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PHARMACEUTICAL FORMULATIONS FOR SUSTAINED RELEASE OF

SEBACOYL DINALBUPHINE ESTER

[001] This application is a continuation-in-part of U.8. Patent Application No.
14/723,0986, filed May 28, 2015, and also claims priority to U.8. Provisional
Application No. 62/255 805, filed November 16, 2015, These references are

incorporated herein by reference.
Field of the invention

[002] The present invention generally relates to pharmaceutical
compositions. More particularly, the present invention relates to extended release
formulations of nalbuphine ester prodrugs such as sebacoyl dinalbuphine ester

(*SDE").

Background of the invention

003]  Opioids have been widely regarded as the most effective drugs for the
treatment of pain, and the use of opioids in the management of acute severe pain and
chronic pain is considered the standard of care. Prescription opicids are available as
immediate-release (IR) or extended release (ER) formulations. Compared with IR
formulations, ER formulations allow a controlied release of the active agent to provide
a prolonged plasma drug level within the therapeutic window; ER formulations also
provide a lower maximum concentration {Cray), fewer peak-to-trough fluctuations,
and less frequent dosing (J Multidiscip Healthe. 2013, 6: 265-280). However, the
effective duration of most of the current market available extended release opioids is
less than 3 days. For exampile, nalbuphine is a short-acting drug with a duration of

action of 3-5 hours after being administered via intravenous (1V), subcutaneous {8C},
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or intramuscular (M) injection. As such, frequent injections or administrations of

nalbuphine are nesded for patients suffering from dramatic or long-lasting pain.

{0041 U.8. Pat. No. 8,197,344 discloses several controlled release
suspension formulations for subcufansous administration, each of which comprises
the opicid analgesic butorphanol in the form of microparticles having an average
particle size of from about § to 25 microns. i is staled that the suspension
formulations can be used to relieve pain for 12 0 24 hours. Furthermore, because the
particle sizes of butorphano! microparticles are {oo large, the suspensions are
considered not suitable for being administered by intramuscular injection or for being

steriiized by filtration.

{0087 U.S. Pat. No. 8,455 508 discloses an oil- and pH-controlied
buprenorphine-release formulation, which can be administered by subcutaneous or
intramuscular injection. The formulation is in the form of an emulsion and needs to be
prepared through several sterilizing procedures during its manufacturing process,

which is time-consuming and not cost effective in large scale production.

[008] U.S. Pat No. 6,225 321 discloses several extended release
formulations for intramuscudarly administrating nalbuphine ester prodrugs, e.g.,
sebacoy! dinalbuphine ester ("SDE"). The formulations are prepared by mixing the
nalbuphine ester prodrugs with therapeutically injectable cils and excipients (such as
methyl paraben, propy! paraben, BHA, BHT, cremophore EL, pluronic, solutol, or
span). it is stated that a single dose of the formulation could give an analgesic effect
maintained for 4 {o § days when the injection volume is 7.15 mL. However, 5 mlL was

reportad for adults as the maximum volume for a single inframuscular injection.
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Large-volume injections (3 mL or greater) are rarely administered clinically, and may

cause serious injection site irritation.

0077 U.S. Pat No. 8,703,398 discloses formulations for orally
administrating nalbuphine or nalbuphine ester. The oral formulations are prepared by
mixing nalbuphine or nalbuphine ester with an oily substance, and a
solubility-assisting agent. it is stated that the solubility-assisting agent is used fo
improve bioavailability and half-life of nalbuphine or naibuphine ester. However, the
apparent haif-life (t,) of nalbuphine from the oral formulation was only about 24
hours, and it would require the dosing interval of the oral formulation to be
approximately every 8 to 12 hours to exert efficacy. Such a dosing frequency is not
practical or desirable for patients suffering from long-term or severe pain, for exampile,

post-surgical pain.

[008]  Aithough the use of emulsion or oil-based vehicles in preparing
extended release formulations of opioids is not unknown, the complexity of
sterilization and the limited solubility of natbuphine ester prodrugs in oily substances
make it difficult to achieve extended release formulations which can release
nalbuphine ester prodrugs in a well-controlled manner, can be administered to
patients in a low injection volume, and can be prepared by a simple and cost-effective
method, applicable in industrial scale manufacturing. There is a need to prepare
extended release formulations with predetermined release periods by simple and cost

effective methods.

Brief summary of the invention
[009] The following presents a simplified summary of the invention in order

to provide the reader a basic understanding. This summary is not an exiensive
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overview of the invention. itis not intended to, and does not, delineate the scope of
the present invention. Rather, its sole purpose is to present some concepts disclosed
herein in a simplified form as a prelude {o the more detailed description thatis

presented later,

[010]  In one aspect, the present disclosure provides pharmaceutical
formulations each comprising a nalbuphine ester prodrug and a release-controlling
solution, wherein the formulations are suitable for administration by injection and
release the nalbuphine ester prodrug in an extended manner. in some embodiments,
the nalbuphine ester prodrug is homogenously dissolved in the release-controlling
solution. In some embodiments, the release-controlling solution comprises an

oil-miscible retaining solvent and a pharmaceutically acceptabie oil.

[011]  The present disclosure also provides pharmaceutical formulations
gach comprising the nalbuphine esler prodrug dissolved in the pharmaceutically
acceptable oil and the oil-miscible retaining solvent. In some embodiments, the
concentration of the nalbuphine ester prodrug in the formulation is greater than the
solubility of the nalbuphine ester prodrug when added to a mixture of the
pharmaceutically acceptable ofl and the oil-miscible refaining solvent. in some
embodiments, the weight ratio of the oil-miscible retaining solvent to the
pharmacseutically acceptable ¢il is equal to or greater than about 1.1:1. Such
pharmaceutical formulations may provide an extended release period of the

nalbuphine ester prodrug.

[012] The inveniors have discovered that by increasing the weight ratio of
the oil-miscible retaining solvent o the pharmaceutically acceptable oif (the “refaining

solvent/oil ratic”), the release period of the nalbuphine ester prodrug from the
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formulation may be extended. In some embodiments, the nalbuphine ester prodrug is
sebacoyl dinalbuphine ester (SDE). The pharmaceutically acceptable oil may be a
vegetable oil, for example, sesame oll, cotltonseed oil, castor ofl or a mixture thereof.
The oil-miscible retaining solvent may be benzyl benzoate, benzyl alcohol, or a
mixture therecf. In some embodiments, the pharmaceutically acceptable oil is

sesame oil and the ofi-miscible refaining solvent is benzyl benzoate.

1013}  In some embodiments, the solubility of the prodrug, e.g., SDE, inthe
oil-miscible retaining solvent is equal to or greater than about 100 mg/mb. For
example, the solubility of SDE in the oil-miscible retaining solvent may be equal to or

greater than 300 mg/mi.

[014] In some embodiments, the concentration of the prodrug, e.g., SDE, in
the formulation is equal to or greater than about 70 mg/mb. For example, the
concentration of SDE in the formulation may be about 70-300 mg/mi, 73-150 mg/mL,
or about 70-100 mg/mb. In some embodiments, the concentration of SDE in the

formulation is about 75 mg/ml or about 80 mg/mL.

[015]  In some embodiments, the retaining solvent/oll ratic is about 0.5 to
about 19, In some embodiments, the retaining solvent/oll ratio is equal to or greater
than 1.1:1. For exampie, the retaining solvent/oll ratio may be about 0.8-1.2:1, about
0.65-2:1, about 1-2:1, or about 1-3:1. In some embodiments, the retaining solvent/oil

ratic is sbout 1.12:1, about 1.18:1, about 0.65:1, about 2.1 or about 3:1.

[018]  In some embodiments, the concentration of SDE in the formulation is
about 70-80 mg/mL, and the weight ratio of benzy!t benzoate to sesame ofl is about
1.1-1.2:1. In one embodiment, the conceniration of SDE in the formulation is about 75

mg/mL, and the weight ratic of benzyl benzoate {0 sesame ofl is about 1.12:1. Inone

5
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embodiment, the concentration of SDE in the formulation is about 80 mg/mL, and the

weight ratio of benzyl benzoate {0 sesame il is about 1.18:1.

[017]  In some embodiments, the concentration of the nalbuphine ester
prodrug in the formulation is greater than the solubiiity of the nalbuphine ester
prodrug when added {o the mixture of the pharmaceutically acceptable oil and the
oil-miscible retaining solvent. For example, the nalbuphine ester prodrug may be SDE;
the pharmaceutically acceptable oll may be sesame olf and the oil-miscible retaining
solvent may be benzyl benzoate; the weight ratio of benzyl benzoate to sezame ol
may be about 0.8-1.2:1; and the concentration of SDE in the formulation may be

greater than about 70 mg/mL.

[018] In some embodiments, the weight ratio of the oil-miscible retaining
solvent to the pharmaceutically acceptable ofl is equal to or greater than about 1.1:1.
For example, the nalbuphine ester prodrug may be SDE; the pharmaceutically
acceptable ofl may be sesame oif and the oli-miscible retaining solvent may be benzyl
benzoate, the weight ratio of benzy! benzoate {o sesame ol may be about 1.4-3:1;
and the concentration of SDE in the formulation may be greater than about 70

mgimi.

[019]  In some embodiments, the formulation is an extended or sustained
release formulation. In some embodiments, the present formulation has a duration of
action of egual {0 or greater than about § days, or about 6 days. In some
embodiments, the present formulation has a release period of equal {o or greater than
about 10 days, about 12 days, or about 14 days. In some embodiments, the refaining
solventfoll ratic is greater than about 1, and the duration of action of the

pharmaceutical formulation is equal to or greater than about 5 days or about 8 days,
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andfor the release period of the pharmaceutical formulation is egqual to or greater than
about 10 days, about 12 days or about 14 days. In some embodiments, the retaining
solvent/oll ratio is less than about 1, and the duration of action of the pharmaceutical
formulation is less than about 8 days, and/or the release period of the pharmaceutical

formulation is less than about 14 days.

[020] The present formulations may be intramuscularly or subcutaneously
administered to a subject. In some embodiments, the present formulation is suitable

for administration by intramuscular injection,

{021}  In some embodiments, the formulation further comprises adding a

solubilizing agent and/or a neutralizing agent.

[022] In ancther aspect, the present invention provides a method for
preparing an extended release formulation comprising a nalbuphineg sster prodrug
with a predetermined releass period, comprising providing an cil-miscible retaining
soivent and a pharmaceutically acceptable oil, wherein the weight ratio of the
retaining solvent {o the oil is adjusied based on the predetermined release period;
and mixing the nalbuphine ester prodrug with the retaining solvent and the ol to give
a homogeneously dissolved solution. In some emboediments, the step of mixing the
prodrug with the retaining solvent and the oif comprises mixing the prodrug with the
oil-miscible retaining solvent to give a clear solution, and then mixing the clear
solution with the pharmaceutically acceptable oil. In some embodiments, the step of
mixing the prodrug with the retaining solvent and the oll comprises mixing the prodrug
with a mixture of the oil-miscible retaining solvent and the pharmaceutically

acceptable oil.

-~
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[023]  In some embodiments, the predetermined release period is equal to or
grealer than about 10 days, about 12 days or about 14 days, and the retaining
solvent/off ratic is adjusted to greater than about 1. For example, when a duration of
action of equal to or greater than about § or 8 days is intended for the present
formulation, the retaining solvent/oll ratio may be adjusted to greater than about 1.
When a duration of action of egual to or greater than about 5 or § days, andior a
release period of equal o or greater than 14 days, is intended for the present
formulation, the retaining solvent/oil ratic may be adjusted o greater than about 1. In
some embodiments, the predetermined release period s less than about 14 days,
and the retaining solvent/oll ratio can be adjusied fo less than about 1. In some
embodiments, when a duration of action of less than about 6 days, and/or a release
period of less than 14 days, is intended for the present formulation, the retaining

solvent/oll ratio can be adjusted to less than about 1.

{0241  The present invention also provides a method for preparing a
pharmaceutical formulation, comprising dissolving the nalbuphine ester prodrug in the
oil-miscible retaining solvent, and mixing the resulling solution with the
pharmaceutically acceptable ofl to give a homogenous solution, wherein the
formulation is suitable for administration by injection. In some embodiments, the
nalbuphine ester prodrug is dissolved in the formulation at a concentration greater
than the solubility of the nalbuphine ester prodrug when added {o a mixture of the

oil-miscible retaining solvent and the pharmaceutically acceptable oil.

{0251 In some embodiments, the nalbuphine ester prodrug is SDE. In some
embodiments, the solubility of the prodrug, e.g., SDE, in the oil-miscible retaining
solvent is equal to or greater than about 100 mg/mb. In some embodiments, the
concentration of the prodrug, e.g., SDE, in the formulation is greater than about 70

8
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mg/mb. In some embodiments, the pharmaceutically acceptable oll is soybean of,
peanut oil, sesame oil, or a mixture thereof, and the oli-miscible retaining solvent is
benzyl benzoate, benzyl alcohol, or a mixture thereof. For example, the oif may be
sesame oil and the retaining solvent may be benzyl benzoate. In some embodiments,
the weight ratio of benzyl benzoate {o sesame ol is about 0.8-1.2:1. In some
embodiments, the formuiation is suitable for administration by intramuscular or

subcutaneous injection.

[028] In some embodiments, the method can further comprise adding a

solubilizing agent and/or a neutralizing agent.

{0271  iIn some embodiments, the methods of the invention can further
include the step of filtering the resulting homogeneous solution with a bacteria proof

filter.

(028} In another aspect, the present invention provides a method of treating
pain, comprise administering a therapeutically effective amount of the pharmaceutical
formulation of the invention to a subject in need thereof. In some embodiments, the
formulation being administered substantially consists of SDE, sesame oil and benzy!
henzoate, wherein the weight ratio of benzyl benzoate {o sesame oil is about
0.8-1.2:1. In some embodiments, the concentration of SDE in the formulation being

administered is greater than about 70 mg/mi.

[029] Insome embodiments, the formulation is administered by
inframuscular injection. In some embodiments, the formulation is administered 6-36
hours prior to the onset of pain symptoms. In some embodiments, the onset of pain
symptoms is during or after a surgical operation on the subject. In some embodiments,

the formuiation is administered {o deliver a total dose of up to about 160 mg of SDE.

g
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[C30] ltis to be undersiood that the foregoing general description and the
following detailed description are exemplary and explanatory only, and are intended

to provide further, non-limiting explanation of the disclosure.

Brief description of the drawings
{031] Fig. 1A shows the accumulated dissolution profiles of R, AF3, AF1,

AF4, R2, and N7 formulations.

[032] Fig. 1B shows the accumuiated dissolution profiles of N8 and N9

formulations.

[033] Fig. 2 shows the accumulated dissolution profiles of AF3, AF1 and

AF4 formulations.

10341 Fig. 2 shows the plasma nalbuphine concentration in dogs after

intframuscular injection of AF3, AF1 and AF4 formulations (total dose: 180 mg/dog).

[035] Fig. 4 shows the log plasma nalbuphine concentration in dogs after

intramuscular injection of AF3, AF1 and AF4 formulations (fotal dose: 160 myg/ dog).

[036] Fig. b shows the cumulative relative fraction absorbed (CRFA)-time
profiles of nalbuphine in dogs after inframuscular injection of AF3, AF1 and AF4

formulations (total dose: 180 mg/ dog).

{0371 Fig. 6 shows the accumulated dissolution profiles of AF1 and F8

formulations,

[038] Fig. 7 shows the mean plasma concentration-time profile of

nalbuphine after human subjects received a single intramuscular injection of 17 mg

10
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Nubain® (Nalbuphine-HCl) or escalating doses (78, 100, 125, and 150 mg) of the F8

formulation.

[039] Fig. 8 shows the mean whole blood concentration-time profile of
nalbuphine afler human subjects received a single intramuscular injection of the F8

formulation (fotal dose: 150 mg/person).

{0407 Fig. @ shows the distribution statistics of the consumption of oral
ketorolac through 48 hours after hemorrhoid operation on subjects who received SDE

prior to surgery or on subjects who received placebo prior (o surgery.

[041]  Fig. 10 shows the plot of adjusted VAS scores over time through O hr

to 7 days after hemorrhoid operation of miTT population,

{042] Fig. 11 shows the saturated concentration/solubility of SDE in different

solvent systems containing different alky! alcohols.

[043] Fig. 12 shows the accumulated dissolution profiles of N1-N5

formuiations.

{0447 Fig. 13 shows the accumulated dissclution profiles of N5, N7 and N10

formulations.

[045]  Fig. 14 shows the accumulated dissolution profiles of AF1, N2, and F8

formuiations.

048] Fig. 15 shows the accumulated dissolution profiles of N2, N4, N13,

and N14 formulatlions.

11
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Detalled description of the invention

{0471 The following detailed description and exampies filustrate certain
embodiments of the present invention. Those of skill in the art will recognize that
there are numerous variations and modifications of this disclosure that are
encompassed by its scope. Accordingly, the description of certain embodiments

should not be deemed as limiting.

(048]  As used herein, the term "extended release” or a similar expression,
for example, "sustained release” means that an active pharmaceutical ingredient or
prodrug thereof may be continuously released from a drug formulation or
pharmaceutical formulation over an extended period of time after being administered
{e.g., 24 hours or longer, such as equal to or greater than 3 days, equal {0 or greater
than 5 days, equal to or greater than 6 days, squal {0 or greater than 7 days, or egual
to or greater than 14 days from dosing}. Cther related terms include "released in a

sustained manner.”

[048] As used herein, the term "release period” means a period of time
during which an actlive ingradient or prodrug thereof is available for absorption and

pharmacological effect (e.g., 1o treatl pain) after administration.

{050]  As used herein, the term "duration of action” means the length of time
an active ingredient or prodrug thereof exhibils a desired pharmacoiogic sffect, e.q.,
an anaigesic effect, after administration. This is determined by the amount of time

drug concentration is al or above a minimum effective concentration.

[051]  As used herein, the term "pharmaceutically acceptable oll” refers to an
oil that may be used to prepare pharmaceutical formulations containing an active

ingredient, without the oil causing an unacceptable adverse effect. As used herein,

12



WO 2016/189393 PCT/IB2016/000857

the term "therapeutically injectable oil” refers to an oil that can he used to prepare
pharmaceutical formulations containing an active ingredient, and the formulations
later can be injected into a patient for clinical or therapeutic use, without the oil

causing an unacceptable adverse effect. Thus, a “pharmaceutically acceptable oif”

may also refer to a “therapeutically injsctable oil”

[052]  As used herein, the term “release-controlling solution” refers to a
solution that may be used to regulate or control the release rate or release period of

an active ingredient or prodrug thereof from a formulation.

053]  As used herein, the term “oll-miscible retaining solvent” refers to an
organic sclvent that is miscible with oll and may be used to slow the release of an
active ingredient or prodrug thereof in a formulation so as to modify the rate of drug
delivery or io modify the solubility of the drug in the pharmaceutically acceptable oil.
Dissolving the drug or pro-drug thereof in the oit-miscible retaining solvent before the
pharmaceutically accepiable oil is added may allow for a concentration of drug or
prodrug thereof in the formulation that is higher than the solubility of the drug or

prodrug when it is added to a pre-made mixture of the oil and the retaining solvent.

[054]  As used herein, the term “solubilizing agent” means a substance that
may be used to increase the solubility of an active ingredient or prodrug thereofin a

fiquid formulation, and is miscibie with the liquid formulation.

[055]  As used herein, the term "neutralizing agent” means a substance that
may be used to neutralize an acid generated during or after administration of a drug

formuiation.

13
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0561  As used herein, the word "dissolve” {(2.g., as in fully dissclve) or
‘dissolved” means that a non-agueocus substance {(e.g., a solid) becomes or causes

o become incorporated into a liquid so as to form a homogeneous solution.

{0571  As used herein, the term “homogencusly dissolved” means that a
non-liquid (e.g., a solid or amorphous) compound is completely dissolved in a solvent,
or a solvent system or mixture, (o give a homogenous solution which, for example,

does not contain particles or precipitates of the compound to be dissolved.

[058] As used herein, the terms “suitable for injection” or “suitable for
administration by injection” mean that a pharmaceutical composition is in such a form
or stale that makes it clinically possible or ideal for administration by injection, e.9.,

subcutaneous injection, intravenocus injection, or intramuscular injection.

[059]  As used herein, the term "solubility” means the maximum amount of a
solute (2.g., an active ingredient or a prodrug thereof) that can be dissolved in a given
amount of a solvent at a particular temperature. Unless otherwise specified, the
solubilities presentad herein are at room temperature (e.q., 25-28 °C). The term
‘saturated concentration” refers {0 the concentration at which no more of a solute will
dissolve in a sclvent and additional amounts of solute will appear as a separate

phase (e.g., as a precipitate).

n oo«

[080]  As used herein, the singuiar forms "8, "and”, and "the” are used

herein to include plural referents unless the context clearly dictates otherwise.

[061] As used herein, the term “gboul” means within an acceptable standard
error of the mean when considerad by one of ordinary skill in the art. Other than in the

operating/working examples, or unless otherwise expressly specified, all of the

14
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numerical ranges, amounts, values, and percentages such as those for quantities of
materials, durations of times, temperatures, operating conditions, ratios of amounts,
or reflection angles disclosed herein should be understood as modified in all
instances by the term “about” In the context of the retaining solvent/oll ratio, of the
concentration of nalbuphine ester prodrug, or of time, for example, the amount of time
for each step of the disclosed methods, "about” as used herein indicates that the
caiculation or the measurement of the value allows some slight imprecision without
having a substantial effect on the chemical or physical altributes of the disclosed
formulations or methods. i, for some reason, the imprecision provided by "about” is
not otherwise understood in the art with this ordinary meaning, then "about” as used

herein indicates a possible variation of up o 5% in the value.

[062] Unless defined otherwise, all technical and scientific terms used
hergin have the same meaning as commonly understood by one of the ordinary skill

in the art to which this invention belongs.
[083] Pharmacsutical Formutations

{0841 In one aspect, the present invention provides pharmaceutical
formulations each comprising a nalbuphine ester prodrug and a release-controliing
solution, wherein the formulations are suitable for administration by injection and
release the nalbuphine sster prodrug in an extended or sustained manner. In some
embodiments, the nalbuphine ester prodrug is homogenously dissolved in the
release-controlling solution. The release-controlling solution may comprise an

oil-miscible retaining solvent and a pharmaceutically acceptable o,

[085] The present disclosure also provides pharmaceutical formulations

each comprising the nalbuphine ester prodrug dissolved in the pharmaceutically

18
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acceptable oif and the cil-miscible retaining solvent. In some embodiments, the
concentration of the nalbuphine ester prodrug in the formulation is greater than the
solubility of the nalbuphine ester prodrug when added to a mixture of the
pharmacsutically acceptable oil and the oil-miscible retaining solvent. In some
embodiments, the weight ratic of the oil-miscible retaining solvent to the
pharmaceutically acceptable oil is equal {o or greater than about 1.1:1. Such
pharmaceutical formulations may provide an extended release period of the

natbuphine ester prodrug.

[C68] The nalbuphine ester prodrug may show a better solubility in an oily
substance as compared with nalbuphine. For example, the prodrug may be any of the
nalbuphine polvester derivatives disclosed in U.S. Pat. No., 6,225,321, In some
embodiments, the nalbuphine ester prodrug may be sebacovl dinalbuphine ester
(*SDE"}. In some embodiments, the concentration of SDE in the formulation is about
70-300 mg/mi, about 70-150 mg/mL, or about 70-100 mg/mL. For example, the
concentration of SDE in the formulation may be about 70 mg/mL, about 75 mg/mi,

about B0 mg/mi., about 100 mg/mi, or about 150 mg/mL.

{0671 In some embodiments, the solubility of the nalbuphine ester prodrug in
the retaining solvent is equal {o or greater than about 100 mg/miL. In other
embodiments, the oil-miscible retaining solvent can dissolve the nalbuphine ester
prodrug at a high concentration, e.g., more than about 150 mg/ml, or more than
about 300 mg/mL, and is miscible with the pharmaceutically acceptable oil. In some
embodiments, the oil-miscible retaining sclivent is benzyl benzoate, benzy! aicohol, or
any mixture thereof, and the nalbuphine ester prodrug is SDE. The solubilities of SDE
in benzyl benzoate and benzyl alcohol are greater than 300 mg/mL and greater than

S00 mg/ml, respsctively.
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10688] The pharmaceutically acceptable oll may be a vegetable ofl. In some
embodiments, the pharmaceutically acceptable ol may be sesame oil, castor oil,
cottonseed oil, soybean off, comn oil, sunflower oil, arachis oil, olive oil, or any mixture
thereof. In some embodiments, the oll is sesame cil, cottonseed oil, or castor oil. For

example, the oil may be sesame oil.

[088] The oil-miscible retaining solvent may be an organic solvent that is
miscible with the pharmaceutically acceptable oil, for example, benzyl benzoate,
benzyl alcohol, or a mixture thereof, In some embodiments, the retaining solvent is
benzyl benzosate. For example, the pharmaceutically acceptable oil may be sesame

off and the oil-miscible refaining solvent may be benzyl benzoate.

[070]  The pharmaceutically acceptable ofl is miscible with the retaining
solvent. When the formulation is administered into a subject by subcutanecus or
intramuscular injection, the oil and the retaining solvent may form a matbrix o retain
the nalbuphine ester prodrug, so as to release the prodrug from the formulation in an
extended/controiled manner. When the weight ratio of the retaining solvent to the o
is increased, the release period of the prodrug from the formulation may be extended
or prolonged. Without wishing to limit the invention {o any particular theory or
mechanism of operation, it is believed that the oil-miscible retaining solvent serves as

the key element in the formulation to retain the prodrug in the matrix.

[071]  As used hersin, retaining solvent/cll ratios may be expressed as either,
for example, 3:1 or 3. For example, a retaining solvent/cii ratio expressed as 0.5:1 is
the same as a retaining sclvent/oll ratio expressed as 0.5, A range of retaining

solvent/oif ratios may be expressed as 1:1 - 31, 1-3:1 or 1-3, for example.

17
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{072] By controliing/adjusting the retaining solvent/oil ratio, the present
formulations may regulate the release rate/release period of the nalbuphine ester
prodrug from the formulation. For exampile, when the retaining solvent/oil ratic is
adjusted to 3:1, the formulation may show a release period significantly longer than
that of the formulation with a retaining solvent/oll ratio of 0.5:1. In some embodiments,
when the retaining solvent/oll ratio is adjusted o about 0.65, about 98% of the
prodrug is released from the formulation at 144 hours from dosing; when the refaining
solvent/oll ratio is adjusted to about 1, about 90% of the prodrug is released from the
formulation at 144 hours from dosing; when the refaining solvent/oil ratio is adjusted
to about 2, about 80% of the prodrug is released from the formulation at 144 hours
from dosing. In some embodiments, when the retaining solvent/oll ratic is adjusted to
greater than about 1, the present formulation may have a release period of squal to or
greater than 10 days, 12 days or 14 days. In some embodiments, when the retaining
solvent/oil ratio is adjusted o greater than about 1, the present formutation may have

a duration of action of egual to or greater than 5 days or § days,

[073] In some embodiments, when the retaining solvent/oll ratio is adjusted
to greater than about 1, the present formulation may have a release period of equal to
or greater than 14 days or may have a duration of action of equal to or greater than 6
days. In some embodiments, when the retaining solvent/oll ratio is adjusted o about
1-3 or about 1-2, the present formulation may have a durstion of action of squal fo or
greater than about 5 or § days, and/or a release period of equal {0 or greater than
about 10, 12 or 14 days. In some embodiments, when the retaining solvent/oil ratio is
adjusted to less than about 1, the present formulation may have a release period of

less than 14 days, and/or a duration of action of less than & days.
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[074] in some embodiments, the retaining solvent/oll ratio is about 0.5 to
about 19. In some embodiments, the retaining solvent/oll ratio is about 0.65-8:1,
about 0.65-3:1, about 0.65-2:1, about 1-8:1, about 1-2:1, about 1-2:1, or about
0.8-1.2:1. For example, the retaining solvent/oil ratio may be about 0.5, 0.65, 0.8, 1,

112,118, 1.2, 2, 3 or 8.

[0758] in some embodiments, the oil-miscible retaining solvent is benzyl
benzoate, benzyl alcohol, or any mixture thereof; the nalbuphine ester prodrug is
SDE; and the pharmaceutically acceptable ol is sesame ¢il, coltonseed oll, castor il
or any mixture thereof. For example, the oil-miscible retaining sclvent may be benzyl
benzoate, the nalbuphine ester prodrug may be SDE, and the oil may be sesame oil,
where the weight ratio of benzyl benzoats to the oil (the “BB/oil ratio”) may be about
0.5 {o about 16. The present formulations when being prepared with the BB/oil ratio of
186 may show a longer release period than as prepared with the BB/oll ratio of 0.5, In
some embodiments, the BB/oil ratio is about 0.65-8:1, about 0.65-3:1, about 0.65-2:1,
about 1-8:1, about 1-3:1, about 1-2:1, or about 0.8-1.2:1. For example, the BB/oil ratic
may be about 0.5, 0.65, 0.8, 1, 1.12, 1.18, 1.2, 2, 3 or 8. In embodiments where the
BB/cl ratio is adjusted to about 1:12, the present formulation may have a release
period of equal to or greater than about 10 days, 12 days or 14 days, and/or a
duration of action of equal o or greater than about § days or 8 days. In particular,
when BB/oll ratio is adjusted to about 1:12, the present formulation may have a
release period of equal to or grealer than about 14 days, and/or have a duration of

action of egual to or greater than about 6 days.

[076]  Insome embodiments, the cil-miscible retaining solvent is a mixture of
benzyl benzoate and benzyl alcohol. In some embodiments, the combined weight
ratio of benzyl benzoale and benzyl alcohol to the pharmaceutically accepiable ol
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("BE+BA/OI ratio”) may be 0.5-18, about 0.82-18, about 0.5-16, about 0.65-8:1, about
0.65-3:1, about 1-8:1, or about 1-3:1. In some embodiments, the BB+BA/ol ratio may

be about 0.82:1 or about 18:1.

{0771  In some embodiments, the present formulation comprises SDE,
benzyl benzoate, and sesame oil, wherein the formulation is administered to a subject
by intramuscular injection, the weight ratio of benzyl benzoate to sesame oif is greater
than 1.1, the concentration of SDE in the formulation is greater than 70 mg/mL, and

the duration of action of the formulation is equal {o or greater than 6 days.

[078] Insome embodiments, the pharmaceutical formulations of the present
invention are suitable for injection into a subject in need thereof. It is known in the art
that a formulation has to be a homogenaous sclution or 3 homogeneous suspension
in order to be qualified as an injectable formulation. More particularly, an injectable
suspension should contain at most 0.5-5.0% solids and have an average particle size
of less than 5 micrometers in order to be used as a pharmaceutically acceptable
suspension for inframuscular injection (see R. M. Patel, Parenleral Suspension: an
Overvisw, Int, J. Curr. Pharm. Res., 2010, 2{3):3-13). In some embadiments, the
formulations of the present disclosure are homogeneous and stable solutions and,
therefore, are suilabie for adminisiration by intramuscular injection. in some
embodiments, the nalbuphine ester prodrug is homogenously dissolved in the

formulation.

[079] it should be understood that, due {o the difference between the
solubility of SDE in the retaining scivent and in the o, the solubility of SDE is higher
in formulations with higher retaining solvent/oll ratios. For example, the solubilities of

SDE in benzyl benzoate and benzyl alcohol are greater than 300 mg/ml and greater
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than 500 mg/mL, respectively, while the solubilities of SDE in sesame oil, castor oil,
and cottonseed ol are about 8 mg/ml, about 13 mg/mL, and about & mg/mL,
respectively. Based on a series of solubility tests conducted by the inventors, it was
demonstrated that when the weight ratio of benzyl benzoate to sesame oil is about 1,
the solubllity (i.e., the saturated concentration) of SDE when added to the mixture of
benzyl benzoate and sesame oil is about 80-85 mg/mL; when the weight ratio of
benzyl benzoate to sesame oil is about 1.1, the solubility of SDE when added to the
mixture of benzy! benzoate and sesame oif is about 70 mg/mL; when the weight ratio
of benzyl benzoate to sesame il is about 1.5, the solubility of SDE when added to the
mixture of benzyl benzoate and sesame oll is about 150 mg/ml; when the weight
ratio of benzyl benzoate to sesame oil is about 2.3, the solubility of SDE when added
to the mixiure of benzyl benzoate and sesame oil is about 200 mg/mi,; when the
weight ratic of benzyl benzoate {0 sesame oil is about 8, the solubility of SDE when

added to the mixture of benzyl benzoate and sesame oil is greater than 300 mg/mL.

{0801 iIn some embodiments, the concentration of the nalbuphine ester
prodrug in the formulation is greater than the solubility of the nalbuphine ester
prodrug when added {o the mixture of the pharmaceutically acceptable oif and the
oil-miscible retaining solvent. For exampie, the prodrug may be SDE, the retaining
solvent may be benzyl benzoate, the oll may be sesame oil, and the refaining
solveni/oll ratio, .qg., the BB/oil ratic, may be set to about 1 or about 0.8-1.2:1, s0 as
to give a predetermined release pericd or a desired duration of action. In this case,
the concentration of SDE in the formulation may be increased from about 80-65
mg/mb {the solubility of SDE in the mixture of benzyl benzoate and sesame oil with
the BE/oil ratio of about 1} to about 70-100 mg/mL by using the following

manufacturing process: a) fully dissolving SDE in benzyl benzoate, and b) mixing the
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resulting solution with sesame ofl to give a homogenous solution. In this preparative
method of the present invention, SDE is first dissolved in benzy! benzoate to form a
clear solution which is then mixed with sesame ol to give a homogeneous solution,
by which & homogenous and stable formulation having a BB/oil ratio of about
0.8-1.2:1 and a high concentration of SDE (such as 70-100 mg/mL) can be prepared.
The formulations prepared accordingly are stable and have a long shelf-life, staying
homogenous and free from forming solid particles or precipitates éven after being
storad at 2-8 °C for at least 24 months. Therefore, the formulations are suitable for

administration by intramuscular injection.

[081] In some embodiments, the retaining solvent/oil ratio is equal to or
greater than about 1.1:1. For example, the prodrug may be SDE, the retaining solvent
may be benzyl benzoatle, the ofl may be sesame off, and the retaining solvent/cil ratio,
2.g., the BB/oil ratio, may be set to about 1.1, 50 a8 {o give a predetermined release
period or a desired duration of action. In some embodiments, the concentration of the
nalbuphine ester prodrug in the formulation is greater than the soiubility of the
nalbuphine ester prodrug when added {o the mixture of the pharmaceutically
acceplable oif and the oil-miscible retaining solvent and the refaining solvent/oil ratio

is equal to or greater than gbhout 1.1:1.

[082] Inone embodiment, the nalbuphine ester prodrug is SDE; the
pharmaceutically acceptable ol is sesame oil; the oll-miscible retaining solvent is
benzyl benzoate; the weight ratio of benzyl benzoate to sesame oll is about 1.1-3:1:

and the concentration of SDE in the formulation is greater than about 70 mg/ml.

[083] In some embodiments, the retaining solvent/oll ratio is equal to or

greater than about 1.5:1. In some embodiments, the concentration of the nalbuphine
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ester prodrug in the formulation is greater than the solubility of the nalbuphine ester
prodrug when added {o the mixture of the pharmaceutically acceptable oil and the
oil-miscible retaining solvent and the retaining solvent/oll ratio is equal to or greater
than about 1.5:1. In one embodiment, the nalbuphine ester prodrug is SDE, the
pharmaceutically acceptable oll is sesame ofl, and the oil-miscible retaining solvent is

benzyl benzoate.

[084] it should be undersiood that when the BB/oil is increased, for example,
from about 1 to about 1.5, the solubility of SBE in the formulation will be increased
significantly, Tor example, from about 80 mg/mL to about 150 mg/mbL. When the
formulation is intended {o be prepared with a SDE concentration greater than the
solubility of SDE when added {o the mixture of benzyl benzoate and sesame oil, the
homogeneously dissolved solution can only be prepared by mixing SDE with benzyt
benzoate to form a clear solution, and then mixing the clear solution with sesame oil.
When the formulation is intended to be prepared with a SDE concentration squal to or
iower than the solubility of SDE when added o the mixture of benzyl benzoate and
sesame oll, the homogeneously dissolved sclution may be given either by mixing
SDE directly with the mixture of benzyl benzoate and sesame oil, or by pre-dissciving

SDE with benzyl benzoate,

[085] Insome embodiments, the BB/oil ratio is equal to or greater than
about 1.1:1, and the concentration of SDE in the formulation is greater than about 70
mg/mb. For example, the BB/oil ratio may be about 1.1:1, and the concentration of

SDE in the formulation may be about 70-100 mg/ml.

[088] In some embodiments, the nalbuphine ester prodrug is SDE, the

pharmaceutically acceptable oll is sesame oil and the oil-miscible retaining solvent is
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benzyt benzoate; the weight ratio of benzyl benzoate to sesame oil is about 0.8-1.2:1,

and the concentration of SDE in the formulation is greater than about 70 mg/mL.

{0871 In some embodiments, the concentration of SDE in the formulation is
about 70-80 mg/mL, and the weight ratio of benzy! benzoate to sesame oil is about
1.1-1.2:1. In one embodiment, the concentration of SDE in the formulation is about 75
mg/mL, and the weight ratio of benzy! benzoate to sesame ofl is about 1.12:1. Inone
embodiment, the concentration of S8DE in the formulation is about 80 mg/mL., and the

weight ratio of benzyl benzoate to sesame oil is about 1.18:1.

[088] In some embodiments, the formulations can further comprise &
solubilizing agent. The sclubliizing agent may help {o increase the concentration of
the nalbuphine ester prodrug in the formulation; in the meantime, the solubilizing
agent is miscibie with the release-controlling solution. For example, the solubilizing
agent may be an alkyl alcohol. When the alkyl alcohol is used independently to
dissolve the nalbuphine ester prodrug, the solubility of the prodrug in the alkyl alcohol
may be relatively low. For example, the solubilities of SDE in sthanol, 1-propanol and
t-butanol are about 16 mg/ml, about 32 mg/mL, and about 19 mg/ml, respectively.
However, in some embodiments, when the alkyl alcohol is added into the present
formudations, the solubllity of the prodrug in the formulations may be increased by at
least 30%. For exampile, the solubility of SDE in the formulations may be increased
from about 160 mg/ml to about 210 mg/mL when 10% by weight of teri-Butanol is

used to replace the corresponding amount of benzyl benzoate in the formulations.

[089] The solubilizing agent may be a C2-C8 alkyl alcohol or any mixture
thereof. The C2-C8 alkyt alcohol may be a linear or branched alky! alcohol. in some

embodiments, the alkyl slcohol may be a C2-C5 alky! alcohol, such as ethanoi,

24



WO 2016/189393 PCT/IB2016/000857

1-propanol, isopropanol, 1-butanocl, sec-butanc!, iscbutanol, tert-butanol, n-pentanal,
2-pentanol, 3-pentancl, 2-methyl-1-butanol, 2-methyl-2-butanol, 3-methyl-2-butanol,
3-methyl-1-butanol, andfor 2. 2-dimethyl-1-propancl. In some embodiments, the alky!
alcohol may be ethanol, 1-propanol, 2-propanol, 1-butanol, and/or tert-butanel. In
some embodiments, the w/w% of the alkyl alcohol in the solvent system (Le., the sum
of the alkyl alcohol, the retaining solvent and the oll) is about 2.5-30 %, for example,
2.5 %, 5%, 10 %, 15 %, 20 % or 30%. In some embodiments, the w/w% of the alkyl
alcohol in the solvent system is about 10-20 %. In some embodiments, the
solubilizing agent may be used to increase the solubility of nalbuphine ester prodrug
in the final formulations fo more than 100 mg/mL, for example, more than 150, 200,
250, or 300 mg/mi. In some embodiments, the solubilizing agent may be used to
increase the concentration of nalbuphine ester prodrug in the final formulations by at

least 30%.

{090} It should be understood that the preparation of an oil-containing
formulation with a high concentration of SDE is challenging due fo the low solubility of
SDE in the oil. Clinically, 5 mL has been cited for human adults as the maximum
volume for a single IM injection. When preparing an injectable extended release
formulation of SDE, the longer the effective release period is expectad to be, the
higher the drug ioad shouid be. In the situation that the injection volume is limited to
less than 5 mb (even lower for adults with less muscle mass), the concentration of
SDE must be increased in order to increase the drug load. The pre-dissolving of SDE
in the retaining solvent and the addition of the solubilizing agent, particularly ethanol,
may, respectively, significantly increase the solubllity of SDE in the formulation, by
which a long-term release formulation of SDE with a high drug-loading can be

achieved.
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[091] In some embodiments, the pharmaceutical formulations of the present
invention each comprise SDE, the release-controiling solution, and the solubilizing
agent. In some examples, the release-controlling solution comprises the
pharmaceutically acceptable oil selected from the group consisting of sesame ol
castor oil, and cottonseed oil; and the oil-miscible retaining solvent containing benazyt
benzeate or benzyl alcohol In some examples, the solubilizing agent is an alkyl
alcoho! selecied from the group consisting of ethanol, 1-propancl, 2-propanoi,
{-butanol, and tert-butancl. in some examples, the w/w% of the pharmaceutically
acceptable ol in the solvent system {i.e., the sum of the oll, the retaining solvent, and
the solubllizing agent) is about 5 %, 10 %, 20 %, 30 %, 40 %, 45 %, 50 %, 55 %, or
80%. In some examples, the wiw% of the retaining solvent in the solvent sysiem is
about 30 %, 35 %, 37.5 %, 40 %, 45 %, 47.5 %, 50 %, 55 %, 57.5 % , 60%, 65 %,
67.5 %, 70%, 75 %, 77.5 %, 80%, or 85 %. in some examples, the wiw% of the
solubllizing agert in the solvent system is about 2.5%, 5%, 10%, 15%, 20%, or 30%.
in some examples, the concentration of SDE in the formulation is above 100 mg/mL,
and the solvent system comprises about 2.5-30 wiw % of the alkyl alcohol. In some
examples, the concentration of SDE in the formulation is above 150 mg/mi, and the
solvent system comprises about 5-30% of the alkyl alcohol. In some examples, the
concentration of SDE in the formulation is above 200 mg/mi, and the solvent system
comprises about 10-20% of the alkyl aicohol. The formulation may be administered

into animals or humans by subcutaneous or intramuscular injection.

{0921 The addition of the alkyl alcohol enables the present formulations to be
prepared at a higher SDE conceniration while showing excelient stability. In some
embodiments, the present pharmaceutical formulations are free from forming solid

particies or precipitates after being stored at 2-8 “C for al least 24 hours. Moreover,
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the addition of the alcohol may help to decreass the viscosity of the present

formuiations, so as to allow an easier injection through a small gauge nesdle.

[093] In some embodiments, the formulations may further comprise a
neutralizing agent, with or without g solubilizing agent. The neutralizing agent may
help in neutralizing the acid generated during the conversion of nalbuphine ester
prodrug (o nalbuphine. For example, when SDE is converted into nalbuphine,
sebacoyl acid will be generaled. Accumulation of sebacoy! acid may cause injection
site irritation. The addition of a neutralizing agent may help {o neutralize sebacoyt acid
80 as to ease the local irritation at the injection site. The neutralizing agent may be a
pharmaceutically acceptable basic salt. For example, the basic salt may be a cilrate
salt, phosphate sall, carbonate salt, lactaie salt, tarirate salt, or succinate salt. in
some embodiments, the basic salt may be a sodium sall or a potassium sall. In some
ambodiments, the basic sait may be trisodium cifrate, disodium phosphate, sodium

bicarbonate, or sodium lactate.

[024] In some embodiments, the pharmaceutical formulations of the present
invention each comprise SDE, the release-controlling solution, the solubilizing agent,

and the neutralizing agent.

[088] The preseni pharmaceutical formulations may further comprise
suitable inactive ingredients, pharmaceutically or veterinary acceptable carriers,

including but not limited to viscosity modifiers, coloring, and flavoring agents, sic,
[098] Methods of preparation

0971  In some esmbodiments, the pharmaceutical formulations of the present

invention may be prepared without healing steps or complicated mixing sequences.
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[088] The presentinvention also provides methods of preparing an
extended release formulation of nalbuphine ester prodrug with a predstermined

release period, each comprising:

1) providing an oil-miscible retaining solvent and a pharmaceutically
accepiable oll, wherein the weight ratio of the oii-miscible retaining solvent
to the pharmaceutically acceptable ol {the “retaining solvent/oll ratio”) is
adjusted based on the predetermined release period,; and

2} mixing the nalbuphine ester prodrug with the oil-miscible retaining solvent
and the pharmaceutically acceptable oil, to form a homogeneously

dissolved solution.

[089] In some embodiments, the step of mixing the prodrug with the
retaining solvent and the oil comprises mixing the prodrug with a mixture of the
oil-miscible retaining solvent and the pharmaceutically acceptable oil. For exampile,
when the predetermined release period is set to greater than 14 days, the retaining
solvent/oll ratio may be adjusted {o greater than 1. For example, the refaining
solvent/oll ratio may be about 2. In one embodiment, a release-controlling solution, L.e
the mixture of the retaining solvent and the oil, comprising about 12 g of the retaining
solvent and about 6 g of the oif may be firstly prepared and then mixed with about 1.6

g of the prodrug.

101001 In some embodiments, the step of mixing the prodrug with the
retaining solvent and the oll comprises the steps of (a) dissolving the nalbuphine ester
prodrug in the oil-miscible retaining solvent thereby giving a nalbuphine ester prodrug
solution (& clear soiution), and (b} mixing the therapeutically accepiable oil with the

natbuphine ester prodrug solution resulting from step {a) to give a homogenously
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dissoived solution. In some embodiments, when the predetermined release period is
set to lower than 14 days, the retaining solvent/cil ratic may be adjusted to lower than
1. For example, the retaining solvent/oll ratic may be about 0.85. In one embodiment,
about 1.5 g of the prodrug may be dissoived in about 11 g of the refaining solvent to
give the clear solution, and the clear solution is then mixed with about 17 ¢ of the oil,
In some embodiments, the concentration of the prodrug in the formulation is higher
than the solubility of the prodrug when added to the mixture of the retaining solvent
and the oif. For example, when the BB/oil ratic is about 1.1, the SDE concentration in
the formuiation may be about 75 mg/mL or about 80 mg/mi (the solubility of SDE
when added info the mixture of benzy! benzoate and sesame il with a BB/oli ratio of

about 1.1 is about 70 mg/ml).

[0101] As described above, the nalbuphine ester prodrug is more soluble in
formulations with increased retaining solvent/oll ratios, and the duration of drug
release is longer Tor such formulations. When a longer release period is desired, the
retaining sclvent/oll ratio may be adjusted to a higher value, where the soiubility of the
prodrug when added o the mixiure of the retaining solvent and the oif may be higher
than the concentration of the prodrug in the final formulation; accordingly, such a
formulation may be prepared either by directly mixing the prodrug with the
release-controlling solution (i.e. the mixture of the retaining solvent and the ail}, or by
pre-digsolving the prodrug in the refaining solvent. However, when a shorter release
period in expected, {.2., the retaining solvent/oll ratio is lower, or the intended
concentration of the prodrug in the final formulation is equal to or greater than the
saturated concentration (i.e. the solubility of the prodrug when added to the mixture of
the retaining solvent and the ofl), the formulation can be prepared by pre-dissolving

the prodrug in the retaining solvent, so that the sclubility of the prodrug in the
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formulation may be significantly improved. As such, the concentration of the prodrug
in the resulting formulation may be greater than the solubility of the prodrug when

added fo a solution of the retaining solvent and oil.

{01021 Once the homogensously dissolved solutions are formed by the
preparative methods of the present invention, Le., either by directly mixing the
prodrug with the release-controlling solution or by pre-dissolving the prodrug in the
retaining solvent, they may all be stabie solutions. In some embodiments, the
formulations prepared by pre-dissolving SDE in benzyl benzoate and then mixing with
sesame oil are stable at 2-8 °C for at 24 months, and may remain homogeneaous at

about 0-4 °C while not forming precipitates or solid particles.

{0103] In some embodiments of the methods, the nalbuphine ester prodrug is

SDE.

[0104] In some embodiments, step (a) may further include stirring the mixture
of SDE and the oii-miscible retaining solvent for about 30 to 80 minutes, for example,
for about 60 minutes. In some embodiments, step (b) may further include stirring the
mixture of the resulting solution of step (a) and the ofl for about 15 o 45 minutes, for
example, for about 30 minutes. In some embodiments, step (a8) and step (b) may be
conducted at room temperature. The formulations of the present invention may he
prepared without any heating process or other commonly used techniques to cause
SDE to fully dissolve, by which a high purity of the resulting formulation can be
achieved. Moreover, in some embodiments, only a short period of stirring is needed
to prepare formulations of the present invention. Accordingly, the formulations of the
present invention may be prepared in a more economical and convenient manner,

which is beneficial o large-scale production.
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[0105] In some embodiments of the mathods, the oil-miscibie retaining
solvent may be benzyl benzoate, benzy! alcohol, or any mixiure thereof, and the
pharmaceutically acceptable ol may be sesame ¢l cottonseed oil, castor oil, or any

mixture thereof.

[0106] The present invention also provides a method for preparing a
pharmaceutical formulation, comprising dissolving the nalbuphine ester prodrug in the
oil-miscible retaining solvent; and mixing the resulting solution with the
pharmaceutically acceptable oil to give 8 homogenous solution, wherein the
formulation is suitable for administration by injection. In some embodiments, the
nalbuphine ester prodrug is SDE; the concentration of SDE in the formulation is
greater than about 70 mg/mb; the weight ratio of benzyl benzoate to sesame oil is
about 0.8-1.2:1; and the formulation is suitable for administration by intramuscular or

subcutaneous injection.

101071 In some embodiments, the retaining solvent may be benzyl benzoate
and the oif may be sesame oll, where the weight ratio of benzy! benzoate fo the oil
{the “BB/oil ratio”) may be about 0.5 o about 16. In some embodiments, the BB/l
ratio is about 0.65 to about 3. In some embodiments, the BB/oll ratio is about 0.85 to
about 2. In other embodiments, the BB/oil ratio is about 1-3 or about 1-2. In some
embodiments, when the release period is predstermined to give a duration of action
of about 5 or 6 days, the BB/oil ratio may be adjusted to about 1.1. Accordingly, when
the release period is predetermined to give a duration of action of more than 8 days,
the BB/oil ratio may be adjusted to more than about 1.1; and when the release perind
is predetermined to give a duration of action of less than & days, the BB/oil ratic may

be adjusied to less than about 1.1,
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{0108] The methods may each further comprise adding a solubilizing agent
and/or a neutralizing agent. In some embodiments, the solubilizing agent and/or the
neutralizing agent may be added 1o the release-controliing solution before the mixing
with the prodrug. For example, the solubilizing agent and/or the neutralizing agent
may be added to the release-controiling solution, and then mixed with the prodrug.
Alternatively, the formulations may be prepared by mixing the prodrug with the
mixture of the retaining solvent and the solubilizing agent and/or the neulralizing

agent first, and then mixing with the oil.

{0108] The pharmacsutically acceptable oils, the oil-miscible retaining
solvents, the solubilizing agents, and the neutralizing agents used in the methods of

the present invention are the same as those described for the present formulations.

(01107 In some embodiments of the methaods, the solubilizing agent may be
an alkyl alcohol, such as ethanol, 1-propanol, 2-propanol, 1-butanc!, and/or
tert-butanol, and the nalbuphine ester prodrug may be SDE. In some embodiments,
the solubilizing agent may be ethanol. The addition of the alky! alcohol may
significantly increase the solubility of SDE in the final formulations, by which a high
drug loading formulation with a long release period can be achieved. In some
embodiments, the alkyl alcoho! may be used to increase the concentration of SDE in
the final formulations to more than 100 mg/mL, for example, more than 150, 200, 250,
or 300 mg/mL. In some embodiments, the alkyl alcohol may be used {0 increase the
concentration of SDE in the final formulations by at least 30%. The alkyl alcohol may
be added into the release-controlliing solution before SDE is added into the solvent
sysiem. Alternatively, the alky! alcohol may be added into the retaining solvent before

SDE is mixed with the retaining solvent.
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{0111] In some embodiments of the methods, the neutralizing agent may be a
basic sall selected from the group consisting of trisodium citrate, disodium phosphate,
sodium bicarbonate, and sodium lactate. The basic salt may be added into the
formulation before or after mixing the prodrug with the release-controlling solution.
Alternatively, the basic salt may be added into the formulation before or after the
retaining solvent is mixed with the prodrug. Alternatively, the neutralizing agent may

be mixed with the formulation prior to the administration of the present formulation.

[C112] In some embodiments, the methods of the present invention may
further comprise filtering the homogenously dissolved solution with a bacteria proof
filter, such as a Millipore 0.22 um filter. The formulations of the present invention are
homogeneously disscived solutions without precipitates or solid particles, so that they

can be easily sterilized by filtration with full or nearly full recovery of the drug.

[0113] Extended Release Periods/Lower Release Rales

(0114} In some embodiments, the present formulations provide extended
releaze periods of nalbuphine ester prodrugs. For example, release rates/periods of
nalbuphine ester prodrugs may be demonstrated or estimated through in vitro
dissolution experiments designed to cause nalbuphine ester prodrug release from the
formulations at a higher rate than the actual release rate in a living subject, When a
formulation shows a lower dissolution rate in the dissolution experiments, it is
expected that the formulation may have a longer release period (or a lower release
rate} in g living subject. The dissolution rate may be defined as the amount of the
prodrug, e.9., SDE, which goes info a dissolution medium from the formulation per
unit time under certain conditions of interface, temperature and solvent composition.

The dissoiution of the nalbuphine ester prodrug can be determined by carefully
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dropping the formulation into a larger volume of a dissolution medium. For example,
the volume of formulation may be 50-150 pl and the volume of dissolution medium
may be 200 — 1000 mi, for example 500 mi. The dissolution medium may be a buffer
with a surfactant, for example phosphate-bufferad saline with 1% tween 80 and a pH
of 6.0 (PB&T). The dissolution medium can then be stirred and samples of the
resulting medium can be withdrawn at predetermined time intervals. Prior to
termination of the experiment, HCl can be added fo the resulting medium fo aliow
100% release of the nalphubine ester prodrug and a sample can be taken and used
as a reference point of 100% in calculating the release rate of the nalbuphine ester
prodrug. The nalbuphine ester prodrug can be SDE. For example, the dissolution

profile of a formulation can be determined as described in Example 1.

{01181 In some embodiments, when the retaining solvent/olf ratio is about 0.5,
about 0.65, about 1, about 2, about 3, and about 18, the time for releasing about 50%
of the total amount of the nalbuphine ester prodrug from the formulation into the in
vitro medium may be about 15-25 minutes, about 20-30 minutes, about 35-45
minutes, about 50-60 minutes, about 85-85 minutes, and about 120-130 minutes,
respectively. itis demonsirated that when the retaining solvent/oil ratio is increased,
the dissolution rate of the prodrug from the formulation may be decreased. The lower
i vitro dissolution rate of a formulation may refisct a longer release period in a living

subject (or a lower in vivo release rate).

[0118] The release rates/periods of the present formulations, or the aforesaid
correlation between the in vitro dissolution rate and the in vivo release periodirelease
rate, may be further assessed or verified by evaluating the in vivo availability and
pharmacokinetic parameters of nalbuphine after adrministration of a present
formulation to a living subject. For example, a nalbuphine ester prodrug formulation of
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the present invention can be administered to a living subject through an injection. The
natbuphine ester prodrug can be SDE. In some embodiments, the injection may be
subcutanaous. In other embodiments, the injection may be intramuscular. The
subject may be an animal, for example a dog, cat, or rodent, or the subject may be a
human. Blood samples may be taken from the subjects prior to formuiation
administration and at various time points following administration of the formutation,
such as over the first 144 or 380 hours after administration. For example, blood
samples may be drawn at 1, 2, 6, 24, 36, 48, 80, 72, 96, 120 and 144 hours after
administration. Alternatively, biood samples may be drawn at 0.083, 0.25, 0.5, 1, 1.5,
2,3, 4,6 8 12 and 24 hours after administration or at similar intervals after
adrinistration, and at regular intervals for up to 12 days after administration. The
whoie blood or plasma concentration of nalbuphine can then be determined for the
blood samples. For example, plasma and whole blood concentrations of nalbuphine

can be determined as described in Examples 3 and 4,

[C117] In some embodiments, when the refaining sclvent/oll ratio is adjusted
to about 0.65, about 88% of the prodrug may be released from the formulation at 144
hours from dosing; when the retaining solvent/oil ratio is adjusted to about 1, about
0% of the prodrug may be released from the formuiation at 144 hours from dosing;
when the retaining solvent/oll ratio is adjusted to about 2, about 80% of the prodrug
may be released from the formulation at 144 hours from dosing. it is shown that when
the retaining solvent/cll rafio is increased, the in vivo release period of the formulation
may be extended or prolonged, which is consistent with the results demonstraled by

the in vifro dissolution experiments.

(01181 In some embodiments, when the refaining solvent/oll ratio is adjusted
to about 1, e.g., 1.12, the present formulation may have a release petiod of equal to
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or greater than about 10 days, 12 days and 14 days and a duration of action of equal
to or greater than about & or 6 days. In some embodiments, the retaining solvent/oil
ratio may be adjusted to lower than about 1, e.g., 0.85, to give a formulation having a
duration of action of less than & days, for example, about 4 days. in other
embodiments, the retaining solvent/oll ratioc may be adjusted to more than about 1.1,
2.g., 2, to give a formulation having a duration of action of equal fo or greater than

about b days and 6 days, for example, more than & days.

i0119] In one embodiment, a pharmacesutical formulation of the present
invention is administered intramuscularly inte a subject in need therecf for pain relief
and the pilasma or whole blood concentration of nalbuphine may reach no less than 1
ng/ml within 6-12 hours of dosing and this concentration may remain for equal to or
greater than 12 days from administration. in one embodiment, the plasma or whole
bood concentration of nalbuphine may reach no less than 3 ng/mi within 12-24 hours
of dosing and this concantration of nalbughine may be maintained for equal {o or
greafer than 7 days from dosing. In another embodiment, the plasma or whole bloed
concentration of nalbuphine may reach no less than 3 ng/mb within 12-24 hours of
dosing, and maintain at said concentration for equal to or greater than @ days from

dosing.

[0120] Pharmacokinetic parameters may also be calculated from the whole
blood or plasma nalbuphine concenirations, for example, the maximum observed
natbuphine concentration in the plasma or whole biood (C,ax) may be determined.
The time 10 Chax (Trmax), haif-life (T, mean residence time (MRT), and the area
under the curve (time zero 1o the last quantifiable nalbuphine measurement (AUCq)
and time zero extrapolated to infinity (AUCq.w)) may also be determined. For example,
plasma and whole blood concentrations of nalbuphine and the pharmacokinetic
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parameters of the present formulations can be determined as described in Examples

Jand 4,

[0121] After administration via intramuscular injection o a subject, in some
embodiments the formulations of the present invention exhibit the following in vivo
characteristics: (a) a peak plasma level of nalbuphine occurs within 45-88 hours after
administration (Taa); and (b) an average elimination half-life (T«x) of nalbuphine after

administration is about 58-80 hours.

[0122] In some embodiments, the plasma or whole blood concentrations of
natbuphine following administration may be used {o delerming the onset of the
analgesic sffect and the duration of action of the present formulations. For example,
the obtained plasma or whole blood concentrations of nalbuphine may be compared
to a concentration of plasma or whole blood nalbuphine that has been reported to
exhibit analgesic effects. In general, by administration of a pharmaceutical
formulation of this disclosure via intramuscular injection, the onset of the analgesic
effect may take place in about 8 to 36 hours of dosing and the duration of action may
ba about 8 to about 12 days. In some embodiments, the duration of action may be
equal to or greater than about § days, about 6 days, about 9 days, or about 12 days.
in some embodiments, the duration of action may be equal to or greater than 3, 6, ¢,
10, 12, or 14 days. In some embodiments, the duration of action of the formulation is
eqgual to or greater than about 5 or 6 days. In other embodiments, the duration of
action of the fermuiationvis equal to or greater than about 7 days. The time of onset for
an analgesic effect can depend on dosing, the individual's response, and the type of

pain relief sought.
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[0123] In certain embodiments, the present formulation is prepared with a
BB/oll ratio of about 0.8-1.2, wherein the SDE concentration is about 75 mg/mL. In
some embodiments, such formulations may maintain a blood concentration of
nalbuphine at » 3ng/ml for equal to or greater than about & days, or at > 1 ng/ml for
aqual to or greater than about 12 days, when a single dose of 1580 mg of SDE is
administered. Formulations with an increased BB/oil ratio may have a duration of
action for more than 6 days. Similarty, if the formulation is intended {o provide a
duration of action shorter than & days, e.g., 3 or 5 days, the BB/oil ratio may be

decreased.

[0124] it should be understood that the duration of action of the present
formutation may depend not only on the retaining solvent/oll ratio, but also the
concentration of the prodrug in the formulation, and the total dose being administered.
The concentration of the prodrug in the formulation, and the totai dose being
administered may be adjusted per need, so as to provide an effective blood

concentration for a desired period.
[0128] Treatment of pain

[0128] in anocther aspect, the present invention provides methods for treating
pain, comprising administering a therapeutically effective amount of the
pharmaceutical formulation of the present invention {0 a subject in need thereof. In
some embodiments, the present invention provides methods for treating post-surgical
pain or other types of long-term pain by the present formulations. In some |
gmbodiments, the pharmaceutical formulation is administered by intramuscuiar or
subcutaneocus injection. Treatment of pain can be evaluated by assessing a subject’s

assessment of pain on an intensity scale. For example, the Visual Analog Scale (VAS)
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for pain can be used to score a subject’s pain intensity {Psychol Med. 1988
Nov;18(4):.1007-19). The pain VAS is a unidimensional intensity scale on which the
subject is asked to indicate his or her level of pain intensity. For example, pain
intensity may be assessed started right before the first use of patient-controlled
analgesia (PCA), and at 120.1, 21£0.1, 320.1, 4+0.25, 8:0.5, 1240.5, 1620.5, 2020.5,
2441, 28+1, 3222, 3642, 4042, 4412, 4822 hours after the surgery, and be assessed
during Days 3-7 in the morning and evening, as well as during special events such as
bowel movements. For example, the patient-controlied analgesic is ketorolac. In
some embodiments, the present formulations may be administered to a subject prior
to a surgical procedure. For example, the surgical procedure may be a
hemorrholdectomy. In certain embodiments, the present formulations may be
administered 8-36 hours prior {o surgery. In some embodiments, 150 mg of SDE is
administered prior to surgery. Fain intensity can then be assessed following surgery,
for example for 48 hours after surgery. In some embodiments, pain can be assessed
with the VAS pain scale. In some embodiments, subjects administered a present
formulation have a lower VAS pain score over 48 hours than subjects administered a
placebo. For example, evaluation of the treatment of pain ¢can be determined as

described in Example 4.

(01271 Treatment of pain can also be assessed by evaluating a subject’s use
of a post-surgical analgesic, L.e. a rescue medicing, such as ketorolac. For example,
the time of a subject’s first use of the post-surgical analgesic following surgery can be
evaluated. In some embodiments, subjects administered a present formulation prior
to surgery have a longer period of time before the post-surgical anaigesic use
compared to subjects administered a placebo. For example, treatment of pain can be

assessed as described in Example 4.
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[0128] Treatment of pain can also be assessed by evaluating a subject's
effective blood concentration of nalbuphine after administration of the present
formulation. In some embodiments, when the retaining soivent/oil ratio is increased,
the time to reach the effective blood concentration of nalbuphine may be longer, thus
the onset of action of the formulation may be slower. Accordingly, the time to
administer the formulation ino a subject in need may be adjusted per the desired
onset of action of the formulation. For example, when the retaining solvent/oll ratic is
about .65, about 1, or about 2, the biood conceniration of nalbuphine at 1 hour after
administration may be about 28 ng/ml, about 11 ng/mL, or about 7 ng/mi,
respeactively. In some embodiments, for example, if the effective blood concentration
of natbuphine in a living subject, &.9., a dog, is about 8 ng/ml, the formulation having
a retaining solvent/oil ratio of about 2 may be administered to the subject about 1 hour
prior to the onset of pain symptom; while the formulation having a retaining solvent/oll
ratio of about 0.85 may be adminisiered to the subject about 30 minutes prior to the

onset of pain symptom.

101281 in some embodiments, the present methods for treating pain
comprises administering to a subject, e.g., a human, in need thereof the formulation
of the present invention havéng a refaining solvent/oll ratio of about 0.8-1.2, e.q.,
about 1,12, at & to 38 hours prior to the onset of pain symptoms, wherein the
formulation is administered to the subject via intramuscular injection. In some
embodiments, the formulation having a retaining solvent/oil ratio of about 1.12 may
be administered 12 to 36 hours prior to the onset of pain sympioms. In some other
embodiments, the formulation having a retaining solvent/oll ratio of about 1.12 may

be administered 12 to 24 hours prior {0 the onset of pain symptoms. In some
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smbodiments, the concentration of SDE in the formulation is about 78 mg/mL, and

such formulation is administered with a total dose of up to 150 mg of SDE.

[0130] In some embodiments, the present methods for freating pain
comprises administering {o a subject, e.9., a dog, in need thereof the formulation of
the present invention having a retaining solvent/oil ratio of about 1.18. In one
embediment, the concentration of SDE in the formulation is about 80 mg/mlL., and

such formuiation is administered with a fotal dose of up to 160 mg of SDE.

{01311 In some embodiments, the present method is for treating post-surgical
pain, wherein the onset of pain symptom is during or after a surgical operation on the
subject. Examples of the surgical operation include common types of general surgery,
such as hernia surgery, hemorrhoid surgery, abdominal surgery, obstetric and
gynecological surgery, plastic surgery, orthopedic surgery, otolaryngoiogy surgery,
male genital procedures, and dental surgery. In some embodiments, the surgical
operation is hemorrhoid surgery. In certain embodiments, the formulation having a
retaining solvent/oil ratio of about 1.12 is administered 12 to 36 hours prior o the
surgical operation. In some embodiments, the formulatlion having a retaining
solvent/oll ratio of about 1.12 is administered 12 to 24 hours prior to the surgical
operation. in some embodiments, the formulation being administered contains SDE,
sesame oil and benzyl benzoate, where the weight ratio of benzyl benzoate to
sesame ol is sbout 0.8-1.2:1; and the concentration of SDE in the formulation is
about 75 mg/mL. In certain embodiments, a formulation having a retaining solvent/oll
ratio of about 1.12 is administered to a human with a {otal doss of up to 1580 mg of

SDE.
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[0132] Ancther aspect of the present invention is to provide a methad of
treating long-term pain, which includes administering to a subject in nesd thereof via
intramuscular injection a pharmaceutical formulation of the present invention having a
retaining solvent/oil ratio of about 1.12 at 6-38 hours prior to the onset of pain
symptoms. Examples of the long-term pain include labor pain, chronic back pain, and
chronic joint pain. in some embodiments, the formulation having a retaining
soivent/olf ratio of about 1.12 is administered about 12-36 hours prior {o the onset of
pain symptoms. In certain embodiments, the formulation having a retaining solvent/oll

ratio of about 1.12 is administered with a fotal dose of up to 150 mg of SDE.

[0133] In some embodiments, the formulation is prepared with a retaining
solvent/oif ratio of about 0.8-1.2 and a SDE concentration of about 75 mg/mL, and is
inframuscularly administered with a total dose of up to about 150 mg of SDE. In such
case, the onset of action of the formulation may be within about 6-38 hours, or about
12-36 hours, from dosing; and the duration of action of the formulation may be about
& days, about 7 days, or about 9 days. In other embodiments, the formulation is
prepared with a retaining solvent/oll ratio of about 0.65 and a SDE concentration of
about 80 mg/ml, and is inframuscularly administered with a fotal dose of up to about
160 mg of SDE. In other embodiments, the formulation Is prepared with a retaining
solvent/oll ratio of about 2 and a SDE concentration of about 80 mg/mL, and is

intramuscularly administered with a tofal dose of up to about 180 mg of SDE.

[0134] In some embodiments, the formulation is administered at a
concentration of about 50-160 mg/mi, or about 70-100 mg/mb, with a total
administered dose of about 75-160 mg, or about 150-180 mg. For example, the
concentration may be about 50, 75, 80, 100, or 150 mg/mL; and the total dose may
be about 75, 100, 125, 180, or 180 mg. In certain embodiments, the formulation is
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administered at a concentration of about 75 mg/mi and a total dose of about 150 mg.
in other embodiments, the formulation is administered at a concentration of about 50

mg/mL, or about 80 mg/mi, and a total dose of about 160 mg.

EXAMPLES

Example 1. In vitro release study of present formulations with varicus BBloil

ratio

[01358] (1) Preparation of the present formulations

{0138] Eight present formulations with various SDE concentrations (80-150
mg/mL) and various weight ratios of benzyl benzoate to sesame oif ("BB/oil ratio™), or
the mixture of benzyl benzoate and benzyl alcohol to sesame ofl (‘BB+BA/G ratio”)
(0.5-19) were prepared based on Table 1A and Table 1B. Among themn, AF4, R2, N7

and Ng formulations were prepared according to the following Method A,

[0137] Method A

[0138] The solvent systems (i.e., the mixture of benzyl benzoate, with or
without benzyl alcohol, and sesame oil) were respectively prepared by mixing sach
component with the predetermined volume corresponding to the desired
weight/weight percent (wiw %) listed in Table 1A and Table 18. The resulting solvent
rixtures were vortexed or stirred at room temperature o fully mix each component.
The predetermined amounis of SDE were respectively weighed, based on the SDE
concentrations listed in Table 1A and 18, and then added into volumetric flasks
containing the corresponding solvent mixtures, The resulting mixtures were fully

mixed by inverting and shaking the volumetric flasks {o give the final formulations.
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[0139] R1, AF1, AF3 and N8 formulations were prepared according to the

following Method B.

{0140] Mesthod B:

{01411 The predetermined amounts of SDE were respectively weighed,
based on the SDE concentrations listed in Table 1A and Table 1B, and then added
into benzyl benzoate, or the mixture of benzy! benzoate and benzyl alcohal, of
predetermined voiume corresponding to the desired weight/weight percent (w/w %)
listed in Table 1A and Table 1B. The resulting mixtures were mixed by vortexing or
stirring to fully dissolve SDE. Sesame oll of predetermined volume was then added
into the resuiting mixtures of benzyi benzoate, or the mixture of benzy! benzoate and

benzyl alcohol, and SDE to give the final formulations.

Table 1A, The present formulations having various BB/oll ratics

Be::azyi

Sample Sesams ofl SDE BBioil
No, Donzosle W)  (mgml)  ratio
L L. Li ) R I
R 33 7 50 4.5
AF3 38 81 50 0.65
AF1 54.2 45.8 8¢ 1.18
AF4 67 33 80 2
R2 75 25 75 3
N7 g4 5 150 16

Table 1B. The present formulations having various BB+BA/oil ratios

Benzyl benzoate + Benzy! alcohol Sesame SDE BR+BAH

. )

fwrfue %) mi;z;giw (mgfmL} catio

,,,,,,,,,,,,, - o S S o
N9 85 5 150 19
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{01421 {2} In vitro dissolution experiment:

[0143] The following /n vitro dissolution experiment and UPLC analysis were

performed on the formulations listed in Table 1A and Table 1B.

{0144] The dissolution/release rate of SDE from each of the formulations was
respectively assessed by in vitro dissolution experiment. The dissolution medium was
a PBST buffer (pHE.0) with 0.1% tween 80. For each experiment, 500 mi medium
was placed in a 800 mL beaker and the air bubble on the top was removed. 50-150 ul
of each SDE formulation listed in Table 1A and Table 1B was respectively and
carefully dropped into the medium (in each experiment, the dropped formulation
contained the same amount of SDE, Le. about 7.5 mg). The temperature of the
medium was set at room temperature (about 25-28 °C), and the stir speed was set at
about 360 rpm. & mL of the resulting medium was withdrawn at predetermined time
intervals. 200 pi 8N HCI was added into the resulting medium 20 minutes before the
termination point of the experiment to allow 100% release of SDE at an acidic
condition. & mb of the resulting medium at the termination point was collected and
taken as the reference point of 100% release in calculating the dissolution rate of

SDE at each of the time intervals.

[0145] UPLC analysis

{0148] The concentration of SDE in each of the samples collected in the in
vitro dissolution experiment was determined by ulfra performance Hguid
chromatography (UPLC). Standard solutions were prepared. UPLC analysis was
conducted by using the ACQUITY UPLC ethylene bridged hybrid (BEH) C18, 1.7 um,

2.1°50 mm column under the following conditions:
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_Mobile phase

" Flow rate 0.1 mimin
AAAAAAAAAAAAA injestion volume BT I
...Run time 15 minutes
Detector Ua2stonm
... Column temperature 387
Sample temperature 15 °C

| Buffer AY methanol = _40/60_|

* Buffer A acetlate buffer,

PCT/IB2016/000857

{01471 The accumulated SDE dissolution profiles of each of the formulations

are plotted in Fig. 1A and Fig. 18,

[0148]

in Fig. 1A, it can be seen that when the BB/oil ratio is increased from

0.5 to 18, the dissolution rate of SOE from the formulation is decreased, i.e. the

release penod of SDE from the formulation is extended. For example, when the BB/oil

ratic was about 0.5 (R1)}, the time required for releasing about 50% of the total

amount of SDE from the formulation info the in vitro medium was about 15-25

minutes; when the BB/oil ratio was about 3 (R2), the time required for releasing 50%

of the total amount of SDE from the formulation into the in vifro medium was about

85-98 minutes; and when the BB/oil ratio was about 16 (N7), the time required for

releasing 50% of the total amount of SDE from the formulation into the in vitro

medium was about 120-130 minutes. In Fig. 1B, it can be seen that the trend

observed in Fig. 1A stiil exists when the refaining solvent is the mixture of benzyl

benzoate and benzy! aicohol.

[0148] The resuits indicate that the in vifro release rate/release period of SDE

from the present formulations may be regulated or controliad by the retaining

solvent/oil ratio, e.g., the BB/oil ratio, of the solvent system. When a longer release

period is intended, the retaining solvent/oll ratio in the formulation can be increased

per need.
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[0150] Correlations between in vifro and in vivo data are often used during
pharmaceutical development in order fo reduce development time and optimize the
formulation. Many studies reported in the late '70s and early '80s established the
basic reliability of such correlations (Pharm. Res. 1886,7,975-882). Various definitions
of in vitro—in vivo correlation have been proposed as a predictive mathematical model
describing the relationship between an in vifro property of an extended release
dosage form (usually the rate or extent of drug dissolution or release) and a relevant
in vivo response, e.g., plasma drug concentration or amount of drug absorbed. Under
this concept, it is believed that when the retaining solvent/oil ratio of the present
formulations is increased, the formulation may have an increased/prolonged in vivo

release period,

Example 2 Comparison belween Method A and Method B

{01511 (1) Suspensions with precipitates, prepared by Method A when

the BB/oil ratio is about 1

[0152] Two samples {1 and 2) were prepared by directly adding SDE into a
mixture of sesame oif and benzyl benzoate (i.e., Method A of Example 1). In Sample
1, 5.5 mL sesame ofl and 4.5 mL benzyl benzoate were first mixed to form an oily
soivent mixture. 780 mg of SDE was then added into the solvent mixture. The
resulfant mixiure was sonicated for at least 2 hours, left overnight at room
femperature, and then centrifuged for 10 minutes at 3000 rpm. The upper clear
solution was collected and then subjected fo high performance liquid chromatography
(HPLC) analysis. Sample 2 was prepared by following the process for preparing
Sample 1 except that the amount of SDE was changed to 1000 mg. For Samples 1

and 2, the ratios of “the originally added weight of SDE” o “the volume of benzy!
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benzoate and sesame oil” were 75 mg/mb and 100 mg/mL, respectively. For both of
Samples 1 and 2, suspensions with precipitates were formed immediately after SDE
was added into the oily mixture. After being sonicated for over 2 hours and left

overnight at room temperature, visible solid particles of SDE were still present in the

resulting mixtures.

10153] {2} Homogeneous solutions, prepared by Method B when the

BBiol ratio is gahout 1

[0154] Four samples (3-6) were prepared according to Method B of Example
1. Specifically, in Sample 3, 2.25 mL of benzy! benzoate and 375 myg of SDE were
first mixed and stirred to form a clear solution. 2.75 mL of sesame ofl was then added
into the clear solution to give a homogeneous solution {resulting SDE concentration
of 75 mg/mL,; volume ratio of benzyl benzoate to sesame ¢il being 45:55), such that
the SDE is homogenously dissolved in the solution. Sample 4 was prepared by
following the method for making Sample 3 except that 2 mb benzyl benzoate and 3
mi sesame oil were used (resulting SDE conceniration of 75 mg/ml,; volume ratio of
benzyl benzoate {o sesame oil being 40:60). Sample 5 was prepared by following the
method for making Sampile 3 except that 2.5 mb benzyl benzoate and 2.5 mb sesame
oil were used (resuilting SDE concentration of 78 mg/mL; volume ratic of benzyt
benzoate to sesame oil being 50:50). Sample § was prepared by following the
process of making Sample 3 except that 500 mg SDE was used (resulting SDE
concentration of 100 mg/mL; volume ratio of benzy! benzoate to sesame oil being
45:55), Samples 3-6 were then subject {o a freeze-thaw test to check their physical
stabilities. The freeze-thaw lest was conducted by cooling each of the samples at
about -4 °C for about 12 hours, warming each of the cocled samples at room
ter;‘iperature for about 12 hours, and sequentially repeating the cooling and warming
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steps twice. All of Samples 3-8 stayed clear and homogeneous after the freeze-thaw
test. The resulting samples were centrifuged for 10 minutes at 3000 rpm. The upper
solution of each sample was respectively collected and then subjected to HPLC

analysis.

[0155] (3} HPLC analysis of Samples 1-8

(01566] The HPLC analysis was conducted using the column Waters Xbridge
RP18, 4.6 mm X 250mm, 3.5 ym column (Part No.: 186003984) and the following

conditions:

Flow rate: 0.6ml/min

injection volume: 10 W

Run Time: 70 minutes

Detector: UV wavelength 280 nm
Column temperature: 35 °C
Sample temperature: 25 °C

Gradient program:

Time (mins.) | Mobile phase A % | Mobile phase B %

' o 50 50
S e e
,,,,,,,,,,,,,,,, S e %
___________ — T
»»»»»» S ~Z] .

10157] Mobile phase A was an acetate buffer, and Mobile phase B was
methanol. 1.0 ml of each of the upper solutions from cenirifuged Samples 1-6 was
collected and then diluted with acetonitrile to 100 ml. The resuliing solutions were

subjected to the HPLC analysis, individually and separataly. The resuils of the HPLC
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analysis were used {o calculate the concentration of dissolved SDE in centrifuged

Samples 1-6, and the data is summarized in Table 2,

Table 2. Comparison between the formulations prepared by Method A and Method B,

- Added SDE | Calculated SDE

Sample BB/oil ratio Appearance icgncezf‘r{ratiaﬁ Concentration
# {mgfmi} {mgimi}
§asf§z__§;iés vpreparéi‘d‘;accarding o Métha& A:‘ \ |
1 | 1.001 Suspension 75 60
2 1.001 Susbension 100 | 85
Saméiés prepaz‘é‘é aca@rcﬁingj‘ié Méthéd 8: - |
3 | 1.0:1 Ciéﬁar solution ” 75 _ 75
4 0.81 Clear solution ?’5 ' 78
5 | : ‘ 1.241 » Clear solution 75 ) 78
6§ | 101 Clearsolution 100 BT

[0158] in Table 2, the weight ratio of benzyl benzoate to sesame oil is

calculated by the following formula:
Weight ratio= Volume ratio "1.118/0.817

[0158] In the formula, 1.118 (g/om®) represents the density of benzyl
henzoate, and 0.817 (g/om®) represents the density of sesame oil. “Added SDE
concentration” represents the ratio of "the originaily added weight of SDE” to “the
originally added volume of benzyt benzoate and sesame oll.” "Calculated SDE
Concentration” represents the calculated SDE concentration of Samples 1-8,
obtained by centrifuging each of the samples, and then analyzing the resulling

supernatants by HPLC.

101807 itcan be seen from Table 2 that, when the BB/ol ratio is sel fo about 1,
samples prepared according to Method A~ e, Samples 1 and 2 ~ were all in the
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form of suspension with precipifates, while samples prepared according to Method B
~i.g., Bamples 3-6 — were all in a homogeneous solution form. For Samples 1 and 2,
the difference between "Added SDE concentration” and “Calculated SDE
Concentration” indicates that more than 20% of SDE formed solid particles in the
formutations, which had greatly exceeded the limitation of "at most 0.5-5.0% solids”
acceptiable for an intramuscular injection suspension (see R. M. Patsl, Parenteral
Suspension: an Overview, Inf. J. Curr. Pharm. Res., 2010, 2,3:3-13). In addition, the
visible solid particles indicated that the average particle size of Samples 1 and 2 was
much larger than & micrometer (i.e., the upper limit for a qualified inframuscular
injection suspension). Moreover, “Calculated SDE Cancentratian”v of Samples 1 and 2
indicated that the saturated concentration of SDE in the formulations prepared by

Method A, when the BB/oil ratic is set to about 1, was around 80-865 mg/mL.

[0181] For Samples 3-8, it can be seen that the difference betwseen "Added
SDE concentration” and “Calculated SDE Concentration” was not significant,
meaning the homogeneous formulations prepared by Method B were stable even
after being tested by three cycles of freeze-thaw step. The above data also
demonstrate that when the weight ratio of benzyl benzoate {0 sesame off was in the
range of about 8.8-1.2:1, the present formulations prepared by Method B can be
homogeneous and stable with an SDE concentration of 100 mg/ml or less. in some
embodiments, the present invention may form a homogeneous and stable formulation,
at the BB/oll ratio of about 0.8-1.2:1, having a SDE concentration of 70-100 mg/mL,
for example, 75 mg/mb. The SDE concentration of more than 70 mg/mL allows the
injection volume {0 be greatly reduced, as compared with the injection volume

suggested by the prior art.

51



WO 2016/189393 PCT/IB2016/000857

{01627 It should be understood that when the BB/oil ratio is increased, for
example, from about 1 {o about 1.5, the solubility of SDE in the mixture of BB and oil
will be increased significantly, for example, from about 80 mg/mL to about 150 mg/mi.
Therefore, a homogeneously dissolved formulation having a BB/oil ratic of about 1.5
can be prepared by either Method A or Method B if the intended SDE concentration is
lower than 180 mg/mL. However, when a formulation having a BB/oil ratio of about
1.5 needs to be prepared with a SDE concentration of greater than 150 mg/mi,

Method B must be used to achieve a homogeneousiy dissolved formulation.
Example 3. In vifro and in vivo {on dogs) studies of present formulations

101631 (1) Preparation of present formulations
[0184] Three SDE formulations (AF3, AF1, and AF4) were prepared based
on the concentrations and BEB/oil ratios listed in Table 3. AF4 was prepared according

to Method A of Example 1, AF3 and AF1 were prepared according to Method B of

Exampie 1.

10165] Table 3. Present formulations for in vifro and in vivo studies on dogs

Sa;;ffis bg:gggge Sesame  SDE BB/l
; ——— oil {whw %} {mg/ml) ratio

AF3 T TR g1 B 868
AF1 54.2 45.8 80 1,18
AF4 a7 33 80 2

{01667 {2} Stability of present formulation

[0167] AF3, AF1 and AF4 formulations were then subject to a freeze-thaw
test to check its physical stabilities. The freeze-thaw test was conducted by cooling

each of the samples at about 0-4 °C for about 12 hours, warming each of the cooled
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samples at room temperature for about 12 hours, and sequentially repeating the
cooling and warming steps twice. AF3, AF1, and AF4 formulations stayed clear and
homogeneous after the freeze-thaw test. The resulling samples were centrifuged for
10 minutes at 3000 rpm. The upper solution of each sample was respectively
collected and then subjected to UPLC analysis according o the method of Exampls 1,
except that the run time was 15 minutes and the sample volume was 1ul. “Added
SDE concentration” and “Calculated SDE Concentration” are the same as that
defined in Example 2, except thatl the upper solutions of AF3, AF1 and AF4 were

analyzed by UPLC rather than HPLC.

[0188] Table 4. UPLC analysis resulis of AF3, AF1 and AF4 formulations

‘Added SDE | Caloulated SDE
Sa;zfie BB/oii ratic Appearance concentration| Concentration
‘ {mafmb} § {mg/ml.} L
AF3 0651 Clear soltion . 50 a7
AF1 1.18:1 Clearsolution | 80 77
. AF4 é.ﬁ Giea::"sniuﬁon 80 . 79

[0169] In Table 4, i can be seen that the difference between "Added SDE
concentration” and "Calculated SDE Concentration” is not significant, meaning the 3
formulations are homogeneous, and are stable aven after being subjected {o three
freeze-thaw cycles. The three formulations are respectively prepared by Method A or
Method B fo form a homogeneous solution without solid particles, and the
homogenaous solutions exhibit superior stabiiity that can satisfy commercial needs,
such as being suitable for direct sterilization by filtration and low temperature sforage

(shelf-life may be prolonged when being stored at a lower temperature).

[0170] (3} In vifro dissolution experiment
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[0171] In vitro dissolution experiments and UPLC analyses were performed,
according fo the processes disclosed in Example 1, on AF3, AF1 and AF4
formuiations. The accumulated SDE dissolution profiles of each of the formulations
are plotted in Fig. 2. [t can be seen from Fig. 2 that, when the BB/oil ratio is about 0.85,
the time required for releasing 50% of the total amount of SDE from AF3 formulation
into the /i vifro medium was about 20-30 minutes. When the BB/oll ratio was about
1.18, the time required for releasing 50% of the fotal amount of SDE from AF1
formulation into the in vitro medium was about 35-48 minutes. When the BR/oil ratic
was about 2, the time required for releasing 50% of the total amount of SDE from AF4
formulation into the in vitro medium was about 50-80 minutes. This testing indicates
that when the BB/oil ratio is increased from 0.65 to 2, the in vitro dissolution rate of

the present formulation will be decreased.

[0172] (4] Determining the effective plasma nalbuphine concentration

for analgesia in dogs

(01731 In the Handbook of Veterinary Pain Management (2nd Edition, 2008),
the potencies of nalbuphine and other opicid analgesics were reported (page 167,
Table 8-2). The duration of analgesia when administrating naibuphine at 0.5 mg/kg on
dogs was reported {o be about 4 hours. Thus, the plasma concentration of natbuphine
at 4 heurs afier injection of the said dose of nalbuphine via subcutaneous
administration may be the lowest effective plasma concentration of nalbuphine for
analgesia on dogs. According to in vivo experiments conducted by the inventors, the
average plasma concentrations of nalbuphine at 3 hours and 4 hours afier
subcutaneocusly injected with 0.5 mg/kg nalbuphine were 8.8 ng/mbL and 5.2 ng/ml,
respectively. Therefore, it may be regarded that the effective plasma concentration of
nalbuphine for analgesia in dog is about 5 ng/mi.

o4



WO 2016/189393 PCT/IB2016/000857

[0174] {B) intramuscular administration of present formulations into

dogs

[0178] An animal study was conducted to verify the correlation between the in
vifro dissolution rate and the /n vivo release rate/relsase period of the present
formulations. Each of the AF3, AF1, and AF4 formulations were separately
administered to two male Beagle dogs by inframuscular injection. The dose of SDE
was 160 mg for each dog, and the injection volumes varied according to the drug
concentration of each formulation (AF3: 3.2mL, AF1 and AF4: 2mL). The blood
samples were drawn prior to the dosing, and at 1, 2, 8, 24, 38, 48, 80, 72, 86, 120 and
144 hours afler dosing. The plasma nalbuphine concentration of each sample was
determined using a liquid chromatography-mass spectroscopy/mass spectroscopy
{(LC-MS/MS) system cansiﬁing of an AB API4000 triple-quadrupole mass

spectrometer coupled with Shimazdu LC-20AD and & CTC AutoSampler.

[0176] The mean plasma concentration-time profiles of nalbuphine from Day
1 to Day 6 for the three formulations are showed in Fig. 3, and the corresponding log
concentration-time profiles are shown in Fig. 4. Since SDE is rapidly converted into
nalbuphine when released from the formuliation info the blood or tissues, the plasma
natbuphine conceniration is measured to represent the release amount of SDE from

the formulation.

[0177] The in vivo testing results of the AF3, AF1 and AF4 formulations on
dogs are consistent with the frend we expect based on the in vitro dissolution studies.
it can be seen from Fig. 3 that when the BB/oil ratio is increased, the in vivo release
period of the formudation is extended or prolonged. More specifically, the nalbuphine

plasma concentrations at 144 hours (Day 6) after administration of AF3, AF1 and AF4
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are about 0.4 ng/mL, about 8.2 ng/mL and about 14.7 ng/mL, respectively. Based on
an assumption that the effective plasma concentration of nalbuphine for anaigesia on
dog is about B ng/mlL, AF3 formulation would not produce an analgesic effect at 144
hours from dosing, while the AF1 and AF4 formulations would produce an analgesic
effect for a pericd longer than 144 hours from dosing. According to the result of dog
experiment, when the BB/oil ratic was adjusted o lower than about 1, e.g. 0.65, the
formulation may have a duration of action of less than ¢ days, for example, about 4
days; when the BB/oil ratic was adjusted to greater than about 1, e.g. 2, the
formulation may have a duration of action of equal to or greater than about 5, for
example, more than 6 days. Thus, an extended release formulation of SDE with a
predetermined release period can be prepared by adjusting the BB/oll ratio of the

formuiation.

[0178] Furthermore, it can also be observed from Fig. 3 that when the BB/oil
ratic is increased, the release profile of the formulation will be steadier, e.g. delaysd
cnset and insignificant burst release for AF4. The pharmacokinetic parameters are
summarized in Table 5. The Tha 0f AF3, AF1 and AF4 are 21 hours, 24 hours and 84
hours, respectively. The Cua of AF3, AF1 and AF4 are 87.35 ng/mk, 82.80 ng/mL

and 41.1 ng/ml, respectively.

[0178] When the BB/oil ratios were about 0.65, about 1, and about 2, the
blood concentrations of nalbuphine at 1 hour after administration were about 28.4
ng/mlb, about 11.0 ng/mL, and about 8.7 ng/ml, respectively. The resulis indicate that
when the BB/oii ratio is increased, the time {0 reach an effective blood concentration
of nalbuphine may be longer, thus the onset of action of the formulation may be

slower,
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[0180] The foliowing PK parameters support the conclusion that when the
BB/oll ratic is increased, the formulation may exhibit a release profile with a longer
release period, a lower maximum concentration {Cna) and a longer time to peak
blood concentration level (Tha), as compared with a formulation having a lower

BRB/oil ratio.

Table 5. Pharmacokinetic parameters after IM injection of AF3, AF1 and AF4
formulations

Formulation AF3 AF1 AF4
 Injection volume (mL) 32 2 2
""""""" Average BW(kg) | 8.85 9.29 78
 Average Dose(mghg) 1813 | 17.24 202
..... e e T

Crnax (NG/ML) U 8735 | 8290 0 411

Tan T 1288 4114 | 38.99
AUCus (h'ng/ml) | 455563 | 6030.93 | 40757
AUCHs prea (NNgIiML) | 456335 | 5577.12 | 4978.4

(01811 By using the Wegner-Nelson method, the average plasma
concentration versus time curve was transformed into the cumulative relative fraction
absorbed (CRFA) versus time curve. Under the assumption that Ab™ (total amount of
drug absorbed at t = O~c0) of each formulation is 100% and the elimination half-life of
nalbuphine after i.v. dosing in dogs is about 1.2 hour (Biopharm Drug Dispos. 1985
Oct-Dec;6(4).413-21.}, the CRFA versus time curve of each formulation is plotted in
Fig. 5. in Fig. &, when the BB/oil ratic is about 0.65, about 89% of Ab™ is absorbed at
144 hours after administration (AF3}); when the BB/oil ratio is about 1,18, about 81%
of Ab” is absorbed at 144 hours afler administration (AF1); when the BB/cil ratio s
about 2, about 82% of Ab”™ is absorbed at 144 hours afler administration (AF4). By

applying this model, it can be projected that when the BB/l ratio of the formulation is
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increased, the relative percentage of Ab™ absorbed at the same time point will be
tower, which indicates that the formulation with a higher BB/oil ratio may release the

dose depot for a longer period of time.

{01821 The above experimental results all indicate that the in vitro dissolution
profiles of the present formulations are correlated {o the in vivo release profiles of the
formulations. The in vivo release ratefrelease period of the present formulation can be

controlled or regulated by the BB/oil ratio.
Example 4, In vitro and in vive {on humans) studies of present formulations

[0183] (1) Preparation of present formulations, by Method B of Example

[0184] About 600 g of SDE was mixed with about 4025 g of benzyl benzoate.
The resulting mixture was stirred at 300 rpm for 60 minutes to give a clear solution.
About 3591 g of sesame oil was added into the clear solution, and then stirred at 300
rpm for about 30 minutes. The resulting solution was subjected to filtration
sterifization by using Miflipore 0.22 um filters. The final formulation (F8) had an SDE
concentration of about 75 mg/ml, and the weight ratio of benzyl benzoate to sesame

ol was about 1.12:1 (Table 8).

Tabie 8. F8 formulation

Sample  Benayl S ’
Sesame ofl SDE BE/oil ratie

Vo ety (W) (maiml)
F& B3 47 g5 442
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[0185] The F8 formulation thus obtained was a homogensous solution
without solid particles, thereby suitable for being sterilized directly by filtration and

suitable for large scale production.

[0188] {2} In vitro dissolution experiment

[0187] In vitro dissolution experiments and UPLC analyses were performed,
according to processes disclosed in Example 1, on the F8 formulation. The
accumulated SDE dissolution profiles of the F8 formulation and the AF1 formulation
are plotted in Fig. 8. It can be seen from Fig. 8 that the dissolution profiles of FB and
AF1 formulations are similar as their BB/oil ratios are similar. When the BB/oil ratio is
about 1.1-1.2, the time required for releasing 50% of the total amount of SDE from the

formulation into the in vitro medium was about 30-40 minutes.

[0188] In view of the duration of action results obtained with AF1 in dogs
described above and the similar in vitro dissolution profiles for F8 and AF1, a similar

duration of action (i.e. greater than 6 days) with F8 was expected humans.

10189] (3} Phase 1 Clinical Study

[0190] A Phase | clinical frial was conducted with the F8 formulation in
heaithy volunteers. It was designed to evaluate safety and local tolerability and
assess the pharmacokinetics of SDE following single dose inframuscular injection.
The study enrolled a total of 28 healthy male subjects. All subjects were randomized
to 5 cohorts. Cohort 1 (N=4) was treated with single dose Nubain® 17 myg (0.85 mL)
via intramuscular injection. Cohaorts 2-5 (N=6) were sither treated with placebo (N=2)
ar treated with single dose SDE (N=4) at 78 mg {1 mL}, 100 mg (1.33 mL}, 1256 mg

(1.67 mL), and 150 mg (2 mL), respectively. Overall, the escalating doses of SDE up
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to 150 mg were well tolerated. All adverse events (AEs) were mild. No significant
difference was found among the SDE and placebo groups in the number of AEs, the

number of subjects with AEs, the severity of AEs, and AE relatedness.

[0191] Blood was collected from all 28 subjects who were treated with
Nubain®, the F8 formulation, or placebo. Heparinized blood sampies were obtained
before and at various time points following single dose administration of study
medication. Nalbuphine from Nubain® or the F8 formulation were detected and
quantitated using the validated LC/MS/MS method. The subsequent analysis of the
data involved non-compartmental pharmacokinetics analysis, L.e., Chax Tmax AUCes,
AlUCqiw, and Tiz. Since SDE is rapidly converted to nalbuphine in the blood, the
pharmacokinetic parameters of nalbuphine were calculated using a non-compartment

model and actual time vs. plasma concentrations of nalbuphine (Table 7}.

[0182] The pharmacokinetics of nalbuphine following the administration of the
F8 formulation appeared to be dose-proportional. The highest mean Chax and AUCqix
were found at 150 mg SDE and were 9.81 ng/mL and 1353.16 ng*hr/ml, respectively.
Plasma nalbuphine reached Coha within 45-66 hours (Thay after IM administration of

75, 100, 125, and 160 mg SDE.

[0193] The average slimination haiflife (T2} of nalbuphine after IM
administration of Nubain® (cohort 1) was about 4 h. Following intramuscular injection
of the F8 formulation with a total dose ranging from 75 mg to 150 mg, the mean
apparent Ty of nalbuphine ranged from about 56 to 90 hours. The longer apparent
half-life was most likely due {o slow and prolonged absorption of SDE/Mmalbuphine

from the IM injection site.
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Table 7. Pharmacokinetic parameters after single 1M injection of 17 mg Nubain® {(NH)

or escalating doses of F8 formulation.

Treatment/ Crmax | Toax AUCo: | AUCowm | Tim
Dose ) {ngfmL)} {hr} {hr'ng/mL) ‘{hr*ng!mu {hr}
NH i Mean. 8573 | 0.25 | 171.7¢ 174.16 | 4.08
i7mg | SD | 1861 | 0 | 1599 1553 | 113
SDE |Mean| 545 = 66 | 647.84 692.27 | 58.75
75mg | sSD | 085 | 22098 96.95 | 11400 | 554
SDE | Mean| 585 | 66 81134 | 93617 | 8545
10mg | 8D | 150 | 4099 | 14589 17627 | 2070
SDE  |Mean, 7.31 45 | 1047.45 121871 8983
126mg | SD | 178 | 2474 | 20577 | 26316 | 2474
SDE  [Mean| 981 | 60 | 121498 135316 734
150mg | SD 294 | 1386 | 15593 137.585 | 30.74

[0194] Fig. 7 shows the plasma concentrations of nalbuphine following
administration of various dose of the F8 formulation and of one dose of Nubain®. The
plasma concentrations of nalbuphine were above 1 ng/ml or 3 ng/ml for atleast 220
ar 120 hours, respectively, in all 16 subjects receiving 75-150 mg SDE inthe F8
formulation. However, following inframuscular injection of Nubain® 17 mg, the
plasma concentrations of nalbuphine remained above 1 ng/mb or 3 ng/mi for oniy 16
or 8 hours, respectively. Under the assumption that the effeclive plasma
concentration of naibuphine for analgesia in moderate (o severe pain is greater than 1
ng/mk, more preferably greater than 3 ng/mb (Can J Anaesth. 1891 Mar,
38(2):175-82; European Journal of Clinical Pharmacology 1887, Volume 33, issue 3,
pp 287-301), the duration of action of a single injection of the F8 formulation would be
much longer than that covered by a single injection of Nubain®. in the cohort
receiving 125 mg SDE, the mean plasma concentration of nalbuphine was above 3

ng/mi between 12 to 188 hours of dosing, which indicated that the duration of action
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was about 6.5 days (168-12 =158 hours = 8.5 days). In the cohort receiving 150 mg
S0E, the mean plasma concentration of nalbuphine was above 3 ng/mL between 24
to 168 hours of dosing, and was above 1 ng/mL between 6 1o 288 hours of dosing,
which indicated that the duration of action was about 6-12 days (168-24 =144 howrs =
8 days; 288-6 =282 hours = 11.75 days). For some individuals, the plasma
concentrations of nalbuphine were above 3 ng/ml between 12 to 216 hours of dosing,
which indicated that the duration of action was about 8.5 days (218-12 =204 hours =
8.5 days). This indicates that the F8 formulation may be administered to a patient at &
to 36 houwrs prior {o the onset of pain symptems. For example, the onset of pain
symptoms is during or afier a surgical operation. Accordingly, the F8 formulation may
be administered to a patient at 8 to 38 hours prior to a surgical operation, and may
effectively relieve pain during and immediately after the surgical operation. For
example, the F8 formulation may be administered at 12-36 hours or 12-24 hours prior

to the surgical operation.

[0185] (4} Bioavailability Study

[01868] A bicavailability study with the F8 formulation and Bain® (Nalbuphine
HCHIM injection) was conducted on healthy volunteers. A total of twelve subjects
completed the crossover study. Each subject received a single dose of reference
drug (Bain®, Nalbuphine HCH IM injection, 10 mg/mL x 2 mL) in pericd | and the F8
formulation (SDE IM injection, 75 mg/mbL = 2 mL) in period il There was a minimum
5-day washout period between period | and peried i In period |, the blood samples
were drawn prior to the dosing, and 0.083, 0.25,0.5, 1, 15,2, 3, 4,6, 8, 12, and 24
hours after dosing. In period 1, the blood samples were drawn prior to the dosing, and

8, 12, 24, 48, 60, 72, 96, 120, 188, 216, 288 and 360 hours after dosing.
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[0197] The whole blood concentrations of nalbuphing in the samples were
determined by LC-MS/MS. AUCq, AUChins Caax, Tmaxe T1z, 8nd MRT for nalbuphine
in whole blood were determined by non-compartment methods. In addition, relative

bicavailability of SDE compared to Nalbuphine (Bain®) was caiculated.

[0198] No serious adverse events cccuired during this study.
Pharmacokinetic parameters of nalbuphine for Bain® and the F8 formulation are

oresented as mean + the standard deviation (8D) in Table 8.

Table 8. Pharmacokinetic parameters of nalbuphine for Nalbuphine (Bain®) and the

F8 formulation.

Treatment/ AUCo. | AUCon | Crax | Tmax | MRT | Tug |
Dose (ngimL*hy (ngiml*h) (ngimL)| (h) | () | ()
Bai® Mean 318.3 | 3230 | 11545 040 | 415  4.03
20mg | sD 853 | 865 | 5645 |0.13 | 061 |0.54

SDE  Mean 1687.4 | 1832.0 | 15.40 64.00/149.38 83.16

150mg | sD | 3856 @ 4022 | 642 | 9.34 69.07 |46.45

[0108] Fig. 8 shows the mean whole blood concentration-time profiles of
nalbuphine after subjects recelved the F8 formulation from 0 to 360 hours of dosing in
period It described above. In this bicavailability study, the mean whole blood
concentration of nalbuphine was above 3 ng/ml between 24 to 168 hours of dosing,
which indicated that the duration of action was about 8 days (Table ). The resultis
consistent with the finding in the cohort receiving 150 myg SDE of Phase 1 study
{plasma concentration of nalbuphine). For some individuals, the whole blood
concentrations of nalbuphing were above 3 ng/mb between 12 to 218 hours of dosing,

which indicated that the duration of action was about 8.5 days. In addition, the mean
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whole blood concentration of nalbuphine was above 1 ng/mb between 6 to 288 hours

of dosing, which indicated that the duration of action was about 12 days.

Tabie 9. Mean whole blood concentration-time data of nalbuphine for the F8

formulation

0

8 1.00 0.38
12 2.04 0.94
24 5.03 2.55
48 11.83 5.51
60 13.3¢ 5.87
72 14.12 8.49
a6 817 3.15
120 £.48 1.67
168 4.33 1.19
218 2.51 1.10
288 1.44 g.e8

360 0.81 0.78

[0200] The relative bicavailability (F) of nalbuphine from the F8 formulation to
nalbuphine from Bain® was about 86.2 + 12.1 (%). In addition, the msan absorption
time (MAT) and absorption rate (Ka) of nalbuphine from the F8 formulation were
about 145.2 + 69.1 hour and about 0.0081 + 0.0030 h™, respectively. The
bicavailability study shows that the duration of action of the present formulation may
be equal to or greater than 6 days when the BB/oil ratio is set to about 1.12. On some

individuals, the duration of action of the present formulation may be about 5§ days.

i0201] By correlating the dog study results (Exampie 3) with the human study
results, if can be concluded that when the formulation having a BB/oil ratio of less
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than 1, e.g., about 0.65, is administered to a huvman subject via IM injection, the
duration of action of the formulation may be less than 8 days; while when the
formulation having a BB/oil ratic of more than 1, e.g., about 2, is administered to a
human subject via IM injection, the duration of action of the formulation may be
greater than © days. Accordingly, the present invention may provide extended release
formulations of SDE with various release pericds by adjusting the BB/oil ratio. For
axample, when a longer duration of action is intended (e.g. 1 or 2 weeks, or longer),
the BB/oll ratio may be set to about 1 or greater than 1, for example, 2 or 3; and when
a shorter duration of action is intended {e.g. 3 or 4 days), the BB/oil ratic may be sst

o less than 1, for example, 0.5 or 0.65.
[0202] (5)Phase 2/3 Clinical Study

[0203] Arandom, placebo-controlled, single dose, parailel design, phase 2/3
study was conducted with 209 male and female patienis to assess the safety and
efficacy of the intramuscular injection of F8 formulation in the treatment of

postoperative pain following hemorrhoidectomy.

[0204] The subjects were divided into two groups, of which Group 1 (n=103}
was treated with a single dose of intramuscular SDE 150 mg (2 mL), and Group 2
{n=106) was treated with a single dose of intramuscular placebo (2 mL). All subjects
were given a single dose of SDE or placebo vig intramuscuiar injection 24x12 hours
before hemorrhoid surgery. The subjects were allowed to take rescue medication and
monitored for 7 days after dosing. Statistical analyses were performed on the data to

compare the fwo groups.

[0205] The primary efficacy endpoint was pain assessment calculated as the

area under the curve of VAS pain intensity scores through 48 hours after surgery. The
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secondary efficacy endpoints included pain assessment measured with VAS: time
from the end of operation to the first rescue medication dosing; the consumption of
oral ketorolac. Pain intensity was assessed right before the first use of PCA ketorolae,
and at 120.1, 201, 320.1, 42025, 8£0.8, 12x0.8, 1620.5, 20+0.5, 241, 28+1, 3222,
362, 40+2, 4412, 482 hours after the surgery, and was assessed during Days 3-7
in the morning and evening, as well as during special events such as bowel

movemsents.

[0206] For the calculation of AUC, data were imputed with the use of the
windowed worst observation carried forward plus last observation carried forward
method. For subjects who used rescue medication for pain relief, their VAS scores
recorded within the window of ketorolac medication (8 hours, which is one half-life of
ketorolac) were replaced by the "worst” observation (i.e., the highest score before

taking ketorolac), hereafter called "adjusted VAS scores.”

[0207] The AUCzs and AlUCq.4s of the mean adjusted VAS scores of SDE
and placebo groups were calculated by using the trapezoidal method and

summarized in Table 10.

Tabie 10. Statistical analysis of AUCqz¢ and AUCq45 by treatment after hemorrhoid

operation.

Population

*miTT population: modified Intention-To-Treat population
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[0208] The AUC.4s of the SDE group showed statisticaily significant
superiority against placebo group in miTT population (209.93 £111.26 vs. 253.53
+108.49, p=0.0052). The distribution statistics for the amount of oral ketorolac
consumption after 48 hours post-operation by treatment was graphed as the box plot
presented in Fig. 8. Both the mean and median consumption of oral ketorolac were
lower in SDE group (Mean: 51.38 myg, Median: 40.00 mg) than those in the placebo

group (Mean: 73.30 mg, Median: 80.00 mg).

{0209] Furthermore, the time of the first use of post-surgical analgesic from
post-operation was assessed and the resulls of distribution statistics are summarized
in Table 11. Longer periods of time for the first use of post-operational analgesic in
SDE groups were observed. The mean time period of SDE group {12.57 hours) was

prolonged, compared to that of the placebo group (4.93 hours).

Table 11, Distribution statistics of time (hour} for the first use of post-operational

anaigesic by treatment

Fapalating Placebs

!:n

[0210] In summary, the trends of VAS scores for pain intensity measured
over time through 48 hours post-operation, the time from the end of operation to the
first rescue medication dosing and the consumption of oral ketorolac within 48 hours
were consisient. All these dlinical results indicated that the F8 formulation may be
administered to a patient prior to a hemorrhold operation, and may effectively relieve

pain immediataly after the hemorrhoid operation.
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[0211] Fig. 10 shows the plot of adjusted VAS scores over time through 0 hr
to 7 days after hemorrhoid operation of miTT population. The adjusted AUCqsna of
the mean VAS scores for SDE and placebo groups were calculated by using the
trapezeidal method and summarized in Table 12, The AUCygna of mean adjusted
VAS scores of pain intensity of the SDE group showed statistically significant
superiority against the placebo group in miTT population (630.78 £350.90 vs. 740.94
£353.72, p=0.G165). In addition, the adjusted VAS score of pain intensity in the SDE
group was lower at beginning of the assessment measured the first 1 hour and at Day
7 morning after hemorrhoeid operation (see the first and the last data point of Fig. 10).
The adjusted VAS score of the SDE group was lower than the placebo group
throughout the 7 days after the hemorrhoid operation. Accordingly, the F8 formulation
may be administered {o a patient prior 1o a hemorrhoid operation, and may effectively
relieve pain immediately after the hemorrhoid operation with the duration of action

persisting for at least about 5 or 6 days.

Table 12. Statistical analysis of AUCq.anq {(based on adjusted VAS scores) by

freatment after hamorrhold operation

RBean + 3B SDE - Piscebo
Population o e » p-value!
SDE Placebo LS-mean {98% O

AAAAAAAAAAAA 3 e .

SE15.20 208 15321 261 0.0165%

Example 5. Stability data of the present formulation

0212] The F8 formulation prepared according 1o Example 4 was stored at

2-8 °C for 24 months. The formulation remained as a clear and lightly yeliow oily

68



WO 2016/189393

PCT/IB2016/000857

solution for the whole period of 24 months. In the meantime, the formulation was

tested periedically by HPLC to determine its Assay (Table 13).

Table 13. Assay of the F8 formulation at 2-8 °C for 24 months.

10213]

Time of sampling Assay by HPLC
{month} {% of target)
5 By
8 105.2%
oz 101.7%
......... 7 P
““““ 24 O 1013%

it can be seen from Table 13 thal the F8 formulation is stable for

storage at 2-8 °C for at least 24 months. The freeze-thaw {est conducted in Example

2 also demonstrates that the formulation of the present invention can remain

homogeneous at about -4 °C while not forming precipitates or solid particles when

being returned to room temperature. The stability testing results indicate that the

formulation, having a SDE concentration (about 75 mg/mL) higher than the original

solubility/saturated concentration (about 80 mg/mL), prepared by Method B can

exhibit superior stability to satisfy commercial needs, e.g. long shelf-iife under

tow-temperature storage.

[0214]

it another example, the F8 formulation was respectively stored at 5,

25 and 40 °C for 8 months. Samples collected from each group were fested

periodically by HPLC to determine the formation of degradation products (Table 14).

Table 14. Stability of the F8& formulation at 5, 25, and 40 °C for 8 monihs

Total iﬁﬁpgﬁties by HPLC

”St@red at 5°C

.‘Stm@d at 2S”C

Stéred at 40°C '

68



WO 2016/189393 PCT/IB2016/000857

e
0o 037% 0.37% 0.37%
- Coamh oL o
“““ 3 039% 0.50% | 0.85%

6 ... 038% | 085% | 166%

[0215] It can be seen from Table 14 that when stored at 25 °C or 40 °C, the
F8 formulation generated more impurities. This indicates that the formulation is more
suitable to be stored at a temperature lower than room temperature. Since the
formulation of the present invention can remain homogeneous and stable at 2.8 °C
while not forming solid particles when returned {o room temperature, its sheif-life can

be further prolonged by being stored at a lower temperature.

Example §. improvement of SDE solubility in various solvent systems

containing different alky! alcohols as the solubilizing agent

[0216] (1) Solubiiity test of SDE solutions

[0217] Table 15 shows the compositions of the tested solvent systems by
weight/weight percent (w/iw%). The solvent systems each comprise sesame ol
benzyl benzoate and different alkyl aicohols (i.e., ethanol, 1-propanci, 2-propanol,

1-butanol and t-butanol}.

[0218] Each of the solvent systems was prepared by mixing each component
with the exact volume (ul) corresponding to the wiw% listed in Table 15. About 500 W
of each of the solvent systems was prepared and was vortexed for 3 minutes or more
to fully mix sach component. An appropriate amount of SDE was added inlo 250 yt of
gach of the solvent systems and the resulting mixiures were sonicated for 10 minutes.

If the previously added SDE was completely dissolved, an additional 4-8 mg of SDE
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was added info the mixture and which was then sonicated for another 10 minutes.
The step of adding 4-8 mg of SDE was repeated until the mixture was saturated to
show undissolved SDE precipitates. All of the mbdures were sonicatad for at least 30
minutes, and then centrifuged {o collect the supernatants. The supernatants were

treated with acetonitrile and then subjected to UPLC analysis.
(02181 (2) UPLC analysis

(02207 The SDE concentrations in the supernatants collected from samples
$1-88 were respectively determined by UPLC according fo the method of Example 1,

gxcept that the run time was 18 minutes and the sample volume was 1 ul.

[0221] The saturated SDE concentrations {i.e., solubility) for each tested
solvent systems are shown in Table 15. it is seen that the addition of alkyl alcohaols in
the solvent systems can significantly increase the SDE solubility, although the
solubllity of SDE in each of the alcohols alone is rather low. The solubility of SDE in

ethanol, 1-propanol, or i-butanol is about 10-30 mg/mL (Table 18).

(02221 The solubility of SDE in the solvent systems may be increased by at

least 30% when there is 10% of alkyl alcohol added.

Table 15, Effect of alky! alcohol on increasing SDE solubllity in the present

formulations

Composition of the solvent system fwiwe %) BDE Selubility
Mo, . , . sesame  benxyl  Solubilty Improveme
_______ alcoholtype  aloahol “ ol Kifsgg?&\};ia{ mggme};‘____ M
S1 NC* 0 40 60 159.8 . )
82 Ethanol 10 40 50 267.7 188 %
83 1-Propanol 10 40 50 2541 158 %
54 2-Propansi 10 40 50 2352 147 %
S8 1-Butanol 10 40 50 222.C 138 %
&6 tert-Butanol 10 40 50 211.2 132%
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*NC: Negative control, i.e. no aleohol is added.

Table 18. The solubility of SDE in various solvents

Sample Solubility of SDE in the
No. Solvent soivent {maimb)
1 Ransyl banzoate (BB) 375,44
2 Benzy! alcohol 583.13
4 Ethanol 15.86
5 1-Propanst 32.48
G {-Butanol 19.48
M Sesame oil 5.63

Example 7. Scolubility of 3DE in solvent systems comprising different types and

amounts of alkyl alcohols

[0223] Five groups of solvent systems containing 40% by weight of sesame
oif were respectively prepared according to the method of Example 8 by using the
compoesitions as listed in Table 17; and among them, five different alcohols (i.e.,
ethanol, 1-propancl, 2-propanol, 1-butanol, and tert-butancl) were used in the five
groups. SDE was dissolved in each of the solvent systems till saturation by following
the method of Example 8. The S8DE concentrations in the supernatants collected from
each of the samples {i.e. the saturated SDE concentration, or SDE solubility) were

respectively determined by UPLC using the method of Example 8.

Table 17. Solvent systems with various types and amounis of alcohols

' Components of the solvent system (wiﬁ%}

Sesame ol Alcohol ® Benzyl benzoate
40 0 e
49 25 §57.5
40 5 588
44 10 50
4G 20 40
40 30 30
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* Ethanol, 1-propanol, 2-propancl, 1-butanol, and tert-butano! were used in the

five groups, respectively.

[0224] The UPLC analysis resulls are divided into the five groups to illustrate
the effect of changing the aicohol an the SDE solubility, as depicted in Fig. 11. It can
be seen from Fig. 11 that when ethanol is replaced by 1-propancl, 2-propanal,
1-butano!, or teri-butandl, the trends of solubility improvement observed are similar.
For Cz-Cy alcohols, when 2.5-30% by weight of the alcohol is added into the solvent
system, the solubility of SDE can be significantly increased, and when about 10-20%
by weight of the alcohol is added info the solvent system, the SDE solubility can be

maximized,

Example 8. In vitro release study of present formulations containing various

atkyt alcohols

[0225] {1) Preparation of present formulations

[0228] Five present formulations were prepared according to Method A of
Example 1 {i.e., mixing the altkyl alcohol, BB and oil, then adding SDE) by using various
solvent systems as listed in Tables 18. The solubiiity of SDE in formulations comprising
an oli-miscible retaining solvent and a pharmaceutically acceptable oil may be
significantly increased by adding an alkyl alcobol.. As such, Method A s sufficient to
prepare a homogenous alcohol-containing formulation having a SBE concentration
that Is greater than the SDE solubility of the formulation without the alcohol, as long as
the intended concentration of SDE in the alcohol-containing formulation is lower than

the saturated concentration.
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102271 For the five formulations listed in Table 18, each formulation contains

10% ethanot and the BB/oil ratio ranges from 0.5 {o 18.

Table 18. The present formulations with ethanol, at various BB/oll ratios

Sample Ethanol Benayl me of . .
Now Wi %) t;i‘}ﬁ?;ff S?\zﬁm ?f:; gmz?iu BB/oll ratio
NA o 3g 80 7 05
NE 10 45 45 150
N3 10 57.5 225 150 3
N4 10 80 10 150

N5 10 84 & 156 16

[0228] {2} in vifro dissolution sxperiment

[0229) in vitro dissolution experiments and UPLC analyses were performed
according to the method of Example 1. The accumulated SDE dissolution profiles of

the five formulations listed in Tables 18 are plotted in Fig. 12

{0230] In Fig. 12, it can be seen that the frend observed in Fig. 1 remains

when ethanol is added info the formulations (N1-N5 of Table 18)

i

{02311 The presence or absence of an alkyl alcohol in the present formulation
does not significantly affect the correlation between the dissolution/release rate and
the BB/oll ratio, though the addition of the alcohol can significantly improve the
solubility of SDE in the formulation so as to give a homogeneous formulation having a

SDE concentration higher than that possible for the formulation without the aleohol.

Example 9. in vitro release study of present formulations with or without alkyl

alcohol

[0232] (1) Preparation of formulations

74



WO 2016/189393 PCT/IB2016/000857

[0233] Six formulations were prepared using various solvent systems as
listed in Tables 19-20. Among them, formulations F8 and AF1 were prepared
according Method B of Exampile 1, and the remaining formulations were prepared
according to Method A of Example 1 (i.e. mixing the alkyl alcohol, BB and oil, then

adding SDE).

{0234] For the three formulations listed in Table 18, the BB/oil ratios are all 16,
For the N5 and N10 formulations, ethanol and 1-butanol were respectively added in
the formulations. For the N7 formulation, there was no alcohol used in the

formulation.

[0235] For the three formulations listed in Table 20, the BB/oil ratios are all
about 1. For the N2 formulation, ethanol was added in the formulation; and for the F8

and AF1 formulations, there were no alcohol used in the formulations.

Table 18, The present formulations with/without alcohols, at the BB/oil ratio of 18

Saﬁ:v;;"aie Aleohol U Benzyl Sesams o (miiii.} B8/oil ratio
Lype A I
N7 e G 94 & 150 18
NS Ethanct 10 &5 5 156 16
N1 1-bustanol 0 a5 5 150 18

« Q,
si‘;’;’“e - 4) E (ms?:m BB/oil ratio
) Ethano! enzy Sesame il 9
........... DOBERRARAS be nzgate POPOR . i e st
8 iy 53 47 75 1.12
AF1 G 542 458 3G 148
N2 10 45 45 150
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[0238] (2} in vitro dissolution experiment

(0237 in vitro dissolution experiments and UPLC analyses were performed,
according to the method of Exampie 1, on the formulations listed in Tables 19-20. The
accumulated SDE dissolution profiles of the eight formulations of Tables 19 and 20
are plotted in Figs. 13-14, respectively. As shown in Figs. 13-14, the presence or
absence of an alkyl alcohol, does not significantly affect the dissolution rate of SDE
from the formulation as long as the BB/oil ratio remains the same or similar. When the
BB/oil ratic is setto about 16, the times required for releasing 50% of the total amount
of SDE from the four formulations into the in vitro medium are all about 100-120
minutes (N7, N5 and N10 of Table 18). When the BB/oil ratic is set to about 1, the
times required for releasing 50% of the total amount of SDE from the three
formutations into the /n vifro medium are all about 20-50 minutes {(F8, AF1, and N2 of

Table 20).

{02381 The results show that the presence or absence of an alkyl alcohol
does not significantly affect the dissolution/release rate of the present formulations as

long as the BB/oil ratio remains the same or similar.

Example 10. In vifro release study of formulations containing different oils

102387 (1) Preparation of formulations

[0240] Four formulations were prepared according to Method A of Example 1
by using different solvent systems as listed in Table 21 {l.e., mixing ethanol, BB and
the oil, then adding SDE). For the N2 and N14 formutations, the BE/oil ratios are

gbout 1; while Tor the N4 and N13 formulations, the BB/oil ratios are about 8. In the
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N2 and N4 formulation, the oil used is sesame oil; and in the N14 and N13

formulation, the oil used is castor oil.

Tabie 21. The formulations with different oils

Companents of the solvent system {whv %)

Saé‘;‘fm Ta:m o Ethanal  Benzy (m‘zﬁiu BB/oil ratio
,,,,,,,,,,, ¥pe - e BEDZOAtE . _
N2 sesame oil 45 10 45 150 1
N14 castor oil 45 10 48 150 1
N4 sesams ol 10 10 8¢ 180 8
N13 castor oil 10 10 80 1580 8

[0241] {2} in vitro dissolution experiment

[0242] in vitro dissolution experiments and UPLC analyses were performed,
according to the method in Example 1, on the four formulations. The accumulated

SDE dissolution profiles of the four formulations are plotted in Fig. 15.

[0243] As shown in Fig. 15, when the oil used is sesame oll and the BB/l
ratio is set to 1, the time required for releasing about 50% of the total amount of SDE
from the formulation into the in vifro medium is about 30-40 minutes (N2); and when
the oil used is castor oil and the BB/oil ratio is set to 1, the time required for releasing
50% of the total amount of SDE from the formulation into the in vifro medium is about
100-120 minutes (N14). On the other hand, when the oil used is sesams oil and the
BB/oil ratio is set {o B, the time required for releasing about 50% of the total amount of
SDE from the formulation into the in vifro medium is about 70-80 minutes (N4); and
when the oll used is castor oii and the BB/oll ratio is set to 8, the time required for
releasing 50% of the total amount of SDE from the formulation into the in vifro

medium is about 120-140 minutes (N13).

~
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{02447 1t can be seen from Fig. 15 that the dissolution profiles of the N2 and
N14 formulations are quite similar though the dissolution rate can be further
decreased by using castor ofl to replace sesame oil. This pattern is also seen with the
comparison between N4 and N132 formulations, This is to say that to replace sesame
oit by another pharmacesutical acceptable ol in the present formudation will not
significantly affect the correlation between the release period and the BB/oil ratio, L.e.,
the higher BB/oil ratio, the fonger the release period of the formulation. Furthermore,
using castor ofl to replace with sesame off may further prolong the release period of

the formulation.
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CLAIMS

1. A pharmaceutical formulation comprising sebacoyl dinalbuphine ester (SDE)
dissolved in sesame oil and benzyl benzoate,
wherein the concentration of the SDE in the formulation is about 75 mg/mL,

wherein the weight ratio of benzyl benzoate to sesame oil is about 1.12:1, and

wherein the pharmaceutical formulation is a solution suitable for administration
by injection prepared by:
(i) dissolving SDE in benzyl benzoate and

(i) mixing the solution resulting from step (i) with sesame oil to give a solution.

2. The pharmaceutical formulation of claim 1, wherein the weight ratio of benzyl

benzoate to sesame oil is 1.12:1.

3. The pharmaceutical formulation of claim 1, wherein the concentration of SDE in
the formulation is 75 mg/mL, and the weight ratio of benzyl benzoate to sesame oil is

1.12:1.

4. The pharmaceutical formulation of claim 1, wherein the formulation is suitable for

administration by intramuscular or subcutaneous injection.
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