WO 2006/133835 PCT/EP2006/005423 -1 Pharmaceutical formulation of
the tubulin inhibitor Indibulin for oral admini- stration with improved
harmacokinetic properties, and process for the manufactyr
WEIE’EWE%ETHE INVENTION The present invention relates %831%%%8&/805423
pharmaceutical formulation for oral ad- ministration of the poorly soluble
and therefore hardly bioavailable tubulin inhibitor Indibulin and a process
for its manufacture. BACKGROUND OF THE INVENTION During mitosis,

a cell's DNA is replicated and then divided into two new cells. The .
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tubulins. Spindle microtu- bﬁi’@g‘ A FE&T@ d chromosomes and
pull.one copy to each side of the di- viding cell. Without these
microtubules, cell division is not possible. Microtubules therefore are
among the most important sub-cellular targets of anti- cancer
chemotherapeutics becalie {hdyrafie-ibr diaitt Wi ilidells and are
necessary for mitotic, interphase and cell maintenance functions (e.qg.
intracellular transport, development and maintenance of cell shape, cell
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causing tubulin precipitation and sequestration, thereby interrupting many
IndiiR At RIgRERMQIJISTRIHEPEINE on the microtubular class of
subcellular organelles. Therefore, such compounds can potentially inhibit

the proliferation of tlér}]\%rigéyalérﬁﬁS%F\_[elcg_{éom\\}%r%%g{gans See, e.g.,

Bacher

During mitosis, a cell's DNA is replicated and then divided into two new cells. The
process of separating the newly replicated chromosomes into the two forming
cells involves spindle fibers constructed with microfubuies, which themseives are
formed by long chains of smaller protein subunits calied tubulins. Spindie microtu-
bules attach to replicated chromesomes and pull one copy to each side of the di-
viding cell. Without these microtubules, celi division is not possible.

Microtubules therefore are among the most important sub-cellular targets of anti-
cancer chemotherapeutics because they are present in all cells and are necessary
for mitotic, interphase and cell maintenance functions (e.g. intraceliular transport,
development and maintenance of cell shape, cell motility, and possibty distribution
of molecules on cell membranes). Compounds that interact with tubulin can inter-
fere with the cell cycle by causing tubulin precipitation and seguestration, thereby
interrupting many important biologic funciions that depend on the microtubular
class of subcellular organelies. Therefore, such compounds can potentially inhibit
the proliferation of tumor cell lines derived from various organs. See, e.g., Bacher
et al. (2001) Pure Appl. Chem. 73:8 1458-1464 and Rowinsky & Donehower
{(1991) Pharmac. Ther. 52:35-84.



et al. (2001) Pure App!. Chem. 73:9 1459-1464 and Rowinsky &
Donehower (1991) Pharmac. Ther. 52:35-84. WO 2006/133835
T/ Pfg 6/005423 -2 Accordingly, new, synthetic, small- )&%

Wgr%{r}ng%é %%tities that bind to tubulin, but are neither a subélat?age o] %/9@5423

transmembrane pumps nor interfere with the functi- on of axonal

microtubules, would strongly increasethe therapeutic index in the

treatment of malignancies. A series of synthetic molecules that bind to

tubylin are currently being evaluated in. the preclinical.or :
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indibulin is a synthetic small molecule tubuiin inhibitor with significant antifumor
activity in vitro and in vivo. |t destabilizes microtubules in tumor cells, as well as in
a cell-free system. The binding site of indibulin does not appear to overlap with the
tubulin-binding sites of the well-characierized microtubule-destabilizing agents
vincristine or colchicine. Furthermore, the molecule selectively blocks cell cycle
progression at metaphase.

In vitro, Indibuiin exerts significant antitumor activity against a variety of malignan-
cies (e.g., prostate, brain, breast, pancreas, and colon). Indibulin displays high in-
'vivo antineoplastic efficacy in animals. Based on its mechanism of action it is ex-
pacted to target all types of solid tumors. it is aiso expected to exhibit antiasthma-
fic, antiallergic, immuno-suppressant and immunomodulating actions. No neurolo-
gical symptoms have so far been found in animal experiments. In preciinical expe-



vivo antineoplastic efficacy in animals. Based on its mechanism of action it
is ex- pected to target all types of solid tumors. It is also expected to
W{e}xzféiﬁk%i/tl%r%ggsthma- tic, antiallergic, immuno-suppressant and TIEPRO06 /005423
~ImMmunomodulating actions. No neurolo- gical symptoms hale CBAr BEsH
found in animal experiments. In preclinical expe WO 2006/233835
PCT/EP2006/005423 -3 riments in rodlents the compound was very well
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evelopment is, in contrast to other tubulin-inhibitory compounds, its easy
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coRfySiaiRe ROWSlSF sThghptubility in hydrophilic solvents is poor, for
example it is practically insoluble in water, methanol, ethanol or
2-propanol. Due to these properties, the bioavailability of pure Indibulin is

indieniitove bhisilsealsoyvaliddacspmymbieplasnagentinal dasagentomasatr. The
ndjbulin, e.q. powder, granula, tablets or capsules. In various organic .
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improvement of the bioavailability of poorly soluble drugs various techno-
logies are known and proven: (i) Micronisation of the active ingredient and
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Highly concentrated (roughly > 50% w/v) organic acids, for example acetic acid or
lactic acid are relatively good solvenis for Indibulin.

For the improvement of the bicavailability of poorly soluble drugs various techno-
logies are known and proven:

{H Micronisation of the aciive ingredient and formulation to o'ral dosage forms,
for example suspensions, capsules or {ablsts [lit.. R. Voigt, Lehrbuch der Pharm.
Tech.; Hagers Handbuch Band 2, Kap, 12.2, Bauer, Fromming, Fihrer, Phar-
mazeutische Technologie]. However, these types of formulation lead in the case
of Indibulin to a relatively low and insufficient bicavailability and therefore to low
plasms ievels and no efficacy.

(i) Dissolution or suspension in organic solvents and surfactants. [lit.: R. Voigt,
Leh’rbu.ch der Pharm. Tech; Hagers Handbuch Band 2, Kap. 12.2; Bauer, Frém-
ming, Fluhrer, Pharmazeutische Technologie]. The use of surfactants ieads to an
increased bioavailability of indibulin in animal tests, but in all cases the formulation
were not acceptable for human use, due to the high amount of excipients needed.
(i)  Preparation of colioidal suspensions, nano- or microparticle suspensions.
For exampie by using high shear forces the substance is crushed to nanoparticu-
late size or the substance is dissolved and afterwards precipitated out of a solvent



of Indibulin to a relatively low and insufficient bioavailability and therefore

to low plasma levels and no efficacy. (ii) Dissolution or suspension in

organic solvents and surfactants. [lit.: R. Voigt, Lehrbuch der Pharm.

Tech; Hagers Handbuch Band 2, Kap. 12.2; Bauer, From- ming, Fuhrer,

Pharmazeutische Technologie]. The use of surfactants leads to an
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limited by taste and side effects. Since the concentration of the solution
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the present invention to provide a new pharmaceutical formulation exhibiting
improved bicavailability of the pure Indibulin substance. It is a further object of
the present invention to provide a respective method for the manufacture of such
a pharmaceutical formulation.

SUMMARY OF THE INVENTION

In a first aspect, there is provided a pharmaceutical formulation of Indibulin for
oral administration comprising a granulate containing micronized indibulin having
a particle size of less than 20 um for at least 99 vol.-% of the particles, at least

one hydrophilic surfactant, and one or more capsulation excipients.

in a second aspect, there is provided a tablet prepared by using the

pharmaceutical formulation as defined above.

In a third aspect, there is provided a capsule filled with the pharmaceutical

formulation as defined above.



which exhibits improved bioavailability of Indibulin without showing the
disadvantages given in the prior art as mentioned above. Thus, it is an
object of the present invention to provide a new pharmaceutical
formulation exhibiting improved bioavailability of the pure Indibulin
substance. It is a further object of thg present invention to provide a
respective method for the manufacture of such a pharmaceutical
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hydrophilic surfactant, and one or more additional capsulation excipients.
The pharmaceutical formulation of indibulin according to the present disclosure is
based on micronization of Indibulin combined with a granulation procedure using

a hydrophilic surfactant (e.g. polysorbate, poloxamer, cremophor) and common



Further, the present disclosure relates to a tablet prepared by using said

pharmaceutical formulation and a capsule filled with said pharmaceutical

formulation, respectively. The pharmaceutical formulation of Indibulin

according to the present disclosure is based on micronization of Indibulin

combined with a granulation procedure using a hydrophilic surfactant

(e.g. polysorbate, poloxamer, cremophor) and common 5 capsulation
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DETAILED DESCRIPTION OF THE INVENTION

One aspect of the present invention relates to a pharmaceutical formulation of
Indibulin for oral administration comprising a granulate containing micronized
indibulin having a particle size of less than 20 um for at least 99 vol.-% of the
particles, at least one hydrophilic surfactant, and one or more capsulation
excipients. Preferably, the micronized Indibulin has a particle size of less than 10
um for at least 90 vol.-% of the pariicles. More preferably, the micronized
Indibulin has a particle size of less than 10 um for at least 99 vol.-% of the
particies. Even more preferred, the micronized indibulin has a mean particle size
in the range of 2 to 4 um.

In a preferred embodiment of the present invention, the pharmaceutical
formulation comprises Indibulin in an amount of about 10 to about 50 weight %,
the at ieast one hydrophilic surfactant in an amount of about 1 to about 10 weight
%, and one or more capsulation excipients in an amount of about 40 to about 80
weight



excipients. Preferably, the micronized Indibulin has a particle size of less
than 10 pm for at least 90 vol.-% of the particles. More preferably, the

icranized. Indibulin has a particle size of less than 10 m f 51% t
w@lﬁ‘.}&%lg %fﬁe particles. Even more preferred, the micronize%rﬁs I %%3%1%%23

a mean particle size in the range of 2 to 4 m. In a preferred embodiment
of the present invention, the pharmat@d‘tical formulation comprises
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E dro % surfactant in an amount of about 1 to about 10 weight %, and

ca %‘FBB 8'capsulation excipients in an amount of about 40 to about 80
weight WO 2006/133835 PCT/EP2006/005423 -6 the three constituents

~.always adding up to, 100. weight % of,said pharmaceuti-.cal formulation.
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or polysorbate 80, more preferred from polysorbate 80. Further, an
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pr(e)gteanip ?rgngtFoanu%ipegpecﬂagggﬁeepsxwgstoaﬁ%a&b?, particularly poloxamer 188, Cre-
mophors are non-ionic emulsifiers obtained by causing ethylene oxide o react
with castor oil particularly in a molar ratic of about 35 moles 1o 1 mole. Other
common names are polyoxyethyleneglyceroltriricinoleate 35 or polyoxyl 35 castor
oil. A typical cremophor is for example Cremophor® EL supplied by BASF AG,
Germany.

As capsulation excipients those which are common in the art can be suitably used
in the present invention. In particular, those capsulation excipients can comprise
cellulose such as microcristalline cellulose or a derivative thersof, gelatine, starch,
particutarly corn starch, and highly disperse silicon dioxide {aerosif). Typically, the
capsulation excipients comprise & mixture of microcrystaliine celiviose, gelatine,
corn starch and aerosil. For example, comn starch and microcrystalline can serve
as a filling mass and degradants. Highly disperse silicon dioxide (asrosil} acts in
turn to make the mass fluent. Gelatine usually serves as an adhesive {o get ho-
mogeneous granules.

in a preferred embodiment of the present invention the granules constituting said
pharmaceutical formulation are covered by an outer phase composed of a mixiure
comprising starch, particularly comn starch, highly dispersed silicon dioxide and



with castor oil particularly in a molar ratio of about 35 moles to 1 mole.
Other common names are polyoxyethyieneglyceroltriricinoieate 35 or

W %%%}%H%Q castor oil. A typical cremophor is for example 9%%8&423

supplied by BASF AG, Germany. As capsulation excipients those
which are common in the art can be suitably used in the present
invention. In particular, those capsulétroh excipients can comprise
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elatine, starch, particularly corn starch, and highly disperse silicon
gr%i‘&ﬁ%se (aerosil). Typically, the capsulation excipients comprise a mixture
of microcrystalline cellulose, gelatine, corn starch and aerosil. For
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mg per capsule.

A further aspect of the present invention relates to a process for manufacturing
said pharmaceutical formulation, comprising the steps of micronizing Indibulin to 2
particle size of iess than 20 um for more than 99 vol.-% of the particies and ho-
mogeneously mixing the micronized indibulin with at least one hydrophilic surfac-
tant and one or more capsulation excipients. Preferably, the Indibulin is mi-

cronized by milling with a jet mill.

in & preferred embodiment of the present invention the micronized Indibulin is
homogeneously mixed with corn starch, microcrystaliine celiuiose and aerosil to
obtain a powder mixiure, while simultaneously gelaline and polysorbate are dis-
solved in purified water, and subsequently the powder mixture is moistened with
the gelatine-polysorbate solution to obtain & homogeneous granuiate by sieving
through 0.8 mm sieve.

The process according 10 the present invention can further comprise the step of
encapsuiating the granules by mixing with an outer phase forming mixture which in
turn is obtained by mixing corn starch, aerosil and magnesium stearate.



hard gelatine capsule of size 1 or 2 (Ph. Eur.). In such a capsule
according to the present invention the amount of Indibulin as

Wg}%gjrmaceutically active ingredient is preferably in the range of about 20 to
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preferably about 50 mg per capsule. A further aspect of the present
invention relates to a process for ma‘nﬁf’acturing said pharmaceutical
formulation, comprising the steps of micronizing Indibulin to a particle size
of less than 20 pm for more than 99 vol.% of the particles and ho-
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aerosil to obtain a powder mixture, while simultaneously gelatine and
polysorbate are dis- solved in purified water, and subsequently the powder
Thaifueesahostened with the gelatine-polysorbate solution to obtain a

homogeneous granulate by sieving through 0.8 mm sieve. The process
‘according to the present invention can further comprise the step of

Figuredsaihamy the ranties syoirriR)aiiihasoterphaseammmdraangevitn a

folMRigkyh HERARIRRIAID aE DY FRRAMY GBRHSHCRrAQIRBRARSLIBA0RSS YA second
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of filing the pharmaceutical formulation in hard gelatine capsules of size 1
Figoirlgg g%&%ﬁé% éégalgefmsaa?cyetl}{bé@eaif)al’}%{ignyascteuu ifc IlCI% r%“'&é‘ 1gni‘§ who was first
treated fed and afterwards treated under fasted conditions (cf. Example 6 herein-
below).

Figure 3 shows the plasma level from & patients treated either with the pharma-
ceutical formulation according to the present invention as obtained in Example 1
hereinbelow or the drinking solution (Exampie 4} for comparison (cf. Exampie 7
hereinbeiow). |

Examples

The invention is described in the following exampies in more detail, but without
being limited to those.

Example 1: Capsule formulation with a strength of 50 mg Indibulin
in order to increase the specific surface of the drug substance indibulin it is milled

via a jet mill. The resulting particie size should be less than 10 ym for more than
280% (volume) of the particies with an average size of about 2 o 4 pm.



essed for tabletting. The figures show: Figure 1 shows the result of a
bioavailability study in humans by treating with a formulation according to
e present invention first under fasted and for second tre _
Wg;éﬂgg(g}%ﬁ%ns afterwards (cf. Example 6 hereinbelow). Figi%e é}#&oﬁ\%@gmzs
data of said bioavailability study from a patient who was first treated fed
and afterwards treated under fasted t8nditions (cf. Example 6 herein-
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mABLCRRZe6 BaiatInHIS PAMoge ReaHShe el comm Hlaltharate.

microcrystalli- ne cellulose and Aerosil. In parallel gelatine" and

polysorbate is dissolved in puri- fied water. The powder mixture is then

ThHEQIsiaPRAMIRR geffine Palsahaiay sobdion izeIdpIiaaetapsules of size

homogeneous granulate by sieving through 0.8 mm sie-
2 (Ph. Eur.)

Composition per unit {Capsule)

Granulaie
tndibulin 50.0 mg
corn starch 40.0 mg
aerosil 3.0 mg
gelatine 25 mg
polysorbate 80 5.0 mg
microcristaliine cellulose 450 mg
purified water (USP, EP) a.8.

Quier phase

corn starch 10.0 mg
aerosil 2.5mg
Mg stearate 2.0mg

hard gelatine capsules of size 2 1



ve. To enable encapsulation the granula is mixed with an outer phase of
the capsule mass which is obtained by mixing corn starch, Aerosil and
Mg-stearate. The completed capsule filling mass is then filled in hard
Waé%é%ﬁéségspsules of size 2 (Ph. Eur.) Composition per unitp(%Ta(%ls%qoesm()M%
Granulate Indibulin 50.0 mg corn starch 40.0 mg aerosil 3.0 mg gelatine
2.5 mg polysorbate 80 5.0 mg microtfistalffne cellulose 45.0 mg purified
water (USP, EP) g.s. Outer phase corn starch 10.0 mg aerosil 2.5 mg
hard gelatine capsules, of size 2 1 WO, 2006/133835

ﬂ@%@%&gzgﬁ@%ﬁg@% & stengly, l%?%(?% Mo Ri#Na strength

of 100 mg Indibulin The manufacturing of a 100 mg strength of Indibulin

RPN EBNURG LA noP UM, S RO RSP IR Rt ag e the dosoro-

tion in Example 1, but having a slightly different composition per unit.

Compaosition per unit (Capsule)

Granulate
indibulin 100.0 mg
corn starch 80.0 mg
aerosil 6.0 mg
gelatine 5.0 mg
polysorbaie 80 - 100 mg
microcristailine celiuiose 0.0 mg
purified water (USP, EP) q.s.

Quter phase
corn starch 20.0 mg
aerosil 5.0 mg
Mg stearate 4.0 mg
hard geiatine capsuies of size 1 1

Example 3: Capsule formulation with a strength of 50 mg indibulin using a polox-
amer

Composition per unit (Capsule)



Granulate Indibulin 100,0 mg corn starch 80.0 mg aerosil 6.0 mg
gelatine 5.0 mg polysorbate 80 10.0 mg microcristalline cellulose 90.0
Ime%i purified water (USP, EP) g.s. Outer phase corn starch 20.0 m% .
wg ggﬂ:?ﬁsmg Mg stearate 4.0 mg hard gelatine capsulespoqgff@ 6{005423
Example 3: Capsule formulation with a strength of 50 mg Indibulin using a
polox- amer Composition per unit (Cdpsule) WO 2006/133935
GrE&uIAEP2006/005423 -11- Granulate Indibulin 50.0 mg corn starch 40.0
mg aerosil 3.0 mg gelatine 2.5 mg poloxamere 188 5.0 mg
microcristalline cellulose 45.0 mg

tndibulin 50.0 mg
corn starch 40.0 mg
aerosil : 3.0 mg
gelatine 2.5 mg
poloxamere 188 5.0 mg
microcristaliine cellulose 45.0 mg
purified water (USP, EP) g.s.

Outer phase

corn starch 10.C mg
aerosil 2.5mg
Mg siearate 2.0 mg
hard gelatine capsules of size 2 1

Exampie 4: Drinking solution of Indibulin in 10% lactic acid (1 mg/mi)

For preparation of the drinking solution, a certain amount of the pure active com-
pound is dissolved in lactic acid 80% (Ph. Eur.). Afterwards the obtained solution
is diluted with an agueous solution of glucose and passion fruit flavour to the
applicable volume and concentration. The final solution is oversaturated and the-
refore only stabie for 2 hours. Therefore the drinking solution has to be prepared
directly prior to administration.

The applicable formulation contains 60 ml of an agueous drinking soiution of indi-
bulin with a concentration of 1 mg/mi. Glucose and passion fruit flavour are used
to modify the taste fo make swaliing easier.



purified water (USP, EP) g.s. Outer phase com starch 10.0 mg aerosil
2.5 mg Mg stearate 2.0 mg hard gelatine capsules of size 2 1 Example 4:
Drinking, sglution of Indibulin in 10% lactic acid (1 mg/ml) Fqr j
WEANE't n?ﬁi’ing solution, a certain amount of the pure active%c%%g%%@r}ég%n
dissolved in lactic acid 90% (Ph. Eur.). Afterwards the obtained solution is
diluted with an aqueous solution of g fcose and passion fruit flavour to the
CofipRiisiablesfalsnssrnibgoncentration. The final solution is oversaturated
and the- refore only stable for 2 hours. Therefore the drinking solution has
to be prepared directly prior to administration. The applicable formulation
contdingiB@iml of an aqueous drinkir@P<blmtion of indi- bulin with a

conc%\%&%i%& BE)%g/mi. Glucos%gg‘r@a@%on fruit flavour are used to

modi asteto make swalling easie 2006/133835
PCT/gR208s Ri0By23 -12- Compb&itiod 61ghe solution: Indibulin 60.0 mg

|aCtiC;?§g38m’/Pu??@§r3JP9 glucose B@EW@SSBZ.S mg passion fruit
flavour 96.9 mg pur. water 50503.7 mg Example 5: Bioavailability studies
on ariamwater 50503.7 mg

Example 5: Bicavaiiability studies on animal

Pharmacokinetic studies were carried ouf in Cynomolgus monkeys, comparing the
bioavailability of Indibulin from three different formulation for oral administration
and for reference from an intravenously administered solution of Indibulin in solu-

tol®/propane diot:

1. formuiation according to the present invention as obtained in Example 1
(50 mg)
standard capsule of micronized indibulin (50 mg)
drinking solution of Indibulin in 10% lactic acid, as described in Exampile 4

intravenously administered solution of indibulin in soiutol®/propane diol.

The results show a significant improved bicavailability for the formulation accord-
ing to the present invention compared with an ordinary capsule formulation. In
comparison with the drinking solution containing lactic acid, the bicavailability from
the formulation according to the present invention as obtained in Example 1 is
jower, but this is compensated by the better tolerability and the higher possible
dosing as exemplified by said Example 1; cf. Table 1 hereinbelow (AUC = area
under curve).



Pharmacokinetic studies were carried out in Cynomolgus monkeys,
comparing the bioavailability of Indibulin from three different formulation
for oral administration and for reference from an intravenousl¥ B
WEdMrit&Tad solution of Indibulin in solu- tol(r)/propane diof T IEmINAlR
according to the present invention as gbtained in Example 1 (50 mg) 2.
standard capsule of micronized Indibdfirt (50 mg) 3. drinking solution of
Indibulin in 10% lactic acid, as described in Example 4 4. intravenously
Tagﬂ?(r)%nistered solution of Indibulin in solutolo/propane Biol. The results

a significant improved bioavailability for the formulation accord- ing
to the present invention compared with an ordinary capsule formulation 1n

M%@jmpﬁlﬂémﬁfi)vith the drinking solution containing lactic acid, the

W%m OO Qe PreseT Vet /gs,, "
A btaingd %tmple 1is lower, Jﬁ%%zfs con:ékg%%ité"a" b)%‘ %{%ﬁetter %&J?m' rem
Ragteratfility and the higher po8&itiel BHRIRE as &M Pilkied FYEYBIEXxanffd ™

Animat AdsHnad24* Bdma4jiaom,** AUCa36 AUCa36, Rouyte group
[ng-h/mi¥red/mij [ng-h/ml) fng-h/ml) perorally formulatiort according tc 1

e e T f’ e

peacbld (6282947 BB6) 605 455 7550 the présent 1avention adbtaineed + 137

al 1
pore raEfiyfamQé{Eﬁén (10 moflkg¥ta | 1886 £ 1085 | 1886 = 1085 | 2863 1 1810 | 2863 £ 1810
in 10% lactic acid

infra- solution (0.2  mg/kg)l 1b 280 = 8547 | 14048 fi- -
venously tin solfprop * 4270

* Piasma sampies from infravenously administered animals were only withdrawn until 4 hours and,
thus, only AUC,.. could be caicyulaied

Example 8; Biocavailability studies in humans

The formulation of Exampie 1 was {ested in Phase | studies in humans. Patients
weare treated with the Indibulin capsules under fed and fasted conditions to evalu-
ate the influence of administration prior or after 2 meal.

To obtain relevant plasma levels it seems {o be betier to administer the capsules
under fed conditions. Fig. 1 shows treatment first under fed and for second freat-
ment under fasted conditions afterwards. Good bicavallability can be observed in

the first treatment whereas after second treatment no plasma level was found.

Fig. 2 shows data from a patient who was first treated fasted and afterwards
freated under fed conditions. Again, if patient was fasted, no plasma level of Indi-

bulin can be found, but under fed conditions significant plasma ievels were obser-
ved,



(50 mg) perorally standard caps (50 mg) 1 b 76.6 t 114 82.1 ~ 139 103
113 109 137 peroraliy solution (10 mg/kg 1 a 1886t 1085 1886 t 1085

2863 1810 2863 1810 in 10% lactic acid intra- solution (0
W9g808E #4949 t venously in sol/prop * 4270* * Plasma sﬁcm%é%g?%ﬁyﬁ

intravenously administered animals were only withdrawn until 4 hours and,

thus, only AUCO04 could be calculat'ea4Example 6: Bioavailability studies in
ExdMBIans Iﬁj}gﬁggﬁgﬂﬁ{i@m ﬂf&ﬁ%@f&éﬁﬂ?fﬁ?ﬁéﬁlﬂ;ﬁb%ddﬂﬂdIesf(mrmu!ation

umans. Patients were tregted with the Indibuli ules a

oS dori R ST e A h T SALL Ot S g SR ey b e
siudidkanl nlimeRtain relevant plasma levels it seems to be better to

administer the capsules under fed conditions. Fig. | shows treatment first

under fed and for second treat- ment under fasted conditions afterwards.
FigGhathhigatieabditmeanmoobbindénin frevitsreeantientsnateriaddt, 105

d.tr I . le ; ' a Lo A 4w -
o S oy v P
tientsnitiatastsayAh Ampdiient ieaiedswith 5 praMa BReCaPRidR fRifRLafen ac-
ca% &p%g Fég’g}ﬁriﬁgg&%}gitions significant plasma levels were obser-

ved: WO 2006/133835 PCT/EP2006/005423 -14 Example 7: Comparison
of the bioavailability of Example 1 (capsule formulation according to the

Tnﬁf%@%@@f@m 8Bth ExarnRidn(diirkingtroluhergamBPhasgd tsitidiethin stan-
umans

dard deviation into account, therefore no significant differences can be found. The
bioavailability can be stated to be similar for both formulations.



Fig. 3 shows the plasma levels of indibulin from three patients (patients
104, 105 and 107) treated with 40 mg via the lactic acid drinking solution

versus twggpa- tients (patients 116 and 117) treated with 50?%(3 ﬁ/ﬂgﬁ}}fg 15423
W a%?gﬂlig?%rmulation ac- cording to the present invention. The p(asma §
levels of both formulation were within the same range taking the stan-
dard deviation into account, therefofe' o significant differences can be
found. The bioavailability can be stated to be similar for both formulations.
WO 2006/133835 PCT/EP2006/005423 -15- Claims 1. A pharmaceutical

. o Eaigns. .
formulation of Indibulin for oral administration comprising a granulate

containing micronized Indibuiin having a particle size of less than 20 m for

o e PRI PR A UL BB A i o

. rmateulic E
1 on (?r ore capsuei'a 10N exciplents. e pharmaceutical formulation

acepetinate chxitaitinghevernnizethiadhidi hmmmﬂﬁﬁ@epﬁﬁ%léfsiﬁés than
of lﬁﬁspfrl%aﬁs‘lgﬁgég?r sl %Qﬁaﬁsp%ﬁt'%ﬁﬁ 3nENSdrophilic surfac-

pharmaceutical formulation according aim 1, wherein the micronized

Indibulirehdsoap artitiersi ce pFESEOMaHCIDMEfor at least 99 vol.-% of the
particles. 4. The pharmaceutical formulation according to claim 1, wherein
the micronized Indibulin has a mean particle size in the range of 2 to 4 m.

2.5, Tike phamessuica formuiation ccording (o Slaim 1, WhiRRgifRe micronized
Indifulin i, ARSI AEabostkIdesabrid 30 WRigar % Basatdoamians of the

hydrophilic surfactant in an amount of about 1 to about 10 weight %, and
the RAIERIBRal

3. The pharmaceutical formulation according to claim 1, wherein the micronized
indibulin has a particle size of less than 10 um for at least 99 vol.-% of the

particies.

4. The pharmaceutical formulation according to claim 1, wherein the micronized

indibulin has a mean particie size in the range of 210 4 um.

5 The pharmaceuiicéi formutation according to claim 1, comprising Indibulin in
an amount of about 10 fo about 50 weight %, the at least one hydrophilic
surfactant in an amount of about 1 to about 10 weight %, and the additional

capsulation excipients in an amount of about 40 to about 80 weight %.

§. The pharmaceutical formulation according to claim 1, wherein the hydrophilic
surfactant is selected from the group consisting of polysorbates, poloxamers,

cremophors and polyalkylene glycols.

7. The pharmaceutical formulation according to claim &, wherein the polysor-
bate is selected from polysorbate 20, polysorbate 40, polysorbate 60 or poly-
sorbate 80, in particular polysorbate 80.



capsulation excipients in an amount of about 40 to about 80 weight %. 6.
The pharmaceutical formulation according to claim 1, wherein the
hydrophilic_surfactant is selected from the group consistin
W oz'l()’/osﬁflr%:g?é’s, poloxamers, cremophors and polyalkylene 3@%%’[%?2}'? Fhe
pharmaceutical formulation accordinq o claim 6, wherein the polysor-
bate is selected from polysorbate 20, polysorbate 40, polysorbate 60 or
8. polghsqrhaie86siniee risuan sidysathaielidld WQIaDe6/133888in the capsula-
PCT/EP2006/005423 -15 8. The pharmaceutical formulation accordi
BRI SHE RSS2 A S et felp Gheca g o
selesiietbimnanb eagievpatvasistergall gelilinse siadch dpeiitivertharenf, starch,
gelatine,. st r(%1 rticularly ¢ rch, d% i ' Silicon
dio ?oge%e{%\?ye E s%sr% :éﬁjégentéé&éﬁfg g .QW%Hp Qa?r&%c%ﬁ%gﬁr#nmaﬂon
according to claim 1, wherein the granules constituting said

g, pharfﬁ%ﬁﬁﬁﬁ%%‘%ﬂ&%‘@?%ﬁ!&%%%J%@ {RULRLiRNaSEicarBRoRA @hnules

a mixture comprising starch, particularly corn starch, highly dis- persed
siliconslisxins sal REgHeakmHiehiatB Bl AR tRYEp YV LSIHGT Phase

thephasmacesticaliorntiatenasdgiingtin siaimuladdcoreanstdr, fitigdly dis-
with the pharmaceutical formulation as defined in claim 1. 12. The capsule

acEBtiRg & ieRiAIPI eI SIS YBI R RB B psule of size 1 or 2. 13.

A capsule according to claim 12 wherein the amount of indibulin as

pharma- ceutically active ingredignt is.in the range of about 20 to about w
10} 0 g P GRS S50 UBobl 0 RCHIGA iy deon gned

mogieirredpsule.
11. A capsule filled with the pharmaceutical formulation as defined in claim 1.

12. The capsule according to claim 11 which is a hard gelatine capsule of size 1
or 2.

13. A capsule according to claim 12 wherein the amount of indibulin as pharma-
ceutically active ingredient is in the range of about 20 to about 100 mg, pref-
erabiy about 30 to about 70 mg, more preferably about 50 mg per capsule.

14, A process for manufacturing the pharmaceutical formulation according to
ciaim 1, comprising the steps of micronizing indibulin to a particle size of less
than 20 pm for more than 89 vol.-% of the pariicles and homogeneously
mixing the micronized indibulin with at least one hydrophilic surfactant and
one or more capsulation excipients.

15. The process according to claim 14, wherein the Indibuiin is micronized by
milling with a jet mill.

16. The process according to claim 14, wherein the micronized Indibulin is ho-
mogeneously mixed with corn starch, microcrystaliine celiulose and aerosil to



14. A process for manufacturing the pharmaceutical formulation according
to claim 1, comprising the steps of micronizing indibulin to a particle size
-0 i
W lego%?mg%?? 20 4m'fc')r more than 9.9 val. /° B Fhe partlcles 9@9/1:?2@06/905423
omogeneously mixing the micronized Indibulin with at least one _
hydrophilic surfactant and one or mare capsulation excipients. 15. The

process according to claim 14, wherein the Indibulin is micronized by
mithiptgiwith pojed atinhGEnavplieceis @AM @ eiaiine ang islyRPiRate are

migrogisreh diByliads Reaoaae QuslYaRiEhY IR W CRixture is mois-

microcrystalline cellulose and aerosil to WO 2006/133835

PaameR 2686iheseiaine PaliReRtR oI IOR LS R SIRRATRISt R U es
gelyfisRAnd poiagrReMme siissolved in purified water, and

subsequengy the powder mixture is mois- tened with the
gelatine-polysorbate solution to obtain homogeneous granules by sieving

17 thronghoR:3 488 :RieVRIiAZ . (D heghrodesSathardiogtwriciatmiid diethef encapsu-

comprising the step of encapsu- lating the granules by. mixing wi N
ouBERALE RIATHE TR S T B G Mg which in
staotm, BeybsilreetlipagResiworstetante, A8rCHlepbregyasbordiigatate.
claim 14, further comprising the step of filling the pharmaceutical

formulation in hard gelatine capsules of size 1 or 2. 19. The process )
18acdordimpesmimcrdingaritiain phafateusearpsiFigdiiensigp of filing the

pf%ﬁéﬁﬁ&é@ﬁé@@l%m%taﬁon it hard gelatine capsules of size 1 or 2.

19. The process according to claim 14, wherein the pharmaceutical formulation

is processed for tabletting.



