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4
- Targeted oral bioavailability for the parent drug between 75 to 90%

- Targeted bioavailability for the metabolite between 120 and 140%

- The half-life values for parent drug and metabolite after oral administration closely match
those after intravenous administration

- The appearance of metabolite after oral administration closely matches that of
intravenous administration

- The Cnax after oral administration for the parent drug up to 80% of Cnax for intravenous
administration

- Comparable to the intravenous (IV) formulation with respect to both Cnax and AUC for
parent drug

- Formulation of metabolite reasonably comparable between oral and IV

- To permit once a day dosing if bioavailability (F) is >80%

- To permit twice a day dosing (BID) if bioavailability is >50% but <80%

The present invention addresses the above-discussed need. It is hence an object of the
invention to provide novel and/or improved oral formulations of bendamustine, particularly oral

bendamustine formulations meeting the criteria set out above.

In the context of the present invention, it has surprisingly been found that oral formulations of
bendamustine with specific modified cyclodextrins, such as methyl-B-cyclodextrin, exhibit a
greatly improved oral bioavailability, which renders these formulations highly advantageous for

therapeutic use by oral administration, including in the treatment of cancer.

In an aspect of the present disclosure, there is provided an oral pharmaceutical composition
comprising bendamustine or a pharmaceutically acceptable salt or solvate thereof in
combination with a modified cyclodextrin, wherein said modified cyclodextrin is selected from

methyl-B-cyclodextrin, hydroxypropyl-B-cyclodextrin and a combination thereof.

In another aspect, there is provided the oral pharmaceutical composition as defined above for

use in the treatment of cancer.

In another aspect, there is provided the oral pharmaceutical composition as defined above for
use in the treatment of an autoimmune disease/disorder, rheumatoid arthritis, multiple
sclerosis, lupus erythematosus, or a neurodegenerative disease/disorder, or for the use in

immunomodulatory therapy.
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In another aspect, there is provided a use of bendamustine or a pharmaceutically acceptable

salt or solvate thereof in combination with a modified cyclodextrin for the preparation of a
medicament for oral administration, wherein said modified cyclodextrin is selected from methyl-

B-cyclodextrin, hydroxypropyl-B-cyclodextrin and a combination thereof.

Accordingly, the present disclosure provides a composition for use as a medicament, wherein
the composition comprises bendamustine or a pharmaceutically acceptable salt or solvate
thereof in combination with a modified cyclodextrin, wherein the composition is to be
administered orally, and wherein said modified cyclodextrin is selected from a-cyclodextrin,
B-cyclodextrin and y-cyclodextrin, wherein said a-cyclodextrin, said B-cyclodextrin or said
y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(Ci-4

alkyl), or any combination thereof.

The disclosure thus provides a composition for use in therapy, wherein the composition
comprises bendamustine or a pharmaceutically acceptable salt or solvate thereof in
combination with a modified cyclodextrin, wherein the composition is to be administered orally,
and wherein said modified cyclodextrin is selected from a-cyclodextrin, B-cyclodextrin and

y-cyclodextrin, wherein said a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is
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substituted with Ci4 alkyl, hydroxy-Ci.s alkyl, dihydroxy-Ci4 alkyl, -CO(Ci4 alkyl), or any

combination thereof.

In other words, the present disclosure provides a pharmaceutical composition for oral
administration, wherein the pharmaceutical composition comprises bendamustine or a
pharmaceutically acceptable salt or solvate thereof in combination with a modified cyclodextrin,
wherein said modified cyclodextrin is selected from a-cyclodextrin, B-cyclodextrin and
y-cyclodextrin, and wherein said a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is
substituted with Ci.4 alkyl, hydroxy-Ci.a alkyl, dihydroxy-Ci.4 alkyl, -CO(Ci.4 alkyl), or any

combination thereof.

The disclosure likewise provides an oral pharmaceutical composition comprising
bendamustine or a pharmaceutically acceptable salt or solvate thereof in combination with a
modified cyclodextrin, wherein said modified cyclodextrin is selected from a-cyclodextrin,
B-cyclodextrin and y-cyclodextrin, and wherein said a-cyclodextrin, said ($-cyclodextrin or said
y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(C1.4
alkyl), or any combination thereof.

The disclosure further provides an oral pharmaceutical formulation comprising bendamustine
or a pharmaceutically acceptable salt or solvate thereof in combination with a modified
cyclodextrin, wherein said modified cyclodextrin is selected from a-cyclodextrin, B-cyclodextrin
and y-cyclodextrin, and wherein said a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin
is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(Ci.4 alkyl), or any

combination thereof.

The disclosure also provides a pharmaceutical composition which is formulated (or adapted)
for oral administration, wherein the pharmaceutical composition comprises bendamustine or a
pharmaceutically acceptable salt or solvate thereof in combination with a modified cyclodextrin,
and wherein said modified cyclodextrin is selected from a-cyclodextrin, B-cyclodextrin and
y-cyclodextrin, wherein said a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is
substituted with Ci.4 alkyl, hydroxy-Ci.a alkyl, dihydroxy-Ci.4 alkyl, -CO(Ci.4 alkyl), or any

combination thereof.

Moreover, the present disclosure relates to the use of bendamustine or a pharmaceutically
acceptable salt or solvate thereof in combination with a modified cyclodextrin for the
preparation of a medicament for oral administration, wherein said modified cyclodextrin is

selected from a-cyclodextrin, [B-cyclodextrin and vy-cyclodextrin, and wherein said
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a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is substituted with C1.4 alkyl, hydroxy-

Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(C1.4 alkyl), or any combination thereof.

The disclosure also relates to the use of bendamustine or a pharmaceutically acceptable salt
or solvate thereof and a modified cyclodextrin for the preparation of a medicament which is
formulated (or adapted) for oral administration, wherein said modified cyclodextrin is selected
from a-cyclodextrin, B-cyclodextrin and y-cyclodextrin, and wherein said a-cyclodextrin, said
B-cyclodextrin or said y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-
Ci.4 alkyl, -CO(C1.4 alkyl), or any combination thereof.

The present disclosure furthermore refers to the use of bendamustine or a pharmaceutically
acceptable salt or solvate thereof in combination with a modified cyclodextrin for the
preparation of an oral medicament (or an oral pharmaceutical composition) for the treatment of
a disease or disorder, wherein said modified cyclodextrin is selected from a-cyclodextrin,
B-cyclodextrin and y-cyclodextrin, and wherein said a-cyclodextrin, said $-cyclodextrin or said
y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(C1.4
alkyl), or any combination thereof.

The disclosure likewise provides a method of treating a disease or disorder (e.g., cancer) in a
subject/patient (e.g., a human) in need thereof, the method comprising orally administering a
pharmaceutical composition comprising bendamustine or a pharmaceutically acceptable salt or
solvate thereof in combination with a modified cyclodextrin to the subject/patient, wherein said
modified cyclodextrin is selected from a-cyclodextrin, B-cyclodextrin and y-cyclodextrin, and
wherein said a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is substituted with Ci.4
alkyl, hydroxy-Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(Ci.4 alkyl), or any combination thereof. In
particular, the method comprises the oral administration of a therapeutically effective amount
of the pharmaceutical composition. Examples of the disease or disorder to be treated are

described further below.

Moreover, the present disclosure provides a method of enhancing the oral bioavailability of
bendamustine or a pharmaceutically acceptable salt or solvate thereof, the method comprising
orally administering a pharmaceutical composition comprising bendamustine or a
pharmaceutically acceptable salt or solvate thereof in combination with a modified cyclodextrin
to a subject/patient (e.g., a human) in need thereof, wherein said modified cyclodextrin is
selected from a-cyclodextrin, B-cyclodextrin and vy-cyclodextrin, and wherein said
a-cyclodextrin, said B-cyclodextrin or said y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-

Ci.4 alkyl, dihydroxy-Ci.4 alkyl, -CO(C1.4 alkyl), or any combination thereof.
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The disclosure further relates to a method of delivering bendamustine or a pharmaceutically
acceptable salt or solvate thereof to a subject/patient (e.g., a human) in need thereof, the
method comprising orally administering a pharmaceutical composition comprising
bendamustine or a pharmaceutically acceptable salt or solvate thereof in combination with a
modified cyclodextrin to the subject/patient, wherein said modified cyclodextrin is selected from
a-cyclodextrin, B-cyclodextrin and vy-cyclodextrin, and wherein said a-cyclodextrin, said
B-cyclodextrin or said y-cyclodextrin is substituted with Ci.4 alkyl, hydroxy-Ci.4 alkyl, dihydroxy-
Ci.4 alkyl, -CO(C1-4 alkyl), or any combination thereof. The method particularly comprises the

oral administration of a therapeutically effective amount of the pharmaceutical composition.

The composition (or pharmaceutical composition, formulation or medicament) according to the
present invention can be used for the treatment of various diseases or disorders, including in
particular cancer (Darwish M et al., Cancer Chemother Pharmacol, 2015, 75(6), 1143-1154,
Mundt M et al., Beilage zu Onkologie, Band 24, Heft 3, Juni 2001 (doi:10.1159/000055100);
Cheson BD et al, J Clin Oncol, 2009, 27(9), 1492-1501), but also non-cancerous
diseases/disorders (Faivre G et al., Neurology, 2014, 82(10 Supplement), P7.261 (May 01,
2014 Poster Session VII Neuro-oncology: Primary CNS Lymphoma and Other Hematologic
Malignancies), http://www.neurology.org/content/82/10_Supplement/P7.261). For example,
bendamustine has been shown to induce the production of interleukin-10, which suppresses
inflammation, in studies with human B cells, and has thus been found to exert anti-
inflammatory activity (see, e.g., Lu L et al., Int Immunopharmacol, 2016, 39, 273-279); the
composition (or pharmaceutical composition, formulation or medicament) according to the
invention is hence considered to be effective in the treatment of autoimmune

diseases/disorders, such as, e.g., systemic lupus erythematosus.

The cancer to be treated in accordance with the invention is preferably a hematological cancer.
The hematological cancer may, for example, be selected from lymphoma, Hodgkin lymphoma,
nodular sclerosing Hodgkin lymphoma, mixed-cellularity Hodgkin lymphoma, lymphocyte-rich
Hodgkin lymphoma, Ilymphocyte-depleted Hodgkin lymphoma, nodular lymphocyte
predominant Hodgkin lymphoma, non-Hodgkin lymphoma, follicular non-Hodgkin lymphoma,
diffuse non-Hodgkin lymphoma, diffuse large B-cell ymphoma, Burkitt’'s lymphoma, mantle cell
lymphoma, peripheral T-cell lymphoma, cutaneous T-cell lymphoma, mycosis fungoides,
Sézary’s disease, T-zone lymphoma, lymphoepithelioid lymphoma, Lennert's lymphoma,
lymphosarcoma, a malignant immunoproliferative disease, Waldenstréom’s macroglobulinemia,
alpha heavy chain disease, gamma heavy chain disease, Franklin’s disease, an

immunoproliferative small intestinal disease, Mediterranean lymphoma, multiple myeloma,
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CLAIMS

An oral pharmaceutical composition comprising bendamustine or a pharmaceutically
acceptable salt or solvate thereof in combination with a modified cyclodextrin, wherein
said modified cyclodextrin is selected from methyl-B-cyclodextrin, hydroxypropyl-p-
cyclodextrin and a combination thereof.

The oral pharmaceutical composition of claim 1, wherein the composition comprises

bendamustin hydrochloride.

The oral pharmaceutical composition of claim 1, wherein the composition comprises

bendamustin hydrochloride monohydrate.

The oral pharmaceutical composition of claim 1, wherein the composition comprises said
bendamustine or the pharmaceutically acceptable salt or solvate thereof and said modified

cyclodextrin at a molar ratio of about 1:10 to about 1:0.5.

The oral pharmaceutical composition of claim 1, wherein said composition is provided in
the form of a solid oral dosage form;

and wherein the solid oral dosage form optionally has an enteric coating.

The oral pharmaceutical composition as defined in any one of claims 1 to 5 for use in the

treatment of cancer.

The oral pharmaceutical composition according to claim 6, wherein said cancer is a

hematological cancer.

The oral pharmaceutical composition according to claim 6, wherein said cancer is a solid

cancer.

The oral pharmaceutical composition as defined in any one of claims 1 to 5 for use in the

treatment of an autoimmune disease/disorder, rheumatoid arthritis, multiple sclerosis,
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lupus erythematosus, or a neurodegenerative disease/disorder, or for the use in

immunomodulatory therapy.

The oral pharmaceutical composition according to any one of claims 6 to 8, wherein the
composition is to be administered in combination with a further anticancer agent and/or

radiotherapy.

The oral pharmaceutical composition according to any one of claims 6 to 9, wherein the

composition is to be administered in combination with rituximab.

The oral pharmaceutical composition according to any one of claims 6 to 11, wherein the

composition is to be administered in combination with an antiemetic agent.

The oral pharmaceutical composition of claim 1, wherein the composition is to be

administered orally to a human subject.

Use of bendamustine or a pharmaceutically acceptable salt or solvate thereof in
combination with a modified cyclodextrin for the preparation of a medicament for oral
administration, wherein said modified cyclodextrin is selected from methyl-B-cyclodextrin,

hydroxypropyl-B-cyclodextrin and a combination thereof.



