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WO 2005/079867 PCT/GB20051000616 1 Alpha-emitting Hydroxyapatite
Particles 5 The present invention relates to a compositions suitable for
delivering a radionuclide in vivo. In particular, the invention relates to
wpastgutater compositions comprising alpha-emitting radionuthckesnroosis
generators for alpha-emitting radionuclides. The 10 compositions of, the
invention are suitable for use in the " treatment of both cancer and
non-cancerous diseases. The introduction of novel therapies is important
in pharmaceutical research in all fields and particularly in cancer
research. One field of this research relates to 15 the use of radionuclides

for therapeytic, PUrRASES. r%,tbq:tg-%r}:iglfc rensitters have
been inves@%@ﬁm#ﬁ%ﬁ%ﬁﬁmam%‘mﬂoids labeled

with beta-particle emitters have been proposed to treat intracavitary
diseas@éngludingrmetastatic iovarian 2@ @ancer alnihepecent years, efforts
seaveBIso Besn made 1e-1wifize dphassnitersdn anti-wrpor agents.
Alpha- emitters have several features distinguishing them from

r

PR&G SIS iHBRIdHTY RIYHS e RS S A SRS Héhes in tissues.
cPhepadiblionsangerstiypical alphw -emitdrsig pradicioyickl desrcemdings
gerganeralty: less- thapdHo-micrometersdihenequivalent ofanly a few cell
diamsters: s srakes these sevmeswellsuited oL trgatment of tympars
t'%a%"%%é“'cg'ﬂe@?ta%%s b:‘?c%z‘ééex?’o%Uté[a‘?n%fe@euradé%.tsega%%efgy will
pass Bleyonc? e?arge(f céjl?s, and thus'damage O'the surrounamg healthy
tissuerRaAnIFEFAAHAISER 19 EoRTERE £ BRFRPLPlciéhas B off E mm
phemore v Wetel. Hesenerdy thafpha-paefide radibtiorcisiaisbagly 3m
cenfoparatkiebetm partiales ammarayh andrédaysch relates to
the use of radionuclides for therapeutic purposes. For
many years, beta-particle emitters have been investigated
for use in the treatment of cancers and colloids labeled
with beta-particle emitters have been proposed to treat
intracavitary disease including wmetastatic. ovarian
.cancer.

In the recent years, efforts have also been made to
utilize alpha-emitters in anti-tumor agents. Alpha-
emitters have several features distinguishing them from
beta-emitters including higher energies and shorter
ranges in tissues. The radiation range of typical alpha
emitters in physiological surroundings is generally less
than 100 micrometers, the equivalent of only a few cell-
diameters. Thig makes these sources well guited for
treatment of tumors including micrometagtases because
iittle of the radiated energy will pass beyond the target
cells, and thus damage to the surrounding healthy tissue
can be minimised. In contrast, a beta particle has a
range of 1 mm or more in water,

The energy of alpha-particle radiation is also high
compared to beta particles, gamma rays and X-rays,
typically being 5-8 MeV, or 5 Lo 10 times that of a beta
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typically being 5-8 MeV, or 5 to 10 times that of a beta WO 2005/079867
PCT/GB2005/000616 2 particle and 20 or more times the energy of a
gamma ray. Thus, this deposition of a large amount of energy over a

wuenysaherdistance gives alpha radiation an exceptionally¢rigtslimesancsie

energy transfer (LET), when 5 compared to gamma or beta radiation. This
explains the exceptional cytotoxicity of alpha-emitting radionuclides and
also imposes stringent demands on the level of control and study of
padioncideagistibutien mece ssane snwidesie aygicbgnaceeapitableside
giifects. 0 It hashran suggssted thatalphasmitters bedsed Rownd fo
‘partlc%lggescacljﬁd é:g”%lgs fog‘lr%terg I radlon%gluge theraé)y (see Bloomer et
al. int _.ﬁa it Sncgl.%lol.%hysl.nﬁ @3‘ 398 (.aL 84); Rotmensch et
SFCFRMC JORRHIAL. BIED Bt ABhGEes8Y6 65 BAREET (i@@@} » J€18%0062,
¢BBOBOA410 USB085848bahd rerdfore wtnal., GhnecekDhebh« BE
366312 (h992)-and Cayphiecal yOneoh %i%3): bS8 149921 e picklem
yith these previqusly used-particulale. aRd calloidal catiigrs isgdhat the
cartier majerials used 20 arcot biacompaible and bipdearadable. As a
?é’éll‘flfc’[ e carriers n?éy Accumurate, particu ar"fy when administered
}8p eIy tRa BRI IR IFRE 2RI AHRRiIHESFTER-biocompatible
materiat nisetHescrausegdeiidaein dliat ctd B Appittéepoilensed
padticulady ferpstancerwithahe poorarbasiadineiatbenteids and
S IEN R s M A I A
?ﬁlﬁ8$rﬁa?ﬁ§§UesPﬁl¥es fhyjrgid( %ﬁdgsqizil) Féél(gm fi)lr %%Egé %%mgﬁg (fr%e %dneys
Hithr bikAtuth? A RASIFBHISHARh MARY of TR Fadivhucfifiés tsed,
{(1896) ; US 970062, US 5030441, US 5085848; and Vergote et
al., Gynecol Oncol. 47(3}: 366-372 (1992) and Gynecol
Oncol 47(3): 358-65 (1992)). _
One‘problem with these previously used particulate
and colloidal carriers is that the carrier waterials used

are not biocompatible and biodegradable. As a result,

the carriers may accumulate, particularly when
administered repeatedly to a body cavity. This
accumulation of non—biocémpatible material may thus cause
inflammation etc. .

Another problem, particularly for instance with the
prior art astatine-211 colloids and lead-212 colloids is
leakage of free radionuclide, since astatine-211 and
bismuth~212 (generated from lead-212) have been shown to
accumulate in normal tissues like thyroid and stomach for
astatine and the kidneys with bismuth.

A third problem with many of the radionuclides used,
is that they are difficult to prepare and available only
in small amounts or that they have a half-life so short
that it renders them unsuitable for use in therapeutical
preparations.
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is that they are difficult to prepare and available only in small amounts or
that they have a half-life so short that it renders them unsuitable for use in
therapeutical 35 preparations. WO 2005/079867 PCT/GB2005/000616 3

wikneoweeyskigh energy of an alpha particle, combined with s sigpilieaabeis

mass, results in significant momentum being imparted to the emitted
particle upon nuclear decay. As a résult, an equal but opposite 5
momentum is imparted to the remaining "daughter" nucleus in the form of
a "nuclens roed’. Hi@fm resikig, Sﬁﬁi%”ﬁiyg%w%f%@ﬁéﬁgéﬂ%ﬁt?ed
[ 0 e e r J ter puclide out o

?%ggtm%ng T%%gﬁcr% Esi "‘%%%ﬁ?é%%% %hé’gﬁﬁéf ?iﬁ%l‘é%s is 10 itself
SRR A RS bé%g%/l%%ﬁistd)aﬁdﬁe?%ﬁ%%d IBRGEr e 2oPRABd by the
PaEitRE6r eRefte cdfipRxansWhich e pareAt Rutleernwad BeIministered.
Asmergsult, ia sigmificartiproblemewithopast ingthaets:faradminisierisgs
alphenradieshemicals hasdiean coaliglling, therlbbiodisyihution of
apbasemitipg dayqhier pyclides., Jhis may imiLibe choige of .

Igha—emltters to.those without ag!%;ra-emlttlng daug%gers or-cause the
HOES o bR [RIEY SO 08 TS Te RO MG EXBOSIIE D EbIthy (REEL Where
Gritfolévar®le ioBisHb iAo dsafrel 120 Rueidican oimainmined
thiemethEreliplaconsideratiié vadbvantagesin:tatmingugtiopharimacensicals
wihalpha=enufiernaving & cbainof iwtheranhasequtling.Hayghtars.
Rl melhad fs dose ReslysrLy lispitly fisug during adiinisiration

and ideally alpha

< .
can be minimise 25 severa d}écays can takeplace’in

fhe"diZRALA I e P TP HENYEE R R SEriReFafe s Adtg et tRices
Caiist e dLeabifhiepie e SeclEc SPREX PFOBIgn ihthey are
alpbdaiemitiers: ddus i betahse dhey viay tieghter nuclides.

This may limit the choice of alpha-emitters to those
without alpha-ewitting daughters or cause the dose to be
limited so as to reduce the exposure of healthy tissuse.
Where control over the biodistribution of daughter
nuclel can be maintained then there is a considerable

‘a&vantage in forming radiopharmaceuticals with alpha-

emitters having a chain of further alpha-emitting
daughters. By this method the dose received by healthy
tissue during administration can be minimised and ideally
several alpha decays can take place in the diseased area.
If, howsver, control over the fate of daughter nuclei
cannot be established then these become a problem if they
are alpha-emitters. This is because they may then
accumulate in healthy tissue and cause undesirable side-
effects,

One method for maintaining control of alpha-emitting
daughter nuclei was proposed in W001/60417. This method
employs chelation agent-containing liposomes to contain
the alpha-emitters and prevent the nuclear recoil from
propelling the daughter muclei out into solution.
Liposomes are, however, not ideal for all methods of



accumulate in healthy tissue and cause undesirable side- 30 effects. One
method for maintaining control of alpha-emitting daughter nuclei was
proposed in WO01/60417. This method employs chelation
agent-containing liposomes to contain the alpha-emitters and prevent the
nuclear recoil from 35 propelling the daudhter nuclei out into solution.
Liposomes are, however, not ideal for all methods of 4 administration and
ma§8howUndesirable’dléarihte Fates ARE P6UtES A Somk R’ CFhert &

is thus a sansiderable peeddarsigyproved radiotherapeutic compositions
showing stable labeling of alpha-emitting radionuclides and having little if
any Ieakg%féro‘? rééiog%%f\?e 8aﬁé‘nri5rlsét% %gﬁi&qﬁe{% Thére TR RURAE a
nesgfor radiotheraeuticcompositidns kavihg Whiogompatifile arebeling of

big@%g@d@m@%@ori%%om%ﬂgef#rt!;ﬁanﬂ%nse%J_%ft:Le if e

radiotherapeutic compositions in which the radionuclides are sufficient
ed5A6FHEpAre BRERATIBIBGN daHEEMyIafe ahbastsTorasem There

phasmegeutieat preparations.The: gresent inveators haveMevsSWPHSIgh A ving

established that hydroxyapatite (HA) particles may be radio-labelled with
al%ﬁ“é) g%ﬁﬁiﬁg%ﬁﬁg%nﬁgﬁgg%lggé Wi F‘Bs?a %f rét3IP R Fadidhuclidss Svera
cohsiderabiec peried rRuwrthefmore atié presentinventorsshayecsitions in

esiahlishegithat HAradig-labglied with alpha-emitters, wilk 108N o prepare

unexpectedly high extent, retain daughter nuclides aftér decay of the
parefit AUCtE2This was Ahighfy Ghexpected fifdifg SiHtethédecoipe 1n
produced: by the @lpha deeay-usually-disrupts chemical bonds and effects
the relea,?% of the dgu%hter roduct. In.a first aspect of the present

disclosure, there 7s pr}ow Teldﬁyd%fyapaa‘ﬁ?e ﬂ-%f) %%5Pprojraﬁrr1§ gﬁ{ alpha-
established that hydroxyapatite (HA)} particles may be

radic-labelled with alpha emitting radionuclides and will
stably retain the radionuclides over a considerable
period. -Furthermore, the present inventors have
established that HA radio-labelled with alpha emitters
will, to an unexpectedly high extent, retain daughterx
nuclides after decay of the parent nuclide. This was a
highly unexpected finding since the recoil produced by the
alpha decay usually disrupts chemical bonds and effecte
the release of the daughter product.

In a first aspect of the present disclosure, there is
provided Hydroxyapatite (HA) incorporating an alpha-
emitting radionuclide chosen from the group *“‘at, 2*Bi,
“’Ra, ***Ra, **°ac, ?'Th or a beta-emitting radionuclide

211 . .
Ph, 213 MSR&, wherein

chosen from the group of **?ppb, Bi or
the hydroxyapatite is not combined or co-sedimented with
magnetic iron,

In a second aspect of the present disclosure, there
1s provided a process for preparing a radionuclide-labeled
hydroxyapatite particulate, said process comprising:

(a) contacting a solution of an alpha-emitting



emitting radionuclide chosen from the group 217At, 212Bi, 223Rd 224Ra,
225Ac, 227Th or a beta-emitting radionuclide chosen from the group of

212Pb 211Pb 213Bi or 22sRa, wherein the hydroxyapatite is not

combined or co-sedimented with magnetic iron. In a second aspect of the
present disclosure, there is provided a ffocess for preparing a
radionuclide-labeled hydroxyapatite particulate, said process comprising;

(af BBnERIAY BESO0IGHH BFan afphatemiting 48 oL CILIB thOSaR o Ra.
the'greyp 211:At, 212Bh 223Rem224Rag 225ACo 22 4Th @& adiela-emittingn the
radionuclide. chasen from the group of 21.2Pb 211Pp 213Bi or 221Ra with
h)%?&%?ap% ite p%g?ﬁculg%%’not é%hb?ﬁéd o?%ofgéagngﬁft%a%%ﬁa%%g% ic

irarg :andcib) eptenallyccrystatlizingla coating: of dideoxyapatitetdn theonetic
labelled. partisulates prepared in step (a) whereby to encapsulate said
radionuclide in the particulate. In a third aspect, there is provided the use

of hydrox§apatite nottembinéd 8 éa-sedifictited vittfrnaghetit iron
(HA)arskan alpha-emiting radiopuelide-ehosendrom 1thegroup 243 Aked in
212Bi, 223Ra, 224Ra, 225Ac, 227Th ar a beta- emitting radionuclide .
R o B e A S SRR CRI e 1 cne
maaufactureofa.medicament for use in the treatment of a cancerous

disease. jp aafoeﬁfﬂ@&pggbé@%r,e i%l@é@éd%@s a&rﬁéﬂ?ﬁd&@_m@ﬂiéiﬂgse of
hydroxyapatite incorporating an alpha-emitting radionuclide chosen from .
th@@%ﬁﬁii@ﬁﬁl?l%lé?f’fzﬁﬁlbﬁlﬁﬁa?léz%%t?9§?*ﬁ%?%%éfé—€hiﬁ?ﬁ%“@tlc
radionclide. chasen framathen greupi oft212Ph-281Rh 23 3Biier 2258an from
having "a half-life; between 5 hewrs and:90, days:r a beta-emitter having_
a% e%gs?gﬁgglpha}?émittin%:‘déugh &r'in t%g{l?‘deca?/{gﬁain,%w eorgi,natﬁke)ega
hyeiroskyapatite sYiotroombified oreesn from the group of **Pb, *'pb,

213 “Ra in the manufacture of a medicament for use in

Bi or
the treatment of a cancerous disease.

In a fourth aspect, there is provided a device
comprising hydroxyapatite incorpérating an alpha-emitting
radionuclide chosen from the group Mpp, 2R3, 2%°ra, *%MRa,
22SAC, 27T or a beta-emitting radionucliide chosen from the
group of “"Pb, “Y'Pb, *Bi or ““Ra, having a half-life
between 5 hours and 20 days, or a beta-emitter having at
least one alpha-emitting daughter in their decay chain,
wherein the hydroxyvapatite is not combined or co-
sedimented with magnetic iron.

In one aspect, the present disclosure therefore
provides a hydroxyapatite (HA) inccrporating an alpha=-
emitting radionuclide or a radionuclide which is an in
vivo generator for an alpha-emitting radionuclide.

The hydroxyapatites of the present disclosure are
preferably stable in the sense that the radionuclide is
stably trapped within the HA and does not significantly

leach out intec solutiocon or into other



sedimented with magnetic iron. In one aspect, the present disclosure
therefore provides a hydroxyapatite (HA) incorporating an alpha- emitting
radionuclide or a radionuclide which is an in vivo generator for an
alpha-emitting radionuclide. The hydroxyapatites of the present disclosure
are preferably stable in the sense that tAR radionuclide is stably trapped
within the HA and does not significantly leach out into solution or into
otheP 45 Sfsstee tnder PRy SIbRGIGE coRaitions L The HAsTArR fifithetfrore
préferably:stable ip thef sense that the Jdaughternuclides are also trapped
by,the HA carrier and substantiaIILI do.not Ie@% ut into_solytion or into
ooy eS s e SPGical SencTEO L. Thk RyroR it o o
theisdlesuresandvcolpositions prepared tHerefroArRava thie advahtage other
oft usingdhe therapepticallystronges alphasemitting sadionuclides instead
of the prior art beta-emitting nuclides while maintaining control over the
daughter nuclei. Furthermore, desirable alpha-emitters which decay to
provide a chain of further alpha-emissions may preferably be used
because the hydroxyapatites of the present disclosure provide control
over the fate of such daughters. The only known prior use of
hydroxyapatite particulates as carriers has been for beta-emitting
radionuclides in radiosynovectomy (i.e. in the treatment of pain from
arthritis) by Unni et al. (Nucl Med Biol 29, 199-209 (2002)) and Brodack at
al. (WO 97/01304). The beta-emitters used previously all decayed to
stable nuclides of no relevance to the dose distribution (i.e. there was
essentially no recoil upon decay and the daughter product was
non-radioactive and therefore its



distribution was not of any significance). The hydroxyapatites of the
present disclosure and the compositions prepared therefrom are highly
suitable for use in the treatment of cancerous and non-cancerous
diseases. This is especially because thestherapeutically active
alpha-emitters, administered directly with the hydroxyapatites of the

disclosuye or generafed in vivo. provide figh cylotoxielly and, gause less
damage tothe eepeYa%a surrounding” regions of normal tissues as
compared td beta-emitters 2 T his:appliesopartienarly WhendtherHAS of the

disclosure -are:usedin a;locak regionalorfargeted admiaistration gnethod
such as intracavitary, targeted systemic or intra- tumoural methods and
réSUlsoNR YRE BRofBPIE e GF alpha-rabidtion® it oé B8pEEt: fHe 19
present gdisclagure thereioreaprovides-amethad of treatrhentefiayhuman

or animal subject, especially a mammal(especially one in.need 6,. . o
ER01) by A ST ar S o comeu i o e by NP s Af o2
ircorparatihg ancalphaemiting® vadioadclivedrea Radicrdctiage Whikh is an

in, vive.generatesfor,an alphasemitting radigouclide ary administratinn
of a composition prepared from such a HA. In a further aspect, the present

dRECTOSHE provides S pRamtaceuticacompositish Compiging'a® °f such
hydroxyapatite ofithe presentdiselosureiand atleasttohg cohysiclogicallye

accentable,cartier. In a yet juher aspedt the present.disclosyte. prgydes
a hydroxyapatite (I—?ﬁs\) incorporating an alpha- emitting radionuclide or a
radiohgclidelwhien is-an i Vi¢s geRERESIMY analgha-ehifting treatment
ragionuclidefor yise iptherapy;. Ina still further aspect the-diselosurg o1 29,
p5,09v_fi5cie280t9he (UESOeOO2f) t;yda[g)éyaBpragié% c:l;!:A)eitan rlp.or?%%g S”r?] /01304). The
beta-emitters used previously all decayed to stable
nuclides of no relevance to the dose distribution (i.e.
there was essentially no recoil upon decay and the
daughter product was non-radiocactive and therefore its
distributicn was not of any significance).

The hydroxyapatites of the present disclosure and the
compositions prepared therefrom are highly suitable for
use in the treatment of cancerous and non-cancerous
diseases. This is especially because the therapeutically
active alpha-emitters, administered directly with the
hydroxyapatites of the
disclosure or generated in vivo, provide high cytotoxicity
and cause less damage to the deeper and surrounding
regions of normal tissues as compared to beta-emitters.
This applies particularly when the HAs of the disclosure
are used in a local, regional or targeted administration
method such as intracavitary, targeted systemic or intra-
tumoural methods and results from the shorter range of
alpha-radiation.

In one aspect, the present disclosure therefore

provides a method of treatment of a human or animal

subject, especially a mammal (especially one in need



alpha-emitting radionuclide or a radionuclide which is an in vivo generator
for an alpha-emitting radionuclide in the manufacture of a medicament
(especially an injectable, infusable or locally applicable medicament) for
the treatment of a cancerous or non-carcerous disease (such as any of
those diseases indicated herein below). in a yet still further aspect, the
disnlosure’ relates:storiharsaceutical composittonS-and devieesunt of a
comprising.a hydroxy. ite (HA) incorparating an alpha- emitting .
T R e At o1 A Ciphecatang radtorcices
suctagryringebpretioaded Awith phafmaceuticahprepazatiolrs. Theo

disclosure. turther relates 10,3, pragess far, prepadinga,pydrexyapaiite (HA)

incorporating an alpha- emitting radionuclide or an in vivo generator of an
afpiadmitiing fatfidhuchidé, CompRSing thE skIpRFGT-E4) cohtattimga @ HA.
solution ofian atpha:amitting radionuctide or andn viveigererator ©f @Acvides

alpha-emitting. radionuclide with hydroxyapatite particulates; and 7 (b) ..
o s s GG STy cy At b e I Pt 1 ce
parfictktes propardd histepyaywherely totencapsilate said

radionuclide or said ip vivo.ggneraies inthe patticulate. Prefergbly, said
process comprises: 5 (a) absorbing a solution of the alpha-emitter

radionuclidedrYfik ih Vivo §enétaist of thé aIghassihitter FAdionGeiticto
ther biydroxyapatitepasticulates; peeferably atapHdiothe range: of abeu=3-
LEgt ) evenely sl o plpiopceatsn e 0.,
radiorudiee gy teoparficulate. Fhieoternehyidrosyapatiteliscusedlindhe art: use
to;ipdicate-avariety; Of elatedsphosphated corpaunds, .espgeially calcium
hydrox¥apat!te WhICh has the formula [Calfj',(CPe ‘P;-?;&(?Hii]é Cc):ralcouggltiﬂ o
hﬁﬁ%&y&&iné%ﬁause of hydroxyapati ) P g
alpha-emitting radionuclide or a radionuclide which is an
in vive generator for an alpha-emitting radionuclide in
the manuifacture of a medicament (especially an
injectable, infusable or locally applicable medicament)
for the treatment of a cancerous or non-cancerous disease
(such as any ¢f those diseases indicated herein below).

In a vet still further aspect, the disclosure
relates to pharmaceutical compositions and devices
comprising a hydroxyapatite (HA) incorporating an alpha-
emitting radionuclide or an in vivo generator of an
alpha-emitting radionuclide such as syringes pre~loaded
with pharmaceutical preparations.

The disclosure further relates to a process for
preparing a hydroxyapatite {(HA) incorpeorating an alpha-
emitting radionuclide or an In vive generator of an
alpha-emitting radionuclide, comprising the steps of:

{a) contacting a solution of an alpha-emitting
radiconucliide or an in vivo generator of an alpha-emitting

radionuclide with hydroxyapatite particulates; and



10

15

20

25

30

35

15 constituent of healthy bone matrix in all vertebrates. It is presently
used as a material in artificial limbs, particularly in "cementless" bone
inserts. A further use for hydroxyapatits,is as selective cation exchangers
in columns. Hydroxyapatite is a biocompatible and biodegradable

material and.it is therefore e ially useful for jn viva 20 application. In
this %%nne%%l?%a l(jlr}'h(fa:rr X&gggég%y 78 tRaf Recan Be treAled TherRMi -6r o the

LabalfotIRYEEL THE prése RERRATRIBN TS cad ditloridis provities proaucts and said

rad¢ompositiens:whichiare: Stable tg=auteetavation pinderstandard. |

congliti S rein.in the ription and claims, the term 25
s AL g%%gé Q&g% gsnef hggroxyapatite and any

hydroxyapatite (HA) is used to indic _ ) _
deritAtive Br SHADTE AtHEIEOF i3t Ribid¥ompalibie Bt Hicdegradableslide or

theTh@stéis’t@oaRﬁpr@f@mbqfnehexmhdhadmrseeﬁeets:‘f@mhEji_ataertdsedhuse.
nyatheyegsdiselosed herein: anydiaeanatite (HA) ingorporating.an 30 : .1 . 5
i 1gl_pg%-§mitting radionuclide chosen from tfe group211At, 212Bi, ZgZSRd

24Ra, 225Ac, 227Th or a beta-emitting radionuclide chosen from the
grollof PPPE2IPY, 213BIterR 228Rw whereinitre hfdroxyapatiferisinet on the
Labebabiped-arwasadimenipawith magnatic ko i-ope embogdiment 1pe sa:g
raa Dydroxyapatite t%%nyéks@&%fg@gh that is bivalent or trivalent or a mixture

of such 35 cations. For example, the term hydroxyapatite or HA, as used ‘

herBi SREBNIFELSEY RBRGARThyaroRgapatite B8 el dahy® eompourrtiety
of yeierecthetaluibation cCapisireplacetbby any othen (ireferablyoxyapacrite which
nas biololeeable) cation suel) AS &I, Ba2++Bidh S nb& 2y, Bb2H 0L ACS' or a

cgrrébinaéior%o onletgr more of tﬁes.e cations. In "one em odlm‘ent the
“Onation is choseh Tror the §fodls cotsisting of 5'RERGER? trontidm, Famagsently
use%ié‘rﬁLﬂhfﬂflﬁﬁﬁhﬁt,lla#nhaﬁgiirf,ﬂé'a@iloﬁimbaureszthepedfaztmorﬁea "cementless"
bonembediment, hydrexyapatiiecomprisingsalgiym BéldE%X)é%ﬁéEtdf‘eéc ﬁve < ation

- i tallized with other

weferred, The ay f%rt er be co- sedimented or crys e
e min%als having low solu ﬁﬁyr,oélﬁg%%lﬁ/elolﬁ SoILiBity Car-salts™ 1Whe o
piodeg a%f‘erb?ésé’ﬁfiin’v’érﬁi%ﬁ&ﬁﬁﬁ@éﬁe%ﬁﬂ?éé%%r@%ﬁyéﬂ@@rm vivo
app HAdEmIn may funtherdersecfacenmedifiedtioer advantage is that it can be
treated thermally or autoclaved. The present invention thus
additionally provides products and compositions which are stable to
autoclavation under standard conditionsg.

As used herein in the description and claims, the term
hydroxyapatite (HA) is used to indicate any hydroxyapatite and any
derivative or amalogue thereof that is biocompatible or biodegradablel
These should preferably not exhibit adverse effects for the intended
use. '

There is disclosed herein, a hydroxyapatite (HA) incorporating an

alpha-emitting radionuclide chosen from the group®'’at, **?Bi, ***ra, ***Ra,

225 227

Ac, Th or a beta-emitting radionuclide chosen from the group of
b, *7Pb, *Bi or *"Ra, wherein the hydroxvapatite is not combined or
co-sedimented with magnetic iron. In one embodiment, the hydroxyapatite
comprises a cation that is bivalent or trivalent or a mixture of such
cations. For example, the term hydroxyapatite or HA, as used herein

encompagses calcium hydroxyapatite as well as any
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carry other substituents or groups, such as fluorine, phosphonates
including bisphosphonates and tetraphosphonates, proteins, amino acids,
peptides and magnetic substances. 15gThrough surface modification,
different properties, such as for instance a higher resistance to

degradatiomdnay beimparted, 1o the %ngl@&eﬁ@swgéq%‘%scf %y(': any other

f

surface modification is to include receptor binding molec Ie2§ Whl93+ an .
(pr&&%@&@rd@iiﬂ@%&&ﬁ@%@far@%%%lloﬁ@éﬂa?@etsﬁruct@%s,res},?ﬁecigliy , La’,
PbtuBIO W20, a@ﬁodatﬁ&rr@gﬁ@tomnwer%@nﬁhﬂtga@w%és &&%@Qéﬁ%{{&i ons. In

also.encompasses comppsites such as any hydroxyapatite compound
One ShBinat 6 go-%eediﬁwae & with GTRRT Aiatehigls Siith 85 étafS Hides, g oF
Calpf‘m@eins,smmbiawids,b@arbumydﬁaiemummghﬂnaie@incilaﬁﬁﬂg%m, lead or
mix@@PQQSE@@¥g8§LO%H”wﬁgogwggﬁ§§egé%’E§Q¥%§§E%ﬁtite c %%Fising

polyethyleneketones, glass-ceramics, titania, alumin Fconia, Silic _
ca L GoNetiyiere eeNy; bofyetRylBnediyesrdpolyRhdrdiybutrate; getatin be co-
sedcoltagen c@itow@gqu%@@?ﬁ ﬂm@ﬂ%%ﬁmgﬁéﬁféomt}%l ' ;IS%R,QH-

Such combinations are 30 _useful for giving the fina -particula
SOlggégi%ﬁgl’ d(?ﬁ?quéa&ﬁ&be}ﬁé’s,%ﬁ%f&ﬁn%ﬁ%@%ﬁgnetism (magnetic

iromber the ab&i@ﬂmgeh(gteﬂmirpmﬂageni&himﬁ:art)anﬂbenﬁél‘@é@Q@a ro as

QUpS; ngign bove will render the HA more 9 lipophilic, as is

hydvgrvlzgglgl’:now %Er]% ggrs%%\aék%?éed' in tr[ll"’(g;yar%L gn%letﬁisbl% cso%rs%ecr%dméaﬁilfwd to
Carébfvé’r‘it%@éo%?ﬁééé#ﬁ%ﬁamrI—Wdel@\_isativelCdn araldguetd be used in
pholigBresent i%ﬁ@i@@i}@eﬂwgﬁ&%ﬁﬁ%ﬁ% thatare %@@PA%E%%%W the ,

resent 5 invention can have any solid form, and will generally be calle

ProbeilitulatBe iR (RETFEzeMdisiplioR shFaBnAs 16 GehAgaRARem
fromhthesadicpatiicles suell asaphapartcles (heliunm-puglebordetac, n 5

particles (electrons). The HA, particulates can for instance be cr_ystals,
formgllclrsoqts%%%?esa ogi Colloids” Jl‘%%as fape; isE Borosity A dBALiPEf tararted

to phftiiatesanay be dHosenrtocadoommedate thalinfendetti8@fication is to

include receptor binding molecules which can act as a targeting
ligand to target biological target structures, especially tumour
assoclated receptors.

Hydroxyapatite or HA as used herein also encompasses

© composites such as any hydroxyapatite compound combined or co-

sedimented with other materials such as metals, cxides, proteins,
amine acids, carbohydrates, phosphonates including
bisphosphonates, organic compounds, e.g., polylactide,
polyethyleneketones, glass-ceramics, titania, alumina, zirconia,
silica, polyethylene, epoxy, polyethyleneglycol,
polyhydroxybutyrate, gelatin, collagen, chitosan, phosphazene,
iron, iron oxides and/or magnetic ilron. Such combinations are
ugeful for giving the final HA-particulates additional desirable
properties, such as for instance magnetism (magnetic iron) or the
ability to gel (gelatin, collagen, chitosan). Further, some of

the groups mentioned above will render the HA more
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The size of the HA particulates may generally be in the range of from
about 10 nm to about 100 m, but colloids and other small particulates
may be used including particulates as 15 small as 1 nm. In one
embodiment, the HA is particulate and has a size in the range of Inm to

.. 100m. In one embodiment, it is-preferable that the particulates are of a
S %%ﬁétcthejaiséahsrevfﬁng?% i StEpERSion WRAGH sédimertatioh. the art, and
thigedimentatiodér s @ontextheing taken to-3Q inclyde doatationhere: var i ve

' grlggae ' f the top, rather_than the bottom of the suspension.
o %}lﬁggr%cularrﬁ? i?‘fggr:flel e?gblle%hg%%ep f):gﬁﬁ:rﬁ?atjérsl\é?gtoqf%nsize such that

they “\WilFotsatinent Witeh stordd forea petiodiofat feastskodr, the present
invpieferably-ahlaasts hours andimost preferably af jaast d m Qiﬁ%; %h%%lled

SL%sperided in a fluid such as a pharmaceutically tolerable (espe
"partlcu

Aqueous) Sofution® %?a&?(?%%ﬁ?&lgfésﬁﬁégwwqh%%@ﬁeﬁmy to
disdetegminablefemany particidar-HAitypeoy 1 @?Bﬁe %QW%@ta%Jh%ﬁ% articles
ri s. One especially preferred general size range for the
e INes Soh0 g s RoE Wil e o to 26
parpafichidrfEfroanl feto &ﬂtﬂﬂspréferamgaoaﬂsg particutaies: bavingoa
co1subelantialty, nifoigsize diairibution. piffergat 28 WO, 29951079867
PCT/GB2005/000616 10 ranges will be preferred an chosen ep_endlng
PAThATHe ArntendEd uBE. SRRMESIZE Parratirednay dismbitbotedinuse .

aremsawberssthefe isa sterighindrancecikewise, Jhay .5 may have , o
advanti%es wherni the composition of the invention is administered

TAngSr Renotidly @8 or LAntBr freafhert sylfertitallp)ysr for edivds and

othéacally{ ). gesccancer- infecled ggapsuchias. fordnstange the liven, .o 4

Thus, aqne preferred small siz%ran e, particularly for 10 intravenous
sma]é n%ﬁis g I%h, :Esnagénﬁ f%o LS5t We HA "is particulate and has a

size'in the range of 1nm to 100um.

in cne embodiment, it is preferable that the particulates
are of a size that they can remain in suspengion without
sedimentation. Sedimentation in this context being taken to
include floatation, where the 'sediment' forms at the top, rather
than the bottom of the suspension. In particular, it is
preferable that the particulates are of a size such that they
will not sediment when stored for a period of at least 1 hour,
preferably at least 6 hours and most pfeferably at least 1 month
when suspended in a fluid such as a pharmaceutically tolerable
(especially aqueoug) solution. Suitable particulate gizes will
thus be readily determinable for any particular HA type by
routine sedimentation experiments.

OUne especially preferred general size range for the HA

particulates according to this invention will be from 1 um te 20

pm, particularly from 1 um to 5 um.
It is preferable to use particulates having a substantially

uniform size distribution. Different aize



and a more preferred range is from about 8 nm to 40 nm. In one
embodiment, very small particulates are administered in order to
preferentially target tumour cells. In particular, tumour capillaries may be
wonareABpmone to leakage than capillaries in healthy tissu@(a/gBxitre00616
their fenestration). Very small "nano- particulate" HA particulates of the
present invention, (such as 1 to 50*im, preferably 2 to 10 nm, more
preferably 3 to 5 nm), may thus leak selectively from 20 capillaries within

AU swind se efiectivelriatgahdheli daear pesaigsadionuclides to the
J{Umopy site, .guch particulates may also be attached to targeting moieties
(such as antibadies or receptor bindin Qlecules - see above) so as to

increas®’ths f’alrfé%tiﬁa?%cgiea&?an“éérgth%?ﬂlgﬁ%tﬁa% Fefde 10
ararfiubes thdyf BEehétter réfaffdE Withiit #id SBminist&ii-Site e 9% a
wndyheandtya Fveetene advaagbof soohdangerqranticulzies isitren thep
areptias gasiheangtfed-em3Qdarpken downr by masrephagesandare

sg}r%?e%? £iaq,jo J?@thhge@é%%c'@gc}&iti‘? "i‘e".i%‘?- £0us, 2 futer

erred siz€ range, particularly for adminis %tlon oali)odyc vity, IS

THERR T HRORR 10 TR P B B8 B A e from SRR 500

FH B35S EEMSVHOL 26650 FFBETEP CHFEBEDISIH0B6 6711 As used
harei-dheusizesef Aipartiouiale refersatethe avarmge (mede) sizauaf the
largest dimension bf the pr%HCU'at%s'fEh%paaﬁ%%T;'aEe%Qaé’ haye any

% apaé OF Trixtre oefrs'?napes n?c?ué‘mg sp%eres, ates, Needles rods 5 etc.
but in §arets FRISAFRSEHIMERSONT R e H?)‘?enb?é‘lﬁlﬁﬁsz@ﬁﬁes,

plefgrablemedndre tredefivé dines firr skt virrRrsin. Wwhers
aartieulatesage farpaeied tumour capillaries may be more
prone to leakage than capillaries in healthy tissue (e.g.
due to their fenestration}). Very small "nano-
particulate” HA particulates of the present invention,
{such ag 1 to 50 nm, preferably 2 to 10 nm, more
preferably 3 to 5 nm), may thus leak selectively from
capillaries within tumours and so effectively target
their incorporated radionuclides to the tumour site.
Such particulates may also be attached to targeting
moieties (such as antibodieg or receptor binding
molecules - see above) so as to increase this targeting
effect.

On the other hand, larger size particulates may be
better retained within the adwministered site e.g. in a
body cavity. A second advantage of such larger
particulates is that they are not as easily engulfed or
broken down by macrophages and are thus expected to
retain the radionuclide better in vivo.

Thusg, a further preferred size range, particularly
for administration to a body cavity, is about 100 nm to
100 um and a more preferred range is from about 500 nm to

20 m.
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for (especially intravenous or intra-arterial) injection or infusion it will
generally be the case that no 10 detectable proportion of particulates have
any dimension greater than 8lpm, preferably S pm. Local or regional
wimbeetiongerg. to a cavity, intra-tumorally, subcutaneously REIT/GB2005/060616
intramuscularly may not require this restriction. 15 Porosity is a second
property of the HA particulates thatinay be chosen to correspond with the
intended use or with the radionuclide to be labelled on the particulate. In
particylar, theperosiywillihe closeherelgtedita, dhe dapsilyoftrilgers
(Rarticulate and It will for some of 2. the, applications e favaurable fo
choose IE-BI'X par%culates aving a poragsity that E%lves a density similar to

5ttt 35 SEhieve s R ST Y, SRGiMETRuSH ARPPS ©F
wagiottelidé sthraphs fdmabedingHRPle PR vide @ E6hpdsiton et cBRifg
dedhetaventionymay-the 2hesbonipahe ghesentiventibhl Thes mill bexan
H8QIOPENRE ST gRerating (§ b matleashenediria daemy atnleast one
iRhadiogeliyg uclel. By (el Sum 2 Jna Mk JeRFLARGIRE Al o

a pﬁa—emlttln_g I’angOUU'Chde IS meant a "parent” radlonucgde which itself
fIcalRSRRFIPAd UoIMG SRSV LA ritfoaRits Waiigher HeREs 188
proviaivg Aqadidactivbldaenperaky vitterehratRest BrRE dtehe nuclei in
dbesheipiecaysbyalpba-emigsian.i Gerdraly teerpasent Aokt with
decaydy bemenission,Alsa,tha pusienin the decay shaingibiaically

ave 35 half-lifes such that a th rapeut{':cglly si%rcl)i]f_jc nt amount WO

3576867 BETIEB2605000816 T2 %

4 ‘ oFéI%ﬁa—ra iation is generated
bR RSN o HhEFENDTULATAE MK P BEEF Whdreish

isgippédormulated in a composition of the invention is an alpha-emitter, it
will preferallydiavesaa second property of the HA particulates
that may be chosen to correspond with the intended use or
with the radionuclide to be labelled on the particulate.
In particular, the porogity will be closely related to
the density of the particulate and it will for some of
the applications be favourable tc choose HA particulates
lhaving a porosity that gives a density similar to water
in order to achieve a very slow, if any, sedim&ntation.
Any radionuclide suitable for labelling HA to
provide a composition according to the invention may be
uged in the present invention. This will be an isotope
having or generating (e.g. by at least one beta decay) at
least one alpha-radioactive nuclei. By the term an in

vivo generator for an alpha-emitting radionuclide is

meant a "parent’ radionuclide which itself decays and in
doing so provides a radiocactive daughter nuclide, so
providing a radicactive decay chain, wherein at least one
of the nuclei in the chain decays by alpha-emission.
Generally the parent nuclide will decay by beta emission.
Also, the nuclei in the decay chain will typically have
half-lifes such that a therapeutically significant amount
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5 half-life of between 1 hour and 1 year, more preferably between 5 hours
and 90 days One group of preferred nuclei includes the alpha emitting
nuclei of the following group: 211 At, 212Bi, 223Ra, 224Ra, 225Ac,
wd2éiEm7egsd any combination thereof. 10 Another group ofrericrmcides s
are beta-emitters having at least one alpha-emitting daughter in their
decay chain. These include, for exdmple, "Pb, which acts as a source for
alpha-emitting 211Bi; 213Bi which decays to alpha-emitting 213Po;

ANd325Ra, Which. beta-gdecays Joto-proyide 295Ac. and-suRsequently
t%eca S via foultlgl‘plha anq:hwg)1 Gﬁ% ehml sions to finally yield stable 209Bi.

Re " BEpELRAIY preferréd exampleis: B, which decays via its

alpha®&fifingHatRiters 1 3BT IGHE Préfe i cempiriierit of thd e
iinventidon 20sZ 32Pb2E2BEsuitdide foi oswid theHX eofihbypleseat a
Havention may beaqrepared yoa melhodicomprsingsi:PrepadigR24Ra
HE:g frgmsa 228 Thoriym §@%§§,§y anion exchange chromatography), ii)

Purifying the b24Ra by coptact with an f-block 25 specific binder (e.g. an

i a1 B Fee, BLOemig s THaTe b st ol i
SRHSHHRANBYGHE 0P S 15D 1By HREWIFY 2R ARA RS + starftEfor 6552
*Haars) and, vy Pirify mmditepe stdtiteg 1tRbizby ¢betetfvith a lead 30

specifig, bingier (6 Pbrspadiicnaesini @spesiadlynstthetforot efta

el i he.ahoye methad, anyefthepyrification steps. fle fiyand/or iv)
may b_e repeated at least.onge g\gth e_same 0 cz_lﬁg,_ﬂr&nt S%“IHE;L? of
e CBitder. StitaBre ég(fiﬁock e gﬁen%%?@cfﬁ’c binders hdlGde

aRBthare Biss PrERPhBRIC atrlacARfdSguchBis P, Bi- gt hethane
dsephosphonipasicefely tDIBEX PRTMPISHReble WV 2005107988y s
f&;@@gggw@@%l@nd subsequently decays via four alpha
and two beta emissions to finally yield stable **Bi. One
especially preferred example is: *Pb, which decays via
its alpha-emitting daughter **Bi.

In one preferred embodiment of the invention,
*ph/*¥Ri guitable for use in the HA of the present |
'invention may be prepared by a method comprising;

i) Preparing “*Ra {e.g. from a ™Thorium source by anion
exchange chromatography),

ii) Purifying the **Ra by contact with an f-block
specific binder (e.g. an actinide/lanthanide-specific
resin, especially in the form of a column),

iii) Allowing ingrowth of **Pb (e.g. by allowing **Ra to
stand for 6-24 hours), and

iv) Purifying the resulting *“Pb by contact with a lead-
specific binder (e.g. a Pb-gpecific resin, especially in
the form of a column).

In the above method, any of the purification steps
i), ii) and/or iv) may be repeated at least once with the
same or different samples of specific binder. Suitable
f-block element specific binders include methane bis-
phosphonic acid derivatives such as P, P' di-octyl
methane bis-phosphonic acid {e.g. DIPEX (RTM)). Suitable
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13 Pb specific binders include crown ethers, particularly 18-crown-6
derivatives such as di-t-butyl-cyclohexano-18- crown-6 (e.g. the Pb-B25-S
cartridge containing Eichrom Pb specific resin). Where radionuclides are

wisedydlbiesgapreferable to use specific binders on non-labilepgtaapoitsauctis
as silica but for purification where, contact with the resin is brief, organic .
resin supports may be used. This method may be combined with any

method for forming HA incorporating radionuclides referred to herein. The

10 "Pb, and HA i |nc oratlng Pb formed %d formabl% Y, {heie
ﬁ@tﬁé’(%:fofrﬁ?fﬁfﬁler Adpedt SttRe T8RS The pldparaficn Method

fbb 2aPPHindiREd EoEeRasRE atvattade Brbrbrinycd ShRpRFand e -
easiyrcatriéd .qut procethiBland alsorforigioviding CRbroingre@tehidm
@Qi%&iﬂm@éémﬁm hasipedouslyikeeirobtaiablee Thed, it is

C°m9°§ﬁ£85?s OJéh%é’éeESBEE{%’fé‘t&?ﬁﬁr&%taQJ? I{Bﬁhﬂeﬁgf Higinaded
dionuclide from the HA $artlcu a%es Apomp%Lsmon m%b OnSJ red

SHble 5 u%b%ﬁﬁ@uﬁﬁt‘foﬁ % PESLtORACSTC Y6 4Fieat mlnu es,
&eases0s of theuEaTity EFARE 155848 ARIBRFARICRYISRCEASE in
theid Anpartiodl ates rath ec cihtaimiritheisd ution. Tilishod portiof shoild

@f@f%@@&gﬁ?rﬁftlﬁﬁét 856; e peafarably atJeast06,angimost The
fﬁgfab';%%ﬁ% S A Ahﬁ &0*‘“@%5'98%&5%&%0 mmggghg oss of

daugl‘lter enerated from the eca ée of he
r5d

EGES rﬁ‘ﬁﬁﬁ?ﬁ%ﬁd AR b HRERP c&ﬁ‘ip% Ctt?/n may be
consid&hed stapRAFAHISCEpERPH, ﬁBEn h%labaﬂéﬁ%ﬁa%lﬁ%‘r@ P,
thr3G:aotivibpaiirilftablie tor the daughtel rdioduelidel lgeneratdc:during

%E@&Q@é’s distribgtes sueh thatatleast 796 remaineasseciated with
the HaRsYassi TR RIRROTION B RIGIRIREIL ALEaR! 4pPaiidB1e .

The compositions of the present invention are gptable
to the loss of the loaded radionuclide from the HA
particulates. A composition may be considered stable if,
upon incubation in a solution at 37°C for at least 20
minutes, at least 80% of the activity from the loaded
radionuclide is detectable in the HA particulates rather
than in the solution. This proportion should preferably
be at least 85%, more preferably at least 20% and most
preferably 95% or more.

The compositions are also stable to the loss of
daughter nuclides generated from the decay (e.g. alpha
decay) of the loaded radionuclide or one of its decay
products. A composition may be considered stable in this
respect if, upon incubation for a suitable period, the
activity attributable to the daughter radionuclide
generated during that period is distributed such that at
least 70% remains associated with the HA particulates.
This proportion is preferably at least 75%, more
preferably at least 80% and wost preferably at least 90%.
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preferably at least 80% and most preferably at least 90%. WO
2005/079867 PCT/GB2005/000616 14 The labeling of hydroxyapatite
with a radionuclide can for instance be performed through the following

wprmsesasieps of: (a) absorbing a solution of the alpha-entittingsnos/ooesis
radionuclide or the in vivo generator of the alpha- emitting radionuclide to
the hydroxyapatite particulates, préferably at a pH. in the range of about 3
- 12, more preferably at pH 5 to 10; and (b) optionally crystallizing a

coating,af 10:hydrgxyapaiitesenthe lakeled Rarticulates preparad i step
gfz t% encagsulate said radlo UC|Id Tp the Hﬁ\ gﬁlrtlcru E;& The method
als

0 prefera%Fy comprlse% f“ﬁe step 0 (r ?%atlng the parl%%les from
PRPIET of <885 5 (b) to a temperature of 70 to 150C, preferably 80 to
130C { moregirefetabhy 190sel120Cn The Mhepadicutatenisbales
raeeRsHing k) @ecan beiaddgdde bincasmpatieleaupphysiologically

table liquid ferabl 20t
<TSctabte S I SUenchuBR O MRS/ SERL (G eF BIAR e

PHEEESN Brtfe s alife 1BxEpferftedidsioP R A?dd’ tives |ﬁl§lﬁ&e
padjfeantsl suitabigifér prepetinggadd stabilising a physiologically

acceptable praparationforvsetnthedieaimerinfiGaices25 and in
gﬂrcgi Wﬁ%%@yog y&@'%@@f@@% ifipnal; carmponents, where,

e added e fore o teR Pharmac utlcally tolerable
SETiele At e RS ETY §1revv% dfv?ﬁlh? u%er’s%% 1585 e art and

pREYy190iaERde, for example, salts, sugars and other tonicity adjusters,
buffershaciast badesland ptiedrpHiddjusterprises the step of:
(¢} Theating the HA particles from step {(a) or step

(b} to a temperature of 70 to 150°C, preferably 80 to

130°C, more preferably 100 to 120°C.

The HA-particulates labeled according to (a) or (b)
can be added to a biocompatible or physioclogically
acceptable ligquid carrier (preferably an agueous carrier)
‘to prepare an injectable or infusable suspension or
dispersion, together with any necessary ot desirable
excipient and/or additive. Additives include adjuvants
suitable for preparing and stabilising a physiologically
acceptable preparation for use in the treatment of cancer
and in radiosynovectomy. Typically these additional
components, where present, will be added before opticnal
step {c).

Pharmaceutically tolerable carriers and excipients
are well-known to a person skilled in the art and may
include, for example, salts, sugars and other tonicity
adjusters, buffers, acids, bases and other pH adjusters,
vigscogity modifiers, colourants, etc.

Alternatively HA-particulates labeled according to
(a), followed by optional steps (b) and/or (c) can be
included in a pharmaceutical gel compesition, together
with any necessary or desirable excipient and/or



10

15

20

25

30

35

viscosity modifiers, colourants, etc. Alternatively HA-particulates labeled
according to (a), followed by optional steps (b) and/or (c) can be 35
included in a pharmaceutical gel composition, together with any
wizecasgayysor desirable excipient and/or WO 2005/079867 pcriGB2005/000616
PCT/G82005/000616 15 additives. Suitable additives will be well-known
to persons skilled in the art and madg include those indicated above and
well known gelling agents such as natural and/or synthetic polymer gels.

&QEEFE%'HQ”S I@&%&Mﬁh&@i@@@é Wﬁ%%%%& a%8 pé%f’e”'es

All other su ?ﬁ% arm %eutlca formulations that may be prepared
AD

RBEarting irom ar%cula‘?es 1B B it S 4i5h §Iéﬁﬁﬁ|ng

1R REERTe BPATEIrARTo HeneraisTor SR AR -eAfERg radisnuside,
nsdluding 20diquidsfotimdctiorpol infasions gels, deams; pastes; drops,
paicheswipest speays, iInpregpalecmessbranesaad pshgatseieform
furthemb&&@@n&@émwmmogﬁ most eferrsd pharmaceutical

rﬁ rations of compasitions acc to the invention are enerally

I|qU|dpph§’3|o%%§|c§Ify SeE&h b |ﬁﬁ§:t g ﬁﬁﬁé‘&tﬂE%ﬁsﬁ%ﬂ%i’cﬁ%
Bt s s RO T PR S U It Aideta. thial @b nipbsitiorns the
gonpositiong of the inkphticrmaietadded-taipbysicldgieally acceptakie
lisgich @armess. ﬁmlaﬁp&fe&rﬁﬁx%@oﬁot@ry@ssalkﬁ@e%%ﬂ Pbesehate
@ygggs %tt%@égthg; Ii%gd c%gggg[gr carrier rﬁgflt:] that anes

gsmlo%lcally cceptable ‘an compat| e |nven e compo %d

CAR & uBEH! MY sﬂ%ﬁﬁﬁﬁd%ﬁ?ﬁgﬁnﬁ%ﬁrﬁéﬁr SGefRvge i Btvn by
person$§kMedtinRRe et 6EPrépaiig priskirce ureababrdparmtiohs for
i ivoaniestioniand/crdnfusiomg The et positions.ohtherpresentral ly
invantion effesaciuther-advantiage pdhat theynapdiqidie Rijarmaceutical
infusable suspensions or dispersions. To prepare such
pharmaceutical compositions the compositions of the
invention are added to physiologically acceptable liquid
carriers. Especially preferred are isotonic saline or
phosphate buffers, but any other liquid carrier or
‘carrier mixture that is physiologically acceptable and
compatible with the inventive compound can be used. Many
such liquid carriers or carrier systems are known'by
persons skilled in the art of preparing pharmaceutical
preparations for Iin vivo injection and/or infusgion.

The compositions of the pregent invention offer a
further advantage in that they and/or the pharmaceutical
Preparations made therefrom may be heat-treated, for
example, for the purposes of sterilisation, The
compositions of the invention will typically be stable to
heat treatment to above 70°C, preferably above 80°C and

wore preferably to at least 100°C., This is particularly
significant for larger particulates which will not easily
be gterilisged by filtration. '

In order to avold aggregation of-the HA-particulates
when in suspension, suitable modifiers or adjuvants as
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e Ashieved upuob adminisation of a pbarmageyiical, composion
ntion e Through

preparations made therefrom may be heat-treated, for example, for the
purposes of sterilisation. The 30 compositions of the invention will typically
be stable to heat treatment to above 70C, preferably above 80C and
wWingis/pregerably to at least 100C. This is particularly significaiiBsoidigers
particulates which will not easily be sterilised by filtration. 35 In order to
avoid aggregation of-the HA-partichates when in suspension, suitable
modifiers or adjuvants as WO 2005/079867 PCT/GB2005/000616 16 are
anell-kadivkindhe dit, sheh astdispersionagenisanayohe asisieckto they
Higuighpbarmaceytical gieparaliaiacerrding jo Hi‘%é!ﬁ&%m'@&u Examples of
Suebmodiiars may be carbohydratgs grpyeteins. 3 Iie effective dosage
16 be adiministered to a patient 'In need of treatment Wil be epe:hedlé%t on

A ARSI EHER R R fFEARE decay chain of the radionuclide
includéddn ek evmpesifioncac ordinectoathelpiventivad the reutsbfient
iadminsiratfor ibetnedical tohdittorsepthridpatie i ansais/eraga-and
seighs aswelias he sieess o Bedigated, Siichan plfective dasagecan

according to the inve as one sin 0osage once; or throug gfleast

Fife EMGRE 188G e B5 B Rbic P oRedtwE br IRk bdPBagf fdite
reddtenentapéribdofereaseonadnaivitiidl dearomaifeast ohbalay per
iveek iy are be Mo veeksidnoaths: fihe treatmestapaykerepeated

ABILNGE 2L AL NECHSSREY Oh SHitaPIghy-the-skilled medical
Cpr%ctltloner. 20 If ara Jonu%)dq:gavmlgvagport half life is used,., it

Oer‘rr)e?gﬁy}:jg?vnesaﬁscg jf”(c)ij 1anﬁ|g er aC%VIny d%saag%npgrs s{i)rﬁlé?le %Jd’lrﬁl n?stration
EGFRPIFEE o FrddIGRUIE hahidG h PRy e? HiffiRetosage pex
day (typically one, two or three per day) for a treatment
period of at least one individual day or at least one day
per week for one or more weeks or months. The treatment

may be repeated at least onge as deemed necgesgary or
suitable by the skilled medical practitioner.

If a radionuclide having a short half life is used,
it generally gives rise to a higher activity dosage per
single administration as compared to a radionuclide
having a longer half life.

Typical dosages will generally lie in the range from
10 kiloBg to 10 gigaBg per each single administration,
with a wmore preferréd range being 1 megaBg to 1 gigaBg
per each single administration. '

The compositions according to the present invention
are useful in pharmaceutical compositions, especially
preparations or devices in a liquid or gelled state and
for the treatment of cancer and non-cangerous diseases.

Ag indicated above, the present invention provides,
in varioug aspects, a method for treatment of cancer oxr
non-cancerous diseases, composgitions for use in such
methods and the use of a composition for the manufacture
of a medicament for use in such a treatment method.
Diseases particularly applicable to these aspects of the
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Typical dosages will generally lie in the range from 25 10 kiloBg to 10
gigaBq per each single administration, with a more preferred range being
1 megaBq to 1 gigaBq per each single administration. The compositions
waceesTingsto the present invention are useful in pharmac&gticaB2005/000616
compositions, especially 30 preparations or devices in a liquid or gelled
state and for the treatment of cancdr and non-cancerous diseases. As
indicated above, the present invention provides, in various aspects, a
imethed for ttaatinast ekcancartdrc Nondcaneer austdiseasds, compositions

it UseIRSueh33 methodsand the.use of & compESHan fHANe ce11

lmanu(fjagg(ra% ofm ainecgliga@ent{orn use in ggggia §1reatr1nl(<;ntr method,
Biseas?ds partichérﬁ/qapﬁlllca%Ffe 5 thege ipacts of the WO %78‘?9867
CPRIHE82BPBRCEFE 7 i RioRARERIte %&Q@ﬁic%ﬁﬁnr metastatic
ceanderslisaliseases sariremasmal veillamnonlsmsherilakingrcancer,
cialigeanbmealasomes ovatian cangesrbidasiasaaces bonentanasr, colon

@1%%9&6@%% Gances p LeLdEalcARGer $aEeORaS YRPReMASe
leukaemias andltLé!norlfgs of the gg:%s‘}ate. Other.dlﬁas%s artlauéa@dylc
e

%%rp feabre td ’t]ﬁe%p%licaﬁlo"ﬁ: of these gépgggegfl {fie Invention melu
diERRanBeoTs, ey RS it Ctisedse L Bnd¥8FfHF feduction of
(esindr thddasehl 164espeoiblly nisduse of el bdaaYirchrdingtarenritis.
Thus one: enhedimeniaf dease aspeststelatgstora metheefortseatment
@3 LameyL logally, quch teatment By preferably e anplied fraugh an
mtrgtumoral injection or miusu&n t%{g %ulﬂeg}l(qgé%r ”Xn? h% an 15
m&é’tléﬁfﬁ%ﬁ@%%%f S%C%Wr)ea%”ler']:t, or & erapeutlcagll]: e eC[T{l]ve amount of
IR EBRPEENIGH atBERARG R0 te BinTEREBAT SIBR S RSthEd3 oA local
paratiation of: theddmof tissok. Alsiscesmittingfadiohbelidesue cally
effective amount of a composition according to the
invention. Such a method provides local irradiation of
the tumor tissue. Alpha emitting radionuclides are

highly effective in this ewmbodiment because their range

ig short and damage to surrounding healthy tissue is
‘minimised. Examples of diseases which may benefit
particularly from this embodiment of the invention are
those causing solid tumours, such as non-small cell lung
cancer, malignant melanoma, ovarian cancer, colon cancer,
sarcomas, and tumours of the prostate.

A further ewbodiment of the invention relates to

methods for the treatment of locally disseminated

cancersg, such as for instance liver tumors, or
peritoneally or intracranially confined diseases. This
treatment may especially preferably be applied through
loco-regional injections or infusions, to a subject in
need of such treatment, of a therapeutically effective
amount of a composition according to the invention.

Still another embodiment cf the invention is a

method for treatment of locally disseminated cancers such
ag liver tumorg, through administration of a
therapeutically effective amount of a liguid preparaticn
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highly effective in this embodiment because their range 20 is short and
damage to surrounding healthy tissue is minimised. Examples of
diseases which may benefit particularly from this embodiment of the
WiARHic¥dre those causing solid tumours, such as non-sPGANGESNORAHGS 16
cancer, malignant melanoma, ovarian cancer, colon cancer, 25 sarcomas,
and tumours of the prostate. A furth&r embodiment of the invention relates
to methods for the treatment of locally disseminated cancers, such as for

chftanes Hverturaerso Dapeioneslly aFdptiagranially sanfineddiseases.
cShis %%f@é@efﬁ %sse%cauxxprsi%s%% app é!ﬁ?ggﬁﬁ%cﬁo

loco- ggﬁqnal inje gns or infusions, to a sub ectln

SHaanRent of a ther Beutlgéflﬁ?%ﬁegﬁlet’%aﬁﬁf"éfﬁ%cﬁ'ﬁﬁasf?’f)n
OXBESdify fo tHeirkRMmtiohoStilsamsther epntiddinidntest the inbentarss a
o85anéthoekforweatmentiof socally disseminatechaapeens sifchias liver

ctiipers thmugihadministretion.of a therapeutically effective amount of a

lauic,reRARan WAIdRIRY 98P TR TiRAA0RI00014. 18 comprising

a rgdé) %beled HA according to the invention to a sub ect |n “heed of such

Rt estbeuaﬁlret%t 85 sﬂ&e%YE%ﬁB‘&&%lffogﬁ?é“éﬁﬁEFéa area or
CRRFAT &Y. fHENRMISUpMY 26 themver id afaiease 5 eradiveerumor.

sThissmby prémictestaaspont: of the acamppsitioniinteméae tumnoguArfurther
remhadiment of the im@antion kelatesttp @f@@m@@w&%@a%eat of
pﬁx%&gasaugﬁegygns;%%e%%g; us,in f%%'“éu n, or

other 10 systemic administration, to a su in nee Suc rea ment,

AP RATEDUticHiy eHEt SERESount of a pharmaceutical preparation
comptisfivyr ltagictaberdtient aeEofdingi@vpBtifgentsdates to a

method for treatment of intracavitary tumors, where a
therapeutically effective amount of a radionuclide in the
form of a composition of the present invention is
administered to a subject in need of such treatment by
injection or infusion into the tumor affected cavity and
retained there in order to obtain irradiation of the
‘cavity gurfaces. Such cavities include the cranial
cavity, peritoneal cavity and cavities created by
pericardial effusion and mesothelioma and administration
i1g suitable for cancersg guch as intracranial cancers,
intraperitoneal cancers or cancers located in the
cavities created by pericardial effusion and
mesothelioma.

A further embodiment of the invention relates to a
methed for combination therapy, which cowprises
administration to a subject in need of such treatment of
a therapeutically effective amount of the active
radiolabeled HA according to the present invention and
one or more additional treatments chosen from the group
congisting of: surgery, chemotherapy and radiotherapy
(especially external beam radiotherapy).

Combination therapy is a particularly preferred
embodiment of the present invention and may be executed
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A further embodiment of the invention relates to a 15 method for
treatment of intracavitary tumors, where a therapeutically effective
amount of a radionuclide in the form of a composition of the present

WiheHidH4E administered to a subject in need of such tre GTEEBIHYS/000616

injection or infusion into the tumor affected cavity and 20 retained there in
order to obtain irradiation of the cavify surfaces. Such cavities include the
cranial cavity, peritoneal cavity and cavities created by pericardial
éflusioniand hresithsliomammhadpiinistrativre is:suitabledfansances '
sngh asnbtaataiial eaneesss25 intﬁaaeriwrtﬁﬁﬁﬁﬁﬁ%&%ﬁr caBeetlrcated
maghec&agg@ecrsa&ect Pesicardial sffiision:gnd me gxshehoma £

riR:rther ecrﬂbod ment of the invention relatgs to a met r comblnatlon
t al

Rich Xgm rlses%tf?aam‘?nlstra o%xi%lélsﬁf)‘]%l%t T REet%f such
ﬁ’éﬁﬁgﬁ‘ﬁ%f B é?ﬁpéﬁﬂ@é’iﬁﬁgffé?&%é)én‘?&m dtie sctiveneadishissled
FiA adowriiagesotise pradeintdhientdhangppniesornere Edditignal
treatests ehesen fronathe giokR Lansistry of iugerschemotherapy

ga@‘ggg%@e‘?fytﬁé (ol exeiiel becdh A AR Pste
ompinati e S a pa
o Al 5y B DB os? 10

dme or
presen |nven |on may eexecu d

PEYEHESGS608616 F95H LomRinitdsds %’éﬂ%}éﬁ%iiomaltehﬂatmg
Arnieredr vaﬁylceﬁmmmmlhemetaﬁbrubya somhbination iiesl ren: cnay
coByitisenene fype ohireativent falloved byene-on R0 ethertypesof
g&ggyggil\tyher%gaggu{%gﬁapgggeg@g%ﬁg;%r?threp%tegagnS or more

times On%example of sgw&%ha}%eou com era
CheMotherapy combined rr?ﬁs%%mﬁ?&ﬁﬁ%’bn?pé‘ﬁﬂgﬁtm“
accordifig e pre SéntFhbention Hidhe Fapiapoistintherapy could
be chemotherapy in one or more treatment periods
alternating on different days or weeks with the
administration of the pharmaceutical composition of the

invention; or for instance surgery followed by one or

more periods of treatment with the radiolabeled HA

according to the invention.

A highly preferred embodiment of the invention
relates to a method for treatment through applying a
composition or device according to the invention in a
therapeutically effective amount during surgery, after a
procedure has been performed to remove cancerous material
in a subject. The composition of the present invention
may be applied at the tumor bed or to surrounding tissue.
Such an application may be executed to achieve a
sterilizing effect on the location of or surrounding the
tumor bed and if applicable the cavity. This may be ‘
particularly useful in the event that tumor rupture
occurs (e.g. during the surgical procedure). Such
treatment may further also or alternatively achieve an
anti-tumor effect on any remaining tumor cells at this
location and/or in its proximity. This embodiment could
be accomplished by using a suspension of the active
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time (either by the same or by a different method of 10 administration).
Such combination treatment may be combined with sequential therapy by
starting simultaneous treatment, for instance, after a tumor has been
WEEHIEeBs3urgically. The combination therapy may be repeaizGBens/ o616
more times as needed based on the patient's condition. 15 An example of
alternating combination therapy coufl be chemotherapy in one or more
treatment periods alternating on different days or weeks with the

admioistiation .of theqpharmacautical gosppestieon-ofthainvention; or for
instanea swgary follawacfy; 9Re.r 20 RIS PRIPHS T Sieaimenty the
1 dltgl)éap%%d H faecrc%glngn%)tth%g]venlgog.sp\ hi hI):Q%re erred )
smbodiment’or The nvention Felates 10 & melflrrc')L ForttedtifentirrobgR™
LPphfing 2 cHRTFb Mot oP#RWfoe REESRING T BRI fioRhired 25
{eappeiritally effesthrozhailet dwing sormmeleafte; acpeesediregeas
beengeeréerined {0 LReYaCRNCRFAUSANglertph1in &sukieginkhe
somposition Ll REeseh IKCRICR A% ARPIzh AL G lmoLped.or
to surrgugﬂn%}tlsé%%érstgnc}go%n %ggllcgt%org IEna§be executed to achieve a
30 stefilizing SHE o the 102aHBR bF StsUifsu ding e diGFbaG and if
PhiESHIcthe dWT9Ri < Ria P BBOBS ARy dsEful FPtHaedEngthat
PR CUpENE feating (Expmdwdrigither subgicdloprocedare)/ Gtidibnes
seaiment pagy fuitiienalso sy altespaivaly achieve aRr3s apd-tumor effect
on any[egaining Lyney, celatilis, lacaion.apda) g {IsproXmity, This
emhodiment could be accomplished by usjng a suspension oFt%e gctlve
556510 TS BETICHB008/006016 S8 caR IR @g B mulated

gL pRRPEANFE) . SAIRIPREV eRERAFAR FoRtiRgIBTthRe RN 66 bfne
txeatensiay itsmby detpreferred that the composition of the invention

In the following section the invention is

exemplified to show how the hydroxyapatite particulates
may be labeled with an alpha-emitting radionuclide and a
beta-emitting radionuclide, respectively. The examples
are not to be considered limiting upon the invention.
‘The invention is also illustrated by the attached figure'
in which:

Figure 1 shows the retention of *®Bi in wvarious
tigsues after 1 and 24 hours following ***Pb
administration. The Equilibrium level is also shown and
demonstrates that the **Bi levels are close to
equilibrium,

General Materials and Methods

Hydroxyapatite particulates uged were
Hydroxyapatite, Buffered aqueous suspension, Type 1
(Sigma, St. Louis, MO, USA) or Macro-Prep Ceramic
Hydroxyapatite Type 1, 20 um (Bio Rad Laboratories,
Hercules, CA, USA).

Counters and Detectors: Gamma spectroscopy was
performed with an EG&S Ortec GEM15-P Germanium Detector.
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is in the form of a paste, patch, impregnated sheet 5 (especially an
absorbable patch or sheet), cream or gel and especially a formulation
(e.g. gel) providing a sustained release of the therapeutical radioactive
WagetOB#I another embodiment of the present invention PEIEIEBA§00616
method for synovectomy, i.e. to tregt a 10 subject suffering from pain in
the joints and/or bones such as for instance pain arising from arthritis. As
used herein, the term "subject" will generally indicate a human patient but
Gangrado rdléarcs Hobthueean Fias Makap subjeonesspadidlypa canine
varifeline 115 meamaealiart subjeesdrahe follpwing sectorpsheinvention is
Bramplified teshowrqwdbe hyesgxyapatiterpariiculates may be labeled
W|th al ha mittin uclide and a_beta-emittin dlonucll
s :]9 tIV§ %e!:exagrﬁg Igel'](éjle(ﬁl aré lrr%%??t 5) %%cons%ereg %‘?mg upo ?ﬁl
i W?'ﬁe“}ﬁ??@ﬂn&ﬁ%’é@é’lIlﬁgtrﬂté@b?]tﬂé’&‘?féc%%lﬂgure in which:
MQQ@QW§% réertianyof Z3Bidinvarictd tisbees Sfteviadied 24n

- daniselowing 3b2RbifadministradiocedhieiEquibiiom lavebis alsees

@%&é@@sdemtﬂiﬁs thaty Q%%ﬁzﬁéi?é/ﬂ%éé%C'Oﬁ?ﬁﬁé‘n&gk‘ﬂ'bf'um
q?Teneral Mate |a{isw Methods drgxgggatlteﬁartlculq}ﬁs pised were
S8 wasg 9 %F §P
y ro aflte ?fere'a aqueouss spensmn ype gma ouis,
Mo,y SA B?Rﬁ‘aé’r@lplté‘ﬁ’%eramlc Hydroxyapatite Type 1, 20 um (Bio
Rad Laboratories,* Hercules, CA, USA). 35 Counters and Detectors:
Hzamyma spectroscopy was performed with an EG&G Ortec GEM15-P

Semanium Delelor, WO 2005107987 PCT/GBZ005/000615, 21

Radium-223 was prepared from a **Ac/**'Th source
immobilized on a DIPEX-2 column by eluting the **Ra with
1 M HCl. To the HCl eluate was added 0.1 M Na citrate
until pH was above 5. To a 2 wml Eppendorfer tube were
added 250 pl hydroxyapatite dispersion of 40 mg/ml and S0
nl of the *Ra/citrate gsolution. And the labeling and
purification performed as described in Materials and
Methods section. The pellet bound activity was in excess
of 6% for all three of the triplicate experiments
carried out in parallel.

Example 2
In vitro stability testing of **Ra labeled HA-
particulates.

The ***Ra-HA particulates described in Example 1 were
added 500 pl of either 0.1 M sodium citrate or bovine
serum albumin. The dispersion was incubated overnight at
37°C and the solutions centrifuged according tc Example 1.
The pellet bound activity was in excess of 96% as
measured after 20 wminutes., A re-nmeasurement performed
two hours after showed no significant differences in
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General radioactivity counting was performed with a multiwell Nat
detector (Packard Crystal Il, Packard Instrument Co., Downers Grove, IL,
USA). Particulate labelling and purification: The reaction 5 mixture was

Wipegshssngly on a whirlmixer (MS1 Minishaker, IKA, Geroasmpzies/dowia

and then incubated on a shaker for 30 minutes before centrifugation three
times (5 minutes, 9000 rpm, MiniSpth centrifuge, Eppendorf, Germany)
and two times washing of the pellet with 1 ml of 10 0.1 M citrate solution.
Exantplesk Breparationaioaicatatendabeled with fadiins2238aught er

Radiyms223 was.prepared.frm g 22:Ac/22'Th sowsce 15 immobilized on a
DIPEX-2 coll%mn eluting the 223Ra with I M HCI, To the HC1 eluate

was added 0-T W N& citrRe “aRfi oM Wd 38085 a P ml Eppendorfer
R hatéahaded 256 p (hyHakydpameraspEasion Bt 204 ghsil and 50 pl
oftheen22 3R/ eitratd soltimired\nicitHkatelingzdrid 20:puifitatiotwo
weslosmed asoaseibpdindaelialsand Methads sestionathgdellst
BDoyR4 activity was in excess of 969- for all three of the triplicate
experiments carried out in parallel. 25 Example 2 in vitro stability testing
of 223Ra labeled HA- particulates. The 223Ra-HA particulates described
Bxkxpmple 1 were added 500 pl of either 0.1 M sodium citrate 'or bovine

0 serum albumin. dispergiqn. was, incubated overnight.at 37C and
‘t'gﬁee éﬂ%ﬁ%nce%%i.fug%;d %Jg%?orcﬁ% fg%fgr%%le ._piaﬁép ‘ﬁ%ﬁ%iﬁ b5tind
activity-ead-iAlékcess ¢80 vedmadstiredtaiei 130 MiveteBrén “*Th

serdn&@agdrement performed two hours after showed no significant
diﬁereﬁ?@ﬁ iﬁ@Wﬁ) gggé@&%@7 E)(S:H%%%QQS/QQ Ogtl:gragng material
0.5 ml 8M HNO, was added and the solution transferred to a
column containing pre-egquilibrated anion exchanger (AG1-
¥8). Radium-224 and daughters were extracted in 3 ml 8M
HENO,. Subsequently, the **Ra extract was evaporated to
dryness, dissolved in 0.5 ml 1M HC1l and purified on a

- DIPEX column (AC-regin, Eichrom Inc, Darien, IL, USA), by
‘eluting **Ra in 700 microliters 1M HCl to obtain a

product free from thorium-228.

The next day (after ingrowth of **Pb) the ***Ra eluate
wag evaporated to dryness and thereafter digsolved in 0.5
ml 1 M HNO; and transferred to a column containing a Pb-
Specific resin (PB-B25-5, Eichrom). Radium-224 was eluted
with 2 ml 1M HNO, and 2 ml distilled H,0. Lead-212 wag
extracted frowm the Pb-resin using 650 microliters 0.1M
ammonium oxalate solution.

The final **Pb solution was combinable directly with

223

hydroxvapatite and reacted as described for ***Ra in

Example 1.

Example 4
Stability testing of **Pb and **Bi labeled HA-

particulates.
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count rates indicating that the distribution of daughter nuclides agreed
well with those of the 223 Ra. In a further experiment, using ceramic HA
particulates, 23Ra (1 MBq) incorporated into 10 mg 5 ceramic HA was
wimeosatmasin foetal calf serum for two weeks at room tempenatssioafians 16
which 93.21 was pellet bound. Example 3 10 Preparation of 212Pb and
212Bi labeled HA-particulates. Led&d-212 was prepared substantially free
from 228Th and 3Z4Ra. With 338Th evaporated to dryness as starting
materigl -0 5mh SMEING3 waswlded-and the golutionansfestadto a 15

column _containing pre-equilibr nion exchanger.(AG1.X8). .
B e O R B rapea

L PSequetty, B PRI TRREVAR R FER/F G ETness, dissolved in
TRE RPN EL andasu Akes orea -DIRE Xaso | divwagh Clrasink Eismons inc,
d¥aners; |bf UsAh B 20 elttint*224Ragsn aioaneroditersid HE4 to obtain
g Preduct frae framitheriygiR28, Jhenext %m%dngﬁg@&e&%%%)
ihe 2e42a eluateyas exaporaled ja dyfiess. apd icteqiiey dissolved in
%?5 mi 1 and transferred to a corumn conjtalnlng a Pb 25 Specific
resin (PB-B25-S, Eichrom). Radium-224 was eluted with 2 ml 1M HNO3
ExagnR bel distilled H20. Lead-212 was extracted from the Pb-resin using

£h0migroliters O 1M ammonuy.oalate.solution. The final 212Pb

solution was comhinable directly with 30 hydroxyapatite and reacted as
describatPfokaizgrd iFAEXMpIa 1. E@rApie)4 Srabiliserasieg sf212Pb
a2 1 PRl adieded HixcBbpatticulaten: Mh 260501986 £ ines and

BRGEGB2R09/00060 v sodium citrate/citric acid in
igotonic saline golution at pH 7.4. To 7 female balb C
mice with bodyweights of 21-25g was intra-peritoneally
administered 0.5 ml sugspengion containing 0.4 MBg **Pb
bound to 1.0 mg of HA . The animals were sacrificed at 1
h {(n=3) and 24 L (n =4} and disgsected. Results: The
biodistribution data {Table 1)} shows that the activity
-was almogt quantitatively found im the i.p. cavity and at
the organs and tissues within this cavity indicating very
little leakage out from the cavity. The distribution
pattern associated with free **Bi, i.e., a high'kidney

- accunulation, was not detected to a significant degree.



23 Lead-212 labeled HA was incubated in foetal calf serum overnight and
thereafter centrifuged as described above. The pellet and supernatant
associated radioactivity was measured. It was found that in excess 5 of
waRhsfoaaéy 12Pb and 232Bi was associated with the pelletcTheyesiedosis
bound activity fraction appeared to be slightly higher, with the ceramic
particulates. Example 5 10 Biodist#bution of 212Pb labeled HA. 212Pb
labeled HA (20 um, ceramic) was prepared as described above washed
and centrifuged three times and dissolved in 0.01 M sodium citrate/citric
acid in isotonic saline solution at pH 7.4. To 7 female balb C 15 mice with

Y VEIGhiR AlsthirRO NS INFa- BRI eAl AdPRRHRAGR A
_iRJRBRRSIPTIRHBIIEY @ AMRR RINDANAd P Bcmgre) HA . The

AENHEalS were sacrificed aiflpdugn=3) and 24 i (M= )zam,gissseaeu
BigRHls. The Diodistibulion faley [gyh6ss)-SeSWS (e ﬁ%%%i'%%‘d ¥924
i ot ‘{3'64%& @(}Qﬂ 'g‘aj’“ “cg] A9 5657 '@i‘ﬁs
Sple "lt'fi'."}l.‘.L'.',fn"i“;ifa'iif;‘;"fo' NEXRN i/ B0 DAl s 21558 £ 5.07
("l?%ulatmn was not de I@rqgﬁ]:ﬁ'ao.’g)ééﬁﬁl%fﬁe é’é 12{53\8{@/ 4.12 +3.39
SptiBtesting PCT/GR200EIGBEENE5)ZA- 2151880 Tis<DEHIsHARMGB6AL0.26
Yrage Brfdspinchours after in(fedperitdmpd. 4he o of PLIPH 0 Hedstt: 0.40
Steraaic hydroxyapatite pjagiputatess)Tissae: 2.oour Pé hours Biposl1o + 2.79
Hihpbkhghy)'0.390.34 (0.320613) 10300 2¢h 4 Weis63. Of &4 83)3 897 B340 1 2 47
HigsH01.56) 1206145 SPIe) 63 @3 10 13295 F T f88-24188) 7504 & 0.03
ey (+053-:08)13:322 8 G 213,67/6%53%%0%7 | (0.1840.12) 7 0.13 £ 0.09
Muscle (1.18+1.89)/1.32:+2.14 | (0.35+0.58)/0.37 % 0.67
Bone (0.44 £0.46)/ 0,44 £:0.47 | (0.44 £0.20)/ 4.49 £ 2.47

Number in brackets: Tissues measured approximately 1 hour after sacrificing the animals, Numbers in
bold print: tissues measured one day after sacrificing the animals, i.e. allowing time for daughter
nuclides to be in equilibrium with the 2*Pb mother nuclide, If the number in the bracket is lower than
the corresponding bold mrmber it indicates a depletion of the 212p4 danghter nuclide vs **Pb in the
tissue at the time of death (the opposite would mean enrichment of **Bi vs **Pb at the time of death).




Small intestine (0.78 0.86) / 0.72 0.80 (0.62 0.25)/0.60 0.26 Large
intestine (0.45 0.41) /0.43 0.38 (0.52 0.39)!0.52 0.40 Stomach
(3.202.09)!3.292.18 (5.112.79)!5.102.79 Diaphragm (6.232.39)!6.252,33
(4.841.95)/4.492.47 Heart (0.100.11)/0.120.13 (0.060.06)!0.040.03 Lung

Cip1369.29)!0.330.27 (0.180.12)!0.130.09 Muscle (1.181.89)/1.322.14
(0.350,58)/0.370.67 Bone (0.440.46)/0.440.47 _,(0.440.20)/4.492A7 5
Number in brackets: Tissues measured approximately 1 hour after

1 sacrifiaiAg tey amatals sNumberstinc pslbprititssues measwedwhetday

- Aftessaeficing theanimals. 4. aflawing lime for,daughtey; nuclides tehg
,.in equilibrium with the 212Pb mother nuclide, if the number in the bracket
igfower than QKe ToReSpoRAIAG bolEntRBEPRIdidar s gesatidnon

cilke 21281 daughteppuchde-ys 242Rb in theztiggue gi thetime,of death

(the opposite would mean enrichment of 212Bi vs 212Pb at the time of

hdamiy 2B 3ELAMS 2. RR/rGERpRRRE(HDX) iRCopofdtirpded with

madpha-emitling yadionuclide chosen from the group 211At, 212Bi, 223Ra,
224Ra, 225Ac, 227Th or a beta-emitting radionuclide chosen from the
group of 212Pb, 211Pb, 213Bi or 225Ra, wherein the hydroxyapatite is

2 not cambineterco-sedimanted-withgmagnetie irgn 1 2 dydroxyapatite s
according to claim 1 wherein the HA .comprises a cation that is bivalent or

USRS £ niktureor REF caffolt % HyRrogaphlite adhding o

mClainr2 whereindhe catipons chosen from the group consisting of calcium,
strontium, barium, bismuth, yttrium, lanthanum, lead or mixtures thereof.
4. Hydroxyapatite according to any one of claims 1 to 3, wherein the HA

3 Is paftigdlatecgagdnastaesize dothel ignge okl aimt@1@tsrain the

droxyapatite accorcri!istn to claim 4 wherein the HA has g size.in the
R AGROT L S 30 T 8, PR o COBHAMG g 7 ST 1
stgontium, barium, bismuth, yttrium, lanthanum, lead or

mixtures therecof.

4. Hydroxyapatite according to any cone of claims 1 £o

3, wherein the HA is particulate and has a size in the

range of 1 nm te 100 pm.

5. Hydroxyapatite according to claim 4 wherein the HA

‘has a size in the range of 1 um to 20 um.

6. Hydroxyapatite according to any one of claimg 1 to
5, wherein the HA is combiﬁed or co-sedimented with a
substance selected from polylactide, polyethyleneketones,
glass-ceramics, titania, alumina, zirconia, silica,
polyethylene, epoxy, polyethyleneglycol,
polyhydroxybutyrate, gelatin, collagen, chitosan,

phosphazene, or mixtures thereof.



5, wherein the HA is combined or co-sedimented wjth a substance
selected from polylactide, polyethyleneketones, glass-ceramics, titania,
alumina, zirconia, silica, polyethylene, epoxy, polyethyleneglycol,
polyhydroxybutyrate, gelatin, collagen, chitosan, phosphazene, or

7 mixtireptiosrest 2607. pyEpeess pr prepatingnarddideud mleclabdled

ite_parti e,.said proc omprising.. (a ing.a
B E B e T ion A oA ey B S I
212B{ 2223 R®228Ral 2P BAS PRTThasy @ Betaremittig radiomiclicde

r SAPSRNLOM INE AR, Ok 212PR R 1ED £13BI0f 225Rayyith a2, - 220p

225hydrogapaﬂte particulates not combined or co-sedimented with magnetic
fom; and{b) eptichans erystaizibgrecaathipcstupydréry apaieonihen
tA@b%&?ﬁ@&ulm@ﬁ&re@a@&,inmr@P @%me@mw&%&géﬁmm
onuclid m

radi e in the particulate. 8. A process as claimed in“clai wherein
Pa¥dE ()8 L@ TiB@ BUuE arR PRER tRE raRgS Sixnen pestot 58 aBaIRetC
iMeglaimngor claim 8 wherein said beta-emitting radionuclide is 212Pb
and, prior to steps a) and b), said method additionally comprises; i)

Prepafing 22BRACRPB drify o iR 22U BY contaeBwith AnFblock
hyspesitichindeartdioMlovyieg ingrewik af 242R1,Anthivy Puriiagthesq in
resulting 212Pb hy contact with a lead-specific binder 10. A | ,
S UHRrmAte MG THM poSitioh THTPHGNG aSRydtok§apad et Wigmiy ihhe
paryiengleftelaims 1 to 6 and a physiologically acceptable carrier. 11. A
pharmaceutical composition according to claim 10

8. A process as claimed in claim 7 wherein step (a) is

carried out at a pH in the range 3-12.

9. A process as claimed in ciaim 7 or claim 8 wherein

said beta-emitting radionuclide is **?Pb and, prior to

steps a) and b}, said method additicnally comprises;
i) Preparing ***Ra,

ii) Purifying the ***

Ra by contact with an f£-block
.specific binder ,
iii) Allowing ingrowth of **Pb, and

212

iv) Purifying the resulting Pb by contact with a

lead-specific binder

10. A pharmaceutical composition compriging a
hydroxyapatite as claimed in any one of claims 1 to é and

a physiologically acceptable carrier.

11. A pharmaceutical composition according to claim 10

in liguid, injectable form.



in liquid, injectable form. 27 12. A pharmaceutical composijtion according
to claim 10 in gel form. 13. Use of hygroxyapatite not combined or
co-sedimented with magnetic iron (HA) and an alpha-emitting
radionuclide chosen from the group 211At, 212Bi, 223Ra, 224Ra, 225Ac,
1227Th gre becemitting tadiompchide thosen donr dhegraup ol 2iz2Pho
Mg]glgf £43Bi or 225Ra in the manufacture of a medicament for use in
hé treatment of a cancerous disease. 14. Use as claimed in claim 13
wherein said medicament is an injectable, infusable or locally applicable
1inedigamegt -alssangainedindendgubrensadyealtehnces
comprises intratumor therapy. 16. Use as claimed in claim 14 wherein
wiEi RRgReiiantiscsuitabie forb@infadmplistesstiinto th@ blood supply
r £ ALANCLIONS Q5930 17 FALRVICEL ng:aydroxyapatitezsp, - 22455

incorporating an alpha-emitting radionuclide chosen from the group

g At 2TRBPDBRAE D2ARA PYGAY, ZEFTPHUS beticeritaagn Trom
cHadigpyglide.ghasenfromt thg greumof 2L2PBRZL1RD, 213Bhgn: 220Ra e

having a half-life between 5 hours and 90 days, or a beta-emitter having
O fat e 28 She ISR ehfitfing RubRterif thiRaERS e &R, WhERMT Beous
dtwespeyapatite is not combined or co-sedimented with magnetic iron. 28

18. A hydroxyapatite as claimed in any one of claims 1 to 6 for use in

therapy. 19. Use of a hydroxyapatite as claimed in claim 18 in the
14manufastuse ot admedisamantios anticanceidherapy s 204 Avkeinpasition

, as claimed in any.one of claims 10 to 12 for use in therapy.
1s an injectable, infusable or locally applitable

r

medicament.

15. Use as claimed in claim 14 wherein said treatment

comprises intratumor therapy.

16. Use ag claimed in claim 14 wherein said medicament
is suitable for being administered into the blood supply

of a cancerous organ.

17. A device comprising hydroxyapatite incorporating an
alpha-emitting radionuclide chosen from the group *'At,
“?Bi, *Ra, ***rRa, ***Ac, **’Th or a beta-emitting
radionuclide chosen from the group of **?Pb, ***pb, *’Bi or
**Ra, having a half-life between 5 hours and 90 days, or
a beta-emitter having at least one alpha-emitting
daughter in their decay chain, wherein the hydroxyapatite

is not combined or co-sedimented with magnetic iron.



21. Use of a composition as claimed in claim 20 in the manufacture of a
medicament for anticancer therapy. 22. Use as claimed in claim 19 or
claim 21 for the treatment of an intracavitary primary or metastatic tumor.
23. Use as claimed in claim 19 or claim 21 for intratumor therapy. 24. Use

?g_clai@e}g ig claim 19 gr Iéaim 21 fPr .antgancer treatment and/or_ .
liztion oF Fom G Eae Bod Eotional i Goait 1t e ass of aa e 1

intreicabitary) fgmor; wiiereicsaid administration is effected after surgical
removal of at least part of a tumor.

19. Use of a hydroxyvapatite as claimed in claim 18 in

the manufacture of a medicament for anticancer therapy.

20. A composition as claimed in any one of claims 10 to

12 for use in therapy.

21. Use of a composition as claimed in claim 20 in the

manufacture of a medicament for anticancer therapy.

22. Use as claimed in claim 19 or claim 21 for the
Treatment of an intracavitary primary or metastatic

tumecr.

23, Use as claimed in claim 19 or claim 21 for

intratumor therapy.

24, Use as claimed in claim 19 or claim 21 for
anticancer treatment and/or sterilization of tumor bed
and cptionally the cavity in the case of an intracavitary
tumeor, wherein sald azdministration is effected after

surgical removal of at least part of a tumor.



