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Besides, resorption is fast, with a usual half life below 1 hour, and cannot be accurately
predicted since depends on the enzymatic capability to resorb a given microspheres volume.
Water-absorbent dry microspheres based on acrylic and PVA copolymers have also
been proposed as swellable implants (Osuga et al. (2002) J Vasc Interv Radiol. 13:929-34).

30 In a commercial presentation (Quadrasphere®, Biosphere Medical), these microspheres are
under a dry form. For their use they are mixed with physiological saline, and/or iodinated
contrast media. Compared to their initial size, their final size after water uptake varies
according to the ionic charge of the medium (x2 or x4 in saline and contrast medium
respectively).

35 However the final size varies too much to allow for their controlled final volume after
implantation, which is a serious limitation for their use. Besides, these microspheres are not

resorbable.
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(CH2=CR4)CO-K (1)
wherein:
- K represents O-Z or NH-Z, Z representing (CR;R3)n-CHs, (CH»-CH,-O)-H, (CHy-
20 CH2-O)m-CHs, (CH2)m-NR4Rs with m representing an integer from 1 to 30;
- R4, Ry, Rs, Ry and Rs independently represent H or a C1-C6 alkyl,
and
(ii) at least one bio-resorbable block copolymer cross-linker.
In an embodiment of the invention, the above-defined polymer is obtained from the
25  polymerization of the at least one monomer, the at least one bio-resorbable block copolymer
cross-linker, and at least one further monomer selected from the list comprising:
(i) a drug-carrying monomer of the following formula (IIl):
(CH2=CRg)CO-L-D (lIl)
wherein:
30 - Rogrepresents H ora C1-C6 alkyl;
- L represents a linker moiety having from 1 to 20 carbon atoms comprising a hydrolyzable
function linked to the D group;
- the D group represents a drug or a prodrug; and
(i) a charged, ionisable, hydrophilic, or hydrophobic monomer of the following formula (V):
35 (CH2=CR11)CO-M-F (V)
wherein:

- Rq1 represents H or a C1-C6 alkyl;
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pol yrer as ﬁjne];}]crﬁﬁgr grRBc\)/(ﬁmfeR{ ofl'{ﬁgin%%nffflonr,r%geiz g@on\;%oéefined polymer is obtained from
20  the polymerization of the at least one monomer, the at least one block copolymer cross-
linker, the at least one drug-carrying monomer, optionally the at least one charged, ionisable,
hydrophilic, or hydrophobic monomer, and at least one hydrophilic monomer of the following
formula (IV):
(CH2=CR1p)CO-Q (IV)
25  wherein:
- Rqo represents H or a C1-C6 alkyl;
- Q represents a C1-C100 alkyl optionally substituted by at least one substituent selected
from the group consisting of an hydroxyl, an oxo or an amino function.
The incorporation into the polymer of the invention of the above-defined hydrophilic
30  monomer is advantageous in that it allows modulating the release of the drug by the polymer
of the invention.
The present invention also relates to at least one polymer as defined above for use as
a medicament.
The present invention also relates to a pharmaceutical composition comprising at
35 least one polymer as defined above, in association with a pharmaceutically acceptable

carrier.



The present invention also relates to a pharmaceutical conposition
conprising at 35l east one polyner as defined above, in association with a
phar macewoDcallozosmccept abl e carrier. AD 2011/ 0298674 PCPCERPOMIONCRIR27

Det ai |l ed description of the invention Bio-resorbable block copol yner As

i ntend etahuf%r e'enCr. ihe riesesn'ion "bi o-resorbabl e" nmeans that the bl ock

copol y aved when adm nistered into a living
organism preferably a manmal, in particular a human, organism As intended
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a di bl pakicalar a bhurmdn, cegardapohy iirdended herein ‘blo-r@kssibapleé fnelidatss thhathetbdieckl ock
of the bi -resorb%bl e bLyoc(E copol ynmer cross-linker as defined above is

sel ect &4PFY'OH PR gﬁgarg “€nsi st ng of polyethylene glycol (PEG,

pol y- | act i ¢ Paefiechb{ya trsobioaesbadd Blotlacopatener(drbsi}inkpody defingd@bbee adindar al so

nanmed pol y-alycol ) ) 15and_.paly-lactic-alycolic acid (PLGA).
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degree hBngFrg%la5&@&%@&%@@@3&{9@@@&1 of the nunmber of l|actide and glycolide

units. It also preferred that the block of the bio-resorbable block copolymer cross-linker as
defined above is selected from the groups consisting of polyethylene glycol (PEG), poly-lactic
acid (also named poly-lactide) (PLA), poly-glycolic acid (also named poly-glycolide) (PGA)

15  and poly-lactic-glycolic acid (PLGA).
As is well known to one of skill in the art, PEG, PLA and PGA may be represented as

follows, n representing their degree of polymerization:

PEG: AN
-PLA: o1

@)

- PGA: \WAO%T

0

For PLGA which comprises both lactide and glycolide units, the degree of
polymerizaton is the sum of the number of lactide and glycolide units.
20 More preferably, the bio-resorbable block copolymer cross-linker as defined above is
of the following formula (Il):
(CH,=CR7)CO-(X,)-PEG,-Y(-CO-(CRg=CHy) (Il)
wherein:
- R; and Rg independently represent H or a C1-C6 alkyl;
25 -XandY independently represent PLA, PGA or PLGA;
- n, p, and k respectively represent the degree of polymerization of X, PEG, and Y, n and k
independently being integers from 1 to 150, and p being an integer from 1 to 100;

- jrepresents 0 or 1.



20More preferably, the bio-resorbabl e block copolynmer cross-I|inker as
defined above is of the following formula (11):

( OH2=0R7)WO0-20Mr29s6PEGD- Yk- 00- (OR8=0H2)°® (1 1) wherei n: RPCAMP2038/063227

i ndependently represent Hor a 01-06 al kyl; 25 - X and Y independently
represent P PGA or PLGA. n, d k respectively represent the degree
of " pol yrer | 3! B0, ko horb I oe AR el 5 BEg hieder s
from 1 of a fdrblila salected bemrtige grouprrbegjstingfofom 1 to 100; | represents 0 or 1.
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(Cr-OR7} GO P Byt PR CRk CBOCCCRIUELEY) (ro=CRr) CO-P EGo- P

LAk - 00{ CEBRESRH2D;P K GHREGRIPQORPED,) PGAK - 00- (CR8=CH2) , and

(CH2= C%Fg - =Q0- =C - _Wherein R7, Rg, n, p and k are as

defi ngﬁggb_o %0&%%&‘&)%8%%@”% be clear to one of skill in the
art t h¢CpgrGRRCOAEGRRLGAVEDH(CBRa=CHl;)a bi oresor babl e (i.e. hydrolizable)
cross-|inked mer . | articul ar the polyner of the invention 15 1is
consti tvmeé%n 8%9’0%%/”!%3% Eg eea%ﬂ?ifrnﬁgép%%l ynmeri zed nononers as defined above,
whitéh at | east one chain is cross-linked by bio-resorbabl e bl ock copol yner

cross-linkers as defined above. Advant ageousl y, the polyner of the
invention is swellable, i.e. has the capacity to absorb liquids, in
particular water. 20As will also bePolyemy to one of skill in the art, and
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resorbable (i.e. hydrolizable) cross-linked polymer. In particular the polymer of the invention
15 is constituted of at least one chain of polymerized monomers as defined above, which at
least one chain is cross-linked by bio-resorbable block copolymer cross-linkers as defined
above.
Advantageously, the polymer of the invention is swellable, i.e. has the capacity to
absorb liquids, in particular water.
20 As will also be clear to one of skill in the art, and by way of example, the monomers of

the invention may also be represented as follows:

K D-L F-M Q
o) 0 0 0
H,C H,C H,C H,C
R1 RQ R1 1 R1 0

Upon polymerization the monomers of the invention may then be represented as

follows:

K D-L F-M Q
/k\\go /k%o /ﬁo /k\\?o
R’l RQ R11 R10

Preferably, the monomer of formula (l) as defined above is selected from the group

25

consisting of sec-butyl acrylate, n-butyl acrylate, t-butyl acrylate, t-butyl methacrylate,
methylmethacrylate, Ndimethyl-aminoethyl(methyl)acrylate, N,N-dimethylaminopropyl-
(meth)acrylate, t-butylaminoethyl (methyl)acrylate, N,N-diethylaminoacrylate, acrylate
30 terminated poly(ethylene oxide), methacrylate terminated poly(ethylene oxide), methoxy

poly(ethylene oxide) methacrylate, butoxy poly(ethylene oxide) methacrylate, acrylate
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as an ester, amide, a dlsulfrde, an amino-oxy or anhydride function, and q represents an
integer from 0O to 2 for M and from 1 to 2 for L.

20 The polymer of the invention can be readily synthesized by numerous methods well-
known to one of skill in the art. By way of example, the polymers of the invention can be
obtained by suspension polymerization using either a direct or an inverse process as
described below and in the Examples.

A direct suspension may proceed as follows: (a) stirring or agitating a mixture

25  comprising (i) at least one monomer as defined above, and at least one bio-resorbable block
copolymer cross-linker; (ii) a polymerization initiator present in amounts ranging from 0.1 to
approximately 2 parts per weight per 100 parts by weight of the monomers; (iii) a surfactant
in an amount no greater than about 5 parts by weight per 100 parts by weight of the
monomers, preferably no greater than about 3 parts by weight and most preferably in the

30 range of 0.5 to 1.5 parts by weight; and (iv) water to form an oil in water suspension; and (b)
polymerizing the monomer(s) and the bio-resorbable block copolymer cross-linker.

An inverse suspension may proceed as follows: (a) stirring or agitating a mixture
comprising: (i) at least one monomer as defined above, and at least one bio-resorbable block
copolymer cross-linker; (ii) a polymerization initiator present in amounts ranging from 0.1 to

35 approximately 2 parts per weight per 100 parts by weight of the monomers; (iii) a surfactant
in an amount no greater than about 5 parts by weight per 100 parts by weight of the

monomers, preferably no greater than about 3 parts by weight and most preferably in the
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o |t o T PAVREERaD oF et ecnalane kool B ot of Rk o FhiOhen R <

and t helrbg orayesso babdmjdzd ortio tbe)polyyrrmrthet dsbe Iardskrdued dor hg oAgmenbended her e
thq5dr ug qr tqﬁt%gar Odef icuU dr rabor\r/ee C ?nen | g(}ﬁEﬁ}ea@rgJ Iorr]t %‘ rl?dtc;c or
the pre ERTT ORGP PR at B oF gﬂfl dn% se or i gore g

Prefer aielltyadedhere a coval ent |nt eraction with the pol yner of the invention

i s sought, rug sh i nt a e

such as a car %%'ggln%yaorﬁ%/j @ ero?%} fhogg \Ageﬂ am &'% tgé)r%ﬁ)%kmlém twr?stgﬁce

t he dr urnptaree, hemmlyinse ian day:fordnnos adetto ewell |nteysdl|ﬁl(cmramtanrmng aaxcedhtemamémxyl iC

group, _or trc i 0 Lpaophi lic, t osed

oy aryeHissfloffB bl & hE oRBETSY b o ot Spiing UPBPHG el I

pol29rrerthe)fwast‘red|twmermihcmo 9% (Wbt)asrodlerdw <Eh1<orrrietslmert|pnl ynmerization at | east one
nonao t he

charged, io bl e. |b 0 hqg
o | saded ofetBRet Sob s rbe e 8 HRRD afo B P AER el O o
15covalNSAIDI nt eracti ons. No partrcular requi renent are then |nposed on the
drug or pro o h El L adi,.n oceed b u
et hods nel R Aslse SooUREENealPe 5o PRa Gl MusPUBR ERRRE S BB R e i n
a dry fketoprafen,iddefenar, jwehiethagineorsalptixeon cont ai ni ng a predet erm ned anount
he dr r Ih to 24h de i N n th | oaded
poPoner 1 St AP lleRE el dhar st RS Eal BT by T on
Besi desnelphralars npetiedtexated rdltivaxed, hemditalgnea sodetibinied, @biiveedam. an ant i - cancer
drug or an NSAI D. Exanpl es of suitable NSAI Ds according to the
i nvention enconpass i buprofen, ketoprofen, diclofenac, indonethacin or
napr oxen. 25Exanpl es of suitable anti-cancer drugs according to the
i nventi on enconpass ntomnycin,
30 Form of the polymer
Preferably, the polymer of the invention is in the form of a film, a foam, a particle, a
lump, a thread, or a sponge, and most preferably is in the form of a spherical particle. The
spherical particle is preferably a microsphere, i.e. has a diameter upon swelling (i.e. upon
hydration), ranging from 1 to 5000 pm, more preferably ranging from 100 to 600 pm.
35 In order to swell, the polymer of the invention may absorb, preferably in a controlled
way, liquids, such as water, in particular from solutions commonly used in embolization

procedures, such as physiological saline, glucose solution, plasma, ionic or non ionic



mel phal an, nethotrexate, raltirexed, gentitabine, doxorubicine, or
irinotecan. 30Form of the pol yner Preferably, the polyner of the

i nventi orwb=oim2egse formof a film a%oam a parti cl e, PaTEPaqO/06322hr ead,
or a sponge, and nost preferably is in the formof a spherical particle.
The spher.i cal rticle.is preferably a . mcrosphere, i.e. has a diameter
upon SUBITTRG opirast s, TRPardpiaRsd oot iy Bh Meopeimatate hap R

pr ef er alolg/ solativgs Ngr dny @terild OpytrogdDiguzhthat i8 Injéctalde dethe thamawelr lanintdh oA/ mer

of the jnventior absarhb eferably i contrall way. iquid such
s wnt SPTGanE PlTEY ABPRR SrawBI it PRbel Rdnt §ohduof fredlsniobalieasy

pr ocedwneklings whbreabe pblysieoisagspheticd phttick, tganticpae the ldidnmeater, ugainasvatlingl oni ¢
or pon ionic WD 2011/0298678PCT/ EP2010/ 063227 i odi nated contrast nedi a,

i roh oxide based contrast nmedia for magnetic resonance imagi ng, drug

sol utions, or any st é@hatneacaptcadgeaterapsuticd/ lvad of theipojyeetrabl e i n t he human

i | bady, def | d dlim d i f i b bed b h
o omer or - fiantag b e ARde whPhaRd it Bbinet dfind RS st it B ticRgen B "€
S o ke L parfhirs o atihe o Bk art o 2 ol
the 1 adBieqiiie oY HnglbEEAREad 6 esiie RunaidBalidh Wi tonter ng afifroRR eSS ¥

f ontn ofBesjolesy the abilipasftthe belgmerkttbe iinveptor tocabsard gorgnaist mblia, $wchkdsawddium

o cat RuPRPteaRioReS D EEiE eheS (TRR U LS PR Pagl B st of

t he i nventi éwvhotagbsuslp atsontrneastptimedofithespallynes dfaheunysnii grhadepentisingst en
or tantal ruLIr'? : ren(?jenr§ int rpaF]ti CL” ar | E,(h unslef uk as a I adi or 9 aqﬁe m croiiphere.
Advant BYSGIEIS, T LT OP AL PPEY SR o el FReFPERN PREY AN B hed8peNds on
hydr ol ysnsoleddymoddubatingihetypy aad iamowmetdfdin-srsorifabecarpds-otkes prebshonaryiet dmus be
rqui I %eﬁr?é‘&erqt%vl ed by nodul ating the type and anount of bio-resorbable

cr 08s- I°nKker 28nd mononer as 15defi ned above. Equal | y advant ageous,
resor pti on dquatheagpaniageousfresdrptiomutetheipolymexyof ttaanipeefitionmay frevgenbomsa t 0 a

f ew weeks ndi on the tvpe an un f _biq-resor | e cross:linker
b oTSR pBGRABAH B, e hB ol i Bl BRI BRI RSl
devel opadondnonserl dsnddfimddlaboad. linrddditiomather yolymepofitbe ineofion miplelopabnlgrg
since th radation. produ f the 2 | yper are non, t.oxi n i ckly
o o g8 FoaPHRAhRRY SEAABhS> Ghort RN TRe o edflcliS biodBl it <
abgle ipwlyorezioer adyl tpxicandumekyzlianmatepl ant, in particular for inplantation

into tissues, internal anaton cal K space such as peritoneum and .neni ngeal
spaces, bodg Gl Evede Blietaliel edigiion s defhed'abole i Gierdbl e

SS
phar ma@sni io@lant,ompesictiiaofor &spldefatiore tht@bssues| intepnad faapinligal ispa@as, such as

25i nj ect ﬁ%lne rfnornH\m ningeal ParC%f et{;%blcgviﬁelzsﬁu ttshtra]dp\)/harewaceuti cal conposition
conpri SEE P REMGE yn%r G THE P PER TN T A8 (?ry Fom" such as a | yophilized
form Besides phrer pheemdceatdal ccompasitivn cas akfitdte aboveris | wafevally ifbbean

preterabl d in the frame of enbolization, in particular for uterine
ar ?éry mﬁ%[%tﬁ?g%r fon (UAE), or for haenostasis. In 30enbolization, the
pol ymer of tPheferabiye matsoortheegtrmateutioalp composgitiang somprives [toagetynvart of threugs.

The phar uti cal 0si Lion +the. invention is also preferably used for
treati ﬁ\lrbvréggﬁ%'gref @Wﬁgrﬁh”}%g&cé%g,lyo%@% ‘ﬁi&ﬁ?- may occur by enbolization, in
particul ar Bhempbpeascdtieativohippaitiomnf tharaVentiobyvilded pregargblpfusadtn the diracer

the_por aEhFtRe PR Rbre! Vil Ry SRl oAt AREERY e heBlresBBi on o

t h&80i n\eenttalizationaine lpelypree béthalbhwentisre deddnotmoewesd drugs or bé faadbd mith drugs.

I nflammati Oq‘helprﬂaFrﬂgcseu(l\’lggleConip;[ositl%n%rf ﬁ{eeirn(/gr%otnngtaIs%rb(?ef%%t;{ynﬁgeaoifor Erggting
cancer. In this case, treatment may occur by embolization, in particular by repeated
embolization, and/or by delivery of anti-cancer drugs or predrugs comprised in the polymer of
the invention or loaded on the polymer of the invention.

35 Besides, the pharmaceutical composition of the invention may be preferably used for
preventing or treating inflammation. In this case, it is preferred that the polymer of the

invention comprises NSAIDs or be loaded by NSAIDs. In particular, the pharmaceutical



i nvention conprises NSAIDs or be | oaded by NSAIDs. In particular, the

phar maceutical WD 2011/ 0298679PCT/ EP2010/ 063227 conposition of the

i nventi orwD0panpsecul arly suited for r?reventi ng or treaPCmEP2oloesmt i on
associated with: joints cavities, tendons, cartilage, and bone defects;
oper at iC\(/)e %gtllirgiggﬁ éatfitver .snursqer%(i Olf brsﬁitnd firn rrr\:;txi,[ilnl ar po = aHJaermt enth
ext r actPORST'R orrlne nafepg rekd WS%, i 1VEPYET ﬂi%fné?/a 2Pt '8P al

t unor rassesdtedmwith: muscl es, in particular in cases of nyositis or rupture;
cerebrospinal .fluid.cavities in.the central .nervous system joint surgery,
ar t hr oscopy 1P PP oy fonifs® AP YRS st eotony. . D

2011/ 029867 Lpertie2atifiéd 6822surgxamsl esin, inxanxilla Honel afteBytedth esdracth, irhe

bi ozre orbaﬁl e cr(ﬁss-l.i @ker Pﬁ the]c HEI\/N.PIf_gVA net h(t)d:_ 1.1. PLA First
step: PAME [Py eseAPRR" MR CL IR ARG IF REEHE U Y PIFURY bar, |actide (2.2232
g ; 0.0154 nwolysclendin pifichiadincoages biyinyosiish@cuptuet;e (0. 75 ni; 0. 0062 nol)
were dissolved in 5ml ‘ﬁf.dtol.uene hunder itrogen., The reaction was initiated
by introduci’ﬁaregrqstelna!e I Q%Y'Rlﬁsl'% eo?engﬁP'E%YS S(yﬁWH}’ into the above system
After 20h at j@RGurden, aothrasebpy, ditcartnweasavaddadetisedorhytostdob@my.eact i on

m xture and the formed polynmer was purified by precipitating in a |arge

vol ume of petroleumether. Yield 94% 15Characterization by 1H NVR in
CD3C0CD3: 1.53 (m CH3, PLA), 1.91 (s, CH3, nethacrylate), 4.38 (m CH2,
HEMA), 5.17 (m CH, PLA), 5.65-6.10 (m CH2=C) Second step: The pol yner
formed in the first step was further nodified through the hydroxyl group at
the end of PLA chain by reacting with nethacryl oyl chloride. The preforned
polymer 20 (1.07mol of OH group, leg.) was dissolved in anhydrous CH2C12
(2.5ml) in a three necked flask equi pped with nmagnetic stirrer and a

droppi ng funnel. The content of the flask was cooled to OC and
triethylamne (1.5eq.; 0.0016 nol) was added. The solution was stirred and
t hen met hacryl oyl chloride (1.5eq.; 0.0016 nol) in CH2Cl12 (2.5ml) was added
dropwi se to the solution. The stirring was continued I h at 0OC and then one
ni ght at roomtenperature. 25The triethylamne salt was renoved by
filtration and the polyner was precipitated in a |large



vol ume of petroleumether. Yield: 95% Characterization by 1H NMR in
CD3C0CD3: 1.53 (m CH3, PLA), 1.91 (m CH3, nethacrylate), 4.39 (m CHz,
HEMA) , 5.W0 20mwyo2®id7 PLA), 5.65-6.16 (f‘r? CH2=C) 301.2. PEAT/EPEIINS63221 ep:

In a dry schlenk containing a nagnetic stirring bar, glycolide (0.6 g ;

0. 005 | qnd hydr oxyet hyl nethacrylate (21ng ; 0.0016 nol) were dissolved
in 2m ene under nitrogen. The reaction was initiated by introducing
a toluene solution of Sn(Cct)2 (5nmg) into 35 the above system After 20h
at QOC,E Smil oﬁ chl orof ormwas added to dilute the reaction m xture and the
f or med &SRPA% was purified by precipitating in a |arge volunme of petrol eum
ether. Yield 96% WD 2011/ 02986711PCT/ EP2010/ 063227 Characteri zation

by 1H in CD3 s 1.91 CH3, ,. et hacr yl H2, HEMA) ,
2gb (rh SepesBafihEBiodesohye orot pilR Wb HEWAPEG R et e ot wed
inthe first step was further nodified through the hydroxyl group at 5 the
end of P hain by reacting wth nethacryloyl chloride. The preforned

pol yme1' | of OH group, leg.) was dissolved in anhydrous CH2C 2 (2 m)

in a thaststezked fl ask equi pped with nagnetic stirrer and a dropping

f . T tent of the flask | ed t i € i
(1"5eq.: B pASEHy el aaetn ot s the G (alda 52t S Big and
metlBac hydmuyethlyl wettderyldte50q.5; mD; 00062 madl) were D inZBmi Jf talasnaddder
dr opwi S8 10..s0l u

to t tion. Stirri i 1 t QC th

one’ i Jhor P eCuipbhofiued BRaRlpboRh dieat Sehpe BEeA b el 1"
filtrattheabavesystempaftyn2dh aaS0d, &omlmif ichtoeoform veasl atdpe todliluteethefrepetiarol eum
58" nalhG e dfpmos S AR MR SRR,
CH2=C) etfferlYidld HA4A First step: In a dry schl enk containing a

ti Lrri I ' 1. : 23 I i . 950;
5. 33mol ) Al B8 by g MR Eocho 55 (. Bt ler e g e S e i n
5ml of m&Badrghiede38imieCHNHEMAYED.17 TineCHeRLA), 61654140 (mj CHa®d by
introdu%r&g?oagttsﬁl uene solution of Sn(CQct)2 (8ng) into the above system

After 2 5mL of chloroformwas added to dilute the reaction
m Xt ur e ahide pblgmieofameed o thenfigst stays was rfurthexdndodifiqat eoyght the ihpdroxpl grol@ege

10"t R SR ThngS) eactingyv M HARRENGR chEflide) Th PPorkbs TR
4. 88 ( rff.00HR 0l BEANH, gréu 5 efrywaBHissRlviY, in BnbEir6us OHEGl, (THRHD) a toeeowdkat ep:
The pol e . first furt her difi.ed t.he

nar onfFopPBUEPRT Wharadiptsr Bbeahd R TrnpUr bRy TR sl bR ol

chl or i deoletirto &°Cyqidctiethyathe ¢h5ed.h@.0016 mol) was added. The solution was stirred

and then methacryloyl chloride (1.5eq.; 0.0016 mol) in CH,CI, (2.5ml) was added dropwise to

the solution. The stirring was continued 1h at 0°C and then one night at room temperature.

25  The triethylamine salt was removed by filtration and the polymer was precipitated in a large
volume of petroleum ether. Yield: 95%.

Characterization by '"H NMR in CDsCOCDs: 1.53 (m, CHs, PLA), 1.91 (m, CHs,

methacrylate), 4.39 (m, CH,, HEMA), 5.17 (m, CH, PLA), 5.65-6.16 (m, CH,=C)

30 1.2.PGA
- First step:

In a dry schlenk containing a magnetic stirring bar, glycolide (0.6 g ; 0.005 mol) and
hydroxyethyl methacrylate (21mg ; 0.0016 mol) were dissolved in 2ml of toluene under
nitrogen. The reaction was initiated by introducing a toluene solution of Sn(Oct), (5mg) into

35 the above system. After 20h at 90°C, 5ml of chloroform was added to dilute the reaction
mixture and the formed polymer was purified by precipitating in a large volume of petroleum
ether. Yield 96%.



30 preformed polynmer (8.23mmol of OH group, leg.) was dissolved in
anhydrous CH2Cl 2 (20nl) in a three necked flask equi pped with nmagnetic
stirrer amo2a1idnesspi ng funnel . The confent of the flaskPoampre@oloest2t o OC
and triethylam ne (1.5eq.; 12.34mmol) was added. The solution was stirred

and t hen th cr 0 ch 4 i 201 2 nil S
Rdded ar opir SEerE RS T BMRR Chico8py, 1613 e e 14 34 Mo Eng

t hen omEMAD KRB0, CoRNPGBY, &G a9 ¢s,cCH,¥8¢ triethyl am ne salt was renoved by
fil trat_i%?;)o%gdt the polyner was precipitated in a | arge volunme of petrol eum
et her. Y%P02986712PCT/ EP2010/ 063227 Characterization by 1H NVR i n
CD30)CD3 THe pdlyfney fotidd ifPtHeX)rst ste® Wag Syrtie3noditddthesughathe siydrotyldgtopat CH2,

CoyR) nds 879 SR Enaib By earedd whEind oo™ anPude iRl Rl

G ycol ingreol of G/gbdupl, ded).) ches @igsotved dre anhydPousSPHICI & sl)dh at thesebnezked daskabl e
cross | i nker

o 055 o i S BRI 09, obonb it s FERA B i A2eo0hi B
t et r aetOn@l amtdetgrlewmlmuﬁ@(ﬂsﬁg 0. 0015)&65{) wak Rdded Treassletibrwvad stirred lbad tthete
(5 ) TtV AV R R DR il el & BIORUS AFhE Bl 54 ¥
pr é0i pisbhtiea The girfiray ges vodtinoed dh ab@t’@ (mheumlereodrtenrght_ MBoom temperature The
CDaCOCHE MBI T o 1ol Oy et LB DRSPS reiipted Watyce 5 16
( m CHyvolkib®) of-pefr‘sekeondetberehfreld 50%.
Characterization by '"H NMR in CDsCOCD3: 1.90 (m, CHs, methacrylates), 4.40 (m, CH,,
HEMA), 4.81 (m, CH,, PGA), 5.65-6.16 (m, CH,=C)
15
1.3. PLGA
- First step:
In a dry schlenk containing a magnetic stirring bar, lactide (1.18g; 8.23mmol), glycolide
(0.95¢; 8.23mmol) and hydroxyethyl methacrylate (0.53g; 4.1mmol) were dissolved in 5ml of
20 toluene under nitrogen. The reaction was initiated by introducing a toluene solution of
Sn(Oct), (8mg) into the above system. After 20h at 90°C, 5ml of chloroform was added to
dilute the reaction mixture and the formed polymer was purified by precipitating in a large
volume of petroleum ether.
Characterization by '"H NMR in CD;COCDs: 1.49 (m, CHs, PLA), 1.92 (s, CHs,
25 methacrylate), 4.44 (m, CH,, HEMA), 4.83 (m, CH,, PGA), 5.25 (m, CH, PLA), 5.65-6.10 (s,
CH,=C)
- Second step:
The polymer formed in the first step was further modified through the hydroxyl group at
the end of PLGA chain by reacting with methacryloyl chloride. In a typical reaction, the
30  preformed polymer (8.23mmol of OH group, 1eq.) was dissolved in anhydrous CH,Cl, (20ml)
in a three necked flask equipped with magnetic stirrer and a dropping funnel. The content of
the flask was cooled to 0°C and triethylamine (1.5eq.; 12.34mmol) was added. The solution
was stirred and then methacryloyl chloride (1.5eq.; 12.34mmol) in CH,Cl, (10ml) was added
dropwise to the solution. The stirring was continued 1h at 0°C and then one night at room
35 temperature. The triethylamine salt was removed by filtration and the polymer was

precipitated in a large volume of petroleum ether.



The polyner forned in the first step was further nodified through the
hydr oxyl groups 5 at the end of PLA chNSAID by reacting with nethacryl oyl
chl ori de.wOnoa/29gsi7cal reaction, the 6?eforned pol ynmer was/ER2&90b32eT i n
anhydrous CH2Cl 2 (10ml) in a three necked flask equi pped with magnetic

and 11 et FOPARCHEEE, Beq N5 0s ChoE) Chds ! bl CHE Eof T 88 \rad 88 rred
and t hemethadrilaesy 14044 (ne,Cld2 | lMEMAYL. 688 (m, CH2) P&AJDE.R25i1(m, CHR BLA)( S561)6. s
added géomg‘l&ﬁﬁ)to the 10 solution. The stirring was continued 1h at 0C and

then o roomtenperature. The triethylam ne salt was renoved by
filtration and the polyner was precipitated in a |l arge volune of petroleum

eth r terization CI)CD3 1.56 (m CH3, PLA),
05 (m cn®yheRaay et af My Ratibe R iding SRR 20 hey 5. 17
(m CH, IRk#je, 5.64-6.20 (m 15CH2=C). 2. 2. PLGA with PEG 1500 (n=34) -
First step: In a dry schl enk containing a magnetic stirring bar, the
PEGL500 (2 0 0015 o2 Om)ls)ndéﬁzs reacted with,d, |-l actide (0 865 g ;
0.006 nol )= OhyOg i+de ((iesg? yASA Y 09@( 0 or 2 nat 115C usi ng
stannous octqgate as cab ( 1eohngpyc underu nitr °Mhen, the pol ymer was
di ssolved in chI oroform precipitlagred in £lar ge voI une of petrol eum et her.
Characterization by 1H NVMR in CD3COCD3: 1.55 (m CH3, PLA), 3.64 (m CH2,
PEG, 4.25 CH2,, PEG), 84 (m CINIZEt)SP ), m LA) 25- Second
st ep: QMW% rst%aé\wéwg%mdl fied
t hrough the hydr oxylo groups at té} PLA chNSAI Dby reacting wth
met hacryl oyl chloride. In a typical re%i(ftl on, the preforned pol yner was
di ssol veglyddiaganhydrous CH2C 2 (20ml) in a thr ee necked flask equi pped with
magneti c Stl rrer and a dropping funnel. The content of the flask was cool ed
to 30 OC and triethylamne (1.5eq.; 0.0045 m)l) Was added. The sol ution

was stirred a he O;nst hacry ochbgb&tge ( 0. 0045 nol) was added
dropwi se to stfi rri ng-was W HOC and then one
ni ght at room toerrper ature. ri et®p198i% ne s t was!'renbved by filtration

and the polymer was precipitated in a'4earge vo une of petrol eum
et her/dl et hyl et her. 35Char acterl zatl %&gby 1H NVR in CD3COCD3: 1.56 (m CHS,

Z’”Q% (m &gmﬁuézgwtgﬁﬂny CH30CPLA)2,h B, 64- 6. L&GM o o "

2011/ 029867 12PCT/ EP9010/ 063227 Syif.hesi s r%actl of’s ar surrman zed in
the foll ow ng schenme: Lactide HO..... e "-9%9).-HO0,.0 Sn(Cct) 2
+ HO- PLA- PEG- PLA- OH 20h, 115C 0 0

50/50 lactide/Glycolide

~tohe OF% 0 208 ~deohgofl o,

toluen

48&»0)(\6]%0}(?&(0)‘; :(COCI 1’:(:21 O{\/OX\“AOM )ﬁk

CH,CI,

2. Synthesis of the bio-resorbable cross-linker by the PEG method:

2.1. PLA with TEG (PEG n=4)
10 - First step:

In a dry schlenk containing a magnetic stirring bar, the tetraethyleneglycol (0.139g ;
0.0007 mol) was reacted with d,l-lactide (1.032 g ; 0.0072 mol) for 20h at 115°C using
stannous octoate as catalyst (5 mg) under nitrogen. Then, the polymer was dissolved in

chloroform, precipitated in a large volume of petroleum ether.



HO PLA- PEG PLA-OH + COCl dycolide HOC).)-F1.. e -- 00 NEt)3
HO PGA- PEG PGA- OH + COOl 12h. ref| uxQOO PGA- PEG PGA- 00C GH2dl 2 50/ 50

| acti de/ Gvgcoltidess7 N(Et)3  HO PLGA?PEG PLGA- 01- + CECIEPR)10/0622TIX

cH2dl 2

Characterization by "H NMR in CD3sCOCDs: 1.54 (m, CHs, PLA), 3.64 (m, CH,, PEG),
4.26 (m, CH,, PEG), 5.16 (m, CH, PLA)
- Second step:
The polymer formed in the first step was further modified through the hydroxyl groups
5 atthe end of PLA chNSAID by reacting with methacryloyl chloride. In a typical reaction, the
preformed polymer was dissolved in anhydrous CH,Cl, (10ml) in a three necked flask
equipped with magnetic stirrer and a dropping funnel. The content of the flask was cooled to
0°C and triethylamine (1.5eq.; 0,0018 mol) was added. The solution was stirred and then
methacryloyl chloride (1.5eq.; 0,0018 mol) in CH,Cl, (6ml) was added dropwise to the
10  solution. The stirring was continued 1h at 0°C and then one night at room temperature. The
triethylamine salt was removed by filtration and the polymer was precipitated in a large
volume of petroleum ether.
Characterization by '"H NMR in CD3COCDs: 1.56 (m, CHs, PLA), 1.97 (m, CHs,
methacrylate), 3.65 (m, CH,, PEG), 4.29 (m, CH,, PEG), 5.17 (m, CH, PLA), 5.64-6.20 (m,
15  CHy=C).

2.2. PLGA with PEG 1500 (n=34)
- First step:

In a dry schlenk containing a magnetic stirring bar, the PEG1500 (2.25 g ; 0.0015
20  mol) was reacted with d,I-lactide (0.865 g ; 0.006 mol) and glycolide (0.697 g ; 0.006 mol) for
20h at 115°C using stannous octoate as catalyst (10 mg) under nitrogen. Then, the polymer

was dissolved in chloroform, precipitated in a large volume of petroleum ether.

Characterization by '"H NMR in CD3;COCDs: 1.55 (m, CHa, PLA), 3.64 (m, CH,, PEG),
4.25 (m, CH,, PEG), 4.84 (m, CH,, PGA), 5.20 (m, CH, PLA)

25 - Second step:

The polymer formed in the first step was further modified through the hydroxyl groups
at the end of PLA chNSAID by reacting with methacryloyl chloride. In a typical reaction, the
preformed polymer was dissolved in anhydrous CH,Cl, (20ml) in a three necked flask
equipped with magnetic stirrer and a dropping funnel. The content of the flask was cooled to

30 0°C and triethylamine (1.5eq.; 0.0045 mol) was added. The solution was stirred and then
methacryloyl chloride (1.5eq.; 0.0045 mol) was added dropwise to the solution. The stirring
was continued 1h at 0°C and then one night at room temperature. The triethylamine salt was
removed by filtration and the polymer was precipitated in a large volume of petroleum
ether/diethylether.

35 Characterization by '"H NMR in CD3COCDs: 1.56 (m, CHs, PLA), 1.94 (m, CHs,
methacrylate), 3.63 (m, CH,, PEG), 4.29 (m, CH,, PEG), 4.86 (m, CH,, PGA), 5.23 (m, CH,
PLA), 5.64-6.15 (m, CH,=C)



COO PLGA- PEG PLGA-000 5 3. Synthesis of the m crospheres by suspension
pol yneri zation: 3.1. Wth the PLA cross-linker fromthe HEMA PEGVA net hod
A 0. 5% ofwaqoaaussegol uti on of 88% hydf]ﬂ)l yzed pol yvi nyl alPCoEPR010963IR) wWas
10i ntroduced into a 100nl reactor and allowed to stand under a nitrogen
at nosphere for 15m n. The nononmer phase containing pol y(ethyl ene glycol)
met hyl ether nethacrylate (2.779), PLA WD 2011/ 02986715PCT/ EP2010/ 063227
cr oss- | i nkeSyahegig reantidnd atc%uAimddided di thisifolianeinh saheme3ml of xyl ene was
degassed by bubbling nitrogen through the solution for 15m n. The nononer
phase 8 é‘&ded to the aqueous phase at 50C and agitated by neans of a
propeller type stirrer at an appropriate velocity so as to obtain nononer
droplets of desired dianeter. The tenperature was increased to 80C 5and
stirred for 5h. The m'xture was filtered hot and washed with water and

acet one. Then eads zesioy), Size 390100pm 3.2. Wth the PLGA
Cross- Iha mth+e EGVA—rethodio- ALAPEGH-APHaqueous sol ution of 88%
hydr ol yzed pol yvi nyl al 222iN5%as 10 i ntroduced into a 1000ml

reactor and allowed to stand under a nitrogen atnosphere for 15m n. The
nononer phase contai ni ng pol y(ethylene glycol) nethyl ether nethacryl ate
(5.99; 19.6mmol ), PLGA cross-|inkexEt;1g; 1.7mmol) and 1wt % Al BN sol ubilized
i n 10mLHEPLAGIEGEA-Wds d sed bﬁ%—ﬂ‘bﬁbbl i ni trogen throug@ZFhe sol ution
for 15m n. The nonomer phasé&Qs HAdEWN% 0 t HORAFLABES-RYHEXC at 50C and
agitated by nmeans of a propeller €yfé: 15 stirrer at an appropriate

vel ocity so as to obtain nononer droplets of desired dianeter. The
tenperature was increased to 80C and stirred for 5h. The m xture was
filtere&lMeoideand washed with water and acetone. Then, beads were freeze
dry. Size = 246 150 pm 3.3. Wth the PLA cross-linker from PEG net hod
20A 0. 5% of aqueous sol ution of 88% hydrol yzed pol yvi nyl al cohol (90nl) was
i nt roduced | to a 100mL re o0 aggcal owed to stand under a nitrogen

at m)spher |q1 +The | norfoner gomGA-rrGGCHEIHy (et hyl ene gl ycol)
met hyl et her met hacryl abéQaIr 252@%, 1A cross-1inker (0.36g) and 1wt % Al BN
solubilized in 4.3nml of xylene was degassed by bubbling nitrogen through
the solution for 15m n. The nononer p{ e)e was added to the 25 aqueous
phase at 506.pod.ree-t@i-ef by -néns of peJ__l(er type stirrer a
appropriate velocity so as to obbal n meneawr dreRlepbsSA-PEcIeEN-664d/ di arret er.
The tenperature was increased to 80C gagistirred for Sh. The m xture was
filtered hot and washed with water and acetone. Then, beads were freeze
dry. Size 450100pm 30Synthesis reactions are sumari zed in the foll ow ng
schene: 50/3prRide/Glyoo®67 16

Sn(Oct)2

,(/\/O}H 4 HO-PLGA-PEG-PLGA-OH
HO
20n, 115°C

N(EY)
HO-PLGA-PEG-PLGA-OF+ —  — " . >:
COCI  12h, reflux COO-PLGA-PEG-PLGA-00C
CH,Cl,

3. Synthesis of the microspheres by suspension polymerization:

3.1. With the PLA cross-linker from the HEMA/PEGMA method
A 0.5% of aqueous solution of 88% hydrolyzed polyvinylalcohol (90ml) was

10  introduced into a 100ml reactor and allowed to stand under a nitrogen atmosphere for 15min.

The monomer phase containing poly(ethylene glycol) methyl ether methacrylate (2.77g), PLA



PCT/ EP2010/ 063227 _ CO 4. Degradation analysis: 50ng of dried

m cr ospheres were wei ghed and i mersed_in 10mL of PBS solutionin 5

i ndi vi duavouvhalwedeept at 37C or 70C. éénpl es were renovedTar2dessyeed ti mes
and inmedi ately freezed to stop the degradati on process. 6 sanples were

renoved_at .each .td ne i a .t he ri;ability in  the deqradi
o) eerSSERENodTEnR R Wit AIBNARHHTAE T 3T APk id bl ahesSS H kR,
pr oper tnitesyenf thraughab p ketutien\ier €5rdiet & hainmetnusi pigisa wasnjddesistiodhe sgtibads Wi t h
a TAX-T2 a us., The, results are presented i,n the foll ow 10t.abl e.
v or s phasear e bedid B T ke BB MEe e Aba Sy Sha veRRA 1t
(49 1G@B-t3006tath FRdnomer droplets of desired diameter. The temperature was increased to 80°C

5 and stirred for 5h. The mixture was filtered hot and washed with water and acetone. Then,

beads were freeze dry. Size 390£100um.

3.2. With the PLGA cross-linker from the HEMA/PEGMA method
A 0.75% of aqueous solution of 88% hydrolyzed polyvinylalcohol (220ml) was

10  introduced into a 1000ml reactor and allowed to stand under a nitrogen atmosphere for
15min. The monomer phase containing poly(ethylene glycol) methyl ether methacrylate
(5.9g9; 19.6mmol), PLGA cross-linker (1g; 1.7mmol) and 1wt% AIBN solubilized in 10ml of
toluene was degassed by bubbling nitrogen through the solution for 15min. The monomer
phase was added to the aqueous phase at 50°C and agitated by means of a propeller type

15  stirrer at an appropriate velocity so as to obtain monomer droplets of desired diameter. The
temperature was increased to 80°C and stirred for 5h. The mixture was filtered hot and

washed with water and acetone. Then, beads were freeze dry. Size = 246 + 150 ym.

3.3. With the PLA cross-linker from PEG method
20 A 0.5% of aqueous solution of 88% hydrolyzed polyvinylalcohol (90ml) was

introduced into a 100ml reactor and allowed to stand under a nitrogen atmosphere for 15min.
The monomer phase containing poly(ethylene glycol) methyl ether methacrylate (3.252g),
PLA cross-linker (0.36g) and 1wt% AIBN solubilized in 4.3ml of xylene was degassed by
bubbling nitrogen through the solution for 15min. The monomer phase was added to the
25 aqueous phase at 50°C and agitated by means of a propeller type stirrer at an appropriate
velocity so as to obtain monomer droplets of desired diameter. The temperature was
increased to 80°C and stirred for 5h. The mixture was filtered hot and washed with water and

acetone. Then, beads were freeze dry. Size 450+100um.

30 Synthesis reactions are summarized in the following scheme:



HEMA- PLGA (4% 300-500 35 P3 HEMA- PLGA (49%) 100-300 14 P4 HEMA- PLGA (6%

100-300 28 WD 2011/02986717PCT/ EP2010/ 063227 Rigidity and
el asti ci twoapa/wdess7nant paranmeters for®i nj ectability an#Ccraparmiosizon of
enbol i zati on m crosphere in a given vascul ar network. As illustrated

inthe followng table, the nicrospheres of the invention, upon swelling in
an appropriate gggiu such ch as sakin cose solution, contrast
media and 5 m x @ﬁg%d/q ent* ﬁﬁ%ﬁgﬁ%kér eHf'or ma of rigidity
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4. Degradation analysis:
50mg of dried microspheres were weighed and immersed in 10ml of PBS solution in
5 individual vials kept at 37°C or 70°C. Samples were removed at designed times and
immediately freezed to stop the degradation process. 6 samples were removed at each time
point to gauge the variability in the degrading samples. The pH of each sample solution was
measured and the mechanical properties of microspheres were determined using a
compression method with a TAX-T2 apparatus. The results are presented in the following

10 table.

Microspheres Cross-linker Size (Um) Degradation time
(days)

P1 HEMA-PGA (4%) 100-300 8

P2 HEMA-PLGA (4%) 300-500 35

P3 HEMA-PLGA (4%) 100-300 14

P4 HEMA-PLGA (6%) 100-300 28

15 5. Mechanical properties



(P2) Young nodulus 3.790.6 1.930.8 2.6 3.640.87 (Mra)

1.280.4 0.10.06 0.220.13 0.330.18 (MPa

10

15

20

25

30
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Rigidity and elasticity are dominant parameters for injectability and repartition of
embolization microsphere in a given vascular network.

As illustrated in the following table, the microspheres of the invention, upon swelling
in an appropriate medium, such as such as saline, glucose solution, contrast media and
mixtures of them, present mechanical performances of rigidity and elasticity which are
adapted to the technical conditions of embolization and which compare to current
commercialized microspheres: rigid to resist to the compression during the injection in
syringes and catheters (microcatheters with an internal diameter mini 0.7 mm) and an elastic

to regain its shape quickly after a deformation.

Embosphere® Embozene® Hepasphere® | Microspheres of
the invention
(P2)
Young modulus 3.7910.6 1.9340.8 2.6 3.64+0.87
(MPa)
Yield strength 1.2810.4 0.1£0.06 0.22+0.13 0.33+£0.18
(MPa)
6- In vivo

Microspheres prepared as indicated above (P1, cross-linker HEMA-PGA, 200um, 2g
sterilised, size 100-300um) were sterilized at 120°C 20 min and were suspended in a mixture
of saline and iodinated contrast medium (250 mg in 4 ml) and injected by a 1TmL syringe
slowly in the renal flow with a microcatheter which tip was prealably positioned in the ostium
of renal arteries in a pig. There was no blockade of the microcatheter and no resistance
during manual injection of the microspheres suspension. At the end of embolisation an
occlusion of the arteries in the embolised segment was observed on the angiographic
control. Animal was sacrificed at 48H and kidneys sampled. Under pathologic microscopical
examination, microspheres were visible in kidneys. They occluded completely the vessel
lumens of several interlobular arteries. They looked as clear spheres. Some inflammatory
cells were present on the microspheres. A partial resorption (~50%) is clearly visible

(presence of vacuoles).

Example 2

1. Synthesis of ibuprofen monomers:

Yield strength
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(m CI—IZBGHHEI\/A) 5.59-5.98 (m CH2=C), 7. 16 (dd C6l -14) 151.2. GMABu The
foll owi ng reacti on was perforned:

15 1.2. GMA-iBu

The following reaction was performed:

i/(o\/(clff HOOC\(©/\( - ﬂoﬂ/om

Glycidyl methacrylate (1.348 g; 9.5 mmol), ibuprofen (1.955 ¢g;9.5 mmol),
20  hydroquinone (0.2g) and pyridine (2ml) were dissolved in 5ml of DMF. The mixture was
shaken under vacuum at 40°C for 6h. Then, the mixture was cooled and poured in aqueous
saturated NaHCOj; solution (20ml). The organic phase was extracted three times by ethyl
acetate, washed with saturated NaCl solution, dried on MgSQO, and the solvent evaporated
under reduced pressure. The residue was purified by chromatography (ethyl acetate /

25  cyclohexane: 1/5). Yield : 40%.

Characterization by 'H NMR in CDCls: 0.89 (d, CHs, isopropyl), 1.51 (d, CHs-CH,
ibuprofen), 1.85 (m, CH-iPr, ibuprofen), 1.94 (s, CHjs;, methacrylate), 2.45 (d, CHz-phenyl,
ibuprofen), 3.75 (q, phenyl-CH-COO-, ibuprofen), 4.08-4.19 (m, CH,-CH(OH)-CH), 5.60-6.12
(m, CH,=C), 7.16 (dd, CgH4)

30
2. Synthesis of microspheres by suspension polymerization:

The following reaction was performed:



G ycidyl nethacrylate (1.348 g; 9.5 nmmol ), ibuprofen (1.955 g ;9.5 mmol),
20 hydr oqui none (0.2g) and pyridine (2nl) were dissolved in 5n of DWVF. The
m xture wae 28hakess7under vacuum at 408%for 6h. Then, thecwiEreamwessas cool ed
and poured in aqueous saturated NaHCO3 sol ution (20m.). The organi c phase
was extracted three tines by et hyl acetate, washed mnth saturated NaCl

sol ution, i#mgl 4 |an he solv nt , evapor at ed der reduu:edss e.
The resi due g&'\y 3&?/% ﬁhyf abe I 23 : ;
1/5). Yield : racterlz I on by 1H NMVR illn CDC18: 0.
CH3, |sopropyl) 1.51 (d |buprof n), 1.85 (mP CHi Pr, ibuprofen),
1.94 (s, CH3, nethacrylate), 2.45 (d, CH2f phenyl, ibuprofen), 3.75 (q,
phenyl - CH- COO-, ibuprofen), 4.08-4.19 (m| CH2-CH(OH)-CH2), 5.60-6.12 (m
CH2=C), 7.16 (dd, C6l1-14) 30 2. SynthesisYof mcrospheres by suspension
pol yneri zation: The follow ng reaction was perforned: WO
2011/ 02986719PCT/ EP2010/ 063227 +¢ (/-0Q+7) A ey .. 0 80080
A 0. 75% of aqueous sol ution of 8m%ﬁ%mw al cohol (220ml) was
introduced into a 1000nl reactor af@ all d¥ed tofQtand under a nitrogen
at mosphere for 5 15nmin. The nonong phaé?,cont% ni ng HEMA-i Bu (1. 6g;

e

5mmol ), poly(ethylene glycol) neth eth nmet hgcryl ate (5.9g; 19. 6mmmol),
PLGA cross-1inker (1g; 1.7mol) O1wt % AP B

ubilized in 10ml of

t ol uene was degassed by bubbl i ng ni gen throu the solution for 15m n.
The nononer phase was added to t he? gueous p at 50C and agitated by
nmeans of a propeller type stirrer an appr ate velocity so as to
obt ai n nmonomner dropl ets 100f desi i ametef. The tenperature was

increased to 80C and stirred for 5h.; The m x e was filtered hot and
washed wi th water and acetone. Then, beads were freeze dry. The
characteristics of the prepared m crospheres are summari zed in the
foll owi ng t&bb&5% of aqueous solution of 88% hydrolyzed polyvinylalcohol (220ml) was

introduced into a 1000ml reactor and allowed to stand under a nitrogen atmosphere for

5 15min. The monomer phase containing HEMA-iBu (1.6g; 5mmol), poly(ethylene glycol)
methyl ether methacrylate (5.9g; 19.6mmol), PLGA cross-linker (1g; 1.7mmol) and 1wt%
AIBN solubilized in 10ml of toluene was degassed by bubbling nitrogen through the solution

for 15min. The monomer phase was added to the aqueous phase at 50°C and agitated by
means of a propeller type stirrer at an appropriate velocity so as to obtain monomer droplets

10  of desired diameter. The temperature was increased to 80°C and stirred for 5h. The mixture

was filtered hot and washed with water and acetone. Then, beads were freeze dry.

The characteristics of the prepared microspheres are summarized in the following

table:

Microspheres Cross-linker iBu size
P5 HEMA-PLGA(8%) 20 40-100
P6 TEG-PLGA (5%) 20 40-100
P7 TEG-PLGA (3%) 43 40-100

15

3. In vitro release of ibuprofen:

220mg of ibuprofen loaded microspheres (P6) was suspended in a vial containing
30ml of PBS (pH7.4). The vial was incubated at 37 °C with constant shaking. At time

20 intervals, the vial was centrifugated for 10s and sample (100ul) from the releasing medium
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4. In vivo : intra-articular injection of microspheres (P8+P9) in sheep joint shoulder

An implantation study of microspheres was performed in sheep shoulder joints
(gleno-humeral joint). Two species of microspheres (40 — 100 ym) were injected: resorbable
micospheres (P8-TEG-PLGA 6% with PEGMMA 300) and non-resorbable microspheres (P9-
PEGdiacrylate (M=575) 6% with PEGMMA 300) which are inflammatory. One week and one

10  month after intra-articular injection, the synovial inflammatory reaction induced by resorbable
microspheres was compared to inflammation triggered with non-resorbable microspheres.

In sterile conditions, depyrogenised and sterilized microspheres were suspended in
physiological serum. Then, 1 mL sterile syringes were loaded with a volume of microsphere
pellet corresponding to 50 mg of dry microspheres. Under general anesthesia, synovial fluid

15  ponction was performed on the right shoulder from 6 adult sheep (3 — 4 years old), then the
syringe containing microspheres was placed on the needle located in the joint cavity.
Microspheres were injected slowly in the articular space.

After one and four weeks, animals (3 per group) were sacrificed and synovial fluid

from shoulder was recovered. The whole shoulder joints were removed and fixed in formalin
20 10 %. Then, synovial tissues were cut and stained with haematoxylin/eosin for microscopic
observation.

In the joint, the injected microspheres were located either into the synovial fluid or in
the synovial lining of joint. Migration of microspheres to the synovial lining of capsule did not
induce cell proliferation. The inflammatory response of synovial tissue to the resorbable

25  microspheres was compared to inflammation induced by non-resorbable microspheres. Cells
surrounding the microspheres incorporated into the synovial lining were numbered (0.1 mm?
field). After one week, 253+/-57 cells were observed around non-resorbable microspheres,
whereas only 83 +/- 15 cells were observed around resorbable microspheres (p < 0.0001).
One month after injection, 172 +/-34 cells surround non-resorbable microspheres compared

30 to 98 +/-36 cells for resorbable microspheres (p = 0.0005)., The absence of giant cells

around the resorbable microspheres confirmed the low level of inflammation induce in joint



M crospheres % i Bu rel eased Day30 Day60 Day90 P6 TEG PLGA (5% -20%iBu 6 8
14 P7 TEG PLGA (3% 43%iBu 1 1.5 2 4. In vivo : intra-articular injection
of m croswberan20$8+P9) in sheep j oi n€lshoul der 5 PCAEPR0TpI06322AL | ON

study of mcrospheres was performed in sheep shoul der joints (gleno-huneral

oi nt eci es ospheres (.40 re i,nected esor babl e
| ounitileBesREsscRart RSSO B3t inBRaLREL eRE eyt o fesorsztR
m cr osphierosphdr&®- PEGdi acryl ate (M=575) 6% with PEG\/IVA 300) whi ch are
i nfl anmat ory. ,One vvee and Fne 10npnth afte

f n | é in%}rﬁq (#1 Z .néeg\tﬁéon
synovi al i nff 8?’?? dide £ 8% Mol 8HeHISeEeRr Bigh'e er%r% PLHM RPNREES
t:orrp?r e@lvecdiéerﬁde?mmml orofit to ggetreginmhtshndioatim@m tmgbntosprre(er @spheiodshad

n sterile c ons e er ze cro wer.e
sus en et T gy P BBy e e iReS TR pinE beedPyL R ML Races
wi t h a highlldistoafedrdndnaspdiieee. pel | et cor respondi ng to 50 ng of dry

perf or med. onietREoY PRRECS LGS M oudtres huels s o PRATIBA  hen
t he synhmdmmulaedlnmgrospmespl’sewetktohemtq@l Bcthed synotibetisseesibeshautddrgaint n t he
Joint G tyS|gr|1\4|can glppro Pera on. Furt eﬁ?nto?éj rglsc9rV\4 oh &nmltcpc?spﬁértelscd“l'é %E)t m 3((::ee'

10  an inflammatory response.

15 Example 3
1. Microspheres with a HEMA-PLGA cross-linker and a hydroxyl function:

A 0.5% of aqueous solution of 88% hydrolyzed polyvinylalcohol (300ml) was

20  introduced into a 500ml reactor and allowed to stand under a nitrogen atmosphere for 15min.
The monomer phase containing poly(ethylene glycol)methacrylate (9.45 g ; 17.97 mmol),
poly(ethylene glycol) methyl ether methacrylate (5.47g ; 18.23 mmol), PLGA cross-linker (0.9

g; 1.52 mmol) and 1wt% AIBN solubilized in 14ml of toluene was degassed by bubbling
nitrogen through the solution for 15min. The monomer phase was added to the aqueous

25 phase at 50°C and agitated by means of a propeller type stirrer at an appropriate velocity so
as to obtain monomer droplets of desired diameter. The temperature was increased to 80°C

and stirred for 5h. The mixture was filtered hot and washed with water and acetone. Then,

beads were freeze dry.
30 2. Microspheres with a HEMA-PLGA cross-linker and an acid function:

A 0.5% of aqueous solution of 88% hydrolyzed polyvinylalcohol (300ml) was

introduced into a 500ml reactor and allowed to stand under a nitrogen atmosphere for 15min.

The monomer phase containing methacrylic acid (2.33g ; 27.07 mmol), polyethylene glycol

35 methacrylate (8.05g ; 26.83 mmol), PLGA cross-linker (1.32 g ; 2.24 mmol) and 1wt% AIBN
solubilized in 14ml of toluene was degassed by bubbling nitrogen through the solution for

15min. The monomer phase was added to the aqueous phase at 50°C and agitated by
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M crospheres with a HENA—PLGA cross-linker and a hydroxyl function: A 0.5%
of aqueous sol ution of 88% hydrol yzed pol yvi nyl al cohol (300nl) was 20
introduced into a 500m. reactor and allowed to stand under a nitrogen
at nosphere for 15m n. The nononer phase contai ni ng pol y(ethyl ene
gl ycol ) met hacrylate (9.45 g ; 17.97 mmol ), poly(ethylene glycol) nethyl
ether nethacrylate (5.47g; 18.23 mol ), PLGA cross-linker (0.9 g ; 1.52
nmol ) and 1wt % Al BN sol ubilized in 14nml of tol uene was degassed by bubbli ng
nitrogen through the solution for 15m n. The nononer phase was added to the
aqueous 25 phase at 50C and agitated by neans of a propeller type stirrer
at an appropriate velocity so as to obtain nononer droplets of desired
di aneter. The tenperature was increased to 80C and stirred for 5h. The
m xture was filtered hot and washed with water and acetone. Then, beads
were freeze dry. 30 2. Mcrospheres with a HEMA- PLGA cross-|inker and an
acid function: A 0. 5% of aqueous solution of 88% hydrol yzed
pol yvi nyl al cohol (300mL) was introduced into a 500nmlL reactor and allowed to
stand under a nitrogen atnosphere for 15m n. The nonomer phase contai ni ng
met hacrylic acid (2.33g ; 27.07 mmol ), polyethylene glycol 35 nethacrylate
(8.059g ; 26.83 Mol ), PLGA cross-linker (1.32 g ; 2.24 mmol) and 1w % Al BN
solubilized in 14nl of toluene was degassed by bubbling nitrogen through
the solution for 15m n. The nononer phase was added to the agueous phase at
50C and agitated by



WO 2011/ 02986722PCT/ EP2010/ 063227 means of a propeller type stirrer at an
appropriate velocity so as to obtain nononer droplets of desired dianeter.
The tenpewetori@29%s | ncreased to 80C 4Rd stirred for ShPCTHP2M0X632E Was
filtered hot and washed with water and acetone. Then, beads were freeze
dry. 5 3. Mcrospheres with PEGL500- IL% cross-linker and acid function:
A solution of Span80(r) (1% dissol 28 1n 200nL of cycl ohexane was

i ntroduced into a 2000mL. reactor and allowed to stand under a nitrogen

at nosphere for 15m.n. .The nononer.phase, containing acrylic acid (2.4g ;
3573 hrloP PR R R a3%: 90, 35 ol 3. 0 PEG PLGA
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4. The polymer according to any of claims 1 to 3, wherein the bio-resorbable block copolymer
cross-linker is of the following formula (II):

(CH,=CR7)CO-(X,)-PEG,-Y(-CO-(CRg=CHy) (Il)

wherein:

25 - R7and Rgindependently represent H or a C1-C6 alkyl,
- X and Y independently represent PLA, PGA or PLGA;
- n, p, and k respectively represent the degree of polymerization of X, PEG, and Y, n and k
independently being integers from 1 to 150, and p being an integer from 1 to 100;
- jrepresents 0 or 1.

30
5. The polymer according to any of claims 1 to 4, wherein the bio-resorbable block copolymer
cross-linker is of a formula selected from the group consisting of:
(CH,=CR7)CO-PLA.-PEG,-PLA-CO-(CRs=CHy),
(CH,=CR7)CO-PGA,-PEG;-PGA\-CO-(CRs=CHy>),

35 (CH,;=CR;)CO-PLGA,-PEG,-PLGA-CO-(CRs=CHy),
(CH,=CR7)CO-PEG,-PLA-CO-(CRs=CHy),
(CH,=CR7)CO-PEG,-PGA-CO-(CRs=CHy), and



wherein: 25- R7 and R8 independently represent Hor a 01-06 alkyl; X and Y
i ndependently represent PLA PGA or PLGA; n, p, and k respectlvely

repr esentwohelideggeee of pol yneri zati of*of X, PEG and YPCH/ERDE k63227

i ndependently being integers from1l to 150, and p being an integer from1
to 100; The pol yner according to any of clains
lto 4(Cme¢§8§85§%&% QGR g§ @%ré” I’ock copol yner cross-linker is of a

f or mul avheedie & &k, hr pand kergaod¢finedris claim 4g of :
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The pol yner according to any of clains 1 to 6, wherein the nononer of
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20 (i) a drug-carrying monomer of the following formula (lIl):
(CH2=CRg)CO-L-D (lIl)
wherein:
- Rg represents H or a C1-C6 alkyl;
- L represents a linker moiety having from 1 to 20 carbon atoms comprising a hydrolyzable
25  function linked to the D group;
- the D group represents a drug or a prodrug; and
(i) a charged, ionisable, hydrophilic, or hydrophobic monomer of the following formula (V):
(CH2=CR¢1)CO-M-F (V)
wherein:
30 - Ry represents H ora C1-C6 alkyl;
- M represents a single bond or a linker moiety having from 1 to 20 carbon atoms;
- F represents a charged, ionisable, hydrophilic, or hydrophobic group having 100 atoms at

the most.

35 9. The polymer according to claim 8, obtained from the polymerization of the at least one
monomer, the at least one bio-resorbable block copolymer cross-linker, and the drug-

carrying monomer.



the D group represents a drug or a prod rug; and (ii) a charged, ionisable,
hydr ophilic, or hydrophobi c nononer of the following fornmula (V):

( CH2=CR11WQQe My B9g6Y) wherei n: 30- R11 ?epresents H or aPOTARG01al0k32R7 M
represents a single bond or a |inker noiety having from1l to 20 carbon
atons; F represents a charged, ionisable, hydrophilic, or hydrophobic
group having 100 atons at the nost. 359. The pol ynmer according to claimS8,
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20
13. The polymer according to any of claims 8, and 10 to 12, wherein F is selected from the
group constituted of COOH, COO", SO;H, SO3, PO4H,, POH", PO,*, NR{1R12, NR11R12R13",
R11, Ry2 and Ry3 independently representing H or a C1-C6 alkyl, a linear or branched alkyl
group having from 1 to 20 carbon atoms, an aryl group having from 5 to 20 carbon atoms, a

25  crown ether, and a cyclodextrin.
14. The polymer according to any of claims 8, and 10 to 12, loaded with a drug or a prodrug.

15. The polymer according to any of claim 8 to 11 and 14, wherein the drug or the prodrug is

30  an anti-cancer drug.

16. The polymer according to any of claims 8 to 11 and 14, wherein the drug or the prodrug
is an NSAID.

35 17. The polymer according to any of claims 1 to 16, which is in the form of a film, a foam, a

particle, in particular a spherical particle, a lump, a thread, or a sponge.



25crown ether, and a cyclodextrin. 14. The polymer according to any of
clains 8, and 10 to 12, |loaded with a drug or a prodrug. 15. The
pol yner awoandimgsero any of claim8 t8011 and 14, wher eiPoTiEPRO1G06322Dr t he
prodrug is 30an anti-cancer drug. 16. The polynmer according to any of

2011/ 0386h PaabekFLaGH o RSB ol i heradE ePASH YPosrloble PRRCLAMY 1 si ng

at | easlttodideinpskyciationacithos diharghaceutaalyy adceptablenatridro 17, in association with
a pharmaceutically acceptable carrier. 19. The pharnmaceutical conposition
according to claim18, for use as an inplant. 20. The pharnmaceuti cal
conposi1oi dine plcaroradewngat aonepasition B8cading 3o cliaim 48, fonyecdsadol endlaotm  21. The
phagpmaceutical conposition according to any of clains 18 to 20, for

i npfantation into tissues, internal anatom cal spaces, body cavities, ducts
and vex9felke phé&thacdinteapdmanpmsdien taccartingdorplasn 18 on1édc an dhjedalile famy of cl ai ns
18 to 21, for treating inflammtion or cancer.

21. The pharmaceutical composition according to any of claims 18 to 20, for implantation into
tissues, internal anatomical spaces, body cavities, ducts and vessels.

10
22. The pharmaceutical composition according to any of claims 18 to 21, for treating

inflammation or cancer.



