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Formulstions containing a solid solution of febunostat

Technical Field

The technieal solution relates o pharmacentical compositions containing febuxostat (33«

cyano-d-isobutyloxyphenvl-bmethyl-S-thiazole-carboxylic soid) of formula Hathe form of a

solid selution.
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Background Art
Febuxestal (2-{3-kyano-d-isobutyloxyphenyl ethylS-thiszole-carbonylic soldy is well

known for its strong inhibition effects on xanthine oxidase and it is used as an active substance
for the treatment of gout and hvperuricemia. Febusostat and s effects were first described in

the international apphication W92/09279,

Pebuxostat is cunrently available in the market in the form of coated tablets sold under the
nams Adenuric, Those tablets contain 80 mg or 120 my of feluxostat of the polymorphic form

The tablet core consists of the active substance, lactose, microcrystalline celiulose,
magnesinm stearste, hydroxypropy!l methyl cellulose, sodinm salt of crosscarmeliose and
colloidal silicon dioxide. The tablet coating congists of polyviny! alcohol, titanium dioxide,

polvethvlene ghveol, tale and pigment

Febusostat can forns various crystatline structures. This phenomenon s ealled pfrsi,.ymcrphism
and individes! crystalline structures are called polymorphic forma. A gread number
polvmorphic forms of febuxostat have been described in the litersture, but in the course of

time most of them proved to laek thermodynamical stability and dus to the influsnce of

external conditions (e.g. being exposed to humidity) they are converted to another or other
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polymarphic  formis). The imternativnal  applivation WOO/63RRF  characterized  the
polymorphic forms A, B, C, D and G. These forms are distinetive with their characteristic X-
ray powder diffraction peaks and specific ebsorption values in the infrared spectral analysis.
The sard application highlights the form A as the most suitable one for industrial application

without this fact being specified in defail or supported by dais.

Other  polymorphic forms  of fubuxostat have been described dn the docoments
WO2010144685A1 (forms F10, FU and ¥23, WO2011080631A2 (forms R1, RZ, R3, R4 and
RE) WO201HI0791 1AL (form Ry, WORGIHI34141 (form NI, WO 1161245 (forms T and
i), WO 2038971 (form HY and HY), WO2012168948 (forms HI and H4j, WO2012048861
{(form HI), WO2012056442 (forms VI and IX), CN102093309 and CNT102093308 (forms H,
Fand I}, ONTO1386603 and ONTOIRTTENT (form K, ON101824007 and ONIG1IRI702 (form
My, ONIOTS24006 (form PY CNIOIR24GAS (form (3, CN101928260 (forms B, 8 and T),
CN1O2070538 (L-shaped crystals), CNIOISQ2310 (crystal form delta), and further in the
docunmens CNT01523319, ONIQITOR IS0, ONI0QI6TI3 14, ONTOIRITSTSE, ONIO2127033 and
CMNIG1891703,

The international application WOO3AR22TS deseribey solid pharmacewtical formulations of
febuxostat for oral administeation, wherein febuxostat & present in a singly crystalline form,
namely form AL These pharmacentical formulations can be prepared both by direct tabletting
and with the use of dry grammlation or wet gramilation with water, ethano! and possibly
selutions containing a binder, According to the authors of the application WOO3/083379 form
A was selected based on the application WORS/65885, where this form was preferred to forms
B, C D and G, Examples in WOO3/A82279 document that when pharmscautics! formudstions

were prepared with the other forms, conversion to other erystailine forms ocourred.

The internations! application WORIZ2140632 descrtbes amorphons solid dispersions of
febuxostat, the fermt “solid dispersion™ being explained as a systemr where febuxostat is
dispersed in the form of small solid particles in a solid-state carrier. While the first aspest of
the nvention described in WOR12140632 are solid dispersions of febuxostat, the other aspect
is a process of preparing an amorphous solid dispersion of febuxostat and a carrier comprising
dissolution of febuxostat and the carler (polyvinyl pyrrelidone) inn ¢ solvent and subsequent

removal of the solvent from the solation,
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An advantage of a solid solation of fohuxestat In a pobvmer that s soluble In waler I8 an
8 POLY
increase of the dissolutipn rate, which leads o faster absorption into the patient’s body, and

incraased biclogical availability of the active substance,

Disclosure of the technical solution

Febugostat is a substance for the treatment of gout, which ig poorly soluble in water and is
gastly subjrct © changes in i coystailine structurs in the presonce of water and atmospheric

humidity. The technical solution provides formuletions contpining g solid solution of

febuwrostat and a poiymeric cartier in the weight ratio of febuxostat to the polyvmeric carrior in

the range of 1:3 to 3:2, including the limit values.

A “solid solution™ means a chemically and physically homogeneous material, in which the
molecules of the substance being dissolved are homogensously dispersed among the
molecules of the carrier substance {the substance forming & matrix of the solid sohution) and in
which no particles of the substance being dissobved can be detected by mcans of any method
known from the state of the art {e.g. an optical and electvon microscope, FTIR microscopy, X-
ray analysis, NMR, DSC analysis).

An advantage of the solid solutions of febuxostat v sishilization and protection of febuxostat
froam the offects of atmospheric humidity, Another clear sdvantsge of the solid solution of
febuxostat 13 easier releasing nto a solufion, which mcreases biological compatibility of this

active substance compared 16 its erystaliine forms.

A solid solutton of febusostat can be prepared by meliing of febuxostal with a polvmeric
carrigr av 8 tomperature of from 130 o 160°C, mwluding the bmit valoes, wherein the
residence time of the melted mixture les in the range of from 3 to 7 nuins, inch the hmit

values,

The ratio of febuxostat and the polvmeric carrier influences the weight of the final dosage
form, With repard to the subsequent use of the solid solution in the final m)sage forny i is

necessary that the ratio of the active substance to the polymeric carrier be at least U3, in order
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o keep the weight and thus size of the final dosage form to the minimum o make it as

seceptable for the pattents as possible.

The following list can be mentioned as polymeric carriers snitable for the preparation of solid
solutions of febuxostat by melting, without the list Hmiting the scope of this technical solution:
othyl  collulose,  polyothylene  glvenl, glveerine  trigcetate, polyvethvlene  oxide,
polymethacrylates, hydroxypropyl  cellulose, hvdvoxypropyl methyl cellulose phialate,

cellulose acetate butyrate, polyvinyl alechel, polyecaprolactam, a copolymer of methaervlic
acid with methyl methacrylate, a copolymer of polyviny! caprolactam, polyvinyl acetate and
polyethivlene glyenl, ccllulose, polyviny! perrolidons {povidone, PVP). One polymer or a

mixture of more polymers can be used as the polymeric camrier,

Umne or more softeners can also be added {o the melting mixture, namely o such & quantity
achieve the weight ratio of the polymeric carticr and softener of 1:0.6 ot the most. Polyvinyl
pyrrolidone (povidone, PVE), polyethylene oxide, polvethylene glyeol, hydroxypropy! methyl
celtulose, hydroxypropyl cellnlose, g copolymer of polyvinyl pyrrolidone with vinyl acetate,
ethyl celludose, cellalose, polyvinyl caprolactam, palyvinyl acetate, butyl stearate, glycerel

monusicarate, stearyl aleohol, tristhyl ciivate, tributyl citrate, propylene glyeol, mineral ot

dicthyl phtalate, dibutyl phtalate and others can be used as the softeners.

Another possibility of preparing a solid solution of febuxostat involves speay deyving of
agquesus and crganic solutions of a palymer and febuxestat, An advantage of this preparation
method is casy control of the process parametors and the prodoction rate. The producs
particles have a narrow size distribution, which makes their further wse for the preparation of
solid drug formg casier. The drying mie snd the siwe of drops at the beginning of drving

proved {0 be imporiad parameters

As examples of suitable polvmers for the preparation of solid solutions by spray dryving from
organic solvents the following substances can be mentioned for exampler polyvinyl
pyreolidone, a copolymer of polyving! pyrrolidons and vionyt acetate, polvethylene glyeol,

volvethvlene  oxide, poly(butyl mothecryiate), poly(metiyl methacrylatel,  poly{ethy!

methaceylate), polv{ethel acrylate), poly{trimethylaminoethyl methacrylate) chloride and other
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polymethacrylates, ethyl vellnlose and other polvmers seluble in orgonic solvends, & suitable
polymer is polyviny! pyrrolidone.

It is necessary o ensure, for wse of the solid solution of febuxostal in a pharmaceutival
formulation, that the size of the particles of the solid sohation of febuxostat be in the range of
fromy 1o 1000 woy, preforably § to 500 pm, most preferably 5 to 230 am, determined as the
DO value using the static light dispersion method. The D90 value indicates such a particle
size that B0% by weight of all particles are smualler than this value. I particles of these sives
are not produced during the preparation process of the solid solution itself, e.g. by spray
drying, these sizes can be achieved by crushing or grinding of the solid solution by means of 2

hammer mall, colloidal mill or ball mdil

A pharmaceutical formulation comprising the solid solution of febuxostst may be v the o
of capsules or iablets or other known forms of pharmaceutical formulations for oral

adniinistration,

Pharmaceutical  fHrmulations of febuxesisgt in the fom of a solid solution for oral
administration cormprise
10 to 70% by weight of g solid selution of febuxostal
2 20 o 80% by weight of g filler (s e&ﬁi}fdmus amlfor hydrated  lactose,
microcrystalline celluloss, sorbitel, manniiol, hydrates of calchwn hydrogen phosphate
andfor sucrase and/or any filler known from the prior art);
= dismtopranis up to the concentration of W% by weight {eg. sodium salt of
crosscarmellose, crosspovidone, starch, low substituled hydroxypropyl cellulose,
cotloidal sthivon dioxide, sodium salt of carboxymethyd starch and/or any disintegrant
knowa from the prior art)y
+  olidants up te the concentration of 10% by weight {v.g. colloidal silicon dioxide,
magnesivm carbonate, sfearie avid or its salts such a3 magnesium steardde, sodium
stearyl fumarate, magnesium palmitate, magnesium oleate, hydrogenated vegetable ofl,
hydrogenated castor oil, tale, masrogols {polyethylene glyeols) of variows molecular

welghts andfor any glidany knows from the prior art)

pe
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*poisturizers up to the concentration of 7% {e.g. sodium stearvl fumarate, stearie scid
oy its salts such as megneshum stearate, calchuw steamte, tale, avhydrows colloidal
stlicon dioxide andfor any moisturizer known from the prior art);

= or optionsily a binder up to the concentration of &% by weight {e.g. povidone,
copovidone, hydroxypropyl cellulese andfor hydroxvethyl cellulose and/or any binder

known from the prior art).

Pharmaceutical  formulations of febuxostat in the form of 3 solid solution for

!

s
rt

2

&

adminisiration preferably comprise
- 15-30 % by weight of the active substance;
~ 10-37% by weight of a polymeric carvier;
- 30-45% of microcrystalline cellulose;
- ghdants, moisturizers, softeners and disintegrants up o the concentration of 15% by
weight;
- colourants up to the concentration of 0.5 % by weighty
~ coating agsrs up to the concentration of 596 by weigly,
Pharmacentical  formulations of febuxostat i the form of a solid solution for oral

administration can be further costed by means of conumon methods.
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Example
Active substance
Febusostat 12.000 Active substance
Auxiliary substances
Soluplus 24000 | Polymeric carrier
Micracrystalline cellnlose 30000 Filler
Sodium salt of crosscarmeliose 3.000 Disintegrant
Collnidal silicon dioxide 0.600 Glidant
Sodium stearyl fumarate 1.500 Muoisturizey
Hypromellose 1103 Cogting agent
Macrogol 0177 Softener
Trisnium dimnde {1.087 Colourant
Tale 0.014 Glidat
Yelow tron oxide 0,008 Colourant
Brown iron oxide (.009 Colourant

A mixture of febuxostet with the polymer Soluphes (& copolymer of polyvinyd caprolactam
with polyvinyl acetate and polyethylene glyveol) was melted at 140°C In an extruder with
serow feed of material, The residence time of the material in the extruder was 4 mins, the fead
rate of the material inside the extroder was 3 omymin, This experiment resulted in & melt
comprising a selid selution of febuxestat in the polymer. The solid solution of febuxostat was
ground to get the particle size of 230 pm., Abseuce of the crystalline form of febuxostat was
confirmed by means of XPRD, NMR and DSC analyses. Stability of the sohd solution wag

proved by exposure of the solution to 40°C and 73% relative hunudity for one wonth.
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Ciaims

1} A pharmaceutical composition containing febuxostat ax the astive substanee,

L

characterived In that it comprises fobuxostat in the fonn of a solid solution with a
polymeric carrier with the parficle size in the range of 1 to 1000 pm, determined as the
D94 value using the static Hght dispersion method, the microcrystalline cethulose filler

ard other pharmaceutically accepiable excipionts,

The pharmeacentical formulation according to olaim 1, chavacterized in that the
polymeric carrier 18 a copolyruer of polyvinyl caprolactam with polyvinyl acetate and

polycthvlene glyool.
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