WO 2009/014549PCT/US2007/082659 COLOR-CODED AND SIZED LOADABLE POLYMERIC-
PARTICLES FOR THERAPEUTIC AND/OR DIAGNOSTIC APPLICATIONS AND METHODS OF
PREPARING AND USLNG THE SAME CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This apPliEdidi ¥ hcontinuation-in-part of U.S. Patent Application R6TBRE79835 filed October
25, 2005, which claims the benefit of priority under 35 U.S.C. 119(e) of U.S. Provisional Patent
Applications Nos. 60/684,307, filed May 24, 2005 and 60/621,729, filed October 25, 2004, and the

entire disclosures of which are incorporated herein by reference, Thi lica sQ claims the
benefit of priority UnBEOE LD ED f‘i%(’e%lg‘ﬁg %Gﬁ%%gﬁg%wilp%ﬁ%a%@éﬂ% 62,015, filed
July 25, 2007, th&@ BRReRHSEBSUAN B b ihad#s OrFCOID arBitd d (e FgINTHy 4&fBritBiIBRERGEROUND OF
THE INVENTION 15[0002]Small pagigias, iisledirgpigieepheres angenanospheres, have many

medical uses in diagnostic and therapeutic procedures. In selected clinical applications, it may be
advantageous to provide specific sizes of such microspheres and nanospheres to a user. Such sizing
of microspaheres and nanospheres may allow for selective embolization of certain sized blood vessels

in specific clinical uses. It may_further. ous.t Vi ith 20 color-coded
microspheres or nanospheresqg%ﬁgﬁ%%ﬁ%&?ﬁ%%cﬁ%%ﬁ%@%ﬁé%%&% es in use. Such
color-coded microspheres or nanospheres may further be provided in like color-coded delivery or
containment d&¥ds to BHhatRibitRER i dénfifi CABGHEH Prdvide Vistal cIrifthaftBRliGHHAR U of a
specifically desirest7size, aftegichospherss ormanosphetess[@R03iMastdriptusrnt particles usedin
medical applications are, characterize 25disadv, in ing Irtation .of the tissues
i wnich they Sl o B o ArEonaliy iy of the
materialsilise P86 prepar8lad isrbeatt pritfc ey Mhay gt parativeR sty RARRATRS iffsifimalian
body, thereby deteaating framsthepiviiity iseerain frosedifes whene lang:temumesenceofdntact

particles May b Ml Raal Laent Ansribarins A0 pgenn DSSERSRIY HMatRoVEL diedggpdaion of the
prior art materlals may release ?OXIC rirritating compounés causmg adverse reactions in the patients.
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

15 (o062} Small particles, including microspheres and nanospheres, have many medical uses
in diagnostic and therapeutic procedures. In selected clinical applications, it may be
advantageous 1o provide specific sizes of such microspheres and nanospheres o & user. Such
sizing of microspheres and nanospheres may allow for selective embolization of certain sized
blood vessels in specific clinical uses. It may further be advantageous to provide a user with

20 color-coded microspheres or nanospheres to allow ready identification of the sized particles in

use. Such color-coded microspheres or nanospheres may further be provided in like color-
coded delivery or containment devices to enhance user idemtification and provide visual

confirmation of the use of a specifically desired size of microspheres or nanospheres,

[e083] Most prior art particles used in medical applications are characterized by numerous
25 disadvantages including rritation of the tissues with which they come In comtact and initiation
of adverse immune reactions. Additionally, many of the materials nsed to prepare the prior art
partickes may degrade relatively rapidly within the mammalian body, thereby detracting from

their utility in certain procedures where long term presence of intact particies may be



[00041lt is also a problem in the art for certain types of prior art particles that it is difficult to achieve
desirable suspension properties when the particles are incorporated into a delivery 5 suspension for
injection into a site in the body to be treated. Many times, the particles settle out or tend to "float" in the
solution sucl thetEYSAte not uniformly suspended for even deIivery Fﬁ%ﬁ%%’@%ﬁ%les may tend
to aggregate within the delivery solution nd/or here to som rt of th very, de ig8n aking it
necessary to SSMEHsASSY ?\h/esged; e%tfvei/a ac’fmrfrf)rces 0[86)51%38? erltooac}gre\}eggt stable
dispersion, it iotkpowrstorerde: sditablecdisipes Sirifcageis that may include surfactants directed at
breaking down attractive particle interaction. Depending on the nature of the particle interaction, the
following materialg may: bealisedircationicianioiic @rmonjeaics priactamsslchias TwddhTu 20,
TweenTm 40, Tyeens Q&%Qm@%l}'sm &Psr&lxﬁs'éw‘ﬁer;iu@ﬂ&@%&s%@&e&e&wu@n@wmﬂy} occurring

proteins such as | serum albumin, or any other macromolecular surfactants in the deliver

formulation. ﬁ%ﬁﬁé?%féftrﬂ@k%?ﬁﬁ@‘%\@é‘ﬁfs‘%gﬁ B PhERT e VERT hERR S TN SBHHRY by
sedimentationang teriereasauSolutian siscosity: fomhexamples polyvinikalcohsisnpolyisinglen

pyrrolidones, sygats of dextins, Depsityagdiives Mmay.alsaba ARria achiexe BHANAE 0006

can also be difficult fo visualize mi ropartrcles In solution to determine their 20 degree of suspensron
when using cReBertrihSpEre AtTH oIy MEriE SER)I A RY R E D S bR g UL SR L EN 86 Rtempts to
use the inert prgeipitatebayiumsulfate, in particle form is known as an additive for bone cement, for
silicones for rendering items visible during X-ray examination and for providing radiopacity to polymeric

aerylate Rﬁrtiqlﬁr%#ee M@QW@Q@t@ta@@H;SM%o@Qi isM@bvw2idNad Tuippidd sﬁésﬁﬂz@&@énﬂhe barium
sulfate also is known for 25 imp rovrn fluigization, and is, ofte used as an morgca}nrc filler to |mpart

anti-stick behHAort8 ’BFs’t‘dé’\gﬁV FATEY SRS “OREr Bitor S At e mnts to herease Visualization of
inicropartieleshinglutiecuse 4 getel EforfekamwieEmﬂQ@spheré}@&ﬂwﬁﬁrwﬁési%f?ﬁad@ntﬁeéolor to
acrylate mICFOOQL%H?JG%}J&{QQ&fﬁ@”,@mog{mc%gp!ﬂehlgoﬁmmmeﬁmln*me@lr@aigapphe@;mns@ it may

further be of value to provide microparticles Slt J S mlcrospheres In one or more sizes. Furthermore,
i

it may also bePBBSENIETH L GEEr 8HBVIHESELR- O Su R T S 8 eSS pRarEs IS EaTD oFated with
color-coded asseeiastididiresdo imdicatetheanionosphiere ssmiect@ltheiruser Idﬂy‘@mtﬁe’rfa'ﬁj’pﬁ@atrons of

use, it may futher be of valie tpprayidesized gnd.coloxagded-igrospherestiena wsarin smilarly

color-coded syringes or other containers for transport and delivery to fgrther aﬂd apser i in rdentlfylng

the size of m|éFég‘be’éfﬂé%“tfé’i?r&u@é‘ffﬁ@(ﬁ@@]*f’ﬁe"r‘é‘:ﬂ?ﬁs RsTERIe BHe A A oSSy particles that
can be formegtadiavec:a preferentiagendrallyisphétical menfiguratioador séreairbapphicstions such as
various therapeutic and diagnostic procedures which are not degraded by the natural systems of the
mammalian sygses), are: Riecampatitlienane easyoiisualizpainistispensiaivwhilédnruse:ahdfor

demonstr;é cceptapl g% S)ﬁs{g]zqil\akrjrd susrpeni%lon pro %ré“n Sﬁ‘o%léﬁ %HMME’ Jg%pgggggnlg first

aspect, there i %ng?de or-co fépposl1 eric partrc es comprising: an acrylate-based hydrogel

core incorporatingrenearnsie d%“ﬁﬁd%ﬁ%@l‘éﬁ%ﬁéﬁ%ﬁ?ﬁﬁﬁshﬁ%é%%d?@%? driepds
polyphosphazgng, havipg dhergensraliermuen()or siliconss for rendering items visible during X-ray

examination and for providing radiopacity to polymeric acrylate particles. See Jayakrishnan et
al., Bull. Mat. Sci., Vol. 12, No. 1, pp. 17-23 (198%). The barium sulfate also is known for

improving fluidization, and is often used as an inorganic filler to impart anti-stick behavior to

[
LA

moist, aggregaied particies. Other prior art attempts to increase visualization of microparticles
include use of gold, for example, Embosphere Gold™ provides a magents cojor to acrylate

microparticles using small amounts of gold.



in which the n value is an integer from 2 to cc; le to R6 are independently selected from the group
consisting of a substituted or iinsubstituted alkyl,aminoalkyl,haloalkyl, thioalkyl, thiomyl, alkoxy,
haloalkoxy, aryloxy, haloaryloxy, allcylthiolate, arylthiolate,alkylsulphonyl, alkylamino, dialkylamino,
heterocycloalkyl comprising one or more heteroatoms selected from nitrogen, oxygen, sulfur,
phosphorus, or a combipation. thereof, or heteroaryl comprising one or more heter cted
from nitrogen, 8% Gen, gﬁﬁ?ﬁ?‘ﬁﬁ%@%ﬁ%?@g}%&gl rg"g{élrﬁ ) n%ﬁ%ﬁ t se?gg) E@’v%%r%?ﬁgtk e%?)%rgn]%ﬁg ﬁarticles
are formed as smicresphergsiceach miccosphierdzbei i phetioesdd irmacalibreted i &t s3¥TBnge and
each size or size range-having.a yisvalvdistingtive aelonimearetiiedihydhe: caparaaRdyes to

provide a visual indication of the size or S|§e rangzr}of the specifrln

Al 1T Ic micr03£here. 00 %& In %fsecond
aspect, there iSEGHIRIEHIRERAGY 1GF MaRMY Eol O1-LO BB

RSB 8L, ThE metiod comprising:

incorporating cag:efrpaedd yesdnio asiasnydatexiasephbydtogelseoresianidrty coktingdite atrgtate-based
laydrogel ...ore with one or. mor azgne having.t oraua ) r
RIR2R3 | | P- 6":9%@8& "-"ﬁ%}%ﬁ%ﬁﬁ%ﬂ%ﬂ %ﬁ%u\%%ﬁi%] an inte%‘aeryf}%nﬁ] %%g Ec}%ﬂ;%ﬁm are
independently @@%ﬁ@@%@rﬁ%ésﬁ%up consisting of:  a substituted or unsubstituted alkyl,
aminoallcyl, haloalkyl, thioalkyl, thioaryl, alkoxy, haloalkoxy, aryloxy, haloaryloxy, alkylthiolate,
arylthiolate, alkgidliohoripkraliopasise idikikgratoned fatarssyprobtiey led rpriiig Bae Brifiére
heteroatoms selected from.pitragenpRN@ehosliurapiosphosussiar asnmbinationiheseofsioss
heteroaryl comprising one or more heteroaéoras elected fror;rilcnitra%g

_ ( n, oxygen, sulfur, phesphorus,
and a combinatiSFRRAE R8P WHBRERT hE BEITETE rél(?r)ti%:rl"eéi%{re 3iie ?aﬁ%%%%ﬁé%&%%%%ﬁ '
microsphere beiagpsbatucettin archlipratpdbizear sizp ranigesingivaeirsiFeoyeizdrapyeHaving a

visually distinctiye color imparted Jaut, y.{he R erMAE-Ees.lo provide a visual indication of the size
: b )

or size range of the specific microsphere.
BRIEF SUMMARY

[06008a] In a first aspect, there is prévided color-coded polymeric particles comprising:

~ an acrylate-based hydrogel core incorporating one or more dyes; and

an outer shell comprising one or more dyes and a polyphosphazene

having the general formula (I):
- g R2 L
]
" PmmN-—pm==N—P==N M
- Lﬁ LS 1L.6 n |

in which the » value is an integer from 2 to w; R' to R® are independently
selected from the group consisting of: a substituted or unsubstituted
alkyl, aminocalkyl, haloalkyl, thicalkyl, thicaryl, alkoxy, haloalkoxy,
aryloxy, haloaryloxy, alkylthiolate, aryithiolate, alkylsuiphonyl,
alkylamino,  dialkylamino,  heterocycloalkyl comprising one or more
heteroatoms selected from nitrogen, oxygen, sulfur, phosphorus, or a
combination thereof, or hetercary! comprising one or more heteroatoms
selected from nitrogen, oxyegen, sulfur, phosphorus, and a combination
thereof wherein the polymerié particles are formed as microspheres, each
microsphere being produced in a calibrated size or size range and each size
or size range having a visually distinctive color imparted to it by the one or
more dyes to provide a visual indication of the size or size range of the

specific microsphere.

LS}



[0009]The disclosure includes a particles for use in a therapeutic and/or diagnostic procedure. The
particle comprises poly[bis(trifluoroethoxy) phosphazent] and/or a derivative thereof. [ONO]The
present disclosure further includes particles comprising poly[bis(trifluoroethoxy) phosphazene and/or a
derivative thereof provided as microspheres provided in one or more specified sizes. [0011]The
present disclosure further includes particles comprising poly[his(trifiuoroethoxy) phosphazene and/or a
derivative ther ided as S|zed ggg@ig dye
|ncorporated[?§9cgbc§) \l{Pac?'ue ot et&%gﬁﬁﬁ%dmﬁﬁﬁeﬁ%%yﬁf gg]@%ser in identifying the
size of mlcrqwhécesihﬁ%éﬁ?dmﬂm%rospheres of the present disclosure may further be provided as
sized microspheresifustherirnprisimya Ssontoaagrairchesfioikned s epdttached to the exterior
of the microspheres aiganiaiaRslor AaiugiRg AL solfisedadaipagaialbasansport of
delivery containey ta fu8tj 9%3 user in providing a visual confirmation of the specific size of
microspheres in u%vmg[ so mc"zl ed is a method of minimizing blood flow to a tissue in a
mammal comprising cctudlng atdeast a pédrtion of a blood vessel of the mammal with at least one
particle, wherein the part%ncle comprises aipoly[bis trifluoroethoxy) phosphazene] and/or a derivative
thereof. WON]Furt escrifed perejp isamet f delivering an active agent to a localized area
within a body of a mammal comgrising cohtactingithe localized area with at least one of a particle
comprising poly[bis(t fltﬁroetho ) phos£razene’ and/or a derivative thereof and an active agent,
such that an effective amount of the active agent is exposed to the lo-alized an [0015] Also within the
disclosure is a sustained release formulation of an active agent for oral administration, the formulation
comprising a polymr afstife ARt BerFE ARt 2 hErein the polymeric capsule comprises
poly[bis(trifluoroeth@ty) phespliazenelisndiar-a derivatiyetheseatiopdH] The disclosure further

includes a method of traging, li pAsaas ol ahARicleduioyaR,abiogd reasel ) amagimal, the

method comprising |n!ec Ing-Into the bloodstream of a mamma at least one tracer pa tlcle the.tracer

particle comprising iagiericresTe ERERY DBleeitTz eliipiare P ddriok i tmarEeAnd a contrast
agent, and imaging ihelketie, eklbgapaiticie:oOk Al ianpina methadrehemhanesd ultrasound

imaging is describe%eme%{eedi@foy}ﬁaogm oxygen, sulfur, phosphorus, or a combination thereof, or

heieroaryl comprising one or more hetercatoms selected from nitrogen, oxygen,

sulfur, phosphorus, and & combination thereof
wherein the polymeric particles are formed as microspberes, each microsphere being produced in 2
calibrated size or size range and each size or size range having a visually distinctive color
imparted to it by the one or more dyes 1o provide a visual indication of the size or size range of the

specific microsphere.

[0069] The disclosure includes a particles for use in a therapeutic and/or diagnostic
procedure. The particle comprises poly[bis(trifluoroethoxy} phosphazene) and/or 2 derivative

thereof.

{0016} The present disciosure further includes particles comprising
poly[bis(trifluorcethoxy) phosphazene and/or a derivative thereof provided as microspheres

provided In one or more specified sizes.

[0011]  The present disclosure further inchudes particles comprising

poly[bis(trifiuvoroethoxy} phosphazene and/or a derivative thereol provided as sized
microépheres and further coﬁnprising a color-coded dye incorporated into or attached to the
exterior of the micrespheres to visually aid a user in idemifying the size of microspheres in

use.



method comprises administering to an ultrasound subject at least one hollow microcapsule comprising
poly[bis(trifluoroethoxy) phosphazene] andlor a derivative thereof to an area of the ultrasound subject,
and imaging the area of the subject using ultrasound. [0018] The disclosure also includes a method of
delivering an active agent to a localized area within the body of a mammal comprising contacting the
localized area with at least one of a particle comprising poly[bis(trifluoroethoxy) phosphazene] and/or a
derivative there an activ e uch that.an effective. amount of the .active agent is exposed to
the localized argaqﬁvg\/]?\er%ﬁncﬁ Sg%f)%grstigéh% Fﬁ%éﬁseégcé%gggglﬁ{%ﬁ%%‘agggeﬁ%ﬁi/?lfﬁgl9]Further, a
~ method for minifiZiF e SIEFatTRrEEIERieRY faise d fedneaepytied intsod Polwicists destvibed in
which the methed eerntisespravidingdaativm sulfatededhs eosgnandlorsutagent ﬂﬁ%@%ﬂ&lﬁ% WO
20091014549PCT/U%@Q@Q%%@%@E'fo E%g%lPTle. F THE SEVERAL \(II%W QF THE
'DRAWINGS 100301 The foregaing summary. as well as the folswind AR JeSH BB e
invention, will bebttencoind sizacdm iernresdriiseonjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the drawings embodiments that 5are presently
preferred. It should be understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown. 100211In the drawings: 100221Fig. 1 shows a schematic
representation of a general eryoextractlon scheme used to prepare particles according to one
embodiment of the invention; | 0100231Fig. 2 shows the manual dripping technique by which the
polymer solution was supplied to liquid nitrogen in preparation of the microspheres of Example 1,
herein; 100241Fig. 3A and Fig. 3B show unloaded polyphosphazene particles (rnicrospheres) as



prepared by one embodiment of the cryoextraction method as described herein3A shows a 4x optical
microscope view and Fig. 3B shows a 100x scanning electron microscope 15view; 100251Fig. 4
shows a particle (microsphere) formed according to one embodimenth invention loaded with bovine
insulin (20% (wt/wt)) at 100x magnification 3E1\4; 100261Fig. 5A and Fig. 5B show the surface

morphology of @HB dedAﬁ%y%l%%g} Z?”ecéhéﬂi%@éﬁﬁler?ﬁﬁ Fig, 6 43,21 Image gblained, using an
atomic force microscope and Fi isa D ¢h

CO -ig. scanning electron micrograph showing the surface of an
unloaded polysrosphazerie!Hileeosphete o5000% ntabifi atte! [I0R7 TRIgS% Al 7 Shoh e

cryoextraction sgissp-for Mseinian embrdimentsef thenvantiemwhesin it isra-choaxiiaction
vessel and Fig. 7 is a syringe pump; [0028JFig. 8 is a cross-sectional view of an apparatus for use n
microcatheter &Ry 6F98ATEroparticles in Example 14 herein; WO '
2009/014549PCT/US2007/082659 [0029]Figs. 9A and 9B show an SEM at 1.0KX magnification of the
surface of the $¥ile ChiviidropatidIes Nt r IETRYH REIGHTHEHIARRRSH Y BISPAY Al FBBBOK X
magnification ofrfae.fikth thickness ekmiciopaibisiasiormediin accordanaensith SampleGeiExample

12 used in the evaluation of Exa Le 4, respectively; . 100301Figs. 10A, 10B, 10C.and 10D are SEMs
of micropariel S PHEE THREe TN T S Riee, BT ERAArE 1 AT 50 VAN R GRedt Example

' 14 after passingethrorashicsezitietan showiripmaralce! féanes AERIS STOACSEOB drdl KB ERaRTE0K X
magnification and at 5.0KX magpnification (Fig. 10D); and 100311Figs, 11A,11B, 11Cand lIDare -
SEMs of microffiékitles/fspriidiiihsclisnaaties 1 vt ESsinsieiomisiearniie advafeeethermal stress

testing in Exa g LIA L _ ification o inar. ipation jn.the strong
whito contrast poog P L8 e O oAt %??%%%ﬁéﬁé%%%@?@ B e and

| ID are, respecivdlyBHoK GHeHE GRS AP SEN  grehnay Sapnbseenal cRBfartic s &isiving only
min‘o'r defects. thereof.

[0016] The disclosure further includes a method of tracing the passage of a particle through

a blood vessel 1 2 mammal, the method comprising injecting info the bloodstream of =
marnma! at least one racer particle, the fracer particle coﬁxprising polyibis(trifinoroethory)
phosphazens] andfor a derivative thereof and a contrast agent, and imaging the route of the

particle.

[(}017] Additionally, a8 method of enhanced ultrasound imaging is described herein. The
method comprises administering to an ultrasound subject at least ope holiow microcapsuie
comprising polylbis(mifluorosthoxy) phosphazene] and/or a derivative thereof o an area of the

* ultrasound subject, and imaging the area of the subject using ultrasound.

[6018] The disclosure also includes a method of delivering an active agent to a localized

arez within the body of @ mammal comprising contacting the localized area with at least ope of
a particte comprising polyl[bis(trifluoroethoxy) phosphazene] and/or a dertvative thereof and an
active agent, such thai an effective amount of the active agent is exposed to the localized area,

wherain the particle comprises an agent o increase density.

{6019} Further, a method for minimizing agelomeration of particles formed from acrvhic-
based polymers is desecribed in which the method comprises providing barium sulfate to the

core and/or surface of the particies.



15[0932]Fig. 12A shows representative different sized and color-coded niicrospheres A, B, and C of
the present invention. 100331Fig. 12B shows a cross-sectional drawing of a conceptual blood vessel
with arrows indicating the direction of blood flow, wherein the blood vessel tapers from a larger
proximal diafffét&Pted¢thaller distal diameter, and wherein different sizeBtdreFe8IGPE6Hed

70microspheres of the ; BE%%BQ%W {]ﬂﬂlﬁ{ﬂ@%@t‘?@;g‘ e Rf@scending size to
Shows a syring

occlude the vessel. [0034]Fig. e containing microspheres of the present invention

the microspheres are sized and color-coded to indicate their size, and wh r%in the s rin%(? i% further
similarly-color 4884 to %Iif&’@%@r?H‘@Hﬁf’k’:aﬁ%ﬁ”&“&‘?/e[ﬂ?ic%ﬁfffﬁ%‘? tf\%ai%edj TiCroShherestin use.

WO 2009/014540RGH USR8 Ha82 658-RETA WED RESCRIPTIONIORIT HE HVENT ONvings.
[0035]Describedhereinarenartigiesinaimayhs Mmanuiaciutedusing RAbRIGtHALOIRBIRANALS tha

phosphazene] and/or derivatives thereof, as well as methods of preparing such particles, Additionally,
described ﬁere‘i“FF&Fésﬁ‘ﬂé?féfﬁféfiﬁ'é’danﬁlfﬂoaﬁﬁﬁ8§ﬂ€rg(}?€etﬂ%%vgnH‘?ﬁg‘gég‘(ﬁ}&o{}vﬁigﬁ{dg@ dparticles
as described herefnedneluding:metbacsicftantotizattenusing the particles, methods of delivery of an
active agent using the particle (either orally or locally), methods of tracing or visualizing blood or other
biological fluidggepgh thenbagyging the particles, and methods of enhanced ultrasound
(sonography) using the particles, 10[0036]Also included are sustained release drug delivery

formulations fogz%h admipistrafion ingluding.the pasticles tardecalized deliveryof an-activeagent to

the gastrointestinal system and/or systemic dela/%(lar% o{? zg??ctive agent as well as a sustained release

drug delivery forRiIATGH EEEAH Besif Qetesd s SN 8ViRtravenously for localized delivery of
an active agent. IS[00371All of the methods, compositions and formulations of the invention u one
particle as desdP5ed herdim. 2 Pantiel &eaner paritess s igarerdrentithdin BRSIMSEMHENY Yherical or
ellipsoid articlegspphellewignigolite thatpaykave anndinmetpnsuitatindapusetiothe specific methods
and applications described below, including a microsphere(s) and a nanosphere(s), beads and other

bodies of a simjlaa patureknewn R the at.show unloaded polyphosphazene particles (microspheres) as
prepared by one embodiment of the cryoextraction method as described herein. Figure 3A
shows 2 4% optical microscope view and Fig. 3B shows a 100x scanning electron microscope

15 view;

[0625] Fig. 4 shows a particle {(microsphere) formed according to one embodiment of the

invention loaded with bevine insulin (20% (wt/wt)) at 100x magnification SEM;

[0026] Fig. 5A and Fig. 5B show the surface morphology of untoaded polyphosphazene
microspheres, Fig. 5A is an image obtained using an atomic force microscope and Fig. 5B is a
20 scanning electron micrograph showing the surface of an unloaded polyphosphazene

microsphere at 5000x magnification;

{0027} Figs. 6 and 7 show a cryoextraction setup for use in an embodiment of the mnvention

wherein Fig. 6 is a cryoextraction vessel and Fig. 7 is a syringe pump:

[0028] Fig. 8 is a cross-sectional view of an apparatus for use in microcatheter testing of

microparticles in Example 14 herein;

bJ
Lh



20100381The preferred particles of the invention according to one embodiment described herein are -
composed, in whole or in pan, the specific polyphosphazene polymer known as
poly[bis(trifluoroethoxy) phosphazene] or a derivative of poly[bis(trifluorocthoxy) phosphazene]. Use of

this specific PBIyHAEP1rdYides particles that are at least in part inorganic FtHACtHEY HERTde an
inorganic polymgp packone and wbieh,are also\biacommatble. indbsh dRwhsn.Riadkcatilo 8
mammal (including humanis and anima sc§ t%ey 0 not signi |cantily induce a response of the specific or
non-specific infimureosydtdmidust rEascbpbrargra frpeAtoRRIYe e et thalist @& Sektivpaticles as
controlled drugglelivgnyivehicles artaeaiparticies for thenisualizatiomaiblDed messels iandeather
organs. [0039]Th§l gpargcles ar?éjsrenééleip 4aré/sagett1¥e?t'therapeutic and/or diagnostic procedures in
30part becaus&'tH&y FaF B Sreparadin siz88 farge enough to occlude a blood vessel as well as small
enough to easily pass through the smaller vessels, e.q., visualization or drug delivery, WO
2009/0145%9 dé‘%ﬂbszd@%o%%é@ﬁpé?ﬁc?é‘éé‘%ﬁdﬁi iy GNP e B o’%ﬁ%ﬁ%‘i&”ﬁ%ﬁ’ﬂ% of the
polymer, the pariciesdadilitatemy didaadenohetimination OE mmpinogericrre ot oimsuereraliyicr
encountered when, foreign, bodies ate-iprogycedqptaa mammalian LodyesHehias aimplantisiection”
or "allergic shock," and other adverse reactions of the immune system. Moreover, it has been found
that 5 the partiE&HFHE T ehtiGR eRAfbit reduced biodegradation in vivo, thereby increasing the
long-term stability of the particle in the biological environment. Moreover, in those situations where
some degradati®#¥id undéegohletby the i6lyaner il tie SEfdelal R ppadias aees et Ferffhe
degradatiqp inclydesgnpinontexiscencentiations-af phespharous, mpmponia, and trifuereettancl,

which, advantageously, is known.to promote anti-infla matory respons §_1prgn i%&%ntaﬂ with
VA oY - : e SPON) Whie Contiaat Aol
mammalian tis u%,“tﬁ )iﬁjEé}co %ﬁ%eagé)ﬁ?cl82%%1%Wénlanl\?gnlﬁonﬁss fo?mévglét least in part of thg polymer,

poly[bis(2,2,2-thiflGoroetheRy phssphtsent] bt o uerninestherdsr (referréd@sto!fiirtAed Rekeitas

"poly[bis(trifluoregthexyiphasphazenan AsdeagribesEherainothe setymer palybbis(2ia, 2howing

trifluoroethoxy)p qsphazfgr}ej,or derivatives thereof have chemical and biological qualities that 15
distinguish this POlYRIEF 6 ¢

Sther know polymers in general, and from other know polyphosphazenes
in particular. In one aspect of this invention, the polyphosphazene is po]y[bisﬁ(Z,2,2-trifluoroethoxy)
phosphaz éne] 8 Harivafitied tHetbdts SERsSE Bt e P ARG K d& A ASh SN aTEa Sk BXE PBF it Orifated
alkoxide substitiied analogssthereahitihe preferred poly[bis(trifluoroethoxy)phosphazene] polymer is
made up of repeating monomers represented 70by the formula (I) shown below:

{H633] Fig. 12B shows a cross-sectional drawing of a conceptual blood vessel with arrows
indicating the direction of blood flow, wherein the blood vessel tapers from a larger proximal
diameter to a smaller distal diameter, and wherein different sized and color-coded
20 microspheres of the present invention have been sequentially injected in order of ascending

size to ccciude the vessel,

FB034] Fig. 12C shows & syringe containing microspheres of the present invention wherein
the microspheres are sized and color-coded to indicate their size, and wherein the syringe s
further similarly-color coded to facilitate user identification and verification of the sized

25 microspheres in use,



wherein R' to R6 are all trifluor ethoxy (0042CF3) groups, and wherein n may vary from at least about
40 to about 100,000, as disclosed herein. Alternatively, one may use derivatives of this polymer in the
present invention. The term "derivative" or "derivatives" is meant to refer to polymers made up of
monomers HaViAYHI&*&tfucture of formula | but where one or more of the"RFBRETHSfdNnal group(s)
is replaced by a different functiog%g{kﬁ%%ﬁgm(ﬁ@ HpsybstiturecirMR
2009/014549PCT/US2007/082659 alkoxide, a halogenated alkoxide, a fluorinated alkoxide, or any
combination thereqf, or where one or more of the R' to R6 js replaced py any of the other functional
group(s) disclo@g%’.’iereln?ﬁ%ﬂ?%heree ‘the bi%ﬁ%giggpfﬁﬁg?tnetégof mzé}polgérlneﬁaénﬁ%l? su J;ta}ﬁllgjﬁy altered.
[0041]In one aspebtisfrifiecpoifphpsphasrdneof fopditladg)tzerates above, el examplwds at least
Onhe of t(hg Csuggclétt%ﬁms E&%O,Bni&@g?cbﬁﬁ.@émiwzaau%sﬁw&@@lri]@m w@sﬂ%@aa@u@lﬁ,@s a?@gﬁw (0?:13),
ethoxy H2CH3) or n-propo H2CF12043). in another aspect, for example, at least one of the
substituents R™MY %Signgﬁr)ré 8%%@'@6: Eﬁﬁ%t%ﬁté%%% gt %‘:ﬁ%{‘%@ﬁgﬁ?ﬂ%ﬁﬁé}%%ﬁ% I?)%glr%%’lé}g of useful
fluorine-substitertéd akoy uyrewps: Ratocs indhide, Burctiremotilimitedito 00°F, OTHICRERItick

OO 12(CF 23S DL ACES OCHA(CECES, O IP(CEACEs, OOHBICERTCLs
OCH2CF2CIES YEHICESE B Wﬁ?ﬁ@ﬁ%@’ﬁiﬁéﬁ?ﬁfﬁéﬁgf@gﬁﬁ%ﬁ@%ﬁ?ﬁ BCHF2,
0012(CF2)6CHE2®BRIZ(CF2)ICHF2, and the like. Thus, while trifluoroethoxy (OCH2CF3) groups are
preferred, these further exemplary functional groups also may be used alone, in combination with
trifluoroethoxy | er3sy combinatienwith eachsiGaother rikcne @spedsizxampleseiespediallyuseful
fluorinated alkoxide functional groups that ma - used include, but ar t limited
2,2,3,33-pentaﬁ%“&lr‘é‘é{%%‘ifi‘oi@“‘%é%EZ‘@F ‘5&%%0%,2%%‘?%&-h%i%%t‘torogiggprl"{ggk?of;%% B0 F3)2).
2.2.3.3,4,4,4-héﬁ¥&fiﬁ@ﬁ8@%ﬁtﬂ@i®l{@@#@2@ﬁm%@r}3,%%m,%‘{e,6%‘7}}7?8,8’%?-ﬁdéc‘étﬁia%‘octyloxy
(OCH2(U:2)70739as2. 433 cetetéalluarapmapy oty (@O G R2EH Fd)ku22:3u3 4 4-hexatinarobutyloxy
(OCH2CFZCF%§%& gg , 3@5} 4? 5,9 6\,}7,a70,8{1%8-dodecafluorooctyloxy (OCH2(CF2)7CHF2), and the like,
including combinations there ﬂ[%bfﬁ])lguﬂ%e'r, in some embodiments, 1% or less of the R' to R6 groups
may be alkenoxy groups, a feature that may assist in crosslinking to provide a more. elastomerie
phosphazene il fier. 1 IHIG SRt SIEBRS GRIAS ITHA B Sle hob IeHE 6 R F-042, 75
OCH2CH2CH=G4 A2tialtyiphenokyddroeips, Bmdithd dike; insludifigscombinsiionsaherebfialddin formula
(I) illustrated herein; the resiclies RiLito: RE-ak erchiindrasndently variahle.and thereforecan be the
same or different. [0043]By Indicating that n can be as Iaé[rgoe as ceir] fgrmula l, it is.intended.to specify

values of n thatEntiaseeHETHHBS PRBEHE B oRTAEPS thAT Thn AAE Mh LVEFASEIIS RCEiar Boweight
of up to about Asnmithor®alians akbrexamle, dhzomeilaspaots kream vatiefrom at least about 40 to
about WO 2009/014549PCT/US2007/082659

206 08383 The preferred particles of the invention according to one embodiment described

herein are composed, in whole or in part, the specific polyphosphazene polymer known as
poly[bis(trifluoroethoxy) phosphazene] or a derivative of poly[bis(irifluoroethoxy}
phosphazene]. Use of this specific polymer provides particles that are at least in part inorgagic

in that they include an inorganic polymer backbone and which are also biccompatible in that

1~
L))

when introduced into a mammal (including humans and animais), they do not significantly
induce a response of the specific or non-specific immune systems. The scope of the invention
also includes the use(s) of such particies as controtied drug delivery vehicles or tracer particles

for the visualization of blood vessels and other organs.

(0339} The particles are useful in a variety of therapeuntic and/or diagnostic procedures in
30 part because they can be prepared in sizes large enough 1o occlude 2 blood vessel as well as

smali enough 10 easily pass through the smaller vessels, e.g., visualization or drug delivery



100,000. In another aspect, by indicating that n can be as large as GO in formula 1, it is intended to
specify values of n from about 4.000 to about 50,000, more preferably, n is about 7,000 to about
40,000 and most preferably n is about 13,000 to about 30,000. 10044]In another aspect of this
invention, th&PéliBrEed to prepare the polymers 5 disclosed herein Rad/8¥H8iE& AP weight based

on the above formula, which.can be a molecular weight of.at least about 70,000 0101, more preferably
at least about P60:000 *Ag‘%gn% nang ShiffRore tp?e%%%onlly? aa{i?n{’ol%aéﬁﬁ%ro\?v%}fé h%{% né?fe%é’t abc{ﬁt 3x106
gimol to about 20%196 gfmdiniost piefertsn afeipolyniersihaviaiontotseeiabwaihiesrhrieest about
10,000,000 [004210 g.fether aspectaf ithe Pelphesphazsnelormuiafhiilustatad bereinigid to 00,
10 and RI to R6 are groups Whiﬁzh are each s%:f?fte_d indeepengentl}(/fg%{rﬂlea}lk . amino I@#j haloalkyl,
thioalkyl, thioarSToHikdRy, HATOAMREKS, ‘SIELY KIS ARTORY, AASnicIate. Ayt hiblate, afkylsulphonyl,
alkylamino3 diafkylaminies hétsrooyetomikykbibinprisived bivdasradisien Hetesoatbrid saletrs i din
nitrogen, oxygep, SHILI «RRASPHOHLS, P53 CRMPInation thereeinehetRraatybCOmpsiziBgLenmOr more
heteroatoms selected from nitrogﬂen,‘oxy%en, 15 sulfur ihosphorus or. co§1bina1ion thereo(]c In this

aspect of formUAH, e pEsHART Yide BPBUBL 6 &S "(%efﬁsér‘té}?Fn’ H i EsidGes™ RE (6'R6 are each
independently viarialdle éngstherefoneicinobl thesaxiecondifferénts FlpksphRPYS. REsanbesbstituted
or unsubstituteg; he, alkyl groups, ok istes.within thewalkexyraalkusiphemihsialkylasingeand other

alkyl-containing groups can be, for example, straight or branched chain alkyl groups having from I 90
to 20 carbbh atBhi&, BN ST ATE S &WEN atoms, it being possible for the alkyl groups to be
further substituted, for example, by at least one halogen atom, such as a fluorine atom or other
functional grouf#8#h astitdsel ietauéritnd Rt REHrBUPL ARG BRPEpBIRINY AIRyPYIBUDS such
as propyl or butMitis; intenderdeencompassiamnisemetatthe pariesdarcalkyt gsduph @5E0046 1In
one aspect, examples of alkoxy groups include, but are not limi thoxy, et ‘ Xy. and
butoxy groups, End %Yé%ﬁ%% ?&t%alfjg%gp %Zm? h:f{sét%ssctﬁg%ég%é%} %%a%%%ﬁggﬁ%ﬁ%mup can
be substituted myfh@re@r@méww@ﬁt@n@,eviﬁﬂﬁi\zﬁszﬁ'*zﬁ%ﬁi|h&j’r%@tﬁ8w‘c“@ﬁ&ﬁt&ﬁﬁﬁ%%éﬁﬁ%&ﬂioxy
group. In aRothgk@spest, Ane iyneremithemdkaxs greupseentainedrieashorofiuotine atom.
Further, the alko roup can contain.at 30 least two fluorine atoms or the alk I contain
three fluorine aPéé&g%fBr&é{%%ﬁ e}“%ﬁ%c‘;’:}%iyph‘bé)ﬁﬁaaf@%% t‘fqg?}ips; é%vrﬁizﬁﬁré’d%\}at 8?%% Egﬁge@gégn be
poly[bis(2,2,2- triltuihie@tBaxyiptroephane mikaliesye hroupsiviite gikrierdnialsd Be®dsfbinations
of the WO 200R/Q1LARAQP Gil{ki@2007{08 260 :alarementicned embodimentsvherein Rgormore

fluorine atoms are present on the polyphosphazene in combjnation with other groups or atoms.
100471 ExamplB WP IEUTSRERD! BSIIEAES TEIUe. U Are Rt T (o: ety SUIERoRy,
ethylsulph&hyl, prapyisuiphdhydhardtsisytsulphonyl groups. Examples of dialkylamino substituents
include, but are not limited to, dimethyl-, diethyl-, dipropyl-, and dibutylamino groups. Again, by
specifying alkyl groupsgsuch as ngany] or bg#yl, it is intended to encompass any isomer of the particular
alkyl group. 100481Exémplary aryloxy groups include, for example, compounds having one or more
aromatic ring systems having at least one oxygen atom, non-oxygenated atom, and/or rings 10 having
alkoxy substituents, it iéi'n—g%o_sib’ré" for th aryl ]dro p to be substituted for example by at least one
alkyl or alkoxy substituent defined above. Examples pf aryloxy groups include, but are not limited to,
phenoxy and naphkthoxy*groups, &hd derivatives theredf ingluding, for example, substituted phenoxy
and naphthoxy groups. 100491 The heterocycloalkyl group can be, for example, a ring system which

contains from  yherein R' 1o R® are all trifluoroethoxy (OCH,CF3) groups, and wherein n may vary from at

least about 40 to about 100,000, as disclosed herein. Alternatively, one may use derivatives of
this polymer in the present invention. The term “derivative” or “derivatives” is meant to refer

to polymers made up of monomers having the structure of formula 1 but where one or more af

I
h

the R' to R® functional group(s} is replaced by & different functional group(s}. such as an

unsubstituted



153 to 10 atoms, at least-one ring atom being a nitrogen, oxygen, sulfur, phosphorus, or any
combination of these heteroatoms. The hetereocycloalkyl group can be substituted, for example, by at
least one alkyl or alkoxy substituent as defined above. Examples of heterocycloalkyl groups include,
but are not IfkéePt@ 1Hiperidinyl, piperazinyl, pyrrolidinyl, and morpholinyPgEFR80 u#fadStbstituted
analogs thereof, 20100501 The heteroaryl group can be, for example, a compound having one or more
aromatic ring s‘i}%?éfﬁ%,aakfafé’ﬁg?aé‘ﬁjeaﬁﬁé%%%%ﬁ%fﬁﬁeg A G f"éﬁgc\)’)%‘?ﬁg’hrfaég U ﬁ’f‘?gg Shd&sKorus, or
any combinatienofithesecfigteFdatdiis: Fhlechéteroaryf groopacdmbiosslmtituted forlexdimptaby at
least one alkyl g, alkgxy.swhslitentUrfined ahoys,hxagwples,ahsiaroandgroups include, but are not
limited to, imidazolyl, thiophene, furane, oxazolyl, pyTrolyl, pyridinyl, pyridinolyl, isoquinolinyl, and
quinolinyl grou d derivatives thereof: su ituted groups. 100511 The diameter of a
particle forme aé? rdin%1 %etﬁsep ?ﬁ%/g?ﬁ%ﬁj C\iﬁlﬁ\t/%a%é %Eﬁi%%é% orﬁﬁg eﬂndaabpplicati_bn in v%hi‘ch’ the
particle is fo betulsed. PRe dizmiebsierEach Faficres 1§ rereribl oS ABSHISHOB TN with a
diameter of abeisitlde about. ], 8A0wMITaRgHNOSt BoRKeferrat Otharqiefe medrsizes initidediameters
of about 200 to aboyt 500 um, about 1 ta ahout 200 umsand greater than about 500 um..In_ methods
using the parti(:cf{ea]\}\]ﬁﬁ{g’(gg%%%b ea%y%@%é%%é%ﬁ&{{ggcﬂ s@b‘@/@’g"%§§° %%é%q}r‘ﬁf:?e%s a|c§lreferred it
is not necessarp¢HlranpEricldanelef ehessanieiamatetisrshabecgons dspelt, tépoliheric
particles are supstaptialheuniforr.inceizecmesung thatrsizenf.the Eartiolsscar.bedeteimimed by the

process by whigch rep isolate are r rized by.a.narraw size
distributio?@ By@%&%ﬂ%ﬁ Y ﬁni%?r%zﬁéyﬁ isgéce%?fgcr'g]ﬁ%nf’énmag%hﬁhﬂgggﬁfggéize
according to thed@sigrnspecifitatsm hmay varr 1663 thiny b el dbolit 5% Jesh e oHbgual to
about 10%, Ie@@g(cpg)@}q@: taabout 100, lessthaoror,eqwal tanabesit siZe%, lgsssthanigr equal to
about 25%, less.than o equ(z?éé%a&pgjt +20%, or less tiéarghor e l;gtgl to abOL{[ -‘;2 35% from theq design
specification. Iff 8’[385%%%‘{, exampfe. G2 GisHbltionS B the paricias disciosed hersin tay
become more rkirowabethieslGldesign spebifisitionidf ti8yzrtileto Yeifabrickited evdmesstarger,
For example, paficles between aboubid0Qunpand abut 10R MMy anrlgssH hag-apeawal to only

about zt.3-5% front the design cification, whereas parficles between about 40 um and about 100
um may vary Iéggytﬁgh’%;é&%%ﬁ’&b%}ﬁt 30IEES ﬁ%ﬁ?‘%\’e d’é%?ﬁﬁ@b%%?ﬁ%%‘f%ﬁ fég%]#:%@g?ticles
may also include.éthet’ competindsiwhichyfanction (o éihdnee, altérZer.3s biHemtideombdifiote
behavior of theﬁé%m@g@fg@?ﬁi@ig.@iﬁth‘%&@,ldfﬂ‘%}@M@&%ﬁ@ﬂ%%}ﬂﬂ!}?‘ therapentic-andfos diagnostic

use For example, active agents such as peptides, proteins, hormones, carbohydrates, . . ..
polysaccharide@fyﬁ%‘t‘fé%r%f&f?ﬁ}’lib@c@ﬁ?’rﬁd&%@’s’%eﬁdidé ﬁﬁ]ﬁ’%‘@’ﬁﬁ%ﬁlﬁ{érég%(%’%fj%g%%frbe
incorporatéd inich the. padicle? Bxcipigntdisuohcadedextiatetben<idars, polydthylere ghebslinglucose,
and various salts, including, for example, c,hitosan 70glutamate, may be included in the particle.
[0053]Additionally, if desired, polymers other than the poly[bis(trifluoroethoxy) phosphazene] and/or its
dem./atlve may ﬁﬁe@l%du‘j}we drti%'ft,h’ Ixnsctﬂtee Qr%gl%lﬁﬂ I;:léai‘@/g) lc%%le%f BQJ[MQ'@R%@ RY groups may be alkenoxy
mayincludepoly(lac caC|o|J),po]yﬁactle-co-gcfycoﬁcaC|d ,poly(caprolactone), _

groups, a feature that may assist n crosslinking to provide a more elastomeric phosphazene

polymer. In this aspect, alkenoxy groups include, but are not limited to, OCH,CH=CH,,

-3
¥

OCH.CH,CH=CHz, allylphenoxy groups, and the like, including combinations thereof. Also
in formula (1) ilustrated herein, the residues R' to R® are each independently variable and

therefore can be the same or different.

[6043] By indicating that n can be as large as « in formula I, it is intended to specify
values of n that encompass polyphosphazene polymers that can have an average molecular
30 weight of up to about 75 million Daltons. For example, in one aspect, n can vary from at least

about 40 to about



~polycarbonates, polyamides, polyanhydrides, polyamino acids, polyorthoesters, polyacetals, 25
polycyanoacrylates, and polyurethanes. Other polymers include polyacrylates, ethylene-vinyl acetate
co-polymers, acyl substituted cellulose acetates and derivatives thereof, degradable or
non-degradde?fsiitidthanes, polystyrenes polyvinylchloricie, ponvinyIPﬂiTéWi’@O'ﬁQﬂ%%nyl

chlorosuIphona]t&giu%glytﬂef lc%é andeQt é/!%ge 0 aﬁig cj@ki{g( If%s of %) té{a§ ?jy Ef |Q%udempﬂt are not

limited to, acrylic aci acrylate,’e h exy crylate, met a acry ate
acrylonitrile, m&@bﬁfﬁtﬁ%iﬁté TWIWN (‘tﬁﬁﬁ’e‘mw@t}ﬁrﬁb@i@e W@&@Wﬁf@f}};ﬂanﬁi i@hé’ﬂkfe'? @ﬁ]ﬁéﬁmay

incorporate the,sglegteshermpUnss bRy eans knewndadhe srbdocluding diffusing, inserting or
entrapping the additional compounds in the matrix of an WO 2009/014549PCT/US2007/082659

already formedgicle qf byadding,the additonaleampaursbindolanes MeLAr in 3 polimer

solvent in the preparatlon of the particle such as described herein, 100541 The loaded or unloaded

particle may bets6Rest Mt R BRI ERaN R O SRIbRYE SEaing BB KANEFS SRiFF Y& those
mentioned hereia@bovieat Feastdo:PTHEP onits dodesivativeg magsbebusedtenfernesucdhadaating on a

particle formed,of,other. suiiablepalyapera g spRalmers knawp ol he.dsyeloed it arthat are

used to form particles as déscribed herein. Preferably, when coating a particle such“as a microparticle,
PTFEP is applidiaiges ¢6athe 6t %W@r@ﬁ&rﬁ’éﬁ(’%ﬁ%&t@dﬂdﬁﬁ@%}’yl 5 BALY s6ner as set forth in
further detail below. 10[0055]Coatings are beneficial, for example, if the particle(s) arc to be used in a
sustained reled884rallylmditistareekt @ﬁ}i@ed@m}mﬁﬁbﬁ*ﬁﬁmﬁﬁﬁﬁ%éﬁ%ﬁ%%&ﬁﬁ@)@h it {heé Pafticles are
to be loadgeg Wiihda;p0£@ntifauset@z@@@omm§t%%&Enm&'@ﬁwmﬁ icoatRgMI0026]Tbgiy1,

microspheres y ] know the artt tis sw abI for th ratlon of
particles contarl‘illﬁ‘e'j\nga poty[b uor@e{’ rt":;xy)a[ﬂ(ﬁ}c‘):’sph<':r112(=§‘n}%“e i & té‘ibro Ure atcord :‘%{g? ft)o?

embodiment hex:elﬁllalapjolyiﬁéﬂ@dmnﬂn als\ireparedi iy Hexing bﬁé?@ﬁmﬁwﬁi:ﬂwymﬁgtﬁv@m(@) and the

P 1 FEP and/oradegivativethetsefwntitthe palymer isdissolved: (Q@sdirmitable solventsdemnuse in
the preparation of%me I_:l_5<mer S(ilutlon include any in  which the 'X”éef PTFEP and/or its

derivatives are ‘&5 XETBiary YBRIEHTS f’r?&llﬁ’aén%)wﬁtﬁrooﬁt“ilmlta fon, e BFSRY:, BUd T, pentyl-,
octylacetaté, acetbnephwmstiopletlwylketongipation thereof. In this aspect of formula { i} thc: pendam side

methylpropylkefone methvisahutyliceionedetralydroiugang eyclahexanaiependently variable and
therefore can be the same or different. Further, R to R® can be substituted or unsubstituted.

The alky! groups or moieties within the alkoxy, alkyisulphonyl, dialkyiamino, and other alkyi-

containing groups can be, for example, sraight or branched chain alkyl groups having from |

20 to 20 carbon atoms, typically from 1 to 12 carbon atoms, it being possible for the alky! groups

to be further substituted, for example, by at least one halogen atom, such as a fluorine atom or

other functional group such as those noted for the R’ to R groups above. By specifying alkyl

groups such as propy! or buiyl, it is intended to encompass any isomer of the particular alkyl

group.

25 [0046] In one aspect, examples of alkoxy groups include, but are not limited to, methoxy,
ethoxy, propoxy. and butoxy groups, and the like, which can also be further substituted. For
example the alkoxy group can be substituted by at least one fluorine atom, with 2.2,2-
trifluoroethoxy constituting a useful alkoxy group. In another aspect, one or more of the
alkoxy groups contains at least one fluorine atom. Further, the alkoxy group can contain at

30 least two fluorine atoms or the alkoxy group can contain three fluorine atoms. For example,
the polyphosphazene that is combined with the silicone can be poly[bis(2,2,2-

rifluoroethoxyjphosphazene]. Alkoxy groups of the polymer can zlso be combinations of the

10



dimethylacetamide, acetonitrile, dimethyl ether, bexatluorobenzene or combinations thereof. [0058]The
polymer solution contains the PTFEP and/or its derivative polymer in a concentration of about 1% by
weight of polymer to 20% by weight of polymer, preferably 25 about 5% to 10% by weight of polymer.
Other polym¥&f&248/81detissed above, may be present in the solution, or rﬁ§§’H§29W6@a% the vessel in
the form of a segond Ol?lltégnep%wger or o\'%,her form |f ong?orlghﬁumt‘%n%dggg skieh géxmggst%the final
particle, [0059]?n carrylng out the pi process, t e polymer solution Is next spense preferably in the
form of drops droAmisrbssindriteamesgEInCERERHIFER S sBifnt. By "non- _solvent" it is 30meant any
organic or inorganic solvents that do not substantially dissolve the PTFEP polymer and which have a
melting point tHab4s lowdixraiative ¢6 thigvelving pointbofithaisometin whichthenpolyméeds dissolved
("polymer solventi), soithat thepan:salvent thawshafors thessolvennthaws ithe course of the

incubation step. Préferably, this difference between the melting point of the non-solvent and the
polymer sdverﬁ‘%kéﬁﬁﬂ?‘lﬁulﬁf“%ﬁté BratasaBl) A5G sTEe i%n‘élf?ﬁ&yt‘ pl%?é%%’llbl “&f?é%?eraﬂ?an about
20 C. Under ceitairypandgitionspit. hasibeensfoviigthatdie:stpctural dntegritycofthe résulagndpdrticle
may be enhanged,if the difference of the. meling.pginis.ef{he polymer solvent and of the non-solvent

is greater than 15 C. However, it is sufficient that the'non-solvent point is merely slightly lower than

i oW EgS Bl AROSAIe DS ASIIbA ek salv el AmelaNan B sHiaies

approximately days or L nnr he po yme soR/ent has been com removed from the particles.
While not wishitigrestiser e umeidny thiedrg, at 183y potHEsBRSI R aﬂ?rﬁ@ﬂﬁéd‘ﬁéljﬁ‘aﬂo?}*%é Hii-solvent

functions t@ extraghhexpelymeatiaeiMent am ga@amwf@&ﬁ@ Ri¢ REdyperecliidndroplaisfipmithe
particles such th t the EOIXE] rls tleast éled A cuba% E% rlo Bg§ses the 15 qhQ?Iets will
S

eAst 1 3y subetituent d OXY_ Erouns. In
shrink and the §olV&ht Beéormed ur arextracted ng oa d outer pofymeric

containing a geflecpotyiibricsre. &’rh@lﬂﬁﬁahlﬂiaﬁébfé@mpﬂéﬁ@h éﬁ@ﬁ@ﬁﬁéﬂbﬁtﬁbﬁ“ea deftjsiete ¥¥moval of

the residual soluemtpit osenstredhatihe palymstissdropleis retain a substantially spherical shape during
the incubation period, they are maintained in a frozen or substantially gelled state during most if not all

of the incubatiogqgtiod. THef&I0re, £ theRR- é&l\é@%&%@ﬁg@wﬁlm@ybém%t%m%mgdyng point

of the solvent durlng the cryoextraction process. 100611As shown in F at the vessel labeled (a),
polymer sélution Gr Blé@*ﬁr@%f?&%ﬁ‘ﬁ’efﬁﬁ diepeheay élﬂﬁté?%hoémeﬁ’éf%rr BIERPEEYicE &M%
controlled rate emtoiadop: |layehok|ligudorittegenTihamnitcogenckyer ssituatedteverngibottonmtayer

consisting of the selacted 9 nanseetl N Wik eueRLaIkSSIvEI EXIERGL e SolugnLfigm the

frozen polymer solution droplets. The non-solvent layer has been previgusly frozen with li d nitrogen
prior to the dlsﬁlﬁifféﬁ%j‘%ﬁaﬂﬁg BERRIP BTGB ﬁfﬁé‘%égg@?‘ﬁatﬁeféﬁetﬁ)%dw?tﬁ’é“éih§}§f "SHHE dewing of
the frozen nonselvenrtpirtitnwhiehthearfiozenipatymerie dieptefs will sink. The vessel labeled (c) shows
the cryoextraction procedure after approximately three days of 30 incubation wherein the polymer

solution drgpletggiigubated wishinhe ponpselyent, have-basndepleteshofa subsianialamant of

solvent. The result IS, ajgelled %/meri artlcle in th forg;lgf a be d having a hardeneqfouter shell.
i

$t] SYELE] Df} Ting alom TOEON, an~ oxyged,
As can be seerfy ﬁ%‘é preséita o e & v

phosphoms or any combination oi these hetercatoms. The heteroaryl group can be substituted
for example by at least one alkyl or alkoxy substituent defined above, Examples of hetercaryl
oroups include, but are not limited to, imidazolyl, thiophens, furane, oxazolyl, pyrolyl,
25 pyridinyl, pyridinely!, isoquinolinyl, and guinolinyl groups, and derivatives thereof, such as

substituted groups.

[0051} The diameter of a particle formed according to the invention will vary depending on
the end application in which the pariicie is to be used. The diameter of such particies is
preferably about 1 to about 5,000 wm, with a diameter of about 1 to about 1,000 pm being most
30 preferred. Other preferred sizes include diameters of about 260 w about 500 um. about | to

about 200 um and greater than about 500 pm. In methods usimg the particie where more than

1l



solvent height within the vessel is slightly reduced due to some evaporation of the non-solvent. The
size of the beads will shrink quite substantially during this process depending on the initial
concentration of the polymer in the polymer solution. 10062}in one embodiment of a method of
preparing a PPREBIUSMAining particle(s) 5 according to the invention, suchpart&e8eaH be formed
using any way knogvaptilg{etg \?{% Cove !Qgen%tl pi&%régsﬁqtkﬂ\{vﬁe%%ﬁp{% Bﬁﬂ%%ﬁge@%magrsﬂqfshap&

accomplishing thishnclude wherem G) the non-solvent residing in the vessel in the method embodiment
described abovie ineswie theglokE e RerfslsinG pomeBiRtl Haiffeaing pdifepiieris 8% S0dftion of the
polymer solutiof,sieh thatthe-palyimersdroplsiscigazewpanieoniacuiicthenprestoalpshndrssolvent
or 10 Oil the polymer droplets, are frozen, by.contacting.them with a liguefied SYG itrogen,
which is pIacec1"%(;{'f’vcé1rai'f‘t%eeéZ o tﬁ‘rg- F%Tzcé"/nﬁ’%érc\}%%ﬁ{\)/%hop _(g%e?@g.géf% %ﬁﬁ% r%%%é g?ﬁw%ge%litr}ogen
evaporates’ thenroviasolvesiics] delyhtheas s thecaiftre sp Heregsisnthist fisrien Sea1&anillssiikafhto the
liquid, cold nonsselyantbere e extragtion frecessHtiermoval Ridhepelymar salvent) will bescarried
out. 15100631By modifying this general process one may prepare,particles that ar or
substantially h&ﬁg}\’/vgéreg%%oﬁsé%otr ‘e'?((%fr‘hg e % e'rel ug?/}gfgg ?ﬁ%%gﬁlerﬁs r‘(t)k}?lntﬁre %gaa%u?s\é_{c’:air}ied out
quickly, e.g., by=a@iplyindess Verouemaadaringbhe: firalstae O ideidatiesi (erots BearfsaWircteStilt.
100641The particles,of the inveptiancanhe Rrapsreskinanyrsizn desinedorMigrasphetes :20unay be
obtained by nebulizing the polymer solution into a polymer aerosol using either pneumatic, or ultrasonic
nozzles, slith &5t ggfﬁr‘ﬁg%’gﬁ §f<§t gté)ﬁﬂé%)d{fében%%}}éf' aeﬁi%ﬁ%?%%@%ltr%{)ﬁ% N g]zl ‘ a,"rie;{é{?:%
available from Semchteki-@oipbrationd Mitor (NEwYork, \3:S s divg beefier GRIBHANE 2 hgén,
Germany. '—arg%B%C&ﬁéﬁég}fe@%&%@in\%’e@ésdéﬁﬁ%%iB&&J&@n@f&@ﬂt&t@ [n0:thesRan-salvenkselution

using a syringe or other drop-forming device. Moreover, 25 as will be known to a person of skill in the
art, the size of tHEPETHEIEMTZSMSS BeCLiterdd of MOBMEABIF AN HTEIEESE or decrease of the initial
concentration of the polymer in the polymer solution, as a higher concentration will lead to an
increased sphet®87ametEre OBEL PENIRARI AT S NSHTISGHIRTERT BRH TEHRN &8 TERX & Herein, the
particles can  ingludaansiandardrens/or amprefairetkeorebaseditraiudcyylicipaliyrenar copelymer
with 30shell of BTEEP. . Such, gfa@cﬂlggsggqi E!%_ro(\jllégie a &m[grr&%seogge@%agg&agg %ﬁgdggﬁpbg&gg&gpecmc

gravity for use itril}earaguspensmn of contrast media for embolization. The acrylic polymer based

polymers with FIPFERasheibidwsried merarr rddiad s Simaidntiiiy ssanies S MReesdtical
flexibility and comprassikility.dnprovedispesifiogravityipreperties. thogieare spaiymersmaydieformed
using any acceptable techniqye known in the art, sych as that described in B, Thanoo etal,
"Preparation ofﬁ%frsodjgcli ’ glglljé_j{froﬂrhcg‘roég |Qni?('éo|:1 {I}:’Hol\;/ ﬁ/?g?h?/{l Miet té{cryﬁ te iIi/liecros%ﬁrgferLese}B@nAlkaline
Hydrolysis?® . 1. ppie:, 8¢y Yohdsiet i58e1164°(4:990), incorporated herein by reference with respect
thereto. Such acrylic-based polymers are preferably formed by polymerizing unhydrolyzed precursors,
including, withopitiitatidaidimethly.acfylatei@ddApanettyl midthadiylaté eMMAS bethinetsiiciylate
(EMA), hexamethyl (AN AN 0 Rydeaxyetbylnethacodate. dl EMA) pandderivativeso vasiantss or
copolymers of 10 such acr lic acid derivatives. Most preferred }s 1YilMA' The pogmer should.be

present in the cBE in FHYatdd 813shfialRy Aydraied (et an $lie. SR pokt écr’%p{agriéwf)or”eef)érably
cross-linked in prdentoopsevidesuitalie hytrogelipdepartiostaind stidcturdy sticlistRsenhbnesels.

non-biodegtadahility, HEIP[atal neshanical siability gt the LRlUGiRRY Fegisting
dissolutiongéy atlg%/.y%g[%é%g%rae%%e%%@%#g%%rgrcpgﬁaers arie for?n%i%%pgis' ?ﬁ‘%{%ﬁamiﬁ

polymerization #4EF&Y B 6 e S sHELIB GF LHDTSIBTT iR B AN T 5Ec
polymerization resultsinistibsiaptiaty:sphedisalparticles ofaboutk, nmiteiabclitctifacigme: v
Suspension pog%rjr% rizaton resyl @}ﬁmi%?,gyg%@g?é@%f}fe{ REE Siz6s Akl 9010 3RQYEd:200

microns. 20[00 uspension polymerizatioh may be initidted with a thermal initiator, which may be
solubilized in thieifeGHS 6T PR GRBIERdfe RIS ATh SIS 15RARE, SubBR ATRATS SIS e
monomer phase:EeranesloRinRkidad anrzey hpelicddec|dBY paroxitey loirotheresimilatate), and
peroxide-based Jittors (o oo b devglopadin the Arb.yithbe mast ptefaer ipidatafbeing

lauroyi peroxide. The initiator is preferably present in an amount of about 0.1 to about 5.
including diffusing, inserting “or entrapping the additional compounds in the matrix of an



95 percent by weight based on the weight of the monomer, more preferably about 0.3 to about 1
percent by weight based on the weight of the monomer. As noted above, a cross-linking co-monomer
is preferred for use in forming the hydrated polymer. Suitable cross-linking co-monomers for use with
the acrylic-b¥&b ¥t HENe monomer(s) used in preparing a polymerized B&&iER¥G#82F§¢Iude various
glycol-based materials.such as ethylene glycol 30 dimethacrylate (EGD1v1A), diethylene glycol
Gimethaoryiate TEBTNIRT by HL Slars By A A Ol O et Bty T TS AL, A chair
transfer agent mvayradserbenpiovidedcitoesired hamprsaiabib MAspalprdddrtion chain transfer agent
may be used. In the preferred WO 2009/014549PCIA1S2007/082659 embodiment herein,
dodecylinercaptédigdmayihe uséd as mkhai franstenagbntintainatnis atteptabbe forsthievpasticular
polymerization gactio.IQRAB1INAAIUEAHS LIRSS FRMROSKIANPIEISIRDIVHDGILASSBED o irs

surfactant/dispersant as well'as @ com Iexmtgﬁagent_, and an optional buffer is necessary.
Surfactants/disPEr¥Hits Shbiita 189 £ BiMpatb RTINS ARfioHicrsTRE RS TRRBRRG s
Cyanarnerttil SZ)E)Mpp@'!yaz@ryﬁmfacid and naréiaﬂwhy'dﬁeIweﬁhpm@viwkalbﬁhqiasﬁmmﬁ&ﬁam as
4/88, 20188, 10(8f: ) dsneraant shauld g PESENLID AR UAL L AU G-ie ARt Rdetegn! bY

weight based on the amount of water in the dispersion, more preferably about 0.2 to about 1 percent
by weight basetP&H & dnTytiP ot fisitarifire fisp srsibia-batsbpalbrmar reiner EBlutiofmhay B8 ised if
needed to 10maindain adequate pH.A preferred buffer solution includes sodium phosphates
(Na21-1P0O4/NalT21304). A suitable complexina agent is ethylene diamine tetraaceacid (EDTA),

which may pe agdgleq to the.aquentsHRase it sensaatratienal:fen akaytl Qdeiapaut48.pam
EDTA, and more%refera ly about 20 oabo% 30 ppm. Itis preferred thai | theta ueous.ghase
gl A hi B

composition, this WGHGHLY © WRLLF TAUS e ABBUT L A 8 ABAU EIA FETO0BSL i BIAHHEAan should
take place at altobt &avsienitbonditions]ypraferabiyeftomsrbout-BOE toddbbLUt@0€) with a time to
gelation of about one to two hours. Stirring at rates of 100 to 500 rpm is preferred for particle

. formation, with jeesél ratds.apilyiss.te:iargertsipes:paiticles andshighernatesiapplying tossimalter sized

partcles. 10070korise BMMABArUeIsa RGN AR ISIONAEles, 1E,IBERE), UEw At preferaply 20

subjected to hydrolysis conditions typical of those inthe art, including use of about |I-10 molar excess
of potassitifn hyiresitE pErTABEGP PMIMECISTRH Potassila 6T brBvienst iRy ismeshtration of
about 1-15% poetassiumndiydeoxidestn othyleme giyeer. dluessaldtionis thixerbigatest prefesahly:at
temperatures o&g&gyetd_ﬁo-l% C for several hours. Alternatively, to minimize reactant amounts and
cost, it is preferred that lesser amounts of potassium hydroxide 75 be used which are less than about

5 molar excessﬁ%gr)ﬁtas H{ﬂ rfg/gé%lrggg iper mole of PMMA, mo %/%%erabl)éﬂ?boutscmglar excess or

less. For such ytic reactions, a cor(f(r:élrgﬁrg’titgﬁ BFRB8UTLO" 'p%%%sm?ﬁl “y?:?‘roxﬁe‘r‘l i ’é’thylene

glycol is also preferalhy pebehcaritl iidremprefetalsyiabious 149se0 blbout-EBywatt willMelurdérgtood by
one skilledhin thg;@ththatigatingcenditions-abhighertpmperatikesnmayhe.ysgdiodesciease overall

reaction times. Reaction $gtimes may be v?ri d d_gpendlng on th%o erall diameter Olf he resultant
particles. For eXSMBIR e FSifSving CBRAHEAS S EARTE to prdtit ygé?ﬁjéf’é’g’havinﬁwéﬁ Ut'35Y5
compressibility &ndty@c26098/0 B4S48RET AUS200 71082659 luorobenzene or combinations thereof.

[6058] The polvmer solution contains the PTFEP and/or its derivative polvmer in a
concentration of about 1% by weight of polymer to 20% by weight of polymer, preferably
25 about 5% 1o 10% by weight of polymer, Other polymers, as discussed above, may be present
it the solution, or may be added to the vesse! in the form of a second solution powder or other

form, if one wishes to include such polymers in the final pariicie.

[805%] In carrying out the process, the polymer solution is next dispensed, preferably in the
form of drops or an aerosol, into a vessel containing a non-solvent. By "non-solvent” #t is

30 meant any organic or inorganic solvents that do not substantially dissolve the PTFEP polymer



desired stability: for diameters of about 200-300 um, the solution should be heated for about 7.5 to
about 8.5 hours; for diameters of about 300-355 urn, about 9.5 to about 10.5 hours; for diameters of
about 355-400 um, about 11.5 to about 12.5 hours; and for about 400-455 um, about 13.5 to about
14.5 hours, 8t€.2##é0pEricle size can be adjusted using variations in the Bely/Fefi¢HiBAProcess, for
example, by varying the stirring speed and the ratio of the monomer tqg the aqueous phase. Further,
smaller sizes cﬁ%dr;%ehéc higved Bﬁ%%gfengé%éj %tulrsf;% ShUHeDEr At E|90t.I %O?ﬁ{lﬁg 8?/3?%\éeﬁyﬁrolysis,
particles are sephicité frorymtire ydisetivpd miktiraeand theinpd eiyisenarifivdted thaxiyringéas suited
for further procgssing siaps ar:iptepged Hses.lheaick0sthe particlencora mayrberadjusteckingeom about
1.0 to about 9.4, preferaply ahout 7.4 g inten Eld fo[ agfg§iolo icgl Ta}&pl%lg(:@tion. Sin?e gi;ebsv%/elling
ratio and elasti€iy/ SRR RYAIBL BT ESPE THARHEF A GEp ENUERTOR B Valte the ToWaF ph'valles may
be used to havé Heneficiaheffectidbiingrdrging o gravelit’ garticlalaggirineratibhcand) destresstural
damage. Particlgsarg praferablysieyed-ntodifferent.size.firctions accarding 1o dntendsshuser Drying
150f particles preferably occurs using any standard drying process, including use of an oven at a
temperature of R5dt 408 PEHEE for L6vaY Ir?féuﬁ’ﬁﬁﬁttang]biﬁﬁf% dlz??fgfgbaf’ﬁ]ﬁsogﬁerao{\eﬁdteha&}eélsreg 'surface
properties to thélihwyaraphilic fwitcageliparticles;wiordeptoprovideladhesionforrdeaiving of RTFEP
coating, the surface,of theydrogel may be subjected to treatment with any suitable ionic or non-ionic
surfactant, such as 20 tetraalkylarnmonium salts, polyalcohols and similar materials. A more

pernanent ghangidn 20h5e 00 RIARSIIER %%Pggf&gj;&;c%%%%a%{%mggmm%ggz%gﬁn%teﬁglq psticles

hydrophobic by‘reaction of its polymethaerylie acid groups with a suitable reactant. Suitable reactants
include, but aredArt HHEEHS, INAPEP IR RSOIEISSUPRIGEY AR &RoERYIIEaRIE Bsfivatives thore
preferably they inguge:hatogenated miconalssughasstrdiupathmach-Suahawiace ieatient 75 also
prevents delamjnation of the coating from the core once the coating is.applied. Preferred surface
treatments may%?ﬁ}%'lﬁ) %,“\’N“l’t {réiﬁﬁlren ?;1! |orf1:f ganvi%%iarﬂ?gag rﬁ%ﬁ?&ﬁ?ﬁ@ﬁ%ﬁﬁ%ﬁ@ﬁf%nfg?%V\?qes by reaction
with trifluoroethdiatanirsinatbeliat tie salkface nay pritesdsd Hip SheperBmigHEPRHRIESSNEY mixture
of sulfuric acid angh:hydrophehicRicehel suchasdifluorpethanalduchdreatmentsarepraierred if
the particles are t? be ‘coa‘teﬁ in tQat.they 30 Qigingj’ e an Oq,glarg{;n%g%? :Ofa?f&c’é"éinﬁ' ‘on of the
100731Alternative f/yfeélﬁdsr}r?osf: %’Fé‘f@ir%lﬁﬁtﬁe NIA Cote particdles may ‘be coate ‘|%F1'asurface layer
of and/or infuseidaniihibarirraifatenThe barharrsdifdteiscradibpaues dnd Bideeinngisudipzitivon of the
fir?ished gaftiClQ%zwlmrgmmaﬁ}a@@aﬁ&@gm@&qgﬂ%g%@ iﬁlllelilLlEiz&ﬂﬂ?ﬁbﬁmp%ﬁig&é%hﬁatﬂ?éa&be5 such
that it reduces omeration especi uring drying and allows for fluid bed coating .of the PMA
particles with aﬁg%gﬁfé?rc%g iKY %Pb e B?gprflcgﬁdrl}g DEr%‘\;{)VPé\F%%*%“%é‘s‘?ng Be \?Vegiﬁeée %WTEP
outer coreind éhpolyrreticrickyiatetore BapatiicleskBy hlowiig g utdizatdihevenvimetitihe &sre
particles are swollenhanium,sulfate also improves the overall coating and adhesion properties. By
enabling the coating of the core particles even in a swollen state with PTEEP, barium sulfate also

reduces the potgglipl tendengy. of the,PTFER SNRUS.10.0La0K 0 BURIHIE 1DicOMRATHON Withyeeating the

particles in a d%qjsfta e and then later exposing the particles to a suspension in which the core particles
swell 10 and exBPPRFERBItthe BelY 8 PTIERE X CHSHING HuEriufirsiaHate B tHE Cofe faridies is
preferably appligghhynaghesionef ihebariamrsuliateia thefersotofham opagusstagtiighendrediydrogel

surface of e PMAbeads- Bariusulfae,gan turther assistingedyring elsstastalc sffesis hat imi

particle siZé. By allowing for absorption o itlonal humidity, the barium sulfate tends to counteract
the electrostaticeHeRSIrUBRY0 7518 aPRIF EeNtdt & AR M BRBIfH oFRF 1B SYBIyY I thE B Bifticles

may be to the dispensing of the polymer solution. The vessel labeled (b) shows the onset of the
dewing of the frozen nonsolvent, into which the frozen polymeric dropiets will sink. The

vessel labeled (¢) shows the cryoextraction procedure afier approximately three days of

3¢ incubation wherein the polymer solution droplets, incubated within the non-solvent, have been

depleted of a substantial amount of solvent. The result is a gelled, polymeric particle in the

form of a bead having a hardened outer shell. As can be seen by the representation, the non-
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ctovatently crosslinked or chemically grafted to the particle surface by spraycoating a sufficient amount
of an aminosilane adhesion promoter onto the PMA patrticle. This will help to effectively reduce barium
sulfate particulate matter in solution after hydration of the particles. Exemplary particles include
3-arninopropyftHtethey silane and similar silane-based adhesion 20proF8t&RIIQTBIR further
alternative for improving visualization of micropartieles made as noted herein include the absorption of
a water solubleS6FGEhIE e THEIBL thESTIFoGEP SO Fe B CRe B B PIARY T B BrEFERABR those
FDA dyes approvesifon hiatsaddsalastdivkhicheardknoiatly ciuto b e developedfordsafen Henaivxic use in
the body qnd ch‘lcgg are.canable ;9!1%%%9 J&&&@%&Rﬁ&!ﬁ contrast: Organi.c dyes may include dyes
such as Digr,C. Violet no. 2 and others preferably approved for medical device uses, such as for
contact lenses esorpable sutures. Whereas barium sulfate.oper an. inorganic.filler. and
finely disperse p%{ ent thaf angﬁ]g%%tﬁ}ee %a?éc?e?%%%lg iﬁ?gﬁrt!%ﬁgﬁﬁrac igﬁ{f% tﬁénérﬁga?lagﬁg/ig ﬁ size,
the dyes when igrégaatedhin thsiarticiesh assorlstirarchm BIERTErHEAE fakt HFthENGEIbIY dBISE
spectrum. 30 . LOQ{GAB artiglas: includingmprcropatielesmade inacsardansg withmtheforegeing
process for forming a core hydrogel polymer are.then coated, with PTFEP, and/or, its derivatives. Any
suitable coating%i%%@g%"?ﬁg% té‘%‘%éé, jl%rlfc}ﬁ%ﬁ?ﬁsgﬁstgl\{ﬁé:n?ﬁ%% o ea’ﬁ&f‘g?ns%ﬁaiglﬁ‘ée ' 8(}{%5
2009/014549P BT AS200 HOB2EHS: teshinficquas. i oweves, priferréd Feshissaipbelabhievkatising
fluidized bed techpighesdn whigh the Rarticdssdasshigug boanain sl earnranshareneaataskHareugh
spraying while they spin within the air stream. The PTEEP or der.i\qatiy.e le mer is provided in dilute
%*.I‘Bga 10H1ET]

solution for $pra}fing t6AVBH g o BRE D2 R 007 P EE b Tar Safefts Tor Ed R Stich
solutions includetethyik adetateyacetone; hexdftwerbenzehes inethy Féthyl k&tonehadd isinifar gslvents
and mixtures angh.comhinaliens:thereeh-meskrieferragisethyliResiaiepiens of incarahination with
isoamyl acetate. Typical preferred concentrations include about 0.01 to about 0,3 W‘ei%]éﬁ%eﬁrf?em
PTFEP or its de"i*’i\%ii%‘ CSBRIBRL RIP RS REEI B I T HF 6 D W B e Sht BIFER And most
10 preferably aboiut:@,0vi5 te aboert Q12 weight percent. It should be understood based on this
disclosure that the type of hydrogel core can be varied as can the technique for coating a particle,
however itjis predeseed that ancarewhiehs isehisefulindhe treatmentiechnigtiesand applicttions:
described herein s formed,and subsequently c i TEEP an it vatives as. ribed
herein. 15[OO7STK%iﬁ?é%%uhs{@ms%lu%sssea,gtr%lp%?%%%éy (g:ﬁﬁ _é% E?é’% iﬁ{\%ii&g’s%%e%%aﬁﬁ%%ﬁgapeutic
applications, suetis eHisulivdtionsdiigiapiNen?: Ay Rg RS SRacad (RseBMSarRIBYES For
example, in ong,embediment, the invention includes a method of minimizing blood flow to a specific
tissue in a mammal. This process, commonly referred to as embolization, includes occluding or
obstructing at leggta portign of & 1ke3seh-Othaisntire ROyassel with ane assmare-afithepasticles of
the invention. Such procedure is particularl_y %sef lin the Fe,atment of diiseasejs anq pathﬂologxies that
involve undSsirdig Jaititide B iR URE 1o Bk ARBIE tiRSH fisdlid BrrdisBidetEiavoliing e
uncontrolled praliferaticnooftertaiis cellsisuakiasseiidomatriosiSolntsk8Alsrodad ares,«Héepaftitle(s) are
prepared in accgrdange withthe.pracesimes:dessiiRed abovgandmavde nsertediintosthe bleod
vessel by any invasive or non- . , . . .

Lechier GmbH, Metzingen, Germany, Larger particles may be oblained by dispensing the

droplets into the non-solvent solution using a syringe or other drop-forming device. Moreover,

[
Ln

as will be known to a person of skill in the art, the size of the particle may also be altered or
modified by an increase or decrease of the initial concentration of the polymer in the polymer

solution, as a higher concentration will lead to an increased sphere diameter.

[6065] in an alternative embodiment of the particles described herein, the particies can
include a standard and/or a preferred core based on an acrylic polymer or copolymer with a
30 shell of PTFEP. Such particles can provide a preferred spherical shape and improved specific

gravity for use in a suspension of conirast media for embolization. The acrylic poiymer based
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75 invasive medical practice known or to be developed in the art such as via a catheter, a syringe, or a
surgical incision. The embolization can be carried out such that only a portion of the blood vessel is
occluded, or the entire vessel may be occluded. In the method, if desired, one may use particles that
have been |84 Ui 4h active agent, such as a cytostatie agent, an anBiGRI&AAT&BA%agent, an
anti-mitovenic or eII prolifera ctive agent, a hormone, or any 30 other. desir ble tive agent as
described nereRE BTGl Ston PArILE mECHHITG THE (HELkR: RO Ale CRBRISE ober
demonstrating mmsheveed djstidzlivisibility;rerteition sy radopesitypamnic wfaapmmumwemﬂf&lden@ity of

about 1.17 g/emz;, The %pq!g%mwmeemmaga@m\{@Q&@mlm@y@evuﬁed with,diffgrentdygs as
markers as noted above for particle sizes, embedded p harmaceutl %f s for Jocal %ﬁ% g‘/gh% ivery and
S

controlled drug SRFORCRAPadiERSHEL. tOO%f}‘ﬁB@“ﬁgé’m{eﬂﬁ‘fﬁﬁ FEH6h TREY&EY
preferably takenisttecbytorisiderationto épstitebendfidialypropérties:fof pasticléadeRvery s Pé)sfsible

clogging of a caifiglgripas 75 Q@A'Mse{eyﬁ@mmqggaw%% densitemismatched delivery
e

medium. In addition, it is desirable to include a certain minimum amount of contrasta entinthe -

delivery mediurf i SER e SR AR TEREE HOHGSEGS RSRIFERSE d I RG S gaRPE u‘ﬁ:‘élﬁ't’lﬁ’/“’the
polymethacrylatechivdragehadendny, ismbdiveethd:Q5ag/cMBian kbt glem3ide gENdingheretinshyl

10equilibrium watgreonient 4. G%Qﬁ%%‘?&ﬂé@?%&?@ﬁw QQ&"&E?!Q&EQEQVQ%QE§B$ mediawith,300 mg

iodine per ml have densmes of 1.32-1.34 &tem3. As used herein, "buoyancy" refers to the_ahility of the
particles td he SUBSEERHRRFHeETGHSY iNedIBtrMHE ddttits \f\;i‘FeE"P HracaEhly By pepaads is
substantially thesame: agdhednedismiuiy whick:d isyguspénided. Codted! patticles faringdirraccordance

with the present jvenfion as descrited heteincan/eashlAbugyancyhen et isappogately

30% contrast agent in the delivery medium, however, 'such levels can be adjusted for such preferred
use according t f"t‘é%%fﬁ‘i’(ﬁh@é‘fdé@grlﬁeaeﬁefé‘iﬁ“ 1‘@88@3%0%%%%%8}%&@?#@?hé‘d’éﬁ)éﬁfbf the
particles is by usgiafliemsyiwatebotvaletterium oxide (020). When heavy water is used to swell the
particles, D20 displaces H20. thereby increasing the weight of the particles for better dispersion and

buoyancy levelgoddd|TYPioRlY:1his, Igads-totas.ability {0 a@l%tﬁglaea'qmmat&w&&u@&; agentof at

least about 5% using such a technlgue Howev%ﬁ% ame equilibr effect an oc ur over tlme when

the particles aré cOntREEERHIH An A JIRSUL B LA B8N l%\Stlngmag‘“’(leon VSRIATS m &iétadthat
when using D2Got:titis purposecaitherithat sispensiol? timestaretdapt i6 aﬂﬁmmﬁum%ﬁpﬁﬁew

preferably, that the - contrast agantbe RiRvideg:ing.saltion WRIGhAISO USESIRA2EL 1o about 1200
25100811Alternatively, particles of pH | can be neutralized with cesium hydroxide and/or the

microns.
20 (0067] Suspension polymerization may be initiated with a thermal initiator, which may be
solubilized in the agqueous or, more preferably, monomer phase. Suitable initiators for use in
the monomer phase composition include benzoyl peroxide, lauroyl peroxide or other similar
peroxide-based initlators known or to be developed in the art, with the most preferred initiator

being lauroyl peroxide. The initiator is preferably present in an amount of about 0.1 to about 3

3
LR

percent by weight based on the weight of the monomer, more preferably about 0.3 to about 1
percent by weight based on the weight of the monomer. As noted above, a cross-linking co-
monomer is preferred for use in forming the hydrated polymer. Suitable cross-linking co-
monomers for use with the acrviic-based principle monomer{s} used in preparing a
polymerized particle core, include various glycel-based materials such as ethylene glycol
30 dimethacrylate (EGDMA), diethylene glyeel dimethacrylate (DEGDMAY) or most preferably,
triethylene glveol dimethacryvlate (TEGMDA). A chain transfer agent may also be provided if

desired. Any suitable MA polymerization chain transfer agent may be used. In the preferred

16



final neutralized particles can be equilibrated with cesium chloride. Such compounds diffuse cesium
into the particles, such that either the cesium salt of polymethacrylic acid is formed or poiymethacrylic
acid is diffused and thereby enriched with cesium chloride. 100821 The cesium increases the density of
the particles A& HidPeasing the ability to 30add higher amounts of corfEf(EB &2 ypical
buoyancy levels can be adjusted usjng the cesium technique such that abOLflt 45 to about 50%
contrast agent f3 B@*S{&a!éeaet%t S S V1 a%cié% Sifedl FOPEHBYISafiEH CLalith Ealts are
non-toxic and renderathe fpaiitiglesivisible ysimg-fluorosctpy. Cesium's atomic weight of 132.9 gimol is
slightly higher than that of iodine providing beneficial effects including increase in overall density and
enhancement ofgesiray contkasbuisibility @vgpithquéfar-santiasidgennfornedajreancemtatments
where a radioacive seloRe, ofeesiu isdesiied D aqlive adent can Rk e as naliprative

cesium source %ﬁdcgﬁr{]g the particles buoyant in an embolic solution as well as able to be used as an
active treatfent%BRFEd: YOOI BFTPRE B asBtaactechriiftias Foriamiding Mersitp st satidiedd such as
10 microparticlesfenembalizatener othenappicalignawhesehdensity, anidior busyancyiimpaedution are
applicable properti nay be applied in to t referred.particles described.h reig andlor may,be
applied for othe%&%%lg% %3?%’3; é%s?‘ Ttaéﬁ%uu !”doggbgiﬁ?_ é{sf?o%kp ki l%flp the ¢ %&Iggf’ﬁ}g |sasr§fotoﬁn§}?eaén 0 Cesium
and/or D20 trea®iiefieron the Preterasd petipleis Aaiethcand ot feetmiduessabyrgdebirader

implications in qthenpasticles-skichasistheracryic-hased Lhhydrogelssandsotharspolymesiedarticles.
10084]As négted above, b%rium sulfﬁte may be 1]‘_Lé{sﬁegl q)e eenﬂlih core agcrigscle% P/:?lnd thg qr%f&%rged

E maintan | adequate .. . pre 5 Urer 10T I jjiinas .
PTEEP coating or ihtfodticed into the intéridf of the core parflc es using any techniqu known or to be

developed in thexagiAlsenQiganio dyessmayisiaiiasiy:be incduded dn thadariicle-carm.dhrsematerials,
particularly the barium sulfate, also contribute to an 20 increase in density as well as providing
radiopacity. In adfdfitién tohichemerik dddsityoinbsaagecns pProvided pypthemboveinotedBRo of Eesium
compounds, the,hagiyn,skifate alloyus:bis henefih exenunog suhstantishandiosfukhydiation;allowing
particles in suspension to remain isoton'&g:. Thus, a barium sulfateé)owld‘gq Cl atip _§an provide an inert
precipitate havifi§ o eREEE SHTBRYLIBToG1R 81 BEMBIAHR 7516088 " shoufaBe inderstood, based on
this disclosure, that the various buoyancy additives noted above can be used independently or in
combinatidn to f8e thefrivdyBefetemsmit e 2 g It SO A Atite dH il Eo ATy LonBiRation.
10086]The invesitian @&l5Q nclbsesihethotsiafntieliveringanfadtivecagentto bolocalizedng @re&within

the body of a mammal, The mefbod includes caniacing.ins localized Area withal.30leastqneof the

particles of the invention as described above, such that an effective amount of the active agent is
released locally RS HHES S PHREaaSE SREIRERD BT B4 PR treated by
{0670}  Once PMMA particles, such as microparticles, are formed, they are preferably
20 subjected to hydrolysis conditions typical of those in the art, including use of about 1-10 molar
excess of potassium hydroxide per mo! of PMMA. Such potassium hydroxide is provided in a
concentration of about 1-13% potassium hydroxide in ethylene glycol. The solution i3 then
heated preferably at temperatures of about 150-185° C for several hours. Alternatively, 10
minimize reactant amounts and cost, it is preferred that lesser amounts of potassium hydroxide
25 be used which are less than about 5 molar excess of potassium hydroxide per mole of PMMA,
more preferably about 3 molar excess or fess. For such hydrolytic reactions, a concentration of
about 10-15% potassium hydroxide in ethylene glycol is also preferably used, and more
preferably about 14% to about 15%. It will be understood by one skilled in the art, that heating
conditions at higher temperatures may be used to decrease overall reaction times. Reaction
30 times may be varied depending on the overall diameter of the resultant particles, For exampie,

the following conditions are able to provide particles having abouwr 35% compressibility and

i7



WO 2009/014549PCT/US2007/082659 this method include any wherein the localized or topical
application of the active agent achieves some benefit in contrast to the systemic absorption of the
drug. Suitable active agents include NSAIDS, steroids, hormones, nucleic acids, agents used in the
treatment of Y2 aPEREPE:B%he gastrointestinal tract, such as, ulcers, CrohnnRdi&E2¥B 08¢ ative colitis,
and irritable 5 bowel syndrome. Other active agents may include tacrolirnus, sirolimus, paclitaxel,
cisicarboplatins SifH S6PIARti Y FLARS Hd ROATBIEIAE aNa /B ré eeﬁﬁt]élfigf’os Ollf% ‘eg%%a%flgf’é%bg\‘}[%
integrin biockers,swihigirinRibitccedt attathneent. JOO87] 1P Ehe Panticletforniidtethfor tefiverysofan active
agent to a localized.area is,ahputioabout 1,AAY 1M in diametes the-drugrleaded.misiespheres can be

applied to localized 10 areas within the mammalian body using syringes and/or catheters as a delivery
device, without T8I ifa AR A s Bhs. [EB PERSIN SIE E@r% E) Bﬁfﬁ%ﬁf%‘@t’?ﬁt?‘@aﬁ fer can be
inserted int6 thegrairanenty andds Mmovemepkemgniteredauritd itthasereachiedithehareaiwhérddhe
localized admmﬁ?%%ﬂ%? I8 desitgd.AdispRrsionghithe paficles,n aspitablerniection Mmediym,can he
injected through the catheter, guaranteeing only a specific area of the body will be subjected to
treatment with dHIIE4AEEEEAT Particles). As will be understood to a person of skill in the art,
injection mediums include any pharmaceutically acceptable mediums that are known or to be
developed in th&&F} sucFcdlséng hskityels PR Grsas sotAEicdfaBIE Iy BicE Fiditii: A
accordance with,a fusthesembogimentdescribed.hergin, thedavention nchider ansdajertiola dispersion
including particles and a contrasting agent which_ 20 particles are substgntially dispersed in, the
solution. IH%a prgfeH%FHC’eemctl%{dinr%ae"n%,etf%gi’bsgr?iéfles&%%gab squc c‘f’eﬁt&tfb %u?k?%ﬂé’ﬁc tﬂ%éj s%%)ﬁ)g.%fobBSlThe
polymeric partickssngtdhéirvehtisnlvaiy! berisatdo pléparsiassystinedrtieass foefiulation Bt an
active agent forQeal administation aihefernuiation comprisrs dLRagIClaas desaibedabave: loaded
with an active e:]gen% The gé\)x%naerjc pglrtjcletutilizedtma%. bje h&l ow, azgns%b ftarngtilaultl}}/ rg?lgwaog solid.
The particle car’ B 1§30&H Wit Thas ARG Rt Sl &P By GidparSioh o solvation of the active agent in
the polymer solBtiowiprior w¢freprodectibinvof ditferavsize fipairttiasanbug i spiraydramie s pastillation
of a polymes mejt Qf, GALYRGL4H PE Y REXI AcHiaR-RERF eSS Aetealivenaan ualoadedpalymer
particle can be prepared and subsegyently immersed in solutions containing active agents. The
particles are the MACARLAEEE 23 thete g}gﬂftfg‘ﬁ?ﬁ‘]o}}oﬁl%ﬁﬁi%)lgﬁ?“gr%g?}ht of time for the active agent to
diffuse into the matrix of the polymer. After drying the particles, the active agent will be retained in the
polymer particld®*ffHis l0a8iig e ERaITE M GHIFPBE LY Nsatifig Al D Cort 8REE BY Bdjiisting wo
2009/014549P Gd /MS200 7608265 Jodrigetongentratibhs:odtite theubgtian shediumdang rempoving the
particles from theneufatien mediuin Whan an edyiiumgendifon fap Aeed.pHARET o

[0089]Moreover, It'is envisione the active agent can be selected so as to complement the action
of the partities isteralHaryisuerashitn pekpeerty PeneplitioRee beiy GRS EEE tsive or
embolization pragegduse plogeexamplevihthedissyedambighhenertishesiio miniteize digoddiony is a
tumor tissue, one may wish i load, e partigles usedin Mg QRSN REVIQSIANGIthae,
antiangiogenic agents, or ah antimitotic drug. S
but are not limited to, hydrophobic alcohols, amides and carboxylic acid derivatives, more
preferably they inciude halogenated alcohols such as trifluoroethanol. Such surface trearment
25  also prevents delamination of the coating from the core once the coating is applied. Preferred
surface ireatments may include, without limitation, an initial treatment with thionyl chleride
followed by reaction with trifiuoroethanol. Alternatively, the surface may be treated by
suspending the particles in a mixture of sulfuric acid and a hydrophobic alcohol, such as
trifluoroethanol. Such treatments are preferred if the particles are fo be coated in that they

30  minimize any delamination of a coating.

[6073) Alternatively, and most preferably, the PMA core particles may be coated with 2

surface layer of and/or infused with barium sulfate. The barium sulfate is radiopaque and aids

i8



[0090]Also provided is a method of tracing the passage of a particle through a blood - vessel or other
cavity in a mammalian body. The method includes injecting into the vessel, 10cavity, or a conduit
adjacent to such cavity or vessel, at least one tracer particle, wherein the tracer particle is at least a
particle prepafedfif’atéétdance with the procedures described above. [0FSTIORE8BEFDarticle may
include a contrast agent that id.in the visyalization of the particle as it passes through.the body
cavity, blood ve@s‘é‘ﬁ%ﬁ{r?l%f/t ?“oraaé%r/ﬁ%l%‘éﬁe?“!:ﬁ aété%yeesraw El it thig Sﬁp‘éﬁg}t{f ﬁogrlég?l§?%a§ﬁ?glzl§“§%%}neferred,
such as those itivertange f aboitidstouabobtt 15ridiean 2especialiyrifamedahticlesngrértorberdjected
into the bloodstrga HpwaVel.dheparticlasmayPepianywize.sQ iantasifoniig purpeseathey are
not large enough to. occlude the blood.vessel, body cay 2/ or ac#acent cavity or v.esseIH which the
procedure is befhy E%Iﬁl ‘B%ﬁézﬁ%ﬁ%&‘b}%@& éirgcl@g Bt BBt At RGBS thdif Aovement can
be visualized 2faumiitlesX-EBay adachingsidorany ottrerbontrasting procedure sdefendiaduonsthi@ieontrast
agent utilized. FA%W%MEME;% pastisles.deelconRimacpatast agenivihe lawafithe paticles may

be visualized using '9F-NMR based computer tom%gﬁ_%hy. [OO93]I'ftdesired, one may coat the tracer
¥ i

particle containffy?5 Boftidstadent With SBolyHer HHE g SO ERY My cBMBFiEE any
polymer known endenbe«develifad @blinttheakt cinclidinganpphosphdierapalymerstidtfethiore is any
toxicity or concepn of toxigitywithrespeshioibe £entast AeadlIS desirablatbattheQne qramore

coating is non-biodegradable. Depending_on the nature of the wsualiza%ongwocedum, sych contrast
agents may’be PROVIERSH 55 Ot it QRSEF convEttiBR Al I8 SEHIE ContiaSPEntElieiid agents
such as ionic orprapigficalgdinebgcdtaiiing Com patndsiu(lfreronio f@ptirayT Maate. JoaW@ on the

2009/014549PGT 41 1.:32007/Q82609:10094 1V hers magnsiic fesanansaimaging (MRALis-employed for

visualization, the contrast agent to be provided may be chosen from the class of rare earth
compounds, suéH&E Gt GRSl SantarithRy EeiataBsurr s S FGrH SR MR kA G RS tHE art,
[0095]Since theshiairoged coreeampotentdaerbodifisents of the present invention can be 5 chosen
to be derived from an anionic hydrogel polymer, such as Polymethacrylic acid and the like, the

incorporatipn ofjpadlijvalepimetal.sampoukls, inskidingaiorementionect rare earhiokother reetals,

may faciltate a/favarable jonic nteraction, of these. compounds, such, as: by, onic. grgsslinidng.or similar

ionic interaction® thti§ p?o%%f#& or?avorabcl"ieI ?Je{%rean&loh’or accumulation ofyt_ﬁ’esJe'qqmpqund;s In the
particles and hereeprovidingfora bastaihetaepasweffestofisu8iyiA particls.  This will help to

effectively reduce barium sulfate particulate matter in solution atter hydration of the particles.
Exempiary particles include 3-aminopropyl-trimethoxysilane and similar silane-based adhesion

20 promoters.

[0675} A further alternative for improving visualization of microparticles made as noted
herein include the absorption of a water soluble organic dye inside the hydrogel core particles.
Exemplary dyes are preferably those FDA dyes approved for human use and which are known

or 1o be developed for safe, non-toxic use in the body and which are capable of providing

2
th

accepiable contrast. Organic dyes may inciude dyes such as D&C Violet no. 2 and others
preferably approved for medical device uses, such as for contact lenses and resorbable sutures.
Whereas barium sulfate operates as an inorganic filler and finely dispersed pigment that makes
the particles visible by light diffraction due to small erystal size, the dyves when impregnated in

the particles absorb the complementary part of the visible color spectrum,

30 . je076] Particies, including microparticles made in accordance with the foregoing process
for forming a core hydrogel polymer are then coated with PTFEP and/or its derivatives. Any

suitable coating process may be used, including solvent fluidized bed and/or spraying
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10compounds in various embodiments according to the present invention. [0096]The invention also
includes the method of carrying out an enhanced ultrasound imaging procedure (sonography). In order
to do this, one may administer to the ultrasound subject at least one hollow microcapsule to the area of
the ultrasouMPkIBjéLERMAt one wishes to visualize. Such administration A BeREE8Rpitshed by any
means known or to be developed 15 |n the art1 mcludglg b of aos?éln e, cgthe{te or other
invasive or non‘SRVASRTE nte(a’“ééf’dé’v?ll:émgrlrg%rtso)‘/n%\’surgl afwr':’icé’if’cifﬁ” ASUCH method. It1s preferable
to use particleswihitctharetiokoweer thubgtemtizitlytrrotiowdias h@amdgtawmra}mmﬁaﬁh@e%m to at
least about 20%; @t east,about30%y ableash AboulidRd sbleast AlguLRAYa,alileasiaRRM B0%, at

least about 90%, of the volume of the entire partlcle The hollow particles are administered to a portion
of the 20 uItras%W&’%u‘bféBt%tﬂ%ﬁWWéﬁés fo image. While not wishing to be hound by theory, it is
speculated that the particles enhance the ultrasound image by increasing the ultrasound "echo" due to

their abrupfder&f7Ehangemuien EBHPAr&el 135hd s ardu sl tisdtruhe o186 R4yt Bh the
particles act to reflemtdherulixasauind, Ekt@ﬂehyoelfmﬂ@mglﬁﬂ@chEHageaﬂ&)@Q?ﬁ:ﬂ'dsemtemﬂttmueﬂstlon is

further llustrateg by, NG IQI0NING CAMPIES. WIIER 16 2% 0RbiRhS SOIPUSH LA ARImPOSIng

limitations upon the scope thereo contrary, it is to be clearly understood that resort can be had
to various othemsdprsetssawiroaiensniaciiieomerticHy, andbetivhle StEEhe oW IEh et rdading the
description her%@a@ﬁﬂé%ﬁ%ﬁdﬁ&%@%@&&@b@@b@ﬁﬂ&hﬂaﬂ/ tsklltvmntha:arctamth@mﬁe;pazrtmmgtfrom the

spirit of th(i1 resent inve at%om%rotpetﬂmlr[gd f.}th g[g*PeQ!%gdtcl %u{’aGO[j%Ot?n 'éd 5 jo.be

understoo thatpfﬁls Invention is not ospe materi s agents po yp osp azenes or other
compounds usetseineldisbioded drpehe hirfesRioN et e g AEReRS e RhgiffgiRieHe f@lléwﬁ*@%

examples, as eaghiaf these.can vefyefttrtsdatm todae: understoad thakthe termmtagmsﬁas hatein is for

the purpose of descrlblangg partlcul aspects ore r’gbon%lm nts and is not Qgejgilt&pe Ilwltlngb Should

a Lt
the usage or teﬁ?ﬁrltfﬁ % Saf in an}frrt’é efence that Is |rst%05re Srated %}a Feference conflict with the

usage 5or termitwlogireseddpctivgidigelbsure, the usage and terminology of this disclosure controls,
100991Unless indicated otherwise, temperature is reported in degrees Centigrade and pressure is at
or near atmpspheria] An exapplewstithéiprepsration pitacpolyphobphzzéns ofahisdinredtieh isprovided

with the synthesis of polylis@rifiur Oﬁta%y)%%m%&nehﬂgoé%%@ﬁqt}tmgtw whiehdmay hgprepared
according to U.S. Patent Application Publication
fracer particles. For example, in one embodiment, the invention inciudes a method of

minimizing blood flow to a specific tissue in @ mammal. This process, commonly referred to
as embolization, includes occluding or obstructing at least a portion of a vessel, or the entire
20 vessel, with one or more of the particles of the invention, Such procedure is particularly useful
in the treatment of diseases and pathologies that involve undesirable vascularized tissues. for
example, tumor tissue or disorders involving the uncontrolied proliferation of certain cells such
as endometriosis. In such procedures, the particle(s) are prepared in accordance with the

procedures described above, and may be inserted info the blood vessel by any invasive or non-

2
tn

invasive medical practice known or to be developed in the art such as via a catheter, a syringe,
or a surgical incision. The embolization can be carried out such that only a portion of the
biood vessel is occluded, or the entire vessel may be cccluded. in the method, if desired, one
may use particles that have been loaded with an active agent, such as a cytostatic agent, an
anti-inflammatory agent, an anti-mitogenic or celi proliferation active agent, a hormone, or any
30  other desirable active agent, as described herein. Embolization particles according fo the

present invention are capable of demonstrating improved optical visibility, additional

3 o .
radiopacity, and an optimurn specific density of about 1.17 g/om”™. The embolization particles



No. 2003/0157142, the entirety of which is hereby incorporated by reference. 1001001Also unless
indicated otherwise, when a range of any type is disclosed or claimed, for example a range of

molecular weights, layer thicknesses, concentrations, temperatures, and the like, it is intended to
disclose or éVé?rFPﬂ?f?i’fﬁ%‘i?ally each possible 15 number that such a range%ﬂ@?@%@?ﬁ&iﬂy

encompass, |nclu sub ran es nccm%?ssed therein. For exam de ep (pllcants
rﬂ ma\; Wi SHL dﬁ/es s markers as noted above olr ep
disclose or clai emlca motety avmg a certain number of atoms, for example carbon toms,

Applicants' |nteﬂt1ﬁ>sddﬁdllsgi@seae¢ftﬂmm ifidivicerdityde\&ng pdskitste nusibeseliasucirug r&hﬁé’%ould
encompass, congistentyith the disclosure herein. Thus, by the disclosure that an alkyl substituent or
group can have from | to 20 carbon atoms. Applicants intent is to recite that the alkyl group have 1, 2,

3,4,56,7,8, %JIQ] 112, 33 3 dsctBadcly 1Rerdsd, 05&9&9“98&%}0@5 H&mh%ﬁ%amb by

the disclosure that microspheres have a diameter of agérommate 500 to Applicants include
within this élscI%ﬁf%efﬁéOPeBtéﬁBHetWSf‘?ﬁ@%%P@gﬁﬁér RaVER %’Pf?&er B‘Fﬁgﬁ)‘rd}hﬁ%’f&ﬁ 580 gm,

approximately 21@«pmbappraxiraately:&20ntungctbr appreximadely /5306 pavhap pebximatelibd 0lpm,
approximately 55%%33 R %5%%t%sen%ﬁi%me%%%%%émps@ BRPEPIOAGNREQ; D,

approximately 580 pm, an or approximately including any range or sub-range encompassed

60
therein. Accordifflirnpphediats rasigat tﬁé‘?‘?g‘ﬁﬁ f%‘ﬁ?é%&fﬂﬁ?“ém%‘%ﬁhd|§/|‘éffFé‘lﬂﬁnéH‘?bers of
such a group. Inglucing. any,suecipNdes AL coBInalans of sitk:tanger DI the. ioup, 3ptig! can be

claimed accorand oara ge or'm y simitar manner, if for-any reason Applicants chodse to claim

less than the fulkmigasurewefidheddiselosturenfar examplectindDRORAIO14GABPLEH) 5200 7082659
account for a reference that Applicants are unaware of at the {ime of the Mini,: of the application.
EXAMPLE 1 10”@12011&W@@pﬁ@%&%ﬁ@v@t%ﬁhﬁ@érﬂéf%ﬁbroﬁm‘aﬁ%ﬁy%@ (B0 WEE Prepared.
First, a polymer SoMIIO0 BB PrERated O JIsaaling T q; g Qidhaleeuial Neighl oS
gimol in the polymer '‘S6lvén etﬁ ['acétate fo Obtain a 2% f ymer solution. Four rs of this

polymer solutioAenés ?ﬁmwftﬂmbﬁé@ﬁﬁ%ﬁﬁq@% W@@W%@%@WW%&@“W%MF& was

dispensed ontoraffazendayer of 1admilliitarsofipeniana: (Seafdy. 2. kilhe ey orxiacionwas
allowed to %roc ed for thrfaen%a%e .Subse uelr;;l g Qlym ric 10511 rtlc gs é{vgre retngved from the

reaction véssel "Shd werd S dried a1oE 66f6 Aarme

ICrosp heres Wavmg a diameter of
approximately 35¢htowB0ounavdresisreionsech prefermd use az.ce}ldmcr to techniques described herein.

{0680 (ne method for increasing the density of the particles is by use of heavy waier or
deuterium oxide (12:0). When heavy water is used to swell the particles, D;O displaces H;O,
thereby increasing the weight of the particles for better dispersion and buoyancy levels,
20 Typically this leads to the ability to add higher amounts of contrast agent of at least about 5%
using such a technique. However, some equilibrating effect can occur over time when the
particles are contacted with an aqueous sclution of contrasting agent. Thus, it is preferred that
when using ;0 for this purpose, either that suspension times are kept to a minimum or, more

preferably, that the contrast agent be provided in a solution which also uses DO,

25 (68081 Alternatively, particies of pH 1 can be neutralized with cesium hydroxide and/or the
final neutralized particles can be equilibrated with cesium chloride. Such compounds diffuse
cestum into the particles, such that either the cesium salt of polymethacrylic acid is formed or

polymethacrylic acid is diffused and thereby enriched with cesium chioride.

[K182] The cesiwm increases the density of the particies, thereby increasing the ability to

30  add higher amounts of contrast agent. Typical buoyancy levels can be adjusted using the

2]



First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight 3x106
gimel in ethyl acetate to obtain a 1% (wt/v) polymer solution. Four milliliters of this 15 polymer solution
was manually dripped into liquid nitrogen using a 5 ml syringe. This dispersion was dispensed onto a
frozen layer BP80°#ifliifters of pentane. (See He_ 2.) The cryoextraction R §UAReTEERE6%proceed for

three days. Subsequently,. polymeric particles were refrieved from the reactio sse| and were air
dried a1 31 C. BT R Y AEAnAE 5w el BOED 600 um
were prepared, i ifstrasoobyaseiraiofotion whs:ireparetk iy sditssolving PRRER Qeiydnrehefratdiecular
weight 12x106 gime! inimetylisebytylketane {a:0R1ain:AR2Y% (v palymetsakyiandeur.milliiters of
this polymer solution was mﬁmu Ily %ri%g)e%into Iir%léldcnitr%_gen_usinﬁggﬂ ml syrigga@gThis di?p rsion
was dispensed SrtS B¢ ’1‘&%&“8 GEFHRTETSBRR IG R titEoiisehtaie TEIRRTE (See Fig.
1). The eryéextbactiorowestallaniéy to proceed: forthies dgys. Subsagirenthyepoipmerc paricles were

retrieved from thereactiony&sseh-angharieduadanseduced prassire. kel G aiQive cesium
20091(114549PCT/US2007/082659 EXAMPLE 4 100%§41Microspheres having a diamedger of

approximately 5856 BBEFUIRG We R HIATPad 2Firdt®a BUIgH I SEIGH SR WAS D B A BE By i €8 8Ring
PTFEP polymeroiva meeteendarweight 9x106 g/rnol in isoamylketone to obtain a 2% (wtiv) polymer
solution. Four milliliters of this 5 polymer solution was manually dripped into liquid nitrogen using a 5
ml syringe. Thig@ispersianivasdispenrsed-antaadrazenitayer oi15enililiterspaftpentane:n(Saee Fig.

2) The cygextiachon el praceerl DIINeR axe, SuRsrItentiy RRYIpalic aglimers were

to.
. 0 [
retrieved from the reaction vessél and dned under redlice pressure at 21' C. EXAMPL

10100105]Microsiyberesvirdedizipatios sTapSuhsa o500 1e ORGP AR HFE e Erst, a
polymer solutiognwas Eeparggiiy eisseivingnRahEhaelymearefcunaleavarveight 16xkQergimol in
cyclohexanone (o, qbiain, 3.23¢.(why), polvmer solution: four milliers ofhis. nolymer sqliionyas
manually droppléo} into ﬁqwd nitrogen using'a 5'm syringe.e‘l' IS |speprsion was dlspenseé onto a
frozen layer of 180Mdiiiterssofare : Praviver dtmaitelieliethy| 045 cBrBcIixtrE. (Sl Fiacn crprsed
cryoextraction wagallowed tenpressadfentpreesdays. Subsequently, polymeric particles were retrieved
from the reaction vessel and dried under reduced pressure at 210 C. EXAMPLE 6

[0084] As noted above, barium suifate may be used between the core particies and the
preferred PTFEP coating or introduced into the interior of the core parficles using any
technique known or to be developed in the art.  Also, organic dyes may similarly be included
in the particle core. These materials, particularly the barium suifate, also contribute to an
20 increase in density as well as providing radiopacity. In addition to a general density Increass
as provided by the above-noted DO or cesium compounds, the bartum suifate allows this
benefit even upon substantial and/or full hydration, allowing particles in suspension 1o remain
isptonic. Thus, a barium sulfate powder coating can provide an inert precipifate baving no

effect on physiclogical osmolarity.

25 [00BS] It should be understood, based on this disclosure, that the various buoyvancy
additives noted above can be used independently or in combination to provide the most

beneficial effects for a given core particle and coating combination.

[:086] The invention also includes methods of delivering an active agent to a localized
area within the body of a mammal. The method includes contacting the localized area with af ‘
30  least one of the particles of the invention as described above, such that an effective amount of

the active agent is released locally to the area. Diseases or pathelogies that may be treated by

[
P



[00106]Microspheres having a diameter of approximately 500 to 600-um were prepared. 20 First, a
polymer solution was prepared by dissolving PTFEP polymer of a molecular weight 3x10 g/mol in ethyl
acetate tc obtain a 2% (wily) polymer solution. Four milliliters of this polymer solution was manually
dripped into WQUIBPAftESTEN using a 5 ml syringe. This dispersion was disg&EESRHHBFZHFozen layer of
150 milliliters of hexane. (See Fig. 2.) The cryoextraetion was allowed to proceed for three days.
Subsequently, BotyRd plrtiefastiversrosia s Bgaieh e YRRLSANEEE ShdSirtisasFY1C.
EXAMPLE 7 [0fd8:AtMieredphelies: hamving & tiamysteniobbpproxmodtedydbQ0 foi60E privwwegenprepared.
Firs, & polyme sqlyir s PYEpated . diasolying PIREP, Rglueraf aelaghlar eialiuad 06

gimol in ethyl acetate to obtain a 2% (w-t/v) polymer solution. Four milliliters of this polymer solution
was manually dppearteingaiaamirashetithsiig W5 mFs iy &istts dsparsiorliss HépEHe onto a
frozen layer of $50miflilitesmof etiianclc{Seedeigs ), Thelodroaxtrdiation wabrallowwed itaxprooeed for
three days. Subseguently, polymeric. particles we triev ron i el apd 'Edriedat
21.C. Tho parti e T ] e e Sl I e e SAMBLE &
[001081MicrospHeses Hat/ife & BighiEtBy i of apiieuiFitely 500 to 600 urn were prepared. First, a
polymer solution was prepared by dissolving PTFEP polymer of a molecular weight 3x106 g/mol in
ethyl acetate tol®#t&Ein a Hobewiii}ipdiymertsbiation \Eousimilliies aruis 10peiarrsviatbiivas
manually dripped,inf iguiddaitiaoandisinga mlsyrivged hissispession wasSispensed.onte a
frozen layer of 150 milliliters of diethylether. (See Fi% !The g@/oegﬁractionfw allp{\:{\égg to“pttil%%?ed for
three days. 'SuBEEUERHY 5o ARERE B S Rl TS HETRE PR AN VeS8 and i tried at
21 C. The resultant porticiestweres afiendrfingroophpashandcaniforrméysphericasr 18 BXRPIdE 9
[00109]A two litgy Coyovesselas shawRdnEignwasfillsdavithil Oxmillliersof digthy hatherss a
non-solvent. Li(1uid nitrogen was slowly added until the non-solvenéfroze. The vessel Was(}hen filled

with additional | aq_ﬁ]dz?ﬁtfigaétﬁ?tmiﬁ}ptﬁ %ﬁlﬁ%jwﬁ SFH&‘iiia"rﬁfrt&& ésﬁrPS o3 1 2 suitable miection medium

can be injected through the catheter, guaranteeing only a specific area of the body wili be

5 subjected to treatment with drug foaded beads (particies). As will be understood to a person of
skill in the art, injection mediums include any pharmaceutically acceptable mediums that are
known or to be developed in the art, such as, eg., saline, PBS or any other suitable
physiological medium. In accordance with a further embodiment described herein, the
invention includes an injectible dispersion including particles and a contrasting agent which

20 particles are substantially dispersed in the solution. In a preferred embodiment, the particles

are also detectible through fluoroscopy.

|6U88] The polymeric particles of the invention may be used to prepare a sustained release
formulation of an active agent for oral administration. The formulation comprises a particle, as

described above, loaded with an active agent. The polymeric particle utiiized may be hollow,

[
LN

substantiaily hollow or solid. The particle can be lcaded with the active agent either by
dispersion or solvation of the active agent in the polymer solution prior fo the production of
micro-sized particles through spray droplets, pastillation of a polymer melt or carrying out of a
cryoextraction process, Alternatively, an unjoaded polymer particle can be prepared and
subsequently immersed in solutions containing active agents. The particles are then incubated

in these solutions for a sufficient amount of time for the active agent to diffuse into the matrix

[
o

of the polymer. After drying the particles, the active agent will be refained in the polymer

particle. If this loading mechanism is utilized, drug loading can be controlied by adjusting



approximately 5 to 10 cm when measured vertically above the non-solvent layer. The vessel 70was
closed with an insulated lid, and a syringe needle connected via Teflon tubing to a syringe pump was
inserted through a small opening in the lid. 1001101 The syringe pump as shown in Fig. 7, was used
to dispense WEHBERIZSS 15 milliliters of the 5 to 40 111 1 polymer soluti8f &I EEeEte, slowly into

the cryovessel. The rate of the pump was adjusted to ap roximatell}/ 10 mi}liljt?rs dis £ensing volume
per hour. A TeffBRES GBI JifeTRbrd s e a&%ﬁ?‘%@t’lﬁs 18 RiERE o @g}rﬁ% &di

ute the Ispensed
volumes into sevelahvessels: kypitatiel. (dhisipreferabte divatthe ratio of solvent to non-solvent volume
stays below 10% (v/v). Otherwise the particles may adhere to one another.) After the polymer solution
was completelyjgligpensedqirtadhe vesselianptheriod:miliersof ronisalvent wascsloptyrpoured on
top of the liquid nitrogen. ;WO 2009/014549PCT/US2007/( 1001, Ving OLtthi

process, it is not{[':-:“ecii ?f?%? ﬁﬁ\égﬁ 5 glicef 516 that the 1%%%%%’%%3%%5%%%%}g%%%}éﬁeggfe%grﬁiﬁu%ggﬁ as the
G33 size. Additioreihusirie drepprigadistaneesdHeul§BEIHEREHENS st tHAChenarspéts ided by
gravity immediatgly.sinkinta the. liguidRiirages, uroniting thesurager{061ds@1Fhie: liguidsinitrogen in
the vessel was slowly alloivg.g tooevaﬁgr?teéntgkinc% an g%xgm%g%ggglgay. The non-solvent slowly
began to melt, 310 tha BEfher Sofitiorr droplets. still frozen, sank into the cold non-solvent. After
another day of incubation, the now gelled polg/8mer rbe{a,ols ﬁartic_legso) were reﬁri?v d fr%“ atq)tigo\égssel by
simple filtration [4H8) werdsaI W0 tA BE PSS tHRTE At B 8H S pproximately 30 minutes and then
were ready for usgel Qincany ofviheinpphcationsdestribétchoedind BXatP 2D JO0P1BFTHese!

microsphefs prgpared bY.ihf,Pigeess ab Exaele, wara @xaminedda! shaps Aad:suaca merphology

by optical microscope, scannin%; ectron microscope (SEM) and atomic fqrge m%ro%%og%. C;I;Qe results
of these analys@4car&htia flka< PRI ATSRSEIR 295 SR Eh B T IR TSR RETE RS THEY appear
using an optical microscope at 4x magnification. Fig. 3B shows a microsphere as it appears using a
scanning electré#ficrosBepiesat 10U IhagHiickisT [ouriageRdhehB et hesUrEE&HBBhology
of the unloaded;gphates is: tRicalsemisKHsRIlineRaly RS above gldss danditiak temperatire.
Amorphous s wiel systaline reains S0aie prexalent IntouaNQuL MG, SarpBle. S Tags- Theyrface is
microporous in Hatlité; With pore S|ze§)rang|ng Hom nharorneters to few micrometers in diameter.
15 10 wm, especially if the particles are to be injected into the bloodstream. However, the
particles may be of any size so long as, for this purpose, they are not large enough to occlude
the hlood vessel, body cavity, or adjacent cavity or vessel to which the procedure is being

applied.

[0092] If the particles are loaded with a contrast agent, their movement can be visualized
20 with X-ray machines, or any other contrasting procedure, depending on the contrast agent
utilized. However, if the particles do not contain a contrast agent, the flow of the particles may

be visualized using "F-NMR based computer tomography.

[6093] If desired, one may coat the tracer particle containing a contrast agent with a
polymer coating. The polymer coating may comprise any polymer known or to be developed
25 in the art, including any phosphazene polymers. If there is any toxicity or concern of toxicity
with respect to the comirast agent, it is desirable that the one or more coating is non-
biodegradable. Depending on the nature of the visualization procedure, such contrast agents
may be provided {e.g., from the class of conventional radiographic contrast enhancing agents

such as tonic or nonionic Jodine-containing compounds (Imeron™, Optiray™, efc.).



1001151Particles-loaded with bovine insulin were also analyzed using scanning electron microscbpy
(100x magnification). The result of these analyses can be seen in Figs. 4A and Fig. 4B). EXAMPLE 11
1001161Several polymerizations were carried out using varying combinations of PM1v1A and three
different cro¥&iiRii Hidhomers (EDGMA. DEGDMA and TEGDMA), difféf&it vadiceiatitiators
(benzoyl peroxide (E3PQ) and lauroyl peroxide (LPO), ED s a cornplexing agent,and varying
dispersants (CyAl4her , B‘B%?ﬁ%?yﬁ%g%‘bc'?FWﬂgl%cfmiﬁﬁ f nlgyg‘fi oY isualization, e
2009/014549IT&’dﬂx_ﬂﬁﬁ%é’demﬁinwajwhcﬂe(Pm toe athieverthe spréferracbente pattiztes. In
some polymerizations, spdivRuphosrhale huffersolutian INatKPaiNaH2ROEA was used. It was

observed that some of the reaction procedures went unsuccessful due to the type of dispersant and

conceniration cligsen. Falure,of e dispersantwas dsmansiialed e o af parlvgnsgtal an
exothermic 5 reaction, coalescing agueous and organic phases and premature onset of the vitrification

phase. Only theskseeassrdakamisnes Bran w956 SOEUBRTs IR SRR etell dtable 1,
which includes the, eamponeRiseconeRntvatioans andseaction dadditionstiorstchsamplestl ).
TABLE 4 6 . . o : .
other metals, may facilitate a favorable ionic interaction of these compounds, such as by ionic
crosslinking or similar ienic interaction, thus providing for favorabie retention or accumulation
of these compounds in the particies and hence providing for a sustained release effect of such

10 compounds in various embodiments according to the present invention.

j0896]  The invention also includes the method of carrying cut an enhanced uitrasound
imaging procedure {sonography). In order to do this, one may administer o the ultrasound
subject at izast one hollow microcapsule to the area of the ultrasound subject that one wishes to
visualize. Such administration can be accomplished by any means known or to be developed
15 in the art, including by use of & syringe, catheter or other invasive or non-invasive medical
device, and/or by a surgical incision. In such method, it i preferable to use particles which are
hollow or substantially hollow, i.e. having an inner cavity that is equal to at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 80%, at loast about 9094,
of the volume of the entire particle. The hollow particies are administered to a portion of the
20 uitrasound subject whick one wishes to image. While not wishing to be bound by theory, it s
speculated that the particles enhance the ultrasound image by increasing the ultrasound “echo”
due to their abrupt density change, when compared to the surrounding tissue. The hollow

cavities of the particles act fo reflect the uitrasound, thereby enhancing the image.

[0897] The present invention is further iliustrated by the following exampies, which are
25 pot to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearly understood that resort can be had to various other aspects.
embodiments, modifications, and equivalents thereof which, after reading the description
herein, can suggest themselves to one of ordinary skill in the art without departing from the

spirit of the present invention or the scope of the appended claims,

3¢ [0098) Further, it is to be understood that this invention is not limited to specific

materials, agents, polyphosphazenes, or otber compounds used and disclosed n the



PAPNIN1A PMMA : PMMA 182,0 g200.2 g 200.2g 200.2 a EGDMADEGDNIA TEGDRIA F
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WO 2009/014549 PCT/USZH0'7/682659

invention described herein, including in the following examples, as each of these can vary.
It is also to be understood that the terminology used herein is for the purpose of describing
particular aspects or embodiments and is not intended 1o be limiting. Should the usage or

terminclogy used in any reference that is incorporated by reference conflict with the usage

L

or terminology used in this disclosure, the usage and terminclogy of this disclosure

controls,

(0099} Unless indicated otherwise, tempcratufe is reported in degrees Centigrade and
pressure is at or near atmospheric. An example of the preparation of a polyphosphazene of
this invention is provided with the synthesis of poly[bisttrifluoroethoxy)jphosphazene]
1¢  (PzF) polymer, which may be prepared according to U.S, Patent Application Publication

No. 2003/0157142, the entirety of which is hereby incorporated by reference.

[00169] Also unless indicated otherwise, when a range of any type is disclosed or
claimed, for example a range of molecular weights, laver thicknesses, concentrations,
temperatures, and the like, it is intended to disclose or claim individually each possible
15  number that such a range could reasonably encompass, including any sub-ranges
encompassed therein. For example, when the Applicants disclose or claim a chemical
moiety having a certain number of atoms, for example carbon atoms, Applicants’ intent is
to disclose or claim individually every possibie number that such a range couid encompass,
consistent with the disclosure herein, Thus, by the disclosure that an alkyl substituent or
20 group can have from I to 20 carbon atoms, Applicants intent is to recite that the alkyl group
have 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 carbon atoms. In
another example, by the disclosure that microspheres have a diameter of approximately 506
t0 600 pm, Applicants include within this disclosure the recitation that the microspheres
have a diameter of approximately 500 pm, approximately 510 um, approximately 520 pm.
25 approximately 530 pm, approximatety 540 pm, approximately 550 pm. approximately 560
um, approximately 570 um, approximately 589 um, approximately 590 pm, and/or
approximately 600 upm, including any range or sub-range emcompassed therein.
Accordingly, Applicants reserve the right to proviso out or exclude any individual members
of such a group, including any sub-ranges or combinations of sub-ranges within the group,
30 that can be claimed according tc a range or in any similar manner, if for any reason

Applicants choose to claim less than the full measure of the disclosure, for exampie, to

26



mol%21 monomer) monomer 7.5 mMol DDM) COOLEO LPO COO (0.3 wt%(0.3 wt% (0.3 wt% (0-)
w031) monomer)monomer) j monomer) monomer)

WO 2009/014549 PCT/US2007/082659

account for a reference that Applicanis are wnaware of at the time of the filing of the

applicatton.
EXAMPLE 1

{801¢1]  Microspheres having a diameter of approximately 540 to 600 um were prepared.

k¥ ]

First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
3x10" g/mol in the polymer solvent ethyl acetate to obtain a 2% (wi/v) polymer solution. Four
milfiliters of this polymer solution was manually dripped into liquid nitrogen using a 5 ml
syringe, This dispersion was dispensed onto a frozen layer of 150 milliliters of pentane. (See
Fig. 2.} The crycextraction was allowed 1o proceed for three days. Subsequently, polymeric

10 particles were retrieved from the reaction vessel, and were air dried at 21° C.
EXAMPLE 2

[66162] Microspheres having a diameter of approximately 350 0 450 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
3x10° gimol in ethyl acetate to obtain 2 1% (wt/v) polymer solution. Four miliiiiters of this
polymer solution was manually dripped into lquid nitrogen using 2 5 mi syringe.  This
dispersion was dispensed omto a frozen layer of 150 milliliters of pentane. {See Fig. 2.} The
cryoextraction was allowed to proceed for three days. Subsequentty, polymeric particles were

retrieved from the reaction vesse! and were air dried at 21° C.
EXAMPLE 3

20 [06103] Microspheres having a diameter of approximately 500 to 660 pm were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecutar weight
12x10° g/mol in methylisobutylketone to obtain & 2% (wt/v} polymer solution. Four mitliliters
of this potymér solution was manually dripped into liquid nitrogen using a 3 ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of a 19 (v/v) ethanol/pentane

25 mixture (See Fig. 2.} The cryoexmaction was allowed to proceed for three days.
Subsequently, polymeric particles were retrieved from the reaction vessel, and dried under

reduced pressure at 21° C.

27
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EXAMPLE 4

[00104]  Microspheres having a diameter of approximately 500 to 600 wm were prepared.
First, 4 polymer solution was prepared by dissoiving PTFEP polymer of a molecular weight
9x10° g/moi in isoamylketone to obtain a 2% (wt/v) polymer solution. Four mililiters of this
polymer solution was manually dripped into liquid nifrogen using a 5 ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of pentane. (See Fig. 2.} The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric polymers were

retrieved from the reaction vesse! and dried under reduced pressure at 21° C,
EXAMPLE 5

[00105]  Microspheres having a diameler of approximately 300 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
16x10° g/mol in cyclohexanone to obtain a 2% {wt/v) polymer solution. Four milliliters of this
polymer solution was manually dropped into lquid nitrogen using a 5 ml syringe, This
dispersion was dispensed onto a frozen layer of 150 milliliters of & 1:1 {v/v) ethanol/diethyl
other mixture. (See Fig. 2.) The crycextraction was aliowed to proceed for three days.
Subsequently, polymeric particies were retrieved from the reaction vessel and dried under

reduced pressure at 21° C,
EXAMPLE 6

[00166]  Microspheres having a diameter of approximately 500 to 600 pum were prepared.
Fira, & polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
3x10° g/mol in ethyl acetate to obtain a 2% {(wt/v) polymer solution. Four milliliters of this
polymer solution was manually dripped into liguid nitrogen using 2 5 ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of hexane. (See Fig. 2.y The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric particles were

retrieved from the reaction vessel and air dried at 21° C.
EXAMPLE 7

[60107] Microspheres having a diameter of approximately 500 to 600 wm were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of & molecular weight

3x10° g/mol in ethyl acetate to obtain a 2% (wt/v) polymer solution. Four milliliters of this



PV A 26/88 0.25 wt%/ 26/88 0.23 0.23 siet%/ waterwater wt,41 water water No F. Yes Yes F Ib 67C
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polymer solution was manually dripped into liquid nitregen using a § ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of ethanol. (See Fig. 2.) The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric particles were
retrieved from the reaction vessel and air dried at 21° C. The particles were noticeably gel-like

5 and after drying were ellipsoid in shape.
EXAMPLE 8

[66108]  Microspheres having a diameter of approximaiely 500 to 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular wéigh{
3x10° g/mol in ethy! acetaie to obtain a 2% (wt/v) polymer solution, Four mililiters of this
10 polymer solution was manually dripped into liquid nitrogen using a 5 mi syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of diethylether. (See Fig. 2.}
The cryoexiraction was allowed to proceed for three days. Subsequently, poivmeric particies
were retrieved from the reaction vessel and air dried at 21° C. The resuitart particles were,

after drying, compact and unifortly spherical.
I3 EXAMPLES

[0G199] A two liter cryovessel as shown in Fig. 6 was filled with 100 millititers of diethyt
ether as a non-solvent. Liquid nitrogen was slowly added until the non-solvent froze. The
vessel was then filled with additional liquid nitrogen, until the amount of liquid nitrogen rose
approximately 5 o 10 cm when measured vertically above the non-solvent layer. The vessel
20 was closed with an insulated lid, and a syringe needle connected via Teflon tubing 1o a syringe

pump was inserted through a small opening in the iid.

[00110] The syringe pump as shown in Fig. 7, was used to dispense between 5 to 135
milliliters of the 5 1o 40 mg/m!} polymer solution in ethy! acetate, stowly into the cryovessel.

The rate of the pump was adjusted to approximately 10 milliliters dispensing volume per hour.

]
L

A Teflon® cylinder with one inlet and one to eight outlets is used to distribute the dispensed
volumes into several vessels in parallel, (It is preferable that the ratio of solvent to non-solvent
volume stays below 10% (v/v). Otherwise the particles may adhere fo one another.) After the
polymer solution was completely dispensed inte the vessel, another 100 miliiliters of non-

solvent was slowly poured on top of the liquid nitrogen.
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WO 2009/014549 PCT/US2007/682659
[G0E11]  In carrying out this process, it is noted that if is preferable that the needle fips used
for dispensing are small, such as the G33 size. Additionally, the dropping distance shouid be

more than 5 om, so that the droplets aided by gravity immediately sink into the liquid nitrogen

upon hitting the surface.

L

[00112] The liguid nitrogen in the vessel was slowly aliowed to evaporate, taking
approximatety one day. The non-solvent slowly began to mell, and the polymer solution
droplets, stil! frozen, sank into the cold non-selvent. Afier another day of incubation, the now
gelled polymer beads (particles) were retrieved from the vessel by simple filtration. They were
allowed to dry at room temperature for approximately 30 minuies and then were ready for use

16 in any of the applications described herein.
EXAMPLE 10

[66113] The microspheres prepared by the process of Example 1 were examined for shape
and surface morphology by optical microscope, scanining electron microscope (SEM) and
atomic force microscopy. The results of these analyses are shown in Figs. 3A and 3B). Tig.
15 3A shows the microspheres as they appear using an optical microscope at 4x magnification.
Fig. 3B shows a microsphere as it appears using a scanning electron microscope at 100x

magnification,

[00114] It can be seen that surface morphology of the unleaded spheres is typical for semi-
crystalline polymers sbove glass transition temperature. Amorphous as well erysialline regions
20 are prevalent throughout the sample surface. The surface is microporous in nature, with pore

sizes ranging from nanometers to few micrometers in diameter.

J115]  Particles loaded with bovine insulin were also analyzed using scanning electron
microscopy (100x magnification). The result of these analyses can be seen in Figs. 4A and

Fig. 4B),

-2
wh

EXAMPLE 11

[09116] Several polymerizations were carried out using varying combinations of PMMA
and three different crosslinking monomers {(EDGMA, DEGDMA and TEGDMA), different
radical initiators (benzoyl peroxide (BPO) and tauroyl peroxide (LPO}, EDTA as a complexing

agent and varying dispersants (Cyanamer 370M, polyacrylic acid (PAA} and varying types of
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stirring at stirring at 400 rpm 400 rpm 130 rpm EXAMPLE 12 [00117]Hydrogel micropartieles formed
in accordance with the procedures described herein  were evaluated for buoyancy and suspension
propeities for use in embolization applications. The microparticles included a sample using unmodified
polymethaciyfit28¢¢¥étassium salt 15hydroael particles (Sample A); a sBfiple8iiF#ituoroethyl
esterified polymethacr ”T ci? WO, 2009 014549PC2/U§§2007/08_2§59 Qgté"(?g%@:“r% is%lértg g}{}%gels
(Sample B); artP & 48 BI6°tiRirg Yhe EaAtE RYalSGBIAL&h e B Bt whera tHe particles were
coated with PTERR (Sample CluAn ispioninhesriaa ybiered.saling. soionelpi thd having 0.05
volume % TweenT" 20 was prepared by dissolving 5 phosphate buffered saline tablets (Fluka(r) ) in
999.5 ml of milQtutragptive watedu:5wahoéFweenROTMis drfactant Wi aside dnd e aileiion.
Solutions having, hetween.2Q-a0d 20 percank v yolume PHImeans e coRtask agenin-dhe isotonic

buffered saline solution were then prepared for evaluation, %OOll%The contrast.agent. _SO|L1lti0nS which
were prepared WEHEEhERT HIALEFIHA T IRADE N SRGERSELEE B RTIEHER ™4 She' b A 58 8bP RS of the
hydrated hydrogelSamplesA:iC averei20 addedyiEath: Samplidulasfist pdratédidy addihilg to 100 mg
of dry hydrogel,mictqpariicleg.cithal,R00ma.elisotanicRhesphaie hufierrdsalinessrittion @5 D20 to
obtain 1 ml swollen hydrogel. Buoyancy properties were measured immediately and every 10 minutes
thereafter until ncy equilibrium was achieved and/or surpassed. 100119]All of the particles
reached equilibrium-density in the contrast agent solution having 15 3040% contrasting agent within 5

min. Partigiggwhichiwera swollen with 020 were heavier withinsthe first 10 minutes. but the D20 did
diffuse biibofithe partiéiéSover tiriewithin 1526%in, of irrf;rggé;i”%ion. If ad} @cé’nal watgfWhich could
displace the:020 were st added Migiparticles hydratec vl §2g would i abie to wemase th
contrast agent percentage:achievableaith adeguate buoyanewbyas much as 5%. Rastigles began to
float to the top over | monomer} MOnomer) monomer) nmonomer) i moie’ MONOMEr
| monomer) 7.5 mMol
' DPM)
i Radicat [ LPO LPC LPO ¢ LPO LPO LPO
| initiator 0.3 Wit {0.3 wt% 6.3 wi% (03wt 0.3 wid (0.3 wibh
monomer IMONGEET) MONOMmer} Monomer} MONOMer) monemer)
Compiexing EDTA EDTA EDTA EDTA EDTA EDTA
Agent 22 mg 44 my 44 my S6mg 30 mg 56 myg
Monomer! i L5 15 5 16 1:6 Lié
Water Ratin |
Dispersant L PV A 4/88 PV A 4/88 PV A 26/88 PV A Z6/88 P PVA Y A 26/88
I5% PVA 33% PVA 0.25 wity/ 0.23 wits/ L 26/88 0.23 6.23 wt%/
JO/88 26/88 water water wite/ water
63% } 65% 0.5 water
wi% / P owt/
water water !
Buffer No Neo No Yes Yes Yes
Soiution
Resction th 67°C th- 677 C th 677 C ih 67°C ih 67°C th 67°C
Temperatur 2h70°C 2hTEC 2Rr70°C 2R70°C LIRTOCC e C
e/Time {h86° C 1hghe Fhg0® C 1k 80° C Theo I h36°C
Cucome 1-50 um 20-206 H-200um 1-F00 pm 1100 pm 50-1.060
{particle due o um due 1o due 10 due to dueto E;r.n'due o
size} digzersam dispersant dispersant mithal initial I initial
CONG. | conc. COTIE. stirring at stirring at | stirring at ;
400 rpm 400 rpm | 130 rpm !
)

EXAMPLE 12

[00117]  Hydrogel microparticles formed in accordance with the procedures described hetein
were evaluated for buoyancy and suspension properties for use in embolization applications.
The micropatticies included a sample using unmodified polymethacrylic acid potassium salt

15 hvdrogel particles (Sample A); a sampie nsing trifluoroethyl esterified polymethacrylic acid

3l



20time when the contrast agent was added in percentages of 40%0-50%. [001201The equilibrium
buoyancy (matching densities) was achieved for Sample C in 31 volume percent of contrast agent in
solution. With regard to Samples A and B, swelling behavior and subsequent density are typically
dependent SHEHEGHRTg content, pH, ionic strength and valence of catibh’ ¥EE8idtever, it was

assumed herein that the swelling does 25, nat influence buoyancy due t S | re of the
polymethaeryli® &gidf HYdf Téié/flfﬁg%qesr ﬁ’%%teegaéﬁgéjEﬁfﬁ?’&lglu\%/@%%ggg?gg 3‘\?& r%%ezgé]'lggrlg E)a}{-);’?rl’wtﬁ{sample
C, a time lag ofgwellingaasiolsservad-emel bridy EREF R GRAMMIRIM WAS Sewe toh ey EMPLE 13
1001ﬁ11'n OLd%EIﬂQet%ﬁi%Q%}g Qf@h%»ﬁﬁg&ﬂ@g\%mﬂn@eacm@v@ra m@rxeapr}@@ﬁﬁed @pnsﬁm@g 30well as
to enhance the tluoroscopig visibility of the particles; cesium treatment was then effect r the types
ofmicroparticle%hﬁ%’é‘af?nbp fipIe Igegf’%g& %@é‘fégjp‘fé%?gg\‘}?}d’%‘ﬁgﬁ%ﬁg?ﬁ&%&? fﬁsggo“?}é’gzegg
[00122]100:mgbfSarifie Gafdiof Semplal® wetkchipdrated Sabhifts 10 PRE30Wekthepercent
solution of sodiym ghlgride, The sipernatant ligwiswas.dacastes afteseuuiibeiur anddhewere

microparticles were washed thoroughly with deionized water. They were then equilibrated for another
10 mm., decant8er RRTYESSEFIBYFCE mI of surfactant-free 5 isotonic phosphate buffer solution at a
pH 7.4. The effect on buoyancy was then evaluated using contrast agent solutions varying from 20 to
50% by voIumd@fﬂﬁbro%@%ﬁ%ﬁtﬁ@ﬁﬁéﬁﬂ%ﬁ BHY BERE TRETOPAFACIEE BRSAICE B AR E'C were
used. 3.5 ml of imgN30conkrASTRYtRt W espravicde dfaitheviditiad bhuffersofatigrewhiChwaciuded
4.0 ml isouppic phosphals lteityse TN ed selulion. ARN0LBaLINe caHibsRIAN MasRAHERLIIg
cesium chloride yielded par icles of increased density. Both microparticle samples showed a final
buoyancy in thesiirmeSifgraoof deviesPRgEeSONfGIS &t snidPatne0r B5o86% LML Shent,
regardless of the,prasence ehabsengerefsTvilenth2ts uifactint! T hed conditicns fonsatheration
appeared to be de_E)JE-ndent ugorl‘hghe |n|tl%l E&Iﬁlleqifeéha%&; rtlcles%.ép‘e pH used during the procedure and

the correspondi}ﬁngti Bed8tiration with me hacrylic aci b?%rgﬁs In the particle. At pH below 3.6, constant

exchange between §roton_s1 and cationis was ogserv]eéll. As d%n[?gljllt,trgggg beneficial results were shown
at pH above ab8tH2% artl BESGPABETCE AL IEHPEI IR SHSHAE O cesmrﬁ.ﬁﬂtfun the prefefred
range, buoyancylesirvbevaricdy Adereastnably e utratitevelbidased orotest \ith FOf 7 baeyier
microparticles didnqtjasgdhairhuoxanscy altes,staraagindhe conteast-agensufiaredisalution@Oover
night. _

g min. of immersion. I additional water which could displace the DO were not added,
microparticles hvdrated with D;0 would be able to increase the contrast agent percentage
achievable with adeguate buovancy by as much as 5%. Particies began to float to the top over

20 time when the contrast agent was added in percentages of 40%-30%.

{60120} The equilibrium buoyancy (matching densities) was achieved for Sample C in3l=
1 volume percent of contrast agent in solution. With regard to Samples A and B, sweliing
behavior and subsequent density are typically dependent on crosslinking centent, pH, ilonic
strength and vatence of cations used. However, it was assumed herein that the swelling does

not influence buoyancy due to the sponge-like nature of the poiymethacrylic acid hydrogel

o
L

material.  After such material was coated with the PTFEP as in Sampie C, a time lag of

swelling was observed and buoyancy equilibrinm was slower to achieve,

EXAMPLE 13

[06121] In order to teke account of the time lag and to achieve a more preferred density, as
30 well as to enhance the fluoroscopic visibility of the particles, cesium trearment was then

effected for the types of microparticles used in Samples B and C of Example 12,

32



EXAMPLE 14 100124] Further compressibility and mechanical property testing were done on
microspheres in accordance of Samples B and/or C of Example 12, A pressure test stand which was
used for further evaluation is shown in Fig. S. An automated syringe plunger 2 having a motor 4 for 25
providing a Y&AaM¥ ¢ rate of 0 to 250 mm/h and a gear box 6 was furthfeFEgHipPEdNAth a Lorenz
pressure transdé capable of measuring forces in the 0 to 5 Oé\l {ea}pgethp syringe,plunger 2 was
in communicati ﬂn&%%i aalg};/ariﬁng‘egg;%? 11}’ gg‘z ggoc}vrvr“?_a 28 |g"i‘f%‘]§c?1t}ft53t of_t?fe' transducer ilvas\ recorded
using a personat@gmpatestTHiuggrintesbidy 100 wadefill b wRIP T pIs ALBILTER SFeBitfagidgent in
isotonic phosphatgihwiierisirtactantJaneaiimed)splutinndng 80 aigonaentatioaaf abeutae-32
volume percent contrast agent. Microparticles were provided to the syringe, as.well in mount of 56
mg dry mass. Tﬁ@”s%ﬁég%%%t%’ﬁt%ﬂ\?v%% ﬁée‘ﬁ“?ﬁje‘g (glﬂ(% rgrl%ﬁ%?emr%%/éré%é&h@teﬁ%f r\gvar%l?:a{%rveaes
attached to3the iigtalepith it théfsysingernThe phictdcatheteiftvadrativprietsdidmaber 6¥888¢Gm. The

force needed to,pysh the.Wigrananisiessthioueh the catheterinio the Rt dishoke (shown:foryeceiving
microparticle solution) was measured and recor ‘gsda]g%gr%sgzggec 100125%In305q§{ 1o make ggétain
y \ :

calculations, the¥8TEVinG IS iTstBIT RS k551 aself'on pical tse of mlcrospefﬁcéf]res for
embolization. Typically guchwaierpsphieres havaratwabeffeosmbnof abiolit gdosesutl taatwomas for
embolization woyld therefare. goniain0:3 fig.ekgmbolization particles in 9.8 ml of injection liquid (2 ml

of hydrated microparticies in 8 ml supematant liquid). Standard preparation procedures include adding,

8 ml of Imegont pausp A &gﬁﬁ%‘?};&ﬁ%&%@&%‘%&ﬁ@ single M&?Arﬂl@w@wgmr@g@ﬁﬂc%gubrium

concentration JO of contrast agent of 8 ml/(9.8 ml + 8 ml) = 44,9 volume percent within an injection
solution. The sAlERH-isEYBICBIRPAREKRIS GHMATNTreYAh G PiREHIveR? IaRfeclior ahsity thus
equals: p = VETagerd Relsli8im ke Ehidehiiambelization @gentper vekimedraction. 002 26}Ehe Sample C
spheres demonsiiated arproximateli e aare saulibiym Bl dnaaniaRtas pice gphrlization

spheres. To achieve the same injection density desired for typical surgical procedures, 56 mg of
Sample C microsphéhesriiste Hatichesas mirofty THverdine pertsmresirst b bRt SoIMmeM Rg%sotonic
phosphate|buffasang sutfastartras-natedapaxes 100k3%khe SamppledianlCamicmespheresavere
evaluated in diferent microcatheters.of equallumen diameter. 8 pbLol 4 Jigelions phgiahe
horizontal and vénical direction were made under different uoyancy eve(fs and using different swelling
levels (based omibrbofenif EOrIASEM TR S ThETESUIS defwheterddntn Y Bindhigradte
diameter of the pligrospheras washelpwdheinteraabidiameter pithe piectosatbeter ptheimicraparticles

passed through the cathqter Wi'[hOL{It ad igi nal frictio?tal f9rce in tpne same manner @@rgaes ggigie&§nce 25

solution An incrEAZ8HE BB B ARY GFaVitation Torca Wwas measured when the microparticle
diameter réachedahdgbame dimension as the lumen diameter. At roughly 20% compression, forces of
about 1.5-2.3 kg were needed to overcome frictional forces within the catheter. Forces greater than 5
kg were taken assasgiitéline for moderate to high injection pressures. When particles are heavier than
the injection medium, clogging was observed when 30injecting in the vertical position. When injecting

the microparticlggoirz she Farieeniahpasiiangy and mechanical property testing were done on microspheres
in accordance of Samples B and/or C of Example 12, A pressure fest stand which was used for

further cvaluation is shown in Fig. 8. An automated syringe plunger 2 having a motor 4 for

25 providing a variable feed rate of 0 to 250 mm/h and a gear box & was further equipped with a

Lorenz pressure transducer 8 capable of measuring forces in the 0 to 300 N range. The syringe

plunger 2 was in communication with a syringe body 10 as shown. The digital output of the

transducer was recorded using a personal computer. The syringe body 10 was filled with 5 m}

of & solution of contrast agent in isotonic phosphate buffer/surfactant (Twesn™ 20) solution in

30 aconcentration of about 30-32 volume percent contrast agent. Microparticles were provided to

the syringe as well in an amount of 56 mg dry mass. The syringe contents were then injected

through the microcatheter 12 which was attached to the distal end 14 of the synmge. The

[
L8]



WO 2009/014549PCT/US2007/082659 it was observed that serious clogging was alleviated and that
larger volumes wereible over time. [001281Injection pressure was further minimized when a lower pH
reduced swelflng was used in combination with horizontal injection such that the injection pressures

were 5 comp&radliE%d e injection media itself. In addition, injection of S&mMBIE2Y M SParticles also

exhibited a good injectjon S ern at a physiologjcal pH. Th thete antrance did ot clog
and each peak“?fctﬁ’éd& tive (?gsrrg o8 ét’ RGRS r)'ga smgIL% mflgcropar% num Ser of ﬁarr![tlcfes
passing througmm@baﬂm@hef@omﬁh&ms@m% of ﬁﬁ@wﬁusﬁ@amétemmﬁﬁdﬁﬁé%@ﬁh‘mﬁs that

the invention cap.hedO.Hsedddeunsiaigetible microparticles having a density which substantially
matches the density of the injection medium for embolization use. The particles' compressibility can

further be such iah &, Ca”nb&agﬁst%%w%%ma@aﬁa%ﬁg MRreINANALANR &% PR Re:SyFingg plunger.

The pH of the |nject|on medium can be taken down to about 6 or injections can be done horizontally to
increase thé ead¥GF PJabdige 6F SAMFOBEHY Erhebeltivies’t t%ﬁ‘&hsﬁ‘r@ THERHRBEES BHEé within
the blood streamzthe pasticiesbeancexpantl itatheirdiiginadizein the:phh#rdenvinommentng of

[00130]Additional swelling %‘i%ﬂ%%‘i%‘ﬂ'%?t%?e&ﬁbﬁhﬁq[{‘&c(@R%fH§H%%&§e§%H‘&J&>§%£{é9 it was,

observed that wEhen ion co centrations were low, swelling increased,in higher concentrated solutions,
swelling decrea%@&"@%?ﬂlhﬂ}é@d|ﬁ}ﬁW8fRW@%F&6ﬁﬁﬁ é@sofnglﬁﬁ’?pﬁd’?é £ afgtredoidtitn led to
an increase fromydifd% 19:20%tin Sineof the ﬂngr@ﬂartlms AiheprmixednntoiArrisatonic:phosphate

butter souon. e stoRaricles el poredse ' ses halneso s Phuhereip feionized

water, size incréases are from about bout 136.6%, referring to the dry particles. 1001311In
further testing td esvatinsientise coribrSssiBiligy B th*é1mwéftsﬁérfﬂél’8§dbfiéaﬁﬁble”fé° nisthendatRbe
pressure test stand @Lkig. 8 was used, however, an optical microscope was used to evaluate the
microparticles as they passed through a progressively narrowed pipette which was attached to

polyethylene tubing connected to theﬁé/rlnge cont%éun?? a phosphate buff?r solution suspension of
microparticies of Sampié‘Gorhe BIHSRE harowel rier HiRFh SEET S 480 Bhn and the pipette was

mounted to a Petri dISh such that the narrowest part was submerged in 30phosphate buffer solution to
avoid optical digtmidsn anddoseniect thetmu diejected o npphedpipetie turingameasiramenti@ptical
micrOSCOp?SDICthn V&L \;[gjailéa g fn?»hl%'t“eﬁ rgﬂ?\%@sde%o achieve the same injection density desired for

typical surgical procedures, 56 mg of Sample C microspheres were added to 5 mi of & 31

volume percent contrast agent solution in isotonic phosphate buffer and surfactant as noted

above.

[06127] The Sample B and C microspheres were evaluated in different microcatheters of
20 equal lumen diameter at & pH of 7.4. Injections in both the horizontal and vertical direction
were made under different buoyancy levels and using different swelling levels (based on pH of
6.0 in contrast to pH 7.4). The results demonstrated that as long as the diameter ofr the
microspheres was below the internal diameter of the microcatheter, the microparticles passed
through the catheter without additional frictional force in the same manner as the reference
25 solution. An increase io about 1.0 to [.4 kg gravitation force was measured when the
microparticle diameter reached the same dimension as the lumen diameter. At roughly 20%
compression, forces of about 1.5-2.3 kg were needed to overcome frictional forces within the
catheter. Forces greater than 5 kg were taken as a guideline for moderate to high injection
pressures. When particles are heavier than the injection medium, clogging was observed when

3¢ injecting in the vertical position. When injecting the microparticles in the horizontal position,



passing through the pipette before and during compression. In observing the microparticles, none of
them underwent a fracture, nor did they form debris or coating delamination after passing through the
narrow site. Microparticies which were chosen to be deliberately too big for the narrow site (for a
compressiort*ét 23¢/4#446%6) did not break or rupture; but clogged the 5 nd¥3V¥ E18H48163d. The

maximum compr li
um compressibi |t5¥ rareaso able amou %"iaffécg}‘}%n thq mlcro articles while stH allowing

und
the mieropartiefed 5 PREEHISHE AT Cf‘féfe? was Balé on tHese evallistions, the

microparticles aceotding to Sample C demonstrate properties that would allow particles which are too
large to clog the catheter rather than break up and cause potential damage to the patient. The test
results provideQ{mugg]estqupﬁefegsfes(dmafélsﬁpﬁhmmﬁﬁﬁw Bample-Cmidropautisiesvidiiemibelization

use as shown if Table 2 06lon TARKF 2ohiHAP AR A2 4 30O ARMC ALARSET 277

330540 22.2 A
cemparab]e to the injection media iiself. In addition, injection of Sample C microparticles also

exhibited a good injection pressure pattern at a physnoiogwa] pH. The ¢atheier entrance did not
clog and each peak in the curve corresponded to either a single microparticie or number of -

particles passing through the catheter.

[80129)  The results of the various catheter simulation tests shows that the invention can be

10 used to form injectibie microparticles having a density which substantialiy matches the density
of the injection medium for embolization use. The particles” compressibility can further be

such that if can be injected without forces over more than about 5 kg on the syringe plunger.

The pH of the injection medium can be taken down to about 6 or injections can be done
horizontally fo increase the case of passage of Sample B and C microparticles through the

15 catheter. Once within the blood stream, the particles can expand to thetr original size in the pH

7.4 environment.

[00130] Additional swelling tests were conducted on the microparticles of Sample C and it
was observed that when ion concentrations were low, swelling increased.  In higher
concentrated solutions, swelling decreased. Continued dilution of the microparticies of Sampile
20 C in a buffer solution led to an increase from 1 7% to 20% in size of the microparticies. When
mixed into an isotonic phosphate buffer solution, the microparticles initially increase in size
between 33.8 and 97%, wherein in deionized water, size increases are from about 1162 1o

about 136.6%, referring to the dry particles.

00131]  In further testing to evaluate the compressibility of the microparticles of Sample C

3
L

the syringe pressure test stand of Fig. 8 was used, however, an optical microscope was used to
evaluate the micropatticles as they passed through a progressively narrowed pipette which was
attached to polyethylene tubing connected {o the syringe containing a phosphate buffer solution
suspension of microparticles of Sample C. The pipette narrowed to an inner diameter of 490
ur and the pipette was mounted to a Petri dish soch that the narrowest part was submerged in
30  phosphate buffer solution to avoid optical distortion and to collect the liquid ejected from the

pipette during measurement. Optical microscope pictures were taken of the microparticles



5406 18.5 and 18.4 1.61 and 1.38 1330 540 22,2 1.71 [00132]Sample C micropanicles were further
subjected to mechanical and thermal stress stability testing. Microparticles, after passing through a
Terumo Progreat Tracker catheter 15 were washed with deionized water to remove residual buffer
solution alon§SAth°@dttast agent. They were dehydrated for 12 h at 60 CaRYHERtFaHEferred to an
SEM for surface analysis. They were compared with particles from the original batch of micropartieles
hich had urncRTaTE R e R ABE S5 T ARt (e Bt oo e
not been passetbthroligtethendativeter FigsAmhdid8soliriha Bulfadecoting Samplation 2gter
microparticles jyst:aftarthahyidration/dahydiationsyale anskihefinnthickness efisasxenplary Sample
C microparticle, respectively. SEMs afterpassinq,t roug&l g%thet r %Lvarjous_mg&ni{igétig 1s (Figs.
WA, 10B, 10C AHd oY kol ek e RBSHIY: dicP Rt dEiahiHg 8‘?1’5?‘9. 1O Esmie micropartieles did
demonstrate someostretehisigadutiive thexcoatingfilreHgs y 20B-anct10CL Howawe pidoetoserthe

magnification agjnfHgy1RD9ndemenstiaies thatthe fnamhologysofitha aoating taver isstilldntact. WO
2009/014549PCT/US2007/082659 1001331A sterilizer was gilled with 2 | of deioni%eg water and 10

vials each havir%é‘%né'm%aﬁef on these evaluations, the microparticles according to Sample emonstrate
properties that would allow particles which are too large to clog the catheter rather than break
up and cause potential damage to the patient. The test results provided suggested preferred use

10 parameters for Sample C microparticles for embolization use as shown in Table 2 below:

TABLE 2
| Particie Radius {pm) | Constriction (um) | Compression (%) Force Needed (kg)

340 540 25.9 and 26.3 258 and 1.52

360 540 1333 £3.19

330 L5340 L 22.2 2.83

330 L 540 22.2 2.14

370 L 340 37.0and 373 i 3.3% and 2.77

330 340 22.2 2.08

320 | 340 18.5and 18.4 1.61 and 1.38
330 540 222 1.71

180132] Sample C microparticles were further subjected to mechanical and thermal stress

stability testing. Microparticles, after passing through a Terumo Progreat Tracker catheter
15 were washed with deionized water to remove residual buffer solution along with contrast
agent. They were dehydrated for 12 h at 60° C and then transferred to an SEM for surface
analysis, They were compared with particles from the original batch of microparticles which
had undergone the same hydration/dehydration cycle in mifliQ ultrapure wate:rs'but which had
not been passed through the catheter. Figs 9A and 9B show the surface of the Sample C
20 microparticles just after the hydration/dehydration cycle and the film thickness of an
exemplary Sample C microparticie, respectively.  SEMs after passing through a catheter at
various magnifications (Figs. 10A, 10B, 10C and 10D) show that the coating did not
delaminaie (Fig. 1DA).
coating film (Figs. 10B and 1C).

demonstrates that the morphology of the coating layer is still intact,

Some microparticles did demonstrate some stretching out in the

However, a closer magnification as in Fig. 10D

j
“h



Sample C microparticles in 3.3g of solution of isotonic phosphate buffer/surfactant (TweenTm 20) and
turned on. The water boiling point was reached about 15 min. after the start of the sterilizer, and
temperature was held at that point for 3 min. to remove air by water vapor. The 5vessel was then
sealed shut Y6X&14EBté8sure and temperature to 125 C and 1.2 bar pres8treVSHE 1A pproximately
10 min. The te ure was.then maijntaine mm, and then vessel hut down.for a
cooling phase.r&%ﬁegr%i)erétﬁ Féi}é%eé&% %\fr\?gs %glct‘ggé%%gﬁ% “r}ﬁt}ﬁr Iﬁ%@r‘, affer Wﬁ\%:%g‘ti & égdsi%%f}{/vas
vented, the sanplesisfitielezapararies thed vasdeiobtipntpAl sapipleReaivgssieariedaemt (hesipérnatant

liquid decanted; fihgdnigreparticlesware dlinashes with deipnizeduvataniffiesdebydratiomdhey

were subjected to measurement utsin_ | an SEM. T rgeorie%‘ C!'% drgn]rlpoggg?tgedag)néx a small numper of
delarninated coatings of the TREropanicles unter stch thermal strese (see Fig. T1°A ‘it the strong
white contrast pestioryaTtherovelell herte g erofssuckniiemnsaatittds WaS orilydabditsmesivs. Close

up, the film delaminafien.which-dic 0esurAPASANS IDNAUR: rcUStRIRRGcRyshallingiamednhaus
domain 15 boundaries in the PTEEP coatinﬁ’,(see Fig. IAIB . Most of t gomtq%)articgﬁg show%j only

minor defects (SUckeaE! a iRaH GRAPpateR BeiRY RisSing) PB NS Harhage t6 tRE HiIFErthe
microparticles (seeifigsafidGrant heRysEXANMRIED] 8{66MBK Mithdparticléshwersdomnedzinly.

accordance with g preferred embodiment hetrinu A deinpized;water.selution.ohpelyvinylaleehol (PVA)
was prepared using about 23g of PVA of weight avera%?l\gglecular v,ve_i%pt of about 85_%000-(‘124,000,
which PTVA wa® 80?f@ﬁ@@%ﬁﬁ%’%&éﬁgﬁ(ﬁ%ﬁaﬂg- {fiter A SHYSEHAt8 BEHArEsTtSH S
prepared using 900.g déionizetswaternds8d disodiumdly drogen phickpiniei@ 264isaditmthe
dihydrogen phogphate-and, 0:QR6 g.eihylgnediamine.tefraacelic,aeld (RAI A Metidmehacrylate

(MMA) monomer was vacuum distilled prior to use, 100135]POIymerfiz_ation was carried outi,n a
three-necked, réBin@YSEHOPREE 280 B! ALY A RPE RN AREAS iR adpaiatlls BftdiRed. The
flask was also efgtippedavithhicthéimometenerefluxicondenserdaricha pressline-releabeuwvalvmavith a

nitrogen injet. Taoehrpa%b{@%iﬁéi%ﬁ@c&aarfgrgzwg."%@g;l%seé of the Wé%mtmmpm@yabove,

900 ml of 30the phosphate buffer solution, 0.65 g of dilauroyl peroxide, 200.2 g methacr}/tlicf%?id
[8) [

methyl ester antiPBEGeRPAR AR LIYEET SiFridthaRRAdfne Missing). but no damage to the hu
microparticles (see Figs, 11C and 11D).

EXAMPLE 13

[60134] Microparticles were formed in accordance with a preferred embodiment herem. A
20 deionized water solution of polyvinyl alcohal (PVA) was prepared using about 23g of PVA of
weight average molecular weight of about 83,000-124,000, which PVA was about 87-§9%
hydrolyzed and 1000 g water, A phosphate buffer solution was prepared using 900 g delonized
water, 4.53 g disocﬁium hydrogen phosphate, .26 g sodium dihydrogen phosphate and 0.036 g

ethylenediamine tetraacetic acid (EDTA}.  Methyl methacrylate (MMA)} monomer was

=
i

vacuum distilled priot to use.

[00135] Polymerization was carried out in a three-necked, round-bottomed, Z000-mi flask

~ with & KPG mechanical stirring apparatus attached. The flask was also cquipped with &
thermometer, reflux condenser and & pressure release valve with a nitrogen inlet.  The
polymerization process further utilized 100 mi of the PVA sclution prepared above, 500 mi of

30 the phosphate buffer solution, 0.65 g of dilauroy! peroxide, 200.2 g methacrylic acid methyl

ester and 2.86 g triethylene glyeol dimethacrylate,



WO 2009/014549PCT/US2007/082659 [00136]The PVA and buffer solutions were provided to the
reactor flask. The distilled MMA and triethylene glycol dimethacrylate were introduced; dilauroyl

peroxide then added to the same flask and the components were agitated to ensure dissolved solids.
The reactioMfad¥ide3Mished with argon and the stirrer speed set to at F56'HmPt6Ye6Huce particle

sizesofa b ma orlt in th ge of 300:355 um. Stirrin in ed, or approximat The
stirrer was the é)l&%‘?%n\ﬁ Afdary ﬁrffugJ HIRG WAS Eocvc])én‘tfﬁue gjgr%a)%%nﬁgk ng%i
subjected to a wraaermmzwmmmhbate@h@@et@:wa =hekﬁwépbiﬁxmﬁté49>%ﬁ&f}t@hﬁé%tﬂre for

about 2 hours. aib?a%m%@w%@&&%&éyﬂs\%% themineraased 4 Q andderdfanamnhou then the

water bath temperature Was raised to 85 C and held forzét(g) another raour Thieﬂst%ryn%]and heat
were discontindéd. B &ﬂh&ﬁ%& Feli AP BRE &S dtiflg polfmett?tﬁfacryi:a?e micropartieles were
dried in anovemabTQ @ fr aboust dJFZBIﬁ&tJ® Tihe Fiicropaxtiviescwére subjucted to sieviay ani collected

in size fractions gl o 100150, 190-200::208:2301.20:300 3005355355100 and 408-480 um with
a maximum vyield at 300-355 inn. 15[00137] The PIVIMA micr @gr%g:leg Lré formed were tq&i

hydrolyzed. A pBiicH¥190"2 ?W@béaﬁﬂnwgtfad’"ﬁﬂ@re&begrt I 8§ po agtsﬁﬁ%r% HE%TE8 %nd 1400
g of ethylene glyagkwere &ddédutozah2080Th ﬂaste,werﬁﬂszcthndetﬁsewﬁthndmwgstdbe ¢onhested; and

the mixture wag fieated, A 465Gar 8,0aurs i fulhydialsis.T he-mixiue wassaliowadigoes! to room

temperature, solution decanted and the microparticles were Washﬁg wi h deronrzeﬁjtw teréTt e 20
procedure!as #eseaitEfor bl EaNh AL He ¥8 o ATERSBEFicled (iR Yo WiRg Teattdhtimes
applied; 300- B%amﬂgamgaw@dﬁscﬂr&fhwm;&ﬁﬁ%ﬁﬁmldm pazticles: 42740l rearidd 00 4B55micron

particles; 14 hoyrs e mtcr% il Qsevpe%t!)gg aLsize ng’% RRtIGIgs.caNPeseReRd: 5%@]@@@ or

calibrated according to the conditions under which they are prepared. [00138]The mIEYOE) tlcles were
finally acidified With-RSicf8eR—IicC ekt ts adt724 a%‘?&“”l%}gjr?é’ﬂ "’ﬁ{}grt FVVER: 2t S AroiHELEl ‘?3;3
EXAMPLE 16 [@6439iMigroparticles formed in accordance with Example 15 were then esterlfled in this
Example. For esterification surface treatment, 800 g of dried microparticles from Example 1.5 were

weighed in a 2Lggastionyessehwitharsfivx condensen-25e.g thianykehlodde }npbx{c'idn 30diethyl ether
were added under stirrin Stlrl was continued at room temperature for rs. The sqlvent and
volatile reactanfé %‘%%r %/“fﬁ?‘%f o]y} gng & Rty E?t CPOM JC} 489 He%hﬁm% “’BJ(\'IS

sequ
were added to g 2000 ml flask, reflux condenser with drymg tube connecied, and the mixture

was heated at 165° C for § hours for full hvdrolysis. The mixture was allowed to cool te room
temperature, sotution decanted and the microparticles were washed with deionized water. The
20 procedure was repeated for other calibrated sizes of microparticles (the following reaction
times applied: 300-355 micron particles: |0 hours; 355-400 micron particles: 12 hours and
400-433 micron particles: 14 hours). That is, the particular size of the particles can be

selected, standardized, or calibrated accerding to the conditions under which they are prepared.

[60138]  The microparticies were finaily acidified with hydrochloric acid t & pH of 7.4, and

dried in an oven at approximately 70° C.

o3
s

EXAMPLE 16

[09139] Microparticles formed in accordance with Example 15 were then esterified in this
Example. For esterification surface treatment, 800 g of dried microparticles from Example 15
were weighed in & 2L reaction vessel with a reflux condenser. 250 g thionyl chloride in 1.5 L
30  diethy! ether were added under stirring. Stirring was continued at room lemperature for 20

hours. The solvent and volatile reactants were removed by filtration and subsequent vacuuim
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WO 2009/014549PCT/US2007/082659 drying. Then 500 g trifluoroethanol in 1.5 L ether were
introduced and the suspension stirred for another 20 hours at room temperature The particles were
finally dried under vacuum. EXAMPLE 17 1001401In an alternative surface treatment to Example 16,
800 g dried WHPIaN#ERs from Example 15 were reacted with 1140 g triffGSrBEHEABESTd 44 g sulfuric
acid added as a catalyst. The mixture was stirred for 20 hours at room temperature, filter d dried
under vacuum SEXEMPIE 18 o1 @%@%Wd?‘éqpﬁ ‘ “b%fefgsri%dr%cgi tﬂ%%?eo%iggﬁ?ﬁggsg \s}%gﬁc were
partially esterifited £b0thwitBtfiflucroethanorasraescribedabolre W E Kamplégeisursiyate spray coated
with PTFEP in an MP-1 Precision CoaterTm fluidized bed coating apparatus (available from
AeromaticFieldex ApBEibendor. Switzerland). The particles were picked up by an air stream (40-60
M3./1-i, 550 C incoming temperature) and spray coated with PTEEP solution microdroplets from an

air-fluid coaxialgypzale. The-sakdtioncompasitienwas ©.83mg PTEER) DGy ethyaestateidt and 450
g isopentyl acetate, It was fed through the nogzzle's 1.3 mm wide inner bo caLaral g({d,l,g)-go,gdnin. At
the nozzle ﬁea&}‘ﬁrw 'S 1<';1&3t()vr"ﬁ|r§er a\?vf%% Hﬁegséﬁﬁi;éd%g%]ru()ﬁ?g an). ﬁ%e %tgl gar_nofmt of sagra}g sblﬁtion
(3kg) was calculattésdto Branterparticksindthier 2801Ts dlicteP TEEPTS EXARMPPE 1520801421
The dry potassiym,salt microparticles of Examples 15-16, which were partially esterified with
trifiuoroethanol as described above, were spray-coated with diluted PITEP solution in ethyl acetate in a
commercially ayailabig fluidized bed coating device (see Example 16). 100 mg of such coated, dried
micropartieles as well as 100 mg of uncoated, dried PMA potassium salt microparticles which were
partially csterifi ith trifluomethangl were immersed.in about, 30% adueQus.cesim chloride
solution, prepaj:e&b%y{/?disgs%qo\ﬁnogggag %X@sfﬁor%]sémn&rf é Fﬁ'1806 m% eionized wa er.lTﬁe supernatant
liquid was decantédmfier ke 8 ettt aRgansishicdpatitesweieirasied tHorolyhly with
deionized watep,equilibrated;:for apather 18umind deeaniechang suspensestinia mbsurtastarit-free
phosphate buffer solutjon at a pH of.7.4. Density.of the particles in %)Mi was measured for,
matching 3Ode%s‘?t3§/)&'fh'!édc1‘:o%n ?SE‘%%Q%‘H%%%% 1|dsr’1. ji%’ ggréﬁc%’/spvé%ef %?c?opg%%éle W_al.S adde]L a contrast
agent solution whicH iiélutksthingdeorsF S nnSTRererd) 30D CoRtFast HiRhP{HeASEIEE 835 g/m1)
and 4 ml phosphate buffered salipe kdensity, L:A9%aipdd Both hydrrge btyges reachesbueyancy at
levels of 45-50% contrast agent in solution. This, corresponds to an increased density of the,
microparticies oq‘nf.igbézlﬂﬁ?}%“ &iﬁﬁﬁieﬁzb%%ﬁéffkﬁ?ﬁ%%g?ﬁa%é \I/\'/"érne?]?o‘?rllgé d'in Ea%éora(gaﬁ(a:tg with the
procedure of Exsmip BEnivith ththerceptiorthit e exierisf Batiunrsuriatd voatingilas prépiated on

the micropartielgs after newiralization af dhe Radicles.and dhe micropadicies e tennohdiad pfter
neutralization prior to the barium sulfate coating. step. To prepare the barium sulfate coating, 2500 ml

hydrated 10 par%%s were subjected to 2000 ml of 0.5 M sodium sulfate (Na2S0O4) solution and
saturated for 4-12 hours. To the particle suspension was then slowly added 1950 ml of 0.5 M barium
chloride (BaC12ysbidtioh Linder stirring at room temperature. After washing with excess deionized
water, the resulting particles in a swollen state included a barium sulfate powder coated surface. The
particles waite tHiefi#fled Brddesteriierm &l marmisrisheaabeverins1 5 ERapre 1 TRaEiicles

were then coated;using thefyidizes-basupracess -k xampleni:bglaw. dhel resultinig edicrofErticles
were externally coated with a non-adhesive bari m sulfa%%ie wder Bariu suéfatgeclgéjigjgd§n8[§pared

. z d B 119 3
in accordance with A THIBHISR 4R ﬁro%nélaﬁlfc;elaarea‘é%%a of preventing particle ag[%lomeratlon

during drying andaldéinczedseadensity. Thel coistematatrsrrandlratid8 bisar s sitfater ks \be varied
to provide diﬁergatdgggd.ytga@nq}@,g}ggﬁdes which were partially esterified with triflucroethanol, were

25 immersed in about 30% aqueous cesium chloride solution, prepared by dissolving 30.0 ¢
cesium chioride in 106 mi deionized water, The supernatant liquid was decanted after 16 min.
equilibriuvm time and the microparticles were washed thoroughly with deionized water,
equilibrated for another 10 min., decanted and suspended in 3 ml surfactant free phosphate
buffer solution at a pH of 7.4. Density of the particies in solution was measured for matching

30 density in a contrast agent selution. To each type of microparticle was added a contrast agent
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20 of an excess of sodium sulfate ean minimize residual barium chloride. The particles formed in
accordance with this example were effectively washed with hot water to minimize excess barium
sulfate powder that may contaminate vials, etc. The barium sulfate works effectively to prevent
adhesion of W&&¢1&8%#ir to drying to assist in fluidization of the hydrate@FERFBETIEIES? 25
EXAMPLE 21 [00144]Fluidized bed coating of barium sulfate powdered beads was performed using
polymethacrylat& BEA0S WAt s EF AL ST of BUrlATEINTSte YO rrAuERTh HERLIRNER Witk ERMple 20
but an excess ahbatium phieside wagusktdainch dhatitvatitng iend diffistd lindidethereoreahdiformed a

precipitate inside the hydroge).core,s 304001451, preparing,the Paticles.the, same prosedurg for

barium sulfate coated particles set forth in Example 20 was repeated with the exception that the order
of addition was $&vérsidhewisr o861 454dPEFIUS2007/082659 Thus, 2500 ml hydrated
microparticles were suspended in 2500 ml deionized water and slowly, 5 mol(200 ml) of a 0.5 M
(BaCh?) wére ddeéniBldwdy under stirring. The addition was performed within a time period of three
minutes to prevent irreversible barium acrylate formation taking place. The suspension was then
immediately quéakiad withcthe:dolsble Safouet (4emirok0:8MhsadivmislfatexgiazsD4yitolution

under stirring a&ﬁ@%{@eﬁmpﬁfﬁtw%xéﬁ&%@mﬁ,&h%ﬂ@%@&@i@g%@%@@% thees:timasiwithagds of

deionized water each. This procedure precipitated barium sulfate inside the particles.. 001463The
resulting precipRBtBANAS BrEEBRARE AN the Porae S e arS Y EoPd ARG EBURA RSB TEmoved
by multiple wasthingsrinithswiéter Janegaticlebotipugformecbwene folind d@tozhavelanpendaaaht

increased gensity jn,coptrast to.unmoedifisd perficlesyTha; densitvdnsieass, assantioliaple Ry the

molar amount of barium chloride used. Amounts ranging from 0-15 mol % of barium chloride were
used reproduciBf fith B pro8eBt AT E R AL BBSER SG IR VI GafshE 0P (s procdd ire ke, if the
time period of additian exeekded biminutes,sbagsed sponnthemiffusion spded whidariumithberide within

the particles, thse%%ao%?&,%ms&én@&mg@g 99raelrs%%@m&g{ﬁxs{a@!¥aq;8%§un§ﬁ&é%my_

preventing the barium sulfate precipitate inside from leaching out. This effect was visible by optical
microscopy as #@edifti&ion frott BrIRELAFRINT St WaS SEsfigVisite JeYHHIR b8 hiide the
particle, whereashe suréacerepagitied clear{0Q14i¢}BotheHkamples:-2dang-@tpravidad garticles
having anti-adhgai{\ylxg. PFRP %@%ﬁ?néhr%ttcropaﬂicles were externally coated with a non-adhesive barium suifate
powder. Bartum sulfite coatings prepared in accordance with this invention and procedure are
capable of preventing particle agglomeration during drying and also increasc density. The
concentration and ratios of barium sulfaie may be varied to provide different results and a use
20 of an excess of sodium sulfate can minimize residual barium chioride. The particles formed in
accordance with this example were effectively washed with hot water to minimize excess
barium sulfate powder that may contaminate vials, ctc. The barium sulfate works effectively to
prevent adhesion of particles prior fo drying to assist in ﬂuidization_ of the hydrated

microparticles.

EXAaMPLE 21

[ge]
h

[00144] Fluidized bed coating of barium sulfate powdered beads was performed using
poiymethacrylate beads with a surface layer of barium sulfate formed in accordance with
Example 20 but an excess of barium chioride was used such that barium lons diffused inside

the core and formed a precipitate inside the hydrogel core.

Lo
]

[06145]  In preparing the particles, the same procedure for barium sulfate coated particles set

forth in Exampie 20 was repeated with the exception that the order of addition was reversed,

40



20 tend not to agglomerate during drying processes; therefore avoiding surface damage. Generally,
such an advantage helps minimize the amount of particles needed for a fluidized bed procedure as the
particles can be fluidized without being completely dried. The residual water content may be increased
up to 1:1 ba¥¥d WidR#Aeight without agglomeration. The Examples alsol§ib&§ed peitidtes with

increased density properties wherein the density change appear. be permanent. [001481It should
190 bo undlorstb B AU 5 6 2 R G ek GMETaT DAl ARG e iacet e hoted
herein, barium sulfate;mayphgiinirodyicad iBaccordancawiinithe,nveption ina repgewffram.Q to
about 100 mol%, and preferably 0 to about 15 mot% to provide particles that have preferred elasticity,
density and megphdimicad stathilitys priopertiesd WEh2008/014549 RETHIS2007 0820650 prl8d4BLThe
particles formed.aceardling. 0, thisExample.having, abariim sulirisderdnside iheigprsngrgthen
esterified according to Example 16 and vacuum-dried. 300g of the dry beads were suspended in 300 g
water whiclt wasmoamplgtélyrabsoilbetl by theipolysmigiiraNdate coselinithimnissstiraingd miinavhile the
barium sulfate powdered particle surface appeared dry and the particles showed na tendency to
agglomerate. [O5TH6EHE pAFGEIEL in B BOECT Wit 56 ey S ereant (os WAL RSk WEre spray
coated with APEMB/ MERraisrhMPediRresi SO catird MsHigidizedixéek.coating apparatus according
to Example 18 with the exception that an additional aminosilane adhesion promoter was used. The
process equipm@oi aged asdheisame:asdhalof fexapnpled 18hutiheceaating10 providee: ineluded
three different layers. ottom coating of 3-aminopropyltrimethoxysilan PTMS) adhesion promoter
was provided uﬁ\éﬁ{%v %: eﬁgéoéegggonr%ﬁ %:"(%aﬁﬁéhfﬁgse}‘% a ?ﬁ&whﬂheélgf’ %ﬁ’% 1%%1{43 %%!—NEB g%ﬁgga third,
top coating fayeicdf EETREPIANreE st ay sElutions e & propaifeity didsbIviiig desEoititgsmaterial
in isopentyl acetae @ng it acetatedhasdiduweightparcantage radin Mixturas Thgifisst-salution
inluded 35 il APTMS 12 dissalyed n 00,0 goclale misture, The second.sqlution incluged 25, u
APTN1S and 12’El>om”’é EEP| §8 mg of the atetate mixiure and the third included 50 mg PTEEP in
60 e of the acetatelwniikeire! The ppresrsotirior drahititardrd Corcémratissieerér ontieschifihg of a
300 g batch witlhy 350sumuparticlespdheabsathed aiar vaneraegatiadkateoiRelfrminr The
process was st(%Rped fter 30 min when the coatin higkne S rgbaphed 100 nm an Hhem ref:sﬁilcgt%gl

20water cortent WART LR TERANMBIEBS 100151 11he AbEdrpbGH OF Bgaiic dy e wis tésted on
microparticles formadtacdordingto Exahibeots. Thiy aftbof phiosisiatedb iféred safinewaolutione

containing 1 ml fiydiated.peadsnasiprovidad ansamaunt afir:- 10 vlefithsreshestive.dygias a 10
millimolar solution in ethanol, 25 The samples were incubated for 30-60 minutes at room temperature

under gentle shRAEDIhEVRSE SUBEM&EHt liquid was discarded and particles were washed three
times with 2 ml of either deionized water, saline or PBS buffer solution prior to visualization with optical

and fluorescend@Htios &y FrpBrigetltaaict! iREIiiad MPHESSyIRTLR SR BERAE BRETEatids
FluoesceirrdiacetaterandRbadamin: Glwiichdweie evaleated aloatwithvcaiibpcyafice bases.

Generally, such an advantage helps minimize the amount of particles needed for a fluidized
bed procedure as the particles can be fluidized without being completely dried. The resicual
water confent may be increased up to 1:1 based on dry weight without agglomeration. The

Exampiles also produce particles with increased density properties wherein the density change

]
h

appears {0 be permanent,

[00148] It should also be understood according to this disclosure that generally when
applying the procedures noted herein, barium sulfate may be introduced in accordance with the
invention in a range of from 0 to about 100 mol%, and preferably {0 1o abowt 15 mol% to

provide particles that have preferred elasticity, density and mechanical stability properties.
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30 dyes such as Dil. The triphenylmethane based Fluorecein and Rhoamine dyes exhibited a specific
affinity for the hydrophilic PNINIA hydrogel core through ionic interactions, They were able to easily
withstand the rigorous conditions of repeated washing and steam sterilization without substantial
leaching. Th&@afBYeitidtne dye DB on the other hand exhibited a high sé’l@@tﬂﬁ@ﬁ%ﬂ&?fé%ydrophobic

PTFEP shell, w, Hﬂ? pe tratln th? %dro h'ﬁna'\{lop‘ ore ma rl‘?}I T asmyl\zlllltgug ent
staining emplo;}llng com on 0 GBréscain d'iageta?e both"coré'an cou debe

simultaneously Bevisoalizesel *émm@ynrfge@ fhgordisedndecophsal miefosevpe-iisd ré@&&,%i@epﬁﬂcedure

provides a fast sensifive JM%@%&H%SQ&%@Q\%EE@M@%MBM@&%B@@'%MM@J&Q&&%@@M
shell S|multaneousl lbI ?I{ ondltl (;Pountere |n actual ap Ilcatlon ThIS roc$ ure
further enablescé’ésess}rﬁ% %[8 é‘f‘é‘féﬂ 45 SP Ui g%'i%ﬂ SBFEERERE Y further
shows the éffinhlyddhce&tame@lﬁ@m of t#yé@fxyrtm@am@wsecomponents of the particle. 10[00152]Use
of these and other dyes may be used to visually identify selected microspheres, which may be
provided and dyed 0t idéhtificatice: tvirdicate) centaifd sizeshopenicrosplieres:foriusdcinvselested clinical
or diagnostic applieations.Golpiscading may,alge pe;used feidentityselected. mictosphsres oo the

basis of other properties, such as content of certain therapeutic or dlagnostlc agents. Applications

according to thé§rEdBatREmIIn Y RILS FHSRIGE TS T5RSAERNG) FRINAtoM BYPERIFEIBHG the
particles' buoyangyhehavier (RQt63]mignidAshaons axemplaty imicoosplaeres ¥, Buahe &Saahthe

present InVEINIIEN NG WiramRfere e cadh oSSR dameiets,aor SRceg aieren

color-coding. In an exemp ar use of suc eres of the present mvent n, color-co
microspheres owwéﬁz)eédhwlbé@é}@aﬁfat@y pECidie PR iPp ey forteac SsaEreoRreslsd

mierospheres 26);ymay @rowidea useransualdndicaionpf dneispesitic sierospheraiimhepastcular
clinical or dlagno§t|c use. é 015411In various mbo%ment§ accordlng to tpo%gre§ent mveng

red issqiving e cogl aterta? i ol I ] i1
microspheres may e pro ucedin cali Pf)ratea sizes ranging from about | t0 a out 16 bO% nandmeters in

diameter. In oné€iBoditnEnt o the Psfesbractindentibiiirierdsphisies! B‘F‘fﬁé%%%‘?énﬁrﬁ#eﬁ%?f%ay be

25 providedsin sizes akiabout 40:aheli k. a0k ts2001a001H-A 0Rs aRaut SR04 ot #120;23nskabout
900 nanometer lameter, wit V|sually distinctive colar.imparted, to, each,size, of inicrosphere.
Other sizes, sa%%ﬁges%ﬁng]%aﬁb%rgt‘g 8zt Kr{ncrosg 3:1er§1s F 'palll;lgego %fndye are afso wrcﬁ?gléd in the
present |nventl(ﬁﬁ@fN@mﬁiyf?n@W‘@Fﬁ){léﬁdjémm’@#%&mﬂ@écﬁ@émvﬁj@&‘iriOcﬂff‘e?@’r‘i{nﬁli’éc’raﬂ@es, but

their elasticity may.Rg cantieledacsardingrio the Presenkinvention-3Qta spesifically pravidefer

proximal or distal embollzatlonbbie av% due to mei%tentlalnyol1 r|n ranggg}%ﬁcom %Iblht&l which

S58 wWas slo 1T W ¢ .coail [
may alter the trgvecllhg Histande of the particles or micros eres upon eir releasé Within a selected

blood vessiél. Mmt@sphéqrets\*@ﬁtﬁe‘ipr@sent WO 2009/014549PCT/US2007/082659 invention may also
be provided in customized sizes and/or with customized colors as specified by a user for specific
clinical diagngstic.anMheFapeutic applications. EXAMPLE 23 100155jTransarterial chernoembolization
or TACE is a clinical procedure in which the

[081517  The absorption of organic dyes was tested on micreparticles formed according to
Example 15. To 2 mi of phosphate buffered saline solution containing 1 ml of hvdrated beads
was provided an amount of 3-10 pi of the respective dye as a 10 millimolar solution in ethanol.
25 The sampies were incubated for 30-60 minutes at room temperature under gentle shaking of
the vial, Supernatant liquid was discarded and particles were washed three fimes with 2 ml of
either deionized water, saline or PBS buffer solutien prior to visualization with optical and
fluorescence microscopy. The dyes tested included triphenylmethane derived dyes such as
Fluoescein diacetate and Rhodamin 6G which were evaluated along with carbocyanine based
30 dves such as Dil. The triphenyimethane based Fluorecein and Rhoamine dyes exhibited a
specific affinity for the hydrophilic PMMA hydregel core through fonic interactions, They

were able 1o easily withstand the rigorous conditions of repeated washing and steam
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5 blood supply to a tumor is disrupted by embolization and chemotherapy is administered directly into
the tumor. Selective embolization of tumor blood vessels without direct administration of chemotherapy
(bland embolization) is also preformed as a clinical procedure in certain situations [001561In most
living organi¥fAd4 itk &#feveloped circulatory system, the vaseulature terdfdst 48288 4H&P rom larger
diameter vessels proximal to,the heart t aller vessels more distal to the heart..l.a ies thus
tend to divide iAfS Sfa grvégr%féor‘%si‘%vtz}g 'i@%ﬁ?ﬁ?&’rly tz%%rc%%%g&a%%%rioé I%\Q?el&antgleinég%%%iﬁv%ith small
diameter venuleshivitsdons fiphy istegiassderfrém BrerrpahistdsfB Yk sutddseiverFIH/ BE di¥meter
veins as flow refipsiitheneart. 1RO L5#llds commonitherefaiesthaihlenthiesselpiofidiffaiing sizes
may exist within a L5 tumor. mass or other target tissue. In a clinical situation wher olization and
maximal disrup%%iﬁbé%%loafsrfggpﬁ?‘/ to a tummor ogrwéct ar ?g?g}e% %Isesﬁ%gié% %s{i?géﬁv\éﬁérﬁ] %fr% %I%%tion of
progressively |afiger msrhornvestels fhayeproviden Bomareresiopsietdsariisblizaifor CWHATO PRIHBUE the
delivery of chemgtherapeutic. of-athertherapeutic . agents. A0ALO8:1igs 2R isasonseptidathe!
representation of a selectiz'e e[nt?oliz tion o%an exem I{ar dzucl) artery 120 ;Q}é ggerialrﬁgmiigfi:g&ruzsl,gon of
different sized MRFGERIEFES 121 * 159 aHE A TR Hitection of Blood ow within the exemplary artery
120 is shown byutheramews imEigneeB:fththisexairpidasiicrospherdamageisottie Siaiestdlatieter of
the microspheres.adnainisteredrang isr iniestediate ariery £20first: aecludingdhe sesseliumen at the
smallest vessel diameter that will not permit passage of microsphere 121. Continuing in this example,

mictospher 125,26, of Ierediale dRAMSIE! g e pisreseheres adipeied Aol sipiscied nto

artery 120 first, occluding the vessel lumen at the smallest vessel diameter that will not ermfit passage
of microsphere YDk Fikally PRy tiSRs SR4HiTe ImitraiEne LBl ifemiRsraiaBigrgrme o
microspheres aghpinisterae aindcs mjdctedintaartenidz0 firstreodludingythbovesseldumématithe

smalest vessel ciameter hal il ngt peymil Bassacs ol miErasRhere e Theashin bis Sgexample
is the sequentlaﬁ ockage OPkTOO ow at multiple

Iple levels throughout the blood supply of the tumor or
target tissue. \W@ZR00T/GLa8a0LERlivRIPSS A0 E6ED fH0 P599Hh BiffaH Wk AMADIES DI THESrelsnt
invention, less thapithresanmase thamthiee differentsizeshmicrospheres may be administered to
secure the desired embolization of a tumor or other target tissue. [00160]As provided in previous

examples of thqgyesent inyention;different-sizedhianispspheres.af themirseetinventionmay further
be provided with color-coding to allow user ide ,Ilt?ifigatign an visual cﬁc@;irma igcg {%fttg]eq Si,z&ﬂn
microspheres itt58 HeARYGRER ST BT he CINNTER Proeadt an%@i Trive'de n

&4 procadiine: |very‘8¥_m créspheres
of different sizesromcthrenrikhe rent(salitins rospieres fefrthe psecfadilitetber byothecudel of EanRsoT

packaging and/gr gielivety deviges which areicalar1acadad: toallw ysaridentiicationagdadsual
confirmation of the sized microspheres in use at , . . : .
may provide a user a visual indication of the specific microsphere in a particular clindcal or

diagnostic use.

{60154]  In various embodiments according to the present invention, microspheres may be
produced in calibrated sizes ranging from about | to about 10,000 nanometers in diameter. In
one embodiment of the present invention, microspheres of the present invention may be
25 provided in sizes of about 40, about 100, about 250, about 400, about 500, about 700, and
about 900 nanometers in diameter, with a visually distinctive color imparted to each size of
microsphere, Other sizes, size ranges, and calibrated sized microspheres lacking color dye are
also incfuded in the present invention, Not only may the microspheres or particles be provided
in different size ranges, but their elasticity may be controlled according to the present invention
30 to specifically provide for proximal or distal embolization behavior, due to potentially differing
ranges of compressibility which may alter the traveling distance of the particles or

microspheres upon their release within a selected blood vessel. Microspheres of the present
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givenany stage of the clinical procedure in exemplary applications-according to the present invention.
In various exemplary applications of the present invention, such color-coded devices may be used in
combination with color-coding of the microspheres themselves, with corresponding mierosphere and
packaging/d&f/glPa&tAte color-coding. 15[00162] Fig. 12C shows a syrin§etisedtapiridhackaging

and/or delivery of color-coded microsphe{gs of a select siz%\ycor%n&tto the reg%nt invenyo{p. In the
example showrTFEG? T5% AfifeC8y iRy a1 Sy USRI AREE S Y 198 APiingertss; & plinger tip 127,

a p?unger
a Luhr-type injdgtionstipidi28s@id dilichritigrecie rl@ea{eoi6diAlssimwn in Fig. 12C, one or more of
components barrel 125, a plunger 126, a 20 plunger tip 127, a Luhr-type injection tip 128, and a Lulu
tip cover 129 mey Axgmatored in a common color according to a color code to indicate a desired
property of the mierospheres contained therein, In one example of the present invention, a syringe

may contain colgjeegedtnicieshheresirdndigats e cartaomicrasphas! size<aind hevsyeinge plunger,
plunger tip, and Luhr tip cover may be similarl lored tq.further indicate the desired property of the
contained microSphersents Ludd %ﬁ&fﬁp\%fﬁ 2 el ﬁwmgmm esgin még il

e appreaa?é“d%yt ose possessing ordinary skill in
the art that chadges!could bbemaderto SHecembouimiéstirdestribad abve withokit deparinti$fom the

broad inventive goncepithereehitisnderstond theseiaien thakitbisinvenion iscnatimiteddethe
particular embodiments disclosed, but it is intended to cover modifications within the spirit and scope

of 30the present'ifiEHtigH 4 Hefined by the appended claims. CLAMS We Claim: 1. Color-coded
polymeric particles comprising: an acrylate-based hydrogel core incorporating one or more dyes; and

an outer shell cBI#3GSind ToREHH & B SE A HHYHRBEHEAHE haXHsE HE YanRAioiRta (1):

10 to taper from larger diameter vessels proximal to the heart to smabler vessels more distal to the
heart. Larger arteries thus tend to divide inte smalier arteries, which eventually taper to the
arteriole level and interface with small diameter venules. Venous flow progresses from such

venules through suceessively larger dismeter veins as flow returns to the heart.

[00157] | is common, therefore, that blood vessels of differing sizes may exist within a
15 tumor mass or other target fissue, In a clinical situation where embolization and maximal
disruption of biood supply to a umor or other target tissue is desired, serial embolization of
progressively larger mimor vessels may provide a more complete embolization, with or without

the delivery of chemotherapeutic or other therapeutic agents,

[00158] Fig. 12B is a conceptual representation of a selective embolization of an exemplary
20 artery 120 by serial administration of different sized microspheres 121, 122, and 123. The
direction of blood flow within the exemplary artery 120 is shown by the arrows in Fig. 2B,
In this example, microsphere 121 is the smallest diameter of the microspheres administered,
and is injected into artery 120 first, occluding the vessel lumen at the smallest vessel diameter
that will not permit passage of microsphere 121. Continuing in this example, microsphere 122
25 is of intermediate diameter of the microspheres administered, and is injected into artery 120
first, occluding the vessel fumen at the smaliest vessel diameter that will not permit passage of
microsphere 122. Finally, in this example, microsphere 123 is the largest diameter of the
microspheres administered, and is injected into artery 126 first, occluding the vessel lumen at
the smallest vessel diameter that will not permit passage of microsphere 123, The result in this
30 example is the sequential blockage of biood flow al multiple levels throughout the biood

supply of the tumor or target tissue.
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in which the n value is an integer from 2 to or; Rl to R6 are independently selected from the group
consisting of: a substituted or unsubstituted alkyl,aminoalkyl,haloalkyl, thioalkyl, thioaryl, alkoxy,
haloalkoxy, aryloxy, haloaryloxy, alkylthiotate, arylthiolate,alkylsulphonyl, alkylamino, dialkylamino,
heterocyclodMB8dHigT#*8ing one or more heteroatoms selected from nitr@§ar BRYGeFIEUIfur,
phosphorus, or a combination thereof, or heteroaryl comprising one or more heteroatgms %elected
from nitrogen, S3UEn, stlfdPPHEBIITST ARe KBTS St Cf‘l“thcebrse&g&\rfvﬁenginorthnéef)%Iylr%”eﬁé'eﬁarticles
are formed as niifeosphems reackphsicrosphdie deimsproducedcima tbalibrarad sivelgrsireciange and
each size or sizg range having & yisyally distinctive color imparted to it by the one or more dyes to
provide a visual indication of the size or size range of the specific microsphere. 2. The color-coded
polymeric partigigs gf,laim h WIRIEID, 15 1R ROA1R seleipdndseendanifIgm e aup consisting
of OCH3, OCH , O (’f‘f—l 113, OCF3, OCHZCF3, OCH2CH2CF3, OCH2CF2CF3,
OCH(CF3)2, OBEHS{CrE3 Y ISCHoEPerie a0t o G actes MOk sciesprceliow user
OCH2(CF2)5CR#ZnfaGcHR(GRR)SHHI-ROTMGR 2) 763 ed microspheres in use at any given stage of the
OCH2CF2CHF2,QCH2CF2CF2CHF2,0CH2(CF2)3CHF2,
OCH2(CF2)4CHE S DN EED)5CHE2, 0CH2(CF2)6CHF2, OCH2(CF2)7CHE2, 1% or less

- 0 g LN ]
O R O EC R ecH e cominaton et & 115 2150
poly[bis(2,2,2-trifieoroet fisid)fish bsphavend vrardarivekaeafpolydid(2n, detrifiorbsthory]io:-
-phosphazgpe. .44 JhaselRcrdedRameticRadiclesaf slaim dmwberein.ihespendate-hased
hydrogel core comprises a polymer selected from the %rou consi .tin%; of pQ!X methacrylic acig),
poly(methy! acriidt&! PolAehSthDErREBEC R b oy (RERT &rn BRRATH Tated FONT R EX AN s T
methacrylate), potyntiydroxy ethihmethapiyiate)pibobytecrylichacidysqoly(butydacrytatepior-coded
poly(2-ethylhexyl.actylate) npaluethvl agmaie) aalviasniqnii!s) sRolvirimethwalprarane Wigsrylate),

copolymers thereof, and combinations thereof 105. The color-coded polymeric particles of claim 1
calibrated to hat¥ SFPHRErA GE TP BT M ECtBd oI REY RSUH %‘Bﬂ%'%’f%(}&‘of: from about 1 gm to
about 5000 gm,from about 40 gm to about 5000 gm, from about 1 gm to about 1000 gm, from about
200 gm to Bboul¥8bEhm Fieon?abbart giiteeseat J00tbmaaine e &lio FERFGNT IGUPBtRIEH00 gm.
156. The color-¢nded-pabynesicapartticles@bGlain healibrated damhayveiamavesage diameterselected

from the group sisting of ahqut 40 gm, about : gm, ?bout, 220 gmmapo%t 400.gm, a}jbgut,,SOO gm,
Fom e grouP SSESING SLEONL A A SPRULACAD S 220 YA 00 b
imjection tip 128, and a Luhr tip cover 129,

[08163] As shown in Fig. 12C, one or more of compeonents barrel 125, a plunger 126, &
20 plunger tip 127, a Luhr-type injection tip 128, and a Lulr tip cover 129 may be colored in a
commen color according to a color code to indicate a desired property of the microspheres
confained therein. In one example of the present invention, a syringe may contain color-coded
microspheres to indicate a certain microsphere size, and the syringe piunger. plunger tip, and

Luhr tip cover may be similarly colored to further indicate the desired property of the

2
.y

contatned microspheres to a user,

10¢164] 1t will be appreciated by those possessing ordinary skill in the art that changes could
be made to the embodiments described above without departing from the broad inventive
concent thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications within the spirit and scope of

30 the present invention as defined by the appended claims.



7. The color-coded polymeric particles of claim 1 are bioabsorbable or non bioabsorbable. 8.
The color-coded polymeric particles of claim 1, wherein the core further comprises one or 10more
active agents. 25 9. The color-coded polymeric particles of claim 1, wherein the acrylate-based
hycirogel core comprises an agent of interest select€8A4idAs the group consisting of barium sulfate, an
imaging agent, a bioactive agent, a pharmaceutical agent, a contrast agent, a steroid, a hormone, a
nucleic acid, an gptibjgtic, an antiseptic, an analgesic, an anti-neoplastic, an anesthetic, and
combinations thereof 5 10. A method for making color-coded polymeric particles, the method
comprising: incorpdidtingpdudiedrmecrediidssinim@aiiagrylate-based hydrogel core; and coating the
acrylate-based hydrogﬁlaegrﬁtxvmmwog%@rgmm%geheqimala%;@{3%ﬂ&aving the general

formula (1): RiR2123 Prz----N | R4 -p -N
an outer shell comprising oné or more dyes and a polyphosphazene

having the general formula (I):

R! R? R3

| ]

PomwN —-p==N-—Pp==N @
L]

R R R6 n

in which the n value is an integer from 2 to o; R’ to R® are independently
selected from the group consisting of' a  substituted or  unsubstituted
alkyl, aminoalkyl, haloalkyl, thioalkyl, thicaryl, alkoxy, haloalkoxy,
aryloxy, haloaryloxy, alkylthiolate, arylthiolate, alkyisulphonyl,
alkylamino,  dialkylamino,  heterocycloalkyl comprising one or more
heteroatoms selected from nitrogen, oxygen, sulfur, phosphorus, or a
combination thereof, or heteroaryl comprising one or more heteroatoms
selected from nitrogen, oxygen, sulfur, phosphorus, and a combination
thereof wherein the polymeric particles are formed as microspheres, each
microsphere being produced in a calibrated size or size range and each size
* or size range having a visually distinctive color imparted to it by the one or
more dyes to provide a visual indication of the size or size range of the

specific microsphere.

2. The color-coded polymeric particles of claim 1, wherein R’ to R® are
selected independently from the group consisting of OCH;, OCH,CH;,
OCH,CH,CH,, OCF,, OCH,CF; OCH,CH,CF:, OCH,CF,CF,,
OCH(CFs),, OCCH3(CFi);, OCH:CF.,CF.,CF;, OCH{CF,),CF;,
OCHy(CF2)4CF;, OCH(CE,)sCF5, OCH{CF:)sCF;, OCHy(CF,),CF,,
OCH,CF,CHF,, OCH,CF,CF,CHF,, OCH,(CF,);CHF,,
OCH(CF,),CHF>, OCHHCF,;)sCHF,, OCH,(CF;)sCHF,,
OCH,{CF;);CHF,, 1% or less OCH,CH=CH,, 1% or Iless
OCH,CH,CH=CH,, and any combinations thereof.

3. The color-coded polymeric particles of claim 1, wherein the
polyphosphazene is poly[bis(2,2,2-trifluoroethoxy)]phosphazene or a
derivative of poly[bis(2,2,2-trifluorocthoxy)]-phosphazene.
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RS P-N 10 in which the n value is an integer from 2 to co; Rl to R6 are independently selected from
the group consisting of:  a substituted or unsubstituted alkyl, aminoalkyl, haloalkyl, thioalkyl, thioaryl,
alkoxy, haloalkoxy, aryloxy, haloaryloxy, alkylthiolate, arylthiolate, alkylsulphonyl, 15alkylamino,
dialkylamino, heterocycloalkyl comprising one or more heteroatoms selected from nitrogen, oxygen,
sulfur, phosphorus, or a combination thereof, or heteroaryl comprising one or more heteroatoms
selected from fitrd§erBsepdeh pelimtioResslkorischia i cotsinatio rendatedfandepinotek otymeric
particles axenfisacd goiyhierasplRE SHRACH: ReRSPHRIRREIBY pradueaddn R 20;salipiatedisize or
size rang%Canlgt%acq SézzlthI?r} sifzﬂ rgn%?%Pavtlp?gtﬁ \fisually distinctive color imparted to it by the one or
more dyes fgpr de avidlal hdicaton g He e or size range of the specific microsphere. 11.
The methwdtedcCiain, 1 polvisreneRyltorRéarelselected intiepengehtly fmahibeigrumbonsisiing of

OCHS3, C%QHS,I)Q QHZC;QJ}@M ,CF3, ng(gl_%g,l e ?HZ%@?&@?, OCE%E&%QF&% late)
OCFT(UhSBé, OCCH3(CF3)2, 250CH CFZC?F F3, 0012(CF2)3CF3, OCH 2 XCF%,Y' ’
OCH2(CEREFSERIER E PofstEE btolpees) SEer o Hoe Ry epE A g o SiouHu e oL -1.
OCH2(CER3HeHF2, OCH2(CF2)5CHF2, OCH2(CF2)5CHF2, OCH2(CF2)2CHF2, 1% or less
OCH2CH12, 1% or less OCH2CH2CH=CH2, and combinations thereof
10 5. The color-coded polymeric particles of claim 1 calibrated to have an average diameter
selected from the group consisting of: from about 1 um to about - 5000 pm,from about

40 pm to about 5000 pm, from about 1 um to about 1000 um, from about 200 um to
about 500 pm, from about 1 pm to about 200 pm, and from about 40 um to about 1000

um.

15 6. The color-coded polymeric particles of Claim 1 calibrated to have an average diameter
selected from the group consisting of about 40 pm, about 100 wm, about 250 um, about 400
pm, about 500 pum, about 700 wm, about 900 pm and about 1000 pm.

7. The color-coded polymeric particles of ¢laim 1 are bioabsorbable or non bicabsorbable.

8. The color-coded polymeric particles of claim 1, wherein the core further comprises one or

20 more active agents,

25
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12. The method of Claim 10, wherein the acrylate-based hydrogel core comprises a polymer selected
from the group consisting of poly(methacrylic acid), poly(methyl acrylate), poly(methyl methacrylate),
poly(ethyl methacrylate), poly(hexamethyl methacrylate), poly(hydroxyethyl methacrylate), poly(acrylic
acid), poly(butyl acrylate), poly(2-ethylhexyl acrylate), poly(ethyl acrylate), poly(acrylonitrile),
poly(trimethylolpropane triacrylate), copolymers thereof, and combinations thereof. 13. The method of

Claim 10, wheteinhe qolQu£05s RRYMEHSRArtiEles are calitiaiedio haye.an. ﬁ&@%&i%‘;ﬁeter

selected from the rou‘f consisting of: from abgut 1 km to about 5000 [1m, from about 40 pm to about
5,000 pr BB TET bR TS ABOI T B0T B - SHBESETSES P RS0 srrdrsrmstotit 1 pm
to about 208cpYA feorh aerrdeupeal tecaboubiBEpmML, a stefodd, Ehermeth adwfdtladin, 0, asvhenain the

color-codgd.pabsme e Raricle s srRlifrate duio-have RNAYCLANS digatst selected from the group
consisting of about 40 pm, about 100 gm, about 250 gm, about 400 gm, about 500 pra, about 700 pm,

about 900 pm and about 1000 pm.
10. A method for making color-coded polymeric particles, the method comprising:
incorporating one or more dyes into an acrylate-based hydrogel core; and
coating the acrylate-based hydrogel core with one or more dyes and a polyphosphazene

having the general formula (I):

R] R2 RS

e

P==N—p==N—pa==yN 4

|

R4 R’ RS 1
10 >

int which the n value is an integer from 2 to «;
R'toR® are independently selected from the group consisting of:
a substituted or unsubstituted alkyl, aminoalkyl, haloalkyl, thicalkyl, thioaryl,
alkoxy, haloalkoxy, aryloxy, haloaryloxy, alkylthiolate, arytthiolate, alkylsulphonyl, -
15 alkylamino, dialkylamino, heterocycloalkyl comprising one or more heteroatoms
seiected from nitrogen, oxygen, sulfur, phosphorus, or a combination thereof, or
heteroaryl comprising one or more heteroatoms selected from nitrogen, oxygen,
sulfur, phosphorus, and a combination thereof
wherein the polymeric particles are formed as microspheres, each microsphere being produced in a
20 calibrated size or size range and each size or size range having z visually distinctive color
imparted to it by the one or more dyes to provide a visual indication of the size or size range of the

specific microsphere.

11. The method of Claim 10, wherein R to R® are selected independently from the group consising of
OCH;, OCHCH;, OCH,CH,CHs, OCFs, OCH,CFs, OCH;CH,CF;, OCH,CF,CF;, OCH(CF3), OCCH4(CFy),
25 OCHLRCECE, OCHACE:)XCE, OCHACF:XCF,, OCBA{CE)CE;, OCHACF)CF;,, OCH{CE)CF3, OCHCRCHE,
OCHLRCRECHE, OCEACE)CHE, OCHACF),CHE, OCHy(CF2);CHF,, OCH,y(CFy)¢CHF,, OCHACFE:},CHF,, 1% or
fess OCHCH=CH,, 1% or less OCH,CH,CH=CH,, and combinations thereof.

12. The method of Claim 10, wherein the acrylate-based hydrogel core comprises a polymer
selected from the group comsisting of poly(methacrylic acid), poly(methyl acrylate},
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poly(methyl methacrylate), poly(ethyl methacrylate), poly(hexamethyl methacrylate),
poly(hydroxyethyl methacrylate), poly(acrylic acid), poly(butyl acrylate), poly(z-ethyihexyl
acrylate), poly(ethyl acrylate), poly(acrylonitrile), poly{trimethylolpropane triacrylate),
copolymers thereof, and combinations thereof,

13. The method of Claim 10, whersin the coioﬂcoded'poiymeric particles are calibraied to
have an average diameter selected from the group consisting of: from about 1 pm to about
5000 pm, from about 40 pum fo about 5,000 pum, from about 1 um to about 1,000 um, from

about 200 pm to about 500 pm, from about 1 pm to about 200 um, from about 40 pm to
about 1000 pum.

14. The method of Claim 10, wherein the color-coded polymeric particies are calibrated to have an

average diameter selected' from the: group consisting of about 40 pm, ahout 100 }uﬁ, about 250 pm, about 400
pem, about 500 prm, about 700 pm, about 900 pm and about 1000 um,
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