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Description

[0001] The present invention relates to oral dosage forms comprising bendamustine or a pharmaceutically acceptable
ester, salt or solvate thereof.

BACKGROUND OF THE INVENTION.

[0002] Bendamustine (4-[5-[bis(2-chloroethyl)amino]-1-methylbenzimidazo-2-yl]butanoic acid, a nitrogen mustard) is
an alkylating agent with bifunctional alkylating activity. It corresponds to the following formula (I): 

Bendamustine appears to be free of any cross-resistance with other alkylating agents, which offers advantages in terms
of chemotherapy for patients who have already received treatment with an alkylating agent.
[0003] Bendamustine was initially synthesized in the German Democratic Republic (GDR). The hydrochloric acid of
bendamustine was the active ingredient in a commercial product available from 1971 to 1992 under the trade name
Cytostasan®. Since that time, it has been marketed in Germany under the trade name Ribomustin® and has been widely
used to treat chronic lymphocytic leukemia, non-Hodgkin’s lymphoma and multiple myeloma.
[0004] The marketed product contains a lyophilized powder of bendamustine hydrochloride which is reconstituted with
water for injection yielding a concentrate. This is subsequently diluted with an aqueous solution of 0.9% sodium chloride
resulting in the final solution for infusion. This final solution is administered to the patient by intravenous infusion over a
period of about 30 to 60 minutes.
[0005] Hydrolysis of the bis-2-chloroethylamino-group of bendamustine in water leads to reduction in potency and to
impurity formation (B. Maas et al. (1994) in Pharmazie 49: 775-777). Hence administration, usually in a hospital or at
least under medical supervision, must occur immediately after reconstitution of the lyophilized powder. Furthermore,
reconstitution has been reported to be difficult. It may require more than 30 minutes. Further, it is burdensome and time-
consuming for the healthcare professionals responsible for reconstituting the product in the 2 step process.
[0006] Preiss et al, (1985) in Pharmazie 40:782-784 compared the pharmacokinetics of bendamustine hydrochloride
in plasma in 7 patients after intravenous and oral administration respectively in a dose ranging between 4.2 - 5.5 mg/
kg. The intravenous infusion prepared from the commercially available Cytostasen® product was given over 3 minutes,
whereas oral medication in an equivalent dose was taken in the form of capsules, containing 25 mg of bendamustine
hydrochloride. The number of capsules to be taken by the patients varied from 10-14, referring to absolute oral doses
of 250-350 mg. After oral administration maximal plasma levels were detectable within 1 hour. The mean oral bioavail-
ability was calculated to be 57%, ranging from 25% to 94% indicating a large inter-individual variability (%CV = 44%).
[0007] Weber (1991) (Pharmazie 46(8): 589-591) investigated the bioavailability of bendamustine hydrochloride in
B6D2F1-mice and found that the absorption of the drug from the gastro-intestinal tract is incomplete resulting in a
bioavailability of about 40% only.
[0008] US 2006/0128777 A1 describes methods for treating cancers, characterised by death-resistant cells and ben-
damustine-containing compositions in general. Amongst these compositions are oral dosage forms, which are capsules,
tablets, pills, powders or granules, wherein the active compound may be admixed with at least one inert excipient, such
as sucrose, lactose or starch. However, specific compositions were not exemplified.
[0009] Bendamustine hydrochloride is only sparingly soluble in water at a pH of 2.0 and is slightly or very slightly
soluble in a range of organic solvents. A good solubility has been observed however in ethanol and methanol. Therefore
it is not surprising that the oral bendamustine compositions, as investigated by Preiss et al. and Weber gave rise to
relatively poor bioavailability results and a large inter-individual variability.
[0010] In view of the stability problems with the intravenous marketed formulation, once reconstituted with water, and
in order to improve the patient compliance there has been a  long-felt need for a stable dosage-fonm comprising bend-
amustine which is easy to administer to the patient and which provides good bioavailability without large inter- and intra-
individual variability.



EP 2 367 542 B1

3

5

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0011] In order to solve the above problems the present inventors have carried out detailed investigations. They finally
succeeded in obtaining the stable pharmaceutical compositions according to the invention. These compositions are
suitable for oral administration and comprise bendamustine or a pharmaceutically acceptable ester, salt or solvate thereof
as an active ingredient, and at least one pharmaceutically acceptable excipient, which compositions apart from having
a good stability also have an improved dissolution profile.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 shows the mean plasma concentration vs. time curve obtained after administering bendamustine hydrochloride
in the form of the prior art capsule (reference example 1) and the liquid filled hard capsule formulation of Example
2 to dogs. It is apparent from Fig. 1 that the liquid filled hard capsule formulation provides for a higher maximum
concentration of bendamustine, as compared with the prior art reference capsule formulation.
Fig. 2 shows the mean plasma vs. time profile obtained after administering bendamustine hydrochloride in the form
of the intravenous preparation, as marketed in Germany under the trademark Ribomustin®, and the liquid filled hard
capsule formulation of example 2 to patients with cancer.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention relates to a pharmaceutical composition for oral administration, the composition com-
prising bendamustine or a pharmaceutically acceptable, ester, salt or solvate thereof as an active ingredient, and a
pharmaceutically acceptable excipient, which is a non-ionic  surfactant, selected from the group consisting of macrogol
glycerol hydroxystearate, polyoxyl- 35- castor oil and ethylene oxide/propylene oxide block copolymer (Pluronic® L44
NF or Poloxamer® 124).
[0014] An embodiment is a pharmaceutical composition, comprising bendamustine or a pharmaceutically acceptable
ester, salt or solvate thereof and a pharmaceutically acceptable excipient, which is a non-ionic surfactant, selected from
the group consisting of macrogol glycerol hydroxystearate, polyoxyl- 35- castor oil and ethylene oxide/propylene oxide
block copolymer (Pluronic® L44 NF or Poloxamer® 124) wherein the composition is suitable for oral administration by
including it into a hard gelatine capsule.
[0015] A further embodiment is a pharmaceutical composition for oral administration in a solid dosage-form, which is
a hard gelatine capsule, the composition comprising bendamustine or a pharmaceutically acceptable ester, salt or solvate
thereof and a pharmaceutically acceptable excipient, selected from the group consisting of macrogol glycerol hydroxy-
stearate, polyoxyl- 35- castor oil and ethylene oxide/propylene oxide block copolymer (Pluronic® L44 NF or Poloxamer®
124), wherein the use of the specific non-ionic surfactant leads to a dissolution profile of at least 60 % bendamustine
dissolved after 20 minutes, 70 % dissolved after 40 minutes and 80% dissolved after 60 minutes, as measured with a
paddle apparatus at 50 rpm according to the European Pharmacopoeia in 500 ml of a dissolution medium at a pH of
1.5 and preferably it results in a dissolution of at least 60 % bendamustine dissolved after 10 minutes, 70 % after 20
minutes and 80 % after 30 minutes.
[0016] A preferred embodiment is a pharmaceutical composition for oral administration in a solid dosage-form, which
is a hard gelatine capsules, the composition comprising bendamustine hydrochloride and a pharmaceutically acceptable
excipient, which is macrogol glycerol hydroxystearate, wherein the use of the specific non-ionic surfactant results in a
dissolution of at least 60 % bendamustine dissolved after 10 minutes, 70 % after 20 minutes and 80 % after 30 minutes,
as measured with a paddle apparatus at 50 rpm according to the European Pharmacopoeia in 500 ml of a dissolution
medium at a pH of 1.5.
[0017] The present invention is based on the surprising finding that stable compositions of bendamustine having a
specific and desirable dissolution profile can be obtained by incorporating into the pharmaceutical composition certain
non-ionic surfactants. It has been found that if a pharmaceutically acceptable non-ionic surfactant, selected from the
group  consisting of macrogol glycerol hydroxystearate, polyoxyl- 35- castor oil and ethylene oxide/propylene oxide block
copolymer (Pluronic® L44 NF or Poloxamer® 124) is used as an excipient in a pharmaceutical composition comprising
bendamustine or a pharmaceutically acceptable ester, a salt or a solvate thereof as an active ingredient, a particularly
favourable profile of the composition with respect to stability and degradation products, dissolution, bioavailability and
a reduced variability in bioavailability is achieved. The incorporation of the above-mentioned non-ionic surfactants in
bendamustine-containing compositions results in a dissolution profile of at least 60 % bendamustine dissolved after 20
minutes, 70 % dissolved after 40 minutes and 80 % dissolved after 60 minutes, as measured with a paddle apparatus
at 50 rpm according to the European Pharmacopoeia in 500 ml of a dissolution medium at a pH of 1.5 and preferably it
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results in a dissolution of at least 60 % bendamustine dissolved after 10 minutes, 70 % after 20 minutes and 80 % after
30 minutes.
[0018] Below further details of the invention are presented.
[0019] The expression "pharmaceutically acceptable ester thereof" describes any pharmaceutically acceptable ester
of bendamustine, such as esters with alkyl alcohols and sugar alcohol. Examples of the alkyl alcohols are C1-6-alkyl
alcohols such as methanol, ethanol, propanol, isopropanol, butanol and tert-butanol, Examples of the sugar alcohols
are mannitol, maltitol, sorbitol, erythritol, glycol, glycerol, arabitol, xylitol and lactitol. Preferred examples of the benda-
mustine esters are the ethyl ester, the isopropyl ester, the mannitol ester and the sorbitol ester, most preferred is the
ethylester thereof.
[0020] The expression "pharmaceutically acceptable salt thereof" describes any pharmaceutically acceptable salt of
bendamustine that administered to a patient (directly or indirectly) provides bendamustine. This term further comprises
the pharmaceutically acceptable salt of a bendamustine ester. Nevertheless, it will be considered that the pharmaceu-
tically non-acceptable salts also are included within the limits of this invention since these compounds can be useful in
the preparation of pharmaceutically acceptable salts. For example, pharmaceutically acceptable salts ofbendamustine
are synthesized from the corresponding compound that contains an acid or basic group, by conventional chemical
methods. Generally, these salts are, for example, prepared by means of the reaction of free acidic or basic forms of
these compounds in a stoichiometric amount with a corresponding  base or acid in water or an organic solvent or a
mixture of both. Nonaqueous media like ether, ethyl acetate, isopropanol or acetonitrile are generally preferred. Examples
of acids which may be used for the salt formation of pharmaceutically acceptable salts of bendamustine include inorganic
acids such as hydrochloride, hydrobromide, hydriodide, sulphuric, nitric, and phosphoric acids, and organic acids such
as acetic, maleic, fumaric, citric, oxalic, succinic, tartaric, malic, lactic, methylsulphonic and p-toluenesulphonic acids.
Pharmaceutically acceptable salts ofbendamustine may be derived from either inorganic or organic bases to yield am-
monium salts; alkali metal salts (lithium, sodium, potassium, etc.), alkaline earth salts like calcium or magnesium, alu-
minium salts, lower alkylamine salts like methylamine or ethylamine salts, lower alkyldiamine salts like ethylenediamine
salts, ethanolamine, N,N-dialkyleneethanolamine, triethanolamine, and glucamine salts, as well as basic salts of amino
acids. Especially preferred are acid salts prepared from the hydrochloride, the hydrobromide, and the hydroiodide,
whereas the hydrochloride salt is the most preferred pharmaceutically acceptable salt of bendamustine. The pharma-
ceutically acceptable salts are produced by conventional techniques well-known in the art.
[0021] The expression "pharmaceutically acceptable solvate thereof" describes any pharmaceutically acceptable sol-
vate that, administered to a patient (directly or indirectly) provides bendamustine. This term Further comprises the
pharmaceutically acceptable solvate of a bendamustine ester. Preferably, the solvate is a hydrate, a solvate with an
alcohol such as methanol, ethanol, propanol, or isopropanol, a solvate with an ester such as ethyl acetate, a solvate
with an ether such as methyl ether, ethyl ether or THF (tetrahydrofuran) or a solvate with DMF (dimethylformamide), of
which a hydrate or a solvate with an alcohol such as ethanol is more preferred. A solvent for constituting the solvate is
preferably a pharmaceutically acceptable solvent.
[0022] It is especially preferred that the active ingredient in the invention’s compositions is bendamustine or a phar-
maceutically acceptable, salt thereof. It is most preferred that the active ingredient is bendamustine hydrochloride.
[0023] The dose of the active ingredient in the pharmaceutical composition may readily be determined by the skilled
artisan depending on the patient’s condition, sex, body weight, body surface area, or age, especially depending on the
patient’s body weight and body surface area. It is preferred that the daily dosage ranges from about 50 to about 1000
mg, preferably from about 100 to about 500 mg of the active ingredient. The daily dosage may be taken as a  single
dose or as multiple doses such as twice or three-times daily, most preferably as a single daily dose. The daily dose may
be taken once a week or several times a week. The dosage form may contain the amount of a single daily dose or parts
thereof. It is preferred that the dosage form of the present invention comprises about 10 to about 1000 mg, preferably
about 25 to about 600 mg, more preferably about 50 to about 200 mg and most preferably about 100 mg of the active
ingredient.
[0024] As used herein, the term "non-ionic surfactant" refers to an amphiphilic compound having a polar, hydrophilic
group and a non-polar, lipophilic group or chain and wherein the hydrophilic and lipophylic properties of the compound
are characterised by the so-called Hydrophilic-Lipophilic Balance (HLB) value. The non-ionic surfactant to be used for
preparing the compositions of the present invention preferably has an HLB-value between 10 and 20 and preferably
between 12 and 18. The non-ionic surfactant further has a melting point, pour point or melting range between 5°C and
body temperature (37°C) and preferably between just below room temperature (20°C) and body temperature. The
material can be in a liquid or a semi-solid state at room temperature. The amphiphilic material is a carrier for the
bendamustine active ingredient, which can be present in a dissolved form, a suspended form or partly in a dissolved
and partly in a suspended form.
[0025] The non-ionic surfactants that are advantageously used for the preparation of the compositions according to
the present invention are selected form the group consisting of a polyethoxylated castor oil or derivative thereof and a
block copolymer of ethylene oxide/propylene oxide, provided the materials have the afore-mentioned HLB-value and
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melting point, pour point or melting range.
[0026] In one embodiment, the non-ionic surfactant is a polyethoxylated castor oil. One example of a polyethoxylated
castor oil is sold under the tradename Cremophor®. Cremophor® products of various purities and viscosities are produced
and may be used in the present invention. Macrogol glycerol hydroxystearate (Cremophor® RH 40) and polyoxyl-35-
castor oil (Cremophor® EL or Cremophor® ELP) are used. Cremophor® ELP and Cremophor® EL are known as nonionic
solubilizers and emulsifiers, produced by reacting castor oil with ethylene oxide in a molar ratio of 1 to 35. They have
an HLB-value of 12-14 and a melting point of 26°C. Depending on the ambient temperature these products can be
characterised as either semi-solid or as a medium viscosity liquid. Macrogol glycerol hydroxystearate (commercially
available as Cremophor® RH 40) is a semi-solid material at  25°C, having a viscosity range at the same temperature
of 20-40 cps (as a 30% aqueous solution). It is known as a nonionic solubiliser and emulsifier. It is produced by reacting
castor oil with ethylene oxide in a molar ratio of 1 to 45. Its HLB-value ranges from 14-16 and the melting range is from
20-28°C. In experiments it was shown that macrogol glycerol hydroxystearate can advantageously be used on its own
for the preparation of compositions according to the present invention.
[0027] Pluronic® block copolymers consist of ethylene oxide and propylene oxide blocks. The ethylene oxide units
have a hydrophilic character whereas the propylene oxide units have a lipophilic character Variations in the number of
hydrophilic ethylene oxide units and lipophilic propylene oxide units results in copolymers with a different molecular
mass and different hydrophilic-lipophilic-balance (HLB). Examples of block copolymers of propylene oxide ("PEO")-poly-
propylene oxide ("PPO") meeting the requirements of the HLB-value and the melting point or pour point or melting range
for making the compositions according to the present invention include the commercially available types Pluronic® L35,
Pluronic® L 44, Pluronic® L64, Pluronic® P85 and Pluronic® P105. Pluronic® L44 or Poloxamer® 124, but not Pluronic®
68 or Poloxamer® 188 and Pluronic® 127 or Poloxamer® 407. Pluronic® L44 is a preferred non-ionic surfactant.
[0028] Except for macrogol glycerol hydroxystearate the above-mentioned non-ionic surfactants are all liquids having
a viscosity value which may be too low to avoid sedimentation of the bendamustine hydrochloride. The additional problem
to be solved was to find an excipient or a combination of excipients that would allow for a total value for the viscosity of
the mixture that would be high enough to avoid segregation of the bendamustine chloride when added to the mixture.
[0029] Therefore the compositions according to the present invention, that contain a liquid non-ionic surfactant, ad-
vantageously further contain a viscosity improving agent. Suitable viscosity-improving agents include a powder such as
colloidal silicon dioxide (commercially available under the trademark Aerosil®) or a semi-solid waxy material, such as
lauroyl macrogol glycerides (commercially available under the trademark Gelucire® 44/14). The amount of the powder
or the semi-solid material to be added to the liquid non-ionic surfactant depends on the viscosity of the liquid non-ionic
surfactant. Different concentrations have been tested in order to find the minimum suitable amount of viscosity improving
agent to be added to visually avoid sedimentation of the active ingredient. Typical relative concentrations  of colloidal
silicon dioxide to be added range from about 1% to about 8%, but are preferably as low as 1.7% or 2.0% in order not to
have a negative impact on the dissolution characteristics of the active ingredient Typical relative concentrations of lauroyl
macrogol glycerides range from 5 to 50%, and are preferably about 10% and about 45%.
[0030] Preferred compositions according to the present invention, are disclosed in example 4 and comprise benda-
mustine hydrochloride in combination with:

- macrogol glycerol hydroxystearate;
- ethylene oxide/propylene oxide block copolymer (Pluronic® L44 NF or Poloxamer® 124), optionally in combination

with colloidal silicon dioxide or lauroyl macrogol glycerides (Gelucire® 44/14) and
- polyoxyl- 35- castor oil, optionally in combination with lauroyl macrogol glycerides (Gelucire® 44/14).

[0031] Further, the compositions of the present invention can include additional excipients, in particular protective
agents, such as anti-oxidants and antimicrobial preservative, e.g. methyl-, ethyl- and propylparaben, as illustrated in
examples 1-3. The antioxidant may be d-alpha tocopherol acetate, dl-alpha tocopherol, ascorbyl palmitate, butylated
hydroxyanidole, ascorbic acid, butylated hydroxyanisole, butylatedhydroxyquinone, butylhydroxyanisol, hydroxycou-
marin, butylated hydroxytoluene, ethyl gallate, propyl gallate, octyl gallate, lauryl gallate, or mixtures thereof. The anti-
oxidant is preferably added to compositions containing macrogol glycerol hydroxystearate or polyoxyl- 35- castor oil.
[0032] The pharmaceutical compositions according to the present invention are advantageously filled into a capsule,
which can then easily be taken by the patient.
[0033] Two types of capsule are commonly used and are classified according to the nature and flexibility of the capsule
shell: soft and hard capsules.
[0034] Soft capsules are single unit solid dosage forms comprising a liquid or semi-solid fill. They are formed, filled
and sealed in one operation using a rotary die process. They have been used as unit dose containers for liquids for
many years, whereas hard capsules have conventionally been used for the delivery of solids in the form of powders,
granulates and pellets. Hard capsules are single unit dosage forms, consisting of a cap and a body, which are manu-
factured separately and which are supplied empty for filling.
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[0035] Soft capsules are most commonly manufactured from gelatine, to which a plasticiser, usually glycerine or
sorbitol, is added in addition to water. Also for hard capsules the most  commonly used polymer is gelatine. An additional
component is water, which acts as a plasticiser. This component however maybe responsible for degradation of active
ingredients, such as bendamustine hydrochloride. Therefore as an alternative hard capsules maybe manufactured from
hydroxypropylmethyl cellulose.
Both son and hard capsules in addition can include colouring agents and opacifiers.
[0036] The preferred type of capsule for the compositions according to the present invention is the hard capsule and
more in particular the hard gelatine capsule.
Ideally, the materials to be filled into the capsule are fluid at room temperature, which would avoid heating during the
filting operation. Generally, heating could result in an easy degradation of the active component.
[0037] In principle numerous excipients are available for filling into hard capsules, but in addition to biopharmaceutical
considerations, the chemical and physical stability of the final dosage-form are also important to consider, as well as
the dissolution profile to produce a safe, effective and stable dosage-form.
[0038] Generally, fill formulations for hard capsules may be Newtonian liquids, such as oils, thixotropic or shear thinning
gels or semi-solid matrix products that are filled at elevated temperature and in which the active ingredient is either
dissolved or suspended as a fine dispersion. In principle any excipient or mixture of excipients can be used provided
that the viscosity of the fill material confirms to the requirements of the filling prooess. The uniformity of capsule fill
weights is important. Further fill formulations should not show stringing and should allow for a clean break from the
dosing nozzle.
[0039] It has surprisingly been found that the compositions according to the present invention can be advantageously
administered in hard gelatine capsules. The particular non-ionic surfactants, selected from the group consisting of or
macrogol glycerol hydroxystearate, polyoxyl-35-castor oil and Pluronic® L44 or Poloxamer® 124, if incorporating ben-
damustine or a pharmaceutically acceptable, ester, salt, or solvate thereof, and after incorporation into hard gelatine
capsules result in achieving a good stability, a good dissolution profile and a good bioavailability. To the contrary, if
macrogol glycerol hydroxystearate is used in combination with a liquid material, such as bis-diglyceryl polyacyladipate-
1 (commercially available as Softisan® 645) and ethylene oxide/propylene oxide block copolymer (commercially available
under the  names Pluronic® L44 NF or Poloxamer 124), the dissolution profile of bendamustine is deteriorated as
compared to compositions containing macrogol glycerol hydroxystearate only. Further it is to be noted that Cremophor®
A 25 (ceteareth-25 or macrogol (25) cetostearyl ether) and Cremophor® A 6 (ceteareth-6 and stearylalcohol or macrogol
(6) cetostearyl ether) cannot be used as the non-ionic surfactant. Also other commonly used excipients for the preparation
of liquid filled capsule preparations were shown to provide no satisfactory results.
[0040] The stability of an aqueous solution of bendamustine is strongly influenced by the pH. A significant hydrolytic
decomposition of this compound is observed at pH values higher than about 5. At pH > 5, the decomposition proceeds
rapidly and the resulting content of by-products is high in this pH range. The main hydrolysis products are 4-[5-[(2-
Chloroethyl)-(2-hydroxyethyl)amino]-1-methyl-benzimidazo-2-yl]-butanoic acid (HP1), 4-[5-[Bis(2-hydroxyethyl)amino]-
1-methyl-benzimidazo-2-yl]-butanoic acid (HP2) and 4-(5-Morpholino-1-methylbenzimidazol-2-yl)-butanoic acid (HP3):
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[0041] Absorption of an orally administered drug usually happens from the stomach, the small intestine and/or the
large intestine. The pH in the stomach is about I to 3.5, in the small intestine about 6.5 to 7.6, and in the large intestine
about 7.5 to 8.0. Accordingly, for a compound like bendamustine which is prone to degradation in aqueous environments
with a pH higher than 5, it is highly preferable that it is absorbed in the stomach, and does not pass through to the small
or even the large intestine, in order to avoid decomposition. Hence there is a need for a pharmaceutical composition
from which the bendamustine is absorbed completely or at least to a high extent in the stomach, thereby avoiding or
reducing the degradation of the bendamustine in the small or large intestine.
[0042] It has surprisingly been found that it is possible to solve this problem by using the present pharmaceutical
compositions. These compositions comprising bendamustine hydrochloride in a pharmaceutically acceptable excipient,
which is a non-ionic surfactant, selected from the group consisting of macrogol glycerol hydroxystearate, polyoxyl- 35-
castor oil and ethylene oxide/propylene oxide block copolymer (Pluronic ’L44 NF or Poloxamer’ 124) surprisingly show
a fast dissolution, and in particular a dissolution of the bendamustine of at least 60 % in 20 minutes, 70% in 40 minutes
and 80 % in 60 minutes, and preferably of at least 60 % in 10 minutes, 70% in 20 minutes and 80 % in 30 minutes, as
measured with a paddle apparatus at 50 rpm according to the European Pharmacopocia in an artificial gastric fluid. The
artificial gastric fluid as used herein refers to a solution prepared by dissolving 2 g of sodium chloride in 1000 ml of water
and then adjusting the pH to 1.5 6 0.05 with 5 N hydrochloric acid.
[0043] Further they have shown to be stable, when put in accelerated stability testing.
This is surprising since it has been shown that:

- in a reference capsule formulation (see reference example 1) containing bendamustine hydrochloride only in a hard
gelatin capsule, when stored at 40°C/75% RH (glass vial open) and 50°C, degradation products were formed within
one month of storage. In the case of open vials with 40°C and 75 % RH (relative humidity) the amount of hydrolysis
product HP1 was increased by a factor of 4 after one month of storage. For the closed vials the HP1 content is even
higher.

- in the capsule formulations of reference examples 2, 3 and 4, when stored at 40°C/75% RH (closed glass vial),
degradation products were formed within one month of storage and increased upon further storage.

[0044] The total time of a drug to pass the stomach to the small intestine is between about 20 minutes to 5 hours,
usually between about 30 minutes to 3 hours. Thus pharmaceutical compositions according to this invention advanta-
geously should reduce the degradation of bendamustine in the patient since the bendamustine is released and dissolved
to a major extent while in the stomach. Thus even an improved bioavailability of the bendamustine containing compositions
according to the invention may be expected.
[0045] In a further aspect of this invention the oral pharmaceutical compositions may be used for the treatment or
prevention of relapse of a medical condition in a human or animal, preferably a human, which medical condition is
selected from chronic lymphocytic leukemia (abbreviated as CLL), acute lymphocytic leukaemia (abbreviated as ALL),
chronic myelocytic leukaemia (abbreviated as CML), acute myelocytic leukaemiam (abbreviated as AML), Hodgkin’s
disease, non-Hodgkin’s lymphoma (abbreviated as NHL), multiple myeloma, breast cancer, ovarian cancer, small cell
lung cancer, non-small cell lung cancer, and an autoimmune disease.
[0046] The present invention also comprises a method of treatment or prevention of relapse of a medical condition
selected from chronic lymphocytic leukemia, acute lymphocytic leukaemia, chronic myelocytic leukaemia acute myelo-
cytic leukaemia, Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple myeloma, breast cancer, ovarian cancer, small
cell lung cancer, non-small cell lung cancer, and an autoimmune disease, in a human or animal body comprising ad-
ministering to the human or animal body in need thereof an effective amount of the pharmaceutical preparation of this
invention. Preferably the medical condition is non-Hodgkin’s lymphoma.
[0047] In another aspect the of this invention the pharmaceutical composition may be administered in combination
with at least one further active agent, wherein said further active agent is given prior, concurrently, or subsequently to
the administration of the pharmaceutical composition. This at least one further active agent is preferably an antibody
specific for CD20  (an examples is rituximab or of atumumab), an anthracyclin derivative (an example is doxorubicin or
daunorubicin), a vinca alkaloid (an example is vincristine), a platin derivative (an example is cisplatin or carboplatin),
daporinad (FK866), YMI55, thalidomide and analogues thereof (an example is lenalidomide), or a proteasome inhibitor
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(an example is bortezumib).
[0048] The pharmaceutical composition of this invention may also be administered in combination with at least one
corticosteroid, wherein said corticosteroid is given prior, concurrently, or subsequently to the administration of the phar-
maceutical composition. Examples of the corticosteroids are prednisone, prednisolone and dexamethasone.
[0049] The advantage of the compositions according to the present invention further is, that the active ingredient(s),
optionally in admixture with one or more excipients, do not need to be provided with a coating in order to further mask
the taste of such ingredient and/or to protect the same against possible harmful effects by light and/or moisture such as
oxidation, degradation, or to prevent that the subject may experience damage of the oral mucosa, due to the interaction
with the active ingredient.
[0050] The following examples further illustrate the invention.

EXAMPLES

1. CAPSULE FORMULATIONS

Reference example 1: bendamustine capsule formulation (prior art)

[0051] 20.0 6 1 mg of bendamustine hydrochloride were weighed into the body of an empty hard gelatine capsule,
and put into a clear glass HPLC vial (6 ml) of Agilent. Capsules were closed by placing the cap on top of the body and
slight pushing.
[0052] Capsules were stored at 40°C/75% RH (glass vial open) or 50°C (glass vial closed). The amount of bendamustine
hydrochloride and of related substances was measured with HPLC (column: Zorbax Bonus-RP, 5 mm; temperature of
column oven: 30°C; temperature of autosampler: 5 °C; detector: 254 nm). The results are shown in Table 1:

Reference Example 2

[0053]

Table 1: Related substances and assay of bendamustine HCl (residual content) in bendamustine capsules

Storage condition Related substances T = 0 T = 1 month BendamustineHCl [% area]

T = 0 T = 1 month

40°C/75% RH 
(open vial)

HP1 0.10 0.45 99.64 98.83
NP1*1 0.02 0.02

BM1 Dimer*1 0.06 0.42
BM1EE*1 0.13 0.11
HP2 n.d.*2 n.d.
HP3 n.d. n.d.

50°C (closed vial) HP1 0.10 1.46 99.64 97.51
NP1 0.02 0.02
BM1Dimer 0.06 0.24
BM1EE 0.13 0.12

HP2 n.d. n.d.
HP3 n.d n.d.

*1: NP1: 4-[6-(2-Chloroethyl)-3,6,7,8-tetra-hydro-3-methyl-imidazo[4,5-h]-[1,4]benzothiazin-2-yl] butanoic acid
BM1Dimer. 4-{5-[N-(2-Chloroethyl)-N-(2-{4-[5-bis(2-chloroethyl)amino-1-methylbenzimidazol-2-yl]butanoyloxy}
ethyl)amino]-1-methylbenzimidazol-2-yl}butanoic acid
BM1EE: 4-[5-[Bis(2-chlomethyl)amino]-1-methyl-benzimidazo-yl] butanoic ethyl ester
*2: n.d.: not detectable, i.e. beyond detection limit (area percentage less than 0.05%)

Table 2a: Bendamustine powder mixture for capsules

Component mg/dosage-form Relative Content %

bendamustine hydrochloride 55.1 21.09
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[0054] For a batch size of 1000 capsules all excipients except for colloidal silicon dioxide and stearic acid were loaded
into a Somakon vessel (5 L). Bendamustine was added and blending was conducted for 4 minutes at 1000 rpm (wiper
10 rpm). The resulting blend was sieved through a 0.5 mm sieve. The vessel was reloaded with the blend and colloidal
silicon dioxide was added. Blending was conducted for 2 minutes at the afore-mentioned conditions. Thereafter stearic
acid was added and blending was continued for I minute. The blend was subsequently sieved through a 0.5 mm sieve,
reloaded into the vessel and blended for another 30 seconds, all at the same conditions.
The blend was transferred to a capsule filling machine (Zanassi AZ 5) and filled into hard gelatine capsules (size 2)
(mean mass: 259.5 mg (begin) - 255.3 mg (end)) and hypromellose capsules (size 2) (mean mass: 255.8 (begin) - 253.4
mg (end)) respectively. Capsules were stored at 40°C/75% RH in a closed gloss vial. The amount of bendamustine
hydrochloride as well as of related substances, like degradation products, by-products of synthesis were measured with
HPLC (column: Zorbax Bonus-RP, 5 mm; temperature of column oven: 30°C; temperature of autosampler. 5 °C; detector
254 nm). The results are shown in Table 2b (filled in hypromellose capsules) and 2c (filled in gelatine capsules).

(continued)

Table 2a: Bendamustine powder mixture for capsules

Component mg/dosage-form Relative Content %

Mannitol 141.4 54.11

Microcrystalline cellulose (Avicel® PH101) 25.0 9.57

Crosscarmellose sodium (Ac-Di-Sol®) 12.5 4.78

Colloidal silicon dioxide (Aerosil® 200) 1.0 0.38

Talc 18.8 7.19

Stearic acid 7.5 2.87

Sum 261.3 100

Table 2b: Bendamustine powder mixture in hypromellose capsules: Related substances and assay of 
bendamustine BCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75% RH 
(closed vials)

HP1 0.18 0.87 99.49 97.92
HP2 n.d. 0.38
HP3 n.d. 0.08
NP1 n.d. n.d.
BM1Dimer 0.09 0.14
BM1EE 0.16 0.14

Unid RRT 0.65*3 n.d. 0.05
Unid RRT 0.68 n.d. 0.06
Unid RRT 0.70 n.d. 0.19
Unid RRT 0.77 n.d. 0.05
Unid RRT 0.93 n.d. 0.05
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Reference Example 3

[0055]

[0056] For 1000 capsules all excipients except for colloidal silicon dioxide and stearic acid were loaded into a Somakon
vessel (5 L). Bendamustine was added and blending was conducted for 4 minutes at 1000 rpm (wiper 10 rpm). The
resulting blend was sieved through a 0.5 mm sieve. The vessel was reloaded with the blend and colloidal silicon dioxide
was added. Blending was conducted for 2 minutes at the afore-mentioned conditions. Thereafter stearic acid was added
and blending was continued for I minute. The blend was subsequently sieved through a 0.5 mm sieve, reloaded into the
vessel and blended for another 30 seconds, all at the same conditions.
The blend was transferred to a capsule filling machine (Zanassi AZ 5) and filled into hard gelatine capsules (size 2)
(mean mass: 257.9 mg (begin) - 255.2 mg (end)) and hypromellose capsules (size 2) (mean mass: 261.1 (begin) - 257.8
mg (end)) respectively.
Capsules were stored at 40°C/75% RH in a closed glass vial. The amount of bendamustine hydrochloride and of related
substances was measured with HPLC, as described above. The results are shown in Table 3b (filled in hypromellose
capsules) and 3c (filled in gelatine capsules).

(continued)

Table 2c: Bendamustine powder mixture in gelatine capsules: Related substances and assay of bendamustine 
HCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75% RH 
(closed vials)

HP1 0.25 1.25 99.30 97.79
HP2 n.d. 0.11
HP3 n.d. <0.05
NP1 n.d. n.d.
BM1Dimer 0.14 0.14

BM1EE 0.16 0.14
Unid RRT 0.65 n.d. 0.05
Unid RRT 0.68 0.07 0.05
Unid RRT 0.70 n.d. 0.30
Unid RRT 0.77 n.d. n.d
Unid RRT 0.93 n.d. n.d

*3: Unidentified compound peak at relative retention time of 0.65 as compared to main peak

Table 3a: Bendamustine powder mixture for capsules

Component mg/dosage-form Relative Content%

bendamustine hydrochloride 55.1 21.09

Lactose anhydrous 141.4 54.11

Microcrystalline cellulose (Avicel® PH112) 25.0 9.57

Crosscarmellose sodium (Ac-Di-Sol®) 12.5 4.78

Colloidal silicon dioxide (Aerosil® 200) 1.0 0.38

Talc 18.8 7.19

Stearic acid 7.5 2.87

Sum 261.3 100
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Reference Example 4

[0057]

[0058] For 1000 capsules all excipients except for colloidal silicon dioxide and magnesium stearate were loaded into
a Somakon vessel (2.5 L). Bendamustine was added and blending was conducted for 4 minutes at 1000 rpm (wiper 10
rpm). The resulting blend was sieved through a 0.5 mm sieve. The vessel was reloaded with the blend and colloidal
silicon dioxide was added. Blending was conducted for 2 minutes at the afore-mentioned conditions. Thereafter mag-
nesium stearate was added and blending was continued for 1 minute. The blend was subsequently sieved through a

Table 3b: Bendamustine powder mixture in hypromellose capsules: Related substances and assay of 
bendamustine HCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75% RH 
(closed vials)

HP1 0.18 0.86 99.50 98.17
HP2 n.d. 0.25
HP3 n.d. 0.06
NP1 n.d. n.d.

BM1Dimer 0.08 0.10
BM1EE 0.15 0.14
Unit RRT 0.68 n.d. <0.05
Unit RRT 0.70 n.d. 0.19

Table 3c: Bendamustine powder mixture in gelatin capsules: Related substances and assay of bendamustine 
HCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75% RH 
(closed vials)

HP1 0.23 1.35 99.38 97.74
HP2 n.d. 0.06
HP3 n.d. n.d.
NP1 n.d. n.d.

BM1Dimer 0.13 0.10
BM1EE 0.16 0.14
Unit RRT 0.68 n.d. 0.05
Unit RRT 0.70 n.d. 0.32

Table 4a: Bendamustine powder composition for capsules

Component mg/dosage-form Relative Content %

Bendamustine hydrochloride 55.1 22.04

Lactose anhydrous 145.15 58.06

Microcrystalline cellulose (Avicel® PH112) 31.25 12.50

Ac-Di.Sol® 12.5 5.00

Colloidal silicon dioxide (Aerosil® 200) 1.0 0.40

Magnesium stearate 2.5 1.00

Ascorbic acid 2.5 1.00

Sum 250 100.0
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0.5 mm sieve, reloaded into the vessel and blended for another 30 seconds, all at the same conditions.
The blend was transferred to a capsule filling machine (Zanassi AZ 5) and filled into hard gelatine capsules (size 2)
(mean mass: 241.3 mg (begin) - 244. mg (end)) and hypromellose capsules (size 2) (mean mass: 243.5 (begin) - 243.
mg (end)) respectively.
Capsules were stored at 40°C/75% RH in a closed glass vial. The amount of bendamustine hydrochloride and of related
substances was measured with HPLC, as described above. The results are shown in Table 4b (filled into hypromellose
capsules) and 4c (filled in gelatine capsules).

Table 4b: Bendamustine powder composition in hypromellose capsules: Related substances and assay of 
bendamustine HCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75% RH 
(closed vials)

HP1 0.18 0.86 99.49 98.29
HP2 n.d. 0.25
HP3 n.d. 0.06
NP1 n.d. n.d.
BM1Dimer 0.08 0.10
BM1EE 0.15 0.14

Unid RRT 0.57 n.d. 0.07
Unid RRT0.63 n.d. 0.05
Unid RRT 0.64 n.d. n.d.
Unid RRT 0.68 n.d. n.d.
Unid RRT 0.69 n.d. n.d.

Unid RRT 0.70 n.d. 0.19
Unid RRT 0.75 n.d. 0.07
Unid RRT 0.77 n.d 0.05
Unid RRT 0.93 n.d. 0.07
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Example 1

[0059]

[0060] 0.68 g of methylparaben, 0.068 g of propylparaben and 0.068 g of butylhydroxytoluene were weighed and
dissolved in 6.14 g of ethanol. Cremopho® RH 40 was melted at 40°C in a sufficient amount. 5.56 g of the ethanolic
solution obtained, 36.83 g of the melted Cremophor® RH 40 and 202.82 g of Plurenic® L44 NF were weighed and mixed
at 800 rpm  using a mechanical stirrer until the mixture became transparent. The mixture was allowed to solidify by
placing it at 10°C. 24.80 g of bendamustine hydrochloride was subsequently added to the solidified blend by manual
stirring and then distributed over the blend by homogenisation using an Ultmturrax T18 high speed homogeniser at
15500 rpm for 10 minutes. The homogenised suspension was filled into hard gelatine capsules with a CFS 1200 capsule
filling and sealing machine, operated at 25°C. The capsules were closed and sealed. The liquid filled capsules were

Table 4c: Bendamustine powder composition in gelatin capsules: Related substances and assay of 
bendamustine HCl (residual content)

Storage 
condition

Related 
substances

T = 0 T = 2 months Bendamustine HCl [% area]

T = 0 T = 2 months

40°C/75%RH 
(closed vials)

HP1 0.29 1.10 99.26 96.38
HP2 n.d. 0.55
HP3 n.d. n.d.
NP1 n.d. n.d.

BM1Dimer 0.12 0.17
HM1EE 0.15 0.15
Unid RRT 0.58 n.d. 0.44
Unid RRT 0.62 n.d. 0.23
Unid RRT0.65 n.d. 0.10
Unid RRT 0.68 0.07 0.07

Unid RRT 0.69 n.d. 0.06
Unid RRT 0.70 0.05 0.25
Unid RRT 0.76 n.d. 0.17
Unid RRT 0.77 n.d. 0.07
Unid RRT 0.77 n.d. 0.08

Unid RRT 0.78 n.d. 0.09
Unid RRT 0.79 n.d. 0.06
Unid RRT 0.91 n.d. n.d
Unid RRT 0.94 n.d. 0.06
Unid RRT 1.11 n.d. n.d.
Unid RRT 1.18 n.d. n.d.

Table 5a: Liquid filled hard capsule

Component mg/dosage-form Relative Content %

bendamustine hydrochloride 55.1 9.18

Pluronic® L44 NF 450.70 75.12

Cremophor® RH 40 81.85 13.64

Softisan® 645 - -

Methyl paraben 1.20 0.20

Propyl paraben 0.12 0.02

Butyl hydroxytoluene 0.12 0.02

Ethanol 10.91 1.82
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stored in closed amber glass bottles with screw plugs at 40°C/75% RH, at 30°C/65% RH, at 25°C/60% RH and at 5°C.
The amount of bendamustine hydrochloride as well as of related substances, like degradation products, by-products of
synthesis was measured with HPLC (column: Zorbax Bonus-RP, 5 mm; temperature of column oven: 30°C; temperature
of autosampler: 5 °C; detector: 254 mn). The results are shown in Table 5b.

Example 2

[0061]

Table 5b: Related substances and assay of bendamustine HCl (residual content)

Storage condition Related substances T = 0 T = 3 months Bendamustine HCl [% area]

T = 0 T = 3 months

40°C/75% RH (closed 
vial)

HP1 0.09 0.07 98.8 98.5

NP1 n.d. n.d.

BM1Dimer 0.02 0.03

BM1EE 0.15 0.15

Individual unknown 
impurity

0.01 0.08

30°C/65% RH (closed 
vial)

HP1 0.09 0.06 98.8 98.9

NP1 n.d. n.d

BM1Dimer 0.02 0.03

BM1EE 0.15 0.15

Individual unknown 
impurity

0.01 0.03

25°C/60% RH (closed 
vial)

HP1 0.09 0.07 98.8 99.0

NP1 n.d. n.d.

BM1Dimer 0.02 0.03

BM1EE 0.15 0.15

Individual unknown 
impurity

0.01 0.03

5°C (closed vial) HP1 0.09 0.07 98.8 99.8

NP1 n.d. n.d.

BM1Dimer 0.02 0.02

BM1EE 0.15 0.15

Individual unknown 
impurity

0.01 n.d.

Table 6a: Liquid filled hard capsule

Component mg/dosage-form Relative Content %

bendamustine hydrochloride 55.1 9.18

Pluronic® L44 NF -

Cremophor® RH 40 532.55 88.76

Softisan® 645 -

Methyl paraben 1.20 0.20
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[0062] 0.68 g of methylparaben, 0.068 g of propylparaben and 0.068 g of butylhydroxytoluene were weighed and
dissolved in 6.14 g of ethanol Cremophor® RH 40 was melted at 40°C in a sufficient amount. 5.56 g of the ethanolic
solution obtained and 239.65 g of the melted Cremophor® RH 40 were weighed and mixed at 800 rpm using a mechanical
stirrer until the mixture became transparent. The mixture was allowed to solidify and cool to room temperature. 24.80 g
of bendamustine hydrochloride was subsequently added to the solidified blend by manual stirring and then distributed
over the blend by homogenisation using an Ultraturrax T18 high speed homogeniser at 15500 rpm for 10 minutes. The
homogenised suspension was filled into hard gelatine capsules with a CFS 1200 capsule filling and sealing machine,
operated at 40°C. The capsules were closed and sealed.
[0063] The liquid filled capsules so obtained were stored in closed amber glass bottles with screw plugs at 40°C/75%
RH, at 30°C/65% RH, at 25°C/60% RH and at 5°C. The amount of bendamustine hydrochloride as well as of reated
substances, like degradation products, by-products of synthesis was measured with HPLC, as described above.
[0064] The results are shown in Table 6b:

(continued)

Table 6a: Liquid filled hard capsule

Component mg/dosage-form Relative Content %

Propyl paraben 0.12 0.02

Butyl hydroxytoluene 0.12 0.02

Ethanol 10.91 1.82

Table 6b: Related substances and assay of bendamustine HCl (residual content)

Storage condition Related substances-1 T=0 T = 3 months Bendamustine HCl [% area]

T=0 T = 3 months

40°C/75% RH (closed 
vial)

HP1 0.08 0.07 100.10 99.0
NP1 0.01 0.02
BM1 Dimer 0.03 0.09

BM1EE 0.16 0.17
Individual unknown 
impurity

0.02 0.09

30°C/65% RH (closed 
vial)

HP1 0.08 0.06 100.1 100.4
NP1 0.01 n.d.
BM1Dimer 0.03 0.04
BM1EE 0.16 0.13
Individual unknown 
impurity

0.02 0.03

25°C/60% RH (closed 
vial)

HP1 0.08 0.10 100.1 100.3

NP1 0.01 n.d.
BM1Dimer 0.03 0.03
BM1EE 0.16 0.14
Individual unknown 
impurity

0.02 0.02

5°C (closed vial) HP1 0.08 0.09 100.1 99.5
NP1 0.01 0.01
BM1Dimer 0.03 0.03

BM1EE 0.16 0.15
Individual unknown 
impurity

0.02 0.02
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Example 3

[0065]

[0066] 0.68 g of methylparaben, 0.068 g of propylparaben and 0.068 g of butylhydroxytoluene were weighed and
dissolved in 6.14 g of ethanol. Cremophor® RH 40 was melted at 40°C in a sufficient amount. 5.56 g of the ethanolic
solution obtained, 36.83 g of the melted Cremophor® RH 40 and 202.82 g of Softisan® 645 were weighed and mixed
at 800 rpm using a mechanical stirrer until the mixture became transparent. The mixture was allowed to solidify by placing
it at 10°C. 24.80 g of bendamustine hydrochloride was subsequently added to the solidified blend by manual stirring
and then distributed over the blend by homogenisation using an Ultraturrax T18 high speed homogeniser at 15500 rpm
for 10 minutes. The homogenised suspension was filled into hard gelatine capsules with a CFS 1200 capsule filling and
sealing machine, operated at 30°C. The capsules were closed and sealed. The liquid filled capsules were stored in
closed amber glass bottles with screw plugs at 40°C/75% RH, at 30°C/65% RH, at 25°C/60% RH and at 5°C. The amount
of bendamustine hydrochloride as well as of related substances, like degradation products, by-products of synthesis
was measured with HPLC, as described above. The results are shown in Table 7b:

Table 7a: Liquid filled hard capsule

Component mg/dosage-form Relative Content %

Bendamustine hydrochloride 55.1 9.18

Pluronic® L44 NF -

Cremophor® RH 40 81.85 13.64

Softisan® 645 450.70 75.12

Methyl paraben 1.20 0.20

Propyl paraben 0.12 0.02

Butyl hydroxytoluene 0.12 0.02

Ethanol 10.91 1.82

Table 7b: Related substances and assay of bendamustine HCl (residual content)

Storage condition Related substances-1 T = 0-2 T = 3 months Bendamustine HCl [% area]

T = 0 T = 3 months

40°C/75% RH (closed 
vial)

HP1 0.08 0.06 99.6 99.5
NP1 n.d. 0.01
BM1Dimer 0.03 0.36
BM1EE 0.15 0.26

Individual unknown 
impurity

0.03 0.13

30°C/65% RH (closed 
vial)

HP1 0.08 0.11 99.6 99.9
NP1 n.d. n.d.
BM1Dimer 0.03 0.09
BM1EE 0.15 0.17
Individual unknown 
impurity

0.03 . 0.04

25°C/60% RH (closed 
vial)

HP1 0.08 0.11 99.6 100.0
NP1 n.d n.d.

BM1Dimer 0.03 0.09
BM1EE 0.15 0.17

Individual unknown 
impurity

0.03 0.04
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Example 4

[0067]

2. DISINTEGRATION AND DISSOLUTION TESTS

Example 5

[0068] Disintegration tests for the liquid filled capsule formulations of examples 1, 2 and 3 were carried out in 1000.0
ml of buffer solution pH=1.0 6 0.05, using disintegration Apparatus A, operated at 37.0 °C 6 0.5°C. The results are
listed in Tables 8a, 8b and 8c.

Example 6

[0069] Dissolution tests for the liquid filled capsule formulations of examples 1, 2 and 3 were carried out in artificial
gastric acid solution at pH 1.5 (see Ph Eur: 2.9.3: Dissolution test for solid dosage forms in Recommended Dissolution
Media).
[0070] The dissolution samples were tested for assay by HPLC (column: Zorbax Bonus-RP, 5 mm; temperature of
column oven: 30°C; temperature of autosampler: 5 °C; detector: 254 nm). Artificial gastric fluid pH 1.5 was prepared by
placing 250.0 mL of 0.2M potassium chloride 0.2M into a 1000 mL volumetric flask, adding 207.0 mL of 0.2 M hydrochloric
acid, then diluting to 1000 mL with Milli-Q water. The pH was measured and adjusted, if necessary, with 2N hydrochloric
acid or 2N potassium hydroxide to a pH of 1.5 6 0.05.
[0071] The dissolution test was conducted according to Chapter 2.9.3. of European Pharmacopoeia 6.0, using Appa-
ratus 2 (Paddle-apparatus). The rotation speed of the paddle was 50 rpm, the temperature was 37°C 6 0.5°C, the
amount of dissolution medium was 500 ml.
[0072] The results for the liquid filled hard capsules of examples 1, 2 and 3 are shown in Tables 9a, 9b and 9c:

(continued)

Table 7b: Related substances and assay of bendamustine HCl (residual content)

Storage condition Related substances-1 T = 0-2 T = 3 months Bendamustine HCl [% area]

T = 0 T = 3 months

5°C (closed vial) HP1 0.08 0.07 99.60 100.1
NP1 n.d. 0.01
BM1Dimer 0.03 0.03
BM1EE 0.15 0.15
Individual unknown 
impurity

0.03 0.02

Table 8: further Liquid filled hard capsule formulations

Component Relative content (%)

Ex 4.1 Ex 4.2 Ex 4.3 Ex 4.4 Ex 4.5 Ex 4.6 Ex 4.7

Pluronic® L44 - 88.2 - 45.4 90.8 -

Cremophor® EL - - 80.7 - 90.8 - 88.4

Cremophor® RH 40 90.8 - - - - - -

Gelucire® 44/14 - - 10.0 45.4 - - -

Colloidal silicon dioxide - 2.0 - - - - 1.7

Bendamustine HCl 9.2 9.8 9.3 9.2 9.2 9.2 9.9
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Table 9a: Liquid filled hard capsules of example 1

Temperature 40°C 75% RH

Time

Test T = 0 months T = 3 months

Disintegration (minute:second) 03:23 03:30

Dissolution (%) pH 1.5

Not tested
• 10’ 10.4
• 20’ 35.1
• 30’ 51.1

Temperature 30°C 65% RH

Test
Time

T = 0 months T = 3 months

Disintegration (minute: second) 03:23 03:26

Dissolution (%) pH 1.5 Not tested
• 10’ 7.0
• 20’ 24.0

• 30’ 54.6

Temperature 25°C 60% RH

Time

Test T = 0 months T = 3 months

Disintegation (minute:second) 03:23 03:33

Dissolution (%) pH 1.5

Not tested
• 10’ 37.4
• 20’ 52.4
• 30’ 71.6

Temperature 5°C

Time

Test T = 0 months T = 3 months

Disintegration (minute:second) 03:23 03:23

Dissolution (%) pH 1.5

Not tested
• 10’ 57.0
• 20’ 76.7
• 30’ 83.1

Table 9b: Liquid filled hard capsule of example 2

Temperature 40°C 75% RH

Test Time

T = 0 months T = 3 months

Disintegation (minute:second) 03:52 02:58

Dissolution (%) pH 1.5

Not tested
• 10’ 65.2

• 20’ 88.7
• 30’ 102.0
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(continued)

Temperature 30°C 65% RH

Test Time

T = 0 months T = 3 months

Disintegration (minuite:second) 03:52 03:09

Dissolution (%) pH 1.5

Not tested
• 10’ 48.1
• 20’ 80.9
• 30’ 93.7

Temperature 25°C 60% RH

Test Time

T = 0 months T = 3 months

Disintegation (minute:second) 03:52 02:53

Dissolution (%) pH 1.5

• 10’ Not tested 54.5
• 20’ 80.7
• 30’ 94.4

Temperature 5°C

Test Time

T = 0 months T = 3 months

Disintegration (minute:second) 03:52 02:56

Dissolution (%) pH 1.5

Not tested
• 10’ 57.9
• 20’ 90.0
• 30’ 98.0

Table 9c: Liquid filled hard capsule of example 3

Temperature 40°C 75% RH

Test Time

T - 0 months T = 3 months

Disintegration (minute:second) 03:59 03:36

Dissolution (%) pH 1.5

Not tested
• 10’ 28.5

• 20’ 49.1
• 30’ 62.9

Temperature 30°C 65% RH

Test Time

T= 0 months T = 3 months

Disintegration (minute:second) 03:59 03:34
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[0073] As may be taken from the above Tables 9a, 9b and 9c, only the liquid filled hard capsule formulation of example
2 according to the invention shows the preferred fast dissolution profile of bendamustine, which is at least 60 % in 10
minutes, 70% in 20 minutes and 80 % in 30 minutes, as measured with a paddle apparatus at 50 rpm according to the
European Pharmacopoeia in 500 ml of an artificial gastric fluid.

Example 7

[0074]

(continued)

Temperature 30°C 65% RH

Test Time

T= 0 months T = 3 months

Dissolution (%) pH 1.5

Not tested
• 10’ 17.5
• 20’ 35.2
• 30’ 58.1

Temperature 25°C 60% RH

Test Time

T = 0 months T = 3 months

Disintegration (minute:second) 03:59 03:27

Dissolution (%) pH 1.5

Not tested• 10’ 25.9

44.2

• 20’ 62.1

• 30’

Temperature 5°C

Test Time

T = 0 months T = 3 months

Disintegration (minute:second) 03:59 03:18

Dissolution (%) pH 1.5

Not tested
• 10’ 15.9
• 20’ 31.1
• 30’ 46.6

Table 10: results of analytical tests on formulations of example 4

Analytical 
Test

Limits
Ex.4.2 Ex. 4.7 Ex. 4.3 Ex 4.5 Ex 4.6 Ex. 4.4 Ex 4.1

I 
dentification 

(HPLC)
Positive Positive Positive Positive Positive Positive Positive Positive

Content 
uniformity

Complies N/A N/A N/A Complies Complies
Complies 

(RSD 
4,40)

Complies 
(RSD 
2,66)

Assay 
(HPLC)

95.0%-
105.0%

98,2 101,0 117,9 98,6 103,3 95,8 98,0
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3. IN VIVO TESTS .

Examples 8

[0075] The liquid filled hard capsules of example 2, containing 50 mg of bendamustine, were orally administered to
male and fernale beagle dogs in comparison with the capsules of reference example 1 in order to detennine the bioa-
vailability of 1 dose (i.e. 50 mg) of bendamustine (AUC and Cmax ) and to determine the level of variability in bioavailability
of these capsule formulations: (i.e. % CV on AUC and Cmax). A further formulation (formulation X) was also included
in the test but since this formulation was outside the scope of the present invention no details are provided. The total
number of animals required was 16.
[0076] The basic study design was a cross-over design with 8 animals per arm.

Period 1 (single dose of capsule, day 1):

[0077]

(continued)

Analytical 
Test

Limits
Ex.4.2 Ex. 4.7 Ex. 4.3 Ex 4.5 Ex 4.6 Ex. 4.4 Ex 4.1

Related 
substances 
(HPLC)

HPI ≤ 0.50% 0,30 0,30 0,11 0,13 0,07 0,07 0.05
BMI Dimer ≤ 0.20% 0,05 0,04 0,04 0,05 0,04 0,04 0,04
BMIEE ≤ 0.50% 0,14 0,15 0,15 0,14 0,13 0,14 0,14
NPI ≤ 0.20% 0,01 0,01 0,01 0,01 0.01 0,01 0.01

Ind. 
Unknown 
impurity

≤ 0.10% 0,04 0,14 0,04 0,05 0,02 0.01 0.03

Total 
impurities

≤ 1.50% 0,54 0,68° 0,35 0,38 0,29 0,27 0,29

Total 
impurities 
after 3 
months’ 
storage at 
40°/75% RH

0.35 1.12 1.12

Dissolution 
Test

(Medium: 
buffer 
pH=1.5)

(% 10 min)
80% in 30 

min
96,9 25,6 67,3 46,8 95,7 65,3 56,9

(% 20 min) 97,1 46,5 96,2 74,3 96,7 102,5 80,4

(% 30 min) 96,7 72,4 104,5 88.9 95,0 109,5 93,8

Dissolulion 
test after 3 
months’ 
storage at 
40°/75% RH; 
(% 30 min)

91 72 92
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[0078] There was a one week wash-out period.

Period 2 (1 week after period 1, single dose of either of the following formulations, day 8):

[0079]

[0080] The mean plasma profiles vs. time for both the capsule formulation (reference example 1) and the liquid filled
capsule formulation of Example 2 are shown in Fig. 1.

Example 9

[0081] An open label, randomized two-way crossover study to assess the absolute bioavailability of oral bendamustine
in patients with cancer was conducted to assess the absolute bioavailability of bendamustine administered as an oral
formulation (example 2). Besides assessing the pharmacokinetics of bendamustine in plasma following oral and i.v.
administration, a further objective was to evaluate the safety and tolerability of bendamustine foflowing i.v. and especially
oral administration of the formulation of example 2. 6 Patients resided in hospital for 2 periods; Day-1 to 2 (period 1)
and Day 7-9 (period 2). Patients were enrolled to receive in a random order one of the following two treatments on Day
1 and 8:

- a single oral dose of 110.2 mg (2 x 55.1 mg) bendamustine hydrochloride (HCl), being equivalent to about 100 mg
bendamustine free base and

- a single i.v. dose of 100 mg bendamustine HCl, equivalent to 90.7 mg bendamustine free base.

[0082] The dose of bendamustine HCl (100 mg intravenous, 110.2 mg orally) was selected based on the safety of the
oral formulation in preclinical studies and based on the safety of the registered i.v. formulation.
[0083] Blood samples were taken on days 1 and 2 and 8 and 9 to determine the pharmacokinetics of bendamustine
and its metabolites in plasma after oral and i.v. administration of bendamustine. The time-points were chosen based on
data from the literature (Preiss 1985) following i.v. administration of bendamustine. Preiss and co-workers reported a
mean bioavailability of bendamustine of 57% (range: 25-94%; %CV = 44%) after oral administration of bendamustine
as capsule at doses of 250-350 mg in patients with cancer. Bendamustine was administered on days 1 and 8 in the
morning either orally or intravenously as a single dose (as bendamustine hydrochloride 100 mg i.v. or 110.2 mg orally).
Bendamustine was administered orally as two liquid-filled hard-shell capsules with 250 mL of water or as i.v. infusion
over 30 minutes.
[0084] Patients had to fast overnight for at least 8 hours before oral and i.v. administration of bendamustine in the
morning, except for drinking water which is allowed up to 2 hours prior to administration of study medication. Patients
are allowed to have a light breakfast 2 hours after each administration.
[0085] The total duration of the admission period was 6 days (day -1 to 2 and day 7-9) excluding screening and a post
study visit.
[0086] Certain medication was prohibited from 2 weeks before the first administration of the first study drug.
[0087] The blood concentration-time curve as obtained after evaluating 6 patients is shown in Fig. 2. The mean value
for the absolute bioavailability, calculated as AUCoral/dose/AUCiv/dose* 100% was 58.5%, with a standard deviation of
9.3 and an interindividual variation (expressed as %CV) of 15.9.
[0088] Therefore the bioavailability of bendamustine hydrochloride from the oral formulation of example 2 was found
to be in accordance with that previously reported for bendamustine-containing capsules in the literature (Preiss), but the
interpatient variability is much lower.

Group Treatment Composition Dose # (mg) Number of animals

1 Bendamustine Reference Capsule 50 4 Male + 4 Female

2 Bendamustine Reference Capsule 50 4 Male + 4 Female

Group Treatment Composition Dose # (mg) Number of animals

1 Bendamustine Formulation example 2 50 4 Male + 4 Female

2 Bendamustine Formulation X 50 4 Male + 4 Female
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INDUSTRIAL APPLICABILITY

[0089] The compositions according to the present invention show many advantages. They can be easily used by the
patient without assistance of supervisory medical staff. Hence the time-consuming trips to the hospital may become
obsolete, thereby increasing the patient compliance. Further there is the advantage that hospital staff is less exposed
to the contact with the cytotoxic material, thereby decreasing occupational hazards. Also there is less environmental
hazard, as no vials containing the cytotoxic compound need to be discarded.
[0090] The dosage forms can be swallowed as such, which means that the patient does not need to wait until dissolution
of the active ingredient has been achieved. On top of that swallowing the medication is a preferred way of taking it, in
order to avoid any contact of the active ingredient with the oral mucosa. Further due to the good stability of the dosage
forms they can be easily stored at room temperature and without the need of any special storage conditions.
[0091] By using the dosage forms according to the present invention, a considerable reduction of the volume of the
dosage form may be achieved. The reduced size is desirable both from a manufacturing and handling standpoint and
patient compliance.
[0092] Pharmaceutical compositions show a high dissolution in vitro which should reduce the degradation of benda-
mustine in vivo. Thus the inventive compositions may show an improved bioavailability profile of the bendamustine in
vivo, as compared to prior art oral formulations.

Claims

1. A pharmaceutical composition for oral administration, the composition comprising bendamustine or a pharmaceu-
tically acceptable, ester, salt or solvate thereof as an active ingredient, and a pharmaceutically acceptable excipient,
which is a pharmaceutically acceptable non-ionic surfactant, selected from the group consisting of macrogol glycerol
hydroxystearate, polyoxyl- 35- castor oil and ethylene oxide/propylene oxide block copolymer (Pluronic® L44 NF
or Poloxamer® 124).

2. The pharmaceutical composition according to claim 1, characterised in that the active ingredient is bendamustine
hydrochloride.

3. The pharmaceutical composition according to claim 1 or claim 2, characterised in that it comprises 10 to 1000 mg,
preferably 25 to 600 mg, more preferably 50 to 200 mg and most preferably about 100 mg of the active ingredient.

4. The pharmaceutical composition according to each of claims 1, 2, or 3, characterised in that it further comprises
colloidal silicon dioxide.

5. The pharmaceutical composition according to each of claims 1, 2, 3, or 4, characterised in that it further comprises
lauroyl macrogol glycerides (Gelucire® 44/14).

6. The pharmaceutical composition according to any of the preceding claims, characterised in that the composition
is in a hard gelatine capsule.

7. The pharmaceutical composition according to any one of the preceding claims, characterised in that it shows a
dissolution of the bendamustine of at least 60 % in 20 minutes, 70 % in 40 minutes and 80 % in 60 minutes, as
measured with a paddle apparatus at 50 rpm according to the European Pharmacopoeia in 500 ml of a dissolution
medium at a pH of 1.5.

8. The pharmaceutical composition according to claim 7, characterised in that it shows a dissolution of at least 60
% in 10 minutes, 70 % in 20 minutes and 80 % in 30 minutes.

9. The pharmaceutical composition according to any one of the preceding claims characterised in that it is used for
the treatment of a medical condition which is selected from chronic lymphocytic leukemia, acute lymphocytic leu-
kaemia, chronic myelocytic leukaemia acute myelocytic leukaemia, Hodgkin’s disease, non-Hodgkin’s lymphoma,
multiple myeloma, breast cancer, ovarian cancer, small cell lung cancer, non-small cell lung cancer, and an autoim-
mune disease.

10. The pharmaceutical composition according to any one of the preceding claims, characterised in that it is to be
administered in combination with at least one further active agent, wherein said further active agent is given prior,
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concurrently, or subsequently to the administration of the pharmaceutical composition and is selected from the group
consisting of an antibody specific for CD20, an anthracyclin derivative, a vinca alkaloid or a platin derivative.

11. The pharmaceutical composition according to claim 10, characterised in that the antibody specific for CD20 is
rituximab; the anthracyclin derivative is doxorubicin or daunorubicin; the vinca alkaloid is vincristine and the platin
derivative is cisplatin or carboplatin.

12. The pharmaceutical composition according to any one of claims 1 to 11, which is to be administered in combination
with at least one corticosteroid, wherein said corticosteroid is given prior, concurrently, or subsequently to the
administration of the pharmaceutical composition.

13. The pharmaceutical composition according to claim 12, characterised in that the corticosteroid is prednisone or
prednisolone.

Patentansprüche

1. Pharmazeutische Zusammensetzung zur oralen Verabreichung, wobei die Zusammensetzung Bendamustin oder
einen/ein pharmazeutisch verträglichen/verträgliches Ester, Salz oder Solvat davon als einen aktiven Inhaltsstoff
und ein pharmazeutisch verträgliches Excipiens, das ein pharmazeutisch verträgliches nicht-ionisches Surfactant,
ausgewählt aus der Gruppe, bestehend aus Macrogolglycerinhydroxystearat, Polyoxyl-35-Ricinusöl und Ethylen-
oxid-/Propylenoxid-Blockcopolymer (Pluronic® L44 NF oder Poloxamer® 124) ist, umfasst.

2. Pharmazeutische Zusammensetzung gemäß Anspruch 1, dadurch gekennzeichnet, dass der aktive Inhaltsstoff
Bendamustinhydrochlorid ist.

3. Pharmazeutische Zusammensetzung gemäß Anspruch 1 oder 2, dadurch gekennzeichnet, dass sie 10 bis 1.000
mg, bevorzugt 25 bis 600 mg, bevorzugter 50 bis 200 mg und am stärksten bevorzugt etwa 100 mg des aktiven
Inhaltsstoffs umfasst.

4. Pharmazeutische Zusammensetzung gemäß einem der Ansprüche 1, 2 oder 3, dadurch gekennzeichnet, dass
sie weiter kolloidales Siliciumdioxid umfasst.

5. Pharmazeutische Zusammensetzung gemäß einem der Ansprüche 1, 2, 3 oder 4, dadurch gekennzeichnet, dass
sie weiter Lauroyl-Macrogol-Glyeride (Gelucire® 44/14) umfasst.

6. Pharmazeutische Zusammensetzung gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet,
dass die Zusammensetzung in einer Hartgelatinekapsel ist.

7. Pharmazeutische Zusammensetzung gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet,
dass sie eine Auflösung des Bendamustins von mindestens 60% in 20 Minuten, 70% in 40 Minuten und 80% in 60
Minuten zeigt, wie gemessen mit einer Rührapparatur bei 50 UpM gemäß dem europäischen Arzneibuch in 500 ml
eines Lösungsmediums bei einem pH von 1,5.

8. Pharmazeutische Zusammensetzung gemäß Anspruch 7, dadurch gekennzeichnet, dass sie eine Auflösung von
mindestens 60% in 10 Minuten, 70% in 20 Minuten und 80% in 30 Minuten zeigt.

9. Pharmazeutische Zusammensetzung gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet,
dass sie zur Behandlung eines medizinischen Zustands verwendet wird, der ausgewählt ist aus chronischer lym-
phatischer Leukämie, akuter lymphatischer Leukämie, chronischer myeloischer Leukämie, akuter myeloischer Leuk-
ämie, Morbus-Hodgkin, Non-Hodgkin-Lymphom, multiplem Myelom, Brustkrebs, Eierstockkrebs, kleinzelligem Lun-
genkarzinom, nicht-kleinzelligem Lungenkarzinom und einer Autoimmunerkrankung.

10. Pharmazeutische Zusammensetzung gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet,
dass sie in Kombination mit mindestens einem weiteren aktiven Mittel verabreicht wird, wobei das weitere aktive
Mittel vor, gleichzeitig mit oder im Anschluss an die Verabreichung der pharmazeutischen Zusammensetzung ge-
geben wird und ausgewählt ist aus der Gruppe, bestehend aus einem Antikörper, spezifisch  für CD20, einem
Anthracyclin-Derivat, einem Vinca-Alkaloid oder einem Platin-Derivat.
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11. Pharmazeutische Zusammensetzung gemäß Anspruch 10, dadurch gekennzeichnet, dass der Antikörper spezi-
fisch für CD20 Rituximab; das Anthracyclin-Derivat Doxorubicin oder Daunorubicin; das Vinca-Alkaloid Vincristin
und das Platin-Derivat Cisplatin oder Carboplatin ist.

12. Pharmazeutische Zusammensetzung gemäß einem der Ansprüche 1 bis 11, die in Kombination mit mindestens
einem Corticosteroid verabreicht werden muss, wobei das Corticosteroid vor, gleichzeitig mit oder im Anschluss an
die Verabreichung der pharmazeutischen Zusammensetzung gegeben wird.

13. Pharmazeutische Zusammensetzung gemäß Anspruch 12, dadurch gekennzeichnet, dass das Corticosteroid
Prednison oder Prednisolon ist.

Revendications

1. Composition pharmaceutique pour l’administration orale, la composition comprenant de la bendamustine ou un
ester, sel ou solvate pharmaceutiquement acceptable de celle-ci comme ingrédient actif, et un excipient pharma-
ceutiquement acceptable, qui est un tensioactif non ionique pharmaceutiquement acceptable, choisi dans le groupe
consistant en hydroxystéarate de macrogol glycérol, huile de ricin polyoxyl-35 et un copolymère séquencé oxyde
d’éthylène/oxyde de propylène (Pluronic® L44 NF ou Poloxamer® 124).

2. Composition pharmaceutique selon la revendication 1, caractérisée en ce que l’ingrédient actif est le chlorhydrate
de bendamustine.

3. Composition pharmaceutique selon la revendication 1 ou la revendication 2, caractérisée en ce qu’elle comprend
10 à 1 000 mg, de préférence 25 à 600 mg, de préférence encore 50 à 200 mg et de manière particulièrement
préférable environ 100 mg d’ingrédient actif.

4. Composition pharmaceutique selon chacune des revendications 1, 2 ou 3, caractérisée en ce qu’elle comprend
en outre du dioxyde de silicium colloïdal.

5. Composition pharmaceutique selon chacune des revendications 1, 2, 3 ou 4, caractérisée en ce qu’elle comprend
en outre des lauroyl macrogol glycérides (Gelucire® 44/14).

6. Composition pharmaceutique selon l’une quelconque des revendications précédentes, caractérisée en ce que la
composition est dans une capsule de gélatine dure.

7. Composition pharmaceutique selon l’une quelconque des revendications précédentes, caractérisée en ce qu’elle
présente une dissolution de la bendamustine d’au moins 60 % en 20 minutes, 70 % en 40 minutes et 80 % en 60
minutes, telle qu’elle est mesurée avec un appareil à palettes à 50 tr/min selon la Pharmacopée Européenne dans
500 ml d’un milieu de dissolution à un pH de 1,5.

8. Composition pharmaceutique selon la revendication 7, caractérisée en ce qu’elle présente une dissolution d’au
moins 60 % en 10 minutes, 70 % en 20 minutes et 80 % en 30 minutes.

9. Composition pharmaceutique selon l’une quelconque des revendications précédentes caractérisée en ce qu’elle
est utilisée pour le traitement d’une affection médicale qui est choisie parmi la leucémie lymphocytaire chronique,
la leucémie lymphocytaire aiguë, la leucémie myélocytaire chronique, la leucémie myélocytaire aiguë, la maladie
de Hodgkin, le lymphome non-hodgkinien, le myélome multiple, le cancer du sein, le cancer ovarien, le cancer du
poumon à petites cellules, le cancer du poumon non à petites cellules et une maladie autoimmune.

10. Composition pharmaceutique selon l’une quelconque des revendications précédentes, caractérisée en ce qu’elle
est destinée à être administrée en combinaison avec au moins un autre agent actif, où ledit autre agent actif est
donné avant, pendant ou après l’administration de la composition pharmaceutique et est choisi dans le groupe
consistant en un anticorps spécifique de CD20, un dérivé de l’anthracycline, un alcaloïde de la pervenche ou un
dérivé du platine.

11. Composition pharmaceutique selon la revendication 10, caractérisée en ce que l’anticorps spécifique de CD20
est le rituximab ; le dérivé de l’anthracycline est la doxorubicine ou la daunorubicine ; l’alcaloïde de la pervenche
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est la vincristine et le dérivé du platine est le cisplatine ou le carboplatine.

12. Composition pharmaceutique selon l’une quelconque des revendications 1 à 11, qui est destinée à être administrée
en combinaison avec au moins un corticostéroïde, où ledit corticostéroïde est donné avant, pendant ou après
l’administration de la composition pharmaceutique.

13. Composition pharmaceutique selon la revendication 12, caractérisée en ce que le corticostéroïde est la prednisone
ou la prednisolone.
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