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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 autoimmune
diseases. Particularly, it relates to pharmaceutical formulations comprising nitrogen

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

BACKGROUND OF THE INVENTION

The present invention claims the benefit of and priority to US Seral 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. It 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 prior art.

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).
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Formula I

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 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-colored glass bottles. The current lyophilized formulation of
bendamustine contains degradation products that may occur during manufacturing of the
drug substance and/or during the lyophilization process to make the finished drug product.

Currently bendamustine is formulated as a lyophilized 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).
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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 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
(lyophilized powder) formulations of bendamustine.

German (GDR) Patent No. 34727 discloses a method of preparing w-[5-bis-(f3-
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)

http://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, methylhydroxy, 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.
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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.

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) HP1,
as shown in Formula II,

HO™™Y
" S
CIJ/ "{W
Formula IT
at the time of release or where the HP1 is the amount of HP1 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%.
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 III at release or at time zero after reconstitution

om\@h_}_j\@w

Formula II1.
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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
Cl

\ COOCH,CH;
I N\@N\}_/’/
N
|

Formula IV.

Yet another embodiment of the invention is a lyophilized 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 lyophilized
preparations of bendamustine containing not more than about 0.5% to about 0.9%,

preferably 0.5%, (area percent of bendamustine) 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.

0009



10

15

20

25

30

CP391 PATENT

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 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 lyophilized 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.
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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.
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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
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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 methanol, 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 1) 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) holding 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; ii1) 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.
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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 also involves bendamustine formulations for lyophilization 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/mL, 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 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 rheumatoid 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 composition 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; c)
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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 pressure of 13.5 psi in 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 (€)
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
lyophilization 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 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 ébout 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 hours; 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
hours.

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 HC]

-11-

0015



10

15

20

25

30

CP391 PATENT

about 15 mg/mL, mannitol about 25.5 mg/mL, about 30% (v/v) tertiary-butyl alcohol, and
water.
These and other embodiments of theAinvention are described hereinbelow or are

evident 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.

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

Fig 4 shows dimer (Formula III) 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 preparation 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.
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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 is 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 % 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
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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
II-IV), 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 mg/m” on days 1-5 with repetition of the cycle about every 4
weeks. For breast cancer, bendamustine (120 mg/m?) on days 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 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 7
overproduce in response to a particuiar 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 means 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 of a number of lots regularly or randomly; setting the

concentration of degradants as a release specification; selecting process conditions, €.g.,
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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 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
1s 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
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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 extemporaneous 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 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
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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.

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
lyophilization of bendamustine HCI. 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.
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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, betas inhibitors may be used.

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 pyrroliiine, Lilly LY-188011, Lilly LY-264618, methobenzaprim,
methotrexate, Wellcome MZPES, norspermidine, NCI NSC-127716, NCI NSC-264880,
NCINSC-39661, NCI NSC-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
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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, Etbamont 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, NCI NSC-264395, NCI NSC-342215, oxaliplatin, Upjohn
PCNU, prednimustine, Proter PTT-119, ranimustine, semustine, SmithKline SK&F-
101772, Yakult 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 agénts may be selected from the group consisting of Taiho
4181-A, aclarubicin, actinomycin D, actinoplanone, alanosine, Erbamont ADR-456,
aeroplysinin 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, kazusamycin, 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, mitomycin, mitoxantrone, SmithKline M-TAG, neoenactin, Nippon

Kayaku NK-313, Nippon Kayaku NKT-01, SRI International NSC-357704, oxalysine,
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oxaunomycin, peplomycin, pilatin, pirarubicin, porothramycin, pyrindamycin A, Tobishi
RA-I, rapamycin, rhizoxin, 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-9816B, steffimycin B,
Taiho 4181-2, talisomycin, Takeda TAN-868A, terpentecin, thrazine, tricrozarin A,
Upjohn U-73975, Kyowa Hakko UCN-10028A, Fujisawa WF-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, 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-I, 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 JI-36, Ramot K-
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,
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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, NCI NSC-95580, octreotide, Ono
ONO-112, oquizanocine, Akzo Org-10172, paclitaxel, pancratistatin, pazelliptine,
Warner-Lambert PD-111707, 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 Pharmaceutical 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 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, 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 780386. Methods for preparing
.alpha, .beta; inhibitors are described in WO 97/08174.

21-

0025



10

15

CP391 PATENT

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 || Drugs Used ” Disease
Doxorubicin &

AC Cyclophosphamide Breast cancer
Cyclophosphamide,

CFM (CF, FNC) Fluorouracil, Mitaxantrone ||Breast cancer
Cyclophosphamide,

CMF Methotrexate, Fluorouracil ||Breast cancer

Mitoxantrone, Fluorouracil,

INFL Leucovorin Breast cancer
@equential Dox-CMF ”Doxorubicin ”Breast cancer
Vinblastine, Doxorubicin,
VATH Thiotepa, Fluoxymesterone |[Breast cancer
EMA-86 Etoposide, Mitoxantrone, |5\ 11 (induction)
Ctyarabine
22
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7+3

Cytarabine WITH
Daunorubicin OR Idarobicin
OR Mitoxantrone

AML (induction)

5+2

Cytarabine WITH
Daunorubicin OR
Mitoxantrone

AML (induction)

HiDAC

Cytarabine

AML (post-remission)

Doxorubicin, Bleomycin,
Vinblastine, Dacarbazine

Hodgkin's

ChlVPP

Chlorambucil, Vinblastine,
Procarbazine, Prednisone

Hodgkin's

EVA

Etoposide, Vinblastine,
Doxorubicin

Hodgkin's

MOPP

Mechlorethamine,
Vincristine, Procarbazine,
Prednisone

Hodgkin's

MOPP/ABV Hybrid

Mechlorethamine,
Vincristine, Procarbazine,
Prednisone, Doxorubicin,
Bleomycin, Vinblastine

Hodgkin's

MOPP/ABVD

Mechlorethamine,
Doxorubicin, Vinblastine,
Bleomycin, Etoposide,
Prednisone

Hodgkin's

CNOP

Cyclophosphamide,
Mitoxantrone, Vincristine,
Prednisone

Non-Hodgkin's

COMLA

Cyclophosphamide,
Vincristine, Methotrexate,
Leucovorin, Cytarabine

Non-Hodgkin's
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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

MINE-ESHAP

Mesna, Ifosfamide,
Mitoxantrone, Etoposide

Non-Hodgkin's

NOVP

Mitoxantrone, Vinblastine,
Prednisone, Vincristine

Non-Hodgkin's

ProMACE/cytaBOM

Prednisone, Doxorubicin,
Cyclophosphamide,
Etoposide, Cytarabine,
Bleomycin, Vincristine,
Methotrexate, Leucovorin,
Septra

Non-Hodgkin's

M2

Vincristine, Carmustine,

Cyclophosphamide,

Multiple Myeloma
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Melphalan, Prednisone

Melphalan, Prednisone
MP Multiple Myeloma

Vincristine, Doxorubicin,

VAD 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 commercially 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 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. Examples of excipients useful for the present invention include, without

limitation, sodium or potassium phosphate, citric acid, tartaric acid, gelatin, glycine, and
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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 with 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,
1.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 HCI to the desired
concentration with mixing, 5) adding water to achieve the final volume, 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 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.
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The pre-lyophilization solution or dispersion can be sterilized prior to
lyophilization, éterilization 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 ranging from
about 10 to about 600 microns. The warming process 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 about -10°C and maintained for about 10-70

hours. Additionally, the product temperature can be increased from the freezing
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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 hours.

Once the drying 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 lyophilized
bendamustine formulation. Such vials are, after filling or lyophilization 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.

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
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injection following further dilution into an appropriate intravenous admixture container,
for example, normal saline.

B. Solubility

The solubility of bendamustine HC] (bendamustine) in water (alone) and with
varying amounts of alcohols commonly used in lyophilization, €.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 CCS Precipitate
20% CCs CCS CCsS Precipitate
30% CCS CCS CCS CCS
Ethanol (v/v)
1.9% CCS CCS Precipitate Precipitate
5% CCS CCS Precipitate Precipitate
10% CCS CCsS CCS Precipitate
20% CCS CCs CCsS CCS
30% CCS CCS CCS CCS
n-Propanol (v/v/)
5% CCS CCS CCS Precipitate
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10% CCS CCS CCS CCS

20% CCS CCS CCS CCS

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

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

20% CCS CCS CCS CCS

30% | CCS CCsS 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% CCsS 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
5 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.

10
Table 2. Solubility of bendamustine 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 mannitol 20 mg/mL 18 mg/mL | 27 mg/mL 65 mg/mL
Water, q.s. to desired
volume
C. Stability
15 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,
1.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™ ™
S Do
cl N
Monohydroxy bendamustine (HP1)

Formula II

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
-31-
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The other major degradant observed during this study and other long term stability

studies was the dimer of bendamustine.

HO
HO™ ™ /\N N 0
\
HO/\/N\E:[N%&OI \(:EN?_\_}OH
N .
\

5 Bendamustine Dimer (BM1 Dimer)

Formula III

Other degradants contained in the Ribomustin lyophilized product are
bendamustine ethylester (BM1EE) (Formula IV) and BM1DCE (Formula V). BMI1EE is

10  formed when bendamustine reacts with ethyl alcohol.

Cl

S COOCH,CHs
c N\@:N\>_/_/
N
|

Bendamustine ethylester (BM1EE)

Formula IV
15
H
N N o)
J Lo
cl N
BMI1DCE
Formula V
20 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-
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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.

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 96.16 341 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 2.68 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 0.45 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 (%Area) HP1 (%) Dimer (%)
alcohol (v/v)
5% Tert-butanol | 0 hours 99.34 041 0.12
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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

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 | O 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 | O 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
5 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 (%Area) HP1 (%) Dimer (%)
alcohol (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
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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
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
5
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.
10

The results in Tables 1-9 indicate that the stability of bendamustine HCI1 with

respect to HP1 and dimer improves with increasing alcohol concentration.
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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 Mannitol
0 hours 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 hours @ 5°C 98.80 1.21

NOTE: The samples analyzed without mannitol 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 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.s. 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

Concentrat/ion

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

Concentration

about 5-20 mg/mL
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Mannitol
Alcohol
Water, q.s. to

Ingredients
Bendamustine HCI
Mannitol

Alcohol

Water, q.s. to

Ingredients
Bendamustine HCl
Mannitol

Alcohol

Water, g.s. to

Ingredients
Bendamustine HCl
Mannitol

Butanol

Water, g.s. to

Ingredients
Bendamustine HCI
Mannitol

Butanol

Water, q.s. to

Ingredients
Bendamustine HC1
Mannitol

Butanol

Water, g.s. to

Ingredients

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

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)

desired volume

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

desired volume

Concentration
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Bendamustine HCI
Mannitol

Butanol

Water, q.s. to

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HCl
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HCI
Mannitol

Tertiary butanol
Water, g.s. to

Ingredients
Bendamustine HC1
Mannitol

Tertiary butanol
Water, g.s. to

PATENT

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

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/mL
about 90-99 % (v/v)
desired volume

Concentration
about 5-20 mg/mL
about 10-30 mg/mL
about 5-80 % (v/v)

desired volume
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Bendamustine HCl about 12-17 mg/mL
Mannitol about 20-30 mg/mL
Tertiary butanol about 10-50 % (v/v)

PATENT

Water, g.s. to desired volume

Ingredients Concentration
Bendamustine HCl 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
EXAMPLES

The following Examples are provided to illustrate certain aspects of the present
invention and to aid those of skill in the art in practicing the invention. These Examples

are in no way to be considered to limit the scope of the invention 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 (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
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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 um 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 uL
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
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,0:ACN (5:5)
UV: 230 nm

Flow rate: 1.0 mL/min

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

Sample temp.: 5°C

Injection Volume: 10 uL

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 nm

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: 5 puL

Acquisition time: 30 min

Post time: 9 min
Diluent: methanol
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
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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

The retention times for some Bendamustine impurities using HPLC 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.
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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
BMIEE 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

BMI1ME 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
BMI1ME 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.

Tablel3- Ribomustine Impuirty Profile using HPLC Method 3

% Area
Batch Bendamustine(HCI) | HP1 BMIEE BM1 Dimer | BM1DCE
03HO8 98.14 1.07 0.21 0.34 0.03
03HO7 97.67 1.5 0.2 0.33 0.04
02K27 96.93 093 0.29 1.18 0.08
03C08 97.61 1.24 0.19 0.46 0.02
Example 2- Solubility
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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 lower 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 concentration of
TBA for the final formulation and is well within the solubility limit regardless of

temperature.
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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 containing 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 bendamustine is higher in a

30% TBA/water saturated solution as compared with other alcohol solutions, it is
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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 HCI1 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 mannitol (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 breakage 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 lyophilization
cycles at lower temperatures. 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, 10% iso-propanol, 20% iso-propanol

produced either a collapsed cake or a film residue. The only solvent system producing an
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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
concentration, 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.
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Example 5- Impurity assessment

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 HCl 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. Thﬁs, 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
lyophilization 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.
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A. Freezing Rate

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 8 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 um to
150 um 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. 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
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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

Step Description Time (Hour) Temperature (°C) (II:;::::;:)
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 in 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 without 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
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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 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.
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What is claimed is:

1. A pharmaceutical composition of bendamustine containing not more than about 0.9%

(area percent of bendamustine) HP1 as shown in Formula II,

HO™™
N N 0
I (j > o
cl N
Formula I

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

lyophilized preparation of bendamustine.

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.

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

preparation of bendamustine.

5. A lyophilized preparation of bendamustine containing not more than about 0.9% (area

percent of bendamustine) HP1 at release.

6. A lyophilized preparation of bendamustine containing not more than about 0.5% (area

percent of bendamustine) HP1 at release.
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7. The lyophilized preparation according to claim 5, wherein the preparation is packaged

in a vial or other pharmaceutically acceptable container.

8. The lyophilized preparation according to claim 6, wherein said preparation is stable

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

9. The lyophilized preparation according to claim 6, wherein said preparation is stable

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

10. The lyophilized preparation according to claim 6, wherein said preparation is stable

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

11. 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.

12. 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.

13. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage form

comprises about 5 mg to about 500 mg of bendamustine.

14. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage form

comprises about 10 mg to about 300 mg of bendamustine.

15. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage form

comprises about 25 mg of bendamustine.

16. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage form

comprises about 100 mg of bendamustine.
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17. A pharmaceutical dosage form of claim 11, wherein the pharmaceutical dosage form

comprises about 200 mg of bendamustine.

18. A pharmaceutical dosage form comprising the lyophilized preparation of claim 5.

19. A pharmaceutical composition of bendamustine comprising bendamustine 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.

20. A pharmaceutical composition of bendamustine according to claim 19 wherein the
organic solvent is selected from the group consisting of 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.
21. A pharmaceutical composition according to claim 20, wherein the organic solvent is
selected from the group consisting of one or more of ethanol, methanol, propanol, butanol,

isopropanol, and tertiary butanol.

22. A pharmaceutical composition according to claim 19, wherein the organic solvent is

tertiary butanol.

23. A lyophilized preparation according to claim 5 further comprising a trace amount of

an organic solvent.

24. A lyophilized preparation according to claim 23 wherein said organic solvent is

tertiary butanol.
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25. In a method for obtaining agency approval for a bendamustine product, the
improvement which comprises setting a release specification for bendamustine degradants
at less than 4.0 % (area percent bendamustine) for a bendamustine product containing not

more than about 0.5% (area percent of bendamustine) HP1 at release.

26. In a method for obtaining agency approval for a bendamustine product, the
improvement which comprises setting a release specification for bendamustine of HP1 at
less than or equal to 1.5% for a bendamustine product containing not more than about

0.5% (area percent of bendamustine) HP1 at release.

27. In a method for obtaining agency approval for a bendamustine product, the
improvement which comprises setting a shelf-life specification for bendamustine
degradants at less than 7.0% (area percent bendamustine) for a bendamustine product

containing not more than about 0.5% (area percent of bendamustine) HP1 at release.

28. 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 bendamustine degradants is less than
4.0 % (area percent of bendamustine) and the concentration of HP1 is less than 0.5% (area

percent of bendamustine).

29. A process for manufacturing a lyophilized preparation of bendamustine which
comprises controlling for the concentration of bendamustine degradants in the final -
product, such that the concentration of HP1 is less than 0.9% (area percent of
bendamustine) at release and the concentration of bendamustine degradants is less than

7.0% at the time of product expiration; wherein said product is stored at 5°C.
30. A process for manufacturing a lyophilized preparation of bendamustine which

comprises controlling for the concentration of bendamustine degradants in the final

product, such that the concentration of HP1 is less than 0.5% (area percent of
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bendamustine) at release and the concentration of bendamustine degradants is less than

7.0% at the time of product expiration; wherein said product is stored at 5°C.

31. A lyophilized preparation of bendamustine wherein the concentration of

bendamustine ethylester (as shown in Formula IV)

Cl

H COOCH,CH;
N N
cr \@E \>_/J
N
l
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.

32. A lyophilized preparation of bendamustine according to claim 5 containing not more

than about 0.5% bendamustine ethylester as shown in Formula IV

Cl

COOCH,CHj

s =
N
|
FormulaIV.

33. A bendamustine 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 so that the amount of HP1 produced during lyophilization, from about 0 to

24 hours, does not exceed 0.9% (area percent bendamustine).
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34. A bendamustine 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 so that the amount of HP1 produced during lyophilization, from about 0 to

24 hours, does not exceed 0.5% (area percent bendamustine).

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

according to claim 33.

36. A method of preparing a bendamustine lyophilized preparation comprising,
a) dissolving bendamustine 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 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.

37. A method of preparing a bendamustine lyophilized preparation comprising,
a) dissolving bendamustine 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 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.

38. A method according to claim 36, wherein the alcohol concentration is between about

5% to about 99.9%.
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39. A method according to claim 36, wherein said alcohol is selected from one or more of

methanol, ethanol, propanol, iso-propanol, butanol, and tertiary-butanol.

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 40, wherein said tertiary butanol is at a concentration of

about 30%.

43. A method according to claim 36, wherein an excipient is added before lyophilization.

44. A method according to claim 43, wherein the excipient is mannitol.

45. A method according to claim 36, wherein the bendamustine concentration is about 2

to 50 mg/mL.

46. The lyophilized powder obtained from the method according to claim 36.

47. A method according to claim 36 wherein step b) comprises:

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

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

i11) 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) holding for about 5 to about 40 hours to form a bendamustine lyophilized

preparation.
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48. A method according to claim 47, wherein said alcohol is tertiary-butanol.

49. A method according to claim 48, wherein said tertiary butanol is at a concentration of

about 20% to 30%.

50. A method according to 49, wherein said tertiary butanol is at a concentration of about
30%.

51. The lyophilized powder obtained from the method according to claim 47.

52. A method according to claim 36 wherein step b) comprises:
1) freezing the pre-lyophilization solution to about -50°C to form a frozen solution;
11) holding the frozen solution at about -50°C for at least 2 hours to about 4 hours;
iil) ramping to a primary drying temperature between about -20°C and about -12°C to
form a dried solution;

1v) 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.
53. A method according to claim 52, wherein said alcohol is tertiary-butanol.

54. A method according to claim 53, wherein said tertiary butanol is at a concentration of

about 20% to 30%.

55. A method according to 54, wherein said tertiary butanol is at a concentration of about
30%.

56. The lyophilized powder obtained from the method according to claim 53.
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57. A method according to claim 36 wherein step b) comprises: 1) starting with a shelf
temperature of about 5°C for loading; 11) freezing to about -50°C over about 8 hours; 111)
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 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 hours; xi11) ramping to about 40°C over about 1 hour; andxiv) 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.

58. A lyophilization cycle according to claim 57, wherein step (xi) is ramped to about 30-

35°C for about 15 hours.
59. The lyophilized powder prepared from the lyophilization cycle of claim 57.

60. A formulation for lyophilization comprising bendamustine 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.
61. A lyophilized preparation made from the formulation according to claim 60.

62. A method of treating a medical condition in a patient comprising dissolving the
preparation of claim 5 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.
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63. A method of treating according to claim 62, wherein said condition is selected from
chronic lymphocytic leukemia, Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple

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

64. A method of treating according to claim 63, wherein said condition is non-Hodgkin’s

lymphoma.

65. A method of treating according to claim 63, wherein said condition is chronic

lymphocytic leukemia.

66. A method of treating according to claim 63, wherein said condition is multiple

myeloma.

67. A method of treating according to claim 62 further comprising administering the
dissolved preparation of claim 5 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 5.

68. A method of treating according to claim 67 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 preparation of claim 5.

69. A method of treating according to claim 62 wherein the autoimmune disease is

rheumatoid arthritis, multiple sclerosis or lupus.

70. A method of treating according to claim 62, wherein the medical condition is a

hyperproliferative disorder.

71. 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
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pharmaceutically acceptable container, wherein said HP1 is the amount of HP1 present

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

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

73. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container contains bendamustine at a concentration of about

10 to about 500 mg/container.

74. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container contains bendamustine at a concentration of about

100 mg/container.

75. A pharmaceutical dosage form according to claim 72, wherein the vial or other
pharmaceutically acceptable container further comprises mannitol at a concentration of

about 5 mg to about 2 g/container.

76. A pharmaceutical dosage form according to claim 72, wherein the vial or other

pharmaceutically acceptable container further comprises mannitol at a concentration of

about 170 mg/container.

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

alcohol, and water.

78. The preparation of claim 5 which is a pharmaceutical composition.
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Abstract

The present invention provides pharmaceutical formulations of lyophilized bendamustine

suitable for pharmaceutical use. The present invention further provides methods of
producing lyophilized bendamustine. The pharmaceutical formulations can be used for

any disease that is sensitive to treatment with bendamustine, such as neoplastic diseases.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of:
Brittain et al. Group Art Unit: Not Assigned
For: BENDAMUSTINE PHARMACEUTICAL  Examiner: Not Assigned
COMPOSITION

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name; and
I believe that I am the original, first and sole inventor (if only one name is listed below) or an

original, first and joint inventor (if plural names are listed below) of the subject matter which
is claimed and for which a

|E Utility Patent D Design Patent

is sought on the invention, whose title appears above, the specification of which:

|Z| is attached hereto.
|:| was filedon as Serial No.
l:l said application having been amended on

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all information
known to be material to the patentability of this application in accordance with 37 CFR §
1.56.

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a-d) of any foreign
application(s) for patent or inventor's certificate listed below and have also identified below
any foreign application for patent or inventor's certificate having a filing date before that of
any application on which priority is claimed:
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Priority Country Serial Number Date Filed
Claimed
dIf X°d)

[]
[]
[]

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) listed
below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner provided by the first paragraph
of 35 U.S.C. § 112, I acknowledge the duty to disclose to the U.S. Patent and Trademark
Office all information known to be material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or
PCT international filing date of this application:

Serial Number Date Filed Patented/Pending/Abandoned

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional
application(s) listed below:

Serial Number Date Filed
60/644354 January 14, 2005

I hereby appoint all the practitioners associated with Customer Number 27573 (which is the
Customer Number assigned to Cephalon, Inc.) to prosecute this application and to transact all
business in the U.S. Patent and Trademark Office connected therewith. Each practitioner
associated with Customer Number 27573 is an attorney registered before the United States
Patent and Trademark Office.

Address all telephone calls and correspondence to:

Robert T. Hrubiec
CEPHALON, INC.

145 Brandywine Parkway
West Chester, PA 19380
Telephone No.: (610) 738-6356
Facsimile No.: (610) 738-6590
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.

Name: Jason Edward Brittain

Mailing Address:
1580 Chiswick Ct.
El Cajon, CA 92020

Signature

Date of Signature:

City/State of Actual Residence:

El Cajon, Californi ) .
ajon, Latiformia Citizenship: _United States of America
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.

Name: Joe Craig Franklin

Mailing Address:
11519 Kirby Place
San Diego, CA 92126

Signature

Date of Signature:

City/State of Actual Residence:

San Diego, California . . ) i
Citizenship: United States of America
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. PATENT APPLICATION SERIAL NO __. SN

- U.S. DEPARTMENT OF COMMERCE
- PATENT AND TRADEMARK OFFICE
'FEE RECORD SHEET

R s : ’ R -
01/17/2006 YPOLITEL 00000054 031195 11330868

01 FC:1011 - 300.00 DA
02 FC:111t 300.00 DA
03 FC:1314 200.00 DA
04 FC:1202 - 2900.00 DA
05 FCa1201 ~ - 3600.00 DA
- PTO-1556
(5/87) o

“U.8 Governvment Prrang Ofloe: 2007 — 49-267/88033
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U.S. Patent end Trademark Office; U.S. DEPARTMENT OF COMMERCE

Reduction Act-of 1995, no persons sre  to 10 @ collection of Information uniess X displays s vasd OMB control number.

. Under the
PATENT APPLICATION FEE DETERMINATION RECORD Appication or Dockel Mﬂ?
Subamuto for Form PTO-875  Eftective December 8. 2004 l ' (7)'% ﬁ
APPLICATION AS FILED -~ PART! ‘ : _ oR » OTHER‘THAN
: {Column 1) (Column 2) . SMALL ENTITY . ‘ SMALL ENTITY
.. FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE (3) , RATE () FEE {3
[ BASIC FEE - “NA NA 00 .
(37 CFR 1.18(s), (b) o (c]) A NIA NA 150.00 . A 300.00
‘] SEARCH FEE ' _ . - A oA —
(37 CFR 1 18{K). (1), o« (m)) PA ) NIA . N $250 oo $500 )
EXAMINATION FEE 3 o _
(37 CFR 1.16{0). (). o (2)} NIA ] N ) _$ 100 . N'A $200 .
TOTAL CLAIMS r-;( o .
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INDEPENDENT CLAIMS - X100 _ , — 1
(37 CFR 1.16(h) Y minue3 = ) Q., . X200 13600
o M the specification and drawings exceed 100 |
APPLICATION SIZE sheets of paper, the application size fee due
FEE Is $250 ($125 for small entity) for each -
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. 35 U.S5.C. 41(a}(1)}(G) and 37 CFR 1.16(s). .
} MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1 160)) +180= ’ ’360’
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‘ If the ?llerenco in column 1 is Jess than zero, enter h's in colu ’Lg 50 TOTAL TOTAL r-[ 5@0
B 33 2% 3L 37 (DO ruipm?
APPLICATION AS AMENDED - PART I o
4 - OR OTHER THAN
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* |f the entry in column 1 is less than the entry in column 2 write “0” in column 3.
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefil by the public which is to file (and by the
USPTO to process) an applncalwn Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR1.14. This collection is estimated ta take 12 minutes to completd, '~
" including gathering, preparing, and submiitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments

. on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Infarmation Officer, U.S. Patent

and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO Commissioner for Patents, P.O. Box 1450, Alexandna. VA 22313-1450. 0080
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Application Data Sheet

Application Information
Application Type::

Subject Matter::

Suggested Classification
Suggested Group Art Unit::
CD-ROM or CD-R?::
Number of CD disks::
Number of copies of CDs::

Sequence submission?::

Computer Readable Form (CRF)?::

Number of copies of CRF::
Title::

Attorney Docket Number::

Request for Early Publication::

Request for Non-Publication::

Suggested Drawing Figure::
Total Drawing Sheets::
Small Entity::

Petition Included::

Secrecy Order in Parent Appl.::

Applicant Information

Applicant Authority type::
Primary Citzenship Country::
Status::

Given Name::

Family Name::

Regular
Utility

None

No

Bendamustine Pharmaceutical
Compositions

CP391

No

No

No
No
No

Inventor

us

Full Capacity
Jason Edward
Brittain
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Name Suffix::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of Mailing Address::

City of Mailing Address::
State or Province of Mailing Address::
Country of Mailing Address::

Postal or Zip Code of Mailing Address::

Applicant Authority type::
Primary Citzenship Country::
Status::

Given Name::

Family Name::

Name Suffix:

City of Residence::

State or Province of Residence::
Country of Residence::

Street of Mailing Address::

City of Mailing Address::
State or Province of Mailing Address::

Country of Mailing Address::

Postal or Zip Code of Mailing Address::

Correspondence Information
Correspondence Customer Number::

Phone Number::

El Cajon

CA

us

1580 Chiswick Ct.

El Cajon
CA

us
92020

Inventor

us

Full Capacity
Joe Craig
Franklin

San Diego

CA

us

11519 Kirby Place

San Diego
CA

us

92126

27573
610-738-6463

Page #2

Initial January 12, 2006
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Fax Number::
E-Mail address::

Representative Information

610-738-6590

intprop@cephalon.com

Representative Customer Number:: 27573

Domestic Priority Information

Application:: | Continuity Type:: Parent Parent

Application:: Filing
Date::

This Application claiming benefit under 35 USC 119(e) | 60644354 01/14/05

Application

Foreign Priority Information

Country:: Application Number:: Filing Date:: Priority Claimed::
Yes
Yes
Yes

Assignee Information::

Assignee Name:: Salmedix, Inc.

Street of Mailing Address:: 41 Moores Road

City of Mailing Address:: Frazer

State or Province of Mailing Address:: PA

Country of Mailing Address:: United States of America

Postal or Zip Code of Mailing Address:: 19355

Page #3 Initial January 12, 2006
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov
| AppLicATION NUMBER | FILING OR 371 (c) DATE |  FIRSTNAMED APPLICANT |  ATTORNEY DOCKET NUMBER |
11/330,868 01/12/2006 Jason Edward Brittain CP391

CONFIRMATION NO. 9998
27573 FORMALITIES
CEPHALON, INC. LETTER
41 MOORES ROAD
PO BOX 4011

FRAZER, PA 19355

Date Mailed: 02/28/2006

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

¢ The oath or declaration is unsigned.
The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment;

» Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

m The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 5.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
identified in this letter.

0084



Page 2 of 2

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity

e $130 Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

7;’ A1,
Office of Initial Patent Examination (571) 272-4000, or 1-800-PT0-9199, or 1-800-972-6382
PART 3 - OFFICE COPY
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PTO/SB/21 (04-04)

Approved for use through 07/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1695, no persons are required 1o respond {0 a collection of information uniess R dispiays a valid OMB control number.

/ Application Number 11/330,868 EIVED
TRANSMITTAL : L §AX GENTER
F ORM Filing Date January 12, 2006 4 2006
First Named Inventor Brittaln
fto be used for afl corre: dence efler initial filin;
o i g} | Artunit 1616
Examiner Name Not Assigned
Qlal Number of Pages in This Submission | 15 Attomey Docket Number CP391 - )
ENCLOSURES (check all that apply)
Fee Transmitial Form Orewt [ After Allowance Communication to
‘ O [ orawingts) Technology Center (TC)
Fee Attached " [ Appeal Communication to Board of
O [ Licensing-related Papers e i Itataremoen
[] Amendment / Reply [ Petition [ Appeal Communication to TC
D (Appeal Notice, Brief, Reply Brief)
Petition to Convertfo a
[ aner Final Provisional Application [ Proprietary Information
|:] Power of Attomey, Revocation
[ Atfidavitsidediaration(s) Change of Camespondence Address ] status Letter
i
D Extension of Time Request L__] Temminal Disclaimer E Other Enclosure(s)
(please identify below):
] Request for Refund Supplemental Application Data
[] express Abandonment Request Shoet
] cD, Number of CD(s)
D Information Disclosure Statement
[ certified Copy of Priority Remarks
Document(s) l—J
D Response to Missing Parts/
Incomplete Application
(<] Response to Missing Parts under 37
CFR1.52 or 1.53 .
B copy of Missing Parts
{4 peciaratonPOA
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm
or Scott K. Larsen, Registration No, 38,532
Individual name -
Signatura / é /Z
Date Marth 14, 2008
— Ay — B T Sy G
CERTIFICATE OF TRANSMISSION/MAILING
I hereby certify that this correspondence Is being facsimiie transmitted to the USPTO or deposited with the United States Postal
Service with sufficient postage as first class mail in an envelope addressed to: Commissioner for Patants, P.O. Box 1450,
Alexandria, VA 22313-1450 on the date shown below.,
Typed or printed namt Maurgen K. Fitzpatrick -
Vi
\__Slgnature N [ Date | March 14,2006 /
This callection of information s requirdd A7 CFR 1.5. Thein Is requirld to obtain or retaln a benefit by the public which Is to file (and by the USPTO to
process) an application. Confidentiality is med by 35 U.S.C. 122 and 37 CFR 1.14. This collection s estimated to 12 minutes to complete, Including gathering,
preparing, and submiting the completed application form to the USPTO. Time wii vary depending upon the individual case. Any commants on the amaunt of ime

you require to complete this form and/or suggestions for reducing this burden, should be sant to the Chief Information ORicer, U.S. Patent and Trademark Office,
U.S, Department of Commercs, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:

Commissioner for Pateats, P.0. Box 1450, Alexandria, VA 2231 3.1450,

{f you need assistence in completing the form, call 1-800-PTO-0199 and select oplion 2.

PAGE 1/15 * RCVD AT 3/14/2006 3:13:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 * DNIS:2738300 * CSID:6107386590 * DURATION (mm-55):04-40
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Attorney Docket: CP391 PATENT
RECEIVED
CENTRAL FAX CENTER
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE MAR 14 2008
In Re Application of: Brittain Confirmation No. 9998
Serial No.: 11/330,868 Group Art Unit: 1616
Filing Date: January 12, 2006 Examiner: Not Assigned

For: BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

MAIL STOP MISSING PARTS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

RESPONSE TO NOTICE TO FILE MISSING PARTS OF APPLICATION

In response to the "Notice to File Missing Parts of Non-Provisional Application -- Filing
Date Granted" Dated February 28, 2006, a response to which is due April 28, 2006, enclosed
herewith for filing is the Original Combined Declaration and Power of Attomey, executed by the
inveritor(s) and a copy of the Notice to File Missing Parts of Non-Provisional Application.

Please charge the surcharge in the amount of $130.00, any deficiency or credit any
overpayment to my Deposit Account No. 03-1195.

Date: March 14, 2006 /#’_‘

Scott K. Larsen
Registration No. 38,532

CEPHALON, Inc.

145 Brandywine Parkway
West Chester, PA 19380
Phone: (610) 738-6463
Fax: (610) 727-7651

PAGE 2/15* RCVD AT 3/14/2008 3:13:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 * DNIS:2738300 * CSID:6107386590 * DURATION (mm-ss):04-40
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CEPHALON,

03/14/06 15:14 'FAX 6107386590

INC. > USPTO MAIN dhoo3

Page 1 of 2

UNITED STATES PaTENT AND TRADEMARK OFFICE

e ————
UNITED STATES DEPARTMENT OF COMMERCE
United Statea Patent and Trademark Office
m-z%hgglsslom FOR PATENTS

Alsumdria, Virginia 223131450
wwwiupto.gov

| APPLICATION NUMRBER ] FILING OR 371 (¢) DATE [ FIRSTNAMED APPLICANT | ATTORNEY DOCKETNUMBER |
11/330,868 01/12/2006 Jason Edward Brittain CP391
CONFIRMATION NO. 9998
27573 FORMALITIES
CEPHALON, INC. LETTER

41 MOORES ROAD
PO BOX 4011
FRAZER, PA 19355

Date Mailed: 02/28/2006

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

03/15/2006 HTECKLUL 00000123 031195 11330868
01 FC:1051 130.00 DA

Items Required To Avold Abandonment:

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petiton accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is unsigned.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings

submitted are notiacceptable because:

s Theidrawings must be reasonably free from erasures and must be free from
alteriations, overwriting, interlineations, folds, and copy marks. See Figure(s) 5.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required

application size fee.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items

identified in this letter.
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Page2 of 2

SUMMARY OF FEES DUE;
Total additional fee(s) required for this application is $130 for a Large Entity

e $130 Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

——— —_— e . = . i @ A e s = = e e s oS e immgedece—cem oo

1
Office of Initial Patent Examu%n(.’ﬁ 1) 272-4000, or 1-800-PTO-9199, or 1-800-972-6382
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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‘ RECEIVED
CENTRAL FAX CENTER
MAR 1 4 2006
CP391
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In Re Application of:
Brittain et al. Group Art Unit: Not Assigned

For: BENDAMUSTINE PHARMACEUTICAL  Examiner: Not Assigned
COMPOSITION

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name; and
I believe that I am the original, first and sole inventor (if only one name is listed below) or an

original, first and joint inventor (if plural names are listed below) of the subject matter which
is claimed and for which a

g Utility Patent D Design Patent

is sought on the invention, whose title appears above, the specification of which:

D is attached hereto.
K{ was filed on January 12, 2006 as Serial No. 11/330,868.
I___' said application having been amended on

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

1 acknowledgeithe duty to disclose to the U.S. Patent and Trademark Office all information
known to be material to the patentability of this application in accordance with 37CFR §
1.56.

I hereby claim'foreign priority benefits under 35 U.S.C. § 119(a-d) of any foreign
application(s) for patent or inventor's certificate listed below and have also identified below

any foreign application for patent or inventor's certificate having a filing date before that of
any application on which priority is claimed:

PAGE 5/15* RCVD AT 3/14/2006 3:13:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 " DNIS:2738300 * C8ID:6107386590 * DURATION (mm-ss):04-40
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-2- CP391
Priority Country Serial Number Date Filed
Claimed
I X'd)

L
L
L]

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) listed
below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the mamnner provided by the first paragraph
of 35 U.S.C. § 112, 1 acknowledge the duty to disclose to the U.S. Patent and Trademark
Office all information known to be material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or
PCT international filing date of this application:

Serial Number Date Filed Patented/Pending/Abandoned

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional
application(s) listed below:

Serial Number Date Filed
60/644354 January 14, 2005

1 hereby appoint all the practitioners associated with Customer Number 27573 (which is the
Customer Number assigned to Cephalon, Inc.) to prosecute this application and to transact all
business in the U.S. Patent and Trademark Office connected therewith. Each practitioner
associated with Customer Number 27573 is an attomey registered before the United States
Patent and Trademark Office.

Address all telephone calls and correspondence to:

Robert T. Brubiec
CEPHALON, INC.

41 Moores Road

PO Box 4011

Frazer, PA 19355

Telephone No.: (610) 738-6356
Facsimile No.: (610) 738-6590

PAGE 615~ :13:
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were:made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.

Name: Jason Edward Brittain

Mailing Address:
1580 Chiswick Ct. Signature
El Cajon, CA 92020

Date of Signature:

City/State of Actual Residence:
El Cajon, California " . ] ]
Citizenship: _United States of America
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.

Name: Joe Craig Franklin

Mailing Address: S Q%%
3708 East 45 Street Signature

Tulsa, OK 74135

City/State of Actual Residence: Date of Signature:
Tulsa, Oklahoma

Citizenship: _United States of America
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CP391
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In Re Application of:
Brittain et al. Group Art Unit: Not Assigned

For: BENDAMUSTINE PHARMACEUTICAL  Examiner: Not Assigned
COMPOSITION

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name; and
I believe that I am the original, first and sole inventor (if only one name is listed below) or an

original, first and joint inventor (if plural names are listed below) of the subject matter which
is claimed and for which a

Utility Patent [[] DesignPatent
is sought on the invention, whose title appears above, the specification of which:
D is attached hereto.

| was filed on January 12, 2006 as Serial No. 11/330,868.
D said application having been amended on

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all information
known to be material to the patentability of this application in accordance with 37 CFR §
1.56.

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a-d) of any foreign
application(s) for patent or inventor's certificate listed below and have also identified below

any foreign apiplication for patent or inventor's certificate having a filing date before that of
any application on which priority is claimed:

* - .
PAGE 0/15 * RCVD AT 3/14/2006 3:13:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/22 * DNIS: 2738300 * CSID:6107386590 * DURATION (mm-s5):04-40

0094



03/14/06 15:16 FAX 61067386590 CEPHALON, INC. -» USPTO MAIN doio

-2- CP391

Priority Country Serial Number Date Filed
Claimed

(ﬁin’d)
: [
Il
[]

[ hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) listed
below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner provided by the first paragraph
of 35 U.S.C. § 112,  acknowledge the duty to disclose to the U.S. Patent and Trademark
Office all information known to be material to patentability as defined in37 CFR § 1.56
which became available between the filing date of the prior application and the national or
PCT international filing date of this application:

Serial Number Date Filed Patented/Pending/Abandoned

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional

application(s) listed below:
Serial Number Date Filed
60/644354 January 14, 2005

I bereby appoint all the practitioners associated with Customer Number 27573 (which is the
Customer Number assigned to Cephalon, Inc.) to prosecute this application and to transact all
business in the U.S. Patent and Trademark Office comnected therewith. Each practitioner
associated with Customer Number 27573 is an attomey registered before the United States
Patent and Trademark Office.

Address all tetephone calls and correspondence to:

Robert T. Hrubiec
CEPHALON, INC.

41 Moores Road

PO Box 4011

Frazer, PA 19355

Telephone No.: (610) 738-6356
Facsimile No.: (610) 738-6590
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1 hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statemnents were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon. .

Name: Jason Edward Brittain

Matiling Address:
1580 Chiswick Ct. / ©
El Cajon, CA 92020

Signatu're

Date of Signature: O"\Yc\‘w..‘ out,
City/State of ‘Actual Residence:
El Cajon, California . . )
Citizenship: _United States of America
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I hereby declare that all statements made herein of my own knowledge arc true and that all
statements made on information and belief are believed to be
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity

patent issued thereon.

CEPHALON, INC.

-4-

-+ USPTO MAIN

CP391

true; and further that these

of the application or any

Name: Joe Craig Franklin

Mailing Address:
11519 Kirby Place
San Diego, CA 92126

San Diego, California

City/State of Actual Residence:

Signature
Date of Signature:
Citizenship: _United States of America
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CEPHALON, INC.

Supplemental Application Data Sheet

Application Information
Application Type::

Subject Matter::

Suggested Classification
Suggested Group Art Unit::
CD-ROM or CD-R?::
Number of CD disks::
Number of copies of CDs::
Sequence submission?::

Computer Readable Form (CRF)?::

Number of copies of CRF::
Title::

Attorney Docket Number::

Request for Early Publication::

Request for Non-Publication::
Suggested Drawing Figure::
Total Drawing Sheets::

Small Entity::

Petition included::

Secrecy Order In Parent Appl.:

Applicant Information

Applicant Authority type::
Primary Citzenship Country::
Status::

Given Name::

Family Name::

Page #1

-» USPTO MAIN

Regular
Utility

None

No

Bendamustine Pharmaceutical
Compositions

CP391

No

No

3

6

No

No

No

Inventor

us

Full Capacity
Jason Edward
Brittain

@o13

Supplemental 11330868 01/12/06 03/15/06
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Postal or Zip Code of Mailing Address:: 92020
Applicant Authority type:: inventor
Primary Citzenship Country:: us

Status:: Full Capacity
Given Name:: Joe Craig
Family Name:: Franklin
Name Suffix::

City of Residence:: Tulsa

State or Province of Residence:: OK

Country of Residence:: us

Street of Mailing Address::

3708 East 45™ Street

City of Mailing Address:: Tulsa

State or Province of Mailing Address:: OK

Country of Mailing Address:: us

Postal or Zip Code of Mailing Address:: 74135
Correspondence Information

Correspondence Customer Number:: 27573

Phone Number:: 610-738-6463

03/14/06 15:17 FAX 6187386590 CEPHALON, INC. > USPTO MAIN @o14
Name Suffix::
City of Residence:: El Cajon
State or Province of Residence:: CA
Country of Residence:: us
Street of Mailing Address:: 1580 Chiswick Ct.
City of Mailing Address:: El Cajon
State or Province of Mailing Address:: CA
Country of Mailing Address:: us

Page#2  Supplemental 11330868 01/12/06 03/15/06
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Fax Number:: 610-738-6590
E-Mail address:: intprop@cephalon.com
Representative Information
Representative Customer Number:: 27573
Domestic Priority Information
Application:: | Continuity Type:: Parent Parent
Application:; Filing
Date::
This Application claiming benefit under 35 USC 119(e) | 60644354 01/14/05
Application
Foreign Priority Information
Country:: Application Number:: Filing Date:: Priority Claimed::
Yes
Yes
Yes

Assignee Information::

Assignee Name::

Street of Mailing Address::

City of Mailing Address::

State or Province of Mailing Address::
Country of Mailing Address::

Postal or Zip Code of Mailing Address::

Cephalon, Inc.
41 Moores Road

Frazer

PA
United States of America

19355

Page #3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

E APPLICATION NUMBER | FILING OR 371 (c) DATE [ FIRSTNAMEDAPPLICANT | ~ ATTORNEY DOCKET NUMBER |
11/330,868 01/12/2006 Jason Edward Brittain CP391
CONFIRMATION NO. 9998
27573 FORMALITIES
CEPHALON, INC. LETTER
41 MOORES ROAD
PO BOX 4011

FRAZER, PA 19355

Date Mailed: 03/27/2006

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 03/14/2006 to the Notice to File Missing Parts
(Notice) mailed 02/28/2006 and it has been entered into the nonprovisional application.The reply, however, does
Not include the following items required in the Notice.

The period of reply remains as set forth in the Notice. You may, however, obtain EXTENSIONS OF TIME under
the provisions of 37 CFR 1.136 (a) accompanied by the appropriate fee (37 CFR 1.17(a)).

A complete reply must be timely filed to prevent ABANDONMENT of the above-identified application. Replies
§h0u|d be mailed to: Mail Stop Missing Parts, Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-
450.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

= The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 5.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
Application size fee.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

0101
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A copy of this notice MUST be returned with the reply.

f
Office of Initial Patent Examination (571) 272-4000, or 1-800-PT0-9199, or 1-800-972-6382
PART 3 - OFFICE COPY
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PTO/SB/21 (04-04)

US.P o TApproved for use through 07/31/2008. OMB 0851-0031

.S. Patenta rademark Offica: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persans are required to respond to @ callection of information urdess it displays a valid OMB control rumber.

4 Application Number 11/330,868
TRANSMITTAL - =
Filing Date January 12, 2006 '
FORM - , CE R
First Named Inventor Brittain
(to be used for all correspondence afler inttial i
o ") Art Unit 1616 AF 06
) Examiner Name Not Assigned
\Jota! Number of Pages in This Submission 5 Attorney Docket Number | CP391 /
ENCLOSURES (check all that apply)
Fee Transmittal F D After Allowance Communication to
[:] ' om O Drawing(s) Technology Center (TC)

D Appeal Communication to Board of
Appeals and Interferences

[ Amendment / Reply D Petition . D Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief}

[:] Fee Attached [:I Licensing-related Papers

[] petition to Convert to a ,
D After Final Provisional Application D Proprietary Information
X i D Power of Attorney, Revocation
D Affidavits/declaration(s) Change of Comespondence Address D Status Letter
Temminal Disclai
L—] Extension of Time Request EI " fmer @ Other Enclosure(s)
(please identily below):
] Request for Refund *Response to Natice of
[ express Abandonment Request Incomplete Reply
[ cD. Number of CD(s) .Figure 5
[J information Disciosure Statement «Copy of the Notice of !
Incomplete Reply
[ Gertifisd Copy of Priority : Remarks
Document(s) |—’

D Response to Missing Parts/
Incomplete Application

D Response to Missing Parts under 37
CFR1.52 or 1.53

[ copy of Missing Parts
D Declaration/POA
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm
o"r Scott K. Larsen, Registration No, 38,632

individual name

Ve

. Date April 4, 2008

CERTIFICATE OF TRANSMISSION/MAILING

| hereby certify that this correspondence is belng facsimile transmitted to the USPTO or deposited with the United States Postal |
Service with sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.0. Box 1450,
Alexandria, VA 22313-1450 on the date shown below.

Typed or printed nami Maureep K. Fitzpatrick

\__Signature ~NZ/orq S AA— | pate | Apria, 2008 Yy

This collection of Infarmation Is roquareli Ay 37 CFR 1.5. The infdrmatichls required Lo obtaln ar retain a benefit by ths public which is o fila (and by the USPTO to
process) an appiication. Confidentiality J govemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is esi_lmaled to 12 minutes to complete, induding gathering,
preparing. and submilting the comp appfication form to the USPTO. Time wil vary depending upon ths individual case. Any comments on the amount of time
you require to complete this farm and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patant and Trademark Omoe
U.S. Department of Commsrce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
G for F P.O. Box 1450, Alexandria, VA 22313-1450.

f you need assistance in completing the form, call 1-800-PTO-01588 and seject option 2.
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Attorney Docket: CP391 PATENT
RECEIVED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE  CENTRAL FAX CENTER
APR 0 4 2006
In Re Application of: Brittain et al. Confirmation No. 9998
Serial No.: 11/330,868 Group Art Unit: 1616
Filing Date: January 12, 2006 Examiner: Unknown

For: BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

MAIL STOP MISSING PARTS
Commissioner for Patents
P.0.Box 1450

Alexandria, VA 22313-1450

Dear Sir:

RESPONSE TO NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

In response to the "Notice of Incomplete Reply -- Filing Date Granted" Dated March 27,
2006, a response to which is due April 28, 2006, enclosed herewith for filing is Figure 5 and a
copy of the Notice of Incomplete Reply.

Please charge any deficiency or credit any overpayment to Deposit Account No. 03-1195.

Date: April 4, 2006 /;%————\

Scott K. Carse
Registration No. 38,532

CEPHALON, Inc.

41 Moores Road

PO Box 4011

Frazer, PA 19355
Phone: (610) 738-6463
Fax: (610) 727-7651
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Bax 1450

ck“;l.r“;.i;i;.;vuﬁ‘h 22113-1450
[ arrLicaTion NUMBER | FILING OR 371 (c) DATE [ FRSTNAMEDAPPLICANT | _ ATTORNEY DOCKET NUMBER _ |
11/330,868 01/12/2006 Jason Edward Brittain CP391

CONFIRMATION NO. 8998

27573 FORMALITIES

CEPHALON, INC. LETTER

41 MOORES ROAD

PO BOX 4011

FRAZER, PA 19355

Date Mailed: 03/27/2006

. e e L v = s el — L mmee— e e e s m e e e e e -

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)
Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 03/14/2006 to the Notice to File Missing Parts
(Notice) mailed 02/28/2006 and it has been entered into the nonprovisional application. The reply, however, does
not include the following items required in the Notice.

The period of reply remains as set forth in the Notice. You may, however, abtain EXTENSIONS OF TIME under
the provisions of 37 CFR 1.136 (a) accompanied by the appropriate fee (37 CFR 1.17(a)).

A complete reply must be timely filed to prevent ABANDONMENT of the above-identified application. Replies
should be mailed to: Mail Stop Missing Parts, Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313~
1450.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

» The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 5.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies should be mailed fo:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450
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A copy of this notice MUST be returned with the reply.

-

Office of Initial Patent Examination (571) 272-4000, ar 1-800-PT0-9199, or 1-800-972-6382
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

\Total Number of Pages in This Submission

Application Number 11/330,868
TRANSMITTAL Filing Date January 12, 2006
FORM _ First Named Inventor Brittain
Art Unit 1616 .
(to be used for all comespondence after initial fling) ___| E-Xaminer Name A. Soroush
470 Attorney Docket Number | CP391 )

ENCLOSURES (check all that apply)

D Fee Transmittal Form

D Fee Attached
|:] Amendment / Reply

[ Atter Final

L—_l Affidavits/declaration(s)
D Extension of Time Request

I:I Express Abandonment Request

E Information Disclosure
Statement

D Certified Copy of Priority
Document(s)
D Reply to Missing Parts/
Incomplete Application
D Reply to Missing Parts
under 37 CFR1.52 or 1.53

D Drawing(s)
D Licensing-related Papers
L__l Petition

D Petition to Convert to a
Provisional Application

D Power of Attorney, Revocation
Change of Correspondence Address

L—_] Teminal Disclaimer

EI Request for Refund
[ cD, Number of CD(s)

O tandscape Table on CD

[:] After Allowance Communication to TC

D Appeal Communication to Board
of Appeals and Interferences

D Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

D Proprietary Information
|:| Status Letter

E Other Enclosure(s)
(please identify below):

45 References
Return Postcard

| Remarks |

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm

CEPHALON, INC.

Signature

frl . —

Printed Name

Scott K. Larsen

Date

Reg.

January 23, 2008 No.

38,532

f

CERTIFICATE OF TRANSMISSION/MAILING

22313-1450 on the date shown below.

| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as Express
Mail Label Number EV 637825095 US in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA

Signature

Y7

7V bal

\_ Typed or printed name

m. Obrecht

Date January 23, 2008

_/

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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orney Docket No.: CP391 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

pRRe Application of: Brittain et al.
g¢Xerial No.: 11/330,868

Filing Date: January 12, 2006

For.: BENDAMUSTINE PHARMACEUTICAL
COMPOSITIONS

Confirmation No.: 9998

Group Art Unit.: 1616

Examiner: A. Soroush

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

INFORMATION DISCLOSURE STATEMENT

Pursuant to 37 C.F. R. §1.56 and in accordance with 37 C.F.R. §§1.97-1.98, information
relating to the above-identified application is hereby disclosed. Inclusion of information in
this statement is not to be construed as a representation that a search has been made or an
admission that this information is material to the patentability as defined in 37 C.F.R. §
1.56(b).

In accordance with §1.97(b), since this Information Disclosure Statement is being filed either
within three months of the filing date of the above-identified application, within three months
of the date of entry into the national stage of the above-identified application as set forth in §

1.491, or before the mailing date of a first Office Action on the merits of the above-identified
application. No additional fee is required.

A copy of each cited non-US patent reference is enclosed.

Applicant would like to make of record the following co-pending and commonly owned application:
USSN 11/267,010 filed on Nov. 4, 2005.

Please charge any deficiency or credit any overpayment to Deposit Account No. 03-1195.

Date: January 23, 2008 ?M—/
cott K. Larsen

Attorney for Applicant
CEPHALON, Inc. . Registration No. 38,532
41 Moores Road
PO Box 4011

Frazer, PA 19355
Telephone: (610) 738-6463
Facsimile: (610) 727-7651
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Attorney Docket CP391
PTO-1449
o Application Number 11/330,868
RMATION DISCLOSURE
TEMENT BY APPLICANT Filing Date January 12, 2006
TRAE> . ] 4 Publications Cited b First Named Inventor Brittain
I:;,It) l(;c;lattent and Publications Cited by Group Art Unit 1616
Examiner Name A. Soroush
| ] | Sheet 1of 5
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Description

[0001]) The present invention relates to a method of
sensitizing cells for apoptosis by using compounds that
selectively block cytokines, in particular interleukins,
and the use of said compounds for the treatment of can-
cer and autoimmune diseases.

[0002]) The molecular mechanisms controlling the bal-
ance between cell survival and cell death play a key role
in a number of physiological and pathological process-
es. Crucial for the cellular ability to induce death of su-
pernumerary, misplaced or damaged cells with high
specificity and efficiency is the machinery of so-called
"apoptosis” or “programmed cell death".

[0003] Diseases and conditions in which apoptosis
has been implicated fall into two categories, those in
which there is increased cell survival (i.e. apoptosis is
reduced) and those in which there is excess cell death
(i.e. apoptosis is increased). Diseases in which there is
an excessive accumulation of celis due to increased cell
survivalinclude cancer, autoimmune disorders and viral
infections. For these and other conditions in which in-
sufficient apoptosis is believed to be involved, promo-
tion of apoptosis is desired. This can be achieved, for
example, by promoting-cellular apoptosis-or by increas-
ing the sensitivity of cells to endogenous or exogenous
apoptotic stimuli, for example, cell signaling molecules
or other cytokines, cytotoxic drugs or radiation. Promo-
tion of or sensitization to apoptosis is believed to have
clinical relevance in sensitizing cancer cells to chemo-
therapeutic drugs or radiation.

[0004] In the second category, AIDS and neurode-
generative disorders like Alzheimer's or Parkinson's dis-
ease represent disorders for which an excess of cell
death due to promotion of apoptosis (or unwanted ap-
optosis) is likely to be involved. Amyotrophic lateral scle-
rosis, retinitis-pigmentosa, and epilepsy are other neu-
rologic disorders in which apoptosis has been implicat-
ed. Apoptosis has been reported to occur in conditions
characterized by ischemia, e.g. myocardial infarction
and stroke. For these and other diseases and conditions
in which unwanted apoptosis is believed to be involved,
inhibitors of apoptosis are desired.

[0005] Currently, a major treatment for cancerous tu-
mors is surgical removal of the affected areas of the tis-
sue, organ, or gland. However, high recurrence rates
are a major obstacle to the complete eradication of can-
cerous cells. ltis believed that although the cancer cells
in the malignant tumors can be removed surgically, can-
cerous cells that have invaded the surrounding tissue
or lymph nodes frequently cause tumor recurrence. One
reason for frequent tumor recurrence may be that during
the development of the primary cancer, complete re-
moval of all the cancer cells by surgical procedures is
extremely difficult. Although irradiation, chemotherapy
and appropriate hormone therapy all induce apoptosis
to some extent in tumor cells, higher doses of the drugs
or radiation may be required for suppressing the growth
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of cancer cells, which, in turn, can cause severe side
effects on patients.

[0006] Thus, the problem underlying the present in-
vention refers to the identification of compounds that
specifically modulate distinct steps in the apoptosis
pathway without causing the described deleterious side
effects.

[0007] The effective cure of patients suffering from
cancer is often difficult since many tumor cells have de-
veloped a resistance to anti-cancer drugs used for
chemotherapy. The described phenotype involves a va-
riety of strategies that tumor cells use to evade the cy-
tostatic effects of anti-cancer drugs. Mechanisms for
drug resistance include modifications in detoxification
and DNA repair pathways, changes in cellular sites of
drug sequestration, decreases in drug-target affinity,
synthesis of specitic drug inhibitors within cells, and ac-
celerated removal or secretion of drugs. In addition, can-
cer cells commonly fail to undergo apoptosis. Thus, ap-
optosis defects appear to be a major problem in cancer
therapy as they confer resistance to many tumors
against current treatment protocols, leading to tumor
progression.

[0008] = Apoptosis pathways involve diverse groups of
molecuies. One set of mediators implicated in apoptosis
are so-called caspases, cysteine proteases that cleave
their substrate specifically at aspartate residues. Cas-
pases convey the apoptic signal in a proteolytic cas-
cade, with caspases cleaving and activating other cas-
pases which subsequently degrade other cellular tar-
gets eventually resulting in cellular breakdown. Cas-
pase activation itself can be triggered by external stimuli
affecting certain self-surface receptors, known to the
person skilled in the art as so-called death receptors, or
by intracellular stress response via the mitochondria
leading to the release of mitochondrial proteins. Known
death receptors mediating apoptosis include members
of the tumor necrosis factor (TNF) receptor super family
such as, e.g. CD95 (APO-1/Fas) or TRAIL (TNF-related
apoptosis inducing ligand) receptors 1 and 2. Stimula-
tion of death receptors with apoptosis-inducing sub-
stances leads, among others, to the activation of cas-
pase 8, which in turn activates other downstream-acting
caspases.

{0009] The induction or inhibition of apoptosis is con-
trolled in part by the Bcl-2 family members. A number of
such genes, including Bcl-2 and Bcel-x,, counteract ap-
optosis by preserving mitochondrial membrane integrity
and preventing cytochrome c release in the cytoplasm.
In contrast, the pro-apoptotic members such as Bax and
Bad antagonize the function of Bcl-2 and Bcl-x_inducing
heterodimer formation and mitochondrial membrane
permeabilization with cytochrome c release.

[0010] Inhuman cancers, a high expression of the an-
ti-apoptotic members of the Bel-2 family is commonly
found and contributes to both neoplastic cell expansion
and resistance to the therapeutic action of chemother-
apeutic drugs. Overexpression of B¢l-2 can render cells
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resistant to apoptosis, thereby favoring malignant
growth. Moreover, since many chemotherapeutic
agents kill tumor cells by inducing apoptosis, overex-
pression of Bcl-2 or Bel-x, can lead to a multi-drug re-
sistant phenotype.

[0011] The expression of a variety of genes involved
in the survival or death of different target cells, including
members of the Bcl-2 family, is regulated by so-called
cytokines. Cytokines belong to a diverse group of solu-
ble, non-antibody proteins secreted by a variety of cell
types of the immune system, which modulate the func-
tional activities of individual cells by interaction with spe-
cific cell surface receptors, e.g. interferon, interleukin.
The person skilled in the art knows two functionally dis-
tinct subsets of so-called T-helper cells that have been
characterized on the basis of cytokine production. One
subset, Tht cells, secrete IFN-y and other cytokines as-
sociated with inflammation and cell-mediated immune
responses, whereas Th2 cells promote humoral re-
sponse releasing IL-4, IL-5 and IL-10.

[0012] With respect to solve the problem underlying
the present invention, namely the identification of com-
pounds that specifically modulate distinct apoptosis
steps, the inventors have surprisingly found that thyroid
cancer cells autocrinely produce high levels of IL-4 and
IL-10, as compared with normal tissues, while IFN-y was
barely detectable in those cancer cells. Thyroid cancer
is the most common endocrine malignancy, responsible
for about 60 % of the death secondary to endocrine can-
cer. Three major types of malignant tumors originate
from the thyroid epithelium. The more differentiated
papillary (PTC) and follicular (FTC) thyroid carcinomas
account for the vast majority of malignant tumors, while
the undifferentiated anaplastic carcinomas (UTC) are
extremely rare. The high levels of IL-4 and IL-10 in thy-
roid cancer cells correlated with an overexpression of
Bel-x_ and Bcl-2 which in turn protects thyroid cancer
cells against the cytotoxic effect of chemotherapeutic
drugs suggesting a potential role of these anti-apoptotic
proteins in thyroid cancer resistance from drug-induced
cytotoxicity.

[0013] Thus, a first object of the present invention re-
fers to the use of a cytokine antagonist which modulates
the expression and/or the function of a cytokine in a cell
for the down-regulation of a cell death preventing protein
in a cell.

[0014] As a result of the down-regulation of a cell
death preventing protein the cell is for sensitized for cell
death. In the context of the present invention, the term
“cell death” refers to any mechanism and process which
can cause a cell to die. The skilled artisan distinguishes
two processes named apoptosis and necrosis both of
which are addressed within the scope of the present in-
vention. However, the use of a cytokine antagonist ac-
cording to the present invention is particularly effective
if the death process the cell should be sensitized for is
apoptosis. Thus, in a preferred embodiment of the
present invention the “cell death preventing® proteins re-
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fer to "anti-apoptotic” proteins.

[0015] In a particular embodiment of the present in-
vention the term "cell” refers to cells, that fail to undergo
apoptosis as described in the introduction. In this re-
spect, the cells encompass, for example, cancer cells
and self-reacting cells of the immune system. Most pref-
erably, the cell of the present invention is a cancer cell.
[0016] If the cell is a cancer cell, the defect in under-
going apoptosis may have rendered the cell resistant to
various treatment strategies exploiting anti-neoplastic
compounds and/or radiation therapies. The cancer cell
to which the cytokine is preferably applied to can also
be resistant to compounds which do not necessarily
lead to cell death directly, but which sensitize these cells
for apoptosis. The skilled artisan knows that such com-
pounds include naturally occurring agonists for death re-
ceptors, i.e. receptor ligands or agonistic antibodies to
said death receptors, as well as chemotherapeutic
drugs.

[0017] The “cytokine" of the present invention be-
longs to the group of cytokines that are predominantly
secreted by Th2 helper cells. More preferably, the cy-
tokine is selected from the group consisting of IL-4, IL-
5, IL-6, IL-10, and IL-13, as well as combinations there-
of. For the efficient use of the cytokine antagonist of the
present invention it is most preferred, if the cytokine is
iL-4, IL-10 and/or IL-13, as well as combinations there-
of.

[0018] Within the scope of the presentinvention, “an-
ti-apoptotic proteins" include members of the Bel family
such as Bcl-2, Bel-x, cFLIP, Mcl-1, Bel-w, A1/BFL1,
BOO/DIVA, NR-13, sentrin, TOSO, CPAN, PED,
DFF45, and the like. The anti-apoptotic proteins of the
present invention also include so-called "Inhibitors of
Apoptosis Proteins” (IAPs). 1APs bind to early active
caspases, thereby preventing the ongoing of the apop-
tosis process. They are expressed at high levels in many
tumors and, by inhibition of caspases, contribute to the
resistance of cancers against apoptosis induction. Ex-
amples of IAPs include NAIP, XIAP (hILP), clAP-1,
clAP-2, ML-IAP (livin), KIAP, BIRCS5 (survivin), TIAP,
and Apollon. Finally, anti-apoptotic proteins can be oth-
ers such as fortilin, and the like.

[0019] In a preferred embodiment of the present in-
vention, the anti-apoptotic proteins include FED, cFLIP,
Bcl-2 and Bcl-x,, and combinations thereof. Most pref-
erably, the anti-apoptotic proteins which are down-reg-
ulated by the cytokine antagonist are Bcl-2 and/or Bcl-
X

[0020] The term “cytokine antagonist’ refers to any
compound that is capable of directly modulating the ex-
pression and/or the function of the cytokine, thus leading
to the down-regulation of anti-apoptotic proteins. It is
further contemplated within the scope of the present in-
vention that the cytokine antagonist refers to any com-
pound that modulates the expression and/or the func-
tion of a cytokine indirectly, namely by affecting the ex-
pression and/or the function of the respective cytokine
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receptor. It is obvious to the person skilled in the art that
a down-regulation of the cytokine receptor directly inter-
feres with the function of the cytokine itself. Therefore,
the hereinafter described mechanisms and molecules,
respectively, that modulate the expression and/or the
function of a cytokine may also be extrapolated to cy-
tokine receptors. In this respect, the term “cytokine” en-
compasses also cytokine receptors, unless otherwise
indicated.

[0021] In the context of the present invention, the
modulation of the expression and/or the function of the
cytokine/cytokine receptor, hereinafterreferred to as the
"modulation®, by the use of the cytokine antagonist ac-
cording to the present invention can occur on the protein
and/or on the nucleic acid level.

[0022] If the modulation occurs on the nucleic acid
level, the cytokine antagonist according to the present
invention can be a peptide or a nucleic acid that regu-
lates the transcription of the cytokine gene by binding to
up-stream and/or down-stream regulatory sequences of
the coding region of the cytokine. Such regulatory se-
guences are known to the person skilled in the art and
include so-called promoter, operator, enhancer or si-
lencer regions. For example, the cytokine antagonist
may interfere with the binding of the RNA polymerase
to the promoter region of the cytokine gene, either by
binding directly to the RNA polymerase binding region,
by binding to the polymerase itself or by binding to other
factors, e.g. transcription factors, which are required for
efficient RNA polymerase binding and function. Further-
more, the cytokine antagonist may bind to the operator
region and act as a so-called repressor of cytokine gene
expression.

[0023]) In a further embodiment of the present inven-
tion, the modulation on the nucleic acid level can occur
by the use of nucleic acid molecules that hybridize to,
and are therefore complementary to the coding se-
quence of the cytokine. These nucleic acid molecules
may encode or act as cytokine gene antisense mole-
cules useful, for example, in cytokine gene regulation.
With respect to cytokine gene regulation, such tech-
niques can be used to modulate, for example, the phe-
notype and metastatic potential of cancer cells. The use
of antisense molecules as inhibitors is a specific, genet-
ically based therapeutic approach. The present inven-
tion provides the therapeutic and prophylactic use of nu-
cleic acids of at least six nucleotides that are antisense
to a gene or cDNA encoding one of the aforementioned
cytokines.

[0024] Similarly, a cytokine antagonist of the present
invention that modulates the expression and/or the func-
tion of a cytokine on the nucleic acid level can be a dsR-
NA molecule which is complementary to the cytokine
mRNA. Such molecules are also known in the art as
small interfering RNA (siRNA). This technology to inhibit
the expression of certain mRNAs is known to the person
skilled in the art as RNA interference (RNAI). Preferably,
the dsRNA molecules which are complementary to the
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mRNA of the cytokines of the present invention have a
length between 10 and 30 base pairs, more preferably,
they have a length between 19 and 25 base pairs. The
cytokine antagonist being siRNA may be delivered to
the target cell by any method known to the one of skilled
art. Applicable is, for instance, the delivery by using cat-
jonic liposome reagents. It is also conceivable that the
siRNA directed against the cytokine mRNA is obtained
by using the DNA encoding it. In this case, a DNA con-
struct comprising both a stretch of 19 to 25 nucleotides
of the desired cytokine coding region, and the antisense
stretch being separated from the sense stretch by a suit-
able linker which is able to form a hairpin loop, is inserted

into a vector. The vector can be introduced into the tar- .

get cell by methods well known the skilled artisan. The
design of such a construct is further described e.g. in
Brummelkamp et al. (Science 2002 Vol. 296, pages
550-553).

[0025] Furthermore, the present invention encom-
passes so-called ribozymes as cytokine antagonists. Ri-
bozymes are naturally occurring RNA fragments that
can be designed as human therapeutics to recognize,
bind and digest any disease-causing mRNA sequence,
in this case the cytokine mRNA. Ribozymes are de-
signed fto‘target the cytokine mRNA through comple-
mentary base pair hybridization. After binding to the tar-
get, the enzymatic activity of the ribozyme cleaves the
cytokine mRNA thus preventing its transiation into pro-
tein. The cytokine mRNA ribozymes can be chemically
synthesized to selectively inhibit the cytokine produc-
tion. In addition, the ribozymes may be chemically mod-
ified allowing the ribozymes to be more stable and ac-
tive. Included are also ribozymes that do not only cleave
cytokine-specific RNA molecules but also form carbon-
carbon bonds in a covalent fashion, which raises the
possibility of ribozymes that can catalyze other types of
chemical reactions.

[0026] In a further embodiment of the present inven-
tion the translation of the cytokine gene can be reduced
or eliminated by binding of an RNA-binding protein to
one or more operator sequences in the 5-UTR of the
cytokine mRNA transcript. The bound RNA-binding pro-
tein interferes with translation, likely by preventing ribos-
ome assembly or blocking the movement of the ribos-
ome along the transcript from 5'to 3'. Such RNA-binding
proteins may be multimeric, e.g. dimers of a particular
RNA-binding protein. It is also possible within the scope
of the present invention that the cytokine antagonist in-
hibits the cytokine expression by promoting or at least
being involved in the degradation of cytokine mRNA.
[0027] If the modulation occurs on the protein level,
the present invention encompasses antibodies or frag-
ments thereof capable of specifically recognizing one or
more epitopes of the cytokine gene products, epitopes
of conserved variants of the cytokine gene products,
epitopes of mutant cytokine gene products, or peptide
fragments of cytokine gene products. Such antibodies
may include, but are not limited to, polyclonal antibod-
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ies, monoclonal antibodies (mAbs), human, humanized
or chimeric antibodies, single-chain antibodies, Fab
fragments, F(ab’)2 fragments, Fv fragments, fragments
produced by a Fab expression library, anti-idiotypic (an-
ti-1d) antibodies, and epitope-binding fragments of any
of the above. The cytokine antagonist being an antibody
as described above can be used to capture and neutral-
ize excessive amounts of cytokines that are overex-
pressed in drug-resistant cancer cells. It may be desir-
able for the present invention if the antibody recognizes
more than one of the above mentioned cytokines. In or-
der to capture and neutralize more than one overex-
pressed cytokine, the antibody used as a cytokine an-
tagonist of the present invention can possess more than
one specificities, i.e. being, for example, bispecific, tris-
pecific or multispecific.

[0028] Epitopes and antigenic regions useful for gen-
erating antibodies can be found within the cytokine ami-
no acid sequences (e.g. SWISS-PROT numbers
P05112 for IL-4, P22301 for IL-10 or P35225 for IL-13)
by procedures available to one of skill in the art. For ex-
ample, short, unique peptide sequences can be identi-
fied in the amino acid sequences that have little or no
homology to known amino acid sequences. Preferably
the region of a protein selected to act as a peptide
epitope or antigen is not entirely hydrophobic; hy-
drophilic regions are preferred because those regions
likely constitute surface epitopes rather than internal re-
gions of the present proteins and polypeptides. These
surface epitopes are more readily detected in samples
tested for the presence of the present proteins and
polypeptides.

[0029] Peptides can be made by any procedure
known to one of skill in the art, for example, by using in
vitro translation or chemical synthesis procedures.
Short peptides which provide an antigenic epitope but
which by themselves are too small to induce an immune
response may be conjugated to a suitable carrier. Suit-
able carriers and methods of linkage are well known in
the art. Suitable carriers are typically large macromole-
cules such as proteins, polysaccharides and polymeric
amino acids. Examples include serum albumins, key-
hole limpet hemocyanin, ovalbumin, polylysine and the
like. One of skill in the art can use available procedures
and coupling reagents to link the desired peptide
epitope to such a carrier. For example, coupling rea-
gents can be used to form disulfide linkages or thioether
linkages from the carrier to the peptide of interest. If the
peptide lacks a disulfide group, one may be provided by
the addition of a cysteine residue. Alternatively, coupling
may be accomplished by activation of carboxy! groups.
[0030] The minimum size of peptides useful for ob-
taining antigen specific antibodies can vary widely. The
minimum size must be sufficient to provide an antigenic
epitope which is specific to the protein or polypeptide.
The maximum size is not critical unless it is desired to
obtain antibodies to one particular epitope. For exam-
ple, alarge polypeptide may comprise multiple epitopes,
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one epitope being particularly useful and a second
epitope being immunodominant.

[0031] In a preferred embodiment of the present in-
vention, the cytokine antagonist refers to an antibody
against IL-4, IL-5, IL-6, IL-10, and/or IL-13, as well as
combinations thereof. Even more preferred, the cy-
tokine antagonist refers to an antibody against IL-4, IL-
10, and/or IL-13, as well as combinations thereof. Most
preferably, the cytokine antagonist refers to an antibody
against IL-4 and/or IL-10, and combinations thereof. It
is understood that the antibody being used as a cytokine
antagonist can possess more than one specificities, as
described supra, i.e. being directed to more than one of
the mentioned IL, e.g. a bispecific antibody to IL4 and
iL10.

[0032] In a further embodiment of the present inven-
tion, the cytokine antagonist that modulates the expres-
sion and/or the function of the cytokine can be a so-
called aptamer, either a peptide-based aptamer or an
oligonucleotide-based aptamer. Peptide aptamers are
defined as protein-based recognition agents that consist
of constrained combinatorial peptide libraries displayed
on the surface of a scaffold protein. Peptide aptamers
fUnctionAin trans, interacting with and inactivating gene
products without mutating the DNA that encodes them.
In principle, combinatorial libraries of peptide aptamers
should contain aptamers that interact with any given
gene product, thus allowing peptide aptamers to be gen-
erated against an organism's entire proteome. Oligonu-
cleotide-based aptamers being used as cytokine antag-
onist according to the present invention comprise DNA
as well as RNA aptamers. In this respect, the present
invention encompasses also mirror-image L-DNA or
L-RNA aptamers, so-called spiegelmers.

[0033] The aptamers that are useful as cytokine an-
tagonists for the present invention include those which
interact with specific proteins and thus prevent or disrupt
the specific protein interaction between the cytokine and
its receptor. They can interact with the cytokine itself,
preferably with that region of the cytokine that is involved
in the receptor binding. The aptamers can also prevent/
disrupt the interaction between the cytokine and its re-
ceptor by binding to the receptor, preferably with that
region of the receptor that is involved in the cytokine
binding. Itis also possible that the aptamers bind to oth-
er factors/proteins that are required for successful cy-
tokine/receptor interaction.

[0034] In the context of the described aptamers, it is
also feasable the the cytokine antagonist comprises so-
called small molecule inhibitors that may exhibit similar
properties as aptamers, namely binding to either the cy-
tokine or to the cytokine receptor, thereby inhibiting their
proper interaction and, thus, function. The small mole-
cule inhibitor can be a peptide or a small chemical com-
pound, which has been identified by methods known to
the skilled artisan, e.g. by computational combinatorial
chemistry in combination with screening of compound
libraries.
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[0035] In a further embodiment of the present inven-
tion the cytokine antagonist that modulates the expres-
sion and/or the function of the cytokine, comprises at
least one receptor, a derivative or fragment thereof, of
any of the cytokines included in the present invention.
Similarly to the proposed and described effect for using
antibodies as cytokine antagonists, the cytokine recep-
tor, a fragment or derivative thereof, can be used to cap-
ture and neutralize excessive amounts of cytokines
which are overexpressed in drug-resistant cancer cells.
Examples for suitable receptors and receptor subunits,
respectively, include CD 124 which binds both IL-4 and
IL-13 (data base accession number P24394), CD132
which represents the common gamma subunit shared
by IL-2, IL-4, IL-7, IL-9, and IL-15 receptors (data base
accession number P31785), IL-13 receptor alpha-2
chain (data base accession number Q14627) and IL-10
receptor alpha chain (data base accession number
Q13651).

[0036] In the context of the present invention the term
"derivative or fragment” of a cytokine receptor refers to
peptides the length of which and/or the amino acid com-
position of which can differ from the originally disclosed
amino acid sequence, provided that the function of the
receptor, namely the binding of the cytokine, is neither
reduced-nor eliminated. Therefore, the term "derivative
or fragment” includes peptides which are extended or
shortened on either the amino- or the carboxyterminal
end or which possess deletions or insertions internally.
In addition, the term "derivative or fragment" includes
peptides with one or more amino acids being different
from the originally disclosed sequence. Particularly ad-
vantageous for the present invention, especially if the
receptor is used therapeutically, are soluble receptors
lacking the transmembrane region. In this case, the re-
ceptor comprises the proposed extracellular binding do-
main, a fragment or derivative thereof, optionally being
directly or via a spacer linked to the proposed intracel-
lular domain or to the Fc part of an antibody.

[0037] With respect to receptors, derivatives or frag-
ments thereof, the present invention also comprises so-
called cytokine traps, which make use of the fact that
the signalling cascade triggered by cytokines is initiated
with the cytokine binding to a first subunit, said binding
leading to the recruitment of the second subunit, where-
by only the complex of the cytokine bound to both re-
ceptor subunit chains initiate the subsequent cascade.
As described in Nature Medicine 2003, Vol. 9, pages
20-22 and pages 47-52, cytokine traps consist of the two
relevant receptor subunits which are linked together by
fusion with the Fc portion (complement binding domain)
of the immunoglobulin IgG 1. Therefore, the cytokine an-
tagonist of the present invention can be a so-called "het-
erodimeric trap” consisting of two receptor subunits
each of which is fused to the Fc portion of an antibody
comprising the heavy chain cénstant regions CH2 and
CH3 and the hinge region of IgG1, whereby the con-
structs are paired via disulfide bridges between the
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hinge regions. The cytokine antagonist of the present
invention can also be a so-called “inline trap”, where the
two receptor extracellular domains are fused in-line fol-
lowed by the human IgG1 Fc. For example, a cytokine
antagonist for the cytokine IL-4 would consist of the ex-
tracellular domains of CD124, as specified above, and
CD132, as specified above, linked to 1gG1 in the de-
scribed manner.

[0038] Furthermore, the modulation of the cytokine
can be achieved by using so-called muteins of the cy-
tokines. Muteins are derivatives of biologically active
proteins the amino acid composition of which has been
artificially altered. The muteins of the present invention
are still able to bind to their respective cell surface re-
ceptor, but are incapable of triggering an internal signal
cascade which would lead to the up-regulation of anti-
apoptotic proteins. In this respect, the muteins compete
with the endogenously expressed cytokines for the bind-
ing sites on the respective receptor. The muteins can be
made via bacterial expression of mutant genes that en-
code the muteins that have been synthesized from the
genes for the parent proteins by oligonucleotide-direct-
ed mutagenesis.

[0039] Inline with the above disclosures, the present
invention furthermore refers to a method for the down-
regulation of a cell death preventing protein in a cell, the
method comprising

(a) providing a sample of tissue or cells from a sub-
ject

(b) contacting the cell or the sample with a cytokine
antagonist

In a particularly preferred embodiment of the present in-
vention the cell, to which the disclosed method should
be applied to, is a cancer cell.

[0040] In order to act properly as a cytokine antago-
nist and in order to perform the described method it is
desirable that the cytokine antagonist is delivered to the
site of action namely to the proximity of a cell and/or into
a cell. The person skilled in the art is aware of a variety
of methods how to deliver the disclosed cytokine antag-
onists into or in the proximity of the target cell. In gen-
eral, the appropriate method depends on whether the
cytokine antagonist is a nucleic acid or a peptide. Fur-
thermore, if the cytokine antagonist is a peptide it can
be delivered into or in the proximity of the target cell by
introducing the nucleic acid encoding it either to the tar-
get cell itself or to other cells being suitable to produce
the peptide. For peptide production, both eukaryotic and
prokaryotic host cells are contemplated.

[0041] There are several well-known methods of in-
troducing nucleic acids into animal cells, any of which
may be used in the present invention and which depend
on the host. Typical hosts include mammalian species,
such as humans, non-human primates, dogs, cats, cat-
tle, horses, sheep, and the like. At the simplest, the nu-
cleic acid can be directly injected into the target cell /
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target tissue, or by so-called microinjection into the nu-
cleus. Other methods include fusion of the recipient cell
with bacterial protoplasts containing the nucleic acid,
the use of compositions like calcium chioride, rubidium
chloride, lithium chloride, calcium phosphate, DEAE
dextran, cationic lipids or liposomes or methods like re-
ceptor-mediated endocytosis, biolistic particle bom-
bardment ("gene gun® method), infection with viral vec-
tors, electroporation, and the like.

[0042] For the introduction of the cytokine antagonist,
respectively the nucleic acid encoding it, into the cell and
its expression it can be advantageous if the nucleic acid
is integrated in an expression vector. The expression
vector is preferably a eukaryotic expression vector, or a
retroviral vector, a plasmid, bacteriophage, or any other
vector typically used in the biotechnology field. If nec-
essary or desired, the nucleic acid encoding the cy-
tokine antagonist can be operatively linked to regulatory
elements which direct the transcription and the synthe-
sis of a translatable mRNA in pro- or eukaryotic cells.
Such regulatory elements are promoters, enhancers or
transcription termination signals, but can also comprise
introns or similar elements, for example those, which
promote or contribute to the stability and the amplifica-
tion of the vector, the selection for successful delivery
and/or the integration into the host's genome, like re-
gions that promote homologous recombination at a de-
sired site in the genome. For therapeutic purposes, the
use of retroviral vectors has been proven to be most ap-
propriate to deliver a desired nucleic acid into a target
cell.

[0043] Ifthe cytokine antagonist is a peptide that shall
be directly introduced into the target cell it can be fused
to a carrier peptide that mediates the cellular uptake of
the peptide. Appropriate carriers are known to the per-
son skilled in the art and include TAT, fibroblast growth
factor, galparan (transportan), poly-arginine, and Pep-
1, and functional fragments and derivatives of any of
said carriers. Furthermore, the cytokine may be fused
to a ligand for a cell surface receptor, or a functional por-
tion thereof, and thus internalized by receptor-mediated
endocytosis.

[0044] The cytokine antagonist as disclosed in the
presentinvention can be used as a pharmaceutical, op-
tionally in combination with at least one active com-
pound, for the treatment of cancer. This is a further em-
bodiment of the present invention. The term "active
compound” refers to a compound other than the cy-
tokine antagonist which is able to induce or sensitize for
cell death, preferably apoptosis, or which inhibits cell
proliferation. Active compounds which are able to in-
duce or sensitize for cell death, preferably apoptosis are
known to the person skilled in the art.

[0045] First, the phrase "active compound" refers to
the use of electromagnaetic or particulate radiation in the
treatment of neoplasia. Radiation therapy is based on
the principle that high-dose radiation delivered to a tar-
get area will result in the death of reproductive cells in
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both tumor and normal tissues. The radiation dosage
regimen is generally defined in terms of radiation ab-
sorbed dose (rad), time and fractionation, and must be
carefully defined by the oncologist. The amount of radi-
ation a patient receives will depend on various consid-
eration but the two most important considerations are
the location of the tumor in relation to other critical struc-
tures or organs of the body, and the extent to which the
tumor has spread. Examples of radiotherapeutic agents
are provided in, but not limited to, radiation therapy and
is known in the art (Hellman, Principles of Radiation
Therapy, Cancer, in Principles and Practice of Oncology,
24875 (Devita et al., ed., 4th ed., vl, 1993). Recent ad-
vances in radiation therapy include three-dimensional
conformal external beam radiation, intensity modutated
radiation therapy (IMRT), stereotactic radiosurgery and
brachytherapy (interstitial radiation therapy), the latter
placing the source of radiation directly into the tumor as
implanted "seeds.” These newer treatment modalities
deliver greater doses of radiation to the tumor, which ac-
counts for their increased effectiveness when compared
to standard external beam radiation therapy. Beta-emit-
ting radionuclides are considered the most useful for ra-
diotherapeutic applications because of the moderate lin-
ear energy transfer (LET) of the ionizing particle (elec-
tron) and its intermediate range (typically several millim-
eters in' tissue). Gamma rays deliver dosage at lower
levels over much greater distances. Alpha particles rep-
resent the other extreme; they deliver very high LET
dosage, but have an extremely limited range and must,
therefore, be in intimate contact with the cells of the tis-
sue to be treated. In addition, alpha emitters are gener-
ally heavy metals, which limits the possible chemistry
and presents undue hazards from leakage of radionu-
clide from the area to be treated. Depending on the tu-
mor to be treated all kinds of emitters are conceivable
within the scope of the present invention. :
[0046] Generally, radiation therapy can been com-
bined temporally with other active compounds listed be-
low to improve the outcome of treatment. There are var-
ious terms to describe the temporal relationship of ad-
ministering radiation therapy together with other active
compounds, and the following examples are the pre-
ferred treatment regimens and are generally known by
those skilled in the art and are provided for illustration
only and are not intended to limit the use of other com-
binations. Administration of radiation therapy with other
active compounds can be "sequential”, i.e. separately
in time in order to allow the separate administration,
“concomitant” which refers to the administration on the
same day, and, finally,"alternating” which refers to the
administration of radiation therapy on the days in which
other active compounds would not have been adminis-
tered.

{0047] Another class of active compounds are chem-
ical compounds having a cytostatic or anti-neoplastic ef-
fect ("cytostatic compound”). Cytostatic compounds in-
cluded in the present invention comprise, but are not re-
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stricted to (i) antimetabolites, such as cytarabine,
fludarabine, 5-fluoro-2'-deoxyuiridine, gemcitabine, hy-
droxyurea or methotrexate; (ij) DNA-fragmenting
agents, such as bleomycin, (iii) DNA-crosslinking
agents, such as chlorambucil, cisplatin, cyclophospha-
mide or nitrogen mustard; (iv) intercalating agents such
as adriamycin (doxorubicin) or mitoxantrone; (v) protein
synthesis inhibitors, such as L-asparaginase, cyclohex-
imide, puromycin or diphteria toxin; (vi) topoisomerase
I poisons, such as camptothecin or topotecan; (vii) topoi-
somerase |I poisons, such as etoposide (VP-16) or ten-
iposide; (viii) microtubule-directed agents, such as col-
cemid, colchicine, paclitaxel, vinblastine or vincristine;
(ix) kinase inhibitors such as flavopiridol, staurosporin,
STI571 (CPG 57148B) or UCN-01 (7-hydroxystau-
rosporine); (x) miscellaneous investigational agents
such as thioplatin, PS-341, phenylbutyrate, ET-
18-OCHj, or farnesyl transferase inhibitors (L-739749,
L-744832); polyphenols such as quercetin, resveratrol,
piceatannol, epigallocatechine gallate, theaflavins, fla-
vanols, procyanidins, betulinic acid and derivatives
thereof; (xi) hormones such as glucocorticoids or fen-
retinide; (xii) hormone antagonists, such as tamoxifen,
finasteride or LHRH antagonists.

[0048] Other cytostatic compounds include plant-de-
rived cytostatics (from Viscum and derivatives); al-
caloids such as vindesine; podophyliotoxins such as
vinorelbin; alkylants such as nimustrine, carmustrine,
lomustine, estramustrine, melphalam, ifosfamide, tro-
fosfamide, bendamustine, dacarbazine, busulfane, pro-
carbazine, treosulfane, tremozolamide, thiotepa; cyto-
toxic antibiotics such as aclarubicine, daunorubicine,
epirubicine, idarubicine, mitomycine, dactinomycine;
antimetabolites like folic acid analogs such as meth-
otrexate, purine analogs such as cladribin, mercaptop-
urin, tioguanine and pyrimidine analogs such as cytara-
bine, fluorouracil, docetaxel; platinum compounds such
as carboplatin, oxaliplatin; amsacrine, irinotecane, inter-
feron-a, tretinoine, hydroxycarbamide, miltefosine, pen-
tostatine, aldesleukine; antineoplastic compounds de-
rived from organs, e.g. monoclonal antibodies such as
trastuzumab, rituximab, or derived from enyzmes such
as pegaspargase; endocrine effecting antineoplastic
compounds belonging to hormones, e.g. estrogens
such as polyestradiol, fosfestriol, ethinylestradiol,
gestagens such as medroxyprogesterone, gestono-
roncaproat, megestrol, norethisterone, lynestrenol, hy-
pothalamus hormones such as triptoreline, leuproreline,
busereline, gosereline, other hormones such as testol-
actone, testosterone; endocrine effecting antineoplastic
compounds belonging to hormone antagonists, e.g. an-
tiestrogens such as toremifen; antiandrogens such as
flutamide, bicalutamide, cyproterane; endocrine effect-
ing antineoplastic compounds belonging to enzyme in-
hibitors such as anastrol, exemestane, letrozol, formes-
tane, aminoglutethimide, all of which can be occasion-
ally administered together with so-called protectives
such as calciumfolinat, amifostin, lenograstin, molgro-
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mostin, filgrastin, mesna or so-called additives such as
retinolpalmitate, thymus D9, amilomer.

{0049] In a preferred embodiment of the present in-
vention, the active compound having a cytostatic effect
is selected from the group consisting of cisplatin, doxo-
rubicin and paclitaxel (taxol).

[0050] Another class of active compounds which can
be used in the present invention are those which are

able to sensitize for or induce apoptosis by binding to

death receptors ("death receptor agonists"). Agonists of
death receptors include death receptor ligands such as
tumor necrosis factor o (TNF-o), tumor necrosis factor
B (TNF-B, lymphotoxin-a), LT-8 (lymphotoxin-), TRAIL
(Apo2L, DR4 ligand), CD95 (Fas, APO-1) ligand,
TRAMP (DR3, Apo-3) ligand, DR6 ligand as well as frag-
ments and derivatives of any of said ligands. Further-
more, death receptors agonists comprise agonistic an-
tibodies to death receptors such as anti-CD95 antibody,
anti-TRAIL-R1 (DR4) antibody, anti-TRAIL-R2 (DR5)
antibody, anti-DR6 antibody, anti TNF-R1 (p55 TNF-R)
antibody and anti-TRAMP (DR3) antibody as well as
fragments and derivatives of any of said antibodies.
Preferably, the agonistic antibodies are selected from
the group consisting of anti-TRAIL-R1 antibody, an-
ti-TRAIL-R2 antibody, anti TNF-R1 antibody and frag-
ments and derivatives of any of said antibodies.
[0051] = Another class of active compounds which can
be used in combination with the cytokine antagonist are
peptides, proteins or small molecule inhibitors which
negatively regulate or inhibit the above described anti-
apoptotic proteins. Examples of negatively regulating
peptides inciude Smac/DIABLO, NRAGE and TAK1,
fragments and derivatives thereof, which particularly in-
hibit the above described IAPs. These peptides may be
modified in a way that they can be rapidly internalized
into tumor cells by cellular uptake. The modification can
occur by attaching a carrier peptide that mediates cel-
lular uptake as disclosed above to the active compound.
[0052] The cytokine antagonist can be administered
alone or in combination with one or more active com-
pounds. The latter can be administered before, after or
simultaneously with the administration of the cytokine
antagonist. The dose of either the cytokine antagonist
or the active compound as well as the duration and the
temperature of incubation can be variable and depends
on the target that is to be treated.

[0053] A further object of the present invention are
pharmaceutical preparations which comprise an effec-
tive dose of at least one cytokine antagonist, optionally
in combination with at least one active compound and
a pharmaceutically acceptable carrier, i.e. one or more
pharmaceutically acceptable carrier substances and/or
additives.

[0054] The pharmaceutical according to the invention
can be administered orally, for example in the form of
pills, tablets, lacquered tablets, sugar-coated tablets,
granules, hard and soft gelatin capsules, aqueous, al-
coholic or oily solutions, syrups, emulsions or suspen-
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sions, or rectally, for example in the form of supposito-
ries. Administration can also be carried out parenterally,
for example subcutaneously, intramuscularly or intrave-
nously in the form of solutions for injection or infusion.
Other suitable administration forms are, for example,
percutaneous or topical administration, for example in
the form of ointments, tinctures, sprays or transdermal
therapeutic systems, or the inhalative administration in
the form of nasal sprays or aerosol mixtures, or, for ex-
ample, microcapsules, implants or rods. The preferred
administration form depends, for example, on the dis-
ease to be treated and on its severity.

[0055] The preparation of the pharmaceutical compo-
sitions can be carried out in a manner known per se. To
this end, the cytokine antagonist and/or the active com-
pound, together with one or more solid or liquid phar-
maceutical carrier substances and/or additives (or aux-
fliary substances) and, if desired, in combination with
other pharmaceutically active compounds having ther-
apeutic or prophylactic action, are brought into a suita-
ble administration form or dosage form which can then
be used as a pharmaceutical in human or veterinary
medicine.

[0056] For the production of pills, tablets, sugar-coat-
ed tablets and hard gelatin capsules it is possible to use,
for example, lactose, starch, for example-maize starch,
or starch derivatives, talc, stearic acid or its salts, etc.
Carriers for soft gelatin capsules and suppositories are,
for example, fats, waxes, semisolid and liquid polyols,
natural or hardened oils, etc. Suitable carriers for the
preparation of solutions, for example of solutions for in-
jection, or of emulsions or syrups are, for example, wa-
ter, physiological sodium chloride solution, alcohols
such as ethanol, glycerol, polyols, sucrose, invert sugar,
glucose, mannitol, vegetable oils, etc. Itis also possible
to lyophilize the cytokine antagonist and/or the active
compound and to use the resuiting lyophilisates, for ex-
ample, for preparing preparations for injection or infu-
sion. Suitable carriers for microcapsules, implants or
rods are, for example, copolymers of glycolic acid and
lactic acid.

[0057] The pharmaceutical preparations can also
contain additives, for example fillers, disintegrants,
binders, lubricants, wetting agents, stabilizers, emulsi-
fiers, dispersants, preservatives, sweeteners, color-
ants, flavorings, aromatizers, thickeners, diluents, buff-
er substances, solvents, solubilizers, agents for achiev-
ing a depot effect, salts for altering the osmotic pressure,
coating agents or antioxidants.

[0058] The dosage of the cytokine antagonist, in com-
bination with one or more active compounds to be ad-
ministered, depends on the individual case and is, as is
customary, to be adapted to the individual circumstanc-
es to achieve an optimum effect. Thus, it depends on
the nature and the severity of the disorder to be treated,
and also on the sex, age, weight and individual respon-
siveness of the human or animal to be treated, on the
efficacy and duration of action of the compounds used,
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on whether the therapy is acute or chronic or prophylac-
tic, or on whether other active compounds are adminis-
tered in addition to the cytokine antagonist.

[0059] The cytokine antagonists according to the
present invention, respectively the medicaments con-
taining the latter, can be used for the treatment of all
cancer types which are resistant to apoptosis due to the
expression of anti-apoptotic proteins. Examples of such
cancer types comprise neuroblastoma, intestine carci-
noma such as rectum carcinoma, colon carcinoma, fa-
miliary adenomatous polyposis carcinoma and heredi-
tary non-polyposis colorectal cancer, esophageal carci-
noma, labial carcinoma, larynx carcinoma, hypopharynx
carcinoma, tong carcinoma, salivary gland carcinoma,
gastric carcinoma, adenocarcinoma, medullary thyroid
carcinoma, papillary thyroid carcinoma, follicular thyroid
carcinoma, anaplastic thyroid carcinoma, renal carcino-
ma, kidney parenchym carcinoma, ovarian carcinoma,
cervix carcinoma, uterine corpus carcinoma, endometri-
um carcinoma, chorion carcinoma, pancreatic carcino-
ma, prostate carcinoma, testis carcinoma, breast carci-
noma, urinary carcinoma, melanoma, brain tumors such
as glioblastoma, astrocytoma, meningioma, medullob-
lastoma and peripheral neuroectodermal tumors, Hodg-
kin lymphoma, non-Hodgkin lymphoma, Burkitt lympho-
ma, acute‘lymphatic leukemia (ALL), chronic lymphatic
leukemia (CLL), acute myeolid leukemia (AML), chronic
myeloid leukemia (CML), adult T-cell leukemia lympho-
ma, hepatocellular carcinoma, gall bladder carcinoma,
bronchial carcinoma, small cell lung carcinoma, non-
small cell lung carcinoma, multiple myeloma, basalio-
ma, teratoma, retinoblastoma, choroidea melanoma,
seminoma, rhabdomyosarcoma, craniopharyngeoma,
osteosarcoma, chondrosarcoma, myosarcoma, liposa-
rcoma, fibrosarcoma, Ewing sarcoma and plasmocyto-
ma.

[0060] Examples of cancer types where the use of the
cytokine antagonists according to the present invention,
respectively the medicaments containing the latter, is
particularly advantageous include all forms of thyroid
carcinomas (medullary thyroid carcinoma, papillary thy-
roid carcinoma, follicular thyroid carcinoma, anaplastic
thyroid carcinoma), breast carcinoma, lung carcinoma,
prostate carcinoma and colon carcinoma. Most prefer-
ably, the cytokine antagonists are useful for the treat-
ment of thyroid carcinomas.

[0061] The cytokine antagonists according to the
present invention, respectively the medicaments con-
taining the latter, can also be used for the treatment of
all autoimmune diseases which are resistant to apopto-
sis due to the expression of anti-apoptotic proteins. Ex-
amples of such autoimmune diseases are collagen dis-
eases such as rheumatoid arthritis, Lupus erythema-
todes disseminatus, Sharp syndrome, CREST syn-
drome (calcinosis, Raynaud syndrome, esophageal
dysmotility, teleangiectasia), dermatomyositis, vasculi-
tis (Morbus Wegener) and Sjdgren syndrome, renal dis-
eases such as Goodpasture syndrome, rapidly-pro-
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gressing glomerulonephritis and membrane-prolifera-
tive glomerulonephritis type 11, endocrine diseases such
as type-l diabetes, autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED), autoim-
mune parathyreoidism, pernicious anemia, gonad insuf-
ficiency, idiopathic Morbus Addison, hyperthyreosis,
Hashimoto thyroiditis and primary myxedemia, skin dis-
eases such as Pemphigus vulgaris, bullous pemphig-
oid, Herpes gestationis, Epidermolysis bullosa and Ery-
thema multiforme major, liver diseases such as primary
biliary cirrhosis, autoimmune cholangitis, autoimmune
hepatitis type-1, autoimmune hepatitis type-2, primary
sclerosing cholangitis, neuronal diseases such as mul-
tiple sclerosis, Myastenia gravis, myasthenic Lambert-
Eaton syndrome, acquired neuromyotony, Guillain-Bar-
ré syndrome (Muller-Fischer syndrome), Stiff-man syn-
drome, cerebellar degeneration, ataxia, opsoklonus,
sensoric neuropathy and achalasia, blood diseases
such as autoimmune hemolytic anemia, idiopathic
thrombocytopenic purpura (Morbus Werlhof), infectious
diseases with associated autoimmune reactions such
as AIDS, Malaria and Chagas disease.

{0062] A further object of the present invention is the
use of the cytokine antagonist hybridizing with or binding
to the cytokine, or the nucleic acid encoding it, as a di-
agnostic tool-to-detect and quantify the expression-level
of a cytokine present in the drug-resistant tumor cell. It
is also possible to detect and quantify the expression
level of a cytokine and thus, the susceptibility for cancer,
by analyzing any of a potential patient's body fluid, such
as serous effusions (blood), semen, vaginal secretions,
saliva, cerebrospinal fluid, pleural and pericardial fluid,
peritoneal fluid, synovial fluid and amniotic fluid.

[0063] The cytokine antagonist may therefore be use-
ful to predict whether a patient suffering from a certain
cancer type would be susceptible to a certain therapy
and whether it would be required to change the treat-
ment strategies. Binding and hybridization assays can
be used to detect, prognose, diagnose, or monitor dis-
ease (including conditions and disorders) associated
with the overexpression of the cytokines in tumor cells
or body fluids. This requires the detection of nucleic ac-
ids that encode the cytokines, and the detection of the
cytokine proteins.

[0064] Cytokine nucleic acids are detected and quan-
tified herein by any of a number of means well known to
those of skill in the art. Appropriate detection methods
include biochemical methods such as spectrophotome-
try, radiography, gel electrophoresis, capillary electro-
phoresis, high performance liquid chromatography
(HPLC), thin tayer chromatography (TLC), hyperdiffu-
sion chromatography, and the like, and various immu-
nological methods such as fluid or gel precipitation re-
actions, immunodiffusion, immunoelectrophoresis, radi-
oimmunoassays (RIAs), enzyme-linked immunosorb-
ent assays (ELISA), inmunofluorescence assays, tis-
sue array, and the like.

[0065] Hybridization techniques are frequently used
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for detecting nucleic acids and the present invention
contemplates all available hybridization techniques, in-
cluding Southern, Northern and in situ hybridization
techniques, dot blot analysis, cDNA arrays. Expression
of cytokine mRNAs may be detected, for example, by
Northern analysis, or by reverse transcription and am-
plification by PCR. Also contemplated are nucleic acid
detection and quantification methods which employ sig-
nal moieties that are conjugated to nucleic acid probes,
e.g. by incorporation of radioactively labeled nucle-
otides. Nucleic acids in a sample can be immobilized on
a solid support and hybridized to such probes. The sig-
nal moiety can be detected directly, for example by flu-
orescence. Alternatively, the signal moiety may be de-
tected indirectly by its enzymatic activity, for example in
an ELISA or other colorimetric assay.

[0066] Hybridization techniques are usually per-
formed by providing a sample of tissue or cells, contact-
ing the sample with a labeled probe, that binds to said
nucleic acid molecule, and determining the presence or
amount of the probe bound to said nucleic acid mole-
cule, thereby determining the presence or amount of the
nucleic acid molecule in said sample.

[0067) Methods to quantify the presence and amount
of a cytokine protein in a given sample are well known
to the person skilled in the art. Briefly, a sample is pro-
vided, said sample is contacted with an antibody that
immunospecifically binds to a given cytokine and the
presence or amount of antibody bound to said cytokine
is determined, whereby the presence or amount of cy-
tokines in said sample is determined. Methods to deter-
mine the amount and presence of polypeptides com-
prise, among others, FACS, Western blotting, immuno-
precipitation, ELISA, and RIA. It is advaniageous if the
antibody used for detection is conjugated to a molecule
that enables and contributes to the detection. Suitable
molecules comprise biotin, horseradish peroxidase, al-
kaline phosphatase, fluorescein isothiocyanate (FITC),
tetramethylrhodamine isothiocyanate (TRITC), diamid-
inophenylindol (DAPI) and phycoerythrin.

[0068] Thus, the present invention finally embodies a
diagnostic kit containing at least one cytokine antagonist
being a nucleic acid or a peptide/protein, optionally in
combination with suitable buffers, enzymes and other
compounds facilitating the detection and quantification
of the cytokine in a drug-resistant tumor cell or in a body
fluid such as serous effusions (blood), semen, vaginal
secretions, saliva, cerebrospinal fluid, pleural and peri-
cardial fluid, peritoneal fluid, synovial fluid and amniotic
fluid.

[0069] The invention is further illustrated in the follow-
ing examples:
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EXAMPLES

Example 1: Thyrold cancer cells are resistant to
chemotherapy-induced cell death

[0070] Although clinical trials with single agents or
with combinations of chemotherapeutic drugs have pro-
duced rare and limited positive response, without in-
crease in median and mean survival time in comparison
with the natural history of the disease, some compounds
have shown a few beneficial effects in terms of partial
response rates and reduction of metastatic tumor ex-
pansion.

[0071] To investigate the sensitivity of the different
histological variants of thyroid epithelial carcinomas to
the conventional chemotherapeutic drugs, we meas-
ured the viability of freshly purified normal and neoplas-
tic thyrocytes exposed to cisplatin (300 ng/ml), doxoru-
bicin (5 uM) and taxol (5 uM), using dosages compatible
with the in vivolevels observed during cancer treatment,
In line with the modest clinical efficacy reported in clin-
ical trials, primary neoplastic cells derived from all the
histological variants of thyroid epithelial carcinomas
showed a considerable resistance to chemotherapeutic
drugs as compared with normal thyrocytes (Fig. 1).
Such resistance persisted for some days and was gen-
erally lost after eight to ten days of in vitroculture (results
not shown).

Example 2: Thyroid cancer cells express Bcl-2 and
Bel-x

[0072] Refractoriness to chemotherapy of thyroid car-
cinoma cells may result from the inhibitory action of anti-
apoptotic genes. Therefore, we evaluated the expres-
sion of relevant anti-apoptotic proteins, potentially able
to protect thyroid cancer cells from the cytotoxic activity
of chemotherapeutic drugs. Immunohistochemical anal-
ysis of PTC, FTC and UTC paraffin embedded sections
showed that Bcl-2 and Bel-x) were considerably upreg-
ulated in thyroid carcinoma celis (Fig.2a and b). To de-
termine more accurately the difference between normal
and malignant thyrocytes, freshly purified control and
neoplastic thyroid cells were lysed and analyzed by im-
munoblot. As shown in fig. 2c and d, Bel-x_ was weakly
expressed in normal cells and four to five fold upregu-
lated in all the histological cancer variants, while Bcl-2
was found about threefold higher in FTC cells and two-
fold higherin PTC and UTC cells, as compared with nor-
mal thyrocytes. Hearts from Bel-x,_and Bcl-2 transgenic
mice were used as positive control. The ability of Bel-x_
and Bcl-2 overexpression to protect some cell types
against the cytotoxic effect of chemotherapeutic drugs
suggests a potential role of these anti-apoptotic proteins
in thyroid cancer resistance from drug-induced cytotox-

icity.
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Example 3: Exogenous Bcl-2 and Bel-x_ protect
thyrocytes from cell death induced by
chemotherapeutic agents

[0073] To prove that Bel-x_ and Bcl-2 up-regulation
protect thyrocytes from apoptosis induced by chemo-
therapeutic drugs and may be responsible for thyroid
cancer cell survival, normal thyrocytes were transduced
with a retroviral vector (PINCO) that carried the green
fluorescent protein (GFP) as a reporter gene. After in-
fection, thyrocytes transduced with empty vector, Bel-x_
and Bcl-2 were sorted by flow cytometry and exposed
to cisplatinum, doxorubicin and taxol to evaluate the ex-
tent of chemotherapy-induced apoptosis. The infections
were monitored by immunoblot analysis to confirm the
efficiency of gene delivery (Fig. 3a). Thyrocytes trans-
duced with either Bei-x_or Bel-2 were almost completely
protected from the cytotoxic effects of chemotherapeu-
tic agents (Fig. 3b and c), indicating that overexpression
of any of the two genes was sufficient to prevent thyroid
cancer cell destruction. Thus, Bel-x_ and Bcl-2 repre-
sent likely candidates for mediating refractoriness of
thyroid cancer cells to chemotherapy.

Examp'le.‘4: Autocrine production of IL-4 and IL-10
in thyroid cancer cells

[0074] To investigate whether the tumor microenvi-
ronment can influence thyroid cancer cell phenotype
and function, we next evaluated the presence of those
cytokines previously found to modulate thyrocyte sus-
ceptibility to apoptosis. The presence of Th1 and Th2
cytokines in the neoplastic thyroid gland was investigat-
ed by immunohistochemistry on paraffin embedded sec-
tions of thyroid carcinomas and by immunocytochemis-
try and immunoblot analysis on freshly isolated thyroid
carcinoma cells. All the histological variants analyzed
by immunohistochemistry, exhibited a high reactivity for
IL-4 and IL-10, as compared with normal tissues, while
IFN-y was barely detectable (Fig. 4a). Interestingly, the
reactivity against Th2 cytokines localized in thyroid fol-
licles, suggesting that neoplastic thyroid cells were the
source of production for both IL-4 and IL-10 (Fig. 4a).
To rule out the possibility that these cytokines were re-
leased by infiltrating T cells, freshly purified thyroid can-
cer cells were analyzed by immunocytochemistry and
immunoblot for expression of Th1 and Th2 cytokines.
As observed in the immunohistochemistry experiments,
purified thyroid cancer cells showed intense reactivity
forboth IL-4 and IL-10, while no expression of IFN-y was
detectable (Fig. 4b and c). Twenty nanograms of recom-
binant human IL-4, IL-10 and IFN-y were used as posi-
tive controls for the immunoblot analysis. The compari-
son between positive controls and cancer samples indi-
cated that malignant thyroid cells produce considerable
amounts of those Th2 cytokines that have shown anti-
apoptotic activity on thyroid follicular cells.
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Example 5: IL-4 and IL-10 protect thyrocytes from
cell death induced by chemotherapeutic agents

[0075] We next investigated whether IL-4 and IL-10
can modulate the sensitivity to chemotherapy-induced
apoptosis and the expression of anti-apoptotic proteins
in thyroid cells. Interestingly, both IL-4 and IL-10 drasti-
cally prevented death of normal thyrocytes exposed to
cisplatinum, doxorubicin and taxol (Fig. 5a), suggesting
that autocrine production of these cytokines in thyroid
cancer cells is responsible for refractoriness to chemo-
therapy. Furthermore, both IL-4 and IL-10 upregulated
Bcl-x_and Bcl-2 after 48 hours of culture (Fig. 5b), while
IFN-y was not effective. Thus, it is likely that increased
expression of anti-apoptotic proteins and subsequent
protection of tumor cells from chemotherapy are medi-
ated by the autocrine release of IL-4 and IL-10.

Example 6: Blocking autocrine IL-4 and IL-10
activity primes thyroid cancer cell for
chemotherapy-mediated destruction

[0076] To test whether autocrine 1L-4 and/or IL-10 re-
lease by thyroid tumors is responsible for upregulation
of anti-apoptotic proteins, we treated tumor cells for two
days with neutralizing Abs specific for IL-4 and/or IL-10
and measured Bcl-x_ and Bcl-2 expression. As shown
in Fig. 6a, the levels of both proteins dramatically de-
creased in thyroid tumor cells exposed to neutralizing
Abs against IL-4 and IL-10, while the blockade of a sin-
gle cytokine had a very limited effect. To test whether
cytokine-mediated increase in Bcl-x_ and Bcl-2 levels
was responsible for thyroid tumor cell resistance to
chemotherapy, PTC, FTC and UTC cells were treated
for two days with neutralizing anti-IL-4 and anti-IL10 Abs
and analyzed for viability and sensitivity to chemother-
apeutic drugs. A significant percentage of thyroid tumor
cells from all the histological variants underwent spon-
taneous apoptosis after 48-hour exposure to anti-IL-4
and anti-IL-10 Abs (Fig. 6a), indicating that these cy-
tokines indeed act as survival factors for thyroid cancer
cells. Moreover, these cells acquired sensitivity to chem-
otherapy-induced cytotoxicity and showed massive
death after 24-hour treatment with cisplatinum, doxoru-
bicin or taxol (Fig 6b). Thus, neutralization of IL-4 and
IL-10 released by thyroid cancer cells allows their de-
struction through the use of chemotherapeutic drugs.

Example 7: Down-regulation of anti-apoptotic
proteins sensitizes cells to TRAIL-induced cell
death.

[0077] To determine the potential of TRAIL-mediated
apoptosis in vivo TRAIL-Receptor (TR) expression in
normal and thyroid carcinoma cells was documented.
To determine the presence of TRAIL-R1, TRAIL-R2,
TRAIL-R3 and TRAIL-R4 immunohistochemical stain-
ings of paraffin embedded thyroid tissue sections from

10

20

25

30

35

40

45

50

55

12

patients affected by PTC, FTC and UTC were performed
and compared with sections from normal thyroid lobes
contralateral to the cancerous lobe in patients with thy-
roid cancer. It was found that TRAIL-R1-TR4 were
strongly expressed in all the papillary tumors analysed
and completely absent in follicular and anaplastic tu-
mors (data not shown). To test whether autocrine IL-4
and IL-10 release is responsible for TRAIL-induced ap-
optosis resistance in all the histological thyroid cancer
variants examined carcinoma cells were treated for two
days with IL-4- and IL-10-neutralizing antibodies and
then tumor cell resistance to TRAIL-induced apoptosis
was measured. A significant percentage of tumor cells
was apoptotic after 48 hours' exposure to anti-IL-4 and
anti-IL-10 Abs, indicating that these cytokines act as
survival factors for these cells (data not shown). Thus,
downregulation of anti-apoptotic proteins such as FLIP,
Bcl-x_and Bcl-2, through the inhibition of Th2 cytokines,
sensitizes these cells to TRAIL-induced cell death.

MATERIALS AND METHODS

Specimens.

[0078] - Thyroidtissues affected by eight PTC (aged 28
t 5), eight FTC (aged 44 + 3) and four UTC (aged 65 +
4.5), were obtained at the time of thyroidectomy. Normal
thyroid specimens were obtained from the uninvolved,
controlateral lobes of thyroid glands with tumours. His-
tological diagnosis was based on the identification of
papillary elements, on the behavioural characteristics of
carcinoma cells (vascular and capsular invasion) and
nuclear atypia (shape and chromatin pattern). Trans-
genic mouse hearts expressing human Bcl-2 and Bcl-
x_, provided by G.L. Condorelli (Thomas Jefferson Uni-
versity, Philadelphia, PA), were used as positive con-
trols.

Thyroid cell purification and culture.

[0079] Thyroid tissues from normal, PTC, FTC and
UTC were digested for 2 hours with collagenase (1.5
mg/ml) (Gibco BRL, Grand Island, NY) and hyaluroni-
dase (20 ng/mi) (Sigma Chemical Co., St. Louis, MO)
in DMEM. Thyrocytes were purified from the digested
tissues by hematopoietic cell depletion with an-
ti-CD45-coupled beads (Dynal, Wirral Merseyside, U.
K.) and 12 hours of flask adherence, which allowed re-
moval of other cells. After additional 12 hours of culture,
thyroid cells were allowed to grow in monolayer for the
immunocytochemistry or detached with trypsin+EDTA
following exposure to cytokines or chemotherapeutic
agents for functional and protein analyses. Thyrocytes
were cultured in standard DMEM with 10% heat-inacti-
vated FBS (Hyclone Laboratories, Logan, UK) in the
presence or absence of human recombinant iL-4 (20 ng/
ml), IL-10 (40 ng/ml) or IFN-y (1000 IU/ml) (Euroclone,
Paignton, UK) and cisplatin (300 ng/ml), doxorubicin (5
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uM) and taxol (5 uM) (Sigma) or TRAIL (Alexis, San Di-
ego, USA). For the IL-4 and IL-10 neutralization, thyroid
cancer cells were pretreated, for 48 hours, with anti-hu-
man IL-4 and IL-10 neutralizing antibodies (1 ug/ml)
(R&D systems, MN, USA).

Cell death quantitation.

{0080] Apoptotic events of neoplastic thyrocytes were
evaluated by DNA staining and flow cytometry analysis.
Thyroid cell pellets were resuspended in hypotonic
fluorochrome solution containing propidium iodide (50
ug/ml), in 0.1 % sodium citrate and 0.1 % Triton X-100.
The percentage of hypodiploid nuclei was evaluated as
previously described. Alternatively, freshly purified thy-
rocytes were plated in 96-bottomed plates in triplicate
at 15,000 cells/well and cultured. The number of viable
cells was detected by CellTiter Aqueous Assay Kit
(Promega Corporation, Wi, USA) adding 20 ul of solu-
tion reagent directly to culture wells, incubating for 1
hours at 37°C and recording absorbance at 490 nm.

Immunostaining procedure.

[0081] Immunohistochemical stainings were per-
formed on paraffin embedded thyroid sections 5 um in
thickness. Deparaffinised sections were pre-treated
with 3% hydrogen peroxide fro 10 min at room temper-
ature to inhibit endogenous peroxidase. Then slides
were incubated for 10 min with Tris Bufferd Saline (TBS)
containing 3% bovine serum albumin (BSA) to block the
unspecific staining. Following elimination of excess se-
rum, sections were exposed for 1 hour to specific anti-
bodies against Bel-x,_ (H-5, mouse 1gG,, Santa Cruz Bi-
otechnology, Inc., Santa Cruz, CA), Bcl-2 (124, mouse
IgG1, Dako) IL-4 (B-S4 mouse IgG1, Caltag Laborato-
ries, Burlingame, CA), IL-10 (B-N10 mouse IgG2a, Calt-
ag), IFN-y (B27, mouse IgG1, Caltag), TRAIL-R1 to R4
(Alexis, San Diego, USA) or isotype matched controls
at appropriate dilutions. Prior to immunostaining for Bcl-
2 and Bcl-x1, dewaxed sections were treated for 10 min
in microwave oven in 0.1 M citrate buffer. After two
washes in TBS, sections were treated with biotinylated
anti-rabbit or anti-mouse immunoglobulins, washed in
TBS and incubated with streptavidin peroxidase (Dako

LSAB 2 Kit, Dako Corporation Carpinteria CA, USA). °

Staining was detected using 3-amino-9-ethylcarbazole
(AEC) as a colorimetric substrate. Counterstaining of
tissue sections was performed using aqueous hematox-
ylin.

Protein isolation and Western Blotting.

[0082] Cell pellets were resuspended in ice-cold NP-
40 lysis buffer (50 mM Tris-HCI, pH 7.5, 150 mM NacCl,
1 mM EGTA, 1% NP-40) containing 1 mM PMSF, leu-
peptin (1 ug/ml), pepstatin (1 ug/ml) and aprotinin (1 ug/
mi). Each lysate (30 ng) was fractioned on 12% SDS-
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polyacrylamide gels and blotted to nitrocellulose (Hy-
bond, Amersham, Little Chalfont Buckinghamshire Eng-
land, UK). Membrane was blocked for 1 h with nonfat
dry milk in TBS containing 0.05% Tween 20 and suc-
cessively incubated for 2 h with Abs specific to actin (Ab-
1, mouse IgM, Calbiochem, Darmstadt, Germany), Bcl-
2 (124, mouse 1gG1, Upstate Biotechnology Inc.), Bcl-
X, (H-5, mouse IgG1, Santa Cruz Biotechnology), IL-4
(3007.11, mouse IgG1, R&D Systems, Inc., Minneapo-
lis, USA), IL-10 (23738.111, mouse IgG2b, R&D Sys-
tems), IFN-y (25718.111, mouse IgG2a, R&D Systems).
After washing, the blots were incubated for 1 hour with
HRP-conjugated anti-mouse Abs (Amersham) and vis-
ualized using an enhanced chemiluminescence detec-
tion system (SuperSignal West Dura Extended duration
Sustrate, Pierce, lllinois, USA). rhiL-4, rhiL-10 and
rhiFN-y (Euroclone) were used as positive control.

Production of retroviral particles and infection of
thyrocytes.

[0083] Bcl-2 and Bel-x cDNAs were cloned in PINCO
vector. The amphotropic Phoenix packaging cell line
was transiently transfected with PINCO using the calci-
um-phosphate/chloroquine method. Infection was per-
formed by"culturing 5x105 thyrocytes in 1 mi of 0.45 mM
filtered supernatant containing viral particles. Then,
cells were centrifuged for 45 min at 1800 rpm and placed
back in the CO, incubator for 2 hours. Three infection
cycles were performed before the thyrocytes were
placed back in supplemented medium. Sorted and en-
riched positive cells were plated and exposed to cisplat-
inum, doxorubicin and taxol for evaluation of cell death.

DESCRIPTION OF THE DRAWING

[0084]

Figure 1. Resistance to apoptotic cell death in-
duced by chemotherapeutic drugs in thyroid
cancer cells. Percentage of apoptotic cells in fresh-
ly purified thyrocytes from normal thyroid gland,
PTC, FTC and UTC, exposed for 6, 12 and 24 h to
cisplatinum (300 ng/ml), doxorubicin (5 uM) and
taxol (5 uM). (Data are mean t s.d. of four inde-
pendent experiments).

Figure 2. Anti-apoptotic molecules expression
on thyroid cancer. (a, b) Immunohistochemical
analysis of Bel-x,_and Bcl-2 on paraffin embedded
normal thyroid gland, PTC, FTC and UTC sections
revealed by AEC (red staining). (b, ¢) Immunoblot
analysis of Bcl-x_ and Bcl-2 in freshly purified thy-
rocytes lysates from normal, PTC, FTC and UTC.
Bel-x1 and Bcl-2 transgenic hearts were used as
positive controls (+ control). Loading controls were
done by detecting f-actin in the same membrane
blot (one of representative experiment of four is
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shown).

Figure 3. Protection from chemotherapy-in-
duced cell death in thyrocytes transduced with
Bel-x, and Bel-2. Immunoblot analysis of (a) Bcl-
x_ and (b) Bcl-2 expression on flow cytometry sort-
ed thyrocytes transduced with empty vector (Vec-
tor), Bel-x, and Bcl-2. Loading control was as-
sessed by $-actin staining. (c) Percentage of apop-
tosis in normal thyrocytes transduced as inaand b
following exposure to chemotherapeutic drugs. (d)
GFP-positive cells stained with ethidium bromide
and observed by immunofluorescence microscope.
One representative experiments of three performed
is shown.

Figure 4. IL4 and IL-10 expression on thyroid
cancer cells. (a) Immunohistochemical analysis of
IL-4, IL-10 and IFN-y on paraffin embedded normal
thyroid gland, PTC, FTC and UTC sections (red
staining). (b) Immunostaining for IL-4, IL-10 and
IFN-y of purified thyrocytes from all histological var-
iants of thyroid epithelial carcinoma. (¢) Western
analysis of IL-4, IL-10 and IFN-y in freshly purified
cancer thyrocytes. rhiL-4, rthiL-10 and rhIFN-y
(20ng/lane) were used as positive control. These
experiments are representative of results from
three independent experiments each using cultures
from different patient specimens.

Figure 5. IL.-4 and IL-10 rescue normal thyro-
cytes from chemotherapy-induced apoptotic
cell death. (a) Percentage of apoptotic events of
purified normal thyroid cells pre-treated for 48 h with
control medium (left panel), rhiL-4 (20 ng/ml) or
rhiL-10 (40 ng/ml) and then cultured with cisplati-
num, doxorubicin and taxol for 12 additional hours.
(b) Immunoblot analysis of normal thyrocytes cul-
tured with IL-4 or IL-10 as in a or rhiIFN-y (1000 U/
ml).

Figure 6. Neutralizing antibodies against IL-4
and IL-10 sensitize thyroid carcinoma cells to
chemotherapy. (a) Kinetics of viable cells on car-
cinoma thyrocytes cultivated with medium alone or
with anti-IL-4 or with anti-IL-10 or with anti-IL-4+an-
ti-IL-10. Percentage of viable purified thyroid carci-
noma cells pre-treated for 48 h with control medium,
anti-IL-4 (1 ug/ml) or anti-IL-10 (1 pg/mt} or anti-IL-
4+antilL-10and then cultured with chemotherapeu-
tic drugs for 24 additional hours (right panel). (Mean
of one of representative experiment of four is
shown). (b) Percentage of viable PTC, FTC and
UTC cells pre-treated for 48 h with anti-IL-4+anti IL-
10 and then cuitured with cisplatinum, doxorubicin
and taxol for 12 and 24 hours.
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Claims

Use of a cytokine antagonist which modulates the
expression and/or the function of a cytokine in a cell
for the down-regulation of a cell death preventing
protein in a cell.

The use according to claim 1, wherein the cell is
sensitized for cell death.

The use according to claim 1 or 2, wherein the cell
is a cancer cell.

The use according to any of claims 1 to 3, wherein
the cytokine is selected from the group consisting
of IL-4, IL-5, IL-6, IL-10 and IL-13, and combinations
thereof, preferably IL-4, IL-10 and IL-13, and com-
binations thereof.

The use according to any of claims 1 to 3, wherein
the cell death is caused by apoptosis and the cell
death preventing protein is an anti-apoptotic protein
selected from the group consisting of Bel-2, Bel-x,
cFLIP, Mcl-1, A1, BOO, NR-13, sentrin, TOSO,
CPAN, PED, DFF45, NAIP, XIAP, clAP-1, clAP-2,
ML-IAP, KIAP, BIRCS, TIAP, Apollon and fortilin,
preferably Bcl-2, Bel-x, PED and cFLIP, and com-
binations thereof, most preferably Bcl-2 and/or Bcl-
XL

The use according to any of claims 1 to 5, wherein
the cytokine antagonist is selected from the group
consisting of a transcriptional regulator of the cy-
tokine/cytokine receptor gene, an antisense nucleic
acid molecule that is complementary to a region of

the cytokine/cytokine receptor gene, a dsRNA mol-

ecule that is complementary to the cytokine/cy-
tokine receptor mRNA, a ribozyme that cleaves the
cytokine/cytokine receptor mRNA, a translational
regulator of the cytokine/cytokine receptor mRNA,
an aptamer, which bind to the cytokine and/or cy-
tokine receptor and prevents or disrupts the inter-
action between the cytokine and its receptor, an an-
tibody that binds to the cytokine/cytokine receptor,
a receptor, a fragment or derivative thereof, of the
cytokine, preferably CD124, CD132, IL-13Ra-2 and
IL-10Rq, a cytokine trap, and a cytokine mutein

The use according to claim 6, wherein the cytokine
antagonist is an antibody that binds to the cytokine/
cytokine receptor.

The use according to claim 7, wherein the antibody
is an antibody that binds to IL-4, IL-10 or IL-13, and
combinations thereof.

The use according to any of claims 1 to 8, wherein
the cytokine antagonist is delivered to the proximity
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of or into the target cell.

The use according to claim 9, wherein the cytokine
antagonist is delivered via a retroviral vector.

A method for the down-regulation of a cell death
preventing protein in a cell, the method comprising

(a) providing a sample of tissue or cells from a
subject

(b) contacting the cell or the sample with a cy-
tokine antagonist according to any of claims 6
to 8.

The method according to claim 11, wherein the cell
is a cancer cell.

Use of a cytokine antagonist, optionally in combina-
tion with radiation therapy, for the manufacture of a
medicament for the treatment of cancer.

Use of a cytokine antagonist, optionally in combina-
tion with at least one active compound, for the man-
ufacture of a medicament for the treatment of can-
cer.

The use according to claim 14, wherein the active
compound is selected from the group consisting of
antimetabolites, preferably cytarabine, fludarabine,
5-fluoro-2'-deoxyuiridine, gemcitabine, hydroxyu-
rea or methotrexate; DNA-fragmenting agents,
preferably bleomycin, DNA-crosslinking agents,
preferably chlorambucil, cisplatin, cyclophospha-
mide or nitrogen mustard; intercalating agents pref-
erably adriamycin (doxorubicin) or mitoxantrone;
protein synthesis inhibitors, preferably L-asparagi-
nase, cycloheximide, puromycin or diphteria toxin;
topoisomerase | poisons, preferably camptothecin
or topotecan; topoisomerase Il poisons, preferably
etoposide (VP-16) or teniposide; microtubule-di-
rected agents, preferably colcemid, colchicine, pa-
clitaxel, vinblastine or vincristine; kinase inhibitors
preferably flavopiridol, staurosporin, STI571 (CPG
57148B) or UCN-01 (7-hydroxystaurosporine); mis-
cellaneous investigational agents, preferably PS-
341, phenylbutyrate, ET-18-OCH,, or farnesyl
transferase inhibitors (L-739749, L-744832);
polyphenols preferably quercetin, resveratrol,
piceatannol, epigaliocatechine gallate, theaflavins,
flavanols, procyanidins, betulinic acid; hormones
preferably glucocorticoids or fenretinide; hormone
antagonists, preferably tamoxifen, finasteride or
LHRH antagonists; plant-derived cytostatics (from
Viscum and derivatives); alcaloids preferably vinde-
sine; podophyllotoxins preferably vinorelbin; alky-
lants preferably nimustrine, carmustrine, lomustine,
estramustrine, melphalam, ifosfamide, trofosfa-
mide, bendamustine, dacarbazine, busuliane, pro-
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16.

17.

18.

19.

20.

carbazine, treosulfane, tremozolamide, thiotepa;
cytotoxic antibiotics preferably aclarubicine, dauno-
rubicine, epirubicine, idarubicine, mitomycine, dac-
tinomycine; antimetabolites like folic acid analogs
preferably methotrexate, purine analogs preferably
cladribin, mercaptopurin, tioguanine and pyrimidine
analogs preferably cytarabine, fluorouracil, do-
cetaxel; other antineoplastic, platinum compounds
preferably thioplatin, carboplatin, oxaliplatin; amsa-
crine, irinotecane, interferon-a, tretinoine, hydroxy-
carbamide, miltefosine, pentostatine, aldesleukine;
antineoplastic compounds derived from organs, e.
g. monoclonal antibodies preferably trastuzumab,
rituximab, or derived from enyzmes preferably
pegaspargase; endocrine effecting antineoplastic
compounds belonging to hormones, e.g. estrogens
preferably polyestradiol, fosfestriol, ethinylestradi-
ol, gestagens preferably medroxyprogesterone, ge-
stonoroncaproat, = megestrol,  norethisterone,
iynestrenol, hypothalamus hormones preferably
triptoreline, leuproreline, busereline, gosereline,
other hormones preferably testolactone, testoster-
one; endocrine effecting antineoplastic compounds
belonging to hormone antagonists, e.g. antiestro-
gens preferably toremifen; antiandrogens prefera-
bly flutamide, bicalutamide, cyproterane; endocrine
effecting antineoplastic compounds belonging to
enzyme inhibitors preferably anastrol, exemestane,
letrozol, formestane, aminoglutethimide, all of
which can be occasionally administered together
with so-called protectives preferably calciumfolinat,
amifostin, lenograstin, molgromostin, filgrastin, me-
sna or so-called additives preferably retinolpalmi-
tate, thymus D9, amilomer.

The use according to c¢laim 15, wherein the active
compound is selected from the group consisting of
paclitaxel, cisplatin, and doxorubicin.

The use according to claim 14, wherein the active
compound is a death receptor agonist.

The use according to claim 17, wherein the death
receptor agonist is a death receptor ligand selected
from the group consisting of TNF-a, TNF-8, LT-B,
TRAIL, CD95 ligand, TRAMP ligand, DR6 ligand,
and fragments and derivatives thereof.

The use according to claim 17, wherein the death
receptor agonist is an antibody against a death re-
ceptor, a derivative or fragment thereof, selected
from the group consisting of anti-CD95 antibody,
anti-TRAIL-R1 antibody, anti-TRAIL-R2 antibody,
anti-DR6 antibody, anti-TNF-R1 antibody and an-
ti-TRAMP antibody.

The use according to claim 14, wherein the active
compound is a negative regulator of anti-apoptotic
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proteins, preferably IAPs.

The use according to any of claims 13 to 20, where-
in the cancer to be treated is selected from the
group consisting of neuroblastoma, intestine carci-
noma preferablyrectum carcinoma, colon carcino-

ma, familiary adenomatous polyposis carcinoma .

and hereditary non-polyposis colorectal cancer, es-
ophageal carcinoma, labial carcinoma, larynx car-
cinoma, hypopharynx carcinoma, tong carcinoma,
salivary gland carcinoma, gastric carcinoma, aden-
ocarcinoma, medutlary thyroid carcinoma, papillary
thyroid carcinoma, follicular thyroid carcinoma, an-
aplastic thyroid carcinoma, renal carcinoma, kidney
parenchym carcinoma, ovarian carcinoma, cervix
carcinoma, uterine corpus carcinoma, endometri-
um carcinoma, chorion carcinoma, pancreatic car-
cinoma, prostate carcinoma, testis carcinoma,
breast carcinoma, urinary carcinoma, melanoma,
brain tumors preferablyglioblastoma, astrocytoma,
meningioma, medulloblastoma and peripheral neu-
roectodermal tumors, Hodgkin lymphoma, non-
Hodgkin lymphoma, Burkitt lymphoma, acute lym-
phatic leukemia (ALL), chronic lymphatic leukemia
(CLL), acute myeolid leukemia (AML), chronic my-
eloid leukemia (CML), adult T-cell leukemia lym-
phoma, hepatocellular carcinoma, gall bladder car-
cinoma, bronchial carcinoma, small cell lung carci-
noma, non-small cell lung carcinoma, multiple my-
eloma, basalioma, teratoma, retinoblastoma,
choroidea melanoma, seminoma, rhabdomyosar-
coma, craniopharyngeoma, osteosarcoma, chond-
rosarcoma, myosarcoma, liposarcoma, fibrosarco-
ma, Ewing sarcoma and plasmocytoma.

The use according to any claim 21, wherein the can-
cer to be treated is selected from the group consist-
ing of thyroid carcinoma, breast carcinoma, lung
carcinoma, prostate carcinoma and colon carcino-
ma.

The use according to any claim 21, wherein the can-
cer to be treated is thyroid carcinoma.

A medicament for the treatment of cancer, compris-
ing a cytokine antagonist, optionally in combination
with at least one active compound, and a pharma-
ceutically acceptable carrier.

The use of a cytokine antagonist for diagnosing and
monitoring the cancer disease of a subject, com-
prising

(a) providing a body fluid sample or a sample
of tissue or cells from a tumor of a subject

(b) contacting the sample with a labeled probe
that binds to a cytokine nucleic acid and/or with
an antibody that binds to a cytokine
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(c) determining the expression level of the cy-
tokine in the tissue or cells and comparing the
expression level with healthy control cells, and
(d) correlating a better prognosis for the subject
with a low ratio of cytokine expression when
compared to the expression level in healthy
control cells.

26. Adiagnostic kit containing at least one cytokine an-

tagonist, optionally in combination with suitable
buffers, enzymes and other compounds.
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Description

[0001] The present invention relates to the use of the
so-called Smac protein and derivatives thereof to cause
apoptosis in cancer cells and self-reactive cells of the
immune system.

[0002] Cancer constitutes the fourth ieading cause of
death in Western countries. As the average age in the
Waestern population steadily rises, so do cancer-related
deaths indicating that cancer will be one of the most
common causes of death in the 218! century. The ag-
gressive cancer cell phenotype is the result of a variety
of genetic and epigenetic alterations leading to deregu-
lation of intracellular signaling pathways. Cancer cells
commonly fail to undergo so-called "programmed cell
death® or “apoptosis®, a signaling process that plays a
key role in preventing cell tissues from abnormal growth.
Thus, apoptosis defects appear to be a major problem
in cancer therapy as they confer resistance to many tu-
mors against current treatment protocols, leading to tu-
mor progression.

[0003] In addition to apoptosis defects found in tu-
mors, defects in the ability to eliminate self-reactive cells
of the immune system due to apoptosis resistance are
considered to play a key role in the pathogenesis of au-
toimmune diseases. Autoimmune diseases are charac-
terized in that the cells of the immune system produce
antibodies against own organs and molecules or directly
attack tissues resulting in the destruction of the latter. A
failure of those self-reactive cells to undergo apoptosis
leads to the manifestation of the disease. Defects in ap-
optosis regulation have been identified in autoimmune
diseases such as Lupus erythematodes disseminatus
or rheumatoid arthritis.

[0004] Apoptosis pathways involve diverse groups of
molecules. One set of mediators implicated in apoptosis
are so-called caspases, cysteine proteases that cleave
their substrates specifically at aspartate residues. Cas-
pases convey the apoptotic signal in a proteolytic cas-
cade, with caspases cleaving and activating other cas-
pases which subsequently degrade other cellular tar-
gets eventually resulting in cellular breakdown. lf one or
more steps in this cascade is inhibited in tumor cells,
these cells fail to accomplish apoptosis and, thus, con-
tinue to grow. Caspase activation itself can be triggered
by external stimuli affecting certain cell surface recep-
tors, known to the person skilled in the art as so-called
death receptors, or by intracellular stress response via
the mitochondria leading to the release of mitochondrial
proteins. Known death receptors mediating apoptosis
include members of the tumor necrosis factor (TNF) re-
ceptor superfamily such as CD95 (APO-1/Fas)or TRAIL
(TNF-related apoptosis inducing ligand) receptors 1 and
2. Stimutation of death receptors with apoptosis-induc-
ing substances leads, among others, to the activation of
caspase-8, which in turn activates other caspases and
members of another group of apoptosis mediators. This
group is called the Bcl-2 family and is thought to regulate
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the release of the mitochondrial proteins and, thus, link
both pathways together, in order to regulate the down-
stream acting proteolytic caspase cascade.

[0005] A failure in activating the caspase cascade is
caused by the action of so-called Inhibitors of Apoptosis
Proteins (TAPS). IAPs bind to early active caspases,
thereby preventing the ongoing of the apoptosis proc-
ess. They are expressed at high levels in many tumors
and, by inhibition of caspases, contribute to the resist-
ance of cancers against apoptosis induction.

{0006] A major role in activating the caspase cascade
is ascribed to a mammalian protein called Smac in hu-
mans (or DIABLO in mice). As disclosed, among others,
by Du etal. (Celt 102, 2000, 33-42), Smac is a mitochon-
drial protein of 239 aminoacids possessing a molecular
weight of approximately 25000 Dalton (GenBank acces-
sion number AAF87716). in the course of an apoptotic
response e.g. upon stimulating CD95- or TRAIL death
receptors, Smac is released from mitochondria along
with other proteins, e.g. cytochrome c. It has been dem-
onstrated earlier that Smac, once released into the cy-
tosol, can bind to IAPs (Du et al. 2000; Verhagen et al.
2000; Srinivasula et al. 2001), particularly to the so-
called X-linked 1AP (XIAP), the most potent inhibitor of
caspases. Binding of Smac to XIAP promotes the pro-
teolytic activation of caspases resulting in apoptosis.
[0007] * Similar to cancer cells in which activation of
caspases is inhibited by IAP-dependent mechanisms,
failure to eliminate autoreactive T-cells may be due to a
blockade in apoptosis signalling. For physiological elim-
ination of activated lymphocytes death receptor sys-
tems such as CD95 play a key role. Increased expres-
sion of TAPS or members of the Bcl-2 family in activated
T-cells prevents the release of Smac from mitochondria
and inhibits the function of the latter.

[0008] From the foregoing, it becomes evident that
impaired release of Smac and other proteins from mito-
chondria into the cytosol can cause resistance of tumor
cells and cells of the immune system to apoptosis. Over-
expression of Smac by transfecting the cells with an ex-
pression plasmid carrying the Smac gene is one way to
overcome the IAP-caused inhibition of caspases, result-
ing in an enhanced apoptosis rate. This approach was
followed by different research groups, which have found
that various types of cancer can thus be treated, e.g.
melanoma, breast carcinoma or prostate cancer. How-
ever, previous studies do not mention or give any hint
to treat neuroblastoma or glioblastoma by overexpress-
ing Smac or related proteins.

[0009] A direct delivery of proteins into cells is often
limited by the poor permeability of the cell membrane.
Recently, Carson et al. (Cancer Research 62 (2002)
18-23) have used purified Smac which was microinject-
ed alone or together with cytochrome c into the cytosol
of prostate cancer cells which were initially resistant to
apoptosis. However, various problems can be encoun-
tered when using microinjection for the delivery of bio-
logically active compounds into cells. Problems include
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low transfer efficiency or complex manipulation, which
would preclude their routine use in vivo.

[0010]) The objectofthe presentinvention is to provide
a form of Smac that is rapidly internalized into tumor
cells and cells of the immune system, e.g. T-cells, by
cellular uptake.

[0011] This object is attained by a Smac protein / car-
rier entity comprising

(i) a Smac protein, as disclosed by the GenBank
accession number AAF87716, or a derivative or
fragment thereof,

(ii) a carrier

and wherein the Smac protein, fragment or derivative
thereof and the carrier are linked together enabling the
penetration of the Smac/carrier entity through the cell
membrane into the cell.

[0012] Said entity will be referred to as Smac/carrier
entity hereinafter.

[0013] A further object of the invention is the therapy
of cancers and autoimmune diseases which, until now,
could not be treated using Smac proteins.

[0014] Inthe contextof the presentinvention, the term
derivative or fragment of the Smac protein refers to pep-
tides in which one or more aminoacids of the sequence
of 239 aminoacids, as disclosed in GenBank number
AAF87716, can be substituted by one or more aminoac-
ids different from the original one(s), or peptides the ami-
noacid sequence of which is either extended, short-
ened, or both, on either the aminoterminal, or the car-
boxyterminal or both ends with respect to the original
Smac proteins, provided that the function of the Smac
protein remains unaffected.

[0015] In a further embodiment, the present invention
includes preferably a peptide comprising aminoacids 56
to 70 of Smac. An even more preferred peptide compris-
es aminoacids 56 to 62 of Smac. Hereinafter, the latter
will be referred to as Smac peptide.

[0016] Most preferably, said derivatives or fragments
contain the 4 aminoterminal aminoacids 56 to 59 of
Smac. This region mediates the interaction of the Smac
protein with 1APs.

[0017] The carrier, which is preferably a protein, a
fragment or derivative thereof, serves as a vehicle the
attachment of which to the Smac protein, fragment or
derivative thereof enables the penetration of the Smac/
carrier entity through the cell membrane into the cell.
Appropriate carriers, in particular proteins, are known to
the person skilled in the art and include TAT, influenza
virus hemagglutinin, the VP22 protein from herpes sim-
plex virus, Antennapedia, fibroblast growth factor, Gal-
paran (transportan), poly-arginine, Pep-1. Other carri-
ers known to a person skilled in the art which do not
belong to proteins, but mediate the internalization of
molecules into cells include lipids and cationic lipids.
[0018] When a protein is used as a carrier, the term
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derivative or fragment of a protein refers to peptides in
which one or more aminoacids can be substituted by
other aminoacids different from the original one(s), or
peptides the aminoacid sequence of which is either ex-
tended, shortened, or both, on either the aminoterminal,
or the carboxyterminal or both ends, with respect to the
original one(s), provided that the function as a carrier
for the cellular uptake of Smac remains unaffected. The
above definition relates to TAT, influenza virus hemag-
glutinin, the VP22 protein from herpes simplex virus, An-
tennapedia, fibroblast growth factor, Galparan (trans-
portan), poly-arginine and Pep-1.

[0019] The Smac protein, fragment or derivative
thereof is linked to the carrier. This can occur by any
chemical interaction known to the person skilled in the
art, like coordinative bonds, chemical adsorption, di-
pole-dipole interaction or the like. Preferably, the carrier
is linked to the Smac protein by a chemical bond, in par-
ticular a covalent bond, in case the carrier is a protein.
This bond must be such that it remains unaffected be-
fore and while penetrating the cell membrane and, if
necessary for the interaction of the Smac protein with
IAPs, can be cleaved. In general, the Smac/carrier entity
can interact with IAPs to the necessary extent, a cleav-
age being not necessary.

[0020] in a preferred embodiment of the present in-
vention, the carrier is TAT or a derivative or a fragment
thereof. TAT is the human immunodeficiency virus-1
(HIV-1) trans-activating protein consisting of 86 ami-
noacids. More preferably, the fragment or derivative of
TAT comprises the aminoacids 37 to 72 of TAT, as dis-
closed in GenBank accession number M15654. It is
even more preferred to use, as a carrier, the so-called
protein transduction domain of TAT (PTD) which com-
prises a region on the protein extending from aminoacid
residues 47 to 58, according to the disclosed sequence.
in this preferred embodiment of the invention, PTD is
linked to Smac, or a fragment or derivative thereof.
[0021] The Smac/carrier entity as disclosed in the
presentinvention can be used as a pharmaceutical, op-
tionally in combination with at least one active com-
pound. This is a further embodiment of the present in-
vention. The term “active compound"” refers to a com-
pound other than Smac, a fragment or derivative there-
of, which is able to induce apoptosis or which inhibits
cell proliferation.

[0022] Active compounds which are able to induce
apoptosis are known to the person skilled in the art. One
class of active compounds are chemical compounds
having a cytostatic or antineoplastic effect (“cytostatic
compound"). Cytostatic compounds included in the
present invention comprise, but are not restricted to (i)
antimetabolites, such as cytarabine, fludarabine,
5-fluoro-2'-deoxyuiridine, gemcitabine, hydroxyurea or
methotrexate; (ii) DNA-fragmenting agents, such as ble-
omycin, (i) DNA-crosslinking agents, such as chloram-
bucil, cisplatin, cyclophosphamide or nitrogen mustard;
(iv) intercalating agents such as adriamycin (doxoru-

0147



5 EP 1 354 952 A1 6

bicin) or mitoxantrone; (v) protein synthesis inhibitors,
such as L-asparaginase, cycioheximide, puromycin or
diphteria toxin; (vi) topoisomerase | poisons, such as
camptothecin or topotecan; (vii) topoisomerase Il poi-
sons, such as etoposide (VP-16) or teniposide; (viii) mi-
crotubule-directed agents, such as colcemid, colchi-
cine, paclitaxel, vinblastine or vincristine; (ix) kinase in-
hibitors such as flavopiridol, staurosporin, STI571 (CPG
57148B) or UCN-01 (7-hydroxystaurosporine); (x) mis-
cellaneous investigational agents such as PS-341, phe-
nylbutyrate, ET-18-OCHg, or farnesyl transferase inhib-
itors (L-739749, L-744832); polyphenols such as quer-
cetin, resveratrol, piceatannol, epigallocatechine gal-
late, theaflavins, flavanols, procyanidins, betulinic acid
and derivatives thereof; (xi} hormones such as gluco-
corticoids or fenretinide; (xiiy hormone antagonists, such
as tamoxifen, finasteride or LHRH antagonists.

[0023] Other cytostatic compounds, which are includ-
ed in the present invention, include plant-derived cyto-
statics (from Viscum and derivatives); alcaloids such as
vindesine; podophyllotoxins such as vinorelbin; alky-
lants such as nimustrine, carmustrine, lomustine, estra-
mustrine, melphalam, ifosfamide, trofosfamide, benda-
mustine, dacarbazine, busulfane, procarbazine, treo-
sulfane, tremozolamide, thiotepa; cytotoxic antibiotics
such as aclarubicine, daunorubicine, epirubicine, idaru-
bicine, mitomycine, dactinomycine; antimetabolites like
folic acid analogs such as methotrexate, purine analogs
such as cladribin, mercaptopurin, tioguanine and pyri-
midine analogs such as cytarabine, fluorouracil, do-
cetaxel; platinum compounds such as thioplatin, carbo-
platin, oxaliplatin; amsacrine, irinotecane, interferon-g,
tretinoine, hydroxycarbamide, miltefosine, pentostatine,
aldesleukine; antineoplastic compounds derived from
organs, e.g. monoclonal antibodies such as trastuzum-
ab, rituximab, or derived from enyzmes such as
pegaspargase; endocrine effecting antineoplastic com-
pounds belonging to hormones, e.g. estrogens such as
polyestradiol, fosfestriol, ethinylestradiol, gestagens
such as medroxyprogesterone, gestonoroncaproat,
megestrol, norethisterone, lynestrenol, hypothalamus
hormones such as triptoreline, leuproreline, busereline,
gosereline, other hormones such as testolactone, tes-
tosterone; endocrine effecting antineoplastic com-
pounds belonging to hormone antagonists, e.g. anties-
trogens such as toremifen; antiandrogens such as fluta-
mide, bicalutamide, cyproterane; endocrine effecting
antineoplastic compounds belonging to enzyme inhibi-
tors such as anastrol, exemestane, letrozol, formes-
tane, aminoglutethimide, all of which can be occasion-
ally administered together with so-called protectives
such as calciumfolinat, amifostin, lenograstin, molgro-
mostin, filgrastin, mesna or so-called additives such as
retinolpalmitate, thymus D9, amilomer.

[0024] Another class of active compounds which can
be used in the present invention are those which are
able to induce apoptosis by binding to death receptors
("death receptor ligands"). They include tumor necrosis
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factor o (TNF-a), tumor necrosis factor § (TNF-B, lym-
photoxin-o), LT-B (lymphotoxin-§), TRAIL (Apo2L),
CD95 (Fas, APO-1) ligand, TRAMP (DR3, Apo-3) lig-
and, DR4 ligand, DR6 ligand as well as fragments and
derivatives of any of said ligands. Preferably, the death
receptor ligand is selected from the group consisting of
TNF-a, a fragment or derivative thereof, and TRAIL, a
fragment and derivative thereof.

[0025] Other active compounds include agonistic an-
tibodies to death receptors such as anti-CD95 antibody,
anti-TRAIL-R1 (DR4) antibody, anti-TRAIL-R2 (DR5)
antibody, anti-DR6 antibody, anti TNF-R antibody and
anti-TRAMP (DRB3) antibody as well as fragments and
derivatives of any of said antibodies. Preferably, the ag-
onistic antibodies are selected from the group consisting
of anti-TRAIL-R1 antibody, anti-TRAIL-R2 antibody, anti
TNF-R antibody and fragments and derivatives of any
of said antibodies.

[0026] The preferred Smac/carrier entity of the
present invention is the Smac peptide linked to PTD,
and will be referred to as Smac peptide/PTD hereafter.
[0027] In the present invention, the cytostatic com-
pound used in combination with the Smac/carrier entity
i$ preferably selected from the group consisting of dox-
orubicin, cisplatin and etoposide (VP-16). Further pre-
ferred active compounds of the present invention used
in combination with the Smac/carrier entity are selected
from the group of death receptor agonists consisting of
TRAIL, anti-CD35 antibody and derivatives and frag-
ments of any of said agonists.

[0028] The Smac/carrier entity can be administered
alone or in combination with one or more active com-
pounds. The latter can be administered before, after or
simultaneously with the administration of the Smac/car-
rier entity. The dose of either the Smac/carrier entity or
the active compound as well as the duration and the
temperature of incubation can be variable and depends
on the target that is to be treated.

[0029] A further object of the present invention are
pharmaceutical preparations which comprise an effec-
tive dose of at least cne Smac/carrier entity and/or at
least one active compound and a pharmaceutically ac-
ceptable carrier, i.e. one or more pharmaceutically ac-
ceptable carrier substances and/or additives.

[0030] The pharmaceutical according to the invention
can be administered orally, for example in the form of
pills, tablets, lacquered tablets, sugar-coated tablets,
granules, hard and soft gelatin capsules, aqueous, al-
coholic or oily solutions, syrups, emulsions or suspen-
sions, or rectally, for example in the form of supposito-
ries. Administration can also be carried out parenterally,
for example subcutaneously, intramuscularly or intrave-
nously in the form of solutions for injection or infusion.
Other suitable administration forms are, for example,
percutaneous or topical administration, for example in
the form of ointments, tinctures, sprays or transdermal
therapeutic systems, or the inhalative administration in
the form of nasal sprays or aerosol mixtures, or, for ex-
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ample, microcapsules, implants or rods. The preferred
administration form depends, for example, on the dis-
ease to be treated and on its severity.

[0031] The preparation of the pharmaceutica! compo-
sitions can be carried out in a manner known per se. To
this end, the Smac/carrier entity and/or the active com-
pound, together with one or more solid or liquid phar-
maceutical carrier substances and/or additives (or aux-
iliary substances) and, if desired, in combination with
other pharmaceutically active compounds having ther-
apedtic or prophylactic action, are brought into a suita-
ble administration form or dosage form which can then
be used as a phamaceutical in human or veterinary
medicine.

[0032] For the production of pills, tablets, sugar-coat-
ed tablets and hard gelatin capsules itis possible to use,
for example, lactose, starch, for example maize starch,
or starch derivatives, talc, stearic acid or its salts, etc.
Carriers for soft gelatin capsules and suppositories are,
for example, fats, waxes, semisolid and liquid polyols,
natural or hardened oils, etc. Suitable carriers for the
preparation of solutions, for example of solutions for in-
jection, or of emulsions or syrups are, for example, wa-
ter, physiological sodium chloride solution, alcohols
such as ethanol, glycerol, polyols, sucrose, invert sugar,
glucose, mannitol, vegetable oils, etc. Itis also possible
to lyophilize the Smac/carrier entity and/or the active
compound and to use the resulting lyophilisates, for ex-
ample, for preparing preparations for injection or infu-
sion. Suitable carriers for microcapsules, implants or
rods are, for example, copolymers of glycolic acid and
lactic acid.

[0033] The pharmaceutical preparations can also
contain additives, for example fillers, disintegrants,
binders, lubricants, wetting agents, stabilizers, emulsi-
fiers, dispersants, preservatives, sweeteners, color-
ants, flavorings, aromatizers, thickeners, diluents, buff-
er substances, solvents, solubilizers, agents for achiev-
ing a depot effect, salts for altering the osmotic pressure,
coating agents or antioxidants.

[0034] The dosage of the Smac/carrier entity, in com-
bination with one or more active compounds to be ad-
ministered, depends on the individual case and is, as is
customary, to be adapted to the individual circumstanc-
es to achieve an optimum effect. Thus, it depends on
the nature and the severity of the disorder to be treated,
and also on the sex, age, weight and individual respon-
siveness of the human or animal to be treated, on the
efficacy and duration of action of the compounds used,
on whether the therapy is acute or chronic or prophylac-
tic, or on whether other active compounds are adminis-
tered in addition to the Smac/carrier entity.

[0035] The Smac/carrier entities according to the
present invention, respectively the medicaments con-
taining the latter, can be used for the treatment of all
cancer types which are resistant to apoptosis due to the
expression of 1APs. Examples of such cancer types
comprise neuroblastoma, intestine carcinoma such as

10

20

25

30

35

40

45

50

55

rectum carcinoma, colon carcinoma, familiary adenom-
atous polyposis carcinoma and hereditary non-polypo-
sis colorectal cancer, esophageal carcinoma, labial car-
cinoma, larynx carcinoma, hypopharynx carcinoma,
tong carcinoma, salivary gland carcinoma, gastric car-
cinoma, adenocarcinoma, medullary thyroidea carcino-
ma, papillary thyroidea carcinoma, renal carcinoma, kid-
ney parenchym carcinoma, ovarian carcinoma, cervix
carcinoma, uterine corpus carcinoma, endometrium
carcinoma, chorion carcinoma, pancreatic carcinoma,
prostate carcinoma, testis carcinoma, breast carcino-
ma, urinary carcinoma, melanoma, brain tumors such
as glioblastoma, astrocytoma, meningioma, medullob-
lastoma and peripheral neuroectodermal tumors, Hodg-
kin lymphoma, non-Hodgkin lymphoma, Burkitt lympho-
ma, acute lymphatic leukemia (ALL), chronic lymphatic
leukemia (CLL), acute myeolid leukemia (AML), chronic
myeloid leukemia (CML), adult T-cell leukemia lympho-
ma, hepatocellular carcinoma, gall bladder carcinoma,
bronchial carcinoma, small cell lung carcinoma, non-
small cell lung carcinoma, multiple myeloma, basalio-
ma, teratoma, retinoblastoma, choroidea melanoma,
seminoma, rhabdomyosarcoma, craniopharyngeoma,
osteosarcoma, chondrosarcoma, myosarcoma, liposa-
rcoma, Vfitgrosarcoma, Ewing sarcoma and plasmocyto-
ma. ‘

[0036] Examples of cancer types where the use of the
Smac/carrier entities according to the present invention,
respectively the medicaments containing the latter, is
particularly advantageous inciude neuroblastoma,
glioblastoma, breast carcinoma, melanoma, prostate
carcinoma, pancreatic carcinoma, hepatocellular carci-
noma, colon carcinoma, small cell and non-small cell
lung carcinoma.

[0037] The Smac/carrier entities according to the
present invention, respectively the medicaments con-
taining the latter, can furthermore be used for the treat-
ment of all autoimmune diseases which are resistant to
apoptosis due to the expression of IAPs or members of
the Bel-2 family. Examples of such autoimmune diseas-
es are collagen diseases such as rheumatoid arthritis,
Lupus erythematodes disseminatus, Sharp syndrome,
CREST syndrome (calcinosis, Raynaud syndrome, es-
ophageal dysmotility, teleangiectasia), dermatomyosi-
tis, vasculitis (Morbus Wegener) and Sjbgren syn-
drome, renal diseases such as Goodpasture syndrome,
rapidly-progressing glomerulonephritis and membrane-
proliferative glomerulonephritis type Il, endocrine dis-
eases such as type-! diabetes, autoimmune polyendo-
crinopathy-candidiasis-ectodermal dystrophy
(APECED), autoimmune parathyreoidism, pernicious
anemia, gonad insufficiency, idiopathic Morbus Addi-
son, hyperthyreosis, Hashimoto thyreoiditis and primary
myxedemia, skin diseases such as Pemphigus vulgaris,
bullous pemphigoid, Herpes gestationis, Epidermolysis
bullosa and Erythema multiforme major, liver diseases
such as primary biliary cirrhosis, autoimmune cholangi-
tis, autoimmune hepatitis type-1, autoimmune hepatitis
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type-2, primary sclerosing cholangitis, neuronal diseas-
es such as multiple sclerosis, Myastenia gravis,
myasthenic Lambert-Eaton syndrome, acquired neuro-
myotony, Guillain-Barré syndrome (Mller-Fischer syn-
drome), Stiff-man syndrome, cerebellar degeneration,
ataxia, opsoklonus, sensoric neuropathy and achalasia,
blood diseases such as autoimmune hemolytic anemia,
idiopathic thrombocytopenic purpura (Morbus Werlhof),
infectious diseases with associated autoimmune reac-
tions such as AIDS, Malaria and Chagas disease.
[0038] In a further embodiment of the present inven-
tion neuroblastoma and glioblastoma cells or self-reac-
tive cells of the immune system are treated by adminis-
tering an active compound in combination with the over-
expression of Smac in the cells. The latter is achieved
by methods known to persons skilled in the art, prefer-
ably by transfecting the cells with an expression plasmid
carrying the full length Smac gene, as disclosed in Gen-
Bank number AF262240, or a derivative or a fragment
thereoi.

[0039]) Active compounds which can be used in the
above treatment include cytostatic compounds from the
group of antimetabolites, such as cytarabine, fludarab-
ine, 5-fluoro-2'-deoxyuiridine, gemcitabine, hydroxyu-
rea or methotrexate; DNA-fragmenting agents, such as
bleomycin, DNA-crosslinking agents, such as chloram-
bucil, cisplatin, cyclophosphamide or nitrogen mustard;
intercalating agents such as adriamycin (doxorubicin) or
mitoxantrone; protein synthesis inhibitors, such as L-as-
paraginase, cycloheximide, puromycin or diphteria tox-
in; topoisomerase | poisons, such as camptothecin or
topotecan; topoisomerase |l poisons, such as etoposide
(VP-16) or teniposide; microtubule-directed agents,
such as colcemid, colchicine, paclitaxel, vinblastine or
vincristine; kinase inhibitors such as flavopiridol, stau-
rosporin, STI571 (CPG 57148B) or UCN-01 (7-hy-
droxystaurosporine); miscellaneous investigational
agents such as PS-341, phenyibutyrate, ET-18-OCHj,
or farnesyl transferase inhibitors (L-739749, L-744832);
polyphenols such as quercetin, resveratrol, piceatannol,
epigallocatechine gallate, theaflavins, flavanols, procy-
anidins, betulinic acid and derivatives thereof; hor-
mones such as glucocorticoids or fenretinide; hormone
antagonists, such as tamoxifen, finasteride or LHRH an-
tagonists; plant-derived cytostatics (from Viscum and
derivatives); alcaloids such as vindesine; podophyllo-
toxins such as vinorelbin; alkylants such as nimustrine,
carmustrine, lomustine, estramustrine, melphalam, ifos-
famide, trofosfamide, bendamustine, dacarbazine, bu-
sulfane, procarbazine, treosulfane, tremozolamide, thi-
otepa,; cytotoxic antibiotics such as aclarubicine, dauno-
rubicine, epirubicine, idarubicine, mitomycine, dactino-
mycine; antimetabolites like folic acid analogs such as
methotrexate, purine analogs such as cladribin, mer-
captopurin, tioguanine and pyrimidine analogs such as
cytarabine, fluorouracil, docetaxel; other antineoplastic,
platinum compounds such as thioplatin, carboplatin,
oxaliplatin; amsacrine, irinotecane, interferon-a, tretin-
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oine, hydroxycarbamide, miltefosine, pentostatine, ald-
esleukine; antineoplastic compounds derived from or-
gans, e.g. monoclonal antibodies such as trastuzumab,
rituximab, or derived from enyzmes such as pegaspar-
gase; endocrine effecting antineoplastic compounds
belonging to hormones, e.g. estrogens such as polyes-
tradiol, fosfestriol, ethinylestradiol, gestagens such as
medroxyprogesterone, gestonoroncaproat, megestrol,
norethisterone, lynestrenol, hypothalamus hormones
such as triptoreline, leuproreline, busereline, gosere-
line, other hormones such as testolactone, testoster-
one; endocrine effecting antineoplastic compounds be-
longing to hormone antagonists, e.g. antiestrogens
such as toremifen; antiandrogens such as flutamide, bi-
calutamide, cyproterane; endocrine effecting antineo-
plastic compounds belonging to enzyme inhibitors such
as anastrol, exemestane, letrozol, formestane,
aminoglutethimide, all of which can be occasionally ad-
ministered together with so-called protectives such as
calciumfolinat, amifostin, lenograstin, molgromostin, fil-
grastin, mesna or so-called additives such as retinol-
palmitate, thymus D9, amilomer.

[0040) Preferred active compounds are selected from
the group consisting of cisplatin, doxorubicin, and VP-
16.

[0041} Other active compounds, which can be used
for the treatment of tumor cells and self-reactive cells of
theimmune system overexpressing Smac include death
receptor ligands, such as tumor necrosis factor a (TNF-
a), tumor necrosis factor § (TNF-§, lymphotoxin-a), LT-
B (lymphotoxin-B), TRAIL (Apo2L), CD95 (Fas, APO-1)
ligand, TRAMP (DRS3, Apo-3) ligand, DR4 ligand, DR6
ligand as well as fragments and derivatives of any of
said ligands. Preferably, the death receptor ligand is se-
lected from the group consisting of TNF-a, a fragment
or derivative thereof, and TRAIL, a fragment and deriv-
ative thereof.

[0042] For the treatment of tumor cells overexpress-
ing Smac there can also be used agonistic antibodies
to death receptors such as anti-CD95 antibody, an-
ti-TRAIL-R1 (DR4) antibody, anti-TRAIL-R2 (DR5) anti-
body, anti-DR6 antibody, anti TNF-R antibody and an-
ti-TRAMP (DR3) antibody as well as fragments and de-
rivatives of any of said antibodies. Preferably, the ago-
nistic antibodies are selected from the group consisting
of anti-TRAIL-R1 antibody, anti-TRAIL-R2 antibody, anti
TNF-R antibody and fragments and derivatives of any
of said antibodies.

[0043] The term derivative or fragment of the Smac
gene refers to DNA sequences in which one or more
nucleotides of the coding sequence of 1358 nucleotides,
as disclosed in GenBank number AF262240, can be
substituted by one or more nucleotides different from the
original one(s), or Smac DNA sequences the nucleotide
sequence of which is either extended, shortened, or
both, on either the 5'-, or the 3'- or both ends, provided
that the function of the encoded Smac protein remains
unaffected.

0150



11 EP 1 354 952 A1 12

[0044] A preferred fragment of the Smac gene in the
present invention to be overexpressed in tumor cells in-
clude the Smac cDNA lacking the nucleotides 20-184 of
the disclosed coding sequence, which codes for the so-
called mitochondrial targeting sequence (aminoacids
1-55 of the corresponding Smac protein), thus enabling
the overexpression of Smac directly in the cytosol,
which is the preferred site of Smac action.

[0045] By the administration of an active compound
combined with the overexpression of Smac in the cells
to be treated, as described beforehand, neuroblastoma
and glioblastoma and related types of cancer, like colon
carcinoma, hepatoceliuar carcinoma or small cell and
non-small cell lung carcinoma, can be treated success-
fully. Thus, a further object of the present invention are
kits comprising at least one active compound, as de-
scribed above, and expression plasmids carrying the full
length Smac gene, as disclosed in GenBank number
AF262240, or a derivative or fragment thereof. The said
kits can be used as a medicament for the treatment of
neuroblastoma, glioblastoma and related cancers.

EXAMPLES

[0046] Overexpression of Smac sensitizes for
death receptor or drug-induced apoptosis. A full
length Smac construct was used to transfect SHEP neu-
roblastoma cells, which exhibit intermediate sensitivity
to various pro-apoptotic stimuli. Representative experi-
ments performed with clone #28 which overexpressed
high levels of Smac are subsequently shown (Fig. 1a).
Overexpression of Smac potentiated TRAIL-induced
apoptosis in a dose- and time-dependent manner com-
pared to vector control cells (Fig. 1b) and also markedly
increased apoptosis induced by anti-CD95 antibody or
cytotoxic drugs (Fig. 1c). Because overexpression of
Smac enhanced both death receptor and drug-induced
apoptosis, Smac acts at a common point where these
two pathways converge, e.g. at the level of postmito-
chondrial activation of caspases.

[0047] Smac sensitizes for apoptosis by antago-
nizing XIAP. It was investigated whether the apoptosis
promoting effect of Smac was mediated by antagonizing
XIAP, a prominent caspase inhibitor. Treatment with
TRAIL resulted in enhanced release of Smac from mi-
tochondria into the cytosol in cells transfected with
Smac compared to vector contro! cells (Fig. 2a). Immu-
noprecipitation of Flag-tagged Smac showed binding of
Smac to XIAP upon treatment with TRAIL (Fig. 2b). Al-
so, immunoprecipitation of endogenous XIAP revealed
enhanced binding of Smac to XIAP in Smac transfected
cells upon TRAIL treatment compared to vector control
cells resulting in complete dissociation of XIAP from
caspase-9 (Fig. 2c). Furthermore, overexpression of
Smac enhanced activation of caspase-8, -9, -3, cleav-
age of the caspase substrates PARP and DFF45 and
cleavage of Bid and XiAP upon treatment with TRAIL or
doxorubicin (Fig. 2d and 2e). These findings indicate
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that overexpression of Smac promoted apoptosis
through antagonizing the inhibition of XIAP of both distal
and proximal events in the caspase cascade.

[0048] Cytosolic Smac bypasses the Bcl-2 inhibi-
tion. Since Bcl-2 may prevent Smac release from mito-
chondria, Smac function was analyzed in SHEP neurob-
lastoma cells transfected with Bcl-2. Overexpression of
Bcl-2 prevented the release of Smac and cytochrome ¢
from mitochondria upon TRAIL treatment (Fig. 3a). Also,
Bcl-2 inhibited activation of caspase-3 into active frag-
ments and cleavage of the caspase-3 substrates PARP
and DFF45 (Fig. 3b). Interestingly however, Bcl-2 re-
duced, but did not prevent the initial cleavage of cas-
pase-3 into the p24 intermediate fragment or cleavage
of caspase-8 (Fig. 3b) consistent with a block at the
postmitochondrial level, e.g. by XIAP. It was investigat-
ed whether cytosolic Smac without the mitochondrial
targeting sequence can bypass the B¢l-2 block. Ectopic
expression of GFP-tagged Smac in the cytosol was con-
trolled by fluorescence microscopy (data not shown).
Importantly, ectopic expression of cytosolic Smac sen-
sitized SHEP neuroblastoma cells overexpressing Bcl-
2 for apoptosis induction (Fig. 3c). Also, cytosolic Smac
further enhanced treatment-induced apoptosis in SHEP
vector éomrol cells (Fig. 3c), consistent with high XIAP
expression in these cells (Fig. 2d). Expression of cy-
tosolic Smac per se showed no cytotoxic effect (Fig. 3c)
indicating that the release from IAP inhibition by Smac
only becomes relevant upon apoptosis induction. The
studies were further extended to different cell lines with
Bcl-2 overexpression. Ectopic expression of cytosolic
Smac sensitized Bcl-2 transfected glioblastoma
(U87MG/Bcl-2, LN18/Bcl-2, LN229/Bcl-2) and breast
carcinoma (MCF7/Bcl-2) cells for treatment with TRAIL,
anti-CD95 antibody or doxorubicin (Fig. 3d). Thus, cy-
tosolic Smac may bypass Bcl-2 inhibition in several cell
types and in response to different pro-apoptotic stimuli.
[0049] Smac peptides sensitize resistant tumor
cells for death receptor or drug-induced apoptosis.
The N-terminal 4 residues of Smac that are essential for
inactivation of XIAP and thus for apoptosis induction, to-
gether with the 3 following residues, were linked to the
protein transduction domain of the TAT protein to facili-
tate intracellutar delivery (Smac peptide / PTD). Cellular
uptake of Smac peptides was controlled by flow cytom-
etry (Fig. 4a) and fluorescence microscopy (data not
shown). Smac peptides markedly enhanced TRAIL-in-
duced apoptosis and also sensitized for treatment with
anti-CD95 antibody or cytotoxic drugs. Furthermore,
Smac peptides sensitized several resistant cell lines
with defects in apoptosis signaling for treatment with
TRAIL or doxorubicin, including neuroblastoma cells
with Bcl-2 overexpression (SHEP/Bcl-2), neuroblasto-
ma cells with absent caspase-8 expression (SH-SY5Y),
melanoma cells with impaired Apaf-1 expression
(Mel-HO) or pancreatic carcinoma cells with defective
Ras/PI3 Kinase/Akt signaling (Panc-1) (Fig. 4c).

To exclude that the observations were restricted to cell
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lines maintained in long-term culture, primary tumor
cells derived from a malignant pleural effusion of a pa-
tient with neuroblastoma at tumor relapse with refractory
disease were examined. Importantly, Smac peptides
sensitized these patient's derived resistant neuroblast-
oma cells with high levels of XIAP and Bcl-2 (Fig. 4d,
insert), for apoptosis induced ex vivo by TRAIL or anti-
cancer drugs (Fig. 4d).

[0050] Smac peptides enhance the antitumor ef-
fect of TRAIL in glioblastoma /n vivo and induce
eradication of tumors. The effect of Smac was exam-
ined in a glioblastoma tumor model in vivo. Glioma cells
were implanted into the right striatum of athymic mice
and Smac peptides and /or TRAIL were locally admin-
istered at day 7 and day 9 after tumor inoculation. Im-
portantly, Smac peptides significantly sensitized gtiob-
lastoma cells for TRAIL-induced apoptosis, while treat-
ment with Smac peptides alone showed no antitumor
effect (Fig. 5a and 5b). Complete eradication of prees-
tablished glioblastoma tumors was only found in mice
treated with the combination of Smac peptides and
TRAIL in 33% (2 of 6) or 50% (3 of 6) of tumors (Fig.
5a). Combined administration of Smac peptides and
TRAIL showed no acute or delayed neurotoxicity as as-
sessed by a compound neurological score, whereas 2
of 6 mice treated with TRAIL alone developed neurolog-
ical deficits (data not shown) indicating that the combi-
nation of Smac peptides and TRAIL may also improve
neurological outcome.

MATERIALS AND METHODS

[0051] Cell culture.  Neuroblastoma  (SHEP,
SH-SY5Y), glioblastoma (U87MG, LN18, LN229),
Panc-1 pancreatic carcinoma or MCF-7 breast carcino-
ma were maintained in RPMI 1640 medium (Life Tech-
nologies, Inc., Eggenstein, Germany) as previously de-
scribed. 0.5 x 105 cells/m| were cultured in 24-weli-
plates for determination of apoptosis or in 75 cm? flasks
(Falcon, Heidelberg, Germany) for protein isolation.
[0052] Determination of apoptosis. Cells were incu-
bated with recombinant human TRAIL (PeproTech Inc.,
Rocky Hill, NJ), cisplatin (Sigma, Deisenhofen, Germa-
ny), doxorubicin (Amersham Pharmacia, Freiburg, Ger-
many) VP-16 (Bristol Myers, Erlangen, Germany) or an-
ti-CD95 (APO1) monoclonal antibody. Smac peptides
corresponding to aa 56-62 were linked to the protein
transduction domain of Tat protein (Interactiva GmbH,
Ulm, Germany). For assessment of cellular uptake,
FITC-labelled peptides were used. Quantification of
DNA fragmentation was performed by fluorescence-ac-
tivated cell-sorting (FACS) analysis of propidium iodide
stained nuclei as previously described.

[0053]) Western blot analysis and immunoprecipita-
tion. Western blot analysis and immunoprecipitation
were performed as previously described using mouse
anti-caspase-8 monoclonal antibody C15 (1:10 dilution
of hybridoma supernatant), mouse anti-caspase-3 mon-
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oclonal antibody (1:1000, Transduction Laboratories,
Lexington, KY), rabbit anti-caspase-9 polyclonal anti-
body (1:1000, PharMingen, San Diego, CA), mouse an-
ti-XIAP monoclonal antibody (1:1000, H62120, Trans-
duction Laboratories), mouse anti-DFF45 monoclonat
antibody (1:1000, Transduction Laboratories), rabbit
anti-AlF polyclonal antibody (1:5000, kindly provided by
G. Kroemer), rabbit anti-Smac polyclonal antibody (1:
5000, kindly provided by X. Wang), mouse anti-COX4
monoclonal antibody (1:1000, Clontech Laboratories,
Inc., Palo Alto, CA), mouse anti-Flag monoclonal anti-
body (1:1000, Sigma) or mouse anti-p-actin monoclonal
antibody (1:5000, Sigma) followed by goat anti-mouse
1gG or goat anti-rabbit 1gG (1:5000, Santa Cruz Biotech-
nology, Santa Cruz, CA). Enhanced chemilumines-
cence (ECL, Amersham Pharmacia) was used for de-
tection. Expression of p-actin was used to control for
equal gel loading.

[0054] Transfection experiments. SHEP neuroblasto-
ma cells were transfected with expression plasmid
pcDNA3.1 vector containing full length Smac cDNA or
empty vector using lipofectamine transfection reagent
(Life Technologies, Inc.) and cultured in 0.5 mg/ml G418
(Life Technologies, Inc.). Transient transfections with
pEGFPC1 vector containing GFP-tagged Smac without
the mitochondrial targeting sequence (aa 1-55) 26 were
performed using gene porter transfection reagent.
[0055] Preparation of mitochondria or cytosolic ex-
tracts. Preparation of mitochondria or cytosolic extracts
was performed using the ApoAlert cell fractionation kit
(Clontech Laboratories) according to the manufactur-
er's instructions.

[0056] Animal studies. 5 x 104 U87MG human gliob-
lastoma cells were stereotactically implanted into the
right striatum of athymic mice (CD1 nu/nu, Charles Riv-
er, Sulzfeld, Germany). Atday 7 or at day 7 and day 9,
mice were locally treated with Apo2L/TRAIL (2 pg/4 pl
buffer) and/or Smac (1 mg/4 pl buffer) or buffer only. Tu-
mor cell volumes were measured at day 21 or 35 after
tumor cell implantation as previously described. Neuro-
logical symptoms (alertness, behaviour, weight loss, fo-
cal neurclogical deficits) were evaluated daily and a
compound score of all categories was formed (++: se-
vere deficits, +: deficits, -: no relevant deficits). Statisti-
cal significance was assessed using ANOVA.

DESCRIPTION OF THE DRAWINGS

Fig. 1. Overexpression of Smac sensitizes for death
receptor or drug-induced apoptosis.

[0057]

a, Overexpression of Smac. SHEP neuroblasto-
ma cells were transfected with vector control or
Smac cDNA. Expression of Smac protein in vector
control (V) or single cell clones was determined by
Western blot analysis.
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b, Effect of Smac overexpression on TRAIL-in-
duced DNA fragmentation. SHEP neuroblastoma
cells transfected with vector control (white bars) or
Smac (black bars) were treated with TRAIL. Apop-

control (Neo) or Bcl-2 were treated for 24 h with 100
ng/ml TRAIL. Expression of cytochrome ¢, AlF or
Smac in mitochondrial, cytosolic or nuclear extracts
was determined by Western blot analysis.

tosis was determined by FACS analysis of propid- 5
ium iodide stained DNA content. Percentage of spe- b, Effect of Bcl-2 overexpression on caspase ac-
cific apoptosis was calculated as follows: 100 x [ex- tivation. SHEP neuroblastoma cells transfected
perimental apoptosis (%) - spontaneous apoptosis with vector control (Neo) or Bcl-2 were treated with
(%) / 100% - spontaneous apoptosis (%)]. Mean TRAIL. Protein expression was determined by
and SD of triplicates are shown, similar results were 10 Western blot analysis.
obtained in three independent experiments.
¢, Effect of cytosolic Smac on death receptor or

¢, Effect of Smac overexpression on anti-CD95- drug-induced apoptosis. SHEP neuroblastoma
or drug-induced DNA fragmentation. SHEP neu- cells stably transfected with vector control (Neo) or
roblastoma cells transfected with vector control 15 Bcl-2 were transiently transfected with GFP-tagged
(white bars) or Smac (black bars) were treated with Smac and treated with TRAIL, anti-CD95 antibody,
anti-CD95 monoclonal antibody, doxorubicin, cispl- doxorubicin, cisplatin or /ml VP-16. Apoptosis was
atin or VP-16. Apoptosis was determined as de- determined by flow cytometry.
scribed above.

20 d, Effect of cytosolic Smac on death receptor or

Fig. 2. Effect of Smac overexpression on apoptosis
pathways.

drug-induced apoptosis in different B¢l-2 over-
expressing cells. Glioblastoma (U87MG, LN18,
LN229) or breast carcinoma (MCF7) cells stably
[0058] transfected with vector contro! (Neo) or Bcl-2 were

a, Effect of Smac overexpression on Smac re-
lease from mitochondria. SHEP neuroblastoma
cells transfected with vector control (Neo) or Smac

25

trarisi,ently transfected with GFP-tagged Smac and
treated with TRAIL, anti-CD95 monoclonal antibody
or doxorubicin. Apoptosis was determined by flow
cytometry.

were treated with TRAIL. Expression of Smac in mi-
tochondrial or cytosolic extracts was determinedby 30  Fig. 4. Smac peptides sensitizes for death receptor
Western blot analysis. or drug-induced apoptosis.

band ¢, Effect of Smac overexpression on inter- [0060]

action with XIAP. SHEP neuroblastoma cells
transfected with vector control (Neo) or Smac were
subjected to immunoprecipitation of Smac using
Flag antibody (b} or to immunoprecipitation of XIAP
using monoclonal XIAP antibody (c) and analyzed
for XIAP, Smac or caspase-9 by Western blot anal-
ysis.

d and e, Effect of Smac overexpression on
TRAIL (d) or doxorubicin (e) induced caspase
activation. SHEP neuroblastoma cells transfected
with vector control (Neo) or Smac were treated for
indicated times with 10 ng/ml TRAIL or 0.03 pg/mi
doxorubicin. Expression of caspase-8, -9, -3, Bid.
XIAP. PARP. DFF45 and 3-actin was determined by
Western blot analysis.

Fig. 3. Overexpression of Smac bypasses the Bcl-2
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a, Uptake of Smac peptides. SHEP neuroblasto-
ma cells were treated with FITC-labelled Smac pep-
tides. Cellular uptake was determined by flow cy-
tometry.

b, Effect of Smac peptides on TRAIL-, CD95- or
drug-induced apoptosis. SHEP neuroblastoma
cells were treated with TRAIL, anti-CD95 mono-
clonal antibody, doxorubicin, cisplatin or VP-16 in
the absence or presence of Smac peptides (S) or
control peptides corresponding to the reversed ver-
sion of Smac (Sr). Apoptosis was determined by
flow cytometry.

¢, Effect of cytosolic Smac on death receptor or
drug-induced apoptosis in cells with defects in
apoptosis signaling. SHEP neuroblastoma cells

inhibition. stably transfected with Bcl-2, SH-SY5Y neuroblas-
toma cells, Mel-HO melanoma cells or Panc-1 pan-
[0059] creatic carcinoma cells were treated with TRAIL or
55 doxorubicin in the absence or presence of Smac
a, Effect of Bcl-2 overexpression on mitochon- peptides or control peptides. Apoptosis was deter-
drial release of Smac, cytochrome ¢ and AIF. mined by flow cytometry.
SHEP neuroblastoma cells transfected with vector
9
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d, Effect of Smac peptides on death receptor or
drug-induced apoptosis in primary neuroblast-

aminoacids 56 to 59 of Smac.

oma cells. Primary neuroblastoma cells were col- 5. The entity according to any of claims 1 to 4, wherein
lected from a malignant pleural effusion, identified said carrier is a protein, a fragment or derivative
by anti-GD2 staining (data not shown) and treated 5 thereof.
with TRAIL, anti-CD95 monoclonal antibody, doxo-
rubicin, cisplatin or VP-16. Apoptosis was deter- 6. The entity according to any of claims 1 to 5, wherein
mined by flow cytometry; insert: Expression of XIAP said carrier is selected from the group consisting of
and Bcl-2 in primary neuroblastoma cells was de- TAT, influenza virus hemagglutinin, the VP22 pro-
termined by Western blot analysis.. 10 tein from herpes simplex virus, Antennapedia, fi-
broblast growth factor, Galparan (transportan), po-
Fig. 5. Smac peptides sensitizes for TRAIL-induced ly-arginine, and Pep-1, and fragments and deriva-
apoptosis in glioblastoma in vivo. tives thereof, and lipids and cationic lipids.
[0061} 15 7. The entity according to any of claims 1 to 6, wherein
said protein is the TAT protein or a fragment or de-
a and b, Effect of Smac peptides on TRAIL-in- rivative thereof, as disclosed by GenBank acces-
duced apoptosis in vivo. U87MG human glioblas- sion number M15654.
toma cells were stereotactically implanted into the
right striatum of athymic mice and locally treated 20 8. The entity according to any of claims 1 to 7, wherein
with Apo2L/TRAIL and/or Smac or buffer. In the first the fragment or derivative of the TAT protein com-
experiment (white dots), mice were treated twice at prises the aminoacids 37 to 72 of TAT.
day 7 and day 9 and tumor cell volumes were meas-
ured at day 21, in the second experiment (black 9. The entity according to any of claims 1 to 8, wherein
dots), mice were treated once at day 7 and tumor 25 said carrier is the protein transduction domain of
cell volumes were measured at day 35 after tumor TAT cbmprising the aminoacids 47 to 58 of TAT.
cell implantation (a). Statistical significance was as- :
sessed using ANOVA (1. experiment: P< 0.026, 2. 10. The entity according to any of claims 1 to 9, option-
experiment: P< 0.028). Representative histological ally in combination with at least one active apopto-
sections are shown (b) (A: vehicle buffer, B: Smac, 30 sis-inducing or proliferation-inhibiting compound for
C, Apo2L/TRAIL, D: Smac + Apo2L/TRAIL). use as pharmaceutical.
11. The entity for use as pharmaceutical according to
Claims claim 10, wherein the active compound is a cyto-
35 static compound.
A Smac protein / carrier entity comprising
12. The entity for use as a pharmaceutical according to
(i) a Smac protein, as disclosed by the Gen- claims 10 or 11, wherein the cytostatic compound
Bank accession number AAF87716, or a deriv- is selected from the group consisting of antimetab-
ative or fragment thereof, 40 olites, preferably cytarabine, fludarabine, 5-fluoro-
2'-deoxyuiridine, gemcitabine, hydroxyurea or
(ii) a carrier methotrexate; DNA-fragmenting agents, preferably
bleomycin, ‘DNA-crosslinking agents, preferably
and wherein the Smac protein, fragment or chlorambucil, cisplatin, cyclophosphamide or nitro-
derivative thereof and the carrier arelinked together 45 gen mustard; intercalating agents preferably adri-
enabling the penetration of the Smac/carrier entity amycin (doxorubicin) or mitoxantrone; protein syn-
through the cell membrane into the cell. thesis inhibitors, preferably L-asparaginase, cy-
cloheximide, puromycin or diphteria toxin; topoi-
The entity according to claim 1, wherein the frag- somerase | poisons, preferably camptothecin or to-
ment or derivative of Smac is a peptide comprising 50 potecan; topoisomerase |l poisons, preferably
the aminoacid sequence 56 to 70. etoposide (VP-16) or teniposide; microtubule-di-
rected agents, preferably colcemid, colchicine, pa-
The entity according to claim 1 or 2, wherein the clitaxel, vinblastine or vincristine; kinase inhibitors
fragment or derivative of Smac is a peptide com- preferably flavopiridol, staurosporin, STI1571 (CPG
prising aminoacids 56 to 62 of Smac. 85 57148B) or UCN-01 (7-hydroxystaurosporine); mis-
cellaneous investigational agents, preferably PS-
The entity according to any of claims 1 to 3, wherein 341, phenylbutyrate, ET-18-OCH,, or farnesy!
the fragment or derivative of Smac comprises the transferase inhibitors (L-739749, L-744832);
10
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polyphenols preferably quercetin, resveratrol,
piceatannol, epigallocatechine gallate, theaflavins,
flavanols, procyanidins, betulinic acid; hormones
preferably glucocorticoids or fenretinide; hormone
antagonists, preferably tamoxifen, finasteride or
LHRH antagonists; plant-derived cytostatics (from
Viscum and derivatives); alcaloids preferably vinde-
sine; podophyilotoxins preferably vinorelbin; alky-
lants preferably nimustrine, carmustrine, lomustine,
estramustrine, melphalam, ifosfamide, trofosfa-
mide, bendamustine, dacarbazine, busulfane, pro-
carbazine, treosulfane, tremozolamide, thiotepa;
cytotoxic antibiotics preferably aclarubicine, dauno-
rubicine, epirubicine, idarubicine, mitomycine, dac-
tinomycine; antimetabolites like folic acid analogs
preferably methotrexate, purine analogs preferably
cladribin, mercaptopurin, tioguanine and pyrimidine
analogs preferably cytarabine, fluorouracil, do-
cetaxel; other antineoplastic, platinum compounds
preferably thioplatin, carboplatin, oxaliplatin; amsa-
crine, irinotecane, interferon-q, tretinoine, hydroxy-
carbamide, miltefosine, pentostatine, aldesleukine;

antineoplastic compounds derived from organs, e.

g. monoclonal antibodies preferably trastuzumab,
rituximab, or derived from enyzmes preferably
pegaspargase; endocrine effecting antineoplastic
compounds belonging to hormones, e.g. estrogens
preferably polyestradiol, fosfestriol, ethinylestradi-
ol, gestagens preferably medroxyprogesterone, ge-
stonoroncaproat, megestrol,  norethisterone,
lynestrenol, hypothalamus hormones preferably
triptoreline, leuproreline, busereline, gosereline,
other hormones preferably testolactone, testoster-
one; endocrine effecting antineoplastic compounds
belonging to hormone antagonists, e.g. antiestro-
gens preferably toremifen; antiandrogens prefera-
bly flutamide, bicalutamide, cyproterane; endocrine
effecting antineoplastic compounds belonging to
enzyme inhibitors preferably anastrol, exemestane,
letrozol, formestane, aminoglutethimide, all of
which can be occasionally administered together
with so-called protectives preferably calciumfolinat,
amifostin, lenograstin, molgromostin, filgrastin, me-
sna or so-called additives preferably retinolpalmi-
tate, thymus D9, amilomer.

The entity for use as a pharmaceutical according to
any of claims 10 to 12, wherein the cytostatic com-
pound is selected is from the group consisting of
doxorubigcin, cisplatin and etoposide (VP-16).

The entity for use as a pharmaceutical according to
claim 10, wherein the active compound is a death
receptor ligand, derivative or fragment thereof.

The entity for use as a pharmaceutical according to
claim 14, wherein the death receptor ligand is se-
lected from the group consisting of tumor necrosis
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A}

16.

17.

18.

19.

20.

21.

factor o (TNF-a), tumor necrosis factor (3 (TNF-8,
lymphotoxin-a), LT-f (lymphotoxin-B), TRAIL
(Apo2L), CD95 (Fas, APO-1) ligand, TRAMP (DR3,
Apo-3) ligand, DR4 ligand, DR6 ligand as well as
fragments and derivatives of any of said ligands.

The entity for use as a pharmaceutical according to
claims 14 or 15, wherein the death receptor ligand
is TRAIL.

The entity for use as a pharmaceutical according to
claim 10, wherein the active compound is an anti-
body against a death receptor, a derivative or frag-
ment thereof.

The entity for use as a pharmaceutical according to
claim 17, wherein the antibody against the death re-
ceptor ligand is selected from the group consisting
of anti-CD95 antibody, anti-TRAIL-R1 (DR4) anti-
body, anti-TRAIL-R2 (DR5) antibody, anti-DR6 an-
tibody, anti TNF-R antibody and anti-TRAMP (DR3)
antibody as well as fragments and derivatives of
any of said antibodies.

Thé entity for use as a pharmaceutical according to
claims 17 or 18, wherein the antibody against the
death receptor is the anti-CD95 antibody.

The use of Smac/carrier entity according to any of
claims 1 to 9, optionally in combination with at least
one active apoptosis-inducing compound for the
manufacture of a medicament for the treatment of
cancer.

The use according to claim 20, wherein the cancer
to be treated is selected from a group consisting of
neurcblastoma, rectum carcinoma, colon carcino-
ma, familiary adenomatous polyposis carcinoma,
hereditary non-polyposis colorectal cancer, es-
ophageal carcinoma, labial carcinoma, larynx car-
cinoma, hypopharynx carcinoma, tong carcinoma,
salivary gland carcinoma, gastric carcinoma, aden-
ocarcinoma, medullary thyroidea carcinoma, papil-
lary thyroidea carcinoma, renal carcinoma, kidney
parenchym carcinoma, ovarian carcinoma, cervix
carcinoma, uterine corpus carcinoma, endometri-
um carcinoma, chorion carcinoma, pancreatic car-
cinoma, prostate carcinoma, testis carcinoma,
breast carcinoma, urinary carcinoma, melanoma,
brain tumors preferably glioblastoma, astrocytoma,
meningioma, medulloblastoma and peripheral neu-
roectodermal tumors, Hodgkin lymphoma, non-
Hodgkin lymphoma, Burkitt lymphoma, acute lym-
phatic leukemia (ALL), chronic lymphatic leukemia
(CLL), acute myeolid leukemia (AML), chronic my-
eloid leukemia (CML), adult T-cell leukemia lym-
phoma, hepatocellualar carcinoma, gall bladder
carcinoma, bronchial carcinoma, small cell lung
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carcinoma, non-small cell lung carcinoma, multiple
myeloma, basalioma, teratoma, retinoblastoma,
choroidea melanoma, seminoma, rhabdomyosar-
coma, craniopharyngeoma, osteosarcoma, chond-
rosarcoma, myosarcoma, liposarcoma, fibrosarco-
ma, Ewing sarcoma and plasmocytoma.

The use according to claim 20 or 21, wherein the
cancer to be treated is selected from the group con-
sisting of neuroblastoma, glioblastoma, breast car-
cinoma, melanoma, prostate cancer and pancreatic
carcinoma.

A medicament for the treatment of cancer, compris-
ing a Smac/carrier entity as claimed in any of the
claims 1 to 9 and a pharmaceutically acceptable
carrier.

The use of Smac/carrier entity according to any of
claims 1 to 9, optionally in combination with at least
one active apoptosis-inducing compound for the
manufacture of a medicament for the treatment of
autoimmune diseases.

The use according to claim 24, wherein the autoim-
mune disease to be treatedis selected from a group
consisting of collagen diseases particularly rheu-
matoid arthritis, Lupus erythematodes dissemina-
tus, Sharp syndrome, CREST syndrome (calcino-
sis, Raynaud syndrome, esophageal dysmotility, te-
leangiectasia), dermatomyositis, vasculitis (Morbus
Wegener) and Sjogren syndrome, renal diseases
particularly Goodpasture syndrome, rapidly-pro-
gressing glomerulonephritis and membrane-prolif-
erative glomerulonephritis type Il, endocrine dis-
eases particularly type-1 diabetes, autoimmune pol-
yendocrinopathy-candidiasis-ectodermal  dystro-
phy (APECED), autoimmune parathyreoidism, per-
nicious anemia, gonad insufficiency, idiopathic Mor-
bus Addison, hyperthyreosis, Hashimoto thyreoidi-
tis and primary myxedemia, skin diseases particu-
larly Pemphigus vulgaris, bullous pemphigoid,
Herpes gestationis, Epidermolysis bullosa and Ery-
thema multiforme major, liver diseases particularly
primary biliary cirrhosis, autoimmune cholangitis,
autoimmune hepatitis type-1, autoimmune hepatitis
type-2, primary sclerosing cholangitis, neuronal dis-
eases particularly multiple sclerosis, Myastenia
gravis, myasthenic Lambert-Eaton syndrome, ac-
quired neuromyotony, Guillain-Barré syndrome
(Muller-Fischer syndrome), Stiff-man syndrome,
cerebellar degeneration, ataxia, opsoklonus, sen-
soric neuropathy and achalasia, blood diseases
particularly autoimmune hemolytic anemia, idio-
pathic thrombocytopenic purpura (Morbus Werl-
hof), infectious diseases particularly AIDS, Malaria
and Chagas disease.
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26.

27.

28.

29,

30.

31.

32.

33.

34.

35.

A medicament for the treatment of autoimmune dis-
eases, comprising a Smac/carrier entity as claimed
in any of the claims 1 to 9 and a pharmaceutically
acceptable carrier.

The use of an expression plamid carrying the full
length Smac gene, as disclosed by GenBank ac-
cession number AF262240, or a derivative or a frag-
ment thereof, in combination with an active com-
pound for the manufacture of a medicament for the
treatment of neuroblastoma, glioblastoma, prostate
carcinoma, colon carcinoma, small cell and non-
small cell lung carcinoma.

The use according to claim 27, wherein the full
length Smac gene as disclosed is substituted by a
Smac DNA fragment lacking the nucleotides 20 to
184 of the disclosed coding sequence.

The use according to claim 27 or 28, wherein the
active compound is selected from the group of cy-
tostatic compounds consisting of cisplatin, doxoru-
bicin, and VP-16.

The use according to claim 27 or 28, wherein the
active compound is selected from the group of
death receptor ligands consisting of tumor necrosis
factor o (TNF-¢), tumor necrosis factor (3 (TNF-§,
lymphotoxin-a), LT-B (lymphotoxin-g8), TRAIL
(Apo2L), CD95 (Fas, APO-1) ligand, TRAMP (DR3,
Apo-3) ligand, DR4 ligand, DR6 ligand as well as
fragments and derivatives of any of said ligands.

The use according to claim 30, wherein the death
receptor ligand is TRAIL.

The use according to claim 27 or 28, wherein the
active compound is an antibody against a death re-
pector.

The use according to claim 32, wherein the antibody
against a death receptor is the anti-CD95 antibody.

A kit, comprising at least one active compound, as
described above, and expression plasmids carrying
the full length Smac gene, as disclosed in GenBank
number AF262240, or a derivative or fragment
thereof.

The use of the kit according to claim 34 for the man-
ufacture of a medicament for the treatment of neu-
roblastoma, glioblastoma, prostate cancer, colon
cancer, hepatocellular carcinoma, small cell lung
cancer and non-small cell lung cancer and related
cancers.
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treatment of cancer containing it.
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Use of the Smac/carrier entity as claimed in combination
with another anticancer agent, in the treatment of cancer

3. Claims: 24-26

Use of the Smac/carrier entity as claimed in the treatment
of autoimmune diseases

4, Claims: 27-35

Use of an expression plasmid carrying the gene of the Smac
protein as claimed for the treatment of cancer
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Die folgenden Angaben sind den vom Anmelder eingereichten Unterlagen entnommen
@) Vesikuldre Verkapselung von Bendamustin
@ Die Erfindung betrifft vesikular verkapseites Bendamu-
stin oder Derivate des Bendamustins, wobei die Vesikel
einen hohen Wirkstoffanteil von = 50% aufweisen. Sie
werden u. a. durch remote loading von Lipid Vesikeln,
durch Hochdruckhomogenisation, bevorzugt unter vorhe-
riger Bildung eines Vesikelgels, in das der Wirkstoff in L&-
sung diffundiert, durch Ethanol-Injection Methode oder
unter Aerosolbildung hergestelit. Alternativ kann auch
ein Derivat von Bendamustin mit einem gekoppelten hy-
drophoben Anker (z. B. einem Fettsaurederivat) zur hohen
Beladung von Vesikeln verwendet werden.
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Beschreibung

[0001] Die Erfindung betrifft vesikulir verkapseltes Bendamustin oder Derivate des Bendamustins, wobei die Vesikel
einen hohen Wirkstoffanteil von = 50% aufweisen. Sie werden u. a. durch remote loading von Lipid Vesikeln, durch
Hochdruckhomogenisation, bevorzugt unter vorheriger Bildung eines Vesikelgels, in das der Wirkstoff in L&sung diffun-
diert, durch Ethanol-Injection Methode oder unter Aerosolbildung hergestellt. Alternativ kann auch ein Derivat von Ben-
damustin mit einem gekoppelten hydrophoben Anker (z. B. einem Fettsdurederivat) zur hohen Beladung von Vesikeln
verwendet werden.

[0002) Dariiber hinaus betrifft die Erfindung pharmazeutische Zubereitungen, die vesikulir verkapseltes Bendamustin
oder Derivate des Bendamustins, ggf. in Kombination mit weiteren zytostatischen Mitteln umfassen und zur Behand-
lung maligner Erkrankungen geeignet sind,

{06003] Bendamustin ist ein seit langem bekanntes bifunktionelles Alkylans, das iiber eine breite zytostatische Aktivitit
bei einer Vielzahl maligner Erkrankungen verfiigt. Es ein Stickstoff-Lost-Derivat aus der Gruppe der Alkylantien. Seine
antineoplastische Wirkung beruht vor allem auf der Quervernetzung von DNA-Einzel- und Doppelstringen durch Alky-
lierung, so dass die Erbinformation nicht mehr weitergegeben werden kann. Dann teilt sich die Zelle nicht mehr und
stirbt ab. Bendamustin wird in der Leber zu der eigentlich aktiven Wirksubstanz abgebaut und iiber die Nieren ausge-
schieden.

[0004] In der Regel erfolgt die Behandlung mit Bendamustin, indem wissrige Ldsungen des Wirkstoffs in die Vene ge-
spritzt bzw. infundiert werden. Je nach Krebsart und -groBe erfolgt die Behandlung an 5 Tagen hintereinander, wobei
zwischen jedem Therapiezyklus ein Abstand von 3-4 Wochen liegen sollte. Aufgrund von Diffusionsvorgéngen in die
Gewebestrukturen des Korpers und einer i. d. R. gleichmiiBigen Bioverteilung, erreichen nur geringe Mengen den Wirk-
ort und das Pharmakon ruft wegen der gleichmiBigen Verteilung auf das gesunde Gewebe zahlreiche Nebenwirkungen
hervor. Die Halbwertszeit des Bendamustins ist sehr gering, sie betrigt nur ca. 6 bis 10 Minuten,

{0005] Eine Hochdosis-Therapie mit Bendamustin ist derzeit nicht méglich. Insbesondere anticholinerge Nebenwir-
kungen wie extreme Mundtrockenheit und Durstgefiihl begrenzen die Dosis.

{0006] Deshalb wird nach neuen Formulierungen gesucht, die eine selektive Therapie ermdglichen. Es wird aus die-
sem Grund insbesondere nach Triigem flir die tumoraktive Verbindung gesucht, die eine verléingerte Halbwertszeit im sy-
stemischen Kreislauf aufweisen.

[0007] Die Aufgabe der Erfindung bestand deshalb darin, den Wirkstoff Bendamustin oder seine Derivate in einer
pharmazeutischen Darreichungsform bereitzustellen, dic eine effektive wirksame Applikation erm&glicht.

[0008] Die Erfindung wird gemiB den Anspriichen realisiert. Unter Anwendung an sich bekannter Techniken, wie z. B.
"remote loading" iiber einen pH-Gradienten, Hochdruckhomogenisierung oder Ethanol-injection method" (Injektion ei-
ner Ethanol-Lipid Losung in die wissrige Bendamustinlosung) ist es méglich, das Bendamustin oder seine Derivate in
eine vesikuldre Schicht eindringen zu lassen und somit entsprechend zu verkapseln. Hydrophobe Derivate von Benda-
mustin lagern sich spontan in die Lipidschicht von Liposomen ein.

[0009] erraschend weisen diese Vesikel einen hohen Wirkstoffgehalt mit einer Einschlussrate von > 50%, bevor-
zugt = 70% oder insbesondere sogar = 80%, auf und verlidngern die Halbwertszeit von Bendamustin im Blut um mehr
als das Zehnfache.

[0010) Die bevorzugte Beladung der Vesikel erfolgt durch das remote loading. Es werden Vesikel unter Verwendung
hoher Pufferkonzentrationen und tiefem pH (stark sauer) hergestellt. AnschlieBend wird der Puffer im AuBenmedium ge-
dndert, was zu einem pH-Gradienten zwischen dem Vesikelinneren und dem Aufienmedium fiihrt. Bendamustin oder ein
Derivat davon wird auBen zugegeben, diffundiert durch die Membran und wird im Inneren in eine Membran undurchlis-
sige Form iiberfiihrt und entsprechend konzentriert. Diese Methode erlaubt die Aufnahme von hohen Konzentrationen an
Bendamustin bzw. Derivaten, ndmlich > 90% des auBen zugegebenen Derivats.

[0011] Alternativ erfolgt die Herstellung bevorzugt mittels Hochdruckhomogenisation, wobei zuerst Vesikelgele her-
gestellt werden. AnschlieBend lisst man die Wirkstoffe in wissriger oder alkoholischer Losung in die Gele diffundieren.
[0012] Es wurde eine hohe Effizienz bei der Ladung von Vesikelgelen erreicht, wobei die Einschlussrate > 90% be-
triigt. Die Ladung der Gele kann durch Temperatursteigerung noch erhht werden.

[0013] In einer weiteren Ausfihrungsvariante der Erfindung enthilt das gebildete Vesikelgel in oder an der Membran
der Vesikel ein Polymer, vorzugsweise Polyethylenglycol (MG 2000 - 10 000), das den Wirkstoff an der Vesikeloberfid-
che vor Inaktionen mit Blutkomponenten schiitzt.

[0014] Die vorherige Bildung eines Vesikelgels hat verschiedene Vorteile:

[0015] Das Vesikelgel kann (z. B. im Autoklaven) in Abwesenheit des Wirkstoffs sterilisiert werden, wodurch der
Wirkstoff geschiitzt ist und auch eine Wirkstoff/Lipid-Degradation vermieden wird. Der Wirkstoff wird keinen extremen
Belastungen (physikalischen oder hohen Temperaturen) wihrend der Hochdruckhomogenisierung ausgesetzt.

[0016] Kein Verlust von moglicherweise teuren Substanzen wihrend der Herstellung (bei Zugabe wihrend Hoch-
druckhomogenisierung ca. 10-20% Verlust).

[0017] Eine Depot-Anwendung mit langsamer Freisetzung an Vesikel ist méglich. Die Wirkstoffdosierung kann vari-
iert bei konstanter Lipiddosis werden. Die Bioverfiigbarkeit sollte deshalb unabhingig von der Wirkstoffdosierung sein.
Das Geldepot erméglicht eine langsame Freisetzung des Wirkstoffs (hohe Durchlissigkeit).

Kontrollierte Freisetzung wird méglich

Die Wirkstofffreisetzungsrate kann durch Anpassung der Lipidzusammensetzung in den Vesikel reguliert werden.
[0018] Weiterhin betrifft die Erfindung pharmazeutische Zusammensetzungen zur Therapie zahlreicher maligner Er-
krankungen, insbesondere solider Tumore, die erfindungsgemiB verkapselies Bendamustin und seine Derivate umfas-
sen. Sie werden bevorzugt bei Melanomen, Non Hodgkin, small, cell & non-small cell Lungenkrebs, kleinzelliges Bron-
chialkarzinom, Glioblastom, chronischer lymphatischer Leukimie, Brustkrebs, aber auch anderen appliziert. Insbeson-
dere sind sie flir die Behandlung von Non-Hodgkin-Lymphomen und chronischer lymphatischer Leukiimie geeignet,
[0019] Die Herstellung von pharmazeutischen Formulierungen, die die Vesikel mit dem Wirkstoff enthalten, erfolgt
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nach an sich bekannten Verfahren zur Herstellung pharmazeutischer Formulierungen, die fiir eine orale, paranterale (i.v.,
s.c., i.m.), rektale, nasale und inhalatorische Applikation geeignet sind.
[0020] Mit der vorliegenden Erfindung werden hoch stabile, pharmazeutisch aktive Priparate von Bendamustin und
seinen Derivaten bereitgestellt, die nach ihrer vesikuldren Verkapselung eine verldngerte Verweilzeit im Korper des Pa-
tienten aufweisen und die fiir die Behandlung unterschiedlichster Formen von Krebserkrankungen geeignet sind. s
[0021] Bevorzugt liegen die Pufferlosungen (pH, Salze, Ionen, Ionenlinge), die eine optimale Stabilitit von Bendamu-
stin gewihrleisten, im Inneren der Vesikel im stark sauren Bereich (bevorzugter pH 3,15). Nach bevorzugter Verabrei-
chung der Bendamustin enthaltenden Vesikeln ins Blut wird der Innen-pH langsam angehoben und Bendamustin oder
- seine Derivate werden iiber einen lingeren Zeitraum freigesetzt.

10
Patentanspriiche

1. Vesikulédr verkapseltes Bendamustin oder Derivate des Bendamustins, wobei die Vesikel einen hohen Wirkstoff-
gehalt von = 50%, bevorzugt = 70 oder = 80%, aufweisen.
2. Vesikel nach Anspruch 1, dadurch gekennzeichnet, dass sie zusitzlich weitere Zytostatika beinhalten. 15
3. Verfahren zur Herstellung von Bendamustin oder Derivaten des Bendamustins enthaltenden Vesikeln mit einem
Anteil = 50%, bevorzugt > 70 oder = 80% in den Vesikeln, dadurch gekennzeichnet, dass die Verkapselung
durch Remote loading erfolgt, indem Vesikel unter Verwendung hoher Pufferkonzentrationen und tiefem pH herge-
stellt werden, anschlieBend der Puffer im AuBenmedium geédndert, und Bendamustin oder ein Derivat davon auien
zugegeben wird, durch die Membran diffundiert, im Inneren in eine Membran undurchlédssige Form iiberfiihrt und 20
konzentriert wird.
4. Verfahren zur Herstellung von Bendamustin oder Derivaten des Bendamustins enthaltenden Vesikeln mit einem
Anteil = 50%, bevorzugt = 70 oder = 80% in den Vesikeln, dadurch gekennzeichnet, dass zur Verkapselung ein
Gemisch von membranbildenden Amphiphilen und eine wissrige Phase ein- bis flinfzigmal einer Hochdruckhomo-
genisation mit Drucken von 50 bis 1600 bar (5-160 Mpa) unterzogen wird und der Wirkstoff nach Vesikelgelbil- 25
dung in wissriger oder alkoholischer Losung zugegeben wird und in das Vesikelgel diffundiert.
5. Verfahren zur Herstellung von Bendamustin oder Derivaten des Bendamustins enthaltenden Vesikeln mit einem
Anteil = 50%, bevorzugt > 70 oder = 80% in den Vesikeln, dadurch gekennzeichnet, dass zur Verkapselung ein
Gemisch von membranbildenden Amphiphilen, in welchem der Wirkstoff geldst vorliegt, und eine wissrige Phase
ein- bis fiinfzigmal, einer Hochdruckhomogenisation mit Drucken von S0 bis 1600 bar (5-160 Mpa) unterzogen 30 .
wird.
6. Verfahren nach einem der Anspriiche 4 bis 5, dadurch gekennzeichnet, dass vor der Hochdruckhomogenisation
ein diinner, trockener Lipidfilm unter Entfernung der Losungsmittel durch Evaporation oder durch Spriihtrocknung
hergestellt und der Lipidfilm in Wasser dispergiert wird.
7. Verfahren nach nach einem der Anspriiche 4 bis 6, dadurch gekennzeichnet, dass zwischen oder nach der Hoch- 35
druckhomogenisation eine Gefrier/Tau-Behandlung oder eine Gefriertrocknung/Redispersions-Behandlung erfolgt.
8. Verfahren nach einem der Anspriiche 4 bis 7, dadurch gekennzeichnet, dass eine Uberfithrung in eine freiflie-
Bende Dispersion erfolgt.
9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, dass die Dispersion durch Filter mit einer Porenweite von
0,1 bis 1 pm filtriert wird. 40
10. Verfahren zur Herstellung von Bendamustin oder Derivaten des Bendamustins enthaltenden Vesikeln mit ei-
nem Anteil = 50%, bevorzugt = 70 oder = 80% in den Vesikeln, dadurch gekennzeichnet, dass zur Verkapselung
des Wirkstoffs eine vorgefertigte Vesikel-Mischung aus Verkapselungsmitteln in fester oder fliissiger Form mit dem
Wirkstoff vereinigt und nachfolgend in Aerosol-bildende Vorrichtungen tiberfiihrt wird.
11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass der Wirkstoff und Verkapselungsmittel in einem 45
druckverfliissigten Treibgas geldst vorliegen und nach Verdampfen des Treibgases in verkapselte Wirkstoff-Vesikel
tiberfiihrt werden.
12. Verfahren nach einem der Anspriiche 3 bis 11, dadurch gekennzeichnet, dass als Verkapselungsmittel

a) ein natiirliches, halbsynthetisches oder vollsynthetisches Amphiphil

b) eine geladene Lipidkomponente und/oder eine gesittigte Lipidkomponente und/oder eine Etherlipidkom- 50

ponente,

¢) ein Polymer

d) eine Tragerfliissigkeit eingesetzt werden.
13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass das Amphiphil ein Lipid, ein Tensid oder ein Emul-
gator ist. 55
14. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass ein natiirliches, halbsynthetisches oder vollsynthe-
tisches Amphiphil der allgemeinen Formel I,

CH;-0O-R,
| %
R;-0-CH 0] CH,
ll v
CH;-0- P-0-CH,-CH;-N-CH; I
\
O ’ CH, 65

worin R; und R; C,-Cag-Alkanoyl, -Alkenoyl, -Alkyl, -Alkenyl bedeuten, eingesetzt wird.
15. Verfahren nach Anspruch 12, dadurch gekennzeichaet, dass als geladene Lipidkomponente das Anion des Di-
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cethylphosphats, der Palmitinsdure, der Stearinsiure, das Anion eines Phospholipids, das Anion eines Sphingoli-
pids, eingesetzt wird oder dass ein chemisch modifiziertes Phosphatidylethanolamin, iiber das Proteine angekoppelt
werden konnen, oder Etherlipide, eingesetzt werden.

16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, dass, Phosphatidylserin, Phosphatidsiure, Phosphati-
dylglycerol oder Sulfatid eingesetzt wird.

17. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass als neutrale Lipidkomponente Phosphatidylcholin
eingesetzt wird.

18. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass als gesittigte Lipidkomponenten Dipalmitoylp-
hosphatidylcholin oder Dimyrestoylphosphatidylcholin eingesetzt wird.

19. Verfahren nach einem der Anspriiche 12 bis 18 dadurch gekennzeichnet, dass Nanopartikel als zusitzliche
Hilfsstoffe eingesetzt werden.

20. Verfahren nach einem der Anspriiche 12 bis 19, dadurch gekennzeichnet, dass in oder an der Membran der Ve-
sikel als Polymer Polyethylenglycol (MG 2000-10 000) enthalten ist.

21. Pharmazeutische Zubereitungen zur Therapie maligner Erkrankungen, insbesondere solider Tumore, dadurch
gekennzeichnet, dass sie vesikulir verkapseltes Bendamustin oder Derivate des Bendamustins umfassen.

22. Zubereitung nach Anspruch 21, dadurch gekennzeichnet, dass sie zusiitzlich weitere zytostatische Mittel, ggf.
mindestens einen Immunmodulator, vorzugsweise Cyclosporine, und/oder mindestens ein Cytokin, vorzugsweise
PEG-Cytokine, umfassen.

23. Pharmazeutische Zubereitung nach Anspruch 21 oder 22, dadurch gekennzeichnet, dass sie zusitzlich an sich
iibliche pharmazeutische Hilfs- und Zusatzstoffe umfassen und zur oralen, parenteralen, rektalen, nasalen oder in-
halatorischen Applikation geeignet sind.

24. Verwendung einer Zubereitung nach einem der Anspriiche 21 bis 23 zur Behandlung von Non-Hodgkin-Lym-
phomen und chronischer lymphatischer Leukimie.
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(43) Offenlegungstag: 05.08.2004
(71) Anmelder: (72) Erfinder:
Rohm GmbH & Co. KG, 64293 Darmstadt, DE Petereit, Hans-Ulrich, 64291 Darmstadt, DE; Meier,

Christian, Dr., 64295 Darmstadt, DE; Gryczke,
Andreas, 64347 Griesheim, DE

Die folgenden Angaben sind den vom Anmelder eingereichten Unterlagen entnommen

(54) Bezeichnung: Verfahren zur Herstellung einer oralen Arzneiform mit unmittelbarem Zerfall und Wirkstofffreiset-
zung

(57) Zusammenfassung: Die Erfindung betrifft ein Verfah-
ren zur Herstellung einer oralen Arzneiform mit unmittelba-
rem Zerfall und Wirkstofffreisetzung bereits im Mund, durch
intensives Mischen

(a) eines anionischen pharmazeutischen Wirkstoffs mit

(b) einem Copolymer, bestehend aus radikalisch polymeri-
sierten C,- bis C,-Estern der Acryl- oder Methacrylsdure
und weiteren (Meth)acrylat-Monomeren, die funktionelle
tertidare Aminogruppen aufweisen, sowie

(c) 5 bis 50 Gew.-%, bezogen auf (b), einer C,,- bis C,,-Car-
bonsédure

in der Schmelze, Erstarren der Mischung und Mahlen zu ei-
nem wirkstoffhaltigen Pulver mit einer mittleren KorngréRe
von 200 ym oder weniger, Einbetten des Pulvers in eine
wasserlésliche Matrix aus pharmazeutisch Ublichen Hilfs-
stoffen, mit der MaRgabe, da nicht mehr als 3 Gew.-%, be-
zogen auf das Copolymer, an Emulgatoren mit einem
HLB-Wert von mindestens 14 enthalten sein dirfen. Die Er-
findung betrift weiterhin das wirkstoffhaitige Pulver und
dessen Verwendungen.
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Beschreibung
Gebiet der Erfindung

[0001] Die Erfindung betrifft ein Verfahren zur Her-
stellung einer oralen Arzneiform mit unmittelbarem
Zerfall und Wirkstofffreisetzung bereits im Mund. Die
Erfindung betriftt weiterhin ein wirkstoffhaltiges Pul-
vers und dessen Verwendung.

Stand der Technik

[0002]) EP-A 0417 588 beschreibt ein Verfahren zur
Herstellung eines komplexierten Arzneimittels aus ei-
nem ionogenen Wirkstoff durch Umsetzung des Wirk-
stoffs mit einem komplementar ionogenen, partikel-
formigen Polymer in Gegenwart einer zum Anfeuch-
ten der Mischung ausreichenden Wassermenge. Bei
Wirkstoffssalzen ist es erforderlich, der Mischung
eine Saure oder Base zur Neutralisation des Gegeni-
ons des Wirkstoffs zuzusetzen. Bei der Umsetzung
von Wirkstoffsalzen wie Propranolol-HCI, Verapa-
mil-HCI -oder Metoclopramid-HCI mit anionischen
(Meth)acrylat-Copolymeren wie EUDRAGIT® L oder
EUDRAGIT® L100-55 wird der Mischung beispiels-
weise Natriumcarbonat zugesetzt. In diesem Fall
kann eine Geschmacksisolierung der bitter schme-
ckenden Wirkstoffe erreicht werden. Weiterhin ist er-
wahnt, dal® im Falle, daR der ionogene Wirkstoff eine
Sdure ist, ein partikelférmiges Polymer eingesetzt
werden kann, welches als komplementar ionogene
Gruppen seitenstdandige Aminogruppen aufweist. Die
seitenstdndige Aminogruppen kann z. B. eine tertidre
Aminogruppe, stammend aus polymerisierten Mono-
meren wie z. B. 2-Dimethylamino-ethyl-methacrylat
sein. ' :
[0003] WO 01/39751 beschreibt ein Verfahren zur
Herstellung von Formkérpern mittels Spritzguf3 mit
den Verfahrensschritten
a) Aufschmelzen eines (Meth)acrylat-Copolyme-
ren, das sich aus 30 bis 80 Gew.-% radikalisch po-
lymerisierten C1- bis C4-Alkylestern der Acryl-
oder der Methacrylsdure und 70 bis 20 Gew.-%
(Meth)acrylat-Monomeren mit einer tertiaren Am-
monium- bzw. Aminogruppe im Alkylrest zusam-
mensetzt,
wobei das (Meth)acrylat-Copolymere in Mischung
mit 1 bis 70 Gew.-% von einem Weichmacher und
einem Trockenstellmittel im Verhéltnis 1: 1 bis 1 :
20 vorliegt,
wobei mindestens 1 Gew.-% Weichmacher ent-
halten ist,
sowie 0,05 bis 5 Gew.-% eines Trennmittels ent-
halten sind und
zusétzlich weitere tibliche Additive oder Hilfsstoffe
und gegebenenfalls ein pharmazeutischer Wirk-
stoff in der Mischung enthalten sein kdnnen und
die Mischung vor dem Aufschmelzen einen Ge-
halt an niedrigsiedenden Bestandteilen mit einem
Dampfdruck von mindestens 1,9 bar bei 120°C
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von (Ober 0,5 Gew.-% aufweist,

b) Entgasen der Mischung im thermoplastischen
Zustand bei Temperaturen von mindestens 120
°C, wodurch der Gehalt der niedrigsiedenden Be-
standteile mit einem Dampfdruck von mindestens
1,9 bar bei 120°C auf héchstens 0,5 Gew.-% ge-
senkt wird

c) Einspritzen der aufgeschmolzenen und entgas-
ten Mischung in den Formhohlraum eines Spritz-
gieRwerkzeugs, wobei der Formhohlraum eine

Temperatur aufweist, die mindestens 10 °C unter-

halb der Glastemperatur des (Meth)acrylat-Copo-
lymeren liegt, Abkihlen der Schmelzemischung
und Entnahme des erhaltenen Formkdrpers aus
der Form.

{0004] WO 02/67906 beschreibt ein Verfahren zur
Herstellung eines Uberzugs- und Bindemittels fir
orale oder dermale Arzneiformen bestehend im we-
sentlichen aus (a) einem Copolymer, bestehend aus
radikalisch polymerisierten C1- bis C4-Estern der
Acryl- oder Methacrylsdure und  weiteren
(Meth)acrylat-Monomeren . die funktionelle tertidre
Ammoniumgruppen aufweisen, wobei das Copoly-
mer in Pulverform mit einer mittleren TeilchengréRe
von 1 -40 uym vorliegt, (b) 3 bis 15 Gew.-%, bezogen
auf (a), eines Emulgators mit einem HLB-Wert von
mindestens 14 und (c) 5 bis 50 Gew.-%, bezogen auf
(a), einer C,,- bis C,;-Monocarbonsaure oder einer
C,,- bis C,s-Hydroxylverbindung, wobei die Kompo-
nenten (a), (b) und (c) mit oder ohne Zusatz von Was-
ser und gegebenenfalls unter Zusatz eines pharma-
zeutischen Wirkstoffs und weiterer (blicher Zu-
schlagstoffe miteinander vermengt oder vermischt
werden und das Uberzugs- und Bindemittel aus der
Mischung durch Schmelzen, GieRen, Ausstreichen,
Aufspruhen oder Granulieren hergestellt wird.

[0005] GemaR der WO 02/67906 sind besonders la-
gerstabile Arzneiformen erhltlich, die insbesondere
feuchteempfindliche Wirkstoffe wie Acetylsalicyliure,
Carbenoxolon, Cefalotin, Epinefrin, Imipramin, Kali-
umjodid, Ketoprofen, Levodopa, Nitrazepam, Ni-
troprussid, Oxitetracyclin-HCI, Promethazin, Ome-
prazol oder andere Benzimidazolderivate oder Strep-
tomycin enthalten kdnnen.

[0006] Wirkstoffklassen und Substanzen, die oft-
mals bitteren Geschmack hervorrufen kénnen und
sich mit den Uberzugs- und Bindemittel gemaR der
WO 02/67906 vorteilhafterweise auch geschmacksi-
solierend formulieren lassen sind z. B.: Analgetika
und Antirheumatika: Paracetamol, Diclofenac, Acecl-
ofenac,

Ibuprofen, Ketoprofen, Flubiprofen, Levacetylmetha-
dol, Oxycodon

Psychopharmaka: Prometazine, Donepezil, Modafi-
nil, Nefazodon, Reboxetin, Sertindol, Sertralin
Antibiotika: Erythromicyn, Roxithromycin, Clarithro-
mycin, Grepafloxacin, Ciprofloxacin, Levofloxacin,
Sparfloxacin, Trovafloxacin, Nevirapin

Betablocker: Propanolol, Metoprolol, Bisoprolol, Ne-
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bivolol

Antidiabetika: Metformin, Miglitol, Repaglinid

H1 Antihistaminika: Diphenhydramin, Fexofenadin,
Mizolastin

H2 Antihistaminika: Cimetidin, Nizatidin, Ticlopidin,
Cetridin, Ranitidin, Vitamine: Thiaminenitrate;

sowie weitere Wirkstoffe: Chinidin-Sulfat, Amiloprilo-
se-HCI, Pseudoephedrin-HCI, Sildenafil, Topiramat,
Granisetron, Rebamipide, Chinin-HCI

Aufgabenstellung

[0007] Ein Problem bei vielen oralen Arzneiformen,
ist dal das Herunterschlucken oftmals die Zuhilfe-
nahme von Fliissigkeit, z. B. einem Schiuck Wasser,
erfordert. Dies ist unglinstig, wenn im Bedarfsfall kein
Getrank zur Verfiigung steht oder etwa die momenta-
ne berufliche Téatigkeit unterbrochen werden muB,
um das Medikament einnehmen zu kénnen. Fur viele
Patienten ist es zudem unangenehm in Gegenwart
anderer Personen quasi beobachtet und Aufmerk-
samkeit erregend ihr Medikament einzunehmen, was
umso auffalliger ist, wenn nach einem Getrank be-
nutzt werden muf oder fir diesen Zweck gar erbeten
werden muB.

[0008] Viele Patienten, insbesondere zu nennen &l-
tere Menschen und Kinder, wiinschen daher orale
Arzneiformen, die einfach und unauffallig praktisch
an beliebigen Orten eingenommen werden kénnen.
Dies ist insbesondere bei Krankheiten der Fall, die
sehr punktlich oder bei Bedarf unverziglich einge-
nommen werden sollen oder miissen, wie z. B. bei
Schmerzmitteln.

f0009] Es besteht zusétzlich ein Bedarf an Arznei-
formen, die den enthalten Wirkstoff z. B. Schmerzmit-
tel bei oraler Einnahme bereits im Mund freisetzen
und auf diese Weise rasch wirken kénnen. Bekannte
Applikationsformen sind z. B. verpreBten Tabletten
oder Lutschtabletten, gefriergetrockneten Tabletten,
gegossenen Tabletten oder Pastillen, Sachets, Kau-
tabletten, Trockensédften und/oder filissigkeitsgefill-
ten Bonbons.

[0010] Viele dieser schnell zerfallenden Arzneifor-
men haben jedoch den Nachteil, dafl sie einen sandi-
gen Mundgeschmack bewirken, der einige Minuten
andauern kann, bis sich die Tablettenbestanteile vbi-
lig aufgeldst haben. Das sandige Mundgeschmack
wird als unangenehm empfunden wird und kann ei-
nen Hustenreiz bewirken. Ein weiteres Problem ist
dabei die Geschmacksisolierung von bitter schme-
ckenden Wirkstoffen. Wegen der Anforderung der
Wirkstoffreisetzung im Mund kénnen die bekannten
geschmacksisolierenden Uberziige nicht verwendet
werden.

[0011] Zur Losung dieser Probleme sollte eine Arz-
neiform bereitgestellt werden, die ohne Flissigkeit
einnehmbar ist und den Wirkstoff ummittelbar frei-
setzt. Dabei soll ein sandiger Mundgeschmack aus-
bleiben. Die Arzneiform soll fur eine Vielzahl von
Wirkstoffen, insbesondere jedoch fir Schmerzmittel
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der Klasse der Antirheumatika oder fiir Antibiotika ge-
eignet sein.
[0012] Die Aufgabe wird gelést durch ein Verfahren
zur Herstellung einer oralen Arzneiform mit unmittel-
barem Zerfall und Wirkstofffreisetzung bereits im
Mund, durch intensives Mischen
(a) eines anionischen pharmazeutischen Wirk-
stoffs mit
(b) einem Copolymer, bestehend aus radikalisch
polymerisierten C,- bis C,-Estern der Acryl- oder
Methacrylsaure und weiteren (Meth)acrylat-Mo-
nomeren die funktionelle tertidfre Aminogruppen
aufweisen, sowie
(c) 5 bis 50 Gew.-%, bezogen auf (b), einer C,,-
bis C,,-Carbonsaure

in der Schmelze, Erstarren der Mischung und Mah-
len zum einem wirkstoffhaltigen Pulver mit einer mitt-
leren KorngroRRe von 200 pm oder weniger, Einbetten
des Pulvers in eine wasserlosliche Matrix aus phar-
mazeutisch Ublichen Hilfsstoffen, mit der MaRgabe,
daR nicht mehr als 3 Gew.-%, bezogen auf das Copo-
lymer, an Emulgatoren mit einem HLB-Wert von min-
destens 14 enthalten sein dtrfen.

[0013] In bisher nicht verstandener Weise ergeben
sich die-Vorteile der Erfindung anders als bei der WO
02/67906 nur bei anionischen Wirkstoffen. Méglicher-
weise ergibt sich eine thermisch induzierte Wechsel-
wirkung der anspruchsgemafen Bestandteile (a), (b)
und (c), die in dieser Weise nicht aus der WO
02/67906 ableitbar ist. Die erfindungsgeman erhéltli-
chen Arzneiformen sind gut ohne zusitzliche Fliis-
sigkeit einnehmbar und verursachen nach Wirkstoff-
freisetzung im Mund keinen sandigen Geschmack.

Ausfiihrung der Erfindung

[0014] Die Erfindung betrifft ein Verfahren zur Her-
stellung einer oralen Arzneiform mit unmittelbarem
Zerfall und Wirkstofffreisetzung bereits im Mund,
durch intensives Mischen
(a) eines anionischen pharmazeutischen Wirk-
stoffs mit (b) einem Copolymer, bestehend aus ra-
dikalisch polymerisierten C,- bis C,-Estern der
Acryl- oder Methacrylsdure und weiteren
{Meth)acrylat-Monomeren die funktionelle tertidre
Aminogruppen aufweisen, sowie (c) 5 bis 50
Gew.-%, bezogen auf (b), einer C,,- bis C,,-Car-
bonsaure

in der Schmelze, Erstarren der Mischung und Mah-

len zum einem wirkstoffhaltigen Pulver mit einer mitt-
feren Korngré3e von 200 um oder weniger, Einbetten
des Pulvers in eine wasserlosliche Matrix aus phar-
mazeutisch dblichen Hilfsstoffen, mit der MaRgabe,
daR nicht mehr als 3 Gew.-%, bezogen auf das Copo-
lymer, an Emulgatoren mit einem HLB-Wert von min-
destens 14 enthalten sein darfen.
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Pharmazeutischer Wirkstoff (a)

[0015] Der anionische pharmazeutischen Wirkstoff,
liegt bedingt durch die Herstellung in der Schmeize
eingebettet im Copolymer in Form einer ,solid soluti-
on" vor. Der Zustand der ,solid solution" kann z. B. im
Polarisationsmikroskop, thermoanalytisch (Differenti-
al Scanning Calorimetry (DSC)) oder im Réntgenbeu-
gungsspektrum nachgewiesen werden.

[0016] Das Mengenverhéltnis bezogen auf Gew.-%
von Wirkstoff zu Copolymer liegt glinstigerweise bei
2zu 1 bis 1zu 2. Bevorzugt ist das Copolymer in glei-
chen Mengen oder im Uberschu vorhanden.

[0017] Der anionischer Wirkstoff (a) ist bevorzugt
ein anionisches Schmerzmittel ein anionisches Anti-
rheumatikum oder ein anionisches Antibiotikum.
[0018] Das wirkstoffhaltige Pulver kann z. B. die fol-
genden anionischer Wirkstoff enthalten:

Acamprosat, Aceclofenac, Acemetacin, Acetylcy-
stein, Acetylsalicylsdure, Acetyltyrosin, Acipimox,
Acitretin, Alanin, Alendrons&ure, Amethopterin, Ami-
nosduren, Amoxicillin, Ampicillin , Ascorbinséure,
Atorvastatin, Azidocillin, Aztreonam, Bacampicillin,
Baclofen, Benazepril, Bendamustin, Benzylpenicillin,
Bezafibrat, Biotin, Bornaprin, Bumetanid, Cabastin,
Canrenoinsiure, Carbamoylphenoxyessigsaure,
Carbidopa, Carbimazol, Carbocistein, Carisoprodol,
Cefaclor, Cefadroxil, Cefalexin, Cefazolin, Cefepim,
Cefetamet, Cefixim, Cefotaxim, Cefotiam, Cefoxitin,
Cefpodoxim, Ceftazidim, Ceftibuten, Ceftriaxon, Ce-
furoxim, Cetirizin, Chenodeoxycholsaure, Chloram-
bucil, Cidofovir, Cilastatin, Cilazapril, Cinoxacin, Ci-
profloxacin, Cisatracurium besilat, Clavulans&ure,
Clodronsaure, Clorazepat, Cromoglicinsidure, Des-
meninol, Diclofenac, Dicloxacillin, Enoxacin, Epros-
artan, Etacrynsaure, Etidronsaure, Etofyllin, Etomi-
dat, Felbinac, Felodipin, Fenofibrat, Fexofenadin,
Flavoxat, Fleroxacin, Flucloxacillin, Flufenaminsaure,
Flumazenil, Flupirtin, Flurbiprofen, Fluvastatin, Fos-
fomycin, Fosinopril, Furosemid, Fusidinsdure, Gaba-
pentin, Gemfibrozil, Ibandronséaure, Ibuprofen, llop-
rost, Imidapril, Imipenem, Indomethacin, Irinotecan,
Isradipin, Ketoprofen, Lercanidipin, Levodopa, Le-
vofloxacin, Liothyronin, Liponsaure, Lisinopril, Lodo-
xamid, Lomefloxacin, Lonazolac, Loracarbef, Lorata-
din, Lovastatin, Mefenaminsdure, Meropenem, Me-
salazin, Metamizol, Methotrexat, Methyldopa, Mezlo-
cillin, Moexipril, Montelukast, Moxifloxacin, Mupiro-
cin, Naproxen, Natamycin, Nateglinid, Nedocromil,
Nicotinsdure, Nifedipin, Nilvadipin, Nimodipin, Nisol-
dipin, Nitrendipin, Norfloxacin, Ofloxacin, Olsalazin,
Orotséure, Oxacillin, Pamidronsaure, Pangamsiure,
Penicillamin, Phenoxymethylpenicillin, Pentosanpo-
lysulfat, Perindopril, Pethidin, Pipemidsaure, Pipera-
cillin, Pirenoxin, Piretanid, Probenecid, Proglumid,
Propicillin, Prostaglandine, Quinapril, Quinaprilat,
Ramipril, Repaglinid, Reserpin, Risedronsiure, Sali-
cylsédure, Sulfasalazin, Spirapril, Sulbactam, Sulfasa-
lazin, Sultamicillin, Tazaroten, Tazobactam, Telmisar-
tan, Tiagabin, Tiaprofensaure, Tilidin, Tiludrons&ure,
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Trandolapril, Tranexamsaure, Valproinsaure Vigaba-
trin, Vincamin, Vinpocetin, Zanamivir, Zoledronsiure,
Zopiclon und/oder deren Salze, Isomere und/oder
Kombinationen enthalten sind.

Copolymer (b)

[0019] Die Copolymere (a) bestehen im wesentli-
chen oder ganz aus radikalisch polymerisierten C1-
bis C4-Estern der Acryl- oder Methacrylsdure und
weiteren (Meth)acrylat-Monomeren, die funktionelle
tertidre Aminogruppen aufweisen.

{0020] Geeignete Monomere mit funktionellen terti-
&ren Aminogruppen sind in US 4 705 695, Spalte 3,
Zeile 64 bis Spalte 4, Zeile 13 aufgefiihrt. Insbeson-
dere zu nennen sind Dimethylaminoethylacrylat,
2-Dimethylaminopropylacrylat, Dimethylaminopropy-
Imethacrylat, Dimethylaminobenzylacrylat, Dimethyl-
aminobenzylmethacrylat, (3-Dimethylamino-2,2-di-
methly)propylacrylat, Dimethylamino-2,2-dimeth-
ly)propylmethacrylat,  (3-Diethylamino-2,2-dimeth-
ly)propylacrylat und Diethylamino-2,2-dimethiy)pro-
pylmethacrylat. Besonders bevorzugt ist Dimethyla-
minoethylmethacrylat.

[0021] Der Gehalt der Monomere mit tertidgren Ami-
nogruppen im Copolymeren kann vorteilhafterweise
zwischen 30 und 70 Gew.-%, bevorzugt zwischen 40
und 60 Gew.-% liegen. Der Anteile der C1- bis C4-Es-
tern der. Acryl- oder Methacrylsdure betragt 70 — 30
Gew.-%. Zu nennen sind Methylmethacrylat, Ethyl-
methacrylat, Butylmethacrylat, Methylacrylat, Ethyl-
acrylat, Butylacrylat.

[0022] Ein der Komponente (b) entsprechendes
(Meth)acrylatcopolymer mit tertidren Aminogruppen
kann z. B. aus 20 - 30 Gew.-% Methylmethacrylat, 20
— 30 Gew.-% Butylmethacrylat und 60 — 40 Gew.-%
Dimethylaminoethylmethacrylat aufgebaut sein. Der
Anteil der Komponente (a) an der Formulierung be-
tragt bevorzugt 50 - 90 Gew.-%.

[0023] Die Copolymere (b) werden in an sich be-
kannter Weise durch radikalische Substanz-, L&-
sungs-, Perl- oder Emulsionspolymerisation erhalten.
Sie missen vor der Verarbeitung durch geeignete
Mahl-, Trocken- oder Sprithprozesse in geeignete
Teilchengréfenbereich gebracht werden. Geeignet
sind Granulate und Pulver. Geeignete Handelspro-
dukte sind z. B. EUDRAGIT® E 100 (Granulat) oder
EUDRAGIT® E PO (Pulver).

Komponente (c)

[0024] Komponente (c): 5 bis 50, bevorzugt 10 bis
20 Gew. % (bezogen auf die Copolymer-Komponen-
te (b) einer C,,- bis C,,-Carbonsaure. Die Komponen-
te (c) ist wichtig fur die Verarbeitbarkeit. Bevorzugt
sind unverzweigte C,,- bis C,,-Monocarbonsauren.
Es kénnen gegebenenfalls auch verzweigte Derivate
der genannten Substanzen geeignet sein.

[0025} C,,- bis C,,-Monocarbonsauren sind z.B ins-
besondere Laurins&ure und Myristinsiure. Bevorzugt
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sind Palmitinsdure und Stearinsaure.
Emulgatoren mit einem HLB-Wert von mindestens 14

[0026] Emulgatoren mit einem HLB-Wert von min-
destens 14 sollen zu weniger als 3 Gew.-%, bevor-
zugt weniger als 2 oder 1 Gew. %, insbesondere soll
kein solcher Emulgator enthalten sein. Der Grund da-
fur liegt in der Pulverstruktur des Ausgangsmaterials,
in dem der Eigengeschmack solcher Emulgatoren
besonders hervortritt. Uberraschenderweise ist im
Gegensatz zur Lehre der WO 02/67906 unter Anwen-
dung des speziellen erfindungsgeméafien Verfahrens
ein Verzicht auf den Emulgatoreinsatz méglich.
[0027] Emulgatoren oder Tenside sind grenzfla-
chenaktive Substanzen mit lyobipolarem Charakter,
d.h. in ihrem Molekiil missen unpolare, lipophile und
polare, hydrophile Zentren vorliegen (P.H. List, Arz-
neiformenlehre, Wissenschaftliche Verlagsgesell-
schaft mbH Stuttgart, 1982,Kap. 6.2.). Je nach mole-
kularem Aufbau unterscheidet man zwischen ionoge-
nen und nichtionogen Emulgatoren.

[0028] Der HLB-Wert ist ein 1950 von Griffin einge-
fuihrtes MaR der Hydrophilie bzw. Lipophilie von nich-
tionischen Tensiden. Er laRt sich experimentell durch
die Phenol-Titrationsmethode nach Marszall bestim-
men; vgl. "Parfumerie, Kosmetik", Band 60, 1979, S.
444 - 448; weitere Literaturhinweise in Rémpp, Che-
mie-Lexikon, 8.Aufl. 1983, S.1750. Siehe weiterhin z.
B. US 4 795 643 (Seth)).

[0029] Ein HLB-Wert (Hydrophile/Lipophile Balan-
ce) laRt sich nur bei nicht ionischen Emulgatoren ex-
akt bestimmen. Bei anionischen Emulgatoren kann
dieser Wert rechnerisch ermittelt werden, liegt jedoch
praktisch immer tiber oder weit iber 14.

{0030] Unter Emulgatoren mit einem HLB-Wert tiber
14 werden hydrophile, nicht ionische Emulgatoren
mit HLB - Bereich von mindestens 14 sowie ebenfalls
hydrophile, anionische Emulgatoren und deren Sal-
ze, die einen rechnerischen HLB-Wert Ober 14 auf-
weisen, verstanden. Beispiele fir Emulgatoren mit ei-
nem HLB-Wert Gber 14 sind z. B. Natriumlaurylsuifat
und Natriumcetylstearylsulfat, Saccharosestearat
und Polysorbat 80.

[0031] Emulgatoren mit HLB-Werten von weniger
als 14, wie z. B. Glycerolmonostearat kénnen hinge-
gen auch in Mengen von mehr als 3 Gew.-% enthal-
ten sein.

Pharmazeutisch ubliche Hilfsstoffe
[0032] Das Pulvers wird in eine wasserldsliche Ma-
trix aus pharmazeutisch tiblichen Hilfsstoffen einge-
bettet.
Fall- und Bindemittel
[0033] Die wasserlosliche Matrix wird iberwiegend

gebildet aus Full- und Bindemitteln. Bevorzugt sind
dies z. B. wasserlgsliche Mono-, Di, Oligo- oder Poly-
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saccharide oder deren Derivate, weiterhin Peptide,
Proteine etc.. Beispiele sind z. B. Lactose, Fructose,
Glucose, Dextrose, Galaktose, Mannit, Rhamnose,
Tragant, Dextrin, Guar Gum, Sorbitol, Xylitol, Isoma-
tose, Saccharose, Maltose, Hydroxypropylmethylcel-
lulose (HPMC), Starkehydrolysate, Gelatine.

(0034] Einsatzmengen und Verwendung der {bli-
chen Zuschlagstoffe in Arzneimitteliiberziigen oder
Beschichtungen sind dem Fachmann geliufig. Ubli-
che Zuschlagstoffe kdnnen z. B. Trennmittel, Pig-
mente, Stabilisatoren, Antioxidantien, Porenbildner,
Penetrationsforderer, Aromastoffe  oder Ge-
schmacksmitte! sein. Sie dienen als Verarbeitungs-
hilfsmittel und sollen ein sicheres und reproduzierba-
res Herstellungsverfahren sowie gute Langzeitlager-
stabilitdt gewdhrleisten oder sie erreichen in der Arz-
neiform zus&tzliche vorteilhafte Eigenschaften.

Trennmittel:

[0035] Trennmittel besitzen in der Regel lipophile
Eigenschaften und werden in der Regel den Sprith-
suspensionen zugesetzt. Sie verhindern eine Agglo-
meration der Kerne wahrend der Befilmung. Bevor-
zugt werden Talkum, Mg- oder Ca- Stearat, gemahle-
ne Kieselsdure, Kaolin oder nicht ionische Emulgato-
ren mit einem HLB — Wert zwischen 3 und 8 einge-
setzt. Ubliche Einsatzmengen fiir Trennmittel in den
erfindungsgemaRen Uberzugs- und Bindemitteln lie-
gen zwischen 0,1 bis 10 Gew.-% bezogen auf die
Arzneiform.

Pigmente:

[0036] Der Zusatz erfolgt nur selten in Form des l6s-
lichen Farbstoffs. In der Regel dispergiert man Alumi-
nium- oder Eisenoxidpigmente. Ubliche Einsatzmen-
gen fir Pigmente in den erfindungsgeméaRen Uber-
zugs- und Bindemitteln zwischen 1 und 10 Gew.-%,
bezogen auf die Arzneiform.

[0037] Grundsatzlich mussen natiirlich alle einge-
setzten Substanzen toxikologisch unbedenklich und
in Arzneimitteln ohne Risiko fiur Patienten zu verwen-
den sein.

[0038] Weitere Zuschlagstoffe kdnnen auch Weich-
macher sein. Ubliche Mengen liegen zwischen 0 und
50, bevorzugt 0 bis 20, insbesondere 0 bis 10
Gew.-%. Besonders bevorzugt sind allerdings héchs-
tens 5 Gew.-% oder kein Weichmacher enthalten, da
die Formulierungen durch die Anwesenheit der Kom-
ponenten (c) haufig bereits elastisch genug sind und
zusatzlicher Weichmacher zu unerwinschter Kleb-
rigkeit fihren kann.

Weichmacher:

[0039] Weichmacher kénnen je nach Typ (lipophil
oder hydrophil) und zugesetzter Menge die Funktio-
nalitit der Polymerschicht beeinflussen. Weichma-
cher erreichen durch physikalische Wechselwirkung
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mit dem Polymeren eine Absenkung der Glasiber-
gangstemperatur und férdern in Abhé&ngigkeit von
der zugesetzten Menge die Verfimung. Geeignete
Stoffe haben in der Regel ein Molekulargewicht zwi-
schen 100 und 20.000 und enthalten eine oder meh-
rere hydrophile Gruppen im Molekl, z. B. Hydroxyl-,
Ester- oder Aminogruppen.

[0040] Beispiele geeigneter Weichmacher sind Cit-
ronensiurealkylester, Glycerinester, Phthalsiureal-
kylester, Sebacinsaurealkylester, Succroseester,
Sorbitanester, Diethylsebacat, Dibutylsebacat und
Polyethylenglykole 200 bis 12.000. Bevorzugte
Weichmacher sind Triethylcitrat (TEC), Acetyltriethyl-
citrat (ATEC) und Dibutylsebacat (DBS). Weiterhin zu
nennen sind in der Regel bei Raumtemperatur flussi-
ge Ester wie Citrate, Phthalate, Sebacate oder Rizi-
nusél. Bevorzugt werden Zitronens3ure- und Seba-
cinsdureester verwendet.

[0041] Auch kénnen Mischungen von Weichma-
chern eingesetzt werden.

Das Herstellungsverfahren

[0042] Das erfindungsgemife Verfahren sieht die
Herstellung einer oralen Arzneiform mit unmittelba-
rem Zerfall und Wirkstofffreisetzung bereits im Mund,
durch intensives Mischen der Komponenten (a), (b)
und (c) im der Schmelze vor. Geeignet sind Verarbei-
tungstemperaturen im Bereich von 80 bis 200 °C, be-
vorzugt von 100 bis 180 °C. Bevorzugt setzt man zum
Zweck des intensiven Mischens in der Schmelze ei-
nen Doppelschneckenextruder ein. Nach dem Erstar-
ren wird die Mischung zum einem wirkstoffhaltigen
Pulver gemahlen. Die mittleren KorngréRe des Pul-
vers soll 200 pm oder weniger, bevorzugt 50 bis 150
pum betragen.

[0043] Die mittlere Kom- bzw. TeilchengroRe der
Pulver kann wie folgt bestimmt werden: Durch Luft-
strahlsiebung zur einfachen Aufteilung des Mahlpro-
duktes in wenige Fraktionen. Diese Methode ist in
diesem Mefbereich etwas ungenauer als die Alter-
nativen. Mindestens 70, bevorzugt 90 % der Teilchen
bezogen auf die Masse (Masseverteilung) sollen je-
doch in dem erfindungsgemaRen GréRenbereich von
200 pm oder weniger, bevorzugt von 50 bis 150 pm
liegen. Eine gut geeignete Melimethode ist die Laser-
beugung zur Bestimmung der KorngréBenverteilung.
Handelsubliche Geréte erlauben die Messung in Luft
(Fa. Malvern S3.01 Partikelsizer) oder bevorzugt in
flussigen Medien (Fa. LOT, Galai CIS 1). Vorausset-
zung fiir die Messung in Flussigkeiten ist, das sich
das Polymer darin nicht I6st oder die Teilchen auf
eine andere Weise wahrend der Messung versandern.
Ein geeignetes Medium ist z. B. eine stark verdiinnte
(ca. 0,02%ige) walrige Polysorbat 80 Lésung.
[0044] Das wirkstoffhaltige Pulver kann zu einer Ta-
blette, Lutschtablette, gefriergetrockneten Tabletten,
gegossenen Tabletten oder Pastillen, Sachets, Kau-
tabletten, Trockensaften, Bonbons und/oder fliissig-
keitsgefiliten Bonbons verarbeitet werden.
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[0045] Diese Verarbeitung erfolgt in der Regel in
mehreren Schritten. Zun&chst wird das wirkstoffhaiti-
ge Copolymerpulver mit pharmazeutischen Hilfsstof-
fen gemischt und kann z. B. direkt zu Tabletten,
Lutschtabletten oder Kautabletten verpret werden.
Das Gemisch kann auch mit Wasser angeteigt, in
eine Form gefiillt und gefriergetrocknet werden, so
daf man gefriergetrocknete Tabletten erhilt. Gegos-
sene Tabletten oder Pastillen kénnen erhalten wer-
den, indem man das wirkstoffhaltige Copolymerpul-
ver, z. B. mit einer Sacchandlésung bei erhéhter Tem-
peratur mischt, in eine Form, Z. B. fur Tabletten oder
Bonbons giet und durch Abkiihlen erstarren laft.
Flussigkeitsgefullte Bonbons kénnen erzeugt wer-
den, indem man ein flissiges Gemisch, enthaltend
das wirkstoffhaltige Copolymerpuiver z. B. in einer
Zuckerlésung in eine feste Hiille aus z. B. einem Zu-
cker einspritzt und diese anschlieRend verschliet.

Wirkstoffhaltiges Pulver

[0046] Das wirkstoffhaltige Pulver hat eine mittlere
Korngré3e von 200 pm oder darunter, bevorzugt 50
bis 150 pm und enthait
(a) einen anionischen pharmazeutischen Wirk-
stoff; der in Form einer solid solution vorliegt und
eingebettet ist in
(b) ein Copolymer, welches aus radikalisch poly-
merisierten C,- bis C,-Estern der Acryl- oder Me-
thacrylsdure und weiteren (Meth)acrylat-Mono-
meren die funktionelle tertidare Aminogruppen auf-
weisen, besteht, sowie
(c) 5 bis 50 Gew.-%, bezogen auf (b}, einer C,,-
bis C,,-Carbonséure,
(d) mit der MaRgabe, daB kein oder weniger als 3
Gew.-%, bezogen auf das Copolymer, eines
Emulgators mit einem HLB-Wert von mindestens
14 enthalten ist.

Verwendungen

[0047] Das wirkstoffhaltiges Pulvers kann zur Her-
stellung einer oralen Arzneiform mit unmittelbarem
Zerfall und Wirkstofffreisetzung bereits im Mund, die
nach Freisetzung fir mindestens 30 Sekunden kei-
nen bitteren Geschmack hervorruft, verwendet wer-
den. Die Arzneiform kann in Form von verpreften Ta-
bletten oder Lutschtabletten, gefriergetrockneten Ta-
bletten, gegossenen Tabletten oder Pastillen, Sa-
chets, Kautabletten, Trockensaften, Bonbons
und/oder fiissigkeitsgeftillten Bonbons vorliegen.

Bitterwerte

[0048] Die Uberprifung der Geschmacksisolierung
kann auf einfache Weise organoleptisch durch Ver-
kosten erfolgen. Bei dieser Priifung soll nach Wirk-
stoffreisetzung fur mindestens 30 Sekunden noch
kein oder leicht bitterer Geschmack wahrnehmbar
sein. Genauer ist die Bestimmung von Bitterwerten.
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Kein oder leicht bitterer Geschmack entspricht Bitter-
werten unter 1000.

[0049] Bitterwerte kdnnen nach DAB 1999 Methode
2.8.N8 (Bestimmung des Bitterwertes) bestimmt wer-
den.

[0050] Wahrend z. B. Ibuprofen einen Bitterwert um
die 100.000 hat, liegt der erfindungsgemale Wert fur
einen eingebetteten anionischen Wirkstoff in der Re-
gel unter 1000, bevorzugt unter 100. Ein Bitterwert
von 1000 ist fiir pharmazeutische Praxis in der Regel
ausreichend.

Ausfiihrungsbeispiel

[0051] In den Beispielen verwendete Copolymere:
EUDRAGIT® E PO: Copolymerpulver aus Methylme-
thacrylat, Butylmethacrylat, und Dimethylaminoethyl-
methacrylat in Verhéltnis 25 : 25 : 50 mit einer mittle-
ren Teilchengréfle von 15 pm.

EUDRAGIT® E 100 : Copolymer aus Methylme-
thacrylat, Butylmethacrylat, und Dimethylaminoethyl-
methacrylat in Verhaltnis 25 : 25 : 50 im Granulat-
form.

[0052] Die Wirksamkeit der Geschmacksisolierung
wurde organoleptisch durch Verkosten gepriift. Dabei
wurde die Zeit zwischen Aufnahme in den Mund und
Auftreten des bitteren Geschmacks ermittelt.

Beispiel 1:

[0053] Compound mit 1 mol Dimethylaminoethyi-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 1 mol Stearinsaure : 0,66 mol Ibu-
profen : 0,18 mol Talk.

[0054] Es wurden 39,42 g EUDRAGIT® E PO, 35,2
g Stearinséure, 16,9 g Ibuprofen und 8,4 g Talk ein-
gewogen und zusammen in den auf 100 °C vorge-
warmten IKA Messkneter gegeben, wo die Mischung
bei 100 °C Produkttemperatur fiir 20 min mit 60 U/min
(2 Knetschaufeln) geknetet wurde. Die Mischung
wurde dem Messkneter entnommen und mit Tro-
ckeneis abgekuhit. _

[0055] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 2 min nicht bitter.

Beispiel 2:

[0056) Compound mit 1 mol Dimethylaminoethyi-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO : 0,5 mol Stearinséure : 0,66 mol ibu-
profen 0,18 mol Talk.

[0057] Eswurden 47,85 g EUDRAGIT®E PO, 21,38
g Stearinsaure, 20,5 g Ibuprofen und 10,25 g Talk
eingewogen und zusammen in den auf 100 °C vorge-
warmten IKA Messkneter gegeben, wo die Mischung
bei 100 °C Produkttemperatur ftr 20 min mit 60 U/min
(2 Knetschaufein) geknetet wurde. Die Mischung
wurde dem Messkneter enthommen und mit Tro-
ckeneis abgekihlt.

[0058] Nimmt man 1 g dieses Compounds in den

Mund, schmeckt er nach 2 min nicht bitter bis leicht
bitter.

Beispiel 3:

{0059] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO : 0,65 mol Stearinsaure : 0,65 mol
Ibuprofen 0,18 mol Talk

[0060) Es wurden 44,8 g EUDRAGIT®E PO, 26,4 g
Stearinséure, 19,2 g Ibuprofen und 9,6 g Talk einge-
wogen und zusammen in den auf 100 °C vorgewarm-
ten IKA Messkneter gegeben, wo die Mischung bei
100 °C Produkttemperatur fiir 20 min mit 60 U/min (2
Knetschaufeln) geknetet wurde. Die Mischung wurde
dem Messkneter entnommen und mit Trockeneis ab-
gekdhit.

[0061] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 2 min nicht bitter.

Beispiel 4:

[0062] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthaiten im Copolymer EU-
DRAGIT® E PO: 0,33 mol Stearinsaure : 0,66 mol
Ibuprofen 0,18 mol Talk

[0063]) ES wurden 51,6 g EUDRAGIT® E PO, 15,23
g Stearinséure, 22,1 g Ibuprofen und 11 g Talk einge-
wogen und zusammen in den auf 100 °C vorgewarm-
ten IKA Messkneter gegeben, wo die Mischung bBei
100 °C Produkttemperatur fiir 20 min mit 60 U/min (2
Knetschaufeln) geknetet wurde. Die Mischung wurde
dem Messkneter entnommen und mit Trockeneis ab-

~ gekihlt.
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[0064] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 1 min leicht bitter.

Beispiel 5:

[0065] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,34 mol Stearinsdure : 1 mol Ibu-
profen : 0,27 mol Talk.

[0066] Eswurden 34,73 g EUDRAGIT®E PO, 15,52
g Stearinsaure, 33,1 g lbuprofen und 16,58 g Talk
eingewogen und zusammen in den auf 100 °C vorge-
warmten |IKA Messkneter gegeben, wo die Mischung
bei 100 °C Produkttemperatur fir 20 min mit 60 U/min
(2 Knetschaufeln) geknetet wurde. Die Mischung
wurde dem Messkneter entnommen und mit Tro-
ckeneis abgekhit.

[0067] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 1 min bitter.

Vergleichsbeispiel 6: (Wirkstoff Coffein nicht erfin-
dungsgemafR)

[0068] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO : 0,5 mol Stearinséure : 1,58 mol Cof-
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fein (F,: 234 — 239 °C).

[0069] Es wurden 41,47 g EUDRAGIT®E PO, 18,53
g Stearinsaure, 40 g Coffein eingewogen und zusam-
men in den auf 100 °C vorgewarmten IKA Messkne-
ter gegeben, wo die Mischung bei 100 °C Produkt-
temperatur far 20 min mit 60 U/min (2 Knetschaufeln)
geknetet wurde. Die Mischung wurde dem Messkne-
ter entnommen und mit Trockeneis abgekihit.

[0070] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 10 s bitter.

Vergleichsbeispiel 7: (ohne Stearinsaure)

[0071] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,67 mol lbuprofen : 0,18 mol Talk.
f0072] Es wurden 60 g EUDRAGIT® E PO, 26,4 g
Ibuprofen und 13,2 g Talk eingewogen und zusam-
men in den auf 100 °C vorgewarmten IKA Messkne-
ter gegeben, wo die Mischung bei 100 °C Produkt-
temperatur fir 20 min mit 60 U/min (2 Knetschaufeln)
geknetet wurde. Die Mischung wurde dem Messkne-
ter entnommen und mit Trockeneis abgekihlt.

{0073] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 10 s bitter.

Vergleichsbeispiel 8: (Wirkstoff Paracetamol nicht er-
findungsgema)

[0074] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,5 mol Stearinsdure : 2,03 mol Pa-
racetamol (F,: 168 - 172 °C).

[0075] Eswurden 41,47 g EUDRAGIT® E PO, 18,53
g Stearinsdure, 40 g Paracetamol eingewogen und
zusammen in den auf 100 °C vorgewarmten IKA
Messkneter gegeben, wo die Mischung bei 100 °C
Produkttemperatur fir 20 min mit 60 U/min (2 Knet-
schaufeln) geknetet wurde. Die Mischung wurde dem
Messkneter entnommen und mit Trockeneis abge-
kiihit.

[0076] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er sofort bitter.

Vergleichsbeispiel 9: (Wirkstoff Paracetamol nicht er-
findungsgeman)

[0077) Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E : 0,5 mol Stearinsdure : 1 mol Paraceta-
mol.

[0078] Eswurden 41,5 % EUDRAGIT®E 100, 18,53
% Stearinsdure und 40 % Paracetamol zusammen in
einem 18 mm Doppelschneckenextruder in einem
Temperaturbereich von 100 °C bis 172 °C extrudiert.
In dem Bereich des Extruders, wo 172 °C bestanden,
war die Schnecke besonders mischintensiv ausge-
legt um eine homogene Schmelze zu erreichen.
[0079] Der so entstandene Compound schmeckt
sofort bitter.
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Beispiel 10:

[0080] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,06 mol Stearins&ure : 0,77 mol
Ibuprofen.

[0081] Eswurden 100 g EUDRAGIT®E PO, 5 g Ste-
arinsdure und 50 g Ibuprofen eingewogen und zu-
sammen in den auf 100 °C vorgewarmten IKA Mess-
kneter gegeben, wo die Mischung bei 100 °C Pro-
dukttemperatur fur 20 min mit 60 U/min (2 Knet-
schaufeln) geknetet wurde. Die Mischung wurde dem
Messkneter entnommen und mit Trockeneis abge-
kahit.

[0082] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 30 — 60 s min bitter.

Beispiel 11:

[0083] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,12 mol Stearinsdure : 0,77 mol
Ibuprofen.

[0084] Es wurden 100 g EUDRAGIT® E PO, 10 g
Stearinséure und 50 g Ibuprofen eingewogen und zu-
sammen in den auf 100 °C vorgewirmten IKA Mess-
kneter gegeben, wo die Mischung bei 100 °C Pro-
dukttemperatur fur 20 min mit 60 U/min (2 Knet-
schaufeln) geknetet wurde. Die Mischung wurde dem
Messkneter entnommen und mit Trockeneis abge-
kahlt.

[0085] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 1 min bitter.

Vergleichsbeispiel 12 (C,,-Alkohol-Verbindung an-
stelle von Stearinsaure)

{0086] Compound mit 1 mol Dimethylaminoethyl-
methacrylat-Einheiten enthalten im Copolymer EU-
DRAGIT® E PO: 0,34 mo! Dodecanol : 0,77 mol lbu-
profen.

[0087] Es wurden 100 g EUDRAGIT® E PO, 20 g
Dodecanol und 50 g Ibuprofen eingewogen und zu-
sammen in den auf 100 °C vorgewarmten IKA Mess-
kneter gegeben, wo die Mischung bei 100 °C Pro-
dukttemperatur fur 20 min mit 60 U/min (2 Knet-
schaufeln) geknetet wurde. Die Mischung wurde dem
Messkneter entnommen und mit Trockeneis abge-
kihit.

f0088] Nimmt man 1 g dieses Compounds in den
Mund, schmeckt er nach 20 s bitter und weist den un-
angenehmen Geschmack von Dodecanol auf.

Patentanspriiche

1. Verfahren zur Herstellung einer oralen Arznei-
form mit unmittelbarem Zerfail und Wirkstofffreiset-
zung bereits im Mund, durch intensives Mischen
(a) eines anionischen pharmazeutischen Wirkstoffs
mit
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(b) einem Copolymer, bestehend aus radikalisch po-
lymerisierten C,- bis C,-Estern der Acryl- oder Me-
thacrylsdure und weiteren (Meth)acrylat-Monomeren
die funktionelle tertidre Aminogruppen aufweisen, so-
wie

(c) 5 bis 50 Gew.-%, bezogen auf (b), einer C,,- bis
C,,-Carbonséure

in der Schmelze, Erstarren der Mischung und Mahlen
zum einem wirkstoffhaltigen Pulver mit einer mittleren
Korngrée von 200 pym oder weniger, Einbetten des
Pulvers in eine wasserldsliche Matrix aus pharma-
zeutisch tblichen Hilfsstoffen, mit der Mallgabe, daf
nicht mehr als 3 Gew.-%, bezogen auf das Copoly-
mer, an Emuigatoren mit einem HLB-Wert von min-
destens 14 enthalten sein durfen.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, da man zum Zweck des intensiven Mi-
schens in der Schmelze einen Doppelschneckenex-
truder einsetzt.

3. Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daft man bei Temperaturen im Be-
reich von 80 bis 200 °C extrudiert.

4. Verfahren nach einem oder mehreren der An-
spriiche 1 bis 3, dadurch gekennzeichnet, dal} das
Einbetten des Pulvers in die wasserldsliche Matrix
durch Verpressen, GieRen, Granulieren oder Gefrier-
trocknen erfolgt.

5. Wirkstoffhaltiges Pulver mit einer mittleren
KorngréRe von 200 um oder darunter, enthaltend
(a) einen anionischen pharmazeutischen Wirkstoff,
welcher in Form einer solid solution vorliegt und ein-
gebettet ist in
(b) ein Copolymer, welches aus radikalisch polymeri-
sierten C,- bis C,-Estern der Acryl- oder Methacryl-
sdure und weiteren (Meth)acrylat-Monomeren die
funktionelle tertidre Aminogruppen aufweisen, be-
steht, sowie
(c) 5 bis 50 Gew.-%, bezogen auf (b), einer C,,- bis
C,,-Carbonséure,
(d) mit der MaRgabe, dal} kein oder weniger als 3
Gew.-%, bezogen auf das Copolymer, eines Emuiga-
tors mit einem HLB-Wert von mindestens 14 enthal-
ten ist.

6. Wirkstoffhaltiges Pulver nach Anspruch 5, da-
durch gekennzeichnet, da als anionischer Wirkstoff
(a) ein anionisches Schmerzmittel bzw. ein anioni-
sches Antirheumatikum oder ein anionisches Antibio-
tikum enthalten ist.

7. Wirkstoffhaltiges Pulver nach Anspruch 5 oder
6, dadurch gekennzeichnet, dafl als anionischer
Wirkstoff (a) Acamprosat, Aceclofenac, Acemetacin,
Acetylcystein, Acetylsalicylsdure, Acetyltyrosin, Aci-
pimox, Acitretin, Alanin, Alendronsdure, Amethopte-
rin, Aminosauren, Amoxicillin, Ampicillin, Ascorbin-
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sdure, Atorvastatin, Azidocillin, Aztreonam, Bacampi-
cillin, Baclofen, Benazepril, Bendamustin, Benzylpe-
nicillin, Bezafibrat, Biotin, Bornaprin, Bumetanid, Ca-
bastin, Canrenoinsaure, Carbamoylphenoxyessig-
sdure, Carbidopa, Carbimazol, Carbocistein, Cariso-
prodol, Cefaclor, Cefadroxil, Cefalexin, Cefazolin,
Cefepim, Cefetamet, Cefixim, Cefotaxim, Cefotiam,
Cefoxitin, Cefpodoxim, Ceftazidim, Ceftibuten , Cef-
triaxon, Cefuroxim, Cetirizin, Chenodeoxycholséure,
Chlorambucil, Cidofovir, Cilastatin, Cilazapril, Cino-
xacin, Ciprofloxacin, Cisatracurium besilat, Clavulan-
séure, Clodronsaure, Clorazepat, Cromoglicinsdure,
Desmeninol, Diclofenac, Dicloxacillin, Enoxacin,
Eprosartan, Etacrynsdure, Etidronsdure, Etofyllin,
Etomidat, Felbinac, Felodipin, Fenofibrat, Fexofena-
din, Flavoxat, Fleroxacin, Flucloxacillin, Flufenamin-
sdure, Flumazenil, Flupirtin, Flurbiprofen, Fluvasta-
tin, Fosfomycin, Fosinopril, Furosemid, Fusidinsaure,
Gabapentin, Gemfibrozil, Ibandronsaure, Ibuprofen,
lloprost, Imidapril, Imipenem, Indomethacin, Irinote-
can, Isradipin, Ketoprofen, Lercanidipin , Levodopa,
Levofloxacin, Liothyronin, Liponséure, Lisinopril, Lo-
doxamid, Lomefloxacin, Lonazolac, Loracarbef, Lo-
ratadin, Lovastatin, Mefenaminséure, Meropenem,
Mesalazin, Metamizol, Methotrexat, Methyidopa,
Mezlocillin, Moexipril, Montelukast, Moxifloxacin, Mu-
pirocin, Naproxen, Natamycin, Nateglinid, Nedocro-
mil, Nicotinséure, Nifedipin, Nilvadipin, Nimodipin, Ni-
soldipin, Nitrendipin, Norfloxacin, Ofloxacin, Olsala-
zin, Orotsdure, Oxacillin, Pamidronsaure, Pangam-
sdure, Penicillamin, Phenoxymethylpenicillin, Pento-
sanpolysulfat, Perindopril, Pethidin, Pipemidsaure,
Piperacillin, Pirenoxin, Piretanid, Probenecid, Proglu-
mid, Propicillin, Prostaglandine, Quinapril, Quinapri-
lat, Ramipril, Repaglinid, Reserpin, Risedronsiure,
Salicylsdure, Sulfasalazin, Spirapril, Sulbactam, Sul-
fasalazin, Sultamicillin, Tazaroten, Tazobactam, Tel-
misartan, Tiagabin, Tiaprofensdure, Tilidin, Ti-
ludronséure, Trandolapril, Tranexamsaure, Valproin-
sdure Vigabatrin, Vincamin, Vinpocetin, Zanamivir,
Zoledronsaure, Zopiclon und/oder deren Salze, Iso-
mere und/oder Kombinationen enthalten sind.

8. Verwendung eines wirkstoffhaltiges Pulvers
nach einem oder mehreren der Anspriiche 5 bis 7 zur
Herstellung einer oralen Arzneiform mit unmittelba-
rem Zerfall und Wirkstofftreisetzung bereits im Mund,
die nach Freisetzung ftir mindestens 30 Sekunden
keinen oder nur einen leicht bitteren Geschmack her-
vorruft.

9. Verwendung des wirkstoffhaltiges Pulvers
nach Anspruch 8 zur Herstellung von Arzneiformen
wie verprefiten Tabletten oder Lutschtabletten, ge-
friergetrockneten Tabletten, gegossenen Tabletten
oder Pastillen, Sachets, Kautabletten, Trockensaften,
Bonbons und/oder flissigkeitsgefiillten Bonbons.

Es folgt kein Blatt Zeichnungen
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1
Beschreibung

[0001] Die Erfindung betrifft ein Verfahren und eine Vor-
richtung zum automatischen Nachweisen einer Wirkung ei-
nes zellbeeinflussenden Mittels, insbesondere eines Zytosta-
tikums, auf lebende Zellen.

{0002] In der Bundesrepublik Deutschland treten jihrlich
etwa 350.000 neue maligne Krebserkrankungen auf, wobei
1994 insgesamt 210.000 Todesfille registriert wurden, Bos-
artige Krebserkrankungen sind die mit Abstand zweithiufig-
ste Todesursache nach Herz- und Kreislauferkrankungen.
Bislang stehen drei Behandlungsmethoden zur Verfiigung:
die chirurgische Tumorentfernung, die Strahlentherapie und
die Chemotherapie. Letztere wird vor allem bei der systema-
tischen Therapie oder inoperablen Tumoren oder metasta-
sierenden Karzinomen eingesetzt, so z. B. bei der Behand-
lung von Leukédmien, Lymphomen, Hodentumoren, Chori-
onkarzinom, Brustkrebs oder dem Lungenkarzinom. Aller-
dings liegen die Heilungschancen bei der Chemotherapie
nur bei etwa 10%.

(0003} Bei Chemotherapeutika unterscheidet man zwi-
schen mehreren Stoffklassen: alkylierende Substanzen, An-
timetabolite, Antibiotika, Mitosehemmstoffe, Hormone und
-antagonisten. Bei der kurativen Therapie macht man sich
die Zellkinetik zunutze. Da sich Tumorzellen schneller tei-
len als gesunde, reagieren sie auf Zytostatika wesentlich
empfindlicher als normale Korperzellen. Die Selektivitit der
Zytostatikawirkung ist jedoch eng begrenzt, da ein gezielter
Einsatz an der Tumorzelle kaum mdoglich ist. Als Folge
kommt es meist zu Belastungen durch Nebenwirkungen,
und bei wiederholten Behandlungszyklen durch Zytostatika
besteht die Gefahr der Resistenzentwicklung von Tumorzel-
len. Um dies zu vermeiden, wird oft eine Kombinationsthe-
rapie aus unterschiedlichen Chemotherapeutika angewen-
det.

[0004] Die Mehrzahl der Tumorarten verhilt sich jedoch
heterogen und spricht unterschiedlich auf Zytostatika an.
[0005] Der Erfindung liegt die Aufgabe zugrunde, ein Ver-
fahren und eine Vorrichtung bereitzustellen, mit denen pri-
therapeutisch ein wirksames Zytostatikum evaluiert wird
und somit eine effiziente Behandlung des Patienten erlau-
ben. Diese Aufgabe wird mit den Merkmalen der Anspriiche
gelost.

[06006] Die Erfindung geht von dem Grundgedanken aus,
die zu untersuchenden lebenden Zellen mit mindestens ei-
nem zellbeeinflussenden Mittel, wie z. B. einem Zytostati-
kum in Kontakt zu bringen und die Zellaktivitit bzw. Zellvi-
talitdt zu erfassen. Insbesondere wird hierbei die pH-Wert
Verinderung erfaBt. Parallel dazu wird die Zellaktivitit bzw.
Zellvitalitit der lebenden Zellen in unbehandelter Form und/
oder die Zellaktivitit bzw. Zellvitalitiit der mit dem L&-
sungsmittel des zellbeeinflussenden Mittels behandelten
Zellen als Referenzwerte ermittelt. Die MeBdaten der mit
dem mindestens einen zellbeeinflussenden Mittel behandel-
ten lebenden Zellen werden in Beziehung zu den Referenz-
werten gesetzt. Aus diesem Vergleich kann auf die Wirkung
des zellbeeinflussenden Mittels auf die lebenden Zellen ge-
schlossen werden. Vorzugsweise werden die lebenden Zel-
len mit mehreren unterschiedlichen zellbeeinflussenden
Mitteln parallel behandelt, so daB anhand der Vergleiche
zwischen den jeweiligen MeBdaten und den Referenzwerten
die unterschiedliche Wirkungsweise bzw. Wirksamkeit des
zellbeeinflussenden Mittels in Form einer Rangordnung an-
gegeben werden kann. Somit kann priitherapeutisch aus ei-
ner Anzahl moglicher Wirkstoffe der wirksamste fiir den
konkreten Patienten ermittelt werden. Dazu wird eine Biop-
sieprobe von vitalen Gewebe- bzw. Zellmaterialien, die dem
Patienten entnommen werden, verwendet.
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[0007] Bevorzugte Ausfilhrungsformen der Erfindung
sind in den abhiéngigen Anspriichen angegeben.

[0008] Der Vorteil des erfindungsgeméBen Verfahrens
bzw. der erfindungsgemiBen Vorrichtung liegt darin, daB fiir
cine Therapie in Frage kommende Zytostatika eine Vorher-
sage getroffen werden kann, welches Medikament die hoch-
ste Wirksamkeit fiir eine erfolgreiche Behandlung des Tu-
mors erzielen wird. ErfindungsgemiB wird dazu automa-
tisch eine Rangfolge der getesteten Zytostatika sowie eine
Aussage liber die Hohe der Wirksamkeit jedes einzelnen Zy-
tostatikums bereitgestellt. Entsprechend kann dies fiir Sub-
stanzkombinationen erstellt werden. Die Erfindung zeigt
weiterhin Resistenzeigenschaften der Zellen auf das ver-
wendete Medikament auf. Dadurch konnen unwirksame
Medikamente bereits vor Beginn einer Therapie erkannt und
von der Behandlung ausgeschlossen werden. Dies reduziert
zudem die Belastungen des Patienten durch Nebenwirkun-
gen der verwendeten und eventuell unwirksamen Wirk-
stoffe. Zudem kann eine weitere Metastierung des Turnors
eingeschrinkt werden. Neeben den gesundheitlichen Aspek-
ten fiir den Patient sind auch finanzielle Aspekte fiir den Ko-
stentrager der Therapie zu nennen. Der Kostentriger "spart”
sich eine unwirksame Therapie und kann individuell und ge-
zielt seine Mittelverwendung gegeniiber dem Patienten ein-
setzen. Die Effektivitit und Rentabilitit der eingesetzten
Mittel steigt somit enorm, da die Kosten der eventuell in
Frage kommenden Chemotherapie signifikant differieren.
[0009] - Ferner erlaubt das erfindungsgemiBe Verfahren,
zwischen -Effekten von metabolisierenden Zellen und Tu-
morzellen zu unterscheiden.

[0010] Das erfindungsgemiBe Verfahren bzw. die erfin-
dungsgemaife Vorrichtung wird erfindungsgeméB zur Unter-
suchung von vitalen Zellen, beispielsweise Tumorzellen,
frischen Biopsieproben und Blutzellen, von Kérperfliissig-
keiten jeder Art, von Wirkstoffen und Medikamenten, von
Antikrebsmitteln, von Zytostatika, von Antikérpern, von
Hormonen und Antihormonen und von Gentherapeutika
verwendet. Insbesondere wird das Verfahren/die Vorrich-
tung zur Untersuchung der Wirksamkeit von Zytostatika wie
etwa Carboplatin, Cylophosphamid, Cisplatin, Docetaxel,
Lomustin, Mitomycin, Treosulfan, Epirubicin, 5-Fluoroura-
cil (5FU), Paclitaxel, Methotrexat, Bendamustin, Vinorel-
bin, Vindesin, Bleomycin Gemcitabin, Adriamycin, Mito-
xantron, lrinotecan, Etoposit und jegliche Art von Kombina-
tionstherapeulika (z. B. CMF, AC, FEM, usw.) daraus ver-
wendet.

[0011] Die Erfindung wird nachstehend mit Bezug auf die
beigefiigten Zeichnungen niher erlédutert. Es zeigen:

[0012] Fig. 1 den zeitlichen Verlauf der Tumorzellenakti-
vitit fiir flinf ausgewihlte Zytostatika;

[0013] Fig.2 ein Diagramm, das die Wirksamkeit der ver-
wendeten Zytostatika angibt;

[0014] Fig. 3 ein Diagramm, das die gemessene Tumor-
zellenaktivitit fiir die verwendeten Zytostatika angibt;
[0015] Fig.4 ein Diagramm, das die Tumorzellenaktivitit
fiir die verwendeten Zytostatika anhand eines Teils der MeB-
daten angibt; und

[0016] Fig. 5 ein FluBdiagramm einer bevorzugten Aus-
fihrungsform des erfindungsgemiBen Verfahrens.

[0017] Fig. 1 zeigt den zeitlichen Verlauf der gemessenen
Tumorzellaktivitit fiir finf verschiedene Zytostatika (Doce-
taxel, AC (Adriamycin-Cyclophosphamid-Kombination),
Bleomycin, Vindesin, SFU). Es ist zu erkennen, daB fiir die
Zytostatika Docetaxel und SFU die Tumorzellaktivitit wih-
rend des MeBzeitraumes sogar zunimmt, wihrend fiir die
iibrigen Zytostatika eine Abnahme der Tumorzellaktivitit
ersichtlich ist. Die gemessenen Verldufe der Tumorzellakti-
vitdten werden anhand einer Kontrollzelle normiert. Hierzu
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wird die Aktivitit von unbehandelten Zellen gemessen. Al-
ternativ dazu werden die lebenden Zellen lediglich mit dem
Losungsmittel des Zytostatikums versetzt und die Zellakti-
vitat ermittelt,

[0018] Die gemessenen Tumorzellaktivititen der mit den
unterschiedlichen Wirkstoffen versetzten Zellen werden an-
schlieBend mit den Referenzwerten der Kontrollzellen bzw.
der Zellen mit Losungsmittelzusatz verglichen. Dazu wird
gemiB einer ersten Ausfiihrungsform die Flache der jeweili-
gen MeBkurve (AUC — area under curve) fiir den spezifi-
schen Wirkstoff von der Fliiche der Referenzkurve (100%-
Kurve) subtrahiert. Die GroBe der Differenz gibt die Wirk-
samkeit des verabreichten Wirkstoffes an, wobei eine gro-
Bere Differenz einer hdheren Wirksamkeit entspricht. Dies
ist in Fig. 2 dargestellt, wobei hier die Wirkstoffe bereits
nach ihrer Wirksamkeit sortiert aufgefiihrt sind.

[0019] Alternativ dazu wird entweder iiber den gesamten
MeBzeitraum (Fig. 3) oder alternativ lediglich liber einen
Teilbereich (Fig. 4) die prozentuale Tumorzellaktivitil er-
mittelt (wobei wiederum die Referenzwerte als 100%-
Marke dienen). Im zweiten Fall wird dabei vorzugsweise
auf die letzten 20 bis 60, mehr bevorzugt 40 MeBwerte zu-
riickgegriffen. Bevorzugt wird beispielsweise alle zwei Mi-
nuten ein neuer MeBwert aufgenommen, so daf bei 40 MeB-
werten die letzten 80 Minuten ausgewertet werden.

[0020] Fig. 5 zeigt den Ablauf einer bevorzugten Ausfiih-
rungsform des erfindungsgemifen Verfahrens. Im ersten
Schritt S1 werden die ermittelten MeBdaten bereit gestelit.
Diese MeBdaten werden zunéchst mit entsprechenden Mini-
mal- und Maximal-Schwellwerten verglichen, um eventu-
elle AusreiBer bzw. Spitzen aus dem gesamten MeBverlauf
zu entfernen (Schritt S2). In der bevorzugten Ausfiihrungs-
form werden zwei Messungen parallel mit der gleichen Sub-
stanz durchgefiihrt oder die Aktivitidt der Kontrollzellen
(d. h. die unbehandelten Zellen) wird parallel in zwei Kani-
len erfaBt. Die dabei ermittelten Daten werden einer Mittel-
wertbildung unterzogen (Schritt $3). AnschlieBend werden
bei der in Fig. 5 dargestellten Ausfiihrungsform die MeB-
kurven mittels eines Glittfaktors geglittet (Schritt $4). An-
schlieBend erfolgt eine Normierung (Schritt $5) und eine
Nivellierung der Mewerte zu Beginn auf 100%, so daB alle
MeBwerte von einem gemeinsamen Startpunkt ausgehen
(Schritt S6). Hierbei geben entweder die Kontrolizellen
(d. h., die unbehandelten Zellen) und/oder die mit Losungs-
mitte] versetzten Zellen den Ausgangspunkt vor. Zur besse-
ren Darstellbarkeit werden anschlieBend die Daten auf die
Einheit "Stunden" umgerechnet (Schritt $7). Alternativ
dazu kénnten die Daten auch mit kleineren bzw. groBeren
Zeiteinheiten angegeben werden, wie etwa halbstiindig oder
viertelstiindig. Weiter bevorzugt ist die graphische Darstel-
lung der MeBkurven in Schritt 88. Dies erlaubt beispiels-
weise frithzeitig Stérungen, wie etwa Bakterienbildung zu
erkennen. AnschlieBend erfolgt in Schritt 89 die Berech-
nung der einzelnen Flichen fiir die verwendeten Wirkstoffe
und die Vergleiche mit den Referenzwerten bzw. Referenz-
flichen. Anhand dieser Vergleichsergebnisse wird in Schritt
S10 ein Diagramm mit der Rangfolge der getesteten Wirk-
stoffe basierend auf allen MeBwerten ausgegeben. In Schritt
S11 und Schritt $12 wird ein Diagramm mit den tatsichli-
chen Tumorzellaktivititswerten ausgegeben, in Schritt $11
aur mit den letzten 40 MeBwerten.

(0021] ErfindungsgemiB wird bevorzugt die Flichenbe-
rechnung eingesetzt, um die Gesamtzellaktivitit zu bestim-
men und fiir die verwendeten Wirkstoffe in Korrelation zu
setzen, Erginzend wird dazu gemif einer mehr bevorzugten
Ausfiihrungsform eine polynomische Regression verwen-
det, um bakterielle Kontamination automatisiert iiber Refe-
renzkurven-Schemata erkennen zu k&nnen. Des weiteren
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werden alternativ lineare, logarithmische, polynomische,
potentielle, exponentielle Regression, dynamische Wachs-
tumssysteme und dynamische Zerfallsysteme verwendet,
um die Messung generell zu beschleunigen, indem das MeB-
fenster limitiert bzw. die Berechnungszeit/MeBzeit mini-
miert und das MeBergebnis genauer spezifiziert wird. Alter-
nativ dazu werden lineare oder logarithmische Trendlinien
ermittelt. Weiter alternativ werden anhand der bereitgestell-
ten Daten Mittelwert-Geraden ermittelt, um die Entwick-
lung bzw. Verinderung der Zellaktivititen zu erfassen.

Patentanspriiche

1. Verfahren zum automatischen Nachweisen einer
Wirkung eines zellbeeinflussenden Mittels, insbeson-
dere eines Zytostatikums, auf lebende Zellen, mit den
Schritten:
a) Bereitstellen von Medaten, die die Zellaktivi-
tédt der mit dem zellbeeinflussenden Mittel kontak-
tierten lebenden Zellen angeben;
b) Normieren der MeBdaten, die die Wirkung des
zellbeeinflussenden Mittels auf die lebenden Zel-
len angeben, mit Mefdaten, die die Zellaktivitit
von unbehandelten lebenden Zellen und/oder von
mit Lésungsmittel des zellbeeinflussenden Mittels
behandelten Zellen angeben;
¢) Berechnen der Wirkung des zellbeeinflussen-
- den Mittels auf die lebenden Zellen durch Verglei-
chen der normierten MeBdaten mit Referenzwer-
ten, die den unbehandelten, lebenden Zellen und/
oder den mit Losungsmittel des zellbeeinflussen-
den Mittels behandelten Zellen entsprechen; und
d) Ausgeben von Daten, die die Wirkung des
zellbeeinflussenden Mittels auf die lebenden Zel-
len angeben.
2. Verfahren nach Anspruch 1, wobei in Schritt ¢) die
jeweiligen Flichenintegrale zueinander in Beziehung
gesetzt werden,
3. Verfahren nach Anspruch 2, wobei das Flicheninte-
gral der MeB3daten von dem Flichenintegral der Refe-
renzwerte subtrahiert wird.
4. Verfahren nach Anspruch 1, 2 oder 3, wobei in
Schritt ¢) nur ein Teil der MeBdaten verwendet wird.
5. Verfahren nach Anspruch 4, wobei die letzten 20 bis
60 MeBdaten, vorzugsweise die letzten 40 MeBdaten
verwendel werden,
6. Verfahren nach einem der Anspriiche 1 bis 5, wobei
in Schritt ¢) lineare und/oder logarithmische Trendli-
nien anhand der MeBdaten berechnet werden.
7. Verfahren nach einem der Anspriiche 1 bis 6, wobei
die MeBdaten mittels Polynome n-ten Grades, lineare,
logarithmische, potentielle, exponentielle Regression,
dynamische Wachstumssysteme oder dynamische Zer-
fallsysteme interpoliert werden.
8. Verfahren nach einem der Anspriiche 1 bis 7, wobei
es sich bei der gemessenen Zellaktivitat um die pH-
Wert Verdnderung handelt.
9. Verfahren nach einem der Anspriiche 1 bis 8, wobei
das zellbecinflussende Mittel ein Zytostatikum auf-
weist.
10. Verfahren nach einem der Anspriiche 1 bis 9, wo-
bei das zellbeeinflussende Mittel ausgewihlt ist aus der
Gruppe: Carboplatin, Cylophosphamid, Cisplatin, Do-
cetaxel, Lomustin, Mitomycin, Treosulfan, Epirubicin,
5-Fluorouracil (SFU), Paclitaxel, Methotrexat, Benda-
mustin, Vinorelbin, Vindesin, Bleomycin, Gemcitabin,
Adriamycin, Mitoxantron, lrinotecan, Etoposit und
Kombinationen daraus.
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11. Verfahren nach einem der Anspriiche 1 bis 10, wo-
bei die Schritte a) bis d) an den bereitgestellien Zeilen
mit mehreren zellbeeinflussenden Mitteln parallel
durchgefiihrt werden.

12. Verfahren nach einem der Anspriiche 1 bis 11, wo-
bei vor Schritt b) die bereitgestellten MeBSdaten mit
Schwellwerten verglichen werden, um Extrema her-
auszufiltern.

13. Verfahren nach einem der Anspriiche 1 bis 12, wo-
bei die Zellaktivitit der unbehandelten lebenden Zellen
oder der mit Ldsungsmittel des zellbeeinflussenden
Mittels behandelten lebenden Zellen parallel gemessen
wird und die erhaltenen MeBdaten gemittelt werden.
14. Verfahren nach einem der Anspriiche 1 bis 13, wo-
bei die bereitgestellten MeBdaten mittels eines Gltt-
faktors geglittet werden.

15. Verfahren nach einem der Anspriiche 1 bis 14, fer-
ner mit dem Schritt grafisches Darstellen der Mefda-
ten.

16. Verfahren nach einem der Anspriiche 1 bis 15, wo-
bei in Schritt d) das Ergebnis des in Schritt c) vorge-
nommenen Vergleiches ausgegeben wird.

17. Verfahren nach einem der Anspriiche 3 bis 16, wo-
bei die ermittelte Differenz die Wirkung des zellbeein-
flussenden Mittels auf die lebenden Zellen angibt.

18. Verfahren nach einem der Anspriiche 1 bis 17, wo-
bei in Schritt d) die tatséchliche Zellaktivitit ausgege-
ben wird.

19. Verfahren nach einem der Anspriiche 11 bis 18,
wobei anhand der ermittelten Differenzen eine Rang-
folge entsprechend der Wirkung der zellbeeinflussen-
den Mittel auf die lebenden Zellen ausgegeben wird.
20. Vorrichtung zum automatischen Nachweisen einer
Wirkung eines zellbeeinflussenden Mittels, insbeson-
dere eines Zytostatikums, auf lebende Zellen, mit:
einer Einrichtung zum Bereitstellen von MeBdaten, die
die Zellaktivitit der mit einem zellbeeinflussenden
Mittel kontaktierten lebenden Zellen angibt;

einer Einrichtung zum Normieren der MeBdaten, die
die ZeHlaktivitdt angeben, mit MeBdaten, die die Zel-
laktivitit von unbehandelten lebenden Zellen und/oder
mit Losungsmittel des zellbeeinflussenden Mittels be-
handelten Zellen angeben;

einer Berechnungseinrichtung zum Berechnen der Wir-
kung des zellbeeinflussenden Mittels auf die lebenden
Zellen durch Vergleichen der normierten MeBdaten miit
Referenzwerten, die den unbehandelten lebenden Zel-
len und/oder den mit Losungsmittel des zellbeeinflus-
senden Mittels behandelten Zellen entsprechen; und
einer Ausgabeeinrichtung zum Ausgeben von Daten,
die die Wirkung des zellbeeinflussenden Mittels auf die
lebenden Zellen angeben.

21. Computerprogrammprodukt mit Programmcode-
mitteln, die auf einem computerlesbaren Datentriger
gespeichert sind, um das Verfahren nach einem der An-
spriiche 1 bis 19 durchzufiihren, wenn das Programm-
produkt auf einem Computer ausgefiihrt wird.

Hierzu 3 Seite(n).Zeichnungen
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Verfahren zur Herstellung eines stabilen injizierbaren 4Stickstofflostderivut-Préipérates

1
Die Erindung betrifft ein Verfohren zur Gewinnung
eines stabilen injizietbaren Stickstofflostderivat-Prépara:
tes.

Stickstofflostderivate, insbesondere das v-{1-Methyls. ,

bis- (f-chlortithyl) -aminobenzimidazolyli-(2)]-butter-
sdurehydrochlorid -

NN
N C
N N\n7 \(CH,), .
i

CL—CH,—CH,

CL~CH,—CH,”
' CH,
—~COOH - HCL. H,0;

das die Bezeichnung IMET 3393 tréigt, werden zur Rezi-
div- und Metdstasepropylaxe nach Krebsoperationen
sowie bel myeloischer Leuk&mie und Lymphogranuloma-
tose angewandt. Diese Stoffe sind foka¥ duBerst unver-
tréiglich, so daBl nur die streng fntravendse Applikation
in Frage kommt. Der Wirkstoff muB in sehr geringen
Dosen verabrelcht averden. .

Es Ist bereits bekannt, daB Stickstofffost-Merbindungen
durch Lyophilisierung’ zu njizierbaren Préipdraten ver-
aibeitet werden kénnen. .

Der Nachtei! des Verfahréns besteht dadin, daB nur
Stickstofflostderivate verarbeltet werden kinnen, die ge-
nigend stabil sind. AuBerdem emuB fir einige Stick.
stofffostderivate ein bestimmter pH-Wert-Bereich garan.
tiert werden, damit die {njektionslosungen bis zur Appli-
kation unzersetzt Glelben. )

~.
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Die Erfindung. bezweckt, die Herstellung eines stabilen -

injizierbaren Stickstofflostderivat-Préparates zu ermbg-
lichen.

Das technische Problem besteht dain, fiir Stickstofflost-
derivate, die unter Produktionsbedingungen nicht {yophi-
Hisierbar sind, eiren geeigneten Hilfsstoff zu finden, der
nach Zusatz des LSsungsmittels einen bestimmten pH-
Wert-Bereich garantiert, keine Inkampotibifititen mit
dem Wirkstoff zeigt und physiologisch vertriglich ist.
AuBerdem muB eine hohe Dosfergenauigkeit ganantiert
werden.

Erfindungsgem&B 168t sich efn witksames, stabfles’ infi-
rierbares Priiparat dodurch herstellen, daB Stikkstofflost-
derivate mit AskorbinsGure gemischt wenden. Dadurch
wird erreicht, daB

1. mit Wasser filr eine bestimmte Zelt eine stabile in-
jizierbare L3sung hergestellt werden kanm,

2. der emeichte pH-Wert der Lésung die Stobifitit
garantiert, o

3. durch den Zusatz  der AskorbinsGiwre die Dosier-
genauigkeit beim Abfiliproze erhdht wind, - :

4. keine inkompotibilitdten mit dem Wirkstoff aufireten,
5. die Mischung mit Askorbinsure Jogerfahig ist.

Ausfithrungsbeispied: )
v-{1-Methyl-5-bis{f-chloréthyl) -aminobenz-
imidazolyl-(2)]-buttersGurehydrodhtorid 10,0259
Askorbinsiure ’ : 0,759

Anwendung: Der Inhalt'der Ampulle ist in 10.m Wasser

_zur Injektion (DAB 7) zu 16sen.
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Verfahren zur Herstellung eines sidbilen injizierbaren _ Stickstofflostderivat-Pr

1
Die Erfindung betrifft ein Ver_fohren zur  Gewinnung
eines stabilen injizierbaren Stickstofflostderivat-Préipara:
tes.
Stickstofflostderivate, insbesondere das y-f1-Methyis. ,
bis-(f-chloréithyl) -ominobenzimidazohyd-{2)]-butter-
sturehydrodhiorid -

N

AN TN

CL—CH—CH, Y
TSNS N (eny,
CL—CH,—CH,”
: H,
—COOH - HCL. H,0;

das die Bezeichnung $MET 3393 trigt, werden zur Rezl.
div- und Metostasepropylaxe nach Krebsoperationen
sowie bei myelolscher Leukémie und Lymphogranuloma-
tose angewandt, Diese Stoffe sind fokaf &uBerst unver.
tréiglich, so daf nur die streng intraventse Apglikation
in Frage  kommt. Der Wirkstoff muB in sehr geringen
Dosen verabreicht serden. ] .

Es ist bereits bekonnt, daB StickstofffostNVembindungen
durch Lyophilislerung” zy énjizlerbaren Prépdrdten ver.
arbeitet werden kSnnen. -
Der Nochteil des Vedfahiéns besteht dadry, daB nur
Stickstofflostderivate verarbeitet werder kénnen, die ge-
nligend stabi¥ sind, AuBerdem muB fiy einige Stick-
stofflostderivate ein bestimmter pH-WertBereich goran.
tiert wardeny damit dle {njektionsiGsungen bls zur Appli-
kation unzersetzt biel L SR

e
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riparates

" Die Erfindung bezweckt, die Herstetlung eines stabilen -

injiztenbaren Stickstofflostderivat-Priparates zu enmig-
lichen. .

Das technische Problem besteht darin, fiir Stickstofflost-
derivate, die unter Produlm‘onsbedhgungen nicht lyophi-
tisierbar sind, einen geeigneten Hilfsstoff 2u finden, der
nach Zusatz des Lésungsmittels einen bestimmten pH-
Wert-Bereich gorantlert, keine Inkompotbilititers mit
dem Wirkstoff zeigt wnd physiologisch vertréglich #st.
AuBerdem muB eine hohe Dostergenauigkeit gamntiert
werden. :
ErfindungsgeméB 1Bt sich efin witksames, stabiles' inji-
Zzierbdres Préiporat dadurch herstellen, daB Stickstofflost.
derivate mit Askorbins&ure gemischt wenden. Dadurch
wird erreicht, daB .

1. mit Wosser flir eine bestimmte Zeit eine stabile in-
lizierbare Lésung hergestelit werden karun, .
‘2. der emeichte pH-Wert der Lésung die 'Stabifitit
garantier, T

3. durch den Zusolz .der ‘Adorbinsiure die Dosier-

genauigkeit beim Abfiilproze8 -erhsht wird,

4. keine Inkompatibliitaten mit dem Wirkstoff aufireten,

5. die Mischung ymit Askorbinséure agerfahig ist.

Ausfdhrungsbeispiet:’ ' -
YE-Methyl-5-bls(f-chlordthyl).amindbenz-. -
&niduzofyl-(i’)]-butters&wehydro_dnfon'd " 0025g
Askorbinséure - T ’ 0,175g

. Anwendung: Der Inhalt'de? Ampulle st fn 10.ml Wasser

2ur injektion (DAB 7) 2 15sen.

¢

[P
’



.. . '44':‘. i N -
. ~ I . \
. . . ’
< S . . 80967 _
- Patentuns’prqdl: : - daB Stickstofflostderivate, insbesonders ¥-[1-Methyl-5-

) ﬁs-(l]—d’tlar&ﬁhﬁ)-qtmfnoben.zimido‘zoM-'(Q)]-buﬂe{.
Verfahren zur Herstellung eines stabilen injizierbaren sturehydrochlorid, mit Afkcrblinsiure gemischt werden.

Stickstofflostderivat-Prapdrates, dadurch gekennzeichnet,

| L
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Method for preparing a stable injectable preparation of a

nitrogen lost derivative

The invention relates to a method for obtaining a stable

injectable preparation of a nitrogen lost derivative.

Nitrogen lost derivatives, in particular vy-[l-methyl-5-bis-

(p-chloroethyl) -~amino-benzimidazolyl- (2) ]-butyric acid
hydrochloride,
Ccl
N
\
CH,

bearing the name IMET 3393 are used for a relapse and
metastasis prophylaxis after operations of cancer as well as
for myeloic 1leukaemia and lymphatic granulomatosis. These
materials are locally extremely incompatible so that only the
strict intravenous application is considered. The active

agent has to be administered in very low dose.

It is already known that nitrogen lost compounds can be

processed by lyophilization to injectable preparations.

The disadvantage of the method is that only nitrogen lost
derivates being sufficiently stable can be processed.

Moreover, a particular pH value range has to be guaranteed so
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that the injection solutions remain undecomposed until

application.

The invention purposes to permit the preparation of a stable

injectable preparation of a nitrogen lost derivative.

The technical problem is to find an appropriate agent for
nitrogen lost derivatives being not lyophilizable under the
production conditions which guarantees a specific pH value
range after addition of the solvent, shows no
incompatibilities with the active agent and is physiological
compatible. Moreover, a high accuracy of the dose has to be

guaranteed.

According to the invention an effective stable injectable
preparation can be prepared by mixing the nitrogen lost
derivative with ascorbic acid. Thus, it can be achieved, that
1. for a particular time a stable injectable solution
can be prepared using water,
2. the reached pH value of the solution guarantees the
stability,
3. by addition of ascorbic acid the accuracy of the dose
is increased during the filling process,
4. with the active agent no incompatibilities occur,

5. the mixture is storable with ascorbic acid.

Example:
v-[1l-methyl-5-bis- (B-chloroethyl)-amino-
benzimidazolyl-(2)]-butyric acid hydrochloride 0.025 g

ascorbic acid 0.175 g

Application: the content of the ampoule has to be dissolved

in 10 ml water for injection (DAB 7).



Claim:

1. Method for preparing a stable injectable preparation of a
nitrogen lost derivative characterized in that the
nitrogen lost derivative, in particular y-[l-methyl-5-
bis- (B-chloroethyl)-amino-benzimidazolyl- (2)]-butyric

acid hydrochloride, is mixed with ascorbic acid.
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(714)  siehe (73)

(564) Verfahren zur Herstallung von {5-[Bis(2-chlorethyl Jamino]-1-methyl-benzimidazolyl(2)} ethanséurealkyle-

stern

(55)

(-[Bis(2-chlorethyl)amino)-1-methyl-benzimidazolyl-

(2)} ethansiurealkylester; chemische Synthese;
N'-Methyl-4-nitro-o-phenylendiamin als Ausgangssubstanz;
Kondansationsschritt; Solvolyse; Aufbau der
Stickstofflostgruppe; potentielle Zytostatika;
Bendamustin-Analoga

(57) Die Erfindung betrifft ein Verfahren zur Herstellung von
{6-[Bis(2-chlorethyl)-amino]-1-methyl-benzimidazolyl-

(2)} ethansaurealkylestern der aligemeinen Formel, worin R
CH,, C;H,, C;H,, allgemain C,H;,., bedeutet. Sie verfolgt
das Ziel, die Verbindungen dieser Stoffgruppe in effektiver
Weise herzustellen. Die dieser Zielstallung zugeordnete
Aufgabe wird durch chamische Synthese in der Weise
gelost, daB N'-Methyl-4-nitro-o-phenylandiamin mit
Cyanoessigsdureathylaster zu
2-Cyanomethyl-1-methyl-6-nitro-benzimidazol kondensiert
sowia mit alkoholischer Salzséure zum zugehdrigen
Alkylester solvolysiert und die Stickstofflostgruppe aus der
Nitrogruppe durch Reduktion zur Aminegruppe, durch
Addition von Ethylenoxid sowie durch Chlorierung mit
Thionylchlorid aufgebaut wird. Die Zielverbindungen sind
als Zytostatika (Bendamustin-Analoga) von potentiellem
Interesse. Forme!

ISSN 0433-6461

N—CH,—COOR

\
CH3

N

(ClHoCH2C) 9N

§ Seiten
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Patentanspriiche:

1. Verfahren zur Herstellung von {5-[Bis(2-chlorethyl)amino]-1-methyl-benzimidazolyl-
(2)}ethanssurealkylestern der allgemeinen Formel.

(ClH2CH2C) 2N

N
\>—CH2“COORL A
N

I
CHs

worin R, CHa, C;Hs, C3Hy, allgemein C.Ha, + 1 bedeutet, durch chemische Synthese, gekennzeichnet

dadurch, da3 man

~ N'-Methyl-4-nitro-o-phenylendiamin mit Cyanessigsaureethylester zu 2-Cyanomethyl-1-methyl-
§-nitro-benzimidazol kondensiert sowie mit alkcholischer Salzsédure zum zugehdrigen Alkylester
solvolysiert und

— die Stickstofflostgruppe aus der Nitrogruppe durch Reduktion zur Aminogruppe, Addition von
Ethylenoxid sowie Chlorierung mit Thionylchlorid aufbaut.

2. Varfahren gemiR Anspruch 1, gekennzeichnet dadurch, da3 man aus den Zielverbindungen A)
wasserldsliche Hydrachloride bzw. analoge Salze herstellt, indem man erstere entweder zundchst
in Ether oder in Essigsdureethylester bzw. in einem niederen Alkohol |&st und anschlieffend
entwader Chlorwasserstoffgas einleitet oder eine organjsche bzw. anorganische Sdure zusetzt.

Hierzu 2 Seiten Formel

Anwendungsgeblat der Erfindung

Die Erfindung betrifft ein Verfahren zur Herstellung von {5[Bis-{2-chlorethyl}amino]-1 -mothyl-benzimidazalyl-
{2)}ethans#urealkylestern der allgemeinen Formel A {Abb. 1}, in der R CHy, C;H;, C3Hy, allgemein C Hz, + 1 bedeutet.

Dia Zislverbindungen sind durch Veresterung stabilisierte potentislle Metabolite des antineoplastisch wirkenden Arzneimittels
4-(5-[Bis-{2-chlorethyl)amino-1-methyl-1 H-benzimidazolyl-{2)}butansiure-hydrochlorid-hydrat (Bendamustin) und daher als
Zytostatika von Interesse.

Das Anwendungsgebiet der Erfindung liegt somit in der pharmazeutisch-chemischen Forschung und Industrie.

Charakteristlk des bekannten Standes der Tachnik

Verfahren zur Harstellung von Stickstofflostverbindungen sind in groBer Zahl beschrieben sawie in die industrielle Praxis
{iberfiihrt. 4-(5-[Bis(2-chlorethyl)amino]-1-methyl-1 H-benzimidazolyl(2)) -butanséure-hydrochlorid-hydrat {Bendamustin) ist
dabei das den nachstehend beschriebenen Zielprodukten am niichsten verwandte Krebsarzneimittel. Im tierischen und
m.enschlichen Organismus wird Bendamustin unter anderem zu dem entsprechenden 3-Hydroxybutanséura-Derivat
biotransformiert. (R. Preiss, R.Sohr, M.Matthias, B. Brockmann, H. Milter, Pharmazie 46 {1985] 782; R.Preiss, R, Sohr, H. Matthias,
H. Milllar, W.Werner, W.Ihn, H. Wolff, im Druck). Der enzymatische Abbau zum zu erwartenden Ethansdure-Derivat wurden noch
nicht nachgswiesen.
Die Darstellung von (5-{Bis{2-chlorethyl}amina)-1-methyl-benzimidazolyl(2)}ethanséure wurde von W.0zegowski u. Mitarb.
ausgehend von einer Kendensation von N'-Methyl-4-nitro-o-phenylendiamin mit Milchsaure und anschlieBender Oxidation mit
CrO, in essigsaurer Losung zu 2-Acetyl-1-methyl-5-nitro-benzimidazol versucht. Die Redox-Amidierung der vorstehenden
Verbindung nach Willgerodt-Kindler zum Essigs#ure-Derivat gelang jedoch nicht.
Ein weiterer in der Literatur beschriebener Versuch fiihrie {ber dia Kandensation von o-Phenylen-diamin mit
Cyanessigséureethylester zu 2-Cyano-methyl-benzimidazol. 1-Methylierung und saure Ethanolyse dieser Verbindung ergab
{1-Methyl-benzimidazolyl-{2)ethans&ureethylester, der in 5- und 6-Stellung nitriert wurde. Nachlsomeran-Trennung erfolgtedie
Reduktion der 5-Nitrogruppe zum 5-Amina-Derivat, an das Ethylenoxid addiert wurde. Zwar gelang die Chlorierung des Bis(2-
* hydroxyethyl)amino-Derivates mit SOCI,; die saure Hydrolyse des Esters ergab jedoch nicht die substituierte Ethansdure,
sandern nach Decarboxylisrung lediglich 5-|Bis(2-chlorethyl)-amino]-1,2-dimethyl-benzimidazol (W.Ozegowski, D. Krebs; J.
prakt. Chem. (4] 29 {1965] 18-26).
Bei diesen Methoden ist von Nachteil, daB die Synthese von Derivaten der oben genannten Stoffgruppe A von dem
unsubstituierten o-Phenylendiamin ausgeht und das Benzimidazol-Derivat spéter noch N-methyliert und nitriert werden muB,
wobei 5- und 6-Nitro-benzimidazol-lsomere entstehen, die anschlieBend noch zu trennen sind (nur das Isomere mit der
Nitrogruppe in Position § des Benzimidazolringes ist von Interesse). Auierdem zerfiel die Zielverbindung schlieBlich durch
spontane Decarboxylierung.
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Ziel der Erfindung

Die Erfindung verfolgt das Ziel, (5{Bis(2-chlorethyl)-amino}-1-methylbanzimidazol-(2)) ethansiurealkylester in effektiverer
Waeise herzustellen.

Darlesung das Waesens der Erfindung

Der Erfindung liegt die Aufgabe zugrunda, ein chemisch-synthetisches Verfahren anzugeben, mit dem (5-(Bis(2-
chlorethyl)amino]-1-methyl-benzimidazolyl(2)} ethansiure in Form der stabilon Alkylester in effektiver Weise preduziert werden
kann.

ErfindungsgemiR wird diase Aufgabe dadurch geldst, daB N'-Methyl-4-nitra-0-phenylendiamin als Ausgangssubstanzzunichst
mit Cyanessigstiureethylester zu 2-Cyanomethyl-1-methyl-6-nitro-benzimidazol {siehe 1 in Abb. 2} kondenslert und dieses
Zwischenprodukt in bzw. mit alkoholischer Salzs#ure zum jewails zugehtrigen Alkylester (vgl. etwa 2in Abb. 2} solvolysiert wird.
An diesen Estern wird anschlieRend in an sich bekannter Waise die Stickstofflostgruppe aufgebaut, indem die Nitrogruppe durch
hydriarende Reduktion zur Aminogruppe umgewandelt lvgl. atwa 3 in Abb.2), danach an dieses Zwischenprodukt Ethylenaxid
addiert {vgl. etwa 4 in Abb. 2) sowie im letzten Teilschritt durch Chlorierung mit Thionylchlorid der jewsilige {5-[Bis(2-
chiorethyl)amino}-1-methyl-benzimidazoly!-(2}} ethans8urealkylester, d. h. die jeweilige Zielverbindung A) (vgl. etwa § In Abb. 2),
erhalten wird. Auf diese Weise werden stabile Verbindungen einer an sich labilen Carbonsiure erhalten.

Aus den Zielverbindungen A) lassen sich varteilhaft noch wasserlgsiiche Hydrochloride bzw. analoge wasserlésliche Saize
herstellen, indem man sia eingangs in Ether oder in Essigséureethylester bzw. in einem niederen Alkohol ldst sowie im 2.
Teilschritt entweder Chlorwassarstoffgas einleitet oder eine organischa bzw. anorganische Séure, vorzugsweise Eisessig oder
Zitronensdure baw. Schwefelsiure, zusetzt. Die somit gewonnenen Derivate von A) lieen sich auch intravends applizieren.

Ausfihrungsbalsplel

- Methode und Gerite .
Die Schmelzpunkte wurden auf dem Mikroheiztisch nach Boaetius (korr. Werte) bestimmt. Die massenspektrometrischen
Aufnahmen erfolgten mit dem doppelfokussierenden Gerit der Firma JEOL, Typ JMS-D 100. Zur
Diinnschichtchromatographie wurden Glasplatien mit Merck-Kieselgel GF254 (0,5 mm Schichtdicke) und als Laufmittel
n-C4HgOH/CH;CO0OH/H,0 (4:1:2) verwendet.

- Darstellung von {1:Methyl-5-nitro-benzimidazolyl(2) Jacetonitril {1}
16,7g (0,1 mol) N'-Methyl-4-nitro-o-phenyldiamin und 45,2 g (0,4 mol) Cyanessigsdureathylester werden unter Riihren 50
Minuten auf 195°C bls 200°C unter Abdestillieren der fliichtigen Anteile erhitzt. Die nach Abkiihlen erhaltene Masse wird mit
400m1 CH,COOU,H; ausgekocht und vom unléslichen Riickstand abfiltriert. Nach Einengen im Vakuum liegen zunéchst 12g
rotbraunes Rohprodukt von i (56% d. Th.) vor. Nach mehrmaliger Umkristallisation erhiit man hellgelbe Nadeln vom
Schmelzpunkt 183°C bis 184°C (C;HsOH); C1oHaN40, (216,2).

- Darstellung von [1-Methyl-56-nitro-benzimidazolyl-{2)]-ethanséuremethylester (2}
21,6¢ (0,1 mol) von 1 werden in 350ml methanolischer HCI (20g HClin 100mi MeOH) 3,5 Stunden unter RiickfluB erhitzt. Nach
Einengen im Vakuum wird in 350 mi H,0 geldst, filtriert, mit NaHCO;-Lésung neutralisiert und das ausgefallene Produkt
abgesaugt. Die Rohausbeute an 2 betrug 22,19 (83% d. Th.). Die Umkristallisation erfolgt unter Zusatz von Aklivkohle und
Raney-Nickel. Man erhilt hellgelbe Nadeln vom Schmelzpunkt 173°C bis 174°C (CH3OH); Re-Wert: 0,62; CyH11N3O4 {249,2).

— Darstellung von {5-Amino-1-methyl-benzimidazolyl-(2)]ethansduremethylester (3)
5g (0,02 mol) von 2 werden bei 45°C in 800 ml CH,OH gelést und mit Raney-Nickal bei Normaldruck hydriert. Nach Aufnahme
dererfordarlichen H-Menge (Dauer etwa 2 Stunden) wird der Katalysator abgesaugt und das Filtratim Vakuum eingeengt. Die
Ausbeute an 3 betrug 2,5g (57 % d. Th.) hellgelbe Nadeln vom Schmelzpunkt 123°C bis 126°C (CgHs); Re-Wart: 0,29; C11HiaH3 0,
(219,2).

- Darstellung von {5-[Bis(2-hydroxyethyllaminol-1-methyl-benzimidazolyl-{2)}ethansduremasthylester {4)
0,7g (3mmol} von 3werden in einem Gemisch aus 10ml H,0 und 0,6 ml CH,COOH gelést und tropfenweise bei 0°C mit3ml{ca.
60mmol) Ethylenoxid versetzt. Nach Stehen Gibar Nacht bei 20°C wird mit NaHCO,-Lésung neutralisiert und mit 76ml
CH;CO0C,H; extrahiert. Nach dem Trocknen tiber Na,SO, und Abdestillisren im Vakuum verbleiben0,4g von 4{43%d.Th.)als
gelblicher Sirup, der noch nichtkristallisierte,
Re-Wert von 4: 0,41 Ci1sH21N30, {307,4).

— Darstellung von {5-[Bis(2-chlorethyl)amino]-1-methyl-benzimidazolyl-(2)}-ethansduremethylester (5)
0,92g (3mmol)}von 4 werdenin 20 m! trockenem CHCI, gelést, und 1,43g (12mmol) SOCI, werden bei ~5°C bis 0°C zugetropft.
Nach Stehen tber Nacht wird fiir eine Stunde auf 40°C erwiirmt, unter Eiskihlung mit 2ml £H;0H versetzt und im Vakuum
eingeangt. Der dligo Riickstand wird in wenig Eiswasser geldst, mit NaHCO,-Lésung schwach alkalistert, mit Ether extrahiert,
tiber Na;SO4 getrocknet und erneut im Vakuum eingeengt. Esresultierte ein gelbliches 01, das bisher noch nicht kristallisierte.
Ausbeute 0,69 an5(58%d. Th.),
R;: 0,44. C|5H|nc|zN302 (344,2),

Massenspektrum: M*m/Z
ber.: 343,3186
gef.: 343,3199

— Herstellung des Hydrochlorides van 5: .
Die Verbindung 5 wird in Ether geldst und etwa ein Aquivalent Chlorwasserstoffgas eingeleitet. Es scheidet sich ein éliges
Hydrochlorid ab, das mit Essigsiiureethylester zur Kristallisation gebracht wird.
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VERFAHREN ZUR HERSTELLUNG VdN 4-[1-METHYL-5-BIS

(Z-CHLORAETHYL)AMINOBENZ!M!DAZOLYL-_Z]-BUTTERSAEURE.

- {57) Die Erfindung betrifft ein verbessertes Verfahren zur Herstellung.von 4[-1-Methyl-5-(bis-2-
chlorathyl)-amino-benzimidazolyl-2]-butterséaure durch Reaktion von 4-[1-Methyl-5-bis-(2- .

- hydroxyathyl)-benzimidazolyl-2]-buttersdureestern mit Thionylchlorid und anschlieRender
Verseifung des Esters. Die Verbindung ist bekannt als hochwirksames Chemotherapeutikum zur
Bekampfung des Wachsturdns von Tumoren. :
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Titel der Erfindung

‘Verfahren zur Hérstellung von,d—[3;Methyl—5—bis
(2—chloréthyl)amino—benzimidazolyl—g7Lbuiterséure

Anwenduggsgebiet der Erfindung

Die’ Erfindung befrifft ein verbessertes Verfahren zur Her—
stellung von 4- —hethyl-B—(bls-Z—chlorathyl)—amlno—

benz1m1dazolyl— _—buttersaure. Die Verblndung ist bekaﬁnt:-.

als hochwirksame Cbemotherapeutlkum zur Bekampfung des:
Wachstums .von Tetioren.

Charakterisﬁik der bekannten technischen ILosung

Die Herstellung der 4-[7;Methyl-E-bié—(Z—chlorétbyl)—amino—
ben21m1dazolyl-_7;buttersaure erfolgt durch Reaktion von 4-

[T Methyl-5 ~bls—(2—hydroxyathyl)-amlno—ben21m1dazolyl—;7L

buttersaureester mit anorganischen SHurechloriden, vorzugs-—
-weise Thionylchlorid (DDR-WP 34 727). Das Verfahren liefert

sehr stark schwankende Ausbeuten, die zudem noch bei Ver-=

gréBerung der Ansétze stark abfallen. Dabei ist es zur Er- -

‘zielung der erforderlichen Reinheit des Endproduktes not-—
wendig, durch aufwendige Destillationsprozesse das iber-

schilissige Thionylchlorid zu entfefnen,'weiterhin miissen bei
der Reaktion entstandene Nebemprodukte durch eine kosten—

“und arbe1t31nten31ve ~oliromat'ographische Relnlﬂung an Alu-
m1n1um0x1d abgetrennt werden.
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.Zlel der Erflndung

ziel der Erfindung ist die HErstellung der 4-[7;Methyl-5-
bls-(2fchlorathyl)amlno—benzlmldazolyl—_]Lbuttersaure nach
einem Verfahren mit unabhﬁngin von der Ansatzgrofie reprodu—
zierbar guten fusbeuten, bei dem einerseits die .Entfernung
des liberschiissigen Chlorlerungsmlttels vereinfacht wird und
bei dem insbesondere die sehr aufwendlge chromatographlsche'
Relnlvung entfallen kann,

'Darlegungfdes Wesens der Erflndung

Es bestand die Aufgabe, elnerselts dise Ursachen der stark
sohwankenden Ausbeuten aufzudecken und zu beseltlgen und
auflerdem die Aufarbeitung des Reaktlonsgemlsches 50 zZu ver-
andern, daf die Entfernung-des libersohiissigen Thionylchlo-
rides und der Nebenprodukte vereinfacht wurde um die kosten-—
intensive ohromatographlsohe Reinigung .zu ellmlnleren. Durch
eingehende Untersuchung des Verfahrens nach dem Stand der
Technik wurde Uberraschenderweise gefunden, daB die Reak-

tion nach der angegebenen Reaktionszeit nur sehr unvollstan~

dig war und 1m Reaktionsgemisch zu diesem Zeltpunkt nur Spu-
" ren der Bls—ohlorathylvorblndung neben. etwa ‘gleichen Antei-
len Mono-chlorathylverblnduna und Ausgangsprodukt - durch
.DunnsohlohtchrongtOﬂraphle ermittelt ~ enthalten waren.

Ein Fortschreiten der Reaktion erfolgte beim Abdestillieren
. des Ldsungsmittels, wobei je nach den Destillationsbedingun—
' gen die Reaktion manchmal zum richtigen Endpunkt gefihrt . '
wurde, hiufig aber noch unvollstédndig war bzw. aber auch
durch zu lange. Reaktionszeit ein erhdhter Anteil an Neben—

. produkten geblldet wurde, Nur duroh.Veranderunv der Reak— -
tionszeiten konnte. eine Ldsung des Problems nicht erreioht
werden, da mit stdchiometrischen Mengen an Thlonylchlor;d
die Reaktion keinen ausreichenden Umsafz'eigab und ein Uber-

schul an Thionylchlorid.beim Abdestillieren unkontrolliert -

die Bildung von Nebenprodukten verursachte. Uberraschender—
weise konnten alle_gescbildertep Probleme dadurch geltst.
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) werdén, daB man zum Abbruch der'Reaktion.das Gemisch in wiss
rige Salzssure .einriihrte, Dabei wurde einefseits in nioht
exothermer Reaktion das Uberschlissige Thionylohlorid zer—
~setzt und gleichzeitig das Reaktionsprodukt in der wdssrigen
‘Salzsiure gelost, Da so ein genau definierter Abbruch der

© Reaktion erreicht wurde, konnte unter diinnschichtohromato-
graphischer Kontrolle die Reaktion mit dem Thionylohlorid '
bis zum vollstindigen Umsatz geflibrt werden. Wie sich zeigte
ist naoh definierten Zeiten.dér Hauptreaktion eine Mindest—
naphreaktionszeit von 10 Stunden erforderlich und 30 Stun—
den sollten nicht: iberschritten werden. Besonders vorteil-
haft sind 16 Stunden. Bei der sich anschliefenden Versei-.
fung der Estergruppe werden gleichzeitig das Lﬁsuhgsmittel .
der Chlorierungsreaktion abdestilliert und Verunreinigungen
. in unldslicher Form abgeschieden;'Die weitere Vérarbeltung
der salzsauren Losung kann dann auf bekannte Weise erfolgem

. Das folgende Beispiel zelgt die bevorzugte Ausfuhrungsform
der Erfindung. '

.~Ausfuhrungsbe1sp1el

4,305 kg 4—[3¥Methyl— —b13—(2—hydroxyathyl)-amlno—ben21—
mldazolyl—buttersaureatbylester ‘(oder die entspreohenden
 Mengen Methyl-, Propyl oder Butylester) werden in 36 1
'Chloroform geldst. Naoh Abkiihlen auf 0 °C werden 2 »175 kg
Thlonylchlorld innerhaldb 40 Min zugegeben, wobei man die.
Temperatur durch Kiihlung bei O....+5 °C h#lt. Man ribrt 4
Stunde bei gleicher Temperatur nach, 1#8%t .innerhalb 2,5
bis 3'Stunden auf Raumtemperatur ansteigen und 188t an-
schlisflend 15 bis 16 Stunden bei‘Raumtemperétgr stehen,
Die Losung wird unter gutém Riilhren in 37,5 1 xonz, Salzssu-
.re dispergiert, wobei unter starker HC1- und SOz—entWiokr

. lung das ilberschilissige Thionylohlorid zersetazt wird. An-
sochlieBend wird das Chloroform abdestllllert und anschlie- -
Bend noch 3 Stunden bei ca., 95 °C geruhrt Naoh Zugabe von
0,78 kg Aktivkohle wird weitere BQ Min bei 95 °C geriihrt,
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