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BENDAMUSTINE PHARMACEUTICAL COMPOSITJONS FOR
LYOPHILISATION

FIBELD OF THE INVENTION
The present invention pertains to the field of pharnfaceutical compositions for
the treatment of various disease states, especially neoplagtic diseases and autoimmune
diseases. Particularly, it relates to pharmaceutical fornfulations comprising nitrogen

mustards, particularly the nitrogen mustard bendamugtine, e.g., bendamustine HCI.

BACKGROUND OF THE/ INVENTION

The present invention claims the benefit/of and priority to US Serial No.
60/644,354, filed January 14, 2005, entitled, “Bendamustine Pharmaceutical
Compositions,” which is incorporated herein/by reference in its entirety, including
figures and claims.

The following description includgs information that may be useful in
understanding the present invention. Iifis not an admission that any such information
is prior art, or relevant, to the present}y claimed inventions, or that any publication
specifically or implicitly referencedfis prior art.

Because of their high reacjivity in aqueous solutions, nitrogen mustards are
difficult to formulate as pharmageuticals and are often supplied for administration in a
lyophilized form that requires feconstitution, usually in water, by skilled hospital

: persohal prior to administratjon. Once in aqueous solution, nitrogen mustards are

subject to degradation by hfdrolysis, thus, the reconstituted product should be
administered to a patient As soon as possible after its reconstitution.

‘ Bendamustine, (A-{5-[Bis(2-chloroethyl)amino}-1-methyl-2-benzimidazolyl}
butyric acid, is an . 1cal structure with a benzimidazole ring, whose structure
includes an active njfirogen mustard (see Formula I, which shows bendamustine

hydrochloride).
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Formula I
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Bendamustine was initially synthesized in 1963 in the Gegfnan Democratic
Republic (GDR) and was available from 1971 to 1992 in that lofation under the name

Cytostasan®. Since that time, it has been marketed in Germagly under the tradename

breast cancer.

Due to its degradation in aqueous solutions (liké other nitrogen mustards),
bendamustine is supplied as a lyophilized product. The current Iyophilized
formulation of bendamustine (Ribomustin®) contajns bendamustine hydrochloride and
mannitol in a sterile lyophilized form as a white powder for intravenous use following
reconstitution. The finished lyophilisate is unstable when exposed to light. Therefore,
the product is stored in brown or amber-colorgd glass bottles. The current lyophilized
formulation of bendamustine contains degrgfiation products that may occur during
mamifacturing of the drug substance and/gf during the lyophilization process to make
the finished drug product.

Currently bendamustine is forngulated as a Iyophjh'zed powder for injection
with 100 mg of drug per 50 mL vial ¢r 25 mg of drug per 20 mL vial. The vials are
opened and reconstituted as close tg the time of patient administration as possible. The
product is reconstituted with 40 pAL (for the 100 mg presentation) or 10 mL (for the 25
mg presentation) of Sterile Watgr for Injection. The reconstituted product is further

~ diluted into 500 mL, g.s., 0.9% Sodium Chloride for Injection. The route of

administration is by intravegous infusion over 30 to 60 minutes.

Following reconstjfution with 40 mL Sterile Water for Injection, vials of
bendamustine are stablefor a period of 7 hours under room temperature storage or for
6 days upon storage atf2-8°C. The 500 mL admixture solution must be administered to
the patient within 7 Hours of vial reconstitution (assuming room temperature storage of
the admixture).

The reconftitution >of the present bendamustine lyophilized powder is difficult.

Reports from the clinic indicate that reconstitution can require at least fifteen minutes
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increases the potential for loss of potency and impurity formation due to the hydrolysis
of the product by water.

Thus, a need exists for Iyophilized formulations of bendamustine that are easier -
to reconstitute and which have a better impurity profile than tfie current lyophilate
(tyophilized powder) formulations of bendamustine.

German (GDR) Patent No. 34727 discloses a me

chloroethyl)-amino-benzimidazolyl-(2)]-alkane carboxyfic acids substituted in the 1-

d of preparing w-[5-bis-(B-

position.
German (GDR) Patent No. 80967 discloses aj injectable preparation of y-[1-
methyl-5-bis-(B-chloroethyl)-amino-benzimaidazo}yl-(2)]-butric acid hydrochloride.
German (GDR) Patent No. 159877 discloges a method for preparing 4-[1-
methyl-5-bis (2-chloroethyl) amino-benzimidagolyl-2)-butyric acid.
German (GDR) Patent No. 159289 digcloses an injectable solution of
bendamustine.
Ribomustin® bendamustine Prodyft monograph (updated 1/2002)

http://www.ribosepharm.de/pdf/ribomusfin bendamustin/productmonograph.pdf

provides information about Ribomustifi® including product description. A
Ni et al. report that the nitrospurea SarCNU was more stable in pure tertiary

butanol than in pure acetic acid, dighethy! sulfoxide, methylhydroxy, water or in

TBA/water mixtures (Ni et al. (2¢01) Intl. J. Phamaceutics 226:39-46).
Lyophilized cyclophoshamide is known in the art see e.g., US Patent Nos.

 5,418,223; 5,413,995; 5,268,%08; 5,227,374; 5,130,305; 4,659,699; 4,537,883, and

5,066,647.
The lyophilized nifrogen mustard Ifosfamide is disclosed in International

Publication No. WO 2003/066027; US Pat. Nos. 6,613,927; 5,750,131; 5,972,912,
5,227,373; and 5,204,335.
Teagarden etAl. disclose lyophilized formulations of prostaglandin E-1 made

by dissolving PGE/l in a solution of lactose and tertiary butyl alcohol (US Pat. No.
5,770,230).

'SUMMARY OF THE INVENTION



The present invention is directed to stable pharmaceutical cgmpositions of
nitrogen mustards, in particular lyophilized bendamustine and its pse in treatment of
various disease states, especially neoplastic diseases and autoimfnune diseases.
An embodiment of the invention is a pharmaceutical cgmposition of
5  bendamustine containing not more than about 0.5% to about).9% (area percent of

bendamustine) HP1, as shown in Formula II,
HO™
T
J ey
Formula II
at the time of release or where the HP1 is the amoyint of HP1 present at time zero after
10 reconstitution of a lyophilized pharmaceutical cgimposition of bendamustine as
described herein. In a preferred embodiment if a pharmaceutical composition of
bendamustine containing not more than aboyf 0.5% (area percent of bendamustine)
HP1, preferably not more than about 0.45%
0.40%, more preferably not more than abput 0.35%, even more preferably not more

15  than 0.30%.

more preferably not more than about

20 Formula 1.

Yet another embodiment of the invention is a lyophilized preparation of
bendamustine contaipfting not more than about 0.5%, preferably 0.15% to about 0.5%,
bendamustine ethyjester, as shown in Formula IV at release or at time zero afier

25  reconstitution
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Formula IV.

Yet another embodiment of the invention is a lypphilized preparation of
ine ethylester (Formula IV) is

concentration of bendamustine

bendamustine wherein the concentration of bendamu
no more than 0.2%, preferably 0.1%, greater than t
ethylester as found in the drug substance used to nfake the lyophilized preparation.

In another embodiment of the invention /s a lyophilized preparation of
bendamustine containing not more than about p.5% to about 0.9% (area percent of
bendamustine) HP1 at the time of drug prodyfct release. In a preferred embodiment is
a lyophilized preparation of bendamustine gontaining not more than about 0.50% (area
percent of bendamustine) HP1, preferably not more than about 0.45%, more preferably
not more than about 0.40%, more prefefably not more than about 0.35%, even more
preferably not more than 0.30%. An Aspect df this embodiment is lyophilized
preparations of bendamustine contafning not more than about 0.5% to about 0.9%,
preferably 0.5%, (area percent of Pendamustine) HP1 at the time of release of drug
product where the lyophilized pyeparation is packaged in a vial or other
pharmaceutically acceptable cgntainer.

In yet another aspect0f the invention, the lyophilized preparations of
bendamustine are stable with respect to the amount of HP1 for at least about 6 months,
preferably 12 months, pr¢ferably 24 months, to about 36 months or greater when
stored at about 2° to abgut 30°. Preferred temperatures for storage are about 5° C and
about room temperatyfre.

Another emJodiment of the invention is a pharmaceutical dosage form that
includes a pharmgCeutical composition of bendamustine containing not more than
about 0.5% to alfout 0.9% HP1, preferably not more than about 0.50%, preferably not
more than abofit 0.45%, more preferably not more than about 0.40%, more preferably
not more thaft about 0.35%, even more preferably not more than 0.30%, where the
HP1 is the

Iyophiliz¢d preparation of bendamustine of the present invention. In preferred aspects

ount of HP1 present at release or at time zero after reconstitution of a
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of the invention, the dosage form can be about 5 to about 500 mg of bendamustine,
about 10 to about 300 mg of bendamustine, about 25 mg of benddmustine, about 100
mg of bendamustine, and about 200 mg of bendamustine.

Yet another embodiment of the invention is a pharmageutical dosage form that
includes a lyophilized preparation of bendamustine containjfig not more than about
0.5% to about 0.9%, preferably 0.5%, HP1. Preferred dosage forms can be about 5 to
about 500 mg of bendamustine, about 10 to about 300 nfg of bendamustine, about 25
mg of bendamustine, about 100 mg of bendamustine, gnd about 200 mg of
bendamustine.

In still another embodiment, the invention jAcludes a pharmaceutical
composition of bendamustine including bendamuykstine containing not more than about
0.5% to about 0.9% (area percent of bendamusjine), preferably not more than about
0.50%, preferably not more than about 0.45%/ more preferably not more than about
0.40%, more preferably not more than aboyf 0.35%, even more preferably not more
than 0.30%, and a trace amount of one or fnore organic solvents, wherein said HP1 is
the amount of HP1 present at release or fime zero after reconstitution of a lyophilized
pharmaceutical composition of bendagfiustine as disclosed herein. In different aspects

of this embodiment, the organic solvgnt is selected from one or more of tertiary

“butanol, n-propanol, n-butanol, isopropanol, ethanol, methanol, acetone, ethyl acetate,

dimethyl carbonate, acetonitrile, Adichloromethane, methyl ethyl ketone, methyl .
isobutyl ketone, 1-pentanol, mgthyl acetate, carbon tetrachloride, dimethyl sulfoxide,

~ hexafluoroacetone, chlorobutgnol, dimethyl sulfone, acetic acid, and cyclohexane.

Preferred organic solvents ificlude one or more of ethanol, methanol, propanol,
butanol, isopropanol, and fertiary butanol. A more preferred organic solvent is tertiary
butanol, also known as YBA, t-butanol, tert-butyl alcohol or tertiary butyl alcohol.
The present inyention involves a method for obtaining agency approval for a
bendamustine produgt, the improvement which includes setting a release specification

for bendamustine ¢egradants at less than about 4.0%, preferably about 2.0 % to about

4.0 %, (area percgut bendamustine) or otherwise to achieve the pharmaceutical

compositions d¢scribed herein. An aspect of this embodiment is a2 method for
obtaining agepicy approval for a bendamustine product which includes setting a release

specificatiof for HP1 to be less than or equal to 1.5% (area percent Bendamustine).
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The bendamustine product herein contains not more than about 0.5f4 (area percent of
bendamustine) HP1 at release.

Another embodiment is a method for obtaining agency gpproval for a
bendamustine product, the improvement which includes settiyfg a shelf-life
specification for bendamustine degradants at less than abouy 7.0%, preferably about
5.0% to about 7.0%, (area percent bendamustine) where tife product is stored at about
2°C to about 30°C. Preferred temperatures for storage gfe about 5°C and about room
temperature. The bendamustine product herein contaifs not more than about 0.5%
(area percent of bendamustine) HP1 at release.

Another embodiment of the invention is a pfocess for manufacturing a
lyophilized preparation of bendamustine which igfcludes controlling for the
concentration of bendamustine degradants in th€ final product, such that the
concentration of bendamustine degradants is Jess than about 4.0%, preferably no more
than about 2.0 % to about 4.0 %, (area percgnt of bendamustine) at release or
otherwise to achieve the pharmaceutical ¢hmpositions described herein. The
bendamustine product herein contains ngt more than about 0.5% to about 0.9%,
preferably about 0.5%, (area percent of bendamustine) HP1 at release.

The present invention discloges a process for manufacturing a lyophilized
preparation of bendamustine whicl{ comprises controlling for the concentration of
bendamustine degradants in the final product, such that, at release, the concentration of
HP1 is less than 0.9%, preferaply 0.5%, (area percent of bendamustine) and, at the

time of product expiration, th€ concentration of bendamustine degradants is less than

about 7.0%, preferably no nhore than about 5.0% to about 7.0%; wherein said product

is stored at about 2°C to gbout 30°C.

Another embodifnent of the invention is a bendamustine pre-lyophilization
solution or dispersion Lomprising one or more organic solvents where the solution or
dispersions include # least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of HP1 produced
during lyophilizgtion from about 0 to 24 hours does not exceed about 0.5% to about
0.9% (area peytent of bendamustine) preferably 0.50%, preferably 0.45%, more
preferably 0.40%, more preferably 0.35%, even more preferably 0.30%. An aspect of
this embodjment is the lyophilized powder produced from the pre-lyophilization

solution of dispersion.
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Still another embodiment of the invention is a bendamusting pre-lyophilization
solution or dispersion comprising one or more organic solvents where the solution or
dispersions include at least one stabilizing concentration of an grganic solvent which
reduces the level of degradation of bendamustine so that the gnount of bendamustine
ethylester produced during lyophilization from about 0 to 24 hours does not exceed
about 0.5% (area percent bendamustine). An aspect of thif embodiment is the
Iyophilized powder produced from the pre-lyophilizatiof solution or dispersion.

Still another embodiment of the invention is a fendamustine pre-lyophilization
solution or dispersion comprising one or more organjgc solvents where the solution or
dispersions include at least one stabilizing concentyation of an organic solvent which
reduces the level of degradation of bendamustine/so that the amount of bendamustine
ethylester (as shown in Formula IV) produced guring lyophilization from about 0 to 24
hours is no more than 0.2%, preferably 0.1%,/ greater than the concentration of
bendamustine ethylester as found in the drug substance used to make the pre-
lyophilization solution. A preferred organfic solvent is tertiary butanol.

The invention also discloses methods for preparing a bendamustine lyophilized
preparation that includes dissolving beiidamustine in a stabilizing concentration of an
alcohol solvent of between about 5%/to about 100% (v/v alcohol to form a pre-
Iyophilization solution; and Iyophi}izing the pre-lyophilization solution; wherein the
bendamustine lyophilized prepargtion made from such methods contains not more than
about 0.5% to about 0.9%, prefgrably 0.5%, (area percent of bendamustine) HP1 as
shown in Formula II, wherein/said HP1 is the amount of HP1 present at release or at
time zero after reconstitutiopi of the lyophilized pharmaceutical composition of
bendamustine. Other alcghol concentrations include about 5% to about 99.9%, about
5% to about 70%, about5% to about 60%, about 5% to about 50%, about 5% to about
40%, about 20% to abgut 35%. Preferred concentrations of alcohol are from about
20% to about 30%. Preferred alcohols include one or more of methanol, ethanol,
propanol, iso-propgnol, butanol, and tertiary-butanol. A more preferred alcohol is
tertiary-butanol. /A preferred concentration of tertiary-butanol is about 20% to about
30%, preferably about 30%. An aspect of this embodiment is the addition of an
excipient befgfre lyophilization. A preferred excipient is mannitol. Preferred pre-

lyophilized foncentrations of bendamustine are from about 2 mg/mL to about 50



10

15

20

25

30

In a preferred method for preparing a bendamustine lyophiljzed preparation,
lyophilizing the pre-lyophilization solution comprises 1) freezingfhe pre-
Iyophilization solution to a temperature below about -40°C, preferably -50°C, to form
a frozen solution; ii) holding the frozen solution at or below -A0°C, preferably -50°C,
for at least 2 hours; iii) ramping the frozen solution to a primpary drying temperature
between about -40°C and about -10°C to form a dried solugfon; iv) holding for about
10 to about 70 hours; v) ramping the dried solution to a gecondary drying temperature
between about 25°C and about 40°C; and vii) holding Jor about 5 to about 40 hours to
form a bendamustine lyophilized preparation. In a mgre preferred method lyophilizing
the pre-lyophilization solution comprises i) freezing the pre-lyophilization solution to
about -50°C to form a frozen solution; ii) holding the frozen solution at about -50°C
for at least 2 hours to about 4 hours; iii) ramping to a primary drying temperature
between about -20°C and about -12°C to form/a dried solution; iv) holdingata
primary drying temperature for about 10 to gbout 48 hours; v) ramping the dried
solution to a secondary drying temperature/between about 25°C and about 40°C; and
vi) holding at a secondary drying tempeyature for at least 5 hours up to about 20
hours. A preferred alcohol is tertiary-bfitanol. A preferred concentration of tertiary-
butanol is about 20% to about 30%, pfeferably about 30%. An aspect of this
embodiment is the addition of an excipient before lyophilization. A preferred
excipient is mannitol. Preferred pe-lyophilized concentrations of bendamustine are
from about 2 mg/mL to about 5¢ mg/mL.

Another embodiment ¢f the invention is the lyophilized powder or preparation
obtained from the methods gf preparing a bendamustine lyophilized preparation
disclosed herein. | v

The invention alsp involves bendamustine formulations for lyophilization that
include an excipient a stabilizing concentration of an organic solvent. A preferred
formulation includes pendamustine at a concentration of about 15 mg/mL, mannitol at
a concentration of gbout 25.5 mg/mlL, tertiary-butyl alcohol at a concentration of about
30% (v/v) and wafer. Included in this embodiment of the invention are the lyophilized
preparations mafie from such bendamustine formulations.

Includgd in the inventions are methods of treating a medical conditionin a
patient that iivolve administering a therapeutically effective amount of a

ical composition of the invention where the condition is amenable to

9.
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treatment with said pharmaceutical composition. Some conditions Amenable to
treatment with the compositions of the invention include chronic fymphocytic
leukemia (CLL), Hodgkin’s disease, non-Hodgkin’s lymphoma/(NHL), multiple
myeloma (MM), breast cancer, small cell lung cancer, hyperpfoliferative disorders,
and an autoimmune disease. Preferred conditions include , CLL, breast cancer,

and MM. Preferred autoimmune diseases include theumajoid arthritis, multiple
sclerosis or lupus.

Included in the inventions are the use of the phdrmaceutical compositions or
pharmaceutical preparations of the invention in the nfanufacture of a medicament for
the treatment of a medical condition, as defined hezgin, in a patient that involve
administering a therapeutically effective amount ¢f a pharmaceutical composition of
the invention where the condition is amenable t treatment with said pharmaceutical
composition.

Also included in the invention are mgthods of treating in which the
pharmaceutical compositions of the invenffon are in combination with one or more
anti-neoplastic agents where the antineoplastic agent is given prior, concurrently, or
subsequent to the administration of thefpharmaceutical composition of the invention.
Preferred antineoplastic agents are anftibodies specific for CD20.

Another embodiment of the inventipn is a lyophilization cycle for producing
lyophilized bendamustine prepargtions of the invention. A preferred lyophilization
cycle includes a) freezing to abput -50°C over about 8 hours; b) holding at -50°C for
about 4 hours; c) ramping to -Z5°C over about 3 hours; d) holding at ~10°C for 30

| hours; e) ramping to betweep about 25°C and about 40°C or higher for about 3 hours;

f) holding between about 25°C and about 40°C for about 25 hours; g) ramping to about
20°C in 1 hour; h) unloagding at about 20°C, at a pressure of 13.5 psiina |
pharmaceutically accepftable container that is hermetically sealed; wherein the pressure
is about 150 micronsfhroughout primary drying and 50 microns throughout secondary
drying. An aspect ¢f this cycle involves step (€) which is ramped to about 30-35°C for
3 hours and then yamped to 40°C for S hours. Another aspect of this embodiment is
the lyophilized powered prepared from such lyophilization cycles. A more preferred
lyophilizationfcycle includes i) starting with a shelf temperature of about 5°C for
loading; ii) ffeezing to about -50°C over about 8 hours; iii) holding at -50°C for about
4 hours; 1v) ramping to about -20°C over about 3 hours; v) holding at about -20°C for 6

-10-
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hours; ramping to about -15°C over about 1 hour; vi) holding at -1§°C for about 20
hours; vii) ramping to about -15°C over about 1 hour; viii) holding at about -15°C for
about 20 hours; ix) ramping to about -12°C over about 0.5 hourg; x) holding at about -
12°C for about 15.5 hours; xi) ramping to between about 25°(fand about 40°C or
higher for about 15 hours; xii) holding between about 25°C gnd about 40°C for about
10 hours; xiii) ramping to about 40°C over about 1 hour; afd xiv) holding at about
40°C for about 5 hours; unloading at about 5°C, at a prespure of about 13.5 psiina
pharmaceutically acceptable container that is hermeticglly sealed; wherein the pressure
is about 150 microns throughout primary drying and 0 microns throughout secondary

drying. In a preferred embodiment step (xi) is rangped to about 30-35°C for about 15

hours.

The invention also encompasses a pharmfaceutical dosage form of

bendamustine containing not more than about.5% to about 0.9%, preferably 0.5%,

HP1 (area percent of bendamustine) whereiry'said dosage form comprises a vial or

other pharmaceutically acceptable containgt, wherein said HP1 is the amount of HP1

present pre-reconstitution or at time zerofafter reconstitution of said dosage form.

Preferred concentrations of bendamustjfie include about 10 to about 500 mg/container,

about 100 mg/container, about 5 mg th about 2 g/container and about 170

mg/container.
The present invention alsofincludes pre-lyophilized pharmaceutical

preferred pre-lyophilized composition includes

'mL., mannitol about 25.5 mg/mL, about 30% (v/v)

compositions of bendamustine.

bendamustine HCI about 15

» tertiary—bufyl alcohol, and wter.

These and other embodiments of the invention are described hereinbelow or are

evident to persons of ordj skill in the art based on the following disclosures.
F DESCRIPTION OF THE DRAWINGS

Fig. 1 showg/the solubility of bendamustine at various temperatures for two
different solutionsfof bendamustine in tertiary butanol.

Fig. 2 shgws the purity results of an HPLC analysis after incubating
bendamustine yn various alcohols for 24 hours at 5°C. Results are presented as the

area percent pf the bendamustine peak.

-11-
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Fig. 3 shows HP1 (Formula IT) formation after 24 hours in yarious
alcohol/water co-solvents at 5°C

Fig 4 shows dimer (Formula IIT) formation after 24 houys in various
alcohol/water co-solvents at 5°C

Fig. 5- shows a lyophilization cycle for bendamusting using a TBA/water co-

solvent.

Fig. 6 shows a chromatogram for Ribomustin® ysing HPLC method No. 1.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms “formulate” referg'to the preparation of a drug, e.g.,
bendamustine, in a form suitable for administratigh to a mammalian patient, preferably
a human. Thus, "formulation" can include the gldition of pharmaceutically acceptable
excipients, diluents, or carriers.

As used herein, the term “lyophilized powder” or “lyophilized preparation”
refers to any solid material obtained by lygphilization, i.e., freeze-drying of an aqueous
solution. The aqueous solution may confain a non-aqueous solvent, i.e. a solution
composed of aqueous and one or morg/non-aqueous solvent(s). Preferably, a
lyophilized preparation is one in whigh the solid material is obtained by freeze-drying
a solution composed of aqueous angl one or more non-aqueous solvents, more
preferably the non-aqueous solvept is an alcohol. _

By “stable pharmaceutighl composition” is meant any pharmaceutical

composition having sufficient/stability to have utility as a pharmaceutical product.

| Preferably, a stable pharmacgutical composition has sufficient stability to allow

storage at a convenient terffperature, preferably between -20°C and 40°C, more
preferably about 2°C to gbout 30°C, for a reasonable period of time, e.g., the shelf-life
of the product which cgh be as short as one month but is typically six months or

longer, more preferably one year or longer even more preferably twenty-four months

composition iflcludes reference to pharmaceutical compositions with specific ranges of
impurities ag'described herein. Preferably, a stable pharmaceutical composition is one

al degradation of the active ingredient, e.g., it retains at least about 85

-12-
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% of un-degraded active, preferably at least about 90 %, and more preferably at least
about 95%, after storage at 2-30°C for a 2-3 year period of time.

By “stable lyophilized preparation” is meant any lyophifized preparation
having sufficient stability, such characteristics as similarly defined herein for a stable
pharmaceutical composition, to have utility as a pharmaceujical product

By “degraded” is meant that the active has underggne a change in chemical

more of the symptoms of the disorder being treated( In reference to the treatment of
neoplasms, a therapeutically effective amount ref£rs to that amount which has the
effect of (1) reducing the size of the tumor, (2) jnhibiting (that is, slowing to some
extent, preferably stopping) tumor metastasis/(3) inhibiting to some extent (that is,
slowing to some extent, preferably stopping) tumor growth, and/or, (4) relieving to
some extent (or, preferably, eliminating) ghe or more symptoms associated with the
cancer. Therapeutically effective amouyft can also mean preventing the disease from
occurring in an animal that may be preflisposed to the disease but does not yet
experience or exhibit symptoms of the disease (prophylactic treatment). Further,
therapeutically effective amount cgh be that amount that increases the life expectancy
of a patient afflicted with a termigal disorder. Typical therapeutically effective doses
for bendamustine for the treatmgnt of non-Hodgkin’s lymphoma can be from about 60-

120 mg/m? given as a single gbse on two consecutive days. The cycle can be repeated

about every three to four weeks. For the treatment of chronic lymphocytic leukemia

(CLL) bendamustine can ife given at about 80-100 mg/m? on days 1 and 2. The cycle
can be repeated after abglut 4 weeks. For the treatment of Hodgkin’s disease (stages 1I-
1V), bendamustine canfbe given in the “DBVBe regimen” with daunorubicin 25 mg/m?*
on days 1 and 15, blgbmycin 10 mg/m* on days 1 and 15, vincristine 1.4 mg/m? on
days 1 and 15, and pendamustine 50 mg/m” on days 1-5 with repetition of the cycle
about every 4 wegks. For breast cancer, bendamustine (120 mg/m?) on days 1 and 8
can be given in fombination with methotrexate 40 mg/m” on days 1 and 8, and 5-
fluorouracil 6#0 mg/m* on days 1 and 8 with repetition of the cycle about every 4

weeks. As gsecond-line of therapy for breast cancer, bendamustine can be given at

-13-
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about 100-150 mg/m® on days 1 and 2 with repetition of the cycle apout every 4
weeks.

As used herein "neoplastic” refers to a neoplasm, which fs an abnormal growth,
such growth occurring because of a proliferation of cells not sybject to the usual
limitations of growth. As used herein, "anti-neoplastic ageny/’ is any compound,
composition, admixture, co-mixture, or blend which inhibifs, eliminates, retards, or
reverses the neoplastic phenotype of a cell.

As used herein "hyperproliferation” is the overpfoduction of cells in response
to a particular growth factor. "Hyperproliferative disgrders" are diseases in which the
cells overproduce in response to a particular growtlyfactor. Examples of such
"hyperproliferative disorders" include diabetic retfnopathy, psoriasis, endometriosis,
cancer, macular degenerative disorders and benign growth disorders such as prostate
enlargement.

As used herein, the term ““vial” referg/to any walled container, whether rigid or
flexible.

"Controlling" as used herein meays putting process controls in place to
facilitate achievement of the thing being controlled. For example, in a given case,
"controlling" can mean testing samplgs of each lot or a number of lots regularly or
randomly; setting the concentrationfof degradants as a release specification; selecting
process conditions, e.g., use of algohols and/or other organic solvents in the pre-

Iyophilization solution or disperfion, so as to assure that the concentration of

degradants of the active ingredhient is not unacceptably high; etc. Controlling for

degradants by setting releas¢/specifications for the amount of degradants can be used

to facilitate regulatory apppoval of a pharmaceutical product by a regulatory agency,
such as the U.S. Food anfl Drug Administration and similar agencies in other countries
or regions ("agency").

The term "p aceutically acceptable” as used herein means that the thing
that is pharmaceutigally acceptable, e.g., components, including containers, of a
phan:haceutical cofmposition, does not cause unacceptable loss of pharmacological
activity or unacgeptable adverse side effects. Examples of pharmaceutically
acceptable cogiponents are provided in The United States Pharmacopeia (USP), The
National Fogmulary (NF), adopted at the United States Pharmacopeial Convention,
held in Rogkville, Md. in 1990 and FDA Inactive Ingredient Guide 1990, 1996 issued
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by the U.S. Food and Drug Administration (both are hereby incorpgrated by reference
herein, including any drawings). Other grades of solutions or copiponents that meet
necessary limits and/or specifications that are outside of the USP/NF may also be used.

The term “pharmaceutical composition” as used hereiryshall mean a
composition that is made under conditions such that it is suijable for administration to
humans, e.g., it is made under GMP conditions and contaiyfs pharmaceutically
acceptable excipients, e.g., without limitation, stabilizersf bulking agents, buffers,
carriers, diluents, vehicles, solubilizers, and binders. A5 used herein pharmaceutical
composition includes but is not limited to a pre-lyophilization solution or dispersion as
well as a liquid form ready for injection or infusion/after reconstitution of a lyophilized
preparation.

A “pharmaceutical dosage form” as useqf herein means the pharmaceutical
compositions disclosed herein being in a contginer and in an amount suitable for
reconstitution and administration of one or yiore doses, typically about 1-2, 1-3, 1-4, 1-
5, 1-6, 1-10, or about 1-20 doses. Preferably, a “pharmaceutical dosage form™ as used
herein means a lyophilized pharmaceutichl composition disclosed herein in a container
and in an amount suitable for reconstityftion and delivery of one or more doses,
typically about 1-2, 1-3, 1-4, 1-5, 1-6/1-10, or about 1-20 doses. The pharmaceutical
dosage form can comprise a vial orfyringe or other suitable pharmaceutically
acceptable container. The pharmgceutical dosage form suitable for injection or
infusion use can include sterile #queous solutions or dispersions or sterile powders

comprising an active ingrediefit which are adapted for the extemporaneous preparation

of sterile injectable or infusiple solutions or dispersions. In all cases, the ultimate

dosage form should be steyle, fluid and stable under the conditions of manufacture and
storage. The liquid carrifr or vehicle can be a solvent or liquid dispersion medium
comprising, for example, water, ethanol, a polyol such as glycerol, propylene glycol,
or liquid polyethylen¢ glycols and the like, vegetable oils, nontoxic glyceryl esters, and
suitable mixtures théreof. T he prevention of the growth of microorganisms can be
accomplished by farious antibacterial and antifungal agents, for example, parabens,
chlorobutanol, ghenol, sorbic acid, thimerosal, and the like.

As usefl herein, the term “"excipient" means the substances used to formulate
active pharmfaceutical ingredients (API) into pharmaceutical formulations; in a

preferred ¢mbodiment, an excipient does not lower or interfere with the primary
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therapeutic effect of the API. Preferably, an excipient is therapeutfcally inert. The
term "excipient" encompasses carriers, diluents, vehicles, solubilfzers, stabilizers,
bulking agents, and binders. Excipients can also be those subsjances present in a
pharmaceutical formulation as an indirect or unintended resu} of the manufacturing
process. Preferably, excipients are approved for or considefed to be safe for human
and animal administration, i.e., GRAS substances (generally regarded as safe). GRAS
substances are listed by the Food and Drug administratign in the Code of Federal
Regulations (CFR) at 21 CFR § 182 and 21 CFR § 184, incorporated herein by
reference. Preferred excipients include, but are not Ifmited to, hexitols, including
mannitol and the like.

As used herein “a stabilizing concentratiofi of an organic solvent” or “a
stabilizing concentration of an alcohol” means jhat amount of an organic solvent or
alcohol that reduces the level of degradation ¢ff bendamustine to achieve a specified
level of degradants in the final drug product/ For example, with respect to the
degradant HP1, a stabilizing concentration/of an organic solvent is that amount which
results in an HP1 concentration (area peytent of bendamustine) of less than about
0.5%, preferably less than 0.45 %, preferably less than 0.40 %, more preferably less
fhan 0.35%, more preferably less thafl 0.30%, and even more preferably less than
0.25%. With respect to the overall or total degradant concentration of the final drug
product, a stabilizing concentratigh of an organic solvent is that amount that results in
a total degradant concentration fat the time of drug product release) of less than about

7% (area percent bendamusting), preferably less than about 6%, more preferably less

 than about 5%, and even mofe preferably less than about 4.0%. By "area percent of

bendamustine” is meant amount of a specified degradant, e.g., HP1, relative to the
amount of bendamustinefas determined, e.g., by HPLC. |

The term “orgapfic solvent” means an organic material, usually a liquid, capable
of dissolving other sybstances.

As used hergin, “trace amount of an organic solvent” means an amount of
solvent that is equfl to or below recommended levels for pharmaceutical products, for
example, as rec ended by ICH guidelines (International Conferences on
Harmonizatioyf, Impurities-- Guidelines for Residual Solvents. Q3C. Federal Register.
1997;62(247):67377). The lower limit is the lowest amount that can be detected.
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The term “release” or “at release” means the drug product hfis met the release
specifications and can be used for its intended pharmaceutical pugbose.

A. General

The invention provides stable, pharmaceutically accepfable compositions
prepared from bendamustine. In particular, the invention prgvides formulations for the
Iyophilization of bendamustine HCIL. The lyophilized powfer obtained from such
formulations is more easily reconstituted than the presenjly available lyophilized
powder of bendamustine. Further, the lyophilized prodficts of the present invention
have a better impurity profile than Ribomustin® witlyrespect to certain impurities, in
particular HP1, bendamustine dimer, and bendamugftine ethylester, prior to
reconstitution, upon storage of the Iyophilate, or fpllowing reconstitution and
admixture.

The present invention further provides/formulations of bendamustine useful for
treating neoplastic diseases. The formulatiojis described herein can be administered
alone or in combination with at least one additional anti-neoplastic agent and/or
radioactive therapy.

An aspect of the iﬁvention is cofditions and means for enhancing the stability
of bendamustine prior to and during the lyophilization process, upon shelf storage or
upon reconstitution.

Anti-neoplastic agents which may be utilized in combination with the
formulations of the invention influde those provided in the Merck Index 11, pp 16-17,
Merck & Co., Inc. (1989) and/The Chemotherapy Source Book (1997). Both books

| are widely recognized and r¢fadily available to the skilled artisan.

There are large nughbers of antineoplastic agents available in commercial use,
in clinical evaluation and/in pre-clinical development, which could be selected for
treatment of neoplasia Py combination drug chemotherapy. Such antineoplastic agents
fall into several majof categories, namely, antibiotic-type agents, covalent DNA-
binding drugs, antirhetabolite agents, hormonal agents, including glucocorticoids such
as prednisone and/dexamethasone, immunological agents, interferon-type agents,
differentiating afents such as the retinoids, pro-apoptotic agents, and a category of
miscellaneous/agents, including compounds such as antisense, small interfering RNA,
and the like./Alternatively, other anti-neoplastic agents, such as metallomatrix
proteases ) inhibitors, SOD mimics or alphay betas inhibitors may be used.
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One family of antineoplastic agents which may be used in cpmbination with
the compounds of the inventions consists of antimetabolite-type ghtineoplastic agents.
Suitable antimetabolite antineoplastic agents may be selected figm the group
consisting of alanosine, AG2037 (Pfizer), 5-FU-fibrinogen, aganthifolic acid,
aminothiadiazole, brequinar sodium, carmofur, Ciba-Geigy £ GP-30694, cyclopentyl
cytosine, cytarabine phosphate stearate, cytarabine conjuggtes, Lilly DATHF, Merrel
Dow DDFC, dezagunanine, dideoxycytidine, dideoxyguagosine, didox, Yoshitomi
DMDC, doxifluridine, Wellcome EHNA, Merck & Cof EX-015, fazarabine,
floxuridine, fludarabine phosphate, 5-fluorouracil, NA2’-furanidyl)-5-fluorouracil,
LY-188011, Lilly LY-264618,
methobenzaprim, methotrexate, Wellcome MZPHS, norspermidine, NCINSC-127716,
NCI NSC-264880, NCI NSC-39661, NCINSC£12567, Wamer-Lambert PALA,
pentostatin, piritrexim, plicamycin, Asahi Chefmical PL-AC, Takeda TAC-788,
thioguanine, tiazofurin, Erbamont TIF, trimgfrexate, tyrosine kinase inhibitors,
tyrosine protein kinase inhibitors, Taiho

A second family of antineoplasti¢/agents which may be used in combination

sists of covalent DNA—binding agents .

Daiichi Seiyaku FO-152, isopropyl pyrrolizine, Li

with the compounds of the invention ¢
Suitable alkylating-type antineoplastj
hosphamide analogues, altretamine, anaxirone,

agents may be selected from the group
consisting of Shionogi 254-S, aldo
Boehringer Mannheim BBR-2207, bestrabucil, budotitane, Wakunaga CA-102,
carboplatin, carmustine, Chinoigf~139, Chinoin-153, chlorambucil, cisplatin,

cyclophosphamide, AmericanCyanamid CL-286558, Sanofi CY-233, cyplatate,

Degussa D-19-384, Sumimofo DACHP(Myr)2, diphenylspiromustine, diplatinum
cytostatic, Erba distamycir/derivatives, Chugai DWA-2114R, ITI E09, elmustine,
Erbamont FCE-24517, egtramustine phosphate sodium, fotemustine, Unimed G-6-M,
Chinoin GYXI-17230, hepsul-fam, ifosfamide, iproplatin, lomustine, mafosfamide,

/ Nippon Kayaku NK-121, NCINSC-264395, NCI NSC-342215,
oxaliplatin, Upjohn/PCNU, prednimustine, Proter PTT-119, ranimustine, semustine,

melphalan, mitolacto

Suitable agfibiotic-type antineoplastic agents may be selected from the group
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consisting of Taiho 4181-A, aclarubicin, actinomycin D, actinoplagbne, alanosine,
Erbamont ADR-456, acroplysinin derivative, Ajinomoto AN-201/11, Ajinomoto AN-3,
Nippon Soda anisomycins, anthracycline, azino-mycin-A, bisucaberin, Bristol-Myers
BL-6859, Bristol-Myers BMY-25067, Bristol-Myers BMY-2%551, Bristol-Myers
BMY-26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-28438, bleomycin
snlfate, bryostatin-1, Taiho C-1027, calichemycin, chromgkimycin, dactinomycin,
daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko D{-79, Kyowa Hakko DC-88A4,
Kyowa Hakko DC89-Al, Kyowa Hakko DC92-B, ditrifarubicin B, Shionogi DOB-41,
doxorubicin, doxorubicin-fibrinogen, elsamicin-A, epirubicin, erbstatin, esorubicin,
esperamicin-Al, esperamicin-Alb, Erbamont FCE-21954, Fujisawa FK-973, fostriecin,
Fujisawa FR-900482, glidobactin, gregatin-A, grificamycin, herbimycin, idarubicin,
illudins, kazusamycin, kesarithodins, Kyowa Hgkko KM-5539, Kirin Brewery KRN-
8602, Kyowa Hakko KT-5432, Kyowa Hakkog/KT-5594, Kyowa Hakko KT-6149,
American Cyanamid LL-D49194, Meiji Seilfa ME 2303, menogaril, mitomycin,
mitoxantrone, SmithKline M-TAG, neoengctin, Nippon Kayaku NK-313, Nippon
Kayaku NKT-01, SRI International NSC£357704, oxalysine, oxaunomycin,
peplomycin, pilatin, pirarubicin, porothfamycin, pyrindamycin A, Tobishi RA-I,
rapamycin, thizoxin, rodorubicin, sibfnomicin, siwenmycin, Sumitomo SM-5887,
Snow Brand SN-706, Snow Brénd N-07, sorangicin-A, sparsomycin, SS
Pharmaceutical SS-21020, SS Phérmaceutical SS-7313B, SS Pharmaceutical SS-
9816B, steffimycin B, Taiho 4181-2, talisomycin, Takeda TAN-868A, terpentecin,
thrazine, tricrozarin A, Upjohyl U-73975, Kyowa Hakko UCN-10028A, Fujisawa WF-

3405, Yoshitomi Y-25024 afid zorubicin.

A fourth family of Antineoplastic agents which may be used in combination
with the compounds of thie invention include a miscellaneous family of antineoplastic
agents selected from the group consisting of alpha-carotene, alpha—diﬂuoromeﬂlyl-
arginine, acitretin, arfenic trioxide, Avastin® (bevacizumab), Biotec AD-5, Kyorin
AHC-52, alstonine/amonafide, amphethinile, amsacrine, Angiostat, ankinomycin,
anti-neoplaston A10, antineoplaston A2, antineoplaston A3, antineoplaston AS,
antineoplaston AS2-1, Henkel APD, aphidicolin glycinate, asparaginase, Avarol,
baccharin, batfacylin, benfluron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,
Bristo-Myer$ BMY-40481, Vestar boron-10, bromofosfamide, Wellcome BW-502,
Wellcome/BW-773, caracemide, carmethizole hydrochloride, Ajinomoto CDAF,
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. dihaematoporphyrin ether, dihydrolenperone, dinaline, dis

chlorsulfaguinoxalone, Chemes CHX-2053, Chemex CHX-100, Wgkner-Lambert CI-
921, Warner-Lambert CI-937, Warner-Lambert CI-941, Warner- bert CI-958,
clanfenur, claviridenone, ICN compound 1259, ICN compound A711, Contracan,
Yakult Honsha CPT-1I, crisnatol, curaderm, cytochalasin B, cytarabine, cytocytin,
Merz D-609, DABIS maleate, dacarbazine, datelliptinium, dfdemnin- B,

ycin, Toyo Pharmar
DM-341, Toyo Pharmar DM-75, Daiichi Seiyaku DN-96§3, elliprabin, elliptinium
acetate, epothionesTsumura EPMTC, erbitux, ergotamifie, erlotnib, etoposide,
etretinate, fenretinide, Fujisawa FR-57704, gallium njirate, genkwadaphnin, Gleevec®
(imatnib), Chugai GLA-43, Glaxo GR-63178, gefitjhiib, grifolan NMF-5N,
hexadecylphosphocholine, Green Cross HO-221, jiomoharringtonine, hydroxyurea,
BTG ICRF-187, indanocine, ilmofosine, isoghitdmine, isotretinoin, Otsuka JI-36,
Ramot K-477, Otsuak K-76COONa, Kureha Ghemical K-AM, MECT Corp X1-8110,
American Cyanamid L-623, leukoregulin, lopidamine, Lundbeck 1. U-23-112, Lilly
LY-186641, NCI (US) MAP, marycin, mefloquine, Merrel Dow MDL-27048, Medco
MEDR-340, merbarone, merocyanine defivatives, methylanilinoacridine, Molecular
Genetics MGI-136, minactivin, mitonafide, mitoquidone, mopidamol, motretinide,
Zenyaku Kogyo MST-16, N-(retinoy})amino acids, Nisshin Flour Milling N-021, N-
acylated-dehydroalanines, nafazatrgm, Taisho NCU-190, nocodazole derivative,
Normosang, NCI NSC-145813, NCI NSC-361456, NCI NSC-604782, NCI NSC-
95580, octreotide, Ono ONO-1}2, oquizanocine, Akzo Org-10172, paclitaxel,
pancratistatin, pazelliptine, WAmer-Lambert PD-111707, Warner-Lambert PD-
115934, Warner-Lambert PIp-131141, Pierre Fabre PE-1001, ICRT peptide D,
piroxantrone, polyhaematgporphyrin, polypreic acid, Efamol porphyfin, probimane,
procarbazine, proglumidg, Invitron protease nexin I, Tobishi RA-700, razoxane, |
Sapporo Breweries: , restrictin-P, retelliptine, retinoic acid, Rhone-Poulenc RP-
49532, Rhone-Poulefc RP-56976, Rituxan® (and other anti CD20 antibodies, e.g.
Bexxar®, Zevalin®), SmithKline SK&F-104864, statins (Lipitor® etc.), Sumitomo
SM-108, Kuraray/SMANCS, SeaPharm SP-10094, spatol, spirocyclopropane
derivatives, spigbgermanium, Unimed, SS Pharmaceutical SS-554, strypoldinone,
Stypoldione, Juntory SUN 0237, Suntory SUN 2071, superoxide dismutase,
Thalidomidg, Thalidomide analogs, Toyama T-506, Toyama T-680, taxol, Teijin TEI-
0303, teniposide, thaliblastine, Eastman Kodak TIB-29, tocotrienol, Topostin, Teijin
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'L ‘ Aﬁbré\jatio; ] “ Drugs Used. ” ‘.‘ﬁisea—é_é-
~ {{Doxorubicin &
1AC Cyclophosphamide Breast cancer
I]CFM (CF[ FNOC) ]!Cyclophosphamide, | JlBreast cancer *l

TT-82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028, ukrain,/Eastman Kodak
USB-006, vinblastine sulfate, vincristine, vindesine, vinestramide/ vinorelbine,
vintriptol, vinzolidine, withanolides and Yamanouchi YM-534, Zometa®.

Examples of radioprotective agents which may be used in the combination
chemotherapy of this invention are AD-5, adchnon, amifostjic analogues, detox,
dimesna, 1-102, MM-159, N-acylated-dehydroalanines, T¢F-Genentech, tiprotimod,
amifostine, WR-151327, FUT-187, ketoprofen transdernfal, nabumetone, superoxide

Methods for preparation of the antineoplastic Agents described above may be
found in the literature. Methods for preparation of doxorubicin, for example, are
described in U.S. Pat. Nos. 3,590,028 and 4,012,448. Methods for preparing
metallomatrix protease inhibitors are described jn EP 780386. Methods for preparing
.alpha, .beta; inhibitors are described in WO 9//08174.

Preferred anti-neoplastic agents inclyde, without limitation, one or more of
daunorubicin, bleomycin, vincristine, doxgrubicin, dacarbazine, prednisolone,
mitoxanh"one,'prednisone, methotrexate,S-flurouracil, dexamethasone, thalidomide,
thalidomide derivatives, 2ME2, Neovagtat, R 11 5777, arsenic trioxide, bortezomib,
tamoxifen, G3139 (antisense), and SY5416, mitomycin, anti-CD20 antibodies, such as
Rituxan® and R-etodolac.

Preferred drug regimens ffr which the present formulation may be used in

conjunction with or as a replacefment for one or more of the components includes,

~ without limitation, ABVD (dgkorubicin, bleomycin, vincristine, dacarbazine), DBV

(daunorubicin, belomycin, yincristine), CVPP (cyclophosphamide, vinblastine,

procarbazine, prednisolong), COP (cyclophosphamide, vincristine, prednisolone),

fluorouracil). Additipnal regimens are given in Table A below.

Table A- Cancer/Therapeutic Regimens
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Fluoroﬁracil, Mitaxantrone

Cyclophosphamide,
CMF Methotrexate, Fluorouracil ||Breagt cancer
Mitoxantrone, Fluorouracil,
INFL Leucovorin east cancer
ISequential Dox-CMF |[Doxorubicin Breast cancer
Vinblastine, Doxorubicin/
VATH Thiotepa, Fluoxymester;he Breast cancer
Etoposide, Mitoxantr .e,
EMA-86 Ctyarabine . AML (induction)
Cytarabine WITH, /
Daunorubicin O
7+3 Idarobicin OR AML (induction)
Mitoxantrone
Cytarabine JWITH
Daunorubifin OR . .
-
5+2 Fitoxantiae IAML (induction)
HiDAC Cytar?fine AML (post~
remission)
Doxprubicin, Bleomycin,
ABVD Viglastine, Dacarbazine ~|[Hodgkin's
: hlorambucil, Vinblastine, :
ChivVPP / rocarbazine, Prednisone |Hodgkin's
i i Etoposide, Vinblastine,
IEVA Doxorubicin Hodgkin's
Mechlorethamine,
Vincristine, Procarbazine, -
MOPP Prodnisone Hodgkin's
Mechlorethamine,
i Vincristine, Procarbazine,
MOPP/ABV Hybrid Prednisone, Doxorubicin, J[Hodgkin's
Bleomycin, Vinblastine
IMOPP/ARVD Mechlorethamine, [Hodgkin's
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- boxorﬁﬁcin, 'Vinblza-‘s‘ﬁne,

Bleomycin, Etoposide,
Prednisone

CNOP

Cyclophosphamide,
Mitoxantrone, Vincristine,
Prednisone

Npn-Hodgkin's

COMLA

Cyclophosphamide,
Vincristine, Methotrexate,
Leucovorin, Cytarabine

Non-Hodgkin's

DHAP

Dexamethasone, Cisplatin,
Cytarabine

Non-Hodgkin's

ESHAP

Etoposide,
Methylprednisifone,
Cisplatin, Cytgrabine

Non-Hodgkin's

MACOP-B

Methotrexfte, Leucovorin,
Doxorubfcin,
Cyclopflosphamide,
Vincriftine, Prednisone,
Bleoiycin, Septra,
Ketgconazole

Non-Hodgkin's

m-BACOD

f

ethotrexate, Leucovorin,

leomycin, Doxorubicin,
Cyclophosphamide,
Vincristine,
Dexamethasone

Non-Hodgkin's

MINE-ESHAP /

Mesna, Ifosfamide,
Mitoxantrone, Etoposide

Non-Hodgkin's

{
i

INOVP

Mitoxantrone, Vinblastine,
Prednisone, Vincristine

Non-Hodgkin's

]ProMACE/éytaBOM —]Iii)rednisone, Doxorubicin, “Non—Hodgldn‘s
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Cyclophosphamide,
Etoposide, Cytarabine,
Bleomyecin, Vincristine,
Methotrexate, Leucovorin,
Septra

Vincristine, Carmustine, /

Cyclophosphamide,
M2 Melphalan, Prednisone Multiple Myeloma
/
Melphalan, Prednisone
MP Multiple Myeloma
Vinoristine, Doxorybicin,
VAD Dexamethasone IMultiple Myeloma

Vincristine, CArmustine,
Melphalan,
Cyclophosphamide,
Prednison

VBMCP Multiple Myeloma

As described herein, a lyophilized formulation of bendamustine is achieved
following removal of an organi¢ solvent in water. The most typical example of the
solvent used to prepare this fofmulation is tertiary butanol (TBA). Other organic
solvents cén be used includifig ethanol, n-propanol, n-butanol, isoproponal, ethyl
acetate, dimethyl carbonatg, acetonitrile, dichloromethane, methyl! ethyl ketone, methyl
isobutyl ketone, acetone f1-pentanol, methyl acetate, methanol, carbon tetrachloride,
dimethyl sulfoxide, hejafluoroacetone, chlorobutanol, dimethyl sulfone, acetic acid,
cyclohexane. These greceding solvents may be used individually or in combination.
Useful solvents mugt form stable solutions with bendamustine and must not
appreciably degrafle or deactivate the API. The solubility of bendamustine in the
selected solventfmust be high enough to form commercially useful concentrations of
the drug in sojfent. Additionally, the solvent should be capable of being removed
easily from gh aqueous dispersion or solution of the drug product, e.g., through

lyophilizatfon or vacuum drying. Preferably, a solution having a concentration of
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about 2-80 mg/mL, preferably about 5 to 40 mg/mL, more preferahly 5-20 mg/mL and
even more preferably 12to 17 mg/mL bendamustine is used.

A pharmacentically acceptable lyophilization excipient £an be dissolved in the
aqueous phase. Examples of excipients useful for the present/invention include,
without limitation, sodium or potassium phosphate, citric acdd, tartaric acid, gelatin,
glycine, and carbohydrates such as lactose, sucrose, maltoge, glycerin, dextrose,
dextran, trehalose and hetastarch. Mannitol is a preferrefl excipient. Other excipients
that may be used if desired include antioxidants, such gs, without limitation, ascorbic
acid, acetylcysteine, cysteine, sodium hydrogen sulfife, butyl-hydroxyanisole, butyl-
hydroxytoluene or alpha-tocopherol acetate, or chefators.

A typical formulation and lyophilization ¢iycle useful in accordance with the
present invention is provided below. Lyophiliztion can be carried out using standard
equipment as used for lyophilization or vacuym drying. The cycle may be varied
depending upon the equipment and facilitiey'used for the fill/finish.

In accordance with a typical embogiiment of the present invention, an aqueous
pre-lyophilization solution or dispersionfs first formulated in a pharmaceutically
acceptable compounding vessel. The gblution is aseptically filtered into a sterile
container, filled into an appropriate sfzed vial, partially stoppered and loaded into the
lyophilizer. Using lyophilization tgchniques described herein the solution is
lyophilized until a moisture contefit in the range of about 0.1 to about 8.0 percent is
achieved. The resulting lyophilfzation powder is stable as a lyophilized powder for

about six months to greater about 2 years, preferably greater than about 3 years at

~ about 5°C to about 25° C angd ¢an be readily reconstituted with Sterile Water for

Injection, or other suitablefcarrier, to provide liquid formulations of bendamustine,
suitable for internal admjhistration e.g., by parenteral injection. For infravenous
administration, the recgnstituted liquid formulation, i.e., the pharmaceutical

composition, is prefefably a solution.
The pre-lyophilization solution or dispersion normally is first formulated in a

pharmaceutically Acceptable container by: 1) adding an excipient, such as mannitol
(about 0 to aboyt 50 mg/mL) with mixing to water (about 65% of the total volume) at
ambient tempgrature, 2) adding an organic solvent (0.5- 99.9% v/v), such as TBA to
the aqueous golution with mixing at about 20°-35°C, 4) adding bendamustine HC] to

the desired/concentration with mixing, 5) adding water to achieve the final volume,

25-




10

15

20

25

30

and 6) cooling the solution to about 1°C to about 30°C, preferably About 5°C.
Although the preceding steps are shown in a certain order, it is uglderstood that one
skilled in the art can change the order of the steps and quantitief as needed. Quantities
can be prepared on a weight basis also.

The pre-lyophilization solution or dispersion can be gterilized prior to
lyophilization, sterilization is generally performed by asepfic filiration, e.g., through a
0.22 micron or less filter. Multiple sterilization filters cah be used. Sterilization of the
solution or dispersion can be achieved by other metho¢ls known in the art, e.g.,
radiation.

In this case, after sterilization, the solution ¢gr dispersion is ready for
Iyophilization. Generally, the filtered solution will be introduced into a sterile
receiving vessel, and then transferred to any suifable container or containers in which
the formulation may be effectively lyophilized. Usually the formulation is effectively
and efficiently lyophilized in the containers /n which the product is to be marketed,
such as, without limitation, a vial, as descyfbed herein and as known in the art.

A typical procedure for use in lygphilizing the pre-lyophilization solutions or
dispersions is set forth below. Howev¢r, a person skilled in the art would understand
that modifications to the procedure of process may be made depending on such things
as, but not limited to, the pre-lyophflization solution or dispersion and lyophilization
equipment.

Initially, the product is placed in a lyophilization chamber under a range of

temperatures and then subjectgd to temperatures well below the product's freezing

. point, genérally for several Hours. Preferably, the temperature will be at or below

about -40°C for at least 2 lours. After freezing is complete, the chamber and the
condenser are evacuated/fhrough vacuum pumps, the condenser surface having been
previously chilled by cfrculating refrigerant. Preferably, the condenser will have been
chilled below the fregzing point of the solution preferably to about -40°, more
preferably to about£50°C or lower, even more preferably to about -60°C or lower.
Additionally, evaguation of the chamber should continue until a pressure of about 10
to about 600 mifrons, preferably about 50 to about 150 microns is obtained.

The prbpduct composition is then warmed under vacuum in the chamber and
condenser. ZThis usually will be carried out by warming the shelves within the

lyophilizey/on which the product rests during the lyophilization process at a pressure
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ranging from about 10 to about 600 microns. The warming procesg'will optimally take
place very gradually, over the course of several hours. For example, the product
temperature should initially be increased from about -30°C to alfout -10°C and
maintained for about 10-70 hours. Additionally, the product t¢gmperature can be
increased from the freezing temperature to about 25°C-40°C/over a period of 30-192
hours. To prevent powder gjection of the Iyophilate from yials, complete removal of
the organic solvent and water should be done during the jhiti
Complete drying can be confirmed by stabilization of yacuum, condenser temperature
and product shelf temperature. After the initial drying, the product temperature should
be increased to about 25°C-40°C and maintained fof about 5-40 hours.

Once the drying cycle is completed, the pygssure in the chamber can be slowly
released to atmospheric pressure (or slightly belpw) with sterile, dry-nitrogen gas (or
equivalent gas). If the product composition hgs been lyophilized in containers such as
vials, the vials can be stoppered, removed sealed. Several representative samples
can be removed for purposes of performing various physical, chemical, and
microbiological tests to analyze the qualify of the product.

The lyophilized bendamustine rmulation is typically marketed in
pharmaceutical dosage form. The p aceutical dosage form of the present
invention, although typically in the form of a vial, may be any suitable container, such
as ampoules, syringes, co-vials, which are capable of maintaining a sterile
environment. Such containers ¢hn be glass or plastic, provided that the material does

not interact with the bendamugtine formulation. The closure is typically a stopper,

" most typically a sterile rubbgr stopper, preferably a bromobufyl rubber stopper, which

affords a hermetic seal.
After lyophilizatipn, the bendamustine lyophilization powder may be filled into

containers, such as vialg, or alternatively the pre-lyophilization solution can be filled

into such vials and lypphilized therein, resulting in vials which directly contain the
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The lyophilized formulations of the present invention may ¥e reconstituted
with water, preferably Sterile Water for Injection, or other sterile fluid such as co-
solvents, to provide an appropriate solution of bendamustine foy administration, as
through parenteral injection following further dilution into an Appropriate intravenous
admixture container, for example, normal saline.

B. Solubility

The solubility of bendamustine HCI (bendamustige) in water (alone) and with
varying amounts of alcohols commonly used in lyophilfzation, e.g., methanol, ethanol,
propanol, isopropanol, butanol and tertiary-butyl alcghol (TBA) was determined by
visual inspection. Amounts of bendamustine at 15 yng/mL, combined with mannitol at
25.5 mg/mL were prepared in 10 mL of the indicgfed alcohol solutions at room
temperature (see Table 1). Samples were then r¢frigerated at 5°C and inspected after
0, 3, 6 and 24 hours for particulates and/or prefipitates.

The results shown in Table 1 indicatg/that bendamustine solubility is dependant

aqueous solutions. For the alcohols

on temperature and the amount of alcohol j
tested, the solubility of bendamustine incfeased as the concentration of alcohol

t was also dependent on the temperature and
e immediately with any alcohol, but crystallized
after storage at 5°C. Alcohols variefl in their effect on solubility. Without wishing to
be bound to any particular theory,/Smaller alcohols such as methanol and ethanol have
less of an effect on solubility as fompared with larger alcohols (tertiary-butanol and n-
butanol). However, the shape pf the alcohol is also important. For example n-
propanol was found to be bejfer than iso-propanol in preventihg precipitation in this
system. The two alcohols With the greatest effect on solubility were n-propanol and

tertiary-butanol.

Table 1. Bendamustjfie solubility over a 24 hour period in various alcohols when stored at

5°C.
/ Zero Time 3 Hours 6 Hours 24 Hours

Methanol (v/v)
0% (Water Onl CCS cCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCs CCS Precipitate
20% | CCSs CCS CCS Precipitate
30% CCS CCS CCS CCS
Ethanol (v/v)
1.9% CCS CCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCS CCS Precipitate

-28-



10

15

20% CCs CCs CCS gﬁs

30% CCS CCS CCS CS
n-Propanol (v/v/)

5% CCsS CCs CCS Precipitate
10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

30% CCS CCS CCS CCS
Iso-propanol (v/v)

5% CCS Precipitate Precipithte Precipitate
10% CCs CCSs CCs CCS

20% CCS CCS CCS CCS

30% CCS CCS CC CCS
n-Butanol (v/v) /

5% CCs CCS CLs CCs

10% CCs CCs CS CCS

20% 2 layers 2 layers layers 2 layers
30% 2 layers 2 layers 2 layers 2 layers
Tert-Butanol (v/v)

5% CCS CCS CCS Precipitate
10% CCS CCs CCS Precipitate
20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

CCS stands for clear colorless solution

Experiments to quantitatively deterfnine the solubility of bendamustine at

various temperatures for three different splutions are summarized in Figure 1 and
Table 2. The amount of TBA, 20% (v/¥) and 30% (v/v), used in the experiment was
based on stability studies (results desgribed below). For both solutions tested, the
solubility of bendamustine decréas linearly with temperatures from 25°C to 0°C.
This experiment confirmed the dafa shown in Table 1 and highlights the difference in

bendamustine solubility for 20%f and 30% TBA solutions.

Table 2. Solubility of benflamustine in TBA
-8°C 0°C 5°C 25°C

20% (v/v) TBA
25.5 mg/mL mannitol 14 mg/ml 11 mg/mL | 17 mg/mL 47 mg/mL
Water, q.s. to desired
volume
30% (v/v) TBA .
25.5 mg/mL mannitpl 20 mg/mL 18 mg/mL | 27 mg/mL 65 mg/mL
Water, q.s. to desizgd
volume

C. Stability

Becayse of its instability in aqueous solutions due to hydrolysis with water,

bendamustje requires lyophilization in order to make a product suitable for
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pharmaceutical use. However, during the manufacturing of lyophilfzed drug products,

aqueous solutions are commonly needed for filling, prior to lyophflization. Thus, the
use of aqueous solutions during the compounding and fill procegses for bendamustine
and other nitrogen mustards can result in degradation of the dylig product.
Consequently, the effect of various alcohols on the degradatfon of bendamustine was
evaluated to detenmine if formulations could be found thatfvould allow longer fill-
finish times, provide Iyophilate powders that could be\ regonstituted more quickly than
the current Ribomustin® formulation, and/or provide Iophilized preparations of
bendamustine with a better impurity profile with respct to certain impurities, e.g.,
HP1, and BM1 dimer than Ribomustin®.
Preferably, a lyophilized preparation of thg invention is stable with respect to
HP1, i.e,, the amount of HP1 does not increase ippreciably (does not exceed the shelf-
life specifications), for 6 months, more prefersbly 12 months, and even more
preferably greater than 24 months, e.g., 36 ghonths, when stored at about 2°C to about
30°C, preferably 5°C.
Table 3 shows the stability resuljs of bendamustine in water with no addition of
alcohol over a 24 hour period at 5°C. Bendamustine degrades rapidly in water alone

and forms predominantly the hydrolysis product, HP1 (monohydroxy bendamustine).

IN\©:N\ 0 o
N\}‘\j‘
nohydroxy bendamustine (I-IPl)

Formula I1

Table 3. Stability Af bendamustine in water

Hold Time | Purity (%Area) HP1 (%) Dimer (%)
0% Alcohol, i.e., J 0 hours 99.11 - 0.60 0.11
Water Alone 3 howrs 98.83 0.86 0.13
6 hours 98.44 1.22 0.17
24 hours 95.67 3.81 0.29

The ot}ler major degradant observed during this study and other long term

stability studfes was the dimer of bendamustine.
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HO™ ™Y /\N N
Ho N oo S \[::I:
@N?——\—}'O N\

Bendamustine Dimer (BM1 Dimer)
Formula IIT -

Other degradants contained in the Ribomustin Iyophilized product are
bendamustine ethylester (BM1EE) (Formula IV) and BM1DCE (Formula V). BM1EE

is formed when bendamustine reacts with ethyl alcofiol.

BMI1DCE
Formula V

Figure 2 summafizes the purity results of an HPLC analysis after incubating

bendamustine in varighs alcohols for 24 hours at 5°C. Results are presented as the

area percent of the tgtal peak area. The numerical values for Figure 2 are provided in

Tables 3-9. The pf
Ess of the alcohol. Of the alcohols evaluated, bendamustine degraded

ity was highest in solutions containing higher concentration of
alcohols, regard
the least in a s¢flution containing about 30% (v/v) TBA. In about 10% and about 20 %
alcohol solutjons, n—butaﬁol was superior in preventing degradation of bendamustine.
At 20% ang 30% (v/v), n-butanol in water resulted in a biphasic system due to the

insolubilify of n-butanol in water at these concentrations.
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Figures 3 and 4 show the amount of degradation of bendanyfstine as measured
by HP1 and dimer formation quantified by HPLC (as described hefein). HP1 and
dimer formation increased as the amount of alcohol concentratigh decreased regardless
of the alcohol. This increase in impurities occurred with an
dependence (see Tables 3-9). Tert-butanol and n-butanol appeared superior to other
alcohols in preventing degradation of the product. As seen/in Table 10, mannitol had
no effect on the stabilization of bendamustine with TBA.

Table 4. HPLC stability results for the stability of bendajhustine in various ethyl alcohol
concentrations over a 24 hour period. HP1 and Dimer pvere impurities that increased in
this study.

V/V alcohol | Hold Time | Purity (%Area) | /HP1 (%) Dimer (%)
1.9% Ethanol 0 hours 99.11 / 0.64 0.12
3 hours 98.83 0.90 0.14
6 hours 98.60 / 1.12 0.15
24 hours 06.16 3.41 0.27
5% Ethanol 0 hours 99.31 0.44 0.12
3 hours 99.10 0.64 0.13
6 hours 98,87 0.36 0.14
24 hours 96.8 2.68 0.25
10% Ethanol 0 hours 99, 0.33 0.11
3 hours 99/28 0.48 0.12
6 hours 09.10 0.65 0.12
24 hours 8.03 1.57 0.18
20% Ethanol 0 hours 99.54 0.22 0.10
3 honrs 99.45 0.30 0.11
6 hours 99,36 0.39 0.11
24 hours 98.61 0.96 0.15
30% Ethanol 0 bours 99.62 0.15 0.10
3 hours 99.56 0.21 0.11
6 hours / 99.52 0.24 0.12
24 hours 99.21 045 0.12

Table 5. HPLC stability resylts for bendamustine in various Tert-butanol concentrations
over a 24 hour period. HP} and Dimer were impurities that increased in this study.

Concentration | Hold 7.me Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v) .
1§ 5% Tert-butanol | 0 h 99.34 - 0.41 0.12
3 hpurs 99.10 0.64 0.14
6 pours 98.85 0.88 0.13
4 hours 97.58 2.09 0.20
10% Tert- hours 99.46 0.30 0.11
butanol 3 hours 99.26 0.48 0.12 -
/ 6 hours 99.05 0.69 0.13
L 24 hours 98.04 1.64 0.19
20% Tert- 0 hours 99.59 0.17 0.11
butanol 3 hours 99.48 0.29 0.11
6 hours 99.35 0.40 0.12
24 hours 98.35 1.27 0.20
30% Tert: 0 hours 99.63 0.13 0.10
butanel 3 hours 99.60 0.16 0.10
6 hours 99.58 0.18 0.11
24 hours 99.42 0.34 - 0.12
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Table 6. HPLC stability results for various n-propyl alcohol concentrftions over a 24 hour
eriod. HP1 and Dimer were impurities that increased in this study

Concentration | Hold Time | Purity (YoArea) HP1 (%) Dimer (%)
alcohol (v/v)
5% n-Propanol 0 hours 99.25 0.43 0.13
3 hours 99.00 0.66 0.15
6 hours 98.72 0.16
24 hours 97.24 0.26
10% n-Propanol | 0 hours 99.34 0.15
3 howss 99.17 0.14
6 hours 98.92 0.16
24 hours 97.67 0.28
20% n-Propanol | 0 hours 99.45 0.13
3 bours 99.42 0.13
6 hours 99.29 0.14
24 hours 98.60 0.24
30% n-Propanol | O hours 99.53 0.13
3 hours 99.51 0.15
6 hours 99.44 . 0.11
24 hours 99.27 0.36 0.17

Table 7. HPLC stability results for bendamusfine in various iso-propyl alcohol
concentrations over a 24 hour period. HP1 gnd Dimer were impurities that increased in
this study.

Concentration | Hold Time | Purity yArea) HP1 (%) Dimer (%)
alcohol (v/v)
5% Iso-propanol | O hours 9.21 | 0.48 0.13
3 hours 98.65 0.72 0.14
6 hours 98.56 1.02 0.14
24 houss 96.14 3.35 0.26
10% Iso- 0 bours 99.32 0.37 0.12
propanol - 3 hours 99.11 0.55 0.14
6 hours 98.85 0.75 0.16
24hours /] 97.68 1.92 0.21
20% Iso- 0 hours 99.49 0.21 0.11
propanol 3 hours 99.39 0.31 0.12
6 hours 99.22 0.42 0.13
24 hours 98.61 1.04 0.17
30% Iso- 0 hours 99.56 0.15 0.10
propanol 3 hou; 99.47 0.20 0.12
6 hoyk's 99.40 0.24 0.11
24 hburs 99.15 0.52 0.14

Table 8. HPLC stabflity results for bendamustine in various methyl alcohol concentrations

over a 24 hour perjod. HP1 and Dimer were impurities that increased in this study.
Concentration /} Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Methanol 0 hours 99.35 0.40 0.12
3 hours 98.97 0.70 0.14
6 hours 98.66 0.95 0.14
24 hours 96.65 2.83 0.23
10% Methfnol 0 hours 99.42 0.34 0.11
3 hours 99.01 0.59 0.12
6 hours 98.86 0.80 0.12
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24 hours 97.65 1.85 /018
20% Methanol 0 hours 99.56 0.22 0.11
3 hours 99.31 0.38 0.1
6 hours 98.99 0.50 0.12
24 hours 98.31 .15/ 0.16
30% Methanol | 0 hours 99.59 0.18 0.10
3 hours 99.43 0.27 0.11
6 hours 99.25 0.34 0.11
24 hours 98.65 0.76 0.13

Table 9. HPLC stability results for bendamustine in varigus n-butyl alcohol concentrations
over a 24 hour period. HP1 and Dimer were impuritiesfhat increased in this study.

Concentration | Hold Time | Purity (%Area) APt (%) Dimer (%)
alcohol (v/v) /lP
5% Butanol 0 hours 99.25 [ 0.49 0.13
3 hours 98.94 0.73 0.14
6 hours 98.76 - / 0.91 0.14
24 hours 97.46 2.20 0.21
10% Butanol 0 hours 99.44 0.30 0.11
3 hours 99.18 0.49 0.12
6 hours 0.64 0.12
24 hours 1.55 0.17
20% Butanol® 0 hours 0.23 0.10
3 hours 0.31 0.11
6 hours 0.40 0.11
24 hours 0.91 0.14
30% Butanol® 0 hours 0.24 0.10
3 howrs 0.29 0.10
6 hours 0.37 0.11
: 24 hours 0.74 0.12
5 a - Both solutions had 2 layers/phases of ljuids in the vial. Solutions were vortexed prior to sample

.

preparation.

The resulis in Tables 1-9/ndicate that the stability of bendamustine HCI with

resple to HP1 and dimer imprpves with increasing alcohol concentration.

10
Table 10. HPLC stability/results for bendamustine in TBA with and without mannitol
over a 24 hour period.
Sample / Purity (%Area) HP1 (%)
TBA 20% (v/v) with 7&,111101
0 hours - 1 99.59 0.17
24 hours @ 5°C 99.35 1.27
TBA 20% (v/v) witfout Mannitol
0 hours Z 100.0 0.00
24 hours @ 59 98.80 1.21
NOTE: The s es analyzed without mannitol were analyzed by HPLC using a normal phase
method while thf samples analyzed with mannitol used a reverse phase HPLC method. Slight
15 variability may/be seen in other samples analyzed between the two methods.

D. Lyophilizgtion Cycle 'Development
Diffefent pre-lyophilization formulations were prepared at various

concentratjons of bendamustine, mannitol, and alcohols in water. The cycle
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development was changed and optimized at each step for freezing {fast vs. slow),
primary drying (both temperature and pressure), and secondary dfying as described

herein.
Based upon all of the information detailed above on sqlubility, stability, and

ease of lyophilization, preferred formulations include the foflowing:

Ingredients Concentration
Bendamustine about 2-40 mg/
Mannitol about 0-50 mg/;
Alcohol about 0.5%-49% (v/v)
Water, q.s. to destred voluyhe

Ingredients Concenjration
Bendamustine about 2-20 mg/mL
Mannitol 10-39 mg/ml.
Alcohol 1-20% (v/v)
Water, q.s. to desired volume

wherein the alcohol is selectedf from methanol, n-propanol, or isopropanol

Ingredients Concentration

Bendamustine about 5-20 mg/mL

Mannitol 10-30 mg/mL

- Alcohol 5-40% (v/v)

Wafer, g.s. to desired volume

Ingredients Concentration

Bendamustine HLC1 about 12-17 mg/mlL

Mannitol about 20-30 mg/mL

Alcohol about 5-15% (v/v)

Water, g.s. desired volume
Concentration
about 15 mg/mL
about 25.5 mg/mL

about 10% (v/v)
desired volume
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Ingredients
Bendamustine HC
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HCI
Mannitol

Butanol

Water, g.s. fo

Ingredients
Bendamustine HCY
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HCl
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HC
Mannitol

Tertiary butano
Water, ¢.s. to

Concentration
about 2-40 mg/mL
about 0-50 mg/mL
about 0.5-20% (v/v)
desired volume

Concentration
about 5-20 mg/
about 10-30 mg/mL

aboyt 1-10% (v/v)
dedired volumie

oncentration
about 15 mg/mL
about 25.5 mg/mL
about 10% {(v/v)
desired volume

Concentration

about 2-50 mg/ml
about 0-50 mg/mlL
about 0.5-100 % (v/v)
desired volume

Concentration

about 2-50 mg/mL
about 0-50 mg/mL
about 0.5-99.9 % (v/v)
desired volume

Concentration
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Bendamustine HCl
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HCl
Mannitol

" Tertiary butanol

Water, g.s. to

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, q.s. to

Ingredients
Bendamustine HCI
Mannitol

Tertiary butanol

Water, g.s. to

Ingredients

" Bendamustine HCl

Mannitol
Ethanol
Water, g.s. to

Ingredients |
Bendamusting HC1

about 2-50 mg/mL
about 0-50 mg/mL
about 0.5-99 % (v/v)
desired volume

Concentration
about 2-50 mg/mL
about 0-50 mg/
about 90-99 % (v/v)
desired volume

about 10-50 % (v/v)
desired volume

Concentration

about 12.5~15 mg/mL
about 0-30 mg/mL
about 20-30 % (v/v)
desired volume

Concentration
about 15 mg/mL
about 25.5 mg/ml,
about 30 % (v/v)
desired volume
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Examples are in no way to be considered to limit the scope of the infention in any

manner.

Materials:

Bendamustine HCI, (Degussa, Lot #s 0206005 and 0206007)

Mannitol, NF or equivalent (Mallinckrodt)

Ethyl Alcohol Dehydrated (200 proof), USP or equivalent (fpectrum)
Tertiary-butyl alcohol, ACS (EM Science)

Methanol (Spectrum and EMD)

Propanol (Spectrum)

Iso-propanol (Spectrum)

Butanol (Spectrum)

Water, HPLC grade or equivalent (EMD)

Acetonitrile, HPLC grade or equivalent (EMD)

Trifluoroacetic Acid, J.T. Baker

Methanol, HPLC grade or equivalent (EM Scjence, Cat # MX0488P-1)
Trifluoroacetic Acid, HPLC grade or equivglent (JT Baker, Cat# JT9470-01)

Equipment:
Waters 2695 Alliance HPLC system with photodiode array detector

Waters 2795 Alliance HPLC system yith dual wavelength detector
Analytical Balance (Mettler AG285/ID #1028) and (Mettler XS205)
VirTis Lyophilizer AdVantage

Agilent Zorbax SB-C18 5 pm 80A 4.6 x 250 mm column, Cat# 880975-902

: Exaniple 1- HPLC Procedure

Method 1
Mobile Phase A: 0.1%4 TFA; H,0
Mobile Phase B: 0. TFA; 50% ACN:50% H,0

UvV: 230 om

Flow rate: .0 mL/min

Column temp.: 30°C

Column: Zorbax SB-C18 5 um 80 A 4.6 x 250 mm
Sample temp.: 5°C

Injection Volurfe: 10 pLL

Sample Concgntration:0.25 mg/mL in MeOH
Gradient: 20%B for 1 min

20— 90%B in 23 min
90%B for 6 min
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back to 20%B in 1 min
hold at 20%B for 4 min
Run time: 30 min
Post run time: 5 min

Method 2
Mobile Phase A: 0.1% TFA; H,0:ACN (9:1)
Mobile Phase B: 0.1% TFA; H,0:ACN (5:5)
UV: 230nm
Flow rate: 1.0 mL/min
Column: Zorbax SB-C18 5 um 80 A 4.6 x 250 mm
Column temp.: 30°C
Sample temp.: 5°C
Injection Volume: 10 pL
Sample Concentration:0.25 mg/ml. in MeOH,
Gradient: 0%B for 3 min

0-50%B in 13

50 —70%B in 17 nhi

70 —90%B in 2 i

90%B for 5 mi

back to 0%B j 1 min

hold at 0%B/for 4 min
Run time: 40 min
Post run time: 5 min

Method 3

Phase A: HPLC grad¢ water with 0.1 % TFA(v/v)

Phase B: HPLC grage ACN / water(1:1v/v) with 0.1%TFA(v/v)
UV: 254mm

Flow rate: 1.0 mL,

Column: Zorbax SB/18 5 um 80 A 4.6 x 250 mm

Column temp.: 30°C
Sample temp.: 5°C
Injection Volume: 5L
Acquisition tinhe: 30 min
Post time: 9 min
Diluent: methanol
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Gradient:

Time (min.) % Phase A % Phase B
0.0 : 82 18
7.0 60 40
11.0 60 40
15.0 20 80
30.0 20 80
31.0 82 18 /

Sample preparation- dissolve the drug product with 200 mL MeOH. Sonicate 6

minutes. The solution can be injected directly into the

Method 4 ‘
Phase A: HPLC grade water with 0.1 % TFA(v/v
Phase B: HPLC grade ACN with 0.1%TFA(v/v
UV: 254 nm

Flow rate: 1.0 mL/min
Column: Zorbax Bonus RP-C14 5 pm 4.6 >/ 150 mm
Column temp.: 30°C
Sample temp.: 5°C
Injection Volume: 2 puL
Acquisition time:31 min
Post time: 5 min
Diluent: NMP/0.1% TFA in water/(50:50 v/v)

Gradient:
Time (min.) % Phage A % Phase B

0.0 97 7
5 93 , 7

13 /13 27

16 /73 27

25 /10 90

31 / 10 ' 90

Sample prephration for method 4- dissolve the drug product with a known

amount of diluentfo prepare a concentration of 4.2 mg/mL for injection directly into
the HPLC. It mfy be necessary to perform a second dilution (the 100 mg/vial dosage

form) to obtaiyf a 4.2 mg/ml. sample concentration.
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HPLC Method 1
for Ribomustin®

The retention times for some Bendamustine impurities usi
described above are shown in Table 11. An HPLC chromatogra:

using the HPLC procedure described herein is shown in Fig. 6.

5 Table 11: Retention Time for Bendamustine and sorye of its Impurities using
HPLC Method 1
Sample Name Retefition Time (min)
HP1 / 14.110
Bendamustine / 22182
BM1 Dimer /  24.824
BMI1EE / 26.968

Alithough HPLC Method 1 was capable offresolving impurities found in
bendamustine it was not capable of separating afpotential impurity formed during
10  analysis, the methyl ester of bendamustine (B 1ME). The retention time difference
between BM1ME and BM1 Dimer was only'0.3 minutes. In order to resolve BM1
Dimer, another HPLC method (# 2) was dfveloped. HPLC method #2 was capable of

separating all the impurities but required/a longer run time of 45 minutes (Table 12).

15 Table 12: Retention Time for/bendamustine and impurities using HPLC
Method 2.
Sample Name/ Retention Time (min)

He1 / 15.694
BM1 [/ 25.420
BMIME 31.065
BM!1 Difner 32.467
BMIEE 36.038

~ The impurity profile of various lots of Ribomustin using HPLC Method 3 are
20  shownin Table 13.

Tablel3- Ribomustfne Impuirty Profile using HPLC Method 3

/ % Area
Batch Befidamustine(HCI) | HP1 BMIEE BM1 Dimer | BMIDCE
03H08 %14 A 1.07 [021 0.34 0.03
03H07 /97.67 1.5 0.2 0.33 0.04
02K27 / 96.93 093 029 1.18 0.08
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03C08 97.61 1.24 0.19 0.02

Example 2- Solubility

The solubility of bendamustine HCI (bendamustine) iyf water (alone) and with
varying amounts of methanol, ethanol, propanol, isopropangl, butanol and tertiary-
butyl alcohol (TBA) was determined by visual inspection./ Amounts of bendamustine
at 15 mg/mL, mannitol at 25.5 mg/mL were prepared in A0 mL of the indicated alcohol
solutions (Table 1) at room temperature. Samples werg then refrigerated at 5°C and
inspected after 0, 3, 6 and 24 hours for particulates ayd/or precipitates.

Results summarized in Table 1 indicate thaf/bendamustine solubility is
dependant on temperature and the amount of alcopol in aqueous solutions. For all
alcohols the solubility of bendamustine increasgd as the concentration of alcohol
increased. The formation of a precipitant wasfalso dependent on the temperature and
time. |

The solubility of bendamustine wag also determined in 20% (v/v) TBA
containing 25.5 mg/mL mannitol in watgk, and 30% (v/v) TBA containing 25.5 mg/mL
mannitol in water (Fig 1). Bendamustifie was added to 4 mL of each solution while
mixing until it would no longer dissofve. The saturated solutions were allowed to mix
for 1 hour at -8°C, 0°C, 5°C, or 25%. The samples were centrifuged and placed back
at the original temperature for a pfinimum of 30 minutes. The -8°C sample was placed

into an ice bath containing sodiym chloride, which lowers the temperature of the ice

* bath, and the temperature wasfmeasured when the sample was pulled for analysis. An

aliquot of each sample was tAken and prepared for HPLC analysis.

The results of thes¢/experiments are shown in Figure 1 and Table 2. The
amount of TBA, 20% (v/#") and 30% (v/v), used in the experiment (Fig. 1) was based
on stability studies desgribed herein.

As indicated iA Fig. 1, the solubility of bendamustine decreased linearly with
temperature (25°C 1 0°C). The solubility of bendamustine was temperature
dependant whethef it was dissolved in water alone or with an alcohol. The 20% (v/v)
TBA may likely/be the lower limit required for efficient and robust pharmaceutical
manufacturing/due to the stability and solubility of bendamustine. A filling solution of
15 mg/mL bgndamustine is close to the saturation limit of 17.2 mg/mL bendamustine
at 5°C but Jrigher than the limit at 0°C. The 30% (v/v) TBA is the recommended
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concentration of TBA for the final formulation and is well within tife solubility limit
regardless of temperature.
Example 3-Stability
A. Stability in Water

Solutions of bendamustine (15 mg/mL), and mannitgl (25.5 mg/m1)) were
prepared in water at room temperature and immediately placed in an ice bath (to lower
the temperature quickly to about 5°C) for 10 minutes ang then refrigerated at 5°C. A
sample of each formulation was analyzed by HPLC usjhg the methods described
herein after 0, 3, 6 and 24 hours when stored at 5°C.
B. Stability in Alcohols

Solutions containing 15 mg/mL bendamugtine, 25.5 mg/mL mannitol, and
1.9%, 5%, 10%, 20% or 30% (v/v) ethyl alcohof in water or 5%, 10%, 20% or 30%
(v/v) TBA, methanol, propanol, iso-propanol, for butanol in water were prepared. at
room temperature, placed into an ice bath fof 10 minutes and then refrigerated at 5°C.
A sample of each formulation was analyzetl by HPLC after 0, 3, 6 and 24 hours when
stored at 5°C.

C. Stability Results
| Table 3 shows the stability regults of bendamustine in water with no addition of

alcohol over a 24 hour period at 5°¢. Bendamustine degrades quickly in water but the
stability of bendamustine increasgs with increasing alcohol concentrations (Figs. 2, 3
and 4). Although alcohols are ffequently used in lyophilization to aid in solubility

problems, the effect of alcoho}s on bendamustine stability is unique, unexpected and

* useful in manufacturing bendamustine with fewer impurities since an aqueous solution

can be used while maintaifing the stability of bendamustine. TBA was found to be the
best stabilizer of the six glcohols tested (Figs. 2, 3, and 4). All alcohols at 30% (v/v)
reduced the formation ¢f impurities HP1 and Dimer at 5°C for up to 24 hours. With
respect to TBA, HP1 feaches only about 0.4% when stored at 5°C for up to 24 hours.
Lower concentratiofis of alcohol may not be efficient, when formulated at 15 mg/mL
bendamustine and/stored at 5°C due to bendamustine precipitation and impurity
formation.
Example 4- Fgrmulation Optimization

Afteythe solubility and stability of bendamustine were determined, the

formulatio was optimized for lyophilization. Since the concentration of
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bendamustine is higher in a 30% TBA/water saturated solution as ¢hmpared with other
alcohol solutions, it is anticipated that the vial size required to fill/100 mg of
bendamustine can be decreased from the current Ribomustin® presentation. Although
a saturated solution of bendamustine contains 18 mg/mL at 0°L, a concentration of 15
mg/mL was selected for the formulation to compensate for sfight differences in APT
solubility due to differences in bulk API purity as a result ¢f batch differences. A
concentration of 15 mg/mL bendamustine requires 6.67 3L to fill 100 mg of
bendamustine HCI per vial.

The surface (sublimation) area to volume ratig is critical to producing a
lyophilized product with good appearance that freege dries quickly. Generally,
lyophilized products occupy between 30% to 50% of the vial volume. A 20 mL vial
with 6.67 mL contains about 30% of its capacity and has a surface area ratio of 0.796
cm’/mL.

Mannito] was selected as the bulking/agent in order to maintain a formulation
similar to Ribomustin®. Studies were performed to evaluate the effect of mannitol on
bendamustine solubility and appearance ¢f the product. Mannitol decreases the
solubility of bendamustine (at 15 mg/mfl.) in both ethanol and TBA aqueous solutions.
For example, solutions containing 5% and 10% ethanol and TBA without mannitol did
not precipitate over 24 hours. Howgver, for samples with niannitol (Table 1)
precipitate was observed within 24 hours. There was no precipitate with aqueous
solutions containing 30% (v/v) 7BA, 15 mg/ml, bendamustine, and 25.5 mg/mL

mannitol. In order to maintain/a well formed cake resistant to breakage during

“handling, a minimum of 134 /ng/vial of mannitol was required with no difference

observed in vials up to 200/mg/vial of mannitol.

Al alcohols tested increased the stability and solubility of bendamustine.
However, a significant yhole fraction was required to affect the stability of the filling
solution and the ease ¢f manufacturing. Smaller alcohols have the undesirable effect
of lowering the freeging point of the bulk solution and thus requiring long
lyophilization cycjes at lower temperatures. Higher concentrations of methanol and
ethanol produced unattractive cakes that were difficult to reconstitute. 10% ethanol,
20% ethanol, 10% iso-prepanol, 20% iso-propanol, or 30% TBA aqueous solutions
containing bghdamustine (15 mg/mL), mannitol (25.5 mg/m1) were prepared and
lyophilized/ The lyophilized vials filled from solutions of 10% ethanol, 20% ethanol,
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10% iso-propanol, 20% iso-propanol produced either a collapsed cgke or a film
s 30% TBA.

o-propanol, 20% iso-

residue. The only solvent system producing an acceptable cake
Additionally, reconstitution of 10% ethanol, 20% ethanol, 10% j
propanol Iyophilized vials were difficult and did not fully dissglve until >45 minutes.

The ability to utilize a smaller vial is constrained by the concentration or
solubility of bendamustine in the aqueous/organic solution/ At lower concentrations of
ethanol, methanol, isopropanol and n-propanol, which prgduced acceptable cake
appearance, a more dilute solution of bendamustine is r¢quired due to solubility
limitations. To maintain a presentation with 100 mg ¢f bendamustine per vial, a vial
larger than 50 mL would be required. Also, stability studies herein indicated that at
the lower alcohol concentration, the chemical stabjlity was not sufficient to allow for
acceptable filling times.

One of the factors affecting the ease of feconstitution is the porosity of the
lyophilate. In general, amorphously precipitgfed solids with little surface area are
more difficult to solubilize. Most lyophilatés containing mannitol will reconstitute
within 3-5 minutes as long as there is no precipitate formed during lyophilization,
frequently caused by evaporation of a liguid (melt back). Based on our experience
with several lyophilization solvent sysfems and not wishing to be bound to any
particular theory, the problems assoghated with Ribomustin® reconstitution may be
associated with precipitation cansefl by melt back during lyophilization. Most organic
solvents do not lyophilize efficiefitly and cause melt back because of their low melting

point. TBA (tertiary butyl alcofiol) has a high melting point and a similar vapor

‘pressure as compared to watef. TBA is removed by sublimation, not evaporation, at

about the same rate as watey. Lyophilates produced with 30% (v/v) TBA according to
the invention reconstitute fvithin 3-10 minutes as compare to commercially available
Ribomustin which may fake 30-45 minutes.

Based upon thefsolubility, stability, ease of reconstitution and manufacturing
considerations, the fgllowing is a preferred pre-lyophilization formulation of the
present invention: fendamustine HC] about 15 mg/mL, mannitol about 25.5 mg/mlL,
about 30% (v/v) tertiary-butyl alcohol, and q.s. using water for Injection. The
formulation is then filled at 5°C using 6.67 mL in an amber 20 mL, 20 mm vial and
partially stoppered with a bromobutyl stopper and loaded into a pre-chilled lyophilizer.

purity assessment
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Major impurities introduced during Ribomustin® manufactfiring,
compounding, fill, and lyophilization procedure, as determined by HPLC analysis
(Fig. 6), are the hydrolysis product HP1, the Dimer, and the ethfl ester of
bendamustine, BM1EE. BM1EE can be formed during drug gubstance manufacturing,
e.g., during recrystalization and/or purification processes. 1EE is known to be a
more potent cytotoxic drug than bendamustine. Experimepits were undertaken to
determine if the use of a 30% TBA aqueous filling solutjon would lead to the
formation of bendamustine t-butyl ester.

Experiments were performed using traditionaf Fisher esterfication reaction
conditions required for the formation of t-butyl estgr of bendamustine. Bendamustine
was heated in 60°C TBA with HCI for 20 hours. No reaction was observed. This
result indicated that it would be very difficult tgfform the tert-butyl ester of
bendamustine during the fill/finish process. Yo new impurities in drug product
manufactured from TBA have been observed in stability studies o date.

To aid in the testing of the drug prgduct, synthetic routes using more reactive
sources of the t-butyl moiety were develgped. Another attempt to make tert-butyl ester
was carried out by formation of the acyl chloride of bendamustine. A suspension of
bendamustine in methylene chloride pvas treated with oxalyl! chloride and N,N-
dimethylformamide. After acyl chjoride was formed, the solvent was concentrated.
The residue was added to methylgne chloride, tert-butanol, triethylamine, and 4-
dimethylaminopyridine and the fmixture was stirred at room temperature overni ght.

After adding all solvents and gurification, an unknown compound was given. The L.C-

* MS did not match the molecfilar weight of bendamustine tert-butyl ester and the proton

NMR did not showed the yeak for tert-butyl. Therefore, this attempt also failed to
produce the bendamusting tert-butyl ester. Thus, using TBA as the co-solvent has an
additional benefit of ngt forming the ester from the alcohol.
Example 6- LyophiliZation Cycle Development

Numerous Ifophilization cycles were performed to evaluate the critical stages
of lyophilization gnd achieve the most efficient drying cycle. Experiments were
performed to evAluate the effect of the freezing rate, primary drying temperature, time,
and pressure gh the product.

A. Freezing/Rate
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efficient sublimation. However, during studies with bendamuftine, the freezing rate
was not found to be a critical processing parameter when evaluated at 2 and 8 hours.
B. Primary and Secondary Drying

During the first attempts to lyophilize from 30% /IBA solutions, the
Iyophilized cake fractured and powder was ejected froph the vial. These cakes
appeared to contain amorphous particles within the Iyophilate, an indication of melt

ed when the product reached

back. This phenomenon was reproducible and occ
about -10°C (refer to Fig. 5) independent of the
tested to determine the cause and solution to thg/problem of the powder gjection. The

pressure was raised from 50 pm to 150 pm dyfing primary drying, but powder ejection

rming rate. Several variables were

was still observed but to a lesser extent. Thjs experiment was then repeated except the
freezing rate was extended to 8 hours frony 2 hours. This change had no effect.

The length of primary drying way next evaluated. For example, the following
eezing from +25°C to -50°C in eight hours;
holding at -50°C for 5 hours, w and drying from-50°C to -25°C in seven hours;
holding for twenty hours at -25°C, yarming and drying from -25°C to -15°C in two
hours and holding for twenty houys at -15°C, warming and drying from -15°C to 40°C

in six hours and holding for twefity hours at 40°C while maintaining a chamber

very slow drying cycle was evaluated:

pressure of 150 nm throughoyf drying. No powder ejection (Fig 5) was observed.

" This cycle resulted in a wellfformed cake without fracture that reconstituted readily.

Without wishing to be boud to a particular theory, the problems with powder ejection
and difficulty with recongtitution may be the result of drying the lyophilate too
quickly, thus resulting jh strong vapor flow out of the cake as well as melt back. With
the use of a less aggrgssive drying cycle an aesthetic, stable, and easy to reconstitute
cake was reproducilfly formed. Thus, removing all unbound water and tertiary-butyl
alcohol prior to sefondary drying may prevent melt back as well as powder ejection.
The lyophilizatign cycle was further optimized under these gentle conditions (Fig. 5).
There were no ediate degradation products as a result of drying at 40°C for up to
20 hours.

Example 7/ Lyophilization cycle
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. . o Pressure
Step | Description | Time (Hour) Temperature ( ?{ (Microns)
1 Hold 0.25 s°c_/ -
2 Ramp 8 -50°C [ -
3 Hold 4 -50°C/ -
4 Ramp 3 "200(7 150
5 Hold 6 -20%C 150
> Romp . 1§C 150
7 Hold 20 -J5°C 150
g Ramp 0.5 f12°C 150
5 Hold 15.5 / -12C 150
10 Ramp 15 / 35C 20
11 Hold 10 [ 35°C >0
12 Ramp 1 [ 4oC 20
Hold 5 [ 40C 20
Total 89.25 / N -

All of the compositions and methogls disclosed and claimed herein can be made
and executed without undue experimentafion in light of the present disclosure. While
the compositions and methods of this ifvention have been described in terms of
preferred embodiments, it will be appfarent to those of skill in the art that variations
may be applied to the compositionsfand methods and in the steps or in the sequence of
steps of the method described hergin without departing from the spirit and scope of the
invention. More specifically, itvill be apparent that certain solvents which are both
chemically and physiclogicallf related to the solvents disclosed herein may be
scribed herein while the same or similar results would be

achieved. All such similay/substitutes and modifications apparent to those skilled in

the art are deemed to be Within the spirit and scope of the invention as defined by the
appended claims.
All patents, phtent applications, and publications mentioned in the specification

are indicative of th¢ levels of those of ordinary skill in the art to which the invention
pertains. All patghts, patent applications, and publications are herein incorporated by
reference to thefsame extent as if each individual publication was specifically and

individually ifidicated to be incorporated by reference.

The/invention illustratively described herein suitably may be practiced in the

absence of any element(s) not specifically disclosed herein. Thus, for example, in
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each instance herein any of the terms “comprising”, “consisting ess¢ntially of”’, and
“consisting of” may be replaced with either of the other two te The terms and
expressions which have been employed are used as terms of desgription and not of
limitation, and there is no intention that in the use of such termf and expressions of

excluding any equivalents of the features shown and describgd or portions thereof, but

it is recognized that various modifications are possible wi the scope of the
invention claimed. Thus, it should be understood that altjiough the present invention
has been specifically disclosed by preferred embodimeyfts and optional features,
modification and variation of the concepts herein disglosed may be resorted to by those
skilled in the art, and that such modifications and vafiations are considered to be

within the scope of this invention as defined by th¢ appended claims.




What is claimed is:
1. A lyophilized pharmaceutical composition of bendamustine g bendamustine hydrochloride

containing not more than 0.9%, area percent of bendamustine,

HO™™
N N
IR
cl '\{
HP1
e zero after reconstitution of the

wherein said HP1 is the amount of HP1 present at ti

lyophilized preparation of bendamustine or bendaghustine hydrochloride.

2. The composition according to claim 1, wheyfein the amount of HP1 is not more than 0.5%,
area percent of bendamustine, at time zero affer reconstitution of the lyophilized preparation
of bendamustine or bendamustine hydrochlpride. '

3. The composition according to claim/l, wherein the amount of HP1 is not more than 0.4%,
area percent of bendamustine, at time/ero after reconstitution of the lyophilized preparation

of bendamustine or bendamustine hydrochloride.

4. The composition according t¢f claim 1, wherein the amount of HP1 is not more than 0.3%,
area percent of bendamustine, At time zero after reconstitution of the lyophilized preparation
of bendamustine or bendamygtine hydrochloride.

5. The composition accofding to claim 1 packaged in a vial or other pharmaceutically

acceptable container.

6. The compositionfaccording to claim 1, wherein said composition is stable with respect to

the amount of HPJ for at least six months when stored at 5° C.
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7. The composition according to claim 1, wherein said compositiorfis stable with respect to

the amount of HPI for at least 12 months when stored at 5° C.

8. The composition according to claim 1, wherein said compogition is stable with respect to

the amount of HP1 for at least 24 months when stored at 5°

9. The composition of claim 5, wherein the vial contains/5 mg to 500 mg of bendamustine or

bendamustine hydrochloride.

10. The composition of claim 5, wherein the vial cgntains 10 mg to 300 mg of bendamustine
or bendamustine hydrochloride.

11. The composition of claim 5, wherein the yial contains 25 mg of bendamustine or
bendamustine hydrochloride.
stine or bendamustine hydrochloride wherein the

12. A lyophilized preparation of benda

concentration of bendamustine ethylestgr as shown in Formula IV

COOCH,CH,
N N
T
r|\1

Formula IV

Cl

is no more than 0.2% gregfer than the concentration of bendamustine ethylester as found in the

drug substance used to nfiake the lyophilized preparation.
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13. The composition of claim 1, containing not more than 0.5% befidamustine ethylester as

shown in Formula IV

H >_/_/CO CH,CHs

>N B \
Z N
|

Formula 1V.

14. A bendamustine or bendamustine hydrochlorigde pre-lyophilization solution or dispersion
comprising one or more organic solvents, wherei said solution or dispersion comprises at
least one stabilizing concentration of an organi¢ solvent which reduces the level of

degradation of bendamustine or bendamusting hydrochloride so that the amount of HP1

produced during lyophilization, fronf 0 to 24 hours, does not exceed 0.9%, area percent

bendamustine.

15. A bendamustine or bendanfustine hydrochloride pre-lyophilization solution or dispersion
~ comprising one or more orgagfic solvents, wherein said solution or dispersion comprises at
least one stabilizing concenjfation of an organic solvent which reduces the level of

degradation of bendamustfne or bendamustine hydrochloride so that the amount of HP1
HO™™
N N o)
i \@[ ) o
N
Cl \
HP1

produced during Jyophilization, from 0 to 24 hours, does not exceed 0.5%, area percent

bendamustine.
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16. The lyophilized powder produced from the pre-lyophilization splution or dispersion
according to claim 14.

17. A method of preparing a bendamustine or bendamustine hfydrochloride lyophilized
preparation comprising,

a) dissolving bendamustine or bendamustine hydroghloride in a stabilizing
concentration of an alcohol solvent comprising bg
form a pl'e;lyophilization solution; and
b) lyophilizing the pre-lyophilization solutiony

wherein said bendamustine or bendamustine hydrochloride lyophilized preparation contains

wherein said HP1 is the amount of HP1 ptesent at time zero after reconstitution of the

lyophilized preparation of bendamusting or bendamustine hydrochloride.

18. The method of claim 17 whereii said bendamustine or bendamustine hydrochloride

bt more than 0.5%, area percent of bendamustine,

O/\N N o]
le C[;\{\W oHt

HP1

lyophilized preparation contains

H

wherein said HP1 is the gfnount of HP1 present at time zero after reconstitution of the

lyophilized preparationfof bendamustine or bendamustine hydrochloride.

19. A method acco
99.9%.

ing to claim 17, wherein the alcohol concentration is between 5% to

53°
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20. A method according to claim 17, wherein said alcohol is selectgd from one or more of
methanol, ethanol, propanol, iso-propanol, butanol, and tertiary-bpitanol.
rtiary-butanol.

21. A method according to claim 20, wherein said alcohol is

22. A method according to claim 21, wherein said tertiary/butanol is at a concentration of

20% to 30%.

23. A method according to claim 21, wherein said teftiary butanol is at a concentration of

30%.
24. A method according to claim 20, wherein sfid alcohol is ethanol.

25. A method according to claim 24, wherepn said ethanol is at a concentration of 20% to

30%.
26. A method according to claim 24, wherein said ethanol is at a concentration of 30%.
27. A method according to claim 1/, wherein an excipient is added before lyophilization.

28. A method according to claijn 27, wherein the excipient is mannitol.

aim 17, wherein the bendamustine or bendamustine

is 2 to 50 mg/mL..

29. A method according to

hydrochloride concentrati

30. The lyophilized pofvder obtained from the method according to claim 17.

54°



31. A method according to claim 17 wherein step b) comprises:
i) freezing the pre-lyophilization solution to a temperature belbw -40°C to form a frozen
solution;
ii) holding the frozen solution at or below -40°C for at leagt 2 hours;
iii) ramping the frozen solution to a primary drying tempkrature between -40°C and -10°C
to form a dried solution;
iv) holding for 10 to 70 hours;
v) ramping the dried solution to a secondary drying/temperature between 25°C and 40°C;
and
vii) holding for 5 to 40 hours to form a bendamyistine or bendamustine hydrochloride

lyophilized preparation.
32. A method according to claim 31, wherein £aid alcohol is tertiary-butanol.

33. A method according to claim 32, wherfin said tertiary butanol is at a concentration of
20% to 30%.

34. A method according to 33, whergfn said tertiary butanol is at a concentration of 30%.
1, wherein said alcohol is ethanol.

35. A method according to claim

36. A method according to clghm 35, wherein said ethanol is at a concentration of 20% to

30%.
37. A method accordingfo claim 35, wherein said ethanol is at a concentration of 30%.

38. The lyophilized pbowder obtained from the method according to claim 31.
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39. A method according to claim 17 wherein step b) comprises:
i) freezing the pre-lyophilization solution to -50°C to form a ffozen solution;
i) holding the frozen solution at -50°C for at least 2 hours tg 4 hours;
1ii) ramping to a primary drying temperature between -209C and -12°C to form a dried
solution;
iv) holding at a primary drying temperature for 10 to 48 hours;
v) ramping the dried solution to a secondary drying tfmperature between 25°C and 40°C;
and
vi) holding at a secondary drying temperature forfat least 5 hours up to 20 hours.
40. A method according to claim 39, wherein saig alcohol is tertiary-butanol.
41. A method according to claim 40, wherein aid tertiary butanol is at a concentration of
20% to 30%.

42. A method according to 41, wherein gaid tertiary butanol is at a concentration of 30%.

43. A method according to claim 39,Avherein said alcohol is ethanol.

44. - A method according to claim A3, wherein said ethanol is at a concentration of 20% to
30%.
, wherein said ethanol is at a concentration of 30%.

45. A method according to

46. The lyophilized powfler obtained from the method according to claim 40.
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47. A method according to claim 17 wherein step b) comprises:
1) starting with a shelf temperature of 5°C for loading;
it) freezing to -50°C over 8 hours;

1i1) holding at -50°C for 4 hours;

1v) ramping to -20°C over 3 hours;

v) holding at -20°C for 6 hours;

vi) ramping to -15°C over 1 hour;

vii) holding at

-15°C for 20 hours;

viii) ramping to -12°C over 0.5 hours;
ix) holding at -12°C for 15.5 hours; ‘
x) ramping to between 25°C and 40°C or higherfor 15 hours;
xi) holding between 25°C and 40°C for 10 hoyfs;

xii) ramping to 40°C over 1 hour; '
xiii) holding at 40°C for 5 hours; and
xiv) unloading at 5°C, at a pressure of 1.5 psi in a pharmaceutically acceptable container that
is hermetically sealed; wherein the pregfure is 150 microns throughout primary drying steps
1v, v, vi, vii, viii and ix and 50 micron$ throughout secondary drying steps x, x1, xii and xiii.
48. A lyo;-)hi]ization cycle accordfg to claim 47, wherein step (x) is ramped to about 30-35°C
for 15 hours.

49. The lyophilized powder prepared from the lyophilization cycle of claim 47.

50. A formulation for lygphilization comprising bendamustine or bendamustine
hydrochloride at a concgntration of 15 mg/mL, mannitol at a concentration of 25.5 mg/mL,

tertiary-butyl alcohol At a concentration of 30% (v/v) and water.

51. A lyophilized preparation made from the formulation according to claim 50.
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52. A formulation for lyophilization comprising bendamustine or bfndamustine
hydrochloride at a concentration of 15 mg/mL, mannitol at a concgntration of 25.5 mg/mL.,

ethanol at a concentration of 30% (v/v) and water.

53. A lyophilized preparation made from the formulation acfording to claim 52.

54. Use of lyophilized pharmaceutical composition for the preparation of a medicament for
treatment of a medical condition in a patient comprising/dissolving the preparation of claim 1
in a pharmaceutically acceptable solvent to produce apharmaceutically acceptable solution
and administering to said patient a therapeutically effective amount of said solution, wherein
said condition is amenable to treatment with said pheparation.

55. Use of lyophilized pharmaceutical compogition for the preparation of a medicament for
treatment of a medical condition in a patient According to claim 54, wherein said condition is
selected from chronic lymphocytic leukemif, Hodgkin’s disease, non-Hodgkin’s lymphoma,
multiple myeloma, breast cancer, small c¢ll lung cancer, and an autoimmune disease.

56. Use of lyophilized pharmaceuticgf composition for the preparation of a medicament for

treatment of a medical condition in g patient according to claim 55, wherein said condition is

non-Hodgkin’s lymphoma.

57. Use of lyophilized pharmageutical composition for the preparation of a medicament for

treatment of a medical conditfon in a patient according to claim 55, wherein said condition is

chronic lymphocytic leukenhia.

58. Use of lyophilized gharmaceutical composition for the preparation of a medicament for
treatment of a medica)/condition in a patient according to claim 55, wherein said condition is

multiple myeloma.
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59. Use of lyophilized pharmaceutical composition for the preparajion of a medicament for
treatment of a medical condition in a patient according to claim 5¢ further comprising
administering the dissolved preparation of claim 1 in combinatign with one or more anti-
neoplastic agents wherein said antineoplastic agent is given pifor, concurrently, or subsequent

to the administration of the dissolved preparation of claim 1

60. Use of lyophilized pharmaceutical composition for the preparation of a medicament for
treatment of a medical condition in a patient accordingfto claim 59 wherein the antineoplastic
agent is an antibody specific for CD20, wherein said Antibody is given prior, concurrently or

subsequent to the administration of the dissolved pgtparation of claim 1.

61. Use of lyophilized pharmaceutical composifion for the preparation of a medicament for
treatment of a medical condition in a patient a cording to claim 54 wherein the autoimmune

disease is rheumatoid arthritis, multiple sclejosis or lupus.

62. Use of lyophilized pharmaceutical cgmposition for the preparation of a medicament for
treatment of a medical condition in a pgtient according to claim 54, wherein the medical

condition is a hyperproliferative disoyder.

63. The composition according t¢fclaim 1, further comprising mannitol at a concentration of 5

mg to 2 g/container.

64. The composition accordfng to claim 1, further comprising mannitol at a concentration of

170 mg/container.

65. A pre-lyophilized pharmaceutical composition of bendamustine comprising 15 mg/mL

bendamustine HCI, 24.5 mg/mL mannitol, 30% (v/v) tertiary-butyl alcohol, and water.

66. A pre-lyophilfzed pharmaceutical composition of bendamustine comprising 15 mg/mL

bendamustine HLl, 25.5 mg/mL mannitol, 30% (v/v) ethanol, and water.
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BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

FIELD OF THE INVENTION
The present invention pertains to the field of pharmaceutical compositions for
the treatment of various disease states, especially neoplastic diseases and antoimmune
diseases. Particularly, it relates to pharmaceutical formulations comprising nitrogen

mustards, particularly the nitrogen mustard bendamustine, e.g., bendamustine HCI.

BACKGROUND OF THE INVENTION

The present invention claims the benefit of and priority to US Serial No.
60/644,354, filed January 14, 2005,/ entitled, “Bendamustine Pharmaceutical
Compositions,” which is incorporated herein by reference in its entirety, including
figures and claims.

The following description includes information that may be useful in
understanding the present invention. If is not an admission that any such information
is prior art, or relevant, to the presently claimed inventions, or that any publication
specifically or implicitly referenced is pr‘1 T of,

Because of their high reactivity in aqueous solutions, nitrogen mustards are
difficult to formulate as pharmaceuticals and are often supplied for administration in a
lyophilized form that requires reconstitution, usually in water, by skilled hospital
personal prior to administration. Once in aqueous solution, nitrogen mustards are
subject to degradation by hydrolysis, thus, the reconstituted product should be
administered to a patient as soon as possible after its reconstitution.

Bendamustine, (4-{5-[Bis(2-chloroethyl)amino]-1-methyl-2-benzimidazolyl}
butyric acid, is an atypical structure with a benzimidazole ring, whose structure
includes an active nitrogen mustard (see Formula I, which shows bendamustine

hydrochloride).

CI™
N N 0
=HCI
le C[I\?—\}OH

Formula I
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Bendamustine was initially synthesized in 1963 in the German Democratic
Republic (GDR) and was available from 1971 to 1992 in that location under the name
Cytostasan®. Since that time, it has been marketed in Germany under the tradename
Ribomustin®. It has been widely used in Germany to treat chronic lymphocytic
leukemia, Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple myeloma, and
breast cancer.

Due to its degradation in aqueous solutions (like other nitrogen mustards),
bendamustine is supplied as a lyophilized product. The current lyophilized
formulation of bendamustine (Ribomustin®) contains bendamustine hydrochloride and
mannitol in a sterile Iyophilized form as a white powder for intravenous use following
reconstitution. The finished lyophilisate is unstable when exposed to light. Therefore,
the product is stored in brown or amber-colored glass bottles. The current lyophilized
formulation of bendamustine contains degradation products that may occur during
mahufacturing of the drug substance and/or during the lyophilization process to make
the finished drug product.

Currently bendamustine is formulated as a Iyophilized powder for injection
with 100 mg of drug per 50 mL vial or 25 mg of drug per 20 mL vial. The vials are
opened and reconstituted as close to the time of patient administration as possible. The
product is reconstituted with 40 mL (for the 100 mg presentation) or 10 mL (for the 25
mg presentation) of Sterile Water for Injection. The reconstituted product is further
diluted into 500 mL, q.s., 0.9% Sodium Chloride for Injection. The route of
administration is by intravenous infusion over 30 to 60 minutes.

Following reconstitution with 40 mL Sterile Water for Injection, vials of
bendamustine are stable for a period of 7 hours under room temperature storage or for
6 days upon storage at 2-8°C. The 500 mL admixture solution must be administered to
the patient within 7 hours of vial reconstitution (assuming room temperature storage of
the admixture).

The reconstitution of the present bendamustine lyophilized powder is difficult.
Reports from the clinic indicate that reconstitution can require at least fifteen minutes
and may require as long as thirty minutes. Besides being burdensome and time-
consuming for the healthcare professional responsible for reconstituting the product,

the lengthy exposure of bendamustine to water during the reconstitution process
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increases the potential for loss of potency and impurity formation due to the hydrolysis
of the product by water.

Thus, a need exists for lyophilized formulations of bendamustine that are easier
to reconstitute and which have a better impurity profile than the current lyophilate
(Iyophilized powder) formulations of bendamustine.

German (GDR) Patent No. 34727 discloses a method of preparing o-{5-bis-(B-
chloroethyl)-amino-benzimidazolyl-(2)]-alkane carboxylic acids substituted in the 1-
position.

German (GDR) Patent No. 80967 discloses an injectable preparation of y-[1-
methyl-5-bis-(B-chloroethyl)-amino-benzimaidazolyl-(2)]-butric acid hydrochloride.

German (GDR) Patent No. 159877 discloses a method for preparing 4-[1-
methyl-5-bis (2-chloroethyl) amino-benzimidazolyl-2)-butyric acid.

German (GDR) Patent No. 159289 discloses an injectable solution of
bendamustine.

Ribomustin® bendamustine Product monograph (updated 1/2002)
bitp://www.ribosepharm.de/pdf/ribomustin_bendamustin/productmonograph.pdf

provides information about Ribomustin® including product description.

Ni et al. report that the nitrosourea SarCNU was more stable in pure tertiary
butanol than in pure acetic acid, dimethyl sulfoxide, méthylhy'droxy, water or in
TBA/water mixtures (Ni et al. (2001) Intl. J. Phamaceutics 226:39-46).

Lyophilized cyclophoshamide is known in the art see e.g., US Patent Nos.
5,418,223; 5,413,995; 5,268,368; 5,227,374; 5,130,305; 4,659,699; 4,537,883; and
5,066,647.

The lyophilized nitrogen mustard Ifosfamide is disclosed in International
Publication No. WO 2003/066027; US Pat. Nos. 6,613,927; 5,750,131; 5,972,912;
5,227,373; and 5,204,335, |

Teagarden et al. disclose lyophilized formulations of prostaglandin E-1 made
by dissolving PGE-1 in a solution of lactose and tertiary butyl alcohol (US Pat. No.
5,770,230).

SUMMARY OF THE INVENTION



The present invention is directed to stable pharmaceutical compositions of nitrogen
mustards, in particular lyophilized bendamustine and its use in treatment of various disease
states, especially neoplastic diseases and autoimmune diseases.

The invention, the subject of the application is directed to:

. a lyophilized pharmaceutical composition of bendamustine or bendamustine

hydrochloride containing not more than about 0.9% (area percent of bendamustine)

HO™™
P S
3 N\
HP1
wherein said HP1 is the amount of HP1 present at time zero after reconstitution of a
lyophilized preparation of bendamustine or bendamustine hydrochloride;
J a pharmaceutical dosage form comprising a pharmaceutical composition of
bendamustine containing not more than about 0.9% HP1, wherein said HP1 is the amount
of HP1 present at release;
. a pharmaceutical dosage form comprising a pharmaceutical composition of
bendamustine containing not more than about 0.5% HP1, wherein said HP1 is the amount
of HP1 present at release;
. a pharmaceutical composition of bendamustine or bendamustine hydrochloride
comprising bendamustine or bendamustine hydrochloride containing not more than about
0.5% (area percent of bendamustine) HP! and a trace amount of one or more organic
solvents, wherein said HP1 is the amount of HP1 present at release;
. a lyophilized preparation of bendamustine or bendamustine hydrochloride wherein

the concentration of bendamustine ethylester (as shown in Formula IV)



COOCH,CH3
N N
ol N \©: \}_/_/
N
|
Formula IV

1s no more than 0.2% greater than the concentration of bendamustine ethylester as found in
the drug substance used to make the lyophilized preparation;

. a bendamustine or bendamustine hydrochloride pre-lyophilization solution or
dispersion comprising one or more organic solvents, wherein said solution or dispersion
comprises at least one stabilizing concentration of an organic solvent which reduces the
level of degradation of bendamustine or bendamustine hydrochloride so that the amount of
HP1 produced during lyophilization, from about 0 to 24 hours, does not exceed 0.9% (area
percent bendamustine); »

J a bendamustine or bendamustine hydrochloride pre-Iyophilization solution or
dispersion comprising one or more organic solvents, wherein said solution or dispersion
comprises at least one stabilizing concentration Qt‘ an organic solvent which reduces the
level of degradation of bendamustine or bendamustine hydrochloride so that the amount of
HP1 produced during lyophilization, from about 0 to 24 hours, does not exceed 0.5% (area
percent bendamustine);

. a method of preparing a bendamustine or bendamustine hydrochloride lyophilized
preparation, the method comprising:

a) dissolving bendamustine or bendamustine hydrochloride in a stabilizing
concentration of an alcohol solvent comprising between about 5% to about 100% (v/v)
alcohol to form a pre-lyophilization solution; and

b) lyophilizing the pre-lyophilization solution;
wherein said bendamustine or bendamustine hydrochloride lyophilized preparation
contains not more than about 0.9% (area percent of bendamustine) HP1 as shown in

Formula II, wherein said HP1 is the amount of HP1 present at release;
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. a method of preparing a bendamustine or bendamustine hydrochloride lyophilized
preparation, the method comprising:

a) dissolving bendamustine or bendamustine hydrochloride in a stabilizing
concentration of an alcohol solvent comprising between about 5% to about 100% (v/v)
alcohol to form a pre-lyophilization solution; and

b) lyophilizing the pre-lyophilization solution;
wherein said bendamustine or bendamustine hydrochloride lyophilized preparation
contains not more than about 0.5% (area percent of bendamustine) HP1 as shown in
Formula 1I, wherein said HP1 is the amount of HP1 present at release;

. a pharmaceutical dosage form of bendamustine containing not more than about
0.9% HP1 (area percent of bendamustine) wherein said dosage form comprises a vial or
other pharmaceutically acceptable container, wherein said HP1 is the amount of HP1
present pre-reconstitution or at time zero after reconstitution of said dosage form; and

» a pre-lyophilized pharmaceutical composition of bendamustine comprising about 15
mg/mL bendamustine HCI, about 25.5 mg/mL mannitol, about 30% (v/v) tertiary-butyl
alcohol, and Water.

An embodiment of the invention is a pharmaceutical composition of bendamustine
containing not more than about 0.5% to about 0.9% (area percent of bendamustine) HPI, as

shown in Formula 1,

HO™™
ST S
cl p\{h_)—
Formula I1

at the time of release or where the HPI is the amount of HPI present at time zero after
reconstitution of a lyophilized pharmaceutical composition of bendamustine as described
herein. In a preferred embodiment is a pharmaceutical composition of bendamustine
containing not more than about 0.5% (area percent of bendamustine) HP1, preferably not
more than about 0.45%, more preferably not more than about 0.40%, more preferably not

‘more than about 0.35%, even more preferably not more than 0.30%.
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Another embodiment of the invention is a lyophilized preparation of bendamustine
containing not more than about 0.1% to about 0.3% bendamustine dimer as shown in

Formula IIT at release or at time zero after reconstitution

oH’\/N\©i>_\—>_j\©>_L>_

Formula IL.

Yet another embodiment of the invention is a lyophilized preparation of
bendamustine containing not more than about 0.5%, preferably 0.15% to about 0.5%,
bendamustine ethylester, as shown in Formula IV at release or at time zero after

reconstitution
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Yet another embodiment of the invention is a Iyophilized preparation of
bendamustine wherein the concentration of bendamustine ethylester (Formula IV) is
no more than 0.2%, preferably 0.1%, greater than the concentration of bendamustine
ethylester as found in the drug substance used to make the lyophilized preparation.

In another embodiment of the invention is a lyophilized preparation of
bendamustine containing not more than about 0.5% to about 0.9% (area percent of
bendamustine) HP1 at the time of drug product release. In a preferred embodiment is
a lyophilized preparation of bendamustine containing not more than about 0.50% (area
percent of bendamustine) HP1, preferably not more than about 0.45%, more preferably
not more than about 0.40%, more preferably not more than about 0.35%, even more
preferably not more than 0.30%. An aspect of this embodiment is Iyophilized
preparations of bendamustine containing not more than about 0.5% to about 0.9%,
preferably 0.5%, (area percent of béndamusﬁne) HP1 at the time of release of drug
product where the lyophilized preparation is packaged in a vial or other
pharmaceutically acceptable container. _

In yet another aspect of the invention, the lyophilized preparations of
bendamustine are stable with respect to the amount of HP1 for at least about 6 months,
preferably 12 months, preferably 24 months, to about 36 months or greater when
stored at about 2° to about 30°. Preferred temperatures for storage are about 5° C and
about room temperature.

Another embodiment of the invention is a pharmaceutical dosage form that
includes a pharmaceutical composition of bendamustine containing not more than
about 0.5% to about 0.9% HP1, preferably not more than about 0.50%, preferably not
more than about 0.45%, more preferably not more than about 0.40%, more preferably
not more than about 0.35%, even more preferably not more than 0.30%, where the
HP1 is the amount of HP1 present at release or at time zero after reconstitution of a

lyophilized preparation of bendamustine of the present invention. In preferred aspects
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of the invention, the dosage form can be about 5 to about 500 mg of bendamustine,
about 10 to about 300 mg of bendamustine, about 25 mg of bendamustine, about 100
mg of bendamustine, and about 200 mg of bendamustine.

Yet another embodiment of the invention is a pharmaceutical dosage form that
includes a lyophilized preparation of bendamustine containing not more than about
0.5% to about 0.9%, preferably 0.5%, HP1. Preferred dosage forms can be about 5 to
about 500 mg of bendamustine, about 10 to about 300 mg of bendamustine, about 25
mg of bendamustine, about 100 mg of bendamustine, and about 200 mg of
bendamustine.

In still another embodiment, the invention includes a pharmaceutical
composition of bendamustine including bendamustine containing not more than about
0.5% to about 0.9% (area percent of bendamustine), preferably not more than about
0.50%, preferably not more than about 0.45%, more preferably not more than about
0.40%, more preferably not more than about 0.35%, even more preferably not more
than 0.30%, and a trace amount of one or more organic solvents, wherein said HP1 is
the amount of HP1 present at release or time zero after reconstitution of a Iyophilized
pharmaceutical composition of bendamustine as disclosed herein. In different aspects
of this embodiment, the organic solvent is selected from one or more of tertiary
butanol, n-propanol, n-butanol, isopropanol, ethanol, methanol, acetone, ethyl acetate,
dimethyl carbonate, acetonitrile, dichloromethane, methyl ethyl ketone, methyl
isobutyl ketone, 1-pentanol, methyl acetate, carbon tetrachloride, dimethyl sulfoxide,
hexafluoroacetone, chlorobutanol, dimethyl sulfone, acetic acid, and cyclohexane.
Preferred organic solvents include one or more of ethanol, methanol, propanol,
butanol, isopropanol, and tertiary butanol. A more preferred organic solvent is tertiary
butanol, also known as TBA, t-butanol, tert-butyl alcohol or tertiary butyl alcohol.

The present invention involves a method for obtaining agency approval for a
bendamustine product, the improvement which includes setting a release specification
for bendamustine degradants at less than about 4.0%, preferably about 2.0 % to about
4.0 %, (area percent bendamustine) or otherwise to achieve_the pharmaceutical
compositions described herein. An aspect of this embodiment is a method for
obtaining agency approval for a bendamustine product which includes setting a release

specification for HP1 to be less than or equal to 1.5% (area percent Bendamustine).



The bendamustine product herein contains not more than about 0.5% (area percent of
bendamustine) HP1 at release.

Another embodiment is a method for obtaining agency approval for a
bendamustine product, the improvement which includes setting a shelf-life
specification for bendamustine degradants at less than about 7.0%, preferably about
5.0% to about 7.0%, (area percent bendamustine) where the product is stored at about
2°C to about 30°C. Preferred temperatures for storage are about 5°C and about room
temperature. The bendamustine product herein contains not more than about 0.5%
(area percent of bendamustine) HP1 at release.

Another embodiment of the invention is a process for manufacturing a
lyophilized preparation of bendamustine which includes controlling for the
concentration of bendamustine degradants in the final product, such that the
concentration of bendamustine degradants is less than about 4.0%, preferably no more
than about 2.0 % to about 4.0 %, (area percent of bendamustine) at release or
otherwise to achieve the pharmaceutical compositions described herein. The
bendamustine product herein contains not more than about 0.5% to about 0.9%,
preferably about 0.5%, (area percent of bendamustine) HP1 at release.

The present invention discloses a process for manufacturing a lyophilized
preparation of bendamustine which comprises controlling for the concentration of
bendamustine degradants in the final product, such that, at release, the concentration of
HP1 is less than 0.9%, preferably 0.5%, (area percent of bendamustine) and, at the
time of product expiration, the concentration of bendamustine degradants is less than
about 7.0%, preferably no more than about 5.0% to about 7.0%; wherein said product
is stored at about 2°C to about 30°C.

Another embodiment of the invention is a bendamustine pre-lyophilization
solution or dispersion comprising one or more organic solvents where the solution or
dispersions include at least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of HP1 produced
during lyophilization from about 0 to 24 hours does not exceed about 0.5% to about
0.9% (area percent of bendamustine) preferably 0.50%, preferably 0.45%, more
preferably 0.40%, more preferably 0.35%, even more preferably 0.30%. An aspect of
this embodiment is the lyophilized powder produced from the pre-lyophilization

solution or dispersion.



Still another embodiment of the invention is a bendamustine pre-lyophilization
solution or dispersion comprising one or more organic solvents where the solution or
dispersions include at least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of bendamustine
ethylester produced during lyophilization from about 0 to 24 hours does not exceed
about 0.5% (area percent bendamustine). An aspect of this embodiment is the
lyophilized powder produced from the pre-lyophilization solution or dispersion.

Still another embodiment of the invention is a bendamustine pre-lyophilization
solution or dispersion comprising one or more organic solvents where the solution or
dispersions include at least one stabilizing concentration of an organic solvent which
reduces the level of degradation of bendamustine so that the amount of bendamustine
ethylester (as shown in Formula IV) produced during lyophilization from about O to 24
hours is no more than 0.2%, preferably 0.1%, greater than the concentration of
bendamustine ethylester as found in the drug substance used to make the pre-
lyophilization solution. A preferred organic solvent is tertiary butanol.

The invention also discloses methods for preparing a bendamustine lyophilized
preparation that includes dissolving bendamustine in a stabilizing concentration of an
alcohol solvent of between about 5% to about 100% (v/v alcohol to form a pre-
lyophilization solution; and lyophilizing the pre-lyophilization solution; wherein the
bendamustine lyophilized preparation made from such methods contains not more than
about 0.5% to about 0.9%, preferably 0.5%, (area percent of bendamustine) HP1 as
shown in Formula II, wherein said HP1 is the amount of HP1 present at release or at
time zero after reconstitution of the lyophilized pharmaceutical composition of
bendamustine. Other alcohol concentrations include about 5% to about 99.9%, about
5% to about 70%, about 5% to about 60%, about 5% to about 50%, about 5% to about
40%, about 20% to 'about 35%. Preferred concentrations of alcohol are from about
20% to about 30%. Preferred alcohols include one or more of methaﬁol, ethanol,
propanol, iso-propanol, butanol, and tertiary-butanol. A more preferred alcohol is
tertiary-butanol. A preferred concentration of tertiary-butanol is about 20% to about
30%, preferably about 30%. An aspect of this embodiment is the addition of an
excipient before lyophilization. A preferred excipient is mannitol. Preferred pre-
lyophilized concentrations of bendamustine are from about 2 mg/mL to about 50

mg/mL.



In a preferred method for preparing a bendamustine lyophilized preparation,
lyophilizing the pre-lyophilization solution comprises i) freezing the pre-
lyophilization solution to a temperature below about -40°C, preferably -50°C, to form
a frozen solution; ii) holding the frozen solution at or below -40°C, preferably -50°C,
for at least 2 hours; iii) ramping the frozen solution to a primary drying temperature
between about -40°C and about -10°C to form a dried solution; iv) holding for about
10 to about 70 hours; v) ramping the dried solution to a secondary drying temperature
between about 25°C and about 40°C; and vii) helding for about 5 to about 40 hours to
form a bendamustine lyophilized preparation. In a more preferred method lyophilizing
the pre-lyophilization solution comprises i) freezing the pre-lyophilization solution to
about -50°C to form a frozen solution; ii) holding the frozen solution at about -50°C
for at least 2 hours to about 4 hours; iii) ramping to a primary drying temperature
between about -20°C and about -12°C to form a dried solution; iv) holding at a
primary drying temperature for about 10 to about 48 hours; v) ramping the dried
solution to a secondary drying temperature between about 25°C and about 40°C; and
vi) holding at a secondary drying temperature for at least 5 hours up to about 20
hours. A preferred alcohol is tertiary-butanol. A preferred concentration of tertiary-
butanol is about 20% to about 30%, preferably about 30%. An aspect of this
embodiment is the addition of an excipient before lyophilization. A preferred
excipient is mannitol. Preferred pre-lyophilized concentrations of bendamustine are
from about 2 mg/mL to about 50 mg/mL.

Another embodiment of the invention is the lyophilized powder or preparation
obtained from the methods of preparing a bendamustine lyophilized preparation
disclosed herein.

The invention aléo involves bendamustine formulations for Iyophilization that
include an excipient and a stabilizing concentration of an organic solvent. A preferred
formulation includes bendamustine at a concentration of about 15 mg/ml., mannitol at
a concentration of about 25.5 mg/mlI, tertiary-butyl alcohol at a concentration of about
30% (v/v) and water. Included in this embodiment of the invention are the lyophilized
preparations made from such bendamustine formulations.

Included in the inventions are methods of treating a medical condition in a
patient that involve administering a therapeutically effective amount of a

pharmaceutical composition of the invention where the condition is amenable to
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treatment with said pharmaceutical composition. Some conditions amenable to
treatment with the compositions of the invention include chronic lymphocytic
leukemia (CLL), Hodgkin’s disease, non-Hodgkin’s lymphoma (NHL), multiple
myeloma (MM), breast cancer, small cell lung cancer, hyperproliferative disorders,
and an autoimmune disease. Preferred conditions include NHL, CLL, breast cancer,
and MM. Preferred autoimmune diseases include theumatoid arthritis, multiple
sclerosis or lupus.

Included in the inventions are the use of the pharmaceutical compositions or
pharmaceutical preparations of the invention in the manufacture of a medicament for
the treatment of a medical condition, as defined herein, in a patient that involve
administering a therapeutically effective amount of a pharmaceutical compositidn of
the invention where the condition is amenable to treatment with said pharmaceutical
composition.

Also included in the invention are methods of treating in which the
pharmaceutical compositions of the invention are in combination with one or more
anti-neoplastic agents where the antineoplastic agent is given prior, concurrently, or
subsequent to the administration of the pharmaceutical composition of the invention.
Preferred antineoplastic agents are antibodies specific for CD20.

Another embodiment of the invention is a lyophilization cycle for producing
lyophilized bendamustine preparations of the invention. A preferred lyophilization
cycle includes a) freezing to about -50°C over about 8 hours; b) holding at -50°C for
about 4 hours; ¢) ramping to -25°C over about 3 hours; d) holding at -10°C for 30
hours; ) ramping to between about 25°C and about 40°C or higher for about 3 hours;
f) holding between about 25°C and about 40°C for about 25 hours; g) ramping to about
20°C in 1 hour; h) unloading at about 20°C, at a pressurc of 13.5 psiin a
pharmaceutically acceptable container that is hermetically sealed; wherein the pressure
is about 150 microns throughout primary drying and 50 microns throughout secondary
drying. An aspect of this cycle involves step (e) which is ramped to about 30-35°C for
3 hours and then ramped to 40°C for 5 hours. Another aspect of this embodiment is
the lyophilized powered prepared from such Iyophilization cycles. A more preferred
lyophilization cycle includes 1) starting with a shelf temperature of about 5°C for
loading; ii) freezing to about -50°C over about 8 hours; iii) holding at -50°C for about

4 hours; iv) ramping to about -20°C over about 3 hours; v) holding at about -20°C for 6

(e}
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hours; ramping to about -15°C over about 1 hour; vi) holding at -15°C for about 20
hours; vii) ramping to about -15°C over about 1 hour; viii) holding at about ~15°C for
about 20 hours; ix) ramping to about -12°C over about 0.5 hours; x) holding at about -
12°C for about 15.5 hours; xi) ramping to between about 25°C and about 40°C or
higher for about 15 hours; xii) holding between about 25°C and about 40°C for about
10 houfs; xiii) ramping to about 40°C over about 1 hour; and xiv) holding at about
40°C for about 5 hours; unloading at about 5°C, at a pressure of about 13.5 psiina
pharmaceutically acceptable container that is hermetically sealed; wherein the pressure
is about 150 microns throughout primary drying and 50 microns throughout secondary
drying. In apreferred embodiment step (xi) is ramped to about 30-35°C for about 15
bours.

The invention also encompasses a pharmaceutical dosage form of
bendamustine containing not more than about 0.5% to about 0.9%, preferably 0.5%,
HP1 (area percent of bendamustine) wherein said dosage form comprises a vial or
other pharmaceutically acceptable container, wherein said HP1 is the amount of HP1
present pre-reconstitution or at time zero after reconstitution of said dosage form.
Preferred concentrations of bendamustine include about 10 to about 500 mg/container,
about 100 mg/container, about 5 mg to about 2 g/container and about 170
mg/container.

The present invention also includes pre-lyophilized pharmaceutical
compositions of bendamustine. A preferred pre-lyophilized composition includes
bendamustine HCI about 15 mg/mL, mannitol about 25.5 mg/mL, about 30% (VN)
tertiary-butyl alcohol, and water.

These and other embodiments of the invention are described herembelow or are

gvident to persons of ordinary skill in the art based on the following disclosures.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the solubility of bendamustine at various temperatures for two
different solutions of bendamustine in tertiary butanol.
Fig. 2 shows the purity results of an HPLC analysis after incubating
bendamustine in various alcohols for 24 hours at 5°C. Results are presented as the

area percent of the bendamustine peak.
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Fig. 3 shows HP1 (Formula IT) formation after 24 hours in various
alcohol/water co-solvents at 5°C

Fig 4 shows dimer (Formula IIT) formation after 24 hours in various
alcohol/water co-solvents at 5°C

Fig. 5- shows a lyophilization cycle for bendamustine using a TBA/water co-
solvent.

Fig. 6 shows a chromatogram for Ribomustin® using HPLC method No. 1.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms “formulate” refers to the preparation of a drug, e.g.,
bendamustine, in a form suitable for administration to a mammalian patient, preferably
a human. Thus, "formulation” can include the addition of pharmaceutically acceptable
excipients, diluents, or carriers.

As used herein, the term “lyophilized powder” or “lyophilized preparation”
refers to any solid material obtained by lyophilization, i.e., freeze-drying of an aqueous
solution. The aqueous solution may contain a non-aqueous solvent, i.e. a solution
composed of aqueous and one or more non-aqueous solvent(s). Preferably, a
lyophilized pfeparation is one in which the solid material is obtained by freeze-drying
a solution composed of aqueous and one or more non-aqueous solvents, more
preferably the non-aqueous solvent is an alcohol.

By “stable pharmaceutical composition” is meant any pharmaceutical
composition having sufficient stability to have utility as a pharmaceutical product.
Preferably, a stable pharmaceutical composition has sufficient stability to allow
storage at a convenient temperature, preferably between -20°C and 40°C, more
preferably about 2°C to about 30°C, for a reasonable period of time, e.g., the shelf-life
of the product which can be as short as one month but 1s typically six months or
longer, more preferably one year or longer even more preferably twenty-four months
or longer, and even more preferably thirty-six months or longer. The shelf-life or
expiration can be that amount of time where the active ingredient degrades to a point
below 90% purity. For purposes of the present invention stable pharmaceutical
composition includes reference to pharmaceutical compositions with specific ranges of
impurities as described herein. Preferably, a stable pharmaceutical composition is one

which has minimal degradation of the active ingredient, e.g., it retains at least about 85
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% of un-degraded active, preferably at least about 90 %, and more preferably at least
about 95%, after storage at 2-30°C for a 2-3 year period of time.

By “stable lyophilized preparation” is meant any lyophilized preparation
having sufficient stability, such characteristics as similarly defined herein for a stable
pharmaceutical composition, to have utility as a pharmaceutical product

By “degraded” is meant that the active has undergone a change in chemical
structure.

The term "therapeutically effective amount" as used herein refers to that
amount of the compound being administered that will relieve to some extent one or
more of the symptoms of the disorder being treated. In reference to the treatment of
neoplasms, a therapeutically effective amount refers to that amount which has the
effect of (1) reducing the size of the tumor, (2) inhibiting (that is, slowing to some
extent, preferably stopping) tumor metastasis, (3) inhibiting to some extent (that is,
slowing to some extent, preferably stopping) tumor growth, and/or, (4) relieving to
some extent (or, preferably, eliminating) one or more symptoms associated with the
cancer. Therapeutically effective amount can also mean preventing the disease from
occurring in an animal that may be predisposed to the disease but does not yet
experience or exhibit symptoms of the disease (prophylactic treatment). Further,
therapeutically effective amount can be that amount that increases the life expectancy
of a patient afflicted with a terminal disorder. Typical therapeutically effective doses
for bendamustine for the treatment of non-Hodgkin’s lymphoma can be from about 60-
120 mg/m? given as a single dose on two consecutive days. The cycle can be repeated
about every three to four weeks. For the treatment of chronic lymphocytic leukemia
(CLL) bendamustine can be given at about 80-100 mg/m” on days 1 and 2. The cycle
can be repeated after about 4 weeks. For the treatment of Hodgkin’s disease (stages 1I-
1V), bendamustine can be given in the “DBVBe regimen” with daunorubicin 25 mg/m’
on days 1 and 15, bleomycin 10 mg/m* on days 1 and 15, vincristine 1.4 mg/m” on
days 1 and 15, and bendamustine 50 r_ng/m2 on days 1-5 with repetition of the cycle
about every 4 weeks. For breast cancer, bendamustine (120 mg/mz) ondays 1 and 8
can be given in combination with methotrexate 40 mg/m” on days 1 and 8, and 5-
fluorouracil 600 mg/m? on days 1 and 8 with repetition of the cycle about every 4

weeks. As a second-line of therapy for breast cancer, bendamustine can be given at
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about 100-150 mg/m® on days 1 and 2 with repetition of the cycle about every 4
weeks.

As used herein "neoplastic" refers to a neoplasm, which is an abnormal growth,
such growth occurring because of a proliferation of cells not subject to the usual
limitations of growth. As used herein, "anti-neoplastic agent" is any compound,
composition, admixture, co-mixture, or blend which inhibits, eliminates, retards, or
reverses the neoplastic phenotype of a cell.

As used herein "hyperproliferation” is the overproduction of cells in response
to a particular growth factor. "Hyperproliferative disorders" are diseases in which the
cells overproduce in response to a particular growth factor. Examples of such
"hyperproliferative disorders" include diabetic retinopathy, psoriasis, endometriosis,
cancer, macular degenerative disorders and benign growth disorders such as prostate
enlargement.

As used herein, the term “vial” refers to any walled container, whether rigid or
flexible. -

"Controlling" as used herein meané putting process controls in place to
facilitate achievement of the thing being controlled. For example, in a given case,
"controlling” can mean testing samples of each lot or a number of lots regularly or
randomly; setting the concentration of degradants as a release specification; selecting
process conditions, e.g., use of alcohols and/or other organic solvents in the pre-
lyophilization solution or dispersion, so as to assure that the concentration of ,
degradants of the active ingredient is not unacceptably high; etc. Controlling for
degradants by setting release specifications for the amount of degradants can be used
to facilitate regulatory approval of a pharmaceutical product by a regulatory agency,
such as the U.S. Food and Drug Administration and similar agencies in other countries
or regions ("agency").

The term "pharmaceutically acceptable” as used herein means that the thing
that is pharmaceutically acceptable, e.g., components, including containers, of a
pharmaceutical composition, does not cause unacceptable loss of pharmacological
activity or unacceptable adverse side effects. Examples of pharmaceutically
acceptable components are provided in The United States Pharmacopeia (USP), The
National Formulary (NF), adopted at the United States Pharmacopeial Convention,
held in Rockville, Md. in 1990 and FDA Inactive Ingredient Guide 1990, 1996 issued

0
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by the U.S. Food and Drug Administration (both are hereby incorporated by reference
herein, including any drawings). Other grades of solutions or components that meet
necessary limits and/or specifications that are outside of the USP/NF may also be used.

The term “pharmaceutical composition” as used herein shall mean a
composition that is made under conditions such that it is suitable for administration to
humans, e.g., it is made under GMP conditions and contains pharmaceutically
acceptable excipients, e.g., without limitation, stabilizers, bulking agents, buffers,
carriers, diluents, vehicles, solubilizers, and binders. As used herein pharmaceutical
composition includes but is not limited to a pre-lyophilization solution or dispersion as
well as a liquid form ready for injection or infusion after reconstitution of a lyophilized
preparation.

A “pharmaceutical dosage form” as used herein means the pharmaceutical
compositions disclosed herein being in a container and in an amount suitable for
reconstitution and administration of one or more doses, typically about 1-2, 1-3, 1-4, 1-
5,1-6, 1-10, or about 1-20 doses. Preferably, a “pharmaceutical dosage form” as used
herein means a lyophilized pharmaceutical composition disclosed herein in a container
and in an amount suitable for reconstitution and delivery of one or more doses,
typically about 1-2, 1-3, 1-4, 1-5, 1-6, 1-10, or about 1-20 doses. The pharmaceutical
dosage form can comprise a vial or syringe or other suitable pharmaceutically
acceptable container. The pharmaceutical dosage form suitable for injection or
infusion use can include sterile aqueous solutions or dispersions or- sterile powders
comprising an active ingredient which are adapted for the extemporarieous preparation
of sterile injectable or infusible solutions or dispersions. In all cases, the ultimate
dosage form should be sterile, fluid and stable under the conditions of manufacture and
storage. The liquid carrier or vehicle can be a solvent or liquid dispersion medium
comprising, for example, water, ethanol, a polyol such as glycerol, propylene glycol,
or liquid polyethylene glycols and the like, vegetable oils, nontoxic glyceryl esters, and
suitable mixtures thereof. The prevention of the growth of microorganisms can be
accomplished by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like.

As used herein, the term "excipient" means the substances used to formulate
active pharmaceutical ingredients (API) into pharmaceutical formulations; in a

preferred embodiment, an excipient does not lower or interfere with the primary
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therapeutic effect of the API. Preferably, an excipient is therapeutically inert. The
term "excipient” encompasses carriers, diluents, vehicles, solubilizers, stabilizers,
bulking agents, and binders. Excipients can also be those substances present in a
pharmaceutical formulation as an indirect or unintended result of the manufacturing
process. Preferably, excipients are approved for or considered to be safe for human
and animal administration, i.e., GRAS substances (generally regarded as safe). GRAS
substances are listed by the Food and Drug administration in the Code of Federal
Regulations (CFR) at 21 CFR § 182 and 21 CFR § 184, incorporated herein by
reference. Preferred excipients include, but are not limited to, hexitols, including
mannitol and the like.

As used herein “a stabilizing concentration of an organic solvent” or “a
stabilizing concentration of an alcohol” means that amount of an organic solvent or
alcohol that reduces the level of degradation of bendamustine to achieve a specified
level of degradants in the final drug product. For example, with respect to the
degradant HP1, a stabilizing concentration of an organic solvent is that amount which
results in an HP1 concentration (area percent of bendamustine) of less than about
0.5%, preferably less than 0.45 %, preferably less than 0.40 %, more preferably less
than 0.35%, more preferably less than 0.30%, and even more preferably less than
0.25%. With respect to the overall or total degradant concentration of the final drug
product, a stabilizing concentration of an organic solvent is that amount that results in
a total degradant concentration (at the time of drug product release) of less than about
7% (area percent bendamustine), preferably less than about 6%, more preferably less
than about 5%, and even more preferably less than about 4.0%. By "area percent of
bendamustine” is meant the amount of a specified degradant, e.g., HP1, relative to the
amount of bendamustine as determined, e.g., by HPLC.

The term “organic solvent” means an organic material, usually a liquid, capable
of dissolving other substances.

As used herein, “trace amount of an organic solvent” means an amount of
solvent that is equal to or below recommended levels for pharmaceutical products, for
example, as recommended by ICH guidelines (International Conferences on
Harmonization, Impurities-- Guidelines for Residual Solvents. Q3C. Federal Register.

1997,62(247):67377). The lower limit is the lowest amount that can be detected.
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The term “release” or “at release” means the drug product has met the release
specifications and can be used for its intended pharmaceutical purpose.

A. General

The invention provides stable, pharmaceutically acceptable compositions
prepared from bendamustine. In particular, the invention provides formulations for the
Iyophilization of bendamustine HC1. The lyophilized powder obtained from such
formulations is more easily reconstituted than the presently available lyophilized
powder of bendamustine. Further, the lyophilized products of the present invention
have a better impurity profile than Ribomustin® with respect to certain impurities, in
particular HP1, bendamustine dimer, and bendamustine ethylester, prior to
reconstitution, upon storage of the lyophilate, or following reconstitution and
admixture.

The present invention further provides formulations of bendamustine useful for
treating neoplastic diseases. The formulations described herein can be administered
alone or in combination with at least one additional anti-neoplastic agent and/or
radioactive therapy.

An aspect of the invention is conditions and means for enhancing the stability
of bendamustine prior to and during the lyophilization process, upon shelf storage or
upon reconstitution.

Anti-neoplastic agents which may be utilized in combination with the
formulations of the invention include those provided in the Merck Index 11, pp 16-17,
Merck & Co., Inc. (1989) and The Chemotherapy Source Book (1997). Both books
are widely recognized and readily available to the skilled artisan.

There are large numbers of antineoplastic agents available in commercial use,
in clinical evaluation and in pre-clinical development, which could be selected for
treatment of neoplasia by combination drug chemotherapy. Such antineoplastic agents
fall into several major categories, namely, antibiotic-type agents, covalent DNA-
binding drugs, antimetabolite agents, hormonal agents, including glucocorticoids such
as prednisone and dexamethasone, immunological agents, interferon-type agents,
differentiating agents such as the retinoids, pro-apoptotic agents, and a category of
miscellaneous agents, including compounds such as antisense, small interfering RNA,
and the like. Alternatively, other anti-neoplastic agents, such as metallomatrix

proteases (MMP) inhibitors, SOD mimics or alpha, beta; inhibitors may be used.
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One family of antineoplastic agents which may be used in combination with
the compounds of the inventions consists of antimetabolite-type antineoplastic agents.
Suitable antimetabolite antineoplastic agents may be selected from the group
consisting of alanosine, AG2037 (Pfizer), 5-FU-fibrinogen, acanthifolic acid,
aminothiadiazole, brequinar sodium, carmofur, Ciba-Geigy CGP-30694, cyclopentyl
cytosine, cytarabine phosphate stearate, cytarabine conjugates, Lilly DATHF, Merrel
Dow DDFC, dezaguanine, dideoxycytidine, dideoxyguanosine, didox, Yoshitomi
DMDC, doxifluridine, Wellcome EHNA, Merck & Co. EX-015, fazarabine,
floxuridine, fludarabine phosphate, 5-fluorouracil, N-(2’-furanidyl)-5-fluorouracil,
Daiichi Seiyaku FO-152, isopropyl pyrrolizine, Lilly LY-188011, Lilly LY-264618,
methobenzaprim, methotrexate, Wellcome MZPES, norspermidine, NCI NSC-127716,
NCINSC-264880, NCI NSC-39661, NCINSC-612567, Warner-Lambert PALA,
pentostatin, piritrexim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788,
thioguanine, tiazofurin, Erbamont TIF, trimetrexate, tyrosine kinase inhibitors,
tyrosine protein kinase inhibitors, Taiho UFT and uricytin.

A second family of antineoplastic agents which may be used in combination
with the compounds of the invention consists of covalent DNA-binding agents .
Suitable alkylating-type antineoplastic agents may be selected from the group
consisting of Shionogi 254-S, aldo-phosphamide analogues, altretamine, anaxirone,
Boehringer Mannheim BBR-2207, bestrabucil, budotitane, Wakunaga CA-102,
carboplatin, carmustine, Chinoin-139, Chinoin-153, chlorambucil, cisplatin,
cyclophosphamide, American Cyanamid CL-286558, Sanofi CY-233, cyplatate,
Degussa D-19-384, Sumimoto DACHP(Myr)2, diphenylspiromustine, diplatinum
cytostatic, Erba distamycin derivatives, Chugai DWA-2114R, ITI E09, elmustine,
Erbamont FCE-24517, estramustine phosphate sodium, fotemustine, Unimed G-6-M,
Chinoin GYKI-17230, hepsul—fam; ifosfamide, iproplatin, lomustine, mafosfamide,
melphalan, mitolactol, Nippon Kayaku NK-121, NCINSC-264395, NCI NSC-342215,
oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-119, ranimustine, semustine,
SmithKline SK&F-101772, Yakuilt Honsha SN-22, spiromustine, Tanabe Seiyaku TA-
. 077, tauromustine, temozolomide, teroxirone, tetraplatin and trimelamol. '

Another family of antineoplastic agents which may be used in combination
with the compounds disclosed herein consists of antibiotic-type antineoplastic agents.

Suitable antibiotic-type antineoplastic agents may be selected from the group
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consisting of Taiho 4181-A, aclarubicin, actinomycin D, actinoplanone, alanosine,
Erbamont ADR-456, acroplysinin derivative, Ajinomoto AN-201-II, Ajinomoto AN-3,
Nippon Soda anisomycins, anthracycline, azino-mycin-A, bisucaberin, Bristol-Myers
BL-6859, Bristol-Myers BMY-25067, Bristol-Myers BMY-25551, Bristol-Myers
BMY-26605, Bristol-Myers BMY-27557, Bristol-Myers BMY-28438, bleomycin
sulfate, bryostatin-1, Taiho C-1027, calichemycin, chromoximycin, dactinomycin,
daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko DC-79, Kyowa Hakko DC-88A,
Kyowa Hakko DC89-Al, Kyowa Hakko DC92-B, ditrisarubicin B, Shionogi DOB-41,
doxorubicin, doxorubicin-fibrinogen, elsamicin-A, epirubicin, erbstatin, esorubicin,
esperamicin-Al, esperamicin-Alb, Erbamont FCE-21954, Fujisawa FK-973, fostriecin,
Fujisawa FR-900482, glidobactin, gregatin-A, grincamycin, herbimycin, idarubicin,
illudins, kazusamycih, kesarirhodins, Kyowa Hakko KM-5539, Kirin Brewery KRN-
8602, Kyowa Hakko KT-5432, Kyowa Hakko KT-5594, Kyowa Hakko KT-6149,
American Cyanamid LL-D49194, Meiji Seika ME 2303, menogaril, mifomycin,
mitoxantrone, SmithKline M-TAG, neoenactin, Nippon Kayaku NK-313, Nippon
Kayaku NKT-01, SRI International NSC-357704, oxalysine, oxaunomycin,
peplomycin, pilatin, pirarubicin, porothramycin, pyrindamycin A, Tobishi RA-I,
rapamycin, thizoxin, rodorubicin, sibanomicin, siwenmycin, Sumitomo SM-5887,
Snow Brand SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS
Pharmaceutical SS-21020, SS Pharmaceutical SS-7313B, SS Pharmaceutical SS-
98168, steffimycin B, Taiho 4181-2, talisomycin, Takeda TAN-868A, terpentecin,
thrazine, tricrozarin A, Upjohn U-73975, Kyowa Hakko UCN-10028A, Fujisawa WE-
3405, Yoshitomi Y-25024 and zorubicin.

A fourth family of antineoplastic agents which may be used in combination
with the compounds of the invention include a miscellaneous family of antineoplastic
agents selected from the group consisting of alpha-carotene, alpha-difluoromethyl-
arginine, acitretin, arsenic trioxide, Avastin® (bevacizumab), Biotec AD-5, Kyorin
AHC-52, alstonine, amonafide, amphethinile, amsacrine, Angiostat, ankinomycin,
anti-neoplaston A10, antineoplaston A2, antineoplaston A3, antineoplaston A5,
antineoplaston AS2-1, Henkel APD, aphidicolin glycinate, asparaginase, Avarol,
baccharin, batracylin, benfluron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,
Bristo-Myers BMY-40481, Vestar boron-10, bromofosfamide, Wellcome BW-502,
Wellcome BW-773, caracemide, carmethizole hydrochloride, Ajinomoto CDAF,
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chlorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-Lambert CI-
921, Warner-Lambert CI-937, Warner-Lambert CI-941, Warner-Lambert CI-958,
clanfenur, claviridenone, ICN compound 1259, ICN compound 4711, Contracan,
Yakult Honsha CPT-11, crisnatol, curaderm, cytochalasin B, cytarabine, cytocytin,
Merz D-609, DABIS maleate, dacarbazine, datelliptinium, didemnin- B,
dihaematoporphyrin ether, dihydrolenperone, dinaline, distamycin, Toyo Pharmar
DM-341, Toyo Pharmar DM-75, Daiichi Seiyaku DN-9693, elliprabin, elliptinium
“acetate, epothionesTsumura EPMTC, erbitux, ergotamine, erlotnib, etoposide,
etretinate, fenretinide, Fujisawa FR-57704, gallium nitrate, genkwadaphnin; Gleevec®
(imatnib), Chugai GLA-43, Glaxo GR-63178, gefitinib, grifolan NMF-5N,
hexadecylphosphocholine, Green Cross HO-221, homoharringtonine, hydroxyurea,
BTG ICRF-187, indanocine, ilmofosine, isoglutamine, isotretinoin, Otsuka J1-36,
Ramot X-477, Otsuak K-76COONa, Kureha Chemical K-AM, MECT Corp KI-8110,
American Cyanamid L-623, leukoregulin, lonidamine, Lundbeck LU-23-112, Lilly
LY-186641, NCI (US) MAP, marycin, mefloquine, Merrel Dow MDL-27048, Medco
MEDR-340, merbarone, merocyanine derivatives, methylanilinoacridine, Molecular
Genetics MGI-136, minactivin, mitonafide, mitoquidone, mopidamol, motretinide,
Zenyaku Kogyo MST-16, N-(retinoyl)amino acids, Nisshin Flour Milling N-021, N-
acylated-dehydroalanines, nafazatrom, Taisho NCU-190, nocodazole derivative,
Normosang, NCI NSC-145813, NCINSC-361456, NCI NSC-604782, NCINSC-
95580, octreotide, Ono ONO-112, oquizanocine, Akzo Org-10172, paclitaxel,
pancratistatin, pazelliptine, Warner-Lambert PD-11 1707, Warner-Lambert PD-
115934, Warner-Lambert PD-131141, Pierre Fabre PE-1001, ICRT peptide D,
piroxantrone, polyhaematoporphyrin, polypreic acid, Efamol porphyrin, probimane,
procarbazine, proglumide, Invitron protease nexin I, Tobishi RA-700, razoxane,
Sapporo Breweries RBS, restrictin-P, retelliptine, retinoic acid, Rhone-Poulenc RP-
49532, Rhone-Poulenc RP-56976, Rituxan® (and other anti CD20 antibodies, e.g.
Bexxar®, Zevalin®), SmithKline SK&F-104864, statins (Lipitor® etc.), Sumitomo
SM-108, Kuraray SMANCS, SeaPharm SP-10094, spatol, spirocyclopropane
derivatives, spirogermanium, Unimed, SS Pharmaccutical SS-554, strypoldinone,
Stypoldione, Suntory SUN 0237, Suntory SUN 2071, superoxide dismutase,
Thalidomide, Thalidomide analogs, Toyama T-506, Toyama T-680, taxol, Teijin TEI-
0303, teniposide, thaliblastine, Eastman Kodak TJB-29, tocotrienol, Topostin, Teijin
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TT-82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Xodak
USB-006, vinblastine sulfate, vincristine, vindesine, vinestramide, vinorelbine,
vintriptol, vinzolidine, withanolides and Yamanouchi YM-534, Zometa®.

Examples of radioprotective agents which may be used in the combination
chemotherapy of this invention are AD-5, adchnon, amifostine analogues, detox,
dimesna, 1-102, MM-159, N-acylated-dehydroalanines, TGF-Genentech, tiprotimod,
amifostine, WR-151327, FUT-187, ketoprofen transdermal, nabumetone, superoxide
dismutase (Chiron and Enzon).

Methods for preparation of the antineoplastic agents described above may be
found in the literature. Methods for preparation of doxorubicin, for example, are
described in U.S. Pat. Nos. 3,590,028 and 4,012,448. Methods for preparing
metallomatrix protease inhibitors are described in EP 7803 86. Methods for preparing
.alpha, .betas inhibitors are described in WO 97/08174.

Preferred anti-neoplastic agents include, without limitation, one or more of
daunorubicin, bleomycin, vincristine, doxorubicin, dacarbazine, prednisolone,
mitoxantrone, prednisone, methotrexate, 5-flurouracil, dexamethasone, thalidomide,
thalidomide derivatives, 2ME2, Neovastat, R 11 5777, arsenic trioxide, bortezomib,
tamoxifen, G3139 (antisense), and SU5416, mitomycin, anti-CD20 antibodies, such as
Rituxan® and R-etodolac.

Preferred drug regimens for which the present formulation may be used in
conjunction with or as a replacement for one or more of the components includes,
without limitation, ABVD (doxorubicin, bleomycin, vincristine, dacarbazine), DBV
(daunorubicin, belomycin, vincristine), CVPP (cyclophosphamide, vinblastine,
procarbazine, prednisolone), COP (cyclophosphamide, vincristine, prednisolone),
CHOP (cyclophosphamide, doxorubicin,

vincristine and prednisone) and CMF (cyclophosphamide, methotrexate, 5-

fluorouracil). Additional regimens are given in Table A below.

Table A- Cancer Therapeutic Regimens

| Abbreviation | —H Dr;lgs Used H ] Disease
Doxorubicin &

1AC Cyclophosphamide Breast cancer
,CFM (CF, FNC) ﬂCycIOphosphamide, 4“Breast cancer
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Flllbréﬁfz;éil; Mitéﬁiantrdne [
Cyclophosphamide,

CMF Methotrexate, Fluorouracil |[Breast cancer
Mitoxantrone, Fluorouracil,

NFL Leucovorin Breast cancer

]Sequential Dox-CMF WIDoxorubicin J@reast cancer
'Vinblastine, Doxorubicin,

VATH Thiotepa, Fluoxymesterone |[Breast cancer
Etoposide, Mitoxantrone,

EMA-86 Ctyarabine AML (induction)
Cytarabine WITH
Daunorubicin OR

7+3 Idarobicin OR AML (induction)
Mitoxantrone
Cytarabine WITH
Daunorubicin OR . .

+
542 Mitoxantrone AML (induction)
HiDAC Cytarabine AML (post—
‘ remission)

Doxorubicin, Bleomycin,

ABVD Vinblastine, Dacarbazine |[Hodgkin's

] Chlorambucil, Vinblastine,

ChlVPP Procarbazine, Prednisone |[Hodgkin's

Etoposide, Vinblastine,

[EVA Doxorubicin Hodgkin's
Mechlorethamine,

Vincristine, Procarbazine, .,

MOPP . Hodgkin's
Prednisone
Mechlorethamine,

Vincristine, Procarbazine,

MOPP/ABV Hybrid Prednisone, Doxorubicin, {[Hodgkin's

f Bleomycin, Vinblastine

[MOPP/ABVD |Mechlorethamine, |[Hodgkin's
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Doxorubicin, Vinblastine,
Bleomycin, Etoposide,
Prednisone

CNOP

Cyclophosphamide,
Mitoxantrone, Vincristine,
Prednisone

Non-Hodgkin's

COMLA

Cyclophosphamide,
Vincristine, Methotrexate,
Leucovorin, Cytarabine

Non-Hodgkin's

DHAP

Dexamethasone, Cisplatin,
Cytarabine

Non-Hodgkin's

ESHAP

Etoposide,
Methylprednisilone,
Cisplatin, Cytarabine

Non-Hodgkin's

MACOP-B

Methotrexate, Leucovorin,
Doxorubicin,
Cyclophosphamide,
Vincristine, Prednisone,
Bleomycin, Septra,
Ketoconazole

Non-Hodgkin's

m-BACOD

Methotrexate, Leucovorin,
Bleomycin, Doxorubicin,
Cyclophosphamide,
Vincristine,
Dexamethasone

Non-Hodgkin's

IMINE-ESHAP

Mesna, Ifosfamide,
Mitoxantrone, Etoposide

Non-Hodgkin’s

INOVP

Mitoxantrone, Vinblastine,
Prednisone, Vincristine

Non-Hodgkin's

[ProMACE/cytaBOM

|LPrednisone, Doxorubicin, ”Non~Hodgkin's
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Cyclophosphamide,
Etoposide, Cytarabine,
Bleomycin, Vincristine,
Methotrexate, Leucovorin,
Septra

Vincristine, Carmustine,
Cyclophosphamide,
M2 . Melphalan, Prednisone Multiple Myeloma

Melphalan, Prednisone
MP , Multiple Myeloma

Vincristine, Doxorubicin,

AD Dexamethasone Multiple Myeloma

Vincristine, Carmustine,
Melphalan,
Cyclophosphamide,

|VBMCP Prednisone

Multiple Myeloma

As described herein, a lyophilized formulation of bendamustine is achieved
following removal of an organic solvent in water. The most typical example of the
solvent used to prepare this formulation is tertiary butanol (TBA). Other organic
solvents can be used including ethanol, n-propanol, n-butanol, isoproponal, ethyl
acetate, dimethyl carbonate, acetonitrile, dichloromethane, methyl ethyl ketone, methyl
isobutyl ketone, acetone, 1-pentanol, methyl acetate, methanol, carbon tetrachloride,
dimethyl sulfoxide, hexafluoroacetone, chlorobutanol, dimethyl sulfone, acetic acid,
cyclohexane. These preceding solvents may be used individually or in combination.
Useful solvents must form stable solutions with bendamustine and must not
appreciably degrade or deactivate the API. The solubility of bendamustine in the
selected solvent must be high enough to form corﬁmercia]ly useful concentrations of
the drug in solvent. Additionally, the solvent should be capable of being removed
easily from an aqueous dispersion or solution of the drug product, e.g., through
lyophilization or vacuum drying. Preferably, a solution having a concentration of

0]
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about 2-80 mg/mL, preferably about 5 to 40 mg/mL, more preferably 5-20 mg/mL and
even more preferably 12 to 17 mg/mL bendamustine is used.

A pharmaceutically acceptable lyophilization excipient can be dissolved in the
aqueous phase. BExamples of excipients useful for the present invention include,
without limitation, sodium or potassium phosphate, citric acid, tartaric acid, gelatin,
glyéine, and carbohydrates such as lactose, sucrose, maltose, glycerin, dextrose,
dextran, trehalose and hetastarch. Mannitol is a preferred excipient. Other excipients
that may be used if desired include antioxidants, such as, without limitation, ascorbic
acid, acetylcysteine, cysteine, sodium hydrogen sulfite, butyl-hydroxyanisole, butyl-
hydroxytoluene or alpha-tocopherol acetate, or chelators.

A typical formulation and lyophilization cycle useful in accordance Witﬁ the
present invention is provided below. Lyophilization can be carried out using standard
equipment as used for lyophilization or vacuum drying. The cycle may be varied
depending upon the equipment and facilities used for the fill/finish.

In accordance with a typical embodiment of the present invention, an aqueous
pre-lyophilization solution or dispersion is first formulated in a pharmaceutically
acceptable compounding vessel. The solution is aseptically filtered into a sterile
container, filled into an appropriate sized vial, partially stoppered and loaded into the
lyophilizer. Using lyophilization techniques described herein the solution is
lyophilized until a moisture content in the range of about 0.1 to about 8.0 percent is
achieved. The resulting lyophilization powder is stable as a lyophilized powder for
about six months to greater than about 2 years, preferably greater than about 3 years at
about 5°C to about 25° C and can be readily reconstituted with Sterile Water for
Injection, or other suitable carrier, to provide liquid formulations of bendamustine,
suitable for internal administration e.g., by parenteral injection. For intravenous
administration, the reconstituted liquid formulation, i.e., the pharmaceutical
composition, is preferably a solution.

The pre-lyophilization solution or dispersion normally is first formulated in a
pharmaceutically acceptable container by: 1) adding an excipient, such as mannitol
(about 0 to about 50 mg/ml.) with mixing to water (about 65% of the total volume) at
ambient temperature, 2) adding an organic solvent (0.5- 99.9% v/v), such as TBA to
the aqueous solution with mixing at about 20°-35°C, 4) adding bendamustine HCl to

the desired concentration with mixing, 5) adding water to achieve the final volume,
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and 6) cooling the solution to about 1°C to about 30°C, preferably about 5°C.
Although the preceding steps are shown 1n a certain order, it is understood that one
skilled in the art can change the order of the steps and quantities as needed. Quantities
can be prepared on a weight basis also.

The pre-lyophilization solution or dispersion can be sterilized prior to
lyophilization, sterilization is generally performed by aseptic filtration, e.g., through a
0.22 micron or less filter. Multiple sterilization filters can be used. Sterilization of the
solution or dispersion can be achieved by other methods known in the art, e.g.,
radiation.

In this case, after sterilization, the solution or dispersion is ready for
lyophilization. Generally, the filtered solution will be introduced into a sterile
receiving vessel, and then transferred to any suitable container or containers in which
the formulation may be effectively lyophilized. Usually the formulation is effectively
and efficiently lyophilized in the containers in which the product is to be marketed,
such as, without limitation, a vial, as described herein and as known in the art.

A typical procedure for use in lyophilizing the pre-lyophilization solutions or
dispersions is set forth below. However, a person skilled in the art would understand
that modifications to the procedure or process may be made depending on such things
as, but not limited to, the pre-lyophilization solution or dispersion and lyophilization
equipment.

Initially, the product is placed in a lyophilization chamber under a range of
temperatures and then subjected to temperatures well below the product's freezing
point, generally for several hours. Preferably, the temperature will be at or below
about -40°C for at least 2 hours. After freezing is complete, the chamber and the
condenser are evacuated through vacuum pumps, the condenser surface having been
previously chilled by circulating refrigerant. Preferably, the condenser will have been
chilled below the freezing point of the solution preferably to about -40°, more
preferably to about -50°C or lower, even more preferably to about -60°C or lower.
Additionally, evacuation of the chamber should continue until a pressure of about 10
to about 600 microns, preferably about 50 to about 150 microns is obtained.

The product composition is then warmed under vacuum in the chamber and
condenser. This usually will be carried out by warming the shelves within the

lyophilizer on which the product rests during the lyophilization process at a pressure
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ranging from about 10 to about 600 microns. The warming process will optimally take
place very gradually, over the course of several hours. For exafnple, the product
temperature should initially be increased from about -30°C to about -10°C and
maintained for about 10-70 hours. Additionally, the product temperature can be
increased from the freezing temperature to about 25°C-40°C over a period of 30-192
hours. To prevent powder ejection of the lyophilate from vials, complete removal of
the organic solvent and water should be done during the initial drying phase.

Complete drying can be confirmed by stabilization of vacuum, condenser temperature
and product shelf temperature. After the initial drying, the product temperature should
be increased to about 25°C-40°C and maintained for about 5-40 houss.

Once the dryihg cycle is completed, the pressure in the chamber can be slowly
released to atmospheric pressure (or slightly below) with sterile, dry-nitrogen gas (or
equivalent gas). If the product composition has been lyophilized in containers such as
vials, the vials can be stoppered, removed and sealed. Several representative samples
can be removed for purposes of performing various physical, chemical, and
microbiological tests to analyze the quality of the product.

The lyophilized bendamustine formulation is typically marketed in
pharmaceutical dosage form. The pharmaceutical dosage form of the present
invention, although typically in the form of a vial, may be any suitable container, such
as ampoules, syringes, co-vials, which are capable of maintaining a sterile
environment. Such containers can be glass or plastic, provided that the material does
not interact with the bendamustine formulation. The closure is typically a stopper,
most typically a sterile rubber stopper, preferably a bromobutyl rubber stopper, which
affords a hermetic seal.

After lyophilization, the bendamustine lyophilization powder may be filled into
containers, such as vials, or alternatively the pre-lyophilization solution can be filled
into such vials and lyophilized therein, resulting in vials which directly contain the
Iyophilized bendamustine formulatibn. Such vials are, after filling or Iyophilization of
the solution therein, sealed, as with a stopper, to provide a sealed, sterile,
pharmaceutical dosage form. Typically, a vial will contain a lyophilized powder
including about 10-500 mg/vial, preferably about 100 mg/vial, bendamustine and
about Smg-2g/vial, preferably about 170 mg/vial, mannitol.
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The lyophilized formulations of the present invention may be reconstituted
with water, preferably Sterile Water for Injection, or other sterile fluid such as co-
solvents, to provide an appropriate solution of bendamustine for administration, as
through parenteral injection following further dilution into an appropriate intravenous
admixture container, for example, normal saline.

B. Solubility

The solubility of bendamustine HCI (bendamustine) in water (alone) and with
varying amounts of alcohols commonly used in lyophilization, e.g., methanol, ethanol,
propanol, isopropanol, butanol and tertiary-butyl alcohol (TBA) was determined by
visual inspection. Amounts of bendamustine at 15 mg/mL, combined with mannitol at
25.5 mg/mL were prepared in 10 mL of the indicated alcohol solutions at room
temperature (see Table 1). Samples were then refrigerated at 5°C and inspected after
0, 3, 6 and 24 hours for particulates and/or precipitates.

The results shown in Table 1 indicate that bendamustine solubility is dependant
on temperature and the amount of alcohol in aqueous solutions. For the alcohols
tested, the solubility of bendamustine increased as the concentration of alcohol
increased. The formation of a precipitant was also dependent on the temperature and
time. Bendamustine did not precipitate immediately with any alcohol, but crystallized
after storage at 5°C. Alcohols varied in their effect on solubility. Without wishing to
be bound to any particular theory, smaller alcohols such as methanol and ethanol have
less of an effect on solubility as compared with larger alcohols (tertiary-butanol and n-
butanol). However, the shape of the alcohol is also important. For example n-
propanol was found to be better than iso-propanol in preventing precipitation in this
system. The two alcohols with the greatest effect on solubility were n-propanol and

tertiary-butanol.

Table 1. Bendamustine solubility over a 24 hour period in various alcohols when stored at
5°C.

Zero Time 3 Hours 6 Hours 24 Hours
Methanol (v/v) )
0% (Water Only) CCS CCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCS CCSs Precipitate
20% CCS CCs CCS Precipitate
30% CCs CCS CCS CCS
Ethanol (v/v)
1.9% CCS CCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCs CCS CCs Precipitate
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20% CCS CCs CCS CCS

30% CCs CCS CCS CC8
n-Propanol (v/v/)

5% CCS CCS CCS Precipitate
10% CCS CCS CCS CCs

20% CCs CCs CCs CcCs

30% CCS CCS CCsS CCS
Iso-propanol (v/v)

5% CCS Precipitate Precipitate Precipitate
10% CCS CCs CCs CCS

20% CCS CCs CCs CCS

30% CCS CCS CCs CCS
n-Butanol (v/v)

5% CCS ccs CCs CCS

10% CCS CCS CCs CCS

20% 2 layers 2 layers 2 layers 2 layers
30% 2 layers 2 layers 2 layers 2 layers
Tert-Butanol (v/v) -

5% CCS CCS CCS Precipitate
10% CCS CCS CCS Precipitate
20% CCS CCS CCS CCS

30% CCS CCS CCS CCS

CCS stands for clear colorless solution

Experiments to quantitatively determine the solubility of bendamustine at
various temperatures for three different solutions are summarized in Figure 1 and
Table 2. The amount of TBA, 20% (v/v) and 30% (v/v), used in the experiment was
based on stability studies (results described below). For both solutions tested, the
solubility of bendamustine decreased linearly with temperatures from 25°C to 0°C.
This experiment confirmed the data shown in Table 1 and highlights the difference in
bendamustine solubility for 20% and 30% TBA solutions.

Table 2. Solubility of bendamustine in TBA
-8°C 6°C 5°C 25°C

20% (v/v) TBA
25.5 mg/mL mannitol 14 mg/mL 11 mg/mL | 17 mg/mL 47 mg/mL
Water, q.s. to desired
volume

30% (v/v) TBA
25.5 mg/mL mannitol 20 mg/mL 18 mg/mL | 27 mg/mL 65 mg/mL
Water, q.s. to desired
volume

C. Stability
Because of its instability in aqueous solutions due to hydrolysis with water,
bendamustine requires lyophilization in order to make a product suitable for
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pharmaceutical use. However, during the manufacturing of lyophilized drug products,
aqueous solutions are commonly needed for filling, prior to lyophilization. Thus, the
use of aqueous solutions during the compounding and fill processes for bendamustine
and other nitrogen mustards can result in degradation of the drug product.
Consequently, the effect of various alcohols on the degradation of bendamustine was
evaluated to determine if formulations could be found that would allow longer fill-
finish times, provide lyophilate powders that could be reconstituted more quickly than
the current Ribomustin® formulation, and/or provide lyophilized preparations of
bendamustine with a better impurity profile with respect to certain impurities, e.g.,
HP1, and BM1 dimer than Ribomustin®,

Preferably, a lyophilized preparation of the invention is stable with respect to
HP1, i.e., the amount of HP1 does not increase appreciably (does not exceed the shelf-
life specifications), for 6 months, more preferably 12 months, and even more
preferably greater than 24 months, e.g., 36 months, when stored at about 2°C to about
30°C, preferably 5°C.

Table 3 shows the stability results of bendamustine in water with no addition of
alcohol over a 24 hour period at 5°C. Bendamustine degrades rapidly in water alone

and forms predominantly the hydrolysis product, HP1 (monohydroxy bendamustine).

Ho/\N N .
CIJ/ \(:[N?—\_}OH

Monohydroxy bendamustine (HP1)

Formula I1

_ Table 3. Stability of bendamustine in water

Hold Time Purity (%Area) HP1 (%) Dimer (%)
0% Alcohol, i.e., | 0 hours 99.11 - 0.60 0.11
Water Alone 3 hours 98.83 0.86 0.13
. 6 hours 98.44 1.22 0.17
24 hours 95.67 3.81 0.29

The other major degradant observed during this study and other long term

stability studies was the dimer of bendamustine.
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HO
HO/\ /m N>10>—
Ho N N 0 J/ \@[ ) OH
@Nwo N
\

Bendamustine Dimer (BM1 Dimer)

Formula III

Other degradants contained in the Ribomustin Iyophilized product are
bendamustine ethylester (BM1EE) (Formula IV) and BM1DCE (Formula V). BM1EE

is formed when bendamustine reacts with ethyl alcohol.

Ci

H COOCH,CH,
Cl/\/N\©:N\>_/_/

Bendamustine ethylester (BM1EE)

—Z

Formula IV
H
N N o)
J L e
N
ClI \
BM1DCE
Formula V

Figure 2 summarizes the purity results of an HPLC analysis after incubating
bendamustine in various alcohols for 24 hours at 5°C. Results are presented as the
area percent of the total peak area. The numerical values for Figure 2 are provided in
Tables 3-9. The purity was highest in solutions containing higher concentration of
alcohols, regardless of the alcohol. Of the alcohols evaluated, bendamustine degraded
the least in a solution containing about 30% (v/v) TBA. In about 10% and about 20 %
alcohol solutions, n-butanol was superior in preventing degradation of bendamustine.
At 20% and 30% (v/v), n-butanol in water resulted in a biphasic system due to the

insolubility of n-butanol in water at these concentrations.
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Figures 3 and 4 show the amount of degradation of bendamustine as measured
by HP1 and dimer formation quantified by HPLC (as described herein). HP1 and
dimer formation increased as the amount of alcohol concentration decreased regardless
of the alcohol. This increase in impurities occurred with an anticipated time
dependence (see Tables 3-9). Tert-butanol and n-butanol appeared superior to other
alcohols in preventing degradation of the product. As seen in Table 10, mannitol had
no effect on the stabilization of bendamustine with TBA.

Table 4. HPLC stability results for the stability of bendamustine in various ethyl alcohol
concentrations over a 24 hour period. HP1 and Dimer were impurities that increased in
this study.

V/V alcohol Hold Time | Purity (%Area) HP1 (%) Dimer (%)
1.9% Ethanol 0 hours 99.11 0.64 0.12
3 hours 98.83 0.90 0.14
6 hours 98.60 1.12 0.15
24 hours 96.16 3.41 0.27
5% Ethanol 0 hours 99.31 0.44 0.12
3 hours 99.10 0.64 0.13
6 hours 98.87 0.86 0.14
24 hours 96.89 2.63 0.25
10% Ethanol 0 hours 99.44 0.33 0.11
3 hours 99.28 0.48 0.12
6 hours 99.10 0.65 0.12
24 hours 98.03 1.57 0.18
20% Ethanol 0 hours 99.54 0.22 0.10
3 hours 99.45 0.30 0.11
6 hours 99.36 0.39 0.11
24 hours 98.61 0.96 0.15
30% Ethanol . 0 hours 99.62 0.15 0.10
3 hours 99.56 - 0.21 0.11
6 hours 99.52 0.24 0.12
24 hours 99.21 045 0.12

Table 5. HPLC stability results for bendamustine in various Tert-butanol concentrations
over a 24 hour period. HP1 and Dimer were impurities that increased in this study.

Concentration | Hold Time Purity (Y%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Tert-butanol | 0 hours 99.34 0.41 0.12
3 hours 99.10 0.64 0.14
6 hours : 98.85 0.88 : 0.13
24 hours 97.58 2.09 0.20
10% Tert- 0 hours 99.46 0.30 0.11
butanol 3 hours 99.26 0.48 0.12
6 hours 99.05 0.69 0.13
24 hours 98.04 1.64 0.19
20% Tert- 0 hours 99.59 0.17 0.11
butanol 3 hours 99.48 0.29 0.11
6 hours 99.35 0.40 0.12
24 hours 98.35 1.27 0.20
30% Tert- 0 hours 99.63 0.13 0.10
butanol 3 hours 99.60 0.16 0.10
6 hours 99.58 0.18 0.11
24 hours 99.42 0.34 - 0.12
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Table 6. HPLC stability results for various n-propyl alcohol concentrations over a 24 hour
eriod. HP1 and Dimer were impurities that increased in this study.

Concentration { Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% n-Propanol 0 hours 99.25 0.43 0.13
3 hours 99.00 0.66 0.15
6 hours 98.72 0.94 0.16
24 hours 97.24 2.33 0.26
10% n-Propanol | 0 hours 99.34 0.33 0.15
3 hours 99.17 0.48 0.14
6 hours 98.92 0.70 0.16
24 hours 97.67 1.83 0.28
20% n-Propanol | 0 hours 99.45 0.33 0.13
3 hours 99.42 0.26 0.13
6 hours 99.29 0.39 0.14
24 hours 98.60 0.97 0.24
30% n-Propanol | 0 hours 99.53 0.15 0.13
3 hours 99.51 0.15 0.15
6 hours 99.44 0.20 0.11
24 hours 99.27 0.36 0.17

Table 7. HPLC stability results for bendamustine in various iso-propyl alcohol
concentrations over a 24 hour period. HP1 and Dimer were impurities that increased in
this study.

Concentration | Hold Time Purity (YoArea) HP1 (%) Dimer (%)
alcobol (v/v)
5% Iso-propanol | O hours 99.21 0.48 0.13
3 hours 98.65 0.72 0.14
6 hours 98.56 1.02 0.14
24 hours 96.14 3.35 0.26
10% Iso- 0 hours 99.32 - 0.37 0.12
propanol 3 hours 99.11 . 0.55 0.14
6 hours 98.85 0.75 0.16
24 hours 97.68 1.92 0.21
20% Iso- 0 hours 99.49 0.21 0.11
propanol 3 hours 99.39 0.31 0.12
6 hours 99.22 0.42 0.13
24 hours 98.61 1.04 0.17
30% Iso- 0 hours ' 99.56 0.15 0.10
propanol 3 hours 99.47 0.20 0.12
6 hours 99.40 0.24 0.11
24 hours 99:15 0.52 0.14

Table 8. HPLC stability results for bendamustine in various methyl alcohol concentrations
over a 24 hour period. HP1 and Dimer were impurities that increased in this study.

Concentration | Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Methanol 0 hours 99.35 0.40 0.12
3 hours 98.97 0.70 0.14
6 hours 98.66 0.95 0.14
24 hours 96.65 2.83 0.23
10% Methanol 0 hours 99.42 0.34 0.11
3 hours 99.01 0.59 0.12
6 hours 98.86 0.80 0.12
o
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24 hours 97.65 1.85 0.18
20% Methanol 0 hours 99.56 0.22 0.11
3 hours 99.31 0.38 0.11
6 hours 98.99 0.50 0.12
24 hours 98.31 1.15 0.16
30% Methanol 0 hours 99.59 0.18 0.10
3 hours 99.43 0.27 0.11
6 hours 99.25 0.34 0.11
24 hours 98.65 0.76 0.13

Table 9. HPLC stability results for bendamustine in various n-butyl alcohol concentrations
over a 24 hour period. HP1 and Dimer were impurities that increased in this study.

Concentration | Hold Time Purity (%Area) HP1 (%) Dimer (%)
alcohol (v/v) :
5% Butanol 0 hours 99.25 0.49 0.13
3 hours 98.94 0.73 0.14
6 hours 98.76 0.91 0.14
24 hours 97.46 2.20 0.21
10% Butanol 0 hours 99.44 0.30 0.11
3 hours 99.18 0.49 0.12
6 hours 99.03 0.64 0.12
24 hours 98.13 1.55 0.17
20% Butanol® 0 hours ; 99.54 0.23 0.10
3 hours 99.45 0.31 0.11
6 hours 99.30 0.40 0.11
24 hours 98.81 0.91 0.14
30% Butanol® 0 hours 99.55 0.24 0.10
3 hours 99.40 0.29 0.10
6 hours 99.40 0.37 0.11
24 hours 99.00 0.74 0.12

a— Both solutions had 2 layers/phases of liquids in the vial. Solutions were vortexed prior to sample
preparation. : .

The results in Tables 1-9 indicate that the stability of bendamustine HCI with

respect to HP1 and dimer improves with increasing alcohol concentration,

Table 10. HPLC stability results for bendamustine in TBA with and without mannitol
over a 24 hour period.

Sample Purity (YoArea) HP1 (%)
TBA 20% (v/v) with Mannitol

0 hours ' -1 99.59 0.17

24 hours @ 5°C 99.35 1.27
TBA 20% (v/v) without Mannitol

0 hours 100.0 0.00

24 hows @ 5°C . 98.80 1.21

NOTE: The samples analyzed without mannito! were analyzed by HPLC using a normal phase
method while the samples analyzed with mannitol used a reverse phase HPLC method. Slight
variability may be seen in other samples analyzed between the two methods.

D. Lyophilization Cycle Development ‘
Different pre-lyophilization formulations were prepared at various
concentrations of bendamustine, mannitol, and alcohols in water. The cycle
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development was changed and optimized at each step for freezing (fast vs. slow),

primary drying (both temperature and pressure), and secondary drying as described

herein.

Based upon all of the information detailed above on solubility, stability, and

ease of lyophilization, preferred formulations include the following:

Ingredients
Bendamustine
Mannitol
Alcohol
Water, g.5. to

Concentration

about 2-40 mg/mL
about 0-50 mg/mL
about 0.5%-40% (v/v)

desired volume

wherein the alcohol is selected from methanol, n-propanol, or isopropanol

Ingredients
Bendamustine
Mannitol
Alcohol
Water, g.s. to

Concentration
about 5-20 mg/mL
10-30 mg/mL
1-20% (v/v)

desired volume

wherein the alcohol is selected from methanol, n-propanol, or isopropanol

Ingredients
Bendamustine
Mannitol
Alcohol
Water, g.s. to

Ingredients
Bendamustine HCl
Mamnitol

Alcohol

Water, qg.s. to

Ingredients
Bendamustine HCI
Mannitol

Alcohol

Water, g.s. to

Concentration
about 5-20 mg/mL
10-30 mg/mL
5-40% (v/v)

desired volume

Concentration
about 12-17 mg/mL
about 20-30 mg/mL
about 5-15% (v/v)

desired volume

Concentration
about 15 mg/ml
about 25.5 mg/mL
about 10% (v/v)
desired volume
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Ingredients
Bendamustine HCI
Mannitol

Butanol

Water, q.s. to

Ingredients
Bendamustine HC1
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HCl
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HCI
Mannitol

Butanol

Water, q.s. to

Ingredients
Bendamustine HCI
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HC]
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients

Concentration
about 2-40 mg/mL
about 0-50 mg/mL
about 0.5-20% (v/v)

desired volume

Concentration
about 5-20 mg/mL
about 10-30 mg/mL
about 1-10 % (v/v)

destred volume

Concentration
about 12-17 mg/mL
about 20-30 mg/mL
about 1-10% (v/v)

desired volume

Concentration
about 15 mg/mL
about 25.5 mg/mL
about 10% (v/v)

desired volume

Concentration

about 2-50 mg/mL
about 0-50 mg/mL
about 0.5-100 % (v/v)

desired volume

Concentration

about 2-50 mg/mL
about 0-50 mg/mL
about 0.5-99.9 % (v/v)

desired volume

Concentration

(o}
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Bendamustine HCI about 2-50 mg/mL
Mannitol about 0-50 mg/mL
Tertiary butanol about 0.5-99 % (v/v)

Water, q.s. to

Ingredients
Bendamustine HC!

Water, g.s. to

desired volume

Concentration
about 2-50 mg/mL

- Mamnitol about 0-50 mg/mL
Tertiary butanol about 90-99 % (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 5-20 mg/mL
Mannitol about 10-30 mg/mL
Tertiary butanol about 5-80 % (v/v)
Water, q.s. to desired volume
Ingredients Concentration
Bendamustine HCI about 12-17 mg/mL
Mannitol about 20-30 mg/mL
Tertiary butanol about 10-50 % (v/v)

desired volume

Ingredients Concentration
Bendamustine HCI about 12.5-15 mg/mL
Mannitol about 0-30 mg/mL
Ethanol about 20-30 % (v/v)

Water, g.s. to

desired volume

Ingredients Concentration
Bendamustine HC1 about 15 mg/mL
Mannitol about 25.5 mg/mL
Tertiary butanol about 30 % (v/v)

Water, q.s. to

desired volume

XAMPLES
The following Examples are provided to illustrate certain aspects of the present

vention and to aid those of skill in the art in practicing the invention. These
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Examples are in no way to be considered to limit the scope of the invention in any

manmner.

Materials:

Bendamustine HCI, (Degussa, Lot #s 0206005 and 0206007)

Mannitol, NF or equivalent (Mallinckrodt)

Ethyl Alcohol Dehydrated (200 proof), USP or equivalent (Spectrum)
Tertiary-butyl alcohol, ACS (EM Science)

Methanol (Spectrum and EMD)

Propanol (Spectrum)

Iso-propanol (Spectrum)

Butanol (Spectrum)

Water, HPLC grade or equivalent (EMD)

Acetonitrile, HPLC grade or equivalent (EMD)

Trifluoroacetic Acid, J.T. Baker

Methanol, HPLC grade or equivalent (EM Science, Cat # MX0488P-1)
Trifluoroacetic Acid, HPLC grade or equivalent (JT Baker, Cat# JT9470-01)

Equipment:
Waters 2695 Alliance HPLC system with photodiode array detector

Waters 2795 Alliance HPLC system with dual wavelength detector
Analytical Balance (Mettler AG285, ID #1028) and (Mettler XS205)

VirTis Lyophilizer AdVantage

Agilent Zorbax SB-C18 5 pm 80A 4.6 x 250 mm column, Cat# 880975-902

Example 1- HPLC Procedures

Method 1

Mobile Phase A: 0.1% TFA; H,O

Mobile Phase B: 0.1% TFA; 50% ACN:50% H,O

UV: 230nm

Flow rate: 1.0 mL/min

Column temp.: 30°C

Column: Zorbax SB-C18 5 um 80 A 4.6 x 250 mm
Sample temp.: 5°C

Injection Volume: 10 pL
Sample Concentration:0.25 mg/mL in MeOH
Gradient: 20%B for 1 min
20— 90%B in 23 min
90%B for 6 min

o]
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back to 20%B in 1 min
hold at 20%B for 4 min
Run time: 30 min
Post run time: 5 min

Method 2
Mobile Phase A: 0.1% TFA; H,O:ACN (9:1)
Mobile Phase B: 0.1% TFA; H;O:ACN (5:5)
UV: 230nm
Flow rate: 1.0 mI/min
Column: Zorbax SB-C18 5 um 80 A 4.6 x 250 mm
Column temp.: 30 °C
Sample temp.: 5°C
Injection Volume: 10 pL
Sample Concentration:0.25 mg/mL in MeOH
Gradient: 0%B for 3 min

0—-50%B in 13 min

50 —-70%B in 17 min

70 - 90%B in 2 min

90%B for 5 min

back to 0%B in 1 min

hold at 0%B for 4 min
Run time: 40 min

Post run time: 5 min

Method 3

Phase A: HPLC grade water with 0.1 % TFA(v/v)
Phase B: HPLC grade ACN / water(1:1v/v) with 0.1%TFA(v/v)
UV: 254 1m

Flow rate: 1.0 mL/min

Column: Zorbax SB-C18 5 pm 80 A 4.6 x 250 mm
Column temp.: 30 °C

Sample temp.: 5°C

Injection Volume: 5 uL.

Acquisition time: 30 min

Post time: 9 min

Diluent: methanol
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Gradient:

Time (min.) % Phase A % Phase B
0.0 g2 18
7.0 60 40
11.0 60 40
15.0 20 80
30.0 20 80
31.0 82 18

Sample preparation- dissolve the drug product with 200 mL MeOH. Sonicate 6
minutes. The solution can be injected directly into the HPLC (ca. 0.5 mg/mL)

Method 4

Phase A: HPLC grade water with 0.1 % TFA(v/v)
Phase B: HPLC grade ACN with 0.1%TFA(v/v)
UV: 254 nm

Flow rate: 1.0 mL/min

Column: Zorbax Bonus RP-C14 5 pm 4.6 x 150 mm
Column temp.: 30°C

Sample temp.: 5°C

Injection Volume: 2 pL

Acquisition time:31 min

Post time: 5 min

Diluent: NMP/0.1% TFA in water (50:50 v/v)

Gradient:
Time (min.) % Phase A % Phase B

0.0 93 7
5 93 7

13 73 27

16 73 27

25 10 90

31 10 90

Sample preparation for method 4- dissolve the drug product with a known
amount of diluent to prepare a concentration of 4.2 mg/mL for injection directly into
the HPLC. It may be necessary to perform a second dilution (the 100 mg/vial dosage

form) to obtain a 4.2 mg/mL sample concentration.

Results
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The retention times for some Bendamustine impurities using HPL.C Method 1

described above are shown in Table 11. An HPLC chromatograph for Ribomustin®

using the HPLC procedure described herein is shown in Fig. 6.

Table 11: Retention Time for Bendamustine and some of its Impurities using

HPLC Method 1
Sample Name Retention Time (min)
HP1 14.110
Bendamustine 22.182
BM1 Dimer 24.824
BMI1EE 26.968

Although HPLC Method 1 was capable of resolving impurities found in

bendamustine it was not capable of separating a potential impurity formed during

analysis, the methyl ester of bendamustine (BM1ME). The retention time difference
between BM1ME and BM1 Dimer was only 0.3 minutes. In order to resolve BM1
Dimer, another HPLC method (# 2) was developed. HPLC method #2 was capable of

separating all the impurities but required a longer run time of 45 minutes (Table 12).

Table 12: Retention Time for bendamustine and impurities using HPLC

Method 2.
Sample Name Retention Time (min)
HP1 15.694
BM1 25.420
BMIME 31.065 -
BM1 Dimer 32.467
BMIEE 36.038

The impurity profile of various lots of Ribomustin using HPLC Method 3 are

shown in Table 13.

Table13- Ribomustine Impuirty Profile using HPLC Method 3

% Area
Batch Bendamustine(HCl) | HP1 BMIEE BM1 Dimer | BM1DCE
03HO08 98.14 1.07 0.21 0.34 0.03
03H07 97.67 1.5 0.2 0.33 0.04
02K27 96.93 0.93 0.29 1.18 0.08
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03C08 97.61 1.24 0.19 0.46 0.02

Example 2- Solubility

The solubility of bendamustine HCI (bendamustine) in water (alone) and with
varying amounts of methanol, ethanol, propanol, isopropanol, butanol and tertiary-
butyl alcohol (TBA) was determined by visual inspection. Amounts of bendamustine
at 15 mg/mL, mannitol at 25.5 mg/mL were prepared in 10 mL of the indicated alcohol
solutions (Table 1) at room temperature. Samples were then refrigerated at 5°C and
inspected after 0, 3, 6 and 24 hours for particulates and/or precipitates.

Results summarized in Table 1 indicate that bendamustine solubility is
dependant on temperature and the amount of alcohol in aqueous solutions. For all
alcohols the solubility of bendamustine increased as the concentration of alcohol
increased. The formation of a precipitant was also dependent on the temperature and
time.

The solubility of bendamustine was also determined in 20% (v/v) TBA
containing 25.5 mg/mL mannitol in water, and 30% (v/v) TBA containing 25.5 mg/mL
mannitol in water (Fig 1). Bendamustine was added to 4 mL of each solution while
mixing until it would no longer dissolve. The saturated solutions were allowed to mix
for 1 hour at -8°C, 0°C, 5°C, or 25°C. The samples were centrifuged and placed back
at the original temperature for a minimum of 30 minutes. The -8°C sample was placed
into an ice bath containing sodium chloride, which lowers the temperature of the ice
bath, and the temperature was measured when the sample was pulled for analysis. An
aliquot of each sample was taken and prepared for HPLC analysis.

The results of these experiments are shown in Figure 1 and Table 2. The
amount of TBA, 20% (v/v) and 30% (v/v), used in the experiment (Fig. 1) was based
on stability studies described herein.

As indicated in Fig, 1, the solubility of bendamustine decreased linearly with
temperature (25°C to 0°C). The solubility of bendamustine was temperature
dependant whether it was dissolved in water alone or with an alcohol. The 20% (v/v)
TBA may likely be the 1ower limit required for efficient and robust pharmaceutical
manufacturing due to the stability and solubility of bendamustine. A filling solution of
15 mg/mL bendamustine is close to the saturation limit of 17.2 mg/mL bendamustine

at 5°C but higher than the limit at 0°C. The 30% (v/v) TBA is the recommended

o
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concentration of TBA for the final formulation and is well within the solubility limit
regardless of temperature.
Example 3-Stability
A. Stability in Water

Solutions of bendamustine (15 mg/mL), and mannitol (25.5 mg/mL) were
prepared in water at room temperature and immediately placed in an ice bath (to lower
the temperature quickly to about 5°C) for 10 minutes and then refrigerated at 5°C. A
sample of each formulation was analyzed by HPLC using the methods described
herein after 0, 3, 6 and 24 hours when stored at 5°C.
B. Stability in Alcohols

Solutions confaining 15 mg/mL bendamustine, 25.5 mg/mL mannitol, and
1.9%, 5%, 10%, 20% or 30% (v/v) ethyl alcohol in water or 5%, 10%, 20% or 30%
(v/v) TBA, methanol, propanol, iso-propanol, or butanol in water were prepared. at
room temperature, placed into an ice bath for 10 minutes and then refrigerated at 5°C.
A sample of each formulation was analyzed by HPLC after 0, 3, 6 and 24 hours when
stored at 5°C.
C. Stability Results

Table 3 shows the stability results of bendamustine in water with no addition of
alcohol over a 24 hour period at 5°C. Bendamustine degrades quickly in water but the
stability of bendamustine increases with increasing alcohol concentrations (Figs. 2, 3
and 4). Although alcohols are frequently used in lyophilization to aid in solubility
problems, the effect of alcohols on bendamustine stability is unique, unexpected and
useful in manufacturing bendamustine with fewer impurities since an aqueous solution
can be used while maintaining the stability of bendamustine. TBA was found to be the
best stabilizer of the six alcohols tested (Figs. 2, 3, and 4). All alcohols at 30% (v/v)
reduced the formation of impurities HP1 and Dimer at 5°C for up to 24 hours. With
respect to TBA, HP1 reaches only about 0.4% when stored at 5°C for up to 24 hours.
Lower concentrations of alcohol may not be efficient, when formulated at 15 mg/mL
bendamustine and stored at 5°C due to bendamustine precipitation and impurity
formation.
Example 4- Formulation Optimization

After the solubility and stability of bendamustine were determined, the

formulation was optimized for lyophilization. Since the concentration of

0
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bendamustine is higher in a 30% TBA/water saturated solution as compared with other
alcohol solutions, it is anticipated that the vial size required to fill 100 mg of
bendamustine can be decreased from the current Ribomustin@ presentation. Although
a saturated solution of bendamustine contains 18 mg/mL at 0°C, a concentration of 15
mg/mL was selected for the formulation to compensate for slight differences in API
solubility due to differences in bulk API purity as a result of batch differences. A
concentration of 15 mg/mL bendamustine requires 6.67 mL to fill 100 mg of
bendamustine HCl per vial.

The surface (sublimation) area to volume ratio is critical to producing a
lyophilized product with good appearance that freeze dries quickly. Generally,
lyophilized products occupy between 30% to 50% of the vial volume. A 20 mL vial
with 6.67 mL contains about 30% of its capacity and has a surface area ratio of 0.796
cm*/mL.

Mannitol was selected as the bulking agent in order to maintain a formulation
similar to Ribomustin®. Studies were performed to evaluate the effect of mannitol on
bendamustine solubility and appearance of the product. Mannitol decreases the
solubility of bendamustine (at 15 mg/mL) in both ethanol and TBA aqueous solutions.
For example, solutions containing 5% and 10% ethanol and TBA without mannitol did
not precipitate over 24 hours. However, for samples with mamitol (Table 1)
precipitate was observed within 24 hours. There was no precipitate with aqueous
solutions containing 30% (v/v) TBA, 15 mg/mL bendamustine, and 25.5 mg/mL
mannitol. In order to maintain a well formed cake resistant to bréakage during |
handling, a minimum of 134 mg/vial of mannitol was required with no difference
observed in vials up to 200 mg/vial of mannitol.

All alcohols tested increased the stability and solubility of bendamustine.
However, a significant mole fraction was required to affect the stability of the filling
solution and the ease of manufacturing. Smaller alcohols have the undesirable effect
of lowering the freezing point of the bulk solution and thus requiring long
Iyophilization cycles at lower temperétures. Higher concentrations of methanol and
ethanol produced unattractive cakes that were difficult to reconstitute. 10% ethanol,
20% ethanol, 10% iso-propanol, 20% iso-propanol, or 30% TBA aqueous solutions
containing bendamustine (15 mg/mL), mannitol (25.5 mg/mL) were prepared and

lyophilized. The lyophilized vials filled from solutions of 10% ethanol, 20% ethanol,

o
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10% iso-propanol, 20% iso-propanol produced either a collapsed cake or a film
residue. The only solvent system producing an acceptable cake was 30% TBA.
Additionally, reconstitution of 10% ethanol, 20% ethanol, 10% iso-propanol, 20% iso-
propanol lyophilized vials were difficult and did not fully dissolve until >45 minutes.

The ability to utilize a smaller vial is constrained by the concentration or
solubility of bendamustine in the aqueous/organic solution. At lower concentrations of
ethanol, methanol, isopropanol and n-propanol, which produced acceptable cake
appearance, a more dilute solution of bendamustine is required due to solubility
limitations. To maintain a presentation with 100 mg of bendamustine per vial, a vial
larger than 50 mL would be required. Also, stability studies herein indicated that at
the lower alcohol conéentration, the chemical stability was not sufficient to allow for
acceptable filling times.

One of the factors affecting the ease of reconstitution is the porosity of the
lyophilate. In general, amorphously precipitated solids with little surface area are
more difficult to solubilize. Most lyophilates containing mannitol will reconstitute
within 3-5 minutes as long as there is no precipitate formed during lyophilization,
frequently caused by evaporation of a liquid (melt back). Based on our experience
with several lyophilization solvent systems and not wishing to be bound to any
particular theory, the problems associated with Ribomustin® reconstitution may be
associated with precipitation caused by melt back during lyophilization. Most organic
solvents do not lyophilize efficiently and cause melt back because of their low melting
point. TBA (tertiary butyl alcohol) has a high melting point and a similar vapor
pressure as compared to water. TBA. is removed by sublimation, not evaporation, at
about the same rate as water. Lyophilates produced with 30% (v/v) TBA according to
the invention reconstitute within 3-10 minutes as compare to commercially available
Ribomustin which may take 30-45 minutes.

Based upon the solubility, stability, ease of reconstitution and manufacturing
considerations, the following is a preferred pre-lyophilization formulation of the
present invention: bendamustine HCI about 15 mg/mL, mannitol about 25.5 mg/mL,
about 30% (v/v) tertiary-butyl alcohol, and q.s. using water for Injection. The
formulation is then filled at 5°C using 6.67 mL in an amber 20 mL, 20 mm vial and
partially stoppered with a bromobutyl stopper and loaded into a pre-chilled lyophilizer.

Example 5- Impurity assessment
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Major impurities introduced during Ribomustin® manufacturing,
compounding, fill, and lyophilization procedure, as determined by HPLC analysis
(Fig. 6), are the hydrolysis product HP1, the Dimer, and the ethyl ester of
bendamustine, BM1EE. BMI1EE can be formed during drug substance manufacturing,
e.g., during recrystalization and/or purification processes. BM1EE is known to be a
more potent cytotoxic drug than bendamustine. Experiments were undertaken to
determine if the use of a 30% TBA aqueous filling solution would lead to the
formation of bendamustine t-butyl ester.

Experiments were performed using traditional Fisher esterfication reaction
conditions required for the formation of t-butyl ester of bendamustine. Bendamustine
was heated in 60°C TBA with HCI for 20 hours. No reaction was observed. This
result indicated that it would be very difficult to form the tert-butyl ester of
bendamustine during the fill/finish process. No new impurities in drug product
manufactured from TBA have been observed in stability studies to date.

To aid in the testing of the drug product, synthetic routes using more reactive
sources of the t-butyl moiety were developed. Another attempt to make tert-butyl ester
was carried out by formation of the acyl chloride of bendamustine. A suspension of
bendamustine in methylene chloride was treated with oxalyl chloride and N,N-
dimethylformamide. After acyl chloride was formed, the solvent was concentrated.
The residue was added to methylene chloride, tert-butanol, triethylamine, and 4-
dimethylaminopyridine and the mixture was stirred at room temperature overnight.
After adding all solvents and purification, an unknown compound was given.' The LC-
MS did not match the molecular weight of bendamustine tert-butyl ester and the proton
NMR did not showed the peak for tert-butyl. Therefore, this attempt also failed to
produce the bendamustine tert-butyl ester. Thus, using TBA as the co-solvent has an
additional benefit of not forming the ester from the alcohol.

Example 6- Lyophilization Cycle Development

Numerous lyophilization cycles were performed to evaluate the critical stages
of Iyophilization and achieve the most efficient drying cycle. Experiments were
performed to evaluate the effect of the freezing rate, primary drying temperature, time,
and pressure on the product.

A. Freezing Rate
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The literature reports that TBA adopts different crystal forms depending on the
freeze rate. In some TBA solutions, the slower the product froze, the quicker it dried.
Larger crystals formed during slow freezing producing bigger pores allowing more
efficient sublimation. However, during studies with bendamustine, the freezing rate
was not found to be a critical processing parameter when evaluated at 2 and § hours.
B. Primary and Secondary Drying

During the first attempts to lyophilize from 30% TBA solutions, the
lyophilized cake fractured and powder was ejected from the vial. These cakes
appeared to contain amorphous particles within the lyophilate, an indication of melt
back. This phenomenon was reproducible and occurred when the product reached
about -10°C (refer to Fig. 5) independent of the warming rate. Several variables were
tested to determine the cause and solution to the problem of the powder ejection. The
pressure was raised from 50 pm to 150 pm during primary drying, but powder ejection
was still observed but to a lesser extent. This experiment was then repeated except the
freezing rate was extended to 8 hours from 2 hours. This change had no effect.

The length of primary drying was next evaluated. For example, the following
very slow drying cycle was evaluated: freezing from +25°C to -50°C in eight hours;
holding at -50°C for 5 hours, warming and drying from-50°C to -25°C in seven hours;
holding for twenty hours at -25°C, warming and drying from -25°C to -15°C in two
hours and holding for twenty hours at -15°C, warming and drying from -15°C to 40°C
in six hours and holding for twenty hours at 40°C while maintaining a chamber
pressure of 150 pm throughout drying. No powder ejection (Fig 5) was observed.r
This cycle resulted in a well-formed cake without fracture that reconstituted readily.
Without wishing to be bound to a particular theory, the problems with powder ejection
and difficulty with reconstitution may be the result of drying the lyophilate too
quickly, thus resulting in strong vapor flow out of the cake as well as melt back. With
the use of a less aggressive drying cycle an aesthetic, stable, and easy to reconstitute
cake was reproducibly formed. Thus, removing all unbound water and tertiary-butyl
alcohol prior to secondary drying may prevent melt back as well as powder ejection.
The lyophilization cycle was further optimized under these gentle conditions (Fig. 5).
There were no immediate degradation products as a result of drying at 40°C for up to
20 hours.

Example 7- Lyophilization cycle
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Step Description | Time (Hour) Temperature (°C) (ll:iiecsrs::].:)
1 Hold 0.25 5°C -
2 Ramp 8 -50°C -
3 Hold 4 -50°C -
4 Ramp 3 -20°C 150
5 Hold 6 -20°C 150
6 Ramp 1 -15°C 150
7 Hold 20 -15°C 150
8 Ramp 0.5 -12°C 150
9 Hold 15.5 -12C 150
10 Ramp 15 35C 50
11 Hold 10 35°C 50
12 Ramp 1 40C 50
Hold - 5 40C 50
Total 89.25 - -

All of the compositions and methods disclosed and claimed herein can be made
and executed without undue experimentation in light of the present disclosure. While
the compositions and methods of this invention have been described i terms of
preferred embodiments, it will be apparent to those of skill in the art that variations
may be applied to the compositions and methods and in the steps or in the sequence of
steps of the method described herein Withouf departing from the spirit and scope of the
invention. More specifically, it will be apparent that certain solvents which are both
chemically and physiologically related to the solvents disclosed herein may be
substituted for the solvents described herein while the same or similar results would be
achieved. All such similar substitutes and modifications apparent to those skilled in
the art are deemed to be within the spirit and scope of the invention as defined by the

appended claims.

All patents, patent applications, and publications mentioned in the specification
are indicative of the levels of those of ordinary skill in the art to which the invention
pertains. All patents, patent applications, and publications are herein incorporated by
reference to the same extent as if each individual publication was specifically and

individually indicated to be incorporated by reference.

The invention illustratively described herein suitably may be practiced in the

absence of any element(s) not specifically disclosed herein. Thus, for example, in

]
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each instance herein any of the terms "comprising”, "consisting essentially of”, and
"consisting of” may be replaced with either of the other two terms. The terms and
expressions which have been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such terms and expressions of
excluding any equivalents of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention
claimed. Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features, modification and
variation of the concepts herein disclosed may be resorted to by those skilled in the art, and
that such modifications and variations are considered to be within the scope of this
invention as defined by the appended claims.

Comprises/comprising and grammatical variations thereof when used in this
specification are to be taken to specify the presence of stated features, integers, steps or
components or groups thereof, but do not preclude the presence or addition of one or more

other features, integers, steps, components or groups thereof.

_49. o



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A lyophilized pharmaceutical composition of bendamustine or bendamustine

hydrochloride containing not more than about 0.9% (area percent of bendamustine)

HO™™
N N Q
c:l/r @Ey\?—\_}OH
HP1

wherein said HP1 is the amount of HP1 present at time zero after reconstitution of a

lyophilized preparation of bendamustine or bendamustine hydrochloride.

2. The composition according to claim 1, wherein the amount of HP1 is not more than
0.5% (area percent of bendamustine) at time zero after reconstitution of a lyophilized

preparation of bendamustine or bendamustine hydrochloride.

3. The composition according to claim 1, wherein the amount of HP1 is not more than
0.4% (area percent of bendamustine) at time zero after reconstitution of a lyophilized

preparation of bendamustine or bendamustine hydrochloride.
4. The composition according to claim 1, wherein the amount of HP1 is not more than
0.3% (arca percent of bendamustine) at time zero after reconstitution of a lyophilized

preparation of bendamustine or bendamustine hydrochloride.

5. The composition according to claim 1, packaged in a vial or other pharmaceutically

acceptable container.

6. The composition according to claim 1, wherein said composition is stable with

respect to the amount of HP1 for at least about six months when stored at 5° C.
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7. The composition according to claim 1, wherein said composition is stable with

respect to the amount of HP1 for at least about 12 months when stored at 5° C.

8. The composition according to claim 1, wherein said composition is stable with

respect to the amount of HP1 for at least about 24 months when stored at 5° C.

9. A pharmaceutical dosage form comprising a pharmaceutical composition of
bendamustine containing not more than about 0.9% HP1, wherein said HP1 is the amount

of HP1 present at release;

10. A pharmaceutical dosage form comprising a pharmaceutical composition of
bendamustine containing not more than about 0.5% HP1, wherein said HP1 is the amount

of HP1 present at release,

11. The composition of claim 5, wherein the vial contains about 5 mg to about 500 mg

of bendamustine or bendamustine hydrochloride.

12. The composition of claim 5, wherein the vial contains about 10 mg to about 300 mg

of bendamustine or bendamustine hydrochloride.

13. The composition of claim 5, wherein the vial contains about 25 mg of bendamustine

or bendamustine hydrochloride.

14. A pharmaceutical composition of bendamustine or bendamustine hydrochloride
comprising bendamustine or bendamustine hydrochloride containing not more than about
0.5% (area percent of bendamustine) HP1 and a trace amount of one or more organic

solvents, wherein said HP1 is the amount of HP1 present at release,

15. A pharmaceutical composition of bendamustine or bendamustine hydrochloride

according to claim 14 wherein the organic solvent is selected from the group consisting of
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one or more of tertiary butanol, n-propanol, n-butanol, isopropanol, ethanol, methanol,
acetone, ethyl acetate, dimethy! carbonate, acetonitrile, dichloromcthane, methyl ethyl
ketone, methyl isobutyl ketone, 1-pentanol, methyl acetate, carbon tetrachloride, dimethyl
sulfoxide, hexafluoroacetone, chlorobutanol, dimethyl sulfone, acetic acid, and

cyclohexane.

16. A pharmaceutical composition according to claim 15, wherein the organic solvent is
selected from the group consisting of one or more of ethanol, methanol, propanol, butanol,

1sopropanol, and tertiary butanol,

17. A pharmaceutical composition according to claim 14, wherein the organic solvent is
tertiary butanol.
18.  Alyophilized preparation of bendamustine or bendamustine hydrochloride wherein

the concentration of bendamustine ethylester (as shown in Formula I'V)

Cl
COOCH,CH3
Cl/\/N\©iN\>__/‘/
N
|
Formula IV

is no more than 0.2% greater than the concentration of bendamustine ethylester as found in

the drug substance used to make the lyophilized preparation.

19.  The composition of claim 1, containing not more than about 0.5% bendamustine

ethylester as shown in Formula 1V
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Cl

H COOCH,CH,
N N
o \©: \>_/—/
N
I
Formula IV.

20. A bendamustine or bendamustine hydrochloride pre-lyophilization solution or
dispersion comprising one or more organic solvents, wherein said solution or dispersion
comprises at least one stabilizing concentration of an organic solvent which reduces the
level of degradation of bendamustine or bendamustine hydrochloride so that the amount of
HP1 produced during lyophilization, from about 0 to 24 hours, does not exceed 0.9% (area

percent bendamustine).

21. A bendamustine or bendamustine hydrochloride pre-lyophilization solution or
dispersion comprising one or more organic solvents, wherein said solution or dispersion
comprises at least one stabilizing concentration of an organic solvent which reduces the
level of degradation of bendamustine or bendarﬁustine hydrochloride so that the amount of
HP1 produced during lyophilization, from about 0 to 24 hours, does not exceed 0.5% (area

percent bendamustine),

22. The lyophilized powder produced from the pre-lyophilization solution or dispersion

according to claim 20.

23. A method of preparing a bendamustine or bendamustine hydrochloride lyophilized
preparation, the method comprising:

a) dissolving bendamustine or bendamustine hydrochloride in a stabilizing
concentration of an alcohiol solvent comprising between about 5% to about 100% (v/v)
alcohol to form a pre-lyophilization solution; and

b) lyophilizing the pre-lyophilization solution;
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wherein said bendamustine or bendamustine hydrochloride lyophilized preparation
contains not more than about 0.9% (area percent of bendamustine) HP1 as shown in

Formula II, wherein said HP1 is the amount of HP! present at release.

24, A method of preparing a bendamustine or bendamustine hydrochloride lyophilized
preparation, the method comprising:

a) dissolving bendamustine or bendamustine hydrochloride in a stabilizing
concentration of an alcohol solvent comprising between about 5% to about 100% (v/v)
alcohol to form a pre-lyophilization solution; and

b) lyophilizing the pre-lyophilization solution;
wherein said bendamustine or bendamustine hydrochloride lyophilized preparation
contains not more than about 0.5% (area percent of bendamustine) HP1 as shown in

Formula II, wherein said HP1 is the amount of HP1 present at release,

25, A method according to claim 23, wherein the alcohol concentration is between

about 5% to about 99.9%.

26. A method according to claim 23, wherein said alcohol is selected from one or more

of methanol, ethanol, propanol, iso-propanol, butanol, and tertiary-butanol.
27. A method according to claim 26, wherein said alcohol is tertiary-butanol.

28. A method according to claim 27, wherein said tertiary butanol is at a concentration

of about 20% to 30%.

29. A method according to claim 27, wherein said tertiary butanol is at a concentration
of about 30%.
30. A method according to claim 23, wherein an excipient is added before

lyophilization.
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31. A method according to claim 30, wherein the excipient is mannitol.

32. A method according to claim 23, wherein the bendamustine or bendamustine

hydrochloride concentration is about 2 to 50 mg/mL.
33.  The lyophilized powder obtained from the method according to claim 23.

34. A method according to claim 23 wherein step b) comprises:

i) freezing the pre-lyophilization solution to a temperature below about -40°C
to form a frozen solution;

if) holding the frozen solution at or below -40°C for at least 2 hours;

iit) ramping the frozen solution to a primary drying temperature between about -
40°C and about -10°C to form a dried solution;

iv) holding for‘about 10 to about 70 hours;

V) ramping the dned solution to a secondary drying temperature between about
25°C and about 40°C; and

vii)  holding for about 5 to about 40 hours to form a bendamustine or

bendamustine hydrochloride lyophilized preparation.
35, A method according to claim 34, wherein said alcohol is tenialy—biltanol.

36. A method according to claim 35, wherein said tertiary butanol is at a concentration

of about 20% to 30%.

37. A method according to 36, wherein said tertiary butanol is at a concentration of

about 30%.

38.  The lyophilized powder obtained from the method according to claim 34.
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39. A method according to claim 23 wherein step b) comprises:

1) freezing the pre-lyophilization solution to about -50°C to form a frozen
solution;
i) holding the frozen solution at about -50°C for at least 2 hours to about 4

hours;

i) ramping to a primary drying temperature between about -20°C and about -
12°C to form a dried solution;

iv) holding at a primary drying temperature for about 10 to about 48 hours;

V) ramping the dried solution to a secondary drying temperature between about
25°C and about 40°C; and

vi) holding at a secondary drying temperature for at least 5 hours up to about 20

hours.
40. A method according to claim 39, wherein said alcohol is tertiary-butanol.

41, A method according to claim 40, wherein said tertiary butanol is at a concentration

of about 20% to 30%.

42. A method according to claim 41, wherein said tertiary butanol is at a concentration

of about 30%.
43, The lyophilized powder obtained from the method according to claim 40.

44, A method according to claim 23 wherein step b) comprises:
1) starting with a shelf temperature of about 5°C for loading;
i) freezing to about -50°C over about § hours;
1ii) holding at -50°C for about 4 hours;
iv) rampiﬁg to about -20°C over about 3 hours;
V) holding at about -20°C for 6 hours;

Vi) ramping to about -15°C over about 1 hour;
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vii)  holding at -15°C for about 20 ho‘urs;

viil)  ramping to about -12°C over about 0.5 hours;

1X) holding at about -12°C for about 15.5 hours;

X) ramping to between about 25°C and about 40°C or higher for about 15
hours; | |

X1) holding between about 25°C and about 40°C for about 10 hours;

Xti)  ramping to about 40°C over about 1 hour;

xiii)  holding at about 40°C for about 5 hours; and

xiv)  unloading at about 5°C, at a pressure of about 13.5psiina
pharmaceutically acceptable container that is hermetically sealed; wherein the pressure is
about 150 microns throughout primary drying steps iv, v, vi, vii, viii and ix and 50 microns

throughout secondary drying steps x, xi, xii and xiii.

45, A lyophilization cycle according to claim 44, wherein step (x) is ramped to about

30-35°C for about 15 hours.
46.  The lyophilized powder prepared from the lyophilization cycle of claim 44.

47. A formulation for lyophilization comprising bendamustine or bendamustine
hydrochloride at a concentration of about 15 mg/mL, mannitol at a concentration of about

25.5 mg/mL, tertiary-butyl alcohol at a concentration of about 30% (v/v) and water.
48. A lyophilized preparation made from the formulation according to claim 47.

49. A method of treating a medical condition in a patient, the method comprising
dissolving the preparation of claim 1 in a pharmaceutically acceptable solvent to produce a
pharmaceutically acceptable solution and administering to said patient a therapeutically
effective amount of said solution, wherein said condition is amenable to treatment with said

preparation.



50. A method according to claim 49, wherein said condition is selected from chromic
lymphocytic leukemia, Hodgkin’s disease, non-Hedgkin’s lymphoma, muliiple myeloma,

breast cancer, small cell lung cancer, and an autoimmune disease.

51. A method according to claim 50, wherein said condition is non-Hodgkin’s

lymphoma.

52. A method according to claim 50, wherein said condition is chronic lymphocytic

leukemia.
53. A method according to claim 50, wherein said condition is multiple myeloma.

54. A method according to claim 49, further comprising administering the dissolved
preparation of claim 1 in combination with one or more anti-neoplastic agents wherein said
antineoplastic agent is given prior, concurrently, or subsequent to the administration of the

dissolved preparation of claim 1.
55. A method of treating according to claim 54, wherein the antineoplastic agent is an
antibody specific for CD20, wherein said antibody is given prior, concurrently or

subsequent to the administration of the dissolved preparatibn of ¢laim 1.

56. A method of treating according to claim 49, wherein the autoimmune disease is

rheumatoid arthritis, multiple sclerosis or lupus.

57. A method of treating according to claim 49, wherein the medical condition is a

hyperproliferative disorder.

58. A pharmaceutical dosage form of bendamustine containing not more than about

0.9% HP1 (area percent of bendamustine) wherein said dosage form comprises a vial or
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other pharmaceutically acceptable container, wherein said HP1 is the amount of HP1

present pre-reconstitution or at time zero after reconstitution of said dosage form.

59.  The composition according to claim 1, further comprising mannitol at a

concentration of about 5 mg to about 2 g/container.

60.  The composition according to claim 1, further comprising mannitol at a

concentration of about 170 mg/container.

61. A pre-lyophilized pharmaceutical composition of bendamustine compnsing about
15 mg/mL bendamustine HCI, about 25.5 mg/mL mannitol, about 30% (v/v) tertiary-butyl

alcohol, and water.
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