WD 2009/ 147214PCT/ EP2009/ 056880 | NORGANI C
NANOPARTI CLES, PREPARATI ON AND USES THEREOF. FIELD OF

wa ka9 NZENTI ON The present application retBERH0/056880
novel excitable particles which can be used in the

BRI ARG ARTIC ER B ARRTIQNCARREDSES R ReoF.

ener gy photons when excited by ionizing radiations
such_as X- Rays amma- Rays (7-Rays), radioactive
FIELD Qf dHE W&T@'ﬁectron beans, and to the uses thereof
in health, in particular in human health. The
inventive particles are nade of an inorganic materi al
cOhproresergt appyigetion relatesrtbi rvieb exeitabix pdeticlesiivtlich can be used
_ mat erj al havi ng an adequat densit¥, and can be
in the Agaltht sectPh l\t,impgg P tIGH R / relates, Q,igp&lclg? which can generate
I . . i ”
electBfig ool eI oo e bRhed B, Wi T e pden as X
Rays; gamania-Bayal(gRays),atddctiversdiops andfort dlectporo theatrispand to the
of sajd particles, and to pharnmaceuti cal osi tions

uses thereql |ﬁir}?@ltgawepar§g@@ n healthpkhe mwe%,‘t)]igg particles are made
\/ i s f . X g - _ [ . .

of an) flordaific (RE (O SOATITS Y Ben BT PRLIRS, oh a0 materia

havingaan iackegubteadensify, drar cen dygplaetivedad riongtroans vivatems), vivo, by

been used to.treat cancer related issues. So of
contlfiHip Siae sl b Beoidtle b difudi caitern Bl dstegnEardet csls
tissudsho€ BRfHn3atiHNiNvehtorn 2l tdIfesSiBNPeiHotR R t8E WréSuction of said
El ectromagnetic and ionizing radiati ons are i ndeed
partictaspand do phannaeditiogl cormppsitions cegidiningsanee cel |,
t hereby preventing said cell fromgrow ng and
dividing. This effect is mainly due to damages created
BACKBROGND ons and/ or hi gh energy photons (energy higher
than 2KeV) enmitted after ionization. The term
"lonizing radi ations"” refers to highly-energetic
p%ﬁlaﬁibﬁ? d'v ‘O%Sfo?&gtsmage)k-ﬁéls( ?%Pr?rﬁg)Ré?\}s | $3Rays, laser
one el ectron Trom an atom or nol ecufl € T oni zi’ng
light, ahidrowsvels peledtroan bebmsemsr giellobsi pditicied sanpsardfi cfoesexample
r waves, and not on their nunber. A large flood

neutr%&sr,tqr}g BORNS. RRAYELERN HSebi0 At FRRCGHISIAIBE HeRveS- %fome of said

radiafors ! HavBNBeef 2HS& 1ANLEEA i%bli!cfatiér‘ihe, i orhisiNation with radiation
particles or waves are I ns ficlientl y energetic.

sensittveampdlesule$. Emctromagnetidiatd wmizing eadinbogetare imdted capable of

artic , ot ons, .. neutrgns. . electron and, al pha :
orealiR (nechBR mBREUETS reytels HeFany plirsdReim BrLfFomyarowing and
dividih@NTAR affedt AMAHINIYOHGE UbedAABHES REARBSLY Nectrons and/or high
el ectromagneti c spectrum X-Rays and gama- Rays wi | |

energyditiotens(enssgy higherthanc2KeVpemiteshafteraionizatioayi ol et

he ssfolortshe /58P R SRR ke By Mheretilis periss or waves that can

detactl tioaizeplaetieasd ovieseletohi fabitn aneatopmicr nlewily. faizing ability
nol ecul es; m crowaves and radi o waves are non-i oni zi ng
deperﬂ%ﬁjPa.tthle@GFQDOQMY@Q@'%@’“@'@é‘?Qﬁ Ha¥eHh 3}5& peicpr their number. A
I 81 20 n r i PR
erge TRERY P cRfidd of HGGE 4P Ih BhPemBsbaing? siuations, cause
ionizdthgnvf thiebiheivighuat gartickesdor(wayessarecinsufficientip egargeticor
or gani_c, conpound, ..absor bi ng UV-vi si bl e energy and
Exampi 0| G 2 Kb 45 AU RS, Ao et Acbeidi DATIHAS igons, neutrons,
y 0 . .
clectgiRlagha PGS HRE AR SAICES v Tphaldi) Lo jonizg an atom or
molecuavaries aspams e gecdovagetic spedren bXRasmanga gamma-Rays will
. .—cells.. 10 US 2007/ 0274909 rel ates .to nanoparticles for
onize| 8lnGs: SMAGIIGS OF RIoRral FBAV DI IGEE AN Sitigs SRR piims and
material, conprising a VW or W-C emtting nmateri al
whi ch absorbs hi gh energy radiation and emts VUV or
UV-C radiation. The VW or W-C enmtting materials
described in this specification are intentionally or
non-intentionally, but 15 systematically, doped with
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nanoparticl es and/ or nanoparticl es aggregates

injections to a mninum in_the 30context of a
w@oomlienes r adi ot her apy treat gent. SUMVARY OF TREI/EP2009/056880

| NVENTI ON WD 2009/ 1472143PCT/ EP2009/ 056880 | nvent ors

molecliF ARE" oHFEPICRHobe PPt ol 2881 ot i e "olecutes;

micro¥a¥8s aindiradRAalaved bRy nGrbiZTRg ragblionor t i ssues,
herei n defined as benign cells or tissues, or dlseased

cells or tissues, such as pre-mali gnant or mal i gnant

WO ?@65/?26 EBHﬁ%sﬁ%l Eﬁ%ic@ cbimﬁi E‘@l %%%gléagmgﬁ%ﬁg a first
inorgarie cmmpwnduabgonmg t)hRatyssach:em|ttmgngl\/avuemrmmlergy;I and (ii) a
de of an inorganic material conprising O

SeCongt, HReroRp 1o or t;aggapgp@ql, %bsoqrﬁ;\@geuyfy&lelgn%rgergy and producing
) [ ar nd
free r‘\%hﬁlc‘;ahé 6@ c?dtﬁctpﬁrgtgs\{?’éﬂ oo prg‘heetr g § g@ g/a\ét@és convert the
surrougjmding oxygepata ifreel eadlcalerwhlchaar@parghlpIreactia@especiaa producing
h% above 7 g/cnB and below 15 g/cnB8. 10 Such
'”eveﬁﬂ ATP9¢ LCel5 not require the presence of an
addi tional distinct conmpound or material to generate
the desired therapeutic effect. In particular, the
US 205/02 M€ alatesdo manoparticias fos uae én apaging ®r dn ra;hamqn treatment

of b ILE, et PEAPHER &P STLRCRERG0 sheBRE wiishoposorbs

high eﬁergg&e@mohlahd emits NeU L Ssrub v et wadibtibheTiae eIV ©r UV-C emitting
effect. Contrary to the nanoparticles described in WO

matersqjs sfesenibed anfNis)sSpastizaton sae9intemionaliy sempnon- 'ntentlona”y, but
t et C

ovsefPREARL I GG A A sk, e/ PLARRICER,E) R tne doscrec

VUV ooblV/e@tradraRay%rhiesionUDowmg @g@wtemmgyowbmemm Bbssodiated with an

incre Lhe gesﬁnt an ﬁggﬁ {kmll 90@ %aﬁgé n%(%{gp@r E@agrc%,ﬁ'&%l o rﬁgolublllty in

the dikBer@isiPRRginRays and convert theminto W-visible
ed ﬁ%rgy g%sor ed by a second conpound which is, in

turn, responS|bIe for irreversible danages in cells.

n article e. al.so not ed or .desi
US 6 JAESFBRPREL Sl PRl B APt Bigo meta,
in par‘h@ulﬁ?b@ld RARepParticiesl es, the present nanopartl cles
the advantage of 25 exhibiting hydroxyl (OH)

groups on their surfaces which are responsible for the

inverf oA sbViekady oae QBT Hal i Obey albich fé asier anc

cheapf¥re &€ irepaeopiadri ithd$S . ddstripad t inc thearart, hsummarrhpoﬂtmly and
made of an oxide, further offer the advanta e of bein
Surpr'éli‘ﬁhé?b'leotop@@b%‘f%a BNy et Hiesationy 9&@@&5\4@“% pﬁta&get cells in
QRAL; nanoparticles
combmaglggé@p{é@'ﬁi%@é I;)e oﬁnaspﬁgd Wi dérﬁ&n?ﬁé%&)as her ei n
AnothéesfeehbedethhleecS)blyt thes hergim aissssbdd esanopartictegliis eheihability to
a,reduci ng agent EQr]d/or of a sequesterin

rema'@cdﬂ%ﬂ%x W) WEKEN (O SEYEER! e REY R BIPWBAL 4F %g@geﬁ}ﬁiwmber of
r e sgr

PO B g0 e el Bty e iy, in the
conteayeia complidie ratiotherapntresimentsuspensi ons is only

optional. WO 2009/ 1472144PCT/ EP2009/ 056880 Hence,

synthesis process generally includes (simultaneously
SUMMAREOFETHEANVENTIONCI pi tation of a chemnical el enent

in a polar nmedium crystallisation of said chenica

el ement (oxygen is part of the inorganic materi al

structure) and stabilisation (if needed) in a

physi ol ogi cal nedium 5 The present nanoparticles

further do not require a targeting nolecule to

concentrate into the target cells or tissues. The

Enhanced Perneati on and Retention ("EPR') effect is

i ndeed responsi ble for passive accunul ation into the

tunmor mass, after a given tinme follow ng injection by
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10 the intravenous route (one possible route of

adm ni stration) of the nanoparticles. It has indeed
whemo/1ohser ved that the tunoP vessel s are qui t BCT/EP2009/056880

distinct fromnormal capillaries and that their

nventGFS 7y Ena BRCLIERE AL & hOGER3P Rabi sishupyager or destroy

targett tSIRyeissudder bagdhsofin phftREldrvabridamal telly 6PH8$Ues, herein defined
dr ai naﬁe prevents cl earance of the penetrant

as baiugio $&fl$ iaf| issugRd oprdisrAses €¢lls Pr fisauesingHch P RreTRalignant or
mallgﬁﬁlﬁtsggl K@dﬁ%@%daés‘ééle 3r; ﬁséﬁ%%gg@%to?sc) ?)8%?) a%d Yeep in the

body, mhurealwrammgsdaidagem &t that surountivey pealﬂe,:mssnmsopamgla:harsopartlcle
can al so be advant ageousl adm ni st ,ere t hr ou

made; ¢ AR{INARIARIC MAlerEal oMY oxygerdin at éNordg prepared with a
CiAl t Ik

Single BRg aflEHhferafh Biicdldr AOMIEIRE oRfloRA MAiEh B oPbt least 7

g/cm gveleeablyiatiove Dgtaroipatpabliculandoi agamiopartiatey ndde of an oxide,

agticle or grticle aggregate stability
abOV%th(zgr@ %NAE@O?%S in a physiological fluid as
further descrl bed herein below. 25It is a thus further

advantage of the present invention to provide
Such manoparticlaes ¢ nohegquiredhea gresedeovisarhgddiienaledistingt sompound or

matefi o SgREF e BB P TorpbB RERTER. T b ERP e Weipiri Gescroes

nanopdrtipi@st areubble R RCOYSconekHSthelicodting Medidtivar mpeWn efficient
ef fect of nanoparticles is indeed strictly dependant
emissipn Aft AlECEoBR cRRFHOT dHIN seferge xehetans owhishi isg repransiiledor the
di ati on source which is 30itself
subs&%]e'gﬁ aégrg@é&tllldqgfé%(ﬁt rolled, interns of quality and
Contrgnatd theynarwpiartmsiesl dleBcrabecarrgW@Q,OOBI‘Q%QIOoaml Use7007/0274909,

t he n of the ar
the p@@égy RareRaf 3’3 FEF‘QSG@%%@W@S@P%@ gbiwe distigcteamapounds, one
of th&? id MeeBasdar tB%cSr\@r@?( g? %ouﬁﬂlélﬂlea@)ie P8n Opﬁartlcular the
tissue or or superficl deep. I'n particular,
presehheaporw@nlle&dmmttoommpr@am w@egaractcovamlmdpthetalmltﬁswhlch is, as
ich can | al teration r dest.r

a firsf) bBp ST, I PO KR Vaeh CoRVert cBETE b Wit eneray

absorbed! Bl &1 s¥tohddtampelAd SWhAlthass, '|ﬂ Rih! iresheHsiBle RRY Sirreversible
5gamma-rays, radioactive isotopes, ion beans and/or

damagkedh rasishdhase MEnepstticiasegie a |n@tdd@md;pg1d§3|gm to specifically

mng ionizing radiations mainly into an
emltler}:{heenggéﬁgg)& on of electrons and/or high energy
Comgdted aosmetal elanbpartiezonisé Pirésédmrndrivpattiespeet tite advantage of
effect. Such a result is obtained by using the present

exhlbﬁlasobmrpwh §3H)(orReBe @1 tAAir| swsfasasi whﬁsat arg gesponsible for the

of at | east
compgﬁgﬁﬁfn@ﬁﬁ‘gng@ﬁragﬁnv‘rgﬁrg\‘(}gﬁ‘ %Waﬁr{{f %ﬁ% ticular, for
Compﬁar?anmpaneiatl mammirthtldés amhaxpmenamam)lp'érmlesrs warpiarticéular the
el.ow 15 g/ c The oparticles are excited .
nanogiTligles: R0EdObya O8It LORCH 10 Bhal By PV SHROB P, DR casier 10
prepdr@dBl (fo%bsatlb@%ﬁs BOSQ6RS 'V\ﬂfh laeﬁ'iﬁﬁ ESh@ntrdRs s BreMdno rPartlcles or

cascade of 15 phenonenons | eadi to the alteratio
nanopmacllesm‘ggre@tealcgetbedmtaLneslrmﬂgatrmthed;asdmremnbede

e SRS afcoShaoes ML ARUIS PR A red it aepnbaadior of a
sequéé’dér@rﬁ@ (&mpleRig) et E&Fﬁé%n@@@&ﬁﬁéﬁt@t Qggl*é@aﬁf)ﬁ'd?'tﬁ@%‘x‘epared

an morgnmlc materia rising 20 oxygen, the
partlclﬁ@nsirt ythes FEh descopedt metheds,7 t@ﬁ‘cﬁlgdltlpﬂefoér ablsgquestering

(comBRAG fo P8 ng DeVe ol s sPln SpPe A lideiofig ™

obtai ning the desired therapeutic effect, consisting
of the alteration or destruction of a target cel |

ti ssue or organ, such as a malignant cell or tissue.
25The present invention relates to products or
conpounds hereln nanopartlcles or nanopartlcles

o .y o o o . o
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It is an object of the present invention to use a
nanoparticle or nanoparticle aggregate according to

wo b@opsrsent i nvention to al ffer, destroy or el POT/AP1089/656880
target cell, tissue or organ.

e R DR 33%@@8&%%&& Eflhentialy):

precififatibaIRAEHrfical eeeier@ai 8 gotarhesring cryStamcaRGee bt S@ld'ChemlcaI
conposition intended to alter, destroy or elimna

elemenir {pxygeB| IssPAK ah theniinaganie malgrial skucisirey @néng@bé@atlon (if
[ ns as herein defined, wherein
need%@ |h%2¢]r§}s;k??$lc?€r%ie§ lJrrr’rgde of an inorganic nateri al
conpri si ng oxygen, the density of said inorganic

material being of at least 7 g/cnB referably above
The RyEeeRI, ”qu@&]‘ %P%EHFH}GF dapotyreq H@p?ai?%rsé fing Fﬂﬁg‘%&&? t%ﬁonce”trate
into tm%(faqlget @é?lg‘fﬁ'tlgsgéﬁns and below 15 g/cnB, and to the

correéspondi ng nethod of treatnent. 10Products
The Erahm*ra:dadn@etmeamm @ndsBatentione(iEP&Y) effactpisr indeedaresponsible for

s SRS Ry VERORD! e, B 008 i sin
the wﬁ#a%@h%@%ut@”@iﬂé%o%@@oﬁ?@bf IaRInAB et @f the nanoparticles. It

onposition, In particular a pharnmaceuti cal
has Iﬁ@ﬁ?ﬁ)shelelnoﬂbwwedstéat the Hemapyvesseld aghasite cdistinct from normal

capiI Rl el Pt har™ 5 o< Bk SEENAEPRY Ry ation of

nanogartibled SENPQSItihoRorinsal pissuesalihg laekt dfeeff@steofunadur lymphatic
injectable fornulation. Herein disclosed is a

dra'”@ﬂ%rﬁfﬁ&@ﬂf-ﬁl @'&ﬁraﬂﬁ@p@&th?oﬁenﬁ?tﬁa"ﬁaﬂﬁﬂ@@ﬁlrﬁfi'eSaénW pronpes their
I

accurﬁﬂl%ﬂéﬁﬁ I;})ﬂlg%]e% g@ébta téer’ré thpg. anb?? P@@ﬂg%é%%'fﬂll'act? get primary

as weileié S etastatioiumaers aﬂeemt&aﬁemooelaldmlalsafawmosed to

i oni ZI ng radi t| ons, sajd har cal 0Si ti
The pERRSt s NAGORATSIRSERR | 8l%9 acousl” A Risie@d through
intrat@nBrt rONR! HBERHIdsRaled ROHE x?@ ﬁ]e?@élrée%hor‘?r

exci pi ent, wherein the nanoparticle is made of an

i norganic rrat eri al corrprl si ng oxygen, the density of

sai d_.i nor mat er of at, | east

The pﬁ?%?@r%%l iR 0 ”6?“8% 'C‘eﬁ polgrAC qoéﬂeq’/&? Favantageously

coverB@N@MmAr bi §|o%oﬁﬁdﬁ|6% Qbafifg oXlicfiing eV dafopakicke drdnanoparticle
bel ow 15 g/cnB, and wherern the nanoparticle or

aggragatﬁ)pﬁablilm @@tva@eg"r ddht @5 engr éfdeimb? yphysialegigawifluit @s further
coati ng. Anot her enbodi nent relates to
descﬁe@fﬁ%@ l]t)gé%hanopartl cl e or nanoparticle aggregate
according to the present invention to prevent or treat

a cancer or to alleviate the 30 synptons of a cancer
Itis g thugnfusiheradvaniage ehing H%@Bbﬂve@ﬂ@n dP Riawgpdranapagticles that

are n6IWEAH S¥ %rﬁ%‘@%ﬁ;uf Qarf B s%?édg??nrpl%yfboo%ﬁbﬁﬁap?kté Bonditions,

oni zi ng 1 ORS a5 her&in
to funZﬂGﬁéIMd@ﬂ.#ﬁPﬁfférEﬁMdt&S&%@@t déles, i partitulalti ceticesausecells. The

articular, e asses net ho rev
desirgd SETPREUHE ERCh0! GIanopa tos % a@%@p SHEy epertirom their
exmta‘ﬂ%ﬂc%ld Bx&tatiBh) t?éht]g g‘eﬂ%raﬁé@ltﬁﬁfheb%'n%gj"?%dﬁﬁhéﬁﬂsoufdé which is

parflcu ar a manmnal referab
itself aﬂiwanta@teeuslrygcwtmmpamheﬂme ofr qoakitypand mam@ty, and used in a
esent i nvention, or a

d h
arge B S TAURS R aT el Hinopar 1l 6 or

nanoparti cl e aggregate, to the subject, and

The present invention thus describes a novel class of particles which can be used, if

appropriate in a targeted manner, in any animal, preferably in a mammal, even more
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exposi ng said subject to radiations, in particular to
ionizing radiations. In another aspect, the present

waolc@ehorw e provides Kits co?rpri sing any one OPCTVEPBODH56880
t he herein-descri bed products, i.e., nanoparticles,

prefe{gBRp FEE M %, ST, B0 Aes bl S e P W ssue or
orgarl dup@rfidig or edupt (15 )partill & tRESSBEETT ANeRod lescribes activable
DRAW NGS 15Fi gure 1 shows the distribution and

particifissyyaicdi ean sekicetd gell eltemtistonheestpiaionugpdia ex vofo or in vivo
when.'_Er—t% 5@@08@ te&pbge?‘d % iaﬁﬁﬂ'@al?%gii&wsaggﬁﬁ% & dHdi&llar X-Rays,
intra tunoral T'hjection |nto S5 nude mice bearing

gamnkCTayis; radioactiveNsotopes niogrizganys bagd/ob edctoardeamed on
tunor, 2 and 15 days follow ng injection. 20 Figures
2A and 2B are Transm ssion Electronic Mcroscopy (TEM

The dt gg?@lié’ﬁ %né‘i@fa\soﬁ’]aééﬁ\fdrgr?q mnﬂgg%ﬂi&ﬁgqa%iationsf mainly into

aggr s giving a qualit ve chaFacterization o
an effidientremispiont dfodl estrarisaped/Os bgheereagy ph2@hsnwijich JEGSpbDSible for
CX i s used for, apalysis,..Figure 2A shows, nanoparticles .
the thefapdites SRty SuRica FoThiseofPineo B S 1 BEsenhnSParticles
madelSi SHinBgIE hitbNalSoUMeS A 85(&@&{'49@ fd]gﬁ§i't_y 8tRicRBs O(l)f at least 7

shows nanoparticl es {)r.epare In a different way an .
g/lcmagaelegetly abioyent ¢/amn', hn gariiculen dpaa nanopertide radsephgn oxide,

abovd 7 3B bR b ABER . "\i cr becopy (TEM pi ot ures of
The pragepahbhep&siciest afenaktitad ornactvbtett byiCaBSSrption tafr @ergy from

~_ were treated 24 h without (control), and with 5 30and
ionizingo radieiPnNDi oD atdbEPECtNs pleads orfoofa HspPsequent cascade  of

phendBEARAS 1eshER, B 4e B TA ke 2B T BE om0 BE B Affong those

phenomiegnehs, Neeopamnissidres of asleeffofs @hdpemehight eridrgy Cphbtons s
in an aggregated or individualized way, dependi ng on
predarpigiant aagliggiicahiy ibe camextheftaeiyasent igyeatian.
El ectromagnetic spectrumw th ionizing radiations
hi ghlighted. 5 Figure 5A shows the grey |evel or

Inverfi&¥at hagdin Vddmensfraltl A6 arhticRbE ofUsPaRGigaRicOmdtfa comprising
nanoparticles and nanoparticl es aggregates as a

oxygdnuribei density oﬂwwihicrbi.moélattrleastoﬁ:g/emémefenabueabovq %glem?®, in
.7 circles dots H 02 with density < Z: ,cress_ dots .

partioflr; 1k GuRhabg it ety s PRRRe ke Fials? 3R HRign 15 grom?, in

obtairﬁ@bYﬁ@ aBsité herapauts et \EdrBIingQofthe anetdtR@ordfestiction of a

target cell, tissue or organ, such as a malignant cell or tissue.

The present invention relates to products or compounds, herein nanoparticles or
nanoparticles aggregates, made of an inorganic material comprising oxygen, the
density of said inorganic material being of at least 7 g/cm?®, preferably above 7 g/cm®,
in particular, for a nanoparticle made of an oxide, above 7 g/cm® and below 15 g/cm®.
Methods of preparing such compounds are herein disclosed.

It is an object of the present invention to use a nanoparticle or nanoparticle
aggregate according to the present invention to alter, destroy or eliminate a target

cell, tissue or organ.
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For a given concentration, the highest the grey |evel
of the nanoparticles or nangparticles aggregates
w@ cdoowaeniy related to their &bsor ption rate orPCI/EP2009/056880

capacity), the highest is the nanoparticles or

nanoparticl es aggregates ability to increase the

15radi ati on i nduced cell death, as shown in figure 5B.
A pafficglar eeraBogifiuie ereMoaRRICBcBUFIAR] toAFRAYISHSHMS nanoparticle or

bi oconpati bl e Hf 02 nanoparticles or nanoparticles
nano%@f@?'@gé@@?gﬂﬂ:tﬁb@f@éﬁrﬂn&* PhefagedtiGah CoMMAsiHan sverged to alter,

r tg.C

destr%éﬁbpﬁ@lﬁﬁé el b@ az% %ﬁ%zﬂgﬂé rﬁ;gB'R‘i 83 é)re Q0584 to ionizing

radiatiterise 28 heldalrafdefmedn whiereuh ahe mnardmsetlcbé |§ |@,adenof fe® inorganic
radi o sensitive ce|ll |ine H?T116 and after an

materigl COMRIISIRgh OYyaRN. dhe Aegpity T sRKE iPQas ¢ Batetiafieingrobat least 7
Ko r

glcm ‘15 %felréﬁlﬁetb‘é%wgg@ éﬂ:ﬁgn ‘b%gbc?ﬁ@;a)f@r h rfa@@)g%f*tkﬂ’é‘ n%Hé B?an oxide,

above/mgm and bgtover! atgiamf rand ® tb\efdoew&spbném'emeﬂmdtcs‘ tre%ment
Figure 6: a bioconpatible suspension conprising Hf 02
nanoparticl es and/ or nanoparticle aggregates has been

Produdié b@cér@iﬁy RUBEYore8eMGhEshtioh, ﬁY\’pﬁﬁch@%aﬁbgﬁrﬂé@bi ﬁélnopartlcle

tunors (injection volune between 20% and 50% of

aggrelg@m f@fdﬂ&ﬂw@)thetire@tmeﬁbo’scaﬁces,aar@ Imp@étlmw&eram dheelosed.
been locally irradiated (2 sessions, also herein
30identified as 2 fractions, of 4 Gy; circle dots)

Anothért mabdmpgiti sabased avpl e Eohtpaitian, riadpatticarar s@ Usiermaceutical
used in an external way [curietherapy device

comppsgitign fay ¥ee '@dh?r@@]y orriiagsaske, kﬁomlﬁﬂ?ﬂ ?bﬂ)r@déﬂgtsﬁm pgrpefined
herelr?éaoﬁ])\}ée% P vAER N %%egbtta‘ﬂw nfhreo ng 2 o%nﬁf)né@i GHethod. Such a

ectl on vol une meen and
compuwsitioneg predarabycipnthedorngiodan myestahm farmudattiont ed
(crossed dots). WD 2009/ 1472149PCT/ EP2009/ 056880 The
above described groups of mice are conpared to vehicle

Hereig gcﬁglsgedﬁiscgi %mécbﬁﬁcér-rédrﬁ'&% f9hSar@EuldPtad gﬂfﬁ@gﬁ)parent

tora erapy. unor' vol ume i's nonitore
from e bl grasepption,ce mwanmelzedmm repnAEO ity s |rftem¢leﬂmt<mgalter or destroy

targel 4R 7 oL A5I™BE) Ren 32 G A eer Rl oS Frgiapgns, said
pharrﬂé’eedﬂc‘éﬁcémgé $ig6n Woh’fbrisfrfgaﬁl inahbpartiefel & ndritpartidle HeGAdgate and
injection of a vehicle (no particles) Figure 7B: mce

a pharmegeeticaliytacceptable garet afexsipient maereindhalnanepadideis made

of angbo PRGN AsFuhartBrish G fdban e RsAD AR g AR nateria

being( dfast I@aBE$Ig¥tmﬁtpﬁm§lﬁbI’y s’ glemPsini patidulat efdr ushagoparticle
a 200 keV X-Rays gr ator (Tube Conpt MXR-225/22- 200
madexef/ ar omeoabomn@/y iamdk prlowh K N r@é‘ﬁ'a‘@'h%@'r&mﬂ pangparticle

or kR R g aasEpRo il BN 9Eavs BRCSRHER S5
fromO to 4 Gy. I\Iegatlve control with HCT116 Cross
Anotrﬁrﬁs’malq?é}o q%rﬁtrﬂ%lgﬁ?tqwggede (1; gar?o uae}*{lgledgrt r?anl\cl)ep 6}th|6 aggregate
according to the present invention to prevent or treat a cancer or to alleviate the
symptoms of a cancer in an animal, when said nanoparticle or nanoparticle
aggregate is exposed to radiations, in particular to ionizing radiations as herein

defined.
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Nanoparticle with HT29: circle dots 20 Figure 9 shows
HCT116 tunor vol unes evolution after intra tunoral

w0 njoeatizen of a bi oconpati bl é suspensi on of Hf BCT/EP2009/056880
nanoparticles or nanoparticle aggregates followed by a

The efferntiifieofeginpatio i A BEReg: o MR sRbighRg or treating

a canebr betonellewistite e Syrhpidihg!6F 4 $ans&LIRGEsul 8k Bt ¥@jd€Soeing an
are calculated from8 Swi ss nude mce. Control grou

animglj thhpatipeler adnaernal erefa@bly pswiraan.dpy adainistering a ngnoparticle
| ¢ o) of S 1+t h LRy ect "
or neBPARRIGH BE6als ARG 1 A MG BE g composior
compwsing sogcteca edanagdartidlesoamansphrtidd eajgregate]1 8 Be subject, and
i.rradj ation éno n_anorggr,ti cles): square dots 30G oup
exposjpg faidgulieddo anpters iR Rgrt i 1P iQYZing rgdigiiansy
irradiation (no nanoparticles): triangle dots G oup
with injected nanoparticles and submtted to a 1x8 G
In andtheadspedtotine peeentadiscbeumtoprevidd® kits comprising any one or more of

2009/ 1472141 0PCT{ EP2009/ 056880 Group with i.njected
the HEZHBSTDPd s PIRACE bh + (AN FEr IS CpohPPatis, gregates, and
compbbfihs, @ézlje‘{hgr' Qe a LRAbR IRy S iRk Rﬁﬁvﬁhhé'ihé’trtﬁ@ﬁ)ﬁ%rﬁﬁ using the

after a 24h-treatnent period with or without Hf02
produsi{spparticl es or nanoparticles aggregates

(concentration 800 pM. Irradiation 5doses vary fromO

to 6 G/. WST-1 kit is used to read viability. Each dot

BRIEFDESECRIPTION QR TFHE DRAWINGSents. Wth nanoparticles
and irradiation: triangle dots Wthout nanoparticles
and with irradiation: square dots 10Fi gure 11A shows

Figurgl OGRS Hir ‘Hié’tﬁguﬁgﬁ?aé{ﬁd uﬁfs@@ﬁ'ﬂr‘wg\?et( ftinb& O8AT 5888 mpatible
radi o resi stant node cancer cells irradiated using a
suspeti3ibrkeV MfRaysngparicisoor (Nanopaticietaddl@y22s/ aker 2iifa tumoral

i 1 SHesh R oS GHIJE R ncmopart o oc o

e o e R e o Lo 2 R 3 3By B Icing EpgRvion.
Nanoparticles with HT1080: square dots Figure 11B

Figur3 S eC P8, T RONE Sk FGHraENs Mocrosrany STEM idPags of HiO:

nanof@bialel £l B Rticle BggheyRES @GRy BNREAMEINE characterization of the

nanoparticles shape (scale bar = 200 nm). JEOL 100 CX is used for analysis.

Figure 2A shows nanoparticles and also aggregates formed with nanoparticles, both

being essentially spherical in shape.

Figure 2B shows nanoparticles prepared in a different way and aggregates formed

with said nanoparticles, both being essentially elongated in shape.

Figure 3 shows Transmission Electronic Microscopy (TEM) pictures of nanoparticles
internalized in cells. HCT116 cultures were treated 24 h without (control), and with 5
and 100 pM of biocompatible suspension of HfO, nanoparticles or nanoparticles
aggregates (scale bar 500 nm).

Nanoparticles were uptaken through the endosomes. The TEM study clearly

revealed that nanoparticles enter cells through the endosomes in a concentration
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20control) or in the presence of 400 pM of Hf02

nanoparticles or nanoparticle aggregates. Irradiation
waolome/1vaiies fromO0 to 4 . 8Negative control BCT/RP2009/056880

HT1080: cross dots Nanoparticles with HT1080: Square

deperifirtiefher NeePRRRER) Eaf B olBRtePaRURE ) PLpn aoaregated

or inddAdidRed ), mp@aamwrt tH&r&ﬁesm@ﬂdn@b@‘ﬁ@ﬁc@ﬂraﬂon\/ef y
noderate effect. The results tai ned when conpari ng

the respective reaction of cancer and normal cells

e

control) after a 2 Gy irradiation using H 02

Figur\;aI gﬁno ard | r;f,é ?g?ey?rlqveg/ncgﬁ%r{t@%e ?Lgeg;;g%éégoméétﬁe s't?spenswn of
I
HfO: amﬁﬁﬁ%‘%}‘t'tl&l:er%r nd Iog)%rrr"?é? Fg%@g%% gs g J{Jg%@th@fﬂ‘émcentratlon.

HfO, mngjmngmnmremeog/ 056880 Wth nanoparticles
HfO }(9)_.&;92 g exa e3/ d=8.3) and with irradiation:
2 s )énge %8?% h nanoparticles (H 02-L d=7.4)
Analy@@g \Mér*ehﬁéﬁoﬂrﬁé@@sﬁ{q_%ﬂRafﬂHnlc?&ohfdg@é‘ﬂ*l §SHPdcanMbPe) operating

nanoparti cl es 4) and with irradiation
with eppeurceivotibge 8608 kY. Fi gure 12B shows the cel | vi abi | i ty

For 4, SiugariaERalregbh, e hiofed Ple, &85 Idtel 4t 5 Ryrdhifiicies or

nanopttislietYagjre§atdso(dweBtly exiated € tReit)agbsorption Mté for capamty) the
nanoparticl es 02-Ref. / exanple 3 / d=8.3) and

highesi il NaReRATEEGNEr ManoBartiples: aearegaies sibiiyhio increase the
radlaterrarP@QIﬁE%a Chfdeht %% “Relvn /na‘@iﬁs e 3/ d=8.3) and with

I on: “open T osange th nanoparticles
(Hf02 E d=6. 8) and W t hout !rradiation filled

gis Wth ticl
Figurl 58 SoMsanPaRric SUBRVA 4ssPy Wind, biegornsbl oS BpgRarticles
- qant
or nahfarifles dtfeuaibt ingubktels Binae diplrciéhlffarfedofPeardinoma cel
lines a4 gkt, esmpsned M/pomrolh density of 6.7 g/cnB (exanple

SF (g Fragtioniyidhs B ORBRLIR et nbek e g g RiBRRcSe br 2 Gy
in théi@ésoﬁ% \ehbititanamaidd FIcTs! 16HERE dfek -an irxediIneddsé of 4 Gy in the

. and with irradiation: open | osange dots Wth
radio rggistr0tt HERBscqIHiing vsitgsa730iieMwi Reys irredigdipat sarice (Tube

Cométd\éﬁ(%%%é/?? ggﬁ ég’? i m\%{gg H@ﬁ ?ﬁf}e'\/!]e%tne\%iggg %?e b’egetﬁatga from 2

different experiments.

Figure 6: a biocompatible suspension comprising HfO> nanoparticles and/or
nanoparticle aggregates has been intra-tumorously injected to Swiss nude mice
bearing HCT116 tumors (injection volume between 20% and 50% of tumor volume).
The tumors of said mice have further been locally irradiated (2 sessions, also herein
identified as 2 fractions, of 4 Gy; circle dots) with an applicator coupled to an
irradiation source used in an external way [curietherapy device Iridium-192 source].
The same biocompatible suspension has been administered to a control group of
mice (injection volume between 20% and 50% of tumor volume). Said control group
was not irradiated (crossed dots).
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Figure 120 shows the cell viability (7)/0 of control)
after a 2 Gy irradiation using Ce02 nanoparticles or

wmaopani4 cl e aggregat es (40@ pM wi th densit yPOI/EP2029/056880
g/ cnB (exanple 10 b)). Wth nanoparticles

)
Hf 02- Ref. 3 /.d=8. W : .
The dopadlese et ot o taibeayfrabuonsBl toeh M spisd migecaubmited
Triarlghé @3td¥edr- ndt (@osamgkedats) tolFfdigthepdlsy. Widnflor Vdlamhiedisi @Bhitored in
( r{ggéén Iégsange (dot s Wth jnanopart.i ?{ﬁé’s (Ce02-Wd=7.1)
each grRURWieR atweek dering 2o flays ifolloving fragiglien.dots Wt h
nanoparticles (Ce02-Wd=7.1) and with irradiation:
open circle dots WD 2009/14721412PCT/ EP2009/ 056880
Figurei qushow@Ephoes odhenicel beairadpi HCTY16 " junforofceimnnoldpays after
. .after a 2 Gy irradiation using Ce02 nanoparticles or
iradigfigibparti cl e aggregates (400 pM with density of 6.5
. / X . y 1 3 .
Figur! 24T nicR PERP ybh ol aReD AP A Fhettér 81 Boiphicte (no
partickaplare dots Wth nanoparticles (H 02-Ref. / exanple 3
./ _d=8..3) . an ith.irradi atpon: open | gsan dots .
Figurey B hice sEaTeq Wi urdBieT s alinr gt RestifRRtes Ot Ranopartiles
irradiation: filled triangle dots 10Wth nanoparticles
~ (Ce02-S d=6.5) and with irradiation: open circle dots
Figume; § shews2¢elospgerict sisvivel essaysousingyHCT)1/16 (Gadiecsansiive model)

and RRERT (6 oF¥sidl Mo BRtBl ey iy ARACRERb, GBDaREy X-Rays
genetemBruex aophat MXRIR25/225\W0oh kAo pex/0ix hes Chlf, 4R-tRefabsence
exarrPrI e 3/ d=8.3) and without irradiation; filled

/

(negadiya£0atrabtas imihe PrREGHSE AT i4O0eM QiR ramopartiskesmpr Banpparticle
=8.3) i LED VhELAdLA has: | dot

soor gyl AT A SRR GPS) et o

irradiation: filled triangle dots 20Wth nanoparticles

Negative gontwelwith=BICN)1 18haragistddts r r adi ati on: open circle
[ CﬁZﬁ t cell viability (7)/0 of

Nano@%ﬁ%lreg \?Mgﬁ er g?%a@rel Jrfcstgdi ation using PdO
Negatiee opatrdliwitre B TeO: losangardots| e aggregates (400 pM with

density of 7.9 g/cnB (exanple 10 e)). 25Wth
Nanoparigieamith £11e&D: clipledatef . / exanple 3 / d=8.3) and

wi thout irradiation: filled square dots Wth

nanoparticles (H02-Ref. / exanple 3 / d=8.3) and with
Figurier 9 asthoatsi HOT 1d petunarsatgmed adveolution aifét mtrzatunpanat ingéeton of a

: Pd0O- A d=7.9) . and wi thout irradiation: filled triangl

biocofipelblgotisieRLPLR IO naRoRgER dmrngpaticle aparodles ollowed
I N . r‘ 1

by @ 2O PP e O T gRon e (e 8 A tupled to an

externalrizddiationnising augiethed@pp aceypee tridilras! 99 sowaweparti cl e

Mean'iuss are b dRts Lol SWSR P RIRRY 050800 T
Control group with injected vehicle (no irradiation, no nanoparticles): losange dots
Group with injected nanoparticles (no irradiation): crossed dots

Group with injected vehicles and submitted to a 1x8 Gy irradiation (no nanoparticles):
square dots

Group with injected vehicles and submitted to a 2x4 Gy irradiation (no nanoparticles):
triangle dots

Group with injected nanoparticles and submitted to a 1x8 Gy irradiation: open circle
dots
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Wth nanoparticles (H 02-Ref. / exanple 3 / d=8.3) and
W thout irradiation: filled square dots Wth

waaopantd cl es (Hf 02-Ref. / ]é&arrpl e 3 / d=8. 3) pemdP200%/656880
irradiation: open |osange dots 5Wth nanoparticles

Grouy ittt edRar il At AP il &4 s R b5 Rablatafigeirais dots

MAth |rrad|at|on open circle dots Figure 121 shows
Figurelfo §ﬁb\lvs\eeﬁmuébunty rﬁeéétﬂe@fafﬁ#rﬁ Poh Xredtrhent perodWith or without
irradi ati on using 2 nanoparticles or nanoparticle
HfO. aggppgdicsas Qmoenpmrtlm%hagmﬂgate,s (soneemiratiamB00 pM) Irradiation

doses, AT 10 B3V sttt i ERR br Bafivigs i EAFh ighis the mear

Va|ueiﬂ%)®gﬂ@ﬁ§1t§\lth nanoparticles (H 02-Ref. / exanple 3
d=8.3) and with irradiation: open | osange dots

With ﬂ@WRaﬁt'ﬂaﬁ@Berﬁrﬁ@lllaégn (ta@ogle[@lqi&ﬁ 6) and wit hout
SRRSO O sl oo,

Figure 12J shows the cell vi ablllty (7)/0 of control)

Figuiia PSS IOMAgeaS SN RSP 170 ALY (pSarcama radio
resist?ﬁ@%d%q))( 8%@?’6?" é‘el%o r@& dteWGﬂ @aé‘?@@rﬂié\?l)@ﬁa%"%é?gfor (Tube

exanpl’e Irradiatio
ComedqiXRe22tw/P2- 100 lth‘Bﬁ]Uma{f)tZ ine £U) Hih 0r2e Rb{sentte en@abwe c®ntrol) or
3 r.a tion osan ot.s
in th@Wﬁn%%n%d g §f( bgnafo(@agtlcﬁe;s Agn Q L,ple aggregates.
Irradlétrdrﬁéb% {/éhnes frbﬂn'@fb prayangl e dots Wth nanoparticles
(Nd 3) d with irradiation: open circle dots
Negatﬁvggo@trqlzmtrshi \ﬂ@80h@ros§|dpts/| ability (7)/0 of control)

NanofighEles R {007 a8 00 Ty wi th denaity of 5.6

g/crrB 30(exarrpl e 10 e)). Wth nanoparticles (Hf 02-Ref.
example 3 / d=8.3) and without_irradiation: filled

F'gu@qﬂf&BeSf’tRW% C\Wloﬁeﬁ%éﬁ%ﬁy[sl eing WW@&Q ;@brosarw@ogesstant

mooel) gty T AR b a60 Becann! PL roaRoname apiencknegative

contrcﬁl)Eu@rOiﬁa Bhd—bré@en@ed oW 40(bl+lM| of adiCyt lrmnopélrticlesd or nanoparticle
g? Qts Wt h nan?rp |cIe (Eu203-B d=5.6) and

aggrqg,a{qﬁ, radighan doge vapen oM Bl 4daYs  Figure 12L shows
NegalifRe o6 kbl WA 0B, kb @R control) after a 2 &

Irradi ati on using W)3 5nanoparticles or nanoparticle
Nanopgdictagavigts H14080pSpuaie tiotdensity of 7.2 g/ cnB (exanpl e

10 e)). Wth nanoparticles (H 02-Ref. / exanple 3/
Similaf_:&:l@)ogaemrib wassayst weneadbextaroved dn | I'reomamuéibmbifsts cells” (non
cancqvﬁ\'ébg c{éﬁgg%arg:qogw% d.é%l‘r]}go %855&%@?& %Eals%os’ve/d r(1jo: %’r :\D’/zaryapn%derate

effect. The results obtained when comparing the respective reaction of cancer and

normal cells under irradiation reveal a high benefice over risk ratio.

Figure 12A shows the cell viability (% of control) after a 2 Gy irradiation using HfO,
nanoparticles or nanoparticle aggregates (400 uM) with density of 7.4 g/cm?®
(example 10 a)).

With nanoparticles (HfO2-Ref. / example 3 / d=8.3) and without irradiation: filled

square dots
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Wth nanoparticles (W3-C d=7.2) and w t hout
irradiation: filled triangle dots Wth nanoparticles

W@ Y@8AL2d+7. 2) and with ir radli ati on: open ci r cPET/dP1089/056880
Figure 13 presents the relative efficiency (ability to

with h 3T EE v RE Rty SeRiIRRe aREotenf WIRLERRIEER, opffosange

dots of control) after a 2 G |rrad| ation of the partlcl es
in exanple 10, at 800 when conpared t

With m@mmrh@ea;éléﬁ@a E dt—Feddt&PéjnWltmlﬂn@a@wﬂPhofdted trlang|e ots
I % of
win BARBBHALELAR) Lo v BAdEse o aBld e (%

nanoparticle aggregates (cf. exanple 3), at 800 pM

Figurpy 45,600 Eiﬁarr@ﬁawé‘\?hﬁ?fteg? o7 B0l st At CuairistancHERg HIO:
nanofes! 801 AaaRidel bBoeRs (/agbem\fxlt)ggv.tﬁf HeRLAPCY B8 glom

I stingul shed: ens rel at
(exargpléi1® @pcy of the test ed nanoparti cI es i s bel ow about

with PRE0DRRIERS Relkpfiet £ Peampl & f e e e ghtiation: fileg

squareidptse 14 reveals the stability or lack of stability

of nanoparticles écf Ce02-D of exanple 10 e),
With mangpastieesHEaRel ¢ eaaplard ¢183) and sitinprdiatipnaopen losange
dots concentration 30 about 5g/L conprising or not a HWP

bi oconpati bl e coating, in different conditions:

With s@napaetcles (EfOPEWRE. §art WitHost iradisibar filted iriangledbdots
gl ucose solution at 5H3 or exanple 1 E WO

With @@MGIWQMU@K:ENE@ X@?@WEB%*’:‘@?'BW OPE GHINEOFesul t s

of 0.22 pmfiltration tests (cf. exanple 11): the

different sanples (Ce02-D of exanple 10 e), Ti02-5nm
Figuref 12G atplvs thedellanabilify02. of contaf)ladteBln Z @Gyt mratiat@m using HfO:

a HWVP bi oconpati bl e coati (i pcubated 2 hour
nanofgtibeSopr RREIge ueessai RO, LRD - Bhy pefsy 6 6.7 grem’
G ations are expressed in g/L and filtration

(exarfgﬂ@ %) n % DETAI LED DESCRI PTI ON OF THE | NVENTI ON It
With Imasobaréml%u(fpb‘i@zsﬁ?agl/yekampbb By / idnBed) and wliautairradiation: filled
article made of an inorganic 10 materi al
Squarg i sing oxygen, preferably a crystallized inorganic
With ﬁ%%ﬁdrﬁéleﬂﬂfﬂ)ﬁ -ReNg éxangna 3 B33 BRE withaifrabiRtior: 8Ppen losange
oxi the density of said inorganic nmaterial being of
dots at | east 7 g/cnB, preferably above 7 g/cnB, in

with BRRHOEE IOy RE R oG PR R, Al aRGre 8587
With héesppeeies ¢HEDS-ai=007) and adthlirradia8onh adpercirdié eoted t o

di sturb, alter or destroy abnormal cells, tissues or

organs 15in an aninmal. A strong enhancenent of
Figur%aﬁﬁ%ﬁﬁﬁn/gﬁﬁgl%%ﬂ'%ﬁg (57 Bf Fé@trggggggaﬁ?é?riyrﬁﬁiafti% dsiify ceO,
nanonm{rdasleet or nwmpanmlécéggrfeg@tﬂesmw u1) Shﬂth teAsiyndofL 7B g/cm®

le). 20 Inventors herein provide the proof
(exar@Fﬂﬁﬂ%ﬁa%rs in animals are reduced in size and
With ‘ﬁ‘éﬁBbéﬂl'déé ﬁllf‘@zplﬁéﬁr/ éﬁ%@ee%eéroe—'@ $5hAB) with Lﬁrlrﬁdb‘i‘etlon filled

injection o he herein described nanoparticles
squareaioziSanl rral s are locally exposed to a | ow dose

with G fiR TR T et d el 8e0. 08 Sy BTN fraflspy’ 87gh 1osange

dots sp|r|t of the invention, the term"nanoparticle" or
‘nanoparticle aggregate" refers to synthetic products

With mnmthzlegu((zieoz OBt %Mpbw&aﬂulb@raﬂ@tloexﬂlﬁﬂ teiapglendpts
with taarfy8S ARECRMRENCH AR) with 1P @ho R a4 BBk ot

production, and adapted by the person of the art
according to the 30desired applications.
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The shape of the particles does not have a nmjor
i nfl uence on their properties. However, the shape can

wo efobuence the "bioconpatibildty” of the partiBCEEP2009/056880
Thus, for pharnmacoki netic reasons, nanoparticles or
nanoparticl e aggregates being essentially el ongated,
spherical or round in shape are preferred. Spherica

Figurer12@¢news hreeell iabiMdy 2908f Mﬂﬂéﬁ&@/ﬁ&Qﬂad%ﬁﬁ&%mg CeO2

particularly preferred. A's particles or
nano@ﬁfﬁ@'&ﬁr or cm@mﬁvega@%re@aﬁ%d@oquM)ethn@@@ﬁ@m@,f 6.5 g/cm’
(exan@?@ ge preferred. In a preferred manner, the size
articles or nanoparticle aggregates accordi ng

With bahopéattielasnydiQ-Ref. i /s ekappteald y d=@Py aaddwhiedwteieradiation: filled

around 3 nmand 400 nm preferably between around 5,
squargglot§s or 20 nm and 200 nm even nore preferably
ANefAcIas PH f dithd |
Wit RERSRATBE PR Ror kot T gt 31 o BIrBEIARH, 3 tosange
dots smal | enough to enable themto d| ffuse in the body

win (S 1GR3 LS o RSP e b o
With A@NFLRENESICE é:@g =85 %ﬁbltwﬁﬁl‘#r%d%loﬁ' 8peh iciaetdots

obstruction. Advantagéously, such effects can be
obtai ned in humans with particles having a nean

rigurBEF ShBy81 68 AR GG RERoRafrar S0 PRlplfging o,
nanop@rgtiegabe sanoprticle. aggrearsepaao0cLRy hawi density o 3.9 g/cm®
specific surface area are preferred in order to limt
(exaniplei!0 @it er act i ons with the surrounding environnment.
r t ent ;i t
Wit FShobER BRESBLy 1648 BRe S 1 PR D Wi rgoiaton:
squareadygisi sed bet ween about 10 er/g and 80 er/g The

ecif| rea |s t|a ri sed
With 'B%I‘ C'%L@%S 'gﬁ? e°> S -r %F‘M‘y té‘f'Fr? Iaé'F?ByOB?” losange
dots the nanoparticles accor d| ng to the present invention
is mainly due to the nature of their constitutive
With neneparticleswT i€r-5rsm aF 3l 9)arghwiticoutdtradiaéibn cidledr triahglg dots
.. oxygen C yst | 1ized terial, .the
with GNGERGIBE THEL SN 2o duth SERIER0T sk oo paisani y
above 7 g/cnB, in particular, for a nanoparticle made

of an oxide, above 7 g/cnB and bel ow 15 g/cnB, in
Figureat2G shiows thet eblevialilitn@e of cgntmb after &2 4py inadigiiemasing PdO

nanopfitel AP TEARArIE alar<sPRa GRPTEMT G BRRER "t 7.0 grom’

(exangpleuilte f el ectrons and/or high energy photons, |n
particul ar when usi n/g | ow i oni ziqr;%rradl ations,
With m@ﬁP@BIC@ HiliQecRey, r expoRE 91 & 3)3©ntih\élﬂa<l>lttemd'aiwn filled
r struction of a target cell, tissue or organ. It
squarg dcﬁg note that the present i nvention is al so
With aanepartiges (HfQ.-Redllexanmzer3 hi<h3) and ithgrraddtishi open losange
(cf. Figure 11B). WO 2009/14721417PCT/ EP2009/ 056880
dots poses of i oni zi ng radi ations are preferably doses
With ﬁ drfi@es KP&@%@J =& n@gﬂ?ﬂ \Qrt@&t(ﬁfrééhaﬂaﬁ ESAGC IECHots
Icatio erfor vitro. Doses are conprised
With @mwhclesl(@dt)h%d =@.9m:na wigh dratidléss apearcircée dots30
Grays for applications perforned, in particular
| ocally, ex vivo or in vivo. Total ionizing
Figure’ f2H aho@Rrstheasdieviabiafy ?/ %f@bmfognaftea AP G Ghr&fa@Rysing TiO,

in the human accordi ng
nanoparticles or nanoparticle aggregates (400 puM) with density of 3.8 g/cm®

(example 10 e)).
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current practice. The total dose of radiations
delivered can be given follow ng different schedul es

W@ nk/ 18161 ngl e dose, fractibhat ed doses, PCT/EP2009/056880
hyper f racti onat ed doses, etc. I rradiated

win BRRBRRA L SR, BRI L AL Lo o agiion: i

squarehgstgpeut i c ef fect inprovenent when conpared to
standard radi ot herapy. The above nentioned inorganic
With rr\@ﬂmarﬁosleséHerR@f dxane i3nod tad) enwl@rlrramatlpﬁ gpen losange
dots Pr ef erred enbodi nent of the present invention, the
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nanoparticles having a high density. The density
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a °present invention, and identifies their
respective density and Zeff. Table 1: density

Figure 14 reveals the stability or lack of stability of nanoparticles (cf. CeO2-D of
example 10 e), TiO2-5nm of example 10d) and HfO2 of example 3) at concentration
about 5g/L comprising or not a HMP biocompatible coating, in different conditions:
samples were incubated 2 hours in water or in a 5% glucose solution at pH3 or pH 7
(cf. example 11).
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Oxi de Formula Zeff (g/cnB) WO 2009/14721420 Cerium

(I'V) oxide Ce02 53,40 7,2 Neodynium (111) oxi de Nd203
wG6004A4721L Samarium (111) oxide” 5n203 58, 39 7, BCT/EP2009/056880

Europi um (111) oxide Eu203 59,38 7,4 Gadolinium (111)

Figur%xilg%h%or%sults of 0.22 um filtration tests (cf. example 11): the different
samples (CeO2-D of example 10 e), TiO2-5nm of example 10d) and HfO, of example
3) contain, or not, a HMP biocompatible coating (incubated 2 hours in water or in a
5% glucose solution, at pH 7). Concentrations are expressed in g/L, and filtration
yield in %.

DETAILED DESCRIPTION OF THE INVENTION

It has been surprisingly found by inventors that a nanoparticle made of an inorganic
material comprising oxygen, preferably a crystallized inorganic material comprising
oxygen, even more preferably an oxide, the density of said inorganic material being
of at least 7 g/lcm?®, preferably above 7 g/cm®, in particular, for a nanoparticle made of
an oxide, above 7 g/cm® and below 15 g/cm?, can enhance the therapeutic effect of a
local irradiation intended to disturb, alter or destroy abnormal cells, tissues or organs

in an animal.

A strong enhancement of radiotherapy efficacy in vitro can be observed for the first
time using nanoparticles according to the present invention (cf. figures 5B, 8, 10, 11A
and 11B for example).

Inventors herein provide the proof that tumors in animals are reduced in size and
eventually disappear (complete remission) after the injection of the herein described
nanoparticles when said animals are locally exposed to a low dose irradiation able to
activate said nanoparticles (see experimental part and figures 6, 7 and 9).

In the spirit of the invention, the term “nanoparticle” or “nanoparticle aggregate” refers
to synthetic products of small size. Their shape can be for example round, flat,
elongated, spherical or oval, and the like. The shape can be determined or controlled
by the method of production, and adapted by the person of the art according to the
desired applications.

The shape of the particles does not have a major influence on their properties.
However, the shape can influence the “biocompatibility” of the particles. Thus, for
pharmacokinetic reasons, nanoparticles or nanoparticle aggregates being essentially
elongated, spherical or round in shape are preferred. Spherical or round shape is
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60,37 7,4 Terbium (111) oxide Tbh203 61,37 7,9

Dysprosium (111) oxide Dy203 62,36 7,8 Hol m um oxi de
wORRO34834 36 8, 4 Er bi um oxi d¥® Er 203 64, 35 8, 6 ACIEPI00956880

(111) oxide TnR03 65,34 8,6 Ytterbi um oxide Yb203

particularly preferred. Also, particles or nanoparticle aggregates having a quite

homogeneous shape are preferred.

In a preferred manner, the size of the particles or nanoparticle aggregates according
to the invention is typically comprised between around 3 nm and 400 nm, preferably
between around 5, 10, 15 or 20 nm and 200 nm, even more preferably between
around 20 and 100 nm or around 40 nm and 100 nm.

In fact, the size of the objects must ideally be small enough to enable them to diffuse
in the body (tissues, cells, blood vessels, etc.), essentially without being captured by
macrophages (phagocytosis) and without causing significant obstruction.
Advantageously, such effects can be obtained in humans with particles having a
mean particle size below 100 nm.

The aggregation may lead to the fusion of individual nanoparticles within the

aggregate structure.

Nanoparticles having a low specific surface area are preferred in order to limit their
interactions with the surrounding environment. For the purpose of the present
invention, the nanoparticle specific surface area is for example comprised between
about 10 m?/g and 80 m?/g. The specific surface area is preferentially comprised
between 20 and 60 m?/g.

The surprising efficiency of the nanoparticles according to the present invention is
mainly due to the nature of their constitutive material which is an inorganic material
comprising oxygen, preferably a crystallized material, the density of which is of at
least 7 g/cm?®, preferably above 7 g/cm?, in particular, for a nanoparticle made of an
oxide, above 7 g/cm® and below 15 g/cm?, in particular between 8 and 14 g/cm?®, or 8
and 12 g/cm®. Such a nanoparticle is indeed capable of absorbing ionizing radiations
and of emitting a sufficient amount of electrons and/or high energy photons, in
particular when using low ionizing radiations, for them to be directly responsible for
the alteration or destruction of a target cell, tissue or organ. It is to note that the
present invention is also advantageously usable under high ionizing radiation (cf.
Figure 11B).
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66,34 9,2 Lutetium oxide 1u203 67,33 9,4 Hafnium (IV)

oxi de Hf 02 67,26 9,7 Tantalum (1V) oxide Ta02 68, 25
wa091damt al um (V) oxi de Ta2bb 67,24 8,2 TungspenErPig)9/056880

oxi de W2 69,24 10,8 Tugnsten (VI) oxide W3

Doses of ionizing radiations are preferably doses comprised between around 0.05
Gray and 6 Grays for applications performed in vitro.

Doses are comprised between more than 0.05 Gray and less than 16 or 30 Grays for
applications performed, in particular locally, ex vivo or in vivo. Total ionizing
radiations range from 1.5 Gray up to around 85 Grays in the human according to the
current practice.

The total dose of radiations delivered can be given following different schedules such
as single dose, fractionated doses, hyperfractionated doses, efc.

Irradiated nanoparticles herein described provide, as demonstrated in the
experimental section, a clear therapeutic effect improvement when compared to

standard radiotherapy.

The above mentioned inorganic material is preferably an inorganic material. In a

preferred embodiment of the present invention, the inorganic material is an oxide.

An oxide is a chemical compound containing at least one oxygen atom and at least a
second distinct chemical element. Said distinct chemical element can be used as a
precursor in the herein described methods for preparing a nanoparticle or
nanoparticle aggregate. In the context of the present invention, a preferred oxide is a
metal oxide (M\Oy) (see “Metal Oxide Chemistry and Synthesis — from solution to
solid state”, Jean-Pierre Jolivet, Savoirs Actuels InterEditions/ CNRS, Editions 1994)
and a tungstate (Mx(WOa)y).

Metal oxide usable in the context of the present invention may be selected from the
group consisting of an oxide from a lanthanide element and an oxide from a chemical
(metallic) element of the periodic classification of elements (Mendeleev’s table), in
particular an oxide from a metallic element of periods 5 and 6 of the periodic

classification.

In the context of the present invention, examples of elements that can be used are
indicated below:
- appropriate oxides from a lanthanide element may be selected for example
from the group consisting of CeOz, Nd20O3, Smo0s, Eux0s3, Gd20s3, ThboOs,
Dy203, H0203, EraO3, Tm20s, YboOs, Lu2Os and mixtures thereof;
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67,27 7,2 Rhenium (I1V) oxide Re02 70,23 11,4 Gsm um
(I'V) oxide 0s02 71,23 11,4 Iridium (1V) oxide 1r02

w0 2002247214 7 Pl atinum (11) oxi%e Pt0 75,46 14, lp@/aPionunsssso
(1V) oxide Pt02 73,21 11,8 Mercury (I) oxi de Hg20

- appropriate oxides from a metallic element of period 6 of the periodic
classification of elements may be selected for example from the group
consisting of HfO2, TaO2, Tax0s, WO2, WO3, ReO,, OsOg, IrO2, PtO, PtO,,
HgO, Hg-O, TI20s, PbO, Pb,0Os, Pbsz04, PbO,, P00, BixOs3 and mixtures
thereof;

- appropriate oxides from a metallic element of period 5 of the periodic
classification of elements may be selected for example from the group
consisting of NbO, RuO2, Rh203, RhO,, PdO, Ag.O, AgO, CdO, In.0O3, and

mixtures thereof.

Tungstate (M(WOs),) can further be used as an inorganic material comprising
oxygen, in the context of the present invention.

Preferred tungstates may be selected from the group consisting of for example
FeWOQO,, CuWO4, MNWO,4 PbWO4 and mixtures thereof.

Mixture of oxide(s) and tungstate(s) in a particular nanoparticle is also possible.

As indicated previously, nanoparticles according to the present invention have to be
made of an inorganic material comprising oxygen, the density of said inorganic
material being of at least 7 g/cm®, preferably above 7 g/cm®, in particular, for a
nanoparticle made of an oxide, above 7 g/cm® and below 15 g/cm®, in particular
between 8 and 14 g/cm®, or 8 and 12 g/cm®.

Density is mass m per unit volume V. In the context of the present invention,
improved therapeutic efficacy is obtained using nanoparticles having a high density.
The density threshold required to get such improved therapeutic efficacy has been
herein identified by inventors as 7 g/cm3. It is to be understood that the highest
densities are preferred. Particularly preferred densities are of at least 7.5 g/cm3,
preferably at least 8 g/cm®, even more preferably of at least 8.5, 9, 9.5, 10, 10.5, 11,
11.5, 12, 12.5, 13, 13.5 or 14 g/ cm”.

Density of the nanoparticles or nanoparticles aggregates is determined from
approximately 1g of dried powder using Accupyc 1340 picnometer equipment.
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78,68 9,8 Mercury (I1) oxide HgO 77,45 11,1 Thallium
(111) oxide TI203 77,29 10,2 Lead (11) oxide

w@pmsainot ) PbO 79,45 9,6 Lek (1'V) oxide PbO2r@IWERD09/056880
9,6 Lead (I1,1V) oxide Pb203 78,28 10,1 Lead

The Aalrgdp]a%lélgg h%%gﬂedggg'r%%d are preferably made of an inorganic material

having an effective atomic number (Z) of at least 50, preferably at least 60 or 61,
more preferably at least 65, 66, 67 or even 68.

Effective atomic number is a term that is similar to atomic number but is used for
compounds (e.g. water) and mixtures of different materials (such as tissue and bone)
rather than for atoms. Effective atomic number calculates the average atomic number

for a compound or mixture of materials. It is abbreviated Zes.

The effective atomic number is calculated by taking the fractional proportion of each
atom in the compound and multiplying that by the atomic number of the atom. The

formula for the effective atomic number, Zg, is as follows:

= 2848 g =T L P E TG e L. fTF VI L
ﬁ_‘f; — ,\-“‘fl ¥ | _ﬁ. ;‘_’.H-L_I_ Tﬁ W _L _.._J'HJ“I‘ T_, W LL;,_’H-L_I_
where

fa is the fraction of the total number of electrons associated with each element, and
Z, is the atomic number of each element.

The atomic number (also known as the proton number) is the number of protons
found in the nucleus of an atom. It is traditionally represented by the symbol Z. The
atomic number uniquely identifies a chemical element. In an atom of neutral charge,

atomic number is equal to the number of electrons.

An example is that of water (H20) which is made up of two hydrogen atoms (Z=1)
and one oxygen atom (Z=8). The total number of electrons is 1+1+8 = 10. The
fraction of electrons corresponding to the two hydrogens is 2/10 and the fraction of
electrons corresponding to the unique oxygen is (8/10). Ze of water is therefore:

: e D Y SOQ s QRal T4
._,’7,,++ = U2 ]38 + s ¥ S92 = T 49

Z participate to the incoming radiations absorption capacity of nanoparticles.

The following Table 1 provides examples of compounds, usable in the context of the
present invention, and identifies their respective density and Zes.

Table 1:

density

Oxide Formula | Zeff (g/cm3)




78,66 8,9 Polonium (1V) oxide Po02 79,17 8,9 Bisnmuth

oxi de Bi 203 79,28 8,9 Niobium (Il) oxide NoO 38,61 7,3
wRedobamizum (1V) oxi de Ru02 3¥ 63 7,1 Rhodi um (BQWEP2009/056880

oxi de Rh203 41,55 8,2 Rhodium (IV) oxide Rh02

Cerium (IV) oxide CeO2 53,40 7.2
Neodynium (lll) oxide | Nd2O3 56,40 7.2
Samarium (lll) oxide [ Sm203 58,39 7.6
Europium (lll) oxide Eu20s 59,38 7.4
Gadolinium (lll) oxide | Gd20s 60,37 7.4
Terbium (lll) oxide Tb203 61,37 7.9
Dysprosium (lll) oxide | Dy20s3 62,36 7.8
Holmium oxide Ho203 63,36 8.4
Erbium oxide Er2Os 64,35 8.6
Thullium (lll) oxide Tm20s3 65,34 8.6
Ytterbium oxide Y203 66,34 9.2
Lutetium oxide U203 67,33 9.4
Hafnium (V) oxide HfO2 67,26 9.7
Tantalum (IV) oxide |TaO» 68,25 10,0
Tantalum (V) oxide 10205 67,24 8.2
Tungsten(lV) oxide WO2 69,24 10,8
Tugnsten (VI) oxide WO3 67.27 7.2
Rhenium (IV) oxide ReO2 70,23 11,4
Osmium (V) oxide 0OsO2 71,23 11,4
Iridium (IV) oxide IrO2 72,22 11,7
Platinum (Il) oxide PtO 75,46 14,1
Platinum (V) oxide PtO2 73,21 11,8
Mercury (l) oxide Hg20O 78,68 9.8
Mercury (ll) oxide HgO 77,45 11,1
Thallium (lll) oxide 11203 77,29 10,2
Lead (Il) oxide

(massicot) PbO 79,45 9.6
Lead (IV) oxide PbO2 77,18 9.6
Lead (IlIV) oxide Pb20Os 78,28 10,1
Lead (Il,1l,IV) oxide Pb3sO4 78,66 8,9
Polonium (V) oxide PoO2 7917 8.9
Bismuth oxide Bi2Os 79,28 8.9
Niobium (Il) oxide NbO 38,61 7.3
Ruthenium (IV) oxide |RuO2 39.63 7.1
Rhodium (lll) oxide Rh20s 41,55 8.2
Rhodium (IV) oxide RhO2 40,61 7.2
Palladium (ll) oxide PdO 43,57 8.3
Silver(l) oxide Ag20 45,72 7.2
Silver(ll) oxide AgO 44,57 7.5
Cadmium oxide CdoO 45,56 8.2
Indium oxide IN203 45,50 7.2

| Tungstate Formula |Zex | density |
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40,61 7,2 Palladium (I1) oxide PdO 43,57 8,3 Silver(l)

oxi de Ag20 45,72 7,2 Sil verél I) oxide AgO 44,57 7,5
wE2aewilunoxi de CdO 45, 56 8, 221 ndi um oxi de 1n20BCHEPH09/056880

7,2 TungstateFornula Zeffdensity

(g/cm’)
Iron tungstate FeWO4 61,1 7.5
Copper tungstate CuWO4 60,8 7.5
Lead tungstate PbWO4 73.6 8.5

The highest the nanoparticle or nanoparticle aggregate density and Zes the more
efficient is the absorption of ionizing radiations. The electrons and/or high energy
photons emission is then amplified following irradiation thereby enhancing the
therapeutic efficacy.

Inventors herein surprisingly highlight the fundamental and direct role of the density
parameter on the photons and electrons emission amplification, said amplification
allowing therapeutic applications in a mammal, as herein explained, when the density
reaches, and preferably exceeds, the 7 g/cm® threshold (see experimental part).
Examples 4, 10 a) and 10 b) regarding HfO2 and CeO, nanoparticles, further provide
results highlighting the surprising influence of density for a constant Zes.

The nanoparticles or aggregates according to the present invention are
advantageously biocompatible, that is to say, they can be safely administered to an
animal organism, typically a mammal, in particular a human, to provide their
therapeutic effect. Said biocompatibility can be ensured for example by the nature of

the compound(s) or material(s) constituting the particle and/or by an optional coating.

Preferred nanoparticles or aggregates according to the invention are covered with a
biocompatible coating. When the nanoparticles and/or aggregates of the present
invention are administered to a subject via the intravenous (IV) route, such a
biocompatible coating is particularly advantageous to optimize the biodistribution of
nanoparticles and aggregates in the context of the previously described EPR effect.
A full biocompatible coating of the nanoparticle or aggregate is required, in particular
in the IV context, in order to avoid interaction of the particle surface with any
recognition element (macrophage, opsonins, etc.). The “full coating” implies the
presence of a very high density of biocompatible molecules able to create at least a
complete monolayer on the surface of the particle. Said coating is responsible for the
so called “stealth effect” of the nanoparticle or aggregate.

The biocompatible coating allows in particular the nanoparticle stability between pH
6.5 and 7.5 in a biocompatible suspension, such as a physiological fluid (blood,
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WO 2009/ 14721421PCT/ EP2009/ 056880 (g/cnB) lron
tungstate FeWM 61,1 7,5 35) er tungstate Cu\X4 60, 8

wO 289herds t ungst at e PobVDA 7 8,5 The hi ghespCt/BR2009/056880
nanoparticle or nanoparticle aggregate density and

plasff genno -y Tepioble Bl b PRy SRREHC ey fraHefdld medie

compﬁmngsgboéb9e3(5t°/tl)ez§hca6prbl €0l ofw) (véxmpleredaid figire 14), which is
there enhanci ng the 5therapeutic efficacy. Inventors

requinegfer A Wf@ﬁPQMW@'?dm'@ﬁiramﬂ the fundanental and
Such gﬁnéﬁgﬁg{& rlBIeoéoétm |gecfiﬁéﬁ'1¥,fﬁ${tz§% rﬁ]’fh‘égré%rﬁ}?pa[m&[a%% a surface

ons em ssion a
treatlmypgémﬂ cation allow ng therapeuti c applications in a

as herein explai ned, when the density reaches,
Stab"&ﬁdn%)‘ bs&%urme&%@@&extm@ qw/f@ﬁ%t'%m@ﬁer%i ?@@e”anopamc'e

susp&eRST bi& 4R aﬁé‘rrﬁl@ratlon on a 0.22 um filter (cf. example 11 and figure 15).
Advantageously, said coating preserves the integrity of the particles in vivo, ensures
or improves the biocompatibility thereof, and facilitates an optional functionalization
thereof (for example with spacer molecules, biocompatible polymers, targeting
agents, proteins, etc.). A particular nanoparticle according to the present invention
indeed further comprises a targeting agent to allow its interaction with a recognition
element present on the target cell. Such targeting agents will act once the
nanoparticles or aggregates are accumulated in the tumor. As the conformation of
the targeting agent will be responsible for its interaction with the target, the density of
said targeting agent is to be controlled carefully. A high density thereof can indeed
perturb the targeting agent conformation and in consequence its recognition by the
target (“Folate-targeted, cationic liposome-mediated gene transfer into disseminated
peritoneal tumors.”; J A Reddy, C Abburi, H Hofland, S J Howard, | Vlahov, P Wils &
C P Leamon; Gene therapy (2002) 9 p1542-1550 / “Folate targeting of drug carriers:
A mathematical model.”; Ketan B. Ghaghadaa,b, Justin Sauld,e, ayaganesh V.
Natarajanb,c, Ravi V. Bellamkondad,e, Ananth V. Annapragadaa,b,T.; Journal of
Controlled Release 104 (2005) 113—-128). In addition, a high target agent density
may favour nanoparticles clearance by the Reticulo Endothelial System (RES) during

circulation in the vasculature.

The biocompatible coating can be composed of any amorphous or crystalline
structure. It is preferable that the coating allows the diffusion of small molecules and
free radicals. In particular, it is important that the coating allows the passage of water
(or O2) and preferably the passage of the radical form thereof (the biocompatible
coating will not dissolve between pH 6.5 and 7.5). This can be accomplished by
using materials which are porous and/or by adding a coating layer having a low
thickness and being porous. Thus, a typical porosity of the coating is comprised
between around 0.05 and 10 nm, preferably 0.1, or 0.2 and 5 nm. A typical coating
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Zeff. The nanopart| cl es or aggregates accordi ng to the

ok & beb B4R, bOR TS 5P BT RO ATE B bR o eramote
between &dufEl0.5:aas A ortatburd1oyardl #eArRl , i n particul ar
a human, to provide their therapeutic effect. Sai d

bi oconpatibility can be ensured for exanple by the

o1 B A RN BhefiodBASD Bl SRS 0 s cor

be usedriopthet purpese of thag vegtdes according to the i nvention
are covered wth 20 bi oconpati bl e coating. Wen the

ExampigfoShr 1¢r:Picgleg 96}‘9 a@@t'ﬁgﬁt 8¢ &net Ak ”ﬁ?'@sérr‘ﬁte”a'S or surface
. ; ¢

reatiy TGN 165 0§ MEHTA S PGS Al Bgpr (agarose for

examplze)pathdscphbt&lyilarm/alsmgﬁ‘mmctazompmlumdszellpﬂde saturated carbon

bi o trlbtlon f nanopart cles and a ates in th
polymEsH ey Wt 1T SO b i st BemBROL s, relLidiPg or not,
modiffdcP COMARSt ngIyﬁfeft‘tﬁédWIafé SN epAPSgRAd | BF € eREMPAI! 4R Rell as

IS require in particular 25 in"the IV context, in
combMI@nStttmer@cobu d interaction of the particle surface

wi th any recognltl on el ement (macrophage, opsoni ns,

etc.). The "full coating” inplies the presence of a

Examypidsy ofii §ibdegagiable ebatmg empaior hansleeond e addre tnaterials or
create at |east a conplete nonol ayer on the surface of

surfage&reping iageats spleategotiemnige Qroﬂémtﬁgeoﬁ@)rb|Q|ﬂ@|C§bm0|eCU|e
f i r

mOd'fgngng)'g’q%[f @5@%}%} ﬁ(gt %Ctbto %)aélogl:agl @%a Aol bcﬂyrﬁep modified or not, of

naturglagtapeusratot! Tiee bivlogiealt patyraes tregyi he & phosphelgrid ,pda-lséc&tarlde, an

0|IQOWQ§%$%ISP @gqo *q%gg r%elf g@gysulljfﬁ%d1 grl r?cgt fosrueigm%?e %extran
The AR ionkdPrBler erﬁf 29&%@8&5%8& %'uﬂ%ﬁ@ trexftin ”égéttg n be used

any I sotonic nmedl a or phy ogi C medi um OI‘ exanpl e
alonermdlnacmfn:tmpatmsagngtuxeem assefnbdias!/ mmma@te 60nét, ¥ovaleht or not,

optiofiTRculhinglitn ik tifiet FmpBinS. MR § K alshindbsipg to use
any oFfedbi e é@r@*ﬂbﬁhé}%ﬁ %téﬁﬁagbﬂgﬁkt@ldﬁ%@?@hbtbﬁ‘bw Walidr-soluble

a surface 5 treating agent. Stability may be confirned

or lipigysalityle @x being: aréfﬂelaﬁy maskfiachie broese watesrsaluble or lipid-soluble.
nanoparticl e suspension prior and after filtration on
a 0.22 pmfilter (cf. exanple 11 and figure 15).

The bistanpadste udhling préfdrasinicontprises 21y esaddef & oegsdund selected
of the particles in vivo, ensures or_ inproves the

in thetgreb'@rﬁ%ﬁisﬁngN@W'ﬂ‘é@%ﬂc agent. ﬁd@@‘la“'lcaﬁgaeﬁta@ﬁ etﬁa%agent and
a mlelh‘?‘btr'cﬁ n‘t%tﬁ}n' ARy &? thereof (for exanple with spacer
nol ecul’es, Dbioconpati ble polyners, targeting agents,
proteins, etc.). A particular nanoparticle accor di ng
resent invention in egg further co

to. th
APPraESjalfe indtgaaIGeAerY 6TaY PBy6 TSt Hfasm R GBRHREPFSIRUINg Of an oxide,
|
an hyREAGE, @ BnBEFTBIQRIETHE indfodnlE doBhtffay Emprisé it example
siliciuay gl wyitiws, alr@)rwnunalbatrre,dnagnemermanﬂﬁor ters the

conformat {on of, 15 t he |
such 20 R P8 Lsdr threfae LG ARnamHiRR et bosiiBly on pegatively i
orderd@'ﬁﬁédlﬂat@f|n§9@é<9tldr1%rcﬁ%ta'|d1§aﬁ’(§t§éﬂ|cleSNlttptHéeo@I@gtda‘Phte%(i’e
carefully. A high density thereof can indeed perturb
the targeting agent conformation and i n consequence
its recognition by the target ("Fol ate-targeted,
cationic |iposone-nedi ated gene transfer into
di ssem nated peritoneal tunors."; J A Reddy, C Abburi,
H Hofland, S J Howard, | M ahov, P Wls & 20 CP
Leanon; Gene therapy (2002) 9 pl542-1550 / "Fol ate
targeting of drug carriers: A mathematical nodel.
Ket an B Ghaghadaa b Justl n Saul d e, ayaganesh V.

. 2 o o Y A a1
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WD 2009/ 14721423PCT/ EP2009/ 056880 t hi ckness is

generally conprised between_around 0.2 and 50 nm for
wezauphribet ween around 0.5 #hd 5 nm or ar oundPADERIVAY/056880

40 nm In general, the coating can be

. n n- I e [ | e. ..Bot tion :
An ingREarte SHERL RERRLSL Topb B SO TR S Fisy Bl AP e Hf Zhegnesium
and cafcimanyilitehecs pdahive ctRege RYheEETAREoPheMabparticle at a pH of

materials or surface treating agents selected in the

- group consisting of silica, alumna, sugar (agarose
| &) t

For e%%@g%ﬁﬂg,s‘ﬁrqluprﬁgﬁ,ﬁyg%t lgsrea eddaﬂﬁ gt %étﬁfe' Qﬁ‘ér‘ée to the surface of
the ndmupartitib\dt @eneH oki7de for exanpl e) and inorganic

pol yners, reticulated or not, 10nodified or not

(pol ynmet hacryl ate or polystyrene for exanple), as well

; ' [ f

APPSO TRAR SRR 1 B8 g et AT BT IR, ORAREBHIER 61 gola. siver
and ptaiinfuate treating agents sel ected fromthe group

consi sting of a biological nolecule, 15nodified or

not, natural or not and a biol ogical nolecular
An a;&&b}bﬂ?fe ofg%‘ﬂié 'a@@nﬂnd}obe &y Bgbnt éd)méh@@@ &FuR&lon &ASable of

ogi cal ynmer may be a’phospholi pid

lnteragh@@hwm @enaaﬁp@ntlp@oga@@ndmg de tbe @regenwa/@@ham ald a function

contefig BHeRFERAbB%s hAhoBBRBoinds or surface

The dge@atomgrisgnd funtton kepdbecbfahtensctvig with eatdvopattick snay be for
m xtures or assenblies, conposite af not, coval ent or

examglg; a C’@Jb@b‘ﬂai@n@?ﬁp@d éo?#ﬁfaﬁ%u(Rcﬁp Dhaptaieehol (R-OH), a silane

(R- S'@%‘S})Z?Qﬁe Qﬁ% Ion %Q&M%S@Irﬁ Qﬁwe)a 3f)hosphon|c
functlbal(Rg:’@(E(DHr)z’:)ldr)a wb&is@hosoﬁuﬂmman O-ROOHBIR)ubl e or

bei n art|f|C|aII dified to becone water-sol ubl e
The QGBNH.COMBIRIAG @ Teyiciop; GaBARIR: | EORISHING PipFemBRiBlily to a
nanoﬁ&ﬂ@l@'é&%réﬂﬁ It§ tﬂ@?) Qnt%\%mﬂurﬂgé%%l\/@%t %rlgE'T}Jﬁcl;tLd?"Pand/or an

group consi S INng O an I norganic a neta
electrag@mlc fuantucm gauctr @@ehwutmaostanmfumctm oraycbetsatedtedrfrom the

arour, 8PEERtRe o TRBVIERBLGvEDn L) ol EeTRldie Pavinyiaiconol,

Pona'&WI'ét@X' %Iya’r’d??la?fﬂd@Xy@b%ﬂ&é@@op%‘é@rﬂé‘rﬂf&%ﬁ' CP@geitbamide, a
conprise tor exanplé 30silicium” al unm nium

blopownne,rom pelyseacharitn suelymssPenirandKytan; ioellulsgeh caldrgane, and a

switef PR FliSgng Syl a6 PEubYRoREBRREI. o ol at e

Agent nivithacd i positioé stedroseatpafiinctbe whayh bbe di obegieabuch as
medi a. . WD 2009/ 14721424PCT/ EP2009/ 056880 An i norgani c

amlncgg@ﬁyltrgqgh%g@ef PERPYISIR-oup consi sting of for

I I I
Agenf I & MBGHIGE MEABSIAE! Fultiol oyl iiel efecheq! i he, group
consigting erxfarnbioephaﬂee (forl iexampleray belypbesbha:tebra nlg]esaphosphate a

ve ch o the surface of 5the nanoparti cl .
pyropRoRalEe. 7SS Ao RASBOYUTE T L EXeEDIe, Bl sien bl LB et e iEqecid, in
partucDIa%hEBuﬁucQé&HPaﬁd’@él‘ bighg of gold, silver and

platinum 10 An appropriate organic agent nay be any
agent conprising a function capable of interacting

a nangpartic rding t e prese in
The hatthg (B o <eolar SHAGETH Tesahe: SRofRs (pb KRR scments).
aIIowﬂ?Wﬁble‘éh% ofliReréstaBtbis® PtheSdutehce dfURE aftiti€apabl e
interacting with a nanoparticle may be for exanple
a carboxylate (R-000), a sulfate (R SO42- ), an
al cohol (R-OH), a silane
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15(R-Si(OR)3), an amne (R-NH2), a quaternary ammoni um
(R-NH4+), a phosphonic function (R PO(CH)2) or a

w@bwmspkmni c function (RO PO%SO—D 2) . The agent PCT/EP2009/056880
conprising a function capable of conferring

A e BETTB O ch b tpd PR BRIN 1l FRERISN Be KRabtigle mace

of Hfe).eebhpsichlg @ fpmsf)h% confdoundeBtichM 48 Sodilier trimetaphosphate
function may be selected fromthe 20 group consisting

(STMBp 0ﬁ§99@%9¢é&f@e@p@@éphﬂﬁﬁw Phes ?&'W@Mﬂ@'@l goating.
Pol yvi nyl al cohol , Pol yacryl ate, Pol yacryl am de
(pol y(N-i sopr opyI acryl am de)), Polycarbam de, a
Anotheir gxampie of arngrupgsidce rgcomding toc theaisveetid Bna ndybparticle made

of HfgI %%rl’rﬁggqngg%% |oc&rréoanao’llb?e chg,gtéltggtr Iq%,%‘g %n%og%grr{éd@zulggst one

t
functlgéglﬁgﬁr%g rs%?)é ?(? I‘ﬂgmom n@s@ﬂlngg}fﬁe@ﬁ& Qiaréth {)olyethylene,
an oxide, Rneamegaan\amhgtede, ranphasphaté @ndtdanyrcamalyinbtors dereoed
fromthe group consisting of phosphate (for exanple a
pol yphosphat e, a met aphosphate, a pyrophosphat e,
Anotk%trcoﬁjectcé\*t*h@xbﬁk/éﬁﬁ‘or{ rebte< @Rl Pefidd 8t Brddiucing a nanoparticle or
di carboxylic acid, in particular succinic acid) and
nanopartipleataggregate\Wwsuzd 0 sl 40efinggls FETERRROVE/ 056880NiAture  thereof,
com f,%@l cal exanple of a nanoparticle according to the
PiRU8ntion is a nanoparticle made of Hf 02 conprising a
rolidiighat enareicaP BlinentCalloring ale aramha@mgﬁnh nic material
g (STﬁg;I or sodi um hexanet aph%sph;{{fgb(Hl\/P as o2
C%“WMFQJ&‘MMQIGQGCGB@N@H@WS'UA@&W Rk ebQif‘gaOf at least 7g/cm?’,
Y
prﬁgér?]%@g % 6* |H%%@c%lgﬁptd?sgﬂ4dn%§alrtﬁzlé‘ made of an oxide,
abovecogfeat ldnchelowHEhg/cmf' silane bearing at |east one
functional group selected fromthe sistin

- PrgPadRS A INado. g eobeawq{yplgﬁggr%gptg:{?qu’ ﬂc@mwgpelgment by
pr?ggﬁgfc?]rﬁ%f S%JOOBH§ Ft%ﬁ RIGRENERMN 2GR rr?étdil% {?Ugﬁﬁ%; an Aqueous

er object o he i nvention re es t

sotftiqoy, adadcotl aoh@nomtct) aneby crystailigedion; ehd, eglpregat e
s def her ei nabove ar a m xture thereof

such
- ol e PRGoPAT IR PR cEe e B SUrfRfLFet Y Sde s dpscribed
previepakat i on of an inorganic material conprising
oxygene, the density of said material being of at
| east 7g/crr8 15preferably above 7 g/cnB, in

nanoparticle made of an oxide, above
D“””gq@é@%‘! @L{’H ﬁrtg@ 15 g/cnB, preparing a nanoparticle
- OpHnérpe@f@réblyz bevagayegase abjed betivedreaiotal Ehedea]
precipitation of said chem cal elenent in a polar

- nélﬁ ArRqUEIRTH(CAsMHeR| Rledsnb eiceniralon ds PsgfetaRly advantageously
Bl er)arBI g Hyes fldyrsat  on, and,

coat i ng e nanopartl cle or aggregate
- us:mtg sﬁreagth‘ a$mmfeeablyngdwgﬂagecaﬁslyd%i}mstbédbetween around 107
pr ously the reci pitation_ste
mwéaa By nall Bt PRy %rgvae o WekAng 3Rl

- Bératifre: |S?F§fepét99‘é'd§gﬁt 9%69 uﬁb&’ﬁé’ﬂhéen around 20°C and

concentratlo I's preferabl geous
350°C.

Before being optionally coated, the inorganic material is preferably crystallized for
example via thermal treatment (such a treatment may be followed by a wet or dry
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adj usted between around 10-3 and 3 nol/1; ionic

strength is preferably advant ageously adjusted between
wae@una21i0- 3 mol/1 and 5 no190; preferably bet REEEP2009/056880

around 10-3 nol/1 and 3 nol/1; tenperature is

miling P30 8Bt B SBBS AP b0 S EmaB ol BRadaFriapeousy

or Se@@@ﬂpauyPr ecipitation and crystallisation steps nay be
perfornmed sinultaneously or sequentially. A
sequestering (conpl exi ng) agent can further be added

A seqtbu%s %Hﬁlgf)(]% | onﬁ%@é&rﬂ r%r?ll @{tﬁ%ﬁﬁ‘é rH[d'agdtt pg?l%'lérQﬂedlum to help

reachmy the:ldesmeoteBry?mdMlsatloiEpBaSey, crystaﬂhﬁtyppysttcmé ishapé, partlcle size
materjal may al so be washed (to rermpve any inpurity)

and/o5 A8NeY-pepti zed (in order to bring an el ectrical
charge on the surface of the inorganic particle 10in
order to confer stability to said nanoparticle at a

The giystatiized) maléralc oetyi a@osbepwadhadt(a@mum\»;e @oysingpugity n and/or

peptiashi Bttdy oSN Fickical BheieRg hae r%afﬂeaﬁqhs?%qrﬂamc particle
in ordefkd B6nfef @?ébhll’ﬂ@ td said rﬁ#fdpﬁﬁﬂ:lé’é?é{ dlg ).15 In a

particul ar enbodi nent, a net pr odu0| ng a

suspensi on of bloconpat|ble nanopartlcles

The PRGSO o T POREGE EPaPliol oo IobaBhosEREE! iifgparice

aggreydite iP COALHCS Qith 8 siritecCpdate geag@rﬁt faisorhehrsn waee “ebating”) as
|'ant hani de, or of 20 period or 6 of the periodic

defined RERYiQUShAt i on, which is able to form an inorganic
mat eri al conprising oxygene, in particular an oxide or
a tungstate, preferably an oxide, the density of said
In a mtieulbalenbmmgleot atméthadtof/pgrodoBingpa eiuspeb*supnadsfobwecampatible
/%rrB, in %II cular, for a nanp art cl e _made of 38 ,
”3”083{ IgIES, RBBYRATYICYS RgRTCQAESHRIT BUNXBITg/tRREEOT iICRMPLises e fpllowing
stepstFéﬁ‘@r%fE)IyBlnad}GeﬂA g/cnB, or 8 and 12 g/cnB, 25 b)
eclipitating the precursor of step a) in a polar

a) p@dldlmg by apprecersdp) § chelmuzal iefememitefrqrAl, the @npep af langhanide, or of

RORE B 06 e irr Bk Bt ey R ciScii 8,/PRg an inorganic

Ra&Hal comprising o%e'n@nfﬂ bartienis bal dxidd BEatthiegstate, preferably an
prem&@tate via thermal treatnent, d) optlonally

oxide thg densityueimaidiroateobl beingdiaat least Zgiamds praferably) above 7

Sk I O P A e 3 B 7 e an

k@@lbﬁmmm%m@mucal@t betwsdre® and or gem or 8 amg 12 g/cm?,
charge to the surface of the nanoparticles or

b) @@@@@Hﬂ@@%%@%ﬁor ff 8160 B)US R RYIAMEHHE By trefiestlly adjusting

Bod Lar BTH TR e B0l SLEME MOHEHp Hharor precursor

mmwmmion,_ arfid oaﬂmpmhytdaddlmg arconqomlpag ?gehe 2ggr egat SS

tal W od g rev ous escribed ma e

0 SRR HEIAES B Ab VReteiel SRR pH 6. 5 and
d) czt@nall WaSqu Wh@% 6&?&‘1@6%%@@%%@% 9)9% ¢) to remove

urthe sub a fornulation step 5Sbefore bei'ng
atmynnnpmtaseaalt and/os gbjrygdexing aganbmesenmharelexanpl e, a

¢) ‘3@59!@33 o ’ﬁ%‘ﬁ%ﬁ%ﬂﬁ?@ iy %rBfé}‘ Cr‘?ég ot%réor}@}%og 8{18@9 to the surface
@ﬂﬁﬁfria?ﬂobgrtmmteag@éga@‘s OPrb%@ri‘t in R & 58§ N0, AR dtRshally

the follow ng steps in or
f)  coating the nanopartlcles or aggregates.
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10- precipitating a solution of Hafnium precursor

(such as in particular Hf Cl4 or Hf OCl2 solution) with
w@2daaer21such as in parti cul®t tetramet hyl anmoPdT/RP2009/056880

hydr oxi de (TMAOH), crystallizing the anorphous

i nj nsi on. t hus i for vi.a. .
The g8 R FoRlERETS Hhoratiel: BrBpEru A e0RlE Sifea win 2
meth@wlée oreivicuzs) | desthibbd I Mdyd dehaadiustegn@iithn physiological medium
ptionally washing and/or peptizing the crystallized
(betWﬁﬁﬂ@H 85 @nfli€-Sbt ai ned, optional Iy coating said
r b | agi I
The sg{)eﬁﬁhgftohbch%cgﬁégr tgde/ee ha@aﬁlé rfglqg%ralsﬁbmfe daa t?'?mulatlon step
before beingoadrhinistétedtocd betjeobj ect of the inventi on is
based on any conposition conprising nanoparticles or
aggregat es such as defined her ei nabove and/ or which
y [

In & e R BTRE, R ie ol Y BRRRHL o B80B5HRRE or MahGparticle
aggregais othiet nampaxdclenbelggomady <bfa\oe ccpjnpresm@ra)gereammde of, HfO,,
si,ze and .shape articul ar, object of the invention

preferraa%%g%@ppge%ﬂﬁnfgﬁ E@ﬁt?e%fn QGhosi ti on conpri sing
- péfédl;ﬁ{eﬁéﬁgo% 88086 'I-‘Téfﬁuﬁ%ﬂr@él%@ﬁ (éi}&mha§$n ‘i)%frﬂldlﬁé# HfCl4 or
her ei nabove and, optionally, a pharnmaceuti cal
abiéeplaBpkition) iwitherst besey skt as in pamhowlaertetﬁamertmramomum

o ' . Of invention relates to a diagnostic or
@%b"‘%@@ﬁ%ﬁ@ tion conprising particles or
- nag;@nﬂlrzmg liige @g@srggauem@?ehuc@sﬁ)eﬁsmdthnercﬁatambavqbr example

optionally, a physiol oglcallg accept abl e
eX@ {heenel keatraentcaakove §@5C, preferably at least 100°C, while optionally

2gﬁg/ng;4ggjs4gﬁggérepzoog/ 056880 The exci pi ent or

vehi cPe AT enpl oyed can be any cl assical support

- f optidrally WWBng)bnd/@plpuepazmgnhe snctalized oateriatmisobtained,
saljne, isotonic, steri buf f er ed soI utions, and the

- T PRIOTHPRRR S S Basel iy DeFd0 SR adRgaLn contact
S @é}rﬁ] [ formul ated for
ey(‘ghp %@ggs(%atﬁpou gteés‘@eﬁz;edﬁs?é%cﬁ]&?teﬂagg@et abl et s,
capsul es, by u5| ng known t echni ques of pharnaceuti cal

notneh s ok b il 5L BB H b PR BTGRMOASTRS nanoparties

or ag@?égméé tduehess @léﬁné@ﬂ‘@relﬁﬁﬁo@@tdﬁ@%? ﬂrhﬁihnéarl%éoﬁﬁméd by the
nanoparticles / gramof 10 tunor and around of

£ &g@ inventive

methegdmdiesein deseripeqyr Whilef notimpandatenpains cnalrimieeem

compBh PR a8 BfSeeH 7P B MR Gr Rals LB LB

Generally, the conmpositions in liquid formconprise
bet ween /'L and 300 g/L of nanoparticles, 0.05
A pa@tm_ulerncpbm@ g Lthepriayastion! yelates dgs@ mhagmacegtica), composition

comsH b2 ook odBodl o, 4l bbb ar

optionallyahbphanmaseun izl @dctopiabie exapighhgr eetdégeof t he
suspensi on conprising the nanoparticles. 20 The
conpositions, particles and aggregates of the

AnotHeﬁ*VEBFtlc%fhrC% Bjce &fsefﬁ’e' VBRI T iePAtls P tdigghétlY drNimaging
human or veterinary medi cine.
composition comprising particles or nanoparticle aggregates such as defined

hereinabove and, optionally, a physiologically acceptable excipient or vehicle.

The compositions can be in the form of a solid, liquid (particles in suspension),
aerosol, gel, paste, and the like. Preferred compositions are in liquid form.
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It is an object of the present invention to use a

nanoparticle or nanoparticle aggregate as herein
waolemonihed to alter, destroy?®or elininate a taPQgBEP2009/056880

cell, tissue or organ. 25Under the effect of ionizing

radiations, X- Rays, ganma-rays, radioactive isotopes

and/ or electron beans in particular, the nanoparticles

The eXchiet@riveshicd v fuspRlyedtdadnse ang/cssida buep@t @or this type
phot ons. Said el ectrons and/or high energy phot

of apgkﬁﬁtloﬂoﬁﬂﬁhtawqrtﬁ@mm@Lﬁﬁﬂ'ﬁﬁg ISpeng, Siﬁé't%rbuﬁergci SQHJ’“O”S and

the m?é’“th lah: al‘é@@o@t@eaét%m&@% rs%?ée‘%é‘ﬁérsagﬂrf%taﬂ%wand the like.
i onl zations nding on the ené

They lcadlt@tﬁommslatedh&)rymcamme@s arapomlbesa@m:abl dottles, tablets capsules,

destructlon of tissues and/or, si a V|suaI|zat|on
by usingknaygytesynines &t P?@Fmép%ﬁ'ﬁ%f‘?rﬁrwﬁyﬁ%oses
2009/ 14721429PCT/ EP2009/ 056880 Hence a partlcular

object of the invention is based on the use of a
In theerespizr destribest compmsitimisclﬁpaqg‘tatgamredesh:abldi cagnaentrations of

th resent inven to pre are phar maceuti c
nanogalfieBE  ERoror Y Saddseeen eeRR g18; T Saindifides / gram of
tumort 8h@&roGRd |10 MgPBf ﬁﬁhaﬁartlcl‘é‘éeﬁgﬁa@h beotﬁhto‘? # Baﬁt?leFa?re&etween

to radiati ons, 1In partl cular to~ionizi ng rad| at1 ons,
aroungin and 5heg: of hag@eartcieg /raranoattunmre Thtm eSSt dlﬁ‘erent routes

her conprises an additional therapeutic
Ofad®gﬂ§%ﬁk& di stinct froma nanoparticle or nanoparticle

GenePdgllyr egatempakisions M Raiedotre confaisedsdiaeen 0105\@¢L AAd 300 g/L of
particul ar object of the invention is based

nanowtlﬁlsé &0 glhcﬂmst WP et @é@fgrahjy @htealst:épsg/L a%QagtLoélﬁsQ/br 45 g/L,
50 o/ 8 S/ BT 20 675 B0 E: 180 aliy L0 R or 207 '
target cells, Mﬁth one or nore nanopartlcles or

I R .

the n drGéIes. or aggregates to penetrate inside the target
%ﬁﬁqs or to 15 interact wth said cells and, exposing
the cells to radiations, appropriate radi at i ons bei ng

e BB R 0 b e PUELBSN S6TRYE i mmy
fields Spardic@raBQ S hamandwollerivdry Gasdicing. t he | ysis, apoptosis

or destruction of said target cells. 20The target
It is @el pbjef:érpfbéher@repemmm\@@tlcal tcalses 2 naaeparicteo osapanoparticle

200reG91e BBl FPalrhel, B alfh G0l TEEMANART o e oot tissue or

(xgmﬁten05|ng cell's (fibroblast/snooth nuscle cells), or
i mmune stentcellaﬂ%patholo ical cell clones). A
Undepthe¢ & o,ipi@mzwr atieNsy 25EXAYEn APREMBT NS n@awoqthe isotopes
X t r 0 [ ter
and/of a@tﬁgrﬁ tﬁ@arﬁ?% 'tttcggﬂerthézgd%n E@ésle$ear§r§§<él aBl produce
eIectrpastalndtdrangmbne:gy pHotbh® i nvention is based on the use

.. 0 onposi tions, particles or nanopar l e a ates
Said ladfons sl Ph A el G EERIT | ToaLRaNtaSt Wit aPotnding media,
wateﬁ&rm;inrtgart.aﬂbatdaﬁrg%rﬁe?at@erté@%.éH|§\éhelb?'ntaN foﬁt 3t. ns.

produci ng a pharnaceutical conposition intende
t he treatnent of cancer. The present disclosure

nconpasses the use.of conpositijons, papticle

DepelingoSh JfB ITRE L 120Gy LS Ao TE PRI PR s efiSble the
destrii&Iop rb't'b%@ués) @rﬁ(ﬁeﬁntslrﬁPI yl r galispak2eRr f6F fnfaging and/or for

all eviate the synptons of "a cancer in an ani mal,
diagnegiies pelrosesr e exposed to radiations, in partlcular to

ioni zing radi ati ons as defi ned preV|oust. WO

2009/ 14721430PCT/ EP2009/ 056880 Anot her parti cul ar

object of the invention is based on a nethod for

i nduci ng or causing the lysis or destruction of cancer

cells, invitro, ex vivo or in vivo, conprising

contacting cancer cells wth one or nore particles or

nanopartlcle aggr egat es such as deflned herelnabove

o M Y Y L T a o
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10 or alleviating the synptons of a cancer in a

subj ect or patient, conprising adm nistering to the
weatvantisuf fering froma cafter a conpositi ONPCT/EP2009/056880

nanopart| cl es or nanoparticle aggregates such as

Hench pRRuEF IRE e, el bge B B¥, Qb nanopartite or

nanopdlsitiee adgreghmror ﬁ@dzor@ﬁig' Steor tHed pfés@haciianhbnsatbd prepare a
cells, in partjicular cancer cells, and subsequent
,g@i cgfls in an

pharma@%{tlpabcern@oglgog upieagedita aligs, %?%Efé‘n@'éebm'rbﬁt@,d@r
X t | e
animdf2 Ghefiioshl ool SaffRis bt oRRIhE bartiPf i onizing raciations.
and ohuthetdooeapondiag muethbds. of t he patient's abnor nal
cells, thereby preventing or treating a cancer.
C assical cancer managenment systematically inplies the
The BRATMIIRAES bn2RMHeY! M?Lééé’ drl %%H'ifﬁfr‘\‘aﬁt égﬁﬁ%i];ﬂét ¢éthipound,
of radi ot herapy and chenot herapy for exanple). e
dustlnbtefrcemra oaseparbeld ananaoppattictd aggreghte, tal ssrintendeshtioziresy cancer.
radi ations, in the context of radiotherapy, can be
used in association with a different cancer therapy
AnotHir op&éielilar BGEcteoP i GeRiNtRANISLBaSEH & @dnidtRar tBe inducing or
group consisting of surgery, radi osur&?r 25
causigg dhedysis,;anoptesis roe;wte@tarnlctlfcrmmargehge itsa,rex Viva astin vivo,

comp@éﬁwgs 21%5&&1? %ﬂﬁgl'qobgmcﬁfqi’)tsgfett tc%ﬂ? e\Zy%j oﬁﬂgeér%%re ﬁanoparticles

or nahBpaniefediggragdtésiesichang cafifedtireindbel@gdarhg & period of time
i norgani ¢ product intended to treat cancer.

sufﬂcsm i alow g paftwLeSr@r@gfeaéf@@rtpmeﬁakﬂ)mm tbledarasdells or to

sSSP X lo AN 9540028 pcinons

belnghﬁ mt&ﬂﬂéloohizmg raRifetiongp preférabh XoRays, thJa?iv radiohcti’ isotopes
haemat ol ogi cal tunors or malignancies, solid

and/or pieetson ibeaps: tsaé@waqpowreemottwmg ar cangiidoter bygis: rapoptosis or

gin. In addition, nanoparticles can
deStr‘g@oﬁée%ét%;w% %f&g/ 14721431PCT/ EP2009/ 056880 treat a
premal i gnant | esion or a specific benign dlsease wher e

radi ation therapy is classl ally ysed and/
The targgtceg! L?dcaﬁ'ﬁ@ |a¥Ne‘Pﬁ PSPQFC@ ¥1 £ g, 1o ﬁal{ heelSolveied in a
patho%rglééleh?é&ﬁ’alrﬂs% pﬁ‘bﬂ%)éérﬁﬂgobgyhfé’r%tﬁéceé\gﬁr¥ucr5 as _tymor  cells,
asi ons oco- r egi onal I stant netast ases
stenosing coeitsextﬂbo@blpstaﬁsphgd)tam suscle ocalks), t or aiomdne system cells

(panERE 2ol 1 dBo5 et SR ARE PBRLALE I PARS)0F fighn feaiment. (for
exampR! feEstrucHHs of anakélﬁgﬂﬁﬁoﬁ)adf%él ig iineasls 6PfsRIe.
etc. 10 The nanoparticles can be used at any tine

In thishreggttbud PREiCHIAN oRjeser ot teat iyentiprr isodasglepncéire use of

comp@fTE-PorthES L hdio iR dahiaftes R PRlpeaTelifavove (n

combathtioviaitt{( ailbhiing Ur@idtions as défirednaepidutlyy! &% gaoducing a
al so be used for advanced tunors which can not be

pharrg@@eyt@ai q:m@gaﬂa%v@gnde%f%h@rtr@aangmwrr@@cef ‘he

The %‘{?ﬁ?ﬂﬂ. gﬁpg{épgﬁ@u@%@gﬁ%ﬁrﬁﬁa ggméohé%‘g)é‘a%c}rrﬁﬁosmons particles or

nanopertielsi aggreg@l;eswchgasadgﬁrmﬂ hemlinaboveddl @bl entsyrstteat ad€ancer or

radji ot hera or radio . 20 .The nanoparti Ies
to allgydels, HocuEBHORIIOLE CANRODA AN ANRAGh aal 4lSmre Rmpsed to
i i cal
radialidhs, I BAnEaREE) IMARG rAgelGhI6S B fe IO P oul ar
fromthe group consisting of skin cancer, including

mal i gnant neopl asns associ ated to Al DS, mel anons;
central nervous systemtunors including brain, stem
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25 brain, cerebellum pitui tary, spi nal canal, eye and
orbit; head and neck tunors; |lung cancers; breast

W@ 200414 gast roi nt esti nal t%rs such as | i vePCHEP2009/056880
hepat obi liary tract cancers, colon, rectum and anal

oG8 B o P 5 BBRAP 5 BEBRRGo0 Bl fagucing or

causiff @hé NBidhoRdESAGRIN; ofBEMeeP beltd, Gn meres( \FUS br ﬁr‘ﬁwvo comprlsm
g
uterine cervix, endonetrium ovary fall OFI an tube, 30

contagHrg raNeaicalls Wity ORQAE 29181 p@ﬂi‘é@r%lpr AAPRa @'6@éiglr@9ﬁ¢é§ISUCh as
deflnt%qirﬁqrglgg ?ggfﬁgﬁné’f ﬁﬁdae{d tr?ﬁ)% tSU‘HIC?%IJﬂZe c{e%ﬂg{}vd'tr‘?ea%artlcles or
aggregatesato ipenetraty instdee thescavitenicslls Ligeie) mteractaindutasw'dvcells and,

central nervous systemtunors, Ew ng' s sarcona
exposjigy 6o ¢ 37?945%‘%&\9@2@0@,36%0 torH@”BH}Qt |r€¢'@§0@%r@%edef'”ed
preV|| r rsadS%at %%&mdnﬁ nd e ré%&?ée@%%p? anni HS{'%%S‘C said cells.
delivery of irradiations in a single dose, or in the

AnotrE? Se58. o7t inyeBli P ey Yo L HBEO L S eHRIRInG O thédting a cancer
or alﬁa'vﬁaﬁtr'n WSS rApRYUs Rt aertbngst tihng/ @@bj'eéf‘tora%tlent comprlsmg
(ch ren, adult, Selderly patient), and constitutes

admlmat@rlsgatndaecpairentauﬁerﬂm frony ascpmqer|ac0@mpgart|00nnarr¢@rtlcles or

vl 54380 5 2P el BheblE T Spgiigns aowing e

particlssC 88 irRimdpakiicle! HgaPe gdts Clar pemétrateanaideatres abystraan eélls or to
radi ot herapy or radi ography. The particles can be
interagh i seid @@”%y'rdlpﬁfté‘r%ﬁft CapeRresel c@ﬁ%sﬁulbé@ﬁ'lierltb’ treating the
subjeéf fife é @% ({/)a-r)sobfbeoaf tek&iﬂt%rn) ’|n (kﬂflﬁng%’rce of ionizing
ra venous ra-dermc aar
radlata)rrszvdpad(nlgn kel @t |abte)at|cmtaj|atumleaam¢eorwafunctuoroaladeuismtlomf of the

._apd oral rou e The rticles can further be

patie AN a5 Aoy A IR RO RN 1 ¢ vl

cavity of tunor bed after tunorectony. 15Repeated

injections or adm nistrations can be perforned, when
Classa'nabr aganicat e. mamegareent " sysgamatioally démpti% almq amnicarrence  of

0 correct abnormal functions,

muttipiaf e ealrBe iy GonoRRtRG! g oty afthchefPinerapy for
exampR)t i cul ar a reduction in the size or growth of an

abnormal tissue, in particular of a tunor, a control
The k@frelgadeg;cgbeg|@@oaartgieﬁ,\swbmﬁtegldppo@gmgor@ddﬂtlons in the context of

raciofiER oy B tiackl B SR oif R 2o Pl oSl 4,88y Frotocol

Such Geptod| caanse selictd! #6681 i, g@upe@hmﬁstm? d)frtstlrbéry, radiosurgery,
formati on of netastases, a regression o or

chemgthesapy.cd & %Hﬁ?@%?@ﬁp('ﬁ'ﬁgtW@tﬁﬁ%@f‘ focyé%ﬁ@téﬁ;(s? oQVtOtOXIC(S) a
ergo AR By, 5oL RS R U3, I BAEFARA A s,
any o'trmmtzologlceadn mbrg:amc pmﬂjumamtemmmmwusdrwebe sel ect ed

oup,con ting of . X-Ra
SurprSSY + bR MR eSS R P EHIE S e BT D6 GeAdjselbeggontext of
radiof8Fig} ABHENAR AEIcHSLaBheeidYfchey @ Parti cul ar y

preferred source of excitation. 30l onizing radiations
are typically of about 2 KeV to about 25 000 KeV, in
parti.cul ar of about eV .to ab ut 6000

eV
The Bientich 860 °he Higt: o R @50anith QgorIRGTT sHPasuch as
haematsiogiaht ttﬁﬁbr@%ﬂﬁ@h%nar\%s and solid tumors, in particular of epithelial,
20097 14721433PCT/ EP2009/ 056880 In general and in a
neuraggtRdesal OEtMeENehmE@l oridiie INcdddiipmgnanarayticlesugapebe used to
applied in different cases to excite the particles :
Superficial X-Rays of 2 to 50 keV : to excite
nanoparticles near the surface (penetration of a few
mllinmeters);
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5- X-Rays of 50 to 150 keV: in diagnostic but also in

therapy; X-Rays (ortho voltage) of 200 to 500 keV
wobkiogh4nan penetrate a ti ssutl thi ckness of 6 CPQT/EP2009/056880

X-Rays (nega vol tage) of 1000 keV to 25, OOO keV. For

weat &iaReTahaf RSk BhechdinCPORRY §Cads widhe silfiagen therapy s

classfctahgfué@cﬂ gﬁuﬁﬁ%d&:ﬁ@ms with an energy of 15,000 keV.
oactive isotopes can alternatively be used as a

ionizing radiation source (naned as curietherapy or

The UGBS SRRt 1) EREAL B e 19,16 oAy imbi o econcery
mvasi@as; lovodegbhaaod distadt ometdstdSes,cand adtrentageatof prd;ﬂ’q@xis in
Charged partjcles such asmg)r ot on beans, ion

Orderti@é}‘{ﬁ"dsﬁ%wrﬁ@%m%@ﬂa” ﬁerbté@'trieé Y SYFIGR @H@W&WQ%§UCh as the
obserQ@ M&vasiéhs ?h I%nbﬁ{é' iﬂ)ﬁéﬂcéﬁé@rakidﬁ@g%%%ére breast
/or neut ron ect ron ams may a
canc&rsetd: as a ionizi ng rad| at| on source with energy
conpri sed between 4 MeV and 25 Mev. Specific
nmonochromatic irradi ati on source could be used for
The §§rﬂcﬁ5§rllé4§é YeBEBEI aé&y %@%rﬁb’fﬁln{@‘ﬂhr@bgﬁauﬂh@%nﬁﬁﬁﬁ&’r treatment
close to or corresponding to the desired X-ray
periogbdbeytdapnbe crministeras faroexaroplet ae axiegediyavhapeforg surgical

e BT LS ARTREIE ol BB ki ==

Accel erator (LINAC), Cobalt 60 and brachyt herapy
sources. 30 In the field of diagnostics, the inventive
The nearepHidecras alsarPaused & agyapead rtld@t)r%\g@mhscarf et be surgically
remo&@ﬁeCt'ng and/or visualizing any type of tissue. Thus,
an object of the invention is the use of conpositions,
particles or nanoparticle aggregates such as defined

As h%%l&fé)&%ﬁé&t@éﬂgé%%ﬁﬁ%%e \éMpE)Pedr g’? !enr?;t/ I’uPnneSafter adnr%lnlsqratlon of
1 6 [
the P B Toor TR ey ah oyr/eRfly Phafble" ystom of
radiothiesayl orziadiagnapifiy.cel | s, tissues or organs. The term
"in conbination"” indicates that the sought-after
effect is obtained when the 5 cells, tissues or organs
The ®AndpHr&dles ther8invdeserivriat srd ry p'aﬂ%?}ld-’rofn@érﬁibd B be used to treat

nanoparticles of the invention, are excited by the
canceferheredrasiniherapyHip eedigssicalt treaiment. feclecgnesr may benselected in

partich Bt PGP el Togre B U B HoRHRY, hRIGRH eopiasms

assockted toSMDS, invglbhemap cenirglaserkbls spstent tuphdvg iaclvidimgeprain, stem
nore of the herein-described nanoparticl es or

bra'nc@ﬁfﬁ@@i'limoﬁgu'tafypﬂé'aﬁi Ganal hey&endshir haad agd necksiymors; lung
canc8°pRRBPEENLYS! SaOFoRAIRAL KNS BOHEORT RSBy o
cancersnpoloaese@um and ramak canoe@i, BEsreach I’ﬂmd:rem hoesuphagus cancer;

e of the ingredients of t har maceut i cal
male cgﬁf%?é‘r PRy dUrpPre 1Re/C nean@rpsﬂ'ﬁe R%%%@r RV G, uistheg cgancers;

gyne igl pRdre) s%léh 'a%b‘ﬂtér‘lr@ dé?\hkc%n%%t%rﬂg ovary, gaélgplan tube,

~instructions for using t e products can be provi
vaglnfaoandwutv@rtda@ceesnmhiemalcam retapejanealclusnaerggsetarneas of bone

or.. GONPOSsj tions ac 0 esent et hods -
and S5 dRSEE piseeEaens B8 epareror VrRBO T R PIgH gy Iqukemia; and
pediaBRe WMOoPPRACANAS | WllH"@ thif1dr O\WeDiEo I st AHED @éhtréM"h@rﬂoaé esystem
gi ven for purposes of illustration and not by way of

tumorsi FrniRg’s GATCORMREERF MENTAL SECTI ON
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EXAVMPLE 1: Bioconpati bl e suspensi on of hafni um oxi de
(HfF02) nanoparticles or 25nanoparticle aggregates with

wa@2aensiziy above 7 g/cnB, usifg sodi um tri net apIDEpivat/esesso
as coating agent. A Tetranet hyl anmoni um hydr oxi de

The FRiiTeT b BF SXeRes e Fageitetue br Braltessioffotla®

Amouwts tihe s‘dh@able%u(gmﬁ*ﬁﬁmﬁ_@na%&i@éﬁﬁéf iard@ﬁétmﬁﬂhiasgﬁhgle dose, or in
between 7 and 13. A white precipitate is obtained. The

the coptaxt Rft at Bastiorag oRhyrarkacianade@rotacaln &lod sl delneghdor any

iscalS3h gt o REIALU RO TH SRR AR B, acul.
elderly apieny| and constitatesdhaistdndéed iod cameibr val epecifidBituation.

2009/ 14721435PCT/ EP2009/ 056880 A peptization step, is
perfornmed in order to get a stabl e suspension of

The n{)ﬂ?&%ﬂé‘ﬁ thh b"e.sargpgllaegﬁ%l;bgﬁrﬂrhé_a@teﬁ%ﬁﬁﬁgﬁgﬁon érl;&]%gﬁb%e@s, on one

odiumtri ate is then added to
or mereptoczasioss] byi osingt ary avrentlyoavaidileimystem of radiotherapy or

radiogiaphy. ARA BRE R SpFo b8 ABTUTSERY b O raR) (e Sushaas local
(intraﬂﬁn@%ﬁﬁ)ﬁﬁ%%&%?}? sfbéutdRlods, AntrBAferiolis IV, Q&gtra-tdﬁirrgic, intra-

experinents a sterilization step is perforned
arterigl agjwaysi(infpataton)2inge pentoeeal, Fira Mmuseuhas andpenal newtes(per os).

The egyabetal e SRuMHLR ] BERT BiRC Ry R RE S URE cavity of
tumor 9éd aém@iricret®niy.esents the main characteristics of
t he suspensi on of bi oconpati bl e nanoparticles or

nanoparticl e aggregates thus obtained. Density
- £ i
Repe s R S e s YerrhE Pl oy WAGT BpBRrae.
The term "treatment" denotes any action performed to correct abnormal functions, to
prevent diseases, to improve pathological signs, such as in particular a reduction in
the size or growth of an abnormal tissue, in particular of a tumor, a control of said
size or growth, a suppression or destruction of abnormal cells or tissues, a slowing of
disease progression, a disease stabilization with delay of cancer progression, a
reduction in the formation of metastases, a regression of a disease or a complete

remission (in the context of cancer for example), etc.

As indicated previously, appropriate radiations or sources of excitation are preferably
ionizing radiations and can advantageously be selected from the group consisting of
X-Rays, gamma-Rays, electron beams, ion beams and radioactive isotopes or
radioisotopes emissions. X-Rays is a particularly preferred source of excitation.

lonizing radiations are typically of about 2 KeV to about 25 000 KeV, in particular of
about 2 KeV to about 6000 KeV (LINAC source), or of about 2 KeV to about 1500
KeV (such as a cobalt 60 source).
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Spherical in shape 20< SS < 60 15 < cl) <200

15EXAMPLE 2: Bioconpati bl e suspensi on of haf ni um oxi de
we bli®2)72manoparti cl es or nanbparticl e aggr egat BET/mP1009/656880

density below 7 g/cnB, using sodiumtrinet aphosphat e

in oefSiahfy B0 JEDleor ek ATe Sl TORMV I LR e pe potiea i

dlﬁeréﬂdjafsbgfﬂo@&cm'é\/l‘?@‘bérﬂb!étsl on is performed until the pH
of the final_ suspension reaches a pH conprised between

- 1SyRerfigial A-Rayseop? dei 3l kave msewﬁeanmaﬁmes near the surface
pwegrlatt@h%fasfe% ”r}ﬂétetré nsferred in an autocl ave and
hdat ed a

erature conprised between 120 C and

- 3BOR&YS of petd d)ﬁmkek/yst dulagnastto lout. al#% trethecamy; i ng, t he
suspensi on i s wash b de- | n i zed water.

- ép@aysdt PGHOSYQJ]&?Qei fnéPP olone |he\§r\6{€k0 tﬁa@e(?e%?trate a tissue
S ion of nanopartl cl es or nanoparticle
ag@@er%at é%z 5S}uspensi on of Sodiumtrinetaphosphate is

- t Kelﬁaymd"eelga wolthge )pafptQ00ek\s o 25000 Kevhd-cairexantpl@the excitation

¢ R eA iR BB Gl Of B dants e R dattied Bltvia five
beidveen XeRaydwdth/arPene of 15,000 keV, _
2009/ 14721436PCT/ EP20097 056880 For in vitro

experinments a sterilization step is perfornmed at this

Raci g i7h0% fod BBl U oo 36 o BoAE AR TS (rame
as c@ﬁéthéraptyr o&%r@bh%ﬂh@r@ﬁy@r ilhi patticorar stiegineSTHe (f akl ee0ng days),

%esents the main char aq§7er| stics of ihe
Palla@ugbeﬁ dh"F i dewipaesiine Gsa o@m}{qd@prgslr can advantageously

be us%gnopartl cl e aggregates thus obtai ned. DenS| ty
r phol ogy Specific surfacearea (SS) in n2/g

Charged particles such as proton beams, ions beams such as carbon, in particular
high energy ion beams, can also be used as a ionizing radiation source and/or

neutron beams.

Electron beams may also be used as a ionizing radiation source with energy

comprised between 4 MeV and 25 Mev.

Specific monochromatic irradiation source could be used for selectively generate X-
rays radiation at an energy close to or corresponding to the desired X-ray absorption
edge of the atoms of the oxide nanoparticle or nanoparticles aggregate.

Preferentially sources of ionizing radiations may be selected from Linear Accelerator
(LINAC), Cobalt 60 and brachytherapy sources.

In the field of diagnostics, the inventive nanoparticles can be used as contrast
agents, for detecting and/or visualizing any type of tissue. Thus, an object of the
invention is the use of compositions, particles or nanoparticle aggregates such as
defined hereinabove, in combination with radiations, using in particular radiography
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Meanhydr odynami ¢ di aneter (cl1l3) in nm6.5 Spherical in

shape 20< SS < 60 15 < cl) <200 EXAVPLE 3:
w@eaeospat i bl e suspensi on of 34haf ni um oxi de ( Hf BCY/EP2009/056880

nanoparticles or 1lOnanoparticle aggregates with a

aevichE Bk blodi e oMo ion Bl it R HERRIGA P ARE R 26 zation o

cells, (iE8063Hr 6@Jarki on is added to 40 g of Hf Cl4 sol ution.
Addi ti on of TMAOH solution is performed until the pH
of the final suspension 15reaches a pH conprised

The t8fh V"F]e&%rﬁpﬁ\%ﬂor]rBrndA{ha\fQé @Haatﬁﬁ %beghﬁéﬁer‘ éﬁé’&tlg'op%neo-r Ofhen the

preci I's fur rans err I'n an aut oclave

cells, hset:esi oalorgariop iterest, havimgp pastietly etomperatd® theCnandparticles of
Cto performcry c{t}ﬁal lization. After caqolin

the mgggmsqrgrg)chemr{gg fingd ROUresh i Hwmeves: drs not %ecéghs%ry for the
partlc&e%gérgqgé t&tb%padr'n?mé’c%FécPrsTFﬁQIt %gﬁrndroa&%?dlﬁ to_the same

spension o nanopartl nanopart
protoejgr egat es. Suspensi on of Sodi um hexarret aphosphate |s
then added to the peptized solution (the anount of
sodi um hexamnet aphosphat e added bei ng bel ow LD50/5) and

The b%@eﬁﬁdﬁcldsﬁﬁe%ﬁﬁéﬂ%r@ﬁd% I@@J BSinPAsing @nP"br&‘é’@?rméRﬁ of the
bet ween 5 and 7. in vitro experinments a

herel@ﬂ@scnlb%naaﬂp@tlélps|er mmmlm akypically, Hiealié cagipiigea at least

one BefdrbBH el iR BBEHATRLIS I, arsaapt mvenon

Genebsifypitite ®it #6¢ eonigtisest@ie br raireoredingrs il iwith! shé B more of
tabl e presents the main characteristics of the

the ingrejienisi @fihePhsraeeapAteal OB RASItNE: ¢f thedavestion. Associated with

such SRR SR ERBIEE o8 e ey= i ige s rragets can

be previgledefaz A)sispehe f mancpartficlesana@oparticle aggregates or compositions
according to the present methods.

Other aspects and advantages of the invention will become apparent in the following
examples, which are given for purposes of illustration and not by way of limitation.

EXPERIMENTAL SECTION

EXAMPLE 1: Biocompatible suspension of hafnium oxide (HfO.) nanoparticles or
nanoparticle aggregates with a density above 7 g/cm®, using sodium
trimetaphosphate as coating agent.

A Tetramethylammonium hydroxide (TMAOH) solution is added to 40 g of HfCl,
solution. Addition of TMAOH solution is performed until the pH of the final suspension
reaches a pH comprised between 7 and 13. A white precipitate is obtained.

The precipitate is further transferred in an autoclave and heated at a temperature
comprised between 120 °C and 300 °C to perform crystallization. After cooling, the

suspension is washed with de-ionized water.
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(SS) in n2/g Meanhydrodynam c dianeter (cl13) in nm8.3
Spherical in shape 20< SS < 60 15 < cl) <200 EXAMPLE

W@ 20091424 | Survival anal ysi%5 or Surviving Frapti/apoa/056880
x grays (SF,) analysis using bi oconpati bl e suspensi on

A e 2SR Y 0PR08A LS, BOBESBRLES: Fanopartces

or nahbpetitlel sygregatest hod Pl ating efficiency for each
col on cancer cell line (radio sensitive HCT116

and

SuspenrgiPp of Sdiyrartimataenespnets isciiensgddgestaitecpeptingd solution (the
fer n t h

amouf of 5B ik EirloRBhaRyagd e bRIFE RO M R 8 S) and
the le&if\tb@Buﬁomusmsaadjustedrtmaw campsige tedwedh 6v6 bod 7.5.

adherence. Cells were then treated during a maxi num
For in WE”Q&%P?BWGPF% sigrilizatign qusm?o&megfatllﬁ@ftage using a 0.22 um
filter. N@noparticle or nanoparticles aggregate from both

exanple 1 (with a density equal to 8.5) and exanple 2
For i wiltch edpasimentss caudormuabon)sted fusing giliciseoh%nasn be performed

f d 4 [ di ati f HT29
peforBf penftie SeHMBN SR at i on for rCT116 cancer cel|'s,
The %IFdWlﬁg 2%Iaj§e¥résrern?éj't%borméﬁubfha%ﬁstwwwtﬁé sédMension of

After irradiation, cells were

blocommtnba @qunartlcﬁ@ss @r naaopmqwgiegates@mobwmu ng
stained with 0.5 (:)/0 crystal violet in absolute
20nmet hanol. Only colonies with at |east 50 cells were
coonsigd. SF| Murghéleggr m ned| Bpetifie f ol | omeam f or Ayddynamic
SF= [ (nunber of colonies) at x dose / (total nunber o
cel I s pl at efiSeg Figuiegd) x ppatfacr) area ¢diamaster (P)in nm
25Resul ts: Effect of density 2.0sensitive or
radi oresi stant cells As sh 3&5'%@ 'harﬂi/g. bB, irradiation
h&d al nost ngphededlfih eaape ef Pext S8 BOt h15heqradpo
sensitive (HCT116) and radio resistant (HT29) cancer
cell s having incorporated, or being in contact wth,
Hf 02 nanoparticles or nanoparticle aggregates from
exanple 2 (density equal to 6.5), conpared to the
EXAMPLEE2! Sibsopibdtdlie GrlshensibovVEVeafniur ekide NHfOf) ndMdparticles or

20097 14721438PCT/ EP2009/ 056880 cancer cells wth H 02
nanopaitielgar fggresates: wdifopar t fensityaggeloyat ds B, exwsipg e sodium
- equal. -t 5), resulted in a significant
trlmet?aﬁﬁge&?été%s ﬁé@hpea&&%t.of radi ation i nduced cell death

in both radio sensitive (HCT116) and radi o resistant

rz cancer cells
A Tetramet ylammonium hydrOX|de (TMAOH) solution is added to 40 g of HfCl,4

solution. Addition of TMAOH solution is performed until the pH of the final suspension

reaches a pH comprised between 1 and 5. A white precipitate is obtained.

The precipitate is further transferred in an autoclave and heated at a temperature
comprised between 120 °C and 300 °C to perform crystallization. After cooling, the
suspension is washed with de-ionized water.

A peptization step, is performed in order to get a stable suspension of nanoparticles
or nanoparticle aggregates.

Suspension of Sodium trimetaphosphate is then added to the peptized solution (the
amount of sodium trimetaphosphate added being below LD50/5) and the pH of the
suspension is adjusted to a pH comprised between 6.5 and 7.5.
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5 EXAMPLE 5: C onogeni c assay using bioconpatible
suspensi on of Hf 02 nanoparticles or nanoparticles

waggwagries from exanple 3 (ﬁ gure 8): 10Cel | BaT/EP2089/056880
was quantified by standardi zed col ony-form ng assay.

. 4 .ass [.£ ur [ transfer 1 [ near
For gy R RapHibIEn s, feli Talh Siq 8 ot Anthiscings P56 2 022 um
fiter.ti me of 24 hours of cells with H 02 nanoparticles or

nanoparticles aggregates (400 pM. Cells were
For in iiiexpedm@nts & faimylatientstepdising dlyGasei avs 6ANn (R ferformed

y Ll V. Tube Conet MXR-225/22- 200

beforé@}'%gem%éé.tghﬁr‘rz]%té%%tgﬁ 15room tenperature). Results on
The Halidwingdtableepsadentes thed maidi chaesdtstistits adntes swdgemsion of
_ fi _gre 8& i ndicate the radi ati on enhancengnt ratio
b'OCOE'IP@C' FeonanQRariEa® ParanepECle agaIegales Snus ek ER of

1.60 for the 4 Gy dose al one whereas HCT116 cells

showed an ER of 1.33 for the equivalent dose. These

Dansitydenonst Margholbgy nanopaBpecifies i n ¢bhhdanmat i bgdrodynamic
with 20radi ati ons are responpsi hle for the clonogenic
inhibition correlated with pSWedteasECdt d@éF‘PteEgFPgin\/’HT‘

in both radjo-sensitive and g@ﬂ & hir] stant cel |

lines. EXEMPLE 6: 25Cell viability dssay using

®boconpat i bl Spbaspansisbapef | PDE2SEanopar t1bed és< 200
icle bm-exanple 31 (figure 10}

Cell viability was nmeasured using the WST-1 kit after
hat eI i ' ; t ;
EXAMEEE, IR FPULICTA BN O A28 i Ag RO A grics or
nanopertiolg aagOrep@teskeWitk- Ray sdémsitydi abdowe (7Tulgecr@ymetsing  sodium
VXR- 25/%2- 200 k\V/ 15 mM¥ 0.2 mm Cu). The effects of
hexarﬁg%gﬁp e RAING &Nt ed on figure 10. WO
2009/ 14721439PCT/ EP2009/ 056880 The presence of 800 pM

nanoparticles leads to a decrease of cell viability
A Teametydamarardumohydrositier BTMAEIT) selation iangdded to 40 g of HfCl4

solutigA RABY b1 TMa ORI Rir & ot SR tha i b1 v puspension
reach@@EPBHbririsedsstiveeh 7satdr 8t adwhige E{)&;@Vatéié?@u@ined.

irradi ati on (radiotherapy al one?. 5 ign of toxicity
The pigsirdBteets, Butharttransdersedrn ia agtoglaygean tednah tas temperature

i I,f ent Lons.,.sho :
compREte BefRe! 20,17 et GndREfel SEMMER)°HiEr sselne. the
suspedigmisenasiecehvitie de-iohizebevatanoparticl es. Surprisingly,

efficient properties are observed at a | ow dose

A peptizafigp ﬁ&%ﬂ? peﬁmrge@dn i%‘éﬁrct&’tga%t. q ﬁgab&,%mﬁr@l%@?Bﬁnoparticles
or naARRBRARH B, 10, 120 o 0P B o
Suspessiah af &bditimehexgmed@pbobphnate isi timehaadded teethe peptized solution
(the amoUEESeadiin HSAM ethpRESITRIL 2d5aa Bty below LD50/5) and the pH
of the suspension is adjusted to a pH comprised between 6.5 and 7.5.

For in vitro experiments a sterilization step is performed at this stage using a 0.22 ym
filter.

For in vivo experiments, a formulation step using glucose 5% can be performed
before or after the sterilization step.

The following table presents the main characteristics of the suspension of

biocompatible nanoparticles or nanoparticle aggregates thus obtained.
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Nanoparticl es dispersion after Intra-Tunor
i nj ectionusi ngnanoparticles_ 15bi oconpati bl e suspensi on

wo eanneanpl e 3 (figure 1): 3r\7anoparti cl e suspersT/BP200B656330
been intratunorously i nJ ected to SWI Ss nude m ce

Lul . IIIC L DI UCIIL;

Denstﬁ“ﬁ‘bb;?t.'21'%%“?8% 'S al OPEGIE 15 g {Vgea and R¥drodynamic

longer i nvest$@aFiguie 2y beesuRass! kéa ddrihéer (@) in nm
sacrifice of mce required 20 for ethical reasons. In

addi ti on, nanoparticles pre>é$1$) & Al @h contrast | evel

83 Thereiorer hoRETOTOaNPaRh) 2HacoBooh pbr por a2 and

I5 days after injection of nanoparticles in order to
eval uate potential |eakage of product fromthe tunor.

EXAMPLEpbears that distribution in tunour remains
equi val ent between 2 and 15 days and that the

cell SHOPE" halvele SRl Hal Ly Fo% iR (s using
blocorrrpaHSTél h@spumm mﬂﬂf@s hagop@ﬂcle@r bi oh@opalitie exgireyates as

3 gures 6
prepag m@&a@@@4be@¢ﬁzem2d§me5§érforned with an

applicator coupled to an external irradiation using

curietherapy device Iridium 192 sources. The position
Mater®d shRené@egdence tinme of the Iridium 192 sources

clrose 1o € tunor is optimzed in order to deliver to
Platinghefficienoy fameach solom cancatosd lvfle ¢radio senpitiyes HEEr 16 and radio

resistef EiTedeatoel (Rl Risseu T B R Peibet S SRUPTHEEEn Cels were
platedebWaan 58086 QOd cidnies atréefohﬂ@@rpe/rod)ldféi‘)arﬁﬁﬂwc%%btéd befiveen 3
or not to tw fractions of 4 Grays irradiations (24

hourszang @eerilt &t 37t°6r ta aljaw foraghergnes Calls Wereupen eatreduring a
et FcbRELHRIYor 21 BAUES oY DAINERTLEEENId Bl REhSbricies

aggre@@t&‘rmbrm@om exampl® 1a(with ai aghsityf equdlitond 8) addGaaple 2 (with
irradiations (24 hours after injection). The 4 groups
denS|E}fequdéo§F@ conpared to vehicle treated animals
submitted or not to radiotherapy. Tunor volume is
nonitored in each group, twice a week. Nanoparticles
Irradidtiardwias Eerfoineld ussng m%i@nirddiathrM‘&Q cam;m'rcmillstwd a2 Gy

madighfa ik B 98 CREe el Bith; § 20 KoV OfreCkSeTue Cormet MXR-
225/2201%001 ka8 @6 9Rm ai9WARe fHaiatich, Iiis Wodre) /n@ubé‘ted for more

nanoparticles treated mce after a 2X4 Grays or
than &dws iat r&i°et beforamngcﬁtp@eddwﬂb @ontr @rystaibwt)tett ed absolute

methiufol; EPLP RN ERY L8 feath B0 SetE A RSed S % wag sigtgmined by

the fOHJ@Wtrg'fohﬂ[]%flt over risk ratio when conpared to an
irradi ated reference group. In this context, a

SFx= f[mtfmbefneﬁ eadlopiesy @ ot dage Ustotgl nombessscadis plated) at x dose] x
It %ot herapy is possible. Such a protocol allows a
palngeet “¥"Benefit over risk ratio when conpared to

regul ar radi ot herapy protocol. Indeed such a

fract| onat ed pr ot ocol reduces the detr| nentlal si de

% 4 / Gi 3 © s b 1§ na'

S l e f
As s@vﬂ{ jjrg? 5B ev ét% b?éré"ﬁ‘?’égﬂg é@nfﬁ?éﬁt"@ﬁé& ¢ bBth # radio

senS|£ﬁ)@\WCE196) afdondgeresistant Y T2S) C@wdﬁrQIBHHM\MrtQ tcorporated, or
suspensi on of H 02 nanoparticles or nanoparticle

being-1§ OB A 1HRLRRRBPEICIES QENRORAHFEA0gTeRRIeR dpnRAGMPle 2
(densit? lé;qﬁgog);ﬂﬁ‘i 6§9ﬂﬁérew’f8 tﬁé Fﬂ/n?r%aie?oo&rﬁiffl Jfé 1?@4&§%Mrgé?ment of

source rgure 11A an
Mat eri al s and net hod
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WO 2009/ 14721441PCT/ EP2009/ 056880 Pl ati ng effi ci ency

for HT1080 cancer cell line (radio resistant cancer
wa@edobay7znvas det er m ned bef or¥ cel | survival anpt YEPH0D056880

surviving fraction at x grays (SF). Cells were plated

t densi to. far t n 00 L€

cancd el Hot e BPRRe” Maln R ¢ Soef&odR; Siprugexerole 1
(densttQOedpiMiofo BIfF)2 réunepalt iaCkigpifiRannangeasé iinl thedlevel of radiation
. aggregates fromexanple 3 (wth a density equal to 8.3
Inducgg eaBfeateinnib dadipisenaitivaXHalrh16h end dadiorresistant §HT29) cancer
cells hours. Cell irradiation was perforned using a 200 keV

‘I'rradi ator (Tube Conet MXR-225/22- 200 kV/15 mA/ 0.2 nmm

Cu) (Figure 11A) and a Cobalt 60 source (Figure 11B).

r_irradiation, cells were incubated for about 8

%@éﬁ—ﬁt 37 C before being fixed and stained with

crystal violet solution. Only 10col oni es conprising at

I i t N j

ClonqdtR R 1 iy e SHRIBE, opkndh, & O, CeindphfiBles o
nanoprrseles aggoegates fnobeexanpleed (igprea8ed) at x dose] x

plating efficiency 15Results: Effect of irradiation on

radi oresi stant cells As shown in Fig. 11A and 11B,

ncer. C - S
Cell 4RI e, ALfAfe by? SehBalliach, oty BRARE ebfsricfise cuture
dishet ow8re3)trarséerdd oi thea linegniaiccelendtor rinmeediately dftee a maximum
evel  of r€di ation induced cell death in ra

. I [ I 0 .
incubalQn ARt Of 141 BBy cefnCel's cwith sHIQx élﬁ”é’P@EI'C\f@St IPranapeparticles

i 0 . \ .. ! - V .
aggretfRles LACHELE OCels e HaGIAT (i & dfferot Magelof Frahation (dose
rate: il n@yaine 20B8eka\adl e QoneethisiXée2B8ot22¢ 2000k EB) mé¥0.2hmm Cu, at

nanoparticles. HT1080 cells showed an ER of 1.38 for
room {eIPETeld€lose al one with a 200 keV source (Tube Comet
Resud<Bn 45 28dio ZeAsltive End™dd redithugariied cas ERyee 8|§ ilﬁdggate the

~ the equival ent dose is observed when using a cobalt
radiatiarueaeancemeer ratio 4E&e iemiher ranopanticle23H had opbs shewed an ER of

1.60 Riring i B3es® Flerfareed A 3% 2he SRMRRAbER o011,33 for the
equivhien®sdosel. Mheet Bata dehwMstrard zhAgnbACpAtice8 BNebabination with

. source or a high ionizing radiation energP/ source. The
radiatigiig /arer '@§9F’ﬂ§'b%efﬂ5ﬁ5@ ICANOAERIC ihfhitier gogelated with a decrease of
' ' - 0X1 de.. y! - rticle
col sONSBRTPBA NERIE ARSI LS8R cbppaer o2
death of cells 30(even of radioresistant cells) which

Igv been irradiated with an energy radi ation source,
—“ER—EQQEEXE L ticular a high energy radiation source. EXAMPLE
10: WO 2009/ 14721442PCT/ EP2009/ 056880 Effect of the

density of bioconpati bl e oxide nanoparticles or
Cell nabdipar assdye usiy dyjat@vpetibleelsuspéradion i ol .HIO. \WaTioparticles or

vonoS 3Tk AP B PRREEASHEA BT L) L7, oo coetes

Bi oconpati bl e i norgani ¢ nanoparticles or nanoparticle
\gﬁgr_egat es of distinct densities are herein tested. .
Cell ity waghmeasyred ugpgdbe siiSdrt &it aitepan24h-&rgatraant period with or

witnofihiR6harlben (BB Witk Peiia Bobda g 13 8 R psing 2
200 KeV R¢Raysiimgdiation (Tube Comet MXR-225/22- 200 kV/15 mA/0.2 mm Cu).
The effects of nanoparticles are presented on figure 10.
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10 a 200 keV source (Tube Comet MXR-225/22- 200 kV/ 15
MV 0.2 nmm Cu), followed by a post incubation period of
w@oohoumss The bi oconpati bl €3°bxi de nanoparti cl BST/EP2009/056880

nanopart| cle aggregates cell viability is determ ned

The ehfhed o b Wb hBbadbiciols oy P AEPPR of geflvdhity when

compbfdd td-iagedrefol IddrivedLof. arlp nAndesttierse N?efno&@ﬂicles submitted to 1
viability superior to 20%(>20O at 400

Gy of.onBaredaRton Ieads donarsipdat icacyavhER: Camped to a control
|
subrmie 8085 P RAREY e Bl G RIEr A S0nPT, croc oy

No sigraodfoxidityol as eggasregdtvem mmp@n@nagsdlone cI onogeni c
ssa they al|ow a radiati on enhancement rati o (ER
EXpercbe‘eﬁ]%/SS%e 8%%4—1@?*11@ didenent coreeniralions spoygdgien “)eSU'tS-
cell lines (cf. exanple 5). A contrario, a decrease of
cell viability inferior or equal to 209%20% at 400 pM
This weemorstrabes edeavily the dedé oehearqesnentc effeettafetite atanoparticles.
hou nanoparti,c es consi dered as, not rele
SurpiSRAEaSiGREn 1SaPRT BecabnpaerbRe Aarcpil FPEF ey Geichetapy: this
mdmd?!é@‘?rﬁ’@rpbbﬁb% Q%H%h%aﬁfcﬁaseﬂ&%% Ul@tr ¢h@BRERAPY protocols but
assa%/bg irradi ati on had al nbst no gnl ficant effect
also agfferiipe preamisercidl poieatisi nadugt@mqfrmq@l ragigthergpy dose for a similar

S cells (cf. exanple 4). The

or be@%@%&#@@%%ﬁﬁﬁgﬁé% prepare different tested
oxides is reported in points a) to d). Conmmerci al
EXAMPBhEarticl es are described in point e). Density

vaI ues, cell 30viability at 400 pM (when conpared to a

q ther eutic tr tmsn one) and rel ative
Nanoe@rf iC Sen:,cﬁgpo&rs@ﬁo 5 ar'é‘ Baldyhe d INSCHifR HEFiIBE ¢ ANeRarticles

blocoﬁgﬁ@ 3 (figqure
P147 43PCT/ EP2009/%€68 8 As expl ai ned

previously, Figure 13 presents the relative efficiency
(ability to induce cell death), expressed as a .
Nanogaﬁ@@wﬁagﬁen%@n chase|bgeny itetymerausty injecledlc i wiss ceyde mice

bearn)é(# @P:F{H A tt{m rll 2@%{ té@;%gtgersﬂne)n’é:féft r%no%@?tic% 'g{ g.gﬂbraH 8f\east 15
days, vshﬁhn@tmmrad/dsogam bbb deepqdssiblé deettmlabrlﬁtteooﬁmlce required
W t hout nanoparticles), relatively to the cel

for etE)Wé‘bWaWS( 1 ﬁ@ldﬂpneé‘ﬁf‘PB?ﬁ“C@s Weéeahﬁdi'gﬁlc@nﬁla@@level and are
easn)fs])?i’ﬁféalt@étg% Oﬂ)%?/l( Rr\m/gn Cgﬁfrﬁbgﬂgﬁhgg%gﬁﬁ)ﬁ%ré Ghicr&SABYrSohy has

npar apeutic
been tpeeirmedt 2 @none5 (dmiysraftﬂr in@ctipa indneparticldd m orderdo evaluate

potenf ﬁL\ o egg%/qa er@%ﬁpt S ond &r{nlyp hé;fp@%%%?%%thm%ﬂpuglon in tumour

remahBreQﬁF'\Fﬁlé’nteéét%*enf?bnéC1|57d £ BRd (84t thel tHHD akles FéBain in the
groups of nanoparticles with significant differences

tumor (arerthanfl Sedeyisgi ency are di stingui shed:

EXAMPLE 8:

Performance study of nanoparticles in HCT116 tumor model using nanoparticles
from example 3 (figures 6, 7 and 9):

Nanoparticles suspension has been intra-tumorously injected to Swiss nude mice

bearing HCT116 tumors grafted on the flank. Local irradiation of tumor has been
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density < 7 g/cnB: the relative efficiency of the

tested nanoparticles is bel ow about 1555% density 7
wa@t@eBin2he rel ative efficieffty of the tested PCT/EP2009/056880

nanoparticles is superior to about 80% a)Bi ocom

perfoBii® \Fih B EPdlcalhyrbolifed iR Sudea PRERR iy brfor Suiinerany
devic@- Ifididin-t 92 &odirgés: Mhe Posifion FeOiHeTdificte! @abasithat IBidium-192
as a coating agent A tetranet hyl ammoni um hydr oxyde

Sources ge39) tos‘iﬁ‘ledﬂmﬂﬁ i PHEdERY noorgier o Qellwr@zthg dumor @R irradiation
| f
dose B9 dr® Bl PR 4 630 5 L BB Pt b njected

with reenapepitol ¢ (injettdhbolinit isfoetwden PO%Camd Hale 0If$he tumor volume)
obtain cid The preci |tate is further transferred in

and sYEMYRPRPE N0 KA TERFIRNS P AR Rl TRdalid 4 s aad 48 hours after

mpct%ﬁ)""een 120 C and 300 C to performcrystallization.
er cooling, the suspension is washed with
A sed@md groaedhasmtoEen 80ra- pemnozlalyl onectedpwitl lpmdp:arh@dsi (njected

vt 8 e b, AL, RETR SoBTORY i ERacb ot 0o

singld'R¥&BRH @P@Qﬁ@p@‘i@adlﬁtléﬁ?@@ﬂéﬁg afeertifechem)t Tred groups of mice
solution (the  anount of ded sodi um'hexanet aphoSphat e

are cpmp@ge®éoowh_cn35dreatedraj1lmﬁt$ grbmittacher 19t gemeaidimiheérapy. Tumor

volu d{gé‘%ﬁ@:ﬂt&%%o 8%%9?1&%1}%@&2%}% et%@%&%ﬁ%& I@ag to a total

regre€gipAcE Mimbr aiehisonhsdredvib tontrabhice stivaittensi fradicdhertap alone.
Hf 02 nanoparticles can be nodul ated with a careful

Evalugiipnameday 28raftardrrpgiagontshewest an aphiitiop«idvawr grawth equal to
0 I
oo SR A2l e A PR Ao TR0 1 o wnen

comperelifcesoritAsub@itechtd rb2iibthdraplyeal@ne G)Kthdlae Bblmmﬁmdoylle

cell viability (7)/0 of control) observed with an
oxi de concentration of 400 pM when conpared with a

UtilizAtRSH Of REERREIHEY GradiSRETREE OIS alsdiadr Bt bGEPASK ratio when
compared to an irradiated reference group. In this context, a fractionated protocol
using low doses of radiotherapy is possible. Such a protocol allows a better benefit
over risk ratio when compared to regular radiotherapy protocol. Indeed such a
fractionated protocol reduces the detrimental side effects which can be observed with
conventional protocols on healthy tissues and is responsible for an equivalent or
even better treatment efficacy.

EXAMPLE 9:

Clonogenic assay using biocompatible suspension of HfO, nanoparticles or
nanoparticle aggregates from example 3, using either a 200 keV XRAY source (Tube
Comet MXR-225/22- 200 kV/15 mA/0.2 mm Cu) or a Cobalt 60 source (Figure 11A
and 11B).

Materials and method
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observedw t han oxi deconcentration of 800 pM Hf 02 Ref.
exanple 3 8.3 >20% 100% H 02- L pH 7 7.4 39% (Hf 02

wo ef09/147208) 97% HF 02- E pH 3*16.8 16% (Hf 02 r ef PCT/BB2)9/056880
53% Hf 02-V pH2 6.7 9% (Hf 02 ref.: 43% 30%

Plating efficiency for HT1080 cancer cell line (radio resistant cancer cells) was
determined before cell survival analysis or surviving fraction at x grays (SF). Cells
were plated at a density to form between 50 and 200 colonies according to the
treatment. When cells are attached, 400 uM of HfO, nanoparticles or nanoparticle
aggregates from example 3 (with a density equal to 8.3 g/cm®) are added with a
maximum incubation time of 24 hours. Cell irradiation was performed using a 200
keV Irradiator (Tube Comet MXR-225/22- 200 kV/15 mA/0.2 mm Cu) (Figure 11A)
and a Cobalt 60 source (Figure 11B). After irradiation, cells were incubated for about
8 days at 37 °C before being fixed and stained with crystal violet solution. Only
colonies comprising at least 50 cells were counted. SFx was determined using the
following formula:

SF,= [(number of colonies) at x dose / (total number of cells plated) at x dose] x

plating efficiency

Results: Effect of irradiation on radioresistant cells

As shown in Fig. 11A and 11B, treatment of cancer cells with HfO, nanoparticles or
nanoparticle aggregates from example 3 (density equal to 8.3), results in a significant
increase in the level of radiation induced cell death in radio resistant (HT1080) cancer
cells irradiated with a 200 keV Irradiator (Tube Comet MXR-225/22- 200 kV/15
mA/0.2 mm Cu) or with a cobalt 60 source.

Results indicate the radiation enhancement ratio (ER) of the nanoparticles. HT1080
cells showed an ER of 1.38 for the 4-Gy dose alone with a 200 keV source (Tube
Comet MXR-225/22- 200 kV/15 mA/0.2 mm Cu) and an ER of 1 for the equivalent
dose is observed when using a cobalt 60 source. These data demonstrate that
nanoparticles are responsible for an advantageous clonogenic inhibition of irradiated
radio—resistant HT1080 cell lines using either a low ionizing radiation energy source
or a high ionizing radiation energy source.

The above results demonstrate the efficacy of biocompatible oxide nanoparticles or
nanoparticle aggregates with a density above 7 g/cm® to induce the death of cells
(even of radioresistant cells) which have been irradiated with an energy radiation

source, in particular a high energy radiation source.

EXAMPLE 10:
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b) Bi ocom ati bl e sus ension of cerium oxi de CeOnano
articles or 1lOnanoparticles aggregates with a density
wo angitnmi14rom 6.5 LIID to 7. 2 usi ng sodi um  PCT/EP2009/056880
hexamnet aphosphat e as coati ng agent Ce02 synthesis is
’ h Cl

_. - hanopa |Qle aggregates

on ceWaitﬂltVO obt ain a O 4 M soI ut| on. Ammnl a 15 sol ut| on
I's then added drop-w se at room tenperature under
continuous stirring. Amonium solution is added to

re | [ I td r :
WST SRl et B opnBba R bGP Be g of officacy
based uerp)eneli oviabiityt. h 8iocuaspetiblédyinoegdrric f ngadparticlést bnesanoparticle
with de-ionized water. Final pellet is suspended in
aggregalesel datncisensities agﬁﬁtheae'%?%?ijon of cerium oxi de 20
precursors of 0.05 M (0e02-1) or 0.2 M (0e02-2) both
at pH 4. Solutions 0e02-1 and 0e02-2 are submtted to
Cell \hghilityt isemeasuredeafterea t24dt-tré@tneDit deerioag With heooparticles (800 uM

down;ig B 145 D Gy it Feeedilasy Bt fxed A iiesiZBy) using
a 2001|€é'i/ So@ved (FUBEIGJRE XRa225pIRbO kK2R FRDD .2 r%?fmluy followed by

-1 is WD 2009/ 14721445PCT/ EP2009/ 056880 cal ci ned
apOSatnCIZlbetlQD period ohgahoansl 0e02-2 at 900 C for 1 hour to

i . peg 'v S s 0 - - A T
The BBESIDAlIBRROGHE Frlodies rarciPioniER P80adler cptlarapiiy s
deterirseRE Nsften a0f2 Ny opaidiatidne ushi C? nedi@pashogarticles or nanoparticle
egat es. 5Suspensi on of sodi um hexanet aphosphate is
agaregRbss dadV) and Rathag Cued o SgHTEsH 24 e lamount  of
added sodi um hexanet aphosphat e bei ng bel ow LD50/5) and
the pH of the suspension is adjusted in order to be
A deoreamr ofedl blebu\@esu@erﬁ)ramm% 5>20%) appao M whepnedrhgared with a
f ol | owi ng (P%ble 3 .the de

he Ce02 .
radioRFRIE, KA P10RS 16 e TRTQRETHFER & cansigred as relevant
Indee®d] WREREEH dOb o*é@ﬁibattlﬁ@‘?{aﬁbgéﬁlc?éﬁd o?ugéﬁ?é’é)}tig% bB§regates are

herrm tr eat nent tareg I ng Vi anl
engaged ardclanegiemelalssayasg ptbeyadllow acraciation ertanceimdend ratio (ER) of 1.33

on HGE D] €cd b Ao PETRENGR L2530 R L6 BxaGP S El ci nat i on
A corfletR, ty de&lehase adi dént\wéban’yomenor or equal to 20% (< 20%) at 400 uM

when compared with a radiotherapeutic treatment alone (without nanoparticles) is

considered as not relevant. Indeed, when said biocompatible nanoparticles or
nanoparticle aggregates are engaged in clonogenic assays, irradiation had almost no
significant effect on both the radio sensitive (HCT116) and radio resistant (HT29)
cancer cells (cf. example 4).

The description of methods to prepare different tested oxides is reported in points a)
to d). Commercial nanoparticles are described in point e). Density values, cell
viability at 400 uM (when compared to a radiotherapeutic treatment alone) and

relative efficiency at 800 uM, are reported in the below tables (see points a) to e)).

Figures 12 present the cell viability (% of control) after a 2 Gy irradiation using
nanoparticles or nanoparticle aggregates.
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control) observed with an oxi de concentration

of 400pMahen conparedw t ha radi ot herapeuti c treat nment
wabk@nasRel ati veef fi ci ency olfkervedwit han PCT/EP2009/056380

oxi deconcentrati on of 800 pM Hf 02 Ref. Exanple 3 8.3

>20% 100% Ce02-W900 C 1 h 7.1 30% (Hf 02 Ref.:48% 91

"Yo Ce02-S 700 C1 h 6.5 20% (H 02 Ref.: 35% 56%

As explained previously, Figure 13 presents the relative efficiency (ability to induce
cell death), expressed as a percentage. Said relative efficiency reflects the cell
viability (% of control), after a 2 Gy irradiation of the particles tested in example 10, at
800 uM, when compared to radiotherapeutic treatment alone (without nanoparticles),
relatively to the cell viability (% of control) of biocompatible HfO, nanoparticles or
nanoparticle aggregates (cf. example 3), at 800 pyM, when compared to
radiotherapeutic treatment alone (without nanoparticles).

In vitro efficiency assays conducted in this study highlight the importance of the

density of the oxide with a threshold effect for d=7 g/cm?® (cf. figure 13).

Two groups of nanoparticles with significant differences in term of efficiency are

distinguished:

- density < 7 g/lcm®: the relative efficiency of the tested nanoparticles is below about
55%

- density = 7 g/cm®: the relative efficiency of the tested nanoparticles is superior to
about 80%.

a) Biocompatible suspension of hafnium oxide (HfO,) nanoparticles or

nanoparticle aggregates with a density ranging from 6.7 up to 8.3 q/cm3, using

sodium hexametaphosphate as a coating agent

A tetramethylammonium hydroxyde (TMAOH) solution is added to 40 g of HfCl4
solution. Addition of TMAQOH solution is performed until the pH of the final suspension
reaches the desired pH value as reported in Table 2.

A white precipitate is obtained.

The precipitate is further transferred in an autoclave and heated at a temperature
comprised between 120 °C and 300 °C to perform crystallization. After cooling, the
suspension is washed with de-ionized water.

A peptization step is performed in order to get a stable suspension of nanoparticles
or nanoparticle aggregates.

Suspension of sodium hexametaphosphate is then added to the peptized solution
(the amount of added sodium hexametaphosphate being below LD50/5) and the pH
of the suspension is adjusted in order to be comprised between about 6.5 and 7.5.
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wo TM@EpR1s0l ution is then adifed to the TnDI 3 SPCTEPIING/056880
until pHis at 7 (TnR203-0) or 8 (TnR03-1). A white
precipitate i s obtained. The precipitate is
submtted to hydrothermal treatnent in autoclave,

As apga@ent frémMtAatiekbveihg ST dblé enperddnsitg diehdeHO, l%ogaﬁm%s can be
The resulting suspension is then washed

mOdUJﬂiﬂ@erthgat ¢ayRfubi a¢iugienersnpl dae weld ep dhel 'ﬁliiaécﬁl@f)em@@n Data

regarrBTABI G BOUREL S BB bl BELEIIRACSie 2 appear
respeativel f odRBgu0 24, 2Band A2Capparent fromthe foll ow ng
Table 4 the density of the TnRO3nanoparticles can be
nodul ated with a careful adjustnent of both

Tabld®nperature and duration of the thermal 15treatnent.
Table 4: Oxide Tenperatureand durationof calcination

Oxidedensi t y| giHR203 800| deridity8.| el viAlSlitg{% Gf Bomrolp| Relative  efficiency

observed with an oxide | observed with

when compared with a | of 800 uM
radiotherapeutic

treatment alone

an

concentration of 400 uM | oxide concentration

HfO, Ref. 8.3 >20% 100%
example 3

HfO,- L pH7 7.4 39% (HfO, ref.: 40%) 97%
HfO2- E pH 3 6.8 16% (HfO3 ref.: 35%) 53%
HfO2-V pH2 6.7 9% (HfO; ref.: 43%) 30%

b) Biocompatible suspension of cerium oxide (CeQO») nanoparticles or

nanoparticles aggregates with a density ranging from 6.5 up to 7.1, using sodium

hexametaphosphate as coating agent

CeO, synthesis is adapted from Zhou & Al., Chem Mater, 2003, 15, 378-382.
Ce(S04)2.4H20 is dissolved in de-ionized water to obtain a 0.4 M solution. Ammonia
solution is then added drop-wise at room temperature under continuous stirring.
Ammonium solution is added to reach a final volume ratio of ammonium solution over
cerium sulfate solution of 1:5. The resulting suspension is then washed by
centrifugation 4 times with de-ionized water.

Final pellet is suspended in de-ionized water to get a solution of cerium oxide
precursors of 0.05 M (CeO2-1) or 0.2 M (CeO»-2) both at pH 4. Solutions CeO2-1 and
Ce0,-2 are submitted to hydrothermal treatment at 180 °C during 24 hours. Samples
are then washed 4 times with de-ionized water by centrifugation. Each sample is

ultimately dried at 105 °C and submitted to a thermal treatment. Sample CeO»-1 is
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d Biocomatible sus ension of Titanium oxide Ti O nano
wardmak®ss or nano article VO PCT/EP2009/056880

2009/ 14721447PCT/ EP2009/ 056880 15 nL of TiCl4 are

calcmggid?etl % t ” Z\Q'upfiagoq%%b%?f%}_ﬁo S(y{cgr \lﬁgyg:ﬂo nga% respectively

samples CbeL-Sgtedem-get a final volume of 215 ni. The pH
of the solution is progressively adjusted to 2 using

A peptizetion ster i perfemned M SBJQEttPcQ?ttaJﬁf@@&ﬁ pusrengiPn ef nanoparticles
h is heated at 60 C during 24 h. A
or na@é@%@atﬁ?ﬁe@%}g% is perforned in order to get a stable

Suspsnsipe o i sodiuh m@mmanphoi;@mtensrtaenrmrdedctceme peptlzed solution
h

regate ensi on of sodi um hexanet a
(the 418U SesHSQRLIY BYeAPBRSRIOIaI0 PEke" b0 a7 the pH
gl nd
of theRBRN SR i BURIGT Tt GRP AP B cEnfflsRd ceiheth B dhaT S
conpri sed between 6.5 and 7.5. Data regarding
vi abi

s appafen orkafe ol Tisfie S ThoeREBRaE e Betlaiapdbatiet can be
moduftRB8 iviith § ke é@ﬁuls!nﬁé/nt(of)dd?h em I\/F@Féttw@ énd)aéﬁétbﬁdoﬂ’i!héhhermal

an oxi de concentrati on of when conpared with a
treatrnent. Dataheggasdingi \aablhiyaafnﬁadlaiﬂ eells exposed to each of the oxides of

Table 3 appear respectively on Figures 12D and 12E.

Table 3:

Oxide Temperature | density | cell viability (% of | Relative efficiency
and duration control) observed with | observed with an
of calcination an oxide concentration | oxide concentration

of 400 pM  when | of 800 uM
compared with a
radiotherapeutic

treatment alone

HfO, Ref. 8.3 >20% 100%

Example 3

CeOx-W 900 °C 7.1 30% (HfO2 Ref.:48%) |91 %
1h

Ce02-S 700 °C 6.5 20% (HfO2 Ref.: 35%) | 56%
1h

¢) Biocompatible suspension of Thulium oxide (Tm>0O3) nanoparticles or

nanoparticles aggregates with a density ranging from 2.7 up to 8.3 g/cm®
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concentration of 800 pM Hf 02 Ref. Exanple 3 8.3 >20%
wae@PnTi20R_5nm 3.9 11 "Yo (H2 Ref.: 49% 48 $C)/EB2002)56880

Bi oconpati bl e suspensi on of commerci al oxide

5 9 ofiERAE ot BlsPGrPane S o 1 Raeh e il Bubonige (MaoH)
solutife xathadteeoahe TRSCR serafonnentRgenis.at 720 m¥0:- (W(brCE?(Tm203 1).
nanoparticles of nanoparticle aggregates are obtained

A whitgs presipiate issPbtptheler s (hi ghest purity grade). The
r
The BRE0RRE® 5 PoM RPE IS SRl AT RE H Bk . g neated a
a temperattreobetwedh M%Mﬂmwmemwmmn is then washed
tization ste perfo in order to get a stable
by CeBUE%Qrb\N'%ﬂeHEWSEQMtqt%'t @7 el ahabar  ereont
P ted t gia: of sodi um hexanet aphosphat e
OWdi%ggté?e 5;”3538' téolé%t pept| zed solution (the anount of
* soni,0m 46X &0Ftlaphosphat e added bei ng bel ow LD50/5) and
the E)l H 5of the suspen5| on is adjusted in order to be
wWeen 6.5 and 7.5. Data regar di ng
oV di ated cells exposed to each of the
o+>|<_ﬁpte)I oqo %bﬁéﬁ@ appear respectively on Figures 12G
e 12M,032800 1€J2 h12K and 12L. 10Table 6: Oxi de Density
cellviability( )/0of control)

As apparent from the following Table 4 the density of the Tm2Os nanoparticles can be
modulated with a careful adjustment of both temperature and duration of the thermal

treatment.

Table 4:

Oxide Temperature and | density
duration of
calcination

TmyOs 800 °C 8.3
2h

TmyOs 800 °C 6.8
5 mn

TmyOs 600 °C 6.1
1h

Tm203 400°C 4.9
1h

Tm20Os-1 none 2.7

d) Biocompatible suspension of Titanium oxide (TiO-) nanoparticles or nanoparticle

aggreqgates with a density below 7 g/cm®, using sodium hexametaphosphate as a

coating agent.
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of 800 pM Hf 02 Ref. Exanple 3 8.3 >20% 100% PdO-A 7.9

34% (Hf 02 Ref.: 48% 79% Ti 02-P25 3.8 12% (Hf 02 Ref.:

499 <25% Ce02-D 6.6 12% (Hf 02 Ref.: 24% 42%

15 mL of TiCls are added drop-wise in 180 mL of HCI 3M solution under gentle
agitation. 120 mL of de-ionized water is further added to get a final volume of 215
mL. The pH of the solution is progressively adjusted to 2 using NaOH 3 M solution.
Solution turned to a white precipitate which is heated at 60 °C during 24 h. A
peptization step is performed in order to get a stable suspension of nanoparticles or
nanoparticles aggregates.

Suspension of sodium hexametaphosphate is then added to the peptized solution
(the amount of added sodium hexametaphosphate being below LD50/5) and the pH

of the suspension is adjusted in order to be comprised between 6.5 and 7.5.

Data regarding viability of irradiated cells exposed to TiO, oxide of Table 5 appear on

Figures 12F.

Table 5:

Oxide density cell viability (% of control) | Relative efficiency
observed with an oxide | observed with an oxide
concentration of 400 uM | concentration of 800 uM
when compared with a
radiotherapeutic
treatment alone

HfO, Ref. 8.3 >20% 100%

Example 3

TiO2_5nm 3.9 11 % (HfO2 Ref.: 49%) 48 %

e) Biocompatible suspension of commercial oxide nanoparticles or nanoparticle

aggregates with a density ranging from 3.8 up to 7.9, using sodium

hexametaphosphate as a coating agent.

All oxide nanoparticles of nanoparticle aggregates are obtained as commercial
powders (highest purity grade).
The powders are dispersed in aqueous solution and submitted to ultrasounds for

efficient dispersion in solution.
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Nd203-Z 5.4 <10% (Hf 02 Ref.:
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wd 26dp/19BY4

EXAMPLE 11: 15l

339%) <25% Eu203-B 5.6

2199 <25% W3-C 7.2 40.5% (Hf 02 Ref.:

rtance of a bi ocpoOpaP200Y/ES6880

surface coating for efficient stability of titanium

A pefizalibn sicn &8 BEFoMRE I SidritEiget £06AH %ﬁ%@@%@@afﬁ’eﬂpmdes

xamet aphosphate as a coating agent:

or nangpdirtcle
g%%Q/ 14(7%9'6%PCT/ EP2009/ 056880 In order to be used |n .
Suspeginsion afctadiyp| kRexareioahesrNae '§rthﬂﬁrﬁﬂ%dt fcthe peptized solution

(the FHARLGH

requires

S8 etaPl Ry Hfer

SIO

SMEPoRk, PRopt) and the p

of thepddispehsion |amdjuﬂ;t@cggr@giet tobeicomyriged batweeh 8t5 and &l
to allow for an efficient biodistribution (EPR

effect). Hence,

a pre-requisite prior

Data rﬁa ogg t? Eﬁ’ﬂiyagf Irtddiatel ddns

3eatb!

e ‘aggregat € suspension in
appearoedpectiresy onEigures 1@@3”12&’[ d@| prd, |1QKeandt1é§hi. lity with

or w thout

HVP coating in water

injectionis to
c?l 6’fr5he omdias of Table 6

ysi ol ogi ca

and glucose (5%.

Stability was confirmed visually in the different
Tablg®@dia and by filtration yield using a 0.22 pmfilter.
10

Oxide Density | cell viability (% of control) | Relative efficiency
observed with an oxide | observed with an oxide
concentration of 400 pM | concentration of 800 uM
when compared with a
radiotherapeutic treatment
alone

HfO, Ref. 8.3 >20% 100%

Example 3

PdO-A 7.9 34% (HfO2 Ref.: 48%) 79%

TiO2-P25 3.8 12% (HfO2 Ref.: 49%) <25%

Ce0O,-D 6.6 12% (HfO2 Ref.: 24%) 42%

Nd»O3-Z 5.4 <10% (HfO2 Ref.: 33%) <25%

Eu.03-B 5.6 <10% (HfO2 Ref.: 21%) <25%

WO3-C 7.2 40.5% (HfO2 Ref.: 42%) 95%

EXAMPLE 11:

Importance of a biocompatible surface coating for efficient stability of titanium oxide

(TiO5), cerium oxide (CeO») and hafnium oxide (HfO>) nanoparticles or nanoparticles

aggregates suspension, using sodium hexametaphosphate as a coating agent.
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Results: stability Nanoparticles suspensions

(Ti 02-5nm from exanpl e 10 dz, comercial Ce02-D from
wezauphr140 e) and Hf 02- Ref . %rom exanpl e 3) -PQEERP10pE 56880

suspensi on at pH3 or suspension at pH 7 - w thout HW
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Resulis:stakibitysol uti on (5% . Results: yield of filtration
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(Figure 14)se of a nanoparticle or nanoparticle aggregate to

prepare a pharmaceutical conposition intended to alter
or destroy target cells in an animal when said cells 5

This MEEe@ADAE6H shews AREZAINANEGStEaL 'da%l?es YERER Stableat pH 3 in water
e

nanoparticle is made of an oxi MkO), the densHa/i@of .
and gliegaseosoldtiom ébvrg dofe tax theeprasence/ad ®sive ohrarges ot the particles

surfadl BRI e PRl SRR o g PBRT BRENGIGR R o

By in6lealing the patovete fdpenBioan@vateb or Bylwcazky sipolood) pcipitation of
fluid. 102. Use according to claiml, wherein the , ,

nanopaitiglesiis efgesveddther B Pﬁ'@ggﬁ;'@% tedhsi 'ﬁﬁ-n@aré*ﬂe@e@%tmg using

riMP M ESaRERY R S ends e St 5%

W3, Re02, 0502, 1r02, PtQO Pt02, HgO,

Results: vield of filtration

0.22 ym cutoff filters authorize the passage of only well dissociated nanoparticles or
nanoparticle aggregates. Even if very few aggregations occur, particles will
accumulate on the filter and quickly block the filter. Particles concentration was
estimated via balance sheet prior and after filtration.
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4. Use according to any one of clainms 1 to 3, wherein
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is abdblitgpendiestany n® npve, thdhetRiopasidlé duHcel Peoperties and to
radi ations are sel ected in the group consisting of

improxe Rayiicles staaylty ueden:@hmlagl&ﬁtcmthrﬁm oi sot ope
em ssions. 256. Use according to any one of clains 1
to 5, wherein the ionizing radiations are of about 2
KeV to about 25 000 KeV. 7. Use according to claim®6,
wherein the ionizing radiations are of about 2 KeV to
6000 KeV. 30 WD 2009/14721452PCT/ EP2009/ 056880 9. Use
according to any one of clainms 1 to 8, wherein the
nanoparticle is made of an inorganic material having
an effective atom c nunber (Zeff) of at |east 50.
10. Use according to any one of clains 1 to 9, wherein
the nanoparticle is essentially 5spherical in shape.
11. Use according to any one of clainms 1 to 10,
wherein target cells are selected in the group
consi sting of benign cells, pre-malignant cells and
mal i gnant cells. 1012. Use according to claim 11,
wherein said malignant cells are cells froma tunor
selected in the group consisting of a haematol ogi ca
tunor and a solid tunor. 13.Use according to any one
of clains 1 to 12, wherein the pharmaceutica
conposition further conprises an additiona
t herapeutic conmpound, distinct froma 15nanoparticle
or nanoparticle aggregate, intended to treat cancer.
14. Use according to any one of clainms 1 to 13,
wherein said animal is a human. 15. Pharnmaceutica
conposition intended to alter or destroy target cells
in a mmmual 20 when said cells are exposed to ionizing
radi ati ons, said pharmaceutical conposition conprising
a nanoparticle or nanoparticle aggregate and a
pharmaceutically acceptabl e exci pi ent, wherein the
nanoparticle is made of an oxide (M), the density of
said oxide being of at least 7 g/cnB, and the
nanoparticle or nanoparticle aggregate is covered with
a bi oconpati bl e coating 25all owi ng the nanoparticle
stability between pH 6.5 and 7.5 in a physiol ogi ca
fluid.
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CLAIMS

. Use of a nanoparticle or nanoparticle aggregate to prepare a pharmaceutical

composition intended to alter or destroy target cells in an animal when said cells
are exposed to ionizing radiations, wherein the nanoparticle is made of an oxide
(MxO,), the density of said oxide being of at least 7 g/cm® and wherein the
nanoparticle or nanoparticle aggregate is covered with a biocompatible coating
allowing the nanoparticle stability between pH 6.5 and 7.5 in a physiological fluid.

. Use according to claim 1, wherein the oxide is selected from the group consisting

of CeOy, Nd20s, Smy0s, Euz0s, Gd20s, Tbz0s, Dyz0s, H0:0s, Ero0s, TmzOs,
Yb20s, Luz0s, HfO2, TaOs, Taz0s, WO2, WOs, ReO,, 0O, IrO,, PtO, PtO,, HgO,
Hg20, TI20s, PbO, Pb20s, PbsO4, PbO2, PoO2, Bi2Os, NbO, RuO2, Rh,0s, RhO,,
PdO, Agz0, AgO, CdO, Inz0s.

. Use according to claim 2, wherein the oxide is HfOx.

. Use according to any one of claims 1 to 3, wherein the size of the nanoparticle or

nanoparticle aggregate is between around 10 and 200 nm.

. Use according to any one of claims 1 to 4, wherein said ionizing radiations are

selected in the group consisting of X-Rays, y-Rays, electron beams and

radioisotope emissions.

. Use according to any one of claims 1 to 5, wherein the ionizing radiations are of

about 2 KeV to about 25 000 KeV.

. Use according to claim 6, wherein the ionizing radiations are of about 2 KeV to

6000 KeV.

. Use according to claim 6, wherein the ionizing radiations are of about 2 KeV to

1500 KeV.
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9. Use according to any one of claims 1 to 8, wherein the nanoparticle is made of an

inorganic material having an effective atomic number (Z.#) of at least 50.

10.Use according to any one of claims 1 to 9, wherein the nanoparticle is essentially
spherical in shape.

11.Use according to any one of claims 1 to 10, wherein target cells are selected in
the group consisting of benign cells, pre-malignant cells and malignant cells.

12.Use according to claim 11, wherein said malignant cells are cells from a tumor
selected in the group consisting of a haematological tumor and a solid tumor.

13.Use according to any one of claims 1 to 12, wherein the pharmaceutical
composition further comprises an additional therapeutic compound, distinct from a
nanoparticle or nanoparticle aggregate, intended to treat cancer.

14.Use according to any one of claims 1 to 13, wherein said animal is a human.

15.Pharmaceutical composition intended to alter or destroy target cells in a mammal
when said cells are exposed to ionizing radiations, said pharmaceutical
composition comprising a nanoparticle or nanoparticle aggregate and a
pharmaceutically acceptable excipient, wherein the nanoparticle is made of an
oxide (MxOy), the density of said oxide being of at least 7 g/em®, and the
nanoparticle or nanoparticle aggregate is covered with a biocompatible coating
allowing the nanoparticle stability between pH 6.5 and 7.5 in a physiological fluid.



