10

15

20

25

30

WD 2007/ 088343 PCT/ GB2007/ 000308 Material FIELD 5
The present invention relates to granul es contai ni ng
wowte0883ms ol ubl e i norganic  solids, particul arP@T/GB@d/ 000308
nmet al compounds, havi ng pharmaceutical activity, as
phosphate binders. It also extends to nethods of
manuf acture of the granules and their use in unit
doses for oral admnistrati,on.. 10 BACKGROUND Vari ous
ailments may lead to higkl#%#éﬂgtate concentrations in
the blood in animals,. particularly warm bl ooded
ani mals such as humans. This can lead to a nunber of
FlbbPsi ol ogi cal probl ens, such as deposition of cal cium
phosphate. 15 In patients with kidney failure who are
bei ng treated by regul ar haenodi al ysis, phosphate
THeO PEsSEnt dhi@ition relates U geahuleasoumtainimgr water-insoluble inorganic
dranaticall& and this conditi known
t

sofigpePpRisY s raésﬁdamqialnc?r@geuﬂgghha\gneimﬁrm?&gaﬁgaleacﬁvity, as

: Eﬁ’@eb{; $ohikoldx3ehiss tc?éﬁ%tg@dé’W%ﬁ@ﬁ&fﬁcfﬁé%f%h@?@fanules

I
P %gaﬁé{guce oral intake I norgani ¢ and organic

anghtheprhesedn hinitdizses fat asd adnofistratioryani ¢ sol i d
phosphat e binders are disclosed in WD 99/15189. These
i nclude al kali treated inorganic sul phates, such as
LekeIROU phate, and m xed netal conmpounds which are

Bsubstantﬁaqjlly free fromal um nium and whi ch 25 have a
phosphat e bi nding capacity of at |east 30% by wei ght

of the.total weight Qf ,.pho t r : :
VbS8 S 84,5 B PRI d SRR i RE blood in
arlinad, MA@ Rarl2wafesslbbded dniraaki suchThs hunergaThis can lead to a
solids are water insoluble and are pri n%ari l.y intende
nuraberopfnhysipiegicaknrablesrs, ssghBsAeRasiionelgal Slblahﬁ*@?‘@ e.
conpounds may contain iron (Il11) and at |east one of
magnesi um cal cium | anthanum and cerium Preferably
Int feticrd swithe kidheay. rfailire Whesareobeingf trégtéd dxy reguiar haemodialysis,

car bonat e ani ons and tignal |y additionall at,.l east .
phaRenate SangpRtrationsn I, fhedlasR RIZST8. ¥ g0 HaBaiGAly and this
cﬁg—ft{o%zmg\mogé”Ol‘cﬁype?'phosphataemia, can result in calcium phosphate
deposition in soft tissue. Plasma phosphate levels may be reduced by oral intake

of inorganic and organic phosphate binders.

Classes of inorganic solid phosphate binders are disclosed in WO 99/15189.
These include alkali treated inorganic sulphates, such as calcium sulphate, and
mixed metal compounds which are substantially free from aluminium and which
have a phosphate binding capacity of at least 30% by weight of the total weight of
phosphate present, over a pH range of from 2-8, as measured by the phosphate
binding test as described therein. The inorganic solids are water insoluble and

are primarily intended for oral administration.

Typically such mixed metal compounds may contain iron (fll) and at least one of
magnesium, calcium, lanthanum and cerium. Preferably they also contain at
least one of hydroxyl and carbonate anions and optionally additionally, at least

one of sulphate, chloride and oxide.
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M xed netal conpounds such as described in WO 99/15189
present particular problens in the formulation of
w@pioy/ogk3gnges contai ning them In part, these PQI/GBR@®MI®00308

arise fromthe fact that the conpounds need to be

dosed in relatively 5 |l arge anobunts. This nmeans that

in order for a unit dose to e of a size which does

not make it too difficult to swallow, assisting with
patient conpliance, the inclusion level of the active

MixBer @@t 'HorMsasHdst Sudte ad Wdseribed n VWER\Bionts 189r Mrésleht p@rticular
formul ati on space for excipients. 10 There is a

ed
problemmiin thesiesmulationi ol HYitsdesrgasorgaiaining she. In part, these

prﬁﬁ%ﬁrﬁ%%& gg iﬁogﬁ “?(}8 é%%ép ItHné; (réé %%UFHQ r}lele%vﬁl ﬁe ‘afos[aa Gin relatively

Shoaintd. NG mMeangnithas imloirdérn foran uattaic&@eto Edae)‘fea lssze which
so a need for such unit doses to dis

dQﬂSdePt kel dag éilfflﬁkélt §%I91"‘(?”PHbrag$§iﬁt'@9let§€|tcH§g SPRpdaNCe, the
|n%|ﬂ§fo'ﬁele§{epgpﬂlé Qéqjgnf ABLGs R BRPEGE hﬁjh‘[‘ﬁ%%\??]g very little

not to disin e excessively'in t
fon'aakaubag;paceéemémmmgnﬁsn an unpl easant taste and
potential |lack of patient conpliance. There is also a
need for processing routes for formng the solid

Thé}@rlﬁ%”héed’mstﬂﬁﬁé@sé%' é&ﬂéﬁnﬁ%&@cwm& é’ﬁ]é%‘éllﬁ"ﬁh@@bhata binders

ens caused by poor flo the materi al
W|alBU inetudsi hlgdsuieveia:@iéheepharmmmlngllwfactlv\% ingregliestt yet which

mBiigaRTT N oAb 008yt oeBURTb sPapr, THRHLIE o I need for such

unind6sed wldmrrﬁygrée@urao@bawlr@eawtm gelid inopgantic @Ihbsphat)e binder
at | east 50% b ?/ ght based on the weight of t

ingthen stamaehtand i gl\ﬁ% rgpids ehpaphigiee PIdHiL | i eotn?%asmtegrate

ofB eI PP SpaRTHL BoSppiHah P BIGE RIS feasgp fato e

patentiglalatk @fipatientregmptiance. Thére |sralsd> a&n héedh dion pmd:essmg routes

cerium M11 is at least iro
fopntorming st salid olorganic ZpRo R?ﬂ(a&e %@dsr%#nfs% fyO@sei without
I
orHE cuspa oy podPnohiblly KA, il el Githout excessiv
hindericd efrtheatdte ob phosphede dinding for(theimatedalr eat er t han
47% by wei ght based on the wei ght of the granul ar
mat eri al of excipient. WD 2007/ 088343

SOVIMSRZOOF IRASGBION

Thus, a first aspect of the present invention provides a granular material
comprising (i) at least 50% by weight based on the weight of the granular material
of solid water-insoluble mixed metal compound capable of binding phosphate of
formula (I):

M" M, (OH)2A™y.zH,0 0

where M" is at least one of magnesium, calcium, lanthanum and cerium; M" is at
least iron(lll); A™ is at least one n-valent anion; x = Zny; 0 <x<0.67,0<y =<1,
and 0 = z < 10; (i) from 3 to 12% by weight based on the weight of the granular
material of non-chemically bound water, and (iii) no greater than 47% by weight

based on the weight of the granular material of excipient.
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3 A second aspect of the invention provides a unit
dose for oral admnistration conprising a
WORI02/0883¢31 st ant capsul e contai ni ng granul es aRPCDGH2093/000308
to the first aspect of the invention. 5 Athird
aspect of the invention provides a unit dose for oral
adm ni stration conprising a3corrpact ed tablet of

ranules ac theflr t as

A RGO FoneSHRL e daventianprovidis & FER sikee el vprgh agministration
coW?Hr%'ind QSW§fé\‘ffbsi§€éﬁt'dféﬁbsu'@@oﬁ’@lmﬁg V@rbﬁulelsnéé&dﬁbing to the first

I norgani ¢ conpound capable of binding phosphate is 10
aspecmfrtha inveriienei n as an "inorgani ¢ phosphate binder"

or as "binder". References herein to "granul es"

equal |y apply to the "granular material" of the
A Rhip6 edpech Vsfnthen invekflioht phadddeen unttuddsé Wat oral administration

surprisingly, for such anul es for n unit doses
contsising: aeforppagiedetabiel o grangigs agc m&ée e drstrespect of the

infEHRhC B defHHtﬁ)%rthEXaIS’IEt IS AER WitheS wadtdefstarttobtiAgS es
pr epar e romi’thé granul es during storage. Correct
| evel s of water provide good phosphate binding when

Thet Solfe sgiambealbls THroeas cAabeaId-apapEnst HOCIE RipiEhate is
refé?rétf‘ﬁ% hetBin24'5R "inbgdifé ﬁb§;9hé?cé€tﬁ'n<ﬂé}uﬁﬁ abMBinderrch

granul es bi nd phosphate rapl dly. I't has al so been
found that by providi ng the conpound of fornula | is a

R%rpgqq]%g%gh%rf]e?r{) r.. th t"h?i%aq@t%?pgg%eti\gg&??@lgy‘%ﬂaﬁéw of the
presE&Rt! ifventin. povvder based tabl ets are overconme while

t he advantages of 25 such systens with regard to rapid
di sintegration are nmaintained. Fine particle size,

It %%%\Eae%ﬁ%uﬂd E%gﬂ%b fof?j‘f‘%rulﬁp %r%ﬁHle%sfo'rrhs\é ﬁylfuﬂ{’%ses the

ity o resu oor
levsirgi vester rsrt:r(ti:ablhgeralritamlr'@othe pﬂiydlaabtntmltpgnémsyanules and of
poor storage stabiljty r.ohl e vv| th nent
it dereRy pr@aarsmf?@rﬁgw I duripd iotag: GRITest Byels of water

pHoOﬁEe@BP gh%@&né’c@rb ﬁwg nofhé Etﬁﬁ'af\u%%' yreli Y\b@@l@d without

parti granu ture of
expespive m]‘eak-upomfnmbagranu]elsmreodchaplmtf@rmeﬂ irpngthehgranules in the

Pl 75 41Re BBRTnen 47 s hiehlen SIEL PR e rapidy.

fine!y di vided particulate (such as the 'small"’
particle size distribution of Table 7) we can obtain

It bias tedds) beepfownhihas iy provising the gpewolnd s fermelgui isishgranular
i %%%f%ggé%#,e%%gg%g%%gﬂy p%(tﬁémsecgﬁpsovwgrs and the storage

stability problems of powder based tablets are overcome while the advantages of
such systems with regard to rapid disintegration are maintained. Fine particle size,
for example as found in powders, results in very poor flowability of the powder resulting
in poor tablet compression (tablets too soft and not homogenous), poor storage stability
and problems with equipment loading. Surprisingly, we have found that by first increasing
the particle size of the finely divided particulate by granulation of the mixture of
compound of formula | with excipients, drying the granules to a controlled moisture
content and reducing the granule size back down again to a more finely divided
particulate (such as the 'small' particle size distribution of Table 7) we can obtain suitable
phosphate binding granules without requiring substantial increased levels of excipients
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4 whil st enabling operation of tablet conpression
machi nes typically capable of commercial production

WO 200288§3dr exanple from 10, 000 to 150, 000 PCT/GB2007/000308
tabl ets/ hour) and conpression into a suitably shaped
tabl et of a conpact size which is not too difficult to
swal low. In contrast, typicak tablet formulations such

th di I d :
il B SRR & TRl R OP o rBAREC By Sbatie o
coﬁﬁﬂéfdlbabramstldmrqtes giongxaepte froman0,8000tof 1501@00atatiets/hour) and
oo BB e Sl Ml SUFEEE i R et iut
swialibvelhconfFast, typitelrtaloletfoemulatiénst sueh gsamseeﬂsqbcﬁsedhte US4415555 or
gisEB83 VISR B ol o T3R8t R BT bl gt e
thdrhi 80% aoi - thegmtwead:dnypdwdndndﬂat eequiling diydothasmel tréstment of the
[ b
mEEgRE et arioel® Sty e Bl er T the amount of
non-chenical 'y bound water is determ ned by

R a5t e B RN S b R sl it

of"‘ﬁ@can Rl ctﬁmf&%ﬂ CHGI S alAtér QHU% vihRaled! | VEHls non-

en be ed as a wel ght pertcentage of
chdmmghyabuum; water treseloce extiudes chemically Eﬁ@n@mﬁm ghemically

nch m ca s th 20 3% b
bt rah g B areted 6 b SruEREa AR, o the
granul es become brittle and may break very easily. If
t he amount of non-chem cally bound water is reater . .
Tmmaamqm% bt nasraiiemically tb@ugdawatea;sls detarminggt By Bulverizing the

gr&pg E?aﬂﬁ%giéa‘g% (e V&Jraﬂ%oqrrstd?m ﬁhﬁeﬁfﬁ@@rﬁ@agﬂ% e weight

th ‘an associ at uctron
loBS: Oﬂ'lhbfwagh)ﬂ é@lVthmﬁwmdhémaww@@d watebidtivery offfcan then be
t he tabl et org&banul es econes unacceptabl e
caleglatashas 8 Weigitth PEFFENERE angdleSyat er - i nsol ubl e
phosphate binder, it is meant that the binder has a
solubility in distilled water at 25C of O. 59 /litre
It dvasl [wseh fqmmelftdaa‘atfl theoarﬂnogmﬂ oft nen-chemically aune water is less than

The .wat er - resi, st an

ef er ab 59/l lL.e 3
B 106 o e Jeasie. £2hlets Taimes & Hi aran 198 BEcBe britte
ar?d“rﬁ |bredk baafy at Ifnlﬁecéﬁfb‘dlh? ofﬁ%n-bhé?mlcally bound water is
vvater-re5|stan capsul e, by water-resistant it
gneamnthaham%rb)swgmeoffﬁb\e dranpdisies @ﬁlnM@tmmtlmwf the granules
and o? %ab\feets r|]olﬁrargl)a‘llr'catclyff‘c tﬁe graneurles increases, with an associated reduction
in phosphate binding rate and the storage stability of the tablet or granules

becomes unacceptable leading to crumbling on storage.

By water-insoluble phosphate binder, it is meant that the binder has a solubility in
distilled water at 25°C of 0.5g /litre or less, preferably 0.1g/litre or less, more

preferably 0.05g/litre or less.

The water-resistant capsule of the second aspect of the invention is suitably a
hard gelatine capsule. For the water-resistant capsule, by water-resistant it is
meant that on storage for 4 weeks at 40°C and 70% relative humidity, the water
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WD 2007/ 088343 PCT/ GB2007/ 000308 5 uptake of the unit
dose, (i.e. the capsule containing the granules of the

w0 eognss3aspect of the invention), due to npi stRCEGB2007/000308
content change is preferably | ess than 10% nore
preferably |l ess than 5% by wei ght of the unit dose.
Such capsul es have the advahtage of hel ping stabilise

i, sture onte t he ranul .
orlehd, BP0 i85S e She e B R, BHHEE e st
aspéMeofRheahesnticyi auand mél@,ﬂlrértﬂ)ritéht%l’@fgeh@ pr@férébly Iess than

noi sture ingress into the tablet or noisture | oss

10%n enoreapiiederably losarthge. S%otevesight Ak thawuar dese: sStL!'ﬁ'Pt Capsules
0
naf8 b4 e ol Be e ol kst /g anuis or

stdragegani ¢ solid phosphate binder can be effective in
the gut of the patient. By water-resistant it is
meant that on storage for 4 weeks at 40C and 70%

Th%etﬁ%té%tg €of H’[I?gd ir?%?ectt 8¢ tl’{@tiﬁ\r/entb‘?% gkéfepibl ¥ Haveoat \ﬁgter-remstant

due sture content nge 1s preferabl
coiamsgp irt baer td Othilibmeigiv et mge&ﬂsymtaa’d‘@ 11abha’a oscmmtuvei@stfrom the

tal;g,{ﬁg th%tég%&e tvec?\lfe?t ghqﬁé\@ﬁ@p {r_qeé? cg:fltg? é'gesﬁ oqll%break—up of
thé“PéElEﬁ aftbr %ﬁ&n?&[ﬂk AR FSIRvARG Wﬁgé%tmrﬂswn thdtetheaierganic solid

upt a e coated tablet due to noisture content

phobphaie blsd@nr edrebalsffectivas in theagutiddhewadiept Syewaigryesistant it is
% b
el OF E6faB o TR hs iK% BPEIALALBHFE gy, the vt

upfEaNsf thBajoated ﬁattﬂ?ét’clﬂjé foomnoisturensyritentathadige |a|pdef§E@tbly less than
relatlve hum dity, the water 20 upﬁake of the c

10¢apnere M@éerablynl@sgttmwe@m'éfvmgbh ghie ¢eatpd é?@?gaﬂf preferred

asbgéf‘% ile ﬂe%?/%tggﬁr Qﬁféaﬁ{tach e”egbag’gg g%’ﬁ)ﬁnﬂﬁ' &h95°C and
608at refativeshsiidity, Ithelvsateeamtakdnaif the mateddebfecbrdtﬁa to moisture

comfikenange IRepieiaiably fasst i 0% horg: Bielereblic Bascln 5% by
w@@@lggﬁ Héc@%}%@%ﬁ@%ylﬁ S?ﬁﬂh@ﬁﬁréf@%ﬂoés%e@f ) QK/@@Hemstant it is

wel ght of "the coated table
mEaTtAhaEth BESSRE R tz\mnmsvazesxmre&m éﬁ%mlmrer@mldlty, the water

ug?gpefg qu%!,;%\lggﬁetgcﬁ&%)nb' n §§pﬁ%ég prgf%?ablﬂltless than
10% more preferably less than 5% by welght of the coated tablet. In a preferred
aspect by water-resistant it is meant that on storage for 6 months at 40°C and
75% relative humidity, the water uptake of the coated tablet due to moisture
content change is preferably less than 10% more preferably less than 5% by
weight of the coated tablet.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PHOSPHATE BINDERS
By binding of phosphate ions, it is meant that the phosphate ions are removed

from solution and are immobilised in the atomic structure of the water-insoluble

inorganic solid phosphate binder.
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fromsolution and are imobilised in the atomc

structure of the water-insoluble inorganic solid
w@hbospssstx bi nder. WO 2007/ 088343 PCT/ GB2007/ ORPOBG82006/000308

Sui t abl e wat er-insol ubl e inorganic solids for binding

phosphate ions fromsolution (hereinafter also called

i norgani ¢ phosphate binders 6r as binders for brevity)

are disclosed for instance in WD 99/15189 and i ncl ude

sul phates such as cal cium5 sul phate, which has been

SuitakR! Waiérﬁﬁécﬁablenhéuga hessélfdsdiof biTdmg Phﬁﬁﬁﬁat&&brﬁﬁranﬂsolution

m xed net al Qmun as descri bed bel ow. Preferred

(heveinafter méss! calles! inntganiaphosRiAte Rindese Qs RISIBIIOpRER\LY) are
dlggf*,'éc?sd%r fso(g oﬁ%%ﬁﬁﬁ Slﬁt\}\lgj %9%51%’@)6 Yl’?&lhaé’%u‘fﬁrﬁa’c&é %8ith as calcium

gcause o
sulshizts,- whithl Hhs |bden alkalil Seqtedf emanm‘es foft differendr matsl csalts and

g Sha) Some o s idareripodbaTan ISt Ted WeipEnsgluble inorganic
so\ﬁ#l ! ta?ﬁh?ﬁﬁﬁﬂﬁgﬁm@é Trf"ﬁfe t‘%b??? bftHY invEstRsh Qr‘éelhlxed metal

i'ng or I sation can take

conimnmdsSw tabl y, the i norgam c phosphat e bi nder
particles have a weight nedian particle dianeter
(d50) of from1l to 20 mcronmetres, 15 preferably from

ahgeléf %%F QUREF-fiSolUBifR) el )prefelﬁr%d' ﬁoﬂ@al’hcﬁ anic phosphate
osphate binder particles have a doo (i.e 8

blmrg htsedflntthe talets @ﬁ the inwention arcdma @ﬁeW@B\é}d@% mrthuwe form

Sugﬁﬁm%l{%ﬁ é qrgj%c&gr[%%h%gﬁ??gﬁhpr ow‘% Ehgranu bmdmg or

imiRd i aAonCedPtake ipigcd.| Buitdblyetss m56@ér’0w phosplegte lhmkatbartlcles
on the wei ght of the gfranul ar materlrg% of soli

et Bl Vel UBGAIE: ARG GAMSLelorg) (SRoPRalole,20! Miciometres,
pr%%r%gaf[érﬁb B3-S HEGER 2 f¥ra@#¥ﬂ1éh%§5nﬂ“ﬁﬁ@sdﬂd@ binder

orie of nmagnesrum cal Ci ant hanum and

pattitles lhibvié/@ddoﬁ(l .at QO%GkWSWelghcbn( tHd partisles haveaa diaraster less than

onenvaen anion; x = Y-ny; 0 <x <_0.67, 0 <y <_
the deo ¥a{eelol OOZn'gcrggmetr(qs, gr '?%/%m 3 to 12% by wei ght

based on the weight of the granular material of

non-chem cal ly bound water, and (iii) no greater than
MIXED BJEVAL @HNDERSed on the wei ght of the granul ar

mat eri al of excipient. The present invention
The present invention provides a granular material comprising (i) at least 50% by
weight based on the weight of the granular material of solid mixed metal
compound capable of binding phosphate of formula (I):
MMM (OH).A™,.zH,0 ()
where M" is at least one of magnesium, calcium, lanthanum and cerium; M" is at
least iron(lll); A™ is at least one n-valent anion; x = Zny; 0 <x<0.67,0<y =1,
and 0 < z < 10; (i) from 3 to 12% by weight based on the weight of the granular
material of non-chemically bound water, and (i) no greater than 47% by weight
based on the weight of the granular material of excipient. The present invention
further provides a unit dose for oral administration comprising a water-resistant
capsule containing the granular material. The present invention yet further
provides a unit dose for oral administration comprising a compacted tablet of the

granular material. Preferably, the tablet is coated with a water-resistant coating.
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adm nistration conprising a water-resistant capsule
w@onwassleng the granular material. The presentPCT/GB2007/000308

invention yet further provides a unit dose for oral

adm ni stration conprising a conpacted tablet of the

granul ar material. Preferably, the tablet is coated

with a water-resi stant coating. WO 2007/ 088343

PCT/ GB2007/ 000308 7 A preferred inorgani c phosphate

Fk&éﬁéd'lﬁ’o ahicthhedppiate BiRlerhs eolid ¥edecipgpRibigimiadd compound

ormul a P MIII_XM I X(OH) 2A""y. zH20 (1) 5 where M
Ofif@mwlal(léast one b| val ent metal; ML11 is at |east one

e Ieast one n-val ent ani on;
@ﬂgﬁdykﬁ and 2 1150 < x5 0,67, 0 <y 2
wHereQ\/I”<Js &t least drfé blklalerbmmetaleﬂ\.é'll rseat Ieastecme ﬁlvialentxnetal A™is at

such as 0,2 < X,

Vg hﬁ Ed( 1§<21 0<
le@ﬂ@rm@wam@anagpéa soy ang s Yoand 2P x 5867, 6< 21,0572
Q]gerst ood that x = [ML11]/([ML1] + [ML11]) where
l[]J is the nunber of noles of M per nole of conpound
of forrrula | and [ML11] is t he nunber of noles of

ML11 I f f lLa_.l
oIt gk G925 Bef s B2l ' G x 0505 < x. I
orld § lfe?éﬁ%l !ésge& 0’<<x_<Q) 8. It wWift b@r@ﬁcﬁrgwom tﬂafx»e AR + (M)
Prefera < 0.3. Preferably 0.

witerg, [M' mﬁa mmnpeooﬂrrwes of M" meranelead gompqm{pﬁﬁamla I and

[NL i ﬂ‘@ éer rfgrgpf,‘essgo%'" g)erfncée O%Bgi&pgﬁé fo‘??@ﬂuﬁa? <

Preferably 0<_z<_ 2. Preferably 0.1 :5 z: 5 .

Preferably 0.5< < 2. Preferabl
Inmpnsr prefenrgd @saeﬁzoé y E t?lﬁf@?@%%ﬁ/y ﬁl Q8. F Qéiaﬁv% <y=06.

I <28 4Z P, eQ Za i Q| < 0.2.

F"J%t%%faslyaef%ryz}\BI@,4 (ﬁ. éblg g§5< 1 an 3 <I§r< ggb%g'ﬁ% 0.
Prefférabhe0.appy &d). 2t Prefekaity 931(5h< gf<®Be preferred val ues

of x, y and z may be conbi ned. Thus any conbi nation

of each of the values |isted in the table below are

InS@?é raerblYa e%?'oOS%d<hﬁJ" qi’r%fé}ﬁglyn@k Ee< BI %@@um <z <B6.

Eresent vention. x O<y< 0.8 0< z< 10
Pi&ferably0& gz 8 46 Ryeferablg O < z < 2. Preferably O 1 2z52. Preferably 0.5 <
< 2. Preferably 1 < z < 2. Preferably 1 < z < 1.5. Preferably 1 < z < 1.4.

Preferably 1.2 < z< 1.4. Preferably z is approximately 1.4.
Preferably, 0 <x<0.5,0<y=1,and 0=z =<10.
It will be appreciated that each of the preferred values of x, y and z may be

combined. Thus any combination of each of the values listed in the table below
are specifically disclosed herein and may be provided by the present invention.

X y z

0.1<x 0<y=<0.8 0=<z=<10
0.2 <x 0<y=06 0<z=8
0.3<x O<y=04 0<z<6
0.4 <x 0.05<y=0.3 0<z=<4
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0.3<x 0<y< 0.4 0<_z< 6 O4<x005<y<030<z<4V\D

2007/ 088343 PCT/ GB2007/ 000308 8 0.5<x 0.05<y<_0
WO200248843 0<x<_0.67 0.1 <y< 0.2 0.1 <_z<_2 O<P<@:r/GB5007/000308

0.15<y< 0.2 0.5< z< 2 1 <7< 2 1< z< 1.5 1 <z<_ 1.4

1.1 <z<_ 1.4 In the above formula (1), when A

represents nore than one ani an t he vaI ency (n) of

T 2
0.56Pes of eacfw ani oh Ooﬁu{yl'qu?ed byI |U{s r Suutl |{/e

o YIILEHEY D I'n Torrrubq £)< oMLl is prefer@blsyzaq ect ed

fromMy (11), Zn ( e (1), Cu (1), Ca (11) la
0<€Kki908nd Ni(I11). of 011|5e§y,<®z@ i s especi|d.6y pE erred.
M1 —+-s—preferablby——setected++om M"(...,{ FeGH)S
La(lll), Ni (Il1) gnd Ce(lll). O these, F—g(T?I) IS
especially preferred. Herein, (IT) neanNsia®eyad in a

divalent state and (I11) neans 10 a netal in a
trivalent state. Al- |s preferably sel cTécZ$r1c4none

or nmre-of car hanna rIham ot o
O o C—0n aFB0ha C, ||_yUI U/\_yual oUTTatc Ty U' ILSIID

(eg. nitrates, sul phate), netal-conplex

ferrocyani dey, pol yoxo- netal ates, orgam c an| ons,
hal i de., hydroxi de and m xtures thereof. Of t hese, 15
In the Bboae éomsulagPechen A rqpresents eorerihanangpanyion; the valency (n)

ound conprjses | ess 20
Of 0B MBY SPEF ab3V, BYEny SuBg aaS Tufdh fBled Bt each anion
mGI’EIBﬁ&I BYlity rbgsscotivBaaIdRg, kg expressed as weight of
al um ni um nmetal per weight of compound. 20 Mre

preferably, only low |l evels of alum nium are present
Ina‘UChu% (1), 3% i PAPerabROL&Ected £55" BY' o)) 285015, (M, cu (), Ca
(), La (1) and Ni(ll). Of these, Mg is especially preferred. M" is preferably
selected from Mn(lll), Fe(lll), La(lll), Ni (Ill) and Ce(lll). Of these, Fe(lll) is
especially preferred. Herein, (I[) means a metal in a divalent state and (lll) means

a metal in a trivalent state.

A" is preferably selected from one or more of carbonate, hydroxycarbonate, oxo-
anions (eg. nitrates, sulphate), metal-complex anion (eg. ferrocyanide), polyoxo-
metalates, organic anions, halide, hydroxide and mixtures thereof. Of these,

carbonate is especially preferred.

Preferably, the compound comprises less than 200g/kg of Aluminium, more
preferably less than 100g/kg, even more preferably less than 50g/kg expressed

as weight of aluminium metal per weight of compound.

More preferably, only low levels of aluminium are present such as less than

10g/kg, preferably less than 5 g/kg.

Even more preferably, the compound is free from aluminium (Al). By the term
"free from aluminium" it is meant that the material termed “free from aluminium”
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Even nore preferably, the conpound is free from
alumnium (Al). By the term 25 "free from al um ni unt

w0 oo7ess3ennt that the material termed "free fre@T/GB2007/000308
al um ni um* WO 2007/ 088343 PCT/ GB2007/ 000308 9
conprises less than 1 g/ kg, nore preferably | ess than
500ng/ kg even rmre preferaBly | ess than 200ny/ kg,

cofgbRe. e chensehe: O R aeY o8 ghen oroufdlsg, eyen more

préfe%bl? @é?sls\/thbhezmm@mg nﬁo@@?te%r%ly lces than Y 2emd/iaf expressed as

| east " one of Magnesium Cal ci um Lant hanum or Cerium
waightcofglementa ajurainiure £er waight¥f QOPRIEIdum  Lant hanum®

or Cerium nost preferably Magnesium Preferably, the

compound conprises |ess than 100g/ kg of calcium nore
SLii@\bW @lectarhp dun e ssntalranirdi{il) kemd @l\/leasirm'ieaobk/legaealhhy Calcium,

than 259/ k t
Laé@f%wmw%g&ew RBISPrEIIRpBLALIS R REE B MABPEBIR: Laptganum or

I present such as |ess than
C‘lirg)% ﬁ]‘é@ érrez rgrsgjbﬂ?gﬁgggﬁ{ han 5 g/ kg. 15 Even nore

preferably, the conpound is free fromcalcium By the

f m
Prﬁgrgblym ?‘%erctr?gggo : golﬁ?mfﬁeéallﬁﬁr]ﬁﬁ%oh‘gﬁg@gs of cgcium, more
prefeREh ISéé‘ﬂ?an”@@#?k@r@\féH ﬁ%lré‘ r@l‘éﬁaﬁl?@ébsﬁ%mﬂ g expressed as

more preferably 1eSs than 200ng/ kg, nost preferably
weightoft ¢dlamentaogidigmepgiveaiglidofeomrout. of el ement al

20 cal cium per weight of material. Preferably, the

bi nder conpound is free fromcal ciumand free from

Méi@ﬁﬂé‘ﬂéﬂéﬁly, ohielow RevelsUdh dal@iQ&ﬁareCﬁrImEhBém gs daud than 10g/kg,
and any ot'her material making up t 25 final unit

prefesablydessathano? 8/kdi s al so preferably free from
al um nium and/ or preferably free from cal ci um using
the definitions as detail ed above. Preferably the
Evid imdreiprefdratiy, athe compmund isdrew fremscaitiuimeay theptesm “free from

T s i i RS o Y oo e
TR e R S oo g B sty s

zamng/ggatrmsspmfaablp less than Ui28mg/sgrexprasset ysrwsight of elemental

C%PW é%rg\ggllgkgﬂémagcerﬁlnds of metallic cations in the

Preferably, the binder compound is free from calcium and free from aluminium.

The final unit dose, comprising granules and any other material making up the
final unit dose, as a whole, is also preferably free from aluminium and/or

preferably free from calcium, using the definitions as detailed above.

Preferably the solid mixed metal compound comprises at least some material
which is a Layered Double Hydroxide (LDH). More preferably, the mixed metal
compound of formula (I) is a layered double hydroxide. As used herein, the term
“Layered Double Hydroxide” is used to designate synthetic or natural lamellar
hydroxides with two different kinds of metallic cations in the main layers and

interlayer domains containing anionic species. This wide family of compounds is
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i nterlayer domai ns containing anionic species. This
wide famly of conpounds is WO 2007/ 088343

weQn/eB3e07/ 000308 10 sonetinmes al so ref err edP€DGB2007/000308
anioni c clays, by conparison with the nore usual
cationic clays whose interlanellar domains contain
cationic species. LDHs have 1l so been reported as

5%;? W‘%ﬁgééb&%f%f %gpe@oﬁ@ﬂglq%s[ %aer enﬁ%ré%o%d\?/ﬂﬁ ﬁ@% 5{1&% usual

cafloficRdyd WHb3E linteRBRTHEF Gérrfém@?doﬁ@trﬁbat@dm@@pécies LDHs have
contains at | east one of carbonate ions, and hydroxy

alsoibeen rappredi auhydrgialsitediker campewisisu Ry r@&feapﬂstoa%ne of the

ool e RS AMG AU Rred Bl 1627

sui tably made by co- precipi tatl on froma sol uti on
e. g, as described in W 99/15189, follo
A ea&tcﬂlarwgm@fetsfedoqud mesl |CGH‘PQHF@rPQiF§'Pﬁg?‘? "?ﬁvﬁt oG Pf sagponate

.Sl ed metal 15 conpound is then rewetted
|orzéggal\f1'd sdragﬁlgﬂ the wet-granul ation process and the

resultlng granules dried in a fluid-bed. The degree of

\ét;c,uggj‘yv\g grr%%ﬁbgm%%glpl é’q{gufwg({%ﬁt 'eStch'" " agnesmm and iron

A reepddivekel y, mxed netal conpound may be fornmed by
( era‘:sng aﬁﬁi ntimate 20 mxture of finely divided

single nmetal salts at a tenperature whereby

kg ol B8 bGP o EMbpph 8t pErafigeiy made by co-

pre@ %ﬂjfﬁfmf@@@dtﬁ)n(lé gy Bescridedi neW@ygglaaneegfatowed by
grperatures in excess of 200 C.in order to degreas
cemr ugafiere ostfiliratien,t then geying: milling and tsigungaskhe Sitpixed metal

o BFESTBEHER i L B RGBS oo and o
regommgtggdnhnst %m@ﬂmmfleﬂ -bed. oFlteedegree af hirgng inHbe fluid-bed is
esi red non-chem cal ly bound r co t of the
ugpdtgasiablishithgidesirgd Walgk eentsm@afefw fﬂ%g)l%tkl lled in
the art that the water provided by zH2O in 30 fornul a
(1) may provide part of the 3 to 12% by wei ght of
Altemabm!m odiked rhetah ccompaund (hays de formede byehgatingfan intimate
t he granul ar IIedlnth
b 7 O] VRS STHS AP s3is 2t BhieripoAtuBLinEREy solid-sold
re2BRoh E§I|'| obEGMMAHIRS to AP metal compound formation.

The solid mixed metal compound of formula (I) may be calcined by heating at
temperatures in excess of 200 °C in order to decrease the value of z in the
formula. In this case, it may be necessary to add water after calcination and prior
to incorporation of the solid mixed metal compound in the granules in order to
achieve the desired non-chemically bound water content of the granules.

It will be appreciated by those skilled in the art that the water provided by zH0 in
formula (I) may provide part of the 3 to 12% by weight of non-chemically bound
water (based on the weight of the granular material). One skilled in the art may
readily determine the value of z based on standard chemical techniques. Once

the material of the present invention has been provided the amount of the non-
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the material of the present invention has been
provi ded the anount of the non WO 2007/088343
weon/eB3e07/ 000308 11 chemically bound wat er PEHGBRE®M000308
al so be readily determ ned in accordance with the
procedure described herein. By m xed netal conpound,
it is nmeant that the atom c $tructure of the conpound
i.nclu he catio of at | east.t different .
chinigaly BPed MR Loy heS 1S berTRRg G ARGl i ccordance with

the rHéédUré dekbAbé®hBidih xed netal conpound does not
clude mxtures of crystals of tw salts, where each

cryst al type only includes one netal cation. M xed

o RO FIE i KhEab i I B 4frge o compoune
inBleHas fHEEAIBAS bR AOMédsts twd Odiffeséntpintetall Imbtr:ibu&ldcajmformly
10 m xture of 2 different single netal salts.

thraughoug dtﬁpwﬁswrgs Theeteremeixed metal ué}@mcE’QHﬁGu%ése g?ot include
§adf%r9§l5@| ot Ml wWhekd etaEE dgﬁt?i tghg cfgﬂ‘?mclljdes one metal

er ent valence states e.

camlnl Mixed ormptzl roben paurios arengypmlhy tHearesutt df cbpremipitation from
es in, o e co ound

|
st Tt SIS CostaT PR PaHGTs Rbentasido & Sitnly splid physical
mml%rbiﬁ? dlf%feﬁihﬁngér Me%‘%ra‘ﬂgowﬁxécﬁ mEaN¢orRbbideds as used herein

crystal line phases which have stallite sizes bel ow
mclueledmrepoumﬂs of tihe saofe Xnetayt)cpe‘ uhwitholier eetali igute different

talli ha h
et B PR 258 ot S0.08) 55 28Mpct e Enflinps more than
2d|fférém%emmﬁstlﬁrdmeaébiﬁpéuﬁd ue anorphous materials
whi ch exhi bit 20 short range order, but no |ong-range

order. The compound of forrmula | is preferably forned

Tli% DEP%ﬁS ﬁ'géftge ﬁ8ﬁ18|8¥|ﬂ30h% 5 T Eﬁﬁﬁatrggnémo?ﬁhd&yg'(ﬂoﬁ Rfystalline)

orrpound’grow ng 1’ si
mearizl.aBy the emh amorbhoas ds eneantveitharirgstaliinespieses which have

crysialia’ @gggg}eﬁi‘%@f&eﬁis@e%ﬁnfwgigf oyt fedinidues, or
rgélég nfe osp { H(;é% %@Lﬁg %ﬁdﬁ%ﬁ k%g wAnHTsh AbAdt exhibit
arcmystamneedlﬁmoﬁon paitthommbimretmemogqrmqsamwgriabamﬁch exhibit
S e BB A 18R9 B889% P s spec 1 od. | VIO
2007/ 088343 PCT/ GB2007/ 000308
The compound of formula | is preferably formed with no aging or hydrothermal treatment
to avoid the crystals of the compound growing in size and to maintain a high surface area
over which phosphate binding can take place. The unaged compound of formula | is also
preferably maintained in a fine particle size form during the post-synthesis route to
maintain good phosphate binding.

PHOSPHATE BINDING

Any reference herein to phosphate binding capacity means phosphate binding

capacity as determined by the following method, unless otherwise specified.
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12 40mmol es/litre Sodi um Phosphate solution (pH 4) is
prepared and treated wth the phosphate-binder. The

w0 pdovesssa sol uti on of the treated phosphate sPCTIGBR007/000308
is then diluted and anal ysed by | CP-CES for phosphorus
content. 5 Reagents used for this nethod are: Sodium
Di hydr ogen Phosphat e l\/bnohyfdz ate (BDH Anal aRTM

4(8%%%%{@1%#8% Eclgsopgia %?sf%g goald @TE/ ﬁfépa%gn and treated

witht Qhe SHRSEpHEEBirefer AT he( fikted %QIuﬁbﬁCbﬂ‘ itife arRAsatplfosphate
used are: Rolling hybridisation incubator or

soligicinvial then dl’cd@daﬁﬂd Boalysed lanipP-OFshiormhesahenis @tein
tubes, Reusabl e Nal gene screw cap tubes (30nil/50m ),
10m di sposabl e syringes, 0.45pm single use syringe
Réaddris , ub6®- @S thisdwethotk! gre: 0 §udismpl RibydrogeaptPluzdphate

Mgr;n = on T elaééagfaf@{“grg%g) gﬁgi% cgﬂ;irlcg#ct:llg?ﬂ%%ﬁ}” water),
f
e e G e

(BOH)sk. To the 1 litre vqurretrlchasklsthen added 1
M HClI drop-wise to adjust the 20 pHto pH 4 (+/-0.1)
m xi ng between additions. The volune is then

S;gér‘]tgﬁ’émaép?a)/atu@@@edﬂhréo RHIIﬁwd 'Hybﬁdlé%hﬁﬁ inBabatcl drwag eivalent

d thorou sol'ution is prepared by

(Graou BaebaIyHMWgh1g(}rg?/bl¢10d5c<8l9g:tl(m/tub@s oRgysaltle Mlgeng@@rew

e

filidp AICHROY SWEhetctietly sdusied phres g-ftbp’ucaCaimisi@i gpactrometer).
Standards are prepared by pipetting into 100 n1

volunetric flasks the follow ng solutions:

AR WAL o Pt ettt o
hyddogén Lshadphiie nfolldRed] by 1addiflppnof sbme GutaldRI™ 2water and
traﬂsfé#%% torra) 1 |gr2\90 Lﬁ)&qric( f}a()s?(? Pm

To the 1 litre volumetric flask is then added 1 M HCI drop-wise to adjust the
pH to pH 4 (+/-0.1) mixing between additions. The volume is then accurately

made up to one litre using AnalaR™ water and mixed thoroughly.

NaCl solution is prepared by accurately weighing out 5.85g (+/- 0.02g) of NaCl
and quantitatively transferring into a 1 litre volumetric flask after which the
volume is made up with AnalaR™ water and mixed thoroughly.

Calibration Standards are prepared by pipetting into 100 ml volumetric flasks the

following solutions:
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The solutions are then nmade up to volunme wth Anal aRTM

wat er and

t horoughly m xed. These solutions are then

waisedosss4xal i brati on standards for 5 the | CP- OX/GB2007/000308

appar at us.
prepared in

The phosphat e bi nder sanples are then
accordance with the procedure descri bed

hereafter and neasured by 1 CP3 OES. The | CP-CES
results are initially expressed as ppm but can be

converted to mmol usi

ng the equation:

mol

= (reading

FlESk NeS 10 _ppmqy ol
4 (dilution factor)

ecl
10

[ar wei ght
Aliquots ¢

f each te

9f the ana};yte ) X

Qarml e

ng

OStegl of tH

eStﬁh%sphat

eStd33 nder

Idantnflczatnoquot (cBiaali(ni
 Nacl @'am?ﬂ’e i 4 19)"\11“ coma”ﬁgn'pri
‘ e digndegm 1t may Ay used gsogych. Alfl qmganpl es
are epared ijn duplicatie. 12.5m |aliquots of the
Phosphat e sol (iti on are 15480ppmed ( PEUCH
serew-top—tubes—econrtatntng—thetest—sanptes—and—the
screw cap fitted. The prepared tubes are then pl aced

Thé‘tébl&mg C&rbethérﬂcmﬁééonp Pfce vdhgake ditho Aiﬁl'-él’\mﬂ water and
rotated at full speed for a fixed tinme such as

theroughds mixed.hEress selvtiany ape theyedsed asHealration ﬁ*@ndards for

P PR o P S P15, e n

a@db{r)dliémge Wl’dlhlt e p ﬂméd&gérdescflbén%ﬂ Ihefraaﬁaert andsheaswedi by dCP-
ood col lection tu 7.5 0 a) aRTM water, i's
OpSpeTbedGimQES asultS i AialboroxPiReRas A ot but Gan be

in t
oHIBHLSY Yl fsnd et hOe AUBNGIBEIOET S pom
miojecufarasgight ef theratiahde )%4 dilkdion fa&of)T/ S x 100) where

T = Anal yte val ue for phosphate in solution after
reaction with phosphate binder. WO 2007/088343

AP@H’[@%OQ%PQQQ&O 8ambfe, SeacH\iliblibe cbﬁ’cdiﬁin?od) 5§h 8 Bétghosphate

sol ution before reaction with phos i nder .
bigder, meplactewblmvaﬁeml ISGERW tap Nabanq;&tb% Kdhe gest sample is a unit

dabs osc%ﬂ%:}rfesmbd 'E)dg fthe phosél%ete binder, it may be used as such. All
samples are prepared in duplicate. 12.5ml aliquots of the Phosphate solution are

TR A

pipetted into each of the screw top tubes containing the test samples and the
screw cap fitted. The prepared tubes are then placed into the roller incubator pre
heated to 37°C and rotated at full speed for a fixed time such as 30 minutes
(other times may be used as shown in the Examples).The samples are
subsequently removed from the roller incubator, filtered through a 0.45um
syringe filter, and 2.5ml of filtrate transferred into a blood collection tube. 7.5 ml of
AnalaR™ water is pipetted into each 2.5ml aliquot, and mixed thoroughly. The

solutions are then analysed on the ICP-OES.

The phosphate binding capacity is determined by: phosphate binding (%) =100 -
(T/S x 100)

where

T = Analyte value for phosphate in solution after reaction with phosphate

binder.
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5 granul es of the present invention provide a

phosphat e bi nding capacity for the material as
wore@3nsssad by t he above nethod of at | east 30% BET/6B2B0/000308

m nutes, preferably at |east 30% after 10 m nutes,

nore preferably at least 30%after 5 mnutes.

Preferably the vvat er-insol ubl4e i norganr c solid

s P aRb R, Rabisvier phaspBate. . shilh Piete rectonwih FHetbnate

birfsur ed by the above nethod of at |east 40% after 30
m nutes, preferably at |east 30% after 10 m nutes,
nore preferably at |east 30% after 5 m nutes. Even

S 5, B SRR Uit bR, e n o
gramylestdfafesrecent pvenatibatprobidadca lp@oephallw bindag capacrty for the

neasured by the above nethod of a ast % af t e
maeriat as mpaerredalbr yheahovgsmetg Oﬁet Fa%r fg 0 g@é“lnutes

pr%% raetflgéétﬁ ?%a%ﬁere%t mitie&! hdke ?)ré‘ﬂei’ét%gsat IEQ& Qﬂ)% after 5

I'ndi ng nmeasur enen vari ed
mm&%soiPremeny dine \AmterennsbhaIblamurgﬂhc solrd\lamlsptmatetblndﬁrs used in
me t hen be sedtoa

ndDSoRecy SN T Shen b keel 10 sseg Uik, ooty a
éﬁédr@ﬁat etrkehﬁbé‘@é Phiethfd Vrudt! IéasP%%aﬁﬂér §9||hﬁhutes preferably at

osp nders used in the tablets of the present
least\m%rafterhw/mnautplaogmtatmefarabrlyraj leaglad@Yoyaiigr npjputes Even

B N N N O

taBI@té bpmégﬁésehprnv%ﬁtrﬁﬁmé@ pRYsp e aadia rt;a;ia@rty aefmeasured
| east 25 30% after 30 _m nutes referag

bystt% abeve meihed mttaésieame%paf&re%myut% nrefgg@blﬁ%%least 30%

afﬁeﬁt@rgrgﬁ]@égg{ﬁ%p ospﬁ tell%aétzp%rs useg I'n t%bl et abl ets

of the present invention have a phosphate bi ndi ng
capaci at a pHfrom3 30 to pref rabl from
The pHocpfett'@ Eareybmrim mepsuEantTaaK Beatprigy b se of addition

ofaeki‘t‘h {-I {R{ aGH sp ﬂe/orﬁé%ﬂre%nw&%n be used to asses

pre era east %ater 10 mnutes, nore

therpefoephbﬂeybratimgmjacn@% waitying pHdatugses. WO
2007/ 088343 PCT/ GB2007/ 000308 15 Even nore preferably

the water-insol uble inorganic solid phosphate binders

SM th8 viter-idBludlS itrgaihie sBer%Bsphé‘téed]hd@r@ UddEinahe tablets
)hat e bi ndi ng capacity at a

of the present invention have a phosphate brndrng capacity at a pH from 3 to 6,

preferably at a pH from 3 to 9, more preferably at a pH from 3 to 10, most

preferably at a pH from 2 to 10, as measured by the above method, of at least

30% after 30 minutes, preferably at least 30% after 10 minutes, more preferably

at least 30% after 5 minutes.

Preferably the water-insoluble inorganic solid phosphate binders used in the
tablets of the present invention have a phosphate binding capacity at a pH from 3
to 4, preferably from 3 to 5, more preferably from 3 to 6 as measured by the
above method of at least 40% after 30 minutes, preferably at least 40% after 10

minutes, more preferably at least 40% after 5 minutes.
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from3 to 4, preferably from3 to 5, nore preferably
from3 to 6, as neasured by the above nethod, of at

wo e@snsB@o af ter 30 mi nutes, preferably at | eartT/68%07/000308
after 5 10 mnutes, nore preferably at |east 50%
after 5 mnutes. It will be understood that it is
desirabl e to have hi gh phospt@ate bi nding capability

b
EvRBmgLE Breerb L WaloedRaRaR ok soRuRhosHIRG Bindprs used
in Eﬁ’@tdﬂ?étQQﬁ thé(bréi@eﬁ'ﬁﬁh\hﬁﬂlo%bﬁ’é’\% b%hb@rﬁéﬂ@ftﬁﬁdmbf@pamty at a pH

phosphat e bound by the binder as Phosphat e
frdm@nm ﬁepre@erabiycffoml Sitrep, mase myeferakly dexse 3 for .0ms mgasured by

o B At AL A ot

100rﬁ1|ﬁdi§? nﬁ@tfeeﬁﬁeférﬁb%tl lesst S ftee 5anmm@ephat e binding
acl al a

1t it s ondatatect tdt iasles rablestosbpva Bignphasphete Riaina Sapabilty
10 d by th
oRESH AR R AR BERBS 10 75 TEECYS) YTE,
pre;erag:y at :east 8 3 mol /g af]Eer 10 mnutes nor e
t t
ARl B 350 FBh e g BB g e metnos
de‘é'&ﬂﬁ@&‘aatb%v%%bﬂoné’frﬂésé‘%ﬁg ﬂHbstSté BBliSd yothe! Bder as mmol of

resent I nvent ave phosphat e binding capacity
PMspdnatfb—bbumlmarg[amofpmfeer ably from3 to 5, nore

preferably from3 to 6 as neasured by the above

nmet hod of at least 0.4 mmol /g after 30 m nutes,

ughgf ﬂ{@baés&tptioﬁa%r 8)I'fbsﬁ$ﬁaté toinding! é@taﬁlwutm watgrdnsoluble
preferabl | east 4 mol/g after m nut es. Even

mmga@lqa s@hé iigisphatee bindess MSﬁéolnumeetabflﬁtﬁ fnthe peaseat Jmvention
h%ﬁﬂg%ﬁhﬁg(}gﬁ&ﬁgh ?gﬁﬁ){ 8{ anl-ti g%@@gcg% g?%‘féré’r%l?%?%'_PH from 3

tofg afibie pmféfabny af almbfrxbnf Bdm 10, tmost, pm&rrabtyrﬁf&p&bfrgm 21010
from 3 to as neasured the abo

ag geaAsued t?MnB'P? g“bQN?e'F‘eﬂ'EP Oﬁ@te@as’y@rg‘art@h By afa%r 30 minutes,
rFeaS{)lyo gléHEP'(?? ﬂ?r?cﬁ{gr é@ef”ﬂ‘)uhﬁﬁutegg"rﬁor@{\ﬁe%%vw afilleast 0.3

m nut es
ma{lg/ ﬁ%ﬂ&lﬁﬂé@@?ﬂ@ﬁdmmwm%m%mbtﬁ inonganic solid phosphate

blﬁé%éte Hée nv t(a)lgle%sogmhes %rgéentel%\sléntl 00/Qna% eg %'h%ts)bl){ate binding
capacity at a pH from 3 to 4, preferably from 3 to 5, more preferably from 3 to 6
as measured by the above method of at least 0.4 mmol/g after 30 minutes,
preferably at least 0.4 mmol/g after 10 minutes, more preferably at least 0.4
mmol/g after 5 minutes. Even more preferably the water-insoluble inorganic solid
phosphate binders used in the tablets of the present invention have a phosphate
binding capacity at a pH from 3 to 4, preferably from 3 to 5, more preferably from
3 to 6 as measured by the above method of at least 0.5 mmol/g after 30 minutes,
preferably at least 0.5 mmol/g after 10 minutes, more preferably at least 0.5
mmol/g after 5 minutes.

GRANULES
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60% nore preferably at |east 70% nost preferably at

| east 75% by wei ght inorganic phosphate binder. 5
wah®7gssml es of the present invention conpri SECT/GBR003/000308

to 12% by wei ght of non- chenically bound water,

preferably from5 to 10% by wei ght. The remai nder of

the granul es conprises a phatéraceutically acceptable

THE Bfasttien b, P g TRERLBp onia se, A lefot Y070 musfesakly at least
6090 sreapfededbly 2@ 18580 mdR NG féraBlyIRRARSTHRY by weight

conprise no greater than 47% by wei ght of excipient.
inGigahés pivdsphaie bindgiul es conprise from5 to 47 % by
wei ght of excipient, nore preferably from10 to 47 %
by wei ght of excipient, nore preferably from15 to 47
THé Branuie bt tHe pesenpirsehtiod TofdpiiseLfrors Zto $2% b lweiglat of non-
| east 95% ba/l wei ght of the granules have. a dianeter
chesaisaliyhbpund gatempeaferably B9Ma2 toddPeWeiditsi evi ng. 20
Preferably, at |east 50% by wei ght of the granules
have a dianeter |less than 710 mcronetres as neasured
Tl re&rainideg .of Nbe gyraneite raonhpyrisest a |phasmaboctidallyvadoghtabidé carrier

the granule ave a di.apeter from106 to 1180 . . .
foﬁitb?o%%@ka,eg?'@g%%ag?' ¥ (e Bbd’l?ﬁ‘%_r%w@)((?'@@.nts’ which
pr%@id@&efhenﬁé%rﬁée&eth?é"@fan@bs.' Pfstice/ He ?Yaﬂlﬁéﬁhﬁa?fcdlﬁ@rise no

granul es have a dianeter from 106 to I180 )
greatardhan #EY bpvegightaof gxcipient. Posferablgdice grandes ceswrise from 5

togh 5. oh1 B0 weigHfresPstient ol PBCiARY ot ABCt"lg by Seight of
extliFiam, eforedtefcrallytfiord N8a6 Tt Baby welghitop BRsiplet.e

binding. Too high a proportion of granules |ess than
106 micronetres in dianeter can lead to the WO

/ PCT/ GB2007/ 000308 17 probl em of poor
CRANRE ¢S

y of the granules. Preferably, at |east 50%
by wei ght of the granules have a dianmeter greater

s@?ﬁﬁﬁ%&%@é{ﬁ@ Weﬁ%%oﬁﬁéﬁgﬁ%ﬁqlgg @a%ig%/\,igﬂ reter less than 1180

midReeE N5 neasured by sieving.

Preferably, at least 50% by weight of the granules have a diameter less than 710

micrometres as measured by sieving.

More preferably, at least 50% by weight of the granules have a diameter from 106
to 1180 micrometres, preferably from 106 to 500 micrometres.

Even more preferably, at least 70% by weight of the granules have a diameter
from 106 to 1180 micrometres, preferably from 106 to 500 micrometres.

Preferably the weight median particle diameter of the granules is from 200 to 400

micrometres.

Larger granules can lead to unacceptably slow phosphate binding. Too high a

proportion of granules less than 106 micrometres in diameter can lead to the
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Sui t abl e exci pients which may be included in the
granul es i nclude conventional solid diluents such as,

wo ono7ess3upl e, | actose, starch or talcum as wePdT/&82007/000308
materials derived from animal or vegetable proteins,
such as the gelatins, dextrins and soy, 10 wheat and
psylliun1seed proteins; gunsiduch as acacia, guar,

preei of Reer Pwapih obfe SRBPE, Eisratl "y REREAQ% by weight of
thBe&lenlfes A Redidgmerr YdreaterstheR #96 micrometres as measured by
pol yvi nyl pyrrol i done; goly pepti de/ protein or

sipdng smoth Rreferabiivapleast80%Ushwaighgel at i n- acaci a
conpl exes; sugars such as mannitol, dextrose,
gal actose and trehal ose; cyclic 15 sugars such as

GRANUVEEXIGREDIENTSani ¢ salts such as sodi um
phosphat e, sodium chloride and al um niumsilicates;

and anmino acids having from2 to 12 carbon atoms such

Slgﬁgaltgr’a QJE(be'rl]é]ﬁgs whieh q'ﬁé%%e hcﬁﬁi@ |hitﬁea§r‘aﬁu|és i%HFd%”@:&wentlonal

r oXypro |so eucl ne euci ne and
sdlrdmhmltsai;mh as,. foP6xammele, dactoss,cstaichnr thkuel,rasawelh as materials

desfeg TG aehpT iarap Bad o, DA e e/ftns, seping and soy,
wRES N bhd %VIE[?:FI' §e§él éiﬁé’fnt gui' stigip! &8 sadafd, Ugar, agar, and

acaci a, I nic aC| car boxynet hyl cel | ul ose,

xar;tkjamxymlys}aqcbarlde@s@lgm@i@s omm@m@bylcalluigées carrageenans;

xtrin, 25. ethyIcI : .
%ﬁmnshyd P8 ropﬁ§' i’ﬁeétt yI'%%l ?‘éﬂ gggg L%‘ ? opryrrohdone
péptidegprotdins eor Pedlysddipacine woMislexedVisdone,assogélatin-acacia
ginate and hydrogenated vegetable ogils. Sui tablq‘i«a?e oyclic

cmneieﬁeggrsagags pHeh @gamanpita). deﬁk@iﬁ &aéac‘rt%@@aﬁttéeh
ogg:l_u h rz]%g%)’ 10! e j rqck)rgéﬂkeﬁ] Lgh: éf%ggtﬁm phosphate, sodium

i"um’car boxy e
cmbﬂ@édndndxlemlnlbprﬂsmnamopahdednhlubca&ds Ihiagimgnivbec2itar12 carbon

IS SV s ARG b s ahRItE BBk rbrdlgmie acid, L-
h@pi@ﬁ@%i PGTélﬁﬁ?@qy{é%ﬁféoéwcf !lﬁ)lpeegylalamne.

met hacryl ate, Cross
poI yvinyl pyrrolidone (PVP) and high nolecular weight

Tha) hnFEAReaL e AP Ao PRI FEPEREDls PR s tabiet

stﬁ?ctﬁﬁén‘té 8PAdkésiMd/ BsinRAPm ts'oﬁrsWéll yrigs] y preferred
excipient for wuse in the tabl ets the invention.

Suitably, the granules of the tabl ets of the
Suitable  structurants for tablets include acacia, alginic  acid,

carboxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, dextrin,
ethylcellulose, gelatin, glucose, guar gum, hydroxypropylmethylcellulose,
kaltodectrin, methylcellulose, polyethylene oxide, povidone, sodium alginate and
hydrogenated vegetable oils.

Suitable disintegrants include cross-linked disintegrants. For example, suitable
disintegrants include cross-linked sodium carboxymethylcellulose, cross-linked
hydroxypropylcellulose, high molecular weight hydroxypropylcellulose,

carboxymethylamide, potassium  methacrylatedivinylbenzene  copolymer,
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i nvention conprise from1l to 15% by wei ght of
cross-linked pol yvinyl pyrrolidone, preferably froml
W 20020843430re preferably from2 to 8% Pref er abdH/GBRG012/000308

cross- |inked pol yvinyl pyrrolidone has a d50 wei ght
nmedi an particle size, prior to 10 granul ation of |ess
than 50 micronmetres (i.e. sod8alled B- type

pq SRR e ov.ca%ml"n'ﬁ - BaRiny oy Pisifare pPVES, @nd  high

merébﬁfaﬂweﬂbﬁﬂpcﬂy\bmy[gmlh@}g rolidone at these |evels
| eads to good disintegration of the tablet but with

I ess inhibition of phosphate binding of the inorganic

ARSI PR BAPBSH, AT Bl R exampie

arfilaple ay! Kblll@bhl@WMglekeBAswwdn%sﬁe‘cimwsﬁewﬁéd excipient for
hardness of the particles forned as the table

us# i mee@absle@ ofathst wyenpa@f @Mlﬁb%x@ﬁpﬁ?@ﬁ‘tﬂ%@f mtatﬂe’rs of the

m&%@tgg{ §$ﬂ¥]ﬁ?§83 og{\ a?tgh?%dé I‘E/‘\cmrtﬁadsr%? ﬂﬁk#ﬁf 38|y§nnylpyrrolldone

prefferaply) fromdr ¢fte r@igh ymotd fprg’embly diom 20t008%pr Psefefabjyn t‘he cross-
to 20% by wei ght of %regelled st.ar ch, go preferag
linked: doboipy! réxréwdﬁa?e B8 e e fsh Weighb e aflop%af%l%yslze prior to

gnbuifion Jﬂﬁsggﬁgggé%f&%aﬁ@géé e hso- @éllécthtzpé §é§||nked PVP).

I mproves t esion of th
Such haateriali isyadsb kigowh easommmmlegd a:rmsm)vdonw ol ﬂ)\laatheen found that

bi ndi | e
th@lt &p‘ég ?pgeg lHOTyaYHT@PW[ﬂ \dlpﬁﬁ?%tgtgpg@ ?ﬁ\{%@ Eeqacs/a {ch ggog disintegration
oimﬂﬁéttélbl%t C%ﬂte\ﬂtthfIEQ'én iRRibkidrP &%d@phﬁ% Qﬁrﬁdlﬁgdoﬁ the inorganic

nedi an partic dianeter from 100
phms;%xa@tbmler a5 campalisdetonsarae iodiher exaigientsadhm preferred sizes for

ok oS AN OAB R e B g e of v

partiee! fatrhad 28dhé talefs disifteyragnovi done is
particularly preferred, as this combination of

excipients gives the ability to reliably form

Aﬁgfnﬂ%ggr]el r;t/aﬁgén)g:ﬁpﬁe ongfs'eQHSthé E@gﬁ&les e Iﬂ@fé' ?f the invention

nte i on arac errs
isfpregelatinisgtastanichgalzsb Krivevn ay prégejled StEICAD(FrefabBi3 the granules

CQF;PCEQ\%B &%{,@gg 32(})92@@1%]9&/%@@%@ rﬁlp&%a%@f gngroe IFeifgreably 10 to
? r kdchanbre %?ér‘ébﬁ&ﬁl”h %?ng/c? by‘Wél HE THe é@ﬁia‘?ﬁ’nised starch

avouring a ent's, iers, teners
at disess rnewds nigprgees stheSdut&ﬂltﬁ and cnuheﬁg)mgnénhl'le tablets without

mlg,r?&w&gﬁ ggh‘&%a @1%{)‘9 el Ré\{e {)?nrgilr?ﬁ('oqe%ea?a%lets in (l:JSG. The
pregelatinised starch is suitably fuIIy pregelatinised, with a moisture content from
1 to 15% by weight and a weight median particle diameter from 100 to 250
micrometres. A suitable material is Lycotab™ - a fully pregelatinised maize starch

available from Roquette.

A combined excipient including both pregelatinised starch and crospovidone is
particularly preferred, as this combination of excipients gives the ability to reliably
form compacted tablets of various shapes, good granule homogeneity and good
disintegration characteristics from the granules of the invention.
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5 and FD & C red No. 40 available fromEllis &
Everard. Suitable flavouring agents include mnt,
wOo a®plogs3ny/, |iquorice, orange, |enon, grapefruP€T/GB2007/000308
caranel, vanilla, cherry and grape flavours and
conbi nations of these. Suitable pH nodifiers include
sodi um hydr ogencar bonate (i.® bi carbonate), citric

aci tartaric_acid C d [ .
i chen it oy calfc oot e Haied DuP il S8R5, antoxidants,
supfaetdHts arsffdfvadstbnt hagerts! ncoISLlhhgbbgehfsSt ﬂav@@mgﬂgagents pH

agents i ncl ude sodi um hydr ogencar bonat e, ion-exc

medifierss SWeptenaie or tasieimasking agepismSuitable eglguring agentgs include

BRI T SB35 2 b o

aref FPrg/ @SWNoagﬁlawaMbledmnmEm@&ﬁverarda Quitdhle élaod)urlng agents
sodi um bi car bonat e and citric a

Tl ON .
ineiHde it GRSRREIMb eliBArCEy r?é@”%‘?» Enb%cgg@eér ﬁ%@fﬁ&' vanilla,

G, RO Sl DL, i, b o

ineludé smhumr hmnogeezanhmnet& 4i. eobmadmnaée)a mtutmgeldedastarlc acid,

RRRiRliS ARY A el B RGeS, tetlehgr dicluds pspartame,

adé%hlfaﬁ@nkl 8fid ﬂhbu}naﬁuﬂtl Siftable PAREIMSSKING ARINtENIREIUEE Ssodium
a screen to renove granules larger than the

hy@lmwcasqutezmn exchaingenigsinse oyelodgkliinuinelisian pervppdeds and

adgolhileSe Su&ape ey o ad e T sRith fguf Bufbhéte and sodium

dabusatd. ap Qultabke eFfehaisbent é?%erﬂt@pgas)brodmemﬂ angixtire of sodium
i norgani c solid phosphate binder with suitable

biegrbprpatenard eifipaeiduce 30 a honpgeneous mix, ii)
adding a suitable liquid to the honbgeneous m x and
mxing in a granulator to formgranules, WO

GRAMNUIOSBI®N PCT/ GB2007/ 000308 20 iii) optionally
passi ng the wet granules though a screen to renove
granules |arger than the screen size,

Granulation may be performed by a process comprising the steps of:

i) mixing the solid water-insoluble inorganic compound capable of binding
phosphate with one or more excipients to produce a homogeneous mix,

i) contacting a suitable liquid with the homogeneous mix and mixing in a
granulator to form wet granules,

i) optionally passing the wet granulés though a screen to remove granules
larger than the screen size,

iv) drying the wet granules to provide dry granules.

v) milling and/or sieving the dry granules.

Suitably the granulation is by wet granulation, comprising the steps of;

i) mixing the inorganic solid phosphate binder with suitable excipients to produce
a homogeneous mix,

i) adding a suitable liquid to the homogeneous mix and mixing in a granulator to

form granules,
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iv) drying the granules. v) mlling and sieving the

granules 5 Suitable liquids for granul ation include
wowi0e0ss3es hanol and m xtures thereof. Water i BCEGB2007/000308

preferred granulation |liquid. The granules are dried

to the desired noisture |evels as descri bed

herei nbefore 10 prior to th&r use in tablet

.formatian or incorporation int sule for use as
), rPRUGHGIY, PASSHI RVt granuies: el erEpRlo; fRio%s dfanules
|a@@amgrp§]elggr@e@s%lt dose conposition, it is preferred

that the granules are blended with a |ubricant or

lv)gdwm@rthegnanuleaat there is lubricant or glidant
ut & ween the granules during the
V)(%'ﬁ‘b g\gﬁﬁetﬁ%%'?%?vg% les to formtablets. 20

Typl cal | y t he opti mum anount of | ubricant requi red
depends on the lubricant particle siz

Suitakia baids &rrgrapeiatipadngude natey: gHana %ngdﬂtx%ﬁé thereof. Water
is 5;{%}5,{:39 anh‘ﬁlquﬁ%ﬁi lica, talc, stearic acid,
&dl Gi-um o

na nesi um st earate and sodi um stearyl

funarate and m xtures thereof. Lubrlcants are added to

t he nules i nel i vided for ically ,no .
THengeIeS 2tk gHid fo thedenbesioistie 9 asfesiibell Heinbefore
pric?1s Ltt\fﬁj u%gghct%b@f fﬁbfnét'lcﬁf’ bf‘ﬁ’)ooﬁ&?rahéﬁﬁhl‘éaé‘tcab\fsule for use as a
SU|ta y added to the granules at a level of fromO0.1
urtittd@sed% preferably from 0.2 to 0.3% by wei ght of t he

granul es. Lower levels can lead to sticking or

jamm ng of the tablet die whereas higher |[|evels nmay
LUBRKSAENThe rate of phosphate binding or hinder tabl et

di sintegration. Salts of fatty acids nay be used as

| ubricants, such as cal cium and/or 30 magnesi um

o A PR  LTR b S  4gohea v
grahelesyaref blehdat ewitinc ibricantsr tghdaabfsucrh tthatatherbderubricant or

o s er s b syt St oo Siphan of e
5859 BB B=BCr) 2007 000308 21 parti sl neiting
of the lubricant as the coating layer is dried. Hence

Typlcalrz'/ reeo%{lmugn amount of lubricant required depends on the lubricant
particle size and on the available surface area of the granules. Suitable lubricants
include silica, talc, stearic acid, calcium or magnesium stearate and sodium
stearyl fumarate and mixtures thereof. Lubricants are added to the granules in a
finely divided form, typically no particles greater than 40 micrometres in diameter
(ensured typically by sieving).The lubricant is suitably added to the granules at a
level of from 0.1 to 0.4%, preferably from 0.2 to 0.3% by weight of the granules.
Lower levels can lead to sticking or jamming of the tablet die whereas higher
levels may reduce the rate of phosphate binding or hinder tablet disintegration.
Salts of fatty acids may be used as lubricants, such as calcium and/or
magnesium stearate. A preferred lubricant is selected from the group consisting
of magnesium stearate, sodium stearyl fumarate and mixtures thereof. It has
been found that some lubricants, such as fatty acids, lead to pitting and loss of

integrity in the coating layer of the tablets. It is thought that this may arise from
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that the lubricant has a nelting point in excess of
55C. TABLETS 5 The tablets of the third aspect of

WO pwengsdan nay be prepared by conpressing grapci/e82007/000308
under high pressure, in order to forma tabl et having
t he necessary crushing strength for the handling
required during packagi ng angldistribution. The use

P%%@%@E@gl ggqﬁrgq&}fqrt%g gr aagﬂga]tgg%r ﬁc’%egc{ g—rf%%éetj rﬁés preferred
thAeikatbiidkht a8 S meltirgpdiRt htéxbehgwssv@ the
efficiency of tablet processing. The inorganic

phosphate binders used in the tablets of the present

ion typically have poor flowability properties
T‘%@"ﬁ% desired particle size as detailed

her ei nbefore Because it is desired that the tablets
the invention conprise high |evels of i no%%’

Tf}%@%ﬁt&t ef Hierdaird aspeeher imvegitiger Mgy kedRrepar aBybgpmpressmg
gr?ﬂﬁbl@g gﬂpef m@{ ?P%s%tu’ret lﬁe F @2 Ehl%ﬁﬁfgiﬁnﬁ@ RH€ necessary

0 granu es prior to
crﬁsmngt stmsngth\ for nbe pramtitingi sequiredt duringa plackagingr anid edistribution.

T i ghrenulss SUEHEE dph e 8s I R BPwgat; | odu® improves

fld&@@litqurﬁ-st@ég@ Ho de?s ‘ﬁﬂlﬂa RisttiRg Hréss V\fPﬁHaneﬁﬁn fHehefits the
10 A SAti STACtory degree, air. may be trapped

efbcldnqy) afortpbletspedqesmg:hThaynommq phopphatej bigdefs uged in the

tab@% OF s K %egaﬁﬁ%ed}t@%tygﬁ%g?&av%b@(ﬂ%ﬂ C?N%‘SII@/ rtoBertles at their

d&ﬁr@ﬂubéﬁic@ siZze bBedetafled ansreinbefdrel IBat2nset iy i9fdédied that the
final tablet when prepared from granul es rather

tabletgrpf thecinyeniirt compdise ihigh tavelssefzipotganicgh %M‘eﬁtetbmder of the
orhap! (Ft50a}w'o1J g@'@‘#gjﬁ/g of th H}@o‘f‘néﬁlnd}géhﬁneh%%phate binder

corrp iance. e€ts 0 e i nvent
mastr bélfarmbutmw gramuﬁepabt Yo ¢=bslet &rmatioal dsfinerpowder is apt to

o BT T LT o 9 SPGBl B v v
orOEquﬁ é&ggﬁsfsﬁﬁﬁ'h%\“gl rl\cﬁWb?Ql gpfobltéiﬁgﬁlb GoRes if ht wehy 66§S|ble to

exanpl e ormo cyltnder wth rounded ends
camprelski ﬁnecpd)wdarsorhe SOsahsfamteryord@nele,maircmmw ben trapped and

th di h. .Saonme
CRTEERERTn UG Gy BBt sppBeoiofe Iabighan aiptliy hhe use of
grafuRlsIREIP9 5 bbb Romén2R8 1reBR#S ANth&BBaRH G ¢Pasulation is the
increase in bulk density of the final tablet when prepared from granules rather

than from fine powder, reducing the size of the final tablet and improving the
likelihood of patient compliance.

The tablets of the invention may be circular but are preferably generally bolus- or
torpedo-shaped (also known as double convex oblong shaped tablet,) i.e. having
an elongate dimension, in order to assist swallowing of larger doses. It may for
example be in the form of a cylinder with rounded ends or elliptical in one
dimension and circular in an orthogonal dimension, or elliptical in both. Some

flattening of one or more parts of the overall shape is also possible.
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22 \Were the tablet is in the formof a tablet

provided with a "belly-band", it is preferred if the
wor@visssi3 t he bel ly-band is 2nmor nore. |t haBCDHes8r007/000308

found that smaller belly-bands can lead to

i nsufficient coverage or chipping or |oss of

integrity of the mater-resisﬂ&nt coating of t he

blet. 5 The t.abl et h f i
Whetk fhe JRblet ds e, farl, of 1 S0 Bl RaRT Shires, H¥ly-hape it is
préﬁarfé%ﬁﬁtthédmﬁﬂh g tife el -%&ﬁd%@rhmbbﬁ?ndtéf finess been found that
tester. WATER RESI STAl COATI NG 10 The tablets of the

srealissnbetispards agran frad e dRsuBisient eaveragere chigpingner loss of
nfbeBRLoRe Fekifaean i bo At G &eblE: cfant contino.

15 The water-resistant coating may be applied to the
i ot 5 <ot e o FATATRIEH bilrbl hapd s rarnss
frc@ﬁgé ??l?’ éffla‘é Aﬂg&&ﬂe? %irgj’”fi: Wollﬁﬁ@rcﬁ?(%'ﬂﬂ%t%a?dnggg %%’Fér

ryer pans (rotati ng,
vent ed, convention etc), vvlth spray nozzl es or guns or

f by di ppi ng and nore recent
Vﬁ%ﬁgi%mfw&g%percel | 20 tablet coater from
Niro PharmaSystems. Variations in available equi pment

i ncl ude si ze, shape, location of nozzles and air
Therfablefs afdhe secend aspest of the iprntians enca fermrd; frem Hie granules

of'stﬁrégf{;ggg%%#'o‘? he 'l'ﬁfétn?gnab[% gFé‘feﬁ% O)b‘\g?an&é’d dith & Deater-resistant

ets cont 1 nuous
cogtingyi ng whil e the tablets are being sinmultaneously
dried. D scontinuous or intermttent spraying may al so
be used, 25 but generally requires |onger coating

TKY A Sfer-rdsistaRt EoSting MHaP B Bbpedito MA&Z{a®fet BP¥anYeof the usual
o sang

varied, as nee pendi ng on the coating operaftion
ptaaTmawatln@Iszaaimgsprocessega ahdregpliymeantrdwr example, tablets may be

oo Hid, BheYedipRERF cibr SXaBFRE: 4, Vlrslst” 1 i bep arven
cdﬁiﬁbrﬁhs '?oﬂ@iﬁﬁ? ”ﬁMe RenteRf, @bAdeforpetcy, nﬁlﬂﬂsﬁﬁy&ﬁz@ﬂas or guns or

froma plurali operat| ng speeds. Any suitable

otbgrssewyeaammeoréw lppmoarw Awpra reesht; tﬁghwaﬁgwawbng ﬁypercell

o B ey TR oSy BB ' Sptep, gupmen

incluaklsize, shapkdiocatibndé nbatiestand air inlets and outlets, air flow patterns
and degree of instrumentation. Heated air may be used to dry the sprayed tablets
in a way that allows continuous spraying while the tablets are being
simultaneously dried. Discontinuous or intermittent spraying may also be used,
but generally requires longer coating cycles. The number and position of nozzles
may be varied, as needed depending on the coating operation and the nozzles(s)
is preferably aimed perpendicularly or nearly perpendicular to the bed although
other direction(s) of aim may be employed if desired. A pan may be rotated at a
speed selected from a plurality of operating speeds. Any suitable system capable
of applying a coating composition to a tablet may be used. Virtually any tablet is
acceptable herein as a tablet to be coated. The term “tablet” could include tablet,
pellet or pill. Typically the preferred tablet will be in a form sufficiently stable
physically and chemically to be effectively coated in a system which involves
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pellet or pill. Typically the preferred tablet will be

inaformsufficiently stable physically and
wehemogssid y to be effectively coated in a systeoT/aBR@M000308

i nvol ves WD 2007/ 088343 PCT/ GB2007/ 000308 23 sone

novenent of a tablet, as for exanple in a fluidized

bed, such as in a fluidized2ded dryer or a side

vent ed coat orrb nati ons, t here
s erovaimpat 6F chihiet i ratjerathglet 1 = fligBe bid, sugh as in
fiLiIBEP Medt QryRf &ad Bidd festet| @sfing &m@c&hsm@moh@ RRO®@LS and the
may of course be used. |f desired, the same or

hkfe; blets Bayde caatedhractiis i@mwidyaiitensuhaeab o @Iﬁﬂ%?é'@ie surface.
S%%C[ﬂ%?%%?-t@%é&éf% 8}6 giec%ﬁlg% g%‘pom . IH:) ggggéd;?tge Same or a similar

coatipgrappligation Tslystenwlmﬁl s@lermployed forelotf aiflrst or second or more
constituents, i.e. soluble materjals. are dissol ved,

cqaiog| aBPUcHRIer e capting eYapasition Tise PISRATedr ageqlfing to the
pHySRA Oﬁroﬁ%ﬁ% ief Oébﬁ%?ﬁjerﬁéoﬁ’%”écﬁﬁblgf n‘iaﬂgrl?lgr are dissolved,

I’ngre ow shear urd mxing i s use
insalliblel maberizds iaad slisierael Thq;tymeﬁamlmngwsédnsmls;@ based on the

Pﬁggg%ﬁs;ﬁft %?&% #e&gwl ol Sdmcjﬁmmﬁgﬁ{ﬁﬁ%?%&qo‘hble materials

' N ' SIHBRATF, Ily th ti
OIS HRRS BN Lk RIS NeHa0A0 Doy e coming

foanelatlpnepmmtsSebéwat paits aithe moﬂewabeﬁaiyr@euwsp@ssmn and the

AR HESE LT b B e o

Flabéd soparated )Fbﬁﬂ,minédjb‘éi‘dm'us%(}et ate, polyethylene
ycol s, copolyners of styrene and acryl ate,

copolyners of acrylic acid and nethacrylic acid,

C% ylgngl E@étp@{%gfet‘ﬁﬁ?scltﬂ ngeehg&ia‘? y'&ﬁ%?le cellulose

acry té an acr
dérﬁ/mh beﬂchﬂy\dﬁylpvtrbllamnd , qoioy viryd atwtmﬂ,qTnyWI amet:-:lde apalyethylene
met hacryl ate, copol yners of et acryl ate net , :
glw%qlﬁ,agpépufr@rana %ﬁ@%rwﬁ fcat%% %@’n@ymﬁﬁ ﬁgé\wk@ﬁ &cid and
t : b
mg%cgﬁfg%cf‘n@,t %@cb?%r rﬁérst H‘Prnefr]d%% auid 8l eth)ﬁégrétfa[té, édpolymers of

ate copol yners are used, _
mbthyy Inee:tbecrytath sand) ettbacrylape) gomolyhemsno methatyylate and tertiary

a%\l@isl@%?' Eﬁﬁa E %gcli%@;g gr)%\rﬁe og ﬁ;{h)ﬁ?cry%ge d'ﬁgt'pi(h %ﬁ%{babl fate and
qtﬁtéfr%rr?t&rﬁmf)r Qlkypn@fhé&y@%‘é dRaetempMatiohs eofcRas of Qmore hereof.

material is used in ithi nation with red iron oxid

Prsifefiabliyt. saite @Dmethacr%%e capelymess afe Haed ﬁ@%t@ylatqﬁmgthacwlate

o b R ANl bbby o 1

The coating is suitably present as 0.05 to 10% by weight of the coated tablet,
preferably from 0.5% to 7%. Preferably the coating material is used in
combination with red iron oxide pigment (Fe203) (1% or more, preferably 2% or
more by weight of the dried coating layer) which is dispersed throughout the
coating material and provides an even colouring of the coating layer on the tablet

giving a pleasant uniform appearance.

In addition to protecting the tablet core from moisture loss or ingress on storage,
the water resistant coating layer also helps to prevent the rapid breakup of the
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coating material and provides an even colouring of the

coating layer on the tablet 30 giving a pl easant
wa@rio7osasunppear ance. | n addition to protecti ngP€Ti6B2007/000308

tabl et core fromnoisture | oss or ingress on storage,

the water resistant coating |ayer also helps to

prevent the rapid breakup of 2dhe WO 2007/ 088343

/. 007/ 00030 24 t.abl i n, the nouth el in . .

tablita e MOPRe SPIAMIT e JoTbLIe 1RDIS: Brgbre thF FRpAre: With this

pHpoBESE MIﬁd nit Rpreférréd wnnsfc@bﬁﬁgi matefiBeh&H RN Qﬁlublllty in alkaline
material has low solubility in alkaline solution such

sclytiongreh A fouerd jmbthenmoyith, busmeoressaluble innnewlnalrenacid solution.

PR oL Blpah e sat t LA chlgidbLparicuany

bugthed rmiktiaerdateolcype Iyn(e:ro(ﬁmmtaﬁixéIW ?avalldzmbl as aSudraglt EPO).
Eudr agi t EPO) Pr eferabl y.the coatin jf/a?&é,r fs

Peaf ef@@ittth%masvgmy@ﬁtcwprﬁ%ahﬁ@s 39 y e° a coating

p&gﬁ{ grﬁ\lgk a Lag)%?éfblégs@@d% A tgﬁtThe wat er | oss or

l'ets 1s y neasured as
detail ed 10 herei nbefore for the neasurenent of the

THS uaisE lose A P baleds BRISE: isp ety S0HasTey 58 detailed
?F’é‘?r%& Slqa foPthe RELIEMeRBbT bhebﬁéﬁl@héﬁﬁc%ll | FBRE ﬂbﬁir)bontent for

preparation, and others are rreasured afte
glsawd@g eme aeseiudf dxeshhyoprepatedl coateddablets, &R are msured for

oSSR P Lo TR, TR WA B ciers re

mEakhRst sfesixtbrd g&ga@t@ué@tabagea wat er - i nsol ubl e
i norgani c solid phosphate binder with a

pharmaceutically acceptabl e excipient and optionally,

Ina%o%é}e Bt}g&r etﬂbeﬂ{v%ntlgﬂrg?d;vﬁéé taa%gﬂw obi" f4P I;])?é}?arlng a tablet

ranul és conpression an ional'l'y applYVyi

a@@irdlhg toethe Sirstrdspechdf ﬂl@ |hment2:ﬁ1 tH\‘e mabbetcoa'cprfsmg@tanulatmg a
CAPS ULES Sui tabl e ca au 3? n the seconﬁl
WQE‘?MB’?O ghler HROTORNINS cwa aeg la@'fﬁrnémtfzsa pharmaceutically

e e L

ther graimplesxid\s comphggsiom Aod pipdibaelly applyinguawatert résistand coating to
5Q0 referably froml to 200, ng/kg body
tnﬁeﬁag%q%% rﬂ% d.gani ¢ phosphat e bi nder

CAPSULES

Suitable capsules for use in the second aspect of the invention are hard gelatine
capsules, although other suitable capsule films may be used.

USE OF UNIT DOSES

For treatment of and prophylaxis of hyperphosphataemia, amounts of from 0.1 to
500, preferably from 1 to 200, mg/kg body weight of inorganic phosphate binder
are preferably administered daily to obtain the desired results. Nevertheless, it
may be necessary from time to time to depart from the amounts mentioned

above, depending on the body weight of the patient, the animal species of the
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are preferably adm ni stered daily to obtain the
desired results. Nevertheless, it my be necessary
WO ea@mogs3ne to tine to depart fromthe anounts PERGBRIVEE00308
above, depending on the body weight of the patient,
t he ani mal species of the WD 2007/ 088343
PCT/ GB2007/ 000308 25 pati ent25and its individual

Pét%‘f ta'ner]’tslt lﬂdmﬁ‘i‘rré‘gct% tbhtﬁ U@ o?fthé an%f%@'ﬁula?r N%he time

terva

orslpt&nlall incahieh, thetdrugys lm)pdieﬂf iai stiﬁclatl @asesLit Hﬁéy‘a btafaﬁﬁment to
i n other

A AR ek el e 500 e
mbRFEehH diféé%ayhaV@Yo be e?(@ééaé@l Eorall atuﬁrd@rY:I'ogﬁyﬁ “ﬁf@é Sdvisable

into sever al | er S|ng e doses.
toddiyislenthe doa@p@tndsel\gmal smauer single idosesf Uliienatelyeibardose will

SRS PR AT L TR R et s
meafse el ywitHie onaksurWelidreda WR&HI is SQitdblEYRItEMatilval) fHe Qbse may

the invention for human adult adm ni stration may
betafsnivith ameedl 1 ng to 5 g, preferably from10 ng to 2
g, nore preferably from100 ng to 1 g, such as from
150 mg to 750 ng, from 200 ng to 750 ng or from 250 ng
A typiddiGabletjobthevinventiornfer hubizn addt gamirdseatidrimay ccatrrr]]prlse from

1 RRUERS G rpretiary oA Bito 3 mefeopreteraabetrom 100 mg to 1 g,
sdcﬂsé’sl B 150 nhgltd ‘?92%‘@' o BEPRY & J?Sé'ggd or i ?rroﬁ]; %?6%% to 750

unit doses” of i nvention conpri
mg@f water-inaokible inoogaric soki phdsphrate dpivder. phosph_at e
bi nder Preferably the unit doses of the invention
conprise at |least 300 ng of a water-insoluble solid

[ S .
SR SIPEI o oy BTG A o v

ingnlgbler pelif ineiganiss @haeplaie mdleesPreﬁelnabiym upgit doses of the

infR o] thirineriebprsd Bt P videSollbicis A beidanie phosehate

bindert Pdde@biotHeaunis d&88s e thd Fesntih é’ompﬁéé”at'lé‘ééi'f&d!j fhg of a
sol jd [norgani c. phosphate binder. A particul arl
WEH%F@PI@E‘&M'P' ingeganie qrhagphater bindey. (o oneye prefarred unit dose

ooy TERYn0 B AR TRASTORAL 5 g e

tham@ﬁg)ng),fmarar\plteéerablyﬂeek titdre760 gl to rid Witﬂl patiéht)]?@rl‘hﬁhﬁnce for
the pre

org e e e 1 iSOG, G200 of
water-insoluble solid inorganic phosphate binder. A particularly preferred unit
dose contains 250 mg (20mg) of a water-insoluble solid inorganic phosphate
binder. A particularly preferred unit dose contains 300 mg (+20mg) of a water-
insoluble solid inorganic phosphate binder. When the unit dose is a tablet, the

preferred unit dose weight includes any optional coating.

The tablet forms may be packaged together in a container or presented in foil
strips, blister packs or the like, e.g. marked with days of the week against

respective doses, for patient guidance.
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The tablet fornms may be packaged together in a

container or presented in foil 30 strips, blister
wpamkessswdthe | i ke, e.g. marked with days of tPer/aBet07/000308

agai nst respective doses, for patient guidance. WO

2007/ 088343 PCT/ GB2007/ 000308 26 In the further

aspects of the invention det@fl ed bel ow, granul ar

n f

e er BERECt Srtag i RloP doBfied beldiF orelih %r?ﬁﬁﬁe@"a’ refers to

thergranules ofﬂlneﬂrsalasbect cufslaeumvmloas a medi ci ne on
humans or animals, particularly as a nedicine for the
bi ndi ng of phosphat e, nore particularly for the

Ah ra%ﬁb&?@lt th‘éfln{?é!rﬁ’t?drpﬁothgl"g?’éﬁﬁl'é} "f‘natﬁﬂ&ﬁ B¢ @%Heo‘?tas ?':‘ nidificine on

use of the granular materia MRNUf act UT 6
hursane ara@nimalsy paEtI@ulanlyeas awmhedicineHanthesbindirtghef phosphate more

PR T iR pEhyBmaRRERAoP Ul <. par 11 cu arly

el evated plasma phosphate |evels, particularly
hyper phosphat aem a. Anot her aspect is a nethod for the
An¢ther raspechrs tther upsy offthe geantilan omaterial i $hasmanufacture of a

BRI A AL A OFONRLS L LYl of <

cdl}du&)“rpfms uiw‘aaenaeswatedamtadmne@d Eyhlo@bhéﬂ‘e Iarls, partlcularly
r mat to humans or ani mals. STORAGE
e'%Y%@Héﬁ%%f“ﬁé’?’@ﬁﬁha’ﬂﬁe'elﬁ%w@GH@”VHB{PGW’@SW@{%W@ t he

present invention can provide tablets which are

stable of over a period of at |least 12 nonths (see
Aratbee aspect fmret nwteod Sor ¢heftreatment aordiberape ofr anulceadition or
.det erm ned 60RH nd 3
ciSS FaSatiafEilg i GilYBree REOToRRte ovsley PRREUGY, aigiated plasma

dsphiate leavdls @Hrtib@an thy
e A A Eg?s”i:Flul:réiEﬂg?egggect gral el piistration of the

grpheles materigkiothusnang er aripwls.bed in the fol | owi ng
nunbered paragraphs: 30 1. Granul es conprising at
| east 50% by wei ght of water-insoluble inorganic

STORAGPhosphat e binder, from3 to 12% by wei ght of
non- chem cal |y bound wat er

As discussed herein, we have found that the system of the present invention can provide
tablets which are stable of over a period of at least 12 months (see Table7 for particle
size of small and large granules) determined at 25 C /60RH and 30 C/65RH. Under more
extreme storage conditions (40 C/75RH) the storage stability is at least 6 months for both
granule types.

FURTHER ASPECTS

Further aspects of the present invention are described in the following numbered
paragraphs:

1. Granules comprising at least 50% by weight of water-insoluble inorganic
solid phosphate binder, from 3 to 12% by weight of non-chemically bound water
and up to 47% by weight of excipient.
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and up to 47% by wei ght of excipient. W 2007/ 088343

PCT/ GB2007/ 000308 27 2. G anules according to
weanagssph 1 wherein the water-insol ubl e i nor ge@i/GB2007/000308

solid phosphate binder is a m xed netal conmpound. 3.

Granul es according to paragraph 2, wherein the m xed

nmetal conpound is a conpouna? of forrrul a(l): 5 M

2 L.‘%' s papralig [PataoraBi GRES (G5 AR hslle inorganic

CFHo‘éPﬁéte H)lﬁéélt |S%ﬁ|ié&ﬁb9&l%0ﬂﬁb&ﬁd x = Thy and X y
. < 1, 0:5z <

3. 4 @mlmamdm| tngoareglmi‘a@r\abﬁrem {heemiad méfamwnpound is
and X z fulfil 0 < 10 x< 0.5,0<y< 1, 0<z<_10.

agomgpgﬂﬁloig H%%bbﬂ ng to any one of paragraphs 2 to 4

MWW'%(G)HHNE FHed netal(] Qcorrpound is free from

Al u plumand contains t IS|ronIII)tand at

W'IT%I'@SM isnet lepshveis bivalant reetehiMinis ableasharatramalentmetal; A™is at
oS BB A4 S8 AR DSBSy 21, 02

<40] ayered doubl e hydroxide. 7. Granules according to
any ne f aragraphs 3 to

% EEnr @Qép naéagqapg,%w %{Baéggpm e yngn(? z fulfil 0 <
xefyﬁwah&sqog&%aq(% contains as the metals iron (111)

nd 'nmag ium— anul es according to any one of
5.par agraapies mc«»rd?ng b anyi one lof p@ragmlpés 2 2@ dcwlrpreelsethe mixed

it R e S0 BgPS AN Bl R AFAE 5 an

leB8f G apmgheémnB CASURT, iLsinflarfun? & Bariuen. 20% by
wei ght of pregelatinised starch as an exci pi ent.

6.Gr anGranles @@c@rdugg te amyyormef ¢rarpaneRie apiie 51V\m>r@ln the mixed

BT RhR ARG SHIBRHES) 10818, @el AR hy SR, an 1000

7.2dm @raiuled iaeBoriip td Sinydorke \Ghtparagraphst itd & apeneia the mixed
cont ai ni ng cgranul es accordl ng tqg an rece

mga agprapaund conkaipgi 2t iRARE PR Qr Rydrani ﬁﬂgt Faibopate ions and
ARG 2 A8 eGP (IRY ahd Mh&dnddium.

8. Granules according to any one of paragraphs 1 to 7, wherein the granules
comprise from 5 to 15% by weight of polyvinyl pyrrolidone as an excipient.

9. Granules according to any one of paragraphs 1 to 8, comprising from 10 to
20% by weight of pregelatinised starch as an excipient.

10.  Granules according to any one of paragraphs 1 to 9 wherein the granules
have a diameter less than 1000 micrometers.

11. A unit dose for oral administration comprising a water resistant capsule
containing granules according to any preceding paragraph.

12. A unit dose for oral administration comprising a compacted tablet of
granules according to any of paragraphs 1 to 10.

13. A unit dose according to paragraph 12 further comprising a lubricant
between the granules.

14. A unit dose according to paragraph 13 comprising magnesium stearate as

lubricant between the granules.
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granul es according to any of paragraphs 1 to 10. 13. A
unit dose according to paragraph 12 further conprising
wa@2doalssdeant 30 between the granules. 14. A uPCT/GHo®E/000308

according to paragraph 13 conprising nmagnesi um
Stearate as |ubricant between the granules. W
2007/ 088343 PCT/ GB2007/ 0003088 28 15. A unit dose

ccofdi ng to any one of paragraphs 12 t t,ed .
16 cPaniggble Btarlifaf RELOM.GF Pasadrbli 2 B3 Coated ith 2
warsoEsistitht oafdg.agr aph 15 wherein the vvater-re3| st ant

coating conprises at |east 30% by wei ght of

1®ut yhaindodeas aceardingtte resperaphetd Whetsin the wﬁter-ﬁﬁﬁ%tant coating
ot AElehS: 5% 8 (a Bl b6 BURR meétkRyineHcRer.
1M thfLmit dhﬁ@alrcrc])rmng to h&;ll 7ohetusf ﬂardgmhacmmll 161wh§8%|ams(e tablet

one 0 r to C east
S FoWRENAN 4 hely BBNE NPHIB AN S TR SHORRIRat & bi nder -

A
18 v Gl Opa8 actBiding % e Bhe I thrdbahs P 10 M ofiffing at
least 300 my oimtmten—msalhblel ieo'rgmtgaolld:pbmpj‘(ajedblmﬁabl e
bj ndi f 3to 12%b i ght

‘g e'én I n'?'ﬁE"Wi&éeﬂ g:gnmul aromat eri le Wg:‘ gnon-

(|)CEteréa§@|5b% B9LW@igH@ba§ed @ﬂdth(e' weogh%f %@@;tr@ﬁulbhmhtéﬁ&p of solid
t baSed on the wei ght ranul ar materi al

wa%\/er-lnsxﬂ@lxlenmr@ﬁnlc comp@urg aamtde o;fnb: ngphesphatei ng to

R B R o V8RB aprd O e AL PRI Bl ARatsa of non-

chergicai baund®zgésn, ahdaccor di ng to paragraph 2A, wherein
the m xed nmetal_  conpound is a conpound of fornula

(u()ur)o g@@tqmtmﬁn A0t bxo/@tglmﬂaﬁdmtbe( Weidhk 6F tchewra@uar material of
% one bi val ent netal; ML11 is at | east one

rlva ‘ent netal; An" is at | east one n-val ent anion;
2K. = KgranOlakmatéridl. aeéording ty péragraphdAOwhgrez'n $hd aterAnsoluble

mgré%ngé)l?c{)pgggpﬁétglbl ae??srganI ed gt%[ S‘%SBHn&A wherein

3A. A granular material according to paragraph 2A, wherein the mixed metal
compound is a compound of formula (1):

MM (OH).A™,.zH,0 )

where M" is at least one bivalent metal; M" is at least one trivalent metal; A" is at
least one n-valent anion; x = 2Zny; 0 <x<0.67,0<y=<1,and 0<z<10.

4A. A granular material according to paragraph 3A wherein x = Zny; 0 < x <
0.5,0<y<1,and 0 szs 10. |

5A. A granular material according to paragraph 3A or 4A wherein the mixed
metal compound of formula (I) is a layered double hydroxide.

6A. A granular material according to any one of paragraphs 2A to 5A wherein
the mixed metal compound contains at least one of hydroxyl and carbonate ions
and contains as the metals iron (lll) and magnesium.

7A. A granular material according to any one of paragraphs 1A to 6A wherein

the water-insoluble inorganic compound is free from Aluminium.
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0.5,0<y_<1, and 0<_z< 10. 25 5A. A granular nmateri al

according to paragraph 3A or 4A wherein the m xed
woredoalosssanpound of formula (1) is a | ayered dopdi/eB2007/000308

hydr oxi de. 6A. A granular material according to any

one of paragraphs 2A to 5A wherein the m xed netal

corrpound contai ns at Ieast o@@ of hydroxyl and

o R inadel HataBRacodR By 15 o, o pEPRETTaRRS 14l ty A giherein
thén\)(/afé}finé’éluB%r HUrgaNE denpOuh conedifs rlrort(hﬁ and at least one of

wat er -i nsol ubl e i horganic corrpound is free from
Magoesinm iGaleiom denteessaer BeTiuEB2007/ 000308 29 8A. A

oA\ 08 opan iRk Pl ra eEBilod Yo ey 3G, PLSerRr AR A EA, wherein
th@QjFﬁﬁUl&‘ﬂ nﬁ‘él@hal ESmMprigay irb||n)5 an 20% bnghpﬂﬁpr@belatmlsed starch
Magnesi um | ci um Lanthanum or Cerium 9A

aSgewmeat bﬁﬁe@ pndhe aeigit@f e EAruHgr BAtETEA - par agr aphs

Fortvs Sy L@%% bitriaP é#%rc?ﬁgrege L | & EPIREPREST to 9A,

cmgg@ngﬁtomasw@ii 15% bveweuglh’gbf poly(\jlwyb pymalidore asebeigient based
: A nul ar terjial according to any one of
O’bHTea\jﬂ%ﬁgf q gragallar eaigpal-sing from 1 to 15% by

ig Ll .
1 1’)5? %r@ﬁul@fgbﬁt\fﬁﬂﬂlgﬁo&ﬁﬁ{lﬁ# 't&rlgpg roﬁ‘%l cﬁ’ﬁérﬂ%@&ﬁszﬁﬁm ORWherein
atgleasugé% by vesiglatl ofsibegrdnulgst of theygranulasfmateriaghapha diameter

1A tO wher ei at | east 95% by wei ght of the
'ea?ahﬁﬂﬁg%m'{;@?é“ PShul ar material have a dianeter

1285 SAt D dbs8 FoRioraloadhRiistratiot\cofipHBing 80%&tet Qés@fa@it capsule
adni ni stration conprising a water resistant caﬁsu e

cadainingha gganulgr aaigrial aggewlingto agy: endiohgaragranhs dAdock1A.

1981 8 BRIk, A it ABbsIRT BoigBile abe or o

g@halk raaterat ecctcﬁblmgqoqnvldfq:etr@g@phsmfA toat B4r aphs 1A to
11A. 14A. A unit dose accordi ng ra h 13A,
144 t Aetkinit slasei aeeRiding t%pat%afﬁphb‘é/&é ?h&%?%ﬁtﬂ%@ lubricant

%ﬁié, e according to paragraph 14A wherein
b e%rﬁgri anl?glgs or 20 conprises magnesi um st ear at e.

15A. A unit dose according to paragraph 14A wherein the lubricant is or
comprises magnesium stearate.

16A. A unit dose according to any one of paragraphs 13A to 15A coated with a
water-resistant coating.

17A. A unit dose according to paragraph 16A wherein the water-resistant
coating comprises at least 30% by weight of a butylated methacrylate copolymer.
18A. A unit dose according to any one of paragraphs 16A to 17A wherein the
tablet has a belly band having a width of 2mm or more.

19A. A unit dose according to any one of paragraphs 12A to 18A wherein the
solid water-insoluble inorganic compound capable of binding phosphate is
present in an amount of at least 300 mg.

20A. A process for the preparation of a granular material as defined in any one
of paragraphs 1A to 11A comprising the steps of:

i) mixing the solid water-insoluble inorganic compound capable of binding

phosphate with one or more excipients to produce a homogeneous mix,
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16A. A unit dose according to any one of paragraphs

13A to 15A coated with a water-resistant coating.
wQaZ0a7/0883uni t dose according to paragraph 16A wWher/6Br007/000308

the water-resistant coating conprises at |east 30% by

wei ght of a butylated nethacrylate copol yner. 25 18A

A unit dose according to any3@ne of paragraphs 16A to

")V\ng\@t\é@@{@e %@%b}%ﬁhﬁlgﬁﬁs Aﬁ%gﬁtl?rlnggg@gglt{%ﬁj% %58 mixing in a

graR¥ia®iaoTbriR A Yramnes 12A to 18A wherein the solid
wat er -i nsol ubl e 1 norgani ¢ conpound capabl e of bi ndi ng

"')ohosmlb' passipg dberivei granvlesrhouglofa scraesatn removegranules
for the preparation of a granul ar
laﬁ;&ri&ﬁ% gérgéﬁ d in any one of paragraphs 1A to
w)ldpeurfg)mgw& nule tdtEevidefdry grarilgs.ng the solid
wat er -i nsol ubl e i norgani c conpound capabl e of bindi ng

v)pRdingrandonsieringribe slry 8ias!l@Scci pi ents to produce a

2 RASRASUS ol ORI RPN AR e o
wa_atpe_x, ethenof anchmixtores thgreoiul at or to formwet granules,
2441 W FeTRo bl iR s T Ay e ALpRRGEARIS Ao 11A for use

inthé@cine. | V) drying the wet granules to provide dry
ranu'l v) mlling and/or sieving the dry granul es.
2m,A Uge pf acgrasubes goatgriabaceorgdingatgr aph ope Afwiasagraphsttfeto 11A

inth PihrSo i S8 GheditABent Bt Birufd BERBbser"s iy “one
2448, PISASF apGranbfartratblial bedordfRy tol8ny Bnawst| ;faragrapasﬁm to 11A

Use of a granular material according to any one_ of
inptheatraawfactare ob a1 medicamenieforause da ttheethgfapy of a condition or

JidBH L ggg&at[eerlmgg% g‘%'erg)% phate. 24A. Use of a

granu ng to any one of paragraphs

25/ tlchlsébﬁa grranUI? matelu‘égatwralr@‘ toaamegnearfqmragmphss‘m to 11A
n thet t 15
in;@gom er&%ﬁ?@%ﬁ&é&hén |Olg,se n the t%%?gpy of a condition or

disease associated with adverse phosphate levels.

26A. Use of a granular material according to any one of paragraphs 1A to 11A
in the manufacture of a medicament for use in the therapy of a condition or
disease associated with elevated plasma phosphate levels.

27A. Use of a granular material according to any one of paragraphs 1A to 11A
in the manufacture of a medicament for use in the therapy of

hyperphosphataemia.

The present invention will now be explained in more detail by way of the following

non-limiting examples.
EXAMPLES

The phosphate binder used in the examples below was formed by the reaction of
aqueous solutions of magnesium sulphate and ferric sulphate in the presence of
sodium hydroxide and sodium carbonate. The synthesis reaction is described by:
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25A. Use of a granular material according to any one
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di sease associ ated with adverse phosphate | evels. 26A.
Use of a granular material according to any one of
par agraphs 1A to 11A 20 in 8he manuf acture of a

! f a | t] 0
4@?|§§ease asé e'g Wt%gé evat’@agb 3a5Ta 9ho Zépg'[}é? COs.nH,0 +
7Ne;&®s Trm?ared@mt@h Wwag canidaouinat apprakirigens HMD. B%tfamment

e el a2) o) adBe: suiha Rerdipiatorwas Tierad, washed, dried,
nﬂbé@eérﬁt?" @&ﬁ”sﬁch ®R tTé]Pﬁn‘é{t)@ﬁ‘aq [ Iés%vtﬁﬁmﬁé' ik an %‘g formula

alne In nore ol 1"ow
ofhithe Iphmsphatg bivdep|vess: WﬁﬁhmOﬂmﬂgmﬁeﬂuhh&@ the following

XREEBHSHn ek S, Z B8R S cFem o H Mgireminals ot & 21. The

FdvAiQes itsks h h e
Xﬁ d\lrlé)I)g(l detél;nWﬁtgoé?cgar%ngﬁllb@ﬁgreﬁé_%%@t i th%g’s :ogﬁ?rlaetgc?mder XRD

shayerk daaf B‘@jpbysphmzuoaeowshm@mobyomesp&seame of the

pw&f@{%ﬁ'&)"ﬁ%&@% I\Iéz'lc':(hlg |_or>eci pitation

was carried out at approximately pH 10.3 at anbient
terrperature (15-25 C). The resulting precipitate was
T?*?'Ptered washed, dried, mlled and then sieved such

P

rat —T5 Ess thantotomeron—hhe—forndta
ME{% l?%(a ?Jésenhate bi nﬁer wgg: MqﬁFeZ( 127 CO3."nH20 7

Gearlésad t he fol | ow ' ng XRF [conposition: MO = 29. 0%

RE val ac

PRGBS e count ol 1| it of CorbspAb. | [0 Ad Fhdagbal o] 749

Pm.g@lwd Stdrth showed tihpt 1t hag4pmosphatle bindes Wagt 1 (94

ari cad hyv fho pr csemnce nflthe nnan\J/

M@”W\%Iﬁa ﬁnﬁgﬂmﬁﬁ aldite type st|28BUre/.710 Tabl e 1

Micronised Crospovidone 4.7 14.0 94 (4.7 9.4
Water content (dried 5.8 6.7 51 |57 [6.0 |58 6.0
granules)

Lubricants used for tabletting

Stearic acid 0.3 0.3 0.3 (0.3 |0.3

Magnesium Stearate 0.3 0.3

All values in the tables are percentages by weight.

Granules were prepared using the formulations as detailed in Table 1. The dry
blends were made in 125 mi batches by mixing the components in the Turbula
powder blender for 5 minutes prior to granulation. The 125 gram batches of dry
powder blend were granulated by the steady addition of purified water in a planar
mixer until small, distinct granules were produced. Each of the powder blends
required different amounts of water to granulate. Typical values of water used for
granulation as weight percentage of dry powder weight are: example (1) -106 %,
example (2) -111 %, example (3) -78 %, example (4) -83 %, example (5) -100 %,
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Material \ Exanple 1 2 3 45 6 7 G anules Phosphate

Bi nder 75.1 65.0 66.1 56.3 74.9 75.1 74.9 Pre-gelled
wEe@ross3dx. 1 14.0 9.4 14.1 9.4 M crocrystal |l i PE/GB2007/000308

Cellul ose 28.5 37.7 Mcronised Crospovidone 4.7 14.0

9.4 4.7 9.4 \Water content (dried 5.8 6.7 5.1 5.7 6.0

5.8 6.0 granules) Lubricant$82used for tabletting

LT L P R R E NN T L R

theefoelilatibhs GrarsitiRmh ¥&hBinedeR Gﬂe@% &g‘ldldi'*bed drler at an air inlet
fornmul ations as detailed in Table 1. The rc%ﬁp ends

tam%ratmaeof #0 D5 tora krroeh¢BoiBlure; cqrﬁgntt fE 4 fpwi rhefore being

PP e T PR EBETBiRh b B ISR TER S, ena
were granul ated by the st eady addition of purified

water in m xer until small, distinct
Tl amausy O\%@Eéefﬂﬁsalﬁ%@éo gEanatervanes Jrransent P Ripsphate binder

mbﬁﬂt‘i'l‘er gOntdnt f 54 ?Fe éﬁguﬁ‘ltsﬁlbgﬁlpwatf@éd Pé’(egéﬁé“ae@i@e of dispersion

Typi cal val de wat er use ranul ati1 o
(wateq Hroppel siza) dypiazlly df waperwias usedgattleas #Jareﬁﬁ%ofmer granules

wiid, ahfted jvndsaa8 PxEetdile Artaynts 6 heerigbste 1 thsbbsesutted in

Iu?%rf i P8B!/ PRE BRsterréd v@é{éﬂﬁhﬁuhﬂrvaswgén %0 eﬁ'?baﬂ‘@d)%

% Bat ches of granul es nade for each of the
formul ati ons were then conbined and dried in a fluid

R8s e ARl eks HATTS P 2 ohe ARaubgt B ot
Chastabibtthurdngss aested 8VARIGP ohiatiGRSPrassuredWese [ ledeto give
agr anules, 5 The amount of water required to granul ate

lets of difiesinadabiet Bardsess ﬁﬂam@aﬁuﬁ% in Kgdijosegras detailed in Table
,g?dﬁﬁBFm?IBgSﬁé §1t6 45 by, %‘t&?éﬁd % 'vﬁ% uéeeoeg? %ﬁ@ﬁn@é}ﬁ
e e Sl ze) . Yy

gree o I spersion prcally
if water was used at |ess than 50@6finer granul es

The disintegration time for the tablets was measured using a disintegration bath -
Copley DTG 2000 IS.

The phosphate binding capacity in Table 2 was measured as detailed in the

phosphate binding test described hereinbefore at pH = 4 and time = 30 minutes.
Friability was measured by tablet friability tester Erweka TA10
Results are shown in Table 2 for uncoated tablets prepared from granules of

formulae 1, 2, 3 and 4 at three differing crush strengths (tablet hardness) (a,b
and c) as indicated in the table.
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Tabl ets were nmade with hardnesses from 13 to 29 kgF as
nmeasured by a Holland C50 tabl et hardness tester.
Varyi ng conpaction pressures3%ere used to give
T%??@Eets of differing tablet hardness (as neasured in
g Force) as detailed in Table 15 2, from

Exampiel at i opBisintegration0.| $4%) eari ¢ acTsbleas used| &iability
| ubricant.] The disintegration tinme for the tabl ¢ts was
measur ed usi e 6589) si nf &MANGon bat pHardosseey DI%2000
|'S. 20 The| phosphat e bi/ndi ng capaci (%Ked Table 2 was
neasured as detailed im the phospha i ndi ng {est

ledescribed p2§ei nbefore &1 pH = 4 andi3inme = 30

0-

monut Ao riahi l ity
- L Ao T T

LILLELELA% L A=)

B ester Erwekd TALO éSvF3@§ul ts are si@ln in Tabl e

1uncoated Thaghets prepargd fromgra of —formngtae
1, 2, 3 andgg at _three gquferl ng criush strengt h.stj

2a(tabl et har2bhess) (a,b|58nd c) as ijnfBcated in tDpe

table—WD 2007/088343 PCT/ 08 33 Tabhle 2

2beyanpl e Di 6#%t egration|PO(%) Tabl et| i ability | ne
(Sec) Bind Hardness (g% (KgF) lfay25 61 1307 {25

206751 0 16980 64 25 0] Pn 20 58 13 F 2b 40 60|91 0

332c 53 61 2719 3a 15 65686 0 3b 12 f® 19 0 3c| @5 61
20 0 4a 855 16 0

3b 13 60 19 0

3c 15 61 29 0

4a 8 55 16 0

b 12 57 21 0

4c 20 80 28 0

Table 3 shows the effect of the addition of a water-resistant coating comprising

Eudragit EPO on tablets prepared from granules of the formulation of example 1.

The coating formulation is:

84.02% Purified water, 0.81% Sodium Dodecyl Sulphate, 8.08 % Butylated
methacrylate Copolymer (Eudragit EPO), 1.21% Stearic acid, 2.09% Talc, 2.83%
MgStearate, 0.64% Titanium dioxide, 0.32% Red iron oxide. The coating was
dried after application using hot air at 48°C.

Coating levels disclosed herein are determined from the increase in tablet weight
before and after application of the coating formulation and drying in hot-air at
48°C.
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4b 12 57 21 0 4c 20 60 28 0 Table 3 shows the effect
of the addition of a water-resistant coating
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granul es of the formnulation of exanple 1. 5 The
coating formulation is: 84.02% Purified water, 0.81%
Sodi um Dodecyl Sul phate, 8. 03 % Butyl at ed
T mg@gacryl ate Copolyner (Eudragit EPO), 1.21 % Stearic
ab 2.09% Talc, 2.83% MStearate, 0.64% Titani um

ch 1! | dee| 0- 32% Red | Lngth(ﬂaggn The coating was 10
dried after application using ot air at 48C. Coating

(% weight oﬂcsaﬂedﬁewah)erﬁlme e detlerm ned fromthe

0. erease—+n—tablet re and after
g%pllcatlon of the cbating fornulation and drying in

“ait at  48C. 15| ¥§58007/ 088343 PCT/ GB2007/ 000308

34 Table 3 Coatingl level Disintegration (% weight of
2.8dated tablet) Ti e $t630.69 45 2.34 45-59 2.83

C1 fads)

43986140 Fromtablte—3 it can be seen that a
4€%at| ng has the eff %Q"Tgp del ayying the disintegration

of the tablets. able 4 shows the effect of
different coati ng type and lubricants on the stor%g
Frashalaller 3 aihcanabeeseeshdhalc secoaling dhasother gffeet of delaying the

. ess of 10 to 15 kgF fromthe
d'ﬂpgﬁ%%é ?th%Qg%g%s 1, 5 6 and 7. Tablets from

exanples I and 5 included 0.3% by wei ght st earic acid

as lubricant. Tablets from exanples 6 and
Table 4 shows the effect of different coating type and Iubrlcants on the storage

behaviour and tablet characteristics for tablets formed with a hardness of 10 to 15
kgF from the granules of examples 1, 5, 6 and 7. Tablets from examples 1 and 5
included 0.3% by weight stearic acid as lubricant. Tablets from examples 6 and 7
included 0.3% by weight of Magnesium Stearate as lubricant.

Table 4
Example Disintegration Moisture content Appearance
Time(s) (%) (Visible Pitting)
(coated tablet)
initial | 4 weeks | Initial | 4 weeks | initial 4 weeks
Ex1 158 | 226 8.6 12.7 No Yes
Eudragit
Ex6 422 128 8.8 11.3 No No
Eudragit
Ex 6 107 |49 8.5 10.8 No Yes
Opadry-AMB
Ex 5 139 14 7.7 11.5 No Yes
Eudragit
Ex 7 122 |62 9.6 11.9 No No
Eudragit
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| ubricant. Table 4 Exanple D sintegration Misture
w@onress34Appearance Tine(s) (99 (Visible PittPemiB2007/000308

(coated tablet) initial 4 weeks Initial 4 weeks

initial 4 weeks Exl 158 226 8.6 12.7 No Yes Eudragit

Ex 6 422 128 8.8 11.3 No No3'5Eudrag|t Ex 6 107 49 8.5

BT ¢ B0 RO o, 6| MOR RGO Ll ABPE LS
2007/ 0883{13'"15?@5/) GB2007/ 000398 35 Exanpl e(Visible Pitting)

Di sintegration Misture content Appearance Tinme(s)
(%9 (Visible Plttlng) (iﬁ&%@pf@éﬂét) initial 4 weeks

Thitial 4 kS 1 KS Wﬁo . 5111
No Yes padr y- A jf\l/g‘lélf%w dl r'Eaigit éoael r?g S t'aas ttwbeks

Exiéscri bed| ZBove| Zfe Opadrg,SAl\/B coai Ing haNoOpggl Ofeg
So boxynet hyl cel | uyl ose b repl acing Eudragit
OW‘%’%@”gaati ng polynmer wth other coating ingredients

as for the Eudragit coating conposition. Note that—
the noisture content in Table 4 is that for the
Trenhptirsigit coadingds aallestribeadbowe f or the granul es.

The Opadry AMB coating has Opaglos 2 Sodium Carboxymethyicelluiose
replacing Eudragit EPO as coating polymer with other coating ingredients as for
the Eudragit coating composition.

Note that the moisture content in Table 4 is that for the complete coated tablet
and not for the granules.

Storage was carried out with the tablets openly exposed at 75°C and 40% relative
humidity for 4 weeks.

From Table 4 it can be seen that the Opadry coating does not prevent pitting on
storage with Mg Stearate lubricant, whereas the Eudragit does. Even the Eudragit
does not prevent pitting with Stearic acid. Hence the optimal system is Mg
Stearate lubricant with Eudragit Coating.

Table 5 shows the effect of granule size and moisture content on the tablet
disintegration time of an uncoated tablet in water at pH 7 and in 0.1 Normal HCI
both at 37°C. The formulation was as for example 6 (but with varying levels of
moisture) The tablets were compacted to the same approximate hardness of 10-
15 Kdf.
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Grehtlect of |gBrumulle si ze| Bisthtagrationr £Diginfeghdtion | Gtinments
tabl et = 20 d| sintegratjon tine of an uncoated tabl et
moigtufat’al drdigmeterand i nlone (Mor mal | Kire(shot h af 37C.

The for mul n was as gxanpl e wi th|varying
| evel s of a(HDI sture) 'I“hW%{tabI ets erée{h?gfr%act ed to the

1.$%ne appr gx¢42 e hardne$g of 10- 15268gf. WO Static charge
2007/ 088343 PCT/ GB2007f 000308 36 |Table 5 Grawul e
G anul e Dilsi ntegration| Di sintegration Coments |dusty

I sSTure(Y<figyet er 1| (S) Time(gy (PN VUelgly;
L1 °1. 10 445506 20 stittc char ge fﬂsty 1. 19| Sjficharge

34 41 Stat|ic charge dusty 7.01 <425 20 24 CGood dugty0l

110N AG Caood 19 9l A2 1000 1214 erannl Ak
\¥ | L. T I LOJ 3

1
7'Q£bl et surf%t%u 18. 84 K4980 784 9732ftrregul ar l(%ﬂﬂdet

7.GYrTace Theqffgoeoular gl et surfacgqfor the Nif@hod
noi sture dranul es was due to excess nateri al

squeezi ng (past the sides of the tabplet die during

T Z LA YT 1090 1214 Irregular
tablet surface
18.84 <1180 784 976 Irregular

tablet surface

The irregular tablet surface for the high moisture granules was due to excess
material squeezing past the sides of the tablet die during compaction.

All granules were sieved such that less than 25% by weight of the granules had a
diameter less than 106 micrometres by sieving.

From Table 5 it can be seen that increasing the granule size slows disintegration
at granule moisture levels of 1.19 and 7.01 %, and that the moisture content has
a marked effect on both disintegration time and tablet quality.

A similar effect was found for the effect of granule size on the retardation of
phosphate binding. Tablets formed from granules according to example 6 having
a diameter less than 1180 um were compared for phosphate binding as a
function of time against tablets formed from granules having a diameter less than
425 um. The tablets were both compacted to a strength of 13 kg tablet hardness
and were coated with 4.5% of dried Eudragit EPO water resistant coating. The

tablets prepared from the smaller granules reached 80% of the equilibrium



10

15

20

25

5 All granules were sieved such that |ess than 25% by

wei ght of the granules had a dianeter |ess than 106
wWOonR@rossssy es by sieving. From Table 5 it can beCHE8R007/000308

that increasing the granule size slows disintegration

at granule noisture levels of 1.19 and 7.01 % and

that the noisture content ha8 10 a marked effect on

pr@pHafd GhAERR' (W rinilEs APhelBR 6 PR bépafhd ik file targer
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m@&,f,gd%thﬂat‘atsldagcﬂ e&lhggeﬁg%q,l nst tablets fornmed from

granul es having a di anet ess than 425 pm The
tabI ets were both conpacted to a strength of 13 kg

Tt 8GR TP IRPLR dSNAEn B (R (BORS [oPRSPefien granules

ad&bﬁﬂﬁg e8! ExaRipld Beozidd With Bucﬁagltﬁpo W%H%@M&M 5R% based
equi | Tbrium WO 2007/ 088343 PCITGB2007/ 000308

onpthessiaied tatileld theygesinides having audiametaitess thant 4@6 micrometres.
tablets prepared fromthe |arger granules took 30
m nutes. The equilibrium phosphate binding is as

Tae B! ednda Bt siow FhosbRbtee BindiMe (Bknessad %sb h‘ﬂﬁbh@f phosphate
resul'ts were obtaj ned according to the nodified

bavedHegl Qf@”d@%%‘?'lda'@@rgﬁfﬂ@&hpéﬁhaté biager ab Vgﬁ@ug pH values for the
soﬂﬂmﬁ%ﬁcﬁlb% rﬁg%( qtablets formed from
ng t

granu accor anple 6 coated with Eudragit
EPO i n an anount of 4 5wt % based on the coated

Ths ESilise PbaTabK Oy NG & WalRdOBRHTRSOYHEEBRAL & the phosphate
bn'?dhﬂgn @?tﬁﬁﬂé@é‘ﬂfé@i Aer fold, @uﬁo\ﬁlgﬁ"’tﬁ f)olﬂ Prﬁfdlflcatlons 1

gra I'd i norgani ¢ phosphate at vari ou
tabplet vedniaininfgo0.8deof $he yihasphate Windér Wasdidispensed in 125m| of

4riBRRIE ohsbRalsn SoLiERpn o pbRad 4O 12 30lPh Omspaigiye). The
sa‘ﬁ%ﬂéél\béﬁé ResreiimfRiated  in Pstoppbicd HBR 8&?&)}@% Nébnical flasks in a

nodi fications: 1 tabl et con ai ni ng

shekingowates hath @3 ifesand 298rrypdor wamrtnmﬁs pH of the phosphate

Sof R BSR4 81 R RS0 RRESPHl yhuf Yoncers

fostthe PECRMDPO! Werre pyhaiged aicofdinglyaskstaké account of the lower
phosphate concentration.

Table 6
phosphate binding (mmol/g) at different
times (minutes)

pH/Time | 10 30 60 120

3 0.44 0.54 0.56 0.59

4 0.44 0.5 0.53 0.55

9 0.25 0.33 0.35 0.38

Table 7 shows the effect of particle size distribution for the granules on various

parameters. “Transport” refers to the ease of transfer from a hopper to the tablet
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Tabl e 6 phosphate binding (n#®l/g) at different tines

i Ml Jéﬁ'“é%“%gbﬁgﬁé&%%%g%@@ twafe foie popraing to

exangile 6sThenéne fifantleo{A)pwets goer. si ze di stribution for

the granul es on various paraneters. "Transport"

refers to the ease of transfer froma hopper to the
PHPhale WA WLBRRE3 gp

e N P o s N oRiBle Sydife method

5 defsoribed pseiously ag fmoTabslgﬁmﬂ apbldfive fine granules (A)

wer e poor. Phosphate binding was neasured by neans of

t he phosphate binding nethod 5 described previously
Ths PhespHate! l@in@m@t re%uﬁ§| f@F AB, @%thDS\QBF'E frol RebIER guncoated)

results for A B and D were fromtablets (uncoated)
whgieas e fwltsé@rufﬁtvgerecfror&ﬂv@gsarfuiemthamsegh@qu| es
t hensel ves. 10 Table 7 particle size fine small |arge
| arge medium by sieving ABCDE (mcronetres) O
10 Tabl®7100 100 100 100 53 32 94 98 92 96 106 25 83 96
87 91 250 9 49 00 7€
particle size |[fine |small|large |large | medium

by sieving A B C D E

(micrometres)

0 100 | 100 |100 |100 100
53 32 94 98 92 96
106 25 83 96 87 91
250 9 49 90 76
500 3 0 71 51 47
710 1 46 17
1180 0 5 3 0

Transport poor |good | good |good |good

Phosphate

binding

(minutes)

10 052 |042 |0.33 |0.3

20 0.47 |0.40

30 0.54 |0.50 |0.44 |04 0.42
45 0.51 | 0.47

60 0.54 | 0.54 [ 0.48 |0.45 |0.49

120 0.57 |0.56 |0.51 |0.47
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500 3 0 71 51 47 710 1 0 46 17 11800053 0
Transport poor good good good good Phosphate binding
w@ pdoinss3sy 10 0.52 0.42 0.33 0.3 20 0.47 0. 4PCBGBR003400308
0.50 0.44 0.4 0.42 45 0.51 0.47 60 0.54 0.54 0.48
0.45 0.49 120 0.57 0.56 0.51 0.47 WD 2007/088343
PCT/ GB2007/ 000308 39 Exanpl®5 1-7 in uncoat ed tabl et
form and prepared fromgranules having a dianeter
| ess than 1180 mi cronetres, were also nmeasured using
Example di-¥i isdungiaisg Habket tfomi; ragdt prapapsd Sf‘rmmngnalﬁruIE%bhﬂvmg a
q m nutes. 5 Table 8 Exanple
i Sles 15 thagh T PRI EramBHESe Wera AiFe Mmeasuren w0 ghe modified
phdsphate. kﬁﬁdlﬁg@ést%s“%&mrﬁﬁ TEBIRB AEHL S B aARdinke 'I@@ ghlﬁﬁfés
of exanple 2 with It can be seen that exanp
10 | ower phosphate bi ndi ng denonstrating the effect of
TaB geri ng of phosphate binding by the presence of the
m crocryst alline cellul ose and the advantage of using

the preferred conbination of pre-gelled starch and
m-eroni-sed-crospovidone. This preferred conbjnation

Exgmilg di pi -RXampig At ai nE&a@l@lﬁaB phokBxamplesd ndi n@xample 7

nal Y-
al armg the g anutation process—att :)num\fdl g
mﬁcﬁ’oibdog?gspersi on of the granules and tablets ijn water.

0.4% 0.55 0.27 0.44 0.60

From Table 8 and comparison of example 2 with 3 it can be seen that example 3 has
lower phosphate binding demonstrating the effect of hindering of phosphate binding by
the presence of the microcrystalline cellulose and the advantage of using the preferred
combination of pre-gelled starch and micronised crospovidone. This preferred
combination of excipients maintained good phosphate binding as well as aiding the
granulation process and showing good dispersion of the granules and tablets in water.

Material from coated tablets (containing 0.5g of binder) formed from granules
according to example 6 having diameters less than 425 micrometres was found
to have the following Langmuir constants: K1 (1/mmol)= 0.25 and K2 (mmol/g)
=1.88.

Material from coated tablets (containing 0.5g of binder) formed from granules
according to example 6 having diameters less than 1000 micrometres was found
to have the following Langmuir constants: K1 (1/mmol)= 0.19 and K2 (mmol/g)
=1.88.

K1 is the affinity constant and is an indication of the strength of phosphate
binding while K2 is the capacity constant and is the maximum amount of
phosphate that can be bound per unit weight of binder.
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=1.88. 25 KL js t ffinit I ant d
b 3, St B S S B e Tl 1 ipooune
ph&éphatel ABas@RACAtAGUARRRIRMEh Mkidl E—F Jgﬁﬁhmc{ggﬁ??ég?&mions was

of phosphate that can be bound _
pHhFriempe 30 Crlsies 3amd HeT s £QUilB0EM paintweset a time t =

i constants were determ ned by changi ng the
12@%@%%{@ concentration from1 to 40 nmmol /I and were

cal cul ated by performng |inear regression on a plot
of the unbound/ bound phosphate versus the unbound
phosphat e nmeasured at equilibrium The initial pH of

t IO =4 te = .
Al BpREORAL A Satdhis ity e Riplioaliors erfionég, inythe above
specifieation- ard 2@&reinnincesporatdd pybicfereahtensvardup ahedifisations and

ang?ﬁ)at gg@ g\tﬁ_gl icati onf nentioned in the above 10 .
VagauS ok 4b¢ feseit KWeBHan | Wil dpe skpaERNtylp fhaser skilled in the art
Wi [ { frrat 4 Idpfbs f: D es
e 1T 1) 52008 it B 10| inkgfidht. &lthoyah the
invgintino thasdegen desgyibiadoim ednmestiop avithnspexifia preferfred kenbodiments,

R T A R A
to SueH! ﬂod@ﬂiwaﬁﬁoatm@ﬁtst h#idddie \}aanéaatﬂqeaifieétiéﬁs;\bmﬁe described

shoul.d not be unduly [imted 15 to such specific

megaso Mmeatrying pubdbe inyentors whight amatobyiausoto tthese skilled in

cnGfsthy, Widlol TSt Reialy OHS AR nfRtlashof bR g et Sodi of the
foliogxlrhag ethirhsel ds are intended to be within the scope of
t he
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followi ng clainms. WO 2007/088343 PCT/ GB2007/ 000308 41

CLAIMS 1. A granular material conprising (i) at |east
WGy ogs3wki ght based on the wei ght of the granedEHGB2007/000308

material of solid 5 water-insoluble m xed net al

conpound capabl e of bi ndi ng fhosphate of formula (I):

MIl .XMIVOH) 2A""y. zH20 (1)4Where Mis at |east one

g%lyggnesi um cal cium [|anthanum and cerium M is at
iron(lll); 10 An- is at |east one n-val ent

anion Xx = Eny; 0 <x:50.67, 0 <y < 1, and 0 <_ z <
| | from ﬁg 12% b wei ght based on the wei ght
of t'th d P%W“PHP gt non- chenically bound

(l)%tléést 50% M w&gmooége%abﬁrthéhﬁél At/ of fﬁé pﬁérﬂfgr ﬁ%?é?’%l of solid

on the weig t he granul ar er| exci p
Wmer—msombge amuedumetat eoinpbuad mpablegoi binding pindsmme e:rf formula
px = Zny; 0 <x:50.5 0<y 51, and 0< z510. 3. A
0 granul ar material according to claiml or 2 wherein

'hI;m” OWPAELRLO 20 congpund of forrrula (1) conprises
a Ii\?re% ggub% h drog.lqg granul ar materi al

where isrﬁj leastang ofieaghesium; ﬁalcmm Jasthaneneand cergum;

M mpound contains at |east one of hydroxyl
%%ggg?%%naq(ﬁsi ons and contains as the netals iron

A |Bldt)leamd>nﬂargmalentmmoa$x5= Tdy; @ axws es7ateyiad, and 0 <z <10
cor o an receding claim wherein the granul ar
(")ﬁé?'@r:?d ightrhasadson e aldhgaraylar material of non-

Ch@ﬁﬁgﬁtyadddﬂdssﬁgte?téﬂcfh as excipient based on the

f the granu material . 30 6. A granul ar
(m)mo @reatler thaood toryy weight pased oofthe lvegighst df the gvanular material of
rising from | to 15% by wei ght of cross |inked
exB r%l nyl pyrrolidone as excipient based on the

2. A granular material according to claim 1 wherein x = Zny; 0 <x<0.5,0<y
<=1,and0=z=<10.

3. A granular material according to claim 1 or 2 wherein the mixed metal
compound of formula (I) comprises a layered double hydroxide.

4. A granular material according to any one of claims 1 to 3 wherein the
mixed metal compound contains at least one of hydroxyl and carbonate ions and
contains as the metals iron (lll) and magnesium.

5. A granular material according to any preceding claim, wherein the granular
material comprises from 5 to 20% by weight of pregelatinised starch as excipient

based on the weight of the granular material .

6. A granular material according to any one of claims 1 to 5, comprising from
1 to 15% by weight of cross linked polyvinyl pyrrolidone as excipient based on the
weight of the granular material.
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wei ght of the granular material. W 2007/088343
PCT/ GB2007/ 000308 42 7. A granular material according
W o00akgs3ane of clains | to 6 wherein the excipPCEGB2007/000308
conprises at |east pregel atinised starch and
crospovi done 8. A granular material according to any
precedi ng cl ai mwherein at 1%ast 95% 5 by wei ght of
t he I e I
7, ess& tgﬁQHul%ﬁé:géte fgragé@rtﬂyilio AH&% qff@y?%@ oage\tlvﬁ%reln the
exgipiemnti mmsesmtdmmmregeigtxmsnamrch emidsdragpovidprsall e
containing a granular material according to any
preceding claim 10 10. A unit dose for oral

8. admA‘PFdrﬁﬁ‘éri (PRt E&&*d ny o?’!gt @erﬁw%‘remagtleast 95%

ranufar materl a accor alms 1
byl\dlelgm ohihe graselmcmfdhellgn@nmlar n‘laiemalmmm tiaeneter less than 1180
C ing a lubricant between 15 the granules. 12. A
mighete {%§e according to claim11l wherein the |ubricant
is or conprises nmagnesiumstearate. 20 13. A unit
dose accordi n? to any one of clainms 10to 12 coated
9.wi t HA &nitediese cpreglraéta@iﬁmmtsicfaﬂpn romprising uhmtatelo sesistant capsule

coR S BB I R AL

butyl ated methacryl ate copolynmer. 25 15. A unit dose
accordl ng to claim13 or 14 wherein the tablet has a
Gel 1A U@zﬁtnéos%é‘ﬁ RiAl AGdINiisiradion gamprisingr 8. carppagiediaplet of a

grgﬁﬁl‘ér ﬁfa‘{%r@l'd&o?‘oq%%ﬂ?’ﬁ@%ﬁgllfairﬁeﬁ' {5, 9 to 15 wherein

wat er - e rnorgani ¢ conpound
capabl e of bi ndi ng phosphate is present in an anount
a 007/,088343 PCT/ GB2007/,00030
1133 Py unk fsscaccoion 10raa0H 0o oD RoBtoT T Addpegant between

th&gradled. as defined in any one

12. A unit dose according to claim 11 wherein the lubricant is or comprises
magnesium stearate.

13. A unit dose according to any one of claims 10to 12 coated with a water-

resistant coating.

14. A unit dose according to claim 13 wherein the water-resistant coating
comprises at least 30% by weight of a butylated methacrylate copolymer.

15. A unit dose according to claim 13 or 14 wherein the tablet has a belly band

having a width of 2mm or more.

16. A unit dose according to any one of claims 9 to 15 wherein the solid water-
insoluble inorganic compound capable of binding phosphate is present in an
amount of at least 200 mg.
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of claims 1 to 8 conprising the steps of: i) mxing
t he conpound of forrmula (1) with one or nore
wex@rpsssms s to produce a honogeneous m X, 5 iPQT/GB2007/000308
contacting a suitable liquid with the honbgeneous m x
and mxing in a granulator to formwet granules, iii)
optional |y passing the wet ¢Banul es though a screen to
renpv I : r § ZE 4 :
7 ygopedh tih e bt daion 1% R RGB! BEddithed jg any one
of eofpinms ft ko Bommplising theesiepg dfhe dry granules. 18. A
. process according.to claim 17 where in the Liquidis
) BTGt B COTBRNNG L OB DBt A A1 R CXRiGH S Brpguce 2
horhdaefedlifi ar material according to any one of clains
1 ?o or uUse in nmedicine. 20. Use of a granular =
i) wantacting acswiablediquid amigh othe bbmdganesus miX &ndn mikieg in a
manyf acture of a nedi cament for binding of phosphate.
gr%lég(fqﬁgndqletagrapg Gtar material according to any one
iii) eptishalyFaskidgth® wat greuld®inolightadssaesh té rémaies gr@iles larger
for use in the therapy of a condition or disease
thansthesicegastisigPt h phosphate | evel s. 25 22. Use of a

_ : . ¢ of ai
) gyl R RGBT R Br BRI BT O Use 1 the
v) infiipasd/ot sevirnitietdrgrgranuldssease  associated with

adverse phosphate levels. 23. Use of a granul ar
mat eri al according to any one of clains | to 8 in the

| 1830 AHOEAS! HESoringloBelit 37%idterbah the Righ & RBIcRES ABIN water,

condition or “di sease associ at ed evat e

ethainet and piixspdatheréefvel s. WO 2007/ 088343
PCT/ GB2007/ 000308 44 24. Use of a granular materi al
according to any one of clainms | to 8 in the

19Manpf aedril & ﬁfatériﬂeggtgcﬁfﬂﬁ@t td AnyusBe! &F bl&‘ﬁpé hertapg @t use in

hyper phosphat aem a. . Agranul’ar material as
m@ﬁm Be.antially hereinbefore described with reference

20. Use of a granular material according to any one of claims 1 to 8 in the

manufacture of a medicament for binding of phosphate.

21. Use of a granular material according to any one of claims 1 to 8 in the
manufacture of a medicament for use in the therapy of a condition or disease

associated with phosphate levels.

22. Use of a granular material according to any one of claims 1 to 8 in the
manufacture of a medicament for use in the therapy of a condition or disease

associated with adverse phosphate levels.

23. Use of a granular material according to any one of claims 1 to 8 in the
manufacture of a medicament for use in the therapy of a condition or disease

associated with elevated plasma phosphate levels.
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5 to the Exanples. 26. A unit dose as substantially
her ei nbefore described with reference to the

wazampsssss 10 27. A process as substantially PCT/GB2007/000308
her ei nbefore described with. reference to the
Exanpl es. 28. A use as substantially hereinbefore
described with reference t 8% he Exanpl es.

24. Use of a granular material according to any one of claims 1 to 8 in the
manufacture of a medicament for use in the therapy of hyperphosphataemia.

25. A granular material as substantially hereinbefore described with reference
to the Examples.

26. A unit dose as substantially hereinbefore described with reference to the
Examples.

27. A process as substantially hereinbefore described with. reference to the
Examples.

28. A use as substantially hereinbefore described with reference to the
Examples.



