thus, in one aspect of the
present disclosure a process of sterilizing a composition is
provided, which process comprises gamma-irradiating a
composition as defined elsewhere herein.

[0150] In some cases, the composition is stored at room
temperature (e.g., 25° C.). In other cases, the composition is
stored at 5° C. In still other cases, the composition is stored
at -=20° C.

[0151] Propylene carbonate improves the settling perfor-
mance of compositions and allows longer shelf life and
storage at refrigerated conditions of 2-8° C. when compared
with compositions incorporating only NMP as the solvent.
The results achieved with propylene carbonate are unex-
pected as the improvement is greater than would have been
predicted from density considerations, as discussed in more
detail below.

[0152] Propylene carbonate suspensions typically exhibit
improved, acceptable settling performance, partially
because PC has higher density than NMP. The higher density
vehicle is closer to the density of risperidone; therefore the
property helps to prevent the drug from settling. Another
reason is that risperidone has higher solubility in NMP than
in PC. Recrystallization and crystal growth may occur faster
in NMP containing compositions which results in increasing
particle size and settling rate with time.

[0153] Settling at low concentration of a spherical particle
in a Newtonian fluid is described by the Stokes settling
equation:

2% (p1 — p2)g
y= ——— =72
9n
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[0154] where:

[0155] v=settling velocity

[0156] r=particle radius

[0157] p, and p,=density of particle and fluid, respectively
[0158] g=acceleration due to gravity

[0159] m=viscosity of fluid

[0160] For samples in a centrifuge, the acceleration due to

gravity is replaced by the centripetal acceleration in the
centrifuge:

2% (1 = pp)w’ R
V= —mM8M8M8M—

9n
[0161] where:
[0162] w=angular velocity
[0163] R=centrifuge radius
[0164] The conditions for these equations are not strictly

obeyed in the experiments described in this disclosure, but
the equations can serve as a guide to expected behavior:

[0165] Larger particles (larger r) are expected to settle
more quickly.

[0166] The larger the density difference between the
particle and the fluid, the larger the expected settling
velocity. Differences in settling velocity are expected to
be proportional to overall differences in density.

[0167] The lower the viscosity of the fluid, the more
quickly the particles are expected to settle.

[0168] The magnitude of the improvement in settling
performance of propylene carbonate compositions was
unexpectedly greater than would have been expected from
theory.

[0169] While not being bound by hypotheses, this unex-
pected result may reflect a slower rate of particle size growth
during storage for the PC compositions. This does not
appear to be due to the actual solubility of risperidone in the
placebo vehicles, but might reflect the risperidone solubility
in the respective solvents.

[0170] The disclosed compositions may be administered
to subjects using conventional routes of administration, such
as injection. Effective amounts of biologically active sub-
stances may be incorporated into the disclosed compositions
s0 as to achieve a desired pharmacological effect.

[0171] Inone aspect of the disclosure, a method of admin-
istering a pharmaceutical active agent such as, but not
limited to, risperidone, paliperidone, or a combination
thereof, comprises administering an effective amount of the
composition. The composition typically comprises from 0.1
mg to 500 mg, such as 1 mg to 250 mg, 5 mg to 150 mg, or
25 mg to 150 mg, of the pharmaceutical active agent, such
as risperidone or a pharmaceutically acceptable salt thereof.
The composition may be administered on a regular basis,
e.g., twice weekly or once a month. The composition is
typically administered in an amount ranging from 0.05 mL
to 10 mL, such as 0.1 mL to 8 mL, or 1 mL to 5 mL.
[0172] In one aspect, the pharmaceutical active agent and
any metabolites thereof have a plasma level in the patient of
at least 1 ng/ml, such as at least 5 ng/ml., or at least 8
ng/ml,, at 28 days after administration. For instance, 9-OH
risperidone is an active metabolite of risperidone.

[0173] In another aspect, the median Cmax of the phar-
maceutical active agent ranges from 5 ng/mL to 300 ng/mlL.,
such as 5 to 100 ng/mL, 10 ng/mL to 70 ng/mL, or even 100
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ng/ml. to 200 ng/ml.. The median Cmax to Cmin ratio of the
pharmaceutical active agent, as measured over 28 days, 21
days, or 14 days after administration, typically ranges from
2 to 40, such as from 5 to 30, or 10 to 20.

[0174] An amount of pharmaceutical active agent deliv-
ered into plasma at 24 hours of subcutaneous administration
typically ranges from 0.5% to 50%, such as 0.5% to 20%,
0.5% to 15%, 1% to 10%, 2% to 5%, or even 20% to 50%,
of a total amount of the pharmaceutical active agent admin-
istered. An amount of pharmaceutical active agent delivered
into plasma at 4 weeks of subcutaneous administration
ranges from 20% to 100%, such as 20% to 75%, or 30% to
60%, of a total amount of the pharmaceutical active agent
administered. An amount of pharmaceutical active agent
delivered into plasma at 24 hours of subcutaneous admin-
istration divided by an amount of pharmaceutical active
agent delivered at 4 weeks of administration ranges from
0.05 to 0.2, such as 0.05 to 0.15, or 0.08 to 0.12.

[0175] The administering may be subcutaneous, intramus-
cular, parenteral, via a catheter, etc. The administration may
be accomplished via a needle and syringe, pump, patch-
pump, bolus injector, infusion, etc.

[0176] Inone aspect of the disclosure, a method of treating
at least one of schizophrenia and bipolar disorder comprises
administering an effective amount of a composition that
contains a pharmaceutical active agent that is an anti-
schizophrenia agent to a patient in need thereof. For
instance, the anti-schizophrenia agent may comprise at least
one of risperidone and paliperidone, or a pharmaceutically
acceptable salt thereof.

[0177] In one embodiment, the composition is contained
in a needle-free injector. In one embodiment, the needle-free
injector is Zogenix’s DosePro® Needle-free injector. FIG. 1
presents a longitudinal section through the DosePro®
needle-free injector internal drug storage and delivery com-
ponentry. In FIG. 1, the injection force is provided by a
compressed gas spring, which comprises a cylinder 1
enclosed at one end, and containing a gas, typically nitrogen,
typically at a pressure between 150 and 300 bar. Contained
within the cylinder is a ram 2. The end of the ram has a
frusto-conical, truncated cone—portion 3 and a flange 4.
There is a double o-ring seal 5 situated between the trun-
cated cone section 3 and the flange 4. Prior to triggering the
device, the ram 2 is held in the position illustrated in FIG.
1 by a latch 6 which sits in a groove in the dispensing
member. The upper surface of the groove forms a cam
surface 7. Consequently, there is force urging the latch to
move to the left. In the configuration shown in FIG. 1, the
latch is restricted from moving by the outer ring 8.

[0178] At the lower end of the cylinder 1, there is an
outwardly directed flange 9. The cylinder is held in place by
crimping the flange 9 to another outwardly directed flange
10 on the upper end on a coupling 11. The sleeve 8 consists
of an upper sleeve portion 12 within which the cylinder is
situated, and a lower sleeve portion 13. The lower sleeve
portion 13 is connected to the coupling 11 by inter-engaging
screw threads 14 formed on the inner and outer walls of the
lower sleeve portion 13 and the coupling respectively 11.
[0179] The injector has a cartridge 15 which contains the
medicament. In the cartridge there is a piston 16, slidingly
and sealingly located therein. The piston 16 may comprise a
cylindrical portion containing two larger diameter ribs, and
a frusto-conical portion. The piston 16 is in contact with the
medicament 17 and at the other end of the cartridge 15 there
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is a discharge orifice 18. Adjacent to the orifice 18 there is
an interface seal 19 contained within a seal carrier 20. The
interface seal 19 is required for filling the needle-free device
as described in PCT/GB9700889. A stopper 20a seals the
medicament into the capsule. Seal 19, seal carrier 20, and
stopper 20a, comprise the cap that must be removed prior to
delivery.

[0180] To place the device in the ready to deliver state, the
cap must be snapped off at the frangible joint 21. This
removes the seal 19 and exposes the orifice 18. The trigger
blocking mechanism 22, which prevents the medication
cartridge from moving back toward the upper sleeve portion
22, thereby preventing delivery, is removed. Finally, latch 6
must be moved from the first (safe) position, to the second
(ready to deliver) position.

[0181] The latch 6 is incorporated into a groove in the
dispensing member 2—not only does the groove have a cam
surface 7 but also a locking surface 27 which is perpendicu-
lar to the dispensing member axis and is located radially
inward of the cam surface 7. Additionally, to access the latch
6 there is an opening 28 in the upper sleeve 12, which prior
to triggering is aligned with the latch 6.

[0182] FIGS. 2a, b and c illustrate the operation of the
safety mechanism. When the latch and dispensing member
are initially assembled, the latch occupies the first (safe)
position, as shown in FIG. 2q. In this position, the dispens-
ing member-engaging latch portion 29 is acted on by the
locking surface 27. Frictional force ensures that the latch is
held rigid by the locking surface—typically the dispensing
member exerts a force of at least 100N.

[0183] The latch is placed in the second (ready to deliver)
position using a pin which fits through opening 28 to push
the latch in the direction of the arrow P into the position
shown in FIG. 24, (and in FIG. 1). In this position the
dispensing member engaging latch portion 29 is in contact
with the radially inner end of the cam surface 7.

[0184] To cause delivery, the orifice 18 is then placed
against the skin of the patient. Practically, this involves
holding the device by the upper sleeve 12 portion. The upper
sleeve 12 is then moved downwards with respect to the
lower sleeve 13, bringing aperture 25 in the wall of the upper
sleeve portion 8 into alignment with the latch 6. The latch
then moves to the left into the aperture 25, under the force
exerted on it by the cam surface 7 formed in the dispensing
member 3 into the position shown in FIG. 2¢. The injector
then delivers.

[0185] It is advantageous to have a mechanism that places
the device in the ready to deliver state in a simple motion or
motions. FIG. 3 illustrates one embodiment of the combined
needle-free injector plus means for disengaging the safety
mechanism 30. In this Figure, the means for disengaging the
safety mechanism consists of a cap 31 enclosing, and
holding rigidly, the seal carrier 20, a lever 32 and a collar 33.
The lever contains a lip 34 at the far end, over which the cap
31 is positioned. This ensures that the lever 32 cannot be
moved before the outer cap 31 is removed, which in turn
ensures that the user cannot move the latch or disengage the
safety mechanism until the cap has been removed. The lever
32 is pivoted around the pivot axis 35, with the pivoted
surface in contact with injector being a cam surface 36. The
force required to pivot lever 32 is in the range from about 2N
to about 30N. The collar 33 contains a pin 37 which extends
into the device through the opening 28 in the upper sleeve
12 to impinge on the far side of the latch 6. The force
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required to move the latch is in the range from about 20N to
about 120N. To stop the upper sleeve section 12 moving
with respect to the lower sleeve section 13, there are block
sections 38 between the upper and lower sleeves, which
form part of the collar 33.

[0186] To deliver the device contents, the cap 31 is
removed, exposing the injection orifice 18. With the outer
cap 31 removed, the lip 34 is exposed, enabling the lever 32
to rotate about the pivot axis 35. Only when the outer cap 31
is removed can the lever 32 be rotated. As the lever 32
rotates, the cam surface 36 forces the collar 33 to move in
the direction Q in FIG. 3, pushing the pin 37 against the latch
6. When the lever 32 has rotated through a complete cycle,
approximately 180 degrees, the latch 6 moves to the second
position, as shown in FIG. 24. The blocks 38 no longer
restrict the movement of the upper sleeve 12 with respect to
the lower sleeve 13 and the device can trigger as described
above. By integrating the cap 31 to the lever 32 with a
flexible joint at the tip 34, the mechanism can also be
configured to ensure that the user removes the stopper and
sets the safety in a single action.

[0187] In one aspect, a needle-free injector comprises a
composition comprising a pharmaceutical active agent. The
needle-free injector may further comprise a drug capsule.
The drug capsule may be transparent or partly transparent.
The drug capsule may be closed at one end by a piston. The
piston may comprise a polymer, such as a clear polymer and
such as polytetrafluoroethylene. Alternatively, the drug cap-
sule may comprise glass, such as borosilicate glass. The
glass may have undergone ion exchange strengthening. In
some cases, the transparent portion of the drug capsule does
not change color when gamma-irradiated.

[0188] In some cases, the drug capsule is prefilled. The
needle-free injector may be single use and disposable.

[0189] The drug capsule may comprise at least one injec-
tion orifice. The at least one injection orifice may be closed
during storage by a sealing element. The sealing element
may be held rigidly to the injection orifice by a seal carrier.
In some cases, the seal carrier must be removed prior to use.
The seal carrier may be connected to the drug capsule by at
least one element selected from: a frangible connection, a
screw connection, a bayonet connection, and a luer connec-
tion.

[0190] The needle-free injector may comprise a triggering
mechanism. The triggering mechanism may be activated by
pressing the at least one injection orifice against the target
injection surface. The needle-free injector may further com-
prise a safety mechanism that ensures that the device cannot
be actuated prematurely. The safety mechanism ensures that
the device cannot be actuated until after removal of the seal
carrier.

[0191] The needle-free injector may comprise a self-con-
tained energy source. The energy source comprises at least
one member selected from: a compressed mechanical
spring, a compressed gas, a pyrotechnic charge, and a
battery.

[0192] The needle-free injector may further comprise a
ram which upon activation of the triggering mechanism,
under the urging of the energy source traverses a gap and
subsequently strikes the piston, creating a pressure spike in
the composition. The urging of the energy source, the mass
of the ram, the length of the gap, the mechanical properties
of the piston, and the size of the orifice may be selected such
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that in use, more than 90% of injections inject more than
90% of the composition subcutaneously.

[0193] In one exemplary embodiment, the composition is
delivered using a needle-free injector. Needle-free injectors
are representative examples for the delivery of antipsychotic
active pharmaceutical ingredients for a number of reasons.
Psychotic patients may present for treatment in a highly
agitated state, and the sight of a needle, or the puncture of
the skin by a needle, may significantly increase this agita-
tion. The psychotic state and agitation may increase the
likelihood of the patient moving erratically during admin-
istration of the composition, increasing the risk of injury to
the patient, and also increasing the risk of injury and
exposure of the care giver to pathogens. Needle-free injec-
tors remove the requirements of sharps disposal, further
simplifying administration procedures and making them
safer.

[0194] In one aspect, the present disclosure comprises a
unit dosage form that may be prefilled, sterile, compatible
with gamma sterilization, single use disposable, an auto-
injector, may include a safety mechanism to prevent prema-
ture actuation, may include additional safety features to
prevent or reduce the incidence to needle stick injury,
including but not limited to needle shields, needle retraction
and needle-free injection, may be portable and include a self
contained power source, and may be disabled after use.

[0195] An exemplary embodiment of the needle-free
injector is prefilled, and portable with a self contained
energy source. This embodiment further simplifies the
administration, and allows a skilled care giver to give more
attention to the patient and spend less time preparing the
injection. This embodiment, and the removal of the require-
ment for sharps disposal, may also enable administration in
a home or residential or long term care facility setting by a
skilled care giver, family member, or the self administration
by the patient. For example, the preparation of and delivery
from a needle-free injector would require less than 10 steps,
such as less than 5 steps, and further such as 3 steps or fewer.
For example, one embodiment requires only three steps: The
removal of an orifice cap, actuation of a safety mechanism
actuator to place the device in the ready to deliver state, and
pressing the orifice against the desired injection site to
trigger. It may also be possible to combine the actions of
removal of an orifice cap and actuation of the safety mecha-
nism, further simplifying delivery.

[0196] Needle-free injectors can be used, for example, for
the delivery of elevated viscosity compositions, including
those of the current disclosure. Delivery of high viscosity
compositions by needle and syringe can be difficult due to
high required hand strength and long delivery times. These
problems often lead to the requirement for delivery via
infusion or bolus injectors. The long delivery times via
needle and syringe or infusion can be especially problematic
for the treatment of psychotic patients, who may present in
an agitated state. Needle-free injection can significantly
reduce delivery time, as the ratio of delivery orifice length
to lumen diameter, which is very small compared to needle
systems such as syringes or infusion systems, generally
reduces or avoids the development of viscous flow during
delivery, allowing the delivery of viscous compositions in
short times. This feature in combination with a self con-
tained energy source removes the requirement of high hand
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strength. The advantages of needle-free injection for high
viscosity compositions are described in U.S. Pat. No. 8,066,
661.

[0197] The combination of a sufficiently powerful source
of energy and low viscous losses in a needle-free injector
leads to very short delivery times, in general less than 0.5
seconds, such as less than 0.2 seconds, and further such as
about 0.1 seconds or less. These short delivery times are less
than human reaction times, and significantly reduce the
possibility of the patient moving during administration,
further improving safety to the patient and caregiver.
[0198] Compliance with prescribed treatment is an issue
with all treatment regimens, and can be particularly prob-
lematic in the treatment of psychotic patients. Combinations
of features of a delivery system, and particularly needle-free
injectors such as prefilled, single use, disposable, requiring
a minimized number of steps for preparation and delivery,
portability, a self contained power source, no requirement
for sharps disposal, removal of risk of needle stick injury,
short delivery times, low hand strength requirements, ability
for administration in a home or care facility, ability for self
administration, avoidance of premature actuation, and
removal of fear and agitation caused by needles. Those
features, alone or in combination, can work to increase
compliance.

[0199] Needle-free injectors are available using many
different types of energy, and the energy may be supplied by
the user, for example where a spring is manually compressed
and latched to temporarily store the energy until it is
required to “fire” the injector. Alternatively, the injector may
be supplied having the energy already stored—for instance
by means of a precompressed spring (mechanical or gas), or
pyrotechnic charge.

[0200] Some injectors are intended for disposal after a
single use, whereas others have a re-loadable energy storage
means and a disposable medicament cartridge, and there are
many combinations to suit particular applications and mar-
kets. For the purposes of the present disclosure, the term
“actuator” will be used to describe the energy storage and
release mechanism, whether or not it is combined with the
medicament cartridge. In all cases, it is necessary to arrange
for sufficient force at the end of the piston stroke to deliver
the entire medicament at the required pressure.

[0201] EP 0 063 341 and EP 0 063 342 disclose a
needle-free injector which includes a piston pump for expel-
ling the liquid to be injected, which is driven by a motor by
means of a pressure agent. The liquid container is mounted
laterally to the piston pump. The amount of liquid required
for an injection is sucked into the pump chamber by way of
an inlet passage and a flap check valve when the piston is
retracted. As soon as the piston is moved in the direction of
the nozzle body the liquid is urged through the outlet
passage to the nozzle and expelled. The piston of the piston
pump is a solid round piston.

[0202] EP 0 133 471 describes a needle-free vaccination
unit which is operated with carbon dioxide under pressure,
from a siphon cartridge by way of a special valve.

[0203] EP 0347 190 discloses a vacuum compressed gas
injector in which the depth of penetration of the injected
drug can be adjusted by means of the gas pressure and the
volume of the drug can be adjusted by way of the piston
stroke.

[0204] EP 0 427 457 discloses a needle-free hypodermic
syringe which is operated by means of compressed gas by
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way of a two-stage valve. The injection agent is disposed in
an ampoule which is fitted into a protective casing secured
to the injector housing. The ampoule is fitted on to the end
of the piston rod. Disposed at the other end of the ampoule
is the nozzle whose diameter decreases towards the end of
the ampoule.

[0205] WO 89/08469 discloses a needle-free injector for
one-off use. WO 92/08508 sets forth a needle-free injector
which is designed for three injections. The ampoule con-
taining the drug is screwed into one end of the drive unit,
with the piston rod being fitted into the open end of the
ampoule. At its one end, the ampoule contains the nozzle
through which the drug is expelled. A displaceable closure
plug is provided approximately at the center of the length of
the ampoule. The dose to be injected can be adjusted by
changing the depth of the ampoule. The piston rod which
projects from the drive unit after actuation of the injector is
pushed back by hand. Both units are operated with com-
pressed gas.

[0206] WO 93/03779 discloses a needle-free injector with
a two-part housing and a liquid container which is fitted
laterally to the unit. The drive spring for the piston is
stressed by means of a drive motor. The spring is released as
soon as the two parts of the housing are displaced relative to
each other by pressing the nozzle against the injection
location. Respective valves are provided in the intake pas-
sage for the liquid and in the outlet of the metering chamber.
[0207] WO 95/03844 discloses a further needle-free injec-
tor. It includes a liquid-filled cartridge which at one end
includes a nozzle through which the liquid is expelled. At the
other end the cartridge is closed by a cap-type piston which
can be pushed into the cartridge. A piston which is loaded by
a pre-stressed spring, after release of the spring, displaces
the cap-type piston into the cartridge by a predetermined
distance, with the amount of liquid to be injected being
expelled in that case. The spring is triggered as soon as the
nozzle is pressed sufficiently firmly against the injection
location. This injector is intended for one-off or repeated
use. The cartridge is arranged in front of the spring-loaded
piston and is a fixed component of the injector. The position
of the piston of the injector which is intended for a plurality
of'uses is displaced after each use by a distance in a direction
towards the nozzle. The piston and the drive spring cannot
be reset. The pre stressing of the spring is initially suffi-
ciently great to expel the entire amount of liquid in the
cartridge all at once. The spring can only be stressed again
if the injector is dismantled and the drive portion of the
injector assembled with a fresh, completely filled cartridge.
[0208] U.S. Pat. No. 5,891,086 describes a needle-free
injector, combining an actuator and a medicament cartridge.
The cartridge is pre-filled with a liquid to be injected in a
subject, and having a liquid outlet and a free piston in
contact with the liquid, the actuator comprising an impact
member urged by a spring and temporarily restrained by a
latch means, the impact member being movable in a first
direction under the force of the spring to first strike the free
piston and then to continue to move the piston in the first
direction to expel a dose of liquid through the liquid outlet,
the spring providing a built-in energy store and being
adapted to move from a higher energy state to a lower energy
state, but not vice versa. The actuator may comprise trigger
means to operate the said latch, and thus initiate the injec-
tion, only when a predetermined contact force is achieved
between the liquid outlet of the said cartridge and the
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subject. Further examples and improvements to this needle-
free injector are found in U.S. Pat. No. 6,620,135, U.S. Pat.
No. 6,554,818, U.S. Pat. No. 6,415,631, U.S. Pat. No.
6,409,032, U.S. Pat. No. 6,280,410, U.S. Pat. No. 6,258,059,
U.S. Pat. No. 6,251,091, U.S. Pat. No. 6,216,493, U.S. Pat.
No. 6,179,583, U.S. Pat. No. 6,174,304, U.S. Pat. No.
6,149,625, U.S. Pat. No. 6,135,979, U.S. Pat. No. 5,957,886,
U.S. Pat. No. 5,891,086, and U.S. Pat. No. 5,480,381.
[0209] U.S. Pat. No. 3,859,996, Mizzy, discloses a con-
trolled leak method to ensure that the injector orifice is
placed correctly at the required pressure on the subject’s
skin at the correct normal to the skin attitude. When place-
ment conditions are met, controlled leak is sealed off by
contact pressure on the subject’s skin, the pressure within
the injector control circuit rises until a pressure sensitive
pilot valve opens to admit high pressure gas to drive the
piston and inject the medicament.

[0210] WO Patent 82/02835, Cohen and Ep-A-347190,
Finger, discloses a method to improve the seal between the
orifice and the skin and prevent relative movement between
each. This method is to employ a vacuum device to suck the
epidermis directly and firmly onto the discharge orifice. The
discharge orifice is positioned normal to the skin surface in
order to suck the epidermis into the orifice. This method for
injection of the medicament into the skin and the injector
mechanism are different and do not apply to the present
disclosure because of its unique ampule design.

[0211] U.S. Pat. No. 3,859,996, Mizzy, discloses a pres-
sure sensitive sleeve on the injector which is placed on the
subject, whereby operation of the injector is prevented from
operating until the correct contact pressure between orifice
and the skin is achieved. The basic aim is to stretch the
epidermis over the discharge orifice and apply the pressur-
ized medicament at a rate which is higher than the epidermis
will deform away from the orifice.

[0212] U.S. Pat. No. 5,480,381, T. Weston, discloses a
means of pressuring the medicament at a sufficiently high
rate to pierce the epidermis before it has time to deform
away from the orifice. In addition, the device directly senses
that the pressure of the discharge orifice on the subject’s
epidermis is at a predetermined value to permit operation of
the injector. The device is based on a cam and cam follower
mechanism for mechanical sequencing, and contains a
chamber provided with a liquid outlet for expelling the
liquid, and an impact member, to dispell the liquid.

[0213] U.S. Pat. No. 5,891,086, T. Weston, describes a
needle-free injector embodiment that contains a chamber
that is pre-filled with a pressurized gas which exerts a
constant force on an impact member in order to strike
components of a cartridge and expulse a dose of medica-
ment. This device contains an adjustment knob which sets
the dose and the impact gap, and uses direct contact pressure
sensing to initiate the injection. In an exemplary embodi-
ment of the disclosure for the delivery of sustained release
risperidone and other active pharmaceutical ingredients, the
composition may be delivered using a needle-free injector
which is single use, disposable, portable, and has a self
contained energy source comprising compressed nitrogen
gas. The composition is factory prefilled in a borosilicate
glass capsule which is strengthened by ion exchange. The
glass capsule is sealed at the proximal end by a piston which
is comprised of polytetrafluoroethylene which has been
modified to improve its sealing properties. The glass capsule
comprises an injection orifice at the distal end which is
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sealed after filling and during storage by a seal which is held
in a seal carrier. The glass capsule is contained in a clear
plastic sleeve which is frangibly attached to the seal carrier.
The injector comprises a ram which comprises a pair of
o-rings that seal the compress gas chamber of the energy
source. Before actuation the ram is held in place against the
urging of the compressed gas by a latch. The latch has a safe
position, a ready position and a triggered position. The latch
is disposed in a slot in the ram which has a latch safe section
which is perpendicular to the ram axis, and a latch ready
section at a slope to the ram axis and functions as a cam. The
ram is separated from the piston by a gap, across which upon
triggering the ram flies under the urging of the compressed
gas, striking the piston. The injector comprised a safety
lever, which when rotated moves the latch from the safe to
the ready position and removes an additional blocking
element. The level and the seal carrier are configured to
ensure that the seal carrier must be removed prior to actu-
ating the latch. The injector is partially contained in a
housing. The housing comprises an aperture into which the
latch moves under the urging of the cam surface when the
device is actuated. The housing, after removal of the block-
ing element, is slidable relative to the internal components.
Disposed between the housing and the internal components
is a damping grease which prevents recoil of the internal
components when the injector is actuated. To deliver the
contents of the injector, first the seal carrier and seal is
removed. Then the lever is actuated. The orifice is pressed
against the desired injector site. This pressing causes the
housing to slide relative to the internal components, expos-
ing the latch to the aperture. The latch moves into the
aperture under the urging of the cam, freeing the ram and
triggering the device. Upon striking the piston, the ram
creates a pressure spike in the composition. This portion of
the delivery is the puncture phase, whereby composition
leaving the capsule through the orifice creates a hole in the
skin down to the subcutaneous layer. The ram then causes
piston, under the urging of the compressed gas, to move
through the capsule, expelling the remainder of the compo-
sition in a reduced pressure delivery phase. This embodi-
ment, improvements to this embodiment, methods of manu-
facture, and methods of treatment are described in U.S. Pat.
Nos. 5,891,086; 5,957,886; 6,135,979, 7,776.007; 7,901,
385; 8,267,903; 8,118,771; 8,241,243; 8,241,244; 8,287,
489; 8,343,130; 7,150,297, 6,251,091; 6,174,304; 6,681,
810; 6,280,410; 6,554,818; 6,620,135; 5,480,381; 7,231,
945; 7,320,346; and 8,066,661; and PCT applications PCT/

US2012/020654; PCT/US2011/051617, PCT/US2009/
002533; and PCT/US2007/001403.
[0214] The current disclosure describes various viscous

compositions that can be delivered using a needle-free
injector including the injector of U.S. Pat. No. 5,891,086 to
provide for subcutaneous (SC), intradermal (ID), intramus-
cular (IM) and other types of delivery.

[0215] In some cases, the compositions are phase stable
and/or require relatively low amounts of solvent. While not
wishing to be bound by theory, this result may achieved by
one or more of relatively low molecular weight polymer,
relatively high [:G ratio, and polymers having alkoxy end
groups. Compositions with reduced solvent are typically
beneficial as they are generally more biocompatible.
[0216] Studies conducted with the clinical composition
described in Example 14 comprising risperidone, along with
other compositions of similar chemical composition, indi-
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cate that the PK profile of SC risperidone-vehicle compo-
sition is consistently characterized by a sustained release of
risperidone with low initial burst/no dose dump, a gradual
decline in risperidone levels over time, and dose propor-
tionality. Initial burst is a common phenomenon to most
types of depot compositions and needs to be low enough
such that the maximum observed concentration (Cmax) and
the maximum exposure levels (i.e., area under the concen-
tration-time curve [AUC] from time zero to 24 hours
[AUCO0-24 hr] and maximum observed concentration
[Cmax]), do not exceed thresholds which result in adverse
events.

[0217] The compositions may be administered SC as a
once monthly administration and may lead to improved
patient compliance over short-acting oral tablets or biweekly
IM administration. Risperidone compositions may not
require oral dose supplementation because drug release
begins immediately upon injection, leading to a less com-
plicated initiation of product dosing and improved patient
compliance.

[0218] The present disclosure will be further illustrated by
way of the following Examples. These examples are non-
limiting and do not restrict the scope of the disclosure.
Unless stated otherwise, all percentages, parts, etc. presented
in the examples are by weight.

EXAMPLES

Example 1: Polymer Synthesis

[0219] This Example involves a representative polymer
synthesis.
[0220] DL-lactide (147.22 grams), glycolide (39.52

grams), and 1-dodecanol (13.25 grams) were added to a
500-mL, 3-neck round bottom flask. The flask was sealed
with a glass stopper, a gas joint with a stopcock, and a stirrer
bearing with a glass shaft and Teflon® paddle. The ambient
atmosphere was removed from the flask under vacuum and
the flask was back-filled with nitrogen gas. The flask was
placed in an oil batch at 155° C. and stirred under a positive
pressure of nitrogen gas. When the monomer and initiator
had melted, stannous 2-ethylhexanoate was added as a
solution in dry toluene. The amount of catalyst added was
approximately 0.016 wt %. The polymerization was allowed
to proceed for 3 hours. Next, the solid polymer was sub-
jected to vacuum to remove residual monomer for one hour.
Then the contents of the flask were discharged from the flask
onto a sheet of Teflon® film and allowed to cool. Once
cooled, the product was crushed to granular powder in a
stainless steel beaker and with a stainless steel pestle. The
resulting polymer had a weight average molecular weight
(Mw) (measured by GPC in tetrahydrofuran) of 7.7 kDa.

Example 2: Vehicle Formulations

[0221] This Example involves a representative method of
making a formulation comprising sucrose acetate isobu-
tyrate, polymer, and solvent.

[0222] Poly(lactic acid)(glycolic acid) (PLGA) was
removed from cold storage and allowed to warm to room
temperature. The polymer was weighed in a glass jar. Next,
N-methyl-pyrrolidone (NMP) was dispensed into the glass
jar. To dissolve the PLGA in the NMP, the mixture was
placed in a rotator and rotated at 20 rpm at room temperature
for about 12 hours.
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[0223] Sucrose acetate isobutyrate (SAIB) was heated to
80° C. for approximately an hour. The heated SAIB was
poured into the glass jar containing the PLGA and NMP. The
mixture was rotated in an oven at 50° C. at 20 rpm for about
2 hours. The jar was removed from the oven and allowed to
cool to room temperature.

Example 3: Effect of Polymer End Group

[0224] Phase compatibility studies were performed to gen-
erate a thermodynamic understanding of the formulation
variables and to inform formulation design. One of the
studies involved evaluation of the role of polymer end
groups and their impact on phase stability.

[0225] Several formulations were made to evaluate the
phase stability of formulations including various proportions
of sucrose acetate isobutyrate, N-methyl-pyrrolidone, and
poly(lactic acid)(glycolic acid). The poly(lactic acid)(gly-
colic add) was either initiated with dodecanol to yield a
polymer with a dodeoxy end group or initiated with
1-hexanediol to yield a polymer with alcohol end groups.
[0226] The solubilization of these formulations was
observed visually. The results are summarized in the ternary
phase diagrams depicted in FIGS. 4 to 6. FIGS. 4 and 5 are
phase diagrams for formulations including the polymer
initiated with 1-hexanediol. Specifically, open circles indi-
cate formulations that were monophasic, whereas solid
circles indicate formulations that phase separated. Informa-
tion on the meaning of the crosses in FIG. 4 was not readily
available. FIG. 6 is a phase diagram for formulations includ-
ing the polymer initiated with dodecanol.

[0227] Comparing FIGS. 4 to 6 shows that the formula-
tions including the polymer initiated dodecanol provided a
larger region of solubility than formulations including the
polymer initiated with 1-hexanediol. Thus, the polymer with
a dodeoxy end group provided a broader region of thermo-
dynamically stable, mono-phase compositions.

Example 4: Vehicle Formulations

[0228] Further vehicle examples were prepared. Informa-
tion relating to these examples is set forth in Table 1. Vehicle
Nos. 1-7 are taken from U.S. Published Application No.
2008/0287464. For purposes of clarity, not all examples
from the *464 application are included in the below Table 1.

[0229] Table 1 includes the following abbreviations:
[0230] SAIB: sucrose acetate isobutyrate

[0231] NMP: N-methyl-pyrrolidone

[0232] DMSO: dimethylsulfoxide

[0233] CremophorEL: Cremophor EL

[0234] Pluronic [.44: Pluronic 1.44

[0235] BB: benzyl benzoate

[0236] PC: propylene carbonate

[0237] DMA: dimethylacetamide

[0238] Solutol: Solutol® HS 15 polyoxyethylene esters of

12-hydroxystearic acid

[0239] PLGA: poly(lactic acid)(glycolic acid)

[0240] PLA: poly(lactic acid)

[0241] PLA R202H: Resomer 202H poly(lactic acid)
[0242] TerCGL: poly(caprolactone)(glycolic acid)(lactic
acid)

[0243] H2O: water

[0244] HD: 1-hexanediol

[0245] DD: dodecanol

[0246] LA: lactic acid

[0247] L:G: molar ratio of lactic acid to glycolic acid
[0248] L:G:C: molar ratio of lactic acid to glycolic acid to
caprolactone

[0249] C8: octanol

[0250] C16: 1-hexadecanol
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TABLE 1
PLGA or PLA or TerCGL
Vehicle L:Gor Mw  Solubility
No.  Vehicle Initiator L:G:C  (kDa) Behavior
1 SAIB/NMP/PLGA HD 65:35 5.3 Not soluble
(65/20/15)
2 SAIB/NMP/PLGA HD 65:35 5.3 Not soluble
(60/20/20)
3 SAIB/NMP/DMSO/PLGA HD 65:35 5.3 Separates long
(53.8/15.4/10.8/20.1) term
4 SAIB/NMP/DMSO/PLGA HD 65:35 5.3 Separates long
(54.9/15.0/9.8/20.1) term
5  SAIB/NMP/DMSO/PLGA HD 65:35 5.3 Separates long
(55/20/5/20) term
6  SAIB/NMP/BB/PLGA HD 65:35 5.3 Not soluble
(55/20/5/20)
7  SAIB/NMP/PLGA H20 50:50 5.3 Separates at
(70/25/5) RT & 37° C.
8  SAIB/NMP/PLGA DD 65:35 6.3 Monophasic
(55/25/20)
9  SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(45/25/30)
10  SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(60/20/20)
11  SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(55/20/25)
12 SAIB/NMP/DMSO/PLGA DD 65:35 6.5 Monophasic
(55/20/5/20)
13 SAIB/NMP/DMSO/PLGA DD 65:35 6.5 Monophasic
(55/15/10/20)
14  SAIB/NMP/DMSO/PLGA DD 65:35 6.5 Monophasic
(55/10/10/25)
15 SAIB/NMP/DMSO/PLGA DD 65:35 6.5 Monophasic
(55/15/5/25)
16  SAIB/NMP/PLGA DD 65:35 6.5 Hazy
(63.4/16.5/20)
17  SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(62/18/20)
18 SAIB/NMP/PLGA DD 65:35 6.5 Turbid
(64.2/15.8/20.0)
19 SAIB/NMP/CremophorEL/PLGA DD 65:35 6.5 Monophasic
(52.4/20.6/10.3/16.7)
20  SAIB/Ethyl acetate/PLGA DD 65:35 6.5 Monophasic
(54.7/24.7/21.1) (Hazy at 5° C.)
21 SAIB/NMP/PLGA/Pluronic L44 DD 65:35 6.5 Monophasic
(46.1/16.7/16.7/20.4)
22 SAIB/NMP/PLGA DD 75:25 6.5 Monophasic
(55/25/20)
23 SAIB/NMP/DMSO/PLGA DD 65:35 6.5 Monophasic
(55/15/7/23)
SAIB/BB/PLGA DD 65:35 6.5 Turbid
(55/25/20)
24 SAIB/BB/TerCGL DD 23:25:52 17 Monophasic
(55/25/20)
25 SAIB/BB/TerCGL DD 20:31:49  30.9 Turbid
(55/25/20)
26  SAIB/NMP/TerCGL DD 23:25:52 17 Monophasic
(55/25/20)
27  SAIB/NMP/TerCGL DD 20:31:49  30.9 Monophasic
(55/25/20)
28  SAIB/PC/PLGA DD 65:35 6.5 Monophasic
(55/25/20)
29  SAIB/NMP/BB/PLGA DD 65:35 6.5 Monophasic
(45/15/20/20)
30 SAIB/PC/PLGA DD 65:35 6.5 Monophasic
(50/30/20)
31  SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(50/30/20)
32  SAIB/NMP/PLGA DD 65:35 6.5 Turbid
(65/15/20)
33 SAIB/NMP/PLA R202H LA 100:0 14  Monophasic
(55/25/20)
34  SAIB/NMP/PLGA DD 65:35 6.3 Monophasic
(30/30/40)
35 SAIB/NMP/PLGA DD 75:25 6.5 Monophasic

(55/25/20)

May 25, 2017
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TABLE 1-continued

17

PLGA or PLA or TerCGL

Vehicle L:Gor Mw  Solubility
No.  Vehicle Initiator L:G:C  (kDa) Behavior
36  SAIB/NMP/PLGA/PLA R202H DD 75:25 6.5 Monophasic
(55/25/17.5/2.5) LA 100:0 14

37  SAIB/NMP/PLGA DD 75:25 14.2 Monophasic
(55/25/20)

38  SAIB/NMP/PLGA DD 85:15 7.7 Monophasic
(55/25/20)

39 SAIB/NMP/PLGA DD 85:15 13.9 Monophasic
(55/25/20)

40 SAIB/NMP/PLGA/PLA R202H DD 75:25 6.5 Monophasic
(55/25/15/5) LA 100:0 14

41 SAIB/NMP/PLGA/PLA R202H DD 75:25 6.5 Monophasic
(55/25/10/10) LA 100:0 14

42 SAIB/PC/PLGA DD 65:35 6.5 Monophasic
(44.1/36.3/19.6)

43 SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(55/25/20)

44 SAIB/NMP/PLGA DD 90:10 6.6 Monophasic
(55/25/20)

45 SAIB/NMP/PLGA/PLA R202H DD 85:15 7.7 Monophasic
(55/25/17.5/2.5) LA 100:0 14

46 SAIB/NMP/PLGA/PLA R202H DD 85:15 7.7 Monophasic
(55/25/15/5.0) LA 100:0 14

47  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(60/25/15)

48  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(52.5/27.5/20)

49 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 Monophasic
(50/20/10/20)

50 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 Monophasic
(50/25/5/20)

51  SAIB/NMP/DMSO/PLGA DD 75:25 5.9 Monophasic
(52/19/9/20)

52 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 Monophasic
(48/21/11/20)

53  SAIB/BB/PLA LA 100:0 15  Monophasic
(8/72/20)

54 SAIB/NMP/PLGA DD 75:25 8.6 Monophasic
(55/25/20)

55 SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(50/30/20)

56  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(52/28/20)

57  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(55/26/20)

58  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(48/32/20)

59 SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(49/31/20)

60  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(49.5/30.5/20)

61  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(51/29/20)

62 SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(50.5/29.5/20)

63  SAIB/NMP/DMSO/PLGA DD 75:25 6.9 Monophasic
(50/25/5/20)

64 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 Monophasic
(52/19/9/20)

65  SAIB/NMP/DMSO/PLGA DD 75:25 6.9 Monophasic
(50/20/10/20)

66  SAIB/NMP/DMSO/PLGA DD 75:25 6.9 Monophasic
(48/21/11/20)

67  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(55/25/20)

68  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(50/30/20)

69  SAIB/NMP/PLGA DD 75:25 6.9 Monophasic
(46/34/20)

70 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 Monophasic
(46/22.5/11.5/20)

71  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic

(46/34/20)

May 25, 2017
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TABLE 1-continued

18

PLGA or PLA or TerCGL

Vehicle L:Gor Mw  Solubility
No.  Vehicle Initiator L:G:C  (kDa) Behavior
72 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(46/22.5/11.5/20)
73 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(48/21/11/20)
74 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(51.5/30/18.5)
75 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(52/29/19)
76 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(53.5/27/19.5)
77 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(50/20/10/20)
78 SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(44/36.5/19.5)
79 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(45/35/20)
80 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(44/36/20)
81 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(40/40/20)
82 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(31/49/20)
83 SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(58/27/15)
84  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(55/28/17)
85  SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(44/37/19)
86 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(52/15/14/19)
87 SAIB/DMSO/PLGA DD 75:25 7.0 Monophasic
(45/35/20)
88  SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(50/15.5/14.5/20)
89  SAIB/NMP/DMSO/PLGA DD 75:25 7.0 Monophasic
(49.5/10/20.5/20)
90  SAIB/DMSO/PLGA DD 75:25 7.0 Monophasic
(48/32/20)
91 SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(38/42/20)
92 SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(34/46/20)
93 SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(28/52/20)
94 SAIB/DMA/PLGA DD 75:25 7.0 Monophasic
(50/30/20)
95 SAIB/NMP/PC/PLGA DD 75:25 7.0 Monophasic
(46/10/24/20)
96  SAIB/NMP/PC/PLGA DD 75:25 7.0 Monophasic
(48/20/12/20)
97 SAIB/DMA/PLGA DD 75:25 7.0 Monophasic
(56/24/20)
98 SAIB/DMA/PLGA DD 75:25 7.0 Monophasic
(55/25/20)
99  SAIB/DMA/PLGA DD 75:25 7.0 Monophasic
(54/26/20)
100  SAIB/NMP/Miglyol/PLGA DD 75:25 7.0 Monophasic
(49.5/29.5/1/20)
101  SAIB/NMP/Miglyol/PLGA DD 75:25 7.0 Monophasic
(47/28/5/20)
102 SAIB/NMP/Miglyol/PLGA DD 75:25 7.0 Monophasic
(44/26/10/20)
103 SAIB/NMP/Solutol/PLGA DD 75:25 7.0 Monophasic
(50/27/3/20)
104  SAIB/NMP/Solutol/PLGA DD 75:25 7.0 Monophasic
(50/24/6/20)
105 SAIB/NMP/Solutol/PLGA DD 75:25 7.0 Monophasic
(48/29/3/20)
106  SAIB/NMP/Solutol/PLGA DD 75:25 7.0 Monophasic
(46/28/6/20)
107  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic

(53/28/19)

May 25, 2017
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TABLE 1-continued
PLGA or PLA or TerCGL
Vehicle L:Gor Mw  Solubility
No.  Vehicle Initiator L:G:C  (kDa) Behavior
108  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(53.5/27.5/19)
109  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(54.5/27.5/18)
110 SAIB/NMP/PLGA DD 65:35 6.5 Monophasic
(54/26/20)
111  SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(37/43/20)
112 SAIB/PC/PLGA DD 75:25 7.0 Monophasic
(30/50/20)
113 SAIB/PC/DMSO/PLGA DD 75:25 7.0 Monophasic
(48/16/16/20)
114  SAIB/PC/DMSO/PLGA DD 75:25 7.0 Monophasic
(44/18/18/20)
115 SAIB/PC/DMSO/PLGA DD 75:25 7.0 Monophasic
(46/17/17/20)
116  SAIB/NMP/PLGA DD 75:25 7.0 Monophasic
(48/32/20)
117 SAIB/NMP/PLGA DD 90:10 6.6 Monophasic
(46/34/20)
118  SAIB/NMP/PLGA C8 65:35 5.4 Monophasic
(55/25/20)
119 SAIB/NMP/PLGA C16 65:35 5.8 Monophasic
(55/25/20)
120 SAIB/NMP/PLGA DD 90:10 6.6 Monophasic
(48/32/20)
121  SAIB/DMSO/PLGA C8 65:35 5.4 Turbid
(55/25/20)
122 SAIB/NMP/PLGA C8 65:35 5.4 Monophasic
(47/35/18)
123 SAIB/DMSO/PLGA C16 65:35 5.8 Monophasic
(55/25/20)
124  SAIB/PC/PLGA C8 65:35 5.4 Monophasic
(43/37/20)
125 SAIB/PC/PLGA C16 65:35 5.8 Monophasic
(43/37/20)
126  SAIB/NMP/PLA DD 100:0 13.9 Monophasic
(55/25/20)
Example 5: Olanzapine In Vitro Release from -continued
Formulations Comprising Various Polymers and
Solvents PLGA or PLA
[0251] As discussed in more detail below, this Example
was directed to comparing the olanzapine in vitro release Formulation Mw
behavior of formulations comprising olanzapine, sucrose No. Formulation Initiator L:G  (kDa)
acetate isobutyrate, various solvents (propylene carbonate,
benzyl benzoate, dimethylsulfoxide), and polymer (poly 03 SAIB/DMSO/PLGA/OLZ DD 6535 6.5
(lactic acid) or poly(lactic acid)(glycolic acid) with initiated (43/37/20)
with dodecanol (DD)).
[0252] Vehicle preparation was similar to that described in
representative Example 2 above. Olanzapine was added to [0254] Release rate from olanzapine was measured using

the vehicle followed by homogenization.
[0253] Specifically, the in vitro release behavior of the
following formulations was characterized.

PLGA or PLA
Formulation Mw
No. Formulation Initiator L:G  (kDa)
o1 SAIB/PC/PLGA/OLZ DD 65:35 6.5
(44/20/16/20)
02 SAIB/BB/PLGA/OLZ DD 65:35 6.5
(44/20/16/20)

two techniques. In a dialysis tubing technique, 0.5 mL
samples were placed in dialysis tubing in 100 mL PBS w/2%
SDS. The samples were moved to new media for each time
point (n=4). In the other technique, 0.5 mL samples were
placed in 1000 mL PBS w/2% SDS in a USP Apparatus 2
(n=2).

[0255] The release profiles from the formulations, as mea-
sured by the dialysis technique, are shown in FIG. 7. The
release profiles, as measured by the dialysis and USP
techniques, from formulations O1 and O3 are shown in
FIGS. 8 and 9, respectively. These FIGS. show olanzapine
release beyond 30 days.
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Example 6: Exenatide In Vitro Release from
Formulations Comprising Various Polymers and
Solvents

[0256] As discussed in more detail below, this Example
was directed to comparing the exenatide in vitro release
behavior of formulations comprising exenatide, sucrose
acetate isobutyrate, various solvents (N-methyl-pyrrolidone,
propylene carbonate, and dimethyl sulfoxide), and polymer
(poly(lactic acid)(glycolic acid) with different initiators such
as dodecanol (DD), 1-octanol (C8), and 1-hexadecanol
(C16).

[0257] Vehicle preparation was similar to that described in
representative Example 2 above. Exenatide was added to the
vehicle followed by mixing.

[0258] Specifically, the in vitro release behavior of the
following formulations was characterized.

PLGA Exenatide/
Formulation Mw  Formulation
No. Vehicle Initiator L:G (kDa) (mg/g)
El SAIB/NMP/PLGA DD 75:25 7.0 17.6
(50/30/20)
E2 SAIB/PC/PLGA C8 65:35 5.4 16.4
(43/37/20)

May 25, 2017
-continued
PLGA Exenatide/
Formulation Mw  Formulation
No. Vehicle Initiator L:G (kDa) (mg/g)
E3 SAIB/PC/PLGA Cl16 65:35 5.8 17.0
(43/37/20)
E4 SAIB/DMSO/PLGA C8 65:35 54 17.0
(47/35/18)
E5 SAIB/DMSO/PLGA C16 65:35 5.8 17.2
(55/25/20)
[0259] An aliquot (0.1 mL) of each composition was

placed in a 2 mL conical vial with 1 mL of Dulbecco’s
Phosphate Buffered Saline (PBS) at 37° C., which vial was
placed in an orbital shaker at 100 rpm (n=3). The release into
the PBS was monitored for up to 6 days.

[0260] The cumulative release profiles from the formula-
tions comprising propylene carbonate and dimethylsulfox-
ide are shown in FIGS. 10 and 11, respectively. These FIGS.
show exenatide release up to 150 hours. The cumulative
release profile from the formulation comprising N-methyl-
pyrrolidone is not shown because the exenatide degraded in
the formulation.

[0261] The below Table lists the potency (% recovery) of
exenatide depots at time 0.

Exenatide
weight % Recovery
(mg) by (Exenatide wt by

Formulation theoretical Exenatide = HPLC/Exenatide

Formulation Vehicle weight weight wt (mg) wt by theoretical
No. composition (mg) calculation by HPLC wt calculation)*100
E1A SAIB/NMP/PLGA 1104 1.943 2.158 111.1
E1B (Dodecanol 114.0 2.006 2.204 109.9
initiated) =
50/30/20
E2A SAIB/PC/PLGA 123.4 2.024 2.322 114.7
E2B (1-Octanol 121.1 1.986 2.210 111.3
initiated) =
43/37/20
E3A SAIB/PC/PLGA 116.4 1.979 2.255 114.0
E3B (1-Hexadecanol 122.8 2.088 2.370 113.5
initiated) =
43/37/20
E4A SAIB/DMSO/PLGA 1174 1.996 1.968 98.6
E4B (1-Octanol 114.4 1.945 2.047 105.2
initiated) =
47/35/18
ESA SAIB/DMSO/PLGA 114.1 1.963 1.263 64.3
E5B (1-Hexadecanol 119.1 2.049 2.049 723
E5C initiated) = 130.8 2.250 0.333 14.8
E5D 55/25/20 118.2 2.033 0.356 17.5

*Formulations ESC and ESD were stored at RT for 6 days prior to extraction. Exenatide formulation was not stable.
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[0262] The below Table lists the mass balance (the sum of
% cumulative release of exenatide and % exenatide left in
the depot after up to 6 days in the release medium) for all
five exenatide depots.

May 25, 2017

Pluronic F68 or Lutrol F68 was used as a milling additive
without any other additives, the weight ratio of risperidone
to F68 ranged from 95:5 to 70:30, unless otherwise indi-
cated.

Exenatide Exenatide Mass balance
weight wt (mg) % (% Cumulative
(mg) by left in the Remaining % release + %
Formulation  Formulation  weight  Depot by left in the Cumulative remaining left in
No. wt (mg)  calculation HPLC Depot release the depot)
E1C 113.4 1.996 * * * *
E1D 110.8 1.950 * * * *
E1E 111.2 1.957 * * * *
E2C 118.1 1.937 0.318 16.4 81.7 98.1
E2D 116.6 1.912 0.356 18.6 81.3 99.9
E2E 120.0 1.968 0.393 20.0 82.9 102.9
E3C 1229 2.089 1.806 86.4 13.8 110.2
E3D 120.8 2.054 0.643 31.3 27.3 58.6
E3E 123.0 2.091 1.841 88.1 18.1 106.2
E4C 118.5 2.015 0.204 10.1 91.5 101.6
E4D 117.8 2.003 0.651 325 59.4 91.9
E4E 117.9 2.004 0.974 48.6 51.9 100.5
ESE 111.9 1.925 0.643 33.4 65.1 98.5
ESF 105.6 1.816 1.373 75.6 23.6 99.2
E5G 110.4 1.899 0.898 47.3 25.6 72.9
* Exenatide degraded in formulation.
Example 7: Risperidone Formulations [0278] The jet milling process involved comminuting the

[0263] Various risperidone formulations, such as those
shown in Table 2, were prepared. Formulation Nos. R1 to R6
were solutions. Otherwise, the formulations were suspen-
sions of risperidone. In Table 2, the proportion of vehicle
components is shown in parts by weight, unless otherwise
indicated.

[0264] Table 2 shows that the risperidone particles used to
make the compositions were sometimes unmilled, but were
typically milled by wet milling or jet milling.

[0265] The wet milling process was conducted using a
standard agitator bead mill, such as Dynomil/MULTILAB
from WAB. Risperidone was added to water (pH may be
adjusted with ammonia solution as necessary) to form a
slurry. The slurry was introduced into an agitator bead mill
containing ceramic beads. The slurry was milled, with
temperature control to keep the slurry below 20° C., such as
about 15° C. Milling time in the wet milling equipment was
monitored to yield the desired particle size. The slurry was
then quickly transferred to a lyophilizer and lyophilized
using standard lyophilization cycles. Water and ammonia
were essentially removed during lyophilization. A an exem-
plary lyophilization cycle is shown below:

[0266] Freeze Cycle

[0267] Shelf Temperature Set Point: -30° C.
[0268] Duration: 180 mins (3 hrs)

[0269] Primary Drying

[0270] Shelf Temperature Set Point: —6° C.
[0271] Vacuum Set point: 700 mT

[0272] Duration: 1440 mins (24 hrs)

[0273] Secondary Drying

[0274] Shelf Temperature Set Point: 5° C.
[0275] Vacuum Set point: 100 mT

[0276] Duration: 1440 mins (24 hrs)

[0277] As shown in Table 2, aqueous wet milling was

sometimes performed in the presence of additives, the
proportion of which is shown in parts by weight. When

risperidone using a jet mill, e.g., using a Jet-O-Mizer jet
mill. Multiple passes through the jet mill were sometimes
used to achieve the desired reduction of the initial particle
size. Liquid nitrogen was at least typically used to assist in
the fracture of the particles during this milling process.
[0279] Before milling, the as received particles typically
had a median particle size, as measured by laser diffraction,
ranging from 10 um to 50 um, with some as received lots
having particles as large as 300 um. When particles were jet
milled, the resulting particles typically had a median particle
size, as measured by laser diffraction, ranging from 2 pm to
10 um. When particles were wet milled and lyophilized, the
resulting particles typically had a median particle size, as
measured by laser diffraction, ranging from 1 um to 10 pm.
[0280] Risperidone particles were combined with vehicle
using standard methods. For instance, the particles were
weighed in a glass jar. Vehicle was added. The mixture was
homogenized using a PowerGen 1000 homogenizer, e.g., set
at setting 2 to setting 4 for a total of 4-6 minutes.

[0281] Table 2 includes the following abbreviations:
[0282] RSP: risperidone

[0283] SAIB: sucrose acetate isobutyrate

[0284] NMP: N-methyl-pyrrolidone

[0285] DMSO: dimethylsulfoxide

[0286] CremophorEL: Cremophor EL

[0287] Pluronic [.44: Pluronic 1.44

[0288] BB: benzyl benzoate

[0289] PC: propylene carbonate

[0290] DMA: dimethylacetamide

[0291] Solutol: Solutol® HS 15 polyoxyethylene esters of

12-hydroxystearic acid

[0292] PLGA: poly(lactic acid)(glycolic acid)

[0293] PLA: poly(lactic acid)

[0294] PLA R202H: Resomer 202H poly(lactic acid)
[0295] DD: dodecanol

[0296] LA: lactic acid

[0297] L:G: molar ratio of lactic acid to glycolic acid
[0298] C8: octanol
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[0299] C16: 1-hexadecanol [0304] Tween 80: polyoxyethylene (20) sorbitan
[0300] PVP: Plasdone C-17 polyvinylpyrrolidone monooleate
[0301] F68: Lutrol F68 or Pluronic F68
[0302] - HPMC: h}./droxypropyl methylceliulose [0305] CMC: sodium caboxymethylcellulose
[0303] Tween 20: polyoxyethylene (20) sorbitan mono-
laurate [0306] DOC: deoxycholate
TABLE 2
PLGA or PLA
Form. Mw RSP RSP Milling
No. Vehicle Initiator L:G  (kDa) (wt %) Conditions
R1 SAIB/BA/EtOH/PLA R202H LA 1000 14 10 Not milled
(45/22.5/12.5/10)
R2 SAIB/BA/EtOH/PLA R202H LA 1000 14 10 Not milled
(35/22.5/12.5/20)
R3 SAIB/BA/EtOH/PLA R202H LA 1000 14 10 Not milled
(25/22.5/12.5/30)
R4 SAIB/BA/BB/PLA R202H LA 1000 14 10 Not milled
(40/20/10/20)
RS SAIB/BA/BB/PLA R202H LA 1000 14 10 Not milled
(40/25/5/20)
R6 SAIB/BA/BB/PLA R202H/RSP LA 1000 14 10 Not milled
(30/25/5/30/10)
R7 SAIB/NMP/PLGA HD 65:35 5.1 10 Jet milled
(55/25/20)
R7* SAIB/NMP/PLGA HD 65:35 5.1 10  Not milled
(55/25/20)
RS SAIB/DMSO/PLGA DD 65:35 63 10  Jet milled
50/22/18
R9 SAIB/DMSO/PLGA/PLA R202H DD 65:35 63 10  Jet milled
50/22/9/9 LA 1000 14
R10 SAIB/NMP/PLGA DD 65:35 63 10  Jet milled
(55/25/20)
R11 SAIB/NMP/PLGA DD 65:35 63  17.5 Jet milled
(55/25/20)
R12 SAIB/NMP/PLGA DD 65:35 65 10  Jet milled
(45/25/30)
R13 SAIB/NMP/PLGA DD 65:35 65  17.5 Jet milled
(45/25/30)
R14  SAIB/NMP/PLGA DD 65:35 65 10  Jet milled
(60/20/20)
RIS SAIB/NMP/DMSO/PLGA DD 65:35 65 10  Jet milled
(55/15/10/20)
R16 SAIB/NMP/PLGA DD 65:35 65  17.5 Jet milled
(60/20/20)
R17 SAIB/NMP/PLGA DD 65:35 63 9  Jetmilled
(55/25/20)
R18 SAIB/NMP/DMSO/PLGA DD 65:35 65 10  Jet milled
(55/15/5/25)
R19 SAIB/NMP/DMSO/PLGA DD 65:35 65 9 Jetmilled
(55/15/7/23)
R20 SAIB/NMP/DMSO/PLGA DD 65:35 65  17.5 Jet milled
(55/15/7/23)
R21 SAIB/PC/PLGA DD 65:35 65 9 Jetmilled
(55/25/20)
R22 SAIB/NMP/PLGA DD 65:35 63 9  Wetmilled in 1 wt
(55/25/20) % PEG4000
R23 SAIB/NMP/PLGA DD 65:35 63 9  Wetmilled in 1 wt
(55/25/20) % PVP
R24  SAIB/PC/PLGA DD 65:35 65 9 Jetmilled
(50/30/20)
R25 SAIB/NMP/PLGA DD 65:35 63 9  Notmilled
(55/25/20)
R26 SAIB/NMP/PLGA DD 65:35 63 5 Jetmilled
(55/25/20)
R27 SAIB/NMP/PLGA DD 65:35 63 25  Jetmilled
(55/25/20)
R28 SAIB/NMP/PLGA DD 65:35 63 35  Jetmilled
(55/25/20)
R29 SAIB/NMP/PLGA DD 65:35 63 9  Wetmilled in 10 wt
(55/25/20) % F68
R30 SAIB/NMP/PLGA DD 7525 65 9 Jet milled
(55/25/20)
R31 SAIB/NMP/PLGA DD 7525 65 9 Wet milled for

(55/25/20)

10 minutes
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TABLE 2-continued
PLGA or PLA
Form. Mw RSP RSP Milling
No. Vehicle Initiator L:G  (kDa) (wt %) Conditions
R32 SAIB/NMP/PLGA DD 75:25 6.5 9 Wet milled at
(55/25/20) slow rpm for 35
minutes
R33 SAIB/NMP/PLGA DD 75:25 6.5 9 Wet milled with
(55/25/20) 95 RSP:5 PVP
R34 SAIB/NMP/PLGA DD 75:25 6.5 9 Wet milled with
(55/25/20) 95 RSP:5
HPMC
R35 SAIB/NMP/PLGA DD 75:25 6.5 17.5  Wet milled for
(55/25/20) 10 minutes
R36 SAIB/NMP/PLGA DD 75:25 6.5 17.5  Wet milled at
(55/25/20) slow rpm for 35
minutes
R37 SAIB/NMP/PLGA DD 75:25 6.5 17.5  Wet milled with
(55/25/20) 95 RSP:5 PVP
R38 SAIB/NMP/PLGA DD 75:25 6.5 17.5  Wet milled
(55/25/20)
R39 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled for
(55/25/20) 10 minutes
R40 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled with
(55/25/20) 95 RSP:5 PVP
R41 SAIB/NMP/PLGA DD 75:25 6.9 9 Jet milled
(55/25/20)
R42 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled
(55/25/20)
R43 SAIB/NMP/PLGA/PLA R202H DD 85:15 7.7 9 Wet milled
(55/25/17.5/2.5) LA 100:0 14
R44 SAIB/NMP/PLGA DD 75:25 6.9 17.5  Wet milled
(52.5/27.5/20)
R45 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 9 Wet milled
(50/25/5/20)
R46 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 17.5  Wet milled
(50/25/5/20)
R47 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 9 Wet milled
(52/19/9/20)
R48 SAIB/NMP/DMSO/PLGA DD 75:25 5.9 17.5  Wet milled
(52/19/9/20)
R49 SAIB/NMP/PLGA DD 75:25 6.9 17.5  Wet milled with
(55/25/20) 95 RSP:5 PVP
R50 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled with
(55/25/20) Fo68
R51 SAIB/NMP/PLGA DD 75:25 6.9 17.5  Wet milled with
(55/25/20) Fo68
R52 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 8
(55/25/20) minutes
R53 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 12
(50/30/20) minutes
R54 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 12
(48/32/20) minutes
R55 SAIB/NMP/PLGA DD 75:25 6.9 17.5  Wet milled 12
(48/32/20) minutes
R56 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 12
(51/29/20) minutes
R57 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 12
(50.5/29.5/20) minutes
R58 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 9 Wet milled 12
(50/25/5/20) minutes
R59 SAIB/NMP/PLGA DD 75:25 6.9 9 Wet milled 12
(50/30/20) minutes
R60 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 9 Wet milled 12
(48/21/11/20) minutes
Ré61 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 12
(55/25/20) minutes
R62 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled
(55/25/20)
R63 SAIB/NMP/PLGA DD 75:25 7.0 9 Jet milled
(55/25/20)
R64 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 8
(55/25/20) minutes
R65 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 12
(50/30/20) minutes
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PLGA or PLA
Form. Mw RSP RSP Milling
No. Vehicle Initiator L:G  (kDa) (wt %) Conditions
R66 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled
(50/30/20)
R67 SAIB/NMP/PLGA DD 75:25 7.0 9 Jet milled
(50/30/20)
R68 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 9 Jet milled
(50/20/10/20)
R69 SAIB/NMP/DMSO/PLGA DD 75:25 6.9 9 Wet milled
(50/20/10/20)
R70 SAIB/NMP/PLGA DD 75:25 7.0 17.5  Wet milled
(46/34/20)
R71 SAIB/NMP/PLGA DD 75:25 7.0 17.5  Wet milled
(46/34/20)
R72 SAIB/NMP/PLGA DD 75:25 7.0 17.5 Wet milled with
(46/34/20) F68
R73 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 17.5  Wet milled
(46/22.5/11.5/20)
R74 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 36
(50/30/20) minutes
R75 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes
R76 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes with 95
RSP:5 PVP
R77 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 8
(50/30/20) minutes with 95
RSP:5 PVP
R78 SAIB/NMP/DMSO/PLGA DD 75:25 7.0 9 Wet milled 46
(50/20/10/20) minutes
R79 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(52/29/19) minutes
R8O 0.9 wt % paliperidone in DD 75:25 7.0 9 Wet milled 90
SAIB/NMP/PLGA minutes
(52/29/19)
R81 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes with
F68
R82 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes with 95
RSP:2.5 F68:2.5
Tween 80
R83 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(55/25/20) minutes
R84 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled with
(50/30/20) 95 RSP:5
CMC
R85 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes with 95
RSP:5 Tween
20
R86 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 46
(50/30/20) minutes with 95
RSP:2.5 PVP:2.5
DOC
R87 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 90
(50/30/20) minutes with
F68
R88 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 90
(50/30/20) minutes
R89 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled with
(50/30/20) 80 RSP:20
F68
R0 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled with
(50/30/20) 95 RSP:5
mannitol
RI1 SAIB/PC/PLGA DD 75:25 7.0 9 Wet milled 46
(44/36.5/19.5) minutes
R92 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled
(44/36/20)
R93 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled
(40/40/20)
R94 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled

(31/49/20)
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TABLE 2-continued
PLGA or PLA
Form. Mw RSP RSP Milling
No. Vehicle Initiator L:G  (kDa) (wt %) Conditions
R95 SAIB/NMP/PLGA DD 7525 7.0 10 Wet milled 46
(50/30/20) minutes
R96 SAIB/NMP/PLGA DD 7525 7.0 10 Wet milled with
(50/30/20) RSP:F68 95:5
R97 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled with
(50/30/20) RSP:F68 90:10
R98 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled with
(50/30/20) RSP:F68 80:20
R99 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled with
(52/29/19) Fo68
R100 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 46
(58/27/15) minutes
R101 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 46
(55/28/17) minutes
R102 SAIB/PC/PLGA DD 7525 7.0 9 Wet milled 46
(44/37/19) minutes
R103 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(50/15.5/14.5/20) minutes
R104 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(49.5/10/20.5/20) minutes
R105 SAIB/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(48/32/20) minutes
R106 SAIB/PC/PLGA DD 7525 7.0 9 Wet milled
(38/42/20)
R107 SAIB/PC/PLGA DD 7525 7.0 9 Wet milled
(34/46/20)
R108 SAIB/PC/PLGA DD 7525 7.0 9 Wet milled
(28/52/20)
R109 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(50/20/10/20) minutes
R110 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(50/20/10/20) minutes with
sucrose
R111 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 90
(50/20/10/20) minutes with
trehalose
R112 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 180
(50/20/10/20) minutes with 95
RSP:5 CMC
R113 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled with
(50/20/10/20) 95 RSP:2.5
CMC:2.5 F68
R114 SAIB/NMP/DMSO/PLGA DD 7525 7.0 9 Wet milled 180
(50/20/10/20) minutes with
Fo68
R115 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 130
(50/30/20) minutes
R116 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 130
(50/30/20) minutes with 95
RSP:5 arginine
R117 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 130
(50/30/20) minutes with 95
RSP:5 dextran
R118 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 130
(50/30/20) minutes with 95
RSP:2.5 PVP:2.5
DOC
R119 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 240
(50/30/20) minutes
R120 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 240
(50/30/20) minutes with
DOC
R121 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 240
(50/30/20) minutes with 95
RSP:2.5 DOC:2.5
Fo68
R122 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 240
(50/30/20) minutes with 95
RSP:2.5 PVP:2.5
DOC
R123 SAIB/NMP/PLGA DD 7525 7.0 9 Wet milled 240

(50/30/20)

minutes with 95
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TABLE 2-continued
PLGA or PLA
Form. Mw RSP RSP Milling
No. Vehicle Initiator L:G  (kDa) (wt %) Conditions
RSP:2.5 PVP:2.5
CMC
R124 SAIB/NMP/PLGA DD 75:25 7.0 9 Wet milled 90
(50/30/20) minutes with
Fo68
R125 SAIB/PC/PLGA DD 75:25 7.0 9 Wet milled 200
(44/37/19) minutes
R126 SAIB/NMP/PC/PLGA DD 75:25 7.0 9 Wet milled 90
(46/10/24/20) minutes
R127 SAIB/NMP/PC/PLGA DD 75:25 7.0 10 Wet milled 90
(48/20/12/20) minutes
R128 SAIB/DMA/PLGA DD 75:25 7.0 9 Wet milled 130
(56/24/20) minutes
R129 SAIB/NMP/Miglyol/PLGA DD 75:25 7.0 9 Wet milled 180
(49.5/29.5/1/20) minutes
R130 SAIB/NMP/Miglyol/PLGA DD 75:25 7.0 9 Wet milled 180
(47/28/5/20) minutes
R131 SAIB/PC/PLGA DD 75:25 7.0 9 Wet milled
(44/37/19)
R132 SAIB/NMP/PC/PLGA DD 75:25 7.0 9 Wet milled
(46/10/24/20)
R133 SAIB/NMP/PLGA DD 75:25 7.0 9 Jet milled
(54.5/27.5/18)
R134 SAIB/PC/PLGA DD 75:25 7.0 17.5  Wet milled
(37/43/20)
R135 SAIB/PC/PLGA DD 75:25 7.0 17.5  Wet milled
(30/50/20)
R136 SAIB/PC/DMSO/PLGA DD 75:25 7.0 9 Wet milled
(46/17/17/20)
R137 SAIB/NMP/PLGA DD 75:25 7.0 8.9 Wet milled
(50/30/20)
R138 SAIB/NMP/PLGA DD 75:25 7.0 17.5  Wet milled
(48/32/20)
R139 SAIB/NMP/PLGA Cc8 65:35 54 9 Wet milled
(55/25/20)
R140 SAIB/NMP/PLGA Cl16 65:35 5.8 9 Wet milled
(55/25/20)
R141 SAIB/NMP/PLA DD 100:0 13.9 9 Wet milled
(55/25/20)

Example 8: Settling in N-Methylpyrrolidone and
Propylene Carbonate Formulations

[0307] As discussed in more detail below, this Example
was directed to comparing the risperidone particle settling
behavior of suspension formulations based on N-methylpyr-
rolidone as compared with suspension formulations based
on propylene carbonate. Real-time settling was analyzed.

[0308] Formulation No. R66 consisted of SAIB/NMP/
PLGA/RSP in the following weight proportion: 45.5/27.3/
18.2/9.0. Formulation No. R131 consisted of SAIB/PC/
PLGA/RSP in the following weight proportions 40.0/33.7/
17.3/9.0. It should be noted that Formulation Nos. R66 and
R131 were formulated to yield approximately the same
viscosity (see below Table). However, to achieve similar
viscosities, more PC must be added to the vehicle, with a
corresponding decrease in SAIB (and a minor decrease in
PLGA).

Formulation No. 131
(PC formulation)

Formulation No. R66
(NMP formulation)

Placebo Vehicle
Composition

SAIB/NMP/PLGA:
50/30/20

SAIB/PC/PLGA:
44/37/19

-continued

Formulation No. 131
(PC formulation)

Formulation No. R66
(NMP formulation)

Placebo Vehicle 1.123 1.179
Density (gm/mL)
Viscosity of placebo 374 cP 372 cP

vehicle at 25° C.

Viscosity of placebo 2100-2300 cP 1750-1900 cP

vehicle at 5° C. @ 6-8s7! @ 6-8s7!
Risperidone solubility 9.2 mg/mL 7.4 mg/mL
in vehicle

Viscosity of formulation 656 cP 721 cP

at 25° C. (ie.,

with 9% RSP)

[0309] Starting RSP particle size (post milling &
lyophilization) for both Formulation No. R66 and Formu-
lation No. R131 was D(0.1)=0.63 pm, D(0.5)=1.99 um, and
D(0.9)=3.94 um.

[0310] Formulation Nos. R66 and R131 were gamma
irradiated at 15 kGy.

[0311] The below Table shows the real-time settling of
samples stored at the indicated conditions. About 2 ml of
each of the formulations was placed in tubes. After the
indicated storage times, 100 puL aliquots were removed from
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the very top, middle and bottom layer of the tubes and
weighed into 25 ml volumetric flasks. Samples were
extracted and assayed for the potency using HPLC.

[0312] The below Table, which is graphically summarized
in FIG. 12, shows the real time settling behavior of Formu-
lations No. R66 (NMP based) and Formulation No. R131
(PC based) at 5° C.

May 25, 2017

[0317] The concentration difference for real time settling
is relatively higher. As shown above in the second Table of
this Example, the difference in settling is 3.1% (bottom-top)
for Formulation No. R66 at 10 months at 5° C. versus 0.9%
(bottom-top) for Formulation No. R131 at 11 months at 5°
C.

[0318] In view of the above, the density difference is only
about 46%, but the concentration difference for real-time

% RSP Difference settling is close to 250%.
Storage Top- (Bottom —
Formulation Composition Condition Bottom Top)
Example 9: Risperidone In Vitro Release from
R66 SAIB/NMP/ 10 (post 9:00% 0 Formulations Comprising Various Polymers
PLGA/RSP iradiation) prising Y
45.5/27.3/ 6 months 8.8-8.9% 0.1%
18.2/9.0 @-20° C. [0319] As discussed in more detail below, this Example
10 months 8.8-8.8% 0 di d . he ri ‘d . . 1
@-20° C. was directed to comparing the risperidone 1n vitro release
3 months 8.9-9.3% 0.4% behavior of formulations comprising risperidone, sucrose
@>° C. acetate isobutyrate, N-methyl-pyrrolidone, and polymer
6 months 8.6-9.7% 1.1% A ty ’ . .y Py ’ . poly
@5° C. (poly(lactic acid)(glycolic acid) or poly(lactic acid)).
10 months 6.7-9.8% 3.1% . . . .
@s° C. [0320] Specifically, the in vitro release behavior of the
following formulations was characterized.
PLGA or PLA
Mw RSP RSP Milling
Formulation No.  Vehicle Initiator L:G (kDa) (wt%) Conditions
R139 SAIB/NMP/PLGA  C8 65:35 54 9 Wet milled
(55/25/20)
R140 SAIB/NMP/PLGA  Cl6 65:35 5.8 9 Wet milled
(55/25/20)
R141 SAIB/NMP/PLA DD 100:0 139 9 Wet milled
(55/25/20)
-continued [0321] An aliquot (0.5 mL) of each composition was
placed in 100 mL of phosphate buffered saline (PBS) at 37°
% RSP Difference C. with gentle stirring (n=4). The release into the PBS was
. ~ Storage Top- (Bottom — monitored for 13 days.
Formulation  Composition Condition Bottom Top) [0322] The cumulative release profiles are shown in FIGS.
R131 SAIB/PC/  TO (post 9.01% 0 13 to 15. In summary, Formulation Nos. R139 and R140
PLGA/RSP  irradiation) showed small initial bursts and sustained release for at least
0, 0, . . e
6@?:’2&5 8.9-9.3% 0.4% 13 days. Formulation No. R140 had a small initial burst and
11 months 03%-10.2%  0.9% then showed release of relatively small amounts of risperi-
@s° C. done. Thus, extended release of risperidone was observed
1 month 8.9%-9.2% 0.3% over a period of days to weeks.
@25° C.
%gfncﬂls 8.6%-11.8%  3.2% Example 10: Risperidone In Vivo Release in Rats
[0323] As discussed in more detail below, this Example
. . . was directed to in vivo release in rats of risperidone from
[0313]  The difference in the above-noted settling versus formulations comprising risperidone, sucrose acetate isobu-

the difference in vehicle density is notable. As shown in the
first Table of this Example, the viscosity of the placebo
vehicle for Formulation No. R66 at 5° C. is slightly higher
than the viscosity of the placebo vehicle for Formulation No.
R131 at 5° C. The density of risperidone is 1.30 g/mL. Thus,
the difference in density between risperidone and each of the
vehicles was:
[0314] p,-p2=1.30 g/mL-1.123 g/m[.=0.177 g/mL for
Formulation No. R66
[0315] p,-p,=1.30 gml.-1.179 g/ml.=0.121 g/mL for
Formulation No. R131
[0316] Thus, the density difference between the placebo
vehicles for Formulation Nos. R66 and R131 is about 46%.

tyrate, solvent (e.g., benzyl alcohol, ethanol, benzyl benzo-
ate, and N-methyl-pyrrolidone), and polymer (e.g., hexane-
diol-initiated poly(lactic acid) (PLA) and poly(lactic acid)
(glycolic acid) (PLGA)).

[0324] The PK of each of seven risperidone-vehicle for-
mulations, shown in the below Table, was evaluated in male
Sprague-Dawley rats (N=6/group) following SC adminis-
tration. The risperidone in the formulations of Groups 1-6
was in solution, whereas the risperidone in the formulation
of Group 7 was in suspension. A control group in which
risperidone was delivered by IV bolus administration was
also included for the purpose of determining SC bioavail-
ability.
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Formulation PLGA or PLA Dose
Formulation Composition Mw Dose  Volume
Group No. [wt %] Initiator L:G  (kDa) Route (uL)
1 Rl SAIB/BA/EtOH/PLA LA 100:0 14 SC 100
R202H/RSP
(45/22.5/12.5/10/10)
2 R2 SAIB/BA/EtOH/PLA LA 100:0 14 SC 100
R202H/RSP
(35/22.5/12.5/20/10)
3 R3 SAIB/BA/EtOH/PLA LA 100:0 14 SC 100
R202H/RSP
(25/22.5/12.5/30/10)
4 R4 SAIB/BA/BB/PLA LA 100:0 14 SC 100
R202H/RSP
(40/20/10/20/10)
5 RS SAIB/BA/BB/PLA LA 100:0 14 SC 100
R202H/RSP
(40/25/5/20/10)
6 R6 SAIB/BA/BB/PLA LA 100:0 14 SC 100
R202H/RSP
(30/25/5/30/10)
7 R7 10 wt % RSP in HD 65:35 5.1 SC 100
SAIB/NMP/PLGA
(55/25/20)
8 NA 04 mgmLRSPin  NA NA NA IV 300
pH 5.4 citrate buffer bolus
RSP = Risperidone
[0325] Blood samples were obtained at several intervals -continued
beginning on the day of dosing continuing up to Day 28. The
concentration of risperidone and 9-OH risperidone (a major Formulation PLGA Gamma
metabolite that is pharmacologically active) in rat plasma
samples was determined using an HPLC/MS/MS method. Formulation  Composition Mw  Radiation
[0326] The resulting PK profiles in rats are shown in No. [wt %] Iitiastor L:G (kDa)  (kGy)
FIGS. 16 to 18. FIG. 16 shows the mean risperidone PK
profiles. FIG. 17 shows the mean active moiety (risperi- R7 10 wt % RSP in HD 65:35 5.1 25
done+9-hydroxy risperidone) PK profiles. FIG. 18 shows the SAIB/NMP/PLGA
risperidone PK profile of individual rats from Group 7. (55/25/20)
[0327] The results from this study showed relatively large
initial release of drug/metabolite into the systemic circula-
tion after subcutaneous (SC) administration of risperidone- [0330] The molecular weight of the polymer was moni-

solution formulations in rats.

Example 11: Gamma Radiation Stability Study

[0328] As discussed in more detail below, this Example
was directed to evaluating the gamma radiation stability of
formulations with or without risperidone comprising sucrose
acetate isobutyrate, N-methyl-pyrrolidone, and hexanediol-
initiated poly(lactic acid)(glycolic acid).

[0329] Specifically, samples of the below formulations
were stored neat at 37° C., with or without being treated with
25 kGy of gamma irradiation.

Formulation PLGA Gamma
Formulation Composition Mw  Radiation
No. [wt %] Initiator L:G (kDa)  (kGy)
NA SAIB/NMP/PLGA HD 65:35 5.1 None
(55/25/20)
NA SAIB/NMP/PLGA HD 65:35 5.1 25
(55/25/20)
R7 10 wt % RSP in HD 65:35 5.1 None
SAIB/NMP/PLGA
(55/25/20)

tored for degradation. Results are shown in FIG. 19, which
shows that the presence or absence of risperidone affected
molecular weight more than gamma irradiation.

Example 12: Risperidone In Vivo Release in Rats

[0331] As discussed in more detail below, this Example
was directed to in vivo release in rats of risperidone from
formulations comprising risperidone, sucrose acetate isobu-
tyrate, solvent (N-methyl-pyrrolidone or dimethylsulfox-
ide), dodecanol-initiated poly(lactic acid)(glycolic acid),
and optionally poly(lactic acid).

[0332] The risperidone formulations were generally pre-
pared as described above. The risperidone particles were jet
milled.

[0333] The PK of each of three risperidone-vehicle for-
mulations, shown in the below Table, was evaluated in male
Sprague-Dawley rats (N=6/group) following SC adminis-
tration. The risperidone in each of these formulations was
milled. A control group in which risperidone was delivered
by IV bolus administration was also included for the purpose
of determining SC bioavailability.
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Formulation
Composition [wt %]
(nominal RSP Nominal ~ Nominal
particle size) (RSP PLGA or PLA RSP RSP Dose
Form.  solubility in Mw Dose Dose Dose Volume
Group No. vehicle) Initiator L:G  (kDa) Route (mg) (mg/kg) (uL)
1 R10 SAIB/NMP/PLGA/RSP DD 65:35 6.3 SC 17 49 150
50/22/18/10
(2-5 pm)
(8 mg/mL)
2 R8 SAIB/DMSO/PLGA/ DD 65:35 6.3 SC 17 49 150
RSP
50/22/18/10
(2-5 pm)
(6 mg/mL)
3 R9 SAIB/DMSO/PLGA/ DD 65:35 6.3 SC 17 49 150
PLA R202H/RSP LA 100:0 14
50/22/9/9/10
(2-5 pm)
(7 mg/mL)
4 NA 0.4 mg/mL RSP in NA NA NA IV 0.12 0.34 300
citrate buffer bolus
Nominal dose based on a 350 g rat
RSP = Risperidone
[0334] Blood samples were obtained at several intervals
beginning on the day of dosing continuing up to Day 28. The RSP 9-OH RSP
concentration of risperidone and 9-OH risperidone (a major Crmax Crmax
metabolite) in rat plasma samples was determined using an Group ng/mL Tmax ng/mL Tmax
HPLC/MS/MS method. 1 (49 mg/kg), SC 174 £ 50 0.04 days 81 £23  0.04 days
RSP in Citrate 512 £ 176 0.03 hr 50 £ 15 1.0 hr
Buffer pH 5;

[0335] The resulting PK profiles in rats are shown in
FIGS. 20 to 22. FIG. 20 shows the risperidone PK profiles.
FIG. 21 shows the active moiety (risperidone+9-hydroxy
risperidone) PK profile. The data indicate that a similar
kinetic profile exists for both parent drug and its active
metabolite. FIG. 22 shows the active moiety PK profile of
individual rats for Group 1.

[0336]
No. R10 indicated that risperidone was released into the

The PK profile in rats obtained with Formulation

systemic circulation in a slow and sustained manner over the
28-day post-administration blood sampling period. Plasma
levels of risperidone gradually declined following adminis-
tration and no evidence of dose dumping or large increases
in drug levels were observed. Similar profiles were noted
with other formulations tested in this study. Peak levels of
risperidone and 9-OH risperidone for Formulation No. R10
are compared with those for the IV bolus in the below Table.

(0.34 mg/kg), IV

C . data expressed as Mean + standard deviation;
T e data expressed as Median values

RSP = Risperidone

9-OH RSP = 9-hydroxy risperidone

[0337] Peak risperidone levels following a risperidone
dose of 49 mg/kg were approximately one-third of those
following a 0.34 mg/kg IV dose of risperidone.

[0338] The below Table summarizes exposure (AUC) and
bioavailability data for risperidone, 9-OH risperidone and
active moiety including that associated with initial burst
(AUC, 54 5,) and over 28 days following the administration
of Formulation No. R10. Exposure over the first 24 hours
was ~9.3% of the total AUC and plasma levels were
sustained over 21-28 days indicating a lack of dose dump-
ing. The data from this study provided additional informa-
tion that risperidone-vehicle formulations administered sub-
cutaneously were capable of providing for the sustained
release of risperidone without significant bursts of parent
drug. The extent of exposure over the initial 24 hours seen
in this study provided empirical proof that risperidone-
vehicle administered subcutaneously would not result in
high levels of risperidone and associated acute toxicity.
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AUCq 24 5/
AUCoo4 s  AUCqag4 AUCopg 4%
Tnax Coriax Tin (day- (day- 100
Analyte (days) (ng/mL) (days) ng/mL) ng/mL) (%)
RSP 0.04 =0 174 =50 659 £4.05 641 +£249 701 =189 93 +28
9-OH RSP 0.08 = 0.06 81 £23 5.64+308 389=x159 449 =+129 8.6=19
AM 0.04 =0 251 £ 68 641 £3.71 103 £40.7 1150 =305 9.0 24

Data expressed as Mean + standard deviation (Median + % co-efficient of variation values reported for T,,4)

RSP = Risperidone
9-OH RSP = 9-hydroxy risperidone
AM = Active Moiety

[0339] As shown in FIGS. 23 and 24, Formulation No.
R10 (milled drug, dodecanol-initiated PLLGA) resulted in
significantly less burst than Formulation No. R7 (milled
drug, hexanediol-initiated PLGA). Formulation No. R10
appears to have corrected the plasma level drop-off (after
240 hours) observed with Formulation No. R7 with milled
drug. FIG. 25 shows that Formulation No. R10 provides a
better AUC profile than observed with Formulation No. R7
with milled drug.

[0340] In a separate study, Formulation No. R7* (with as
received risperidone) was administered to rats. The resulting
PK profile of Formulation No. R7* (with unmilled risperi-
done) was similar to that of Formulation No. R10 through
504 hours (3 wks).

[0341] In summary, the results from this study demon-
strated that continuous and sustained release of risperidone
was achievable with subcutaneous administration of Formu-
lation No. R10 (dodecanol-initiated PLLGA) in rats in the
absence of an excessive initial release of drug/metabolite
into the systemic circulation.

Example 13: Risperidone In Vivo Release in Dogs

[0342] As discussed in more detail below, this Example
was directed to in vivo release in dogs of risperidone from
formulations comprising risperidone, sucrose acetate isobu-
tyrate, solvent, and dodecanol-initiated poly(lactic acid)
(glycolic acid) (L:G=75:25).

[0343] This single dose PK study in beagle dogs evaluated
four risperidone-vehicle formulations, shown in the below
Table.

[0344] The four formulations were each administered
once to separate groups of five male beagle dogs (animals
3-5.5 years of age and weighing 8.4-11.4 kg at study
initiation) subcutaneously (in the midscapular area) at a
nominal dose and dose volume of 53 mg and 0.5 mlL,
respectively. Another group of five males was dosed IV with
risperidone (0.6 mg total dose at a dose volume of 5 mL).
The formulations which were tested (and their components)
and the study design is provided in the below Table.

Formulation

Composition Nominal ~ Nominal

SAIB/NMP/PC/PLGA/RSP PLGA RSP RSP Dose
Form.  [wt %] (nominal RSP Mw Dose Dose Dose Volume

Group No. particle size) Initiator L:G (kDa) Route (mg) (mg/kg) (mL)

1 NA 0.12 mg/mL RSP in citrate NA NA NA IV 0.6 0.06 5
buffer bolus

2 Ré66 46/27/0/18/9 DD 75:25 7.0 SC 53 5.3 0.5
(0.5-2 pm)

3 RI31 40/0/34/17/9 DD 75:25 7.0 SC 52 5.2 0.5
(0.5-2 pm)

4 RI126  42/9/22/18/9 DD 75:25 7.0 SC 52 5.2 0.5
(0.5-2 pm)

5 RI133 50/25/0/16/9 DD 75:25 7.0 SC 52 5.2 0.5
(2-5 pm)

Nominal dose based on a 10 kg dog

Study report describes composition of vehicle into which, specified wt % of risperidone is dispersed.

RSP = risperidone

PC = propylene carbonate
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[0345] Each of the formulations was irradiated at 15 kGy.
The formulations were stable on irradiation and on storage.
The formulations had greater than 99% risperidone purity
after 6 months storage at 5 C. For Formulation No. R66,
PLGA molecular weight after 6 months storage at 5 C was
greater than 90% of initial molecular weight.

[0346] Blood was collected for the analyzed for risperi-
done and 9-OH risperidone levels in plasma, up to and
including 42 days after treatment. Clinical signs were
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[0349] A comparison of Group 2 (Formulation No. R66,
0.5-2 um) and Group 5 (Formulation No. R133, 2-5 pum)
demonstrated that for formulations with the same viscosity,
but different particle size (i.e., 0.5-2 pm vs. 2-5 um for
Groups 2 and 5, respectively), and slightly different com-
position, the risperidone PK profile was nearly identical
(FIG. 27).

[0350] A summary of the PK parameters obtained with
Formulation No. R66 is provided in the below Table.

AUCo 4 1/
AUC 55 4 %
o Tys  AUCgasn  AUCqss 4 100 Fy,
(ng/mL) (days) (day-ng/mL) (day-ng/mL) (%) (%)

Analyte T e (days)
RSP 0.142 = 0.056
9-OH RSP 8.6 =71
AM 10.6 £ 7.9

73.0 £ 54.5 7227 351349 431 =342 7418 114
158 £ 79.0 12395 941 £455 2329 +1023 4.0=03 NC
187 £97.2 102 +7.7 130786 2763 £1323 45=x0.6 97

Data expressed as Mean + standard deviation

Bioavalability vs. IV bolus
RSP = Risperidone

9-OH RSP = 9-hydroxy risperidone

AM = Active Moiety = RSP + 9-OH RSP

NC = Not Calculated

recorded daily and body weights recorded weekly starting
with the day of dosing (Day 0).

[0347] All animals in Groups 3 and 4 and the majority of
animals in Groups 1, 2 and 5 exhibited clinical signs
consistent with the pharmacological properties of risperi-
done on the day of dosing. The dosage administered to the
dogs was approximately 7-fold greater on a body weight
basis than the human dose used in the Phase I trial described
in Example 14, below. These observations included hypo-
activity, tremors that affected the front legs and/or the whole
body and hyperactivity, manifested by chewing the hard-
ware in the cage. Aside from one Group 3 and one Group 5
animal that exhibited similar clinical signs on Day 2, no
other test article-related clinical signs were observed. No
differences in body weight were seen amongst the different
groups. Mean body weights declined slightly in all groups
the first week of the study but remained stable or increased
back toward baseline levels thereafter.

[0348] Based on AUC values, the overall exposure of dogs
to risperidone and 9-OH risperidone during the 42-day
sample collection period appeared to be similar for animals
given the different risperidone-vehicle formulations. Ris-
peridone exhibited good bioavailability following SC
administration to dogs with Formulation No. R66. The PK
profile following the SC administration of Formulation No.
R66 was characterized by the slow and sustained release of
drug into plasma with levels declining over time and thera-
peutically active levels being maintained for 4 weeks (FIG.
26). Mean levels of risperidone and active moiety did not
exceed 181 ng/ml. and 350 ng/ml (average C,,,, for ris-
peridone and active moiety following 2 mg oral Risperdal
administration) respectively, for Formulation No. R66 indi-
cating drug burst/dumping did not occur.

[0351] In summary, the results of this study indicated that
Formulation No. R66 exhibited a PK profile consistent with
a low initial burst and no dose dumping and prolonged,
continuous, and sustained release into plasma.

Example 14: A Pilot, Open-Label,
Non-Randomized, Single Ascending Dose, Safety
and Pharmacokinetic Phase I Clinical Trial with
Injectable Risperidone-Vehicle and the DosePro®
Delivery System in Patients with Chronic, Stable
Schizophrenia or Schizoaffective Disorder

[0352] The primary objectives of this study were:

[0353] To assess the pharmacokinetic (PK) profile of a
risperidone-vehicle formulation administered as a
single subcutaneous (SC) injection via needle and
syringe or via the DosePro® needle-free Delivery
System administered at an equivalent dose.

[0354] To evaluate the safety and tolerability of a ris-
peridone-vehicle formulation administered as a single
SC injection or via the DosePro® needle-free delivery
system administered to the abdominal region.

[0355] This was an open-label, single ascending dose
(SAD), safety and PK study in patients with chronic, stable
schizophrenia or schizoaffective disorder. Forty patients
(male and female) with schizophrenia or schizoaffective
disorder on antipsychotic maintenance medication were
enrolled into three cohorts (10 patients per cohort).

[0356] The drug product was supplied in 2 mL glass vials,
containing a minimum of 1.0 ml of risperidone-vehicle
formulation. Each 1.0 mL drug product comprised 100 mg
of risperidone formulated with vehicle. The risperidone-
vehicle formulation (Formulation No. R137) was comprised
of the 8.9 wt % of risperidone formulated with inactive
ingredients SAIB, NMP, and PLGA-DD (L:G=75:25;
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Mw=7.0 kDa) at a weight ratio of 50/30/20. The storage
condition for the risperidone-vehicle formulation was —20°
C. and was administered at room temperature.

[0357] Patients were administered study drug as follows:

[0358] Cohort A—25 mg of risperidone-vehicle formu-
lation was administered as a SC injection of 0.25 mL.
(100 mg/ml. concentration) in the abdominal region.

[0359] Cohort B—50 mg of Risperidone-vehicle for-
mulation was administered as 0.5 mL (100 mg/ml.
concentration) via the DosePro® needle-free delivery
system in the abdominal region.

[0360] Cohort C—50 mg of risperidone-vehicle formu-
lation was administered as a SC injection of 0.5 mL
(100 mg/ml. concentration) in the abdominal region.

[0361] Single dose PK parameters for risperidone, 9-OH
risperidone, and active moiety were analyzed from the
concentration time data. The results from Cohort A are
shown in FIG. 28. The results from Cohort B are shown in
FIG. 29. The results from Cohort C are shown in FIG. 30.
Extended risperidone delivery was observed for periods
greater than 4 weeks.

[0362] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The description of the present disclosure
is intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art.

[0363] Having now fully described this disclosure, it will
be understood to those of ordinary skill in the art that the
methods of the present disclosure can be carried out with a
wide and equivalent range of conditions, formulations, and
other parameters without departing from the scope of the
disclosure or any embodiments thereof.

[0364] All patents and publications cited herein are hereby
fully incorporated by reference in their entirety. The citation
of'any publication is for its disclosure prior to the filing date
and should not be construed as an admission that such
publication is prior art or that the present disclosure is not
entitled to antedate such publication by virtue of prior acts
of invention.

What is claimed is:

1. A composition comprising:

5 wt % to 20 wt %, based on total weight of the
composition, of particles comprising pharmaceutical
active agent that is risperidone or pharmaceutically
acceptable salt thereof, the particles having a median
particle size, as measured by laser diffraction, ranging
from 0.5 micrometer to 7 micrometers;

30 wt % to 60 wt %, based on total weight of the
composition, of a non-polymeric, non-water soluble
high viscosity liquid carrier material (HVLCM) having
a viscosity of at least 5000 cP at 37° C. that does not
crystallize neat at 25° C. and 1 atmosphere, wherein the
HVLCM is sucrose acetate isobutyrate;
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5 wt % to 30 wt %, based on total weight of the
composition, of a lactic acid based-polymer that is
poly(lactic acid)(glycolic acid) comprising an alkoxy
end group, the poly(lactic acid)(glycolic acid) having a
lactic acid to glycolic acid molar ratio ranging from
95:5 to 60:40, the poly(lactic acid)(glycolic acid) hav-
ing a weight average molecular weight ranging from
4000 Daltons to 15,000 Daltons; and

10 wt % to 40 wt %, based on total weight of the
composition, of a solvent that is at least one member
selected from N-methyl-pyrrolidone, propylene car-
bonate, and dimethylsulfoxide.

2. The composition of claim 1, which is a gamma-

irradiated composition.

3. The composition of claim 1, wherein a weight ratio of
the HVLCM to the lactic acid-based polymer to the solvent
ranges from 1:0.25-0.5:0.4-0.8.

4. The composition of claim 1, wherein the composition
has a viscosity ranging from 50 cP to 2000 cP.

5. The composition of claim 1, wherein the alkoxy end
group consists of 8 to 24 carbons.

6. The composition of claim 5, wherein the alkoxy end
group consists of 12 carbons.

7. The composition of claim 5, wherein the lactic acid-
based polymer is initiated with a fatty alcohol.

8. The composition of claim 5, wherein the lactic-acid
based polymer is initiated with dodecanol.

9. The composition of claim 1, wherein the solvent
comprises N-methyl-pyrrolidone.

10. The composition of claim 1, wherein the solvent
comprises propylene carbonate.

11. The composition of claim 1, wherein the solvent
comprises dimethylsulfoxide.

12. The composition of claim 2, wherein the solvent
comprises N-methyl-pyrrolidone.

13. The composition of claim 2, wherein the solvent
comprises propylene carbonate.

14. The composition of claim 2, wherein the solvent
comprises dimethylsulfoxide.

15. The composition of claim 4, wherein the solvent
comprises N-methyl-pyrrolidone.

16. The composition of claim 4, wherein the solvent
comprises propylene carbonate.

17. The composition of claim 4, wherein the solvent
comprises dimethylsulfoxide.

18. The composition of claim 5, wherein the solvent
comprises N-methyl-pyrrolidone.

19. The composition of claim 5, wherein the solvent
comprises propylene carbonate.

20. The composition of claim 5, wherein the solvent
comprises dimethylsulfoxide.

#* #* #* #* #*



