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ABSTRACT

Multi-dose formulations for bortezomib are presented in which bortezomib has
significantly improved stability. Especially preterred tormulations include those in which
bortezomib is in a hquid form suitable for injection, wherein the solvent system predominantly
comprises propylene glycol. In other preferred aspects, bortezomib 1s present as a Lewis donor-

acceptor complex with a hetero-bifunctional Lewis base.
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STABLE BORTEZOMIB FORMULATIONS

[0001) This application 1s a coﬁtinuation-in-part application of our co-pending non-provisional
U.S. application with the serial number 13/051,102, which was filed March 18, 2011, and which
claims the benefit of priority to US provisional application with the serial number 611315,080,

which was filed March 18, 2010.

Field of the Invention

[0002) The field of the invention is bortezomib formulations with improved stability, and

particularly storage-stable multi-dose liquid bortezomib formulations.

Background

[0003) Bortezomib ((N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid); sold as
Velcade™, Millennium Pharmaceuticals) is a 26S proteasome inhibitor that 1s approved for use in
treating various neoplastic diseases, and especially treatment of relapsed multiple myeloma and
mantle cell lymphoma. It 1s believed that the boron atom in bortezomib binds to the catalytic site
of the proteasome, ultimately leading to proteasome inhibition and reduced degradation of
pro-apoptotic factors, which in tum triggers apoptosis in treated cells. Bortezomib and related
compounds are described in U.S. Pat. Nos. 5780454, 6083903, 6297217, 6617317, 6713446,
6747150,6958319,7119080. Where a definition or use of a term 1n an incorporated reference is
inconsistent or contrary to the definition of that term provided herein, the definition of that term

provided herein applies and the definition of that term in the reference does not

apply.

[0004) Unfortunately, many aminoalkylboronic acids (including bortezomib) will undergo a
spontaneous 1,3-rearrangement to give the homologous amines, owing to the instability of free
a-amino groups. These compounds yield boric acids and alcohols by degradation and undergo
oxidative reactions that easily destroy the C-8 bond which is longer and weaker than the
corresponding C-C bond (see e.g., Adele Bolognese, Anna Esposito, Michele Manfra, Lucio

Catalano, Fara Petruzziello, Maria Carmen Martorelli, Raffaella Pagliuca, Vittoria Mazzarelli,

Maria Ottiero, Melania Scalfaro, and Bruno Rotoli. Advances in Hematology, 2009 (2009) 1-5).

Such instability is borne out in stress testing and accelerated stability studies of bortezomib that
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has established that bortezomib in aqueous solution for injection 1s intrinsically unstable. For
example, in an ethanol:normal saline solution (2:98, pH 2.8), Bortezomib (0.5mg/mL) degraded
20% at 25 °C in 1 month, and in propylene glycol:ethanol:water (50:10:40), the stability of the
compound improved, but still degraded 20% in 8 months when stored at 25 °C. Among other
factors, 1t was speculated that the degradation of Bortezomib observed in PEG300:EtOH:H20
(40:10:50) solvent might be due to the presence of peroxides, as PEG300 1s known to undergo
auto-oxidation with concomitant peroxide generation. (Journal of Pharmaceutical Sciences, 89,

2000 758-765).

[0005] In other studies, bortezomib was reported to be susceptible to oxidative degradation
under a number of experimental conditions, and that the oxidation of alkyl boranes (which yields
the ester of boric acid) can also be due to reaction with alkyl peracids, alkyl peroxides, or oxygen
radical species. (Brown HC. 1972. Boranes 1in organic chemistry. Ithaca, NY: Cornell University
Press.) The initial oxidation can be attributed to peroxides or molecular oxygen and its radicals
and as light, metal 1ons, and alkaline conditions normally facilitate oxidation. These conditions
are therefore not considered favorable to the stability of bortezomib or any other alkyl boronic
acid derivative. (Hussain MA, Knabb R, Aungust BJ, Kettner C.1991. Anticoagulant activity of a
peptide boronic acid thrombin inhibitor by various routes of administration in rats. Peptides

12:1153-1154).

[0006] Formation of boronic esters from diol and polyols was reported by Kuivila et al. reporting
the preparation of several esters of phenylboronic acid by reaction with sugars like mannitol and

sorbitol, and 1,2-diols like catechol and pinacal. (J. Org. Chem. 1954, 8, 780-783), and reversible
formation of boronic ester by the interaction of boronic acids and polyols in water was first noted

by Lorand and Edwards. (J. Org. Chem. 1959, 24, 769-774). U.S. Pat. Nos. 7119080, 6713446,
6958319, 6747150, and 6297217 disclose formation of diester of boronic acid functional group
with mannitol after lyophilization. From the so formed ester, the active boronic acid 1s obtained
upon reconstitution of the drug product in saline solution for injection. Similarly, attempts to

form the ester of boronic acid with alpha-hydroxy and beta-carboxylic acids like citric acid along

with bulking agents and buffers was disclosed in WO 2009/154737.
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[0007] To circumvent issues with stability of bortezomib in solution, the compound can be

lyophilized and reconstituted prior to injection. However, while such an approach tends to solve
the issues associated with bortezomib stability, unused reconstituted solution must be injected
within hours or days (see e.g., Stability of unused reconstituted bortezomib 1n original
manufacturer vials; J Oncol Pharm Pract. 2010 Oct 6, or Stability of bortezomib 1-mg/mL
solution in plastic syringe and glass vial; Ann Pharmacother. 2005 Sep;39(9):1462-6). Similarly,
bortezomib esters of mannitol when reconstituted are suitable only for administration within 8 hr

when stored at room temperature. Still further known approaches include isolation ot specitic
polymorphic forms having improved stability as described in WO2008075376A1, and
lyophilized forms with tromethamine as described in WO2010089768A2. Yet other formulations
with selected organic solvents and other ingredients are described in WO2010039762A2.
Unfortunately, all or almost all of such known compositions fail to provide significant stability

for bortezomib, especially storage stability where the formulation is a liquid formulation.

[0008] Therefore, even though there are many formulations for bortezomib known 1n the art, all
or almost all of them suffer from limited stability when bortezomib is in solution, particularly
over extended periods. Consequently, currently used products fail to provide flexibility of
dosing. More importantly, the currently known or marketed products do not allow for ready-to-
use multi-dose liquid formulations having extended stability. Thus, there is still a need to provide

improved liquid bortezomib formulations with greater stability.

Summary of The Invention

[0009] The inventive subject matter is drawn to compositions and methods for bortezomib in
solution in which bortezomib has significantly increased stability over prolonged periods of time.
In most preferred aspects, contemplated formulations are single phase, substantially non-aqueous
liquid formulations, and/or formulations in which bortezomib is formulated with a hetero-

bifunctional Lewis base donor compound to form a Lewis donor-acceptor complex.

[0010] In one preferred aspect of the inventive subject matter, a liquid single phase multi-dosage
pharmaceutical composition is formulated and provided in a suitable container for single or
multiple use that includes a liquid formulation comprising bortezomib, wherein the liquid

formulation is a substantially non-aqueous solvent system suitable for injection, and wherein the
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solvent system comprises as a main component propylene glycol. As used herein, the term
"multi-dosage” and "multi-dose" are used interchangeably herein, and when used in conjunction
with a pharmaceutical composition or formulation, refer to a pharmaceutical composition or
formulation that has a volume and/or quantity of the active pharmaceutical ingredient suitable for
at least two independent and distinct administrations (to the same or a different patient) of the
pharmaceutical composition or formulation. Most preferably, the bortezomib in such
formulations 1s present at a pharmaceutically effective concentration and in an amount sufficient
for at least two independent dosages, and the solvent system is formulated to maintain
degradation of the bortezomib at a level of less than 10 wt% (more typically equal or less than 8
wt%, and most typically 2-6 wt% and even lower) when the liquid formulation is stored over at

least three months at ambient conditions (i.e., 25 °C, 60 % relative humidity).

[0011] It 1s especially preferred that the substantially non-aqueous solvent system comprises at
least 50 vol%, more preferably at least 75 vol%, and most preferably 100 vol% propylene
glycol. In such tormulations, it 1s still further preferred that the substantially non-aqueous
solvent system further comprises a polar solvent in an amount of equal or less than 50 vol%,
more preferably equal or less than 25 vol%, and most preferably equal or less than 15 vol%.
Among other choices, the polar solvent is most preferably ethanol. Alternatively, the
substantially non-aqueous solvent system may include the polar solvent in an amount of equal or

less than 15 vol%, and more typically equal or less than 10 vol%. In such case, the polar solvent

1s preferably water.

[0012] In another preferred aspect of the inventive subject matter, a pharmaceutical composition
comprises bortezomib and a hetero-bifunctional Lewis base, wherein the bortezomib and the
hetero-bifunctional Lewis base together are present in form of a Lewis donor-acceptor complex,
and wherein especially preterred hetero-bifunctional Lewis bases have at least two distinct donor

groups (most preferably selected from -NH,, -SH, COOH, and -OH). Such contemplated

formulations will preterably be lyophilized or 1n solution.

[0013] It 1s generally preterred that in such formulations bortezomib and the hetero-bifunctional
Lewis base are present 1n a ratio of 1:200, more preferably in a ratio of 5:80, and most preferably

in a ratio of 20:40. Most typically, preferred hetero-bifunctional Lewis bases include amino
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acids (e.g., naturally occurring amino acid or an N-acetylated amino acid), peptides (e.g.,
naturally or synthetic dipeptides or tripeptides), and substituted polyethylene glycols. Particularly

preferred substituted polyethylene glycol have a structure according to Formula I

o

Formula I

[0014] wherein n is an integer between 2 and 5,000, and wherein each A 1s independently
selected from the group consisting of hydrogen, -NH2, -SH, -COOH, and -OH. Where the
composition is lyophilized, it is preferred that the formulation includes a butfering agent, a

lyoprotectant, a cryoprotectant, a preservative, and/or an antioxidant.

[0015] In yet another aspect of the inventive subject matter, a storage-stable hiquid
pharmaceutical composition includes bortezomib in a single-phase liquid formulation comprising
a substantially non-aqueous solvent system suitable for injection, a buffer, and bortezomib,
wherein the bortezomib is present in the formulation at a therapeutically etfective concentration
(e.g., between 1 mg/ml and 5 mg/ml). In especially preferred compositions, the solvent system
comprises as a predominant component (i.e., at least at 50 vol%, more typically at least 70 vol%,
most typically at least 90 vol%) propylene glycol. Moreover, it is contemplated that the solvent
system, the buffer, and the pH are selected such as to be effective to suppress formation of at
least one of an amide degradation product, a first carbinolamide degradation product, and a
second carbinolamide degradation product when the liquid formulation is stored under storage
conditions (e.g., at least 15 days at 50 °C). Viewed from a different perspective, one particularly
preferred non-aqueous solvent system consist essentially of propylene glycol, or comprises at
least 70 vol% (and more typically at least 90 vol%) propylene glycol, and includes as especially

preferred buffer an aqueous acetate buffer (e.g., at a concentration of between 0.05 and 0.25M),

particularly at pH 3.

[0016] Thus, the inventors also contemplate a container (e.g., a vial, an ampoule, an intravenous

bag, or a syringe) that may or may not be configured as a multi-use container. In such uses, the
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container includes a quantity of the liquid formulation that is suitable for independent and

multiple administrations.

[0017] Viewed from another perspective, the inventors also contemplate a method of
suppressing formation of a plurality of degradation products of bortezomib in solution.
Especially preferred methods include a step of compounding a single-phase liquid formulation
from a substantially non-aqueous solvent system suitable for injection, a buffer, and bortezomib,
wherein the bortezomib 1s present in the formulation at a pharmaceutically etffective
concentration (preferably between 1 mg/ml and 5 mg/ml). Most preferably, the solvent system
essentially consists of or comprises as a main component propylene glycol, and the solvent
system, the buffer, and the pH are selected such as to be effective to suppress formation of at

least one of an amide degradation product, a first carbinolamide degradation product, and a

second carbinolamide degradation product when the liquid formulation 1s stored under storage

conditions (e.g., storage at 50C over 15 days). In especially preterred methods, the butfer 1s an

aqueous acetate buffer at a concentration of between 0.05 and 0.25M and the pH of the

formulation 1s pH 3.

[0017a] In another aspect, there 1s provided a storage-stable liquid pharmaceutical
composition that includes bortezomib in a therapeutically eftfective amount for the
treatment of myeloma or lymphoma, the composition comprising: a. a single-phase
liquid formulation comprising a substantially non-aqueous solvent system suitable for
injection, an aqueous acetate buffer, and bortezomib, wherein the bortezomib 1s present
in the formulation at a therapeutically effective concentration for the treatment of
myeloma or lymphoma; b. wherein the solvent system comprises as a predominant

component propylene glycol, and wherein the butfer has a pH that is less than or equal
to 4; and c. wherein the solvent system, the butter, and the pH are selected such as to be
effective to suppress formation of at least one of an amide degradation product, a first
carbinolamide degradation product, and a second carbinolamide degradation product

when the liquid formulation 1s stored under storage conditions.

[0017b] In another aspect, there i1s provided a method of suppressing formation of a
plurality of degradation products of bortezomib 1n solution, comprising: a. compounding
a single-phase liquid formulation from a substantially non-aqueous solvent system

suitable for injection, an aqueous acetate buffer, and bortezomib, wherein the bortezomib
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1s present 1n the formulation at a pharmaceutically effective concentration for the
treatment of myeloma or lymphoma; b. wherein the solvent system comprises as a
predominant component propylene glycol and wherein the buffer has a pH that is less
than or equal to 4; and c. wherein the solvent system, the buffer, and the pH are selected
such as to be eftective to suppress formation of at least one of an amide degradation
product, a first carbinolamide degradation product, and a second carbinolamide

degradation product when the liquid formulation is stored under storage conditions.

[0017¢] In another aspect, there 1s provided a pharmaceutical composition comprising: a
single-phase liquid formulation comprising Bortezomib and a buffer having a pH that is
less than or equal to 4; wherein the liquid formulation is a substantially non-aqueous
solvent system suitable for injection, wherein the solvent system comprises as a main
component propylene glycol; wherein the bortezomib is present at a pharmaceutically
cttective concentration for the treatment of myeloma or lymphoma; and wherein the
solvent system 1s formulated to maintain degradation of the bortezomib at a level of less
than 10 wt% when the liquid formulation 1s stored over at least three months at ambient

conditions.

[0017d] In another aspect, there 1s provided an extended potency liquid pharmaceutical
composition that includes bortezomib in a therapeutically effective amount for the
treatment of myeloma or lymphoma, the composition comprising: a single-phase liquid
formulation comprising a substantially non-aqueous solvent system suitable for injection,
an aqueous buffer, and bortezomib, wherein the bortezomib is present in the formulation
at a therapeutically effective concentration for the treatment of myeloma or lymphoma;
wherein the aqueous buffer has a pH that is less than or equal to 4; wherein the solvent
system comprises as a main component propylene glycol; and wherein the single-phase
liquid formulation is formulated such that at least 95% of the bortezomib remain as

active ingredient after storage at ambient conditions for at least three months.

[0017¢] In another aspect, there 1s provided a method of stabilizing bortezomib in a
liquid pharmaceutical composition that includes bortezomib in a therapeutically effective

amount for the treatment of myeloma or lymphoma, comprising: formulating a single-

0A
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phase liquid formulation from a substantially non-aqueous solvent system suitable for
injection, an aqueous buffer, and bortezomib; wherein the solvent system comprises as a
predominant component propylene glycol and wherein the bortezomib is present in the
formulation at a therapeutically effective concentration; and adjusting the pH of the

buffer such that the single-phase liquid formulation has a pH that is equal or less than

4.0.

[0017f] In another aspect, there 1s provided a method of maintaining potency of a liquid
pharmaceutical composition that contains bortezomib by reducing degradation of
bortezomib 1n a liquid formulation, the method comprising: preparing a single-phase
liquid formulation from a substantially non-aqueous solvent system suitable for injection
and bortezomib; wherein the substantially non-aqueous solvent system comprises as
predominant component propylene glycol; and including an aqueous bufter into the
formulation and adjusting the pH of the buffer to a value between 2.0 and 4.0 to thereby
reduce formation of at least one degradation product as compared to the formulation
without buffer; and wherein the at least one degradation product is selected form the
group consisting of an amide degradation product, a carboxylic acid degradation product,

a first carbinolamide degradation product, and a second carbinolamide degradation

product.

[0017f] In another aspect, there 1s provided a method of manufacturing a bortezomib-
containing multi-use pharmaceutical article comprising: formulating a liquid formulation
that contains bortezomib such that the formulation exhibits equal or less than 10%
degradation of the bortezomib at ambient conditions after 3 months; wherein the liquid

formulation 1s prepared as a single-phase liquid formulation that comprises a

substantially non-aqueous solvent system suitable for injection, an aqueous buffer having
a pH that 1s less than or equal to 4, and bortezomib, wherein the bortezomib 1s present in
the formulation at a therapeutically effective concentration for the treatment of myeloma
or lymphoma, and wherein the solvent system comprises as a main component propylene
glycol; and packaging the liquid formulation in an amount sufficient for at least two
distinct uses into a multi-use container, wherein the multi-use container is configured to

allow providing multiple independent dosages of the liquid formulation.

oB
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[0017¢g] In another aspect, there 1s provided a bortezomib-containing multi-use
pharmaceutical article, comprising: a liquid formulation contained in a multi-use
container suitable for providing multiple independent dosages of the liquid formulation;
wherein the liquid formulation is a single-phase liquid formulation and comprises a
substantially non-aqueous solvent system suitable for injection, an aqueous buffer, and
bortezomib, wherein the bortezomib 1s present in the formulation at a therapeutically

effective concentration for the treatment of myeloma or lymphoma; wherein the solvent

system comprises as a main component propylene glycol; wherein the aqueous buffer has
a pH that 1s less than or equal to 4; wherein the liquid formulation 1s present in an
amount sufficient for at least two distinct uses; and wherein the liquid formulation 1s
formulated such as to exhibit equal or less than 10% degradation of bortezomib at

accelerated storage conditions after 3 months.

[0017¢g] In another aspect, there is provided a method of using a bortezomib-containing
pharmaceutical composition, comprising: withdrawing from a multi-use container a first
dosage of a liquid bortezomib-containing pharmaceutical formulation for a first
administration, wherein the multi-use container contains at least a second dosage of the
liquid bortezomib-containing pharmaceutical formulation for a second administration;
storing the at least second dosage for at least one week; withdrawing from the multi-use
container the at least second dosage for the second administration; and wherein the liquid
bortezomib-containing pharmaceutical formulation is a single-phase liquid formulation
comprising a substantially non-aqueous solvent system comprising as a main component
propylene glycol, and a an aqueous buffer that has a pH of less than or equal to 4, and 1s
formulated to allow storage at ambient conditions of at least one month after first use

without significant degradation of the bortezomib.

[0018] Various objects, features, aspects and advantages of the inventive subject matter will

become more apparent from the following detailed description of preferred embodiments.

Detailed Descrinti

[0019] The present invention is generally directed towards to pharmaceutical compositions and
methods of preparing liquid and lyophilized formulations containing therapeutically effective
concentrations of bortezomib, where the formulation provides significantly improved stability
for bortezomib, especially where the formulation 1s a liquid formulation. Where the formulation

is lyophilized or concentrated above the concentration suitable for injection, contemplated

oC
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compositions will be administered after reconstitution with one or more pharmaceutically
acceptable diluents, optionally further containing pharmaceutically acceptable antioxidants,

stabilizers, preservatives and/or co-solvents.

[0020] In certain aspects of the inventive subject matter, contemplated formulations will include
bortezomib and a hetero-bifunctional Lewis base donor to so form a donor acceptor complex,

while 1n other aspects contemplated formulations are liquid formulations and will include an at

6D
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least binary non-aqueous solvent system. In still further contemplated aspects, bortezomib and/or

bortezomib donor acceptor complexes may also be encapsulated in a pharmaceutically
acceptable delivery or carrier system, particularly in liposomes, micelles, nanoparticles,
microspheres, emulsions, and/or suspensions. Regardless of the particular form ot preparation,
contemplated formulations may further include stabilizing agents, bufter components, anti-

oxidants, 1sotonicity adjusting agents and lyoprotective agents.

[0021] Most typically, contemplated pharmaceutical formulations are stable for months at
ambient conditions (i.e., 25 °C, 60 % relative humidity) when stored in an amber vial with
nitrogen head space. Most typically, contemplated formulations will be subjected to sterile
filtration, and when lyophilized, can be reconstituted with intravenous diluents such as saline,

dextrose, or water for injection.

{0022] For example, in one preferred aspect, contemplated pharrhaceutical compositions will
include a liquid formulation that includes bortezomib in a substantially non-aqueous solvent
system suitable for injection, and wherein the solvent system comprises propylene glycol as a
main component. The term "substantially non-aqueous solvent system" refers to a solvent system
in which bortezomib is completely soluble without water at a concentration of up to 10 mg/ml
and that comprises water in a total amount of equal or less than 15 vol%. Where desired an
antioxidant may be included in the formulation. As also used herein, the term "single phase” 1n
conjunction with a solvent system refers to a composition in which multiple components do not
separate into or exist in distinct phases. Therefore, liposomal formulations, emulsions, and
suspensions are not considered single phase solvent systems. On the other hand, a mixture of
two or more solvents that are miscible with each other are considered a single phase solvent
system. In another preferred example, contemplated pharmaceutical compositions will include a
formulation in which bortezomib and a hetero-bifunctional Lewis base form a Lewis donor-
acceptor complex. Most typically, the hetero-bifunctional Lewis base has at least two distinct
donor groups (preferably selected from the group of -NH;, -SH, COOH, and -OH), and the
formulation is lyophilized or in solution. As used herein, the term "donor acceptor complex”

refers to a non-covalent and non-ionic association with a stability that is intermediate with

respect to stability of covalent and 10nic bonds.
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[0023] Most preferably, bortezomib and the hetero-bifunctional Lewis base are present 1n a ratio
of 1:100 to 1:200, more typically 1:10 to 1:100, and most typically 1:1 to 1:10. Unless the
context dictates the contrary, all ranges set forth herein should be interpreted as being inclusive
of their endpoints, and open-ended ranges should be interpreted to include commercially

practical values. Similarly, all lists of values should be considered as inclusive of intermediate

values unless the context indicates the contrary.

[0024] In another preferred aspect, a storage-stable liquid pharmaceutical composition 1s
contemplated that includes bortezomib in a therapeutically effective amount. As used herein, the
term "storage-stable liquid pharmaceutical composition" refers to a liquid pharmaceutical
composition in which the pharmaceutically active ingredient (bortezomib) is dissolved in a
solvent or solvent system (which may comprise a buffer) at a ready-to-use concentration, and in
which at least 99% of the pharmaceutically active ingredient remain in an undegraded state after

storage of the composition over seven days at 50 °C.

[0025] Most preferably, the composition comprises a single-phase liquid formulation comprising
a substantially non-aqueous solvent system suitable for injection, a buffer, and bortezomib,
wherein the bortezomib is present in the formulation at a therapeutically effective concentration.
In most preferred aspects of the inventive subject matter, bortezomib will therefor be present at a
concentration of between 0.1 mg/ml to 10.0 mg/ml, and more typically between 0.5 mg/ml and

5.0 mg/ml, and most typically between 1.0 mg/ml and 2.5 mg/ml, inclusive.

[0026] In particularly preferred aspects, the solvent system in such formulations has as a single

and predominant component propylene glycol. Thus, the solvent system in especially preterred
formulations essentially consists of propylene glycol. However, in less preferred aspects, the
formulation may also include one or more additional solvents that are miscible with propylene
glycol, and especially preferred co-solvents include polyethylene glycol and ethanol. Theretore,
contemplated formulations will comprise at least 70 vol%, and more typically at least 90 vol%

propylene glycol. As can be seen from the experimental data below, the chemical stability of

bortezomib can be greatly increased by appropriate choice of the solvent system.

[0027] Likewise, while numerous pharmaceutically acceptable buffers are deemed appropriate

for use herein, especially preferred buffers are aqueous buffers, and especially acetate butter (see
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also results below). With respect to the strength of the buffer, it is generally preferred that the
buffer is present in a concentration of between 0.01M and 0.5M, more typically between 0.025M

and 0.3M, and most typically between 0.05M and 0.2M. The buffer will most preferably have a
pH of 3.0, however, moderate modifications to that pH value are also contemplated. As 1s shown
in more detail below, the inventors have discovered that contemplated bortezomib formulations
have significantly and unexpectedly high stability at a pH that 1s about 3.0 1n aqueous acetate
buffer, particularly where the formulation has a substantially non-aqueous solvent system that
has as a single and predominant component propylene glycol. Of course, it should be
appreciated that similarly high stability may also be achieved with small deviations around pH
3.0. Determination of the preferred stability range around pH3 using acetate buffer can be
performed without undue experimentation. Therefore, suitable pH values of the acetate bufter

will typically also include pH ranges between 2.7 to 3.0 and 3.0 to 3.3.

[0028] Based on the experimental data below, the inventors therefore contemplate formulations
that include bortezomib, a solvent system, and a buffer at a pH, wherein the solvent system and
the pH are selected such as to be effective to suppress formation of an amide degradation
product, a first carbinolamide degradation product, and/or a second carbinolamide degradation
product when the liquid formulation is stored under storage conditions. As used herein, the term
"suppress formation" with respect to degradation products (amide degradation product, first
carbinolamide degradation product, and/or second carbinolamide degradation product) means
that there is no detectable quantity (using a modified HPLC assay method as published in Journal
of Pharmaceutical Sciences, 89, 2000, 758-765) of at least one of the degradation products in a

formulation after storage over a period of at least seven days at a temperature of 50 °C.
Chromatographic conditions for the HPLC analysis of Bortezomib formulations used a
Symmetry column, Waters C-8, 3.5u, 4.6 x 150 mm at a column temperature of 30 °C. Mobile
phase was 68/32 : water/ acetonitrile containing 0.1% formic acid and 0.05% triethylamine at a

flow rate of 1.0 mL/min and isocratic elution. UV Detection was performed at 270 nm, and

injection volume was 10 pL.

[0029] It should be particularly noted that storage stability of liquid bortezomib composition 1s
particularly important as bortezomib is highly instable in a wide variety of liquid solvents and

conditions as is readily evident from published data and the experimental data below. As a
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consequence, most commercially available bortezomib compositions are therefore Iyophilized
compositions that need reconstitution with a solvent. However, once reconstituted, such solutions
cannot be stored over extended periods without significant degradation, which precludes multi-
dose liquid formulations for use in multiple patients and/or use for a single patient over a
prolonged treatment period. Degradation of bortezomib in solution is a well-known phenomenon
and an exemplary degradation scheme <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>