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STABLE COMPOSITIONS OF PEPTIDE EPOXY KETONES

FIELD OF INVENTION

The present invention relates 1o pharmaceutical compositions comprising a peptide

epoxy ketone, which can be a proteasome inhibitor, such as Carfilzomib, wherein the
pharmaceutical compositions provide improved stability and solubility for the proteasome

inhibitor contained therein.

BACKGROUND OF THE INVENTION

Carfilzomib, which is the active ingredient in KYPROLI S¥ isa peptide epoxy

ketone proteasome inhibitor indicated for the treatment of patients with multiple myeloma
who have received at least two prior therapies, including bortezomib and an
immunomodulatory agent, and have demonstrated disease progression on or within 60 days
of completion of the last therapy. Carfilzomib frreversibly binds to the N-terminal threonine-
cantaining active sites of the 208 proteasome, the proteolytic core particle within the 268
proteasome. Carfilzomil has been shown to bave antiproliferative and proapoptotic activities
in vitro in solid and hematologic tomor cells. The compound has also been shown 1o inhibit
proteasome activity in blood and tissue and delay tumor growth in models of multiple
myeloma, bematologic, and solid tumors,

Peptide epoxy ketone proteasome inhibitors, such as Carfilzomib, have proven
difficult to formulate due to their low agucous solubility, In addition, the proteasome
inhibitors are very unstable. Thus, compositions comprising these compounds must typically
be lyophilized before storage and reconstituted before use. Moreover, the reconstituted
compositions are often not stable themselves (even under refrigerated conditions), As shown
in Table 1, certain reconstituted KYPROLISY compositions must be used within 24 hours

after reconstitution because of their instability.
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TABLE 1

Storage Conditions of Reconstituted

Stability*per Container
KYPROLIS

Vial | Syringe IV Bag (f)
Refrigerated (2°C to 8°C: 36°F (0 46°F) | 24 |

4 hours 24 hours
hours

Room Temperature (13°C to 30°C;

: o 4 hours | 4 hours 4 hours
- 39°F 1o 86°F)

*Total time from reconstitution to administration should not exceed 24 hours.

5% Dextrose Injection, USP

The need 1o Iyophilize a coraposition comprising a peptide epoxy ketone
proteasome inhibitor presents challenges 1o healtheare professionals. For example, dosing
errors frequently oceur during reconstitution of such products, and safety risks are presented
if the reconstitution is not conducted aseptically. Additionally, the product after
reconstitution is not stable for more than 24 by, a product with sach stability and storage
temperature restrictions poses a problem for convenient use in a clinical use setting.
Furthermote, lyophilized products allow for a one time reconstitution and use per patient.
‘This type of presentation does not allow for injecting multiple doses. Also any unased
portion of the reconstituted composition must be discarded, which leads to drug wasting, For
at teast these veasons, there is a need for new pharmaceutical compositions of peptide epoxy
ketone proteasome inhibitors that provide improved solubility and stability for the peptide
epoxy ketone proteasome inhibitor, as well as for ready-to-use compositions that elimivate

the need for reconstitution.

SUMMARY OF THE INVENTION

Accordingly, in one aspect, the invention provides a lyophilized composition

comprising a peptide epoxy ketong and 4 non-volatile sugar acid.
In one embodiment, the non-volatile sugar acid is lactobionic acid.
In one embodiment, the peptide epoxy ketone is a proteasome inhibitor.

I one embodiment, the peptide epogy ketone is Cartilzomib,
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In one embodiment, the peptide epoxy ketone is Carfilzomib and the non-volatile
sugar acid is lactobionic acid.
The lyophilized pharmaceutical composition may be administered to a patient in

need of such compositions after the composition is reconstituted with one or more

LA

pharmaceutically acceptable diluents.

In another aspect, the invention provides a pharmaceutical composition comprising

{1} a peplide epoxy ketone; (i) a solvent system comprising one or more water miscible

pharmaceutically acceptable organic solvents suitable for injection, and optionally water; and

{1i1} a non-volatile sugar acid.

10 In one ersbodiment, the water miscible pharmaceutically acceptable organic solvent
suitable for injection is selected from the group consisting of ethanol, propylene glyeol,
polyethylene glycol, glycerol, dimethylacetamide, N-methylpyrrolidone, dimethylsulfoxide,
and mixtures thereof,

In one embodiment, the water miscible pharmaceutically acceptable organic solvent

1S suitable for injection is selected from the group consisting of ethanol, propylene glycol,
pelyethylene glycol, and mixtures therent.

In one embodiment, the non-volatile sugar acid is lactobionic acid.

In one embodiment, the peptide epoxy ketone is a proteasome inhibitor,

In one embodiment, the peptide epoxy ketone is Carfilzomih,

20 In one embodiment, the peptide epoxy ketone is Carfilzomib and the non-volatile
sugar acid is lactobionic acid.

In one embodiment, the peptide epoxy ketone is Carfilzomib; the non-volatile sugar
acid is lactobionic acid; and the water miscible pharmaceutically acceptable organic solvent
suitahle for injection is selected from the group consisting of ethanol, propylene glycol,

25 polyethylene glycol, and mixtures thereof.

In one embodiment, the pharmaceutical composition is a ready to use formulation,
In one embodiment, the pharmaceutical composition is a ready to dilute
formulation.

The pharmaceutical compositions of the invention may also comprise one or more

Lid
<

pharmaceutically acceptable excipients, such as a buffer, surfactant, antioxidant, preservative,

isotonicity agent, and/or a fyoprotectant agent.
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Another aspect of the invention refates to methods of making the pharmaceuntical
compositions discussed herein.
The pharmaceatical compositions of the invention overcome one or more

limitations discussed above.

DETAILED DESCRIPTION OF THE INVENTION

The invention is generally directed towards pharmaceutical compositions
comprising a peptide epoxy ketone.

In one embodiment, the composition is a lyophilized composition comprising the
peptide epoxy ketone and a non-volatile sugar acid,

In one embodiment, the composition is a liquid formulation comprising (1) a peptide
epoxy ketone; (1i) a solvent system comprising one or more water miscible pharmaceutically
acceptable organic selvents suitable for infection, and optionally water; and {iit) 2 non-
volatile sugar acid.

in each of the embodiments, the peptide epoxy ketone can be a proteasome
inhibitor.

in each of the embodiments, the peptide epoxy ketone can be Carlilzomib,

Where such compositions are Ivophilized or concentrated above the concentration
suitable for injection or infusion, the compositions will be administered after reconstitution
with one or more pharmaceutically acceptable diluents.

Regardless of the particular form of the preparation, the pharmaceutical
compositions contemplated herein may further comprise one or more buffers, surfactants,
antioxidants, preservatives, isotonicity agents, and/or lyoprotectants,

Pharmaceutical compesitions according to the instant disclosure provide improved
stability and solubility for peptide epoxy ketones, such as Carfilzomib,

Any vecitation of ranges of values set forth below is merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
uniess otherwise indicated herein, and cach separate value is incorporated into the
specification as if it were individually recited herein, Furthermore, all veferences, including
publications, patent applications, and patents, cited herein are hereby incorporated by

reference 1o the same extent as if each reference were individually and specifically indicated
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1o he incorporated by reference and were set forth in its entirety herein.

The tetms “a” and “an” and “the,” as usad herein, are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context.

The terms “comprising,” “having,” “including,” and “containing,” as used herein,
are to be construed as open-ended terms (Le., meaning “including, but not limited 0,7} unless
otherwise noted.

The pharmaceutical compositions of the invention comprise at least one peptide
epoxy ketone or & pharmaceutically acceptable salt thereof. Preferably, the peptide epoxy
ketone is a proteasome inhibitor. Peptide epoxy ketones are epoxide-containing compounds,
which contain # ketone group proximate to an epoxide group. Peptide epoxy ketones have

the general structure:

!

N n

wherein:

R' and R are hydrogen or a C1-Cy alky! group, such as methyl, ethyl, propy! and
butyl groups, which can be further substituted with one or more hydroxy, halogen, amino,
carboxy, carbonyl, thio, sulfide, ester, amide, or C;-Cg atkoxy groups; and

P is a peptide chain containing between 1 and 12 amine acids that is connected to
the nitrogen by an amide bond with the carboxylic acid terminus of the amino acid. The N-
terminal of the peptide chain nay be protected or derivatized.

The stereochemistry of the carbons bonded to R and R? can be (R) or (8). In one
preferred embodiment the stereochemistry of the carbon bonded to R' and R” is as depicted
below:

Ro

. /\o
\ﬁ/ f

0

For some emsbodiments, the oxygen atom of the epoxide is configured as depicted above in
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order to facilitate interaction with an N-terminal nucleophilic group iv an Nin hydrolase, For
example, irreversible interactions of enzyme inhibiiors with the B3/Pre2 subunit of 208
proteasome, which lead to inhibition, appear 1o be facilitated by the configuration iHustrated
above, In the case of other Nt hydrolases, the opposite stereochemistry of the epoxide may
be preferred.

Prefrably, the peptide chain contains two or more ammino acids. In some
embodiments, useful for inhibiting chymotrypsin-like {CT-L) activity of the proteasome, the
peptide chain contains between two and eight amino acids, and in some preferred
embodiments for CT-L inhihition, between two and six amino acids. In other embodiments
useful for inhibiting the PGPH activity of the proteasome, the peptide chain contains between
two and eight amino acids, and in some preferred embodiments for PGPH inhibition, between
two and six amino acids.  In other embodiments, the peptide chain contains between two and
four amine acid units,

The amino acids can be a natural occurring essential amino acid, such as ghyeine,
alanine, valine, isoleucine, leucine, phenvialanine, threonineg, tyrosine, sering, and proling,
The amino acids can be a naturally occurring non-essential amino acid, such as for example
taurine, carniting, citrolline, cysting, omithing, norleucing, and others. The amino acids can

also be a non-naturally occurring amino acid of general formula:
Q

R. ‘
7 OH

|

NH,
wherein the side chain, R, can be hvdrogen, phenvl, or C;-Cy alkyl, wherein the C-Cy atkyl
can be further substituted with one or more phenyl, hydroxy, halogen, amino, carboxy,
carbonyl, thio, sulfide, ester, amtide, or C;-Cs alkoxy groups, and the phenyl can be further
substituted with one or more hyvdroxy, halogen, amino, earboxy, carbonvl, thio, sulfide, ester,
amide, or C;-Ca alkoxy groups,

Peptide epoxy ketones useful in the compositions of the invention include those
described in U.S, Patent No. 7,737,112, the content of which are incorporated herein by
reference,

Most preferably, the peptide epoxy ketone proteasome inhibitor is Carfilzomib {16,
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{28)-N-((8)-1-({5)-4~-methyl- [-((R)-2-methyvloxiran-2-vi}-1 -oxopentan-2-yicarbamoy)-2-
phenylethyl}-2-((8}-2-(Z-morpholincacetamido )-4-phenylbutanamido)-4-methylpentanamide)

which has the following structure:

O
ratt

&

= S
“

Lyophilized Compositions,

A

‘The tyophilized compositions of the invention comprise the peptide epoxy Ketone
and a non-volatile sugar acid. The peptide epoxy ketone may be a proteasome inhibitor,
Preferably, the peptide epoxy ketone is Carfilzomib,

‘The weight ratio of the non-volatile sugar acid to the peptide epoxy ketone ranges

10 from about 2:1 to [5:1, preferably about 3:1 to {31, more preferably about 4:1 to 15:1, most
preferably about 4:1 to 111, Typically, the weight ratio of the sugar acid to the peptide
epoxy ketong is greater than 4:1, preferably greater than 5:1. Typically, the weight ratio of
the sugar acid to the peptide epoxy ketone is fess than 1511, preferably less than 1011,

In one embodiment, the lvophilized composition comprises about 60 mg of the

_—
4

peptide epoxy ketone and about 300 mg of the non-volatile sugar acid. In one embaodiment,
the Iyophilized composition comprises about 60 mg of Carfilzomib and about 300 mg of
lactobionic acid. I one embodiment, the lyophilized composition comprises about 60 mg of
Carfilzomib and about 400 mg of lactobionic acid.

The phrase sugar acid means an oxidized derivative of sugar having one or more

20 carboxylic acid functional groups. Sugar acids can be obtained by oxidizing the aldehyde
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group of a sugar. The term sugar inchudes any polvhydroxy carbohydrate moiety, including
monosaccharides, disaccharides, polysaccharides, Preferably. the sugar actd is derived from
a monosaccharide or a disaccharide. In one embodiment the sugar acid is a monosaccharide,
In one embodiment the sugar gcid s a disaccharide. The sugar acids may be used in the agid
form or as a salt. When used as a salt, the salt is preferably a sodinm, calcium, magnesium,
or zinc salt. The sugar acid may be in the form of an ester or a factone. Sugar acids also
include compounds derived from amino sugars and acetylated amino sugars.

Non-volatile sugar acids uscful in the compositions of the invention include, but are
not Hmited to, N-acetylneuraminic acid, N-acetvltalosaminuronic acid, aldaric acid, aldonic
acid, 3-deoxy-D-manno-cct-2-ulosonic acid, galaturonic acid, D~galacturonic acid, glucaric
acid, ghuconic acid, glucuronic acid, glucono-y-lactone, glyceric acid, N-glycolylnevraminic
acid, iduronic acid, isosaccharinic acid, lactobionic acid, mucie acid, muramic acid,
neuraminic aeid, pangamic acid, saccharic acid, sialic acid, threonic acid, ulosonic acid,
uronte acid, X-Glue, xyloic acid, ascorbic acid, and mixtures thereof. Preferably, the non-
votatile organic acid is factobionic acid.

Preferred sugar acids include, but are not Himited to, gluconic acid, glucono-y-
tactone, lactobionic acid, glucuronic acid and its monc-or dilactongs, pangamic acid,
mannosaccharic acid and its mono-or dilactones, roucic acid and its mono-or dilactones, and
mixtures thereof, Most preferred sugar acid 1s lactobionic acid.

The Ivophilized compositions may further include one or more excipients suitable
for inclusion in a tyophilized composition. For exanple, the Ivophilized compositions may
include a [yoprotectant. Suitable Ivoprotectants inchude amino acids and polymers.
Preferably, the amino acid is selected from the group consisting of ysine, alanine, and
glycine. Suitable polymers include various proteins {e.g., pelatin and albumin), pobyethylene
ghveol, gelatin, polyviny! pyrrolidone, albumin, and Dexiran-40. Typically the lvoprotectant
represents less than 30% weight/weight of the byophilized composition, and all concentrations
above 1% weight/weight of the total composttion are deemed effective {0 enhance the
stability of the composition. In various embodiments, the Ivoprotectant is present in an
amount of at feast about 5% weight/weight, at least about 10% weight/weight, or at least
about 20% weight/weight of the total composition.

The compositions can be prepared by combining the peptide epoxy ketong, the non-
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visdatile sugar acid, any optional excipients, and a suitable lvophilization solvent to provide a
solution and then byophilizing the solution using art-recognized lyophilization techniques.

The compositions can be sterilized. Sterilized compositions can be obtained using
art-recognized methods for stertlization, such as filtration through 0.22 micron filters (e.g.,
PYDF filiers), heat sterilization, radiation {¢.g., gamma, electron beam, microwave), and/or
ethylene oxide sterilization,

The non-volatile sugar acid compositions are more stable than a comparable
composition that does not include the non-volatile sugar acid. Preferably the compositions
have sufficient stability to allow storage at a commercially relevant temperature, such as
between about 0° C and about 60° C, for a commercially relevant period of time, such as at
least one week, preferably at least one month, more preferably at least three months, and most
preferably at least six months. In some embodiments the compositions have sufficient
stability (o allow storage at a commercially relevant temperature for more than one year, and
in some embodiments more than two years, Stabilily can be measured using any
phvsiochemical characterization technigues known to those skilled in the art, such as, for
example high pressure Haquid chromatography (HPLC).

The lyaphilized pharmaceutical compeositions discussed hereinmay beina
Iyaphilized powder or Ivophilized cake form. Before use, the lyophilized pharmaceutical
compositions are diluted or reconstituted with a pharmaceutically acceptable diluent. Any
difuent known in the art in which the peptide epoxy ketone is soluble can be used.
Preferably, the lyophilized composition is reconstituted with a solvent systern so as to provide
a liquid pharmaceutical composition as described befow. In one embodiment, reconstitution
provides a ready to use formulation as described below. In one embodiment, reconstitution
provides a ready fo dilute formulation as described below. The ready to dilute formulation
can then be diluted with a suitable diluent before administration, Suitable diluents include,
but are not Himited to, water, saling, dextrose §% in water, water for injection, and lactated
ringer's solution. In one embodiment, the Ivophilized composition is reconstituted directly
with a suitable dituent.

The lyophilized pharmaceutical compositions are preferably contained in a vial or
pre-filled syringe before reconstitution ocours,

it should be appreciated that the peptide epoxy ketone is present in the lvophilized
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pharmaceutical compositions in an amount that is suttable for administration after
reconstifution.

Liquid Pharmaceutical Compositions:

The liquid pharmaceutical compositions of the invention comprise (i) g peptide
epoxy ketone, (i) a solvent system comprising one or more water miscible pharmaceutically
acceptable organic solvents suitable for injection and optionally water, and (i31) a non~volatile
sugar avid.

In one embodiment, the liquid pharmaceutical composition is a ready to nse
formulation. A ready to use formulation is a formulation that is suitable for administration
without further dilution.

In one embodiment, the liquid pharmaceutical composition is a ready to dilute
formulation. A ready to dilute formulation is a formulation that is suitable for administration
after dilution with a suitable dituent.

The liguid pharmaceutical compositions can be a multi-dose formulation, 7e., a
formulation that has a volume and/or quantity of the active pharmaceutical ingredient suitable
for at least two independent and distinet administrations (to the same or a different patient) of
the formulation.

The hquid pharmaceuntical compositions are more stable than a comparable
composition that does not inclade the non-volatile sugar acid. Without wishing to be bound

by theory, it is believed that the sugar acid provides improved stability to the liquid

pharmaceutical compositions. Importantly, the sugar acid alse helps prevent the peptide

epoxy ketone from precipitating when the ligeid pharmaceutical composition is further
dituted with a diluent. Thus, the liquid pharmaceutical compositions can advantageously be
raove readily difated with a suitable diluent, without the peptide epoxy ketone precipitating.
By reducing the tendency of the peptide epoxy ketong to precipitate, permits the preparation
of more concentrated formulations to be obtained by diluting the by liquid pharmaceutical
compositions.

The water miscible pharmaceutically acceptable arganic solvent suitable for
injection provides improved solubility for the peptide epoxy Ketone compared 10 an aqueons
composition in the absence of the pharmaceutically acceptable organic sobvent. The

pharmaceutically acceptable organic solvent also provides a solvent system that reduces
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degradation of the peptide epoxy ketone compared to an agueous sotvent in the absence of
the organic solvent

in one embodiment, the peptide epoxy ketong is a proteasome inhibitor, Inone
embodiment, the peptide epoxy ketone is Carfilzomib.

Typically, the concentration of the peptide epoxy ketone tn the higuid
pharmaceuntical composition ranges from about 0.1 to about 10.0 mg/mL. For example, the
concentration of the peptide epoxy ketone in a ready to use formulation ranges typically from
about 0.1 to about 3.0 mg/ml. and the concentration ot the peptide epoxy ketone in a ready to
dilute formudation typically ranges from about 1.0 to about 10.0 mg/ml..

Any of the non~volatile sugar acids described above can be used in the liquid
pharmaceutical compositions, The weight ratio of the non-volatile sugar acid to the peptide
epoxy ketone ranges from about 2:1 to 15:1, preferably about 3:1 to 15:1, more preferably
about 4:1 to 13:1, muost preferably about 4:1 to 101, Typically, the weight ratio of the non-
volatile sugar acid to the peptide epoxy ketone is greater than 401, preferably greater than 5:1,
Typically, the weight ratio of the non-volatile sugar acid to the peptide epoxy ketone is less
than 15:1, preferably less than 10:1.

Preferably, the non-volatile sugar acid i3 factobionic acid.

Suttable water miscible pharmaceutically scceptable organic solvents suitable for
injection are non-foxic organic solvents in which the peptide epoxy ketone is soluble.
Saitable solvents include of ethanol, propylene glveol, polyethylene glycol, glyeerol,
dimethylacetamide, N-methyvipyrrolidone, dimethylsulfoxide, and mixtures thereof. In one
embodiment, the solvent is selected from the group consisting of ethanol, propylene glyeal,
polyethylene glycol, and mixtures thereof.

Preferably, the water miscible pharmaceutically acceptable organic solvent suitable
for injection is selected from the group consisting of ethanol, propyiene glveol, polvethylens
glyeol (in particular PEG 300 and PEG 400), and mistures thereof,

The fiquid pharmaceutical compositions may include water. Preferably the water
miscible pharmaceutically acceptable organic solvent suitable for injection comprises more
than about 25% by volume of the total amount of liguid used to formulate the pharmaceutical
composition. More preferably, the water miscible pharmaceutically acceptable organic

solvent suitable for injection comprises more than about 30% by volume of the total amount
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of fiquid used to formalate the pharmaceutical composition. Most preterably, the water
miscible pharmacentically acceptable organic solvent suitable for injection comprises more
than about 75% by volume of the total amount of lquid used 1o formulate the pharmaceutical
compositions

In one embodiment, the liquid pharmaceutical composition comprises at [east two
pharmaceutically acceptable solvents, The at least two pharmaceutically acceptable solvents
can be present in any ratio,

in one embodiment, the liguid pharmaceutical composition comprises both ethanol
and propylene glycol. Preferably, the volume ratio of ethanol to propylene glycol ranges
from about 1:10 to 10:1. In one embodiment, the liquid pharmaceutical composition
comprises ethanol, propylene plyeol, and water. In ane embodiment. the volume percent of
the water ranges from 0% to about 60% of the total volume of liguid in the composition.

In one embodiment, the liguid pharmaceutical composition comprises both ethanol
and polyethvlene glycol (e.g., PEG 300 or PEG 400). Preferably, the volume ratio of ethanol
to polyethylene glyeol ranges from about 110 to 10:1. In one embodiment, the Hquid
pharmaceutical composition comprises ethanol, polyethylene glycol, and water. in one
embodiment, the volume percent of the watet ranges from 0% to about 60% of the total
volume of liquid in the composition.

In one embodiment, the liquid pharmaceutical composition comprises Carfilzomib;
a solvent system comprising ethanol, propylene glyeol, and water; and a non-volatile sugar
acid.

In one embodiment, the liquid pharmaceutical composition comprises Carfilzomib;
a solvent system comprising ethanol, propylene glycol, and water; and lactobionic acid.

In one embodiment, the liquid pharmacentical composition comprises Carfilzomib
i an amount of about .1 (o 10 mg/mi,; a solvent system comprising ethanol, propylens
glveol, and water; and lactobtonic acid. In one embodiment, the Carfilzomib ts present in an
amount of about 1 to S mg/mi.

iy one embodiment, the liquid pharmaceutical composition comprises Carfilzomib
in an amopnt of about 0.1 to 10 mg/mL; a solvent svstem comprising ethanol, propylene
glycol, and water; and laciobionic acid, wherein the weight ratio of lactobionic acid to

Carfilzomib ranges from about 2:1 to about 15:1. In one embodiment, the Carfilzomib is
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present in an amount of about 1 to 3 mg/mL.

in one embodiment, the liguid pharmaceutical composition comprises Carfilzomib
in an amount of about 0.1 to 10 mg/mL; a solvent system comprising ethanol, propylene
glyeol, and water; and lactobionic acid. wherein the weight ratio of lactobionic acid to
Carfilzomib ranges from about 2:1 to about 15:1, and the ratio of propylene glycol to ethanol
is about 110 to 10:1 (v/v). In one embodiment, the cthanol and propylene glyeol comprise
more than about 25% by volume of the total amount of liguid used to formulate the
pharmacetical composition. In one embodiment, the ethanol and propylene glycol comprise
more than about 30% by volume of the total amount of liquid used to formulate the
pharmaceutical composition. In one embodiment, the ethanol and propylene giycol comprise
more than about 73% by volume of the total amount of fiquid used to formulate the
pharmaceutical composition. In one embodiment, the Carfilzomib is present in an amount of
about 1105 mg/ml.

In one embodiment, the liguid pharmaceutical composition comprises Carfilzomib;
a solvent system comprising ethanol, polyethylene glycol, and water; and a non-volatile sugar
acid. In one embodiment, the polyethylene glycol is selected from PEG 300 and PEG 400,

In one embodiment, the liquid pharmaceutical composition comprises Carfilzonub;
a solvent system comprising ethanel, polyethylene glycol, and water; and lactobionic acid. in
one embodiment, the polyethylene glycol is selected from PEG 300 and PEG 400.

In one embodiment. the liquid pharmaceutical composition comprises Carfilzomib
iy an amount of about 0.1 to 10 mg/ml.; a solvent system comprising ethanol, polyethylens
giveol, and water; and lactobionic acid. In one embodiment, the polyethylene glycol is
selected from PEG 300 and PEG 400. In one embodiment, the Carfilzomib is present in an
amount of about 1 to § mg/ml,

in one embodiment, the liguid pharmaceatical composition comprises Carfilzomib
i an amount of about 0.1 to 10 mg/ml.; a solvent system comprising ethanol, polyethylene
glyeol, and water; and lactobionic acid, wherein the weight ratio of lactobionic acid to
Carfilzomib ranges from about 2:1 toabout 15:1. In one embodiment, the polyethylens
ghyeol 15 selected from PEG 300 and PEG 460,

In one embodiment, the liguid pharmaceutical compostiion comprises Carfilzomib

in an amount of about 0.1 to 10 mg/mL; a selvent system comprising ethanol, polyethylene
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glyeol, and water; and Jactobionic acid, wherein the weight ratio of Carfilzomib to
jactobionic acid ranges from about 2;1 to about 13:1, and the ratio of ethanol 1o polyethylene
glyeol is about 111010 11 (v/v). In one embodiment, the ethanol and polyethylene glycol

comprise more than about 25% by volume of the total amount of liquid used to formulate the

¥

pharmaceutical composition. In one embodiment, the ethanol and pelyethylene glycol
comprise morg than about 50% by volwme of the total amount of liquid used to formulate the
pharmaceutical composition, In one embodiment. the ethanol and polyethylene glyeol
comprise more than about 75% by volume of the total amount of Higuid used to formulate the
pharmaceutical composition. In one erabodiment, the Carfilzomib is preseat in an amount of
{0 about | 1o 5 mg/mlL.

"The liquid pharmaceutical compositions of the instant invention may further
comprise one or more excipients, such as, buffers, surfactants, antioxidants, preservatives,
isotonicity agents, and/or lyoprotectants,

For instance, a buffer is typically used in the lquid pharmaceutical compositions of

15 the invention to controf the pH. As.shown in Table 2, at least some peptide epoxy ketones
{e.g., Carfilzomib) have demonsirated a strong pH-dependent solubility.
TABLE 27 Effect of pH on Solubility of Carfilzomib
' FH o Satuvation Solubility (pg/mL)

1.7 (1% L-Cysteine) 459.0

3.3 (15 mM Acetate Buffer) 125.0
5.0 (18 mM Curate Buffer) 9.0
7.0 (15 mM Phosphate Bufter} 3.4
20 T |

Accordingly, a buffer may be used in the liquid pharmaceutical compositions of the instant
invention to maintain a pre-selected pH level at which the peptide epoxy ketone is soluble.
Examples of suitable buffers include mixtures of a weak acid and alkali metal salt
{e.2., sodium, potassivny) and the conjugate base of the weak acid. Suitable bufters include,
25 for example, buffers selected from the group consisting of citric acid, acetic acid, maleic acid,

phosphoric acid, succinic ackd, or tartaric acid, as well as the counter ion salts thereof. The
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molar concentration of the buffer typically ravges between about § nuillimolar and about 130
millimolar, and is most preferably about 15 millimelar. The butfer will typically kave a pH
of about 3.5, however, modifications to the pH value are also contemplated herein. Howill be
recognized by those of skill in the art that determination of the preferred solubility range of a
peptide epoxy ketone around a pH of 3.5 using any of the aforementioned butfers can be
performed using known technigues.

The pH level for cach pharmaceutical composition should be selected to provide
suitable solubility of the peptide epoxy ketone used therein. It is generally preferred,
however, that the pH of the compositions be suitable for injection and, therefore, will
typically be between about 2.0 and about 9.0, and even more typically between about 2.5 and
about 8.0,

The Hguid pharmaceutical compositions according the invention may also comprise
an anfonie, nonioenic, cationic, or amphoterie surfactant, Anionic surfactants that may be
used in the pharmacentical compaositions of the invention inchude alky! ether sullates and
carboxylic acids, in particular in form of thelr alkali salts, as well as protein fatty acid
condensates.

Examples of suitable nonionic surfactants include, but are not limited to, fatty
alcohol acid or amide cthoxylates, monoglyceride ethoxylates, sorbitan ester ethoxylates
alkyl polyglveosides, mixtures thereof, and the like. Certain preforred nonionic surfactants
include polyoxvethylene derivatives of polyvol esters, wherein the polyoxyethylene derivative
of polyol ester (1) is derived from (a) a fatty acid containing from about 8 to about 22, and
preferably from about 10 to about 4 carbon atoms, and (b) a polyol selected from sorbitol,
sorbitan, glucose, a-methyl glucoside, polvghucose having an average of about 1 to about 3
glucose residues per molecule, glycering, pentaerythritol and mixtures thereof, (2) contains an
average of from about 10 to about 120, and preferably about 20 to about 88 oxyethylene
units: and (3) has an average of about 1 to about 3 fatty acid residues per mole of
polyosvethvlene derivative of polyol ester. Examples of such preferred polyoxyethylene
dertvatives of polvol esters include, but are not limited to PEG-80, sorbitan laurate, and
Polysorbate 80,

Another class of suitable nonionic surfactants includes long chain alkyl glicosides

or polyglucosides, which are the condensation products of (a) 4 long chain alechol containing
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from about 6 to about 22, and preferably from about § to about {4 carbon atoms, with (b)
glucose or a glucose-containing polymer. Preferred alkyl gluocosides comprise from about
to about 6 glucose residues per moleaule ofalkyl glucoside. A preferred glucoside is decyl
glucoside, which is the condensation product of decy! alcohol with a ghucose polymer and is
available commercially from Cognis Corporation of Ambler, Pa. under the tradename,
"Plantaren 2000."

Various cationic surfactants may also be suitable for use in the present
compositions. Examples of suitable cationic surfactants include, but are not limited to atkyl
quaternarics (mono, di, or tri}, benzyl quaternaries, ester quaternaries, ethoxylated
quaternaries, alkyvl amines, and mixtares thereof, wherein the alkyl group has from about 6
carbon atoms to about 30 carbon atoms, with about § to about 22 carbon atoms being
preferred.

Also possible is the incorporation of amphaoteric surfactants, such as alky! betaines,
alkyl amido betaines, and alkyl amphoacetates.

To still further improve the stability, the Hauid pharmaceutical compositions may
also include one or more anti-oxidants. For example, hydrophobic anti-oxidants include
butylated hydroxvioluene, butylated hydroxvanisele, propvl gallate, and a.-tocopherol, DL-
tocopherol, a~tocopherol acetate, a-tocopherol Tocopherol Polyethylene Glveol Succinate
(Vitamin E TPGS), L-cysteine, or hydrophilic anti~oxidants, including sodium EDTA and
thioglycerol. Muost tvpically, the concentration of the anti-oxidant will be between 0.005%
and 5% weight/wetght of the total composition.

Additionally, or alternatively, the conteroplated Hauid pharmaceutical compositions
may include a preservative {e.g., phenol, thimerosal, chlorobutanol, benzyl aleohol, m-cresol,
phenoxyethanol, methylparaben and propylparaben), typically at a concentration of between
0,00 1% weight/weight and about 3% weight/weight of the total compesition, and is most
tvpically between abont 0.003% and about 2.0% weight/weight of the total composition.

The liguid phammaceutical compositions contemplated herein may further include
isotonicity agents and/or tyoprotectarts.  Suitable isotonicity agents include sodium chioride,
glycerol, and thioglycerol, Suitable Ivoprotectants are described above.

The Hquid pharmaccutical compositions can be prepared according to a method

comprising the steps:

16
SUBSTITUTE SHEET (RULE 26)



WO 2015/038431 PCT/US2014/054283

(1) placing a desired amount of a peptide epoxy ketone in a compounding vessel;

{b) adding one or more water miscible pharmacentically acceptable organic solvents
suitable for injection to the compounding vessel;

(¢} optionally adding water t0 the compounding vessel:

5 (d} mixing the contents of the compounding vessel;

(e} optionally adding one or more excipients to the compounding vessel;

{f) adding a non-volatile sugar acid to the compounding vessel; and

{g) mixing the contents of the compounding vessel until the non-volatile sugar acid is
dissolved.

10 The contents of the compounding vessel may be sterilized using any known
methods of sterilization, ncluding filtration through 0.22 micron filters {(e.g., PVDF filters),
heat sterilization, radiation (¢.g., gamma, electron beam, microwave), and/or ethylene oxide
sterilization.

The pharavaceutical compositions of the instant invention are suiiable for

J—
A

administration to mammals, incloding humans. When administered to humans, the
compositions are typically administered by intramuscular, subcutaneous, intra-arferial, or oral
routes,

Regardless of the particular composition, it 15 preferred that the composition is
packaged in a container suitable for single or multi-use. Such containers include an ampoule,
20 avial, a pre-filled syringe, and an intravenous bag. Multi-use containers may contain the

peplide epoxy ketone in an amount suitable to allow at teast two distinet uses, more typically

at least five distinct uses, and even more typically at least ten distinct uses {each use which

may or may not require the same quantity of composition administered to the patient). Thus,

preferred multi-use containers will be configured to contain a volume of the composition that
25 is suitable for multiple and independent administrations. Such containers include vials with a
ruhber stopper that can be pierced with a needle of @ syringe.

The following examples are presented for illustrative purposes only, and are not

intended to {imit the scope of the invention.

30
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EXAMPLES
For each of the Examples described below, the fnllowing HPLC methodology was
used 1o determing the relative retention time {(RRT) of impurities in the compositions:
Maobile Phase A: 6.3 mL of TFA in 1000 mL of distilled water
5 Mobile Phase B: 100 % HPLC grade Acetonitrile
Diluent: Acetonitrile: Water {(1:1 v/iv)

Elution program:

Time Min | FlowmL | %A %8
X TR RV T 5.0
3.00 .00 90.0 10.0
10,00 1.00 3.0 15.0

"""" 380670 K00 200 7 800
40.00 1.00 | 8.0 | L0
43.00 .00 0.0 100.0
45.60 1.00 93.0 5.0
50.00 1.66 93.0 5.0
16 Flow rate: 1.0 mL/min

Detector Wavelength: 210 nm

Injection volume: 10 micro liters

Raon time: 30 min

Column: Waters Symmetry C18 (250% 4.6 mm), 3 microns

Sample temperature: 53°C

i
A

Column temperature: 25°C

18
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Example 1: Ready-to-Dilute Composition (60 mg/Vial) to be diluted before

injecting

Engredient

Amongt

Carfilzomib

60 milligrams

Fthano!

5 milliliters

Propylene Glycol

2.5 milliliters

Lactobionic Acid

300 milligrams

Acetate Bufter (15 millimolar, pH 3.3)

1 milliliter

Polysorbate 80

300 milligrams

.5 milliliers

The compostition of Example | was prepared by placing 60 milligrams of

Carfilzomib in a compounding vessel. 3 milliliters of ethanol was then added to the

compounding vessel and the contents of the componnding vessel were mixed. 2.5 miltiliters

propylene glycol was added to the compounding vessel and the contents of the vessel were

again mixed. Next, | milliliter of 15 mM acetate buffer and 500 milligrams of Polysorbate

80 were added to the compounding vessel and the contents therein were mixed. 400

mifligrams lactobionic actd was then added to the compounding vessel and the contents of the

vessel were mixed until the lactobionic acid was dissolved. 0.3 milliliters of a 3% dextrose

solution was then added to the compounding vessel and the contents therein were mixed.

Once mixing was completed, the contents of the compounding vessel were filtered through a

(.22 micron PVDE filter.

19
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Physicachemical data for the composition of Example t s shown below:

! Impurities
5 ASSay ‘
Temperature |  Time | Agpearanee RRYT | RRT RRY RRT
(%) j: Total
0.82 | 098 .02 1.18
=5 CCs Was | - T ue L . 756
P Week | CCS 89,3 1 0.3 1.26 0.77 - 2.05
40 “CI7a% | 2 Week CCs 134 | 057 211 085 | - 3.53
RH { Month s 906 | 010 2.67 U6t | 423 | 764
3 Month s 4464 | 028 4.07 (.28 16.15 | 20.78
25 °C/H0% | 1 Month CCS 1058 | 0.3 LIt 0.77 - 2.03
. S S— . 10
RH 3 Month CCS 107.9 1 063 213 0.73 122 | 4gl

CCS = glear colorless solution

RRT = relative retertion time

15 Ascan be seen from the physicochemical data, the composition of Example 1,
which comprises lactobionic acid as well as ethanol and propylene glyeol solvents, remained
stable for an extended period of time even when stored at temperatures of 25° Celsius. The
ready 1o dilute composition is stable at room temperature for at least 3 months.

Example 2: Ready-to-Dilute Composition (60 mg/Vial) to be dituted before injecting

20

| Ingredient Amount
Carfilromib 60 milligrams
Ethanol 5 pulliliters
PEG 300 2.5 milliliters
Lactobionic Acid 400 milligrams

Acetate Buffer (15 mullimolar, pH 3.5 | 1 milliiter

Polysorbate 80 | 500 milligrams

5% Dextrose (3.5 milliliters

The composition of Example 2 was prepared by placing 60 milligrams of
Carfilzomib in a compounding vessel. § milliliters of ethanol was then added to the

compounding vessel and the contents of the compounding vessel were mixed. 2.5 milliliters

20
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PEG 300 was added to the compounding vessel and the contents of the vessel were again
mixed., Next, T milliliter of 15 mM acetate buffer, and 500 milligrams of Polysorbate 80,
were added to the compounding vessel and the contents therein were mixed. 400 milligrams

lactobionic acid was then added to the compounding vessel and the contents of the vessel

S were mixed until the lactiobionic acid was dissolved. 0.5 milliliters of a 5% dextrose solution
was then added to the compounding vessel and the contents therein were mixed., Once
mixing was completed, the contents of the compounding vessel were filtered through a 0.22
micron PYDF filter.

Physicochemical data of the composition of Example 2 is shown below:
10
Impuritics
| Assay ‘
Temperature | Time | Appearance KRY RRT RRY RRT
| (%) | Total
X7 0.98 1.02 1.18
0 CCS 970 : 038§ 077 : L§3
1 Week CCS Q8.1 : 0.34 1.35 D - 243
40 °C/75% 2 Week CCs 87.0 0.06 1.96 Q71 - 3.33
RH I Month £es 848 1 133 | 283 L 0587 | 293 7.66
3 Month CCS 5340 032 1 419 $.37 R74 13.52
25°CH0% | IMomth | CCS | J060 | 922 | (14 | 073 B X
RH 3 Month 08 D965 | (.84 2.14 (.65 (.65 4.29
CCS = clear colorless solution
PPT = precipitate
RRT = relative retention time
i3
As can be seen from the physicochemical data, the composition of Example 2,
which comprises lactobionic acid as well the solvents ethanol and PEG 300, remained stable
for an extended period of time even when stored at teraperatures of 25° Celsius. The ready to
ditute composition is stable at room temperature for at least 3 months.
20
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Example 3r Ready-to-Use Composition (2 mg/ml}

Ingredient { Amount
Carfilzomib 60 my
Fthanol 12mL
PEG 300 2.5mb
Lactobiouic Acid 400 mg
Acetate Buffer (15 millimelar, pH 3.5) | 2 mL
Polysorbate 80 300 my
5% Dextrose Q8w

PCT/US2014/054283

The compasition of Example 3 was prepared by placing 60 miltigrams of Cartilzonub

in a compoundig vessel. 12 milliliters of ethanol was then added to the compounding vessel

and the contents of the compounding vessel were myixed., 2.5 milliliters PEG 3000 was added

to the compounding vessel and the contents of the vessel were again mixed. Next, 2 mlL of

{5 mM acetate butter and 500 milligrams of Polysorbate 80 were added to the cormpounding

vessel and the contents therein were mixed, 400 milligrams lactobionic acid was then added

to the compounding vessel and the contents of the vessel were mixed untif the lactobionic

acid was dissolved. A suflicient amount of 5% dexirose solation was then added to the

compounding vessel so as to provide 30 g and the contents therein were mixed. Once mixing

was completed, the coutents of the compounding vessel were filtered through a 0.22 micron

PVDF filter.
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Physicochemical data for the composition of Example 3 is shown below:

i tmpurities
Assay |
Temperature Time Appearance RRF - RRT RRF : RRT IR
X (%) | Total
3 0.82 $.98 142 1.18
T=0 CCS 1075 - (.85 0.77 - 1.61
I Week CLs 1009 0:47 1.7 0.97 - 191
2 Week CCR 96.2 (.82 247 (.75 4.03
10 4 °0IT73% R
 Month CCs 884 1.79 375 {16 - 6.15
2 Month {08 1055 (.39 121 0.64 | - 233
{ Month CCS {081 (.48 132 0.75 - 2.55
3% RE | 2 Month CCs 903l 0.96 233 .58 - 404
15
3 Month COS 19746 107 | 270 | 055 - 1431
2 Month CCS 13471 0.4 .33 {1.6% - 243
RO
3 Month oS (08,29 - 0.7% 66 - 1.44
20
CCS = ¢lear colorless solution
RRT = relative retention time
The ready to use composition is stable al room temperature for at least 3 months,
25 The preceding examples, and exemplary language, are merely ilustrate and should

not be construed to limit the scope of the invention discussed hereln, unless otherwise

claimed. In addition, no language in the specification should be construed as indicating any

non-claimed element as essential to the practice of the invention. For instance, while

particular embodiments of the present invention have been ilhustrated and described, it should
30 be apparent to those skilled in the art that various other changes and modifications can be

made without departing from the spirit and scope of the invention. For instance, all methods
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described herein can be performed in any suitable order unless otherwise indicated berein ot

otherwise clearfy contradicted by context.
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THE CLAIMS
What is claimed is:

1. A pharmaceutical composition, comprising:

{1) a peptide epoxy ketone or a pharmaceutically acceptable salt thereof,

(i1} a solvent system comprising a water miscible pharmaceutically acceptable organic
solvent suitable for injection selected from the group consisting of ethanol, propylene glycol,
polyethylene glycol, and mixtures thereof, and optionally water, and

(iii) a non-volatile sugar acid.

[

The pharmaceutical composition of claim 1. wherein the non-volatile sugar acid is
selected from the group consisting of lactobionic acid, glyeolic acid, malie acld, citric
acid, lactic acid, mandelic acid, and {artaric acid.

3. The pharmaccutical composition of claim 2, wherein the peptide epoxy ketone is

Carfilzomib or a pharmaceutically acceptable sali thereof.

4. The pharmaceutical composition of claim 1, wherein the solvent system comprises

ethanol and propviene ghycol.

3, The pharmaceutical compasition of ¢laim 1, wherein the solvent system comprises
ethanol and polyethylene glycol.

6. The pharmaceutical composttion of claim {, wherein peptide epoxy ketone s

Carfilzomib or a pharmaceutically acceptable salt thereof and the non-volatile sugar

actd 1s lactobionic acid.

7. The pharmaceutical composition of claim 6, wherein the concentration of the peptide
gpoxy ketone in the solvent system ranges from about 0.1 to about 10.0 mg/ml and
the weight ratio of the peptide epoxy Ketone to lactobionic acid ranges from about 2;1

to 1571,

8. The pharmaceutical composition of claim 7, wherein the solvent system comprises
cthanol, propylene glveol, and water.

9. The pharmaceutical composition of claim 7, wherein the solvent system comprises

ethanol, polyethylene glycol, and water,
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10, The pharmaceutical composition of claim 1 comprising:
(1) Carfilzomib or a pharmaceutically acceptable salt thereof;

{ii) lactobionic acid, wherein the weight ratio of the lactobionic acid o

Carfifzomib ranges from about 2:1 to 15:1; and

3 (i} asolvent system comprising ethanol, propylene glycol, and water, wherein the
ethanol and propylene glycol comprise more than about 50% {v/v) of the solvent
system,

whergin the concentration of the Carfilzomib ranges from about 1 to about 6 mg/ml
11, The pharmaceutical composition of claim 1 comprising:
10 (1) Carfilzomib or a pharmaceatically acceptable salt thereof;
{ity  lactobionic acid, wherein the weight ratic of the lactoblonic acid to
Carfilzomib ranges from about 4:1 to 7:1; and
(iif)  asolvent system comprising cthanol, polvethvlene glycol, and water, wherein
the ethanol and polyethylene glycol comprise more than about 50% (v/v) of the solvent
15 systern,
wherein the concentration of the Carfilzomib ranges trom about! to about 6 mg/mL
12, A pharmaceutical composition comprising a peptide epoxy ketone and a sugar,
wherein the pharmaceutical composition is Iyophilized.
13, The pharmaceutical compaosition of claim 12, whercein the sugar acid is lactobionic
20 actd.
14, The pharmaceutical compuosition of claim 12, whersin the peptide epoxy ketone is
Carfilzomib,
13, The pharmaceutical composition of claim 14, sugar seid is lactobionic acid,
16, The pharmaceutical composition ot claim 13, wherein the weight ratio of the peptide
25 epoxy ketone to lactobionic acid ranges from about 2:1 to 10:1.

17. the pharmaceutical composition of olaim 15, wherein the weight ratio of the

lactobionic acid o Carfilzomib ranges from about 2:1 to 101,
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