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Manufagiure procsss

The present invertlon relales ta new ron containing phosphele adsorbent, process for fig

nroduction, uses thereof and pharmaceutical compositions cortaining it.

Background of the Invention

Fhosphorus is ¢

sl for bone minaralization, cellular structure, genstio soding, and anergy
matabolism. Many organic and inorganic forms exist. Phosphorus s present in nearly aff
foods, snd GI absorption of distary forms is very sfficient. Phosphorus homsostasis nprmislly
B maintained through several mochanisme (renal excretion, sellular refeass, hormonal
control, ete). When the phosphorus load {from G absorption, exogenocus admiristration, or

cellutar release’ exoseds renal excretion and Ussue uplae, hyperphosphatemia cocurs,

Hyparphosphatemia s sssociated with significant increass in morbidity and mortality, and -
may induce severe complications, such as hypocaleemis, decreasing of wvitamin D
produstion, metastatic caloification. Hyperphosphatemia is alse contributing to the increased
incidence of cardiovascular disease among dialysis-dependent patients, and can result in

hone pathology.

At least T0% of patients with renat insulficiency or renal failure show hyperphosphatemia. In
many cases, restricling intake of dietery phosphorus s nob sufficient o reduce serum

phosphaie levels into the normal range, and orsl phosphate binders need o be taken,

Calcium and aluminium saits orglly aken &g weatment for hypsrphosphalemia e know,

Bul there are concemns regarding their long-term safely. The aditional aluminfum-based

phosphaie binders have the drawback of side effects due to sluminium absorption

{ostedmaladia, encaphalopathy, misrooytic anaemis)

Calclumecontaining phosphate bindsrs

{calcium carbonale or caldium scetate) may aggravate metastatic caloification, particulary ¥

they ars taker ngather with vitamin D snalogues and a high calalim dialysate concaniration.

An fron-based ferio clirate phosphate binder, known as Jerenex™, is desarthed in US

§,503,2358. Jerenex™ iv an oral, norganic, kon-based compound that has the capacily to

bind phosphorous and form non-adsorbable camplexes. 81 i e soluble #s long

3 .

ferm administration may  Induce an increase of the conoe on of iren n g

iract, which may be safety issue as mentioned hersihabove.
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Sevslamer, a synthelic polymer commercialized by Genzyme under the nams of F?enaqei

poly(alijamine-coM N-di

1, 3-giamino-2-hydroxypropane)  hydrochloride s an pon

exchange gel matix

The phosphate binding capacity of metal oxide hydroxides is known in the ait. The possible
medical application of metal hydroxides and metal oxide hvdroxides as phosphate binders is
glso deseribad. For example WOS20M488 discloses 3 method of controliing serum

phosphate level i patients by iron axy-hydroxides which bind 1 ingested phosphate,

For example, US 8,174,442, the content thereof being enclosed herewith by reference,
describes an adsorbent for phosphate which contains palynuclear £-iron hydroxide stabifized
by carbohydrates andior bumic acid. WO 20060005847, the content thereof being slso
enclosed herewith by reference, deseribes an adsorbent for phosphate which is abtained

from ren{iit) nitrate or sulfate amd is slabilized by starch and sucrase.

The phosphate binding capacity of the known phosphate adsorbenis containing oxide
hydroxides s limited. Furthermore, the procsdses descriped o mamifacturs  sugh

compounds are not suitable for preparing larger amounts of compounds.

The possible release of iron under physinlogical conditions from any iron contalning drugs or
compaunds, it particular in case of the phosphate adsorbent described in US §,174.442,
ay be g safely issue, since excess on s toxic to pody organs. Praferably the dally relpase
of tron should net be higher than 20mg fron per day. A oo high release of iron can

particularly  prablamatic In case  of patients  suffs from  hasmpchromaiosis.

Haemochromalosis s a very comimon ganetic disordsr of ron metabolisin whersin
absorpiion of iron through the intesting s uncontroliad aven when body saturation lovels

have beern reached

Furthermore the avafiable phosphate binders and the phosphate adsorbents desoribed i the

prior art bind not move than about 120myg phosphste per gram of product Because of the

relatively low adsorplion capacity of these phosphate adsorbents, the amount of adsorbent,

o be taken ev

2.0, the amount and/or number of orsl dosage Torms sontaining day
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must be high For sxampls the avermgs dally dosage to be taken by dialysie patients in order
o avoigitreat hyperphosphatamia is of about § capsules in case of Zorenex™ | and of 14 fim
coated tablets in case of Renagel® This indicates that the patient compliance of the

avafiabis phosphate adsarbenis s wefy low.

Due o the high levels of phosphaty contalned In dist and the relalively low adsorption

capacity of the phosphaie adsorbenis available or described in the prior ait, it & necessary o

administer such adsorbents in high dose in order to efficlently control the bleod fevel of
phosphate. Thevelors even a amall increase in phosphale binding capacily may pormit to
decrease the dose of adsorbent to be administered evety day, for example to fower the
aumber of oral dosage forms 1 be administered every day. So sven a small increase in
phosphigie binding capacily would be beneficlal o the patient, e.g. would ingrove patient

complianca,

Therefore there is @ need fo provide & phosphate adsarbent with a high phosphate binding

capadly o be usable as a pharmacsutical.

Furthermore there & a need b provide a manufacture process which lead to an adsorbent
which is homogenaus and stable, and which can be easily formulaied andior packaged, and
which can be perfurmed on a large scaling without sifecting the properties of ihe adsorbent,

te. its phosphate binding capacity.

Summary

The pressnt wention provides a new phosphate adsorbent containing Fon{liy oxide-

4

having higher phogphate binding capacity than the phosphale adsorbent avaiiable
i

macaidical compositions

hydn

yet, of than the iron{ili-based phosphste adsorbent described in the prior art, as well

ular the pra

uses thereot and phay

g i i opa

invention pertaing fo a polvnuclsar ironfll)-based phosphate adsorbent compy

adzorbent base materal, preferably a non soluble carbetydrate, i) polynuclesr rondity axide

hydraxides, and ¥ & soiuble carbohydrats, wharain the soluble carbohydrats s incorporated,

ally incorporated, inte the polynucksar ron(lly oxdde hydiexides. The polynuciear

.. ps

Fon oxide hydroddes may be siebiized by soluble carbobydrates. The ren{lii-basad
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nsphaie adsorbent way fusther compriss & carbonale; the carbonate may parfislly

incorporated, e.g. partially

rporated, into the polynucisar iron{tll} oxide hydroxdes,

The present invention furiber provides an ronditbased phosphale adeorbant oontaining
15 & ] prosp 2

olynuciear renil) oxide hydroxidas wherein the polynudlear ron uxide hydroxde naniains
J 4 ' el

polynuciear gammadron oxide hydroxides, and optionaity femihydrite, 2.0 baces of

ferrihydrite,  The polynudsar ron oxide hydoxide may  be  stabilized by soluble

carbohydrates.,
itis belisved that the ran{lil-based phosphate adsorbent according 16 the present invention
is a complex formed with polynuclear iron(Il) cxde hydresidas, insofuble carbohydrate such

a8 starch, and sohible carbonydrate such glusoss derivative {e.y, sucrose or mallodexting,

The iron oxdde-hydroxide contained in the ron(lii)-based phosphale adsorbant according to

the present invention would then be g complex, as a whole insoluble under the physioiagical

condiions, which is stabilized by the giucoss derivative. The glucuse derfvalive g probably
acting by preventing the phosphate adsorbent from being overdried during its purification, as

averdrying wodd ead 1o a ipss of the phosphale .bindmg capacity.

The present invention further provides a manufacture process for producing an fron{ill)
based phosphate adsorbent. In particular theve is provided a proosss for manufacturing and
isolating the ron(ill) based phosphate adsorbent in a farm which is easily packaged, &.¢g. a8

a dry powider suitable for direct sachst fitling.

Furthermeore the present wention provides & manufacture process Tor preparing oxide-

hydroxide of fron having gamma-configuration from tron (1), Le. @ manuwfacture process for

preparing oxide-hydroxide of ron{il) having gamwma-configuration.
w W) Y ]

Flgures

Fig 1 Ligh

t Microscopy of the frondlil}-based phosphate adserbent accodding to one

empbodiment of the present inventior:

Fig 20 Scanning Electron Microscopy (SEM; plis Ensrgy Dispersive Xeray A

{biock phase analysisy of the ronllilbased phosphate adsorbant woon
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smbodiment of the presaend iivention. i reprasents 3 maore delalied ploture of one of the

parlicles shown in Fig 1.

Deoscription.

Fon{lii-bssed phosphate sgdsorbent

Surprisingly i has been found that by using dedicaterd reaction conditions during the

manufzcturs process of a poivnuciaar ron 1 possibie o prapare a polynuclear ironil-

based phosphate adsorbent which has a higher phosphate binding capacity than the
phosphete adsorbents of the pror art In particular than the fonbased phosphate

adsorbernts desoribed i the prior art.

Furthermore, i order 1o obtain an iron ouide-hydraxide containing compound having a good

sphosphate binding capacity which can be used as a pharmaceutical, {Uis necesasary. o have

an iror-bagsed compound which is stable. | is known that on oxide-hydroxides, in paricular

ron{iily oxide-hydroxides. are not stable compounds: during time ageing oceurs which leads
o the ye-grouping of initially randomiy placed molecules and to the formation of @ mors or
tess regular crystal lattice. Ageing usually nat only invoives orystaliization but alse particle
enfargement. Such ageing may alter the phosphate binding of an ron oxide-hydroxide hased
phasphate adsorbant,

Such an ageing may also lsad to an ron-based phosphate adsorbent which does retease
fron. The possible ralease of ron frof an fron-containing drug could be a safety concern
since & excess of fron is foxic to body argans. Therefors there is a nesd fo provide an

ate adsorbent which doss not relrase fron, or does release only small

¥

amaounts of ron under physiclogical condiions, &.g. & on amourt smalisr than the dailly
accepiable dosage of 20myg ron, This means that there s & nesd o provide an rendiil)-

which s not

based phosphate adsarbeni which has a low bloavsilability, p

boavalaibie at all.

Therefore i 15 necassany 16 avold the iindesired bransfaimation id Fon-oxides whick would

Have & lower phosphate binding capadty and/or & higher ron bioavallsbility. Surprisingly, it

has been found that it is possible to prevent ageing of the iron oxide-hydroxide by using
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dedicated reaction conditions and auxiliary materials like soluble and soluble carbohydrates,

e.g. starch and sucrose.

According to the invention there is provided a new iron-based phosphate adsorbent for the
adsorption of phosphate, which has higher phosphate binding capacity than the phosphate
adsorbents of the prior art, as herein defined as "phosphate adsorbent of the invention™ or

"compound of the invention”.

Higher phosphate binding capacity means about 15% higher than the phosphate adsorbents
known in the art, e.g. at least 20% higher, e.g. at least 25% higher, e.g. at least 30% higher
e.g. than the adsorbent described in US 6,174,442, For example, the compound of the
invention may adsorb more than about 12%m/m phosphate, preferably more than about
14%m/m, even more preferably about or more than about 20% m/m. As herein defined,
%m/m refers to percentage of mass to mass, i.e. to the amount of phosphate (calculated as

PO.) being adsorbed (in g) by 1 g of phosphate adsorbent.

According to the invention, there is provided an iron(lll)}-based phosphate adsorbent
comprising i) an adsorbent base material which is starch ii) polynuclear iron(lll) oxide
hydroxides, and i) a glucose derivative, wherein said glucose derivative is partially
incorporated into the polynuclear iron(lll) oxide hydroxides, and further comprising a
carbonate, wherein said absorbent has a phosphate binding capacity of at least about 140 mg
adsorbed phosphate by 1g of phosphate adsorbent, and wherein said iron{lll)-based
phosphate adsorbent is isolated by spray drying. As herein defined "partially incorporated”
means that about 10 to 20 % by weight of the soluble carbohydrate, based on the total weight
of the phosphate adsober, are incorporated into the polynuclear iron (Ill) oxide hydroxides, i.e.

can not be removed by washing the phosphate adsober.

As herein defined, "adsorbent base material’ refers to a porous material, preferably having
organic or inorganic OH groups, e.g. non soluble carbohydrates; organic polymer or
copolymer; natural semisynthetic or synthetic linear and/or branch-chained; soluble or
insoluble polyhydroxyl compounds (e.g. polyvinyl alcohol); inorganic supports, e.g. based on
silicon dioxide and/or silicates such as glycetyl-modified glasses. Preferred adsorbent base

materials are non soluble carbohydrates.

Examples of non scluble carbohydrates include starch, agarose, dextran, dextrin, cellulose.

Preferred non soluble carbohydrate is starch.
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Avcording to the prasent invention, “scluble carbohydrata” refers 1o glucose derdvatives, such

as susrase, mallodextrin or mixture thareof, Preferred soluble carbobhvdrate is sugrose,

he iron-based phosphate adsorbent of the invention is a fran{ill} oxide-hydroxide

containing compound, camprising & sciuble carbohydrate such

a3 2 glucose derivative (2.9
sucrose of mallodexiring, and starch.

in one embodiment of the invention, {he phosphate adsorbent may be defined ag a complex
formed with polynuctear iron({ill) oxide hydroxides, starch and the glucoss derivative {8.q.
sucrose o maliodakliin, preferatdy sugrese). I a preferred embndimant, the polynusiear

iron oodde hydroxidas is baund o the adsorbent base material, e starch.

I ong embodiment of the inverdion, the compound of the invention comprises starch

particles cavered by ron(Ill} exide-hydroxide and optionally slabilizad by a glucose derivative

such as sucross, mallodextrin or mixture thereol. Preferably the on g homoganously

distributed on the swrface of the particles.

i yet 2 further aspect of the Invention there is provided a new irorvbased phosphate
adsorbent which rgleases e ron in simulated gastric fluids {as defined in Pharmacapsia).
For example, the phosphate adsorbent of the fwention does not significantly releass Fon at
a pH range above 2 up v 10, Ih ong example, 10 g of e phosphate adsorbent of the

invention may release less than about 20mg of ron at phH's above 2.

i yet a further aspect of the invention the compound of the Invention may contain about 10
fo about SEwil, .. sbout 20 10 about 30 wit%. preferably at least about 20 weight % of non

soluble carbohydrate, e.g. siareh, for example about 10 to 30, a4, aboud 30, 5. sbout 28

waight % of starch, based on the lal waight of the compound.

In yet a further aspect of the invention there is provided a nsw phosgphate adsarbent

containing rron () oxide-hydroxide and starch, which condaing about 5 to about 50 weight %
of soluble carbohydemte, e, about 18 © aboud 40 weight % | s.q sboul 12 to abewt 30
weight %, based on the lolal weight of the adsorbent. For example, the adsober of the

vention confaing &t least about 1) welght % of sucrose, maltedssitein or mixture thareof
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.

(preferably sucrose), for exampls al iast about 14 welght % of sucrese, malindesirn

mixture th

f {preferably sucrose), for example about 28 wi% of sucrose, mallodexdy

mixture thereof ( pfeferabEy sunrose), based on the fotal weight of the compound.

in yet & further aspect of the wention there iz provided @ new phosphale adsarbent
sontaining ondill oxide-hydrodide, which cordaing mare than about § weight of water, for

example about § fo about 10 weight%, for example about 5 1o abiout 8 weight %, based on

the tolal weight of the compaound.

In yet & further aspect of the invention the phosphate adsorbent of the invention cortaing at
least about 10 weight®h of fron, for example at least about 18 weight %, for example about
30 weight% of ran, e.g. ron(lll), based on the il weight of the sdsorbent. In ancther

aspect of the invertion the ron content of the compound of the invention s abaut 10 {o sbout

e ”

35 weight %, for example about 18 to about 30 weight %, Tor example about 25 to about 30

weighl %, based on the total weight of the compound.

in yel another aspect of the nvention there is provided a new amilii-based phosphate
adsorbant somptising starch and a giucose derivative such as sucrose, maliodexiin or
mixture thereof {preferably sucrose), which contalng about 5 1o about 10 welght®% of water,
sbout 20 to about 30 weight% of iran, based on the total weight of the adsorbeni

fon comprizes frondill), more preferably v

i

Preferably the phosphate adsorbant of the i

ron{itt) oxide-hydroxide, optionally mixed o ferdhydrite. In a praferrad embodimant, the

polynuciear ron oxide hydroxide of the phosphate adsorbernt consists of ganwnadion oxide
hydroxide (preferably gamma-ron(lil} oxide hydroxide) or midure of gamma-iran oxide

hydroxide with ferriivdrits,

fn another embodiment of the Invention, the compound of the invention is x-ray amorphous.

The pheaphate adzorbant of the invention is ebiteined by reacting an aque

iror salt, preferably an iron(ill} salt, with an agueous base wherein the predipitation of the

sat s perfotmed iy presence of an insol

[

carbohydrate, preferably starch, The resufling

by adding e soluble carbohydrale to the procipitate befate

-10-
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Gamma-iron (1} manufacture process

it was nolexpectad that s possible fo selectively obtaln gammasrondil) (-

v () oxide-

hydroxide, as well as mixtures of y-iron (1) oxide-tivdroside with ferbydrite, dirsctly from an
ron{itty sowrce (such as ron () chioride) withowt having 1o use rondll) and a subseguent

oxidation step.

The present invention alss ncludes a new process for the preparation of gammaion{ill)
axide-hydroxide, which process comprises the steps of reacting sn aqueous solution of an
won (i} salt aith an aqueocus base, a1 pH comprised belwsen § and 48, optionally in
presence of starch. Slarch may be added after the reaction of step &), Le. after the after tha

complete mixing of the ron salt with the base.

if not present in step a), starch may be added in a Tusther step (step b), e.g. after the
complele mixking of the ron salt with the base. In anoiber embadiment, starch is added n

step a) and mors sterch is addead in step b)),
in both smbodiments, the predipilation of the salt by the base is done in presence of starch,

Optionally the obiteined precipitate 8 isolated and washad, a8 hereinbelow defined.

in anothar ambodiment of the rea , the agueous base may consist of an aquesus basie
mixure of & base shd slarch. The regction may be performed st ambient temperature, or
preferably at low temperature

fhe iron salt may be ironility chloride, ron(llty nitrate or ron{llh) sulfate, preferably ¢

sall s iron ghioride.

The ironfill) oxide-hydroxide oblained by that process has gamma configuration. Small

amournta of farihydrite, e, races thereo!, may also be prasent,

fron{iiii-bassd phosphate sdsorbent manufaciure process.

iy, § has been found s posmbls o obialn on ox droide contalning

homogenpus and stable, by having

11-
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=0 w

carbobiydrales, 8.5 slarch andior stiomse present during e reastion of the ron with the
¥ i g

base and/or by carsfully controling the pH of thal reaction. The presence of the
carbohydrales prevert the ageing of the on oxide-hydroxide, Le. the conversion of the
inflially fored on oide-hydroxide 1 a loss potert phosphate binder, Unespeciedly it has
been found that by carefully controlling the pH of reaction, a product with an unsxpected

high phosphate binding capacily can be synthestzed.

The preparation of jron axide-hydroxides is known in the privr art and is described in UL
Schwertmann and M. R, Comell "fon oxides i the Laboratory”, Wiley-VON, Second,
compleled revised and sxtepded adition, 1991, This document teaches that it is possible to
prepare feivon () hydroxide. Le. to oblaln ren(il) hydroxide with the f-configuralion (bete-
configuration) from ron{lli}, and fo prepars gamma-iron {1} oxide-hydroxide, i.e. to obtain
jron oxide-hydroxide having gamma-configuration (Le. poonfiguration} from fren (il

s known that even mingr changss in the reaclion condiions used to prepare the fan

oxide-hydroxide, such gs pH, ratio of the base to the iron, ran concantration, ete, may

prevert the desired srodtal fram being oblained (see fage 66 of UL Schwerlmann and B R.
omel). In particular simply scaling the guandities up or down to produce different amounts,
in particilar higher amounts, of ron oxide-hydroxide may resut in the productian of a

product baving & different siructure,

in order W oblain an ron-base compound which can be used a5 2 pharmaceutical, it s
necessary io have a manufacture process Jeading o & product always showing @ high
phosphate binding capadily, eg. always having the same stucture. This need must
particuiarly be {Ulfliled in case of jargs scaling up. Surprisingly, it has been found that it i3

possible to prepare large amounts of an homogeneous iron{ill} based phosphate adsorbent,

&.9. several grams thereof, by using adeguate reaction sonditions, Le. | by using 3 stabliizer

2, and/or by iselating the product !

during the thermal stress, suet

¥ & mild method

suich as spray drying or fuldized spray drying.

The present rvention also ncludes a process for the preparation of & iron(hl-based

phosphate adscebant comprising ronlll) oxdde-hydraxide, insoluble cartohydrate {og.

starch) and a solubie carbohydrate (2.9, glucose dervalival, which process comprisas the

-12-
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i) reacting, €.g. simultaneously mixing, an aqueous solution of iron(lll} salt with an
aqueous base, at pH between & and 10, e.g. between 6 and 8, between 6.5 and 7.5,
preferably around 7,

either performing step i) in presence of an insoluble carbohydrate, e.g. starch, and optionally
adding more insoluble carbohydrate after the complete mixing:

or adding the insoluble carbohydrate after the reaction of step i), eg. after the complete
mixing, wherein in both cases the insoluble carbohydrate is added before completion of the
salt precipitation;

ii) isolating the precipitate formed, and optionally washing, e.g. with water;

i) suspending the precipitate, e.g. in water; and

iv) adding a soluble carbohydrate; and optionally

v} adding at least one excipient selected from a preservative and a binder.

In particular the invention further provides a process for the preparation of iron(lil)-based

phosphate adsorbent containing iron(lll) oxide-hydroxide, starch and a glucose derivative,
which process comprises the steps of:

(i) reacting an aqueous solution of iron(lll) salt with a aqueous base at pH between

6 and 10, wherein the reaction is performed in the presence of starch, forming a

precipitate;
(i) isolating the precipitate formed according to step (i),
(iii) suspending the precipitate from step (ii) in an agueous solution; and

(iv) adding a glucose derivative to yield an iron(lll)-based phosphate adsorbent, and
optionally at least ene excipient selected from a preservative and a binder; and

(v) isolating the product by fluidized spray drying to yield an iron(lll)}-based
phosphate adsorbent as a dry powder; and

a process for the preparation of iron(lll)-based phosphate adsorbent containing iron(lll) oxide-
hydroxide, starch and a glucose derivative, which process comprises the steps of:

(i) reacting an aqueous solution of iron(lll) salt with a aqueous base at pH
comprised between 6 and 10, wherein the reaction is performed in the presence
of starch, forming a precipitate;

(i) isolating the precipitate formed according to step i);

iii) suspending the precipitate from step ii) in an aqueous solution; and

(iv) adding a glucose derivative, to yield an iron(lll)-based phosphate adsorbent, and

optionally at least one excipient selected from a preservative and a binder; and

(v) isolating the product by spray drying to yield an iron(lll)-based phosphate
adsorbent as a dry powder.

13-




30 Mar 2011

2007331482

€ NRPOAbADCORERASGH11)_)OOC-20m AL

-1la-

In step i) the aqueous solution of iron(lll) salt with the aqueous base leads first to nucleation
and then to precipitation of the iron oxide hydroxide. The nucleation may be performed in
presence of the insoluble carbohydrate, e.g. starch, or the carbohydrate may be added after
the nucleation, and before the precipitation. According to the invention, the precipitation of the
salt is performed in presence of the insoluble carbohydrate, preferably starch. The insolubie
carbohydrate may be added before the precipitation occurs, or during the precipitation.
Preferably the insoluble carbohydrate is added before the precipitation is complete.

Preferably, the aqueous solution of iron(lll) salt is mixed to the agueous base in presence of
the insoluble carbohydrate, e.g. starch. Optionally additional insoluble carbohydrate is then
added. In another embodiment of the invention, the insoluble carbohydrate is added only after
having mixed the aqueous base with the iron salt, for example after the precipitation of the iron

salt has started.

It is believed that the insoluble carbohydrate may stabilize the precipitate. Unexpectedly, it has
been found that performing the precipitation in presence of an insoluble carbohydrate

increases the phosphate binding capacity of the iron(lll)-based compound thus obtained,
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preferabiy sterch. The resudling ron oxide hyorexdde may be stabiized by adding a soluble

rhohydrate to the precipitate befors the iron hydroxide ages.

Thg irgn{li]) sall may be fron{ill} chiorde, won{ill) nitrate or ronlil) sulfate, preferably the

ron sait is iron(ii) chioride, &g, sofid son{tijcloride hakahydralé. The aqueocus solution of

fron(li} sait may be in parlicular a solution of ron{iit) sak, as herein above defined, i water
The solution of ran salt may comprise from ahout 3 o abaut 35 wifwh, e.g. 20 to about 30

wiwit% of iron sail, preferatdly about 28 wafwiSs of fron sali. bassd an the olal weight of the

iron salt, Frefarably, 2 solution of iran{ill) chioride at about 2010 30 v

1%, preferably abowt

25 wtiwt%, based on the tolal weight & iran aal, is used.

According o the wenlion, 1 s also possible 1o use ofher aqueous ron solution, such a8 fron
alum {e.g. KFe{SOy); or NH4Fa(3Q,) 5} or sulfuric-acid-containing solutions or irondlil), 8.g.

of ron (8} sulfate.

The bass to be usad may be hydroxdde o catbonates of alkail or alkaline sarth metals, Akal

carbonades, allkall bicarbongtes and aikali metal hydroxides (e.g. of Sodium) are prefersd. In
particular, the base may be sslected from LIQH, KOH, NaOH, Ca{OH);, Ma{OH),, LECO;,

KoQ0,, Cally, MgCO;, preferably Ne;CO, The base sciution may compriss about 20 o

&

about 30, e.g. ahout 22 1o about 27, ¢.g. abiout 25.8 vol% of hase, based on the tolal volurme

of the solufion.

The agueous base may cansist of an aquecus solution containing & base, as hereinabove

defined, and an insdluble carbohydrate, e.g. starch,

The amount of base is chosen in order o oblain the desired pH, e.g. to adiust the pH of the

soiution sesulting frorm the mikture with the agueous solution of ron{ill) salt to a pH between
about 8 and 10, preferably sbout & and & mors preferably about £.5 and 7.5, even mors

preferably arowrwd 7.

Starch may be selected from com. wheat, rca, maize or potsta starch, and mixture thereof.

Starch may alse contein part of soluble slarch (e, axirin). For example, starch may
be a mitrs of 80 wi¥% or more of potato starch and 20w % of jess of soluble stareh, ey

ther smibodiment

odextrin. s

40 wi%: or more of polato starch and 20wl % o less oif ¥
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vention, the starch is replaced by 3 disfary fiber, sy Bensfiber

{produced by

of the i

Novartis AG). Preferably starch is potato starch.

Preferably e.g. 1 g of inscluble carbohydrate, &.g. sta added par about 4.5 to about 20

g of fron salt, eg. per about 1.0 to about 20 g of fron salt, a.g. por about 1.5 1o about 10 ¢ of

fron salf, e.g. per about 2.0 fo about 18 g of iron sak.

in a preferred embodiment of the vention, In step i) the pH of the solution is maintained
constant al a pH between § and §, preferably around 7, during all the mixing. By

simultanecusly addifion of the ron salt and the base, the pH can be adjusted to the desired

value,

According o the invention, the reaction, in parficular step {), s prefersbly made at a

P

By about BYC. b anodher

fampe @ between about 1 and 20, preferably 2 tp 16, o

eambodinment step 1) is performad at ambient temperatuis.

Subsequenily to slep i) the suspension may stagnate for @ short fime, o.g. more than 1
hiour, praferably duting 1 to § hours, more pretferably over night. During that time, the

suspension can be stired.

According to the invention, the soluble carbohydrate may be a giucoss dedvalive. Glucese

detivatives may be selected from sgarose, dexiran, dextrin, dexiran derivatives, ceflulnss,
X M
ias&f;se, mannilnl and mixture thersof, Prafarred

susrose, malios

celiiose derivatives,

gitiense derivatives are sucrose, mallodextrin and midiure thereof. Most pre 4 ghicose

derivativa is sucrose.

According o the invention, the amount of soluble carbohydrate, e.g. glunose dervalive,

zdded in step v} may be of about § to abow 15%wt, preferably about § o ¢ 10, based

on the weight of the phosphale adsorbant. Preferably about 5 to about 15 w sROrNse

or about 3 o about 10 welght% sucross is used.
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According o the invention, the precipitate obtained in step ) may be washed, af least ang

fima,

According o the invantion, in

fep ) the oblained precipitaie s isclated, a.g. by decamtatian,
filtration, ventrifugation, preferanly by decantation, and then washed. The washing is
performed  with water or an aguecus solion of NaHCO,, preferably with waler.
Combinations of water washings and NaHCCOswashings may be used. The precipilale s
washed once or saveral times, preferably several times. Washing can be done untit the level
of impurities s down to a preadelined leval, o.g. from a few hows Uup o @ few daye, Prefarably
2o I washings are done, miore praferably 3 to 8 Adter each washing operation the water or
washing solution iz removed by decantation, filration, cenirifugation, preferably by

derantation. Preferably, the productis not compistely dried.

The product is then resuspended i water. A minkimum amount of waler s needed so that the

suspension cant be processable. For example the ratic amount of wal al phesphate

adzorbent may be from abuut 0.8 to about Z, prafarably 1.4 10 1.5, more preferably abowt 1.
¥ Y 2 Y

The resy

17

ting agueous suspension of phosphate adsorbent has approxdmatsly a neutral pH
valug in the range of about § S 7.5,
The susperision may alse be done i presenice of a soluble carbohvdrate as herein above

:olubla

defined, &.g. sucroze, e.g. the suspshsion is performed with an aguenus sgiution
carbohydrate. Or te soluble carbiohywdrate.is added in a further sten, after the precipliate is

rasuspanded.

i step W), prab

i solubls carbobydrate i sucrose.

in steg vy, the preservative may be 3 soluble preservative, such gs e.g. chlorhexidien or p-

hydroxy-henzoie acid sster, or an aleshol, such as e.g. ethanol, mathanol, 2-pr

spanod or

combination thereof, Preferably, the proservative is an al | Preferred aleohot is ethanal,

in one embodiment of the nvention, the phosphate adsorbant reauliing from step v) s not

drind, e.¢. not complzlely drisd.
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Oplionally a further slep ({a step vi} can be added which consists of isolating the phogphate

adsorbent. Such an isolation may be made by Sitration, decantation, spray drying or fluidized
spray drying. Preferably spray drding or fuidized spray drving, e.g. fuldized bed spray drying
s performed. Unaxpectedly, # was found that such a technigue leads to produce a well

granulated, free flowing and dust free powder which is suitable for direct sachet flling,

without the use of exciplents. That povder can easlly be manipulated, .. durdng processing

or packaging.

According o the fnvention, thare Is provided g process for manufacturing an ran{iii-based

adsorbert having high phosphate binding capacily in form of a dry powder, as hersingbovs

described, wherein the process further comprisas a stap of isvlating the produnt by spray

drying or fluldized spray drying.

Surprisingly, it has been found that fiuidized bed spray diyving & suitable to directly and

continuously produce a well granulated, free flowing and dust free powder which is suftable

for direct sachet filling or can be easily granulated 10 viekf a granulaie.

i another prefered embodimant of e invendion, the surface area of e on{iiirbased
phosphate adsorbeni is incrzased, s.g. by adding a porous excipient, .. sificon dioxides,
for exampie Aersh, during the manufacture of the phosphale adsorhant, e.g. during step vi)

as hersin above desaribed,

Futthermore a formulation slep may be perfarmed. For example # slep of miving,
granudating, encapsulating andior tabisting the phosphate adsarbent may be done, with

adequate axciplants F nacessary.

In one embodiment of the invention, the process further comprises the step i of
granulating the powder, oplicnally i presence of at ledst one axcipient selected from a
binder and a lubrlcant, o vield an rondil)-basad phosphate adsorbent a8 a granulate

I another embadiment of the invention, the process further comprisas the step i) of

{abietling the product, Le. ableling the powder obtained Iy step viY ar the granudate

oblained in step vif}, The fableting step is oplivnally performed in presenog 1 excipient

selecled from o ey, a binder, a disihtegrant, a fow agend, a lubricent, and mixdurs thereol,

Formulstion
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ft is known that fron axides are difficult to be manufactured because of thelr dustiness. Such

a dustiness may also be problematic for formudating Fron wides comtaining compounds in

form of pharmaceulical compositions andfor for packaging such Sompounds. i paricular, if

ron oxides ars o be taken as powder, fing dust can be whitled by al or can even be
k

thersof. Therefore It s important fo prepare a pharmacsutical composition comaining an

inhalated, which may fead o Josing part of the ron exides, or tsking an incoract dosage

won{iit-basad phosphate adsorbent which can be safety administered {0 the patienis, in

particular whose dosage cen be coniralled when token by the patients.

in order to obisin an ron oxides conlaining phosphate adsorbent sfficiently sullable as
pharmaceutical which can he orally administered, it Is necessary © obtain a compound
which ¢an be formulated info oral pharmaneutical compasitions, Typical aral formulation
corain excipients present fo favilitate automatic compaction or sachet f#ing. Howaver
addition of such excipients may affent the phosphale hinding capacity of the adsorbernt,
Therefore in o prefarsd smbodiment of the ivention, the phosphate adsorbent is inform of
a powder. Surprisingly it has now been found that by using dedicated processing conditions

during ihe manufacture procass, addiion of such exclpients may be avoided.

Due to the dally amount of phosphate eaten avery day through food intake and the relative
fow binding phosphate capacily of the phosphale adsorbents, patienis who nesd & take

such compounds, e.g suffedng from hyperphosphaleamia, need to take high amount of

them overy day. Therefore there is a need 1o provide a phosphate adsorbents in &

formulation which could improve patience compliance, for example n case of eld

pediatne patients. A formutat

in form of a powder could Improve patience complianos in

comparison to the shosphs driviercial lable, since the powdsr cotild be

diiuted i walst and then permit to fake higher doses of phosphate adsorbent with & low

amount of Hquid.

Surprisgingly the inventors of the present nvention were sble o prapare an ron oddes

contalning shosphate adso

bent in form of & non~dusty and fres-flowing powder withouwt the

use of excipicnts whils maintaining the high phosphate binding capacity of the compound.

That powder can sasly be manipulated, e.q. during procsssing or packaging. For example

that powdet can be easily

iy filied, it sachets or stick packs.
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The present wnwvention provides a phosphate adsorbent which is free-flowing, almost dust

free and then car be filled into sachets or stick padks, e.g. automatically |

comgnsition of the invention refers ©

According to the present invention, phanmacentical
sharmaceutcal composition contalning fron (H-based phosphate adsorbent, ey the

containing the phosphate adsorbent of the invention,

Fharmaceutical  composiiions according o the hventlon may be Tormulated i any
conventivrial forrg, preferably oral dosage forms, e.g. powders, granuies, granuiates,
vapstdas, sachels, stick packs, boltles (oplionaily together with adsguate dosing systems,
a.g., calbrated spoons), tablels, dispersible tablels, film coated tablets, or uniquely coated
tableds

Pharmacettical composiions according to the invention may alvo be formudated as semi-

solid formulations, €.q. agusous and non aquscus gel, swallowable gel, chewy har, Tast-

e fonm, chawabls dosage forms; o adibls -

7

disprersing dosage, craam ball chewable d

sachet as defined horeinbelow,

Preterred formulations are powder, granulate, tablet, for example dispersible tablet.

r1, the pharmacautical compaosition is prepared in

in a preferred ernhodiment of the nvend

the form of a powdear or a granulated product (e, granulated powder or ganulates), which is

fited o powdsr containers such as botile, capsule, sachet gr stick pack,

¢ sueh & sachel o slick pask s suppiled with & child resistant ensy apehing festurs.

A lubricant, as defned hereinbelow, may be added, for example in case the phosphats

adsorhent of the lnvention, ©.g. as propared sooording to the manufacture provess defined

harainabove, i3 1 into & capsuie,

corpaction, or wet

e granuinist product may be prepared by dry granuiation, e.g. roll

granuation, for example in & fuid bed or high shear mixer, The granuiation may be dane in

aressheg of a binger, e.g. MO, v order o improve the mechanical siability of the granulate.

achets or slick packs. In ons

granulates migy be filled then o .9, bollles, cag

embodimant of the Invention sueh filling can be performed by automalically working systems.
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s
f

he gathet o shick packs gy cont

af granuiated product.

The pharmaceutical composition of the Invention may coidain a bindst, e.q. 4ty binder, such

as sucrose or microcrystaliine cellulose (MCC),

fr another embodiment of the invention, the pharmacsutical composition of the invention
may comtain & iubricant, e.g. My-stearate or hydrophilic lubricant, such as PEG 8000 or PEG
4000, The nvertion provides a capsuie containing the on{ill-based phosphaie adsorbent.

©.g. a3 a powder or a granulate, and preferably further comprising a lubricant,

According to ong embodiment of the invention, the pharmabsutical campasition is in form of
a tablet. For better applicabiity or ease of differentiation, g subsequent film coating of the

tablet may be performed.

The labiat may be produced by ableting, = .¢. direot commessing, the phosphate adsorbent

as @ pure powder, Le. withott contaiving sxcipient.

tn another embodiment of ihe invention, the tablet is prepared by compression of the pure
¥ P P

powder, L2 a powder of the phosphate adsorbent without excipient, together with suitable

axcipients, such as excipierds selected from filler, binder, disintegrant, flow agent, lubricant,

and mixiurg thereol.

in yet another ermbodiment of the invention, the tablst is oblalned by compression of the

granulaled powders {Le. the ‘inner phase”) togsther with further exciplents (he “outer

shase™. The inner phase of the pharmaceutioal N AGE0 invention may

SUTPOS ng ot

cOMD sphate adsorbent, and st least one sxciplent selected from & filler; & tinder,

ise the p

a disintggrant, and mixture theredi, The cuter phase of the phanmacouticel composition
according o the Invertion may comprise af least one exciplent selectad from g flow agent, 2

fubricant, a fifer. 2 disintegrant and mixture thereaf. Freferably the outer phase comprises

a fiow agent, a lubricant, and aptionalty » filler andfor disintegrant.

s according to the present nvention may comprise 8 Siler fo
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-
(2]
¢

Sultable filler mat

rals are well-nown to the anl {ses, a.g., Rem

Sciences, 18th Ed, (1980}, Mack Publishing Cu., Easton, PA. pp. 16358-1638), and include

wicroorystaling celliiose, jactose and other carbohydrates, starch, preg

zad starch,
e.q., starch 15COR {Coloreon Corp.), com starch, dicalclum phosphsie, potassium
hicarbonate, sodiur bicarbonate, celiviose, calelum phosphale dibasic anhydrous, sugars,
sadium chioride, and mixlures therecf, of which lactose, micre-crystailing celiuicse,
pregelatinized  starch, and mixtures  thereof, are preferred. Owing fo ils  supstior
disintegration and compression properties, microarystaliine cofluiose {(Avice! grades, FMC
Corp.}, and mixtures comprising microcrystaliine celluloss and une or morg additional fillers,
2.9, oo starch or pregelatinzed starch, ave partioularly usefd Preferably the filler is

microcrysialiing ceildose.

The filler may be present in an amount of about 10 to 40 wh%, based on the total weight of

the phanmmceutical composition, preferably 20 to 40 wi%, more preferably about 30 wi%.

The pharmaceutical composition of the invention may contain also the following classes of

excipienis:

a} wel-known lableting binders (e, hydroxypropyimetiwicellulose starch, slarch pragsla-
tinized (starch 15800} gelatin, sugars, natural and synthetic gums, such as carboxymethyl-
cellulose,  methylcslivlose,  polyvingipyrrelidone Jow  substiiled  hvdroxypropyleativlose,
ethylcelidose, polyvinylacetste, polyacnviales, gelalin, natral and synthetic gums), micro-
crystalline cellulose, and mixtures of the Toregoing. In a preferred embodiment the binder
corsisty of low subsiituted  hydrosypropylesililose HPC (sg. HF caeliulose-LH2Z} or

hydraxynropylmeathyiceliulese HPMC, &g, 3or 8 ops.

The tableting hinder may be comprised between about 1 end about 10 wi%, and praferably
about 1 ard about 5 wt.%, based on e fatal weight of the pharmacsuical somposition. In &

preferred embodiment, the binder ts used at ahaut 3 wi %, based on the total weight of the

fioal compo

pharma

b disintegrants, a.g. carboxymethyi

catitdoge, cross-linked sodium sarboxyrhathyl- celftlose
{croscarmelose sodllm], orospovidone, sodivn starch glveolats. Frefarred digintagrants are

crospovidone and croscarmeloss sodium.
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The disirtegrant may be oorprised sy about &

and about1Q wi%, based on the total wei of the pharmaceutical composition. For

avample, the disinteyrant is crospovidone, croscarmelose sodium or middure thersofand is

contained st about 1wt %, based on the total waeight of the pharmacautical compositics,

o) lubricsnts, e.g magnesium stearale, stearic acld, o8

e stearate, giveery! behanaie.
hydrogenated vegetsble of, camauba wax and the like, palyethylens oxides such as PEG
G000 or PEG 4000, In a prefarred embodimeant lubricant is magoesium stearals.
The lubrioant, e.g. magnesium stearate, may be present from about 8.5 1o sbout 8wt %, eqg.
from about 3 to about § wit %, preferably abotd 2 to about 3%, based on the total weight of
the pharmacsutical compasition,

}y flow agerts, e.g. silicon dioxide or tale, preferrably sificon dioxide colloidal {e.g, Asrasil),
The flow agent, e.g. slicon dioxide collvidal, may be pressnt from about at about 012 wt %,

a.g. 0.5 w %, based on the total weight of the pharmaceutival composition.

&) anthadhersnts or glidants, e.g., talg;

) sweeleners;

47 opasifying or colorihg mediums, e.g. titanium dipxdde, ron oxide or aluminum lakes;
ny flavoring mediums;
i} antioxidants.

According to the invention, there s provdded @ table! containing the ron{ii-based phosphate

& binder, & d

comiprise at Jeast one ex om an anti-adherent, a ghdant, a swestener, an

apacifying or eolering medium, and & flavoring metium, a3 hereingbove desoribed,
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The iabiet may be o g eg. may compriss & film costing. Bramples of sultable fiim
formers in film coafing compositions to be applied to pharmaceytial compositions of the
nvention  comprise .. poivethylens  glycol, polwinyloyrolidone,  polvvinyl aleohil,

fydrophific polymers such as cationie polymers containing dimethylamino-sthy methacvlaie

as  functional  groups {8y Budragt & and  EFO) hydroxypropyloal

hydroxymethyleeliulose,  and  hydrowypropyimethviceliviose o e ke, of

mydroxypropyimethyiceliuiose iz preferred.

The {ilm coating cormpostiion ingredients include plasticizers, e.g. polethylene glyools {a.g.
oolyethyiena glycol 80003, tristhyloitrate, disthyl phihalale, propylene glvool, glveerin in
conventonal amounts, as well a3 the shoves mentioned opacifiers such as Hanium dinxide,
and colorams, e.g. ron oxide, alurninum lakes, ste, Preferably dry mixtures as Sepifin or

Opadry mixiures, latter pfeparad by Colorcon Corp, are used. These products may be

ndividually prepared dry pre-mixiures of film forming pohaners, opacifiers, colorants and

plasticizers which are further processed to agusous film coating suspansions.

The film coating may be generally applied to achieve a weight increase of the tablet of about
1o 10 wit%, end preferably about 2 to 6 wil%, based an the tofal weight of the
sharmaceutical composition.

The filirs coating can be applied by conventional technigues in @ suitable coating pan or
fluidized bed apparatus using water andfor conventional organic solvents {e.g., methyl

aloohol, sthyl aloohol, isopropyl alcohel), ketones {aceione}, ate.

in another embodiment of the invention, the ron(il)-bas ohosphate adsorbertt Is

Y

formulated as an uniguely coated tablet,

The tablet accarding to the inventioh may be made by iy

Gl eomps

it of the ronddih-

based phosphale {the drug substance) and by addition of high concentrations of Mg-stearate

X

i
. aboud 3 Lo about 5%).

The tablsl may further comprise binders as e.g. HPMC 3ePs, HP-Cellulose LH22,
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Electrostatic dry piwder depasilion process may inorease e stiuctral intagiity of the mabls!

without adding major amourts of material and also provides the epporturity for an unigue
appearanca of the dosage form.

Thig tablet may be coated by a electrsstatic diy powder deposition process, €.4. as follows:

ng mbdure is prapared by meltextrugion  of a mixture of polymer (preferably

RS L, RL and additionslly PYPNA, HPMBPC, HEMOAS). eoloring

Wy

agent {e.g. ttan dioxdide) and other additives {e.g. PEGSN00Y. A further step of micronization

Budragits, e.q. type

of the produced melbexirudate is apliorally parformed, e.g. with abaut 7 to 10 microm.

& coating pracess may conalst of §} fixing the core {p.g. by vacuum) on a wheel, charged,

ransportad thraugh the coating chamber and attaching the opposite charged coating powder

o the core surfave, if) tra riing the powder layerad vors on the wheel to an IR lamp were
the coal mells, il ransferring the cors fo the adjacent second whee!l and repeating the
process for the bottom part of the tabled core. Typical coal weights Bre 5-4% of the cors
weight and are about 20-50um thick.

Heat fixation step: The fusion avele varfes from product o product but typicatly is arsund 80s
par side. This nclisdes healing up the tablets from room temperalure, so the femperature av
the surface of the tablet paaks at approximately 100°C and in the tablet core approximataly

TR for about 20z,

According o the invenlion, the iron{lil)-based phosphate adsorbent according o the
Invenfion may aglsp be formulated s seny solid formulations. Such composifions are
comfortabie {0 swallow, In pasticular for elderty and obildren, and may be considered as a
daily supplement rather than a medicing. Furthermore such semi-golid dosage forrs have

the advaniage that thay may be filled info multipls or single dose containars,

in one smbodiment of the invention, the compositon of the invantion I i formt of an

agueous gel formulation. Such an agqueous gsl may contain & vistosily enfancer whict

or & thickener. The visos

preferably has welling prog 3,
polyeyethylene sorbitan {atly acid esters, polysthylene
may be sslecled from starch (o.g. comn starch, potate starch), the starch being preferably

heated up, celuinse dervative (e hydroxypropyimethyl celiufose}, alginste sait {syg.

sodium alginate), carbomer, colicidat siiicon diowide, and other paste former {such 25 2.4,

PYP, polvacrylic acid, arabic gum, xanthan gum and mixtuse thereoi).
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in addition, presarvatives may be added, such as e sehydroxybenzole acld methyl sster

and salt thereof, p-hydrosy! benzalo acid propylester and salt thereo!, sorbie acid and sall

thareof, benzole acld and s¢

herent or chinrhexidine. Flavours and sweelensrs may also
bo added. The aguesus gel may contaln & buffering sysiam, 2.4. citrate or acsiate hiffer, o

ensure the antimicrobial efff

oy of the preservative system,

The aguecus gel may further conlain at least ane agent selected from a sweslener, suct

e.g. saccharn sodium, aspartame, sucralose and a flavowr, such e.g. as shawberry or

passion.
The aguacus gel may be prepared by solubifixing ail excipients, with the exception of the
thickener in waler purified, dispersing the phosphiate adsorbant uniil vigorous mixing and

then by adding the thickenar,

Fossible semi solid formulations include, but are not imited o, swallowable gel, e

C o aguenus or non aquends gel {the phosphate sdsorbent being optionally encapsiisted ar

granulsted), chewy bar, e.g. & cereal bar, fast-dispersing dosage, such ag orally dispersing

wafer; cream ball chewable dosage form; chewabie dosage forms, such as candy, soft
-bgsad

capsuls, oF nuggel; or edible sachel I such semi solid formutations, the ron
phosphale adsorbent may contain dislary fiber as inscluble carbohydrate, 2.9, the slarch
may be replaced by distary fibars.

Semi solid formutations have the advantage thet they may be percelved as z daily

supplement rather than & medicine, which msans that & rather large dosage form may be

acceptabie for the patients. Preferably, these formuiations are given to elderly and pediatdic

patients.

Swallowsbie gel has the advantage of be comfortable to swallow and be possibly pergafved

@ medicine, in gddition theie s 2 wids e of Havor

in order o overcoms problems with mouth fasling,

as a daily supplement rather than

options. Nor-agusous gols ame prafen {aila

of the bun hydros

granulation step is preferably include

2.9. grittyness.

According o the invention, the chewy bar may contain ingredients selectad fram the groups

cansisting of malt axtract, skimmed milk powder, {5t reduced cacao, ghicass syrup,
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hardenad paim off {e.g. about 30 weight %, based on the tofal weight of the b

sodium chioride {o.g. about 0.1 weight %, based on the total weight of the har}, vitamin {e.q,
e (ag £ E435, B472h, E475,

soy bean lecithirg, thickener (8.9, carob flour, E480). The bar may be covered by a milk

vilamin E), favar te.g. vanilia iavor}, o or more stabliize 3,

chocolale layer, €4, cemammg sugar, cacso, cacan butter, whole milk, skimmed milk
powder, hezelnuts, bulterfal, soy bean lecithin, The cover may weight 38% of the lotal
weight of the chewy bar. The manwfacturing process may comprise blending of all the
ingredients in a mixer at elevated lemperature and filing the blend into a mold. The bars

may be packaged after covling o room lemperature and removal from the mold.

Chawing of a chewy bar, e o cereal bar is a convenient and patient friendly adminstration

and may be perceived as part of the daily routing, Le. daily supplement rather than a

medicing. Duch & dosage form has only minor lmitations with respect to the size. In addition
thera fs 2 wide choice of flavar aplions:

Crally dispersing walers ars versalile |

e

get-disparsing dosage form. Orally disparsing wafers

5

ade

contaiing the phosphate adsorbant of the iwenfion, e.g. iron{i-based phospha

particularly suited for pediatric and gedlatric populations, since they are comfortabliz to

swallow and may be percelved as a daily supplement raiher than a medicine,

According fo the invention, a rapidly dispersing dosage form may release s active

ingradient, ie. the Fon{lii-hased phosphate adsorbent, within a period of less than about

ninely seconds. These dosage forms may exhibit & three-dimensional shape, which can be

relained for adeguate storage but may be readily dispersed in e presance of excess

moisiies,

According fo the invention, the rapidly dispersing dosage, &.¢. the orally dispersing wa
g Y agG g

may he manufactured by a solid, free-form fzbrigation technique i which objects are built v

a laminated fashion {hrough sequantial addfiion of palterned fhin layers, eg three

dimensienal printing (3DF).

According io the Ivention the semisolid dosage may be a cream ball chewable dosage

ded in a cream

form. I une embeddiment of the invention, the phasphate adsorbent is suspen

ar gel and then layered on & core. Various flevors may be used, Such a form nay  provide

batter chowabliiy and mouth festing than other chewatde dosage forms. This formutation
g £ 2

may be comforiable 1o swallow and may be perceivad as a dally supslement rather than

medicing.
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According 1o the wention, chewahle dosags forms Intiude for example caidy, soft capsuls,
and nugget. & wide choice of flavor may be used Fancy shapes and oolys can be
designed. The chewable dosage form may be packed in a tablet dispenser or individually

wrapped.

According io the invention, the chewable dosage form may contgin ngrediants se

&

ihe group consisting of: com syrup, sugar, parielly hydrogensied soybean and colionseed

oi, nonfal milk powder, soy lecithin, netural or artificdal flavor, ¢ acid, glycery!

monosisarate, Carageenan, Red 40, Vilamin {e.g. Vitamin B3 or K1), ticalclum phosghate.

alpha tocopheryl, salt, nlacinamide, calcliom  pantothes

pyridoxing  hydrochioride

riboflavin, and thiamine mononitrade,

The ingredienis may be dissolved i1 water o in mils to form a syrup, which may be bole
until it reaches the desived concentration or the sugar starts 16 caramelize. The liguid may

then be fiflad anta rolds and cooled down o harden the dusage form.

According 0 the invention, the phosphale adsorbant, may be formulated as an edible
sachat. Eatingss sachal is a convenient dad patient frendly administralion and may be
parceived as part of the daily routing, Le. as a dally supplement rather than a medicine.

The filing of the edible sachst may be made &.g. consist of, of grantdes, which may be made
of the material as hereinabove described for the chewy bars. For example, the filing of the

sdible sachet may be made by miling of the bars after removal from the mald. The sachet

reaterial may be made of water soluble polysaccharide, e.g starch, mashed vegelable or

fruds, optionally with lipids, The sachel may be manufactured by spraying the fruit or

s dried ina

vegetabie pures on o fast rolating { ized disk wheve | forms a hin flm whig

next step.

in another embodiment of the Imention, the non solubis carbobydrate containad in the

iron{lil}-based phosphate adsorbent is a dietary fiber, e.g. Benefiber®, For axample, in slop i}

and/nr step 1) of the manufacture process as desorbed hereinabove, starch is replaged Ly

o9

Sr, 8.0, Benefiber®. Such a formulation combiries the benefits of Fasp

and of dietary ihers In ohe product.
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Uses

adacebent according f the ivention exhibll vl

sharmacoiogical pro 3. adsorbing inarganic phosphate or phosphate bourd to
focdstuffs from body fluids or foodstuffs, e, as indicatad in fn vifro and in vivo tests and are

therefors indicatad for therapy,

The frordii}-based phosphale adsorbents ancorting o the nvenilion are, therefore, uselud in
the teatment andlor  prevention  of  hyperphosphatasmia,  hypercalcasmia,

hyperparathyroidism reduction, It cardiovascular  morbidity  and  moralfity,  renal

ostetdysirophy, calciphyiaxis and soit tissue calaifications. In particular the fronifiirbasad he
nhosphate adsorbents according o the invention are suitsble for the treatment andior
oravention of hyperphosphataemia, in humans and warm-bloodad animals, in particular

campanion animals such as dogs and in particular cat

" The phosphate adsoments of the bwention, ang phmrfsacé&ticat compositions containing
them are more parlicularly useful in patients with hypsrphosphataemia, e.g. for dighygis
dependent patients, e.g. hemodialysis, or patients suffering from advanced chronie kidney

Tt &
diseases {CKD), chrunic renal fallurg, chronic renal insufficiency, snd-slage renal disease.

The phosphate adsorbent accowding o the invention may be administered by any
conventional route, in particular enterally, &.9. orally, 2.g. in the fornm of tablets or capsules.

I sormg cases the phog

hate adsorbent may be administered through nasogastic tubss,

e.g. pediatic naso-gastric tu

Pharmacs i compositions compr

fng the compound of the invention In association with

a3t lsast one pharmaccutical sccepizbie camer o diuent may be manufactursd in

conventional mansier by mixing with a pharmaceutically acceptable camier or difuent.

Unit dosage forms for oral administralfon contain, for example, from sbout €5y o about 7g,

.. frore about 0.8 1o about # g, e.q. from abowt 1.0 o about 3 g, pretevably from about 1o
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about 1.5, more preferably sbout 4 to about 1.5 g, even monre praferably about 1 to about

A

28 g of phosphate adsorbent.

The phosphale adsorbent according o he invention may also be used for the absorption of

phosphete bound to foodstuffs. They may be admired with Toodstutfs.

Uity of the won(lilbased phosphate adsordant of the invention, in the trealment of

hyperphosphateamia, may Be demonstrated in animal fest methads as wall as in olinie, for

axample in accordance with the methods hereinafter described,

A- Phosphate Binding capacily may be defermined in assay dore according fo published
methads, e.g. as desorfbed in WOOTA88343, the content thereul being Incorporated by

refarence, or according o Exarple 3 hereinabiove.

8- Chinlcal Trial: open iabel, ime-lagged, muitiple dose, switch study in patients with CKD
{ohronic kidney dissases) et hemodialysis.

Patiends remain on thelr current sevelamer freatment during a 2-wesk run-n period, then
anter 8 1- 1o B-weak wash out period prior o being switched o the ren{ili)-based phosphate
adsorbent as desovbed In Example 1 for 4 weeks A76 giday, 7.5 giday, 11.25 gliday,

5 giday, 22.5 g/day. Each cohorl enrolls 10 palients, Patients are slralified by pre-siudy

evelamer dosel Stata 1 s Jess than 7.2 g/day of sevelamer in cohorte of 378 giday and

7.5 g/day of the fron{iil)-based phosphate adsorlss

1 Strata 2 is greater or equal fo 7.2 gfday

of sevelamst in other cohorts of the ron(lli-based phosphate adsorbent treatment.

in mceardance with the foregoing the present rvention provides;

41 Anron{lit-based phosphate adsorbent characterized by a phosp ing capacity

of at feast abowt 120 myg adsorbed phosphate by 1 g of phosphate adsarbent,

ably of about 140 ing adsorbed

osphate by 1 g of phosphate adsorbent.
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adsorhent hase

oxids hvdroddes, ard

ble carbohiydrate, e.g. giucose dedvative, and v}

optionally a ua

tonate, whergln the soluble carbuhwdrate is parlially incorporated inio

the polynuciesr iron (11 oxide hydroxides.

1.3 A polynuctear ron(il-hased phosphate adsorbent comprising §) starch, i) polynuciear
ron(il) oxide hydroxides, and i) a glucose dedvative selected from sucrose,
maltodexttin and mixire therec, ey sucrose, whersin the glunoss derivative &
partially incorporated into the polynuclear ron(ill) oxide hydrovides. Optionally the

polynuclear fon oxide hydroxides are stablifead by sald glucose devivative.

1.4 A polyruciesr won{l-bassd phosphate adsorhent comprising £ 2 non soluble
carbohydrate, e.g. starch, i) polynuciear Fon(il) oxide hydraxides, and ill) a glucose

derivative selected from sucross, mallodextrin and mixture thered!, e.g. sucrose,

whersin the polynuslear von oxids hydroxide contalns polvnuclear gemma-iran oxide
hydroxide, and optionally Terrhiydrte. Optionally the glicose derfvalive is partially
incorporated into the polynuclear iron (1) oxide hydroxides.

18 An fren(lil-based phosphale adsorbent comprising an adsorbent base material,

preforably & non soluble carbohydrate {p.g. starch), polynuclear fron (B oxide

hydroxides, and glucose derivative salected from sucrose, mattodextrin or mixture

thareof (&.g. sucr

sel wherein the polynuciear ron oxide hydroxides are siabilized by

said glucose derivative.

L8

ron oxide

ron(iir-hased phosphale adsorberd containing polyrusisal gamms
hydroxide and optionally farihydiiie.

ance with he foragol

N aconit

g e present ivention further prov

1

24 & process R the preparation of an ron{il-based phosphiate adsorbent condal

ng

ron{ilty oxide-hyiroxde, inscluble carbohydrate (preforably starch) and a glucose derivative,

of

wihich srocess cornpit s
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T

sall with an

&, .. snutanecusly mixing, 8n aque i of B

o

aquenus bage at pH comprised bebwesn about § and 10, wharein the reaction

is optionally performed W the presence of sald inscluble carbohydmte

»

{p abily starch);

it} alther adding said insoluble carbohydrate {preferally ste

hy if it was not

present th step i}

or optionally adding more of said insoluble carbohydiate (preferably starchy;

(s isolating the precipitate formed; and optionally washing, a.g. with water;

iy sy ding the precipiiaie in ah agquecus soiution; and

fu} adding a soluble carbohwdrale (preferably a glucose dervative, such

sucrosae o maitodexiving io vield an rontlitk-based phosphate adsarbent.

P

2 A process for the preparation of an won{iii}-based phosphale adsorbent con

ronfHl} de-hydraxide, insoiuble carbohydrate {preferdtify stareh) and a giucose o

which: process comprises the staps of
i} meacting, e shrultaneously mixing, an agueous solution of fron(il) salt with

an aqueous hase at pH comprised between about § and 0. whergin the

seaction is petformed in the presence of said inscluble carbohydrate

{preferatdy slarchl

wiarein steps i) 1o v} ate performed as dafined undsy 2.1,

A3 A process for the preparation of an Fron(iid-based phosphate adsorbent ooy

aining
ron{ih) axide-hydrooide, insoluble carbohydrate (preforably starchl and a ghuoose

derivative, which process comprises the steps of

2 0, simuftanecusly miking, an agquecus solution of rondllh) salt with an

aquecus bass gt pH comprised between about 8 and {5

i) add

of the ron() is complete, 5.9 has slarted;

: sald insoluble carbohydiate {preferably starch), befors the presin
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whersin steps #) 10 ) ars performed ag defined u

A pcess for the preparation of an fron(il)y-based phosphete adsorbent containing
iron{il) oxide-hydroxide, starch and a glucose derivative, which process comprises the
staps of
i} reacting, &.g. simultansousty mixing, an agusous solution of ireniitl) sait with an

ageis base, and

i) either performing step ) in presence of an insoluble carbohydrate, e.g. starch,

and apiianally adding moevs insoluble carbiohydrate after the complete mixing:

or adding the inguluble carbohiydrate after the reaction of st&p i}, ey wlter the

complete mixing,

erain steps i) o v ars performed as defined under 2.1,

ne praparafion of an fron{tl}-based phosphate adsarbent containing

& proc

fron{lif) oxide-hydroxide, insciuble carbohvdrate (preferabiy starch} and a giucose

vative, which process comprises the steps of

i} reacting, £.g. simullareously mixing, an aqueous solution of irondlt) salt with an
aguenus base, i presence of an insolubie carbohydrate (preferably starchl.
wherein the pH of the solution Is mairtained at a value halween aboit 6 and §;

whersin sleps #) v} are performind as defined under 2.1

A provess as defined under 2.1 1o 285 wherein the process further comprises the step

viy of isolating the product, praferably by spray drying or fluidized spray dryving to give

an irondtil}-pased phosphate adeorbent as & dey powdar,

A process as definad under 2.1 10 2.6 wherein the process further camprisss the sley
of granuialing the powder, oplionally in presence of al least one excipient seiected
from a binder and & fubricant, © visld an rengiii}hased phosphate adsorbent as a

granuizte.

a5 defined under 2.1 0 2.7 wharein the process further coim 5 the stap

vill} of fabletling elther the powder chiaimed in step vi) or the granulale obixined in step

Wi}, wheredn the tableting step is optionaly performed in presence of an exsipient
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satected from a b

o, & hinder . a disintegant, o flow agerd, a lubricant, and midurs

areof, ax herainabove describad,

Furthermore according {o the invention there is provided:

3. A process for the proparation of gammadron(iily oxidechydroxide, which process

comprisés the steps of

a} reacting an aguecus sokution of ronilih) selt (e.q. frondiil} chioride) with a agquacus
base at pM comyrised between 8§ and 10, wharain the reaction & oplionally

parformead in the prasence of starch;
by adding starch If slarch was not present in step a), and optiomally

a) isolating the solids and washing.

in accordance with the foregoing the prasent invantion further provides:

44 Amathod for preverting or traating disorders or diseases such ag indicatad above, ina

st in nead of such frealment, Le. a human o 2 warm-blooded animal, i particular

&

campanion animal such as dog and cat, which maihod comprises adiirustering i ssid

L an effective amount of an ron{li-based phosphiate adsorbent according to the

invention,

4.2 A method for controfing serum phosphate and serum cafclumephosphate product

fevels, whils mainta

normat serom ealcium levels, in 3 subject It need of such

freatment, 2g. In patients on chronie hemodialysis, which method oor

administering o sald subject an effective amownt of an ron(iilbbased ohe

adasorbent according 1o the irve

ANiC

43 A method for se v rerowving inofganic shosphate o eliminating  inorg
i ) 124 ¢

phosphate, e, fram dialysis fiulds, whole blood, plasma,

i & subject in nesd of ¢

freatment, 2.g. In patients on dialysis, ey, on chranic hemodialysis, which method

;o said subject an effective amount of an i

Hi-basad

sphate adsorbent socording to the invention.
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4.4 A method for selectively removing inorganic phosphate bound to foodstuffs.

45 An iron(lll)-based phosphate adsorbent according to the invention for the use in
treating or preventing hyperphosphatemia, hypercalcaemia, hyperparathyroidism reduction,
cardiovascular morbidity and mortality, renal osteodystrophy, calciphylaxis and soft tissue

calcifications, diseases and disorders related thereto.

46 An iron(lll)-based phosphate adsorbent according to the invention for use in controlling
serum phosphate and serum calcium-phosphate product levels, while maintaining normal
serum calcium levels, in a subject in need of such treatment.

4.7 Use of an iron(lll)-based phosphate adsorbent according to the invention for the
manufacture of a medicament for treating or preventing hyperphosphatemia, hypercalcaemia,
hyperparathyroidism reduction, cardiovascular morbidity and mortality, renal osteodystrophy,

calciphylaxis and soft tissue calcifications, diseases and disorders related thereto.

4.8 Use of an iron(lll)-based phosphate adsorbent according to invention for the
manufacture of a medicament for controlling serum phosphate and serum calcium-phosphate

levels while maintaining normal serum calcium levels.

5.1 A phosphate adsorbent according to the invention for use as a pharmaceutical, €.g. in
any of the methods as indicated under 4.1 to 4.3 above.

6. Composition for use as a pharmaceutical preparation for the selective elimination of
inorganic phosphate from liquids, wherein the composition is insoluble in water and contains

an iron(llf)-based phosphate adsorbent as defined in any preceding claims

71 A pharmaceutical composition, e.g. for use in any of the methods as in 4.1 to 4.3
above comprising an iron(lll)-based phosphate adsorbent according to the invention in
association with a pharmaceutically acceptable diluent or carrier therefore, e.g. comprising at

least one excipient selected from a preservative and a binder.

7.2 A pharmaceutical composition, e.g. for use as a pharmaceutical preparation for the
selective elimination of inorganic phosphate from liquids, e.g. dialysis fluids, whole blood or
plasma, wherein the composition contains an iron(lll)-based phosphate adsorbent material

according to the invention.
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7.3 A pharmaceutical composition suitable for oral administration, e.g. a solid or semi solid
dosage form, containing the iron(ill)-based phosphate adsorbent according to the invention.

7.4 A solid or semi solid dosage farm containing the iron{lll)-based phosphate adsorbent

according to the invention.

7.5  Pharmaceutical composition, preferably a powder or a granulate, comprising the
iron(lll)-based phosphate adsorbent according to the invention and further comprising a
preservative (e.g. an alcohol, preferably ethanol) and optionally a binder (e.g. sucrose,

microcrystalline cellulose or mixture thereof).

76 Pharmaceutical composition according to the invention which is in form of a tablet and
further comprises a lubricant, and optionally at least one further excipient selected from a filler,
a binder, a disintegrant, and a flow agent. 8. An iron(lll)-based phosphate adsorbent according
to the invention for use in the preparation of a pharmaceutical composition for use in any of
the method as in 4.1 to 4.3 above.
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g  An ion{lii}-based phosphate adsorbent acoording fo the invention for use in the

preparation of & phammaceutical compasition for use N any of the method as n 4.1 1o

4.3 ahove.

According to the invention, the phosphate adsorbent may be administered as the sole active

ingradient or together with another phosehate reducing agent, such as sevelamer, Fosrenol;

Ca acetate; or Ca carbonate, it may also be administerad in combination with a calcimimeatic

sifch as cinacaleat, vitamin £ or calg

in accordance with the foregoing the present invantion provides in & yol further agpect:

8. A method as defined above comprising co-adminisiration, &.g. concomitantly or in
seguence, of a therapsutically effective amount of a phosphate adsorbent accornding fo
the vention, and & second drug substance, sald second drug substance being
another Phosphate reducing agent, 2 calcimimetic, vitamin D, or ealcilicl, e.g. as

indicated above.

1. A therapeutic combingtic

. 8.4 & ki, comprising a) a phosphate adsorbent according

o tha invention, and b} at least one second agent selacied from an another Fhoephale
reducing agent. a calohmimetic, vitamin B and calcitriol, Component 3) and cormponent
b} may be used concamitantly or iy sequence. The Kit may comprise instructions fur s

adiministration.

carbonate; 3 calcimimetic such a3 zinacaloet

preventing or reating hyosrphosphateemia oF other disesses or disorders as hereinabove

speclfied, dosages of the co-administered compeound witt of course vary degending on the

iype of co-drug employed, on the condition being reated and so forth.
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Examples

The following examples a trative of the invention.

Exampie 31 Praparation of ron{iil)-based phusphate adsorbént

To & mixture of 41kg potato starch, 118kg sadium carbonat

ard 480ky watsr a solution of

H48kg tron(iil) chiotide hexahydrate dissobed in D88ky water is aulded over 30 mintdes time
span at & temperatre of 25-35°C The resulting brown suspension is stirred for at least 80
minutes st 25°C then filfered and washed three tmes with 968kg waler sach wsing a
decanter centrifuge. Subsequant 180kg water, 41kg sucrose and 128kg sthanol are added
and the mirtie is stirred for at least 80 minutss. 172kg of the final product ars isolated as a

reddish brown powder, oblal

by spray drying using a NIRD SD42 with appropriate spray
drving parameters of with an atomization pressurs of 1.2 bar, an outlel temperatre of 85°C

[ahra

and an inlet tempsrature of HWE°C

The product may e filed without any oth

- pracassing aireclly Into sachets or stick packs.

: Preparation of ronfiil-hased phoaphate adsorbent

An agueous solution of 21,1y soditm carbonate dissolvad in 105g water (solution A) and an

aguecus solution of 28.5g ren{ll) chionde hexshydrate dissolved in 85g water {sclution B)
arg preparsd, Solution A {(4.2g/min) and B {2.7¢/min) ars dosed o a suspension of 7.38g

>hin 40g water over a time span of

potato star 30 minutes by confinyoys mixing of solution &

and B and subseguent addition to the polato starch suspes

sion. The resulting browr-rgddish

suspension s stired for at least one hour at Z5°C, filtlered and washed Hhree times with

3.8g water each. To the resulting reddish brown sofids 14.6g waler, 7.38g sucrose and

24.2q ethanot are a and the miviire s stirred for 80 minules, 184y of the final groduct

are obtained by fluldized spray drying using appropriate FSD conditions.

Example 3 phosphate binding capacity of the material desaribed in Exarmple 1 or Example

2 determinad by lon chromatographyfoonductivity detection.

Separation mecharism used is on exchangs.
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j
(43
.

xidis

L from MO-Syatem (Milipore Yy Sodium hy

m} eolution, carbonate free, eug. Merck 1.88783); 0.1 N Hydrochloric acid (HCI);

Hydrochiorie ackd 87%; Sodiun hydrogen phosphate (NaZHRO4),

Equipment: lon chromatograph with gradient pump; Anion exchangs coliinn {s.g. Dionex
forPac ASTI-HO Lengih 2580 mm, internal diamster 4 mmy or equivalent); Seff regenerating
anjort suppresser (8.g. Dichex ASREAULTRA I 4 mm, anion suppressor system), FVDF
Fiiter (e.g. Infochroma: §817ERPV-L ECQ HPLC-Filter BVEF 0.45 m).

Chromatographic conditions

Gradient slution using degassed waler as eluent 1 and 8¢ mM sodium hydroxide in water as

eluent 2.

Gradient program

Time OH mil % E1 % E2 Remark
{ 16 80 20 Run
start
10 S 0 100
14 20 ¢ 100
14 8 80 20
6 - iy 20 Run end

180 18 8¢ 2

Flow rate (.6 mtdmin

Diataction Suppressed electrical condustivity
Column temperature 30°C

infection volume 25 ul

Svslem zuitability lest {881

The system suitaibility test proves thet chloride and o

Moreover i

solvent. A 17108 difition of the comparison solution for cajoulation is used t© show sensitivity

of the sysiam.

Preparation of solutions
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fgh {lo within 0.01 mg) 365.0 1o 385.0 mg of
e e 3 Z3mb volumne lask. Add
11 1o this substance ang el stand for 10 min

st the pH of
and fill iy the ma

Test solution Acouratsly

{prepare I duplicate TS
and TSx.2}

this suspension to pH 2.0 with MO0 N
with watst.

The tightly closed flask is then kept in 2 water bath of 37°C
for £ hows Approvimately. every half an houwr the
suspension is siirred manually by shaking the vial

Afterwards, filler approximately 2.0 mi of the +
suspension through 2 048 ym filter (PYDF} into 4 vial.

Take 1.0 wb of this fitrate inte a 25 mb volumetric
and fill o the mark with water. The deor and oaloriess
solution will be used directly for chromatography.

Comparison stook soiution Concentration (P47} level for 081 = 4273 pafmb
{prepare shigle: G811 FPreparstion: Acowately weigh {to within 0.1 mg) 6350 mg

to 6425 mg of NapHPGy into a 1600 mb volumetnic flask,
iissolve with app. BOQ ml water and set fo pM 2.0 with HO
37% and U1 N, Then fill o the mark with solvent,

tevel for C8Z = 170

Comparison soluion  for  Concantration {POAY), £ ugdml

satculati :
Gaioutation valurnetric
{prepare single: {82} flask and il to the mark with sclvent.
Evalustion/assessrient

The analvte peaks in the chromatograms of the test solution is identified by comparing the

retention fimes with those of ih

in the chromatograms of the comparison solutions.
The peal areas for each analvle pesk is determined in the chromatograms of the lest

soltgions, The paek arcas 16r each anaivte poak is also determined in the chromatograms of

the C82 soiutions.

P « o
ABS ro, {Bo mim) =

-40-




WO 2008/071747 PCT/EP2007/063832

= ”
¢ } AL syt

1 of he material deseribed in Example 1 o Bxample 2 in test
solution [mg]

Weight of soditm hydrogen phosphete in 81 salution {my}
Peak area of phosphate in test solution

Feak area of phosphate in comparisen solution 2

Molseuiar waight of phosphata: 94.97 glmol

Mol

7

far waight of sodium hydrogen phosphatar 141.96 gimol

The compound of exampls 1 adsorbs 14.2%mim phosphate.

The cofpound of examplé 2 adsorbs 0% mém phosphate.

Exsuipls & Sachet R ; e b
90 % of the product as prapared in example 1 is mixad tsgmher with com gtarch (10 %) o

prepare the fing! blend. The final blend & then filed into sachets.

Example 5 Capsides {(din

0% of fhe

&

protuct as prepared in example 11 filed info 1 mixer. A preomix of 7-8% of the

same praduct and &-3% Mg-stearaie ie prepared. The premix is soreenad through a screen

{1000 micron mesh size) inlg the mibar with the rest of the product to prepars the fingl biend.

The final blend is then fillad i1to hard galatin capsules.

Example 8§ capsules (dirsct H with jubricant and additionat exciplent),

80 % of the product as preparatd in example 1 s mixed togsther v MCC {(10%) or
prafarably cony starch (10 %) A pre-milx e same produst and 28% My stearate

iz prepared. The premix is soresned through a screen {1000 micron mesh size) nto the

Example T sachel, stick pack or capsule {granulation by dry compaction
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bland is prepared, and then compasted and/or compra The compaction is made with 8

tabletling maching with big punches o a roller compaction maching Then the comprimates

are mifled through a soreen, mesh size 2 mm. Subssquently, the soresned granuiats is Siled
into sachets or stickpacks,

The granulate pould alsa be fill

o tegether with a lubricant into capsuies |

Example 8: sachet, stick pack or capsule (ws! granulation}
The product as prepared it examiple 1 is granulated with about 15 % waler, related o the
dry powder in a high shear mixer. Then the gravete Is oisd untih 2 LOD (oss on diving) of
approx. §-7 % is reached. Then the dried granulale is screenad through a screen, mash size
2 mm. Finally the screenad granulaie s filed o stick packs. Optienally, the granulate may

also be filed together with a lubricant into capsules

Example 9: sachet, stick pack or capsule (by wet granuation with additional binder)
About 977% of the product as prepared in example 1 s mixed with about 2% hydroxyproy!
i

waler, red

methylseiiulose-HPMC-3 ops, grade 2910 as binder, and granulated with approdmately 10%

ted o the dry powder. The binder is added as solution sfter dissolving in the
covespending amount of water, The subsequent steps ore as desoribad i the example

atiove.

Example 18 Tablet {dirsct compressioh with iubricant)

90% of the product as prepared in

ample 1 is fillad e & mixer, A pre-mix of 7% of the

same praduct and 3% Mg-siearate is oreparad. The premix is screensd through a soreen

e final blend,

{1000 micron mesh size) into the «

The final bend is then compressed on o tableting machine to tablels of 844mg weight

B

{vovresponds o 82

g of product 1h

Example 11: Tablet {direct compras

o with fubrin

t and additional excipients)

50% of the product as prepared in

ample 1 s filled inlo @ mixer logether with 30%

microcrystaliine celiviose and about10% crospovidans. A pre-mix of appicx. 7% of the same

product and 3% Mg-slearate s prepas he premix is screened through & soreen {1000
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miicron mesh slza! info Hie mixer with the rest of the produst o prepare the final blend. The

final blend is then compressed on a tabletiing machine fo ovaloid lablets of 1100 mg w

{onrresponcs t0 825 my of product). The tablets are coated with af aquestss suspansion of
film forming pofumer (MPMC 3 ops), coloring agent(s), tanium dickide twhite pigment}, falk

{glidant) and plasticlzer(s).

Exampls 12: Tabiel (granuiation by dry compastion)

Froceed as dasoribad in example 7 but disintegrant is addiionally contalned in the granulate.

Also, an external phase oo sing & filler, disintegrant, ghidant and fubslcant is added fo the

sereened granulate and the final blend is then compresssd 0 labdets which may

subsequently be ceated.

Example 13: Tablet {by wet granulaion with additionat bindsr and other exl

50% of the produd! as preparsd in example 18 granuialed logether with approx. 20%

mifcrovrystatiine cafiviose and approx. § % crospovidone, with approximatively 18 % water,

redated o the dry powder, ina high shear mixer. Then the granulate is dried untit 2 LOD {foss

on dryingd of about 67 % s reached, Then the drisd granulete s scrsened through a
soreen, mesh size approx. 125 mm inlo & mixer fogether with 10 % microorystalline

celluloss and approx.& % crospovidone. A pre-mix of approx. 7% of this mix and about 2%

Ma-siesrate is prepared. The premix s screened through @ soreen (1000 micron mesh size)
into the mixer with the rest of the product to prepare the finai blend. The final blend is then
compressed on g lableliing machine 1o ovalold tablets of 1100 nig weight (noresponds o
825 mg of product) The tablets are coated with an aquenus suspension of HPMC 3 ops,

fitaniurn dicxide, kalk and plasticizer(s} or of the corresponding Opadry mixture.

Example 1d: Tablet (wet granulation with additional binder)

B
%
2
i
b
3,
B
2

above but with the addition of abowt 3% hyamxyprovt methyloefiuloss- HPMGC- 3

i the nney phase whereby the binder s added &1 the dry slate or partially

of gntirely dissoived in the granulation liquid; the amowrt of dinder Is compensated by the

armowit of filler in the granyate. The subsegquent steps are as described in the examypde

shove.

Example 14 Gl
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{Flain squecus gel) B0 mb of waler is healed up to about 7OMT8"E 20 ¢ of the product as

orepared in example 2 is added and the suspension is kept at 7T0°C uniif a jeily mass is being

formed. The gel s maintatned at 70°C for some minuies 1o sabilize tw gel forming process

After conling t© room lemparature, waler Is added to compensate for potential losses of

avaporated water diting manufacture.

Example 15: Get
1.6 mghml of benzoate sodium is dissolved In waler purified, add 0.2 mghri. of saccharin

sodiumt, 1D meiml of  strawbary flavor and the clitrale buffering systern, Alter complats

dissolution, & mgfml. of palysorbate 28 s added, then the phosphate adsorbent is dispersed

under mising. A homogstieous  suspension s formed.  Finally, 30 wgfmb of

hydraxyoropyimetind cellulose s slowly added under miking.

Exarmples 182Q:

The followin fienis {in mg) are dissolved or suspended in glveero!l, mixed together any

fileddte stick pack.

Ex16 Exiy Exif Exis Ex20
Phosphate adsorbent of example 2 800 800 800 80 B840

HPMO 30 i 50 50 &0

Gum arabloumn 50 ! 50 B0 50
Falatone 2 ! 20 20 20
Simethicone 20 i 20 28 20
Slficium dioxide ! 50 i f i

Hdroxyt ethyt celiidose

-
o
&

Sodium cyclamate 5 8 5 3 5
Mothyl-d-hydroxy-benzoate 13 10 10 1 14
Propyli-4-hvdroxy-henzoate & g 5 g G
Carame! flaver 1 i 1 1 3
Ethand Ad.tmd Ad1omd

Proylens givool Ad Hml

Glycerol Ad A0l
Com off At 10mi
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Examples 21-22: oral dispersing wafer

The following ingredients (mg) are mixed together.

Ex21 Ex22
Phosphate  adsorbent  of | 400 400
example 2
Lactose monohydrate 472 472
Microcrystalline cellulose 140 140
Starch 70 /
Arabinogalactan ! 70

Throughout this specification and in the claims that follow, unless the context requires
otherwise, the word "comprise”, or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it), or to
any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it)
or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An iron{lli)-based phosphate adsorbent comprising i) an adsorbent base material
which is starch ii) polynuclear iron(ll!) oxide hydroxides, and iii) a glucose derivative, wherein
said glucose derivative is partially incorporated into the polynuclear iron(lll} oxide hydroxides,
and further comprising a carbonate, wherein said absorbent has a phosphate binding capacity
of at least about 140 mg adsorbed phosphate by 1g of phosphate adsorbent, and wherein said
iron(ill)-based phosphate adsorbent is isolated by spray drying.

2. An iron(lll)}-based phosphate adsorbent according to claim 1 for use as a
pharmaceutical.
3. Composition for use as a pharmaceutical preparation for the selective elimination of

inorganic phosphate from liquids, wherein the composition is insoluble in water and contains

an iron(ll)-based phosphate adsorbent as defined in claim 1 or 2.

4. Pharmaceutical composition comprising an iron{lll)-based phosphate adsorbent
according to any one of claims 1 and 2 and further comprising at least one excipient selected

from a preservative and a binder.

5. Composition according to claim 4 wherein the preservative is an alcohol.

6. Composition according to claim 4 or 5 wherein the composition does not contain
binder.

7. Composition according to any one of claims 4 to 6 in form of a powder or a granulated
product.

8. Composition according to any one of claims 4 to 7 which is in form of a tablet and

further comprises a lubricant, and optionally at least one further excipient selected from a filler,

a binder, a disintegrant, and a flow agent.

g. A process for the preparation of iron{lll)-based phosphate adsorbent containing
iron(Ill) oxide-hydroxide, starch and a glucose derivative, which process comprises the steps
of:

(i) reacting an aqueous solution of iron(lll) salt with a aqueous base at pH between

6 and 10, wherein the reaction is performed in the presence of starch, forming a
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precipitate;

(it) isolating the precipitate formed according to step (i);

(iii) suspending the precipitate from step (ii) in an aqueous solution; and

(iv) adding a glucose derivative to yield an iron(|ll)-based phosphate adsorbent, and
optionally at least one excipient selected from a preservative and a binder; and

(v) isolating the product by fluidized spray drying to yield an iron(lll)-based
phosphate adsorbent as a dry powder.

10. A process for the preparation of iron(lll)-based phosphate adsorbent containing
iron(il) oxide-hydroxide, starch and a glucose derivative, which process comprises the steps

of:

(1) reacting an aqueous solution of iron(lll} salt with a aqueous base at pH
comprised between 6 and 10, wherein the reaction is performed in the presence
of starch, forming a precipitate;

ii) isolating the precipitate formed according to step i);

(it} suspending the precipitate from step ii) in an aqueous solution; and

(iv) adding a glucose derivative, to yield an iron(il)-based phosphate adsorbent, and
optionally at least ane excipient selected from a preservative and a binder; and

(v) isolating the product by spray drying to yield an iron(lll)}-based phosphate
adsorbent as a dry powder.

11. A process according to claim 9 or 10 wherein at least one washing is performed

between step ii) and iii).

12. A process according to any one of claims 9 to 11 wherein in step i) the pH of the

solution is maintained at a constant value between 6 and 8.

13. A process according to any one of claims 9 to 12 wherein the process further
comprises the step (vi) of granulating the powder, optionally in presence of at least one
excipient selected from a binder and a lubricant, to yield an iron(ill)-based phosphate

adsorbent as a granulate.

14. A process according to any one of claims 9 to 13 wherein the process further
comprises the step (vii) of tabletting either the product obtained in step (v) or the granulate
obtained in step (vi), wherein the tabletting step is optionally performed in the presence of an

excipient selected from a filler, a binder, a disintegrant, a flow agent, a lubricant, and mixture

47-




30 Mar 2011

2007331482

€ IWA0MAOCORBRYISGINNL_| DOC-2401I011

S 44 .

thereof.

15. An iron(ll) based phosphate adsorbent obtainable by a process according to any one

of claims 9 to 14.

16. A solid or semi-solid dosage form containing the iron(lll)-based phosphate adsorbent

according to claim 1 or claim 15.

17. A solid dosage form according to claim 16 which is a powder, a granulate or a tablet,
wherein the powder and the granulate is optionally filled in into a sachet, a stickpack or a

capsule.

18. A semi-solid dosage form according to claim 16 which is an aqueous gel, non-aqueous
gel, swallowable gel, chewy bar, fast-dispersing dosage, cream ball chewable dosage form,

chewable dosage form, or edible sachet.

19. Use of an iron(lil)-based phosphate adsorbent according to claim 1 or claim 15 for the
manufacture of a medicament for treating or preventing hyperphosphatemia, hypercalcaemia,
hyperparathyroidism reduction, cardiovascular morbidity and mortality, renal osteodystrophy,

calciphylaxis and soft tissue calcifications, diseases and disorders related thereto.

20 Methad for treating or preventing hyperphosphatemia, hypercalcaemia,
hyperparathyroidism reduction, cardiovascular morbidity and mortality, renal osteodystrophy,
calciphylaxis and soft tissue calcifications, diseases and disorders related thereto in a patient
in need thereof, which method comprises administering to said subject an effective amount of

an iron(lll)-based phosphate adsorbent according to claim 1 or claim 15.

21. An iron(il))-based phosphate adsorbent according to claim 1 or claim 15 for the use in
treating or preventing hyperphosphatemia, hypercalcaemia, hyperparathyroidism reduction,
cardiovascular morbidity and mortality, renal osteodystrophy, calciphylaxis and soft tissue

calcifications, diseases and disorders related thereto.
22. Use of an iron(lll)-based phosphate adsorbent according to claim 1 or claim 15 for the
manufacture of a medicament for controlling serum phosphate and serum calcium-phosphate

Jevels while maintaining normal serum calcium levels.

23. A method for controlling serum phosphate and serum calcium-phosphate product
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levels, while maintaining normal serum calcium levels, in a subject in need of such treatment,
which method comprises administering to said subject an effective amount of an iron(ili)-

based phosphate adsorbent according to claim 1 or claim 24.

24, An iron(lll)-based phosphate adsorbent according to claim 1 or claim 15 for use in
controlling serum phosphate and serum calcium-phosphate product levels, while maintaining

normal serum calcium levels, in a subject in need of such treatment.

25. A therapeutic combination camprising a) an iron(lll)-based phosphate adsorbent
according to claim 1 or according to claim 15, and b) at least one second agent selected from

an another phosphate reducing agent, a caicimimetic, vitamin D and calcitriol.

26. An iron(lll)-based phosphate adsorbent according to claim 1 or 15; or a composition
according to claim 3 or 4; or a process according to claim 9 or 10; or a dosage form according
to claim 16 or 17; or a use according to claim 19 or 22; or a method according to claim 20 or

23 substantially as hereinbefore described with reference to the Examples.
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Fig 10 Light Microseopy

The bar baiow represents 500 micrometsrs.

fron Microscopy (SEM) +Eneryy Disperaive Xoay Analysis (EDX)

Fig & Beanning

The parts in grey correspand to the particles of iron oxide hydroxides; the parts in black

rapresent the starch particles.

The b below reprosents B0 micrometar,
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