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Al pha -emtting Hydroxyapatite Particles The present

invention relates to a conpositions suitable for
waeledosweassng a radi onuclide in vivo. I n parti cuPer/GBRIvS/000616

invention relates to particul ate conpositions

conprising al pha-enitting radi onuclides or generators

for alpha- emtting radionuclides. The conpositions of

the invention are suitable for use in the treatnent of

bot h cancer and non-cancerous di seases. The

i ntroduction of novel theraples S |nportant in

phar maceut gg! ggﬁqﬂrﬁn ;1 Ez I%! | ! E:lq__se zi,@l tﬁ%@ti cularly
in cance e 11 el ates

to the use of radionuclides for therapeutic purposes

For ears, bheta-particl mtters have
i nves 5%‘gepgr1&ggﬂ?ﬁ@phge??§gfn%ﬂt oFOEQREéﬁéoﬁﬁd
S@gMaml@sfkabdbédetnhgbetaapapnucledenunteugohavénbeen

pr posed to reat _in racaV|ﬁ ¥ di sease |ncgud|ng
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cehb@su$1hmwec@m@mlbeag pdgaatemittihgeraipbauvehiiter sr

el UL a9 R%SemékEEﬁﬁrk58§5§u fygegevergl

F%atures di'sting |sh|n emtters
cpmm0@d¢n@nw|@ﬁeﬁh@néng6é§laﬁdaghosuétabéﬂgégrunse in the

t%b%%w%%t E&ebp%ﬁléaheerraﬂaengh E¥REeabual ghacgaLtters
i n physial ogi cal surround |ngi is generally | ess than
Hﬁ%% n

100 &n‘n’&r@idél‘:ttlﬁé‘ equrey FhﬁFaBiHW 451 dpesrpnt in
pﬂbﬁﬁﬁk@m$1cﬁhl$e§a&eahtha331$OIﬁéEasmaha parteduigrly in
treat nent. of unor.s gc g cronetasta es peﬁausg
CPItTe 76T € adirdfed "ener gy ShEF 6§§§a68§oﬁ% fhe® t°
ther gee ofl rediendclhdesdérugbhevapeetsarpoupdéay. For
mEQS{?@%r%kS%%%aggﬁrggc nbﬁhﬁ@@rs'ﬂa@@”ﬁééﬁt1n9%%€£§ated

as a r g nmm Oor nore I n
f@ﬁéﬁ@@ ém &hehsrgarmpeleOfagrBERBR padaFeblAign labeled

wE @MP et d R rketacPamt Lebes, hedBNBeEAYSropds&dr 8¥Streat
intracavitary disease including metastatic 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. This makes these sources well suited for
treatment of tumors including micrometastasgses because
little 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 to 10 times that of a beta
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typically being 5-8 MeV, or 5 to 10 tinmes that of a
betaparticle and 20 or nore tines the energy of a
w@200m7986%. Thus, this deposition of a |arge aP@UGB2@5/000616
energy over a very short distance gives al pha
radi ati on an exceptionally htgh |linear energy transfer
(LET), when conpared to gamma or beta radiation. This
xplains th exc tional c totOX|C|ty of
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the prior art astatine- 211 colloids and | ead- 212
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bi s marte g%dﬂﬁemiwmtﬂﬂﬂhes&1prenﬂquaﬁytdﬂed particulate
arn%j'c%l % c%elzvéa%rcﬁ]%p:be?fé f%jactha@et%earc%ﬁllfefxl ?ﬂét II:L%.].S used

prepare an
are not biocompatible and blodegradable 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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in small anmounts or that they have a half-life so
short that it renders them unsuitable for use in
wo b@sapset i cal preparations. The very high enerBgT/oB2@5/000616
al pha particle, conbined with its significant nass,
results in significant nonerstum being inparted to the
emtted particle upon nuclear decay. As a result, an
equal but opposite nonentumis inparted to the
r emaiThienyerdabdbiieenepngy| efdsannalnbaf pantbela, " aowbéaed
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ighitde ﬁ@émpaﬁeﬁt"nu@ﬂéag wasoadii ni Thés edecasl ais

sb%%&bﬁen@l§'QBWEEQQQttBrB?ESH1MbEB Qﬁéﬁlggihggﬁdéoénd
adm ni stering al pha- radi ochem cal has been

fosker Sbei R§W HefBF@@?S??FHHF?BnnBFlé@%h%u%n??t?hﬁlatlon-

Thagghisehinucli degni TRkt MAMekeMthet BEughOt£En@fleus is
emttin

ith .
§B0%: Blbhar = Bgedat R Heb Rt T el Dy, no
lpageaebeheoeiposdrbyophheghrhyciéssnech&%ate complek in
wideh the ngQhﬁth PytlLany9k daveRiet f&&'e'AgaQ PEsuit,

nmai nt al ne ere I's a consi derabl e advan age In
af GiATAE LcantophaPheReli tBaP3shi PALAPERaERH t 2&PEN have g

a&p@ﬁﬁkﬁd@%cﬁéhﬁﬁa&sahﬁﬁabeéﬂ1bbh?ﬁoﬂ?ﬂﬂ@tﬁﬁﬁ By this
0ose r.ec | SsuUue u
DA T PREROE B SnEbar AT boRy e nEst sie LAl

Taliphaagetdys tcahet akeipkacé ahphheecwiseasedrar€@oséf,

d
SRR pa6RBLERK OB hASAhPLECLLIUAL B Uhel co be
liméyedr ecabphio- srilucer sheTakgouerpeechiuseal ity ragsue.

t henyaeedmibat ot Noheal thy bisgus AMYuCEYS of daughter
undesirabl e sideeffects. One nethod, for maintalnin

n@gﬁ@popaafb§|ﬂﬁént@ﬁpﬁglHBen there is a congiderable

advantage 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, however, 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 sgside-
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
propelling the daughter nuclei out into solution.
Liposomes are, however, not ideal for all methods of
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daught er nucl ei was proposed in WOA /60417. This
nmet hod enpl oys chel ati on agent -containing |iposones

wao eoosorsal n t he al pha-emitters and prevent thePCIGB@S/000616

recoil from propelling the daughter nuclei out into
solution. Liposonmes are, hotever, not ideal for all
nmet hods of adm ni stration and may show undesirabl e

cl earance rates and routes in_sone cases . There is
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antdnpostés ohs shos cgsesd abl e | abel i ng of al pha-emtting
radignucl i des_.and haying little if any |eakage of
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rddi o theerapeebic f ornpesii bides sfeaning cogids tliadresd ing of

a3yl ngm Pi oeopal i bhsy @ndi bl %qﬁﬂr@agg;p&(ﬁe CAUPAEH Sy

ere Is furthernore a need for herapeuti c

Lo 9F ofRdier ikl v dHhERE DM IQthar drigsues.  There
isUfdtEhentd yneasyrd® e e mish vt | b ditions
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PRRRare st et EPke pat i B L iRirsHehorage magdse fior

ud Vet SrRavey st ab | hsdipt-dihiadnddA radi o-1 abel led with
al pha emtters wll, to an unexpectedly hi.gh _extent,
el A RRGRERT RIS it MR R HOH ent

editaihl tehed hti:ISat:tj\my@rd}'t}gmaA: itee X ot qmzftjirtdjalig nsiyn G
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I ncorporating an al phaemtting radi onuclide or

o GRIP bHERA deathi Bh 1A% PSS gErdt Alaher Griders
wEl Phat o edh tuiiéAge ¢ st BN uel did eax tldrer hyeltaxya rkuidies rof
n&é%ﬁ&ggsg Eefn égg§(gk6¥ﬁ% parent nuclide. This was a
'highly unexpected finding since the recoil produced by
the alpha decay usually disrupts chemical bonds and
effects the release of the daughter product.

In a first aspect, the present invention 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 invention are
preferably stable in the sense that the radionuclide is
stably trapped within the HA and deces not significantly
leach out into golution or into other tissues under .
physiological conditions. The HAs are furthermore
preferably stable in the sense that the daughter nuclides
are also trapped by the HA carrier and substantially do
not leach out into solution or into other tissues under

physiological conditiomns.
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preferably stable in the sense that the radi onuclide
is stably trapped within the HA and does not

war@sifisernt |y | each out into sol ution or intoP@L/G8r005/000616
ti ssues under . physiological conditions. The HAs are
furthernore preferably stabfe in the sense that the
daughter nuclides are also trapped by the HA carrier
and substantially do not |each out into solution or
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non-radi 0ac and erefore its distribution was not
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o SR oREarE FegRCI g FRnf O BobbolEsPERRALEh (1 e,
théreawaereaseamdaﬂQMLnoaﬁeeﬂéhsuﬁpgedgééy arrg@i ghe s
dgﬁgﬁEE? o@%%@u tHSntbgﬁﬁBgHEhG@léﬁdaﬁﬁéféfore its
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dRgerakyaien fes ot RE PﬁVeﬁ%ﬂBﬁfBFaéﬁerated in vivo,

The hydroxyapatites of the present invention 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 invention 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 invention 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 a second aspect, the present invention therefore
provides a method of treatment of a human or animal

subject, especially a mammal (especially one in need
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provi de high cytotoxicity and cause | ess damage to the
deeper and surroundi ng regions of nornmal tissues as
w@ommparsd’t o beta-emtters. This applies partiPkCl/aBRgo5/000616
when the HAs of the invention are used in a |ocal,
regional or targeted admini $tration method such as
intracavitary, targeted systemc or intra- tunoura

t ho nd results fromthe shorter range of
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t he oVl 06s a

aspect, resent [nventlon ) ]
ophaFfabEaErehl 18VEPB5PR aRd cohpteathgone Yy okybeat cakly

a8kepheppeesgptibnvention and at | east one
physj ol ogi cal | ﬁﬁceptable carrier. In a yet further
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_hydroxyapatite (HA) incorporating an al pha- emtting
inaghenaeyi delnraastadi ofurthele apedt i shaninvent von

pP80eHAL Ofnd Olis@No Bl PPAr& 44 0k & afiONULh b GEpd Pt Ny an
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(such as any of those diseases indicated herein bel ow)
the|papufaetyre| of f yrnp@icasprict (egprcialdntamsn rel ates

ihPe BHABIBC UL FERAHTONPLS] bELNEy ML TEVAICES HOMEArSdMY)
'fgr the treatment of a cancerous or non-cancerous disease
(such as any of those diseases indicated herein below) .
In a yet still further aspect, the invention 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 invention further relates to a process for
preparing a hydroxyapatite (HA) incorporating an alpha-
emitting radionuclide or an in vivo generator of an
alpha-emitting radionuclide, comprising the steps of:

(a) contacting a solution of an alpha-emitting

radionuclide or an in vivo generator of an alpha-emitting

radionuclide with hydroxyapatite particulates; and
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hydr oxyapatite (HA) incorporating an al pha- emtting
radi onuclide or an in vivo generator of an al pha-
we@niosn7esg7 r adi onucl i de such as syringes pre-| ondEdBA0EI000616
pharmaceuti cal preparations. The invention further
relates to a process for préparing a hydroxyapatite
(HA) incorporating an al phaem tting radionuclide or an

in vivo generator _of an aliha- em tting radi onucli de,
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Iculate . e term roxyapatite
StRP éﬁﬁwh@rﬁhauéaténgapavﬂét§ gpd eF%@é@n%ﬁb%@Qai@dthe
peeFpeundse especi ally cal cium hydroxyapatite which has

t he f nula 0 2 cium hydroxyapatite
is al n§?FWugﬁé gﬁyﬁ ﬁlgﬁ% %8n55ﬁﬁt}?xt?% aFf°t
ineﬁbeheahegarhétySOﬁreséatbﬁ pEedphatednabmpmmmd$n
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roxyapa e i $as
[§ehdéKLW£K&ﬁ&ﬂon @athan@ehxdrﬁxﬁ@maﬁﬁﬁﬁ is a constituent

oy de@xyapabbhe: mherdxbiacampalbbtepdiies. 1t is
presently used as a material in artificial limbs,
particularly in "cementless" bone inserts. A further use
for hydroxyapatite is as selective cation exchangers in
columns. Hydroxyapatite.is a biocompatible and
biodegradable material and it ig therefore especially

useful for in vivo application. In this connection, a

further 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 conditions.

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

For example, the term hydroxyapatite or HA, as used
herein encompasses calcium hydroxyapatite as well as any
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bi odegradabl e material and it is therefore especially
useful for in vivo application. In this connection, a

wo moslegséadvant age is that it can be treated tPer/cakiog/000616
or autoclaved. The present invention thus additionally
provi des products and conpositions which are stable to
aut ocl avati on under standard conditions . A s used
herein in the description and clainms, the term
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molecules which can act as a targeting ligand to target
biological target structures, especially tumour
‘associated receptors.

Hydroxyapatite or HA as used herein also encompasses
composites such as any h&droxyapatite compound combined
or co-sedimented with other materials such as metals,
oxides, proteins, amino acids, carbohydrates,
phosphonates including bisphosphonates, organic
compounds, e.g., polylactide, polyethyleneketones, glass-
ceramics, titania, alumina, zirconia, sgilica,
polyethylene, epoxy, polyethyleneglycol,
polyhydroxybutyrate, gelatin, collagen, chitosan,

phosphazene, iron, iron oxides and/or magnetic iron.

Such combinations are useful 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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bi ol ogi cal target structures, especially tunour
associ ated receptors. Hydroxyapatite or HA as used
wheorosioresat SO enconpasses conposites such as anpCT/GB2005/000616
hydr oxyapatite conpound conbi ned or co-sedinmented with
other materials such as netdl s, oxides, proteins,
am no aci ds, carbohydrates phosphonat es i ncl udi ng
blsphosphonates %anlc conpounds, e.g., polylactide,
68P9€ﬂﬂ9pené@eﬂ§n@§ lgkaeWc EPEnRcBerepRafkal laduiinshe

aZir, canydathsisl llrsacomelmeﬁ:eml eﬁeadeaﬁw eous property for

o5 15, B SDRRLEC e GBI PR YLy OB e

1andh@nonagnet|c iron. Such conbrnatrons are useful for

gi Vi Rgt By &gggap %E'EHBEtS§eaQH&E5 gsSﬁgébrﬁ the

pr opert | e I nst ance
PEESRNLOAIVRE LAY iceyl h@vgeﬁnygephﬁinfomr | ag@nmll

géhék@i@?)be Ed&&@@r"péQHEchaﬁgg"giﬁugﬁenﬁﬂébgﬂﬁd
as 1s

0
aRRgTpbion RERSENaLRE FoutRRCtREErh thim TReR foe radio
pevhicdeseduan aevampagepastmcmeerKyeimﬁmaﬁuctwu or beta

b h
P e B8 sher fae DR R Pt 2! £38 bor o
ipssanget ke pryseplsinreéarpepheans havecahyosdsi d Tloem

apdeW Ll zgepek- bgnga akEi
chiel PhgchL L RGO E Ut et p e ey

bFrSHPFﬁE FSd?SCBQWPPEFéstQECﬁn5§n§?%hﬁsﬁart|cles
( hel rruml gtiekeb¥ QhebHAapaatﬁ.tﬁBk_)@Seé eh{eptgeﬂéﬁallﬁ hge HA
arti cul ates _can r n ance e Crysta ,
BB FaBRaPEe TePRc6PPBE ULt et raselt (108 wey vty and
cdehsitiy oanﬂhetpartemalatparnmyubete@om&p b® used
138§ ICug FgrEgguiQEggdsglgﬁgll J@e a&%e of the HA

par ener a e range of from
abouinlenﬁnﬁmbodb@aﬂtloetnﬁ$ Pb@feE@blerﬂha%n@h©ther

pafek bupakbicyk-at g8 gaYibe Hﬁﬁg they can remain in
suspension 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. 1In 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 preferably at least
1 month when suspended in a f£luid such as a
pharmaceutically tolerable (especially aqueous) solution.
Suitable particulate sizes will thus be readily
determinable for any particular HA type by routine
sedimentation experiments.

One especially preferred general size range for the
HA particulates according to this invention will be from
1 ym to 20 um, particularly from 1 pm to 5 um.

It is preferable to use particulates having a
substantially uniform size distribution. Different size
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including particulates as small as 1 nm In one
enbodinent, it is preferable that the particul ates are
wW@R008/0%486E t hat they can remain in suspensi on PET/BBRAG05/000616
sedi mentation. Sedinentation in this context being
taken to.include floatationio where the sedinent 1
forns at the top, rather than the bottom of the
suspension. In particular, it is preferable that the
rpagesculidiiebeapyeftraedi ard sgehsenadepbrging| pnnohe
1EEQ?HEBI wwshen stored for a period of at least 1 hour,
preferably at |east 6 hours and npst preferab
Ieasﬁmﬁlﬁoﬁ%ﬁemﬁéﬁtéﬁgbéﬁﬁ%dmﬁﬁ %1FFE%EUE%C%G éeﬁ in

aﬁéaéﬂﬁﬁéﬁblﬁabké &@Iargbéeléeﬁpﬁgrahby aquersslse, they
ate slze

"RgalRTS a87ErhrAaD) BErby iy RaPPRERI SR PA typegyention

isoatimmeisedireantiat revieegpely neatg. Opne edpeerattgatment

g%@gﬁ%Eﬁﬁlg?”%Ean§'6815989§ i@Fa%f§ Héﬁgarﬁbcg'@aﬁéer

ccordi ng i S invention w
infpaEedcoraphy sPEBnRE AATt HNStARTS thej 31pest er abtesSt o

oHgeppakbir-guhakas1navi g asybstgatt akhyadny f pem si ze
distribution. Different sizeranges will be preferred

inhdavhoous démenésﬁgaémonhelﬁn@bﬂuédluQ@ tSnappui zelm
a@ﬁrg'&BE%t§§e%%¥rQ éhggtfsbfféﬁrabguérﬁaﬁmmﬁgr 0 nm.
ere I's a“steric ew se ave
advahbages ﬂw@@d#WQnéonﬁ@§Ytﬁ@ﬁléfp@ﬁélc%%@%@ﬁoﬁr@s

aaﬂﬁh&bgb%éad1hnb&aé@ne@Sbye£@rant£9n19aﬂ§§§etre@maaﬁt

isten1cal ﬁor delivery | ?# %

cEiRcer {f BEFEACBAGEn CHENCRLCRBE L AL SRty HBe  PEP)
profiBUso orekpuef ennedcaphllasies iangealpayt ttsbael ye.g.
a8 (LLERNENOUS AULDY Shi all 0O,y ! 8y@PPUkydnfm L0 about

nore prererre range 1 s roma out 8 nmto
paotipulptednélepbotinshatesery thal Prpasnicihuersiane

ddphnistered isp andeprbecprgigr entbal bynhargstet unour
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 antibodies or receptor binding
molecules - see above) so ag to increase this targeting
effect.

On the other hand, larger size particulates may be
better retained within the administered 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.

Thus, 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 um.
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cells. In particular, tunmour capillaries my be nore

prone to | eakage than capillaries in healthy tissue
\NQemgmﬂBGE to their fenestration) . Very smal | PCT/GB2005/000616

"nanoparticul ate" HA particul ates of the present

invention, (such as 1 to 501nm preferably 2 to 10 nm

nor e preferably 3to5nm , may thus | eak selectively

fromcapillaries within tunours and so effectively

t ar gadt tikeidr hemednpotheetisiadl onfichi dest i ouldiee t vabers

té'Eﬁe §Q89 érRMBHE?t§§ 59¥f3£ﬁ8 Pgrgééécﬁfﬂeﬁglon of

ting noleties such as ant S or receptor
tb?nﬁﬁﬁglﬁBlQEQEes Th@eﬁaﬁEBQ%}a§%Sa@aYoh@ﬁ%r%%%eS@%P% or

miRtgeti bg ehhpek. 1ﬁBlﬁB€thB§hePé§¢ piatggr Béd&les rods

artjcul ates nma ? # alne Wi t ig
B ikt ShogeBEralotBE 1 RhalEh oy Baartt Ritlihpao more
thduantageénet, sprhféaagby parthoceal ahes [ivéehatmeédheyhar e
sﬂ8%t§§t68§h2¥s§8ﬂu'f flepL géngBu Q@stXrQHE§9@®f§€éd

ar e us ex ecte fo retaln the radi onuc
£pet  esPefially. 1mﬁﬁéve@0ﬁﬁr@ﬁeinﬁréfértéﬁl%lkelmb%@%lon

oﬁaihfﬁghehlxtfaalﬁdgbﬂéﬁaiﬁylga EﬁeacQQQYtﬁéﬂlﬁd, ls
about 100 nmto 100 mm.a mor e gre erred ra

deEBRTaB4GE PEOBCRM-PE 26 Hﬁ?tﬁFglﬁE d %Y%uﬁnyt fension
gréhZer @haa sanmlcpkaf@rasiyrs hm t heoaser ageréddeied 1
si.ze of the largest dinepsion E 5 ﬁ“{culates .
1?ﬁ@CEéPPvcﬁlgfegonﬁycﬁg%gyan§n§ﬁﬁp UBrtdixYure of
sshapesaniepoklgi bg $pheassscplarky, magedbesregdsret chis
?Ekrggggggeral the | ongest dinension will be no nore

tires, preferably no nore than five tines the
shor Pexosdtuensi anSevRBAePEAPETEYil af ehar BAf Bl gebates

thaE &%?p%%'%hbﬁehntba&899é§§8ﬁdl@ltﬁ ghteiheblded use or

wihb: Che dageoruiate: EBoPE bRaTLSa s phy e BerHioR aks -

1di parsienlgreatae pbaosBtunwipleber abbyeby melatedato
86 E%%Eg%%lof the particulate and it will for some of
the applications be favourable to choose HA particulates
.having a porosgity that gives a density similar to water
in order to achieve a very slow, if any, sedimentation.
Any radionuclide suitable for labelling HA to

provide a compogition according to the invention may be
used 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 radioactive daughter nuclide, so
providing a radioactive 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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infection, e.g. to a cavity, intra -tunoral Iy,

subcut aneously or intranuscularly may not require this
WO e@sn07wbT on. Porosity is a second property of P€TY6BRIAS/000616

particul ates that may be chosen to correspond with the

i ntended use or with the ragh onuclide to be | abelled

on the particulate. In particular, the porosity wl|l

be closely related to the density of the particulate
ofindlphawrhtiidbiosoie @éneheteppluciang orise heed tdeucabde

t£8 9999?85%8?&5'&Ekﬁ‘{ﬁstﬁé‘vﬂ;&%éa porosity that gives

density sim to water in order to achieve a very
sIomWhereaﬂy igebPrent Xkt afyin oali eprmeds Helawi ehbtlee

:LﬁOén{:@Bﬁ' Lbngnl"é\lbﬁapétﬁi/tlﬁj@ra f@rﬁppfltpﬁé‘fé\ﬁﬂ@l Wi gvd 0g
e | nvent he present inve

nef s LR SEoPSeen: braoTEVIRY Lryehor BT o e S ARy

batwkeast nﬁerbeaaddﬂﬁaqayat Ieast one al pha-

' one a
][ gr ! gﬁggérﬁugugalfe#}¥ege¥r %I %ﬁ%ﬂ%%”ﬂé‘lﬁ’&é’%n@%‘aeﬁ%ﬁé
empateng"nuaaﬁ@nga te ﬁmll:chwmgegromc y@tand”“Ba, d8TRa.

260, preopdes:rgnr agheagﬁyvsorqﬁyﬂgé%n n&lﬁéf@l@f so
rOV|d|n%@a radi oacti ve _d ecag%c ain, wherein at |east

one BROERBTNEEPEP Ph TRELCRAFhides a3%e et pialtters
ha&ﬂh@;sa@ nle&eBebat! ¥1phe- @cﬁi’eiﬂin@ L@ém@he%w lin d@c:@yr by
beta e SSI1 on e nuc e
SOEFP Ehpital | PrRRGCIPEITOST | 185 ShalPPRar 20 MHith
ather apeat soakky Sbgniiplbantmanoimy of ‘Bl phdBiadivaticbn

if d 22 t
T P N e

ta poAPdert | o?hcofafﬁegthﬁ%mﬁfﬁﬂ}f Segryd pha daun @rlphat
aMgl l:wBrSéééaeﬁdsgﬁbﬁﬁsatbafinéliﬁ piep@tmﬁmé Prgisr. anshe

SBRYCHRUB BFeBPErar, SERPRLF of o1 noibed i Sy via
ienl tlphg-entkeingf dhtghtet | Biding group 211At, 2128|,
223R8, 2adRBreflntla S4I81maRE 8BV £k P,

22ph /**Bi suitable for use in the HA of the presgent

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-specific 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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Anot her group of radionuclides are beta- emtters

havi ng at | east one al pha-emtting daughter in their
wale@ayp7sbai n. These include, for exanple, 211PeCT/aBR@E/000616

acts as a source for alpha -emtting 211Bi; 213Bi,

whi ch decays to al pha-emttiyng 213Po; and 225Ra, which

bet a- decays to provi de 225Ac, and subsequently decays

via four alpha and two beta enmissions to finally yield

pBt §€é@12@88b1n@6958§ﬁ69h@é I &r@wﬁf 8t héeds exgant flcuEarly
S via l

L815EPmI R GRE RABLRPE e boati Toat - BrCY heoT Rl aer B 18-
c2aRPRbb212By.stuhtabbeBEbrSusertnifihe thnoéithiegpEeskendm

pgp ga&aechg§§gﬁzpreﬁﬁgfg Qxdgagggggéegogpé'&g@@ 1} is

rom a um source by
paﬂf@ﬁabiéhéﬁgéséhﬁ@ﬁﬁ%ﬁg?abh?@ers|@W ngnrl§bhbetﬁ@pport

s@ehRasb¥igorbaghrWebi §ﬁrifbb§€ﬁ§o§pﬁﬁéféc 8bRggEt (Ridh
an acti ni de/| ant hani de- SfeCI LC resin, eC|aII¥8eg

tRReTPSiM 3Ff RTdGFunfATIanLF] feNPoW%OFﬁa M PDBf
TR12Phetiod. mhy akl avinhdn@d4fRathoasy andthod 5e£4fbnmiﬁg

HA. %Hggrﬁéra rhfy gglé?ﬁ é?é gtkggeg%%gb th %i?gg
“é%l@eca:acﬂuym nncdmemmtmr@ﬁ mP@olf@mmed anoi tfltvéfm@bé@eby

tﬁs Boget Bﬁsoffomefa%hékcggpgetgsgsthas ihidn@nghor

may be repeated at | east” ong th_the same or
d| f f EPEnPreRABPEICBf NgpReTf ’Ferbu rrud%rln@ﬁ%%ﬁ Sl fae

tﬁbeaa%n&ag‘él f)tEC obf@@l@ﬁg & nghmpge nehd a@as bigpbasphedi 6ut
cid_derivativ oct nethane

p5P§e8H5§pﬁ891@ §8| Ofepﬁovﬁgﬁﬁi (ﬁﬁ%? %ﬁﬁ% abl ePb
rafgeonficd ibienders tiynchadehas opnevibessy baeni chtaihyble.

18- Chp c@m%%%k%%kh%eéfsgﬁg §§esen nvantlon are %ta%}e

d|-t exano- 1
t@athﬁldgésc@ﬁtéhﬁlﬁgaéﬁéhréﬁipﬁu§bé@?fﬁéomeghﬁ)HA

p¥ber eyfadisgnuch @%ﬁxp@%@t!ﬂéﬁdmayt bkScehsigeabhestgouseir,
speC|f|c bi nders on non-1labile sugport
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 90% 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 most preferably at least 90%.
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such as silica but for purification where, contact
Wth the resin is brief, organic resin supports may be
wae@d/o79Bhi s net hod may be conbi ned with any nepéiDdBR@s/000616
form ng HA incorporating radionuclides referred to
herein. The 212Pb, and HA imncorporating 212Pb forned
and fornmabl e by these nethods form further aspects of
the invention. The preparation nmethod for 212Pb
i ndi Theetllabbbirghat hyr cxivapa tifee of 1 i ferfadl epwdnple
d Si; [ :
i R S R PR Tk AL
Pﬁ9§eﬁﬁe§géﬁ§l9fbeen obt ai nabl e. The conpositions of

the paeseRbsbANERy i ANsETE: Sérrbe tige tdAphHsEmDit 1k
Igaded trlaai onucltide.fromthe HAiartic ttes. Ah _
TROnBBEFLioh fhy e tonkt Herd st e ¢F , RpFreha
ehDeURaLl PRk BndcPhdtt O B/ otplpAlideasdrddulates,
m nut es | east 80% of the activity fromthe | oaded

at
PFRHFERELY| B P sPHet2ctimI AI9E the 3 art i cutsn dore
pratbesblhaati pathecsolwfiamd This proportion shoul d

f bl 9 f o] I
0% SR moBLLRRG LY aary bk DL T, CTHE st 11 ons
hpdeoayspastinbl ent bhe heabeobsd afadaightarehuefepised in
spegera) edol Lamhihe decayale o tbmla decan e e

ded radi onuciide or one of 1ts decay products . A
PeBEPEYLEEBn may be considered stable in this respect

i fi _ mﬁ@nmb{a{a@_@g&%@%l Eﬁﬁéf@iﬁbﬂ}t aé@cbrﬁpzpieéé@g;hé h@clepd of :
actl vi 'L DU 0] e. u er r I onucl | de
geneliﬁﬁ ngaﬁﬂ:?"ﬁ% t?%%te}%eﬁ’?%tdlgﬁe%iéﬁ?m b%[ee% Eeb)choﬁ H&t P
(B} Least céRfetLIRI&SoRSBOCiAT BEL W | prddfeddbly 80 to

particulates. This proportion is preferably at |east
1388¢, nopre ppedieezally at0Q dextlB0%-and nost preferably

at | epst Fﬁ%&?‘é@df&@éé Noaf 1 dly A oxyapatd te Wdh & ()

radi onucl 1 de can 1flpr I nstance be perforned through the
cpB| PewrAgepr BeedsPEeeparatible AT RGTHREE It i on
a8bepbpakbphaquedi ¢dthler (preferably an agueous carrier)

‘to prepare an injectable or infusable suspension or
dispersion, together with any necessary or 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
componentg, where present, will be added before optional
step (¢).

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,
viscosity 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
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radi onuclide or the in vivo generator of the

al phaem tting radionuclide to the hydroxyapatite
w@aoosiozasbat es, preferably at a pH in the rangePOf/GBb@3N00616

3 - 12, nore preferably at pH 5 to 10; and (b)

optionally crystallizing a g¢pating of hydroxyapatite

on the | abel ed particul ates prepared in step (a) to

encapsul ate said radionuclide in the HA particul ate.
adfetietbod ahibablefeddbtyvesnpml$ebethelstkpowﬁ téc)

1.ng reig p (b) to

pOFRLRRd P EL L0 PR, G SiE e BaPLiaBludt BheBsto) oo
lﬁ@péapeéféb@ﬁ?yaQQOWﬁbllhugwn gFheipp- @gent@usa@bsas

naabeh@daaagekdspﬂth@tia)p@ny&éi §ansbe @8HE8s10i8ns in
ica accept able |

ati bl.e oy siolo
983 %P EFEPB%§ aﬂeaaﬁaaaénearF?§$§S%095?B%5Féean
|njegﬁabbeher Bﬁiﬂﬁhbéephasm&ﬁéUﬁﬂc@I fospel &t bbns that
a S (0] X n
B B g B DY R85 AL L SoAh BOEEs S PLBL S M apet e
wibh preparhpgemndtsnabriiispngchipayet obwgivaliyo
éﬁ@@ﬁ&é@leogrsﬁaa@bhgne&QEtyﬁg deiBﬁuéif@é Dﬁcpédlng

cancer and in.radiosynovectony . Typically these
ligsitiPohaF éBﬂ?SHéﬁPsormh%F%ShPﬁseﬁ?lsmn??e%@sadﬂéﬁtes
&

dbeﬁgrepaabh@ﬁ wsbep, (spraPbar impeedngedd ymédbes:884 €and

t
SERPFPea i LRE afbraRe® ey oPHETEREs et S aiireition.
salt§hesmgatspaaﬂenrhérph@nmeceytad@bsp3$par@uiéﬂssof
tﬁ&'9?mg8§§€§oﬁ§da858§élﬂ§'991 Lel Soedl &335£¥ generally

ourants er native
Lipupds t PRYiFaPeedl ekl Bdeaceptabhy t%ﬁl%gtab%¢|@med by
1ﬂﬁﬁé§8§b §ﬁ§pén§bén§n6£oaléﬁérgﬁ@n@e i 6 & Such

ar naceutl C ositlon et her Wt
DRBeEaEerb 6al qedPasiELanE| Hoene RN Lr Hee {7 cle
iduehahbe addi tdsied wolphpeiakdd:kabliy dcceptable 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
persong skilled in the art of preparing pharmaceutical

preparations for in vivo injection and/or infusion.

The compositions of the present 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

more preferably to at least 100°C. This is particularly
gignificant for larger particulates which will not easily
be sterilised by filtration.

In order to avoid aggregation of.the HA-particulates
when in suspension, suitable modifiers or adjuvants as
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persons skilled in the art and may include those

i ndi cat ed above and well known gelling agents such as
woaianzdseand/ or synthetic pol ymer gels. ConposPCT/GB2005/000616

gel form preferably have sustained rel ease properties

Al'l other suitable pharmaeeutical fornulations that

may be prepared starting fromthe HA particul ates

| abel ed with an al pha -emtting radionuclide or an in
aypvuegénéraer ipothanaatphaucknast dhgpensionuagedes, may

benaldingol kadi 435508 bALeRLEED: 9Eal %yépgﬁatgshs
crea pastes, drops, .patches,’ w pes, spray

ACRBE gt &0 HBRbALENEELARE sh@éf"@P%‘?% oF G RTh (FPREEieTs
megbbdi parbshotirtbesi Dyepkbﬁélnghe nost preferred

phar euti-ca reparatiops e.Co
accor %nétf %ﬁe 93% E ag 5%%?%? ?éqﬁ?da patient
iphypeed ofi Caleaymam:emébl ke depemiemt eowrseéveushbfactors

sBHBP8RsLARS Kl £di $PET §h8NSecay OcRL £RASL ﬁﬂghra?lo uclide
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lpﬁégﬁﬁﬂoﬁnaFgeaGH@EOFEtbﬁ?s?@P@ﬁ@h%gIQOaE%%p%%B$%tlon,
theqebdteabﬁreaﬁlnlgepeerehLytﬁéem@m1@ahewéhdﬁeigﬂr@f the

te buff
p3ELPRE 25e BaRTREF “Afk: e PRaghs & TR Dl oF ey
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systens are persons Sk e ar
CBWEQ&FFﬁanﬁﬁﬂﬁﬁé@aﬂl tal theepavertbons dorone sinele

dbaraget bﬁeeanglroﬁhi:Bu?ﬁ' an. 1&&& C&r@oeiﬁ ]%‘Sd@éag%@e%er
nti on of further avan

ent
Fhey CHRAFEL LV hERBhar Hacetit FREFS fRehdl Bl orieF rihdereatment
péhﬁbdf oonmaoByeast heat - ingarbdual adaexaa e, léa&it t&l@e day

oY REBES 81, BhE! UL SR CARoTICSEOBIBIA.| OB ety

Fvent-of W
may hboverZabed, apr béasabbycabay edSHHT armtensary or

sereserebw Eﬁea&kifﬁé& #08PG 1 g SdS i cularly
significant for g particul'ates I ch MA|| not
eaS|F§ a radlonucll e having a short half life is used,

it gemerally 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 more preferred 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-cancercus diseases.

Ag indicated above, the present invention provides,
in various aspects, a method for treatment of cancer or
non-cancerous diseases, compositions 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 thesge aspects of the
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be sterilised by filtration, In order to avoid
aggregation of the HA-particul ates when in suspension,

wa iosatise? nodi fi ers or adjuvants asare wel | - KnPGIF'GBR005/000616

the art, such as dispersion agents, may be added to
the |iquid pharmaceutical preparation according to the
i nvention. Exanples of such nodifiers may be
carbohydrates or proteins . The effective dosage to be
indennicneirdlude anpbaentic prdatbnf neasp@iicwi || be

gﬁesegs td?é‘eé@e\!@rﬁhcl“la&é Offa PUCH 5 dhe Hehishdfe aoth

eca a|n of the radionuclide included Iin the
l*e%apégnf:%n HREBIH MY FROLRRENE NIRRT -CRPEET o R ECDHFE

caﬁazeﬁl Sbbati Oancéhe G@ﬂd)ﬁad:aﬁ@étdj tbp«itid)értcﬂﬁ'l@@fj ent
and, g/her age and el t.he ill to

CHEVERBAt S ShehSAhCGF %bt}x%p o§?§ea§3%k% mla |eved
tthooughodohai steoataion. ofoem$¢uﬂlmm&ﬂm$c@ﬁrtnwpbsrlyon

a@;‘ﬂggwg tg Eﬁtneas fﬂ&é@foﬁ%@”@hééé‘%%é’@é@ggf ONGE;

rough one si ngl e dosage, pe
ipveptéan yn@h@dem\@no@a@ﬁ%@%erewl%w SypemhasEic

dP§éh§QsOEn@tfbﬁaﬁlﬁeoﬁ@du@ﬂi&ﬂldélﬂ Sy Df @isé@@é& one

(EabaPSanYrdt e Pl & ea?O?%as%n%L%ib POS Sethncie
necesrasy one sdanbadimehy ®ﬁetB@$élaﬂpemmbca¢lates to a

m€E$85|%59n€£ea£%eﬁtr8§' nuchhde avi o A ﬁﬁ %Pééément

Iy grves rise
maytPvef9rabéﬁgbepéppklﬁéléhégﬂgﬁl%@r%ﬁ¢¥#ﬁ%@0€@hpared

159e§t£6ﬂ'BPUthg§18§VtagaasquQ@i h@éﬁeiéiﬁy d YiRhfakh

dosages w || general g I E roq;lo k||§$%&
p%l@et@. @ﬁB’ae%‘érOEa%‘ﬁ %.Eﬁ?% %%me% rat TR AR &
efipeetRief enbeder ange b@mpgsitﬂa@aﬁmcérdﬂnglganh@er_
FSSERE By eoBAT ™ AVBRETOR A7 Lasf uloTal pharabetiot.fe
thenpombti bhsguespebiphéyepi epirat Fadbomrcledeeedreén a
nk5AYLdePEc88E /€01 St 8hes@Bfbodiment because their range
is 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 tumoﬁrs, such as non-small cell lung
cancer, malignant melanoma, ovarian cancer, colon cancer,
sarcomas, and tumours of the prostate.

A further embodiment of the invention relates to
methods for the treatment of locally disseminated
cancers, 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 of the invention is a
method for treatment of locally disseminated cancers such
as liver tumors, through administration of a
therapeutically effective amount of a liquid preparation
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for the treatnment of cancer and non-cancerous

di seases. A s indicated above, the present invention
WEe@3i0Ttss7 i n various aspects, a nethod for trRel/GBRAI05/000616

of cancer or non- cancerous di seases, conpositions for

use in such nethods and thejgise of a conposition for

t he manuf acture of a nedicanent for use in such a

treatment nmethod. Diseases particularly applicable to
cbﬁpsesaﬁgeat Sadiolﬂbéné@nﬁhwctmﬁuﬁ@ et s airh\ﬁeralﬂ:ﬁon

non - astati n u S es such as_ s ceII
eBod RulFegh.Fh' fiefR"SE, Sutn L RcRRRS e oS Ed

sevdr sahj eanhterblopdasuppancer, thenef tariced , axer o:mr
o%@&ﬁere bl aQQGEhQaBESBd § yigaloc ivefl OB case

| ynphormas, [eukaemi as and tunburs of the prostafe.
O} Rt LHPE BB  par TRERI BRY yPTORPRE | EBMPEPHE tPe the

caﬁpbgggibﬁnlﬂﬁothﬁéet@ﬁ@ﬁctS of the invention |nclude
non- _ cancer ous speci a lastic dis ses

for PrEdrEhets eafEBTRuAr br nohF Daldit fol 2EP0
mdthedsésrotheherb@nm¢ntnofudyagemx¢$&1y|dus§émmnamm®

gﬁ@ggl n&ngLawﬁé&s%ﬁg iusﬁ' Sucﬁnf@sﬁﬁrmcgbpg%gﬁér

eat ne a tunour treat nent
SpPEFBEabAGMBBLEPERT EEnt hia@u@ N S ot 1t URpR@IOF Such

tkBhesbhen er hnﬁﬂékﬁﬁeﬁﬁléa§y91@Eie&ﬁ?ﬁ@réﬁé&hﬁi@Wﬂ@n
atlent eed of such treatnent

ﬂewa;a@fmea S eprEat e LaBIe e A Rl heked B2

aaeoaﬂdnggtbothhelnﬁeﬁﬁionn Such a net hod provides

| t] t t
rad SnbeFPHSE' (fBodintil OFTDhe  LEPHE ioh B AR Ko
mpbbadséorhereatapge @‘é snbmcamt@éma@mcvm,smhmoﬁ ng

tﬂ@éhgaﬁtaeéwﬁ b8 £8P UL SEHoufXapP! £5- 211 ShSERSRS in the
benefit particularly fromthis enbodj nent of

foxpe Pﬁv@n?P@HoﬁFélPHOQE EABSPRESRF | tRYRMOIAR, 1Such as

aammnsaaéke@etb huggbyaecein ﬁ@écﬂg@mmumltammment by
an_cancer rcong rs of

1R 8EE e AP thauf SrRnif el Ehe: SRRSO TRPr e A0 LIPHES Sl

reehahed there in order to obtain irradiation of the
4cavity surfaces. Such cavities include the cranial
cavity, peritoneal cavity and cavities created by
pericardial effusion and mesothelioma and administration
ig suitable for cancers such 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
method for combination therapy, which comprises
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
consisting of: surgery, chemotherapy and radiotherapy
(especially external beam radiotherapy) .

Combination therapy is a particuiarly preferred
embodiment of the present invention and may be executed
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nmet hods for the treatnent of |ocally dissem nated
cancers, such as for instance |liver tunors, or

w@etoshmserl |y or intracranially confined di seaB&€FGBIIWEM00616

treatment may especially preferably be applied through
| oco-regional injections or Infusions, to a subject in
need of such treatnent, of a therapeutically effective
anmount of a conposition according to the invention.
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40y toERinBRioRf thesabty disseN Hadsth GANCESS SHed@dnt
|iver tunprs, through agm nistrati op of a
G SRR F U8 PUS eF YRRt Pl o BN off &L §9WRA by one or
moepaviEheoncypes | of ngreatmeiio) abted s Hie e ofdbargot 0
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EBBolhd@ withnt Pfe CAGRI Of sBrdi M JAIMDTconfbt $i B
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tomaimedtwioth seqhenapelttiletdyy éfyf ettd s reamulofareeous

Phas FRCeUt | i SO 1§ '

HA accor di ngé%op{lﬁe i%’egﬁ on. A?‘ﬂurt gﬁ%%o%d‘?%rﬁefd

THed 1 eRrehY | onThe| GBI P helt MR May &g reeRreajfed one

oRtHGEAVE {mEy d4MBESdednsife® dhaiRPHdiGHd % condition.

effective amount of radionuclide .n the formof a

CompOSH 1 TEHIBN 1 Fo. o SRt i €T S T ARy Pl

he chsubfletapyn rechoforsucird restammentbypamijeitt i on or

I s an hote, thee Lunms: afeetad £avid y.and et ai ned
ere 1n order to obtain irradiation of e cavity

adminbesratsien ehviie aahame GRIE ided @qamicH 1tcar tf the

Derédonsel SAVESY ANtk Havd tdi8%HPHAA dMed 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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peri cardi al effusion and nesotheli oma and
adm nistration is suitable for cancers such as

WO niosarseni al cancers, intraperitoneal cancer SPOI/GB2005/000616

cancers located in the cavities created by pericardi al
ef fusi on and nesothelioma . 28 further enbodi nent of
the invention relates to a nethod for conbination

t herapy, which conprises adninistration to a subject
dompmeedl ofe smichfermeskatedt asf aa soreyapeutvigs)l .y

A d &Gl Céﬁ’fv@f?u%héﬂ fél%&ql?vent rt@ﬂs‘)ln?{q‘lo%j dﬂAtreatment
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iy dsay d?%lpﬁﬁ%lf%t@%ﬁ% qqmﬂﬁst%cg? &fp témﬁreﬁmgton
iof tlrﬁtﬁfﬁl@rﬁ’orr@f'@ﬂglﬁ Y, d}clg%atdzt@ga@tte(ﬁess@e@tal Iy
er na beam r | O a I Na n era 1S a
RE R vy goLorherany. . .conblnat or el
anﬁuﬂﬁp&nnaﬂﬂxrWﬂWﬁbﬁmﬂxﬁmutedmnga SEﬂU|EHK®QW&ng a
SR é@ ea@ée ernahjng. A utlerala%d%%'goatwe' Yoent .

conbi nation treatnent conp
one t%bfanqummmeﬁoﬁ%@r@sm emem@rlon

xtbéaFaQ:%éthtd (rjaﬁaﬁé@{t;d M}:ers?rfbv%%%%nﬁ/yp% &, ttroe%tr@%r&t amay

epeat e one or_nore I Mes . exa e o0
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szmrblamedfcm t:tnswsalcaallrpamrstarralslmg (ffroal earmasittiisan

accor pre t ent n ,Jhe ane _poi
K e st PG e Rdy

in tlne e her %he sane or
lofdmhm@tmauamrgatlﬁrclbmm‘@ynamsm deeaiartenta eyl -be

HRH nedh 1y sequentdal dherapy 1Ry Sta 'rﬁg or, feline

si mul t aneous treatnent, for instance, t unor
MR dee refRIReE surgical |y. The conblnatlon therapy

may b rtefaeaﬁ@ldlma:gnrsé&rlent RS msfe@lee@@ld ikkased on

S B S A o e tntlall BB Mgpces
mayr dod rlediaiert wmﬂh(nh;aﬂpmareaumengnr@ﬁhbemeﬂudeaysd a
HEE&M3%$%E%ﬁ f;%?&ﬂﬂ@f? tr%%%%%c%tvga?‘ph%ﬁ%EEQQRbﬁgg

conposi tion of
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 various
tissues 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 used were
Hydroxyapatite, Buffered aqueous suspension, Type 1
(Sigma, St. Louis, MO, USA) or Macro-Prep Ceramic
Hydroxyapatite Type 1, 20 ym (Bio Rad Laboratories,
Herculesg, CA, USA).

Counters and Detectors: Gamma spectroscopy was
performed with an EG&G Ortec GEM15-P Germanium Detector.
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nore periods of treatnent with the radi ol abel ed HA
w@e@sndissy to the invention. A highly preferrebPCT/GB2005/000616

enbodi nent of the invention relates to a nethod for
treatment through applying dlconposition or device
according to the invention in a therapeutically
ef fective anmount, during surgery, after a procedure has
G@@@ﬁa&eFﬁﬁﬁﬂ%?qﬁylﬁ§h€9€n53ﬁ3eW6§sPﬁﬁ?@?ﬁﬁﬂ Whth a
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e.appli t the tunor bed or _to oundi ng tissue.
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stermartﬁm@l@thedﬁb@ﬂlung bodapuen féotapiosur Fbandeagtion
H%Q%u&%”wasbﬂq] fro?ﬁ%@k‘ EA0LE e FALELY (ufhi S MY
ar usefu t

e parti cul the event tunor rupture

Mé@é@b§kﬁé'gIK@urﬁﬁ§“PH§ stPgi damipr suddhen ingyppted on

al seRkreNtr gy of wihhekesabs@ore akheirAglpuehiynachirevetames
antl- tunor ef fect on an renalnlﬁgﬁéunor eIIs at

(Phid uEERi oY %endPBl PHHEEBr G5 Ugth; EPRRBOGT fent
Geaulatiyhe aaek anpl itdimed pshsnggod shepeedilen efithhe ml of

0Aqt by n Jformulated as a spray or w pe)
AI(‘lt clglr %%t%l vceél %?v]\%é:%or elating to this nethod of

treat nent, |t may be preferred that the conposition of
ﬁggaﬂlquntion is in the formof a paste, patch,

I npregnat ed sheet (especially an absorbabl e patch or
Piegetr)a t,1 cor eginper tgelularictse dpdeilald wiahfwaduMwPQéﬂ
(e.g. gel) prOV|d|n a sust ai_ned release,

t her a2 3 ¥GiSo REEPFE S ERP™ &t | I‘?CZn&Ihegrource
uﬂﬁdmﬂuﬂa@d.Qﬁxthennmasenbounmanbyoeluehageshéo”éRa with

Or, SYROV 0] 0] bj.ec
1n§¢?§ﬂ1ngq¥1§hwpgﬁ%'E%uaﬁe Wg%nﬁs andPor oﬁ%sgéﬁc
umanllméianﬁeeﬁawm &r.i §iong ﬂrm&1EppﬁndprienAtgb@s@ére

aEi% & Bt b th‘%.'Po ?a%‘itte ngk)eg%g%hablfy4'Ong1§9ﬁll§_eaﬁd 50

fTen “pat i ent al'so indrcate a nonhunma
uﬁanﬁhk&&n2§Eb/e@traé§p§@latl9na chniineherlaleel g and

purification performed as described in Materials and
Methods section. The pellet bound activity was in excess
of 96% 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 to Example 1.
The pellet bound activity was in excess of 96% as
measured after 20 minutes. A re-measurement performed

two hours after showed no significant differences in
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mammal i an subject. In the foll ow ng section the
invention is exenplified to show how t he

whyasoxsapatite particul ates may be | abel ed wi p&IT/aB2005/000616

al pha -emtting radionuclide and a beta- emtting

radi onucl i de, respectively. 27he exanples are not to be
considered limting upon the invention. The invention
is also illustrated by the attached figure in which:
cleiugitr erateshdwslitded ingt éaitothef d2$2Biibut ivar cdudaughter
dilc33WRS aldh@ledl waerici %Atmp%%sfeoblfowh@g 2234 Pb

adm nistration. The Equilibriumlevel is also shown
and déndhdrEthed FRetiRens1 288 ingy Er¥ e EPose to

pegtildullEite®,. *Sraeral M|B@§ eih@b,ﬁ%@ﬂﬂté@t i_hgdé 10 mg
r ax atite .par ul.at.es _u wer ro at ,
%%%ﬁy%ﬁ\a o SR B £ORT 5 o8 B GrDn by,
wiak sUSA) rmom\/h:carr@eﬁmfmr@er arlht:erl—lyv@nchyaﬁatzﬁ gafypellet
Q (Bio Rad Laboratories, Hercules, CA USA) .
h%bn%m
unters and Detectors : Gamma spectroscopy was
performed with an ERG Ortec GEML5-P Ger mani um
l:_,\%et ecltor General radioactivity counting was perfornmed
£ Rultivel | Nal detector (Packard Crystal 11,
PG s tgarEph 6ad, 21@m&ﬁ@m—ﬁé¥t$§@ates
Particulate | abelling and purification: The reaction
m xt lreadnRs 2nivesd psepergdy sohskaniipldyx EreeMsirom ***Th
Mgneshgker, | KA, Cermany) for 1 min and then incubated
on a_shaker for 30 mnutes before centrifugation three
ti meditd m "Rt 8¥ar9pBberphP MYRSPF n2EeRE AT Eige, material

oEppenden uNeEgr waﬁyéld@@@ AN ﬁh@%o]l@ﬁibmgtﬁﬁnéf@rred to a
1 M c sol.ution

C%ﬁ'él'ﬁﬁltr iy, Anedefnlad bbbl 308, enaidis) Iad: -
X8

Radium-224 and daughters were extracted in 3 ml 8M
HNOz. Subsequently, the **Ra extract was evaporated to
dryness, dissolved in 0.5 ml 1M HC1l and purified on a
DIPEX column (AC-resin, 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
was evaporated to dryness and thereafter dissolved in 0.5
ml 1 M HNO, and transferred to a column containing a Pb-
Specific resin (PB-B25-S, Eichrom). Radium-224 was eluted
with 2 ml 1M HNO, and 2 ml distilled H,0. Lead-212 was
extracted from the Pb-resin using 650 microliters 0.1M
ammonium oxalate solution.

The final **Pb solution was combinable directly with

223

hydroxyapatite and reacted as described for “*Ra in

Example 1.

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

particulates.
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Radi um 223 was prepared froma 227Ac/ 227Th source
i mobi lized on a DIPEX- 2 columm by eluting the 223Ra
wawedaok/o298ht HCl . To the HO el uate was added O0.RBCIVGBR2005/000616
citrate until pH was above 5 . To a 2 m Eppendorf er
tube were added 250 m hydrgxyapatite di spersion of 40
mg/ M and 50 mM of the 223Ra/citrate solution. And the
| abeling and purification performed as described in
Mat eLiealis 2and1hbehedsHa eea s ohncibatpél iet fheual calf
ségh Vbb%rﬂ@ htnaﬁéCEﬁérgéfgéfbégﬁtéikuggﬁe$f %eégflbed
triplicate experinents carried out 1n para
abeakpl eThe| pedileEoaBEaBiPe¥yatesti agsetiavaRka | abel ed
rH&Q@&EtQQh@ efas ﬁégggﬁéﬁﬁoﬂ@~ﬁ@?tfégﬁétﬁﬁaﬂeﬁﬁréﬁﬁéss
a 12 of either i um
OF PPk BRoPObtv: HEP St Bib i 2SS A SHeFSitn s
pemmabatedhevpemlghtbaﬁn&?ﬁbandltyefsatuiomnsPPeared to
ent i d di ng,.t bound
A R T s
m nutes. A re-nmeasurenent perfornmed two hours after
exipped Bo significant differences incount rates
Indicating that the distribution of daughter nuclides
Bagrided rishit iwn bft fioBle ibetwd 228Ra. In a further

experlnent u3|ng ceram c HA partlculates 223Ra_ (1
VBg) T Re ol pophe@diA nf ) M mIKAR o WIS \RECRAkEth & d

db@c&@b@d'a%@b%fﬁ@%ﬂ&%fﬁﬁdg%@nMEﬁkﬁgéﬁ Fﬂﬁ@% times and
t enper at.ur.e e C ellet_bo :

SRS RRIVES 15r SpRralt BROGIT T5EhbatcSh5HF PabeI By A
ispaphnicukaflése. sbéadiofl2tveB préparéd Fubshaheilbdlly C

f&c%ewflfcﬁ%% ?&Ql nds2g4Ra, ;!\iéghwggfilghfgﬁ%gfﬂsﬁe o)

ness as start ng materi a was a
adNANERE 5oL 0L BTl EHEPERF LER GORTAININgG 0.4 MBq - S0

bound to 1.0 mg of HA . The animals were sacrificed at 1
h (n=3) and 24 h (n =4) and dissected. Results: The
biodistribution data (Table 1) shows that the activity
‘was almost quantitatively found in 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

- accumulation, was not detected to a significant degree.
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to obtain a product free fromthorium 228. The
ingrowt h of 212Pb) the 224Ra el uate
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Nu}r.lb Er mf?rack;’:sf"ﬁssuef I‘fl‘éc sur[:chapgoﬁiﬁﬁtél'y' ' four ﬁ*tef sacrifitig the hnimal$ Numblrs in

bold print: tissues measured one day after sacrificing the animals, i.e. allowing time for daughter
nuclides to be in equilibrium with the ***Pb mother nuclide. If the number in the bracket is lower than

the corresponding bold number it indicates a depletion of the *?Bi daughter 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).
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mce wth bodywei ghts of 21-25g was intra-peritoneally
adm nistered 0.5 m suspension containing 0.4 Mg
wQimpk74seund to 1.0 ng of HA . The ani nal s werBCT/GB2005/000616
sacrificed at 1 h (n=3) and 24 h (n =4) and di ssected.
Resul ts: The biodistributi g data (Table 1) shows that
the activity was al nost quantitatively found in the
p. cavity and at the organs and tissues within this
C’é%twﬁe‘y indicating very little | eakage out fromthe
cavity. The distribution pattern associ ated W|th free
212Bi Ki dne accunul ati on,
1 ot eRYSHOTHARSS G FLAA G UG Tt G A Lt ing
rad sonuduideoncatad houviaddyéetnss Bt ein alpha-
intra-peritoneal_jinjection O 212Pb | abelled to
entr g FEoYabH®te particul ates. Number in
brackets: Tissues neasured approxi mately lhour after
o sacr C t he. animals. . Nunmbers .in bald print:
tISS}Ié%é ?r‘@g% R e it R 60 HATY i Li TR ing an
apphaaesitiing sddomngl idersciorenalght exheustdudes™ e,
2l | ﬁalgguuhalgtl u thzzt,hke 212Pb not her nuclide. If the
nunber Th the'brackét is [ower than the corresponding
bold nunmber it indicates a depletion of the 212Bi

3 daugh{ 8o aeftaSa@é@:P@m@ tIchQ:ltatﬁﬁUle @ fgsfzhxleszltéi
|

deat h the o oslte V\ﬁjéi n ri chment o
b%‘i@F’B‘“h‘EtHﬁ% FEOBiC ?h;mk@_ ays ‘H;Pdra&}(félt%ﬁart e
efiHA} ihgcaapgiiaéi ng an al pha -em tting radi onuclide or

an in vivo generator for an alpha - emtting

radi onuclide. 2 . Hydroxyapatite according to claim1
4 conpiyéiogyaipatal phaaceridinnga adianud ivdensios éhd rom
bABE- GnoUR: 23 1ka1 21281 102 28Rar pR24RAp, 2265 2T 3

Hydroxyapa' tite according to claim1 conprising a
beta- emtti ng radi onuclide, that decays via an

5 al phlayar@iyﬁ@atdm@m@&or&lmg Hyslraay apad idfe catczcl@crs:lllngto 4
cl % F%Awer ein the bet a- telm tttl r.adi onucjll [
w95ttt DhpR AR BrS et & CH s A
tateatenngot oa anixomee off chadinecat t@st wherein the HA
conprises a cation that is bi val ent or trivalent or a

m xture of such cations. Hydr oxyapatite accordi ng
6to cHedremyaprRELid EECFfeOJé‘%ﬁIFSbrFQ Claigs én whesaithdhs oup

c&ODEHS ENGnOfet M £bMhe group consisting of calcium,
strontium, barium, bismuth, yttrium, lanthanum, lead or

mixtures thereof.

7. Hydroxyapatite according to any one of claims 1 to
6, wherein the HA is particulate and has a size in the

range of 1 nm to 100 um.

8. Hydroxyapatite according to claim 7 wherein the HA

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

9. Hydroxyapatite according to any one of claims 1 to
8, wherein the HA is surface modified with amino acids,
peptides, proteins, antibodies, carbohydrates,
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strontium barium bisnmuth, yttrium |anthanum | ead
or mxtures thereof. 7 . Hydroxyapatite according to
waeysorsendf clains 1 to 6 , wherein the HA i s PCT/GB2005/000616
particul ate and has a size in the range of 1 nmto 100
mm. 8 . Hydroxyapatite acc®rding to claim7 wherein
the HA has a size in the range of 1 nmto 20 nm. 9 .
5%drox apatite accordln% to any one of clains 1 to 8,
BPRPHALRE, HALTST3TR JERINBET Fi BT TR A nbOMRFEs,
gpepps des, apeoneinstient thedkes,
car bohydr at es, phosphonates, fluorine, magnetic
substances, folate groups or a conbination thereof. 10
10. Hydydxgupapatetaczordr@ing otangnynenefof| alasmd toto

99,wmgféshntﬁaeﬂtwagScsaﬂyh@&dOPrcsoséé%m@@@é&dwft h a

substance selected fromthe | om ng group: neta
SRFERRCE pEBt efhed gﬁ?%ot%%lE%ll%%+%%H¥ﬁWé@esmetals:
oﬁh@é@hOpabeéln@plaﬂiﬂg Bt 5@HpSphOHE RS e ®f gani C

conpoun .11 . ‘Hydr atite according to any one
ofoPRRdRAEes Foctud YRl Y At iR Ok o et 1Y
compseddsent ed with a substance sel ected from
pol yl actide, polyethyl eneketones, glass-ceranmics,
titania, alumpa, zirconia, silica, polyethylene,
1époxlgl}’dﬁ%yépﬁmbﬁe@W‘é’é@lﬂSﬁ)otfyh%lY o&%&@r%@lms 1 to
9ge¢zﬁétamcehétag§nls ChbheEREa @Poé@hs?é’&ﬂﬁet 2 ntE@Nyith OF
etic_iron or er eo
sopbteate! Belor by FRgn b THl SrhRe nebo T eprefendketones,
ghadsewﬁmicse pz‘ata?tml ad Bumban o pin@mmpomfplisang.
n 0 emt ting
pra |ongi$ﬁ%i %?S‘xi #Wé‘tﬁ le%g? Jfgér?gllo‘f an al pha-
p@hyhydngxyhutwn@be»d@ehmthnhy@®b&@g@nu|¢hﬂtosan,

Héé%h&ﬂéﬁéeslréﬁd ﬁP%noﬁii@Q§l|Ma$ﬁd@i@Jif@ﬁngrinxtures
coating of hydroxyapatite on the bel ed particul ates

theepafed in

12. A process for preparing a radionuclide-labeled
hydroxyapatite particulate, said process comprising:
(a) contacting a solution of an alpha-emitting

radionuclide or an in vivo generator of an alpha-emitting

radionuclide with hydroxyapatite particulates; and

(b) optionally crystallizing a coating of
hydroxyapatite on the labeled particulates prepared in
step (a) whereby to encapsulate said radionuclide or said

in vivo generator in the particulate.

13. A process as claimed in claim 12 wherein step (a) is

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

14 A process as claimed in claim 12 or claim 13 wherein

said in vivo generator of an alpha-emitting radionuclide

is *®Pb and, prior to steps a) and b), said method

additionally comprises;



10

15

20

25

30

35

step (a) whereby to encapsul ate said radi onuclide or
said in vivo generator in the particulate. 13 . A

w@e@sessens clainmed in claim1l2 wherein step (BYT/GB2005/000616

carried out at a pHin the range 3-12. 14 A process as
claimed in claim12 or claifh 13 wherein said in vivo
generator of an alpha-emtting radionuclide is 212Pb
ang, prior tqQ steps a) and b ), said nethod

addi t | SFEPPY 188npri@es; i) Preparing 224Ra, ii)

Pdri)f yipogritflydng24Re BYyRe doy aconvideth vaitH -doh ofkblock
speci fi Is r.it) Alowng ingromh of 212Pb, and
i V) PuF’F%ﬁ%g%tﬁ%npggurting 212Pb by contact with a

| édd-spddiomiinabingacwty ofA pHar uti cal composition
CQRPr i $hY £ iMAd ey 3Ral e ngsehiai e dedilc Y Wit 04
clains 1 to 11 and a_ physi ol ogically acceptable

n
carri el-©2f5 SPERLSRE, RABHGEI cal conpositi on accordi ng
toclaim15 in liquid, injectable form 17 . A

har jmceutical co Siti C ' Q. im15 in
e For kg OB R SRR R SIE 7, ° ) Pha
hy@noxyapgtibei anucl & teedrim audiormuci deladiehl it gl
Lg i e9e531 Q51 {Pradhe gl phas @rdtidng radionuclide
a#ﬁ %h gnufa%ture %faa &ggicanent fbr use in the
treatnent of & cancerous or non-cancerous di sease. 19
16. Usg PhaghataBei&al ctahpodde e rad dorsdint nesli caaantls
.1s_an %ajectablga%inf sable or locally applicable
Ihedi 9hent 12J96 2088 52" Rl aimed in claim 18 or claim
19 wherein said treatnent conprises radi o synovectony.
1. | | NoGht A& H AP e i 15
12 R R R e AR ¢
in ge orm.

18. Use of hydroxyapatite (HA) and an alpha-emitting

radionuclide or a radionuclide which is an in vivo

generator for an alpha-emitting radionuclide in the

manufacture of a medicament for use in the treatment of a

cancerous oOr non-cancerous disease.

19. TUse as claimed in claim 18 wherein said medicament
ig an injectable, infusable or locally applicable

medicament.

20. Use as claimed in claim 18 or claim 19 wherein said

treatment comprises radiosynovectomy.

21. TUse as claimed in claim 18 or claim 19 wherein said

treatment comprises intratumor therapy.

22. Use as claimed in claim 18 or claim 19 wherein said
treatment comprises administration into the blood supply

of a cancerous organ.
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22 . Use as clained in claim18 or claim19 wherein
said treatnent conprises admnistration into the bl ood
waaployset a cancerous organ. 23 . A devi ce conpeT/&BR@5/000616
hydr oxyapatite i ncorporating an al pha- emtting
radi onuclide or an in vivo generator for an al pha-
emtting radionuclide. 24. A nethod of radi ochem ca
treatment of a human or non-human ani mal subject in
2Beedrt feVéEr, CorPYifbREoHY bRy AR RGtadiaPEPerfhgngoan
a$phd-eubieshgaragibagth ygeagpunt of alb&dgeﬁaﬁgéw Bor
as clained in any one of clainms 1 to 11 or of
apoappbiatewatadngl apdedninlady. one of clains 15 to 17.
25 . A nmethod as clainmed in claim?24 for the treatnent
of an intracavitary primary or netastatic tunor. 26. A
2fret h%dmatéhefiapﬁeaaiiﬁoehaﬁnm:@h EEPa B bsyRoveluBay or

ndd-hAmant hadmas @hanaeg in gtaamprdrbor, | hiat HEPRoA
as cl ai [ claim2

d for.
COHEF LR e, SRRAPART ST 155 TR Tt fot Ao EF arfeal RO EP m
a@dufibor ofinti badeexybapetaf rends anté dmedt £ni dnygadhenodf

ci&?ﬁ& 969? hd 8Btb9n§m%¥m%8§1€§8 ty '91£5§ §388 Qﬁ%agne
racavitar sai dMT AT stration
off ¢beiwd éﬁtép é@rglcal renoval of at | east part of a

tunor.

25. A method as claimed in claim 24 for the treatment of

an intracavitary primary or metastatic tumor.

26. A method as claimed in claim 24 for

radiosynovectomy.

27. A method as claimed in claim 24 for intratumor

therapy.

28. A method ag claimed in claim 24 for anticancer

therapy.

29. A method as claimed in claim 24 for anticancer
treatment and/or sterilization of tumor bed and
optionally the cavity in the case of an intracavitary
tumor, wherein said administration is effected after

surgical removal of at least part of a tumor.



