L

IRON (111)-CARBOHYDRATE BASED PHOSPHATE ADSORBENT

The presant invenlion retates to hew ron containing phosphate adsarbant, process for ity

praduction, uses theresl and pharmaceutics! compasitions cortaining it

Background of the Invention

Phosphorus ks criical for bone minerallzation, callular structure, genatic coding, and enery
metabolism,. Many organic and inorganic forms exist. Phosphorus is prasent i nearly s
fonrts, and Gl absorpion of dietary forms s very efficient. Phosphiorus homeostasis mormstly
m mantained through several mechamsms (renal excrelion, celiular release, hormonal
control, eich When the phospleorus foad {from G shsorption, exegenous administration, or
celludar releasey excesds renal excration and tissus uptake, hyperphosphatemia ocours.

Hyperphosphatamds i associated wilh significant Increase in morbidity and mordality, and
may Induce severs complications, such as hypooaicemis, decrsasing of vitamin D
produstion, metastatic calsification, Hyperphosphatemia is also contributing to the increased
incidence of cardiovascular disease among dialysis-dependent patients, and can resulf in
bone pathslogy.

At least 700 of patients with renai insufficiency or renal failure show hyperphosphsiemia, In
many cases, restrichng niake of dielary phosphiorus 5 oot sufficent to reduce senam
phosghate lavels into the normal range, and oral phosphate binders need o be taken.

Catclum and stuminkim saits orally taken 85 treatment for hyperphosphalems are Enown,
Bul there are concerns regarding helr long-term safety. The tradiional aluminium-hased
phosphate binders have the drawback of side affecis due to aluminium absorplicn
{osteormalacia, encephalopathy, microoylic anesemia). Calcum-containing phosphale binders
fralaar carbonate or calcium acelalel may agoravale metastatic cateification, particularly F
they are laken logether with vitarmin 0 arslogues and 3 High calcium dialysate concantration,

An ironebased Terde cilrate phiosphats binder, known 8s Zeranex™ is descibed in US
B.803,2308, Ferenax™ isan oral, inorganic, ron-based compound hal has the aapacily o
bind phosohorous and form non-zdsaorbable compisges. Since this prodect is soluble s long
torm administration may  induse an increase of {he concantrallon of lron In gastroinlssting!
tracs, which may be safaty issuUe as manticned hereinabove,



Sevelamer, a synthetic polymer commercialized by Genzyme under the name of Renagel
poly(aliviamine-co-N N -dialiyl-1, 3-diamino-2-hydroxypropaneg)  hydrochlovide  is an fron

aexchange gel matrix.

The phosphate binding capacity of mets! oxide hydroxides is known I the art. The pogsibla
medical application of metal hydroxides and metst oxide hydroxides as phosphate binders is
also described. For exampie WOS20M458 discloses a mathod of controliing serum

phosphate level in patients by frar cxy-hydroxides which bind o ingested phosphate.

For example, US 6,174,442, the content thereof being snclosed herswith by reference,
describes an adsorbent for phosphate which contains palynuciear -iron hydroxide stabilized
by carbohydrates and/or humric acid. WO 200600847, the content thereof baing also
enclossd harewith by reference, describes an adsarbent for phosphate which is obtained

from ron{ii) nitrate or sulfate amd is stabilized by starch and sucrose.

The phosphate binding capacily of the known phosphate adsorbents containing oxide
hydroxides is limited. Futhermore, the processes described o manufacture  such

compounds are not suitable for preparing targer amounts of cornpounds.

The possible release of iron under physioiogical conditions frosry any ron containing drugs or
carmpounds, I partculer in case of the phosphale adsorbent described in US 8,174,442,
may be a safely issue, since excass ron s toxic o aody organs. Freferably the dailly release
of fron shouwld not be higher than 20mg fron per day. A oo high relesse of ion can
parficuiatly  problamatic in case  of patients  suffering  from  hasmachromatosis.
Hasmochromalosis i3 a very comimon genetic diserder of fron metabolism whersin
absorplion of ron through the intesting s uncontrolied even when body saturation levels

have been reached.

Furthermore the avealiabile phosphate binders and the phosphatle adsorbents described in the
prior art bind not maore than about 120mg phosphale per gram of product. Because of the
relatively low adscrption capacity of these phasphata adsorbents, the amourt of adsorbent,

e.q. he amount andfor number of oral dosage farms containing it {o be taken every day
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Tust be high. For example the average daily dosage (o be taksn by dialysis patiants in order
o avoid/treat nyperphasphalemia s of aboutl @ capsuies in case of Lerenex™, and of 14 film

coated tablets in case of Renage®™ This indicates that the patient compliance of the

avaiiable phosphate adsorbentis is very fow.

Oue to the high levels of phosphate contained iy diel and the relatively low adsorption
capacily of the phosphate adsorbents available or described in the prior art, # is necessary
administer such adsorbents in high dose in order o efficiently contrel the bleod level of
phosphate. Therefore even a small increase in phosphale binding capacily may permit to
decrease the dose of adsorbent to be administered every day, for sxample to lower the
number of oral dosage forms 10 be administered every day. So even a small increase in
phosphale binding capactly would be beneficial o the patieni, e.g. would Improve patient

complianca,

Therafore there Is a need o provide a phosphate adsorbent with a high phosphate binding

capadity to be usable as a phannaceutical.

Furthermors there is a nead 0 provide a manufacture process which lead 1o an adsorbent
which is homogenous and stable, and which can be easily formulated and/or packaged, and
which can be perfored on a large scaling without affecling the properties of ihe adsorbent,

.o, its phosphate binding capacity.

Summary

The prasent invention provides a new phosphate adsorbent confaining on{lih oxide-
Ry ot . 7

hydroxide having higher phosphate binding capacity than the phosphate adsorbent available

>

yat, oF than the won{li-based phosphste adsorbent describad in the prior art, as well as

Y
U

?

uses thereol and pharmaceutical compositions containing . By particular the present
invention pertaing to & polynuclzar ron{ti}-based phosphale andsorbent comprizing B an
adsorbent base matenal, prefarably a nor soluble carbehivdrate, i) polynuciear fron{it) oxide
hydroxides, and it} & soiuble carhohydrate, wherein the soluble carbiohydrate is incorporated,
a.g. parlally incorporated, into the pohmuciear ron{ill) oxide hydrexides. The peivnuciear

ron oxide hydroxides may be stabilized by soluble carbohydrates. The iron{liiybased
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phosphate adsorbent may further comprise & carbonate; the carbonate may partially

incorporated, e.g. partially incorporated, into the poiynuciaar iron{il} oxide hydroxides,

The present invention further provides an ron{llitbased phosphale adsorbent containing

polynuctear iran(ili) oxide hydroxidas wherein the polynuclear iron oxide hydroxide caniains
polynuciear gamma-iron oxide hydroxides, and oplicnaily fernihydrife, 2.9, fraces of
ferribydrite. The polynucdlear iron oxide hydroxide may be  stabilized by soluble

carbohydrates.

it is belisved that the ron{Bii}-based phosphate adsorbent according to the prasent invention
is a complex formed with polynuclear ran{iil) oxide hydresides, insolubie carbohydrate such

as starch, and soluble carbohydraie such glucose derivative {e.g. sucrose or maltodextrin.
The ron oxide-hydroxide comtained n the ron(iif-based phosphale adsorbent according o
the present invention would then be a complex, as a whole insoluble undsr the physioiagical
conditions, which is stabilized by the glucose derivative. The glucose derivalive iz probably
soling by preventing the phosphate adsarbent from being overdried during is purification, as

overdrying would lead to a ioss of the phosphate binding capacity.

The present invention further provides a manufacture pracess for producing an ron{iif}
based phosphaie adsarbent. In particular there is provided a process for manufacturing and
isodating the iron{ill) based phasphate adsorbent in a form which is easily packaged. e.g. as

a dry powder suitable for direct sachet filling.

Furthermore the present invention provides a manufaciure process for preparing oxide-
hydroxide of ron having gamma-configuration from ron (), Le. a manufacture process for

preparing adde-hydroxide of froniilt) having gamma-configuration,

Figures

Fig 1 Light Microscopy of the fron(lli}-based phosphate adsorbent according to one

embodiment of the present invantion

Fig 20 Seamning Electron Microscopy (SEM} plus Ensrgy Dispersive Xeray Analysis (EDX)

{block phase analysis) of the ron(li)-based phosphate adsorbant according © one



ambodirment of the prassnt invention. | represents 3 more delafled picture of one of the

particles shown in Fig 1.

Desoription.

fron{iiii-based phosphate adsorbent.

Surprisingly it has been found that by using dedicated reaction conditions during ths
manufzcture process of a polynuciear iran it s possibie o prepare a polynuciear ron{i)-
based phosphate adsorbent which has a higher phosphale hinding capacity than the
phosphate adsorbents of the prior art, in parlicddar than the ron-based phosphaie

adsorbenis describead i the prior art.

Furthermore, in order 1 obtain an iron oxide-hydroxide containing conmpound having a good
nhosphate binding capacity which can be used as a pharmaceutical, it is necassary i have
an jron-based compound which is stable. i is knowst that ron oxide-hydroxides. in particular
wron{lt) oxide-hydroxides, are not stabie compounds: during time ageing occurs which leads
o the re~grouping cof initially randomily placed molecules and {o the formation of & meore or
feas regular orystal lattice. Ageing usually not only invoives crystallization but also particle
entargement. Such ageing may alter the phosphate binding of an ron oxide-hydroxide hassd
phosphate adsorbent.
Such an ageing may also lead to an romn-based phosphiate adsorbent which does releass
fron. Tha possible reiease of ron from an fron-containing drug could be a safety concem
since an excess of fron is toxic © body organs. Therefore there is a need to provide an
rondlit-based phosphate adsorbent which doss not releasse iron, or doss release only small
amounis of ron under physiclogical conditions, £.g. an won amourd smailer than the dally
acceptable dosage of 20mg iron. This means that there ts a heed o provide an iran{iib-
hased phosphate adsarbent which has a low bicavaiigbility, preferably which s not

hioavalaibis at all,

Therefore it is necessary ndesired transfermation into on-oxides which would
Therefore it is neces to avoid the undesirad transfarmation into ron-axides which would
have a lower phosphate binding capacity and/or a higher ron bloavailability. Surprisingly, i

has been found that it iz possible 1o prevent ageing of the fron oxide-hydroxide by using
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dedicated reaction condilions and auxiliary matertaly like solubie and soluble crbiohydrales,

e.q. starch and sucrese.

focanding to the invention there s provided a new hon-based phasphate adsorbent for the
adsorption of phosphate, which has higher phosphate binding capacity than the ghosphate

adsorbents of the prior arl, as herein defined as “phosphate adserbent of the invention” or

‘compound of tha invention”.

Higher phosphate binding capacity mesans aboul 15% higher than the phosphate adsarbents
known in the art, e.g. at least 20% higher, e.g. at lsast 28% higher, 2.g. at lsast 30% highear
e.g. than the adsorbant described in US 6,174,442, For example, the compound of the
invantion may adsorh more than about 12%m/m phosphiate, preferably more than about
14%mim, even more preferably asboul or more than about 20% mvm. As herein
defined, Jormfm refars o perceniage of mass o mass, ie. o the amount of phasphate

(calculated as PO, being adsorbed (in g} by 1 g of phosphate adsorbent.

According o the invention, there s provided an ron-based phosphale adsorbent comprising
i} an adsorbent base material, preferably a non soiuble carbohydrate, i} polynuciear iron (i}
oxide hydroxides, and i} a soluble carbohydrate, wherein the soluble carbohydrate is
pa;isuhy incorporated inte the polynudlear iron{il) oxide hydroxides. As herein defined

artially incorparated” means that about 10 to 20 % by weight of the soluble carbohydrate,
based on the total weight of the phosphate adsober, are incorparated into the polynuclear

iror (i) axide hydroxides, L&, can not be rernoved by washing the phosphale adsober.

Ag nerein defined, “adsorbent base material’ refers o a porous material, preferably having
organic or norgamec OH groups, e.g. non solubie carbohvdrates; organic polymer or

copulymen nalural semisynthetic or synthetic finear andfor branch-chained; soluble or

insolubls polvhydroxy! compounds {e.g. polyviny! alcohol): inorganic supports, e.q. based o
sificon dioxide and/or silicates such as glycend-modified glasses. Praferred adsorbernt base
materials are non soluble carbohydrates

Exampies of non soluble carbohydrates include starch, agarose, dexiran, dextrin, celiuiose.

Preferred non soluble carbohvdrate is starch.
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According o the present invention, "soluble carboahvdrala” refers o glucose derjvatives, such

as sucrase, maltodextrin or mixiure thareof, Preferred soluble carbobivdrale is sucrose.

Preferably the ron-based phosphats adsorbent of the inverttion s a fron{iih) oxide—hydmxiﬁe
containing compound, camprising & aoluble carbohydrate such as a glucose dervative {a.g.

b

sucrose or maltodextring, and stavch,

in one embodiment of the wention, the phosphale adsorbent may be defined as a complex
formed with pobmuclear ron{lll) oxide hydroxides, starch and the glucose derlvalive {e.g.
sucrose or malodexdrin, preferabdy sucrose). in a preferred embodiment, the polynuclear

ron oxide hydroxides is bound to the adsorbent base material, e.g. stare

in one embadiment of the wention, the compound of the invention comprises starch
paticles covered by ron{Hl} axide-hydroxide and oplionally stabilized by a glucose derivative
such as sucrose, maltodetrin or mixture thereol. Preferably the iron is homogenousiy

gistributed on the suiace of the particles.

it yet a further aspect of the invention there is provided a new iron-based phosphate
adsorbent which releases litlle iran in simulated gastiic fluids {as defined in Pharmacapeia).
For example, the phosphate adsorbent of the invention does not significantly release iron at
a pH range above 2 up fo 10. in one example, 10 g of the phosphate sdsorbent of the

invention may release lesa than about 20mg of iron at pH's above 2

in yet 3 further aspect of the invention the campaound of the invention may contain about 10
to about 35wi%, .. about 20 t© about 20 with, preferably at least about 20 weight % of non
soluble carbohydrats, s.g. starch, for example about 10 o 30, eg. about 30, £.g. about 28

weight % of starch, based on the blal weight of the compound.

in yet a futther aspect of the nwvention there is ;:ss‘(}veﬁetf a new phosphaie adsarbent
containing iron (i} oxide-hydroxide and starch, which containg about § to abowt 50 weeight S
of soluble carbohvdrate, .. about 10 to about 40 wexgh‘z % . eq. about 12 to about 30
weight %, bagsed on ihe fotal weight of the adsorbent. For example, the adsober of the

nvention contains at feast about 10 weight % of sucrose, maitedextrin or mixtire hereof
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{praforably sucrose), for example at jsast about 14 welght % of sucraze, maltodextrin or

mixture thereof (ps’eferabiy sucrose), for example about 28 wi% of sucrose, maliodexinn
mixture thereaol {preferably sucrose), based on the total weight of the compounid.

n yet a further aspect of the hvertion there is provided a new phosphate adsorbernt
containing iron{iil} oxide-hydroxide, which contains more than about § waight% of waler, Jor
example about 5 to about 10 weight%, for example about § to about 8 weight %, based on

the total weight of the compound.

In yet a further aspsct of the invenlion the phosphate adsorbent of the invention cortains at
least about 10 weightSh of iron, for example at ieast about 18 weight %, for example abowl
30 weight of ron, e.q. ron{lii}, based on the lotal weight of the adsorbent. in ancther
zspect of the invention the ron content of the compound of the invention is about 10 1o about
35 weight %, for example about 18 o about 30 Wﬁ-‘«lqht %, for exampie about 28 o about 30

weight %, bassd on ihe total weight of the compat

in yatl another aspect of the hvention there is provided a new ron{iii»-basad phosphate
adsorbent comprising starch and a glucose derivative such as sucrose, maltodextrin or
mixture theraof {preferably sucrose), which contains about § o about 10 waighi% of water,

about 20 o about 30 welght% of fron, basad on the tolal weight of the adsorbent.

Preferably the phosphate adsorbent of the invention comprises ron(iit), more preferably »-
roriithy oxide-hydroxide, optionally mixed to fervhydrite. In a preferrad embodiment, the
potynclear ron oxide hydroxide of the phosphate adsorberit consists of gamma-iran oxide
hydroxide (preferably gamma-iron(ill} oxide hydroxide) or mixture of gamma-iron oxide

ydroxide with ferrihydrite.

in another embadiment of theg invention, the compound of the invention is x-ray amorphous,

The phosphate adsorbent of the invention is cbitained by reacting an agueocus solution of an
irort sall, preferably an roniil} sait, with an agueous base wharam the precipitation of the
salt is performed in presence of an insoluble carbohydrate, preferably starch, The resufting
fron axide hydroxide is stabilized by adding a soluble carbchydrale o the pracipitate befare

the iran hydroxide ages.



Gamma-ron {1} manufacture process

it was not expected that it is possible to selectively obtain gamma-iron{ti) (v—iron {11} oxide-
hydroxide, as well as mixtures of y-iron (IH) axide-hydroxide with ferrihydrite, directly from an
ron{lthy source (such as ron (I} chioride) withoul having © use ron(lh) and a subseque

axidation step.

The present invention alse includes a new process for the preparation of gamma-iron(iil
aoxide-hydroxide, which process comprises the steps of reacling an agueous solulion of an
fron (1) salt with an agueous base, at pH comprised between § and 10, optionally in
presance of starch. Slarch may be added after the reaction of step a), Le. after ihs after the

completa mixing of the ron salt with the base.

i not present in sfep a), starch may be added in a further slep (step b}, e.g. afler the
complele mixing of the ron sall with the base. In ancther embadiment, starch s added in
step a) and more starch is added in step b}, |

In both embodiments, the precipilation of the salt by the base is done In presence of starch.
Optionally the obtzined precipifate is isolated and washed, a3 hersinbelow defined.

i ancther embodiment of the reaction, the agueous base may consist of an aguesus basic
mixiure of a base and starch. The reaction may be performed al ambient temperature, or

preferably at low temperature.

The ron salt may be ron{lit} ehloride, ronlllh) nitrate or ron{llh) sulfate, preferably the on

salt s ron chioride.

The wrondilly oxide-hydraxide obtained by that process has gamma configuration. Small

amounts of farrihydrite, e.g. fraces thereef, may alsce be present.

fran{ifi}-bassd phosphate adsorbent manufaciure process,

)

Surprisingly, # has been found that # s possible o obigln ron oxdde-hydroxids containing

phosphate adsorbent in an excellent quality, La homogenous and st;a*bie, by having
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carbohydrates, 2.g. starch andfor sucrose, present during he reaction of the ron with the
base and/or by carsfully controfling the pH of thal reaclion. The presence of the

sarbohydrales prevent the ageing of the fron o»:ide—hydmxéde\ e the conversion of the
inttiaily formed ron oxide-hiyvdroxida t© a iess potent phosphate binder, Unexpeciedly it has
baen found that by carefully controlling the pH of reaction, a product with an unexpected

high phosphaie binding capacily carn be synthesized.

The preparation of ron oxide-hydroxides iz known in the pricy art and is described in UL
Schwertmann and M. R. Comell "ron oxides i the Laborztony”, Wiley-VCM, Second,
completed revised and extendead aditicn, 1991, This document teaches that it is possible to
prepare d-iron (I hydroxide. i.e. to oblain ron{it) hydroxide with the f-configuration {beta-
onfiguration} from ron(lih, and 1o prepare gamma-iron {1} oxide-hydroxide, i.e. to oblain
ron oxide-hydroxide having gamma-configuration {Le. y-configuration} from iron {5

H s known that even ming changes in the rzaction conditions used o prepare the ron
axide-hydroxide, such as pH, ratio of the base to the fron, ran concentration, ete, may
prevent the desired product from belng obtained (see dege 65 of U, Schwertmann and M. R,
Camell}. In particular simply seaiing the quantities up or down to produce differant amcunts,
in particular higher amounts, of ron oxide-hydroxide may resuil in the production of a

product having a different structure.

fn order i oblain an iron-base compound which can be used as a pharmaceudical, it is
necessary to have a manufacture process leading to & product always showing & high
pghosphate binding capacily, e.g. always bhaving the same structure. This need must
particudarly be fulfiled in case of igrge scaling up. Surprisingly, it has been found that it i3
possible to prepare large amoaunts of an homogenesous Foniill) based phosphate adsorbent,
e.q. zeveral grams thereof, by using adeguale reaciion conditions, L., by using 3 slabilizer
during the thermal stress, such as sucrese, and/or by isolating the procuct by a mild ywesthod

aiich as soray diving or fluidized spray drying.

The present fmvendion also includes g process for the preparation of a rondtii}-based
phosphate adsorbent comprising ron{lll} oxide-hydroxide, insciuble carbohydrate {e.q.
starch) and 2 soluble carbohydrate {e.g glucose dervative), which process comprisaes the

stzps of



i reacting, e.¢. simudiansousiy mixing, an agueous soiution of Fonddih sall wiih an
agueous hase, at pH between 6 and 10, e.g. between & and &, between 6.5 and

7.5, preferably avound 7,

ather performing step i) in presence of an inscluble carbohydrate, e.9. starch,
and opticnally adding more insoluble carbohydrate after the complete

mixing:

or adding the inscluble carbohydrale after the reaction of sie

o3
o
w
)
o)
i)
%
&

camplate mixing, wherein in bath cases the insoluble carbohydrale is addad beinre

cormplation of the salt precipiiation;

i) isolating the precipitate formed, and opitanally washing, e.g. with waler;
it suspending the pracipitate, e.¢. in watsr; and

) adding a scluble carbahydrate ; and optionally

v} adding at least one excipient selectsd from a presarvative and g bindsr,

in stap §} the agueous solution of ron(lit) salt with the aqueous base leads first o nucleation
and then to precipitation of the ron oxide hydroxide. The nucleation may be performed in
presence of the insciuble carbohydrate, o.q. starch, or the carbohydrate may be added after
the nucleation, and before the precipifation. According to the invention, the precipitation of
the sall is performed in presence of the inscluble carbohvdrate, preferably starch. The
insoluble carbohydrale may be added before the precipitation ccowrs, o during the
crecipitation. Preferably the insoluble carbohydrate is added before the precipiation is

compiate,

Prafarably, the agusous solution of irondiil) salt is miked o the aguenus bass in presence of
the inscluble carbohydiale, &.9. starch. Optionally additional insoiuble carbohydrate is then
added. in ancther embodimeant of the invention, the ihsoluble carbolndrate s added only
afier having mixed the agueous bage with the iron sall, {or example afler the pracipitation of

the iron salt has started.

1

il s believed that the inscluble carbohydrate may slabilizs the precipitate. Unexpeciadly, |t
has bean found that performing the precipitation i presence of an nsoluble carbohydrate

increases the phosphats binding capacity of the ron{iifl-based compeound thus obtalned,



preferably starch. The resulling ron axide hyadroxide may be stabilized by adding a scluble

carbohydrate to the precipitate before the ron hydroxide ages.

The rondlll) salt may be on() chionde, ron{i) nifrate or ron(ll) sulfate, preferably the
fron agit iz ron(il) chioride, &.g. sofid ron{tifichlonide hexahydrale. The gquecus solution o
fronditt) salt may be in partictdar a solution of ron(ilt} salt, as herein above defined, in walar,

The solution of irart salt may comprise from about 3 fo about 35 wifwi%h, &.g. 20 lo about 30
wifwt% of fron sail, preferably about 25 wiwi% of ron sall. bassd on the otal weight of the
fron salt, Freferably, 2 solution of iran{ll) chioride at about 20 to 30 witet%, praferably about

25 whiwt, based on the tolal weight of the iron sait, s used.

According o the invention, i s also possible o use other agueous ron solution, such as ron
atum {2.g. KFe(SO,4)y or NH4Fe(8Q,) 5 or sulfuric-acid-containing solutions o irondith, a.q

of iron (1} sultate.

The base to be usad may be hydrexide or carbonaies of alkail or alkaline sarth metals. Alkali
carbunates, alkall bicarbonates and alkali metal hydroxides {e.g. of sedium) are preferred. In
particular, the base may be selected from LIQH, KOH, NaOH, Ca{OH),, Mg{OH),, LiLCO,,
KGO, CalQ,, MgCOs. preferably NMa,CO;. The base solution may comprise about 20 {o
about 30, .. about 22 to about 27, 2.g. about 25.5 val% of base, based on the tutal volurne

of the solution.

The aguscus base may consist of an aguecus solution containing a base, as hereinabove

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

The amount of base is chosen in order to obiain the desired oH, 2.¢. to adjus! the oH of the
aciution resudting frorm the mixkture with the aguecus solution of ron{ill) salt o a 0%—* betwean
about § and 10, praferably about 8§ and 8, more preferably about 8.5 and 7.5, even more

preferably arcund 7.

Starch may be selected from norn, wheat, rice. maize or polate starch, and mbdurs thereof,
Starch may alse contain part of solubie starch (2.5, mailodexiring. For example, starch may
be a mixture of 8C wi% or more of polato starch and 20w % or less of soluble starch, e.g.

80 wi% or more of potato starch and 20wt % or fess of maltodaxtrin. i another embodiment
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of the invention, the starch is replaced by & distary fiber, &.g. Benefibes® {producsd by

MNovartis AG). Preferably starch s potato starch.

~oo

Preferably e.g. 1 g of insoluble carbohydrale, &.g. starch, is added per about 0.5 to about 30
g of iron salt, e.q. per abaut 1.0 to about 20 g of ron salf, e.g. per about 1.8 to ahout 10 g of

iron salt, e.g. per abaut 2.0 to about 18 g of fron aalt.

in a preferred smbodiment of the invention, in step 1) the pH of the solution is mainiained
constant al a pH belween § and §, preferaldy around 7, dging all the mixing, By
simultaneously addition of the iron salt and the base, the pH can be adjusted to the desired

value.

According o the Invention, the reaction, in pardicular step i), is preferably made at a
fempershare between about 1 and 20, preferabiy 2 o 10, preferahiy about B°C. In angther

embodiment slep 1) is performad at ambiant lemperaturs,

Subseguently to slep i) the suspension may stagnate for a short time, 8.g. more than 1
hour, preferably during 1 1o § hours, more preferably over night. During that time. the

suspansion can be stirrsd.

According to the invention, the soluble carbohydrate may be a glucose derivative. Giucose
darivatives may Lo selacted from agarose, dextran, dexirin, dexiran derivaiives, celiulnss,
celiviose derivatives, sucross, mialioss, lactosa, manniinl and mixture thereof, Fraferrgd
givcose derivatives are sucrose, maltadextrin and mixture thereot, Most prefarred glucose

denvalive is sucrose.

According o the invention, the amount of soluble carbohydrate, e.g. glucose derfvalive,
sddad in step v may be of about § o abow 15%wt, preferably about § to about 10, based
on the weight of the phosphale adsorbent. Preferably about 5 o about 15 weight® suorose

or about § o about 10 weaight% sunrose is used,



According to the invention, the precipifate oblained in step ) may be washad, al leas! ong

fime,

According io the invention, in slep i) the obtained precipitale is isclated, o.g. by decamtation,
filttration, centrifugation, preferably by decantation, and then washed. The washing i
performed  with water or an aguecus solution of NaHCO,;, preferably with waler
Combinations of water washings and NaHCOwashings may be usad. The precipitale i3
washed once of several fimes, preferably several timeas. Washing can be done unill the level
of impurities is dowrt to a predefined level, e.g. from a few hows up to a few days. Preferabiy
< o & washings are done, more praferably 3 to & After each washing aperation the water or
washing solution s removed by decantation, filtration, centrifugation, praferably by

decantation. Preferably, the produast is not complately dred,

The product is then resyspanded in water. A minimum amount of water 18 needed so that the
suspension can be processabie. For sxample the ratic amount of watsrffinal phosphata

adsorbent may be from about 0.8 to about Z, preferably 1.1, 1o 1.5, more praferably about 1.

The resulting agueous suspension of phosphate adsorbent has approximately a neutral pH

value in the rarge of about 8 50 7.5,

The suspension may also be done in presence of a soluble carbohydrate as herein above
defined, e.g. sucrgze. e.g. the suspension is performed with an agueous solution of soluble
carbohydrate. Or the soluble carbohwlrate.is added in a further step, after the precipiiate is

resuspended.

in step vy, preferred soluble carbohydrate is sucrose.

in step vy, the preservative may bg 3 soluble preservative, such as e.g. chlorhexidien or p-
hydroxy-henzoic acid ester, or an aleahad, such as e.g. ethanol, methancl, 2-propanal or

combination thereof. Preferably, the preservative is an alcehiol, Preferred alcohol is sthanol.

in one embadiment of the invention, the phosphate adsorbant resulting trom step v) s ot

arisd, e.q. not campieiely drisd.



Optionally a further siep {i.e. siep vi} can be added which consisis of isolating the phosphat

adsorbent. Such an iscialion may be made by fiitration, decantation, spray dryving or fluidized
spray drving. Preferably spray drving or fluidized spray drving, e.q. fluldized bed spray drving
is pemrmed Unexpectedly, it was {ound that such a technique leads to produce g well
granulated, free Howing and dust ires powdsr which is suitable for divect sachet filling,
without the use of excipients. That powder can easily be manipulated. e.g. during processing

or packaging.

According o & ;antion, there is provided a process for manufacturing an iron{iii}-based
adsorbent having hm phosphate binding capacily in form of & dry powdsr, as hereinabove
cribed, wherein the process further comprises a step of isolating the product by spray
irving or fluldized spray drying.
Surprisingly, it has been found that fluidized bed spray drying i suifable to directly and
conlinuausly produce a well granulated, free flowing and dust free powder which is sufiable

for direct sachet fitling or can be easily granuigted to vield a granulate.

b another pm\'zrre‘u ambodiment of the nvention, the surface area of the iron{ii-based
phosphate adsorbent is creased, ».g. by adding a porous excipient, e.g. sificon dioxides,
for estampie Aerosil, during the manufacture of the phosphate adsorbant, e.g. during step vi)

as hersiny above described.

Furthermore g formudation step may be performed. For example & step of wmixing,
granulating, encapsudating and/or tabisling the phosphate adsorbent may be done, with
adequate excipients if necassany.

1
t

in one embodiment of the inveniion, the process further comprises the siep vily of
granufating the powder, oplionaily in prasence of at Jeast one excipient selected from a
binder and a lubricant, to yisld an ron(ili}-based phosphate adsorbent as a granulate

i another ambadimant of the invention, the process further comprises the step vii) of
tabletling the product. Le. tabieting either the powder obtained in step vi) ar the granuiate
obiained in siep vil), The labletiing step is opticnally perfarmed in presence of an axcipien

selectad froms a fifler, a binder, a disintegrant, 2 flow agent. a lubricant, and mixture thereofl

Formulation



i is known that iron axides are difficult to be manufactured because of thelr dusliness. Such
a dustiness may also be problematic for formuating ron oxides containing compaunds in
form of pharmaceutical campasitions and/ar for packaging such campounds. iy panicular, if
fron oxides ars (o be faken as powder, fine dust can be whirled by ab or can even hs
inhalated, which may iead o losing part of the ron oxides, or taking an incorract dosags
therect. Therefore it s fmportartt 1o prapare a pharmaceutical composition containing an
fron{ii-based phosphate adsorbent which can be safely administered to the patients, in

particular whose dosage can be conlrofled when taken by the patienis.

in order to obtain an ron oxides containing phosphale adsorbent efficlently sullable as
pharmagceutical which can he orzlly administered, it is necessary to obiain a compound
which can be formulated inlo oral pharmaceutical compaositions. Typical oral formulation
contain exciplents prasant 1o favilitale sutornatic compaction or sachel filling. However
addition of such exxipients may affect the phosphale binding capacity of the adsorbent.
Therefore in & preferred ambodiment of the iwvention, the phosphate adsorbent is in form of
a powder, Surprisingly it bas now been found that by using dedicated processing conditions

during e manufacturs precess, addition of such excipients may be avoided.

{we o the daily amount of phosphaie eaten every day through food intake and the relative
low hinding phosphate capacity of the phosphate adsarbents, palients who need o take
such compounds, e.g. suffering from hyperphesphaleamia, need to ake high amount of
tham every day. Therefore there is a need to provide a phosphate adsorbents in a
formulation which could improve patience compliance, for example i case of eliderly or
pediatric patients. A fonmulation in form of a powder could improve patience compliance in
comparison o the phosphale adsorbents cernmercially available, since the powder could be
dilufed in water and then permit 1o take higher doses of phosphate adsorbant with a low

amaount of liquid.

Surprisingly the inventors of the prasent invention were able 1o prepare zn fron oxides
containing phosphate adsorbent in farm of a non-dusty and free-flowing powder withaut the
use of excipients while maintaining the high phosphate binding capacity of the compound.
That powder can easily be manipulated, e.g. during precessing or packaging. Far example

that powder can be easily filled, e.g. mechanicaily filled, inte sachets or stick packs.



The present nwvenlion provides a phosphate adsorbent which is fres-fiowing, almost dust-

free and ther can be filled inlo sachets or stick packs, 8.9. autematically filled.

According to ihe present ihvention, pharmsceutical composilion of the nvention refers o
sharmaceutical composition comaining ron  (H)-based phosphale adsorbent, eg. the

containing the phosphate adsorbent of the invention.

Pharmacsutical compositions acoording to the wention may be formulaled in any

convenlional Torm, prefersbly oral dosage forms, e.g. powders, granules, granuiales,

capsules, sachets, stick packs, bottles {optiorally together with adeqguale deséng systems,

a.g., calbrated spoons), lablets, dispersible tablels, film coated tablets, or uniguely costed
fablels

FPharmaceutical compositions according to the invention may also be formulated as semi-
solid formulations, &.g. aguecus and non aguzous gel, swallowable gel, chewy bar, fast-
disprersing dosage, cream ball chewabls disage fonm, chowabls dosage forms, or sdible

sachet as definad hereinbeiow.
Preferred formulations are powder, granulate, tablet, for example dispersible tabilst.

in a prefsred ermbodiment of the invention, the pharmaceutical compasition is pregared in
the form ¢f a pawder or a granulated product {Le. granuiated powder or ganulates), which is
aptionally filled o powder containers such as bolfle, capsiie, sachet or slick pack.
Oplionally such a sachel or slick pack is supplied with a child resistant easy opening feature.
& lubricani, as defned hereinbelow, may be added, for example in case the phosphate
adsorbent of the invention, €.9. as preparad according to the manufacture process defined

nareinabove, i3 filled Into & capsuie,

The granuiaied product may be orepared by dry granuiation, e.¢. raller compaction, or wet
granulation, Tor example in a fluld bed or high shear mixer. The granu%ation may be daone in
oressnce of a binder, e.¢. MCC, in order o improve the mechanical stability of the granuiate.
The granulates may be filled then into e.g. botlles. capsules, sachets or stick packs. In one

embodimeani of the invention such filling can be performed by automatically working sysiems.

P
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The sachetl or stick packs may cortain between about 0.8 o 10g, eg. romabouwt 8,51 5 ¢

of granulated product.

The pharmaceutical composition of the invention mav contain a binder, e.q. dry binder, such
as sucress or microarysialiine celiutose (MCC).

i1 anothar smbodiment of the ivention, the pharmaceutical composiiion of the nvention
may contain a iubricant, e.q. My-stearate or hydrophilic iubricant, such as PEG 6000 or PEG
4000, The invention provides a capsule containing the ronit-based phosphale adsorbent,

2.g. as a powdsr o & granulate, and preferatdy further comprising a lubricant.

According to one embodiment of the invention, the pharmaceutical compasition is in form of
a tablet. For belter applicability or ease of differeniiation, g subsequenl fiim coating of the

tablet may be parformed.

The tabiet may e mraduced by tabletiing, e.g. direst compressing, the phosphate adsorbent

3% a pure pcwaer, {.e. without containing excipient.

in another embodiment of the invention, the tablet is prepared by compression of the pure
powder, Lo, a powder of the phosphate adsarbent without excipient, together with suitable
axcipients, such as excipients selected from filler, binder, disintegrant, flow agent, lubricant,

and mixture thareof.

in yel another embodiment of the invention, the tablet is obtalned by compression of the

n\

gfanu!ate{:f powders (Le. the "inner phase™) together with further excipisnis (the “outer

o

phase™). The innar phase of the pharmaceutical composition according to the invention may

9]

om;;rs‘se the phosphate adsorbent, and st isast ang excipient seiected from a filler, a binder,
a G,mnha-g;fani_\ and mixiure thereol The cuter phase of the pharmaceutical composition
according 1o the invertion may comprise at least one excipient selected from a flow agent, 2
fubrricant, a filler, a disintagrant and mixture thereof. Freferabily the oulsr phass comprises

a fliow agent, a lubicant, and agtionally a filler andfor disintsgrant.

The pharmaceutical compositions according o the present invention may comprise a filler {0

provide pracessahiiily.
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Suitable filler materials are weli-known to the arl {ses, a.g., Remingtor's Pharmaceutical
Sdiences, 18ih Bd (1980), Mack Publishing Cuo., Easton, PA, pp. 1835-1638), and include
microcrystaiiing Cﬁiiuiose, factose and other carbohvdrates, starch, pregelatinized starch,
e.g., starch 15COR (Colreann Corp.), com starch, dicsicium phosphste,  potassium
bicarbonate, sodium bicarbonate, celivlose, calcium phosphate dibasic anhydrous, sugars,
sadium chioride, and mixiures thereof, of which lactose, micro-crysialiine cefluioge,
pragelatinized  starch, and mixtures thereof, are preferred. Owing o iis sus:»@rior
disirtegration and compression properties, micreorystaliine cellulese {Avicel grades, PR

Corp.), and mixtures conyyrising microcrystailine ceilulose and one or more additional Tillers,
2.g., can starch or pregelatinized starch, ars particularly weeful. Preferably the filler is

microcrvsialiine cellulose.

The filler may Le present in an amount of about 10 fo 40 wil%, based on the fotal waight of

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

The pharmaceutical composition of the invention may coniain also the following classas of
exciptents:

ay well-known tableting binders {e.g. hydroxypropyimethylestiviose, starch, starch pregesla-
tinized (starch 15800} gelatin, sugqars, natwral and synthetic gumig, such as carbaxymethyl-
cellulose, methylcelivlose,  polwvinylpyrrolidone low  substifuted  hvdroxypropyicelivdase,

ethyleellulose, polyvinviacetale, poivacrylales, gelalin, natural and synthetic gums), micro-

crysialiine cellulose, and mixtures of the foregoing. in a preferred embodiment the binder
consists of low substitded  hydroxypropylesilulose HPC (e.g. HF callulose-lH22) or

hydroxypropylmethylcelitdose HPMC, e.q. 3 or 6 cps.

The tableting binder may be comprized between abiout 1 and about 10 wi %, and preferabily
about 1 and about 5 wiL%, based on the fotal weight of the pharmacsulical compesition. In a

preferred ermbadimnent. the binder 8 used at about 3 wi %, based on the tofal weight of the

pharmaceutical conposition.

) disintegrants, e.g. sarboxymethyicslivdose, cross-linked sodium carboxymethyl- ceillulose
{crascarmelose sodium), crospovidone, sodium starch glyenlate. Preferrad disintegrants are

crospovideons and croscarmelose sodium.



The disintegrant may be comprised between about & and about 18 wt %, greferably abst §
and aboutl wil%, based on the total weight of the pharmaceutical composition. For
example, the disintegrant iz crospovidane, croscarmaelose sadivm or mixkiure thereof,and s

contained at about 10wl %, based on the total weight of the pharmaceutical compuosition.

o) lubricants, e.g. magnasium sicarale, slearic add, calcium stearale, glyceryl behenais,
hydrogenated vegetsbie oll, carnauba wax and the like, polyvethylene oxides such as PEG
G000 or PEG 4000, In a preferred embodiment lubricant is magnesium stearale.

The lubricent, e.g. magnesium stearate, may be present from aboul 0.5 1o aboul Ewi %, e.q.
from about 3 to about § wi %, preferably aboul 2 0 about 3%, based o the total weight of

the pharmaceutical compasition.

d) tiow agents, e.g. siiicon dioxide or tale, preferrably silicon dioxide colloidal {e.g. Aerosii).
The fiow agent, a.g. silicon dioxide colividal, may be present from zbout at about 0.1-2 wi %,
a.g. 0.5 w %, based on the otal weight of the phanmaceutinal composition,

g} aniti-adherants or glidants, e.g., ig;

f) sweetensrs;

Gy opacifying or coloring mediums, e.g. tilanium dicxide, iron axide or aluminum igkes;

R} flavoring madiums;

i} antioxidants.

Aceording to the mvention, there is provided a {abiet containing the ron{iii-based phosphate
adsorbent, snd 2 lebricgnt, and optionally at feast one further excipient seleciad from a filler,
& binder, a disinfegrant, and a flow agent, as hereinabove descrined. The tablel may further

cormprise at least one excipient salacted from an anti-adhereni, a glidant, a swestener, an

opacifying or ooloring medium, and a Javoring medium, as hereinabove described.
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The tablet may be coated, &g, may comprise a film cosling. Examples of suitable fiim
formers in film coating caompusitions to be applied o pharmaceuticsl compositions of the
invention  comprise  e.g. polysthviene  giveol,  polyvinylpyerolidone,  polyvirg! aleohol,
drophilic polymars such as cationic polymers containing dimethylamino-ethy! methaciviale
as  functional  groups {z%.g. Sudragt E  and ERQ), hydroxypropylealiuins

hydrocymethyicelivlose,  and  hydroxypropyimethviceliulose  or  the  dike, of  which

hdroxypropyvimethyloaliviose s preferred.

The film coating composition ingradients include plasticizers, .. polvethylene glycols {e.q.
polyethylena glycol 80003, tethyiciirate, disthyl phihalate, propviens glycol, glvoerin in
conwventionat amounts, as well as the above- mentioned opacifiers such as tanium dioxide,
and colorams, e.g. ron axide, aluminum lakes, etc Preferably dry mixtures as Sepifim or
Opadry miktures, latter prepared by Colorcon Corp. are ussd. Thess products may be
individuatly prepared dry pre-mixiures of film forming polymers, opacifiers, colorants and
plasticizers which are further processed 1o aquenus film coating suspensicns.,

The film coating may be generally applied to achieve a weight increase of the tablet of about
1 o 10 wi%, and preferably about 2 to 6 wi%, based on the tolal weight of the

pharmaceutical composition.

The fiim coaling can be applied by conventional techniques in a sultable coating pan or
fuidized bed apparalus using water andfor conventional organic solverts {e.g., methw

alcohul, sthyt aloohal, isopropyt atcohol), kelones (aceione), sle

another embodiment of the nvention, the o Lhasaed phosphate adsorbart is
in another embodiment of the wvention, the rondli-b hosphat {sorbard I8

formulated as an uniguely coated tablet.

The tablet accarding to the invention  may be made by diract compression of the rondiiy-
based phosphale {the drug substance) and by addition of high concentrations of My-stearate

(e.g. sbout 3 o abotk 5%).

The tablat may further comprise binders ag e.g. HPMC 3cPs. HP-Cellulose LH-22,



Electrostatic dry powder deposition process may incraase the structural infegrity of the tablet
without adding major amourts of material and also provides the opportunity for an unigue

appearancs of the dosage form.

The tablet may be coated by a slectostalic dry powder deposition pracess, «.g. as follows
The coaling mixture is prapared by meltextrusion  of a mixture of polymer (preferably
Eudragits, e.q. type £, RS, L, RL and additionally PYP/NA, HPMPC, HPMEAS), coloring
agent (e.g. titan dioxide} and other additives {(e.g. PEG3000). A further step of micronization
of the produced mett-extrudate is optionatly pea“formed, e.g. with about ¥ to 10 micron.

The coating provess may conalst of §} fixing the core {e.g. by vacuum) un a whael, charged,
ransported through the coating chamber and attaching the opposite chargad coating powdar
to the cora swrface. 1) transporling the powder layered core on the whee! to an IR lamp were
the coat mells, i) ransfering the core fo the adjacent second wheel and repeating the
process for the bottom part of the tablet core. Typical coat weighls are 3-4% of the core
weight and are about 20-50um thick.

Maai fxation step: The fusion aycle varies from produnt o product bul ypically is arcund 80s
per side. This includes heating up the tablets from room temperature, so the lemperature a8
the surface of the ablel peaks at aperoximately 100°C and in the tablst core approximately
70°C for about 20s.

According ¢ the invention, the iron{li}-based phosphate adsorbent according o the
invention may also be formulated as sermi solid formlations, Such compositions are
comfortable fo swallow, i partictder for elderty and children, and may be considered as a
daily supplement rathar than a madicine. Furthermere such sami-solid dosage forms have
the gavaniags that thay rmay be filled intoe multiple or single dose containears.

in one smibodiment of the invention, the composition of the wvenlion 5 in form of an
aqueous gel formulation. Such an aqueous gel may contain a viscosity anhancer which
preferably has wetling propertias. or a thickener. The viscosity may beg selected from
polyaxyethylene sorbitan {atly ackd esters, polyethylens glveols, and glyeerol. The thickensry
may be ssiected from starch (8.9, corn starch, potate starch), the starch being preferably
heated up, celluiose derivative {(e.g. hydoxypropyimethyl cellulose), alginate sait {eg.
sodium alginate), carbormer, colloidal siticon dioxide, and other paste former (such as e

PYP, polyacrylic acid, arabic gum, xanthan gum and mixture thereaf).
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in addition, presarvatives may be added, such as e.g. p-hydroxvbenzoie acld methyl ester
and salt thereof, p-hydroxyl bernzaic acid propyiester and salt thereof, sorbic acid and salt
thaereof, benzoic ack! and sall thereof or chiorhexidine. Flavours and sweetensrs may also
be added. The agueous gel may cantain a buffering system, 2.g. citrate or acelate bhufler, lo

ensure the antimicrobial efficacy of the preservative system.

The aquecus gel may furthar contain at least ane agent selected from a swestenesr, such as

2.q. saccharin sodium, asparlame, sucralose and a flavour, such e.g. as strawberry or

The aquesus gel may be prepared by solubliizing &l excipients, with the exception of the

thickener in water purtfied, dispersing the phosphate adsorbant unlil vigorous mixing and

then by adding the thicksner,

Possible semi sclid formulations include, but are not limited o, swallowable gel, e
aquenus or non agueous gel (the phosphate adsorbent being optionally en«:ap.suiaiéai or
granuiated); chewy bar, .9, a cereal bar, fastdispersing dosage, such ag orally dispersing
wafer, cream ball chewable dosage form; chewabis dosage forms, such as candy, soft
capsie, of nuggel or edible sachel. In such semi solid formulations, the ron{lif}-based
phosphate adsorbent may contain dislary fiber as inschuble carbohydrals, 2.g. the slarch
may be replaced by distary fibars.

Semi solid formulations have the advantage thet they may be percelved as & daily
supplement rather than a medicing, which means that a rather lege dosage fonm may be
acceptable for the patients, Preferably. these formulations are given to elderly and pediatric

patients.

Swallcwable gel has the advaniage of be comfortable to swallow and be possibly peresived

as a dally supplement rather than g medicing, In addition thers is 2 wide choice of flavor

oplions. Norraguecus gels are preferred. Encapsulatic the fron hydroxide andior @
granuiation step is preferably included, In order o gvercoms proflems with mouth feeling,

2.9, grittyness.

According to the invention, the chawy bar may contain ngredienis selected fram the groups

consisting of mall extract, skimwned mik powder, {at reduced cacao, glucose syrup, egy.



hardenad palm off {2.9. about 30 weight %, based on the iolal weight of the har}, yeasi
sodium chloride {2.g. about 0.1 waight %, based on the fotal weight of the bar), vilamin {e.g.
vilamin k), favor {e.g. vanilia flavor), one or more stahilizers (2.g. E33Q, BE4A3E, E4A72h, E4TE,
soy bean lecithing, thickener (e.g. carob flowr, E480). The bar may he coverad by a mik
chocolate fayer, e.g. contsining sugar, cacag, cacan butter, whole milk, skimmed milk
powder, hazelnuts, bulterfal, soy bean lecithin, The cover may weight 33% of the tolyl
weight of the chewy bar. The manufaciuring process may comprise blending of all the
ingredients in a mixer at slevated lemperature and filling the blend into a mold. The bars

may be packaged after cooling o room temperature and remova from the mold.

Chewing of a chewy bar, 2.g. A cereal bar is a convenient and patient friendly administration
and may be perceived as part of the daily routing, te. daily supplement rather than a
medicine. Duch a dosage form has only minor limitations with respect (o the size. In addilion
thera is a wide choice of flavor ontions.

Oralby sing walers are versatile fast-disparsing dosage form. QOrally dispersing wafers
con';‘;ai:ééﬂr\; the phosphate adsorbent of the invention, e.g. fron{iii-based phosphate are
particularly suited for pediatric znd gedairic populations, since they are comiortable to

swailow and may be perceived as a daily supplement rather than a medicine.

According to the invention, a rapidly dispersing dosage form may rslease ils active
ingredient, Le. the ron{iit}-hased phosphate adsorbent, within a pericd of less than about
ninaty seconda. These dosage Torms may exhibit & three-dimensional shape, which can he
reiained for adequate storage but may be readily dispersed in the presance of axvess

mosiure

Acocording {o e invention, the rapidiy dispersing dosage, ¢.q. the orally dispersing wafear,
may be manuiactured by a solid, fres-formt Takrication fechaigue in which objedts are bl i
a laminaied fashion ihrough sequential addition of palterned thin layers, e.g. three

dimensional printing (3DF).

socording o the vention the semi-solid dosage may be a cream bail chewable dosage
form. In one embaodiment of the invention, the phosphate adsorbent is suspended in a cream
or gel and then fayered on a core. Various flavors may be used. Such a form may provide
bedter chewability and moudh fesling thap other chewable dosage forms, This farmulation
may be comfortable to swallow and may be perceived as a daily supplement rather than a

medinins.



Accarding o the inverntion, chewatle dosage forms nclude for example candy, soft capauie,
and nugget. A wids cholce of flavor may be used. Fancy shapss and colors can be
designed. The chewable dosage form may be packed iy a tablet dispanser or individually
wrapped.

Accarding {o the invention, the chewable dosage form may contain ingredients selectad from
the group consisting oft com syrup, sugar, partially hydrogenated soybean and cotionseed
off, nonfat milk powder, soy lecithin, natural or artifidal flavor, cittic acid, glycernyd
monosisaraie, Carragesnan, Red 40, Vilamin (e.g. Vitamin 83 ar K1), tricalcium phasphate,
alpha focopheryl, salf, niacihamide, caldlium pantothengte, pyridoxing  hydroohiorids,
riboflavin, and thiamine mononitrate.

The ingradiants miay be dissched i watar or in milk to form a syrug, which may be bolled
until it reaches the desired concentration or the sugar starts to caramslize. The liquid may
then be iillad anto molds and cooled down to harden the dosage form.

According in the invantion, the phosphale .adsorbent, may be Tormulsted as an sdible
sachet. Eatingos sachel i3 a convenlent and patient friendly administralion and may be.

perceived as part of the daily routine, e, as a daily supplement rather than a medicine.

The filing of the edible sachst may be made e.g. consist of, of granules, which may be made
of the material as hereinabove dascribed Tor the chewy bars. For exarmple, the ﬁiing of the
edible sachet may be made by miliing of the bars after removal from the mold. The sachet
material may be made of water scluble polysaccharide, ¢.g. starch, wmashed vagetable or
frutls, optionally wilh lipids. The sachel may be manufactured by spraying the frudt or
vegetable pures on a fast rolaling teflonized disk where it formg a thin film which s dried in &

next siap.

in ancther embodiment of the vention, the non soluble carbobivdrate contained in the

R

fron{tii)-based phosphate adsorbant is a ary fiber, ¢.g. Beneilber™, For example, in step i)
and/or step §) of the manufacture process az descrbed hereinabove, starch s replaned by
dietary fiber, e.g. Benefiber®. Such a formulation combines ihe benefits of phasphale binding

and of distary fibers in one product.



Uses

The iwon{lli-basad phosphate adsorbent according to the invention exhibit valuable
oharmacological properiies, e.g. adsorbing inorganic phosphate or phosphate bound o
foodatufis from body fluids or foodstulfs, e, as indicated in in vifro and in vivo tests and are

therefore indicatad for therapy,

The ronlilt)-based phosphate adsorbents according to the invention are, therefors, useful in
the  tealment andlor  prevention of  hyperphosphataemia, hypercainasmia,
hyperparathyroidisrn reduction,  In cardiovascuiar  morbidity  and  mortaiity,  renal
ostecdysirophy, calciphyviaxis snd soft Sxsue caleiflications. In particudar the ron{il»basad he
phosphate adsorbents according o the invention are sultsble for the treatment andior
pravention of hyperphosphataemia, it humans and warm-blooded animals, in particular

campanion animals such as dogs and in particular cat

The phosphate adsorhenis of the invention, and pharnaceutical compositions cortaining
thaem are mors particufardy usefyl in palienis with hyperphosphataemia, .g. for dialysis-
dependent patients, e.g. hemodialysis, or patienis suffering from advanced chronic Kidney

diseases {CKD), chronic renal fallure, chronic renal insufficiency, end-stage renal disease.

The phosphate adsorbent according to the invention may be administersd by any
conventional route, in particular enlerally, .g. orally, 2.g. in the form of tablets or capsules.
In sume cases the phosphate adsorbent may be administerad through nasogastric tubes,

e.g. pedisitic naso-gastric lubss.

Pharmaceutical compositions comprising the compound of the invention in association with
at leasi one pharmaceutical accepiabie carer or diluent may be manufactursd in

conventional manner by mixing with a pharmaceutically acceptable carrfer or dituent.

Uit dosage forms for oral administration cordain, for example, from about 0.5 1o about 7g,

&.g. frors about 0.5 to abowl § g, e.g. from aboui 1.0 1 about 3 g, preferably from sboul 1 ©



about 1.5, more preferably about 1 to about 1.5 g, even more preferably about 1 1o about

1.25 ¢ of phosphate adsorbent.

The phosphate adsorbent according o the invention may alsc be used far the absorption of

phosphate bound to fondstufis, They may be admixed with foodstuis,

Utility of the ron(lit)-based phosphate adsorbart of the inventiorn, i the trealment of
hyserphosphateamia, may be demanstrated in animal test methods as well as in clinig, for

example in accordance with the methods hereinafier desaribed.

A- Phosphate Binding capacily may be defermined in assay done according o published
methods, e.g. as described in WOOT7/088343, the content thereol heing incorporated by

refarence, of according to Bxample & hereinabove,

8- Clinleal Trial: open label, tme-lagged, multiple dose, switch study in patients with CKD

{chronie kidney diseases) on hamodialysis.

Patients remain on their current sevelamer treatment during a 2-wesk run-in parind, then
enter a 1~ o 2-week wash oul period prior o being switched {o the ran(iil)-based phosphate

ru

adsorbent as desoribed in Example 1 for 4 weekar 3.75 giday, 7.5 giday, 11.25 glday,

15 g/day, 22.5 giday. Each cohort enrolls 10 patierts. Patients are stratified by pre-study
seveiamer doser Strata 1 is less than 7.2 g/day of sevelamer in cohorts of 3.75 giday and
7.5 gfday of the ron{lih)-based phosphate adsorbant. Strata 2 is graatar or equal to 7.2 g/day

of sevelamer ir other cohorts of the ron{lti)-based phosphate adsorbent treatiment.

in accardance with the foregoing the present invention provides;

ik
N
-~

Arirondtih-based phosphate adsorbent characterized by 2 phosphate binding capacity
of at least about 120 mg adswrhed phosphale by 1 g of phosphate adsorbent,

preferably of about 140 mg adsorbed phosphata by 1 g of phosphate adsorbent,
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3

An rordibasad polynuciear ron{iii:-based phosphate adsorbent comprising i) an
adsorbent base material, preferably a non soluble carbohydrate, #) pohmuciear ron{lih)
oxide hydroxides, and i) a soluble carbohydrate, e.g. gluccse derbvative, and v}
optionally a carbonate, whergin the soluble carbobvdrate is partially incorporated into

the polynuciear ren () oxide hydroxides.

A polynuctear tron{lif}-hased phosphate adsorbent comprising 1) starch, i) polynuclear
rron{ll} oxide hydroxides, and ) a glucose devivalive selected from sucrose,
mialtodextrin and mixture theveof, e.g. sucrnse, wharain the glucose derivative is
partiaily incorparated it the polynuclear ren(ill} oxide hydroxides. Qptionally the
polynucizar iron oxide hydroxides are stabilized by sald giucose derivative.

A polynuciear ron{ill-based phosphate adsorbent comprising 1) & non soluble
carbohydrate, e.g. starch, #) polynuclear fron{ill) oxide hydroxides, and i) a glucoss
derivative selected from sucrase, maltodexitin and mixture thersof, 2. sucrose,
whergin the pobynuclear ron oxide hydroxide contains palvnuciear gamma-iron oxide
hydroxide, and optionally ferrihydrite. Qptionally the glucose derivalive is partially

incorporated into the polynuclear iron (Y axdde hydroxides.

An ron(iil-based phosphate adsorbent comprising an adsorbent base material,
preferably a non soluble cerbohydrate {(eg starch), polynuclear iron () oxde
hydrexides, and glucose derfvative selscoted from sucross, maltodextrin or mixture
thereof (e.g. sucrose}, wherein the polvhuciear iron oxide hydroxides are stabilized by

saild glucose derivative.

An an(iif}-tased phosphate adsorbent containing polyriusiear gamma-iron oxide

hydroxice and optionally ferrihydrite,

ceordancs with he foregoing the presant invantion further provides:

& process for the pregaration of an iron(ilf-based phosphate adsorbent mniaiﬁéng
1 oxdde-hyaroxide, insoluble carbohydrate (preferably starch) and a glucose derivative,

process comprises the steps of



(i} reaciing, &.g. simuitaneousty miklng, an aquecus solution of ron(ifl) salt with an
aguentis base at pH comprised belween about § and 10, whsrein the reaction
is optionally perdormed in the presence of said insclubls carbohydrate

{preferably starch);

(i) sither adding said insciuble carbohydrate {(preferably starchy i # was not
present in step i)
ar optionally adding more of said insniubie carbohydrate (preferably starchy;

{iii) {solating the precipifate formad; and optionally washing, e.g. with water;

{iv} suspanding the precinitate in an aguecus soiution; and

{v) adding a soluble carbohydrate {(praferably a glucose derivative, such as

sucrase or maltodexiring (o vield an ron{lif}-basad phosphate adsorhent.

22 A process for the preparation of an von{iiti-based phogphale adsorbent containing
ron{i) oxide-hydroxide, insoluble carbohydrate {preferably starch) and a glucose dervative

which-process comprises the steps of

i reacling, &.g. simulansously miking, an aguscus solution of iran(iil) salt with
} Y 3 .
an agueous hase at pH comprised behween about § and 10, whergin the
resction 5 performed in the presence of said inscluble carbohydrate

]

{preferably starch):

i opticnaily adding more of said insolubde carbohydrate (preferably starch)

before the precipitation of the ron(ill} is compdete, e.g. has started;

whersin steps i) 1o v} are performed as defined under 2.1

2.30A process for the preparation of an ron{ili}-based phosphate adsarbent containing
ron(itl} oxide-hydroxide, insoluble carbohydraie (prefarably starch) and 2 ghucose

derivative, which process comprises the steps of
i reacting, e.g. simultanecusly mixing, an aguecus sofution of rondlth) salt with ar
i) eacting, e.g. simultanecusly mixing e sofution of ron{Il) sait with an
aguacus base al pH comprised betweean about § and 18
iy adding sald insoluizle carbohydrate (preferably starch), befars the precipifation

of the fron{lil) is complele, e.g. has siartad,



o,

wherain stens i} o v} ave parformed as defined undar 2.1,

24 A process for the preparation of an ron(ii)-based phosphate adsorbent containing

Pk

L5

&%

iron{til) oxide-hydroxide, starch and a glucose derivative, which process comprises the

i reacting, €.g. simultansocushy mixing, an aguesous solution of ren(il) salt with an

aguesus baseg, and

ity either performing step ) in presence of an inscluble carbohydrate, e.g. starch,

and aptionally adding more insoluble carbohydrate after the complete mixing:

or adding the nsoluble carbohiydrate afler the reaction of step 1), e.g. alter the

&

complete mixing,

wherein steps iit} to v} are performed as defined under 2.1,

A process for the preparation of an ron{ili)-based phosphate adsartiant containing -
on{liy oxide-hydroxide, insoluble carbohydrate {oreferably starch} and a glucose

derivative, which process camprises the steps of

i} reacting, e.q. simultansously miing, an aqueocus solution of irordiil) salt with an
anueous base, I presence of an insoluble carbohydrate (preferably starch),

wherein the pH of the solution is maintained at a value hatwesn about 8 and 8,
whersin steps iil) to v} are performed as defined undser 2.1,

A process as defined under 2.1 to 2.5 wherein the process further comprises the step
viy of iselating the product, preferably by spray drying or fluidized spray drving to give

an iron{lil}-based phosphate adsorbent as a dry powder,

A process as definad undsr 2.1 0 2.9 wherein the process further camiprises the siep
of granuiating the powder, oplionally in presence of at least one excipient sslected
from a binder and & lubricant, o yisid an ron{fli}based phosphate adsorbent as 2

granidate.
& process as defined under 2.1 in 2.7 wherein the procass further comprises the step
vill} of fabletting efthar the powder obtained in step vi) or the granulate obiained in step

vit), wheredn the tableting step is optionally performed in pressnce of an oxcipient



seiected from a fifier, a binder |, a disintegrant, o flow agent, a lubncant, and mixiure

wereot, as herainabove describad,

Furthermors according o the invertdion thare is provided:

<

3. A process fur the preparation of gamma-on(illy oxde-hydroxide, which process

comprisas the steps of

a3} reacting an aquecus sclufion of ron{liy salt {e.g. rondilh chloride) with a aqueaous
base at pH comprised between & and 10, wherein the reaction s oplionally

performed in the prasence of starch;

by adding starch if starch was not present iy step a), and opticnally
a) isolating the solids and washing.

in gccordance with the foregoing the prasent invention further provides:

4.1 A method Tor preverting or treating disorders or diseases such as indicated above, Ina
subject it need of such freatment, Le. a human or a2 warm-bicaded animal, in particular
comparton anirmat such as dog and cat, which method comprises administering to said

subisat an effective amount of an ron(ili}-based phosphate adsorbent according to the

invention,

4.2 A method for contiolling serum phosphate and serum calcium-phosphate product
fevels, while maintaining normal serom ealcium levels, in 3 subject in nead of such
freatment, =g In patients on chronie hemodiabysis, which methnd  comprises
adminisfering 1o said subjeat an effective amount of an ron(itiibased phosphale

adsorbent sccording o the Invention,

4.3 A methed for selectively removing inorganic phosphate or eliminating  incrganic
phosphate, e.g. ram dialvsis fluids, whole blood, plasma, i & subject in nesd of sueh
freairrient, e.g. in patients on dialysis, eg. on chronic hemodialysis, which methed

of an ron{iti-based

3

comprises administering o sald subject an effective amount

phosphate adsorbent according to the nvention.
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8.1

7.4

72

7.4

A msthod for selectively removing inarganic phosphate bound o foodsiuffs,

A phosphate adsorbent accarding 1o the invention fur use as @ pharmaceutical, e.q. in

any of the methads as indicated under 4.1 to 4.3 above,

Compaosition for use as a pharmaceutical preparation for the sslective slimination of
norgaric phosphate from Hquids, wherein the composition is insciuble n water and

contains an ronflif)-based phosphale adsorbent as defined in any preceding claims

A pharmaceutical composition, e g for use in any of the methods as in 4.1 {0 4.3
above comprising an iron{ti)-based phosphate adsorbent according (o the invention in
association with a pharmacsutically accepiable diluent or carner ihersfors, e.q.

comprising al least one axcipient selecied fram a preservative and a hinder.

A pharmaceutical composition, €.g. for use as a pharmaceutical prepamtion for the
selective alimination of inorganic phosphate from liguds, e.g. dialysis fluids, whole
biood or plasma, wherein the compaosition contains an iron{iii}-based phosphate

adsarbent material acoording o the invention.

A pharmacsutical compaosition suitable for oral administration, e.g. & solid ar semi soiid
dosage form, comtaining the ron(lii-based phosphate adsorbent accarding o the

invention.

A solid or send solid dosags form cordaining the ron{ili-based phosphate adsorbant

aceording o the invention.

Pranmgceutical composition, preferably a powder or a granulate, comprising the

ron{fil-based phosphate adswrbant aceording fo the invention and further comprising

a preservalive (B.g. an alcohol, preferably stharol) and oplionslly & binder {a.g.

sucrose, microorystailine celiviose or mixture thereof),
Pharmacsutical composition according to the invention which g in form of a tablet and

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

a filler, a binder, a disintegrant, and a flow agent.



8. An irondiii;-based phosphate adsorbent according fo the invention for use in the

preparation of a pharmacedical compaosition for use in any of the method as in 4.1 o

4.3 above.

According to the invention, the phosphale adsorbent may be administered as the sole active
mgradient or together with ancther phesphate reduaing agent, such as sevelamer, Fosrenal;
Ca acetate; or Ca carbonate. Hmay also be administered in combination with a calcimimetic

such as cinacalead, vitlamin 3 or calaiiniol.

In accordance with the foreqoing the present invantion providas in @ vet further agpect

8 A method as defined above comprising co-administration, e.g. concomitantly or in
sequence, of a therapeutically effective amount of a phosphate adsorbert according o
the invention, and a sscond drug substance. sald second daig substance being
another Phosphate reducing agent, a calcimimetic, vitamin D, or caloittiel, e.g. as

indivated abova,

L A therapeutic combination, ¢.g. a kit, comprising a) a phosphate adsorbent according
o the invention, and b} al least one sscond agent selecied from an another Phosphale
reducing agent, a calchmimetic, vitamin D and caloitricl, Component a) and componert
b} may be wsed concomitantly or i sequence. The kit may comprise instructions for its

administration,

Where a phosphate adsorbent according 1o the invention is administered in cordunction with
another phosphale reducing agem, such as sevelamer, Fostenel, Ca acetate or Ca
carbonste; 3 calcimimetic such as cinacaivel,  or with vilamin D or calcitriol, e.g. for
preventing or treating hyperphosphataemia or other dispases or disorders as hereinabove
specified, dosages of the co-administered compaund will of course vary dapending on the

type of co-drug emploved, on the condition being realed and so forth.



Examples

he following exarnples are iHustrative of the invention.
The following examples are ftlustrative of the invention

Exampie 1r Freparation of iron{lii}-based phosphate adsorbent

Ta a mixture of 41kg potato stavch, 118kg sodium carbonale and 480kg water a solution of
148kg rondiil chinride hexahydrate dissobved in 588kg waler is added over 30 minules ime

Ealedoad

span al o temperature of 20-35°C. The resulting bvown suspersion is stirred for at least 60
minutes at 25°C then fillered and washed three times with 988kg waler sach using a
decanter cenlrifuge. Subsequent 180kg water, 41kyg sucrose and 128kg sthanal are added
and the mixture is stirred Tor &t least 80 minutes, 172kg of the final product are isolated as a
reddish brown powder, oblained by spray drying using a NIRD 5D42 with appropriate spray
drying parameters or with an atomization pressurs of 1.2 bar, an outlet lemperature of 88°C
and an inlet temperaturs of 140°C,

The product may be filled without any other pracessing airectly inlo sachets or stick packs.,

Example £ Freparation of ran(lil}-based phasphate adsorbent

An agueous solution of 21.1g sodium carbonate disscived in 108g water (solution A} and an
aguacus solution of 26.5g iren(ill) chioride hexahydrate dissolved In §5¢ water {sclutinn B)
are preparsd. Solution A {(4.2g/min) and B {2.7g/min} are dosed o a suspension of 7.369
potato starch in 40g water over & time span of 30 minutes by continuous miking of solution A
and B and subsequent addition o the potato starch suspension. The resulling brown-reddish
suspension i3 stirred for &t least one houwr at 25°C, fikerad and washed three fimes with

173.8g watler each. To the resulting reddish brown solids 14.6g water, 7.368¢ sucroge and
24.2¢ ethanol are added and the mixture I8 atirred for 80 minutes. 18,49 of the final product

are cbiained by fluidized soray drying using appropriate FSD conditions,

Example 31 phosphate binding capacity of the material desoribad in Exampie 1 or Example
2 determined by lon chromatography/conductivity detection.

Separation mechanism used is N exchange.



Lo
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Highly purs water {e.g. from MlG-System (Millipore)); Sodium hydroxide (&

(m/m} solution, carbonate free, ey Merck 1.58783), 0.1 N Hydrochloric acid {.‘ Chy;
Hydrochioric ackd 37%; Sodium hydrogen phosphate (NaZbHRO4),
Equipment: ton chromatograph with grsdient pump; Anion exchange coiumn {e.g. Dionex
fonPac AST-HO Length 280 mmn, internal diametlsr 4 mmy or squivalent), Seli regenerating
apion supprassor (2.g. Dionex ASRS-ULTRA | 4 mm, anion suppressor systerr), PVDF
Filter {&.g. infochroma: 8817E-PV-4 EQO HPLC-Filter PVDF 045 um).
Chromatographic conditions

Gradient elution using degassad water as aluant 1 and 80 mM sodium hydroxide in water as
eluent 2.

Gradient prograrm

_Time O {mM] % E1 % B2 Remark
{3 16 80 20 Run
start
10 & 0 100
14 80 g 106
141 14 8¢ 20
16.0 18 a0 20 Run end

18.0 18 8¢ 20

Flow rate 0.6 mbl/min

Detaction Suporessed electrical conduntivity
Column temperature 30°C

injection volume 28yl

Svatem suitability test (S8TY

The system suitability test proves that chioride and phosphate are sufficiently separated.
Morsover the repestability of inipclion is shown by repetifive injection of the comparison
solution for caleulation. & blank chromatogram shows that no interfering peak exist in the
solvent. A 1100 dilution of the comparison solution for caleulation is used to show sansitivity
of the system.

Preparation of selulions




Test soludion Socurataly weigh (o within 8.01 mg) 385.0 to 385.0 mg of
TGy the iest substance into 3 28 mbl volumetric flask. Add
DK < e H £ i HE

20.0 mi of C31 i this substance and et stand for 180 min.

Adjust the pH of this suspension to pH 2.0 with HCI 0.1 N
and fili to the mark with water.

{prepare In duplicale
and TSx.2)

The tightly closaed flagk is then kept in a water bath of 37°¢
for 2 howrs. Approdimately, svery half an hour ths:z
suspension is stirred manually by shaking the vial
Afterwards, filler apoproximately 2.0 ml of the resulling
sugpeansion through @ 0.48 wn filfer (PVDF) into a vial,
Take 1.0 mb of {his filtrate inlo a 25 mi volumetnc Hask
and fill o the mark with watsr. The clear and coloriess
sutution will be used directly for chromatograpty.

Comparison sieok sciution Concentration (PO47 level for C81 = 4273 pgimi
{prepars single: C&1) Preparation: Accuratsly weigh {(to within 0.1 mg) 6380 mg

to 6425 mg of NaHPG, into a 1000 mi volumelric fi \Qk,

dissoive with app. 800 mb water and set {o pH 2.0 with H

7% and 0.1 N Then fill o the mark with solvent.
Comparison  solution  for  Concentration (PC4% ) levet for C87 = 170.2 ugfmi.
~gicutation ) \ , .
SR reparation: Pipette 2.0 mi of C81 Into & BC mb volumetric
{prepare single: C52) flask and fill to the mark with salvent.

Evaluation/assessment

The analyte peaks in the chromatograms of the test solution is identified by comparing the
refention times with those of the peaks in the chromatograms of the comparison solutions.

The peak areas for egch analvte peak i determined in the chromatograms of the lest
soiutions, The peak areas for each analvte peak is alse determined in the chromalograms of

the O8Z solutions.

Calculation

Par cant adsorption (%) (v of phosphate

v rore i 0w Wy mesesd i
1. ABY,, (Yeimim) = e = OO,
B,
73
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[SV]

EWrg Waight of the material described in Example 1 or Bxampia 2 in jest
solution mg]

EW ysanpos Waight of sudiurn hydrogen phosphate in C81 soiution [mgl

Pirg Pegk area of phosphate in test solution

PAcsz Paak arga of phosphale in companson solygtion 2

MW ™ Viclecular weight of phosphate: 94.87 g/mol

MW eaanros Molecular weight of sodium hydrogen phosphale: 141,86 g/imol

The compound of example 1 adsorbs 14.2%mim phosphate.

The compound of exampls 2 adsorbs 20% rmvm phosphate,
!

Exsmoniae 4. Sachet ; e b

98 % of the product as prepared in example 1 is mixed tdgether with com starch (10 %) 1o

prepare the final blend. The final blend is then filled into sachets.

Example 5: Capsudes {direct il with ubricant).

90% of the product as prepared in example 1 is filled into a mixer. A prewmnix of 7-8% of the
same product and 3% Mg-stearals is orepared. The pramix is screened through a scresn

{1000 micron mash size) into the mixer with the rest of the product {o prepars the final blend.

The final blend is then filed info hard gelatin capsules.

Examuple 8 capsules {direct fill with Jubricant and addiional exciplent).
80 9% of the product as preparad in exampie 1 s mixed togsther with MCC {10%) or

preferably com starch (16 %), A pre-mix of 7-8% of the same product and 2.3% Mg stearate

is prepared. The premix s soreened through a screen {1008 micron mesh size) inte the
mixar with the rest of the produnt o prepare the final blend. The final biend is then filled into

hard gelatin capsules.

Example T sachet, stick pack or capsule {granulation by dry compaction}



&
(8]

88% of the product

g in example 1 is mixed together with MCC {20 ~ 30%). Ma-
stearate (2%) is soreensd (1000 micron mesh size) and added o this pre-mixture. The final
blend is prepared, and then compacted and/or compressed. The compaction is made with a
tabletting machine with big punches or a roller compaction maching Then the comprimates
are nufled through a soreen, mesh size 2 mm. Subseguently, the sareanad granuiats is filed
into sachets or stickpacks,

The granulate couid also be filled together with a lubricant into capsuies |

Example 8: sachet, stick pack ar capsuie (wat granulation)

The product as prepared in example 1 is granulated with about 15 % water, related o the
dry powder in a high shear mixer. Then the granulate s drisd until 2 LOD {oss on diving) of
approx, 8-7 % iz reached. Ther the dried granulate is screenead through a screen, mesh size
2 mm. Finally the screened granulate is filled info stick packs. Optienally, the granulate may
also he filled together with & lubricant into capsules |

Example 8: sachet, stick pack or capsule (by wet granutation with additional bindsr)
About §7% of the product as prepared in example 1 is mixed with about 2% hydroxyproy!
methyleellulose-HPMC-3 ops, grade 2910 as bivder, and granulated with approximately 10%
water, related o the dry powder. The binder is added as solution gfter disselving in the
corresponding amount of water, The subsequent sleps are as described in the example

above.

Examnple 18 Tablet {direct compression with lubricant}

80% of the product as prepared in example 1 i filled inte a mixar, A pre-mix of 7% of the
same product and 3% Mg-stearate is prepared. The premix iz screenad through a soreen
{1000 micran mesh size) into the mixer with the rest of the product to prepare the final blend.
The final blend s then vompressed on a fabletiing machine fo tablels of 84dmg weight

{corresponds o 8§28mg of product 1)

Example 11: Tablet (direct compression with lubricant and additional excipients)
50% of the product as preparad in example 1 is filled inte & mixer together with 30%
microcrystalling celiuiose and about10% orospovidans, A pre-mix of approx. ¥% of the same

sroduct and 3% Mg-siearate s prepared. The premix is screened through a soreen (1000
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micron mesh sizael e the mixer with the rast of the product o prepare the final blend. Tha
final blend is then compressad on a tabletting machine to ovaloid tablats of 1100 mg weight
{corresponds 0 825 my of product). The tablets are coated with an aguesus suspernision of
film forming polymer (HPMO 3 ops), colaring agent(s), titanium dioxide {(white pigment}, talk

(glidant) and plasticizer{s}.

Example 12 Tablel {granulation by dry compaation}

Froceed as desoribed it example 7 but disintegran! is addilionally contained i the granulate.
Alse, an extemal phase comprising & filler, disintegrant, glidant and fubrdcant is added to the
screened granutate and the final blend iz then comprassed fo tatdets which may

stthsequantly be coated.

Example 13 Tablet (by wat granulation with additionad binder and other excipienis)

50% of the product as prepared in example 1 is granuiaied iogsther with approx. 20%
microorysiating celiviose and approx. 5 % crospovidone, with approximatively 18 % water,
redated to the diy powder, in a high shear mixer. Then the granulate 3 dried untit a LOD {oss
on driying) of abowt 67 % is reached, Then the drisd granulale is screened through a
soreen, mesh size approx. 1.25 mm inlc a mixer {ogether with 10 % microorystalline
ceflulose and approx.& % arospovidone. A pre-mix of approx. 7% of this mix and about 2%
Ma-stearate is preparad. The premix is screened through a soreen {1000 micron mesh sizg)
into the mixer with the rest of the product o prepare the final biend. The final blend is then
comprassad on a tabletting machine to ovaloid fablets of 1100 mg welght {corraspords 1o
825 mg of producty. The tablels ars cogted with an agueous suspension of HPMC 3 aps,

titanium dioxide, talk and plasticizer{s) or of the corresponding Opadry mixiure.

Example 14: Tablet (wet granulation with addiional binder)
Ag describe ahove but with the addition of aboul 3% hydroxyproyt methylceliuiose~ HPMC- 3
cps, grade 2910 in the inner phase wherehy the binder is added i the dry slale or padially

or entirely dissolved i the grantdation liquid; the amourt of binder is compensated by the

amount of filler in the granulate. The subsequent steps are as described in the examgle

abova,

Sxampie 14 Gei
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e

Maby aguecus gel) 80 mi of waler is healed up o aboul 70°75°C.

3

O g of the product as
orepared in example 2 is added and the suspension is kept al 70°C until a jelly mass s being
formed. The gel is mainiained at 70°C Tor some minuies 1o siabilize the gat forming process
After cooling to rocom temperaiure, waler is added lo compensale for potential losses of

avaporated water during manufacture.

Example 15 Gel

1.5 maimb of benzoate sodium is dissolved in waler purified, add 0.2 mghmi of saccharis
sodium, 1.0 mg/mi of  strawberry flavor and the citrate huffering system. Afler complale
dissolution, & mg/mi. of pelysorbate 20 s added, then the phosphate adsorbent is dispersaed
under mixing. A homogsneous  suspension s formed.  Finally, 30 mg/imb of

hydroxyoropylimethvi cellulose is slowly added under miking.

Examples 18:20;
The following ingredients {in my} are dissolved or suspended in glvoera!, mixed together and

filed-pto stick pack.

Ex18 Exi7 Ex18 Exiy ExZ0
FPhosphata adsorbent of example 2 800 800G 800 804 800
HEMC 20 SG 50 50
Gum arabicum 50 / §C 56 Hi
Palatone 2 / 20

]
<
o]
L o

5]
<O
b
s

Simethicone 20 / 20

Silicium dioxide ! 50 i { /
Hydroxyt ethyi celludose { 100 / { !
Sadium oyclamate 8 5 & 5 5

ard

G

o
or’
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Methvl-4-hydroxy-benzoate 10 10

Lo

or
[ 93]
(2]

Propyl-4-hydroxy-henzoate & 5

s
-~
o)

Caramel flavar 1 i
Ethanal Adibmt Ad 10
Proyiens glyool Ad 10mi

Glyeerol Ad.A0mi

Cormn ol Ad 10md
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Examples 21-23: oral dispersing waler

The foliowing ingredients (mg} are mixed together .

Ex21 Ex22

Fhosphale adsorbert of example 2 430 450
Lactose monchydrate 472 472
Microcrystalling celiviose 140 140
Starch 70 /
Arsbinogalactan { 70

Throughout this specification and in the claima that follow, uniess the contexi requires
otherwize, the word ‘comprisg”, or variationg such as “comprises” or “comprising”, wili be
understood to imply the inclusiors of a stated integer or step or group of integers or steps but

mot the exclusion of any othear integer or step or group of integars or steps.
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CLAIMS
1. A process for preparing an iron(lll)-based phosphate adsorbent comprising iron(lll) oxide-hydroxide,
starch and sucrose, said process comprising:

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

6 and 10 to form a mixture in which an iron oxide hydroxide precipitate begins to form;

(i) adding starch to the mixture of step i) prior to complete formation of the iron oxide

hydroxide precipitate;

(iii) allowing complete formation of the iron oxide hydroxide precipitate to occur;
(iv) isolating the precipitate formed according to step (iii);
(v) suspending the isolated precipitate from step (iv) in an aqueous solution;

(vi) adding sucrose and optionally at least one excipient selected from a preservative and a
binder; and

(vii) fluidized spray drying the solution from step (vi) to yield an iron(lll)-based phosphate
adsorbent as a dry powder.

2. The process according to claim 1, wherein at least one washing is performed between step (iv) and

(V).

3. The process according to 2, wherein in step (i) the pH of the solution is maintained at a constant
value between 6 and 8.

4. The process according to claim 2, further comprising the step (viii) of granulating the dry powder in
the presence of an excipient selected from a binder and a lubricant to yield an iron(lll)-based
phosphate adsorbent as a granulate.

5. The process according to claim 4, wherein the process further comprises the step (ix) of tableting
the granulate in the presence of an excipient selected from the group consisting of a filler, a binder, a
disintegrant, a flow agent, a lubricant, and mixtures thereof.

6. The process according to claim 1, wherein the iron(lll)-based phosphate adsorbent comprises
starch in an amount of about 10% to about 35 % by weight.

7. The process according to claim 6, wherein the iron(lll)-based phosphate adsorbent comprises
sucrose in an amount of about 5% to about 50% by weight.

8. The process according to claim 6, wherein the iron(lll)-based phosphate adsorbent comprises iron
in an amount of at least 10% by weight.

9. The process according to claim 1, wherein the aqueous base is sodium carbonate.





