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VIFOR (INTERNATIONAL) AG

Pharmaceufical Compositions

Field of the Invention

This invention relates to pharmaceutical composifions comprising iron
oxy-hydroxide in high loading in o form suitable for oral administration,
and in particular for administration as an oral delivery system either as
10 dosoge forms for intact swallowing (e.g. film-coated) or as dosage forms

capable of rapid disintegration, as well as methods of production

ihereof.

Background

15 In patients with chronic renal insufficiency, a pathologically increqsed
serum phosphate level occurs due to the decreqse in the glomerular
filtration rate. The secondary hyperparathyroidism which sets in therewith
must be considered as one of the causes of the occurrence of renal
'os’reopcﬁhy. Aftempts are normally made 1o maintain the phosphate

20  balance in equilibrium by dialysis or by the administration of ord\
nohosphate adsorbers which suppress fthe resorption of foodstuff
phosphates in the gastrointestinal fract, or by the combination of both
me’rh_ods; but with the current state of the art this is either not efficient

- enough, is not ecOnomic, or'is burdened with side effects.

25  Recently new and effective phosphate adsorbers based on iron oxy-
hydroxide, in parficular containing beta-iron oxy-hydroxide stabilised by @
STObiIionion agent such Qs a carbohydrate and/or humic 'OCid, have
been described (EP 0O 868 123). These adsorbents show superior
phosphate adsorption capacity from aqueous solutions, for example for

30  the adsorption of inorganic phosphates and phosphares bonded 10
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foodstuffs (EP 0 868 125) and have been shown to be efficient ordl

phosphaie binders ih the freatment of hyperphosphataemia (Neophrol.
Dial. Transplant 14, 8§63, 1999].

To  achieve maximum efficiency while mainfaining good patient
compliance, it is desirable thatf such adsorbers can be administered in

high dosages. However, phosphate adsorbers with high iron loadings are

~still not Qvarloble Foc’rors such as ease of administration In general,

unaccepftable taste, as wen as s’roroge and stability problems, limit fh-e

applicability of currenﬂy available phosphate binders.

WO 2006/000547 of the present appiicant discloses a process for
preparing an iron-sulfate based phosphaie adsorbent, which may be
used for preven"rin_.g and treating hyperphosphatemic conditions.
Described are iron oxy hydroxide composifions which are prepared form
ferric sulphate and/or nifrate containing G sTobitisingdgen’r selected fro_m
humic acid and carbohydrates and which have an iron content of Qf
most 20.3 to 22.3 % by weighi. These composiions are obtained by
rotary evaporafion. No specific oral formulafions such as ftablets are
disclosed. It is explained that the iron compositions can be formulated 1o
tablets or other oral formulations ’rogefher' with usual excipients and

adjuvants. This means thaot fcbieTé obtained from the iron oxy hydioxide

compositions can have an iron content of ai most 20 % [w/w)

corresponding to 32 % {w/w'] iron oxy-hydroxide.

EP 1 /757 299 of the presen‘f applicant descrlbes iron(I) carbohydro’re
complex Compounds and there use for orally or porenfero!ly ’rreahng iron.

deficiency in patients having chronic inflammatory bowel disease. in the

document reference is made to Maltofer® film tablets coniaining 100
mg iron(lll). The iron content of the Tablet is16é6 % by weight corresponding

0 25.6 % w/w iron oxy-hydroxide, The preparation is infended for treqating

~Iron  geficiency, thar Is, for liberafing iron(ill}, contrary 1o phosphate

odémbenis as defined in the present invention. No drying procedure is

described.
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WO 92/01458 discloses oxy-iron compounds, in particular iron oxides, iron
hydroxides and iron oxy hydroxides which are formulated as a
therapeutic dosage form for use as a phosphate adsorber. No specific
oral formulafions are disclosed, and no specific iron loading s
mentioned. Further, no excipients and monUfocTuring methods are

specifically disclosed, but reference is made 1o "acceptable meihods

- and excipients”. It is said that each oral dose may con‘f_cin 50 mg 1o

about 500 mg or more of oxy-iron 'C'Ompound. Acco;ding 0 the state of
the art tablets containing 500 mg oxy-iroh compounds, which are
necessary in order to achieve a desired degree of phosphate adsorption,
would be of such an enormous size that they could not be swallowed by

the patient. The document does nof disclose anything as to obtaining a
high iron loading.

US 5,514,281 discloses polynuclear iron oxy hydroxides bound to ¢

suppoert such as saponified diviny!_e’rhylene urea vinylacetate copolymer,
Lewatit R®, silica, glasses and organic pcreus supporfs modified with
dextran. The maximum iron loading of a support canying iron(lil) is
reported 1o be 29.3 % by dry weight. The product is formed from a dry
support, which is swelled, and it may not be dried thereafter since
otherwise removal of phosphate from the dialysafe would not work at all.

None of the examples in US 5,514,281 describes a dry /[ tablet

formulation for oral administration. The examples given describing
adsorbents are all meant for extracorporal use and none of the supports
used for"rheir producTtion Is Gppﬁcoble for medicinal use. the prepd{aﬁon
of an oral formulation is only desc'ribed as ‘pressed info powder for...”.

These products gre developed o release iron.

-Or a wide range of drugs, oral dosage forms such as tablets are clearly
the preferred form of delivery. This is due to a high level of patient
acceptability and compliance (because they provide gn accuraie
dosage and are easy o administer) as well as ddvonfogeous

characterisfics during and after manufacture, such as they typically show
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satrisfactory physical and chemical stability, are convenient for packing,
shipping and administering and offer advantages in monufoc’ru_ring

speed and cost.

However, oral dosage forms need carefully designed disintegration
characteristics to achieve the desired bioavailability for the incorporated

drug, i.e. dissolution must precede absorption, in case of immediate

release tablets should disintegrate rapidly affer ingestion in order to

facilitate dissolution of the drug. Moreover, the drug loading of
conventional tablet formuiofions s often limited due 1o potential
gastrointestinal irritation (cqused py locally high concentfration) and/or
patient compliance {which limits size and shape 10 achieve eqsy

swallowing).

These limitations have prevented the development of an effective oral

delivery system for iron oxy-hydroxide as phosphate binder with high

~loadings.

Applicants have now found that iron oxy-hydroxide (hereinafter also
referred to as active agent), and In particular iron oxy-hydroxide
confaining betg-iron oxy-hydroxide, and in particular further containing a

carbohydrate and/or humic acid that may act as a stabilization agent as

described in EP 0 868 125 Bl, can be successfully formulated in form of
an oral delivery system with high loodings (hereinafter also called

pharmaceutical compositions or compositions of the invention),

preferably either as dosage forms for intfact swallowing (e. g. film-coated)

or as dosage forms capable of rapid disintegration (either in the oral

cavity or in a smail amount of liquid prior 1o ingestion}. Thus the
pharmaceutical compositions of the invention are able to achieve both
high loadings and suitable disintfegration characteristics while '
maintaining a minimal size and thus are able 1o overcome the

arawbacks of currently known formulations.
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The inventive compositions have a low iron release rate of below 2.5 %
w/w, which is essential for phosphate adsorbers. In contrast thereto,
compositions used for freating iron deficiency have a high iron reledse

rate and thus are completely different form the invenftive .composiﬂons.

Furthermore it was found that the thrmoceuﬂcol compositions of the
invention can be preferobly obtained through conventional molding of
tobﬁef’ring methods, more preferably direct onpreSS_ioh ’rableﬁihg
methods, in the presence of one or more excipients fulfilling for example

the functions of binder and/or filler and/or disintegrant in one.

[t was further found that any disagreeable taste associated with the
active agent, if administered as dosage forms capable of disintegrafion
in the oral cavity, can be eliminated using suitable taste-masking agents,

sweeteners and/or taste-enhancing agenis.

Further it was found that favourable tablet formulations with a parficularly
high iron-oxy-hydroxide-load can be obtained, if they are comprised Of
substantial amounts of a flowable powder that has been prepared by

spruy-drying an agueous suspension of the ingredien’rs.

Summory of the Invention

It is an object of the invention to provide pharmaceutical compositions

comprising iron oxy-hydroxide in a form suitable for oral administration, in

particular as an oral delivery system with high loadings, preferably either

as dosage forms for intact swallowing (e.g. film-coated) or as dosage
forms capable of rapid disintegration (either in the oral cavity or in @

small amount of liquid prior to ingesfion).

In a preferred embodiment the iron oxy-hydroxide-containing
oharmaceutical composition comprises one or more carbohydrates
and/or humic acid, preferably a carbohydrate such as a mono- di- of
polysaccharide, preferably saccharose [sucrose), starch, agarose,

dextran, dextrin, cellulose and derivatives of each of these. Those
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carbohydrates and/or humic acid may act as a stapilization agent as
described in EP 0868 125 B1. Apart from this or in addition 1o this the
carbohydrate(s] and/or humic acid may act as a binder and/or filler

and/or disintegrant.

In yet another embodiment the composifions of the invention comprise
one of more taste-masking and/or coloring additives such as flavouring

agents, sweeteners, Taste%nhoncing agents, colorants, and the like. .

Depending on the intended use of the fablet, i.e. whether it is for intact
swallowing or rapid disinfegration (in the oral cavity or in a small amount
of liguid prior 1o inges’rion], such as e.g. a chewabie tablet, usuagi
excipients, such as superdisintegrants, glidants, lubricants, antioxidants
Compressioh Qids and the like may be added if desired. The tablet may

be coated with usual film-forming agents, if desired.

N another embodiment, the pharmaceutical compositions of the
invention are in any dosage form suitable for oral administration anag in
particular include tablets and pills, either in a form for ih’roc’r swoildwing
(e.g. film-coated) o'r in a form capable of rapid disintegration (either in
the oral cavity after ingestion or in a small amount of ligquid prior 1o
ingestion), including a chewable form, dry powders, gronules, capsules

or sachets containing these, granules, wafers, films, lozenges, and the

ke .

tis @ _fuf’rher object of the invention 10 provide methods for fOrmuldﬂhg
an oral delivery system according 1o the invention, In particular an oral
delivery system either as dosage forms for intact swollowing (e.g. film-
coated) or as dosage forms capable of rapid disintegration f(either In the
oral cavity or in a small amount of liquid prior 1O ingestion], comprising
ron oxy-hydroxide'in high loadings, by means of conventional molding or

tabletting methods, preferably direct compression tabletting methods.
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Detailed Description of the Invention

fThus, in a first aspect the present invention is directed to pharmaceutical
COmMpPOoSsItions \comprising iron oxy-hydroxide as an active agent in high
loadings ana in a form suitable for oral administrotion showing the

desired disinfegration characteristics.

In particular, the present invention is directed to such orally

administrable, p_harmoceufi'coi*compos_iﬂons with high loadings of the

active agent, either as dosage forms for intact swallowing (e.g. fiim-
coatred) or as dosage forms capable of rapid disintegration {either in the

oral cavity or in a small amount of liguid prior to ingestion).

AS Indicated hereinabove, the term “active agent” as used herein

~includes iron{lll)-oxy-hydroxide. Iron(lil)-oxy-hydroxide or iron(lll}-oxide-

nydroxide is usually referred 1o as FeO[OH) or Fe,O; x H,0. Such iron oxy-
hydroxides to be used in accordance with the present invention are
usually formed upon hydrolysis and precipitation in agqueous iron(ill)-sait
solutions (see, for example, ROmpp Lexikon Chemie, 10. Auflage, 1997:
U. schwertmann, R. M. Cornell "lron Oxides in the Labbro’rory", VCH

Verlagsgesellschaft mbH, 1921, Seiten €5 - 100). The term “iron oxy-

hydroxide” as used herein thus includes, in particular, alpha, betaq,

' gamma, and delta FeOOH and mixfures thereof. Preferably, the iron oxy-

hydroxide comprises beta FeOCOH opiionally in admixture with other iron

oxy-hydroxide(s).

lron oxy-hydroxides to pe-used in accordance wiih the present invention
are preferably prepared by adding a base to an aqueous iron(ll}-salt
solution as described in EP 0868125 B1, and subsequent drying.

Preferably iron oxy-hydroxide stabilized by a stabilization agent is used.

he wording “iron oxy-hydroxide, which is stabilized by a stabilization
agent” includes preferably an iron oxy-hydroxide together with a

stapilization agent, which includes in paﬁiculof carbohydrates and humic
aclid. As described in EP 0868125 B1 such stabilization agent usually is



10

15

20

25

30

CA 02700444 2010-03-25
WO 2009/062993 PCT/EP2008/065444

8

not bound as a complex compound to the iron oxy-hydroxide, which
means for example that a water-soluble stabilization agent can be
removead by washing the stabilized iron oxy-hydroxide with water. As

further described in EP 0868125 B1 the stabilization agent is supposed 1o

stabilize the iron oxy-hydroxide against ageing, thereby preserving its
ohosphate adsorpfion capacity. This means that sTobined ITON OXy-
hydroxide in general has a higher phosphate adsorpiion capacity (QS
measured in EP 08681 2'5'.81] compared fo a non-stabilized iron oxy-
hydroxide, in d Gccordcmoe with the present invention a preferred "iron
oxy-hydroxide, which is stabilized by a stfabilization agent” comprises
beta iron oxy-hydroxide stabilized Qs described in EP 0868125 B1 with af

least one carbohydrate and/or humic acid.

Generally, due to their chemical ndiure the iron oxy-hydroxiges used and
administered in accordance with the present invention essentially are not
absorped by the human body, i.e. they are essentially non-
biocabsorbable.

Accordingly the term “stabilization agent” as used herein includes
preferably cn‘. least one carbohydrate and/or humic acid, in particular, as
described in EP 0868125 B1. In one embodiment, the at least one |
carbohvydrate is soluble and incliudes at least one mono-, di- o]

polysaccharide, such as agarose, dexiran, dextfrin, dextran derivatives,

cellulose and cellulose derivatives, saccharose (sucrose), maltose of

lactfose preferably saccharose (sucrose), dexirin or starch.

The term “sforCh" as used herein includes any conventionally used starch
products (such as potato starch, corn starch, rice starch, tapicca starch]
in native, pregeiatinized, degraded, modified, and derivatized forms,

preferably suitable for direct compression, and mixtures thereof,

Preferred products include native and pregelatinized sfarch, such as in @
mixture having a ratio (native:pregelatinized) in the range of 10:1 1o
0.5:1, preferably in the range of 3:1 to 0.5:1 more preferably In the

range of 2:1 to 1:1. The use of a mixture of native and pregeiatinized
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starch has turned out be particularly advantageocus in the manufacture
of a tablet with high iron loading, since it allows the preparation of a
stabilized pre-mixiure which can be compressed to a suitable fablet

cither directly or with a very small amount of further excipients.

In one specific embodiment the stabilization agent of choice may be

oresent in an amount of 1.0 to 50 % (w/w], preferably 5.0 to 30 % (w/w].

All % we:EghTs (w/w} Throughouf this description are expressed in relation fo

the total weight of The pharmaceutical composition, if not indicated
otherwise.

The term "high loading” as used herein indicates that the iron oxy-

hydroxide is present in an amount of 10 to 80 % (w/w), more preferably
30 10 65 % (wW/w). |

The content of iron oxy-hydroxide is calculated as approximately 1.6 X
content of iron.

Thus, the values mentioned above correspond 1o a content of iron of 6 to

50 % w/w, more preferably 192 10 41 % (w/w).

In preferred embodiments of the invention even higher iron loadings are
redlizea, namely more than 50 % (w/w) 10 90 % {w/w] iron oxy-hydroxide,
preferably 56 % - 65 -% (w/w) corresponding to 31 1o 56 % [(w/w),
preferably 35 % 10 41 % (w/w) iron.

Or else, the iron oxy-hydroxide is preferably present in an amount of

> 300 mg per dosage form, more preferably 300 fo 2000 mg per dosage

form. It is understood that the amount of active agent depends on the
intended administration route, i.e. the amount present in tablets for

intfact swailowing film coated e.g. fiim-coadted) are preferably 350 to 850

Mg whereas the amount present in oral dosage forms capable of rapid

disintegration (either in the oral cavity or in a small amount of liguid prior
fo ingestion) are preferably 700 1o 1700 mg.
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N addition to the acfive agent, convenfional pharmaceutical
composiﬂohs typically contain a number of additional inactive
ingredients known ds excipients and/or additives. In particular when the
amount of active agent required to accomplish a desired therapeutic,

nutritive or chemical effect is very small, the presence of inert diluents,

fillers, binders, excipients and disintegrants, lubricants, glidants, and

sweeteners, taste masking agents, colorants, and the like usuadily is

critical to ensure the practicality and convenience of making oral
aosage forms o achieve accurate and effective administration of the
active agent.

N 'com‘rasf, in case of orally administered pharmaceuticdal compositions
having high loadings of active agent, as in the present invention, such
additional inactive Engrédi@nfs are minimized, since the size of an orally
administered pharmaceutical composition 18 a critical feature for

achieving good patient compliance.

As explained above, a carbohydrate such as @ mono-.di- ol
polysaccharide, preferably saccharose (sucrose), starch, Ogoros'e,
dexiran, dextrin, cellulose and derivativesof each of these, more
preferably saccharose (sucrose), dextrin or starch may, apart from or in
addition to its stabilizing effect on fhe iron-oxy hydroxide, act as a binder
and/or filler and/or disintegrant in the pharmaceutical composition of the

present invention.

Thus, © preferredcompdsiﬂon of the invention may comprise iron oxy-

hydroxide inthe Qmouh’rs specitied above, a stabilization agent of choice
in an amount of 1.0 to 50 % (w/w), preferably 5.0 to 30 % [(w/w), and an
excipient of choice, different from the stabilizing agent, in an amount of
1.0 To 50 % (w/w), preferably 5.0 to 30 % (w/w), each expressed in

relation to the total weight of ine compaosition.

In another embodiment the compositions of the invention comprise one

Or more taste-masking and coloring additives such as flavouring agents,
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sweeteners, taste-enhancing agents, colorants, and the like, which are

typicaliy used for ordal dosage forms,

laste-masking agents, such as a taste-enhancing agent, fiavouring
agent, and/or natural or unnatural sweetener, including intense
sweeftenefr, dre incorporated into oral dosage forms, such as chewable

dosage forms, to give them a more pleasant taste or to mask an
unpleasant one.

Typical sweeteners include, buf are not limited to, a sugar which is
dextrose, sucrose, fructose, lactose, confectionery sugar, powdered

sugar, or is a polyol which is sorbitol (e.g. Neosorb), xylitol, maltitol,

maltose and polydextrose, or a mixiure thereof. Typical intense

sweeteners may include, but not be limited o, asparfame, sucralose,
dcesulfqmine K and/or saccharin deiivotives, Oor a mixture thereof.
Further suitable sweeteners or taste-enhancing 'ctgenTs INnciude glycosides
such as neohesperidin dihydrochalcone (nechesperidin DC of NHDC],
glycyrrhizin, giutamate, and the like. The Iatter may be used in very small
guanftities and thus may hereinafter also be called taste-enhancing
agents. All The above are suitable 10 be used alone or as mixfures with
other sweeteners and/or fldvouring agents. These substances insure great
lingering of the sweet taste and cover ohy undesired aftertaste. Preferred
sweeteners and/or 1aste-enhancing agenis include glycosides such as

neohesperidin dihyvdrochalcone.

In one empodiment ’rhe sweetener Of Cchoice may pe present in an
amount of 0.01 1o 2.5 % (w/w}, preferably 0.1 _"r-o' 1.5 % (w/w), most
preferably 0.2 1o 1.0 % (w/w), in relation to the total weight of the
composifion.

IThe taste-enhancing agent of choice may be present in an amount of

0.1 to 50 ppm, preferably 1 to 10 ppm, most preferably 1 to 5 ppom, in
relation 1o the total weight of the composition.
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Typical flavouring agents inciude any natural and unnaiural flavouring

agent suifable for pharmaceutical applications, such as flavouring

agents derived from a spice, fruit or fruit juice, vegetable or vegetable
juice, and the like, for example flavours based on cocoa, caramel,

vanilla, apple, apricot, berry (e.g. blackberty, red currant, black currant,

strawberry, raspberry, woodberry, eic.), mint, panettone, honey, nut,

malt, cola, verveine (verbena) or any combination thereof, such as for

example caramel/vanilia, ﬁui’r/deam (e.'g. s’rrowberry/Cream]ond the like.

in one embpodiment the flavouring agent of choice may be present in an
amount of 0,01 o 10 % (w/w), preferably 0.7 10 & % [(w/w), mosf

preferably 0.1 to 1 % (w/w), in relation to the total weight of the -

composition.

Thus, another composition of the invention may comprise iron oxy-

hydroxide in the amounts specified above, a stabilization agent of

~choice in an amount of 1.0 10 50 % (w/w), preferably 5.0 to 30 % (w/w),

an excipient of choice, different from the stabilization agent, in an
amount of 1.0 to 50 % (w/w), preferably 5.0 1o 30 % (w/w), and tfaste-
enhancing agent of choice, which'may pe present in an amount of 0.1
0 50 ppm, preferably 1 to 10 ppm, most preferably 1 fo & ppm. and/or a
flavouring agent of choice, which may be present in an amount of 0.01
to 10 % (w/w), preferably 0.1 to 5 % (w/w), most preferably 0.1 to 1 %

(w/w), each in relation to the total weight of the composition.

In yet another em_bodiﬁmem excipients, such Os_superdisin’regron’rs,
giidon‘rs', lubricants, onﬂoxidcmfs and the like may be 'odded to the
compositions of the invention if desired, depending on the intended use
of the tableft, i.e. whether it is for intact swallowing or rapid disintegration

(IN The oral cavity or in a small amount of liquid prior to ingestion).

Thus in a pariicular embodiment the Compositions of The invention may

further comprise a superdisintegrant.
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The term “superdis'in’regranf” as used herein refers to a group of
disintegration agents well-known to a person skilled in the art, which can
be used in a fractional amount of normal disinfegrants 1o obiain the '
same effect of facilitating the disinfegration of ‘breakup" of the dosage
form after administration. Suitable examples include bu’r are not limited

to cross-linked polyvinylpyriolidones [commercially available as Kollidon®

CL and Polyplasdone® XL1), particularly crospovidone®, modified

starches, particularly sodium starch glycolate (Ccommercially available
under the trade nameé Primoije!® and Explotab®), Starch 1500, modified
celluloses, particularly croscarmellose sodium (cross-linked sodium
carboxymethvyicellulose, Commerc’lcliy availagble under the trade name
Ac-Di-Sol), LHPC (Low subs’ri’rufed hydroxypropylceliulose) and Veegu‘%n@.
Preferred examples for use in the tablet according 1o the invention
include cross-linked polyvinylpyrrolidones and modified starches,

particularly sodium starch glycolate.

According to the invention, the superdisintegrant will be present in the
tablet in an amount of 0.1 1o 10 % (w/w), preferably 0.5 10 8 % (w/w),
more preferably 2.5 to 6 % (w/w), in relation to the total weight of the
composition. The superdisinfegrant may be a single superdisintfegrant or
a combination of superdisintfegrants Or may bée used in combination with
one or more common disinfegrants, such gs for example starches,
methylceliuiose, calcium carboxymethylcellulose, sodium
carboxymethylcellulose, hydroxypropy! celiuiose, microcrysialline
cellulose, colloidal silicon dioxide, croscarmellose sOdium, pregelo’rinized
starch, clays, cellulose, powdered cellulose, pregeldtinized starch, |
sodium alginate, _olginic acid, guar gum, magnesium aluminum silicare,

polacrilin potassium, and the like.

Thus, another composition of the invention may comprise iron oxy-

hydroxide in the amounts specified above, a sfabilization agent of
choice in an amount of 1.0 1o 50 % {w/w), preferably 5.0 10 30 % {w/w),

an excipient of choice, different from the stabilization agent, in an



10

15

o0

2

CA 02700444 2010-03-25
WO 2009/062993 PCT/EP2008/065444

14

amount of 1.0 o 50 % (w/w), preferably 5.0 to 30 % (w/w), said excipient
Comprisilng a superdisintegrant in an amount of 0.1 to 10 %, preferably
0.0 10 8 % (w/w), more preferably 2.5 10 6 % {w/w}, and a faste-
ennancing agent of choice in an amount of 0.1 to 50 ppm (w/w],
preferdb\y I 1o 10 ppm (w/w), more prefe:oblyi to 5 pom (w/w], and/or
flavouring agent of choice in an amount of 0.01 10 10 % {w/w],
preteraply 0.1 10 5 % (w/w), more preferably 0.1 10 1 % (w/w), all weight

ranges are in relation to the total weight of the composition.

In yet another embodiment the compositions of the invenfion may further

comprise a glidant and/or lubricant.

The term “gﬁdqn’f” and/or “lubricant” as used herein refers to a group of
addifives that are used to facilitate tablet manufacture by achieving
suiiaple flowability, compressability, and the like. Examples of suiToble
glidants include, but are not limited To, magnesium oxide, magnesium
stearate, calcium stearate, stearic dcid, glyceryt behenate, glyceryl
monosiearate, glyceryl paimitostearate, hydrogenated castor oil,
hydrogenated vegetable oil fype |, sodium benzoate, sodium lauryl

sulfate, sodium stearyl fumarate, polyethylene glycol, talcum, zinc

stearate, silica derivatives, such as colloidal silica (e.g. Aerosii®)
pyrogenic silica, hydrated sodium silicoaluminate, colloidat silicon

dioxide, and mineral oil and light minerail oil.

Preferred  glidants  include magnesium  oxide, magnesium stearate,

talcum, colloidal silica.

In one embodiment the glidant of choice may be present in an amount

of 0.01 to 10 % (w/w), préferobiy 0.1 10 & % (w/w), most preferably 1 fo 2

Yo (W/W], In relation 1o the tofal weight of the composition.

Further addiiives specifically used for oral dosage forms capable of rapid
disinfegration in the oral cavity, may include salivating agents
(compounds that are able to stimulate production of saliva) to ease

swallowing. These are in general pharmaceutically acceptable acids, for
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exampie citric acid, malic acid, tarfrate, or the compounds Optamint®
and Optaflow®,. Care has to be taken that iron release is not increased
Oy the use of such acidic compounds, e.q. citric acid, and the amount
Of These substances therefore has to chosen suitably. In one embodiment
the acid of choice may be present in an amount of 0.01 o 10 % (w/w),
preferably 0.1 fo 5 % (w/w), most preferably 2 to 5 % (w/w), in relgtion to
the total weight of the composition. .

AS mentioned hereinabove, the pharmaceutical compositions are in
form suitable for oral administration for the selective removal of
inorganic phosphate, and in particular for adminisiration as an oraql
delivery system either as film-coated dosage forms for intfact swallowing
Or as dosage forms capable of disintegration (in the oral cavity or in ¢

small amount of liquid prior to iﬁges’rion].

Thus, the pharmaceutical composition of the invention include any
aosage form suitable for oral administration and in parficular may

include tablets and pills, either in a form for intact swallowing (e.g. film-

coated] or in a form capable of rapid disintegration (either in the oral

cavity after ingestion or in a small amount of liquid prior to ingestion),
including a chewaple form, dry powders, granules, capsules or sachets
containing these granules, wafers, lozenges, and the like. The form for

INtact swallowing may be film-coated, if desired.

Preferred dosage forms include tablets and pills, either in a form for
intact swallowing (e.g. film-coated) in or in a chewable form, granules

and capsules or sachets 'Comofnfng these granules, and lozenges.

In The case of orally administrable dosage forms, if desired film-coated,
these are swallowed intact and disintegration fakes place in the

stomach, whereupon the active agent is released for adsorption of

- phosphate fo reduce ifs systemic uptake.

The term "film-coated" as used herein relates to a mixture of

charmaceutically acceptable excipients which is typically applied o o
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compressed fablet, beads, granules, or parficies of active ingredient 1hai
dre compressed info Toble’rs.' Alternatively it may also be combined wiin,
mixed with or otherwise added to the active oge_n’r. It is understood fhat
the coating chosen must be compatible with the active agent, It Is

further understood that o person skilled in the art will know how 10

manipulate the coating to achieve disintfegration in the stomach by
choosing the excipients which make up the coating, its fype, and/or iis
thickness. ' - |

in a preferred embodiment the film coating is applied 10 @
charmaceutical composition comprising the iron oxy-hydroxide and af

ledst one excipient in compressed form.

Suitable polymers for film-coating according to the present invention are
soluble at pH of from about 1.2 to about 5, such as for example
hyaroxypropylmethylcellulose (HPMC) alone and/or in combination with
nydroxypropylcellulose (HPC), carboxymethyicellutose, methyicellulose,
ethylcellulose, acrylic resins, and polyvinylpyrrotidone and gelatin or
other commercially available fiim-coafing preparations such as Dri-

Klear® [Cromp’ron_& Knowles Corp., Mahwah, N.J.) or Opadry®

(Colorcon, West Polint Pa.).

The preterred film coating of this invention is comprised of a commercial
film-coating product designed for aqueous film cogating containing the
water-soluble, film-forming resin, hydroxypropyl methylcellulose and
polyefhy!ene glycol {or other suiTa_bIe plasticizing agents such as
sropylene glycol or glycerine) and optionally containing titanium dioxide
(Or other colorant or opacifying agentj. such Q product is commercially

availablie under the trade name Opadry® White (Colorcon, West Point,
Pa.).

A suitable blend for coating may comprise O 1o dbou’r 20% w/w fitanium
dioxide or colorant, about 5 to about 95% w/w Nydroxypropyi

methylcellulose, and O to about 25% w/w polyethylene glycol. The most
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preferred embodiment comprises 10.5% non-water addifives, of which

/.5% Is Opadiy®, in relation to the fotal weight of the coating.

This blend for coating may further compyrise flavoering agents, tasie-
masking agenits dnd salivating agents as defined hereinabove, in smailt
amounts such as for example 0.1 to 1.0 % (w/w}, preferably 0.1 10 0.4 %
based on the weight of the total blend for coating. The preferred
flavoring and/or taste-masking agent may be selected from the group of -
egen‘rs es.defined hereinagbove. The preferred emoun’r s readily
determined by balancing the goal of adding an amount sufficient 1o
Mmask the core tablet taste and provide a distinct, characteristic and
pleasing taste, and the goal of keeping the tablet from being 100 much
like a candy product. The desired strength of the flavoring and/or taste-
masking agent may vary depending on the fype of tablet and the
intended recipients and the identity of the filavouring and/or tasie-

masking agenf.

The amount of coating deposited on the tablet is typically in the range of
from about 1.0% to about 6.0 % weight gain, preferably from 2.0% to
4.0% welight gain, which means the weight gain of the rabiet upon
coating relafive fo the weight .of the uncodted Tablet.

in the case of orally administrable, rapidly disintegrating dosage forms,
disintfegration takes piace immediately upon administration allowing to

guickly release the active agent or forming smail particies containing the

active agent in the oral cavity. suitable disintegration rates range from |

second to 3 minutes. A preferred disintegration fime is typically less than

30 seconds, measured according to standard European Pharmacopeia

testing method.

Thus in one embodiment, the formulation is a fablet made by standard
tabletting fechniques, such as direct compression, and dry granulation,
comprising iron oxy-hydroxide, a stabilization agent, an excipient

(different from the stabilization agent), including, in particular, one or
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more sweeteners, Taste-enhancing agents, flavouring agents,
superdisintegrants, glidants, antioxidants and the like. Wet processing
fechniques must be avoided. This is due to the fact that in case of using
organic solvents, typically isopropdanol, selvent remains in the granulaie
after drying which might not be compatible with the product
specification. In case of using water as a solvent for wet granuiation, iron
release from the product is increased which should be avoided undert
any circumstances for the inven'ﬂ\ke phosphoTé adsorber Compc)s’iﬂons.
Extrusion technigues may cause problems in that, when using high

loadings of iron, small hard balls are formed which are not suitable for

the Iinvention since they hardly show any phosphate adsorbing properfies.

In dry granulation, powdered components ore"rypicolly mixed prior to
being compacted, also called pre-compression, to vield hard slugs
which are then ground and sieved before the addition of other

ingredients and final compression.

Preferably, the compositions of the invenfion are made by direct
compression, which may be considered o be the simplest and the most

economical process for producing fablets.

In a preferred empodiment of the invention the compositions of fh'e-
invention are made by mixing most of the ingredients {more than 50 %,
preferably more than 70 %, and more preferably more than ¢0 % up o
100 % of the fotal weight of the ingredients), for example those of the
ingredients presented in table 1, in the form of an aqueous suspension
(amount of dry substonce; for example, | 10 50% (w/w), preferably 10 to
40% (w/w), more preferably 20 to 30% (w/w)), subjecting said suspension
O kKnown spray-drying processes under conventional conditions of
exposure 1o hot gases such as qir or preferably ni’rrogen to tTemperatures
of from 135 °C to 200 °C to obtain a flowable powder, which is optionaliy
subsequently mixed with additional ingredients (e.g. as shown in Table 2']
and subseguently directly compressed under a range of compression
forces such as from 10 to 20 kN 1o obtain a tableft.
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Preferably, the suspension coniains 3 to 9 % (w/wj of iron, more

preferably 4 10 8 % (w/w), most preferably 6 % (w/w).

Care has to be taken that the diameter and the height of the spray
drying column are sufficiently large. Further, the temperaiure has to be

5 chosen in arange that the excipients and other ingredients neither melt
nor caramelize. Both of these processed do not lead 1o a dry powder but

~ to a solid melt, which is unsuitable for the present invention.

Preferably, the flowable powder, before tabletting, is first compacted
Jsing dry compacting in order to reduce the amount of fine powder

10  (dust} and fo homogenize the particle size. In doing this a haraness of

"~ the obtained tablets in the range of 25 1o 400 N is achieved. The

compression force is adjusted in a range that the hardness of the tablets
obtained from the compacted mixture is 50 to 100 N for chewable
tablets, and 100 1o 200 N in case of coated tablets or swallowing tabiefts.

15 If These ranges are used, the disintegration time of The obiained 1ablets

is within the specification required by Ph. EuUTr..

't has been found surprisingly that, in particular, due to this method the

amount of excipients required to obtain tablets with suitable properties,

for example in respeéect 1o ?oble’r sTreng?h, disinfegration behaviour etc,
20  can be reduced, whereby pharmaceutical compositions, in particular, in

tablet form can be produced having a high load of iron oxy hydroxide.

It is understood that the exact amounts of ingredients will determine the
size and dep-”rh of the tablet. Tablets capable of 'ropid disintegraftion
(either in the oral cavity, i.e. chewing tablets, or in a small amount of
25  liguid prior to ingestion) can have -any geometrical shape, such as round,
square, triangular, etc. Typically they are round and have preferabply @
diclmeTer of 15 1o 30 mm, most preferably 20 mm and a height of 2 to 8
mm, preferably 4 to 6 mm. Film coated tablets for intact swallowing are

typically in oblong form, for example about 19 mm in length, 10 mm in

30 width and 8 mm in height. These examples are merely illustrative and by

No means limiting. A person skilled in the art will know to choose the
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appropriate forms depending on the amount of total ingredients.
Compression should be sufficient to hold ’rhé ingredients fogether during
dose administration, while allowing easy disintegration in the oral cavity.,

Typically 10 to 20 kKN gre used.

N another embodiment, the pharmaceutical composition is in form of

granules suitable for disinfegration in the oral cavity or rapid dissolution in

) s_moH amounts of water. The granuies may be prepared by high shear

granulation or preferob\y fluidized bed granulation or (dry) mlxing
processes. As pointed out above, wet technigues using soivents must be
avoided. The granules may be filled in capsules or sachetls for storage

Gnd administration to the oral cavity,

in Q fur’rher embodiment, as an alternative to spry-drying, the
pharmaceutical composition cdn be provided in form of a wafer. the
wafer may be formed by compressing a powder, lyophilizing a cake, or
evaporaling a suspension, emulsion or gel. Alternatively, ’rhe-mixed dry
materials could be flatiened or compressed in a compression machine
or between rollers to form the powder €.g. into a sheet that may be cut
fC an appropriaie size that can be inserted in the oral cavity. In one
embodiment, the wafer is formed by suspending the active agent,
solvent, binding agent or other additives in a solvent such as water. A
oredetermined amount of the sUspension IS placed in wells in g plastic

mold and lyophilized in the wells to remove the wafer and form a wafer.

As mentioned hereinabove, the compositions ot the invention are
indicated for use in the known indications of essentiaily non-
picabsoroable iron oxy-hydroxide, particularly for the seiective removal

of inorganic phosphaite such as in the freatment of hyperphosphataemiaq.

Iherefore, in a further gspect the invention provides a composifion of the

nvention for use in the treatment of hyperphosphataemiaq.
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In another aspect the invention provides a method fpr freating
hyperphosphataemia comprising administering @ composition of the

invention to a patient in need thereof,

In yet another aspect the invention provides the use of a compaosition of
the invention in the preparation of a medicament for the treatment of

hyperphospha’roemio.

The ufiliTy of the compositions of the invention may be observed In

standard clinical tesis.

The exact amount of iron oxy-hydroxide and composifion 10 be
administered depends on several factors, for example the severity of the

lIness, the desired duration of tfreatment and the like.

The invention is explained in more detail by means of the following

specific, non-limiting examples:

Examples

Direct compression was performed using a standard tabletting press at a
compression force of 10 to 20 kN. Spraydrying processes were performed
ar a remperature of 135 10 200 °C.

Taplet Test Methods:

Tablet hardness and disintfegration time was determined according 10

standard European Pharmacopeia fesfing methods.

Example 1: Preparation of stabilized iron oxy-hydroxide oremixture

A stabilized iron oxy-hydroxide premixture wds prepared by mixing
amounts/ratios of an irbn oxy-hydroxide suspension (prepared according
to EP O 868 125 B1) with the e'xcipiems according to Table 1. This
suspension was subjected 10 Sprdy-drying at 135 to 200 °C‘ro obtain

premixfure in form of a flowable powder. This premixiure was subjected to

direct compression to obtain a tablel, the composition of which is shown

in Tabie 1.
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fable 1.

EX. Ta Ex b | Ex'.mlc Ex. 1d | E.x.‘ le
Cbmponem‘ ' rh—g ' mg N mg mg i mg_
Fe-OOH 800 - 800 800 BO-OI 800
Soccharose” 800 800 800 ' 8OE—)—- -
| Ncmve s’rorchzl 1. .-; —- 533 405 | 533 .
Pregelo’rimni'sé(-:_i " 800 | 267 , 400 067 o
starch®! ‘ |
..!;-c;lypiosdone@ﬁ | o e . 120 -
XL -
| Dexirin® | o o ' - 1600
W;—ferf” “8400 8400 . 8400 8"400 8406- Ei
Disin’reg;}ﬂonm nd nd | nd 35 mnd
time {(seconds) |

Y stabilizer
5 *filler/disintegrant.
s s’robmzer/blnder/fll!er/d[sm’fegron’r
*) superdisintegrant
) water is not present anymore in the premixture after drying., except a

re-maining portion of approx. 5% of the dry weight (total of ofher
10  components)

Example 2:_Prep0rdﬂon of fablets

A dry mixture was prepared by mixing the ingredients according 10 table

2 and subjecied to direct compression 10 obtain a tablet.

15
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Tabie 2 .
Ex. 2a | Ex. 2b | Ex. 2¢ | Ex. 2d
component _ mg | mg Mg ;ng
;P-r“émi;‘ure [OCCOFC&'H‘W.Q_; | 2200 | ‘-2500 2500 2500
' to Example 1a-d) L (Ta) (1) [10]' (1d)
Flavour of choice | 15 | 15 | 156 | 15
§i'NHD"ES ' _ 0.025'“- 0.025 _”0.._025 0025
Aerosil® | o5 | 25 | 25 | 25
| 'Mg-s'*fwéjorote - 12.5 "-12.5 125 _ 12.5
Ex:;'io;rvcnl.ci@ - - 1_“2,5 ' 200. ]
Poiyplmééﬁéé XL o - | : 50

Example 3: Film-coating of tablets

5  Tablets obtained according to Example 2, but with only 50% of ihe
amounts, were compressed into oblong form and subsequen’rly film-

coated (weight gain from 2 1o 5%) by mixing the Ingredienis according
to the following table;

Table 3:
component ' : mg
Opadry® Il White 83.4
L Optaflow® WA 1.7
Apricot aroma | 1.7

10

Example 4: Granules

The powder obtained according 1o example e was wet granulated using

high shear granuldtion with isopropanol as granulating liquid by adding
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the ingredients according to the following table:

Table 4
% Componemm - mg
i.-PremixTure '[-'Ex.“i-e] .’2500
| Negsorb® [Sorb}Toi“]m 1060
PC;{Wi'ﬁ;/“ilpyrrolEdonm . 200
Zw><on1hon | ' 3:/'.5 :

5 Info sachets _or*sﬂckpocks:

A dry mixture was prepdared by mixing the ingredients according to the
following table and subjected to subsequent filling into sachets or

stickpacks.

Table b:

..........

Component Mg

 Granules  (Ex. 4, | 3797.5

variants obtained fr'om
different nase
materials)

| Aspartam 15
Flavour® | 70
citric acid 155

10 * “refreshing flavour” such as cola, verveine, blackberry

Example 6: Preparation of a final insiantly dispersable granuiate for filling
INtO sacheis or stickpacks:

A dry mixture was prepdred by mixing the ingredients according to the

15
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following table and subjected to subsequent filling into sacheis or
stickpacks: "

Example 7. Preparation of flowable powders

2.6 kg FeOOH (corresponding to 6.0 kg Fe) was supended in water
fogether with the amounts of excipients and adiuvants shown in Table 7a.
100 kg of the susp'ensi.on WQS sub'jec‘red Tospruy-drying. The iron loading
of the obtained powders is given in table 7D.

Table /q.
'Product [Amount of FeOOH |Sucrose [PST" | Dextrin [ Lycatab®?
kgl kgl |Ikg) |ikgl | lkg]
a ! 9.6 — 89 |59 3.0
— —s e 1" o
= 56 N I R
d 9.6 1720 20| 29
e | 9.6 TEWAREN; 1.7 | 1.7
1 9.6 "3.0 |[21] 09 [ 079
s 53 — -

"' notato starch
< pregelatinised starch, available from Roquette

Taple 8:
Product| Fe |[FeOOH (Fe x 1.6)|LOD" {approx.) |Total amount of
=. 1% wiw] i [% W/W] | [YowW /W] . product [kg]
a | 20-22 33.6 | 4 , 28.6
c | 3436 | 56 4 R
d 34-36 56 4 7.7
e | 34-36 | 56 4 17.1
R e -
g 34-36 | 56 4 17.1

change in mass not more than 1mg per 180 seconds).
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Example 8: Tabletting of the obtained flowable powders_

The product obtained in Examples /Q) o g) were mixed with the
ingredients shown in Table 94, and fablets were formed of the obtained
mixtures. The Fe content, Fe release at pH 3 and phosphate adsorption
of the obtained tablets are given in Table 9b.

The Fe release was measured according 1o European Pharmacopeia

chapter 2.9.3 using standard dissolution equipment and parameters as

descriped in the monograph. The test medium was water, pH 3 was
adjusted using hydrochloric acid. Samples were taken after 2h and iron
content analyzed by titration.

Phosphate adsopriion was measured as described in WO 2006/000547 by
dissolving the obtained tablet in a defined amount of phosphate solution
of a specific concentration, c:d]usﬂng the pH to 3, reacting for 2 hours gt
37°C, centrifugation, decanting and measuring the phosphate content

via lonic chromatocgraphy or photometric determination.
Table 9aq: '

:_Componen’r

Amount [% w/w]

98-93, without coating 98 to 95 %

Aroma including taste masking agent]0.2-]
{neohesperidine dihydrochalcone)

Lubricant/glidant/flow aid total 0.5-2
Compression aid (ProSolv®) - |os2 N ‘
Optionally coating o lmax. 3 ) )
Table 2b: o
. product | Flowable Fe loading [% [Fe release [Phosphate |
powder used w/w] jat pH 3 {% [absorption
W/ W) [mg P/mg Fej
'8a - |70 195 1.8 0.314
8b 7o 347 3.4 5379
8¢ T7c 136.7 05 0.241
5d 170 135.9 0.4 10.216
8e 17e '36.3 0.6 0.229
B 17t 36.2 10.2 0.219 ‘
89 79 37.5 o2 0.170
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VIFOR (INTERNATIONAL) AG

Clgims

1. Pharmaceutical composition Comprising iron oxy-hydroxide in high

loading. in a form suitable for oral administration.

2. Pharmaceutical composition comprising iron oxy-hydroxide in high
loading, in a form suitable for oral administration as film-coated Aosage

forms for intact swallowing or as dosage forms capable of disintegration
N The oral cavity.

3. The composition according to ciaims 1 or 2, wherein the composition

contains at least one carbohydrate and/or humic acid.

4, The composition according to claim 3, wherein the carbohydrate is
selected from the group consisting of @ mono-, di- or polysaccharide,
such as agarose, dextran, dextrin, dexiran derivatives, celiulose and

cellulose derivatives, saccharose, maltose, and lactose, preferably

saccharose, dextrin, and starch.

5. The composition according to any preceding claim wherein the iron

oxy-hydroxide is containing beta iron oxy-hydroxide.

6. The composition of any preceding claim wherein iron oxy-hydroxide is
present in an amount of 10 1o 80 % (w/w), preferably 30 to 65 % (w/w),

expressed in relation fo the total weight of the composition.
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7. The composition of any preceding claim wherein the carbohydrate
and/or humic acid are present in a total amount of | to 50 % (w/w],

preferably & to 30 % (w/w), expressed in relation to the total weight of the
composition.

8. The composition of any preceding claim further comprising one or
maore tlavouring agents, sweefeners, taste-enhancing agents, ana/or

coloring agents.

7?. The composition of claim 8, wherein the sweetener is natural or

~unnafural sweetener selected from a sugar, ¢ polyol, aspartame,

sucralose, acesulfamine K, and/or sacchdadrin and the fastfe-enhancing
agent is selected from glycosides such as neohesperidin

dihydrochalcone, glycyrrhizin, glutamate.

10. The composition of claim 8 or @, wherein the sweetener is present in
an amount of 0.01 1o 2.5 % (w/w), and the taste-enhancing agent in an

amouni of 0,1 to 10 ppm, each expressed in relation 1o the total weight
of the compaosition.

11, The composition of claim 8, wherein the flavouring agent is present in

an amount of .01 1o 10 % (w/w), preferably 0.1 to 5 % (w/w), most

preferably 0.1 to 1T % (w/w}, expressed in relation to the fotal weight of

the composifion.

12. The composition ¢of any preceding ciaim further comprising one or

maore excipients, such as superdisintegrants, glidants, anfioxidants.
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13. The composition of claim 12, wherein the superdisiniegrant is

selected from the group consisting of cfos's-linked polyvinvipyrrolidones,

modified starches, and modified celiuloses.

14. The composition of claims 12 or 13, wherein the superdisintegrant IS

- present in an amount of 0.1 10 10 '%'(W/w], preferdbly 0.5 t0 8 % (wW/w],

more preferably 2.5 to 6 % (w/w), expressed in relation to the toral weight
of the composition,.

15. The composition of claim 12, wherein the glidoh’r 1S selected from the
groUp consisting of magnesium stearate, silica derivatives, such as
colloidal silica, pyrogenic silica, hydro’red sodium silicoaluminate,
colloidal silicon dioxide, talcum and mixtures thereof, preferabiy

magnesium stearate, colioidal silica or talcum.

16. The composition of ciaims 12 or 15, wherein the glidant is present in
an amount of 0.01 to 10 % (w/w), preferably 0.1 1o & % [w/w), expressed

in relation to the total weight of the compaosition,

17. The composition of any preceding claim comprising iron Oxy-
hvdroxide in an amount of 10 to 80 Y% (W/w), at least one .Cdrb'ohydro’re
and/or humic acid in a total amount of 1.0 to 50 % (w/w}, optionally one
Or more excipients in a total dmoum‘ of 1.0 1o 50 % (w/w], one or more
taste-enhancing agents in a total amount of 0.1 fo 10 ppm, and/or one
or more flavouring agents in a total amount of 0.01 to 10 % (w/w], each

expressed in relation to the total weight of the composition.

18. The composition of ¢laim 17 comprising one or more
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superdisintegrants in a total amount of 0.1 to 10 % by weight(w/w).

1. The composition of any preceding claim in form a form for intQact
swallowing or in a form capable of rapid disintegration such as chewable

tablets or pills, dry powders, granules, capsules or sachets contfaining
these granules, wafers, or lozenges.

20. Use of the composifions of any preceding claim for the manufacture
of a medicamenft for the treatment of hyperphosphataemiaq.

21. Use of the compositions of any preceding claim for the manufacture
of a medicament for the treatment of patients with chronic rena!

Insufficiency.

22. A method for preparing the composition according 10 any preceding

claim in form of a tablet by direct compression or dry granulation.

23. A method for preparing the composition according 1o any preceding
claim in form of a fablet, wherein an agueous suspension, comprising at
least Y0 % (w/w) of the ingredients based on the total weight of the finagl
composition, is prepared, which is then subjected 1o sproyfdrying TO
ob’roin'o ﬂowable pOwder, which is Op’rioncjlly mixed with the remaining

ingredients and subseqguently compressed 10 obfain a rablert.
24, A tabletf, as obtainable by the method of claim 23,

29. A Tablet comprising iron oxy-hydroxide in an amount of 40 to 65 %

(w/w), saccharose in an amount of & to 30 % (w/w)], and starch in cm
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amount of & 1o 30 % (w/w), expressed in relation to the fotal weight of the
tablet composition, excluding the weight of an optionally present tablet

coating.
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