Phosphate Binding Materials and Their Uses Field of the Invention The
present invention relates to phosphate binding materials and 5 their uses
in the treatnment of hyperphosphatem a and for renoving phosphate from

materials, for in vi angd.Jd B; ¥ licatiaons. Mre particularly, the
present invention re h8s d Bi¥b¥Ps 3R rials an heir d%e ich are
ligand-nodified ferric poly oxohydroxy materials. 10 Background of the

| nvent i on zPhogphatiel eyel s aLe regul ated predom nantly by the kidneys and
in health nmeostasi s i s maint.ained by urinary excretion.

Phosphat e T®neesfiandt iionentiipnseelateard phosase 1biddamptiacakiyld anpati ent s
wi th chropjg; fepals tal d secaondary. hypert hyroi di smand soft
tissue calci %Ii[ cat isoﬁﬁ % g%%ﬂ%%??coaf{ ?13ﬁeffge}lsouslpg‘§t?%&ataﬁ@5§aree?“t?é’ilggof t he
coronary ahewpliade gndmprafeatiale, hear tindive eas endwhi chi v dphpeiomjionhscause of
death in gpds si396 € di_sga RD). Dietar hosphate restriction 20
alone is usuaﬁ Yy ﬁsu?ﬁydi et?}t8 Fge%%ﬁt rl%)lye%lp?élrﬁ (l)%%) Sa&é)mpgof’ﬁhahtgerrodi al ysis
patients ARelitgemgtaridls akécbf aphdsphatiendsiifded sfesriregquilyeskd-o0 reduce

i ntestinaj &Qgﬁ,r RLEOP; 5 7A umi ni um and cal ci um conpounds have been widely
used to bi3r11d 25 diet aﬁ/ phosphate, but there are concerns regarding their
| ongt¥t m safety. The use of al unmi ni um based phosphate binders results in
tissue acgiupyaLhan.Pfchirsvehelmpt and may result in systemc toxicity.
The adm nistration of targe quantities of cal cium based phosphate binders
can resul thasphaypeteedlcenia apah30 eslubseduenthyladyr avat &itigsuend

cal ci fi cali 0Ra) Bpyebarmt (ROLYAIY hamLos udr oehlar dshe2p sunthet] ©

pol ymer conmerci al i'sed under e name of Renagel’, i's an anion exchange
resin useXAEthPhd diterahytphovpirateat However setire dainndnnge3® action of

Lhi s sesidrahscioky BPec! bhe: 4 PRATRNEL £ AN LAl 0549368 DAYa LA be

adm ni stered to control serum phosphate in patients, whi c% can lead to
|OMIpatiéﬁFOEGﬁﬁYﬂaﬁ@€thrOldism and soft tissue calcification. This

calcification results in atherosclerosis of the coronary arteries
and premature heart disease, which is the major cause of death in
end-stage renal disease (ESRD). Dietary phosphate restriction

20 alone is usually insufficient to control hyperphosphatemia in
haemodialysis patients and the oral intake of phosphate binders

is required to reduce intestinal absorption.

Aluminium and calcium compounds have been widely used to bind

25 dietary phosphate, but there are concerns regarding their long-
term safety. The use of aluminium-based phosphate binders
results in tissue accumulation of this element and may result in
systemic toxicity. The administration of large quantities of
calcium-based phosphate binders can result in hypercalcemia and

30 subsequently aggravate tissue calcification.

Sevelamer (polyallylamine hydrochloride), a synthetic polymer '
commercialised under the name of Renagel, is an anion exchange

_ resin used to bind dietary phosphate. However, the binding

35 action of this resin is not specific to phosphate and large doses
have to be administered Lo control serum phosphate in ESRD

patients, which can lead to low patient compliance.



Lant hanum car bonate i s an approved phosphate bi nder commerci al i sed under
t he nane of Fosrenol. However, concerns exi st about the long-term
accurrul ation and toxicity of lanthanumin tissues. 5 US 6,903, 235 descri bes

the use ofafiefaniug chtdcHRe 8 S0l WbLEoIdLRLEORAUNG,; 15O, bind dietary
phosphate. However, the long-termuse of "a soluble iron conpound is likely

to | ead tBOYKE B! ATRSUAEr SisaBef ebtFosgarcto tHhReeyedoxoacern ty of free

iron in tbei gukbdfe | tHENonYhiSh ABYuRURSeAHEMd Yokestt d 1hovw GRpp! i ance.
WO 2007/ 088343 descri bes a phosphate binder fornmed fromthe reaction of

aqueous sbf UtiS6H&Sof magnesi um sul phate and ferric sul phate in the presence
of sodi um hydr oxi de and sodi um 15 carbonate, probably leading to an iron
magnesi um hydr oxy_carbonate with an hydrotalcitic structure. This phosphate
bi nder i sV%krfoA>as3® Aesratee® theutse i psrie GrhteRte di s setaht ageonhat it

bi nds r el @ripsahd, st@ldi namatittas-yohnphiasRBat ey ARG HDr ey erheteases.Me in the
st omach, Ieading to frequent side-effects. 20 The ability to bind phosphate

by iron oXohyar oS orsCRIRAMR BS tHeeart to Perdekanga S roustesyizgla 42
descri bessiar-adsesthentuel 06 1ROSPAGL & M43k Rgy Rsd roBe hydipXindenstahi | i zed by
carb%gydrates and/ or hum c acid. However, 1ts binding ability 1s limted
and t he™ranUf A UFPH S hSCWeRt ¥ Tas8dFt Hbllev 6Pme Heéinseepar at i on of | arge
guantities of material. WO 2008/ 071747 descri bes an adsorbent for phosphate

cont ai ni Z-iron oxi de-hydroxi de stabilized by insoluble and sol uble
carbohydgg%égb${hﬁ§§f§r?e? B6fo08 pPtsehBr A di g eac PRty f6P™ he® materi al s

descri bedehbei &t i $q3600hd MHot @di $:0s BT Yab o iRk, shipaddanantt seefifcect i veness
In summary, there is ng ideal phosphate binder in

as a phoEPhaée bLnde%. )
current GSEPBAE X SPPngESREPERT At SHHVE BYF 3P Irai? f19WET nost commonl y
t oxi ¢bt y c3bboratasCpiubabiwnead0ssd , tcekhi cagy manphosphalieokenoval , aci dosi s
and/or patient intolerance. Accordingly, there remains a conti.nuing need
'n the arfrPERUEERSE TurbREP CphoSpRat 6T HdErs Thit ROVSPEBNG HPCaRel | of at o
sone of tikekasawsackslpiaexi'stbig dur@aksefcm the disadvantage that it

binds relatively small amounts of phosphate and moreover releases

> in the stomach, leading to frequent side-effects.

Mg
20
The ability to bind phosphate by iron oxo-hydroxides is known in
the art. For example, US 6,174,442 describes an adsorbent for
phosphate using f-iron hydroxide stabilized by carbohydrates
and/or humic acid. 'However, its binding ability is limited and
25 the manufacturing process is unsuitable for the preparation of
large quantities of material. WO 2008/071747 describes an
adsorbent for phosphate containing y-iron oxide-hydroxide
stabilized by insoluble and soluble carbohydrates. However, the
phosphate binding activity of the materials described therein is
30 limited to very low pH, limiting its effectiveness as a phosphate

binder.

In summary, there is no ideal phosphate binder in current use and
existing materials have one or many flaws, most commonly toxicity
35 or accumulation, cost, efficacy of phosphate removal, acidosis

and/or patient intolerance.



5 Summary of the Invention Broadly, the present invention'relates to
phosphate binding materials and conpositions conprising themwhich are
solid ligand-nodified poly oxo-hydroxy nmetal ion nmaterials. The

conposi t i Basottisgllgs ethdrer gienadre hacetdiwrinteneee i ¢HSoRBE U0 hydr oxi des

nodi fied with carhb i i i ga 0f 1, 4+0ni 78 alhber&gafe such as
adi pat e. »%\égs]le()pnﬁfflg)ré?{% scph:o%gq?rg%g&gﬁgrfe{s}%égdgibﬁgﬁli&&qgrrpl es provided in

t he appl i caté orf ttbedenmriztakst ef tdwits titheytesat™BRRY- phosphate in in vitro and
inin vivo studies. 15 Accordingly, in a first aspect, the present
invention provides a ferric iron conposition for use in a nethod of

treatihng By e<phhe ekneentiper ei n the ferric iron conposition is a solid
| 1 gand- o '%;éi%Hf%%X ﬁﬁ éJH@jEﬁ?ghéﬁgﬂa&eh£¥b§n%5eﬁh§%pﬂéﬂ@r%§§ﬂﬂﬁ§j by the
n),

formula ( y erein represents one or npore netal 20 ions that
conpri se ReBeriadnssant cEPrEsEhOss CrRNDET S iRt heRgEtd tF&t Sebipri se a
carboxylic¢.acid |igar i.oni f t epfre@nd sOH figpresent s oxo
or hydr oxgll%ar%ﬁﬁtlfdgﬁgg%\ﬁgcglé{i%x%ﬁtgycﬁrg% rﬁéfglhgghaﬁi%l ymeric structure in
whi ch t hecbigamids obsades sifpstahe it preabaifl Pistpstia d€d ¢ t he oxo or
20 TV OXY LOMRS:s Kbl 5 kT dhiddgh sEheeieOhidaddgand: wodi dded poly
oxo-h rox¥ netal ion material has oné or nore reproducible

physi co- chemiz alhegeoper ti@s asf afirxenpl BheFs SGLAFIdN 5116 FRES &t or

phosphat e_bi ndi r ISt LESy hseussedl fusther deebemondthetterric
iron materta %d g?’ t%ﬂ% %%%@ﬁ? F?\(\%\élndt%_"i%o%%g r%ger ably, have structures which
are consi shanttheivt hahilbirdirbapPhaie figr dphydria end) 04 4448 Eﬁ‘é‘?leersr ed t hat
the ferric iron materials of the present invention have denonstrable ML
bondi ng using physical analysis, such as infrared, sgect'.r oscogy.de%Sal n a
furthey adpectdinghe, preserftirshverRsdn pPEVRESSE The TRE S B P erTiciron

conposi tiep_of . the Present; dipkepti aisd oh 4 hewpoeapar aticoniol a medi canent
for the treatnent of hyperphosphatema. |In a further ejghs%%(:t 1 he ;puesent
i nvent i onhpposteshat st hodIereL R cdtd 1§ RYperPRoSBRRYEM 2" tRe et hod

conpri si ng; | oSt 85 LAGH L f Ox8-PRIAEU nkfanees ahtéredt meptegented
therapeutical Iy effective amount of a ferric iron conposition of the
pr esent i hvertd dgrmula (MyL, (OH),), wherein M represents oOne oOr

20 ions that comprise Fe’* ions, L represents one or more ligands
that comprise a carboxylic acid ligand, or an ionised form
thereof, and OH represents oxo or hydroxy groups and '
wherein the material has a polymeric structure in which the
ligands L are substantially randomly substituted for the oxo or

25 hydroxy groups. It is preferred that the solid ligand-modified
poly oxo-hydroxy metal ion material has one or more reproducible
physico-chemical properties, for example dissolution profile
and/or phosphate binding characteristics. As discussed further
below, the ferric iron materials of the present invention

30 preferably have structures which are consistent with ligand-
modified ferrihydrite. It is also preferred that the ferric iron
materials of the present invention have demonstrable M-L bonding

using physical analysis, such as infrared spectroscopy-

35 In a further aspect, the present invention provides the use of a
ferric iron composition of the present invention for the

preparation of a medicament for the treatment of



In a further aspect, the present invention provides a nethod for renoving
phosphate froma nedium the nmethod conprising (a) 10 contacting a nedium
cont ai ni ng phosphate with a ferric iron conposition of the present

i nvent i ohypemdgrospoadeétisons i n which the phosphate is capable of binding to
the ferric iron conposition and (b) separating the bound phosphate fromthe
conposition. This nethod nmay be used in vitro or in vivo. 15 Accordingly,
‘the nmat efihad sfudéberi dutkdier ha rmesenhpiableatdfn sulogéteyed yetEABVRIng

phosphat S LANs e 'q&% nt.aj. i hi $.8Ns@Bridde renova

m ght tagggéﬁg%kgpﬁéflvo?ﬂégéﬁgﬁaggke I%%egtIgh%gFérégmgngggcri ed herein
are capabb e afatienbvimgeghosphateatienima raerirpiitd cat1¥| tifFeTEVRe contents

of the 20 Ot £514.081 Lf 8Gk, 0L G PRAI. RGBT Stvaldian. However,

m rogi ; @'CF Hhi8h-
the materials of the present invention may find other applications, for
exanpl e where the materials are capabl e of renoving phosphate from

food-stuffs ' 0 GANsU ' ' Pabl & Rfi qssl £Gidtvwekyrsenovi ng
phosphatgéfigﬁ*gﬁgkygls fVU?%%?Hgggéfggﬁgﬁgnd/g%qwﬁole bl ood. One

parti cul asmappisi phos@Im e frie pesphat elisi rdered ePTPRESPiRsént invention is
|0 i@l ySha MRaLE LRI Bt s Bhoddiacexirarar poreal figfoval of
phosphate from dral ysis urds durrng haenodial ysis processes. In this
aspect, térogrigsent of mienpirerepr duieesi onpest tGmN4d tsarh ids WRifbod- stuff 30

or dialysis Bldibd.thals GapBpi s AnphosRnake hl ndingemiaiial of the present

i nvention. Accordingly, present invention provides a nethod to treat
hi gh pl aserepqsticd phorids (Devepraraiiper proNonat ePherPRALe| APt ridf any 35 | evel

of renal _insufitiiclency,; Agutsod 6Bl bl aiddd en ¢hiQnbe Eenalvd.ailure, and/ or
end-stage renal disease, including conditions that require haenodi al ysis.

The i nbecdrdingageniit "efet htise deeeRthad dRES BTG FRBAPI®LEnt i nvention

may hel pgdQ AMgki or Al G AFPhh &Ha@B8S s AsiS Qo at BshaMo-hsthesesieasdi tions, such
as secondary hyperthyroidism soft tissue calcifica ion,,osteody§££ophy,
hyper cal exE@ia I Ay PekparaPAyr didi SRS EHuCEEBh, “38%r 81 8vastul'dr®s ndrbidity

or nortalidyier fRake agterdystiORhYeanea eateiphylearisable of

removing phosphate from the liquid or sludge-like contents of the

20 gastrointestinal tract following oral administration. However,
the materials of the present invention may find other
applications, for example where the materials are capable of.
removing phosphate from food-stuffs prior to consumption, or are
capable of selectively removing phosphate from dialysis fluids,

25 plasma and/or whole blood. One particular application of the
phosphate binders of the present invention is in dialysis where
they may be used for the extracorporeal removal of phosphate from
dialysis fluids during haemodialysis processes. 1In this aspect,
the present invention provides compositions such as a food-stuff

30 or dialysis fluid that comprise a phosphate binding material of

the present invention.

Accordingly, the present invention provides a method to treat

high plasma phosphorus levels, hyperphosphatemia arising from any
35 levél of renal insufficiency, acute renal failure, chronic renal

failure, and/or end-stage renal disease, including conditions

that require haemodialysis. The clinical management of these



In one aspect, the present invention provides a process conprising the
steps of producing a ferric iron material and 10 testing it to determ ne
whether, or to what extent it is capable of binding phosphate. By way of

exanpl e, tclaﬁdptfﬁﬁﬁss%sﬂﬂ% SUTResBat inventid@)nayl XeDg thansol atdten
conpri'sing Fe3+ and carboxylic acid |igand (eﬁgu adi pi c acid% and any
addi t i onalcomphbFrfs-o8F 88 HRFIAISACBhbidREE, CTHIT I PRACIT SR ARATUIR"SE "4 fir st
PH(A) at whbeh:ie iGeBRONEIES tak8us Akl €ication, ofbJodfsamgbmg the pH(A) to
a second g B) to cause a solid QrechLtate or a cOIIokg'of thp

| i gand- noAYPREER IFHISY L8 x o YRAFPGES LBt AP BN St PRl T BEVARY IEd, 20(c)
separ ati ngorgNeh QPLiroRalty Ay RenanNd/sekofps tadpali agd/dhe solid

I i gand- nodi fi ed poly oxo-hydroxy nmetal ion nmaterial produced in step (b).
Enbodi nentcdleiPiHé*gfesent i nvention will now be described by way 25 of
exanple and not limtation with reference to the acconpanying figures and
exanpl es. Brief Description of the Figures Figure 1: Evolution of FeOH
Ad100 predfpPRatdmF i t Ai§ MYSE58E ny S0 tpRi Qﬁﬁﬁ£§§§eﬁ RTRE percent age of

total iropohpridi@Start bagpSsAfubkretucihdl bl Fyrmreti-phtmttediandamygl oner at ed
phase is achieved at pH 4.5. Figure 2. (a),ln vitro osphat e hi g;ng. When
i ron ﬁ?dréﬁPHEHQ§“3§OIP@%%ﬁ@ﬂﬁﬁﬁ??@ﬁ”ﬁsgaeg%ﬁﬁﬁ%defgggf1&93&I%§%g)e t here
is clearl yrsypedir ppbesphad.e biynding it exanpodi frhedpferasshydyite (Fe( OH) 3)
or Renagel (polyallylamne hydrochloride) and at |east equivalence to the

ef fective“°Bat*Potentially toxic, |anthanum carbonate. Mreover, the |igand
chosen is advantageptsgnithh ebherisn teafpedednpl Beti std diamboxwhickcddl i ke

FeQh H s 106798 sifs 5ralePh 32 0hr 1E"barY Are: S ane ar Gy bars are pH 5.
(b) A;secesdpexarmy,eiaf ai reatittiva phaisphatea bi inditngH (PHR Y whilcle)thep115
compoﬁents are soluble; o
(b) changing the pH(A) to a second pH(B) to cause a solid
precipitate or a colloid of the ligand-modified poly oxo-hydroxy
metal ion material to be formed;
20 (c) separating, and optionally drying and/or formulating,

the solid ligand-modified poly oxo-hydroxy metal ion material

produced in step (b).

Embodiments of the present invention will now be described by way
25 of example and not limitation with reference to the accompanying

figures and examples.

Brief Description of the Figures

Figure 1: Evolution of FeOH Ad100 precipitation with increasing
30 pH, expressed as the percentage of total iron in the starting
solution. A fully precipitated and agglomerated phase is

achieved at pH 4.5.

Figure 2: (a) In vitro phosphate binding. When iron hydroxide is
35 ligand-modified as described (e.g. FeOH Ad100) there is clearly
superior phosphate binding to unmodified ferrihydrite (Fe(OH)3) or

Renagel (polyallylamine hydrochloride) and at least equivalence



(grey) and also at pH 7 (black). The effectiveness of Fe OH Ad100 Si 02
(i.e. silicate nodified FeOH Ad100) is also shown. In both figures (a and
b) the solution was 10 nM phosphate and the 10 anount- of bi nder used was -

53.6 ng iq @héoéﬁec\é%gmao&f 3PeMialhp these expetdnmntsridmatbinder was
first exposed to the | ower I[-JI for 60 mnutes then theﬁgﬁgher H(s) for 60

m nut es, Malrposequdiei alggnd PQOFF@drSe agvantageREA UA [dhar t'e ‘ppears only

ef fective, ‘éﬁgi@ Hl QW Blh e Prigricandhiienkagsatecases wod ilkedfor theOHAd100 and
FeOH Ad100 3102. Experinental conditions were as in Fi ?g L& 2a/Q except that

t he phosrﬁﬁék@db}fﬁé@%ev\bﬁ& PHORPY2 B ISEHT o' it e PRYSPHELRY sBi'GtTon at pH 5

and ngt sequanyi.al ki ANdat-Busr ARG ShE f@ashai<)arpr p 20 ©ondli tioning of
the binders occurred at the hi gher pHs.: Fi re 4. [aa3 EOL%'O“ peofile for
FeOH Ad16@ceud s, o FebHAd1H0 @m@he‘fru &FB%) P d " Bhnodi £iad 2-1i ne

ferrihydrite, gsar}r@ra%); at ;nH71 Blacsge n‘Blteerdf&IeStaMermt hédee fosr det ai | ed 25
descrlptlon of net hodol og

gure 5. Part ze of FeO 00 eshly
pr ePar ed AaP9 bn (Hr§i %Bfat%lr’i‘é?déﬁ%q Fﬁ%‘l %‘%nqsci)l ifig” Jﬂ@ggfﬁ gfur{e 6:
I nfraredanal ysds-of (EeQki Ad108e fd1gutien fiad nbrmmegdaoasrpalaysr@dofchﬁeOH Ad100

Si 02. Figure 8: Infrared anal ysis of u dified ferti ite;(Fe(OH)3)
35 faP raéferehcd ngare d FAfr At %mﬁnéﬁlfs:%n% ;L uﬁlm) ?e%o/g[gl pi él(lam d for

ref er ence.y oKL 0 rkQiend) Eﬁhﬁbﬁ!hﬂﬂﬁrvbéspaii"mcl%@Oéedym a;hbr tesyr off FeOH Adl 00
show up as 2-3 nm dark, nottled part S.in gh res tion 5 TEN i mage
of the pdwdef? W%ﬁp*éé?nlté?shégg%‘i Q:H(%Fﬁ fcirha6§ ﬁ%\rm difi gléyf errihydrite

(not showahuefialng .underlying ferrihydrite-like structure is apparent from
electron diffraction with plane spacings at 2.5 and 1.5 A c)EDX spectrum
shows maj or elenents of EeOH Ad100 to be C, 0 and Fe with m nor

cont Fbutrigge 3: Lanthanum carbonate appears only effective where low pH

‘pre-conditioning’ occurs unlike for FeOHAd100 and FeOH Ad100
Si0,. Experimental conditions were as in Figure 2a/b except that
the phosphate binders were only exposed to the phosphate(solution
at pH 5 and not sequentially and thus no acidic (gastric) pre-

20 conditioning of the binders occurred at the higher pHs.

Figure 4: Dissolution profile for FeOH Ad100 (diamonds),
FeOHAd100 SiO, (triangles), and unmodified 2-line ferrihydrite

(squares) at pH 1.2. See materials and methods for detailed

25 description of methodology.

Figure 5: Particle size of FeOHAd100 freshly prepared (a); upon

drying(b); and after basic milling (c).
30 Figure 6: Infrared analysis of FeOH Ad100.
Figure 7: Infrared analysis of FeOH Ad100 Si0;.

Figure 8: Infrared analysis of unmodified ferrihydrite (Fe(OH)j)

35 for reference.

Figure 9: Infrared analysis of unmodified adipic acid for



10fromd (- 1.4 at.%, K (-1.2 at.%, and possibly Na. The Cu signal is
due to the support grid. Figure 11. Mean (BEN) Urinary Phosphorus Excretion
(nmg in 8 hours) from 13 Vol unteers Followi ng a Meal plus FeOH Ad100 or

15pl aceboyefd@ee. 12. In vitro phosphate binding of various |igand-nodified
ferric hydroxides. The solution was 10 mM phosphate and the amount of

bi ‘nder used was 214 ng in a total volune of 80 m . The 20 bi nder was first
exposed tpiddie howes) mhlef plriﬁé)ryﬁpwtiesldmanryh‘ealtﬂiigh@ﬂ pH(ESPHT Bl BD

m nutes, all sequentl al ly. ure ‘
i gand- modhdd &8 Fereit nB'Xodﬁfl %ggd 15 flergnltO asﬁgﬂﬁ%ﬁ %g&gkgg%ff w\é?(ral oH
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earlier signal is due to the support grid.

Figure 11. Mean (SEM) Urinary Phosphorus Excretion (mg in 8
hours) from 13 Volunteers Following a Meal plus FeOH Adl00 or

15 placebo.

Figure 12. In vitro phosphate binding of various ligand-modified

ferric hydroxides. The solution was 10 mM phosphate and the

amount of binder used was 214 mg in a total volume of 80 ml. The
20 binder was first exposed to the lower pH for 60 minutes then the

higher pH(s) for 60 minutes, all sequentially.

Figure 13. In vitro phosphate binding of various ligand-modified
ferric oxo-hydroxides. Different amounts of binder were added to
25 a 10 mM phosphate solution to obtain 1:1, 1:3 and 1:10 phosphate-

to-iron molar ratios. Phosphate binding occurred for 120 min at

37°C.

Figure 14. In vitro phosphate binding of FeOH Ad100 recovered

30 using different production methods. The solution was 10 mM
phosphate and the amountbof binder used was 214 mg 'in a total
volume of 80 ml. The binder was first exposed to the lower pH
for 60 minutes then the higher pH(s) for 60 minutes, all

sequentially. (ND= Not determined).



5appl i cati on PCT/ GB2008/ 000408 (WD 2008/ 096130) filed on February 2008.
These materials, including those that conprise ferric_iron (Fe), that are
used to folmthe phosphate binding materials disclosed herein, may be

repr esenpeehilydt besdapmuba (MLy(OH) "), where Mrepresents one or nore
metal ions. NormalTy, 10 the netal ion will originally be present in the
form of &'&dfatathde? i W't he preparation of the materials may be dissol ved
and t henthdhyeadct tod QR PRA A %01 ByEirdX ¥ £ Coo KNPl gxes-rwidti il éd gaid (L). In
sonme enbodi nents, the netal ions, substa t,iag(l)% conprise fcir.(rei,c iron (Fe),
as oppos&P TYIZOrH MR TAL i8R “&\‘tet’fé?g? LS HA nf Presdit °or the netal

i ons 4 nchpsliing ti s9edT ceb bes/ mxiadat (wn 2sbay ess139uchibsd ke 6Pref erably, sone
of the ligand used is inte rated,igto 'thﬁ aolqirg1 phas tthr%IlIJlgpiSfornal M L
bondi ng, F§oarKot 0811 JPePRd"AGSGARES ( LY GHECET hfis?rghpaped: OF ~adsor bed in

t he bul kremtier habn (HRE")hondibgaef usbe tEtfalrni ome iphoB2Phite bmatiéngal s can be
det erm ned usi ng physi cal, anal.ytical technique uch as infrared

spect roslé%wl\ﬂjlér%l%%@%ﬁela‘frre&m P'gy hbaevéfeBﬁ%ﬁ(esnsE@%ag ctfeheer ifg3 I|n§{aof t he bonds
between e, r@ha), ivwrrand idieseganhde br asrevelelatsi@eaksNetrerldoteristic
of ot her bonds present in the erial such_as 0, .0-3 S in the

li galft 2B Fese sl‘(rl_)w.ll’]’h%“pﬂ"fﬁggﬁﬁt%e BiRgers o %Fog%ﬂn hogfpgi %Qil}ge ferric
iron (Fed)att anpteyiglepapaposi tdfonse titaterdnes biagl dgi dasdol vednpad i bl e under
the conditions for which the materials are used, .for_exanpl aneliorate
sone of tH& drEWBEEKS %f’r‘f‘h%"lﬁ'r %P']é‘f‘froﬁ%g(ﬁﬁ%cf"?lﬁ?%iVﬁ?@éﬁ%‘%ﬁ? tions which
tend to b systesigalehpodOndrms, ctbe reed bonglindpspropertlivesompaisear e not
specific_to phosphates, By way of bhackground, ii.is in the art
that i roﬁe%cdé§,nh{f§r dxi Bésg%Pnocfe ng h?/acroggfla'%%sléanr g\@glon!rar%%gcel of Fe toget her
35 wig h PeiandpoescH and ane meolllectnyelnclnefry riggnt dnijetheli s patent and
known in the art as . iron_oxo-hydreaxid ] r I LN xi des
possess ‘a’fjfdfaé?tl@lt&sattreﬁét lSJIrK)’é(hs aasyngeel‘engi faﬁ@aggghp%et ?gngﬁé\;\%imgﬁﬁgn turn

det er mi nesdcheisr i ptysiacedhemic ahepsopet thhese (gewughr fertalgMSEhwer t mann, The

Iron Cklégﬁ%i§%tu5Féy’%bt all of the. ligand (L) is simply trapped or

adsorbed in the bulk material. The bonding of the metal ion in
20 the materials can be determined using physical analytical
~ techniques such as infrared spectroscopy where the spectra will
have peaks characteristic of the bonds between the metal ion and
the ligand (L), as well as peaks characteristic of other bonds
present in the material such as M-O, O-H and bonds in the ligand
25 species (L). The phosphate binders disclosed herein use ferric
iron (Fe’) to provide compositions that are biologically
compatible under the conditions for which the materials are used,
for example to ameliorate some of the drawbacks of the prior art
phosphate binding compositions which tend to be systemically
30 toxic or have binding properties that are not specific to

phosphate.

By way of background, it is well known in the art that iron

oxides, hydroxides and oxo-hydroxides are composed of Fe together
35 with O and/or OH and are collectively referred to in this patent

and known in the art as iron oxo-hydroxides. Different iron oxo-

hydroxides possess different structures and elemental



Properties, Reactions, Cccurrence and Uses. 2nd ed, 1996, VCH Publi shers,
New Yor k). For exanple, Akageneite (p- or beta-iron 5 oxo-hydroxide)
contains chloride or fluoride in its intrinsic structure and forns spindle
or rod-shapgsbsdryshal shidiighenute deftyrmixie gamia-phoricoxhde)cadont ai ns cati on
deficient sites.and typically.sho ferromagneti ropernti s, material
tends to Bf?ﬁﬁfz eéul@ﬁ‘%gcér:oﬁgf%ﬁsg “%@alrw?ir%%ﬁr}’t gg?s&a %B?E%%e%tfg-rgrg Ize'of an 10
i ron oxo- hysheaxiide, ned¢®rtianst hatcishrense aarldowees| edral edf $BPuctVGHal order

t han t he akageneite and ma%herrite and produces spheri cal C;Q’ t@ls.nThe
exper i menPEHisEerss MF'herodih - defrin SEAEPES 1 HEEIERe $hd8phdt £BiRnders

di scl osed, hgrgidRoxsEh @mtEell AdQaepsefmrnablye havets Letridsydrite-1ike
structure and preferably a 15 structure caonsistent with 2-1ine

ferri hydrptictByenayd ofo@wafpiedle ke ERATTERHerEbitadan aH3BELiRet her a

material has @& dakhfe: f&1 Likhydy i ddntst hyctdi®nuabngidndi bfractdnan techni que,

pr ef er abl %/ usi ng el ectron diffraction, a techni q,%gi in ich etl egtrons t hat

bonbar d at¥afHeY ARE diSEEPTBAe i PEsRYTec5re DOt SEALEEFH 1°A 8 Fashi on

that reflgedddeheubit esnala0bderrafrihherpid MBry pardnee! exofiplchetmatneri al ,

and produces a spectrumthat is simlar to that of 2-1i epéerri hydrite, as
e

opposEY t 6TVt REPFEHFRRX s PRERTto-R9lr G He 2 APYET n&t'E or

addi ti onakt ycthikg1 sbz&AntaAotRh gy nef tpainidi abeiserdftet hadphosiphase bi nders
of the 25 present invention, when viewed W;ﬁté'g il ectron m Céogo%os%atés
simlar toPRHFACASf CBYFES f ef P HyRTLREHOMBIEr 055 "ShGuld“Be ot ed” t hat

al t hough fxamegkeghsophleudi g8e theiiskczesedicpboh pgyucandsatredd addpderi ng of
the primary particle appears simlar to that OL 2-11 ne fe[fr]i:ht}i riate, t he
mat eri al PEIFEELY| PHEE 30 SPEFIPHYArTr el T atHEr "4 T i%gang “rodi 11 €d”f or m of

it. TYs israppacesdndidshkywifiom-innyi fea-iphaspbat e Byi meiyngf st udi es wher e

the materials clained herei istently and signifi
enhanceneHEETE SpnbEpEl G BF B HEP AR 15299 FRE A ot (o bhbdi Tren 2-11 ne

ferrinydrzteneSesonthyiridiessotuttior stimg es d35fshowdrhaechriqre aci di ¢ pH,

typically at_or below pH 1.2 the .materials aof Rresent .inuention have
rapi d di sSEGERBRY %Slﬁﬂ%/seﬁc%?lé%%nql(;r&; af)‘%'alroziqrhetgert(g ath{u%s not observed with

2-1ine fergdthydsitieat Siambkadl y,sdnpliesipraf eleetrethaticrhecaed évfical s of t he

present invention have igni f.i cant I r, Phosphat . Bipdifngreapacity 5
t han 2t 1 i Hé& t&FF?ﬁ%ﬁ t%szltlg% F%aﬁtgé:e%}(e%}-ﬁqﬁﬁat ey be experienced post
pr andi al | yrimaryhpagaistIreioft st imeertirdctand erodxesmplae sPEERTFH Bat. 1An

exenpl ary, assay. V\%Qr ISt efmnh ng, %%?Epg&& NG, i s JLREM bekkd FolhS
exanpl e 221 A i ch equal “masses o errihydrite (e.g. 53.6 ng), or indeed
any ot herobiinder ot6-luskxdsea chpanasoveland adphospRace b z6f t he
present TINEILLONYELE Assavedcid, dot erdn iR bhe:paicril-a08olnphosphal e
they are capgb 0 ndi ng under physiol'ogi cal conditions. In general, the
mass 4f tiveseatethedstimed vhant hieewess gyt sl c5E TRt WeEi? SEORY alid 80ny
InCIus'Vesﬂﬂl%rzgon%h?éQﬁWQ—Ibﬁ§e&ﬁ§§Hb&fﬁte. However, it should be
noted that although from electron studies the size, morphology
and atomic ordering of the primary particle appears similar to
that of 2-line ferrihydrite, the material is not 2-line
30 ferrihydrite, rather a ligand modified form of it. This is
apparent firstly from in vitro phosphate binding studies where
the materials claimed herein consistently and significantly show
an enhancement of phosphate binding ability in relation to
unmodified 2-line ferrihydrite. Secondly, dissolution studies
35 show that at an acidic pH, typically at or below pH 1.2, the
materials of the present invention have rapid dissolution, a

physico-chemical parameter that is not observed with 2~line



15 show that ferrihydrite binds about 30% of phosphate from 10 mM phosphat e
solution. In contrast, it is preferred that the phosphate binders of the
present invention bind at |east 50% of the phosphate, nore preferably at

| east 60%rrDiv@irpeeferably at |east 70% and nost preferably 80%to 85% or
nore of the 20 phosphate, illustrating the significant inprovenents to the .
properties of the phosphate binders of the present invention as conpared to
unnodi i etmfermihydeitse prblﬂéfﬁeroe(ihanatlyssmtshmﬂ@ btﬁatheurmiel&enw th 2-1ine

ferrihydrite the 25 material _cl ai rein. sh b nt with
the preseREdorn ﬁ%v%c?dégdgpfgja%d’tqﬁ %gl’%er BP%Sﬁ%\gﬁengpﬁ {s}g]p }ﬁ
exanpt e. than 2-1Ansufemrihydtbee sttr lac'rram@ off phe girésphatiee bi nd| ng mat erials

of 30 the present .invention,is refe a f i hydrite,
but has Bégﬁrjﬁ?&ﬁfic%ﬁty pﬁﬁaij??]@d’ lﬁ aSQ §lrgtt %quag %a&{s@a gén}lgfl %:/ant ly

di ff er enexafshen@veh g gpartims. ex/éﬁ@(bady ragslsyy fchre dmeemrairs; of the present

i nvention may be ribed as havin struc that ; ar n nt wth
2-1ine 38@%&}%&%}? 3938 FRETHNEY US ﬁ%gﬁﬁﬁ |£r1r§g| ﬁgﬁéﬁtgl/ %F%efect ron

di ffract hessdse€ toeraxanpkes)e.g.MsBeovry), by wedeeof agpnpEErsBANYE h t he

ferric iron conmpositions disclosed herein res of . fermal bondi ng
is ol alpett® Raf MWt ps o %jmgtl %}ﬁattehke)gﬁ%?]grl a?ggo the gr esent
i nvent i obn¥&anoat here ms(sduetistfsuieheamﬂq rion pefgardlgdse! RhsPeafer) in 5

whi ch pa%'g;al & gogpt Al Loga Pl 1a0-0xaYdi Xt de CBkagenside) 1hs

surround ar~shel tose and thus is sinply a
m xt ure générain mm rhg,sdsr oXi tee armtesmgaas wpedt he Hengspaveray M8 nrich (1975);

Gei sser and M II t.al 9 yPat ent sd\Naes31 046, 798) ;
03200602%%‘%5"&79‘316'):rl f@%gﬂwﬁ%ﬂ%ﬁg‘énﬁ?er%gl Igﬂoé;‘sg't%he pr esent invention are

met als polslyomm}aluydemaylysipece gsintpdiebped ¥y AbREIBIERP ofE ild M gand
' ”Corporaﬁ an.qad shauld | her L8t D i6opiiaadan that ht.ehenurrer ous
conp

rretal-ll exesthat are we reported in the art (e. see NO
2003/ 0926HdsphADe2BDBI037 449} he /HII%@BthWéFQPIli/“?olaGbF%aS%L?@H 25 conpl exes

can be preci from.s Jl:élfé%lt L hes 20 Bbe OfmosppEsaétarati an, for
~exanpl e %gr r&cosg?'i?ﬁ%'l tng)lrPe rvey e gl (1998), NO 2003/ 097627; ferric

citrate, 1NG2004, 07dd 4 sanEr ¢ 837300 vt AP rigt €5% BobtMITEk§ T ahtf Jor dan (1947)

and, 2PN ?ﬁggﬁﬂé%gs’1Iﬁﬁ@ﬁ?ﬁ%9nbnﬂﬁg\gigﬁiE&égﬂtoﬂﬁﬁfd«éd@hﬂélﬂ@ Kﬂé hydroxyl
groups (for ‘exa 20 ferric hydroxi de sacchari de

3, 821, 192)?0pém¢eeas@f JfhehpaPEREA L PEaRETT & thAP ANt IhE &ﬂ%?ntl ana geonet ry

of metal LLgand CoBPhexRa risa Slrcoyusecewel | reported in the art (e.g.
i ron- hydroxy-mal ate, NO 200e050031) and unrelated to the solid

I i gand- nodi fi ed poly oxo-hydroxy nmetal ion nmaterials reported
Infrared analysis shows that unlike with 2-line ferrihydrite the

55  material claimed herein shows bonding consistent with the
presence of the added ligand, namely adipate in this particular

example.

In summary, the structure of the phosphate binding materials of
30 the present invention is preferably based upon 2-line
ferrihydrite, but has been chemically modified in such a way that
it has significantly different and novel properties.
Accordingly, the materials of the present invention may be
describéd as having structures that are consistent with 2-line
35 ferrihydrite, as determined using TEM imaging and/or electron

diffraction {(see the examples).

10



25 herein. Simlarly, NO 2008/ 071747 descri bes an adsorbent for phosphate
cont ai ni ng ganma-i ron oxi de- hydroxi de (maghemte) stabilized by an

i nsol ubl e and sol ubl e carbohydrates. The production of the 30 nateri al
descri bedvsherneim bequiy es theppriesensetiofthanfinsit uboe camyoshydemt e, such

as starch,,which oply acts. as a physical _suppo terial does not
si gni fi cat? qsﬁfjegﬁ%?l% tscﬁ‘et Wées% on 8?&%}?@?0%‘8@8{%% %ﬁ%%&&é?gn of the
mat eri al descriched tbedieitingaystalide macéudd sanfoptd grekenddinveohiet a

sol ubl e 35 carhohydr at such _as suycrose, in in s . qf

producti o Fomrr?gg’%l Br‘ffg BSs&UGF Additt D %]Tymta%ggsé%l u@aﬁ%g‘?@oﬁgdr ate
descridbedytNel §akth sul S Pr@yenilphas 8- changres-Hudrd:d dageakggenkite he
material. In contrast, the ferric iron conpasitions of the present

i nvent i oniprafErapRgdinew e sUErheSEddr ?ﬂ?‘&ﬁ"rgotfépini RESAFPuBEUr' e End" do not

enpl oy ansifsQ) ubhexeardIP drah &:@5 hgdseRReY bnfBsefdalatangé atande not nodify
the properties of the 5starting nmaterial usi ngrahié) bl gf_%fr boh)édr te.
i ;

W t hout nbeNSli daeiBRich he 3gP) mefsf S5art PRt ddild teftarE¥ussdherein
have net akigyd,desCoresnans el @l e, mpdy pxigensonbaces) andnwadditiodi f f er ent
disciplines may be referred to as netal oxides 10 or neﬁ]al h({%{g)r(g)ges. The
use ofl t hEhe EFerd2bs HYidrdRyPretentoXBRGEFRG d&¢ T4 heende YF&@6gni se
these facgsWidshautiaiva 8f 8pENGS il i pheperd i1agsnefimoeporatiydr exst groups.
Hydr oxy- oxi de could equal 'y be used theref org. As descr;nggdl_ bovgd t he

mat eri al sSHfulchéhpresert TonveRtTBTSrE YHierrd§ B e &Vel of °15h t he
primary pasddiex@sotniheetal 1 oepdiydaoxh dmenatrh at.d.eastesie of the
ligand L being introduced iﬁ?to t4§ structure of thellpriSO [ partigle , i.e.
| eadi ng tOUEPIPRG7dr TOrCY HAT1 %N -of ALHECYHT 8PV Dart i°Sré by the |igand L.
This MRy bHerkkashebaidrcl her fteangibensdfuthanoca i ttteupesnofofnet al

-0X0- hydr oxi des 'and apn 20 organi c nol ecul e .SUc sgecharidic

l S I
conpl exesSURSF SRAHERCT MY SPFUBEURE Sof SF heC pritRar goghr alrglfggs I's not so
al tered. Thegri war yopaod7ebes ffrrtikech tgard- Wod2 0 6P 7¥éky oxbLleydiexy
metal ion materials described herein roduced b gcess 2avkgferred
to as prediPitLey ofoP k&’sén%fde rﬁf@nt Z?%lﬁr eagllgpi ?%t%lco%sg?t eh rgfzeys to the
f or mat i onifolaggEegatiesomef rimtigimding dhatydoxyépareurs fifom eeimktleon by

sedi mentation or centrifugation., Here, rm 3pgecipbt atigp’ Jsg i ntended
to de<tri %eerrtlﬁegiﬁ'gf%ﬁ&eor?%gf aa]fjldeéoiblgdP%)Ee:nsge%ﬁét gﬁ al’, i §ch udi ng aggr egat es
as descridbedyaboxel 3grand sol balamteeithal shatygt 2add grAnedgyr e§atedapat remain

as non-, 5ol uble moigties i n,suspens! o1 NRLRGE.QT i NGhet BEY REg.
iron-hydroxy-malate, WO 2004/050031) and unrelated to the solid

ligand-modified poly oxo-hydroxy metal ion materials reported

25 herein.

Similarly, WO 2008/071747 describes an adsorbent for phosphate
containing gamma-iron oxide-hydroxide (maghemite) stabilized by
an insoluble and soluble carbohydrates. The production of the

30 material described therein requires the presence of an insoluble
carbohydrate, such as starch, which only acts as a physical
support for material and does not significantly interact with the
iron oxo-hydroxide. The production of the material described
therein may also include an optional addition of a soluble

35 carbohydrate, such as sucrose, in the final stages of production.
The sole purpose of addition of the soluble carbohydrate

described therein is to prevent phase changes due to ageing of

11



particul ate or nanoparticul ate (colloidal or sub-colloidal). These latter
solid materials nmay also be referred to as aquated particulate solids. 35
In the present invention, reference may be nade to the nodified netal

ox0- hydr oké descerawilng bolcprréréts:t,stthacfetme's then qpewersatigns Périabove the

crit i cal -PLEClPLLALLONPHcfS. H3gd oL & ok sy shouLd 0k e taken as

indicatiﬁge?%na Re st Tuétires o e materrals are meric in the strict
sense of sbawc'rmgeaanegcm alrotr elpxebw Rg m@@ﬁeumltb%éa@’s% asaé has been

st at ed, nd 3.in rati e i o

non- st oi CH On‘rgt Fece ng;JTEHP%IJ“%/ ds%é%lé(g@% Pﬁete?% ggg?%t%ﬁtthe solid phase
struchur etmytmsyb%temallngmflog a)mloblhyqﬁrd?)@m'@lraﬁﬁps | eading to a change in
solid phase order. In some cases, for exanple the production of the ferric
iron materials exenplified hereln the ligand species 10 L may be

i nt roduc@dtmcmtomtiefsmm@nphals% tiracy maé?tbyl@ﬁéfsﬁilb@tmﬂﬁliléﬁs ofS%ko or
hydr oxy JLouns HYe! Iy Qﬁhé’ VJ%JJ)]%% L0g G dBANRYatdaticdesr eagas aguer al | or der
0 P a e

inthe s hase materi |s still” produces solid |igand
nodi f i edwptihin @Naj’fhyeimto)dySnephinqsomaM%rﬁeé%r%qhé%O P PRERgrE4€SF or m have

one of Mre o qrg &9&%&&' e ﬂbé/zls%oo%hé{g ¢akn PFOREN %rb@§xy’”& mekerial s have

a nore anorphous ature conpar e for exanple, to the structure of the
corr espohdqilrrgcm@t' alis omt-ermylédom d@comesﬁ)rté@éﬁcféa‘%ﬁs ¥1EBPet di™Yor dered or

amor phou%ef&fﬁ%%teurtgv\;g%or%ﬁgﬁé yofb%xge$§r}md@6§|y b()’rddi‘)% ski{deskypex 50 usi ng

t echni ques vie kno e art. exenpl ar technl ue is
Transm ssoeid aq@@ﬁ&mrb%U@ﬁésémﬁf@¥EM AEHIdﬁﬁC‘FM @P8R’ t F¥nsmi ssi on

el ect ro“mglecfl%ﬁ%ogé‘ ald ?J%Sélh@ Gt abh ife patéesd sef chbelrqemiieptal to be
visual |y assessed. It can indicate the primary )E)artlcle Si e a d structure

(suchd asthe mpaerngyarigiore brigs ARbR HEtiGRYORCTHE ditstrFbut bet ween 25

anor phoug,and, Cryst al dddee LNBL 81 ahtrafgshowtd hate tsheumates loafl tpessesses a
structure consistent wth a 2-lIrtne ferrihydrite-like str cture. ing this

t echni querinary ®aappatent - ?ha%eacdr%é‘gcﬁ%rﬁ%lrr? Fose 1 BB abbVe nEreases t he

anor phoug phase pabt Pife dgsent bedamat er | alhﬁscﬂmaajseed:omreetarceszp@hd| ng
materials vmthout 30 the incorporated_li gtélqd Tr}} be £esp ?jl ally
CAbe

appar ent the| FRFTRL§A" g né ARt A edafk 19 rtol“"(on 2orrected scanning

20 organic molecule, such as iron saccharidic complexes, in which

the structure of the primary particles is not so altered.

The primary particles of the ligand-modified poly oxo-hydroxy
metal ion materials described herein are produced by a process

25 referred to as precipitation. The use of the term precipitation
often refers to the formation of aggregates of materials that do
separate from solution by sedimentation or centrifugation. Here,
the term “precipitation” is intended to describe the formation of
all solid phase material, including aggregates as described above

30 and solid materiais that do not aggregate but remain as non-.
soluble moieties in suspension, whether or not they be
particulate or nanoparticulate (colloidal or sub-colloidal).
These latter solid materials may also be referred to as aquated
particglate solids.

35
In the present invention, reference may be made to the modified

metal oxo-hydroxides having polymeric structures that generally

12



transm ssion el ectron mcroscopy due to the high contrast achieved while
mai ntaining the resolution, thus allow ng the surface as well as the bul k
- of the primary particles of the 35 material to be visualised. The

repr oduci bben physeconehaitcakl psepdpt yatiorc bar ackenisetli beodin,t heismteri al s

of the present invention will pe dependent on the applicati or which the
xéelri ?I di%o‘ilﬁt Bzﬁeﬁ? @?H‘p?ésl%c}lctaﬁén%r%ﬁ rf:f’%ss?%ug#ucr;%ﬁ %tgnc&fgef ul ly :
ul at ednatsirmg@lherpriesent ri avantihenstncltudensdi S olast.ngna (megtigar pH
dependence and .pM 5 dependence di saggregation,. adsorption and absorption
char act er ’F%‘ﬁac?é??r"&%‘&? i t“?-lf:n%‘%‘iaﬁlﬁs, g?‘rgi%l‘si hﬁe%oslatnatsc,edfp e?r%)%arnglt ure P
r gS| s:)ganc/gqcc?i@,b&?.eien siz e expagnady $o611ietakicecahopraoperhiesstrdensity, |ight
absorbing/reflectin roperties, hardness softness, . colour ‘
encapsul aTkPeorJrlﬁF‘B_Begﬁ?%) S E)?ah‘bt‘rreosd%(‘fiaglﬁltﬁr g‘p“@rf‘?lzlsd %ﬁgga?%mgg}lﬁcul arly
;(ralee;cl)ﬁ;tsi }%gcstﬁllg)ejc&;ietmq)ffo&?ppb ecﬂfﬁlﬂliyﬂ;:ofép;dﬂoﬁlbeahéadiamdtm aerlmingehér apeut i cs
| 3 _properties_selecte Qm gone_or r .di.sspl ution
profile, %ﬁ'}%%?ﬁ?l ‘g]ff?%r'of iTe*B° &P epr og lfcfel%f‘%pfe) et%n gﬁéﬁ%tl?g. éIPn this
gggtereﬁrén?}s@;ﬂr@me&gyi%n g:aa;egm_mt; immplnﬂi;edgaegepmo@ei Bligand speciepl i cate
W thin a.standar Y on o ref er abl
10% “hd Mot E’Fef‘g{]é‘bcr A58 AN ee\§8%1l(%rfﬁ%§sﬁr3 gl?éatgjltrlﬁ \%’yt Illeg alim tyof
2% | n theupresenion erixoonr hreroplyogphatse blyi hiljaryl metecidds ipréf erabl y

have reproduci bl hosphat e _bi ndi roper.ti and/. [ [ 20
profil es.ma}r}ﬁle&daﬁ?]?o%e §ohe %ﬁ/%ﬁrlgl gﬁ?%%lmpﬁggp%g{tlg{ Eﬂhgg%&tgfgggi
di scussedimiievenhandsexamprbfiiecs isplsdctiomdmnedi skl PodHaPxIPWeperyYi es of

the materigls of the present,invention, suc t inding affinit
or capacir?%a_iorloaiIg%%ef)rujtaiﬁgnbﬁ?%fll écl}s18 %%Slgbgogﬁslgg%zggr@msﬁ%&%si %g y
t echnisquesertiosiobosee dersdicn ;- clseel dadr p2épednpl etsedtdtensads LagRd23. I n
preferred e”""’%b?ﬁﬂéés I{[altg%rg?g tré%rg%}l %jxgl}ngg%{?h&smﬂ@t erbindersoof the

pr esent ir?'Rfeenfa! on“is at 1eas , hore preferably at | east
2.0 mmol ey chirndeponding mostl praf-dydbbyids. | 8aStPEZNFROPE Bt §%BPnder. 30

disordered or amorphous structure can readily be determined by
the skilled person using techniques well known in the art. One

20 exemplary technique is Transmission electron microscopy (TEM).
High resolution transmission electron microscopy allows the
crystalline pattern of the material to be visually assessed. It
can indicate the primary pérticle size and structure (such as d-
spacing), give some information on the distribution between

25 amorphous and crystalline material, and show that the material
possesses a structure consistent with a 2-line ferrihydrite-like
structure. Using this technique, it is apparent that the
chemistry described above increases the amorphous phase of our
described materials compared to corresponding materials without

30 the incorporated ligand. This may be especially apparent using
high angle annular dark field aberration-corrected scanning
transmission electron microscopy due to the high contrast
achieved while maintaining the resolution, thus allowing the
surface as well as the bulk of the primary particles of the

35 material to be visualised.

The reproducible physico-chemical property or characteristic of

13



The dissolution profile of the solid I i gand-nodi fied poly oxo- hydroxy
metal ion materials can be represented by different stages of the process,
nanel y di saggregati on and di ssolution. The termdissolution is used to

descri be (hhe passags of @he3prssbst aneent 1Mol ik epsabtied! enphase. More
speci ficall XI di saggregation is intended tqQ descrjbe_the ]:as% gg,of the
mat er i al $PPEoFE CSoFPE Hygie §AE SR YSRARE 1% 185“%1‘%%%1 ed*pliasE Chat ' is the

sum of the,seluhletphasaand tLbereqyahediipaetigslraf ehphasesenti . e. sol ution
pl us suspension phases). Therefore, the term gi sso| ution as Mopposed to

di saggr egaVRBR HoreCclPeRT fALe5PHYE 1B B8t St AP PUELEGeFT dm any solid
phase’s (2Qgee9aiQd, oniSapfeateddn t adsbepsiohubhe ahmsetidhe Ligand (L) In
the solid phase Ii %and- nodi fi ed poly oxo- hydri)x. met al i 0{11 sp%%gjcglse

r epr esentc8arp§taHE T 6% mASRCERM LG ORIy nes + Bpf eEEht 1Ghe of “nore |igands
Or ani oNgessiedh@s paktiald ¥ika, idsnprodwnat edr pical kabpeneteal, form that
can be incorporated into the szl id phase |i gang.- erdihfair%(rjl go_[ y 0xo0- hydr oxy
metal i ofeRat BYi A IR PR IR PRI AP SISt 4BRE HPheE  Hetein “at T east one of the
l'i gands isgran&sy,bexybie A6 enbhganmdtion mopeonised fioanptberdof (i.e., a 15

carboxyl ate ligand), such as adipjc acid or adjpate. Preferably, the |igand
is alli cRFBBRYTICE &BRH ig&AGT QNP Ty “HE P8 rteggtnlfeeéplﬁéétﬁg fornul a

HOOC- R1- GRRbh éintan Eenismdahes naidhereofyl, thheapeRlidss agn piptsicnal |y

substituted C1_10 alkyl, Cl1 10 al kenyl or C1 10 al l1: 9EQUR1ohn general ,
the use &Pemij@n%OPﬁXWﬁ%ﬁe CF%é(afnr\éﬁ ?ﬂifﬁ%?ﬁ%l%%&ﬁggand ‘rore
pref er ablpyoks18 Ga- BagbiHiogr pupsiles opr ef epreduchrlef erleadnopl irghal -

cxanpl o 48 b SRPCFR el BECRET B! T'n BF ST Foa b ment e T B group i s
a stngi ghtr ebgi tatkkykp@riowprsAa morepprefeiledy grioup aofS.tégjﬁmy| ic acid
pi el o devda i S nBr RISt e "R T ol “S LR AL € S and el e aci
(or mal at %}e %}Vheée*}% W%Iﬁ%ngymlct a¢i d 44 gand 15 present as the acid or
is partially or corrpiLete y
invention, the phosphate binding materials preferably have
reproducible phosphate binding properties and/or dissolution
20 profiles. In additionvto the physiological phosphate binding
assay discussed above and exemplified in section 2.1, additional
properties of the materials of the present invention, such as
'phosphate binding affinity or capacity, or dissolution profiles,
may be also determined using techniques disclosed herein, see for
25 example sections 2.2 and 3. In preferred embodiments, the
capacity (K2) of the phosphate binders of the present invention
is at least 1.5 mmol P/g binder, more preferably at least 2.0
mmol P/g binder, and most preferably at least 2.5 mmol P/g
binder.

30 .
The dissolution profile of the solid ligand-modified poly oxo-

hydroxy metal ion materials can be represented by different
stages of the process, namely disaggregation and dissolution.
The term dissolution is used to describe the passage of a

35 substance from solid to soluble phase. More specifically,
disaggregation is intended to describe the passage of the

materials from a solid aggregated phase to an aquated phase that
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ionised and present in the formof a carboxylate anion will 30 depend on a
range of factors such as the pH at which the material is produced and/or
recovered, the use of post-production treatnment or formulation steps and
how the |igang benooestliencolpblatmesentod tthe pohaytakpahydroareneiade i on
mat eri al ln S nbodiment s, a op f and wi ||l be
35 pr esenf 15 tsnguc%icr’%&yﬁs %}Snj’log]sgilﬁsesaat eﬁ% eq%rrg t%%?ceglrlgy recovered
at pl- 1>4dasublvecanses tdquaﬁet@ciusaggbeqmn névee |spgandlemid vt he positively

h d ld ] |
: a;ggd L%%%ro%\%oﬁ%ﬁfep}?%% e%gﬁg ﬁp&?%ﬁdsgﬁ/ﬁ gﬁas&r €6.0Lq the negatively

ha e avordance doubt”,” the use of carboxylic
aC| d |9 gangsatien)acootidancd uile hpltdse .present i nventi on covers all of these
possibilities, i.e the ligand present as a Carboxylic acid, in a
5non-ionised form in a partially ionised form(e.g., if the ligand is a
di car boxylrhe Iaigiatyd oF) corrpl et eI y ionised as a carboxylate ion, and m xtures
t her eof . cal I I and i nc 1 i asenppol y oxo-
10 hydr oxgx |¥%)% er| a s o%éiﬁgggélﬁ(ﬁ% hg%l%%??oﬂe?l 2°

physi co- chﬁemml rppopesitedobyt biee solrndlantteh) (@H) e ¢ ragr%wﬁér 8@8¢to a poly
0XO- dro | at ed rrggg%sloq:n a%%’t% es 1 g\@lmt%gg]rkl,lggq%sgr@g&la@gaem In

sone MEnts resent i nventl on al so have
some buffel}terilg capati fqn:m,lﬁhEXamII & @flCNIgHﬁﬁSdthﬁto ﬁﬁ? ’E)‘éhé%ﬁlhé?éd in the
present | Ven%fnmd%?fé?ﬂ%ﬂ?bgkoaﬁi?gx& qﬁﬂgﬁangnlﬁéﬁéﬂ%ilto D@Q&QOXY||C aci ds
such as a |c acl taric aci grtarlc acid, malic acid, succinic

aci d, aspautdiciadei descpmrmci beaeiw, adi teagt aP@ﬁdOfg‘FTtR:&ﬁlgén%%H(f 4 actic acid

orbenzol g 8818 :L00g: pddicLues, Such ;85 Bl tokm eXdudo2Qsual ol of

vani |l l'in; Sical anio 't gand properties such as blcagyonate,
sul phist e aambqodydsphalegarrﬁ neﬁaﬁhIaifgalﬁ‘éml%tfﬂq%da@rsi‘ql%?@&tee bot e’ ¥ol ybdat e

and sel engf e:; ;301,00; acl %é%@&ﬁlé L¥REOPNAR, gbm afHy®e PEPIdsRareval i ne,
or histidine; and nutrient-based |igands such as fol at eﬁ Corgﬁléev\é
%%é .

pyri doxi niey drhe2Somimakd MASIC-Ri CEOHNART det 1PppPecal §oF™ 58

recogni seg iJ, to%%lé‘ﬁélﬂﬁ s%\éltﬂguéucgi@ af fahmi iy 4,08 @llﬂeefytlabn mﬁeltoal ion in
solution or as havin | ow af fini ty or not be t&g}l Cg % E%ecogm sed as a

li gand fo@llaﬂg’ilvéﬁoﬁm aIIq gfnarakl ItherBiedr L1aRn hat $n poly

0X0- hydr isy JEL L1 I AR upRt 8hd alche breadds1301 8By daaevelayr ajreupn spite of an
apparent [‘ack of” activity in solution. Typjcall \éd%}c gands of differing
af finitieBrdfarrede nBERISHGA aPEIASdd SHRS tHECHF n 25t 9 T N Ese* materials

al t hough one,,dWenet b 6 rdf anr@iyln@r&ubs gamnds e Rayp be asseﬁ:a!semm igertain

applications. 35 For many applications, b% gg eed to be blscelrgggﬁﬁ;tal ly
I

conpat i bl Batifdecithe Edrithatedned &P cana” NAVE one or e atons

chain alkyl group. A more preferred group of carboxylic acid

25 ligands include adipic acid (or adipate), glutaric acid (or
glutarate), pimelic acid (or pimelate), succinic acid (or
succinate), and malic acid (or malate). Whether the carboxylic
acid ligand is present as the acid or is partially or completely
ionised and present in the form of a carboxylate anion will

30 depend on a range of factors such as the pH at which the material
is produced and/or recovered, the use of post-production
treatment or formulation steps and how the ligand becomes
incorporated into the poly oxo-hydroxy metal ion material. 1In
some embodlments, at least a proportion of the llgand will be

35 present in the carboxylate form as the material are typically
recovered at pH>4 and because the interaction between the ligand

and the positively charged iron would be greatly enhanced by the
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with a lone pair of electrons at the point of reaction. The |igands include
ani ons, weak |igands and strong |igands. Ligands nay have sone intrinsic
buffering capacity during the reaction. Wthout wi shing to be bound by a
parti cul yresexdd arath®meddte vo1y nitanryes schebkevecd han. t heod itgands have two

nodes of interactiaon: (a) substitution of gxo or. hydrox roups and,
thereforéyoFﬁ@BFbBFa??éﬁg"qgﬁ ﬁs?éFg&F?“B%@éFeﬂf”gﬁéﬁa%g%ghhjthin t he

mat eri al saBdrddncenantispaad firesaghs ampth oo icone paialIf ofnetésen) . These two
nodes likely relate to, differi nmet al -1igand 10affinities (i, e, sfrong

| i gands §8P¥%$B“ﬁ6FﬁErléﬁdt&@aE9$T5%ﬁﬁ§7 iSﬁsafgngﬁgiféfFéfB.i%ﬁ%re is
SOME 8Vi GeRACEon ke@UEo £ty rient workidihgt idhiesedwbotny pes gof 1f gawd are
synergistic in nodul ati di.ssol utjon characteristic f e materials and,
perhaps,lﬂﬁé?%fﬁ%é,dfﬁFﬂ%P%?ﬁfn? JoPher 5%%%¥é¥¥§1?§sa%githe 15

mat eri al .cakbotfliszecase, drabmlikgand typesofare used and at | east one (type
(a)) is denonstrable as showing netal binding within the material. Ligand
ef fi cacy, probably especially for type (b) ligands, may be affected by

ot her conpeneatisy,ofliyiedsystkethcparraced am yhel ectirblppbee RO.YTheoT ati o of

the netal ion(s) to.the |igand L) .is. al.so amnet the solid
phasell i §¥fge &FFFédl%%FV§8§6§E€d%b§§dﬁg%gﬁeiﬁ%ﬁﬁﬁgggéggfﬁiﬁat can -be
vari ed ape@sdidghkaithe preipkads dof steosedichertenidlo wagy 2heoppapedti es of

the materials. 25Generall the useful .ratios.of . wi.b |+ he between 10: 1,
5:1, 4:1,°321P°%. fxgnﬂV%fggxéﬁaeifﬁsﬂﬁzé?nf¥%?1§%5&%#ﬁﬁ:10. Produci ng and
processi ngghhe(phasphatterii.ndeénssome em@ediereakbyof tte phesphat e bi nders of

AT e R R e e R o T
opt i opal Eyampyedf wrt hegaddsgahds oay dehenp borgpohentlss Hugsank edtteR6nhredi um at
fo & secoft FHBP Lo batue S BETT G Thrber B Tat oo d ool lorg of the - A
| i gand- madiipiecdqpdl ygbxmhydroky, netrabri@moidt efddlC 86iBe FHITHEAC
acid, aspartic acid, pimelic acid, citric acid, gluconic acid,
lactic acid or benzoic acid; food additives such as maltol, ethyl
20 maltol or vanillin; ‘classical anions’ with ligand properties
such as bicarbonate, sulphate and phosphate; mineral ligands such
as silicate, borate, molybdate and selenate; amino acids such as
tryptophan, glutamine, proline, valine, or histidine; and
nutrient-based ligands such as folate, ascorbate{ pyridoxine or
25 npiacin or nicotinamide. Typically ligands may be well recggnised
in the art as having high affinity for a certain metal ion in
solution or as having only low affinity or not be typically
recognised as a ligand for a given metal ion at all. However, we
have.found that in poly oxo-hydroxy metal ion materials, ligands
30 may have a role in spite of an apparent lack of activity in
solution. Typically, two ligands of differing affinities for the
metal ion are used in the production of these materials although
one, two, three, four or more ligands may be useful in certain
applica;ions.
35

For many applications, ligands need to be biologically compatible

under the conditions used and generally have one or more atoms
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(c) separating, and optionally drying and/or fornulating, the solid

| i gand-nodi fi ed poly oxo-hydroxy netal ion material produced in step (b). 5
Exanpl es of conditions that may be enpl oyed include the followng using a
first pH(#Atwhi dbnespdiasoft haac2:dhsand tﬂme p@écbn@lf ptdat8)omhi dhei s bet ween

3.0 and 1 refealy bet wee drmre refer bet ween
4.0 and G%b 1fyl naéllé’uf tvﬁeaekr gé r|’%Sn azralp "F’oJf)Onﬁ1 e grrlg urg12 %16 ESC) I n

general , my|rmvlaospmefmumdsihamuﬁﬁershepca(};a):;tymzsmguthe)nrw’manns 20 to
100mv Fe3 0 to 250 sujtable ¢ rbo [.ic Cld a and nore
G A OMTESS Bhd Bt borar ke Trdnas afard

preferably a out ‘preterred |igand
is adipi C11amrd:or$5bé'hae\&emaaat tlon lobaadg drdiedave mmieer pal imeerachéon be

fol | oned re steps in i.ch the materl E cterised or
t est ed. PE}/ Su 5 Elgnp - the tes Fﬁﬁx%fgﬁoﬁgspﬁospﬁ(&?e ?Ilglegl ng materi al
may be camcmed)ocnatwrm wiithr @ bargal wicvvalentdeheratier enehor HEre properties

of the rraterlal, nos ot abl |ts dIS ol ut.i.on file ﬁpg/ one or nore
phosphat e " nd‘arllgarﬁr obbgrtl es¥ er na Sor t>}08r %a di % %na? Y, l%frqe process

may conprfisssechen vadidsy, ligedy ztéﬂrmglnoad:tﬂﬂerrangcmetprleéessnd or physically,
e, 1 OUBN B TLET ONIET 10, BLOCESS 8 FELIAY ERSd) Uk paLpicle Size of the

ferri’d i rdn conmposi tTon an ect T Tic erric rron 25 phosphate
bi nder tol:cmaeld@r/anmles fﬁqm hee J;H@@@SSl n’qwsieeps prmd [peidayce oirproduci ng a

final ”%’%Jeﬁltow r L% f Qneadm nyi I%Eaéftr Olggtagd a, suly st o 1@&66@'{\63 of
further stepsinc e, But"are"ho rm washi'ng, “centri fugati on,
filtrati artpdlslplrtaygdqiysatqutﬁone@@myangstmcgﬁmm ytlartigrl@l/@rﬁ-rkﬁir ying,

dialysl S o dlildolndy 80 1 A0U) A1 AN SREAPULRL! D rJANLELL NG, JF XhDO.

conpr esa% AOST ZIi ng Tahd i Cront Z1 ng. In sone e i ments, additional
st epslBrraynabﬂeer@arlrl eth duti sbesweertwohéigaid itabepraguctsiegnant athdeasterial and

any subse ﬁﬂquyﬁée&i 1%53&ﬂggﬂﬁb%lhsagQQﬁMhﬂggﬂﬂﬂﬁ.ﬁlﬂggﬁ§QHﬁﬂEn These

addi ti onal post=productio ication steps may | nclude the steg
washi ng tHe material, flogaesanplicanyt hoTetadlyorsredailldyi Br domeailhi ng a

further 'ilgg%ﬁswyyao% UeeOLL LR, 8 enL Aalordifichf K @hs By, 0UNd L0
renove inpurities or replace an incorporated |igand
particularly electrolyte
20 i
The ratio of the metal ion(s) to the ligand(s) (L) is also a
parameter of the solid phase ligand-modified poly oxo-hydroxy
metal iron material that can be varied according to the methods
disclosed herein to vary the properties of the materials.
25 Generally, the useful ratios of M:L will be between 10:1, 5:1,

4:1, 3:1, 2:1 and 1:1 and 1:2, 1:3, 1:4, 1:5 or 1:10.

Producing and_proéessing the phosphate binders
Generally, the phosphate binders of the present invention may be
30 produced by a process comprising:

(a) mixing the solution comprising Fe®* and a carboxylic
acid ligand, and optionally any further ligands or other
components, in a reaction medium at a first pH(A) at which the
compornents are soluble;

35° (b) changing the pH(A) to a second pH(B) to cause a solid
precipitate or a colloid of the ligand-modified poly oxo-hydroxy

metal ion material to be formed;
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the further ligand, thereby increasing the Fe34 content of the material and
its phosphate binding capacity and/or providing the 5 material with one or
nore further properties because of the presence of the further |igand. The
effect of thi $ci ssafemanshg ated bptideléxadpties and/dms fdirmelssiad  furt her in

t he section bel 0 dro nd..oxo_qgr Le t ] ion may

enpl oy aﬁgev\% 1118??1@/ eé‘ % |o%sh%§?§)ég2§eetﬁtlr g??o%ést%;éﬁg% can provide
for hydr (pxydxscmcf daesgsouis .and oxo bridging in the formatien of these poly
oxo- hydroxy materials. Exanples include but are not limted to, 15 alkali
sol utions such as sodi um hydroxi de, potassi um hydroxi de and sodi um

bi car bonakempltdmtofmum«ﬂhﬂmnaddlm:t teyi perewd ey OHncladantiv feil XUt or acid

soluti ons, S46, a5, Tineal, 26108 9 91930 schdg Lhal bl dpheopded (o

xture e condifions used to produce the
phosphat @hbcmdnm@ec@mosﬁ 10 ang Iﬁf Ot herpfeasedy Peivesn and My Beltailored to
control the physicogherical, Datur g of sihe. B ecipidate:ngrot hesui se assi st
inits CSFe ol Crecovery or formul ation With one Or nore excipients.
This may remcmiote apummsetfanipemtmm tiRon2oTClaggFomeangredn, 1orist he 25 used

drying ot orinding, siens Lo sybseqyently,athectyifie mberd alosaronstties.
wev r, ese are genera Varidbles to any such systemfor solid
ext racti endfﬁs@moazgomwﬁ)m phasshleAteeroxndpar acidr 1R Ehe2 5t 86T Bi t at ed

mat er i al ?Myogéﬁgﬁal!dn% bexdr i edihef of @S erofnd uritbhgn. f ormul ation. The

dried pr85 owever, retain sonme water and be in the formof a
hydratedpsefQIhxmaseamdgmﬂddmpdxﬁﬂéd poly oxo-hydroxy netal ion material.
It will be apparent to those skilled in the art that at any of the stages

descri bed herein for recovery of the solid phase, excipients n§¥ be added
t hat 1A x Thé t $ertave th pyand-ansdhfi} @t epBRye B35 loFaY hifiTo Ry %%ija‘?weido mat eri al

but do NBle nodi f Yot Q@e}pé '1r£a§4}{1&§rttﬂech1§t@fﬁ@laﬁ§ st kb hsed \UreW to.
optimsing fornulation for the intended function of the Exanpl es

ma
of theseteotsdt Be, vhytohrxappted iHhet e tid9 gyt |p|§1°8§hab‘?1§3 %ofl? pi ds
(e.g. ph%ﬁ@@ E?d¥kycgglbﬂ§%eds&gaﬁ§ @ﬂgr@QkVSQCﬁﬂ&fkdesetengam aheohol s

g_ag o %gergore pr%ge)r/gféss of tge maqcle)(:?g{lylmeons?:gqugggly( Fl)lt%s) gilsso ttaur ochol i c

20 profile and/or one or more phosphate binding properties.
Alternatively or additionally, the process may comprise
chemically, e.g. through a titration process, or physically, e.g.
through a micronizing process, altering the final particle size
of the ferric iron composition and/or subjecting the ferric iron

25 phosphate binder to one or more further processing steps on the
way to producing a final composition, e.g. for administration to
a subject. Examples of further steps include, but are not
limited to: washing, centrifugation, filtration, .spray-drying,
freeze-drying, vacuum-drying, oven-drying, dialysis, milling,

30 granulating, encapsulating, tableting, mixing, compressing,

nanosizing and micronizing.

In some embodiments, additional steps may be carried out between

the initial production of the material and any subsequent step in
35 which it is formulated és a medicament. These additional post- '

production modification steps may include the step of washing the

material, for example with water or a solution containing a

18



5 In other enbodinments, further Iigands may be included in the reaction for
producing the Iigand-nodified poly oxo-hydroxy metal ion naterials, so that
t hese |igands becone incorporated into the nmaterial. Exanples of |igands

;23} may lﬂag’cmﬂ udgdnéNsidd @swaycd dapebedectospbatsenpbakendwehi bi tors

A orI a .ng‘éﬁ?t S{loceggs %bll_ e 01;JI égw di ngtladdl ti gnal rt h%r %gegt |acm$WJLt
physi ol og opEFtTes HEH A8 fHot’ €8t F5h BF PR AT SH,F or exanpl e
t o amel i okat erpahent Ili:ltbarg:B,SttltheleP de.cekhechs thhareirayorasaur obnthe

adm ni stratjon, of t hat e, bi.ndi ng mat eri.al. subj e

Al't er nat i PeFs~! aﬂ 'T’tl?srg’ BPRYS ablﬁ‘r?&gﬁh‘é?%acd E’aﬁ%d%r{hlpﬁb}”émagnépgr a
subst amce?ga@@mlfx@i;rﬁa@ieé :dlf &br@gfxgas)d e pr@pedelefsfmalsﬁayf behd ormul ated in
a conposition wi t an difie xQ-.hydroxy metal ion

mat eri al , PFERENG5 REdEIF ﬁ“t 8r %D gg aeefs‘%ﬁ %g t%r% %/ﬁe sgctl on bel ow.
20 By V\Iayd@rﬁortslﬂru@bﬂaim Othe phaﬁpma endpt akei ddukisbd t brrghareimetde known in
the art and t|:ncl g ni coti nam de, niacin or the inhibitors described in US
2004/ 0019%%%°Us 5064/ 0019020 and WD 2004/ 085448. Exanpl es of substances
capabl e of aneli or ati ng 25 gastri c side effects include retinol and/or
riboflavin, see . Nutr. Sci., 138(10): 1946-50, 2008.

For mut &t i GRS AR aﬂgegxefh%méﬁsl d phase materials of the present invention
may be 30Therprdsabedifieentise asy phesplyatey biavdiofngfomtieni aydraridiaray be used

to treat hyperphosphat en a, t d/ i h
Conposi t i 6% chp ECB?%%%%on:szgk\é%i rc%r?a??ﬁm%de r}ro:ﬂs%é?dlfd&%lcggg%?%nyi ot oﬁe or

nore of bt beowsd Iaddpbﬁcseaﬁ‘ﬁﬁigehgahs tofe tfbemam/cenblfohhetas pleayneceut i cal |y
accept a XCI i ent rrier buf f tabi lLs r, r terials
mﬂy ro% Eggegk?f' xam? es 1nc %éﬁﬂ;a LSS qJﬂ%EQ?dt,

wel | kno Y ed e art. materials shou e non-toxic
and sh®ul dixati smm:iomarﬁdcyl hat sydieme hwiltdxitdee pbticHey bFATdieidsol i d phase

material s_f or tdh a n i u n Q@ regi-se.natur f ithe
carrier of “otier™ corgrg%arl%n (% ‘gleaq:r gll%gltlgdb% g ﬁ%n%%r gr rg?}?e lof
adnlnlstramlMﬂ1mgktuhe, or aCld solutions such as mineral acids or organic

acids, that would be added to decrease [OH] in an ML mixture.

20 The conditions used to produce the phosphate binding compositions
of the present invention may be tailored to control the physico-
chemical nature of the precipitate, or otherwise assist in its
collection, recovery or formulation with one or more excipients.

-This may involve purposeful inhibition of agglomeration, or the

25 used drying or grinding steps to subsequently affect the material
properties. However, these are general variables to any such
system for solid extraction from a solution phase. After
separation of the precipitated mateiial,-it may optionally be
dried before use or further formulation. The dried product may,

30 however, retain some water and be in the form of a hydrated solid
phase ligand-modified poly oxo—hyaroxy metal ion material. It
will be apparent to those skilled in the art that at any of the
stages described herein for recovery of the solid phase,
excipients may be added that mix with the ligand-modified poly

35 oxo-hydroxy metal ion material but do not modify the primary
particle and are used with a view to optimising formulation for

the intended function of the material. Examples of these could

19



5 conposition. These conpositions nmay be delivered by a range of delivery
routes including, but not limted to: gastrointestinal delivery, especially
orally and nasogastric delivery; parenteral delivery, including injection;
OL by inB!a?-”iutﬁEr@P@i&.t fﬂfgli]cﬁécﬁaf&, bﬁ%@mm@sprpﬁﬁimriilmﬁidd;qb.my ?'e us$g f or
t hi s purpose or main or anot her purpose but. have this efiit. e
conposi t PP e b%%‘)lﬁé‘reéi nSYHHRY SafsH H?étyéﬁﬁf%ifelélefsbrSurgéarﬁ)\"}?ﬁ%oplﬁ’osphat e
from f ooqe 8§ Ufdfi§cPFODY, tR10MRESLNRL foMpdrydtaylsedgobyel BEA)enswd ng phosphat e
fromdialysis fluids, plasma and whol e blood. In particular, the :
conposi tF%‘t‘l’éOC@é’ﬁlBeaﬁJscgd in dialysis fluids to 15 enhance phosphate renoval
duri ng haenodi al ysis processes. Pharnmaceutical conpositions for oral

adm nistration may be in _a tablet, capsule wder , liquid form
spri nkl eIBrO%{’esruF%qBB&é“efn(’iSd-g‘ﬁfﬁ‘le? g‘l‘{’)%{b‘ﬁ[segnaﬁg}f/e ilﬁlccllgged alnsgﬁ%d carrier
such as gehation @braprailjcivianthe Capsud-esdidyectawel yspectiatdoad peigperti es
such as - 20 an enteric ati . Liquid, pharmaceut | Liians
gener al | y°R MANGde2as| ﬁﬂuﬁ: aiaﬁ%sgr hé%%lhdsgé)eﬁﬁ?%rfncﬁe?!r% eum%ani nmal or
veget abl ga@ddisl .M peamb1eai bf ori@ydshetdtc meiyl be Phydivdedgitdihisavdhe

solution, dextrose or_ other saccharigde sol ution o et hyl ene
gl ycd?, pRropiicerBOgPIRYE Y6F2 %Ijﬁléltlhf/g%%se aéjlléfggl Z%Jb%%;g[g%ascia%glﬁg%gozf. Wher e

the soli grbvigand- vodi fiedpohyraxothy droxhybéeléaidadnprerertiiah #ch he
present invention,needs to be naintaingd i Lid_ form-£e0. to control
the deli Gér%ro&recﬁl%n%%ntz‘ﬁt Ior nfuﬁém%ht%% ar, ;fé)r#ﬁ)ya e .ne?cegsa,ry to sel ect
conponenpst@ftitheghsrmd atidene ficcosdtngt ynayeogeumtvar 8@l 1 SHFRH: 30
fornmulation of the materj.al..is £+ L@t er hal . .8 adei pi st er ed
with a fBgd@%e[ @#?p f efbolrrl%il%tl?%%%gé%yn\:%{qgn%g Wl be chosen topbe.
conpas i bhediitdnatihe phospipatee bintdee hetidviitar ardl roapPevitd@c8ui tabl e
- physi cochem cal and, of anol eptd & G0Ar LA LIJe3LLES -nadDpEOFodniHbaYENAYS,

cut aneou§®Bt°-subcutaneous injection, or injection at the site of
af f i cti ancorgveiacon viel imghedi@itd W ndeddi fipd FOvnPP 58 énteral | y
accept abl e_aqueou i on or suspepsiPnnMbeblria BYregan-ibeeeimnd has
sui t abl em‘f)ﬁ?l il§§t %ﬁ?%ltyl'arl]d stability. Thgse of relevant skill in the art
are wel | thble=dtdoprepkrve suitabl e solutions using, for exanple, isotonic
vehi ¢l es such as Sodi um Chloride Injection, Ringer's Injection, Lactated
SRinger's Injection. Preservatives, stabilisers, buffers, anéi oxi dant s
and/ or oBherawaddi iiVestiayope PirePhabe, URIS Keedit FUEO T The itérti al s and

conposi tions, usedykbn, ACCoidancaid hiicbhamaniesentiddiventi ame t hat are to be

given to an individual are 10 preferably adm nistered |i
"prophyl aekikidlory eepeetiagein @'04690}55191']'(3%?%%@%/@8;1?C))/ P&t ve anmount ™

(as the ¢ase/gmmbe, Ahddpaegho praphyhaxés dmybbe eonsiedésettiker apy), this
being sufficient to show benefit to the jndiyvi dualbocrjli ni cal_stgte,, The

act udP afBERtiadifiRi 8f BT, 1ARPISAEE AR t3IROE ot e 16F 15 Hdm hi strati on,

will depgnd an thernased e and (sevenoty-o6, Woas.i s being treated. By way of

exanpl e, phosphate binders of the present invention nmay be adm nistered in

anount s between about 1 and 20 g/day per patient, nore preferably between

about 2 avemdhgldayapervpatient and nost preferably 3 to 7 g/day per

patient. The solid phase materials of the present invention may be

30 formulated for use as phosphate binding materials and mady be used
to treat hyperphosphatemia, in vitro and/or in vivo. Accordingly,
the compositions of the present invention may comprise, in
addition to one or more of the solid phase materials of the
invention, a pharmaceutically acceptable excipient, carrier,

35 buffer, stabiliser or other materials well kﬁown to those skilled
in the art. Such materials should be non-toxic and should not

significantly interfere with the efficacy of the solid phase

20



~20Prescription of treatment, e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other nedical doctors, and
typically takes account of the disorder to be treated, the condition of the
i ndi vi duahapritiadat for Hehssiapplotaidr var guettienmet hod of administration and
ot her factorsknown to 25 practitioners. Exanples of the techniques and
protocol s nentioned above can be found in Rem ngton's Pharnaceuti cal

Sci ences, TROtHreRdBEE| BREUIEOOF, the ppinFdert or WHHET af@m R DEIEKTAY% . PeA conposi tion

may be adpilsiL£r8diad WGRE bR SN BALLAN MstBapidielod kRat nents, either
si mul t aneously or sequentially, 30 dependent upon the condition to be

treated. FeRPQHESpRat 71598 EPEPES Kidioas eBahdree PAL HESE 95k Panpl B8E Por t he

treat ment 40f ; fyReLBhESPhalaNhang THE 6O {i@Bq0fs ey Afi-8@stddtihenal
di sease, e;£$C|ally in patients undergoi ng haenodi alysis 35 and/or_patients
havi ng chiehiveror epRestddy PephlY dindeB3TOIARS riends bied vi nPi e teral

i ntroduct oG4 F At tdielARhSScf Qn NyPerphashhat em auhkes Jires a nunber
of serious disadvantages, - noSt significantly that.the prior art
conposi ti brelutkve REPS thafdesf Fhahothes befutad e Hots MEPPPRtYd "Ed"phosphat e

or capyse spde Rihect Suodtayet! ong: tarn safaty i streomdodbei grndi tions
that may be treated with the conpositions of the present inventiqn include
hi gh pl as@es PHESFhBRIRLT &7 &15h\Rfe CPROSYATALEH 5eBPY NI PP Eny “PRvel of

renal inspffd-Ci@rey, pAH @of epabudiibHr 8x i aBi &ctBnaly fandwime, and/ or
end-stage renal disease, including conditions that requir hg@ﬂvdialysis.
Qogre t

10 The cl P B tAnRagR SRt YEE S t ReEdiSe oRH T1%0 AR UET i nvention

may hel p to-@amehiber atige COMRbEECaLdNTaaSEOGIsaliedn Witdl iies g1 canditbi ons, such
as secondary hyperthyroidism soft tissue calcification, osteodystrophy,

hyper’Qal ceifinge Phosbhifise FFRPER hy 1 Giaf shAFguet Yo R G§ovascul ar

nor bi di t ypidrrpb2et®LEal |dohpokeadn DFor0dySst r-ephy i anedtaloncakgihyihaxi s.
Materials and nmethods. In vitro $hosphate q nding assay a} PQR&QQ%E@
bi ndi ng at2Piffsi 6RBFI Al FOYABENtH i onduid form, Sprinklie of &

food-stuff. A tablet may include a solid carrier such as gelatin
or an adjuvant. Capsules may have specialised properties such as

20 an enteric coating. Liguid pharmaceutical compositions generqlly
include a liquid carrier such as water, petroleum, animal or

~ vegetable oils, mineral oil or synthetic oil. Physiological

saline solution, dextrose or other saccharide solution or glycols
such as ethylene glycol,'propylene glycol or polyethylene glycol

25 may be included. Where the solid ligand-modified poly oxo-hydroxy
ferric ion material of the present invention needs to be
maintained in a solid form, e.g. to control the delivery of a
component of the material, it may be necessary to select
components of the formulation accordingly, e.g. where a liquid

30 formulation of the material is made. Where the material is
administered with a food-stuff, the formulation components will be
chosen to be compatible with the phosphate binder material and to

provide suitable physicochemical and organoleptic characteristics.
35 ‘For intravenous, cutaneous or subcutaneous injection, or injection

at the site of affliction, the active ingredient will be in the

form of a parenterally acceptable aqueous solution or suspension

21



20 A solution containing 10 mM phosphate, a physi ol ogically rel evant
concentration, and 0.9% NaCl was adjusted to pH 3, pH5 and finally pH 7.
The mass of bi nder was kept constant. The percentage of phosphate binding
was cal cuhatked acvopdémho teg: apSPosphatablts adi ngEtPPAEPFY GUPEP] ti ) /
[Plti)x1QQ,\h 1? [F’lrwsé S @&&%&eeuﬂlﬁntﬁé mn%maowﬁl iaB16hes i ni ti al
sol ution and ti 1s the concentration of mp orus in filtrate at

di f f er enbrepaee poiltesle 3P UyFipan wnor ﬁ@bﬁﬁé@ THeOLaRbmMYeR1Fsdt her ns
wer e obt @hgﬁdaé"%o@lguﬁt%l%e M%ng%aews%j&%@ﬁ alachted 2007),
except in vitro solutions also contained 0.9 to make the assay better
si mul at e R38aph\ssilal egh e - c8ﬁﬁ$%mﬁﬁsveShé§@bEhﬁ§WﬁhrbpéﬁPﬁérns wer e
generate@n@%oiﬁééitgngmﬁ&ﬂe%%H?PtéﬂdeQO&gtﬂd%“ﬁe“@ﬂéidﬂeﬂ‘|§§ e@ut hase in
"Phosphat e binding at physiol ogi cal concentration” except the nmass of

bi nders was varled from13.4-80.4 ng. In vitro gastrointestinal digestion
assay An;agopnte,q lEh§h§QkhﬁoEiQﬁHQ podh fiedcPOtyan@x@ifydiexy ferric 5 ion
material s or unnDdl ied ferric oxo-hydroxide, equivalent to 60ng el enent al

i ron, wepseseitfed nvenkiay ritiaét pee gesPRi €1 (et GAaeh) IsHIVaErdh 3750 nL of 2g/L
NaCly 0. 190 M Hh 200 On 310/ ek ploracwg@oma%cmc@mylerfcfueazw adbus?C for 30

mnutes wth radiral shaking. Then 5 nL of the resultlng gastric m xture was
added t 00802 nithsrapeusisridet PELeRIddenarowdl ul fonthc aitai Fhge10g/ L -

pancr eat L. gh\ehr2 by gxﬂs”mé?nﬂ\é bﬁoﬁ@[@@@i enbudper, pHif.SingThe fi nal

vol une was 35 niL and fina Hwas 7.0. The m xtur.e was i ncubated at 37C

for 60 nﬁhfﬁﬂQQ?nﬁaHPa?hQﬂﬁéﬁpﬂﬁltI%ﬁnﬁ@%n@Eﬂk?lgP?hLRﬁ%?lEiﬁiﬁtﬂﬁfre 3I ected
at diffepeptat izm@uRel s rdWi kB t h@dPFOELSSdabdne-course of

15 administration, will depend on the nature and severity of what is

being treated. By way of example, phosphate binders of the
present invention may be administered in amounts between about 1
and 20 g/day per patient, more preferably between about 2 and 10
g/day per patient and most preferably 3 to 7 g/day per patient.

20 Prescription of treatment, e.g. decisions on dosage etc, is
within the responsibility of general practitioners and other
medical doctors, and typically takes account of the disorder to
be treated, the condition of the individual patient, the site of
delivery, the method of administration and other factors known to

25 practitioners. Examples of the techniques and protocols
mentioned above can be found in Remington’s Pharmaceutical
Sciences, 20th Edition, 2000, Lippincott, Williams & Wilkins. A
composition may be administered alone or in combination. with
other treatments, either simultaneously or Sequentially,

30 dependent upon the condition to be treated.

The phosphate binders disclosed herein may be employed for the
treatment of hyperphosphatemia. This condition often arises in
renal disease, especially in patients undergoing haemodialysis

35 and/or patients haviﬁg chronic or end stage renal disease. As
menfioned in the introduction, current therapies for

hyperphosphatemia suffer from a number of serious disadvantages,
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15 centrifuged at 13,000 rpmfor 10 mnutes to separate the aggregate and
equat ed di saggregated phases. The supernatant was anal ysed for iron content
by I CPCES. At the end of the experinent, the remaining solution was

centrl Iug&@;gtlsfgar%%%céﬁﬁlilafhaﬁtﬁbnpﬁm the supersiatant laval ysed for the Fe
conten y LS . T ss of remaini.n terial (i.e. the wet pellet
was recor d8§C1Ebnd¥Erated?q PR&st d:&é&g?gaﬁ%ipbo\%%atbeelolre and tﬁe new)
mass recorsded. efhe-tsubeshaes e dngf teni Jagemyt esmersature until all the pellet
di ssol ved and an aliquot was collected for |ICPOES analysis to determ ne the
quantity of iron that did not 25 disaggregate / dissolve. The starting
f'irmuﬂt 50f The0BoN@S: iGakcuhat ethyf bentidwetddr anth ntHeheowpds peldnet opltee t he iron
in the supernatant. To.differentiate between sol uble_ iyon.and aquated

parti cul aP&e36"F rigiy SPh i Phe EUBErn i%thtp?lagf“ae%%%pt?ﬁor%spo?‘ﬁ l,%’t hi g fraction
wais al ﬁo Uhlylbféaf)lhd)é;ﬁ]l’aﬁdmiéﬁ yais{ding 3r@OGrhalroéecil apnaki ghruidatiofdy,

pol yet hersul f one rane, Cat. V30192, .Sartorius _Stedium Bi h GrbH,
Goet t i ngeﬁ,cuéﬁrfﬁﬁyi%ﬁﬁguﬁ%‘)’ai rzgﬁéicy’éeéglb;%af%ﬁﬁ':’san%ggkI%ﬂfﬁ&?%ggl y Coupl ed
Pl asma ((]I | GREES) didearzeantnphosiplyorusd corinent Baofresplinti bagnodiet ysiod i ds) were
measured using. a JY2000-2 | CPOES (Horiba Jqgbin Yvon. e, UK

at thedir E‘esg%{ﬁ“ﬁ Ravey Sigtth o6t %ﬁgfagﬁ%onasngméb&?%%e g’%gggﬁ%r us :
wavel engt hsveht 1%V md4O0hang/or a2ib4 i O enmomp Sotatticoss aneeelaticfuvedh in 1-7. 5%

nitric aci rior t.0o.analysis while solids I_ge i nGeNt rat ed
HNGB. The %8?8&?%5318?31 r%lhcsh r?SsSFﬁ?ngﬁyoPg\g% |h§|r%?igg%g’vv\§sotftdeet€gr m ned by
t he di fferdameefbcmm_m bk]es_zcs:tmtriopgyj rtmpecoallceaimniamq either the iron in the
sol uble p%@%grgérggﬂirbﬁgfsﬁr}é d%t§8£Jqxgggggagﬁﬂgﬂdhggbﬂﬁﬂgh%rasSay' 10

15 mortality, renal osteodystrophy and/or calciphylaxis. ‘

Materials and methods

In vitro phosphate binding assay
a) Phosphate binding at physiological concentratibn

20 A solution containing 10 mM phosphate, a physiologically relevant
concentration, and 0.9% NaCl was adjusted to pH 3, pH 5 and
finally pH 7. The mass of binder was kept constant. The

percentage of phosphate binding was calculated according to:
25 Phosphate binding=(1-([(P]t0-[P]ti)/ [P]ti)x100
Where [P]t0 is the concentration of phosphorus in the initial

solution and [P]ti is the concentration of phosphorus in filtrate

at different time points.

30
b) Langmuir isotherms
The Langmuir isotherms were obtained using the same methodology
as in Autissier et al. (2007), except in vitro solutions also
‘contained 0.9% NaCl to make the assay better simulate

35 physiological conditions. These Langmuif isotherms were

generated at pH 5 and experimental conditions were similar to

those in “Phosphate binding at physiological concentration”
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Determ nation of particle size The size distribution of mcron-sized
particles was determ ned using a Mastersizer 2000 with a Hydro-pP

di spersion unit (Malvern Instrunments Ltd, Malvern, UK) and nano-si zed
particl espast Inhdahes nbnednakth @ sZebasés etroNand. ZS0(Nahgern | nstrument s
Ltd, Malvern, UK). Mastersizer neasurenents required no sanpl e pretreatnent
whereas centrifugation was needed to renove |arge particles prior to

Zet asi zerrTeasys afm@itsin2&s ik agegbsAnahysisy( | R) | R spectra were

col l ected using a purasanp||R di anpnd AIR SOr Y W4-Rxa N et Avatar
360 spectﬁ“oﬁ’é?‘grf’t \ﬂ%t hhg éﬁ%?l?q&)”fng%gl%t?cp%ggogé%oh r??lrl% gn%&%glgol ut;/on of

Acm 35 AnahyahSeMene underiakenebyrdrESc Testinygrseidd cesiufurkdent g°Sunbury on

25Thanes, UK. Transm.ssion El ectr Cros 1 gy Dishercsive X-ray
Anal ysi s §OEOXFLEMIdE: SEAM é”?rﬁe?‘ggeéing)y%e%gﬁcye???s di spersing the powder

in 30 nethanekoandd henodrapicasti ngd.0f Btétidand holed/TéaPPER "FEN support

films. Anal yses were undertaken_by.the j e §ofn Meleen adisaRegear ch,
Uni ver si t%?péfmi_eaerﬂjs,mek}?aﬁfglagr 3?0? yé?) ulf?’rgfl&gt ugy to Assess Phosphate

Bi ndi ng ofnene@HAB0@ha5rAsulpant ofstaist niyturss@38i 2 avarRers Ut O9xi dati ve

damage and anti oxi dant status afte r.al _iron Supphaimiizathofhd @ggtudy was
car ri%é?d oﬁﬁntPStJd‘étdgﬁp%eﬁgi e Uﬁépndlf%%%écr%n%%%sgﬁgt eb( PQO bi,nding _‘coul d be

obser ved 41 phosphatechibders bhffde pir 8seht iTheehtitn YC88%° ) when gi ven

with a nmeal (containing 781.5 ph hotk Ws, {Phhs Bré@fdoedlat vl unt eer s,
each recé‘?IvéI((J‘dat ‘?gf;}f-nﬁgblf)ga"k Saggobn ) occaslilons \?vit,h eitherlinﬁg acebo or the

phosphat erdyi mderiwrwihf eadais shakphat eHDmPﬁ%@é’uﬁé?hbq‘b‘?Veﬁ r'andom or der .

Uine was call ected pre-neal,. ( t uriie) g @nd pesksspasti meal (expect
little orcchloLeﬁFF%ua% dﬁﬁggﬁ%aﬁ etslg‘gr (%/he&; from the neal %‘at 3-8 hours post
[

an
meal 1(sexpegitrizudedi5io 0B, A0S ombedophids pRatees Hat sﬁﬁéz%l‘é‘? 6d fromthe neal

to be excgégéggéte and aquated disaggregated phases. The supernatant was

analysed for iron content by ICPOES. At the end of the
experiment, the remaining solution was centrifuged at 4,500 rpm
for 15 min and the'supernatant analysed for the Fe content by

20 ICPOES. The mass of remaining material (i.e. the wet pellet) was
recorded. Concentrated HNO; was added to this wet pellet and thg
new mass recorded. The tubes were left at room temperature until
all the pellet dissolved and an aliquot was collected for ICPOES
analysis to determine the quantity of iron that did not

25 disaggregate / dissolve. The starting amount of iron was

calculated from the iron in the wet pellet plus the iron in the

supernatant.

To differentiate between soluble iron and aquated particulate
30 iron in the supernatant, at each time point, this fraction was
| also ultrafiltered (Vivaspin 3,000 Da molecular weight cut-off
polyethersulfone membrane, cat. VS0192, Sartorius Stedium Biotech

GmbH, Goettingen, Germany) and again analysed by ICPOES.
35‘ Inductively Coupled Plasma Optical Emission Spectrometry analysis

(ICPOES)

Iron and phosphorus contents of solutions or solids (including
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10 Results 1.Production of phosphate binder Broadl i

_ _ y, the phosphate b
described herein were produced by totally, or partially, ngutrglisinglggerS
acidic solution, typically 15 at pH<2.5, containing, at |least, soluble
L)e(gr L;dfg%%%OQEdﬁpﬁﬁﬂel gandsreSubseguenty2y)0a2 | 1aFQRE- tbdiitredobin

- xi de material was for once a .suitable ﬁgﬂ;
typically %ﬁ”b#&é;BE%WPFHISOUVQRgeaFeggiéFS %g%ﬁﬁﬂg ?%%Be ofﬁgggétegies
(e.g. centzid waat hvn)andNatethdhathosheoproduceilengidfs piosphatd BrAG®Ts 20

descri bed bel ow does nqt .i ncl ude any st -pr.od iQn _mpdj i [
hashi ng. 122 -Ba6H 100 °TE B B0 TR DONKEr Ront a1 H RS 400 1of AALO. 4. 50

KOl and; 7.3g =251adipivtiiaei doeie vaddedigshiednivktiureongaststies 840anti | al |

of the conponents djssol ved. Th 100 .G ol j
Sdded ( S0P BRESS (B0 ot LoaR Ao  H AT o BhtE g haS ki an ras

concent r athpreHef di £ Brentet hetsadrutthons wast 140 Mwardnkert vekd G169 W v. The

pH of the final solution t ich ferric..ir was, a i
bel ow <2 ahtf d<G8I 5 tﬁ]@o&f)gf\.}gg‘? p%c?steh%% tnqexgg?e, Nae%i gvggp% dé‘g@g?ggl l/vlyse

Elfrom a SMidjadisgl i itore peepared in ddH20) with constant stirring until pH
.5 %é% (see Figure 1). The process was carried out at roomtenperature
(20- 25C). The solution was then centrifuged and the aggl omerate was 35
air-dried bereaxmiayenomtoApErtIhke driized material was nilled by hand or

mcronized with a ball .mll. 1.2 .FeQH Adll 107 08 &EHM
produci ng F¥OHAR100° 3107 HRs %éﬂlscg?rg as ?%Pglkzg%ﬁ%fgg gxce@ﬁa;odi um
§

Silicate sedug anugSi0aiNa0HpoNRs WSed Rristead B SHEFOFIOP oI P B sEt KB PH,
thr?sntr%%re]}l ér!f_.scdzjﬁ)a%lveré bxs EgOH Hutarte 10 ticles was
15 determined with a Zetasizer Nano 23 (Malvern Instruments Ltd,
Malvern, UK). Mastersizer measurements required no sample pre-
treatment whereas centrifugation was needed to remove large

particles prior to Zetasizer measurements.

20 Infrared Analysis (IR)

IR spectra were collected using a DurasamplIR diamond ATR
accessory with a Nicolet Avatar 360 spectrometer with a
wavelength range of 4000-650cm™ and resolution of 4cm™. Analysis
were undertaken by ITS Testing Services (UK) Ltd Sunbury omn

25 Thames, UK.

Transmission Electron Microscopy and Energy Dispersive X-ray

Analysis (EDX)

pPowder samples were analysed by first dispersing the powder in
30 methanol and then drop;casting on standard holey carbon TEM

support films. Analyses were undertaken by the Institute for

Materials Research, University of Leeds, UK.

Exploratory Human Study to Assess Phosphate Binding of FeOH Ad100
35 As part of a study assessing markers of oxidative damage and
antioxidant status after oral iron supplementation, a study was

carried out to determine whether dietary phosphate (PO,) binding
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The procedure for producing FeOH dutaricl00 was the sanme as for FéOH Ad100
except 6.6 g glutaric was used instead of adipic acid and NaOH was added
until pH 5.0 0.2 was reached. 10 1.3 FeOH Pinelicl00 The procedure for

produci ng. FeQl, Ryl cd 0 MBsothie saBen@s:J of FedhbrAdifo exeeptos. 0 g
pinelic was used i nstead of adipic acid and I\laCl—l7§F§3 addeglo unti-l,spH 4. 2
0.2 was ri@&shed) "IBngiver b pHESThACRYH M g’ 2 T BOpPhding at

physi ol ogjgal concentr asiwnuhbeeid ORa0X tecdierti yidrdit-e bseatglalstkaown t o

bi nd phosphate. For éxanple, follow ng incubation at pH.3 f 60 m nutes
and t hen IHcesHFoM1ED 4 HFEeBL 2B NGTT BFG i 8???%6 vtxjnq‘lnflgf)iér)ﬁrj about 30% of

phosphat & f.r.om as2Qnake 10:HEM:phoOsRN @t @es olitriaonof Rigiere 2&)ineOnaa sl |

scale this may m m c, physiol ogical conditjons in_the.u fi.%ggghate
bi nders. ®lpeeted me¢ BABLNISPE B?Htﬁ)ngaft'sb_'o%(?%oﬁﬁae?oﬁtdgﬁﬁ?c% condi tions as
seen for the;copBILiak nPhpsnbapieat2b deirhded fRenaget meed) yard yitasiRe

hydrochl oride (Figure 2a/b). A yet nore preferred unt . i -85 % under
i dent i calhczondpestomsalasexes FrithethrEROE AIESP m&s%ﬁ%ﬁe‘]%‘l ndi ng agent

| ant hanum car bon LOUL e 28/ B -«:eQHAd100 and FeOHAd100 Si 2 achi eve a
phosphat ergeﬁilﬁﬁlgng}og? (tggg‘gS% bi ndi neé under these conditions 30(Fi gure 2al/b)

illusrating significant beneficial nodification in relation to

ferri hydrli tS%l@Lone. In Figure 2a and 2b, white bars relate to experinents
carried pH 3 and grey bars pl-15, and black bars are at pH7 (in

Fi gure 2bl.onl yhrodantdiom ol Pheg@iede Ré"¥inder was first exposed to the |ower

pH for Ex%ﬂga%ﬁg?stﬁH“EhEgﬁﬁbte binders described herein were produced by
totally, or partially, neutralising an acidic solution, typical}y
15 at pH<2.5, containing, at least, solﬁble ferric and one or more
ligands. Subsequently, a ligand-modified oxo-hydroxide material
was formed once a suitable pH was achieved, typically at pHE>3.5,
which could be recovered using a range of strategies (e.g.
centrifugation). Note that the production of phosphate binde?s
20 described below does not include any post-production

modifications, such as washing.

1.1 FeOH Ad100 '
To a 500 mL beaker containing 400 mbL ddH,0, 4.5g KCl and 7.3

25 adipic acid were added. The mixture was stirred until all of the
components dissolved. Then 100 mlL of a ferric iron solution was
added (200mM FeCls.6H,0, 1.7mL conc. HC1l in 100 mL ddH;0). The
final concentration of ifon in the solution was 40 mM and KCl was
0.9% w/v; The pH of the final solution to which ferric iron was

30 added is generally below <2 and usually about 1.5. To this
mixture, NaOH was added drop-wise (from a 5M NaOH solution
prepared in ddH,0) with constant stirring until pH 4.5 £ 0.2 (see
Figure 1). The process was carried out at room temperature (20~
25°C). The solution was then centrifuged and the agglomerate was

35 air—-dried in an oven at 45°C. The dried material was milled by

hand or micronized with a ball mill.
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35 the higher pH(s) for 60 m nutes, all sequentially. Interestingly, when
assay conditions were changed such that the exposure of binder was made
directly to the solution at pH5 for 1 hour, but w thout 'pre-conditioning
at pH 3 far. 21 Fleotir adie Jalesphat e binding fell sharply for |anthanum

carbonate from 70- %( Fi 2) ot %6 Fh aure 3s o capd rastophosphate
bi nding 5 q%’f?’ %%?—f&ld%%oofégdg%ge%éioge%?égﬁﬁgl Ogn"lg’ys ftr om 80- 85% ?Fi ure 2)

t o 65- 75%FePHghu ) B)excepti T atddigns apkirdage bohdiieg b§i@heaPhl twee Bffeer

under conditions t ex| ; i,0l ogi.cal 1 ¥ . costivRr andial. gastric
pH) . In t e >coh eox{q%aTog%%e%%%% {ngsél? ighg séo&i\}\%r%?ﬁ %oti ri'gg1 t hat | ant hanum .
carbonate can be toxic and 10 Renagel is a non-specific binder. 2.2

Langmui r ts, - 1.nati,on of affinity and capacity W further conpared
t he phospﬁége%ﬁpﬁg&%g{%ﬁ%}o{)i es of FeOH Ad100, FeOH Ad100 Si 02, and

| ant hanumThsi pgedahgreuifpri sothering. F4B Thatiaig®l Faaqile ioRerat %8s t he
adsorptio n I I : tsati@p; angd-iwas

adapt ed to%eggtéanﬁlgxgﬁgga??? ﬁg?tgiqéﬁ é;g%gc?%/(ﬁol%g{e%g@a%%vée Eot ed phosphat e
bi nders: Ehd=(adH vGadlaanK? Kl pH=5a¥x 0. 24 Ceacbedcentrati on of

adsor bate unbound in mM Cad/ m = nmol of adsorbate bound per g binder Kl =
af fi nilpy; K2 - capacity It was not possible to determ ne these val ues for

Renagel becauseor pimelicl00 ‘

The procedure for producing FeOH Pimelicl00 was the same as for
FeOH Ad100 except 8.0 g pimelic was used instead of adipic acid
and NaOH was added until pH 4.2 £ 0.2 was reached.

15
2. In vitro phosphate-binding
2.1 P-binding at physiological concentration
The iron oxide ferrihydrite is well known to bind phosphate. For
example, followingiincubation at pH 3 for 60 minutes and then pH

20 5 for 60 minutes, 54 mg ferrihydrite will bind about 30% of
phosphate from a 20 mL, 10 mM phosphate solution (Figure 2a). On
‘alsmall scale this may mimic physiological conditions in the use
of phosphate binders. A preferred amount of binding is = 50%
under identical conditions as seen for the commercial phosphate

25 binder Renagel, polyallylamine hydrochloride (Figure 2a/b). A
yet more preferred amount is 70-85 % under identical conditions,
as seen in the high affinity phosphate binding agent lanthanum
carbonate (Figure 2a/b). FeOHAd100 and FeOHAd100 SiO; achieve a
phosphate binding of 80-85% binding under these conditions

30 (Figure 2a/b) illustrating significant beneficial modification in
relation to ferrihydrite alone. In Figure 2a and 2b, white bars
relate to experiments carried out at pH 3 and grey bars pH5, and
black bars are at pH7 (in Figure 2b only), and in all cases the
binder was first exposed to the lower pH for 60 minutes and then

35 the higher pH(s) for 60 minutes, all seqguentially.

Interestingly, when assay conditions were changed such that the
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25 its low affinity required a higher concentration of phosphate than the
physi ol ogi cal |y rel evant concentration (10mthat was tested in this
experiment. Langnuir isotherms were generated at pH 5 and experinental
322d;;:pgﬁp¥ﬁﬁ% ?gm%hg%uZQaghﬂg% $ﬁr&i@MfFozahbsoexc£¢ﬂaﬁheﬁnﬁaguof bi nders
i rom 13. 4- 80. : e results are_shown in the T
and denphst?die Pthatt 0¥ Caf PYRTIAP 5L ¥HmY aP © T % E%rt%rhé)élrcg%egglngs,belba}[,v
capaci t thé;sﬂrﬂaft%r bordimy feant srapmycasbanratrandd caPhosplatiecbi hder 1( 1
(Affinity)K2 (Capacity) FeOH Ad1001.53.4 FeOH Ad100 Si 021.42,9 Lanthanum
Car bonat 81% 6(Figu3e ?h A £PB? geiErEei fit et REPtidsssBIRRRGTe PR | e the
phosphiat By %é&ﬁﬁ'&goébéﬁd L OREQYOeS 0PNe 18X3iM) greh fowsR flergihydnite has
been nodifie ereinto alter its pf1y5| cochem cal properties, a second
exanpl e £s @it19%t HBighrss @) ut Lok qatond | wirsrioeryinddndi oy piie Afth 1.2 the

iron in gg‘?{%ﬁ%ﬁgeﬁn&fﬁ%oég%l%yié(irs%ggﬂ]k_é’idib@i@&mﬁ @whgle that from

unnodi fi rihydrite is slowy dissolve or_beneficial 10 ap l'ication
FeOHAd 1000 aicbRag i AJIOSIO2PHI | | IBethhigeatedt it FUPBHHP L wiF | 4) argel y

remain par i oyl ate,al: ROShaPr AdiahuRHE (R11P2. &) bBUtothesedl abor at ory

di ssolution data are sinply showmn to illustrate that the agents cl ai ned
di ffef mBekealy ifr amdersrehydis td dFFgure 4). 15 ]

2.2 Langmuir plots - Determination of affinity and capacity -
We further compared the phosphate binding abilities of FeOH
Ad100, FeOH Ad100 SiO,, and lanthanum using Langmuir isotherms.
15 The Langmuir equation relates the adsorption of molecules on a
solid surface to a concentration and was adapted to determine the

affinity and capacity of the above noted phosphate binders:

C 1 1
=—Ct—r
Cad/m K2  KIK2
y =a*x +b

20 C = concentration of adsorbate unbound in mM
C,q/m = mmol of adsorbate bound per g binder

K1 = affinity; K2 = capacity

It was not possible to determine these values for Renagel because

25 its low affinity required a higher concentration of phosphate
than the physiologically relevant concentration (10mM)that was
tested in this experiment. Langmuir isotherms were generated at
pH 5 and experimental conditions were similar to those in Figure
2a/b, except the mass of binders was varied from 13.4-80.4 mg.

30 The results are shown in the Table below and demonstrate that the
affinity is similar for the three compounds, but capacity is

inferior for lanthanum carbonate.

35
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4. Particle size determnation Figure 5 shows that the agents cl ai ned
herein have an aggregated particle dianmeter spanning 10-100 umwth a
medi an di arret er around 40 um (a) upon dryl ng the range is increased (b),
20 especi a o 1a stzes (TTedi 00 um T(c&aBc restored
W t h basi cbtf‘éf rfartfge Fg'rldeexarrpl e (c) g? g\%ﬁn?glguced fuls%h(er w)

m croni sat x9fy Afq1d@nosi zing (not shown). 5. Chem cal tharacterisati on 25
5.1 IR characterisation The infrared spectra.of FeQOH Ad100{(Figure—6) and
FeOH Ad100rSb®2adlkiogate. 7) were obt aihed and showed t%e9 pr esence of two
bands at 1583-1585-cm-1-and—1524—1527emi—Fhese—are gbsent n el ther
unnodi f i edLP@ﬁEfl‘quW‘dFF‘F}éor(?iiegure 8) 5r6 adi pic acid (Figure 9) and 30

- indicate the—presence of Some bonding between the carboxyl ate- group of
adipic acid (at 1684 cm1) and a cation, which can include iron in the FeOH
Ad100 and FeOH Ad100 5i 02 materials. 5.2 TEN FeOH Ad100 El ectron

diffraction gavg %E’HSfdé%ecrfotagz%ea(ﬂlnamedﬁmﬂmra%nat 2.5 and 1.5 Angstrons
respectively); ‘these are diagnostic for the 5 presence pei

ferri hydrimheélpi Kee sthogebake Rimdgasedidh -y AFeY eﬁef’n?o‘?xam Gf 7% ol “oxi de
such ag Akag ?9§§g§ﬁt(e1ha9rb@@r§ Qrddh @Ne@%@hydn oxi da)eer itmgheni te (y- or

gama- i ron Oxi Ive conpletely different pl ar]L? spaci S nesee Cornel |l &
Schwer t namhySTh@Chqf@rﬁ?a@(PH@%e@ﬁeﬁct%urseecopﬁof)’éﬂﬁ s °REActions, Occurrence

and Uses. 2n g }g X }gg@llé/qi R’,léle sheris, pﬁlew;\)forplﬁ) 1. Zrhtetaegemenain
"sh

conposi ti on ows the presence of |ow |evel ; ndoK with
si gnifi carﬂeoﬁé@b@% agfd FeOH AP SEO¢ ﬁsgﬁiaglcg )dls‘?ﬂ arrﬁvllﬁtle(%haéal s great er

than can tH%m@E&fiéﬁufa}rlﬁyafﬁke is slowly dissolved. For beneficial
10 application FeOHAd100 and FeOH Ad100Si0, will be ingested with

food and will largely remain particulate at post-prandial pHs
(pH>2.5), but these laboratory dissolution data are simply shown

to illustrate that the agents claimed differ markedly from
ferrihydrite (Figure 4).
15

4. particle size determination
Figure 5 shows that the agents claimed herein have an aggregated
particle diameter spanning 10-100 um with a median diameter
around 40 um (a); upon drying the range is increased (Db),

20 especially to larger sizes (median then > 100 um) but can be
restored with basic milling for example (c) or even reduced

further with micronisation or nanosizing (not shown) .

5. Chemical characterisation
25 5.1 IR characterisation
The infrared spectra of FeOH.Ad100 (Figure 6) and .FeOH Ad100 SiO;
(Figure 7) were obtained and showed the presence of two bands at
1583-1585 cm™’ and 1524-1527 cm™*. These are absent in either
unmodified ferrlhydrlte (Figure 8) or adipic acid (Figure 9) and
30 indicate the presence of some bonding between the carboxylate
group of adipic acid (at 1684 cm 'y and a cation, which can

include iron in the FeOH Ad100 and FeOH Ad100 Si0O, materials.

29



15 carbon support film and it is concluded that this additional Cis from
adi pic acid. H gh magnification inmages indicate a nottled structure where

t he darker spots of 2-3 nmindicate a primary grain size (Figure 10a). This
structure_i,s s%ﬂjgl consistent with 2-line ferrihydrite (Janney et al,
2000), 20°'&l t I tugh in general is nore disordered than unnodified 2-1ine
ferri hydradoer Adh2®, the phosphate binding materials described herein are
aggl oner at.ed, parti. i esrimdiit erddskepsifdiciideengd aa prbnary
crystall ﬁ{léicgig% Aojf(\flf%?‘gx\&n%g%gfeqontlai ni ng Fegl,s Op.and C, ,an? I ch{ | evel s~ of

d ., Na anthdKl.Theysrems herafeorévelby /i §antk me8i Ai 2Pt GctUr 8" eading to
some narkedly differe i Lh) fiespect - ephosphal aobi ndirigotbenefi ci al
properti éjsrecsorr%ﬁ%rgefg % ggfgir}&%%ri te al onec.: 6. Expl oratory Human Study to
Assess Phasphabe Bicadorfdefsuea0kls 3kaaehedtasPpapt RFtaglsPiidy*assessi ng

mar kers of oxi datjve damage. and_anti oxi dan tatusc afdiee ebmb1dueaR

suppl ementygtiegndely % ﬁ‘ﬂ?h%&]stecgyr i &d g’éhﬁé‘t%r eter n‘ie)ﬁegtl\/\het her dietary
phosphat esi(f204}nbigidinegspaciyshe sebsemnedl forScprespiatte BPACEIE of the

present invention 35 (893 when given.wth abndLconavsdng 2481. 5 ng
phosphor U&iEey) SRt g u%r@ﬁglﬁgég{%aggﬁéﬁ' tO%eCHﬁypot hesis that urinary
phosphat esgxaret| orcaveubdi e gy, edeerydnk)a pl acebo period than the
phosphat e bi nder period and this was tested using a 1 tailed, paired T
test. First, follow ng ingestion of the breakfast alone (i.e \leisSt with 5
pl acebo) , THY igRaeyaBxomebsdhi@f byhBBpous, thoMrESERE® fGr 18 eRtTHine

concentrati.on, s used to.identify.the peripd denpvhighuddner eFivascea rise in
excreted %(B‘?ph\é?e Ehlentt |Sghb§¥h%% was seen at 3-8 haqur sggo%te‘i ngesti on

of the memlc)as ant isiopateds (@dtsagnettshoway . Cale e, 2R 13- B h

hour tinme
poi nt, phosphorus 10 Lexcr et I QN WRsS ; Sompan gded ald-eWkngs toreiibi eakt a5t pl us

pl acebo VeSS BIAKTast plus treatment with a bi nder (g.f t he present

i nvent i onis andnaadificerende ofioAImATHY iFRESPhOIFIRas” €&Fved in excretion
(p = O'Olﬂoé%f%%rgtgégture where the darker spots of 2-3 mm indicate a

primary grain size (Fijure 10a). This structure is still

consistent with 2-line ferrihydrite (Janney et al, 2000),

20 although in general is more disordered than unmodified 2-line
ferrihydrite. Thus, the phosphate binding materials described
herein are agglomerated particles with a ferrihydrite-like
structure of a primary crystallite size of 2-3 nm and containing
Fe, O and C, and low levels of Cl, Na and K. They are therefore

25 ligand-modified structures leading to some markedly different
and, with respect to phosphate binding, beneficial properties

compared to ferrihydrite alone.

6. Exploratory Human Study to Assess Phosphate Binding of FeOH
30 Ad100 |

As part of a study assessing markers of oxidative damage and

antioxidant status after oral iron supplementation, a study was

carried out to determine whether dietary phosphate (PO,) binding

could be observed for phosphate binders of the present invention
35 (893 mg) when given with a meal (containing 781.5 mg phosphorus

(P)). This study was used to test the hypothesis that urinary

phosphate excretion would be greater in a placebo period than the
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15 To provide sone context around these figures, the in vivo data for
phosphorus binding of one material of the present invention were conpared
with known literature. Cal cul ati ons suggest that the 'binder of the present
invention, under these dietary conditions, .bi 04.ipek,9 of

bi nder , oﬁh@ﬂﬁﬁ@euPFﬂ%ﬁ§Ifﬁlﬁét%pgﬂgung?%65F§g§dé%¢gﬂ?8ﬁ t%ﬁgg h excretion
and phosppeimsy itsteeaverted to phosphate. This extrapol ation accounts for

t he renmai ni ng absorbed phosphate to be excreted over the followi ng 16 hours
and assunes 70% gut absorption of phosphate fromthe neal (Anderson, J.J.B,
Watts M Lyi &85 nellovidy ,ifcelst@on MES theande 28 Kisenakrie Rije. Plﬂ%pwé?‘&s. I n:

Bowran, B., and Russell, R, ed. Present ed j it kbtion, 9th ed.
ILSI PpesBlactisgy. uﬂFHF%r%oerﬁ‘félegéo? ooefiﬁgos @O%Mfi'vggﬁg{bl%g for Sevel aner

hydr ochl oki-ge: 0fi ne6 20 ABe phesnbat ewpensgdoto bidedsi £y SHer PEHIFA:1Seni nars in

dialysis -Vol. 20(1), 2007, 16-18). 30 It l.d_b SQeraeted thatst he
meal used"h&fle R&IeptFpos TS vy ele’ii‘frregrpf\%ll %}ﬁglighaqien&iﬁ!(torenabj e a movenent

in urinary,P $barobservad)s pbut itlersefioneofddds merl r@plaé%?ﬂt@tte?pi cal P

intakes froma single nmeal by renal _.patien Thus, pungder pApsgndgei cal 35
condi ti oné?a’f%él%ersé‘@ﬁggge hInﬁgfg‘tlz’ B utn}% tt?ygaﬁ%hrosphat% bi nder of the pr esent

i nvent j on ckBrei e ed sasynefrdcheobi owdierss Y hed hieaydapt ghets PLagebyrt her

conpar ati ve experi ts with different Ii  dkt bercgerhesphaite bi-ndi ng
mat eri al s%?“ﬂ‘*’h@%gggéﬁif Phien F%ﬁm?e‘ﬂatmilcgg{(&%enﬁg range 01(‘?)S i fferent

car boxyl i G nagh€hdd,gandsa (¢i Melreocaced 4nd BY RI@EPECEET B2 WPE° ede *and
conpared with materials 50|£_;haﬁli %ggpj;)se ot her types of |igand. These
resul ts afECEHmALri'®ed 'h i gures 12 'and 13 and show that the carboxylic
acid |igands enhanced the phosphate binding capacity of the starting

material, while ofher type L1 &lethef: hadsnoteé f actvien ddea phosphat e
bi ndi hg cé'"ﬁaeﬁ‘f/ldiﬁ Sﬁ@ﬁkﬁ%?teg{tsgkrggrg%ceg it l(see FeOH 10 MOPS 50 and FeOH

S
Bori ¢ 50) forSphdddeldusngipiing lodr des weteaiat o SAGVRRTEYE of' "clrtent

t herapeutic treatnents for r enpyal. 0f . phesphatkeibss theygeskl tinwr den
pl aced on "FaEi %‘?ﬂ%ﬁre\ﬁhgrlghl sqﬁle heed to ingest |ar gg guantities of pills

adver sel y takf Boide siode théf potenandnperttiont BT iTR8 Ac€ordi ngly, the

pill burden for.some. of .th xgmgbi f] nat efiindles , Wasce ameanethdxy Renagel
and Fosr er?(?f‘dbéjr%rbs’ab%&fj%e%%i P Ohddel *based on in vitro data and typical
gast r gbnt estanate cordiappdated sirel 88 BH 2%aPef¥geetion and P _

converted to phosphate. This extrapolation accounts for the

remaining absorbed phosphate to be excreted over the following 16

hours and assumes 70% gut absorption of phosphate from the

meal (Anderson, J.J.B, Watts M.L., Garner, S.A., Calvo, M.S., and

25 Klemmer, P.J. Phosphorus. In: Bowman, B., and Russell, R., ed.
present Knowledge in Nutrition, 9th ed. TILSI Press, 2006). This

compares to known in vivo values for Sevelamer hydrochloride of
262 mg phosphate per g of binder (Sherman RA: Seminars in
dialysis —-Vol. 20(1), 2007, 16-18).

30 . |
I+ should be also noted that the meal used here is, purposefully,
extremely high in P (to enable a movgment in urinary P to be
observed), but therefore does not represents typical P intakes
from a single meal by renal patients. Thus, under more typical

35  conditions, the percentage of P bound by a phosphate binder of

the present invention (or indeed any of the bipders) will be

higher.
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20 dietary phosphorus concentration under clinical conditions, and
conpeting anions, and the results are shown in the Table below Table: Pil
burden for FeOH Ad100, Renagel and Fosrenol. Product Typical Maintenance

Pi|lls/Dosage (g/day) dayFormulated Acti d
Dol | ver y CommeE6Ehe? G5B Tab G 26p-TAIEr Ant 111 EEGt R 10673 ob3. 3

capsul eprpf-ther xpepheet lawdphgsphatrikis mispeeificieny invention that
include a range of diffefént carboxylic acid ligands (pimelic.
acid and glutaric acid) were made and comparéd with materials

5 that comprise other types of ligand. These results are
summarised in Figures 12 and 13 and show that the carboxylic acid
ligands enhanced the phosphate binding capacity of the starting
material, while other types of ligand either had no effect on the
phosphate binding capacity of FeOH or else reduced it (see FeOH-
10 MOPS 50 and FeOH Boric 50).

8. Modelling pill burden
A major disadvantage of current therapeutic treatments for the
removal of phosphate is the pill burden placed on patients, where
15 the need to ingest large quantities of pills adversely affects
side effects and patient compliance. Accordingly, the pill
burden for some of the exemplified materials was compared to
Renagel and Fosrenol using a mathematical model based on in vitro
data and typical gastrointestinal conditions, such as pH, average
20 dietary phosphorus concentration under clinical conditions, and
competing anions, and the results are shown in the Table below.

Table: Pill burden for FeOH Ad100, Renagel and Fosrenol.

Typical Maintenance
Pills/ . Dosage (g/day)

Product - Delivery Comments
day Formulated Active
product substance
Good
FeOH AQ100® 3 3.6° 3.3 Tablet or  tolerability
capsule profile
expected
Low phosphat
Film- specificity
Renagel® 9 7.1 6.5 coated and therefoz
: tablets unpredictabl
) side-effects
_ Tablets Significant
Fosrenol® 3 6.2 2.9 must be toxicity
chewed concerns
Good
FeOH Ad100- 3 1% ' 2.8 Tablet or  tolerabilit:
KCl+washed® ) ' T capsule -  profile
expected

a yalues estimated from model based on in vitro data; b Assuming
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Renagel b97. 16. 5coat edand therefoz tabl et sunpredict abi side-effect:
“ Tabl et sSi gni fi cant Fosrenol b36. 2d2. 9nust bet oxi city chewedconcerns Good
FeOH Ad100-3 152 8Tablet or tolerabilit, 3.. KCl+washedecapsul eprofile

expected a Val ues estimated from nodel based on in vibro data; b Assum ng
formul at i éorradesidneadds Rare £ A8 s"as 1% erivder o RUggH ;| " Bat@"f rom
literatureitedalud;1eg pil b ©Qnt @maivb0somget eimental Lhembhanum {5b. 459

| ant hanum car bonat e)..- ' Val ue stinat.e i n t .0 f hed
mat eri al WE%{%@SD%% ¢ %Onfgg)oi ni’ra g‘éesseg?tnm%ﬁg%ﬁka{%%f %F%&S&? hgltOlnS%;Alf/aghi ﬁgwas ©
produces, useshbe|mwefiorl presduet itba st hertreas® inphospatpubaidion et at egi es;

enhancemeptsafqig.0aueat esd vihe, FePH-AdlAQopreducad and characterised as
descri bed above was tested to determ ne the effect of pre-fornulation

processi ng
9. Pre-formulation strategies: enhancement of iron content

The FeOH Ad100 produced and characterised as described above was
tested to determine the effect of pre-formulation processing

10 steps, such as washing. In these experiments potassium chloride,
the reaction medium used in the production of the materials, was
removed from the sYnthesis procedure (FeOH Ad100 - KCI1) and a
washing étep of the precipitated material has been added (FeOH
Ad100 -KCl+washed). Both of these steps resulted in an increasé

15 in iron content in the materials produced, see the results in the

Table below..

Table: Iron content of FeOH Ad100 recovered using various

production methods.

Iron content (mg/100 mg

Product
material)
FeOH Ad100 . 22.6
FeOH Ad100 -KCl 24.7
FeOH Ad100 -KCl +washed 29.5
20 “KC1l: without KCl; +washed: addition of a washing step

Excluding KCl1 from the synthesis and adding a washing step also

resulted in an increase in the phosphate binding ability; as shown

in Figure 14.

25 When FeOH Ad100-KCl and FeOH Ad100-KCl+washed were tested and
their phosphate binding under a range of phosphate: binder ratios
was compared, the results were consistent with those shown in
Figure 14 and confirmed the increase in phosphate binding due to
the washing step.

30
10. Ligand replacement
Work in which the adipic acid of FeOH Ad100 was replaced by a
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10 steps, such as washing. In these experinents potassiumchloride, the
reaction mediumused in the production of the materials, was renoved from
t he synthesis procedure (FeOH Ad100 - KCl) and a washing step of the
precipitated materi al has been added (FeOH Ad100 - KCl+washed). Both of
t hese stepbsfeesnil tlédand was icAcpeaser ity Pwti r FAle oHSABRA Yh&ifReerial s
pr Oduced’wa%ﬁ?n%%dﬂeﬁaké(? ol ifnt Q%J&R‘ﬁaﬁ?&&%ﬂ@b&e rebanagant ent of FeOH
Ad100 recovered using various production nethods. .
| ron contteato{impige wgsPr muéﬂﬁm%Ml&P}lweﬁeAmmtGeFeOH Ad100 - KC124.7
FeoH Ad12) Eé%} 6¥§§h £029. B 207 KGL e thomtt iKElo s mashedioaddiihben of a

tep cl

washi ng ing KO fromthe synthesis and addi ng a washi ng step
al so Besularédcles dprpAes s dePH %M%HB%W@%?%O@%&%‘SFFHV as shown [

in Figutg 1d4.,25 é’\yi*’éBHFﬁ&"éoAd%QQp&(&l a%BQozE&%HléﬂilOO -Keh+rwashedivwer e tested

and thelr phosphate bi ndi ng under a range of phosphate: blgger rati os was
conparedreﬁhétwtsu1?sd@@#Q?%939§|%@Eﬁ¥3ﬁF%%‘¥W6§EtSH5Wﬁw|n gure 14 and

confir ”E%&%Hsu mccrh%%eww Phespbat & Q'nngh&%kﬁlﬂ@ bondihe, Wasbiag step. 30
10. Li gand repfacenent

materials may be useful for the treatment of hyperphosphatemia by

10 combining phosphate binding with the release of nicotinamide,

which is known to reduce active uptake of phosphate in the gut.

Table: Adipic acid content of FeOH Ad100 recovered using various

ligand replacement methods. All materials were produced in the

15 absence of KCI1.

Adipic acid content

Product (mg/100 mg material)
FeOH Ad100 70.0

FeOH Ad100 +nicotinamide wash 52.9

FeOH Ad100 +nicotinamide 44.3
agglomeration :
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Wrk in which the adipic acid of FeOH Ad100 was replaced by a different
ligand was also carried out. This consisted in either washi ng.- FeOH Ad100
with a nicotinanm de solution (FeOH Ad100 +ni coti nam de wash) or addi ng

ni coti nam de during the precipitation process, after the formation of FeOH
Ad100 pri BeEScenag8cticl es (produci ng FeOH Ad100 +ni coti nani de aggl oner ati on

instead of; FeQidi1AdL0oAadiRatar agd PaREALT HP1i Bet bnstdizkagh@sinesyl ted in
a decrease of adipic acid content (below)  and, although.there was a
reduct i onf%heﬁbh‘@stg‘hé?és R FE L e d8ChBEENT defera) e [efdS PEF Tt he

t reat nent , of 5 hviReLRRES PHRIA KR HYrl G raeBhimni naephosphriratbinsi ng with the
rel ease of nicotinamde, which is knowm to reduce active uptake of

phosphat er¢feraieegdp. thelmgptéreWdi pi ¢ acid content of PeOH Ad100 recovered
usi ng var;9ug, dgzgand repl acement nethods. Al materials were produced in

t he 15 absence of KCI. Product Adipic acid content (ng/100 ng material)
FeOH Ad108S Fed{4ad480 +ni coti nani de wash FeOH Ad100 +ni coti nani de

aggl oner aghofpoHekesgnces: Al publications, patent and patent
applications cited herein or filed with this application, including
reference¥0f3Q®d 044 7part of an Information Disclosure Statement are
incorpprated by 5 reference in their entirety.

Autissier V, Damment SJP, Henderson RA: Relative in vitro
efficacy of the phosphate binders lanthanum carbonate and

sevelamer hydrochloride. J. Pharm. Sci., 96: 2818-2827, 2007.

15 Drits et al., Structural Model for Ferrihydrite. Clay Minerals,
28: 185-207, 1993. ’

Janney et al., Transmission electron microscopy of synthetic 2-
and 6-line ferrihydrite, Clays and Clay Minerals, 48: 111-119,
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material has a polymeric structure in which the ligands L are
non-stoichiometrically substituted for the oxo or hydroxy groups
and wherein the solid ligand-modified poly oxo-hydroxy metal ion
material having one or more reproducible physico-chemical

properties.

2. The ferric iron composition for use in a method of treating
hyperphosphatemia according to claim 1, wherein the carboxylic

acid ligand is a linear dicarboxylic acid ligand.

3. The ferric iron composition for use in the treatment of
hyperphosphatemia according to claim 1 or claim 2, wherein the
carboxylic acid ligand is represented by the formula HOOC-R;-COOH,
where R; is an optionally substituted alkyl, alkenyl or alkynyl

group, or an ionised form thereof.

4. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of the preceding claims,
wherein R; is a Cj-;0 alkyl group, wherein R; is optionally

substituted with one or more hydroxyl group.

5. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of the preceding claims,
wherein the carboxylic acid ligand is succinic acid, malic acid,
adipic acid, glutaric acid or pimelic acid, or an ionised form

thereof.

6. The ferric iron composition for use in the treatment of

hyperphosphatemia according to any one of the preceding claims,
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hyper phosphatem a, wherein the ferric iron.conposition is a solid

I i gand-nodi fi ed poly oxo-hydroxy netal ion nmaterial represented by the
formula (MKLYy(OH),), wherein Mrepresents one or nore netal ions that
conprise Fe3 ions, L represents one or nore |ligands that conprise a

car boxyl i gna€dith lthgangher@alaRas onissedctara dher eef codiht@dtr gpriesent s oxo
or hydrox¥ )?r,ou s and wherein the material has a polyneric structure in
whi ch the'f d<1t®are non-stoichionetrically substituted for the oxo or
hydr oxy groups and wherein the solid |Iigand-nodified poly oxo-hydroxy netal

i on mat er:zal h i% one or nore rePr,oduci bl e h%/{ii o-%herri cal properties.
2. The fefric fron ¢ombostt GPEr  usd i Tatiet Hod 6f TEFRENG Hg ©F

hyper phosphsd gmoapascatidi ngcbodlAitm inywhes eifn thBepcatdaixyl tTaded ,d | 1 gand
is a linear dicarboxylic acid Ii ang]{1 .3, The ferric iron conposition for

use in th&"Treat meht ©o C?‘Fyﬁ‘%f)h%%ﬁ EhP RS SRS AP RE T G aPRPES o % ai m 2,
wher ei n t benarskoxytii esdaitd ohi gand lies anepsesentsedaby Wielilhar nul a

HOOC- R1- COOH, where Rl is an optionally substituted al kyl, al kenyl or

al kynyl g?%cﬂpe,r%resén ionised formthereof. 4. The ferric iron conposition

for use in the treatnent of hyperphosphatem a according to any one of the

pr ecedi ng,cl ai erein R is a Cl Hmalkyl grou erein R s
optional | Ef/' sub{é]% téllj%}é:égvm”f% 6:r?31p8?&nloorneai]ﬁ§dlr1%§y . %Pgn,[%?eagt}enithé)ff erric iron
conposi t i bypdmphogskatenishactpedtiment ofahyper phesphat@rd @haspbaidi ng to any

one of the. precedi 3l erei he. l] id i I,.S, succinic
acid, mal igélpcgalc%dgkggle]g%lgelsg%f)gg@lgﬁreuts r %2]?;5%?%;) g)r&p%fr%r%?a@cadcaeéi g?gg?it}n i oni sed
f or m t her éof .phogphThe dral/circbirdimacoapesity dwrf phoseatien t he treat nent of
hyper phosphat em a according to any one of the preceding clainms, wherein
the material has a structure that is consistent with ferrihydrite. 7.The
ferric irdn cofposiariréa o weerpaltimm tiosataentn ¢hehyperprrodpkat eni a

accor di ngn 0.4 s0nec Of: 4 RecPrecRAiRI L ah B, WWRELEH NI e1eBEnOFe MO e
reproduci bl e physi co-chem caéllé Er operties conprise a dissolution profile
e

and/ or phbsphde CBPad g ofr sl Bhaheateasrpilcis rath leawposPtivh for use

in the treal mentwmobnbynerRhosphalemia accordi BeclfeclAidna7 7, Waerein the
phosphat e bi ndin gr operties conprise specificity for phospﬁate, affinity
for phosphat@eard/ 6? ®indi ng capacity for phosphate.

10. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of the preceding claims,
wherein the material has demonstrable M-L bonding as determined

using infrared spectroscopy.

11. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of the preceding claims,

wherein M is Fe?®" ions.

12. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of the preceding claims,
wherein the composition further comprises a phosphate uptake
inhibitor and/or a substance capable of ameliorating gastric side

effects.

13. The ferric iron composition for use in the treatment of

hyperphosphatemia according to claim 12, wherein the phosphate
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9. The ferric iron conposition for use in the treatnent of

hyper phosphat em a according to claim 7, wherein the phosphate binding
capacity of 53.6 ng of the naterial is at |east 50% of the 10 nM phosphate
in a sanple at a pH between 3 and 7, in a volune of 20 nL. 10. The ferric
iron conpagtikoOnnhebitse dodi/bhetid eatrenhcofcdpapecpbosphatieraiagcording to
any one of the preceding clains, wherein the material has denonstrable ML
bondi ng agaﬂHJéwgﬁilHEde GGt Af ¢ arEFPSpett FHECIPYOTPEA terhe MF8r T iron
corrpo%si tih@BlJf@rlingﬁdi-lﬁ?djhﬁeHr aﬁlmio—agzdhyﬂem@msphaﬁ am'taeraﬁq:o][@& ng t o any
one of t receding clains, erein is Fe34 ions. .12. The ferric iron
conpos 1 SREFOr fda bt (LR L AL T Ot Chy o BRod PRSI SAE0 T T t o any
one of thexprieerdixpgnetal neon wheseidl .t he conposition further conprises a
phosphat e upt ake i nhi bitor and/or a substance capable of aneliorating
gastric side effects. 13. The ferric iron conposition for use in the
treat nent 16of hyperphodphatememaceot thmgoroust aiimth2, twhetmdnt tlfe phosphat e
upt ake i npi beithlrosaggéonrliat QFCEUQS'[ ance capabl e foftharrel icorqaltni ng, gast ric side
effects i SYRTHRICREF T gand PheoIPorafdd Tht &t hEsBf T & Ti"Jants bdi f i ed
poly oxo- Ripdraixy thet aktémimlnateFe@ AdaP0} SF4@T Bulla edlid.n eCHpogiatrion Wt h
the soli dlbbgaonrd-EgB i“rrelzqi%owooxo- hydroxy nmetal ion material. 14. The
ferric iron conposition for Usé in the treatnent of hyperphosphatemn a
according to any one of the preceding clains, wherein the material is FeOH
Ad100, FeQLl A0 8103 FEQH Ghiihar| £, 190, QLe FEOR.RI tBLLE, D0, 15. The
ferric iron conposition for use’in the treatnent o hyper prﬁosphatem a
accor di nghyvpeampsphetefialagicasding Gol4nywhes aifn clhénpat itentl 4havierein

hyper phos t.em:. a I ﬁ&?&’% . The f b Cqd conposition for
use in thgﬂgriéﬁl%gﬁt ﬁ%‘gﬁﬁsag?% osp éltagréngéa a%%of%%%% Ctﬁbsrc ai m 15, wherein
the renal disease is chronic renal disease, end stage renal disease,

hyper phospbat em@ @i $kngrdf Q@BY 1t e%elrf uEenal diasulbleh&ncysor acute
renal failure. 17. The conposition for use in the treatnment of

hyper phos PHaE GHCEPHR L aseChetst diongledmany ohersin cihd rsnalto 15,

wherei n t hespald eBt chaviing rayperphespbat e & d-geURdes gaiing sRaenodi al ysi s.
18. The ferric iron conmposition for use in the treatnent of

hyper phosPHat BHCEPBRA e §&éSaRE o gy ol &Rl GherBRa k| disvE Tictras,

wherei n the patdeertnhaviyiguhyper phosphat em a has hi gh pl asma phosphor us
levels. 19. The ferric iron conposition for use in the treatnent of

hyper phosphat emi a according to any one of clains 1 to 15, wherein

admi ni strat| omeoleotpes Mt irak hse fior the eatddighea t COAP japheBpRit&eGoNdary
condition of the patient that results from hyper phOSPhati{g a. 20. The
ferric irB8h TYnPsSi PO T G8e™1h TReCfreftifent 6f hyperphotphit eni a
accor di ngpaoi eltahavify mherehdsphie «aeapl § catdedgodhg Siecoandary ysondi tion i s
secondary hyperthyroidism soft tissue calcification, osteodystrophy,

hyper cal caem a, hyper parat hyroi di smreduction, cardiovascular norbidity or
nortalitylsrenahe o3treddystsoplypantf 0in dakkcuphyiraxine. treatment of

hyperphosphatemia or the use according to any one of claims 1 to
15, wherein the patient having hyperphosphatemia has high plasma

phosphorus levels.

19. The ferric iron composition for use in the treatment of
hyperphosphatemia according to any one of claims 1 to 15, wherein
administration of the material is for treating a complication or
secondary condition of the patient that results from

hyperphosphatemia.

20. The ferric iron composition for use in the treatment of
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21. The ferric iron conposition for use in a nethod of treatnent according
to any one of clains 1 to 20, wherein the conposition is fornulated for
oral or nasogastric adm nistration. 22. The ferric iron conposition for
use in the treatnent of hyperphosphatem a according to any one of clains 1
to 20, whepgtfoH@hhteat Meicoe Ry 1192$16 8DV ngnRRasphate dohem diadyfsi s
fluids, plasma and/or whole bl ood. 23. A food-stuff or dialysis fluid
conpri si ng* as PHESHRAt OHi ridiCRg: fret STANEP T Esh RFT RO A Sy S6E BEST i ns 1
to 14. 24a1AriktVbdp s@idedstesprgnpybagephosphate from a nedium the
met hod congrisin%gga% c ntacting a medi um cont ai ni ng phosphate wth a
ferric irBRPTHATOSTYTON " JEFTNRPT/n CARGL O O 2€| BPHRL 4 %0°14 under

condi ti onsotta MyGhrthel plraspbaterdphycapapbe fihbadisngido the ferric iron
conposition and (b) separating the bound phosphate fromthe conposition.
25. The nethod of claim 24, wherein the nmediumis a solution or suspension.
26. The nethodrné &dmaiim 24o0rcoidpak it 25 fwhenek nid he meehbadof s Afe@tmefBOVI NQ
phosphat e from.food-stuffs prior.to consu ion. 27. A process, for

pr oduci ng®&a“pH thea%YﬁHFnﬁfn%%%¥$hﬁ g82%§@?ﬁ6ernaH§a6ﬁ@®8?151%ﬂns 1to
14, the piscessndanpdi Som@ral or nas@psitxt ngintihe ssohtutdran conpri sing Fe3
and a carboxylic acid Iigand, and optionally one or nore further |igands or
reacti on conponents, in a reaction nmediumat a first pH(A) at which the
conmponent 82ar eTsol @ iron compos{b)orchHamging imehpHEApatwerer Econd pH( B)
to cause ol i.d I pitat r.a col lLoid of the.ligand-nodi.fied po
oxo-hydro§§§%%¥gfgﬁgg&ﬁh §$§8Fd%%g%€ FBV&%&?thClalgs?gfx328ar% ?ﬁﬁ?yand
opt i onal | gheryiaagmand/ ormdroseal sdiavgngt heosglate Firgandiaindiisi étuipdd y

0xo0- hydr o | i ri roduced in step (b). 28. The process of
clain127,é?ﬁ%ﬁ%%ﬁdégﬁﬁgﬁg%ng§%%§ting t he phosphate binding material in
vitro or in vivo to determ ne one or nore properties of the material. 29.
The proce of nclal rein or : ert] S, a

di ssol uti gﬁ'pr%f%f%gg;ggfgﬁgg({%%%géggtég |dn8?ﬂg£f§%ﬁgg§t?gésﬁh%§§ The process
of any onkieding Zek8rDT. to¢ 29fingreriei any hend iafsclpHe)l ite 1dss than 2.0 and
the second pH(B) is between 3.0 and 12.0. 31. The process of any one of
clains 27 to 30, wherein the process is carried out roomtenperature
(20-250) 2%2. %@@rvwés@ewocgﬁyroﬁ@n@m@l ahpgeipate Frag, @ i thestep
(a), the setmsd %mgen:t,ﬂlgﬁs(azocé&g&(;ﬂgl Fedai @ndonPa1:0i 2pQaivsadipd ¢ aci d.
34. The process of any one of clains 27 to 32, further conprising

chemi cal | Y26t PHEEFEal 15PTarPBPP i itthe 2f | AR 10G4Y LPcRRY s3T¥e O6f CLME T erri ¢

I ron conpesiid Gder conditions in which the phosphate is capable of

binding to the ferric iron composition and (b) separating the

bound phosphate from the composition.

25. The method of claim 24, wherein the medium is a solution or
suspension.
26. The method of claim 24 or claim 25, wherein the method is

for removing phosphate from food-stuffs prior to consumption.

27. A process for producing a phosphate binding material
according to any one of claims 1 to 14, the process comprising:
(a) mixing the solution comprising Fe®" and a carboxylic
acid ligand, and optionally one or more further ligands or
reaction components, in a reaction medium at a first pH(A) at

which the components are soluble;
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35. The process of any one of clains 27 to 34, further conprising
formulating the ferric iron conposition.

(b) changing the pH(A) to a second pH(B) to cause a solid
precipitate or a colloid of the ligand-modified poly oxo-hydroxy
metal ion material to be formed;

(c) separating, and optionally drying and/or formulating,
the solid ligand-modified poly oxo-hydroxy metal ion material

produced in step (b).

28. The process of claim 27, further comprising testing the
phosphate binding material in vitro or in vivo to determine one

or more properties of the material.

29. The process of claim 28, wherein the one or more properties

is a dissolution profile and/or a phosphate binding properties.

30. The process of any one of claims 27 to 29, wherein the first
pPH(A) is less than 2.0 and the second pH(B) is between 3.0 and
12.0.

31. The process of any one of claims 27 to 30, wherein the

process is carried out room temperature (20-25°C).

32. The process of any one of claims 27 to 31, wherein in step
(a), the solution contains 20 to 100mM Fe’" and 50 to 250mM adipic

acid.
34. The process of any one of claims 27 to 32, further
comprising chemically or physically altering the final particle

size of the ferric iron composition.

35. The process of any one of claims 27 to 34, further

comprising formulating the ferric iron composition.
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