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101
PREPARE A PRE-LYOPHILIZATION BENDAMUSTINE COMPOSITION j
CONSISTING OF BENDAMUSTINE HYDROCHLORIDE, AN AQUEOUS

SOLVENT, AND OPTIONALLY AN EXCIPIENT
l 102
LYOPHILIZE THE PREPARED PRE-LYOPHILIZATION BENDAMUSTINE /
COMPOSITION
l 103
LYOPHILIZED BENDAMUSTINE COMPOSITION /
RECONSTITUTE THE LYOPHILIZED BENDAMUSTINE COMPOSITION 104
WITH AN AQUEOUS SOLVENT AND AN EXCIPIENT /
¥ 105
PREPARE THE READY TO ADMINISTER BENDAMUSTINE PRODUCT /

FIG. 1
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MIX ABOUT 30 wt% TO ABOUT 99.9 wt% BY WEIGIIT OF AN AQUEOUS 201
SOLVENT WITH ABOUT 0.01 wt% TO ABOUT 50 wt% BY WEIGHT OF AN j
EXCIPIENT IN A FIRST COMPOUNDING VESSEL AT A PRESET
TEMPERATURE BETWEEN ABOUT -2°C AND ABOUT 15°C, UNTIL THE
EXCIPTENT DISSOTVES TN THE AQUEOUS SOT.VENT

¢ 202

MAINTAIN THE MIXED AQUEOUS SOLVENT AND THE EXCIPIENT IN THE /
FIRST COMPOUNDING VESSEL AT THE PRESET TEMPERATURE

BETWEEN ABOUT -2°C AND ABOUT 15°C

A4 203
ADD ABOUT 0.01 wt% TO ABOUT 90 wt% BY WELIGHT OF /
BENDAMUSTINE HYDROCHI.ORIDE TO ABOUT 5 wt% OF A CHILILED

AQUEOUS SOLVENT IN A SECOND COMPOUNDING VESSEL UNTIL A
UNIFORM SLURRY IS FORMED

|

ADD THE UNIFORM SLURRY TO THE FIRST COMPOUNDING VISSEL 204
CONTAINING THE MIXED AQUEOUS SOLVENT AND THE EXCIPIENT | /
MAINTAINED AT THE PRESET TEMPERATURE BETWEEN ABOUT -2°C

AND ABOUT 15°C

l 205

MIX CONTENTS OF THE FIRST COMPOUNDING VESSFI. UNTII. THE /
CONTENTS DISSOLVE COMPLETELY

206

ADJUST THE CONTENTS OF THE FIRST COMPOUNDING VESSEL TO A /
FINAL WEIGHT USING AN AQUEOUS SOLVENT CHILLED AT A PRESET

TEMPERATURE BETWEEN ABOUT -2°C AND ABOUT 15°C

! 207
FILTER THE ADJUSTED CONTENTS IN THE FIRST COMPOUNDING /
VESSEL THROUGH A FILTER MEMBRANE TO OBTAIN A RECONSTITUTED
BENDAMUSTINE PRODUCT

FIG. 2
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INGREDIENTS PRE-
LYOPHILIZATION
BENDAMUSTINE
COMPOSITION T
BENDAMUSTINE HYDROCHLORIDE 5mg
MANNITOL 8.5mg
WATER FOR INJECTION QUANTITY
SUFFICIENT to 1.0
ml
FIG. 3A
STEP PHASE RAMP/HOLD| TEMPERATURE | TIME (min)| VACUUM
) (mTorr)
(°O

LOADING N/A <3 N/A N/A
1 FREEZING RAMP -48 365 N/A
2 FREEZING RAMP -10 190 N/A
3 FREEZING HOLD -10 180 100
4 FREEZING RAMP A8 190 100
3 FREEZING HOLD A8 180 100
6 PRIMARY DRYING RAMP 220 140 100
7 PRIMARY DRYING HOLD 220 480 100
8 SECONDARY RAMP +20 200 100

DRYING
9 SECONDARY HOLD +20 360 100

DRYING

FIG. 3B



Patent Application Publication  Mar. 20, 2014 Sheet 4 of 14 US 2014/0080880 A1

INGREDIENTS PRE-LYOPHILIZATION
BENDAMUSTINE
COMPOSITION 11
BENDAMUSTINE HYDROCHLORIDE 5 mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY SUFFICTENT
TO 1.0 ml
FIG. 4A
STEP PHASE RAMP/HOLD | TEMPERATURE| TIME (min)| VACUUM
(mTorr)
(8

LOADING N/A <3 N/A N/A
1 FREEZING RAMP 48 365 N/A
) FREEZING RAMP -10 190 N/A
3 FREEZING HOLD -10 180 100
4 FREEZING RAMP 48 190 100
3 FREEZING HOLD 48 180 100
6 | PRIMARY DRYING RAMP 20 140 100
7 | PRIMARY DRYING HOLD 20 480 100
8 SECONDARY RAMP +25 200 100

DRYING
) SCCONDARY HOLD +25 360 100

DRYING

FI1G. 4B
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TESTS LYOPHILIZED LYOPHILIZED
BENDAMUSTINGE BENDAMUSTIND
COMPOSITION 1 COMPOSITION II
% IMPURITY
BENDAMUSTINE 025 0.30
MONOHYDRATT:
BENDAMUSTINE DIHYDRATE BELOW DETECTION NONE DETECTED
LIMIT
2. RECONSTITUTION 30 seconds to 60 30 seconds to 60
TIME seconds seconds
F1G. 5
INGREDIENTS PRE-LYOPHILIZATION
BENDAMUSTINE
COMPOSITION III
BENDAMUSTINE HYDROCHLORIDE 5 mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY
SUFFICIENT TO 1.0 ml

FIG. 6A
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STEP PHASE RAMP/HOLD | TEMPERATURE| TML (min)| VACUUM
mTorr
0) ( )
LOADING N/A <3 N/A N/A
1 FREEZING RAMP -48 100 N/A
2 FREEZING HOLD -48 180 N/A
3 ANNEALING RAMP -10 76 N/A
4 ANNEALING HOLD -10 180 N/A
5 FREEZING RAMP 48 76 N/A
6 FREEZING 1IOLD -48 240 N/A
7 | PRIMARY DRYING RAMP -20 140 100
8 PRIMARY DRYING HOIL.D -20 720 100
9 SLCONDARY RAMP +25 225 100
DRYING
10 SECONDARY HOLD +25 480 100
DRYING
FI1G. 6B
TESTS PRE-LYOPIIILIZATION
BENDAMUSTINE
COMPQSITION TIT
I. % IMPURITY
BENDAMUSTINE 0.52

MONOHYDRATE

BENDAMUSTINL DIHYDRA'TL: | BLELOW DETLCIION

LIMIT

2. RECON
TIME

STITUTION 30 seconds to 90
seconds

FIG. 6C



Patent Application Publication

Mar. 20, 2014 Sheet 7 of 14 US 2014/0080880 A1

INGREDIENTS PRE-LYOPHILIZATION
BENDAMUSTINE
COMPOSITION IV
BENDAMUSTINE HYDROCHLORIDE 5mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY
SUFFICIENT TO 1.0 ml
F1G.7A
STEP PHASE RAMP/HOLD | TOMPERATURE| TIME (min) | VACUUM
) mTorr)
O

LOADING N/A <3 N/A N/A
1 FREEZING RAMP 48 100 N/A
2 FREEZING HHOLD -48 180 N/A
3 ANNTALING RAMP -10 76 N/A
4 ANNDALING HOLD -10 180 N/A
5 FREEZING RAMP -48 76 N/A
6 FREEZING HOLD -48 240 100
7 PRIMARY DRYING RAMP 220 140 100
8 PRIMARY DRYING HOLD -20 720 100
9 SECONDARY RAMP +25 225 100

DRYING
10 SECONDARY HOLD +25 480 100

DRYING

FIG. 7B
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INGREDIENTS PRE-LYOPHILIZATION
BENDAMUSTINE
COMPOSITION V
BENDAMUSTINE HYDROCHLORIDE 5 mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY
SUFFICIENT TO 1.0 ml
FIG. 8A
STEP PHASE RAMP/HOID| TEMPERATURE| TIME (MIN)|[ VACUUM
mTorr)
(¢
LOADING N/A 3 N/A N/A
1 LRLLZING RAMP 48 100 N/A
D FREEZING HOLD -48 180 N/A
3 ANNEALING RAMP -10 76 N/A
4 ANNEALING HOLD -10 180 N/A
5 PRECZING RAMP -48 76 N/A
6 FREEZING 11OLD -48 240 100
7 PRIMARY DRYING RAMP -20 140 100
8 | PRIMARY DRYING HOLD 220 720 100
9 SECONDARY RAMP +25 225 100
DRYING
10 SECONDARY HOLD +25 480 100
DRYING

FIG. 8B
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INGREDIENTS PRE-LYOPHILIZATION
BENDAMUSTINE COMPOSITION VI
BENDAMUSTINE HYDROCHIORIDE 5 mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY SUFFICIENT TO 1.0 ml
FIG. 9A
STEP PHASE RAMP/HOLD | TEMPERATURE | TIMF (hours] VACUUM
O minutes) (mTorr)
LOADING N/A 0 00:03 NIA
IREDZING HOLD 0 00:10
1 FREEZING RAMP 48 01:00 N/A
) FREEZING HOLD -48 03:00 N/A
3 ANNEALING RAMP -10 01:10 N/A
2 ANNDALING HOLD -10 03:00 N/A
3 FREFZING RAMP -48 00:40 /A
6 FREEZING HOLD -48 04:00 N/A
7 CONDENSER
COOLING AND NOT NOT
CHAMBER N/A NOTRECORDED | pECORDED |RECORDED
EVACUATION
8§ | PRIMARY DRYING| RAMP -20 02:20 100
9 | PRIMARY DRYING|  HOID -20 24:00 100
10 SECONDARY RAMP +25 04:15 100
DRYING
11 SECONDARY HOLD +25 24:00 100
DRYING

FIG. 9B
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INGREDIENTS PRE-LYOPIIILIZATION
BENDAMUSTINE
COMPOSITION VII
BENDAMUSTINE HYDROCHLORIDE 5mg
MANNITOL 8.5 mg
WATER FOR INJECTION QUANTITY
SUFFICIENT TO 1.0 ml
FIG. 10A
STEP PHASE RAMP/HOLD | TEMPERATURE | MK (hours: VACUUM
O minutes) (mTorr)
LOADING N/A 0 00:03 N/A
FREEZING HOLD 0 00:10
1 FREEZING RAMP 48 00:56 N/A
2 FREEZING HOLD -48 03:00 N/A
3 ANNEALING RAMP -10 01:24 N/A
4 ANNEALING HOLD -10 03:00 N/A
5 FREEZING RAMP -48 00.43 N/A
6 FREEZING HOLD -48 04:00 N/A
7 CONDENSER
COOLING AND .
CHAMBER N/A -48 01:31 100
EVACUATION
8 PRIMARY DRYING RAMP -20 02:42 100
9 PRIMARY DRYING HOLD -20 25:00 100
10 SECONDARY RAMP +25 04:13 100
DRYING
11 SCCONDARY HOLD +25 43:42 100
DRYING

FIG. 10B
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BENDAMUSTINE FORMULATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of provisional
patent application No. 61/702,673 titled “Formulation Of
Bendamustine Formulations”, filed in the United States
Patent and Trademark Office on Sep. 18, 2012.

[0002] The specification of the above referenced patent
application is incorporated herein by reference in its entirety.

BACKGROUND

[0003] The compositions disclosed herein, in general,
relate to pharmaceutical compositions containing a bifunc-
tional alkylating agent. More particularly, the compositions
disclosed herein relate to stable, pharmaceutically acceptable
compositions prepared from bendamustine. Furthermore, the
method disclosed herein relates to preparation of such com-
positions for treating a condition in a subject in need thereof.
[0004] Bendamustine is a drug that was first synthesized in
the 1960s with high potency in the treatment of several
tumoral diseases and has been in clinical use since 1985.
Bendamustine functions as a bifunctional alkylating agent
with antimetabolic and cytotoxic activity indicated for treat-
ment of subjects with chronic lymphocytic leukemia (CLL)
and indolent B-cell non-Hodgkin’s lymphoma (NHL) that
has progressed during or within six months of treatment with
rituximab or a rituximab containing regimen. Efficacy rela-
tive to first line therapies other than a chlorambucil drug used
in the treatment of CLL has not been established. A molecule
of bendamustine comprises three structural elements,
namely, a mechlorethanamine group, a benzimidazole core,
and a butyric acid chain. The butyric acid chain together with
a protonated heterocycle mediates water solubility. The ben-
zimidazole moiety should lead to tumor cell accumulation by
purine base transporters.

[0005] Bendamustine was developed in the 1960s by East
German pharmacologists with an aim of combining a 2-chlo-
roethylamine group of nitrogen mustard derivatives with a
benzimidazole ring system of purine analogues. Bendamus-
tine entered clinical trial in 1969 to treat multiple myeloma
(MM) and entered the German market in the early 1970s.
Bendamustine was marketed in Germany from 1971 to 1992
as Cytostasan and from 1993 to present as Ribomustin.
Because of the high reactivity of bendamustine in aqueous
solutions, nitrogen mustards are difficult to formulate as phar-
maceuticals and are often supplied for administration in a
lyophilized form. The lyophilized form of bendamustine
requires reconstitution, typically in water, by skilled medical
personnel prior to administration. Once in an aqueous solu-
tion, nitrogen mustards are subject to degradation by hydroly-
sis and therefore the reconstituted product should be admin-
istered to a subject as soon as possible after reconstitution.
[0006] Reconstitution of a powdered lyophilized benda-
mustine product such as Ribomustin using existing reconsti-
tution techniques is difficult. Typically, the reconstitution
time for the lyophilized bendamustine product varies from
about fifteen minutes to about thirty minutes. The level of
impurities in the lyophilized bendamustine product manufac-
tured using water and various solvent mixtures is about 0.9 wt
% after reconstitution. Porous lyophilized bendamustine gen-
erated using a solvent and a water mixture has a lesser recon-
stitution time of about 3 minutes to about 10 minutes as

Mar. 20, 2014

compared to the commercially available Ribomustin which
takes about fifteen minutes to about thirty minutes to recon-
stitute. However, a reconstitution time of even 3 minutes to 10
minutes generates high impurity levels in the lyophilized
bendamustine product. Moreover, as manufacture of the lyo-
philized bendamustine product involves organic solvents,
making the final product free from solvents is difficult. Fur-
thermore, environmental and safety implications are difficult
to control during commercial manufacture of the bendamus-
tine product. In 2005, after formal clinical development pro-
grams were conducted in the USA and in Europe, the benda-
mustine product was made available for use in the USA and
United Kingdom (UK) under the trade names Treanda® by
Cephalon, Inc., and Levact® by Mundipharma AG, respec-
tively. However, many of the issues mentioned above still
remain with these products.

[0007] Thedrug Treanda® is intended for intravenous infu-
sion into subjects suffering from tumoral diseases only after
reconstitution with sterile water for injection in United States
Pharmacopeia (USP) unit, and after further dilution with
either 0.9 wt % sodium chloride injection in USP unit, or 2.5
wt % dextrose/0.45 wt % sodium chloride injection in USP
unit. The drug Treanda® is supplied as a sterile non-pyro-
genic white to off-white lyophilized powder in a single use
vial. Each 25 mg vial contains 25 mg of bendamustine hydro-
chloride and 42.5 mg of mannitol in USP unit. Each 100 mg
vial comprises 100 mg of bendamustine hydrochloride and
170 mg of mannitol in USP unit. The pH of the reconstituted
solution is 2.5 to 3.5. As per the package insert of the drug
Treanda®, the vial comprising the drug Treanda® should be
aseptically reconstituted as follows: for a 25 mg vial compris-
ing the drug Treanda®, 5 mL of only sterile water is added for
injection in USP unit; for a 100 mg vial comprising the drug
Treanda®, 20 mL of only sterile water is added for injection
in USP unit. The vial should then be shaken well to yield a
clear, colorless to a pale yellow solution with a bendamustine
hydrochloride concentration of 5 mg/mL. As per the package
insert, the lyophilized product should completely dissolve in
5 minutes. Though the drug Treanda® has shown a relatively
smaller reconstitution time compared to its predecessor, 5
minutes is still a significant time for reconstitution which can
generate higher impurities considering the instability of the
drug Treanda®.

[0008] Hence, there is a long felt but unresolved need for
lyophilized formulations of bendamustine hydrochloride that
do not use non-aqueous solvents as part of the bendamustine
hydrochloride composition or its formulation process. More-
over, there is a need for a method for preparing a stable
lyophilized bendamustine hydrochloride composition that
reconstitutes easily, yields a better impurity profile than the
existing bendamustine product, takes a shorter time to admin-
ister to a subject in need thereof than bendamustine hydro-
chloride products in the market, and makes the composition
more physician or nurse friendly.

SUMMARY OF THE INVENTION

[0009] This summary is provided to introduce a selection of
concepts in a simplified form that are further disclosed in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.

[0010] Disclosed herein is a bendamustine hydrochloride
pharmaceutical composition, herein a “bendamustine com-
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position”, and a method for preparation thereof for treating a
condition, for example, cancer in a subject, for example, a
human or an animal. Also, the term “bendamustine hydro-
chloride” will herein be referred to as “bendamustine”. The
bendamustine composition disclosed herein addresses the
above stated need for a lyophilized formulation of bendamus-
tine that does not use non-aqueous solvents as part of the
bendamustine composition or formulation process, and uses
only aqueous solvents as a constituent of the bendamustine
composition and as part of the formulation process. The
method disclosed herein addresses the above stated need for
preparing a lyophilized bendamustine composition with an
aqueous solvent that reconstitutes easily, yields a better impu-
rity profile than an existing bendamustine product, and makes
the bendamustine composition easier to administer and more
physician or nurse friendly. The bendamustine composition
disclosed herein and method of preparation thereof provides
bendamustine hydrochloride in an aqueous solvent at low
temperatures followed by a lyophilization cycle to produce a
lyophilized bendamustine product with an acceptable degra-
dation profile and low reconstitution time. As used herein, the
term “reconstitution time” refers to the time required to rehy-
drate and dissolve the lyophilized bendamustine product in an
aqueous solvent or a diluent. Herein, all constituents are
entered as percent by weight based on the total weight of the
composition of which they form a part.

[0011] Disclosed herein is a method for preparing a lyo-
philized bendamustine composition for treating a condition in
a subject in need thereof. The method disclosed herein com-
prises preparing a pre-lyophilization bendamustine composi-
tion consisting of bendamustine hydrochloride, an aqueous
solvent, and optionally an excipient. The bendamustine
hydrochloride is present at a concentration of, for example,
about 0.01 wt % to about 90 wt % by weight of the pre-
lyophilization bendamustine composition. The bendamustine
hydrochloride functions as a bifunctional alkylating agent.
The aqueous solvent is present at a concentration of, for
example, about 30 wt % to about 99.9 wt % by weight of the
pre-lyophilization bendamustine composition. In an embodi-
ment, the aqueous solvent comprises at least one of: about 30
wt % to about 99.5 wt % by weight of water, about 5 wt % to
about 20 wt % by weight of an aqueous buffer, about 5 wt %
to about 20 wt % by weight of saline, about 0.01 wt % to about
50 wt % by weight of at least one cryoprotectant, about 0.01
wt % to about 50 wt % by weight of at least one aqueous
soluble excipient, or any combination thereof based on the
weight of the pre-lyophilization bendamustine composition.
The cryoprotectant comprises, for example, at least one of
sucrose, trehalose, lactose, mannitol, sorbitol, colloidal sili-
con dioxide, maltose, polyvinylpyrrolidone, fructose, dext-
ran, glycerol, polyvinyl alcohol, glycine, hydroxypropyl-f-
cyclodextrin, gelatin, histidine, glycine, and any combination
thereof. In an embodiment, the aqueous solvent in the pre-
lyophilization bendamustine composition consists predomi-
nantly of water, for example, about 30 wt % to about 99.9 wt
% by weight of the pre-lyophilization bendamustine compo-
sition.

[0012] Inanembodiment, anexcipient is optionally present
in the pre-lyophilization bendamustine composition at a con-
centration of, for example, about 0.01 wt % to about 50 wt %
by weight of the pre-lyophilization bendamustine composi-
tion. The excipient comprises, for example, one of antioxi-
dants, preservatives, stabilizers, mixtures, bulking agents,
buffers, isotonicity agents, etc., and any combination thereof.
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The antioxidants comprise, for example, butylated hydroxy-
toluene, butylated hydroxyanisole, propyl gallate, a-toco-
pherol, tocopherol polyethylene glycol succinate, L-cysteine,
sodium ethylenediaminetetraacetic acid, thioglycerol, etc.,
and any combination thereof. In an embodiment, the buffers
comprise, for example, citric acid, acetic acid, maleic acid,
phosphoric acid, succinic acid, tartaric acid, counter ion salts,
etc., and any combination thereof. The pre-lyophilization
bendamustine composition has a pH between 1 and 14. The
pre-lyophilization bendamustine composition is free of a
non-aqueous solvent.

[0013] In an embodiment, the pre-lyophilization benda-
mustine composition is packaged in one or more containers,
for example, vials, ampoules, etc., and other pharmaceuti-
cally acceptable containers. The pre-lyophilization benda-
mustine composition is prepared at a preset temperature
between about —5° C. and about 15° C. For example, in an
embodiment, the pre-lyophilization bendamustine composi-
tion is prepared at a preset temperature of about 3° C. As an
example, the prepared pre-lyophilization bendamustine com-
position consists of about 0.5 wt % by weight of bendamus-
tine hydrochloride, about 98.65 wt % by weight of an aqueous
solvent, and about 0.85 wt % by weight of an excipient.

[0014] After preparation of the pre-lyophilization benda-
mustine composition, the prepared pre-lyophilization benda-
mustine composition is lyophilized to obtain the lyophilized
bendamustine composition. In an embodiment, the prepared
bendamustine composition is lyophilized by freezing the pre-
pared pre-lyophilization bendamustine composition at a pre-
set temperature between about —20° C. and about —50° C. For
example, in an embodiment, the prepared pre-lyophilization
bendamustine composition is lyophilized by freezing the pre-
pared pre-lyophilization bendamustine composition at a pre-
set temperature of about —48° C. In another embodiment, the
prepared pre-lyophilization bendamustine composition is
lyophilized by primary drying the prepared pre-lyophiliza-
tion bendamustine composition at a preset temperature
between about —10° C. and about -35° C. For example, in an
embodiment, the prepared pre-lyophilization bendamustine
composition is lyophilized by primary drying the prepared
pre-lyophilization bendamustine composition at a preset tem-
perature of about —15° C. The primary drying of the prepared
pre-lyophilization bendamustine composition is carried out
at a preset pressure, for example, between about 50 millitorr
(mTorr) and about 150 mTorr. For example, in an embodi-
ment, the primary drying of the prepared pre-lyophilization
bendamustine composition is carried out at a preset pressure
of about 100 mTorr.

[0015] In an embodiment, the lyophilization of the pre-
pared pre-lyophilization bendamustine composition com-
prises annealing of the prepared pre-lyophilization benda-
mustine composition at a preset temperature between about
-60° C. and about -5° C. For example, the prepared pre-
lyophilization bendamustine composition is lyophilized by
annealing the prepared pre-lyophilization bendamustine
composition at a preset temperature from about -48° C. to
about —10° C. The annealing of the prepared pre-lyophiliza-
tion bendamustine composition is performed prior to and/or
after freezing the prepared pre-lyophilization bendamustine
composition. In another embodiment, the lyophilization of
the prepared pre-lyophilization bendamustine composition
comprises secondary drying of the prepared pre-lyophiliza-
tion bendamustine composition at a preset temperature, for
example, between about 15° C. and about 30° C. For example,
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in an embodiment, the prepared pre-lyophilization benda-
mustine composition is lyophilized by secondary drying the
prepared pre-lyophilization bendamustine composition at a
preset temperature of about 20° C.

[0016] The secondary drying of the prepared pre-lyo-
philization bendamustine composition is carried out at a pre-
set pressure, for example, between about 50 mTorr and about
150 mTorr. For example, the secondary drying of the prepared
pre-lyophilization bendamustine composition is carried out
at a preset pressure of about 100 mTorr. In an embodiment,
the lyophilization of the prepared pre-lyophilization benda-
mustine composition comprises condensed cooling and
evacuation of the prepared pre-lyophilization bendamustine
composition at a temperature of, for example, about -48° C.
prior to the primary drying of the prepared pre-lyophilization
bendamustine composition. The prepared pre-lyophilization
bendamustine composition is lyophilized, for example, into a
cake, a powder, a solid concentrate, etc. The lyophilized ben-
damustine composition, after lyophilization, comprises about
0.2 wt % to about 2.5 wt % of any specified or unspecified
impurity by weight of the lyophilized bendamustine compo-
sition.

[0017] Thelyophilized bendamustine composition consists
of bendamustine hydrochloride, an aqueous solvent, and
optionally an excipient. The bendamustine hydrochloride is
present in the lyophilized bendamustine composition at a
concentration of, for example, about 1 wt % to about 99 wt %
by weight of the lyophilized bendamustine composition. The
aqueous solvent is present in the lyophilized bendamustine
composition at a concentration of, for example, about 0.01 wt
% to about 5 wt % by weight of the lyophilized bendamustine
composition. In an embodiment, the aqueous solvent com-
prises, for example, about 30 wt % to about 99.9 wt % of water
by weight of the lyophilized bendamustine composition. The
aqueous solvent comprises at least one of an acid, a base, a
salt, and about 1 wt % to about 99 wt % of at least one aqueous
soluble excipient by weight of the lyophilized bendamustine
composition. The excipient is present in the lyophilized ben-
damustine composition at a concentration of, for example,
about 1 wt % to about 99 wt % by weight of the lyophilized
bendamustine composition. The excipient comprises, for
example, about 0.01 wt % to about 65 wt % of at least one
cryoprotectant by weight of the lyophilized bendamustine
composition. The lyophilized bendamustine composition is
free of a non-aqueous solvent.

[0018] The degradation, that is, the total impurities of the
lyophilized bendamustine product is about 0.80 wt % to about
0.96 wt % when the lyophilized bendamustine product is
stored for 3 months at40° C. and 75% relative humidity (RH).
The degradation of the lyophilized bendamustine product is
about 0.74 wt % to about 0.92 wt % when the lyophilized
bendamustine product is stored for 3 months at 25° C. and
60% RH. The degradation of the lyophilized bendamustine
product is about 1.0 wt % to about 1.2 wt % when the lyo-
philized bendamustine product is stored for 6 months at 40°
C. and 75% RH. The degradation of the lyophilized benda-
mustine product is about 0.89 wt % to about 1.1 wt % when
the lyophilized bendamustine product is stored for 6 months
at 25° C. and 60% RH.

[0019] The lyophilized bendamustine composition is
reconstituted with an aqueous solvent by mixing the lyo-
philized bendamustine product with the aqueous solvent, for
example, for about 30 seconds to about 300 seconds. The
aqueous solvent used for the reconstitution of the lyophilized
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bendamustine composition is a pharmaceutically acceptable
solvent, for example, water for injection, etc. In an embodi-
ment, the lyophilized bendamustine composition is reconsti-
tuted in about 30 seconds to about 60 seconds. The benda-
mustine hydrochloride is present in the reconstituted
bendamustine product at a concentration of about 0.01 wt %
to about 90 wt % by weight of the reconstituted bendamustine
product. The aqueous solvent is present in the reconstituted
bendamustine product at a concentration of about 30 wt % to
about 99.9 wt % by weight of the reconstituted bendamustine
product. The excipient is present in the reconstituted benda-
mustine product at a concentration of about 0.01 wt % to
about 50 wt % by weight of the reconstituted bendamustine
product. As an example, the reconstituted bendamustine
product contains about 0.5% bendamustine hydrochloride,
0.85% mannitol, and about 98.65% water for injection. The
reconstituted bendamustine product comprises, for example,
about 0.2 wt % to about 2.5 wt % by weight of specified
impurities and/or unspecified impurities.

[0020] The steps listed below are performed under aseptic
conditions to reconstitute the lyophilized bendamustine com-
position. About 30 wt % to about 99.9 wt % of an aqueous
solvent is mixed with about 0.01 wt % to about 50 wt % of an
excipient based on the total weight of the pre-lyophilization
bendamustine composition in a first compounding vessel at a
preset temperature, for example, between about -2° C. and
about 15° C., until the excipient dissolves in the aqueous
solvent. The aqueous solvent-excipient mixture in the first
compounding vessel is maintained at a preset temperature
between about -2° C. and about 15° C. About 0.01 wt % to
about 90 wt % of bendamustine hydrochloride based on the
total weight of the pre-lyophilization bendamustine compo-
sition is mixed with about 5 wt % of a chilled aqueous solvent
in a second compounding vessel until a uniform slurry is
formed. The uniform slurry is then added to the first com-
pounding vessel containing the aqueous solvent-excipient
mixture maintained at the preset temperature between about
-2°C.and about 15° C. The contents of the first compounding
vessel are mixed until the contents dissolve completely. The
contents of the first compounding vessel are then adjusted to
a final weight using an aqueous solvent chilled at a preset
temperature between about —2° C. and about 15° C. In an
embodiment, the preset temperature is maintained at about
-2°C.toabout 3° C. in the above steps. The adjusted contents
in the first compounding vessel are filtered, for example,
through a 0.22 micron filter membrane to obtain the recon-
stituted bendamustine product.

[0021] In an embodiment, the lyophilized bendamustine
composition is reconstituted as follows: In a pharmaceuti-
cally acceptable container, for example, a vial containing the
lyophilized bendamustine composition, a diluent, for
example, water for injection, 0.9% sodium chloride, 2.5%
dextrose/0.45% sodium chloride, etc., is injected in a quantity
sufficient to obtain the desired bendamustine concentration.
The contents of the container are swirled until the lyophilized
bendamustine composition dissolves, leaving no visible resi-
due as undissolved matter, and the solution is not significantly
less clear than the diluent, and essentially free from visible
particles. In an embodiment, the reconstitution time of the
lyophilized bendamustine composition in accordance with
this procedure is, for example, about 30 seconds to about 60
seconds. The reconstituted bendamustine product in the con-
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tainer is then transferred to an infusion bag for preparation of
the ready to administer bendamustine product as recited
below.

[0022] The reconstituted bendamustine product is trans-
ferred to an infusion bag at room temperature, for example, at
about 15° C. to about 30° C. within 30 minutes after the
bendamustine product is reconstituted. The reconstituted
bendamustine product is diluted with a diluent, for example,
0.9% sodium chloride injection, 2.5% dextrose/0.45%
sodium chloride injection, etc., to obtain a ready to adminis-
ter, bendamustine solution which is stable for 24 hours when
stored at about 2° C. to about 8° C., or stable for 3 hours when
stored at room temperature, for example, at about 15° C. to
about 30° C.under room lighting. Administration of the ready
to administer bendamustine solution to a subject in need
thereof must be completed within the above referenced 24
hour or 3 hour period.

[0023] The bendamustine hydrochloride is present in the
ready to administer bendamustine product at a concentration
of'about 0.01 wt % to about 1 wt % by weight of the ready to
administer bendamustine product with the balance of the
composition consisting of an aqueous solvent and optionally
an excipient. In an embodiment, bendamustine hydrochloride
is present in the ready to administer bendamustine product at
a concentration of about 0.02 wt % to about 0.06 wt % by
weight of the ready to administer bendamustine product with
the balance of the composition consisting of an aqueous sol-
vent and optionally an excipient. The aqueous solvent is
present in the ready to administer bendamustine product at a
concentration of about 99 wt % to about 99.95 wt % by weight
of' the ready to administer bendamustine product. The excipi-
ent is present in the ready to administer bendamustine product
ata concentration of about 0.034 wt % to about 0.102 wt % by
weight of the ready to administer bendamustine product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing summary, as well as the following
detailed description of the invention, is better understood
when read in conjunction with the appended drawings. For
the purpose of illustrating the invention, exemplary construc-
tions of the invention are shown in the drawings. However, the
invention is not limited to the specific methods and compo-
nents disclosed herein.

[0025] FIG. 1 exemplarily illustrates a method for prepar-
ing a ready to administer bendamustine product for treating a
condition in a subject in need thereof.

[0026] FIG. 2 exemplarily illustrates a method for recon-
stituting the lyophilized bendamustine product.

[0027] FIG. 3A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition 1.

[0028] FIG. 3B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition I shown in FIG. 3A.

[0029] FIG. 4A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition II.

[0030] FIG. 4B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition II shown in FIG. 4A.

[0031] FIG.5 exemplarily illustrates a table showing impu-
rities generated during lyophilization of the pre-lyophiliza-
tion bendamustine compositions I and II shown in FIG. 3A
and FIG. 4A respectively, based on the steps of the methods
shown in FIG. 3B and FIG. 4B respectively, and the recon-
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stitution times of the corresponding lyophilized bendamus-
tine compositions I and II respectively.

[0032] FIG. 6A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition III.

[0033] FIG. 6B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition III shown in FIG. 6A.

[0034] FIG. 6C exemplarily illustrates a table showing
impurities generated during lyophilization of the pre-lyo-
philization bendamustine composition III shown in FIG. 6A
based on the steps of the method shown in FIG. 6B, and the
reconstitution times of the lyophilized bendamustine compo-
sition.

[0035] FIG. 7A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition IV.

[0036] FIG. 7B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition IV shown in FIG. 7A.

[0037] FIG. 7C exemplarily illustrates a table showing
impurities generated during lyophilization of the pre-lyo-
philization bendamustine composition IV shown in FIG. 7A
based on the steps of the method shown in FIG. 7B, and the
reconstitution times of the lyophilized bendamustine compo-
sition.

[0038] FIG. 8A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition V.

[0039] FIG. 8B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition V shown in FIG. 8A.

[0040] FIG. 8C exemplarily illustrates a table showing
impurities generated during lyophilization of the pre-lyo-
philization bendamustine composition V shown in FIG. 8A
based on the steps of the method shown in FIG. 8B, and the
reconstitution times of the lyophilized bendamustine compo-
sition.

[0041] FIG. 9A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition VI.

[0042] FIG. 9B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition VI shown in FIG. 9A.

[0043] FIG. 9C exemplarily illustrates a table showing
impurities generated during lyophilization of the pre-lyo-
philization bendamustine composition VI shown in FIG. 9A
based on the steps of the method shown in FIG. 9B, and the
reconstitution times of the lyophilized bendamustine compo-
sition.

[0044] FIG. 10A exemplarily illustrates a table showing a
pre-lyophilization bendamustine composition VII.

[0045] FIG. 10B exemplarily illustrates a table showing a
method for lyophilizing the pre-lyophilization bendamustine
composition VII shown in FIG. 10A.

[0046] FIG. 10C exemplarily illustrates a table showing
impurities generated during lyophilization of the pre-lyo-
philization bendamustine composition VII shown in FIG.
10A based on the steps of the method shown in FIG. 10B, and
the reconstitution times of the lyophilized bendamustine
composition.

DETAILED DESCRIPTION OF THE INVENTION

[0047] FIG. 1 exemplarily illustrates a method for prepar-
ing a ready to administer bendamustine product for treating a
condition in a subject, for example, a human or an animal, in
need thereof. The method disclosed herein provides a com-
position of bendamustine in a stable lyophilized dosage form,



US 2014/0080880 Al

where the lyophilized bendamustine composition is stable at
room temperature for 6 months. The method disclosed herein
is an aqueous based manufacturing process comprising a
specific lyophilization cycle developed to yield a stable lyo-
philized bendamustine product which has a low level of impu-
rities and is easily reconstitutable in about 30 seconds to about
60 seconds. In the method disclosed herein, a pre-lyophiliza-
tion bendamustine composition is prepared 101 by mixing
bendamustine hydrochloride, an aqueous solvent, and option-
ally an excipient. Bendamustine hydrochloride, herein
referred to as “bendamustine”, functions as a bifunctional
alkylating agent. The chemical structure of bendamustine
hydrochloride in the bendamustine composition is shown
below:

CICHCHy
cicmeny” N
I
N (CH2)3—H—OH-HC1
L,
[0048] Bendamustine hydrochloride is 1H-benzimidazole-

2-butanoic acid, 5-[bis(2-chloroethyl)amino]-1 methyl-,
monohydrochloride. The empirical molecular formula of
bendamustine hydrochloride is C,4H,,CI,N;O,.HCL. The
molecular weight of bendamustine hydrochloride is 394.7.
Bendamustine hydrochloride contains a mechlorethamine
group and a benzimidazole heterocyclic ring with a butyric
acid substituent. Bendamustine hydrochloride may be
present in the lyophilized bendamustine composition in any
suitable amount. In an embodiment, the bendamustine com-
position comprises bendamustine hydrochloride in a thera-
peutically effective amount to treat a condition, for example,
cancer in a human subject or for diagnostic purposes. For
example, bendamustine hydrochloride is present at a concen-
tration of about 0.02 wt % to about 0.06 wt % by weight of the
total ready to administer bendamustine composition.

[0049] Bendamustine is present in the prepared pre-lyo-
philization bendamustine composition at a concentration of,
for example, about 0.01 wt % to about 90 wt % by weight of
the prepared pre-lyophilization bendamustine composition.
The pre-lyophilization bendamustine composition contains,
for example, about 30 wt % to about 99.9 wt % by weight of
the aqueous solvent based on the total weight of the prepared
pre-lyophilization bendamustine composition. In an embodi-
ment, the aqueous solvent comprises at least one of: about 30
wt % to about 99.5 wt % by weight of water, about 5 wt % to
about 20 wt % by weight of an aqueous buffer, about 5 wt %
to about 20 wt % by weight of saline, about 0.01 wt % to about
50 wt % by weight of at least one cryoprotectant, and about
0.01 wt % to about 50 wt % by weight of at least one aqueous
soluble excipient based on the total weight of the aqueous
solvent. The cryoprotectant comprises, for example, at least
one of sucrose, trehalose, lactose, mannitol, sorbitol, colloi-
dal silicon dioxide, maltose, polyvinylpyrrolidone, fructose,
dextran, glycerol, polyvinyl alcohol, glycine, hydroxypropyl-
p-cyclodextrin, gelatin, histidine, glycine, and any combina-
tion thereof. An excipient is a pharmacologically inactive
substance, for example, a bulking agent, a filler, a diluent, etc.,
used to impart a function or a property to a formulation. The
excipient is present in the prepared pre-lyophilization benda-
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mustine composition at a concentration of, for example,
about 0.01 wt % to about 50 wt % by weight of the pre-
lyophilization bendamustine composition. The excipient
comprises, for example, one of antioxidants, preservatives,
stabilizers, mixtures, bulking agents, buffers, isotonicity
agents, etc., and any combination thereof. The preservatives
are, for example, phenol, thimerosal, chlorobutanol, benzyl
alcohol, m-cresol, phenoxyethanol, methylparaben, propy-
Iparaben, etc. The bulking agents or cryoprotectants or lyo-
protectants to facilitate lyophilization comprise, for example,
amino acids such as lysine, alanine, glycine, etc.; polymers
such as proteins and polyethylene glycol, polyvinylpyrroli-
done, gelatin, dextran 40, albumin, etc. The isotonicity agents
comprise, for example, sodium chloride, calcium chloride,
potassium chloride, glycerol, thioglycerol, etc.

[0050] The antioxidants comprise hydrophobic antioxi-
dants such as butylated hydroxytoluene, butylated hydroxya-
nisole, propyl gallate, a-tocopherol, tocopherol polyethylene
glycol succinate (Vitamin E TPGS), L-cysteine, etc., and
water soluble antioxidants such as sodium ethylenediamine-
tetraacetic acid (EDTA), thioglycerol, etc., and any combina-
tion thereof. In an embodiment, the concentration of antioxi-
dants is, for example, about 0.005 wt % to about 5 wt % by
weight of the pre-lyophilization bendamustine composition
to improve stability of the pre-lyophilization bendamustine
composition. In an embodiment, the buffers comprise, for
example, citric acid, acetic acid, maleic acid, phosphoric acid,
succinic acid, tartaric acid, counter ion salts, etc., and any
combination thereof. The pH of the pre-lyophilization ben-
damustine composition is, for example, between 1 and 14.
The pre-lyophilization bendamustine composition disclosed
herein is free of a non-aqueous solvent, for example, organic
solvents.

[0051] In an embodiment, the pre-lyophilization benda-
mustine composition is packaged in one or more containers,
for example, vials, ampoules, etc., and other pharmaceuti-
cally acceptable containers. The pre-lyophilization benda-
mustine composition is prepared at a preset temperature
between about -5° C. and about 15° C., below room tempera-
ture. In an embodiment, the pre-lyophilization bendamustine
composition is prepared at a preset temperature of about —2°
C. to about 15° C. For example, the pre-lyophilization ben-
damustine composition is prepared at a preset temperature of
1° C. In an embodiment, the manufacture of the bendamus-
tine product from the pre-lyophilization step through the
ready to administer bendamustine product is performed under
aseptic conditions using aseptic procedures that are well
known in the art. In an example, the prepared pre-lyophiliza-
tion bendamustine composition consists of 0.5 wt % by
weight of bendamustine hydrochloride, 98.65 wt % by weight
of'an aqueous solvent, and 0.85 wt % by weight of an excipi-
ent.

[0052] The prepared pre-lyophilization bendamustine
composition is then lyophilized 102 to obtain a lyophilized
bendamustine composition 103. Lyophilization, also referred
to as freeze-drying, is a dehydration process at reduced tem-
peratures and reduced pressures to preserve the pre-lyo-
philization bendamustine composition for an extended period
of time and to allow the pre-lyophilization bendamustine
composition to be more readily transported and/or adminis-
tered to a subject. In an embodiment, the prepared pre-lyo-
philization bendamustine composition is lyophilized by
freezing the prepared pre-lyophilization bendamustine com-
position at a preset temperature between about —20° C. and






