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WD 20071088343PC T/ GB20071000308 Material FIELD 5 The
present invention relates to granul es containing

wat er -insol ubl e inorganic solids, particularly mxed
wEtRbng&epounds, having pharmaceutical acti VIPE¥ﬁGB§§O7mOO?’08
phosphate binders. It also extends to nethods of

manuf acture of the granules and their use in unit

doses for oral admnistration. 10 BACKGROUND Vari ous

ail ments may | ead to high phosphate concentrations in
the blood in animals, part gk |y war m bl ooded

ani mals such as humans. This can lead to a nunber of
physi ol ogi cal probl ens, such as deposition of cal cium
FRbldphate. 15 In patients with kidney failure who are
bei ng treated by regul ar haenodi al ysi s, phosphate
concentrations in the blood plasm can rise
Theapresenhinventiord rélbtes o mdartules cohtairvimg amater-insoluble inorganic

hyper phosphat aem an resul t cal ci ho

AU Sre e TEged metal gRbab b el BHAERBER L Sotiviy, as

p'ﬂiB}z{pl’&ﬁe rseiEred 1byiser éttehds @dﬂmdﬁodﬁ of nRIngtIttwreasfdhe granules
ani ¢ phosphate hj nders Cl,asses of inorganic solid

3@%3%%%&1%@%@55%0@ BEMBUSHRYOR- WO 99/ 15189. These
include alkali treated inorganic sul phates, such as
cal ci um sul phate, and mi xed netal conpounds which are
BABSEREIUND| y free from al um ni um and whi ch 25 have a
phosphate binding capacity of at |east 30% by wei ght
of the total weight of phosphate present, over a pH
\tagioge aiimdnteo may 8eadasko nieigls yslessphgtet hmqﬂmgphm én the blood in

i ng test as des t her T
2By ige PartEiiael ST SBPHET anifgS e 5 BRIS THiS eanspd o 2
rubibe® bR bhysiibgical srablepms, s8eh By piepabitiyn sficdicininphbsphate.
metal compounds may contain iron (I11) and at |east
one of magnesium cal cium | anthanum and ceri um

I &ﬁil@ﬁt@h’\lﬁh tkib%éy%ﬁ@recﬁﬁb a8 BHing fRatedobP rédully Hasmplialysis,

carbonat e ani ons and optionally addi |onaII , at
pheaphate neonsentsalisisaine fh%rhiQﬂd asaRl cani e dramgfically and this

JaRkiAbn Cm%ngé W@%ﬂ%ﬁﬁe%drﬁ ré@alﬁg% ]1,551@9?1 phosphate

pr eSS ent i cul ens in the fornulation
depnsmdmaagd’stlssmm $lasmg phosphaterieyads maytheereduped by eral intake

se f.romthe fa npounds need to be
oG 3 TSP hosP e BBBeR Ir e “Thi s means ¢ hat
in order for a unit dose to be of a Ssize which does
not make it toodfflcul 0 t,i Ng, WA t
Catsegne’ EsgANiG soHd Pf‘ﬁ{ﬁB SF?' |a&/&ascfﬂsef’h@ E\@?'@é‘“f‘g

'I‘h%gé qﬁél@dﬂé aﬂéﬁ(iﬁéa‘téﬁ %rﬁé&‘ub%uﬁhlﬂiﬁes |s@@H|e($gca4§ibm sulphate, and
little formulation space for exmﬁments here is

raixecd ceptaloporpRundsoyBich Ry Rt bstaniaty frei frasn @&Hﬂl@l%l&na which
Ha08 %ﬁgg@gﬁpl Cyﬁ&iﬁ%\@?f)ﬁ&n} orchiyd t'?ﬁog@b{( Wﬁ%hﬁ ofthd ’J’c‘:@al weight of

phar ve |ngrec mal nt ai n
p;hbyplnaialpres&rﬂe,gwana pHdasgalof friotry 2¢h asmwayéed Pydhe phesphate

i ol S S ot 195 AR A R o

ard ptiferiBtinteRabd fartbraPa@intstratiphd phosphat e binding,
but not to disintegrate 15 excessively in the nouth

or oesophagus resulting in an unpl easant taste and

ee d"’? k@éh hidbedd ﬁfetél@idn%un@@rméjfl apfein ifae (Iﬂ) fid @k Ssast one of

or processing routes for formng the solid

magnegiim,ccapiorp Hanbapumdand gafiugn. urﬁrﬁg%élésthﬂvt&!%tcontam at

;é’e{sg%%“& %55? a0 PABhnLie oﬁ‘ﬁghé I eg%tlohﬁﬂ‘y %Bi%h%\ly, at least

excessive hindering e rat
opbcnrfphbhatdoichkbndg ahdroxidee material. 20 SUVMWMARY OF
INVENTION In a first aspect, there is provided a
granular material conprising (i) at |east 50% by
wei ght based on the weight of the granular materi al
of solid water-insoluble
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25 m xed nmetal conpound capabl e of binding phosphate
of formula (1): ML.1li-xMIIx(OH) 2An-y. zH20(1) where Ml
is at | east one of magnesium cal cium | anthanum and
cerium Mn is at least iron(lll); An- is at |east

one n-valent anion; x = Eny; 0 <x 5 0.67, O<y 1, and
0 z 10; (ii) from3 to 12% by wei ght based on the

wei ght of the granular 30 material of non-chemcally

BSRLT Ship it po] BT LA JR parcia

probfenid %‘tthe f%rrh[lla%oﬁeép'ﬂlﬁlta&ﬁﬁ‘g‘es EOsamihg tRERYI Qdea'ﬂ‘t these

unit dose for oral adm-nistration conprising a water
problinss arise draps tihe facirthat thegompgrads ingedntet be ideiseddn relatively

‘f ARELaR 2 i i S DBl B 21 A8 o

désyRachefetitbdbediffbuln t@ b, J¥BIsEhf akitpaiehi Bethpliance, the
above. In a fourth aspect, there is provided a

inglusioasievelop! hreagivepingsadiont beeds i RRW WIS hisheleauingyery little
ng the steps of: 10 i) m xing
f"ﬁﬁéfa@@‘iﬁ gg%?ogfeq{gg{'éﬁqsa (1) with one or nore ,
exci pients to produce a honogeneous mx, i)

contacting a suitable liquid with the horm eneous m x
Thg isieey! fon UALAQRES AN SUsinREIanc SRl paosphate binders

_ Wﬁlbh)lnel%boﬁ’ighl RevBRS Bt riﬁeé t r?’?%tcegq%é]&h%tl\]?{c?r‘ﬂgg@d%nt yet which

SCreen to renmove granu ar ger an t creen
maintadn phw):aumyeg’rgytdmel smablllyramstcafageoThemnscmsaﬂ ayneed for such

ot doigeda disihtegrate i GHaRt fp e they ShiiaRpigdficphasefiate binder
mgt'h%né‘ﬂoﬁfadﬁataﬁﬂ' R ¢fe ﬁjﬁﬁlhnﬁlﬁ’oﬁﬂ%‘f@ Elﬁﬂmﬁs%dtnn@toto disintegrate

icine. In a SIXth aspec there I's provided
emeesmélyaingmmcmthrmteesscmha@md@&ulmg mbemeummeamt taste and
ctur f or .Dbi d| n

ol ok o Al ST R BNCE dnete o i, Pt il T1BE8kThg routes

foP fBFrAiMgl e ”ﬁlﬂ'lﬁég@ﬁl(ﬁ?ﬂ‘ﬁd@ ﬁaﬂ-;bQ)Iﬁdérﬁ A8 unit doses without
manuf act ure of canent for use in the therapy of

prablearsdrausas by rpwebewabiivvoel Hematprial pRasyshavithout excessive

provided the

h'h@%ﬂg?Ofgth%%u%h%%ﬂé% g'l%eg]? fge me%tééalabove in the

manuf acture of a nedi canent for use in the therapy of
a conditi on or di sease associated with adverse

SW%%%@: MYENJION3a | n a ninth aspect, there is

provi ded the use of a granular material as defined
above in the manufacture of a nedicanent for use in
[n tahifrst Iaepetﬂythei'e & pomdded argranuldllrsmatsaahssmpnamgc(l)vattidaast 50%

byg\grgv l ?%nﬁggm%qoggﬂ{eﬁés%@@rdpagpr@ éﬁLﬁc’é‘F’ water-insoluble
mss@g%tai c&}ﬁ S&id E§Hal§€‘8f%nﬁd?n$ Bﬁogﬁﬁ‘é{fa%ﬁtfﬂfn‘?ulgf(l)a

i cament or use in the th

yW'&WEQﬁaKHg@ a. (DAl so d| scl osed is a unit

dose ,f or ra adm i strati on
wiEE o Reatedss Aol ol agoRr L ST TGn v ang cerium; " is at
:ea’r&q;@rn@wgout % hhRdst bRk meBRAL affort K= ihyent & &< 0BB® <y < 1,
disclosed is a unit dose for oral administration

anglodrgra 81y (&) tcompade d&% AyIweigbt bgwh ondbeaveightiehie granular
m%tgg%lh?ef lf.gr‘i gh zcga‘?&: ch‘Una‘ Wé ér”\éﬁﬁt o Gre&l ﬁm%lnyﬂ%nﬁ/ weight

er r eS| t an coat
based on the weight of the granular material of excipient.
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The solid water-insoluble inorganic conpound capabl e

of bi ndi ng phosphate is referred to herein as an

"inorgani c phosphate binder" or as "binder".

Ref erences herein to "granul es"” equally apply to the

"granul ar material" of the 20 present invention. It

has been found that surprisimgly, for such granul es

for use in unit doses, the level of water is critical

in maintaining the physical integrity of the

granul es, and of unit doses prepared fromthe . )
Ingeaseterd dasnan), doeicade.providedca Lsieras®dffona@i@t administration

rovi.de .goog ho | .ndi : .
oftnHets o Witeh bRt Salr e iR S fafER thafrAL8e defined
aveof tablets fornmed fromthe granules in the nouth.

It has al so been found that such granul es bind

phosphate rapidly. 3b It has al so been found that by

e ¢t . o

o 0l e PIRIR S A BHLO 3| A AR] comprsin =
carfipastad eslsietoftia ghenudhiomagsi=s balddfiney ghoebl ems  of

powder based tablets are overcone while the

advant ages of such systens with regard to rapid
In%h %Lﬂ*ﬁ%@?ébto@h%eeisgﬁboﬁéﬁnﬁ rotadiCioPahé ipféSaratiSh #8-a granular
for exanple as found In powders, results’'in very poor
mbtesish bs Idefiped fabolve coowvaiising teusdtepagfi n poor t abl et

) SORPOSEe Catubbia BF Fotda R hish S, RS 2Rk fo produce a

hé,ﬁ@@érﬁ&usﬁﬁpri singly, we have found that by first
I ncfeasing the particle size of the finely divided

i)paentactingit@ sytaiplearigiuid ivath dhet hemeggneews dnixcarpoliing in a
wi.th 10 _excipients, drying the granul es

of %?rgulfa | g
IreguRY IRt PHFI%%%P%IF re content and reducing the
iii}]diﬁmﬂafﬂ?/fﬁaé@ir@&hlé WNgrafgRisrthbagl arsur€en ta@inyowl yiatesks larger
particulate (such as the 'small" particle size

thandhe spi@enc#zaf Table 7) we can obtain suitable

VEURERER P SREDbBHLER o spaiek ST s o
v)200iHOAR P48 BIETINgBReAlfy 98NA08s.4 whi | st enabl i ng

operation of tablet conpression machines typically
capabl e of commercial production rates (for exanple

lnife{.] f?lgllu é@g%&? gﬁ}?]igﬁggﬂggecg gﬁ‘#ﬁhﬁ(ﬂ?%éﬂariﬁf‘% BEfMEEaBHRD for use in

et of a conpact size whic

medicimgt too difficult to swallow. In contrast, typica
tabl et formul ati ons such as those disclosed in :
US4415555 or 5 US4629626 M yata et al of hydrotalcite

In"RiS¥thahshd@StHdr8Gsi prolRicaiil L8aSofCAgahSIaNInAteRal as defined
than 50% of the active conmpound and/or requirin

abioperintthe rmanufactese npbatmedicamenhiathinding iof phegphate.
i ncrease storage stability of the tablets.

In a seventh aspect, there is provided the use of a granulaf material as defined
above in the manufacture of a medicament for use in the therapy of a condition or

disease associated with phosphate levels.

in an eighth aspect, there is prO\fided the use of a granular material as defined
above in the manufacture of a medicament for use in the therapy of a condition or

disease associated with adverse phosphate levels.
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The water content of the granules of the present
invention is expressed in terns 10 of the content of
non-chem cal ly bound water in the granules. This
non- chemi cal Iy bound water therefore excludes
chem cally bound water. Chemically bound water nay
al so be referred to as structural water. The anount
of non-chemically bound wateBais determnmi ned by
pul verizing the 15 granul es, heating at 105C for 4
hours and i nmedi ately neasuring the weight |oss. The
wei ght equi val ent of non-chem cally bound wat er
Indainieth a$peatatherheis w@vw@ldctheaua@ a2 grapdlghimaterial as defined

B bR Sl e B Akt RGBT Mgk 8P ehatton or
didfas¥addocRied Wltrpéle\rai%d%léﬁﬁb?ﬁhosbﬁ@ﬂeelte@eléOr med fr om

t he granul es becone brittle and nmay break very
easily. If the anount of non-chem cally bound water

i SRS BB e, B % AR e 2 et

abdvepanethd r ganuRsctgreansfl es medicaases, fod tusearnn the therapy of
associ ated reduction in phosphate binding rate and

hypesplsesaieens@abi 1 ity of the tablet or granul es 25
becomes unacceptable | eading to crunbling on storage.
By wat er-insol ubl e phosphate binder, it is nmeant that
Albbedlmlmaf ishasinit dode forl c'nrayadnmirdStMtidri eompesieg aawvaksgdesistant
.59 /|itre or less, preferably O.1g/litre.or .
canssls Copsaising Greiugst 5oeprleg B e 41 AsPRGLOT B ifjption.
wat er -resi stant capsul e of the second aspect of the
invention is suitably a hard gelatine capsule. For
Alsbedinelbeed riesa strintosafeulosal asimmsteancrre;e,ompamngf 8 ¢@mpacted

tagg?géflg};g%ﬁl@%n%qsc{cﬁcrﬁa ﬁ@f&\)&@' \{veekscta ﬁ"l n%%gltlgg A Preferably, the
taB%@?é@&a‘%é&%P@Té%@QFé&&Qﬁp&aaﬁmgpt ake of the unit

dose, (i1.e. the capsule containing the granules of
t he flrst aspect of the . |nvent|on) due to noisture

cont ent an r I t 9
Tlﬂﬁ' &9@ §r- r%ggutfiﬁ a{h&%’% ngC p%ﬁﬁd cga%'%ggé) é‘rf] %?{03%% ghosphate is
refatfdl RARSreias hﬁv'ﬁwdrban@mbhge lsihdde|qpiasd bistdel. | | se

the noi sture content of the granules on 5 storage The

tabl ets of third aspect of the invention preferably
F Si e ' j d & "
UG st LS SN0 R GO Bhterar of e
presemt inhenticabl et on storage. However, the water
resi stant coating nust allow break-up of 10 the
tablet after a suitable tine foll ow ng ingestion such
t aTat [ | , th
1 F o PR B8 by PIRSSRH GIERr i Beunt doses te
leveltafrwates isstritical int maintaiming thehephysinal ntegalyofitle granules, and of
ks at 40C orelative hum dit
b fisRes sreraedctare i S6rales AP bt EolBlTapis of water
prel?na@g%oba @h%&ﬁlﬁéﬂé‘ >bu|uﬁﬁ§ wheR R0 dranaldpr efrér mgklted, without
' ess t'han y weight of the coated tablet. In a
exseesige rl:areawpa@pw gianulgst er of tablals dermed fiog thengranules in the

il 1ty 485 B Bhnd ool BhuR AL B oA

to noi sture content change is preferably |ess than
‘10% nore preferably I ess than 5% by wei ght of the
coated tablet. In a further preferred aspect by
water-resistant it is nmeant that on storage for 12
nont hs at 30C and 65% relative hunmidity, the water 20
upt ake of the coated tablet due to npisture content
change is preferably I ess than 10% nore preferably

| ess than 5% by weight of the coated tablet. In a
preferred aspect by water-resistant it is neant that
on storage for 6 nonths at 40C and 75%rel ative

hum dity, the water uptake of the coated tablet due
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30 By binding of phosphate ions, it is neant that the
phosphate ions are renoved from solution and are

i mobilised in the atom c structure of the

wat er - i nsol ubl e i norgani c solid phosphate binder. WO
2007/ 088343PCT/ GB2007/ 000308 6 Suitable

wat er -i nsol ubl e i norgani c solids for binding
phosphate ions from sol utiongsgphereinafter also call ed
i norgani ¢ phosphate binders or as binders for

brevity) are disclosed for instance in WD 99/15189

d i,nclud | phat .. | ¢j I te,
R A 2B PR RRAY USRS RSP S AR e cranvtr
foill @th&ahbfagathddadhet lowatiiiypeotidmsast ptagdars Red the storage
bel ow. Preferred water-insol uble inorganic solids for

stabditaprobierss iehpewdien besed itablelscaremieseamngiwhilgethe advantages of

S SIS P Bp, Bl TR PRSP0 i paric

siz@ Ofgragkampleoag fatiad binngewderss adsilts imeehalpoer flovfability of the
the invention are in a finely divided rticyl ate

Powden sigsHltingatin aPoRie fkiet %‘{WPE@@O& e(gaat?lgtspr 80i geff and not

i &h s bi.sadif [ Lol ' :

nPhei, PR PRfnge "SALIND . JRBGH, Sl SRufiifiont loading

Spatisirgle swé dnaee dound dhat by dirstrinpreatingl thedbatireleesiz€ @b Xhe finely
of from1l to 20 mcronetre 15.preferably frgm2 to .

diyeles BRGRHPI5Y BRONERRBI§' e ShAPEhEHB idoanula | with

efﬁiﬂ@ﬁfsl, Eﬁ’\?iﬁ%gﬂé@ gréﬁ\Y@s 3o Ocdritrdtied YR WIntHt 4Hd idtRicing the

particles diameter less than the do val ue) of
gr00levsizedvatkr deworadais S0 aNXED fiehadivBledpReicRiatgHsuch as the

, present,. i nventi,on.provid ranul ar r.ial
St Rt 543 LS Eouag DarbiaT 2B Shuaple phosehate

binBIngN grafulbd vt ARU FSquiARY esutdtaritial SAbictsat XRYelP LRl excipients
compound capabl e of binding phosphate of formula (1):

MIli-xMIIx(OH) 2An-y. zH20(1) 25 whereis at |east one
of magnesium cal cium | anthanum and cerium Mn is
at least iron(lll); An" is at |east one n-val ent
anion; x = Zny; 0 <x .5 0.67, 0 <y 1, and 0 5 z 5 10;
(ii) from3 to 12% by wei ght based on the weight of
the granular material of non-chem cally bound wat er;,
and (iii) no greater than 47% by wei ght based on the
wei ght of the granular material of excipient. The
present invention 30 further provides a unit dose for
oral adm nistration conprising a water-resistant
capsul e containing the granular material. The present
i nvention yet further provides a unit dose for ora
adm ni stration conprising a conpacted tablet of the
granul ar material. Preferably, the tablet is coated
Wth a water-resistant coating. WO

2007/ 088343PCT/ 82007/ 000308 7 A preferred inorganic
phosphate binder is solid water-insoluble m xed
conpound of forrmula (0: MIi-xMIIx(OH) 2A"-y. zH20(1I)
5 where M' is at |east one bivalent netal;is at |east
one trivalent nmetal; A'- is at |east one n-val ent
anion; x = Zny and x, y and z fulfil 0 <x 5 0.67, 0
Cy 1, 0 Sz 510. In one preferred aspect 0.1 < x,
such as 0.2 <x, 0.3 <x, 0.4 <x, or 0.5 <x. In
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10 one preferred aspect 0 < x 5 0.5. It wll be
understood that x = [ ML111/([MI] + [M) where [MI]
is the nunber of noles of MI per nole of conpound of

r and [MII] is the nunber of noles
rrgzga%@?gs!é%npound of formula I. In one pre?gr{%g{007/000388
aspect 0 <y 1. Preferably O <y 5 0.8. Preferably 0O
<y 50.6. 15 Preferably 0 <uy 5 0.4. Preferably 0.05

5 0. 3. Preferabl 0.05 < ){) 0.2. Preferably 0.1

Whl tS@‘aP"”QDr@?@“QBW dablet coppresgion MmeRhipeR: tk&ﬁ"ég ¥y FRRpble of
@cﬁm&knaﬂ pRdéction LidtesPFaf @}faaiﬁié/ fr6m5m,050 % 1Boebe rtabéty/hSur) and

z P{Oefe Pr ef er abl

SrETErin ot SgBly %5pe4 BPf 8 Gt geg e Gobiod diffcut t
Fuaber mbdoytrast, $yplcdb tablet Rirerilations! such aSthoss dibcbsed in US4415555 or

g%%%zg?a% M()fa%a Eﬁ & ¥gﬁ1a%léo§?1ﬁ§:r§%t85%? 495 [#OQIP $orﬁ1b Eﬂ&ns comprtsmg less

ha. H)% of <hg Htivg camgond apd/gr Tequintg hydrqﬁwnma,béreatment of the
ARD tsﬁ:.f:e%% ddialydf ?Qél(}té’nfl BenPtpies r ed values of x, vy
and(5 bé cots I ne ]h{Js any conbi nati on of each

of the vaI ues listed in the table below are

?ﬂ& Gl Crleint Hr $5 n% 9%[4@6@% dﬁ%&’er{mvé?ﬁoﬂ é%é%ﬁ%gséﬁ’ in terms

resent 1nve
Bl’l(ihé) cOnterd nynﬁﬂ-oﬁeﬂﬁcailySBochmter dy tﬁe graplies6  This non-

%%@ggg@g@gﬁ%ﬁ%@ﬁ%@dggg@@cauy bound water. Chemically

bound water may also be referred to as structural water.

The amount of non-chemically bound water is determined by pulverizing the

granules, heating at 105°C for 4 hours and immediately measuring the weight
loss. The weight equivalent of non-chemically bound water driven off can then be

calculated as a weight percentage of the granules.

It has been found that if the amount of non-chemically bound water is less than
3% by weight of the granules, tablets formed from the granules become brittle
and may break very easily. If the amount of non-chemically bound water is
greater than 10% by weight of the granules, disintegration time of the granules
and of tabléts prepared from the granules 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 0.1gflitre 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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.05
1

0 <y S. 0.205. .z2 0<x. 0.67 0.1 <y 5.0.2
0. z.1 0 <
5.

.5..2.1.2 X.. 0.5 0.15 <y 50.2 0.55z.2 1z
2 1 .sz51.5 1-1 z1.4 1.1'S. z S 1.4 In

W@‘é‘no@}a&‘é% formula (1), when A represents mr%gﬁfﬁ%ﬂoommsns

one anion, the valency (n) of each may vary

means the sum of the nunber of noles of each anion.

mul tiplied by its respectivesvalency. 5 In fornula

(1), MI is preferably selected from M &

uptake, ofrthg unyt dasg, (18-) thecaapsuly CODE?"QW ) %r&!awfﬁ of the first

%} ﬁster aEF i an%gl%fcﬂroglrr\nb}éh%ezfc;ﬁérﬁ%{:aﬁﬁe lj$ Ereferabsy less than
1&|P/o mdre)prafnadalnm(ldass JhanCb % hy sesigiFeoi the) Ui d@gspe%mqh Fgpsules
o368 it P hed LIRSS Apkike hoaf o plBlnues o
sijrage®. An- is preferably selected from one or nore of
car bonat e, hydroxycar bonate, oxo-

The tablets of third aspect of the invention preferably have a water-resistant
coating in order to inhibit moisture ingress into the tablet or moisture loss from the
tablet on storage. However, the water resistant coating must allow break-up of
the tablet after a suitable time following ingestion such that the inorganic 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 40°C and 70% 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. In a preferred
aspect by water-resistant it is meant that on storage for 12 months at 25°C and
80% 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. In a further preferred aspect by water-resistant it is
meant that on storage for 12 months at 30°C and 65% 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. 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-insolubie

inorganic solid phosphate binder.
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anions (eg. nitrates, sul phate), netal-conplex anion

(eg. ferrocyanide), polyoxo- netal ates, organic

ani ons, halide, hydroxide and m xtures thereof. O

WbesE sshas carbonate is especially preferred. perigr2007/000308
Preferably, the conpound conprises |ess than 200g/ kg .
of Alumnium nore preferably | ess than 100g/ kg, even

nore preferably | ess than 50g/ kg expressed as wei ght

of al um nium nmetal per weight of conmpound. 20 More
preferably, only Iow | evels of alum niumare present
SHiEBIPRal? SRl inlﬂgéﬂﬁg solisefor biteling b hbﬂilnan from solution
%/ kg. WO 2007/ 088343PCT/ G112007/ 000308 onprise

{ @waﬂeaﬁispgqatlgd !mﬁfgenlsrpélﬂéﬁwﬁ;bfmdﬁs% of ﬁarbfrﬂ%ﬁﬁ?f lélje‘”’fv) are
it o? i %tﬁlf]@é ?rﬁ “FS‘ltd@agn@Wé‘Qui RBE&S such as caleium

pre era ess rrg/ kg expressed as wei ght

iEhabat \athlchl e bieam aplsah treaignl; noikiuses eb wifferest metal salts and
Sui tably; the c 0 r
BBt S ek A o RS vt o Blorgaric
flies fralekyasathosphate bindersin Hegabkeisiofl thedmtendion areomixed metal
Cerium -nost preferably Magnesi um Preferably, the

& conprises |ess than 100g/ kg of cal cium nore
10 preferably I ess than 509/kg, even nore pref e"r ably
| ess than 259/ kg expressed as wei ght of el enen
Renagre nﬁ’fpé”ie'wagemm%ﬁ ulifiyp du i PrefBFed pif éh%r'HBT%?mCo Rhgsphate

6]{.8&% Q4EY ‘:l’ré ﬁ'];r%g:'éié ki ﬁ}@{t%ﬁ |ﬁ ‘écﬁhéﬁﬁdﬂvﬁﬁﬁ gdMdulate form

['ess t anSS 15 "Even nore
qucbftham gdeqme esurfpwaﬂaa i8 nrme: ed oyen whichiRhespisiethieding or

ter qulllsg 85? d ?‘lﬁ‘ﬁ% gu,tggf CI i CO%I Egtﬁ binder particles

hdvanalgéigbt median pyefide adhhxsnelte&s &shhah FEGOND /& g20 evierometres,

e ferably .| ess th 0 rmst refe abl .
Aretseaily, Fom 2dhe) kEIaRpPlSs e feg‘g'a&gfr Rhfitelfate binder

p%{?h(ﬂéé RhVETR RS (:@elgg%t bpiveliit of i parﬁ’i‘.l@ﬁ hfaﬁ@ h}dlarhbt%r less than
bi nder conpound is free fromcalciumand free from

the dad v@lughof 100 mrierameteas AIie$S-dose, conpri si ng

granul es and any other material making up the 25

final unit dose, as a whole, is also preferably free

MDD MEIAIMBINDEIRS/ or preferably free from cal ci um

using the definitions as detail ed above. Preferably

the solid m xed nmetal conpound conprises at | east
Frpresetteniaitiontprobides asagraayier evhi@al lwoepgthgdii atdeast 50% by

SO, PSR e SR o B8 Bl bl o ORE Yieq e
&wpamd dah8bleasFBindify pheshhaes bf forikdr @xi de” is used

|P cﬁ,s nate synthetic or natural |amellar hydroxides
Jentanght ki ndsDof netallic cations in the

méra r\h’%%{ﬁee?sfﬂ @nerf?ﬁég}Té‘%f un§l QSO R AU \aMa)d aBH@m M is at

speci es hi's of’ conp ounds i s
iemwmeﬂswnsm@eammwatmt amon x=32ny; 0 <x<067,0<y=1,

and 0 <z < 10; (ii) from 3 to 12% by weight based on the weight of the granular
material of non-chemically bound water, and (jii} 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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10 sonetines also referred to as anionic clays, by
conparison with the nore usual cationic clays whose
interlanellar domains contain cationic species. LDHs
Wovg7akses been reported as hydrotal cite-likepcyrcro07000308
conpounds by reference to one of the polytypes of the
corresponding [M)-Al] based mneral. 5 A particularly
preferred m xed netal compourrd contains at |east one
of carbonate ions, and hydroxyl ions . A
particularly preferred conpound contains as M and
Mdr&errﬂ&%ﬁbh&ﬂ“p@r%@phéi@rbrﬂ&ér(rb lsblid h@ﬁé?ﬂﬁédlmb)mmg@ @ompound
m xed”metal conpound or conpounds may be

@‘meﬁiﬁﬂ)nade by co- precipitation froma solution,

Ik Qg0 ol in WD §9/15189, followed by
l@l 34\/' @@e)tal'b%ﬁg? filtr {?)lgon then drying, mlling
wlneresrvr rsratgeasmeemwatehtrmefar M%ra:aid@ammeutsvalwﬁnetal ATis at

Gt e vBRH G D chnand b AP Y R BRZEO R 0 <2

<legree of dryl ng in the fluid-bed is used to

establish the desired water content of the final

tabl et . Al ternatively, mxed nmetal conpound may be
(hOsHEEBrdiirdte adpdtd 02 < tdushtes 69 aixb.ar € xpb.4f &nelby 0.5 < x. In
divided single netal salts at a tenperature wheg e&%“ m
e peefererd ashash 8t T &iF 8&n lfdtf'&he und@aﬁp% thag 7 ILIAM'] + [MTT)

I
Nﬁé@J gﬁ?é{}ﬂrn{&{r'ﬂ??—hgﬁs oT e ca %’Ieﬁﬂé?@ﬁ‘rp‘&ﬁggﬁf r1-’]c>§;'mautla | and
{Né tmtmmeimnqﬁ nmteesfswapezmole:of poropelgtd ofd‘oaeu Adase
the value of z in the 25 fornula, In this case, it
may be necessary to add water after cal cination and
Iarorey preferretcaspeot at<« 9rE f Pteferablyl 0 & yk0ek Prefeabbly 0 <y < 0.6.

oppound_ in th ran der _t v
AR Donyen o bR acer BanfarBray & < v < 02
BrcstibRD.1 kty 20l2. Frefepdtily ecimE ¢& Bg. those skilled in
the art that the water provided by zH20 in 30 fornul a
(1) may provide part of the 3 to 12% by wei ght of
IS PRt L¥pdiaund %N%tﬁr rkRASEE <t VBlirally 0 < z < 6.

the glranul ar One skllled in the art é
Prefetably W& et 4 Rrefelabin@Eurs @ Prefambit0.dre g Eahddeigrably 0.5 <

| | Of end -
£ B TR T 2dh S P TSN Srint Sof PRy 2% < 14
Mefstapy/ 0B 83HASPET P&Eéwﬂylmi@mrdﬂmaiee,m dal |y bound
water may then also be readily determned in ,
accordance with the procedure described herein. By
Prctebied & x €0 Quag s { tarid0 RRaRt0t hat the atonic
structUre of the conpound 5 includes the cations of
at least two different netals distributed uniformy

It Wﬂ?%@h%&ﬁc[ebh%dsfﬂd’ﬂcéﬁéheof tﬂée FetbmedvyREs "Gi't)@'y and z may be

compoun oes not 1 nclude mx ures of crystals of two
cabised WHursearachimbingdioalofteash &frihg valwes ligies ibribe table below

B e o P A AR BT8Ol B ion

»ingle netal conpoungs in contrast to gzsinple solid

! 1n mvfllr of 2 Hlffaranf CI nal o ret Al
i&ﬁ% M xed net al c‘bﬁﬁouﬁ@s as used hai®&shS Ml ude

gomppunds of the sar@<ng5type but witgxtheg et al
In two different valence states e . g. Fe(ll) and

Fa[x 1) as well as |dbrpotfids contai ni nd Drﬁ)iéﬁhan 2

A £

H f or oyt not ol LW =l
I, T I CT it et al T _y || UH UITpouiTy. > 111c III xeu
£t conpound nmay- cq)g% rrE)r‘#se anor prg‘ﬁ“sz'4

(non-crystalline) naterlal By the term anorphous is
meant either crystalline phases which have
crystallite sizes below the detection limts of x-ray
diffraction techni ques, or crystalline phases which
have sone degree of ordering, but which do not
exhibit a crystalline diffraction pattern and/or true
anor phous materials which exhibit
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20 short range order, but no |ong-range order. The
conpound of forrmula | is preferably formed with no

agi ng or hydrothernmal treatnent to avoid the crystals

Wh 2bdhRs@pound growing in size and to mai nt ickak2007000508
hi gh surface area over which phosphate binding can

take pl ace. The unaged conmpound of formula | is also

25 preferably naintained in 8 fine particle size form
duri ng t he thf_C\l thesis route to pai nf ai-n—aood

Qaﬁés?bhat e bi ndi ng. FSI-Q%ﬁ’M&?I'%ZBI NDI NG 3( Aéﬁ ference

ng (—g Febo prosphat ce,y@gzcapamty ans<phosphat e
i ndi Ng_capacity ag det rmned by the fioll owi ng

[oveto0l5 unl ess ot heOwWiGe yspe&i fi ed. vxd305_sz<i

')nn7/ f\QQ')/I’)Df“TI fon »XoY4 Yal

il aYaYatoYaYe) 1.9 AN ] /1
OOOHIT 17 \JI_)LLUII OUU0OUO1IZ A4UTIMUT §57 If DUUI UTTI

Phosphate solution|(pH 4) is prepared aﬁd’%r eat ed

wi th the phosphat e{bi nder. The filtered 1$)tl$t1 ®n of
the treated phﬁcph.’if e solutiop—is—thepn dilut-ed—and

anal ysed by |CP-CE$ for phosphorus cont é'rﬁZ 514

Reagents usedfor this method are: Sodi l4|lT1 k)lzl’glq]q_ogen
Phosphat e I\/bnohvdrclte (BDH, _Anal aRTM grnade)

hydrochl ori c acid, Anal aRTM wat er) st andar d

| it i 0.0 [ L Lt
BARREBR KB PR e 89834 Hore S bkl By
d?celalchrtﬁa yhiyl dis@pi meand thebairarof die agmbenbenioldsGoiaerch anion
Boekal HM 7), 10mil bl ood col |l ection tubes, Reusable

elfigkaskbis it %PSSWQY?A%‘ECV( 30mi/ 50m), 10mi di sposabl e
syringes, 0.45pm single use syrl nge f| I ter, ICP CES
(i nducti vel Y. coupl ed plasna - em ss

s fermnulartst b)is DI@CGR}M\S pﬁl@f:tedsmrutl\’lar(”) @p%pﬁ%ﬁ) pfu (1), Ca
0 )
O 8 92,8 B2, Ahpoath ety o el
wrl]uttid fmﬂ g\nm(llﬁgnlie;ﬂrlk). LB(IH) visi (iitptandc Ce{lH)l k. Of thepe, Fe(!!i) is
e |
qtﬁpgﬁlaw Q@ef?r&ecgd—ll‘?fg{n %ﬁ%ﬁ rﬁ t%hﬁ%&?%@ﬁt %Sa%é 55 QII) means

&ﬁk%@ﬂa@%lént@me The voI ume i s then accurately rrade
up to one litre using Anal aRTM wat er and m xed

t hor oughl y. NaCl solution is prepared by
ATE RS BRShYly %Iéﬂ:@@ﬁo@n%néeﬁ%ré &f carBoRa8) hy’tfrokiﬂﬁrb@mie oX0-

quantltatlve y transferri ng intoallitre volungt 5
&ﬂi@ﬂfk(eﬂﬁ niratoni siphaie), meta Mﬁ@lexsamﬁm@%ﬁem?%mde poiyoxo-

r@%@ P@!@Bﬁraﬁ[—}ﬂs ”h%ﬁ%ge ttg}agettl o IEﬁshh#él’saEh'e%f of the-se,

ds®are prepare nto 100
oanﬂ)mmers&delcmysprefbs‘eﬂol | ow ng solutions: WO
2007/ 088343PCT/ GB2007/ 000308 13 Flask No. 1 2 3 4

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 b 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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 eaitium drisaneant thehittis wataral Ferpirss

Identification Blank Std 1 Std 2 Std 3 Neel solution
10 mM 10 M 10 M 10 m 210000ppm P Std Or 4nil
(400ppm 2mL (200ppm ImM (100ppm The solutions are

Wheh7eees up to vol ume with Anal aRTM wat er amgyge2007/000308
t horoughly m xed. These sol utions are then used as

calibration standards for 5 the 1CP-CES apparat us.
The phosphat e bi nder sanpl esgare then prepared in

accordance with the procedur els ri bed h r8af?er and
GRIRIIRES dIeE§ th@o@@wﬁ@@cﬂﬁ%&%’)’jﬁ%ﬁ o, PO0mgTKd, & more
&éférrﬁlﬁz ¢k sAPaR POORIGKE RibR Prete 88l tHah mUPH]gilkk? ER€ressed as
the eqlation: mml = (reading | CP-CES in ppm ,

weipbicel elemesiagatundniutrhperareioht & cpmpogingdi | ut i on

factor). 10 Aliquots of each test sanple, each

al i quot containing 0.5g of the phosphate binder, are
Plitabddthierdoon@amt containg rop([NArgeatdeasitoae. of Magnesiuma dialcium,

sanple is unit dose ¢ ri si 0) f .

Br Bkl 5 ey LB Lo iabiffiur, anthanum or
@&furh! BPaT BiefdrabiMddreaien. 12. 5l al i quots of the
Phosphate solution are 15 pipetted into each of the

screw top tubes containing the test sanples and the
?@?&%ﬁ?ﬁh&" bb@ound eodthSiaise tedsu iRgn af (]i‘)sggﬂé;erbfgbﬂ_@i@ﬁl, more
an

into the roller incubator pre heated to

prefesakly leas than |50gf@e gven mate frsferably less Shipm2agkggxpressed as
. i ' BY ?ﬁ&% hown in the
%‘Q%@%ﬁ%‘ﬁ%ﬁ géfﬁ'p eggl?ré%]ggh seqﬁ#@y removed from
the roller incubator, filtered through a 0.45pm 20
rin filter, .and 2.5 filtr r fer
e Pl Sty PR e et B e ' St S e tnan 100k,
Mafepsbly Sedei thah Baglkg.nt o each 2.5m aliquot, and ni xed
t horoughly. The solutions are then anal ysed on the

| CP- CES. The phosphate binding capacity is
ENR B B b IyP RS eiab Ui BaFeROdrilcalchPR. Bydhe (ehnS'fiee from
100) where T = Analyte val ue for phosphate in . i

%ﬁ‘ﬁt EOIRGRIpiyM” comprises less
than 1g/kg, more preferably less than 500mg/kg, even more preferably less than
200mg/kg, most preferably less than 120mg/kg expljessed as weight of elemental

calcium per weight of material.

Preferaﬁly, 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 alsc preferably free from afuminium 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)ris a layered double hydroxide. As used herein, the term
“L ayered 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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WO 2007/ 088343PCT/ GB2007/ 000308 14 S = Anal yte val ue

for phosphate in solution before reaction with

phosphate binder. Suitably, the water-insoluble
WHOhERNE; sol i d phosphate binders used in th§c%craomioosos
granul es of the present invention provide a phosphate

bi ndi ng capacity for the material as neasured by the
above nethod of at |east 30%@fter 30 -m nutes,

preferablé at |l east 30% after 10 mi nutes, nore

sonadtiseshalpo geferegdsio a@wamcecrase Y rapeRarispp ayitky ths| ryore usual
n

U RS R 05O PR A e

aid;mzhplaatrepbn‘tad:l|asghy;hp’@dnmeyirkascqmpmui§uby§def@yertqeeto one of the

Yo Sr et S e A SRS Hind o " hor

preferably at |east 30% after 5 m nut es Even nore

ferably the wat | ubl
fﬁhggﬁh%nxﬁr RifeH e et SRRPQEBl s 2t RSt ferbonate

|b,rgé/%ﬁl|-§,a YRna .phosphat e bindi ng capacity as
measured by the above nethod of at |east 50% after 30
m nutes, preferably at |east 30% 15 after 10 m nutes,
t fle
APsRiSraRcy AT Sl M Faghb8uPlind ron
(Ueesdechdelyt i on of either 1M HCI or NaCOH sol uti on.
The neasurenent may then be used to asses the
phosphat e bi ndi ng capacity at varying pH val ues. 20
The belld phixgdmetalt ompoeal ubbemipnunmmay solsuitably made by co-

haosphat e_bi nder sed in th I.es
FRGBRRI TREVE SO Gyt g cape (1Yo lowed by
cfern@rifhé’eﬂdh Br fiRfAoR! Akdyy dRying, ﬁhllrﬁg afd3sie0ing.  Mheemixed metal
prefefably at a pHfrom3 to 10, nost, preferabl

Qﬁmﬁqt@ﬁr is then 1ewetied agais asgprbyf theowalnaBURtioh BlPoass and the
r%% @?g&ﬁ%ﬂr@&frh@é fIaR- %d‘uﬁfé degreef@r@,gmg At thbemﬁa bed is

mnutes, nore prefera ['east
lm‘erddo eStabilish thesdeshest watgh DWTBh’eOﬂ/Tﬁe élﬂal taBlst.ubl e
i norgani ¢ solid phosphate binders used in the tablets
of the present invention have a phosphate binding
Alngpastiviely, anixedpietalocorBpdind enaly, ber ’éfrmedblbw Heabing Zant mtimate

5, . nor referably .from3 to as _neasur
RUTE FateBuThReg s aRThem Sals BE A B RIEneRBy solid-sofi
BaSEE & dcddl, IbadiRY 14 Akad frestal LOnipont éSrmatone .
preferably at |east 40% after 5 mnutes. WO
2007/ 088343PCT/ GB20071000308 15 Even nore preferably

i | sBN2H@ndY BYl@ickting at
TJ%E &Yﬁrﬁ{% ta %ﬂets b‘?m(ﬂgpg?esentwrn%ﬁntr on have?a ng @
tpimpeptates bi extiasg ¢fRARi°Cy iraorderpid dewrase the #alue of z in the

refer from3t05 rmre r ef

BB G s ra59 LR R ECRuS o WA afid Balbyftoand prior
tafibedrpafatieh noftiRs, sfdﬁﬂ%ﬁd‘edhhﬁtaﬁltcohmo?d 5?%afgfrmulés iDorder to
m nutes, nore prefera ast 50% a
anivRYedse dppired hpvsBeaNRALY BoNDS gt CINEST thesraHies
to have hi gh phosphate binding capability over as

broad a pH range as possi bl e. An al ternate mnethod

ibml@qaa@eprageqobwmetsémbﬁna ithryad dpridhe yalrinrgvidad by zH20 in
B 1) Ref EFEME BRI e S 125 L URTDL C BoRTRERRAAT bound

writerm{iefseli ondthe. we@hh g)f e gratesar inptarial). Ooe skilledphdbe art may

oI AdRBEpRarS T & Bl of SR hBPETpigues. Onos

{RE ¢a&Bfall STMARS tpir@ébriﬁmﬁéhtl@n&ra@h@@@h pic®ideidntie Fgnount of the non-
capacity at a pHfrom3 to 6, preferably at a pH from

3to9, nore preferably at a pHfrom3 to 10, nost
preferably at a pHfrom2 to 10 as neasured by the
above nmethod of at least 0.3 mmmol /g after 30 m nutes,
preferably at least 0.3 mmol /g after 10 mi nutes, nore
preferably at least 0.3 mmol /g after 5 m nutes.
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25 phosphate binders used in the tablets of the

present invention have a phosphate binding capacity

at a pHfrom3 to 4, preferably from3 to 5, nore

Wbe{RhaRly from3 to 6 as neasured by the abe¢gcpao07000308

nmet hod of at least 0.5 mml /g after 30 m nutes,

preferably at least 0.5 mmol/g after 10 m nutes, nore

preferably at least 0,5 nmol Ag after 5 mnutes. 30

GRANULES WD 20071088343PCT/ GB20071000308 16 The

gremigalisbeind wates e Hen; sl heirsadiyoigiemaiaed dn pesarglance with
t st 60% nore preferably at

ﬁgﬁ?%ﬁ}@%%%ﬁe elegigbl y at |east 75% by wei ght

i norgani c phosphate binder. 5 The granul es of the

R SR Ry B L rRPnt (REE, A8 HbtulbHERS finpound

ibgiudes gitle. catkeny edfaatdesastotwo heiffgream urh're!sals odipiribstesl aniformly

R S G A T S

MbieBs B chistls BPawd Baltd) altne eash chizeal W@@Iﬂrlﬁncldrmy:@'re metal
the granul’es may conprise no greater t ha]n og

qaiiogh Miged mabpempoum%fa@ Apncally Hae geghil scoeea%ﬁswr%'en from
écﬁ rpoﬁcﬁﬁé%nf/ %1ﬁ%ile"\‘ﬁle%hboﬁ’lfpoﬁﬁﬂ‘é P &Hiras™® £ simple solid physical

er ab rom % by wel ght of excipient,

lmlmtlﬂ"emfe?t éﬁarﬂry singtermesal saits7 Migasymatal gampepnds as used herein
Iﬁaﬁ c%grﬁpqrilﬁg WQLSEA %%Eetgﬂfggbtlﬂt’ withh tﬂ@irﬁ%tﬁlgﬁl/{}»\w glﬁerent

granule avé a“dianeter les
valemeansthiasse, gsFe(@laandd?b(my asiveali agcorBpoiidsf gordaihing rmore than

#5@@3 erﬁO% ht of the anul es have a di aneter

é?Pf? %'??e??rgg ‘measur ed. by si evi ng.
Mor e preferably, at | east 50% by weight of the
ranul es have a dianeter from 106 to 1180

e roived rastal fosRaUDS Jay SIF0168MPESS RINGRPEPYRPRSTYStalline)
%E’teﬁé eete‘?r‘heéﬁrbﬁmo‘{.rs l@tméérﬁsérthgp%ﬁiélm% %ﬁﬁs&fwhlch have

ran have a dianmeter from 106t
wetathtmtarm belows éfnerrﬂe}etﬁmwm% Qfoxmo drﬁ‘r@ﬁ’fdﬂfbt’t@%"ques or

55ShAha Brisbl it i, Bl Rgp o el BB o R extnn
2 QO SIRGS 4FFadtiocEBRateTh0 CRRIE ttie pnodrbbousmaierals which exhibit
Preferably, at |east 50% '

fl bi | |
Omnlgﬁltotr%?r éH@%Pﬂﬁ?{%ﬁgee??&%% a di ameter greater

than 106 m cronetres as neasured by si eving, nore

FhecteptsREhet ot 43 PRl A i B2 SR M perotgrpglpatment
toravbill ehegerpstalk eSthie mompdendcgrawisg tin smﬁnct;tolnnai'ltafnlamrt syrface area
gj\vléf Prh%ﬁ ’phg mﬁcad tgfée ?ESE THE Fh& docronjrp%hﬁdjgﬂfomia | is also

erra rrve rom ani nal Or vege
rpreﬁeteénlmmaurmm isatfine prrtiele s, foaeﬂbrmagh%\mstssyythe&s 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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10 wheat and psyllium seed proteins; guns such as

acaci a, guar, agar, and xanthan; polysacchari des;

al gi nates; carboxynethyl cel | ul oses; carrageenans;
WeXxbagsss pectins; synthetic polyners such agcrcraoe7000308
ponV|nyIpyrroI|done pol ypepti de/ protein or

pol ysacchari de conpl exes such as gel ati n-acaci a
conplexes sugars such as nammitol dext r ose,

| act ose and trehalose cycl i éagaﬁ gars such as, ted
Jawalse( en SotkieT Gaiveenaa) SQuLR. ScrgReed and eate
@lﬁ?%ﬁ@ Aifos gﬁQ@ LpiAueh! "ﬂ{é qliﬁeﬂéﬁ:d s8lutiih Nbfuiies trbhiedt pRosphate

am no having from2 to 12 carbon atonms such
%aiuimngs yibien djlutedzangranalysed bysisdi-OFS f9E phosnhogus eeneet.
acid, Lhydroxyproline, L-isoleucine, L-leucine and
L- phenyl al ani ne. 20 The term exci pi ent herein also
ngami@sumd(ifdrartlylscmqibo@nase s§ndive  Ditnidsegen  Phosphate

ARARAHEE DR A RS Y20 i DALRRb SR, AREIR W Water)

@hdaﬂb' Eﬁééph@twsa@bmxont(ammwgnnl \Risrait dddp, sddiimi claonde
car boxyr net hyl cel | ul ose, hydroxyet hyl cel | ul ose,

@?ﬂfaxypropylcellulose dextrin, 25 ethylcell ul ose,
gel atin, glucose, guar gum
hydr oxypropyl nmet hyl cel | ul ose, kal todectrin

Spadifid @épﬂiﬂfldﬁ;@Seﬁoa@etﬁ@h'@m@VQ%W&@“OTMNFFL@@F%' ok gHiyalent
d |

e e

aapainpks ,(38mi/5Grol)e 180 disponaligrayringes, (b4%48 single use syringe

A R A T SO Y GEbSpnsprapomeen.

ME|ghthydroxypropyIceIIulose

BraRRaTa, palltRn 51 EPBEHIS WO BhiNg 5 20 @ (+h001 8) of sodium di
r%%‘?é FHH3PKHieCRARNEH080388dilén of some AnalaR™ water and

ymet hyl net hacryl ate, cross-Iinked
Hﬁﬂ%ﬁﬁﬂﬁgﬁb?ﬁﬁbwpﬂﬁmﬁﬂQﬂﬂﬁ% and hi gh nol ecul ar wei ght
pol yvi nyl al cohol s. - Cross-1inked pol yvi nyl pyrrolidone
(al so known as crospovi done, for exanple 5 avail able
B theéoll Ilﬂr&woll@beMceﬁkasﬂiASthem saddad dsidd Chilrop-wisefteradiypt the

[%)f gall;\eﬂt +{ é) gl?glﬁlg ‘St&g?ﬁ ?%t@ildﬁtoﬁ%f‘g él\'}glyh{éhﬁnchéﬁ%ccurately

BYe 0bite Bne dnpnisirey AnalaR™ weatdiSandoyixeditdroughly.
cross-|inked polyvinyl pyrrolidone, preferably from1l

to 10% nore preferably from2 to 8% Preferably, the
Né@ﬁs%mﬂdﬁqgfﬁr@;s&ﬁéww%&mrétéwlv@@gmng aat 5.8dg cqu cmg) of NaCI

medi an particle sizé, prior tq 10 ranulgtlon

ambqug(yt:tml\@%ﬁ@r\sigmqg info agl Hte v r@tflg lask after Whlch the
P
‘ﬁnﬁ@ﬁ%ﬁ% segig(ilj o‘ks/a%)\e\lngone Wétgtug@ glgéeﬁ%ﬁnﬁ@ﬂt hat t he

cross-1linked ponV|nyIpyrroI|done at these levels

43%[ ds’ﬁ'é{ﬁﬁ%?'@%gﬁsi %i nér ;geg] ?32 P etﬁd'léﬁn{oaﬂ)(fhﬂ QIB rt].l(gl‘ﬁétﬁ@ flasks the

fohesinhabhutibheder as conpared to sone ot her
exci prents. The preferred sizes for 15 the

cross-|inked pol yvinyl pyrollidone give reduced
grittiness and hardness of the particles fornmed as
the tablets disintegrate. Another preferred excipient
for use in the granules of the tablets of the
invention is pregelatinised starch (al so known as
pregel l ed starch). Preferably, the granules 20
conprise from5 to 20% by wei ght of pregelled starch,
nore preferably 10 to 20% even nore preferably from
12 to 18% by wei ght. The pregel atinised starch at
these | evels inproves the durability and cohesion of
the tablets w thout inpeding the disintegration or
phosphat e binding of the tablets in use. The
pregel atinised starch is suitably fully
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5 and FD & C red No. 40 available fromEllis &
Everard. Suitable flavouring agents include mnt,
raspberry, liquorice, orange, |lenon, grapefruit,
WahafRksss¥ani 11a, cherry and grape flavours apseaommo0nsss
conmbi nations of these. Suitable pH nodifiers include
sodi um hydr ogencarbonate (i.e. bicarbonate), citric
acid, tartaric acid, hydrochhgric acid and nal eic
acid. Suitable sweeteners include aspartane, 10
acesul fame K and t haumatin. Suitabl e taste-nmasking
JPEEk Rol NCi ude goulun1nngogehtarbqpate, I ohgexchange
resins, cyclodextrin inglusion cofgpounds and
atdisnhﬂimties Suj Bia3)1ke vvettS’t@b’l agent StaRe| ude} SHHBum

At hat afd—soth cusdat _S'UI t|
e@?‘éffﬂi t&%ﬁ ggﬁlrmor gas l?Jrrﬁducerutl sma m X ﬂpzniof
sooboopphi PBtoneie and ci4mi c aci d.2ri5 GRANUUATI ON
G anul ation nmay be perfog by .a|prQcess, cp
the steps of: i) mi xﬁgpPﬁé Edﬁﬁéppm) ?P(Sdppm

Watrer-Tnsotubl e T norgani ¢ conpound capabl e of bi ndi ng

- 20 phosphate with one or nore excipients to produce a

Rosrospdutiomss ang xtheni madeotpata | velurae swith apnaaR"guvater and

8@#&?0@%@85@%5 %5[@0%5%?&9 ﬁ%ﬁ(h%,g:‘ %1% c%%lgéﬁ(?]}gls B&rds for
et ICH-ORd asparhiosghha phosphate tbmndm reenplen aneuhes prepared in

| h 2
atorianss wih he ety “desEnfE et AP a8 R b 1cP-
@E@wmetltn@ OFEB geamd ase [&ﬁaﬂsatdxpréésedgaamﬂmt blatncaa be
@ﬁwﬁgd%%mwg% thecBRaoh AT S ICRAQES i bpm /-

;etcﬁgﬁa IR HRDASale YN 2 A¥kfioR fadlofOTDgENeoUs i X,

a suitable I'iquid to the ormgenequs m X
and mxing in a granulator to formgranul es

c8.|7c(t§) 843 %qs 089 %iléﬁoﬁb%ntgﬁ’ﬁ drl‘zf the phosphate

SIng th a scree
lgnden,l laes plm:eg emtotam]ni adrmmiazp dlalpeiedubes. \H)thartwtmymMe is a unit

&k dprarsinh o' pofhe) RnSpiatb it CRBD, BE e as suen. Al
&irﬁﬁ!@?'ar@@ﬁeﬁ'ﬁré& it daplidats. e, SMhamoltsSOfaherﬁfosphaté solu’clon are
aranul ation | i

Q)@ 1g‘@anul es.are grl e%f I 4 th
pfestted intagragh @ ethee%fefﬁy S8 (GOPLRNIAG R fe TP ?6 and the
bR ca gortféae The Pr€paraditabeLhre BeRBIIARA iffo the roller incubator pre

I ncorporation into a capsule for use as a unit dose

hesseul GANT7°Coamt irefatac at étujl speethdorn adixgd diMg sych @so39 minutes
t t r ef {

{5,005 LS 0, hOyRL ] T BibnL I, sompes o

:tll‘bsbqtlhlﬂﬂye remobed rfrarantheor rajler dambaiMStfﬂﬁem dorooghra 0.45um

g T k2 5P bR SHAR A I8 A HHERAI B orPhyel 7.5 mi of

AﬁatuRvT Yatbt Ry pspgnéd r;?tqwmxdzmlemﬂeop ][ant!hm)dedbﬂw?mghly The
article sjze and on e € sSurtrace area o
Elogiialod’ asahratpe | e GO

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

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

binder.
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include silica, talc, stearic acid, calciumor

magnesi um st earate and sodi um stearyl fumarate and

m xtures thereof. Lubricants are added to the

W6 adh@s4d N a finely divided form typicallypa®ce2o07/000308
particles greater than 40 mcronetres in dianeter 25
(ensured typically by sieving).The lubricant is

swtably added to the granules at a level of fromO0.1

4% preferablyfromo %b ht,. 0
Sgramﬂa!w%e valggder pawf@t%ahswila"%‘? %ﬁmﬁ%}‘g gth Shdspfiate

ng of the tablet die whereas higher |evels may
reduce the rate of phosphate binding or hinder tablet
di sintegration. Salts of fatty acids may be used as

S o
BB e G B RC 30h pERPRERN S used in the
gamules obtise présent urﬁvamgn q:rowdea phesnhate diwingncapacity for the
stear

f
m%tgﬂayg%ﬁé%glﬁ%quﬁg r:%% &E{e&eg‘{ le H 3695 aﬁgre?() ndlnutes
gr&fefaBly iaf Geadt B0RH 3Stenf10i mirades, tmormptdﬁaablya:ﬂh bgsﬂ 3Q%r after 5

of the tablets, is . th ht that thi
ingie. Rustotbh beauasREr R boT SRl SRRt fiiders used in
g@'%b% o %Eewéé*éht GREniieR h&& GPPhoBghdtaybinding capacity as

Hence i referred that the ubrlcant has_ a

measured bydhﬁtahONEem@t@@g‘ Jfratgsest 49%eIates 3 minvtes Rrefegably at

l%% L, talﬁlef 4o ‘?ﬁiﬂﬁfé %orbﬂif@f@rétﬂg AP 0Rs aRar S‘i'mﬁMtes Even
ress ng granul es hi'gh pressure, in order

thoref prefarably e watdfansqigple liorpacic sokd ph@ﬁ%mm hipders used in the

SRR e eHREn e of BRbarffi Uiy BIFERP eBdneasured

tgrfthéuélfﬂvédnémﬁdedif afl iehstr 509%ngftara0s nidutés, opmfarﬁjnqu;a; least 30%
roms Orage 0 ers b, I N SS | C in -
a1 OGBS OrhBTIPIELY et % AHPES MV dEese! ng.

The i norgani c phosphate blnders used in the tablets

of the present invention typical have poor N

Theonidsif the phesphisée BeinmcRRaEmar LGP §an¢ By ysgof gddition

cﬁ%fcﬂ? @*All*?@l 319 aa{'ﬁﬂké%flﬁfoﬁ TRE titisRirdrhemtSma Hdnsh ﬁila’l\;tto asses
ets of the invention conprise high Ievels of

tha phgsphiate pinatingheamadiy aliearying phi velues. or der of 50% or

nmore by weight of the tablet, the inorganic phosphate

bi nder nust be forned into granul es prior to tablet

SuHabBY, ltmnwat%rf mmme\mbrgamle sajid phospliatd bimdetsusadije the tablets

bl PrRSHIR IRl GHVE B oRRLEl DI, Ay B o P fim 3 to 6,
fbicripiatlita PRy o f3 td oWeRsrePpRTerabl é@aqamrceﬁss té 1@, most

ovvders to a satisfactory degree, air ma\ﬁ Q,CFA)C(%

eeieralrly @b mppid feasa 2 il endsmeaseis b tag AbpYe H&t et least
| ey # t eferabl

408 #r 20 LBk, PIiplhfy M Ra] SOUDANLTT) MBJUIES, ore preferably
ajleast 3886 afteri Smimdes.ncrease in bul k density of the

final tablet when prepared fromgranules rather than
fromfine powder, reducing the size of the final
Pr@férﬁbtyaﬁhé wateranéalgblehieotganid isotd dhtmsppatei bintlers used in the

ance. 25 The tablets of th ention
teblggsuq'ﬂathe BiRSeR iMGRUPRIGLF ¢ Resenale hiop gaeagy B pH from 3
P;?rg%réibl H‘Rﬂn(?'t@% Kﬁ@r\éﬂp@‘ﬁezﬁblybl‘r@m@ndﬁmgbhmred by the
aV|n%gan el ongat.e di nensi o

i.e.

ahoarerme’&blOQSJ;flaiﬂeaﬁ/élloffeﬁﬁﬁ@ fmingiege Predeisdy. atr\feaﬂa‘iﬂ% after 10
hifader w th rounded

lé@@gﬁﬁﬁﬂg%%ngg &pﬁagﬁg %ﬁg?ﬁg%3|on and ci rcul ar

in an orthogonal di mension, or elliptical in both.

Sonme flattening of one or nore parts of the overal

shape is al so possible.
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WD 2007/ 088343PCT1GB20071000308 22 Where the tabl et
isin the formof a tablet provided with a ,
"bel ly-band", it is preferred if -the width of the

‘bgbh(wm%ﬁgj is 2mmor nore. It has been found ptlil;’ﬂ]gggﬂ']moﬂgog
smal | er belly-bands can lead to insufficient coverage

or chipping or loss of integrity of the
wat er -resi stant coating of tig tablet. The tablets of

UGS PIATRDY (D6 e R GO e A BACAN I AAIG S G s used
ifr2le Yé’cﬁ%t@tof'ﬂ?é dRasat eehfdn hAVETEBhBESHM A dpdify at a pH

The t ets of the second aspect of the invention,
foero & foof, rseferallinfione 3gp dnmers Risferally fropss i@ §pas megsured by

fhB%0L0¥ %th? n?fae{;cg%%t %g?r %@érﬁd@ﬁﬁiﬂt@@%ré‘ﬂe}&lﬁa‘c least 50% after

water-resis , ter-resistant
thatinuies, myrehretzpably atilcast $0% aftgbbeninbiesany of t he

Y T s

S iR HROAd & fpbt radigersel posaiblair ster™ type fluid bed
dryer) coating pans (rotating, side vented,

convention etc), with spray nozzles or guns or other

AY %ﬁ@ﬁhté M‘féﬁ%ocpbf @kbr@éé?lﬁ’g PHoSPHAtEBIrRlincEEficity usin the method

techni ques I ncludi ng Supercell 20 tablet coater

descobeth abousys te mxpresarhgtRinsehele Bound Byitee @Hlﬂ%r?énmmol of
f I d

PG SOt pr a7 21 erne and degree of

i nstrunent ati on. Heated air may be used to dry the’

dt I t

B0 Py ool p it ShAls AL 4ASyar molue
ﬂfnrg%ﬁg: Ebtﬁ:pghb%%hmb tSJlmiers nIsednmtmerttabmts afllthmg pmaent invention
al so be use u e er u

ke RIOBY B BANLCHAREA AR 0012 10 DRTa0Y 2l PH fom 3
1089, rﬁ@reVﬁ\'éfé?Qb lyas d'$AdRHN @e@ﬂmlnﬁkﬂat ??eibhfblyl aaalprwfrom 2 to 10

operation and the nozzles(s) is preferably ai

grenmeasgred)birthg aboveeaathod of Frigasiuf & W'{%gﬁ%éo minutes,
@e%é?&t%‘lghat%%{ odi rn‘ﬁﬁbl'/é’%ﬁ%} @f iU STEHoRS p‘?é?@l‘éﬁfye%t'léast 0.3

esire otated at a speed sel ect ed
by aaﬁalnﬂminmgs d?refqneblattlnﬁh ya@reea@ublﬂnyorgamcaaﬂhé phosphate

tem cap ab
Q%g% tlzlﬁ:ﬂ {,pgyt?’a%ée(%% ozgﬁé\# 1 %ﬂﬁ@%&féﬁgﬁﬂ&bﬂé‘b binding
cHpeny ablaq)mﬁbm B tast, @réfetdtﬁy frbm b éo Spmtoesl pre‘lfbmhl}efmm 3i06
t abl et i ncl ude tabl et pel | et ,or

a5 FARaIe B ?"ﬁr Sheis oo 1ot athEprhd MRblld gty 30 minutes,
&Bférh&yeé’ct késﬁbwlnﬁnem gren! 10y nides hewre qiréfysratmy 2 least 0.4
effecti veg/ coated in a system whi ch invol v

mmol/g after 5 minutes. Even more preferably the water—lnso[uble 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

mmolfg after 5 minutes.

GRANULES
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WD 2007/ 088343PCT/ GB20071000308 23 sone novenent of a
tablet as for exanple in a fluidized bed, such as in

a fluidized bed dryer or a side vented coating pan,
wohi-aadupns thereof and the |ike. Tabl ets mpyrR&2007/000308
coated directly, Le. without a subcoat to prepare the
surface. Subcoats or topcoats may of course be used.

If desired, the sanme or a sifgglar 5 coating

appl i cation system can be enplo ed for

© gersire ot thegireseiianyerfion e %@astﬁf'{é/ cB'?ifﬁ’fﬁé'Y at least
S AR Bféféréb?r §Pi§£@' W&%Qétnﬂre?é?ablbeatplé%t 78%, by weight
roperties of ifs constituents, 1.e. solub
warganicphosphetedbisdel. ved, i nsol ubl e nat er | aI s are
di spersed. The type of m Xi ng used is al so based on
the properties of the ingredients. Low shear liquid
The gremuies ofsthd ﬁreseﬂohmtenrmmnsal fom @ tentR%hikyhweight of non-

Eibel) Rl Bt oteba i ] Bl B AeBnf™ o

parts, the colloidal polymer suspension and the _

gnent_ suspensi on or sol uti.on red oxide or
%3# rmaiRder gf tedepdles SorERE & P%Pérﬁa?%ﬁwg'@ba?%ﬁtpéwe carrier
RRGhA] Mpiﬁﬁfé‘bﬁ‘ldé?e chiBAy AaV Sipietg6r efendoaf iekbipients, which
materials may be used, for exanple, cellul ose

rrevidest theckalapes oji thel @pnklssi disnes 161 gRanHiEs may oprsMprise no
@%!aYe;F 'ti[?é(ﬁ 4?%%(}?&@%19 8’[ YRLit%he 'P’?eﬁ'réﬁﬁ?# %éﬂﬁﬁg%p?lse from 5

e, Cop ol yners o
fandl7 %tﬂyawerght of axcnp;end:,omorqz peaferably fremh3@ rtq 147c%aby aveight of

SR e AT R R o

tertiary 20 ami no al kyl nethacryl ate, copol yners of
ét %' acrylate nethyl nethacryl ate and quaternary

' 'fﬁéﬁémet hacryl ate and conbi nati ons of two or
nore hereof. Preferably, salts of nethacrylate
Co'Eﬁfhl ynmers are used, eg. butyl ated nmethacryl ate

Isyrﬁéﬂeq&t&é%bw@lglyt elvibe igsandes bay arca@mfeems than 1180
,%ﬁ;ﬂ.ﬂgtrg?g% H%su?ec?b‘y %W"ét present as 0.05 to 10% by :

coated tab preferably fromO0.5%to
7% Preferably the coating material is used in

onbi pat i ' r ' [ j F 9
GRIIaPR. ofRarlLodi 6 wobB ofbetafl BEMake wfiriRterigtian 710
ivpdBes ay eigasobid by sievidigsper sed t hr oughout the
coating material and provides an even col ouring of
the coating |l ayer on the tablet 30 giving a pl easant

MBte &remraﬁﬁeaf |éﬁ§t%0%\69 ﬂ&gﬁt/ &&ﬁé@%ém ﬂﬁw&&rom 106

24 tablet in the nmouth is until the
iodbiBdmiceommess, pRUCEIEEM 108 1 EAtmerIPEBS e | n

mnd, it is preferred if the coating naterial has |ow
solublllty in al kaline solution such as found in the

lerrt more wreferatdy, satl lebste70% brewsight abrthaigranues bavea. diameter

56 SRR Rndires Biererfl PR, b Gackhppide

copol ymer (conmercially avail abI e as Eudragit EPO).

%L@ELZ (ﬁerl] tgﬁ% lpﬂ%a%@( e Coq%rogn‘:tﬁ% Iggz}lrgi@%?sifrég 5’00 to 400

) mmeﬁggﬁa by wei ght. The water |oss or uptake of

coated tablets is suitably nmeasured as detailed 10
her ei nbefore for the neasurenent of the

= 1 wi F
G BEPMER, b 1e4Bdo LoDl b oo hal SiRfing 168 high 2
prepsitipadoff grantles- lehethaml 106 witratheiias dn diametdir el kpad to the
foll owi ng preparation, and others are neasured after
storage as detail ed above. 15 In anot her aspect, the
i nvention provides a nethod for preparing a tabl et
according to the first aspect of the invention, the
nmet hod conprising granulating a water-insol uble
i norgani c solid phosphate binder with a
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WO 2007/ 088343PCT/ GL32007/ 000308 25 patient and its

i ndi vidual reaction to the drug or the kind of
formulation or the tinme or interval in which the drug

Wo 20pWksxns. | n special cases, it may be sufflpehﬁggz{,gmmms
use | ess than the m ni rum anount gi ven above, whil st

in other cases the maxi num dose may have to be

exceeded. For a larger dose, 1/t may be advisable 5 to

di he d t I i ngl .
B Bt O Sl o 58 v o
P%uﬂist ﬁé\ﬁ@@lt dﬁﬁ)@ﬁéﬁ E?Hételﬁﬂﬁhm% hatiopibtRel 88 eneasured byk

: hin one hour before a nmeal is
'@Nmabm@re qu%"ahb(tat\}%aigi 80fhby weight.nay be taken with a
meal . 10 A typical tablet of the invention for human
adult adm nistration may conprise from1l ng to 5 g,
BRANYEDINGREOMENTIS to 2 g, nore preferably from
100 mg to 1 g, such as from 150 ng to 750 ny, from
200 nmg to 750 ng or from 250 ng to 750 ng of
@aitmleiaxsmiamk evhichonggrbes irkhlded iptths ghatidedbinddtade cdiventional

AEE T e .
pERERNPIA a*ﬁiméieﬁr ve@éﬁtﬁé plt¥ing, h.ﬂlcblfﬁstthé @%ﬁln@fdéﬂms and soy,

i nventign corrprl se at |east 250

waeak andsesvilim sesd; erqtﬂlaﬁgaﬁpmspﬁwpﬁét acafiqggpar, agar, and
a f r

o e A e oA T i fogesnans;

gedeasisat e m«ﬂmsr rsymiiedicpr polemessd awlt a@s@ommylpynohdone

EALPEHRERr3Rh "By ChohSFafRRRe" el bl il Mao gelpgn-aceca

pmraplexeebl pudarssuchaas Fa@niial, de)drcmedgalattmsaaandemehalose cyclic

3 rq%s &Brgli zeaé Egg{{:lggi%g{rlggggﬂ%a@c a;stu|8$ ualgasrold}/u fogéhaﬁg sodium
wEbede ang Aluinturs ilictdd) 0 AA RInting Refizhiadvend FIREER. toA12 carbon
articularly preferred unit dose contains 250
2ispiR)SUsh 3% At SR oINS olLr TRl e Loglb@ptiar acid, L-
I Ied ose
FRpiiing, § BAElLpY o SRPLPREMIRIEE"C
|norgan| c phosphate bi nder. Wen the unit dose is a

1 SR S AL R g et

$t(1g:ém[’aets cnrradaesmas,admmtegnantp oe senlling agenisoi |
strips, blister packs or the like, e.g. rrarked W|th
days of the week agai nst respective doses, for

satdeet etidarots w&zow&gssztaagaé GB&Q@&@OOO&%;% acid,
In the erthFr aspects of the invention detail

B eRMeIP B desay DAY eI BYSBoGRRIER se, dextrin,
éth?lcélldléée a%fé?éﬂn of lﬁ&%e' n\g@aﬁl Gtm, l’@ﬂr&é{ﬁ&ﬁiylrﬁéthw&ﬁﬂulose
i nvention is” ranular material for usé in or
kedigdectna, m&tlwlcrﬂj! , oplygtiyiatesoxigearnavidangs sodigm algmafe and

d|n of phosphate, nore
W{)§ér[¥%ér?%/g%tor :thg trgat megt ofIO hyper phosphat aem a.

Anot her aspect is the use of the granular material in
manuf ctur of . a, medi c t use.on_ani

SRR Y AEEnT Bt B IRE dighusheS orah ER By suitable

dlémtﬁg&s@i@ an@edeceratedinkdd Rodive fc&ﬂad&?@@ﬂ%e@lulo%éebﬁoss linked

particul arly el evated, pl asrraﬁglhosphat e |levels

hysrexypipryigeiulesper pRiSSphdPaleRYaT  AWSIRES agw@&progvlseﬂulose
&g% RY tr etRBRmOr on
sedse étas]?t&t:hl% at egﬁ;vm th rgdve@g@é%@%éstﬁ%? glseggéeﬁés ofpolymer,

partl cularly elevated plasma 15 phosphate | evels,

particul arly hyperphosphataem a by oral

adm ni stration of the granular material to humans or

ani mal s. STORAGE 20 As di scussed herein, we have

found that the system of the present i nvention can

provide tablets which are stable of over a period of

at least 12 nonths (see Table7 for particle size of



10

15

20

25

30

30 1. Granul es conprising at |east 50% by wei ght of

wat er -i nsol ubl e i norganic solid phosphate binder,

from3 to 12% by wei ght of non-chemically bound water
W0%0d4Rsds@s 47% by wei ght of excipient. WO  pepgBr007/000308
2007/ 088343PCT/ GB2007/ 000308 27 2. G anul es

according to paragraph 1 wherein the water-insol uble

i norgani ¢ solid phosphate binder is a m xed net al

compound. 3. Granul es ordi ng to paragraph 2, .
pRlmettyimpihacviais. newéﬁaf'@g o DREVINYIEY T pnﬁg‘é?) and high
ﬁﬁﬂéﬁdx‘la’%vﬁé@ht PNy I hAIX] l | Xx(OH) 2An-y. zH20(1) where '
is at |east one bivalent netal;is at | east one
trlval ent netal; An- is at |east one n-val ent anion; .
=T n . ul
fros kol vipyipRfificoriel (166, hoyt o8- Erbsplifiind; 16 Example
abediablenax  Kollibyn @ldMR gx BASGEH) i§ ahfedpebiatly pe=feted expipient for

G faytahieé o Wi mispone: UGN f s BRIt o the

inSehtiG®EcdipAzMrBm NitMsandy Wi%/lgd dffcréébehrm%ﬂqicﬂyvmylpyrrol|done
iron(ll1l) and at | east one

prgfeBERersr1 &efl PYammore preferally gmm\ gstogyéorl%ne&gawg, the cross-
ﬁméédo% aﬁfngﬁﬁ‘&%ﬂ?@rﬁ%a% P c% WhEHR 'Fnécﬁ&n gj’)di'ﬁéilelélze prior to

net al rmul a IS a ayere
onpoutatiod enf less thenadtlimicrometies dl. e a-calledyB-time gpss-linked PVP).

SRR b eSS o b, SR o

thedcrossMiakats palyvinpipynmeliddre ar thies¢ ldve)s ads e goedi disimtegration

8. .G | es,accqr.ding to..an e of h . \
& thinmaeh” BRE Wiy LR, 2B nrespRat: REAly ohghe, jnorganic
MedphkatObinael %Y icBilpaPdd (Psbfie tEhare)RIpidghte] 'ﬁh@ﬁteferr&:l sizes for
Granul es according to_any one of par agraphs Ito

henpPrsiinpd p@wmm'wwll@bwwvw% StiHiesgel ANk 'ilémig%%p of the
ShrEel f@lﬁ?é?ﬁaﬁf'ﬁi 8b dISI rafd. anul es according to

any one par agr aphs to O wherein the granul es
Another preferred excipient for use in the granules of the tablets of the invention
is pregelatinised starch (also known as pregelled starch). Preferably, the granules
compnse from 5 fo 20% by weight of pregelled starch, more preferably 10 to
0% even more preferably from 12 to 18% by weight. The pregelatmlsed starch
at these levels improves the durability and cohesion of the tablefs without
impeding the disintegration or phosphate binding of the tablets in use. The
pregelatinised starch ié suitably fully 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 granu]e homogeneity and good
disintegration characteristics from the granules of the invention.



10

15

20

25

30

have a dianeter |ess than 1000 m croneters. 25 11. A

unit dose for oral adm nistration conprising a water
‘resistant capsul e containing granules according to
®OYoPleKesli ng paragraph. 12. A unit dose fo@cﬂﬁﬂmwmmmms
adm ni stration conprising a conpacted tablet of

granul es according to any of paragraphs Ito 10.

13. A unit dose accordi ng to1paragraph 12 further
ihnpr|5|n§ a lubricant 30 betwee the anules

2urdrangs GBS APSE a1PSt g qdany antioxidans,

SRSt me?FeﬁiHs%bﬁt énuabr b@@ﬂhngew@ﬁ@ tﬂbﬁ.roﬁhﬁdj‘ubgénts pH
WD 2007/'088343PCT/ GB 07/000308 8 15. A unit dose

medifiets, ﬁyeeter@r@owaétq:maﬁbmggﬁg&ﬁws Syitablg colpugipgtaggnts include
Mt B W eTo RS i) %S&Ee%%ﬁ&'lﬂﬁ & clﬁhes/’sﬁaw 4s §PSE C blue No. 2

acctor Ing to paragra wher el n e wat er-resi st ant
mthDn?g CerenpVo. stﬁ)samnablede:tm B0 &ﬁvamrghtsmb@ flavouring agents

Bt 3, PR LSRN ot gl o951 vanita

cHepnyt ahdi ejraps flavouisdead \Mohibn?atkbﬁbl%f thene. hswltjatge @H modifiers
|t dos or

dth of .2
B8 i phppaRioorts ¢La e PRBIn G T Acadptaric acid

BRPocMo® RidVhE! nidhsOlddhl.e SR Niviocidndrd 1ﬁBIQ&@h@§,p%1rtame
bi nder. 1A. A granul ar materi-al conprising

qi@égtfalg@%(b@n 1HRatins stHighie ﬁ%stw@ktngopg@rﬁg :Include sodium

@o%%ér%% capa I]Bh %éﬁ:? %gsw%%%gdhg%gm %&?rcgﬁﬂ)ﬁnds and

adsomremysmw wattirzgedgents tingude |sgtimrmfawviat¢prmﬁ@| lagd sodium

{E?Bq &gﬁ&gr%%%btﬁ%gﬁ%}d%q\g% ggg%%q a mixture of soé:um

,mrbbhat@faﬁmﬂtrgreaﬁml ar material of 15 excipient. 2A

A granul ar material according to paragraph 1A wherein
the water-insol uble inorganic solid phosphate binder

GCRANULIARONT™t al conmpound. 3A. A granul ar materi al
according to paragraph 2A, wherein the m xed net al

conpound is a conpound of forrmula (I): 20

%, Va?aéhoh'%é* 5% %ﬁﬁﬁ‘ﬁ%d/ b H%Q&ééssvgb?ﬁ;ﬁls% ol gt ofone

'east one T r1val ent metal ;
Armixing dbe | sadisit mcat@rlnsmablenmmgar@n compoumel, -capakle ®f binding

ohebbret i Sod ur S S Srodis APiRRh & |
||§Xcdht5ctlr@ a yuitabid . I@quEd aith 18e RSnégencbugrmbulamd mixing in a

rrater ccord par agraph 3A or 4A wherein the
fo“;!‘éla OI‘EE? ﬁ{]@%ﬁ'woéf formula (1) is a layered

|ﬁbou@4£tﬁaﬂéll§drp@ébﬁ© the wet granules 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,
ii) adding a suitable liquid fo the homogeneous mix and mixing in a granulator to

form granules,
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6A. A granular material according to any one of
par agraphs 2A to 5A wherein the m xed netal conpound
contains at |east one of hydroxyl and carbonate ions
%Qoﬁ)@%@ ns as the netals iron (I11) and nageesiENwT/000308
7A. A granular material according to any one of
par agraphs 1A to 6A wherein the water-insoluble
i norgani ¢ conmpound is free fgom Al um nium WO
2007/ 088343PCT/ GB2007100030 23? ranu ar E
Pot GRicApINA REBF B GO 6 AUATUIRS J1oUGHr AR, 15 ey qranuies
i F &idh ﬁ.,g%cy@negl & nsol ubl e inorgani c conpound
ntairns rron(l11) ‘and at | east one of Nagnesium
m:}aa!mnrthegmn um or Cerium 9A. A granul ar

erial accordi y one of paragraphs 1A to 8A,
%‘ﬁéb%ng%ﬁ‘%@%{rﬂ%r%gr@ﬁmen al conprises from5 to

20% by wei ght of pregelatinised starch as exci pi ent

%%ﬁ? ngul%%é\é?%ﬂj tfbc}g'lf tﬂﬁa %{3?8@'@31 gg&g# h%@rg%?ﬁerg@f Water
id atteRfedepamilbsombgfidom 1 to 15% by wei ght of . .

pol yvi nyl pyrrolidone as excipient based on the
wei ght of the granular material. 10 11A. A granul ar

'I‘\;% §fdn§lesaé‘1%°dr@d‘ﬁa the dfddre@Nfoliurd vl &P Bssdibetithel@ifbefore

eln at least 95% by wei ght of the granules of_ the
ryicaialtheir nae & tabletrippaation) Ph iRaoeroratia intg grcapsyle for use as a
dnitccgo%geters 12A. A unit dose for oral adm nistration
conprising a water resistant capsule containing a
granul ar material according to any one of paragraphs

é@}#ﬁ}éﬂf 15 13A. A unit dose for oral

' ation conprising a conpacted tablet of a

granul ar material according to any of paragraphs 1A

to 11A. 14A. A unit dose accordi n ph J13A

R EIDIE e BFRSUIES T LER EoBE CABBR TR Tge avgiPagd that the
gﬂ‘éﬁlleé HB1 BlefRSE WA CA NG itent @r RAEAG Suth théi\twma ri¢iltbricant or

ubricant is or 20 conprises nmagnesi um st ear at

dligant mst.rrMedj@g@r aee betwver) the gFAPUSFIYINgR Pa@%’%@on of the
9}’%@"@% ﬁﬁ?ﬁ% with a water-resistant coating.

\. ni ose according to paragraph 16A wher ei n
the water-resi stant coating conprises at |east 30% by

. I t :
ety Bss St Brin{'S 1ioknE "Eq SRR L ge, 67 18 Hubricant
paffcisleaim émehd aklieblswsfaclzebh pf thengfahales.Buitable lubricants
wdth of 2 or nore. WA. A.unit dose according.to .
iy g Bl diralisaoi ettanr FRENSRIT, RPalge, gnd sodium
é@ﬁé ffdrﬁhﬁﬁ{é@h@ MR FAMNefeTOIDSY IR ARadd dedab the @bmﬂes in a

hate is present in an anount of at | east

Toeho drider faracBEaR: RO RIS IR AN 4P T W[ﬁsaﬁﬂ p tiameter
(ﬁ%ﬁ%ﬂq 13&")}]'%; bﬁs@ﬁ‘]g 'Th@%ftgr‘?éé?;c ¥ sIR@bROARRISC! tﬁetg@anules ata

eps o m Xi n the50|
leeet] erf fions 6L utd @. 4+‘mergﬁatablyc‘mm(§lﬁ1t9 8 3G by aveightiaf de gganules.

RS eRes e B BiosR P HHES, B B0l artsgs moner
lewéls eedy esfucedghe ratd bhphesphaieibihding br himeleh dntdqedlemt@rahon
m X and_m Xi nﬁ§| n a ranul tor }5 formwet gr.anu

Fafs Bpfertynary Fs P o e SOt g eaim andfor

&GRS urh %tée?rﬁ@’ A 9?@6#‘36%6!@1’3@1@ is sdlactet ons Gieegroup consisting
size, 5 iv) drying the wet granul es todprow de %I ]y

erraﬁgm@gum 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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v) mlling and/or sieving the dry granules. 21A A
process according to paragraph 20A where in the
liquid is selected fromwater, ethanol and m xtures
WO 8hPBRbss13 22A A granular material accor dippg/ds2007/060308
any one of paragraphs 1A to 11A for use 10 in
medi ci ne. 23A. Use of a granular material according
to any one of paragraphs 1A pp 11A in the manufacture
a medi canent for binding of phosphate.

Use
@#ma‘ Gedingd|o4 theriberany a%@&%ﬁ’twg 2 rdﬁyﬂ”&HeHéﬂce 1S preferred
Paf #enabisnt Aad 8 mdifngd Foﬁ'lhﬁl Sriadb ackee of a

nmedi cament for use in the therapy of a condition or

15 di sease associ ated with phosphate | evels. 25A. Use
pPegganul ar material according to any one of

par agraphs 1A to 11A in the manufacture of a

nmedi canment for-use in the therapy of a condition or

IS asspci dvvlt dvereph hate | evels. .
D 080 P8 Qb R AP BT A hpref ey sppopressing
gﬁanl@léfsaGﬁa@hﬁrgﬂu%rEQSLﬂréAirZ@:rdér fohformea liétaet haﬂngftha necessary
nedi canent for e he thera y of a cqndition
QINSAG STROGEL folt b8 GARGING! ERpHTe ?ﬂrg@naaﬁﬁs% and distribution.
T8 8lse: of ifandie® BFmad dfrému |aa?refmﬂaﬂéd AhovARFOr FHiktflrd Qmproves

any one of” paragraphs 1A to 1IA in the manufacture
fiowahility fiopnstorage berpars te fe tabieting pegss which in tumn benef ts the

QUEEHBISF AP ey T MORR (TLIPB L 384 n o

habletd pfrthe prpseniaimpertion Emkmﬂy&eveq;o‘ﬁhélopﬁbmphaw@emes at their

‘? SIE r%ﬂ% 8'1% %lg%t&%(jggﬁa@ggt %ﬁ&l%gfow%mgﬁgéﬁ?{?ﬁdlsbxﬁé &% that the

tapktd of thednwatiph 2bmprisetigh pvekesfirorghnishiosphate binder, of the

hydr oxi de and sodi um ¢arbo The, synt hesi
_ qrgggpf 8% or J%@’@%Sbé‘i??@]} fn % fablet, th |r|]10rgan|c phosphate binder

2
rﬁQQt 5@3&%@3 ﬁcﬁgﬁg gggg@@@i@ﬂ%@ﬁﬂgoﬁqﬂe@&ﬁs apt to

nads qn“bﬁdm”uatth@ htona@,r fepd rsaee endiea@nd shusiabigie af pvpp weight
0 te

APsioricclRbEln | AEPRIELHR, GO Syier P sk to

doimepress efired p@wcllers I’tat aab#tistfatten alegreﬁ,l @lsgnahamaﬁapped and

The f d
iEBtegy Gt B, g B, abifind eRRORFistion Seale: The use of
granyies iHelpyto d\%ﬁ&o}?(néifheﬁ% p@b%ﬁ% #\nb{ﬂqe?%enw cffq:;ranijlatlon is the

=2:1. T
|{A§r{e|§ge Idlp @éﬁflensﬁtyt th\éﬁﬁrﬁﬁtﬁ%@t @Yﬁ@&eﬁ ag{fc%%u ﬂls\ig@nules rather
thQﬁtfrdrﬁeﬁH@%%l@P ercRUBRE' theasiz€ MRS iRkl &dfbttand ftproving the

presence of poorly crystalline hydrotalcite type
I&ehlmd@fdoat@otq%m@npewaten al \ Exanple 123

The tablets of the invention may be circular but are preferably generally bolus- or
forpedo-shaped (also known as double convex oblong shaped fablet,) 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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456 Ganules Phosphate Binder 75.1 65.0
66.1 56.3 74.9 75.1 74.9 Pre-gelled Starch 14.1 14.0
9.4 _
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Where the tablet is in the form of a tablet provided with a “belly-band”, it is
preferred if the width of the belly-band is 2mm or more. It has been found that
smaller belly-bands can lead to insufficient coverage or chipping or loss of

integrity of the water-resistant coating of the tablet.

The tablets of the second aspect of the invention preferably have a hardness
from 5 to 30 kgf as measured using a Holland C50 tablet hardness tester.

WATER RESISTANT COATING

The tablets of the second aspect of the invention, once formed from the granules
of the first aspect of the invention, are preferab!y"’ provided with a water~res’istant

coating.

The water-resistant coating may be applied to the tablet by any of the usual
pharmaceutical coating processes and equipment. For exarhple, tablets may be
coated by fluid bed equipment (for example a “Wurster’ type fluid bed dryer)
coating pans (rotating, side vented, convention efc), with spray nozzles or guns or
other sprayer types or by dipping and more receht techniques ihcluding Supercell
tablet coater from Niro  PharmaSystems. Variations in available equipment
include size, shape, Ioc:étion of nozzles and 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 fablets are being
simultaneof.xsly 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 noizles(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 fo 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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14.1 9.4 Mcrocrystalline Cellul ose 28.5 37.7

M croni sed Crospovi done 4.7 14.0 9.4 4.7 9.4 Water

content (dried granules) 5.8 6.7 5.1 5.7 6.0 5.8 6.0
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some movement of a tablet, as for exampie in a fluidized bed, such as in a
fluidized bed dryer or a side vented coating pan, combinations thereof and the
like. Tablets may be coated directly, i.e. without a subcoat to prepare the surface.
Subcoats or topcoats may of course be used. If desired, the same or a similar
coating application system can be employed for both a first or second or more
cbating applications. The coating composition is prepared according to the
physical properties of its constituents, i.e. soluble materials are dissolved,
insoluble materials are dispersed. The fype_ of mixing used is also based o'h the
propetrties of the ingredients. Low shear liquid mixing is used for soluble materials
and high shear liquid mixing is used for insoluble materials. Usually the coating
formulation consists of two parts, the colloidal polymer suspension and the
pigment suspension or solution (eg red oxide or Quinoline yellow dye). These are

prepared separately and mixed before use.

A wide range of coating materials may be used, for example, cellulose
derivatives, polyvinylpyrrofidone, polyvinyl alcohol, polyvinyl acetate, polyethylene
glycols, copolymers of styrene and acrylate, copolymers of acrylic acid and
methacrylic acid, copolymers of methacrylic ag:id and ethylacrylate, copolymers of
methyl methacrylate and methacrylate, copolymers of methacrylate and tertiary
amino alkyl methacrylate, copolymers of ethylacrylate methyl methacrylate and
quaternary amino alkyl methacrylate and combinations of two or more hereof.
Preferably, salts of methacrylate copolymers are used, eg. butylated methacrylate

copolymer (commercially available as Eudragit EPO).

The coating is suitably present as 0.05 to 10% by weight of the coated tablet,
preferably from 0.5% fo 7%. Preferably the coating material is used in
combination with red iron oxide pigment (Fex03) (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' nb}eakup of the
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Lubricants used for tabletting Stearic acid

0.3 0.30.30.30.3 Magnesi um St ear at e 0.3 0.3

Al'l values in the tables are percentages by weight.
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tablet in the mouth, delaying this until the tablet reaches the stomach. With this
purpose in mind, it is preferred if the coating material has low solubility in alkaline
solution such as found in the mduth, but more soluble in neutral or acid solution.
Preferred coating polymers are salts of methacrylate copolymers, particularly
butylated methacryla’ﬁe copolymer (commercially available as Eudragit EPO).
Preferably the coating layer comprises at least 30% by weight of a coating

polymer, more preferably at least 40% by weight.

The water loss or uptake of coated tableis is suitably measured as detailed
hereinbefore for the measurement of the non-chemically bound water content for

granules. From a set of freshly prepared coated tablets, some are measured for |
non-chemically bound water immediately following preparation, and others are

measured after storage as detailed above.

In another aspect, the invention provides a method for preparing a tablet
according to the first aspect of the invention, the method comprising granulating a
water-insoluble inorganic solid phosphate binder with a pharmaceutically
acceptable excipient and optionally, any other ingredients, forming a tablet from
the granules by compression and optionally applying a water- resistant coating to

the tablet so formed.
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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15 Granul es were prepared using the formul ati ons as
detailed in Table 1. The dry blends were made in 125

m batches by mi xing the conmponents in the Turbula
wowslensghkender for 5 minutes prior to granul acir@i2007/000308
The 125 gram batches of dry powder blend were

granul ated by the steady addition of purified water

in a planar mxer until snmal 25 d| stinct granul es were

B RS8P0 B B 5 A o o o

o@intsryaloif \Mhibbl’thétlﬁﬂm fsoappjiedn UInaetpeoiaI asseriigimy be sufficient to

8 JEI 3 2hs WO Siollfk Hierd BBouS sV Cicd et sSies the
H%S%%rg%zﬁ %/ @Vzealo’tgl?ﬂ;é’/e%cgégeg ) Fora Iarger dose, it may be be advisable
B R g A0S S KTl ikl o Csose wil
@étféhdoﬁpéﬂﬂ%é Qidhrbifd 8N $heVReni AR p I%@'@?érﬁ"eql\cﬁﬁﬂis%‘épgﬁ before

a fluid bed drier at an air inlet ten%?rature 0
wgal@ £@- AVithir gee hpwl Beforeadaerl dg suitablg nitivebe the dose may

@&{g&gngﬁﬁﬁgﬁ‘gﬁmrough a 1.18 nm aperture nmesh to

remove large granules. 5 The amount of water required
to granul ate varied dependent on phosphate bi nder

T Sl ECR ARy BBOR Fér i Sl SRl gR spavgomprise from
tmgsﬁo E'Q(Wr@fafdb}y from\ed eng t@.2 gJSﬁd'eqﬁrefaalslythﬁl 180%g to 1 g,
er ﬂ%ﬂzs v¥e obta ned 6\41ereas cessi v
gy °( ng: ToBY#00 Mg for & M9 qrd‘ﬂ?rur?ﬁo mg to 750
rlebﬁﬁfa‘térﬂnsa'hﬁlemﬁ@bﬁhib%h&@h@éplﬁf@%mde\‘\’as bet ween 70
and 100% Tablets were nmade with hardnesses from 13

to 29 kgF as neasured by a HoI | and C50 tabl et

B AR TR R BRI

ingrlgie esplidn inqgo@se ce)osphatie thindepd Prefemaily dhd surk, dbseamof the

T 20 3 o R B8 3558 Posona

waBrrfEmrablgt the iumif woséssmmgn%ntm d‘.tﬂ'ﬁﬂﬂ'lse &loiphsty 300 ﬁlg of a

00. | 0 The.phosphatge bin city in Table

e el oS BaReabospHe 2 Ao ot intafergd Uit dose
doffprisd€ $00irhe 8f iﬁ%r ;ﬂid%bﬁéﬂi ISindér. H'Hepréfeﬁéd Uit @se wifhht is less
m nutes. Fri abil was neasured by tablet friabilitly

than {ef mg. RKg W%fﬁf@lﬁ ?SR@B%'P 790 Mg 1 ﬁésl/\wfh patieicempliance for

r t ethif
STAIASRRR SR RSS! iy S8 AL Ay 2oms) o
\Aﬁt@'relngolhble( salis énorganignekeyphite kbtrm‘mi @) padiciulady claretadred unit

' do@e t&)%téu%) I2?"50 m%i%@%_:{) Oc§8§ Z‘Ln%f g{ngsr?\%g%?é&%o%%gaﬁc 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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Tabl e 2 Exanple Disintegration Time (sec) P (%

Bi ndi ng Tabl et Hardness (KgF) Friability (%9 la 25 61

13 0Ib 25 66 21 0 10 50 64 25 0 2a 20 58 13 O

WO 2007/088343 PCT/GB2007/000308

26
[n the further aspects of the invention detailed below, granular material refers o

the granules of the first aspect of the invention.

An aspect of the invention is the granular material for use in or as a medicine on
humans or animals, particularly as a medicine for the binding of phosphate, more

particularly for the treatment of hyperphosphataemia.

Another aspect is the use of the granular material in the manufacture of a
medicament for use on animals or humans in the treatment or therapy of a
condition or disease associated with adverse phosphate levels, particularly

elevated plasma phosphate levels, particularly hyperphosphataemia.

Another aspect is a method for the treatment or therapy of a condition or
disease associated with adverse phosphate levels, particularly elevated plasma
phosphate levels, particularly hyperphosphataemia by oral administration of the

granular material to humans or animals.

STORAGE

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
péragraphs:

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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Sc 15 61 29 0 4a
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2. Granules according to paragraph 1 wherein the water-insoluble inorganic
solid phosphate binder is a mixed metal compound.
3. Granules according o paragraph 2, wherein the mixed metal compound is
a compound of formula (I):
M MIL(OH)A™y zH,0 S
where M" is at least one bivalent metal; M" is at least one trivalent metal; A™ is at
ieast one n-valent anion; x =Znyand x, yand zfulfit 0 < x£0.67,0<y=1,0=z
<10.

4, Granules according to paragraph 3 wherein x = 2ny and x, y and z fulfil 0 <
xs050<y=1,0=z=10.
5. Granules according to any one of paragraphs 2 to 4 wherein the mixed

metal compound is free from Aluminium and contains the metals iron(llf) and at
least one of Magnesium, Calcium, Lanthanum or Cerium.

6. Granules according to ahy one of paragraphs 3 to 5 wherein the mixed
metal compound of formula (I) is a Iayered double hydroxide.

7. Granules according to any one of paragraphs 3 to 6 wherein the mixed
metal compound contains at least one of hydroxyl and carbonate ions and

contains as the metals iron (lIl) and magnesium.

8. Granules according to any one of paragi‘aphs 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 compacied tablet of
granules according to any of paragraphs 1to 10.

13. A unit dose according fo paragraph 12 further compnsmg 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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8 55 16 0 4b 12 57 21 0 4c 20 60 28 Tabl e 3 shows
the effect of the addition of a water-resistant
coating conprising Eudragit EPO on tabl ets prepared

whomasaml es of the fornulation of exanpl e »erR:gkhB/000308
coating formulation is: 84.02% Purified water, 0.81%

Sodi um Dodecyl Sul phate, 8.08 % Butyl at ed
nmet hacryl ate Copol ymer (Eudragit EPO, 1.21% Stearic

id, 2.09% Talc, 83% MySt ear at e, 64%,Ti tapj um .
Boxi AdinlodasmpReITREdR S BES OTRraESaPhg Aas T osted with a

%témegggag[c@ﬁmg cation using hot air at 48C. Coating
| evel s di scl osed herein are determ ned fromthe

ifBcr eAduitidpsesiscerding fogparapesphr 15 wharein thg water-resistant coatlng

RORbHER aoad a0 Gy R PR R s e el B Ast e

17. A unit dose according to any one of paragraphs 12 to 16 wherein the tablet
is provided with a belly band having a width of me or more.

18. A unit dose according to any one of paragraphs 11 to 17 comprising at
least 300 mg of a water-insoluble -inorgeinic solid phosphate binder.

1A. A granular material comprising

(i) at least 50% by weight based on the weight of the granular material of solid
water-insoluble inorganic compound capable of binding phosphate,

(i) from 3 to 12% by weight based on the weight of the granular material of non-

chemically bound watér‘, and

- (ii) no greater than 47% by weight based on the weight of the granular material of

excipient.

2A. A granular material according to paragraph 1A wherein the water-insoluble
inorganic solid phosphate binder is a mixed metal compound.

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

MM (OH)A™,.zH,O ®

where M" is at least one bivalent metal; M'! is at least one trivalent metal; A™ is at
least one n-valent anion; x = Zny;0<x=0.67,0<y=1,and0szs 10.

4A. A granular material according to paragraph 3A wherein x = Xny; 0 < x £
05,0<y<1,and0<z<10. | -

5A. A granular material according fo paragraph 3A or 4A wherein the mixed
metai compound of formula (I} is a layered double hydroxide.

B8A. A granular material according to any one of paragraphs 2A to 5A wherein
the mixed metal compound contains at least one of hydroxyl and carbenate ions
and contains as the metals iron ([ll) and magnesium. 7

7A. A granular material according to any one of paragraphs 1A to 86A wherein

the water-insoluble inorganic compound is free from Aluminium.
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Tabl e 3 Coating Level (% weight of coated tablet)
Disintegration Tinme (s) 0.69 45 2.34 45-59 2.83 51-63
4.39 80-140 From Table 3 it can be seen that a
\ﬁgagd—/)a%:;WS the effect of delaying the disinppgibio®onzos
of the tablets. 5 Table 4 shows the effect of
different coating type and | ubricants on the storage
behavi our and tabl et charactegistics for tablets
formed with a hardness of 10 to 15 kgF fromthe
@ﬁanﬁ@awlaremamaégcqordwd%ﬁw one qfparageprhp df to 7A wherein
0 [

PRl sl A gl P PP BN, FOh((AL 87 &t Rbtlone of

Maghesienh @.aB%rbyLthhﬁIm@fr Q%ign‘esn um Stearate as

v ot AR rforty ARG (0 P ey B saphe a0 e, wherein
he gﬂahhi@r Ridtérizd gomprises ifran 5 to 20% by weight of pregelatinised starch
as excipient based on the weight of the granular material .
10A. A granular material according to any one of paragraphs 1 to 9A,
comprising from 1 to 15% by weight of polyvinyl pyrrolidone as excipient based

- on the weight of the granular material.

11A. A granular material according to any one of paragraphs 1A to 10A wherein
at least 95% by weight of the granules of the granular material have a diameter
less than 1180 micrometers.

12A. A unit dose for oral administration comprising a water resistant capsule
contaihing a granular material according to any one of parégraphs 1A to 11A.
13A. A unit dose for oral administration cbmprising a compacted tablet of a
granular material according to any of paragraphs 1A to 11A.

14A. A unit dose according to paragraph 13A further comprising a lubricant
between the granules.

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

18A. A unit dose according to any one of paragraphs 13A to 15A coated with a’
water-resistant coating. ' _ | o
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 o 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:

)] m'ixi‘ng the solid water-insoluble inorganic compound capable of binding

phosphate with one or more excipients fo produce a homogeneous mix,
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4 weeks Initi al 4 weeks initial 4 weeks Exl Eudragit
158 226 8.6 12.7 No Yes Ex 6 Eudragit 422 128 8.8
11.3 No No Ex 6 Opadry-AMB 107 49 8.5 10.8 No Yes
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i) contacting a suitable liquid with the homogeneous mix and mixing in a
granulator to form wet granules, _
i) optionally passing the wet granules though a screen o remove granules
larger than the screen size, '
iv) drying the wet granules to provide dry granules.
v) milling and/or sieving the dry granules.
21A. A process according to paragraph 20A where in the liquid is selected from
water, ethanol é\nd mixtures thereof. ‘_
22A. A granular material according o any one of paragraphs 1A to 11A for use
in medicine.
23A. Use of a granular material according fo any one of paragraphs 1A to 11A

in the manufacture of a medicament for binding of phosphate.

 24A. Useofa 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 phosphate levels. |

25A. 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 adverse phosphate levels. |

26A. Use of a granular material according to any one of paragraphs 1A to 11A
in the manufacture of a medicamént 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 fo 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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4MgSOs + Fex(SO4)3 + 12 NaOH + NaCOs; -> MgsFes(OH)12.C0s.nH,0 +
7Na;S04. The precipitation was carried out at approximately pH 10.3 at ambient
temperature (15-25 °C). The resulting precipitate was filtered, washed, dried,
milled and then sieved such that all material is less than106 micron. The formula
of the phosphate binder was: MgiFex(OH)12.C0s.nH.0 and had the following
XRF composition: MgO = 29.0%, Fe,03 = 28.7%, Mg:Fe mole ratio = 2:1. The
XRF values take into account all water present in the phosphate binder. XRD'
showed that the phosphate binder was characterised by the presence of the

poorly crystalline hydrota!cité type structure.

Table 1 _

Material \ Example 11 2 3 |4 |5 6 7
Granules | _
Phosphate Binder 75.1 650 |66.1[56.3]|74.9|751 | 74.9
Pre-gelled Starch 141 | 14.0 94 141 |94
Microcrystalline'Cellulose 285|377

Micronised Crospovidone 47 14.0 94 4.7 9.4
Water content (dried 58 |87 |51 |57 6.0 [58 [6.0
‘granules) '
Lubricants used for tabletting

Stearic acid 0.3 0.3 03 {03 |03

Magnesium Stearate - 03 |03

All values in the tables are perceniages by weight.

Granules were prepared using the formulations as detailed in Table 1. The dry
blends were made in 125 ml 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 sfeady 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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8.5 11.1 No Yes The Eudragit coating is as descri bed
above The Opadiy AMB coating has Opagl os 2 Sodi um
Wanbowysses hyl cel | ul ose 5 replacing Eudragit Be@@Boe7/000308
coating polymer with other coating ingredients as for
the Eudragit coating conposition. Note that the

noi sture content in Table 4 i3 that for the conplete

SRANBE B7 o 1o Y DAMRIR (208 P BB o7 drRpi el for each of
ﬂfﬁ@oaiﬂdla%% reérat thee dotbitkd ¥nd dfied iMadksd béd drtTadrfair inlet

4 it t hat the adry coating does not
raRlite it FEEC o 8 ol B Sl s Sile st eviv before being

dé&éﬂﬁfﬁu hV@ eMeatnt A rihlio efdve Féf?é‘ gldMiles.

udr agi t oes not prevent . pi tt| ng wth earic acid
Hence the optimal systemis Stearate | ubricant ,

i Y f ect, .
LS 08 0 SR ol o

giottuneegonient rpariice sife distindioa; éebd-atié eindi degreteof dispersion
A N o

Wwenee bbtaiiedainstassedxcBasivbalihblSisVel waie (aBeNLd10%) résulted in

BB I e 30s oGt v bbb et 100%.

‘noi sture(%

Tablets were made with hardnesses from 13 to 29 kgF as measured by a Holland

C60 tablet hardness tester. Varying compaction pressures were used to give

tablets of differing tablet hardness (as measured in Kg Force) as detailed in Table

2, from formulations 1 to 4. 0.3% stearic acid was used as a lubricant.

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.



Ganul e dianmeter (1-11T) Disintegration Tinme (S)

Water Disintegration Tinme(s) 0.1N HCI Comments 1.19

<425 16 20 Static charge dusty 1.19 <1180 34 41
whabi7msghar ge dusty 7.01 <425 20 24 Good 7. Okcei36b7/000308
46 51 Good

33

Table 2 _
'_E}ample Disintegration | P (%) Tablet Friability

Time (sec) Binding Hardness (%)

(KgF}

1a 25 61 13 0
1b 25 RS 21 0
1c 50 64 25 0
2a 20 |58 13 0
2b 40 60 21 0
2c 53 161 T 27 0
3a 15 65 16 0
3b 12 60 BEE 0
3c 15 61 129 0
4a 8 55 16 0
4b 12 57 21 0
4c 20 60 28 0

Table 3 shows the effect of the addition of a water-resistant coating comprising
Eudragit EPQ on tablets prepared from granules of the formulation of example 1.

The coating formulation is:

84.02% Puﬁ\ﬁed_’water, 0.81% Sodium Dodecyl Sulphate, 8.08 % Butylated
- methacrylate C'opo!ymer (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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18.84 <425 1090 1214 Irreqgul ar tablet surface 18.84
<1180 784 976 Irregular tablet surface The irregular
tabl et surface for the high noisture granul es was due
WO 20085333 mat eri al squeezi ng past the sides okTidRo07000308
tabl et die during conpaction. 5 Al granules were
si eved such that |ess than 25% by wei ght of the
granul es had a dianeter |ess34han 106 nicrometres by
'ﬁﬂﬁ g From Table 5 it can be seen that

¥ a3|ng t he granul e size slows disintegration at

Obag leoved! st ure | eV@isinegratiohd and 7.01 % and that
the. moi sture content has 10 a nmarked effect on both

& weight gf aeated tablab | dime(Sdol et |quality. A sinilar

FEfect Was found for gghe effect| of granule size on
the retardation of phosphate biinding. Tablets forned

ZBém granul es accordi%g:':&o exanpl e 6 having a

fret-er—tess—than—331§oprm-wer¢ conpared for
%ﬁ%sphate bi ndi ng a<t5;% funct|ion of tinme against

43blets formed from goammpl es hgving a dianmeter |ess
than 425 pm The tablets were BHoth conpacted to a

strength of 13 kg tablet hardness and were coated

fi E eS| t
flé&éﬂl'ﬁ%bﬁe/ it Gélge% E%%bgggfr 2 d@%ﬂiﬁt ﬁE% t@?m ufffe%‘f‘ of delaying the
@:amra;mnrm‘ab@mbtate% of the equilibrium WO
2007/ 088343PCT/ GB2007/ 000308 37 phosphat e bi ndi ng

after 10 m nutes, whereas the tablets prepared from
Tedbde Kastpavs (heoaffibat oftdifdredDooatingt §pe aTﬂduBn’ttﬁritsT bnithenstorage
BREEBrIE e ftlethum g F S dot Bolkts BriweanoahaRssarhg0 to 15
" UoF frdiR the ghdriuish B&:aRRblas 10858 ah@ed TueBfiodt exdnples 1 and 5
included 0.3% by weight stearic acid as lubricant. Tablets from‘examples 6and7
included 0.3% by weight of Magnesium Stearate as lubricant.
Table 4 W
| Example Disintegration - Moisture content Appearance
Time(s) (%) {Visible Pitting)
(coated tablet) )
initial | 4 weeks | Initial | 4 weeks | initial 4weeks
Ex1 158 | 226 8.6 12.7 No Yes
Eudragit
Ex6 422 |128 (88 13, No No
Eudragit
Ex6 107 49 8.5 10.8 No Yes
Opadry-AMB _
Ex 5 139 14 7.7 11.5 No Yes
Eudragit '
[Ex7 122 |62 96 | 119 No No
Eudragit
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Tabl e 6 shows phosphate binding of coated tablets
formed from granul es according to Exanple 6 coated
with Eudragit EPO in an anmount of 4.5vvt% based on
wOesceadzerd tablet, the granul es having a di awetrgiB2007/000308

- less than 425 micronetres. 10 Table 6, 7 and 8 show

phosphate binding (expressed as mvl of phosphate
bound per gram of solid |nor§5n| c phosphate bi nder)

fl ous for-
EI nrépltng wa B@éﬁa‘tgg#ég\gn Thewzsmr% g‘drg%nET I%D ra‘7“3'3and
8 were obt aTmm?{s)oy nmeans [¢¥%)t he phosphat e(vibﬂaléPﬁﬁmg)g
nmet hod desfri bed herei nbeforag Iff)ax) with|the foll ow ng
nodi ficatipns: 1 tablet % th. 5g {of the

phosp?ate InR2er| AReeRs SPARIBAT | DwWEERET |Qhitial 4§ver%ks

phosphate solution (as oppoged to 1

4ol [t |
%’FUOm’mI/ T2re)|.27he sa%&%s wet b1t hen |iNreubat p¥es n
0

pol yprlopyl ene nical | fl asks ijn a shaki ng
_mggﬁﬁqgggh at 37C and 200rprn fpr varying tines| pH

of the phosphate 20 sol ution was varied using 1M NaCH

| ution. ti on standards for the
%DE&%%&&P%%%E S&E‘bsﬁ?aﬁl%‘?y to take account of
t he | ower phosphate concentration. Table 6

0S ebi ng(mml/g)atdlfferent tinmes (mn

J@‘ @P%F[@v 6“%) Etingo has oOpagless2 Gogeiny. @@rbmm@ﬂwicelluiose
BpRchgBudtagie EP® ad%oating 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 fo the same approximate hardness of 10-
15 Kgf.
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38 press in relation to jamm ng and bridging. The

granul es were formed according to exanple 6. The fine
woamiogsa{ A) were poor. Phosphat e bi ndi ng roa&:B2007/000308 -
nmeasured by nmeans of the phosphate binding nmethod 5
described previously as for Table 6 at a pH of 4. The
Phosphate binding results fof8A B, C and D were from
#gokpégts (uncoat ed) whereas the results for E were

romthe granules thenselves. 10 Table 7 particle

Giangldf | ne gi@khulear ge || Bisistegetionm Disirdegration |ACorB@Bnts
rgoé{Hré:(r"}g)rmt rd‘lsasr?leter Time (s) Time(s)
(Hm) Water 0.1N HCI

119 <425 16 |20 Static charge
dusty

1.1 - <1180 34 : 141 Static charge

, | dusty

7.01 <425 20 24 | Good

7.01 <1180 46 51 Good

18.84 <425 1090 1214 rregular
tablet surface

18.84 - <1180 784 976 Irregular
tablet surface

The irregular tablet surface for the high moisture granules was due fo 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 granul'es had a

diameter less than 106 micrometres by sieving.

From Table 5 it can be seen that increasing the granﬁle 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 8 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 pm. The tablets were both compacted to a sirength 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
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- phosphate binding after 10 minutes, whereas the tablets prepared from the larger

granules took 30 minutes. The equilibrium phosphate binding is as measured
after 120 minutes. The phosphate binding results were obtained according to the

modified method as described hereafter.

Table 6 shows phosphate binding of coated tablets formed from granules
according to Example 6 coated with Eudragit EPO in an amount of 4.5wt% based
on the coated tablet, the granules having a diameter less than 425 micrometres.

Table 6, 7 and 8 show phosphate binding (éxpressed as mmol of phosphate
bound per gram of solid inorganic phosphate binder) at various pH values for the

solution in which binding was measured.

The results of Table 6, 7, and 8 were obtained by means of the phosphate
binding method described hereinbefore, but with the following modifications: 1
tablet containing 0.5g of the phosphate binder was dispersed in 125ml of
4mmolfiitre p‘hosphate solution (as opposed to 12.5 m] of 40mmol/litre). The
samples were then incubated in stoppered polypropylene conical flasks in a
shaking water bath at 37°C and 200rpm for varyihg times. pH of the phosphate
solution was varied using 1M NaOH or HCI solution. The calibration standards
for the ICP-OEC were changed'accordingly to take account of the lower

phosphate conceniration.

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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press in relation to jamming and bridging. The granules were formed according to

example 6.The fine granules (A) were poor.

Phosphate binding was measured by means of the phosphate binding method

described previously as for Tabie 6 at a pH of 4.

The Phosphate binding resuits for A,B, C and D were from tablets (uncoated)

whereas the results for £ were from the granules themselves.

Table 7

particle size | fine | small | large |large | medium

by sieving A B |C D E

(micrometres)

o 100 | 100 100 |100 100

53 32 |94 |98 |92 |96
106 25 |83 |98 |87 |91
250 9 49 |90 76
500 3 0 71 |81 |47
710 1 46 17
1180 0 5 3 0

‘Transport poor | good | good | good | good

Phosphate

binding

(minutes)

10 052 (042 |0.33 |03

20 0.47 | 0.40

30 054 |0.50 |044 {04 0.42
45 0.51 {047

60 054 [0.54 048 |0.45 !0.49

120 057 |0.56 | 0.51 |0.47
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Examples 1-7 in uncoated tablet form, and prepared from granules having a
diameter less than 1180 micrometres, were also measured using the modified
phosphate binding test as shown in Table 8 at pH = 4 and time =30 minutes.

Table 8

Example 1 Example 2 Example3 Example 6 Example 7
mmol PO4/g

0.45 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 microcrystailine 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 prccess“anld showing good dispersion of the granulés and tabl_ets 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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These Langmuir constants were determined by changing the phosphate
concentration from 1 to 40 mmol/l and were calculated by performing linear
regression on a plot of the unbound/bound phosphate versus the unbound
phosphate measured at equilibrium. The initial pH of the phosphate solutions was
pH = 4, temp = 37 Celsius and the selected equilibrium point was at a time t =

120 minutes.

All pubiications and patents and patent applications mentioned in the above
specification are herein incorporated by reference. Various modifications and
variations of the present invention will be apparent to those skilled in the art
without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments,
it shouid be understood that the invention as claimed should not be uﬁduly limited
to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in

- chemistry, biology or related fields are intended to be within the scope of the

following claims.
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uncoated tablet form and prepared from granul es
wavgengssaa«xi amet er | ess than 1180 ni cr onmet r €S pCWEIB2007/000308
al so nmeasured using the nodi fied phosphate binding

test as shown in Table 8 at pH = 4 and tinme =30

mnutes. 5 Table 8 Exanpl e 14Exanpl e 2 Exanpl e3

cxamps e 6 Exanple 7 nmmol PO4/ g 0.45 0.55

1. 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 formuia
(y: | |

M MU (OH),A™.2zH,0 )

where M" is at least one of magnesium, calcium, lanthanum and cerium:;

M is at least iron(it); |

A" is at least one n-valent anion; x = 2ny; 0 <x<0.67,0<y<1, and Oszs< 10

(ii) from 3 to 12% by weight based on the weight of the granular material of non-
chemically bound water, and
(iif) no greater than 47% by weight based on the weight of the granular material of

excipient.

2. A granular material according to claim 1 wherein x = Zny; 0 <x<05,0<y
=1,and 0=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 granuiar 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 granuiar 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 polyviny! pyrrolidone as excipient based on the

weight of the granular material.
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0.27 0.44 0.60 From Table 8 and conpari son of
exanple 2 with 3 it can be seen that exanple 3 has 10
| oner phosphat e bi ndi ng denonstrating the effect of

hi nderi ng of phosphate binding by the presence of the
m crocrystalline cellul ose and the advantage of using
the preferred conbination of %re gelled starch and

23:,& %ﬁgiﬁfrr@%ﬁ% ESW'%@ % C?dd%ﬁl%l’lﬂ% '8®2Wherein the

exwd;enmmpmemﬂlbasm@gelaahlsed star@hm erndpehdmneag
good di spersion of the granules and tablets in water.

15 Material fromcoated tablets (conta|n|ng 0. 5g of
bl nd 0
B.avi g A AL HBORING B 58 RISy LIRS & Joast 05%
byt welhi ef theegfaoulesdihelgraguiar matenalt favesa diimeter less than 1180
(1/nnn|%: 0.25 and 1<2 (nmol/g) =1.88. Material from
MM ™ abl et s (contai ning 0.5g of binder) forned
fromgranul es according to exanple 6 having dianeters
| ess than 1000 micronmetres was found to have the
9.f ol I‘lbwinitgddlmt@mmbraicaﬂmtrtiﬂttﬁﬁionmomwiﬂﬁﬂl g wagen gesisl@nt capsule

th ff t t d
oqrBag i s grnargnatri petSeiRis LPsHeERae BTy ndi ng
while K2 is the capacity constant and is the nmaxi me

anmount of phosphate that can be bound per unit weig
1Bf  bA neér dose\dop aoay asmswre@@mrsmeoeom@aqrmstablet of a

o BADeE s fiRhReRR P B e TS R4 a1 and ver e

cal cul ated by performng |inear regression on a plot
of the unbound/ bound phos phat e versus the unbound
1bhophiitedoreaaceading egam; Y} furfher genprising 2 'UBF'P%'?" between
phate solutions was 5 pH = 4, tenp =
th%gﬁ%ﬁﬁggand the sel ected equilibrium point mas at a
time t = 120 m nutes. All publlcatlons and patents

d pat ent I I bov
12 pack e B5PaG 89 AL RUPaieR 1 IHRARL e or comprises

myﬁﬁégyﬁlggghﬁ%catlons and varlatlons of the present

vention be apparent to those skilled in the
art w thout departing fromthe scope and spirit of
he | nv i on Althou h_the |nve |on e
13100 ch WG et Bhaly Bre Sy i 1 1 2 fdkied with a water-
,eggggqbggﬂﬁ§ it shoul d be understood that the
invention as clained should not be unduly limted 15
to such speci fic enbodi nents. | ndeed, various

f
i BSS SirdPe SARE 1o B eCRpIo B8R coatn
cdhﬁtﬁiﬁe%tét)leaétl %Gy Wéufghebataed:tylate!ddﬁeﬂmeyy[atemwmer.
be within the scope of the followng clains. 41

CLAIMS 1. A granular material conprising (i) at
eas % '
18 s og¥ 8t ofting W5 L3 bEF4 Wieadhy (B a0E: has a belly band
havirigah widtpsfurdrcapalore. of bi ndi ng phosphat e of
formula (0: MI-i-xMIIx(CH)2An-y.zH20(1) where M|
is at | east one of magnesium cal cium | anthanum and
qcer | AlhitMosk alc%o%n%%‘%hy'dr@“&f@éﬁns 46 "F‘B‘whé'e?ht the solid water-
east one n-val ent anion
ingglGble, inmngiartic zcanpound capable of binding phosphate |s present in an

amount of at least 200 mg.
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(ii) from3 to 12% by wei ght based on the wei ght of

the granul ar material of non-chem cally bound water,

and (iii) no greater than 47% by wei ght based on the
wenginsssis t he granul ar material of exci pi ent pcthER200%/000308
granul ar material according to claim1l wherein x =

Eny; 0 <x S 0.5, 0 <y s 11 and 0 5. z s 10. 3. A

granul ar mat-eri al according 4% claim1 or 2 wherein

vhe mﬁfSébéé%ﬁ'thezﬁré&QFﬁii%rtﬁ Dhrdfdfthaelid) aL@8ReaSA%ny one
a | ayered doub droxi d A granul ar materi al

O‘é@lémsﬂ ﬁgStcerrmﬁrwnﬂrfée@tep@cafu ms 1 to 3 wherein the

g t(%%r&&%&ﬁ%{ﬁﬁ[égﬂji Gr?‘th nd §PRord réﬁclB[eH(tes to produce a

arbonat e contal ns as
hnmogbaecbusoniﬂl 1) and magne3| um 25 5. A granul ar

te accordi ta,a d| na _cl aim
if Rl bR gt Bt 8 BoPRfe s g mbdng in
gmmrmffoma@egmnmaﬁed st arch as exci pi ent based on

i G ATEAY RaSIBR ot BT EUGh actciearstoreioVe raniles larger

tmqﬁélsg,terég dizom 1 to 15% by wei ght -of cross |inked
v&,@l yvinyl pyrrol.idone as excipient based on the
i

n@ﬂ'ﬁ therwetigragulgh io Brovide évigianulea? 7. A granul ar
f cl 1to 6
ifFid Ao/ FEG8UIAL e 4 @aMuREe O I e

pregelatlnlsed starch and crospOV|done

R R —
ethaeobdrawixduresdierebhl have a dianmeter |less than 1180

mcroneters. 9. A unit dose for oral admi nistration
conprising a water resistant capsule containing a

1gr an,N'g%nﬁfﬁF Qﬁét&hafi%@érﬂirﬁgtd QGNP I C@4iia0 1 CloaB ni’or use in
10. A unit dose for oral adm nistration

W@Qlﬁﬂ'ﬁ sing a conpacted tablet of a granular materi al
according to any of clains 1 to 8. 11. A unit
dose according to claim 10 further conprising a -
20.ubrUsmof abgrtanuian msterinbageerdingeto. anyl 2ne Afidimsdbde 8 in the

RERRELES S TRt et BRI o B Re T doce”

according to any one of clains 10 to 12 coated with a

ter- si stan t|n 14, A unit dose
205 150 6 & rDilar A EHAY apcariBosasmy DS RS 10 &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 fo ény 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.



24.

conprises at |east 30% by weight of a butyl ated

nmet hacryl ate copol yner. 25 15. A unit dose accordi ng
to claim13 or 14 wherein the tablet has a belly band
having a width of 2nm or nore. 16. A unit dose
according to any one of clains 9 to 15 wherein the
solid water-30 insoluble iggorgani c conpound capabl e

of bindi ng phosphate is present in an_anoynt of .at, .
| edlse @08 grapularimaicrial RCpPONGL RBY Of’ﬁé’r}op“ﬂ%lﬂb?r ittPoanm the

_rna!g.{f%%w%r cja_fn aij%%rgicgg'fe%"t kdusBSn ﬁ?fﬁ@%v@ hgh¥rpRBspitaemia.

nprising t steps of ! i) mxing the
conpound of forrmula (1) with one or nore excipients
to produce a honbgeneous mx, 5 ii) contacting a
suitable liquid with the honbgeneous m x and m'xi ng
in a granulator to formwet granules, iii) ‘
optionally passing the wet granul es though a screen
to renove granul es |arger than the screen size, iv)
drying the wet granules to provide dry granules. 10
v) mlling and/or sieving the dry granules. 18. A
process according to claim 17 where in the liquid is
sel ected fromwater, ethanol and m xtures thereof. 15
19. A granular material according to any one of
claims 1 to 8 for use in nedicine. 20. Use of a .
granul ar material according to any one of clains 1 to
8.in the manufacture of a nmedi canent for binding of
phosphate. 20 21. Use of a granular materi al
according to any one of clains 1 to 8 in the
manuf acture of a medi canent for use in the therapy of
a condition or disease associated with phosphate
| evel s. 25 22.Use of a granular material according to
any one of clains 1 to 8 in the manufacture of a
nmedi canment for use in the therapy of a condition or
di sease associ ated with adverse phosphate | evels.
23.Use of a granular material according to any one of
claims 1 to 8 in the 30 manufacture of a nedi canent
for use in the therapy of a condition or disease
associ ated with el evated pl asma phosphate levels. 44
24. Use of a granular material according to-any one of
claims | to 8 in the manufacture of a nedi canent for
use in the therapy of hyperphosphat aem a. ,



