woO 2009/067105 A1 |10 00 OO0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [.

) IO O T OO O

International Bureau

(43) International Publication Date
28 May 2009 (28.05.2009)

(10) International Publication Number

WO 2009/067105 Al

(51) International Patent Classification:
AGIK 49/04 (2006.01) AGIK 51/00 (2006.01)
AGIK 49/22 (2006.01) AGIP 43/00 (2006.01)
AGIK 49/18 (2006.01)

(21) International Application Number:

PCT/US2007/082430
(22) International Filing Date: 24 October 2007 (24.10.2007)
(25) Filing Language: English
(26) Publication Language: English
(71) Applicant (for all designated States except US):
CELONOVA BIOSCIENCES, INC. [US/US]; 49
Spring Street, Newnan, GA 30263 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): FRITZ, Ulf

[DE/DE]; Klingenstrasse 57, 69434 Hirschhorn (DE).
FRITZ, Olaf [DE/DE]; Klingenstrasse 57, 69434
Hirschhorn (DE). GORDY, Thomas, A. [US/US]; 145
Torrey Pines Court, Newnan, GA 30265 (US). WOJCIK,
Ronald [US/US]; 122 Estates At Lake Drive, Canton,

(74)

(81)

(34)

GA 30114 (US). BLUMMEL, Jacques [DE/DE]; Suf-
flenheimerstr. 30, 68229 Mannheim (DE). KULLER,
Alexander [DE/DE]; Im Kleegarten 1, 69123 Heidelberg
(DE).

Agents: WARREN, William, L. et al.; Sutherland Asbill
& Brennan, LLP, 999 Peachtree Street, NE, Atlanta, GA
30309-3996 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: LOADABLE POLYMERIC PARTICLES FOR ENHANCED IMAGING IN CLINICAL APPLICATIONS AND

METHODS OF PREPARING AND USING THE SAME

(57) Abstract: Particles are provided for use
in therapeutic and/or diagnostic procedures.
The particles include poly[bis(trifluoroethoxy)
phosphazene] and/or a derivatives thereof which
may be present throughout the particles or within
an outer coating of the particles. The particles
can also include a core having a hydrogel formed
from an acrylic-based polymer. Such particles
may be provided to a user in specific selected
sizes to allow for selective embolization of certain
sized blood vessels or localized treatment with
an active component agent in specific clinical
uses.  Microspheres of the present invention
may further be provided with physical and/or
chemical enhancements within the particles’ cores
to enhance visualization of the embolized tissue
using a variety of medical imaging modalities,
including conventional radiography, fluoroscopy,
tomography, computerized tomography,
ultrasound, scintillation, magnetic resonance, or
other imaging technologies.
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LOADABLE POLYMERIC PARTICLES COATED WITH A POLYPHOSPHAZENE

FOR ENHANCED IMAGING IN CLINICAL APPLICATIONS
AND METHODS OF PREPARING AND USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Not applicable

BACKGROUND OF THE INVENTION

[0002] Small particles, including microspheres and nanospheres, have many
medical uses in diagnostic and/or therapeutic procedures. In selected clinical
applications, it may be advantageous to provide such microspheres and
nanospheres with physical and/or chemical qualities to enhance their visual
identification using various clinical imaging modalities to make the in vivo
location of such microspheres apparent to a user. Such microspheres and
nanospheres may allow for selective embolization of certain sized blood vessels
under visual control using various clinical imaging modalities in specific

clinical uses.

[0003] Most particles used in medical applications are characterized by
numerous disadvantages including irritation of the tissues with which they
come in contact and initiation of adverse immune reactions. Additionaily,
many of the materials used to prepare these particles may degrade relatively
rapidly within the mammalian body, thereby detracting from their utility in
certain procedures where long term presence of intact particles may be
necessary. Morcover, the degradation of these materials may release toxic or

irritating compounds causing adverse reactions in the patients.

RECTIFIED SHEET (RULE 91) ISA/EP
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times, the particles sefilke out or tondd 0 “Hoat™ in the solution such that they are

L

not unifornly suspended for even delivery. Furthermore, particles may tend to
aggregate within the delivery solution and/or adhere w0 some part of the
delivery device, making i necossary 1o compensate for these adhesive/aitractive

forces.

{0005} in order 10 achieve a stable dispersion, suitable dispersing agents
16 may be added, which may inchade surfactants directed at bresking down
sitractive particle interactions.  Depending on the nature of the pardcle
interaction, materials such as the following may be used: cationie, anionie, or
pomionic susfactants such as Tween™ 26, Tween'™ 40, Tween™ 80,

polvethylene glycols, sodium dodecyt sulfate, various naturally occarsing

P
trr

proteins such as serum albumin, or any other macromolecular surfactants in the
delivery formulation. Furthermorg thickening agents can be used help prevent
particles from settling by scdimentation and to increase solution viscosiy, for
example, polyvinyl alcobols, polyviayl pyrrolidones, sugars, or dextrins.

Density additives may also be used 1o achiove buoyancy.

24 {6086] It can also be diffiads to visualize microparticles in solution to
determine their degree of suspension when using clear, fransparent polymeric
acrylate hydroge! beads in aqueous suspension.  The inert precipitate barium
sutfate may be used in particle form an additive for bone cement, for sificones,

for vendering dtems visible during Xeray examination and for providing

o]
1.5

radicpacity tn polymeric acrylate particles, See Jayakrishnan et al,, Bell. Mat.
Sei. Vol 12, No. 1, pp. 1723 (19893 Barfum salfate also is known for
improving fluidization, and is often ased as an inorganic filler to impart antt-
stick behaviar to moist, sggregated particles,  Other attempts to increase
visualization of microparticles include the use of gold, for example,
30 Embosphere Gold™, which provides a magenta color 1o acrylate microparticles

using small amounts of gold.
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tncorporated with color-coded associated dyes to indicate the microsphers size
5 to the user. In vet other applications of use, it may further be of value to
provide stzed and color-coded microspheres 1o a user in similarly color-coded
syringes or other containgrs for transport and delivery to further aid a user in

identifying the size of microspheres being used.

[006%] There thus exists in the art a need for small particles that can be
10 formed to have a preferential generally spherical configuration for certain

applivations such as various therapautic and diagnostic procedures which are
not degraded by the natwral systems of the mammalian system, are
bivcompatible, are easy to visualize I suspension while in use andfor

demonstrate acceplable physical and suspension properties.

BRIEF SIIMMARY OF THE ENVENTION

it
(¥ 13

joong} This invention includes a particle for use in a therapeutic andfor
diagnostic clinical procedure. The particle comprises polyfbis{irifluoroethoxy}

phosphazene] and/or @ derivative thereoll

{6018 The present invention further inchudes particles comyprising
20 polyibis{triflaorocthoxy) phosphazene andfor a derivative thercol provided as

microspheres provided in one or morve specified sizes.

{08114 The present invention further includes particles comprising
polvibis{(triflunrosthoxy} phosphazene andfor a derivative thercol provided ag

sized microspheres and further comprising a color-caded dye incorporated into

3
LA

or attached to the exterior of the microspheres to visually aid a user in

identifying the size of microspheres i use.

f0012] Microspheres of the present invention may further be provided
as sized microspheres further comprising a color-coded dye incorporated inio or
attached to the exterior of the microspheres and comtained or delivered in a

36 strilarly color-coded syringe or other transport ov delivery container to further



WO 2009/067105 PCT/US2007/082430

in @ manwnal comprising occluding at least a portion of a blood vessel of the

Lty

mammal with at Jeast one particle, wherein the particle comprises a

poly{bisttriflvoroethoxy) phosphazene] andfor & derivative thereof.

{8014] Further described herein is g method of delivering an active
agent o a localized area within a body of & mammal comprising contacting the
localized  area  with  at  least ome of a particle  comprising
10 polyibis(trifluoroethoxy) phosphazene] andfor a derivative thereot and an
active agent, such that an effective mmount of the active agent is exposed to the

fovalized arca,

{0015] Also within the fnvention is a sustained release formulation of an
active agent for oral administration, the formulation comprising 3 polymer
15 capsule and an active agent, wherein the polvmeric capsule comprises

poly{bis(irifluoroethoxy) phosphazene] and/or a derivative thereot.

016} The invention further includes a method of tracing the passage
of a particle through a blood vessel in a2 mammal, the method comprising
injecting inte the bloodstream of a maromal at Jeast one tracer particle, the
20 tracer particle comprising polvibis(trifluorocthoxy} phosphazene] andfor a

derivative thereof and a contrast agent, and imaging the romte of the particle.

{7} Also further described hereln is a method of delivering a contrast
agent for magnetic resonance imaging {MR1) to a localized arca within a body

of & mamunal comprising contacting the localized arca with at least one of a

3
2

particle comprising polylbis{rifluoroethoxy) phosphazene] and/or a derivative
thereof and a contrast agent for magnetic resonance imaging, such that the
presence of such particles may be identified and evaluated using wagnetic

resonance maging technlques.

[O0 1R} The mvention further inchudes a method of tracing the passage

30 of a pasticle through a blood vessel v & mammal, the method comprising
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wsing seintiflation or other radiation sensing imaging modatities,

3 {6019} Additionally, a method of cphanced ultrasound imaging
described herein. The method comprises administering to an ulfrasound subject
at least one particle comprising poly{big(trifluoroethoxy) phosphazene] sndior a
derivative thereof and a core containing one or more gas filled microbubbles io
an arca of the ultrasound subject to enhance echopenicity therein, and imaging

10 the arca of the subject using ultrasound.

[aa24] The inveution also includes a method of delivering an active
agent 1o a localized arca within the body of a mammal comprising contacting
the localized area with al least one of & particle comprising
polyv[bis{iriftuorosthoxy) phospharene] andior a derivative thereot and an
i5 active agent, such that an effective amount of the active agent is exposed 1 the

localized area, wherein the particle comprises mn agent to inorease density.

j802] The iavention also includes a method of delivering a
radicgraphic contrast agent o a localized area within the body of & mammal
comprising confacting the localized ares with at least ong of a panticle
20 comprising polvibis(irifluorosthoxy) phosphazene] andfor & derivative thereot
and a radiographic contrast agent, such that the focation of a plurality of the
particles may be scen using conventional radiographic imaging techniques,
inchuding but not limited to plain radiographs, x-ray tomography, and

compmterized axial tomography.

Id
LA

{0022} Further, a method for minimizing agglomeration of particles
formed from acrylic-based polvmers I8 descoribed in which the method

coroprises providing barium sulfate to the core and/or surfice of the particles.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{8023} The foregoing summary, as well as the following detailed

30 description of the invention, will be better understood when read in conjunction
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arrangements and instrumentalities shown.
3 {0024} I the drawings:

HULERY Fig. 1 shows a schematic representation of a  general
cryoextraction scheme used 1o preparve particles according to one embodiment

of the nventing

{0026} Fig. 2 shows the manoal dripping technique by which the
10 polymer solution was supplied to lguid nitrogen in preparation of the

microspheres of Example 1 herein;

10927} Fig. 3A and Fig. 38 show unloaded polyphosphazens particles
{microspheres) as propared by one embodiment of the cryoextraction method as
deseribed herein, Figure 3A shows a 4x optical microscope view and Fig. 38

! shows § 1003 scanning ¢lectron microscope view:

028 Fig. 4 shows a particle {(microsphere) formed accordmg o one
g { |

embodiment of the invention loaded with bovine msulin (209 {wirwid) at 1060x

magnification SEM;

30291 Fig. 3A and Fig. 5B show the surface morphology of unloaded
20 polyphasphazene microspheres. Fig. 3A is an image oblained using an stomic

force microscope and Fig. 5B is a scanning clectron micrograph showing the

surface of an wnloaded polyphosphazene microsphere at SH00x magnitication;

[6038] Figs. 6 and 7 show a cryoextraction setup for use in an

embodiment of the invention wherein Fig. 6 is a cryoextraction vessel and Fig.

25 7 1 a syringe pump;
{6631} Fig. 8 is a cross-sectional view of an apparatus for use i

microcatheter testing of microparticles s Example 14 hersing
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formed in accordance with Sample C of Example 12 used in the evaluation of

Bxample 14, respectively;

0033} Figs. 104, 108, 10C and 10D are SEMs of microparticles made
in accovdance with Sample C of Example 12 used in the evaluation of Example
14 after passing through a catheter showing surface features (Figs. 10A, 108

and 10C) at LOKX magnification and at 3.0KX magnification (Fig. 10D

[0034} Figs. 11A, HEB, 1 and 11D are SEMs of microparticles
formed in accordance with Sample C of Example 12 after thermal siress testing
in Fxample 14. Fig. HA is a 50X magnification of a minor amount of
delamination in the strong white contrast portion. Figo 1B s g 200X
magnification of the mivroparticles of Fig. 11A. Figs. 11C and 11D are,
respectively, 200X and 1.0KX magnified SEMs of other Sample €

microparticles showing only minor defects.

{1035} Fig, 12A and 128 illustrate various aspects the microparticles
formed and used according to Examples 22 and 23, Fig., 12A is a conceptual
represeniation of a selective emboltzation of an exemplary tumor mass by
intravascular administration of microspheres. Fig, 12B shows an exemplary
particle of the present invention comprising a polyphosphazene-coated
microsphere further comprising a core with a gas-filled microbubble for

enhanced visibility of sonography.
DETAILED RESCRIPTION OF THE INVENTION

{8036} Described hereln are particles that may be manufactured using
polylbistirifluorcethoxy} phosphazene] andior derivatives thereof, as well as
methods of preparing such paticles.  Additionally, described herein are
therapeutic and/or diagnostic methods and procedures which use the particles as
described herein, including methods of embolization using the particles,
methods of delivery of an active agent using the particle (either orally or

lovallv), methods of tracing or visualizing blood or other biological fluids

PCT/US2007/082430



WO 2009/067105 PCT/US2007/082430

for oral administration including the particles for localized delivery of an active
3 agent to the gastrointestinal system andior systemdie defivery of an active agent
as well as a sustained release drug delivery formulation that can be injected

fi
subcutavecusly or intravenowsly for localized delivery of an active agent.

00381 All of the methods, compositions and  formulations of the
invention utilize at least one particle as described herein,  “Particle™ and
i “particles™ as used hereln mean a substandially spherical or ellipsoid article(s),
hollow or solid, that may have any diameter suitable for use in the specific
methods and applications deseribed below, including a microsphere(s) and a

nanosphere(s), beads and other bodies of a similar nature known in the art,

{639 The preferred particles of the invention according to one
15 smbodiment desorthed herein are composed, in whole or in part, the specific

polyphosphazene polymer known as polyibis(trifluoroethoxy} phosphazene} or

a devivative of polyibis{iriflaorccthoxy) phosphazent].

{804 Use of this specific polymer provides partickes that are at least in
part inorganic in that they include an inorganic polymer backbone and which
0 are also biocompsiible in that when introduced into a mammal (Inchuding
horans and animals), they do not significantly induce a response of the specific
or non-specific immene systems, The scope of the invention also includes the
use(s) of such particles as controlled drug delivery vehicles or tracer particles

for the visualization of blood vessels and other organs.

B
L

HILIZEE The particles are usefid in a variety of therapeustic andéor
dingnostic procedures in part because they can be prepared in sizes large
enough to occlude a blood vessel as well as small enough to casity pass through
the smaller vessels, for example, visualization or drug delivery purposes.
Additionally, owing to the bioemupatible nature of the polymer, the particles
30 facilitate avoidance or climination of immunogenic reactions generally

encountered when foreign bodies are introduced inte ¢ mammalion body, such



WO 2009/067105 PCT/US2007/082430

stability of the particle in ihe biological environment.  Moreover, i those
5 situations where some degradation is andergone by the polymer b the particle,
the products veleased from  the degradation include only non-toxic
concentrations  of phosphorous, amwnonia, and  triflaorocthanol,  which,
advantageously, is known o promote ant-inflammatory responses when in

contact with mammalian gssue,

10 {00421 Each of the particles in the invention is formed at least in part of
the polymer, poly[bis{2,2.2-wifluorcethoxy) phosphazene] or a dertvative
thereof (referred to further herein as “polyibis{irifiuorocthosyiphosphazene]”.
As deseribed hergin, the polymer poly{bis(2.2 2-triflucroethoxy)phosphazene]

or derivatives thereof have chemical and biological qualities that distinguish

o
154

this polymer from other know polvmers in general, and from other know
polyphosphazenes in particuler.  In one aspect of this invention, the
polyphosphazene is poly{bis(2,2 2-tritluoroethoxy) phosphazene] or derivatives
thercof, such as other alkoxide, halogenated alkoxide, or fluorinated alkoxide
substituted analogs thereod. The preferred
2 polvibis(riflucrcethoxyphosphazene] polymer is made up of repeating

monoiners represented by the formuda (1) shown below:

Rf) n “)A

wherein R to R are all srifluoroethoxy {OCH2CFs) groups, and wherein n may

vary from at least about 40 fo about 100,000, as disclosed herein, Aliernatively,

bk
(%3

one may use derivatives of this polymer in the present invention,  The term
“derivatives™ is meamt to refer to polvmers made up of monomers having the
structure of formuula T but where one or more of the B! to R® functional group(s}

is replaced by a different functional group(s), such as an unsubstitited alkoxide,
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not substantially altered,

o

{0043 In one aspect of the polyvphosphazene of formuls (3) Hlustrated
above, for exanple, at least pne of the substitbents R' 1o R® can be an
unsubstitoted alkoxy substituent, such as methoxy (OCH:), ethoxy (OCHCHy)
or n-propory {(OCHCHCHL). In another aspect, for example, at feast one of
the substituents R' 1o RY is an alkoxy group substituted with at feast one
{0 fluorine atom. Examples of usefil fluorine-substituted atkoxy groups R' to R
inchude, but are not Hmited to OCUF;, OCHLCFy, OCH2CHAUF:, OCHTFCF,,
QCH{CFE;):, OCCHHCF )z, QCHCFCFCFs, OCHHCF):08,
OCHHCFLCF;,  OCHHCF:)CF;,  OCHA{CFCF,  QUH{CTFCF,,
OCHLOFCHE,, OCHCF,CRCHE,,  OCHACE RCHF,, OUHACF,CHE,,
OCHKCF)CHE;, OCHH{CF)CHE 5, OUH(CF)»CHE,, and the tike, Thus,

while trifluorogthoxy (OCH,CF,) groups are preferred, these further exemplary

o
¥ a

{unciional groups alse may be used alone, jn combination with trifluoroethoxy,
or in combination with each other, In one aspect, examples of especially usetul
fluorinated atkoxide functional groups that may be used include, but are not
20 limited 10, 22,33 3-pemtaflucropropyvloxy (OCHCFCFy), 22227272
hexafluoroisopropyloxy  (OCH{CFih), 2.2.3.3 4,4 4-heptafleorobutyloxy
(OCHCFCF,CFy), 3,3.4,4.5,5,6,6,7.7.8 8 8ridecalluorooctyloxy
{OCHACF)UF) 2,2.3,3 tetrafluoropropyloxy {OCH,CF.CHEy), 2.2,33,4.4-
hexafluorobutyloxy {OCHUPCF.CHE ), 3,3,44,556,677858-
25 dodecafluorooctyloxy (OCH{CF: »CHE;), and the like, including combinations

thercof,

{0044] Farther, in some embodiments, 1% or less of the R' to R” groups
may be alkenoxy groups, a feature that may assist in crosshinking to provide a
more clastomeric phosphazene polymer.  In this aspect, alkenoxy groups
30 include, but sre not limited  to, OCHCH=CH,;, QCHCHCH=CH:,

allvlphenoxy groups, and the fike, inclading combinations thereofl  Also in

10
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intended to specify values of n that encompass polyphosphazene polymers that

L

can have an average molecular weight of up to sbout 73 nullion Daltons. For
example, in one aspect, n can vary from at least sbout 40 to about 100,060, In
another aspect, by ndicating that » can be as large as w in formuta [, it is
intended to speciy values of n from about 4,080 to about 56,008, more
preferably, 1 is about 7,000 to about 40,000 and most preferably n is about
10 13,000 to about 30,000,

REE T In another agpect of this invention, the polymer used 1o prepare
the polymers disclosed herein has & molecular weight based on the above
formuia, which can be a motecalar weight of at least about 70,600 g/mol, more

preferably at least about 1,000,000 gimol, and still more preferably a molocular

ot
Ly

weight of at keast about 3x10° g/mol to about 20x10° gimol. Most preferred are

polymers having molecular weights of at least about 10,000,000 gfmol.

18847] 1 a further gspect of the polyphospharzene formula (1) Hiustrated
herein, n is 2 to =, and R' 1o R® are groups which are each selected
independently from atkyl, aminoalkyl, haloalkyl, thicalkyl, thicaryl, alkoxy,
28 haloalkoxy, arvioxy, haloarvloxy, alkylthiolate, aryhhiolate, alkylsulphonyd,
alkylamino, dialkylamino, bheterocycloalkyl comprising ove or more
heterostoms  selected from  nitrogen, oxygen, sulfur, phosphorus, or a
combination thereof, or heteroaryl comprising one or more heteroatoms
selected from nitragen, oxygen, solfur, phosphorus, or a combination thereot.
25 In this aspect of formula (I3, the pendamt side groups or moieties (also termed
“residues™ R o R® are cach independently variable and thevefore can be the
same or different. Further, R? o K® can be substituted or unsubstituted, The
alkyl groups or moieties within the alkoxy, alkylselphonyl, dialkylaming, and
other alkyl-containing groups can be, for example, straight or branched chain
30 atky! groups having from 1 to 20 carbon atoms, typically frem 1 to 12 carbon
atoms, # being possible for the slkyl groups to be further substituted, for

example, by at least one bhalogen atom, such as a fluoring atom or other

11
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{0048} In one aspect, examples of alkoxy groups nclude, but are not

fimited to, methoxy. ethoxy, propoxy, snd butoxy groups, and the like, which
can also be fiwther substited. For cxample the alkoxy group can be
substituted by at least one fluorine atom, with 2,2 2-trifluorosthoxy constituting
a usefid atkoxy group. In snother aspect, one or more of the alkoxy groups
contains at feast one Ruucine atom. Further, the alkoxy group can contain at
least two fluorine atoms or the alkoxy group can contain three Buorine atorps.
For example, the polyphosphazene thai is combined with the silicone can be
poly{bis{2,2,2-rillusroethoxy)phosphazene].  Alkoxy groups of the polymer
can also be combinations of the aforementioned embodiments wherein one or
more Huorine atorns are preseat on the palyphosphazene in combination with

other groups or gloms,

{0849} Examples of alkyisulphony! substituents include, but are not
limited  to, methvisulphonyvl,  ethylsulphonyl,  propylselphonyl,  and
butylsulphonyl groups. Examples of dlalkylamino substituents include, but are
not limited to, dimethyl-, disthyl-, dipropyl-, and dibutylamine groups. Again,
by specifying atkyl groups sach as propyt or butyl, i is intended 1o encompass

any isomer of the particular alkyl group.

[050] Exemplary aryloxy groups include, for example, compounds
having one or more aromatic ring systems having at least one oxygen atom,

non-oxyeenated atom, and/or rings having alkoxy substituents, it being possible

for the aryl group 1o be substituted for example by at least ong alkyl or atkoxy
substituent dofined above, Exumples of arvloxy groups include, but are not
limited to, phenoxy and naphthoxy groups, and derivatives thereol including,

for example, substituted phenoxy and naphthoxy groups.

[0031] The heterocyeloalkyl group can be, for example, a ring systom
which contains from 3 to 10 stoms, at least one ring atom being a nitrogen,

oxygen, sulfur, phosphoras, or any combination of these heteroatoms. The

12
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morpholiny groups, and substituted analogs thergoll
j6052] The heteroaryl group can be, for example, a compound having

one or move aromatic ring systems, at least one ring atom being a pitrogen, an
oxvgen, a sulfur, a phosphorus, or any combination of these heteroatoms, The
heteroary! group can be substinged for example by at least ong alloy] ar alkoxy
substituent defined above. Examples of heteroary! groups include, but are not
limited  to, imidazolyl, thiophene, furane, oxazolyl, pyrrobvl, pyriding,
pyridinolyl, isoquinolinyl, and quinolinyl greups, and derivatives thereof, such

as substituted groups.

[66453] The diameter of a particle formed secording o the invention will
vary depending on the end application in which the particle is 10 be used. The
diameter of such particles is preferably about 1 1o about 5,000 pm, with a
diameter of about 1 o about 1,000 pm being most preferred.  Other prefeired
sizes include diameters of about 200 1o about 360 ym, about § to about 200 pm
and greater than about 300 pro. In methody using the particle where more than
one particle is preferved it Is not necessary that all particles are of the same

dlameter or shape,

T The particles may alsc include other compounds which function
to enhance, alter or otherwise modify the behavior of the polvmer or particle
gither during s proparation or in iy therapoutic andior diagnostic use. For
example, aclive agents such as peptides, proteins, hormones, carbohydrates,
polysaccharides, nucleic acids, lipids, vitamins, steroids and organie or
inorganic drugs may be incorporated o the particle,  Excipionts such #s
dextran, other sugars, polyethylene glycol, glucose, and vartous salts, including,

for example, chitosan glutamate, may be included in the particle.

{B055] Addiionally,  if  desived,  polymers  other  thaw  the
polvibis(trifleoroethoxy) phosphazene] and/or ils dertvative roay be included

with in the particle. Examples of polymers may include polv{lactic acid),
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ethyviene~-vinyl acetate co-polvmers, acyl substitaied cetlulose acetutey and
derivatives thereo!, degradable or non-degradable polyurethanes, pobystyrengs,
pobvvinylchioride, polvviny] fluoride, poly(vinyl imidazoke), chlorosulphonaied
pobvolefing, and polyethylene oxide, Examples of polyaerylates include, but
are not limited to, acrylic acid, butyl sceylate, cthyihexyl acrvlate, methyl
aorylate, cothvl  acrvlate,  scrvionitrile,  mcthyl  methacevhate, TMPTA
(irimethyvlolpropane triacrylate), and the like. e may incorporate the selected
compounds by any means known in the art, inchading diffusing, inserting or
entrapping the additional compounds in the matrix of an already formed particle
of by adding the additional compound to a polymer melt or to 8 polymer

solvent in the preparation of the particle such as described herein.

{8056} The loaded or uvnloaded particle may be coated with an
addivional polvmer layer or fayers, including polymers such as those mentioned
heretnabove. Further, polyfbis{trifluoroethoxy) phosphazene or its derivatives
may be used to form such a costing on g particke formed of other suitable
polymers o copolymers known or 10 be developed in the art that are used to
form particles as described herein, Preferably, when coating a particle such as a
microparticle, poly[bis(irifhsorouthoxy) phosphazene is applied as a costing on
a microparticle(s) formed of an acrylic-based polymer as set furth in further

detail below.

{0057} Coatings are beneficial, for example, if the panicle(s) are to be
used in a sestained release, orslly sdministered, drug delivery formulation
(enteric coating} or if the particles are 1o be loaded with a potentially toxic

contrast agent (non-bicdegradable coating).

{08358} The microspheres may be prepared by any means known ia the
art that i subtable for the preparation of particles  containing
polyibis(trifluorosthoxy) phosphazens].  In a procedure according o an

embodiment herein a “polymer solution™ is prepared by mixing one or more
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solution  include any i which the polymer poly[bis(trifluoroethoxy)

14

phosphazene and/or s derivatives are soluble.  Excraplary solvents include,
without limitation, ethyl-, propyl, butyl, pentyls, octylacetate, acetone,
methylethyviketone, methylpropylketone, methylisobutylketone,
tetrahydrotirane, cyclohexanone, dimethylacetamide, acctonitrile, dimethyl

ether, hexafluorobenzene or combinations thereoll

13 L HA The polymer solution containg the polylbis(triflucroethoxy)
phosphazene andfor its devivative polymer in a concentration of about 1% by
weight of polvmer to 209 by weight of polymer, preferably about 5% to 10%
hy weight of polymer. Other polvmers, as discussed above, may be present n
the solution, or may be added to the vessel in the form of o seeond solution
13 powder or other forms, iU one wishes o include such polymers in the Tinal

particle.

61} In carrying out the process, the polymer solution is mext
dispensed, preferably in the form of drops or an aerosol, into a vessel
conlaining & non-solvent, By “non-solvent™ it is meant amy organic or
20 inorganic  solvenis  that  do not substantinlly  dissolve  the
polybis(irilluorcethoxy) phosphazene potymer and which have a melting point
that is fower relative 1o the melling point of the solvent in which the polymer is
disseived (Mpolyvmer solvent™), so that the non-solvent thaws before the solvent

thaws in the course of the incubation step. Preferably, this difference between

i
i

the melting point of the non-solvent and the polymer solvert is about 10° €,
more preforably abowt 18% €, and most preferably, greater than about 20° €.
Under certain conditions it has been found that the structural integrity of the
resultant particle may be enhanced i the difference of the melting points of the
polymer solvent and of the non-solvent is greater than 157 €. However, it 5
30 sufficient that the non-solvent point is merely slightly lower thau that of the

polyrmer sofvent.
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hypedhesized that during the incubation, the non-solvent Tunctions (o exract e
polymer solvent from the microscopic polymer solution dvoplets from the
particles such that the polymer Is at least gelled.  As the incubation periad
passes, the droplets will shrink and the solvent becomes further extracled,
feading 1o a hardencd ouler polvmerie shell comaining a gelled polymer core,
and finally, after completion of the incubation, a complete remwval of the
residual solvent. To ensure that the polymeric droplets retain a substantially
spherical shape during the incubation period, they are maintained in g frozen or
substantially gelled state during wost 3 not all of the ijocubation peried,
Theretore, the non-solvent temperature may stay below the melting point of the

solvent during the cryoextraction process.

0063} As shown in Fig. 1, at the vegsel labeled (a), polvmer solution
droplets are shown belng dispensed cither with a syringe or other device at a
controlled rate onto a top laver of liguid nitrogen. The nitrogen layer is situated
over a bottom lsyer consisting of the selected pons-solvent, which will
eventually serve 1o extract the solvent from the frozen polymer solution
droplets. The non-solvent layer has been previously frozen with Hiquid mitrogen
prior to the dispensing of the polymer solution. The vessel labeled (b} shows
the onsct of the dewing of the frozen nonsolvent, isto which the frozen
polymeric droplets will sink. The vessel labeled (o) shows the eryoextraction
procedure after approximately three days of incubation wherein the polymer
solution droplets, incubated within the wow-solvent, have been depleted of a
sabstantial amount of solvent. The reselt is a gelled, pobymeric particle in the
form of a bead having a hardened owter shelll  As can be seen by the
representation, the non-solvent height within the vessel is shightly reduced due
to some evaporation of the non-sotvent. The size of the beads will shrink quite
substantially during this process depending on the initial concentration of the

polymer in the polymer solution.
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developed i the art. Two examplary preferred methods of sccomplishing this

L%

inchude wherein (i) the non-solvent residing i the vessel in the method
embodiment described above is cooled to close (o its Feezing point or 10 Hs
freezing poinl prior to the addition of the polymer sclution such that the
polymer droplets freeze upon contact with the pre-conled non-solventy or (i)
the polymer droplets sre frozen by contacting them with a liquefied zas such as
1 nitrogen, which is placed over a bed of pre-frozen nos-solvent (see, Fig, 2). In
method (i), after the nitrogen evaporates, the non-sohvent slowly thaws and the
microspheres i thelr frozen state will sink into the liquid, cold non-sobvent
where the extraction process (removal of the polymer solvent) will be carried

Ot

i35 165 By modifying this general process, one may prepare particles
that are hollow or substantially holiow or porous. For example, if the removal
of the solvent from the bead is carried out quickly, for example. by applving a

vacuumn during the final stage of moubation, porous beads will result,

{8866} The particles of the invention can be prepared in any size
20 desired, “Microspheres”™ may be obtained by nebulizing the polymer solution
into a polvmer acrosol using ither pnousnatic or ultrasonic nozzdes, such as, for
example & Sonotek 8700-60ms or a Lechler US30 ultrasonic nozzle, each
available from Sonof.tek] Corporation, Miltem, New York, U8 A, and Lechier
SmbH, Metzingen, Germany. Larger particles may be obtined by dispensing
25 the droplets into the non-solvernt solution using # syringe or other drop-forming
devire. Moreover, as will be known 1 a person of skill in the an, the size of
the particle may afso be altered or modified by an increase or decrease of the
initial concentration of the polymer in the polymer solution, as a higher

concehiration will lead 1o an increased sphere diameter.

30 0067} In an alternative embodiment of the particles described herein,
the particles can include a standard andfer a preferred core based on an acrylic

polymer or copolymer with a shell of polv{bis(triftuoroethoxy} phosphazene.
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described herein provide a substantially spherical shape, mechanical flexibility
and compressibitity, improved specific gravity properties. The core polymers
may be formed using sny acceptable technique known in the art, such as thal
described in B, Thanoo e al, “Preparation of Hydrogel Beads from
Crossiinked Poly(Methvl Methacrylate) Microspheres by Alkaline Hydrolysis)”
1. Appl. P. Sci, VoI, 38, 1153-1161 (1990), incorporated berein by reference
with respect theretn.  Such acrylic-based polymers ave preferably formed by
polymerizing unhydrolyzed precursors, including, without limitation, methyl
acryvlate (MA), methyl methacrviate (MMA), ethyvimethacrylate {EMA},
hexarnethyl (FHIMMA) or hydroxvethy! methacrylate (HEMA), and derivatives,
variants or copolymers of such acrylic acid dertvatives.  Most preferred s
MMA, The polvmer should be present in the core in a bydrated or partially
hvdrated (hydrogel) form. Such polymers are preferably crogs-linked in order
{o provide suitable hydrogel properties and structure, such as enbanced non-
biodegradability, and to help retain the mechanical stability of the polymer

structure by resisting dissolution by water,

[(068] Preferably, the core prepolymers are formed by dispersion
polyvimerization that may be of the suspension or emulsion polymerization type.
Emulsion polymerization results in substantially spherical particles of about 18
nm o about 10 microns. Suspension polymerization vesults in similar particles

but of larger sizes of about 30 to about 1260 microns.

RTHI Suspension polvmerization may be initiated with a thermal
initiator, which may be solubilized i the agueous or, muore preferably,
monomer phase. Suitable initiators for use in the monomer phase composition
include benzoyl peroxide, lawroyl peroxide or other similar peroxide-based
iitiators known or to be developed in the art, with the most preferred initiator
being lauroyl peroxide. The mitiator is preferably present in an amount of
about (.1 to about § percent by weight based on the weight of the monomer,

move preforably about 0.2 to sbowt 1 percent by weight based on the weight of
P 3 ¥ ¥ g g
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particle core, include various ghyeok-based materials such as cthylene glycol
3 dimethacrylate (EGDMA), diethyvlene glycol dimethacrylate (DEGDMA) or
most preferably, tricthyvlene glveol dimethavrylate (TEGMDA) A chaim
transfer agent may also be provided f desired. Any suitable MA
polymerization chain transfer agent may be used. In the preferred embodiment

herein, dodecylmercaptane may be used as a chain transfer agent in amouats

10 acceplable for the particular polymerization reaction,
{6607H The agueous phase composition  preferably  inclades a

surfactant'dispersant as well as a complexing agent, and an optional buffer.
Surfactants/dispersants should be compatible with the monomers used herein,

ncluding Cyanamer® 370M, polyaerylic acid and partially  hydrolyzed

p—y
tas

polyviny! alcohol surfactants such as 4/88, 26/88, 40/88. A dispersant should
be present in an amount of about 0.1 fo about 3 percent by weight based on the
amount of water in the dispersion, more preferably about 0.2 to about | percent
by weight based on the amount of water in the dispersion. An optional buffer
solution may be used if needed to maintain adequate pH. A preterred buffer
20 solution includes sodium  phosphates  (NapHPOWNathPOs). A soitable
complexing agent is ethylene diamine tetraacetic acid (EDTA), which may be
added to the aqueons phase in a concentration of from about 10 fo about 40
ppm EDTA, and more preferably about 20 to about 30 ppm. It is preferred that
in the aqueous phase composition, the mononier to water ratio is about 14 o

25 ahowt 1:4,

{0071} The polymerization should take place at about ambient
conditions, preferably from about 60° C to about 80° € with a time fo gelation
of about one to two hours, Stirring at rates of 100 to 500 rpm is preferred for
particle formation, with lower rates applying to larger sized particies and higher

33 rates applying to smaller shzed particles.

(6072} Once PMMA {poly-MMA} particles. such as microparticles, are

formed, they are preferably subjected to hydrolysis conditions typical of those
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heated preferably at temperatures of about 15G-183% O for several hours.

7

Altersatively, to minimize reactant amounts and cost, i is preferred that lesser
amounts of potassium hydroxide be used which are less than gbout 3 molar
exvess of potassiom hydroxide per mole of PMMA, muove proferably abowt 3
molar excess or less. For such hydrolytic reactions, a concentration of about
10-15% potassivm hvdroxide in cthylene ghveol is also preferably used, and
19 more preferably about 14% to about 15%. It will be understood by one skilled
in the art, that heating conditions at higher femperatures may be used to
decrease overalt reaction times. Reaction times may b varied depemding on
the overall diameter of the resultant particles.  For example, the following
conditions are able o provide particles having about 35% compressibility and
[ desired stability: {or diameters of abouat 200-3) ., the solution should be
hegted for abouwt 7.5 to about 8.5 hours; for diameters of about 300-355 wm,
about 9.3 to about 10.3 bours; for dlameters of about 355400 pm, about 11.5 w0
ahout 12.5 hours; and for about 400-455 um, agbout 13.5 1o about 14.5 bours,
and the like. The particle size can be adjusted asing varistions i the
20 polyinerization process, for example, by varying the stirding speed and the ratio
of the monomer o the aqueous phase. Farther, smaller sizes can be achieved

by increasing surfactant/dispersant ratio,

{0473} Following hydrolysis, particles are separated from the reaction

mixture and their pH may be adjusted o any vange as suited for further

by
L &

processing steps of intended uses. The pH of the particle core may be adjusted
in from abow 10 to about 94, preferably abowt 74 # intended for a
physiological application.  Since size, swelling ratio and elasticity of the
hyvdrogel core material are dependent on pH value, the lower pH values may be
used 1o have beneficial effects during drying to prevent particle agglomeration
30 andfor structural damage. Pamicles are preferably sieved into different size
fractions according o intended use. Drying of particles prefevably occurs using
auy standard drying process, lnchiding use of an oven at a temperature of about

407 -80° C for several hours up to about a day.
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be subjecied to treatment with any suitable fonic or non-ionie surfactant, such

LA

as tetraaliodammonium salts, polyaleohols and simslar matenials. A more
permanent change in adhesion properties is brought about by rendering the
surface of the particles bydrophobic by reaction of its polymethacrylic acid
groups with a suitable reactant, Suitable reactants include, but are not limited
0, hydrophobic alcohols, amides and carboxylic acid derivatives, more
16 preferably they include halogenated alcohols such as trifluoroctbaned. Such
surface treatment also prevents delamination of the coating from the core once
the coating is applied.  Preferred surface treatmenis may include, without
Himitation, an initial treatment with thionyl chioride followed by reaction with

wrifluoroethancl.  Alternatively, the surface may be treated by suspending the

—
il

particles i a mbaure of sulfuric acid and a hydrophobic alcohol, such as
triffucrosthanol, Such treatments are prefovred i the particles are  be coated

in that they minknize any delamination of a coating.

{0075 Alternatively, in some preferred embodiments of the present
invention, the PMA (poly-MA) core particles may be coated with a surface
20 fayer of andfor infused with barium selfate. The barium sulfate is radio-opague
and aids in visvalization of the finished particles when in use. [t also provides
enhanced {luidization propertics to the particles such that it reduces
azglomeration especially during drying and allows for fluid bed coating of the

PMA particles with an outer coating of poly{bis(irifluoreethoxy) phosphazene,

Bt
nAt

thereby providing improved adhesion betwesn a polybisttrifluoroethoxy}
phosphazene outer core and a polymeric acrylate core particles. By allowing
fluidization even when the core particles wre swollen, barium sulfate also
improves the overall coating and adhesion properties. By enabling the coating
of the core particles even in 2 swollen state with polyibis{trifluoroethoxy)
34 phosphazene, bariwm sulfate also reduces the potential tendency of the
poly]bis(iri flucroethoxy) phosphazene shells to crack or rupture o comparizon
with coating the particles in a dry state and then later exposing the particles to a

suspenston i which the core particles swell and exent force on the shell of
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can further assist in reducing clectrostatic effects thal Bmit particle size. By
allowing for absorption of additional bumidity, the barium sullate tends 10

enumieract the electrostatic effects.

[0076] Bariom sulfate crystals adhering only loosely 1o the PMA
particles may be covalemly crosslinked or chemically grafied w the particle
surface by spraveoating a suflivient amosst of an aminosilane adhesion
promoter onto the PMA particle.  This will help to effectively reduce barium
sulfate particuate maiter in solution after hvdration of the partictes, Exemplary
particles include  3-aminopropyl-trimethoxysilane and similar  silane-bgsed
adhesion promoters, such as, for cxample, N-methyl-aza-2,2 d-trimethyisila-
cyvclopentane,  2,2-dimethoxy-1.6-diaza-2-silacyclooctane,  (3-trimetboxy-
silylpropylidicthylene triamine, N-(3-{trimethoxysilyljpropylmethanediamine,
A N-bis(3 ~(trimethoxysilylpropybiethane - 1,2-diamine, 1.3, 3-1rig( 3~
{trimethoxvsilyDpropyl}-1,3,5trtazinane-2-4-6-trione, and similar silane-based
adhesion promoters.

{0877} In  various  gmbodiments  of  the present  invention,
solyphosphazenc-coated microspheres may be provided with a hydrogel core
comtaining various contrast agents suftable for enhanced visualization of such
microspheres in vive using magnetic resonance voaging (MRD), or derivative
technologies thereof. Such contrast agents may include, but are not Hnited to,
agents that include tantalum, gadolinium, samarium, and other agents that are
known (o the arl. Examples of MRI contrast agents include, but are not Bmited
to, ferric chivride, forric amunonium citrate, gadolinium-DTPA (GA-DTPA)
with and withowt mannitel, GA&-DOTA, G-EDTA, GdCl, Gadodiamide,
Gadoteridol,  gadopenteiate  dimeglumine, Cr(HI} agoms, Mn(lH)TPPS4
{manganese(Iil} tetra-{4-sultanatophenyl} porphyrin), Fe(llI)TFPS4,
HANgANsse dichloride, Fo-EHPG {iron(li) ethylenchis-(2-
hydroxyphenviglyeing)), 7 Te-iminodiacetate {Te-IDAY, chromium dicthyl
HIDA  meglumine (Cr-HIDA), GI-BOPTA  (gadobenate  dimeglumine),
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ron oxides™), and the ke, Onpe aspect of the present lnvention affords a
method of reducing the toxicity of vartous agents such as contrast agents like
Fe(IIIYTPPS4, by containing the agent within the hydroget core of the

microspheres disclosed herein.

[6078] In  various embodiments of the present  invention,
polyphosphazene-coated microspberes may be provided with a hydrogel core
conlaining rare earth compounds with paramagsetic qualities suitable for
enhanced visualization of such microspheres in vive using magnetic resonance
imaging, paramagnetic transition methods, or derivative technologies thereof

known in the art

{0679} Constituent atoms or molecules of paramaguetic materials have
permanent magnetic moments (dipoles), even in the absence of an applied Geld.
This generally occurs due to the presence of unpaired clectrons in the
atomicimolecular electron orbitals. In pure paramagoetism, the dipoles do not
interact with one another and are randomly orignted in the absence of an
external ficld due to thermal agitation, reswlting in zere net magnetic moment.
When a maghetiv field is applied, the dipoles will tend to align with the applied
field, resuling in 9 net magnetic moment in the direction of the applied field. In
the classical description, this alignment can be understood to oceur due 10 4
torque being provided on the magnetic momenis by an applied field, which wries
to align the dipoles parallel o the applied field. However, the truer origins of
the slignment can only be understood via the quantem-mechanical properties of

spin and angular momentusm,

[0038] If there s sufficient encrgy cxchange between neighboring
dipoles they will interact, and wmay spontaneously align or anti-align and form
magnetic domains, resulting in ferromagnetism  (permanent  magoels) or
antiferromagnetising respectively, fn general, paramagnetic effects are quite

smallh the magnetic susceptibifity is of the order of 107 to 107 for most
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pargmagnetic rare carth compounds is approximated by Curie’s law:

L

M= B/

where;

M is the resulting magnetization,

B is the magnetic flux density of the applied ficld, measured in tesla,
T i absolate temperature, measuwred in Kelvin,

10 C is & matevial-specific Curie constant.

[D882] Curie’s law indicates that the susceptibility of paramagnetic
materials iy inversely proportional to their teraperature. However, Curle’s faw is
only valid under conditions of ow magnetization, since it does wot consider the

saturation of magnetization that occurs when the atomic dipoles are all aligned

o
L)

in paratlel (afler everything is aligned, increasing the exiernal field will not

ncrease the total magnetization since there can be no further alignment).

{0083 A further ahernative  for  improving  visualizaon  of
microparticles made as noted hereln include the absorption of & water soluble
ovganic dve inside the hydrogel core particles. Exemplary dyes ave preferably
28 those FDA dyes approved for human use and which are kaown or to be
developed for sate, non<toxic use in the body and which are capable of
providing acceplable contrast.  Organic dyes may include dyes such as D&C
Violet no. 2 and others preferably approved for medical device uses, such as for

contact tenses and resorbable sutures. Whereas barium sulfate operates as an

[
b

inorganic filler and fincly dispersed pigment that makes the particles visible by
Hight diffraction due to small crvstal size, the dyes when impregnated in the

particles absorb the complementary part of the vistble color spectrum.

{6034} Particles, including microparticles made in accordance with the

foregoing process tor forming a cove hydrogel polymer are then coated with

Lad
foms

polyv[bis¢trifluoroethoxy) phosphazene andfor its derivatives.  Any suitable
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through  spraying while they  spin within the air stroam. The
3 polybisttrifluoroethoxy) phosphazene or dertvative polvimer is provided in

ditute solution for spraying to avoid clogging of the nozzle.

{0685] Exemplary solvents for use in such solutions include sthyl
acstate, acctone, hexafluorbenzene, methy! ethyl ketone and similar solvents
and mixtures and combinations thereof, most preferred is ethy! acetate alone or
10 in combination with isoamyt acetate. Typical preferred concentrations include
about .01 1o about 0.3 weight percent polylhis{trifluoroethoxy) phosphazene
or its derivative in solution, more preferably about 0.02 to 0.2 weight percent
pobvibis(trifuoreethoxy) phosphazene, and most preferably abouwt 0075 to
about 0.2 weight percent. It should be understood based on this disclosnre that
15 the type of hydrogel core can be varied as can the technique for coaling a
parlicle, however it is preforred that a core which is useful in the treatment
techniques and applications described herein 15 formed and subsequently couated
with poly{bis{trifluorocthoxy) phoesphazene aud/or its derivatives as deseribed

herein,

20 {8486] As previously discussed, the particles can be used in various
medical and therapeutic applications, such as embolization, drug delivery,
imaging {ultvasound) and as tracer particles. For example, in one embodiment,
the invention inchudes a method of minimizing blood flow to a specific tissue in
a mammal.  This process, commonly referred 10 as embolization, includes

23 occluding or obstructing at least a portion of a vessel, ov the entire vessel, with
ore or more of the particles of the invention. Such procedure is particularly
useful m the trestment of Jdiscases and pathologies that invalve undesirable
vascularized tissues, for example, fumor tissue or disorders invelving the
uncontrolled preliferstion of certain cells such as endometriosis.  In such

30 provedurcs, the particle(s) are prepared in accordance with the procedures
deseribed above, and may be mgerted into the blood vessel by any invasive or

non-invasive medical practice known or to be developed in the art such as via a
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loaded with an active agent, such as a cviostatic agenl, an anti-inflammatory
agent, an anti-mitogenic or cell proliferation sotive agent, a hommone, oF any
other desirable active agomt, as described herefn.  Embolization particles
gccording to the present invention are capable of demonstrating improved
optical visibility, additiona radiopacity, and an optimum specific density of
about 1.17 glem’. The embolization particles in this invention may be used
with different dves as markers as noted above for particle sizes, embedded
pharmaceuticals for localized deug delivery and controlled drmug elution

characteristics.

[0e87} For use in embolization therapy, particle density is preferably
taken hito consideration to ensure beneficial properties for particte delivery.
Possible clogging of g catheter-based delivery system may ocour if using a
density-mismaiched delivery mediun.  In addition, s desirable o nelude a
certain minimum amount of contrast agent in the delivery medium 1o achigve
sufficiers levels of fluoroscopic contrast during sergery.  Currently, the
polvmethacrylate hydrogel density is between 103 giom” and 1.10 giom’
depending on the equilibriumn water content. The maost common iodinated
pomionic contrast agent media with 300 myg wdine per mi have densities of
1.32-1.34 giom’.  As used herein, “buoyancy” refers (o the ability of the
particles to be substantially free floating in solution that ovcurs when the
density of the particle is substantially the same as the medium in which it is
suspended. Coated particles formed In accordance with the present invention as
described herein can reach buoyancy when there is approximately 30% contrast
agent in the delivery medium, however, such levels can be adjusted for such

preferred use according 1o technigues described herein.

{B088] (e method for increasing the density of the particles is by use
of heavy water or deuterium oxide (D:0). When heavy water is wsed 1o swell
the particles, DO displaces Hil), therehy increasing the weight of the particles

for betier dispersion and buoyancy levels. Typically this leads {o the ability to
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preferred that when using ;0 for this purpose, either that suspension times are
kept (o a minimum or, more preferably, that the contrast agent be provided in a

solution which also uses DaOh

{089} Alternatively, particles of pH 1 can be neutralived with cesium
hyvdroxide and/or the final newtralized particles can be equilibrated with cesium
chioride. Such compounds diffuse cesium into the particles, such that either the
cesiom salt of polymethacrylic acid is formed or polymethacrylic acid i

diffused and thereby enriched with cesian chioride.

{0090} The cesium inorcases the density of the particles, thewby
increasing the ahility 1o add higher amounts of contrast agent. Typical
buoyancy levels can be adjusted using the cesium technigue such that about 43
to about 5(8% contrast agent may be added to the delivery medium as is desired
for embolization. Cesium salts are non-toxic and render the particles visible
using umoscopy.  Cestum’s stomic weight of 132.9 gimol is slightly higher
than that of lodine providing heneficial effects including Increase in overall
density and enhancement of X-ray contrast visibility even without a contrast
agent. For certain cancwr treatments where a radioactive isotope of cesium is
desived, such active agent can be used as an afternative cesium source rendering
the particles buoyant in an embolic solution as well as able 10 be used as an

active treatment soures.

91} The above-ncted technigues for improving density of particles,
such as microparticles for embolization or other applications where density
and/or buoyancy in solution arc applicable propertics may be applied in to the
preferred particles deseribed hereln andior may be applicd for other similar
partices. it should be understood that the disclosure Is not limited to cestum
anddor PhO treatment of the preforred particles herein and that such techniques
may have broader implications in other particles such as cther acryhic-based

hydrogels and other polymeric particles.
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to be developed in the art. Also, organic dyes may similarly be included in the

=

particle core. These materials, particularly the barium sulfate, also contribute to
an increase in density as well as providing radiopacity. In addition to a general
density increase as provided by the above-noted 1,0 or cesium compounds, the
barium sulfate allows this benefit even upon substantial and/or full hydration,
allowing particles in suspension to remain isotomic.  Thus, a bartum sulfate
1 powder coafing can provide an imert precipate having no cffect on

physiotogical osmolarity.

[8093] fn vet other exemplary embodiments of the present invention,
contrast agents for conventional radiographic imaging with radic-opague agenis
such as cesium, todine, or fonic or noniopic lodine-containing compounds may
13 be provided either within the hydrogel core or injocted as a suspension liquid
with the microspheres. Examples of iodine contrast agents include both ionie
and non-ionic agents, including, but not limited to, Diatrizeate, Metrizoate,
foxaglate, fopamidol, Tohexal, Toxilan, Iopromide, lodixanol, foxitalamin, and
the Hke. Generally, the term “radio-opague™ agent refers o any substance or
24 agent which blocks, absorbs, scatters, or reflects any radistion outside the
visible light spectrum, including, but not Himited to, X-rays {in the wavelength
range of 0.01 to 10 mm), beta mays (having, for example, velocities of abowt
33,600 1o 180,000 miles per sccond), gemma rays (having an encrgy in the

range of 10 10 107 o), mdiation used in radiation therapy (for example,

T
%

therapy 1o treat cancer), and other harmful radiation (such as that resulting from
nuglear disasters and nuclear weapons). Suitable radio-opaque agents include,
but are not lmited to, those comprising platinum, gold, silver, bismuth,
mersury, lead, barium, caleium, zine, aleminun, iron, gallium, sodine, tungsten,
and any combination thereof. Other suitable radio-opague agents include, but
30 are not limited to, those commercially avatlable as radic-opague agents for
medical uses, such as ionic and nonionic mtravenous radiocontrast agents,
dingnostic barium and gastrographin preparations, and galtium preparations. In

one cmbodiment, the radic-opague agent blocks, absorbs, scatters, or reflects
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medical diagnostic testing),  Examples of radioisotopes in clinical use include,

5 but are not limited to, radioisotopes of galliam {for example, *'Ga or G,

23y 1y 13
R

N H i N 3334 i33 rooar N . it
iodine {(for example, L ¥, or P, indium (for example, V'l or

13y . s s Whepy . 2erys ‘ TUVRE T PINET SRS S
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{6094] It should be understood, based on this disclosure, that the
various buovancy additives noted above can be used independently or in
combination to provide the most beneficial effects for a given core particle and

15 coating combination.

[6693] The imvention also includes methods of delivering an active
agent to a loralized area within the body of a mammal. The methed includes
eontacting the localized area with st least one of the particles of the invention as
described above, such that an effective amount of the active agent is released
20 Jocatly to the area. As used herein, “contact” or Yeontacting” the localized area
with at {east one particle is intended w include situating at least one particle and
an active agent in sufliciently close proximify to the intended area such that the
desired effect is achieved. In this example an effective amount of the active

agent is exposed to the localized area. Diseases or pathologies that may be

23 ireated by this method include any wherein the localized or fopical application
of the active agent achieves some bonefi in contrast to the systemic absorplion
of the drug.  Suitable active agents include NSAIDS, stercids, bommones,
mucleic acids, agents used in the treatment of disorders of the gastrointestinal
tract, such as, weers, Crohn’s discase, uleorative colitis, and irritable bowel

30 syndrome.  Other active agents may include tacrolimus, sirolimus, paclitaxel,

cis-arboplating, antineoplastic agents, doxorubicine andfor receptor blocking

agents, for example, avf3 integrin blockers, which inhibit cell attachment,
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using syringes andior cptheters as a delivery device, withoul causing

LA

inadverient occhusions. For example, using a contrast agent, a catheter can be
inserted into the groin artery and its movement monitored until it has reached
the arca where the lovalized administration is desired. A dispersion of the
particles in a suftable injection mediuvm can be injected through the catheter,
guaranteeing only a specific area of the body will be subjected to treatment with
i drug loaded beads {particles). As will be understood 1o & person of skill in the
art, injection medinms include any pharmacentically acceptable mediums that
are known or to be developed in the art, such as, for sxample, saline, PBS or
any other suitable physiclogical medinm. In sccordance with a fuether
envhodiment deseribed herein, the invention includes an injectible dispersion
£ including particles and a contrasting agent which particles are substantially
dispersed in the solution. In a preferved embodiment, the particles are also

detectible through fluoroscopy,

{897} The polymeric particles of the invention may be used to prepare
a sustained release formulation of an active agent for oral adminisivation, The
20 formulation comprises a particle, as described above, loaded with an active
agent. The polymeric pmticle utilized may be hollow, substantially hollow or
solid. The particle can be loaded with the active agent either by dispersion or
solvation of the active agent in the polymer solution prior fo the production of
migro-sized particles throagh spray droplets, pastitlation of a polymer melt or
25 carrying out of a cryoextraction provess. Alternatively, an wnloaded polymer
particle can be prepared and subscquently immersed in solutions contaiiting
active agents. The particles are then incubated in these solutions for a suilicient
amount of time for the active agent to diffuse into the matrix of the polymer.
After drving the particles, the sctive agent will be retained in the polymer
30 particle. 1 this loading mechanisin is wtilized, drug loading can be controlled
by adjusting drug concentrations of the incubation medium and removing the
particles from the incubation medism when an equilibrium condition hes been

attainad.
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procedure.  For example, if the tissue to which one wishes to minimize blood

L4

flow s a tumor tissue, one may wish to load the particles used in the oeclusion

with 1 eviostatic drug, antiangiogenic agents, or an antimitotic drag.

[B99] Also provided is a method of tracing the passage of a particle
through a binod vessel or other cavily in a mammalian body, The method
includes injecting into the vessel, cavity, or a conduil adiacent o such cavity or
16 vessel, at least one particle, wherein the particle is at least a particle prepared in
accordance with the procedures deseribed above, and wherein the parlicle
further comprises a component o allow its focation to be detected visually,

clectromically, or by other imaging means.

[60108] It a medical setting. & contrast agent is any substance that is
i3 used 0 enhance the visibility of structures or fluids within the body. In
exemplary embodiments of the present invention, the parlicles may include g
contrast agent that may ald in the visuvalization of the particle as it passes
through the body cavity, blood vessel, andfor other locale. In general, in this

application smaller particles are preferred, such as those in the range of about |

&
=

to about 10 pm, especially if the particles are 0 be injected into the
bloodstream. However, the particles may be of any size so long as, for this
purpose, thiy are not large sncugh to ocvlude the blood vessel, body cavity, or

adjacent cavity or vessel to which the procedure is being applied,

{08101} In varicus preferred cmbodiments of the present invention,

convrasl agents may be provided within particles of the invention as described

Pt
LA

herein.  In other preforred embodiments of the preseat lnvestion, coplrast
agents may be delivered along with particles of the invention as a susepension
or delivery medium,  In yet other preforred embodiments of the present
invention, contrast agents may be delivered in a separate injection or instillation

3 than the particles of the invention.
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contain a conirast agent, the flow of the particles may be visualized using V'F-

5 NMR based computer tomography.
LHIERERY If desired, one may coat particles containing 2 contrast agent

with a polymer coating. The polymer coating may comprise any polymer
known or to be developed in the art, including any phosphazene polymers. In a
preferred ernbodiment of the present invention, the polymer coating for
10 particles is polyfbisCirifluorcethoxy} phosphazene or a derivative thereof, i
there Is any toxicity or concern of toxicity with respect to the contrast 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

{(for example, from the class of conventional radiographic contrast enhancing

-
1

agents such as lonic or nonjonic iodine~containing compounds (meron™,

Opliray™™, etc.}.

{0104 In conventional or x-ray based radiography, contrast agents may
be either positive or negative, Positive confrast agemts have a higher
attenustion density than the surrownding fissue. This means that the contrast
20 agent looks more opaque than the surroanding tissug when seen on an X-vay.
Negative contrast media has a lower aitenuation density than the surrounding
tissve. This means that the contrast looks less opaque than the body. Negative
contrast is only foond as a gas. Positive contrast agents are substances with high

atomic mumnbers, that are alse non-toxic.

Tt
wh

[00103] Positive  comtrast agenls which may be used in some
embodiments of the present invention include, but are not limited to, agents
comprising barium, cesium, jodine, gadolinium, tanialum, and compounds or
compasitions containing these elements.  Negative contragt agents ogeur as
nontoxic gases, meluding but not limited o, air, oxygen, carbon dioxide,

30 nitrogen, heliom, argon, xenen, and mixtures thereaf.
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agent resides. Most contrast agenis that have been approved for humnan use are
extracellidar,  Where magnetic resonsnce imaging (MR} is emploved for
visualization of particles of the present invention, the contrast agent to be
provided may be chosen from the class of rare earth compounds, such as
gadolinium-~, tantalum-, and samariun-chelates and other compounds and
compositions, as is known to the wrt. Gadolintum (and other lanthanide)-based
agents are heavier and better able to absorb high-energy Xerays than fodine,
Ciadolinium-based contrast agents have u relatively short residence time in the

vagcular system.

{00107 More recently, intracellular agents have been introduced that
have longer residence times and allow extended imaging procedures withoul

the need for mepeated injections of the agent.

Extracedlufar fluid (ECF) agents include products such as Magnevist, Probance,
and Omniscan. These agents are geperally nonionic and g recent report, polnts
oul ihat the development of nonionic contrast agents for MRI has paralleled that
for iodinated contrast materials. lonic chelates are also hyperosmolar and some
of their side offects may be atributed to this property. Gadodiamide
{Omniscan®, Winthrop Phanm.) is 2 nonionic complex with 40% osmaolality of
Gd-DTPA. I Bas a median lethal dose of 34 mmolfkg resulting in a safety eatio
of 2-3 {imes that of GA-DOTA, and 3-4 times that of G-DTPA. Mo shnormal
serum bHirobin levels ocour: however, elevated serom ron levels have heen
repotted in some paticnts. The efficacy of this contrast is similar o that of Gid-
DTPA. Gadoteridol (Prohance®, Squibly) is the third intravenous contrast agent
on the market. It is a low osmolar, ponitonic contrast, as is Gadodiamide.

Indications for use and efficacy are similar (o the other agents,

{66108] Thiee fypes of intravascular conirast ageots bhave been
developed: GE-DTPA labeled atbumin, G3I-DTPA labeled dextran, and
chromium-labeled red blood cells. Intravascular contrast agents pormally

remain confined fo the intravascular space, compared to Gd-DTPA which
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advantages of intravascular agents, They cav assess perfusion in areas of
3 ischemia and provide information about capillary permeability in areas of
reperfusion. They can show the extent of fumor neovascularity and asscclated

permyeabiiity changes. Finally, they are useful in studies requiring profonged

imaging.
{08109} Since the hydrogel core component in embodiments of the
10 present invention may be derived from an anionic hydrogel polymer, such as

polymethacrylic actd and the like, the incorporation of multivalent metal
cernpounds, including aforementioned rare earth ov other metals, may facilitate
a favorable fonie interaction of these compounds, such as by ionic crosslinking
or similar fonic imtoraction, thus providing for favorable rotentiom or
13 accumutation of these compounds in the particles and hence providing for a
sustained release effect of such compounds in vartous embodiments according

to the present invention,

{06110§ Yet uwnother class  of contrast  agents  awre  Ultrasmall
Supermagnetic ron Oxide Particles (USPIOs). small particles of ferrite used as
20 paramagnetic contrast medium in MR maging. These agents exhibit strong T
relaxation properties, and due to susceptibifity differences to thelr surroundings
alsee produce a strongly varving locsl magnetic field, which enhances T2
relaxation to darken the contrast media-containing structures. As particulate

matter they are taken up by the reticuloendothelial systenm, Very small particles

f g
LA

of iess than 300 wm alse remain intrevascular for a prolonged perted of tme
and thus can serve as blood pool agents, The agents are also known by the
abbreviation SPIOs ("small particle iron oxides” or "superparsmagnetic lnowm
oxides™ and USPIOs ("altrasmall pwticle fron oxides” or "ulrasmall
superparamagnetic ron oxides™. SPIOs have been used as darkening contrast

30 agents for ver imaging and for darkening the buwel,

[60111} fn yet other alternate preferred embodiments of the present

invention, the particles may comprise radioisotopes or radionuchdes as tracer
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superimposed on images from modalities such as CT or MRI 1o highlight the
5 anatomic region of the body in which the radiopharmuceutical is concentrated,
Moyt diagnostic radionuclides used In medical imaging emit ganoma rays, while
the cell-damaging properties of beta particles may be used in therapeutic
applications, Commen radioisotopes used in embodiments of the present
mvention nclude, but are not Hmited o, technetiom-99m, odine~123 and -131,
1 thallium=-201, pallium-67, fluoring-18, and indium-111. However, any
radioisotope i clinical nse may be used in embodiments of the present
nvention, including but are not limited 1o, any radicisotope of gallium (for
example, ¥Ga or ®Ga), fodine (for example, 1, 7, P P or PP, indium
(for example, "Ha or Pmy, thaltium (for sxaniple, U ior 2':'\"""‘"&“?}_, as well as “H,
Ne, Me RN W 2N, P, BT P, S, Ben e, P, Baa, Yo Pvin,
:’w&gﬁ n, 55? e, 591;;6‘ (':\QCD} ({;Zﬂ, HX Zn, &8 7, QEB r, SSK, S\Kl‘. SQSI‘, WTCX §§m«~1~c* W““R’Cs
Wiy WiRe Blupe Bisp, iSing e 137eg Wopg, 160py 6o, Sime, Sy

By 2y T a5 3} pta sy 107 203 Ay, PR R
Sy 0B B, FF, PRy, TR, PRy, PR, THe P Hg B, T A,

et
L 43

and the like.

28 {00112} The invention also includes the method of carrying out an
enhanced ulirasound imaging procedure (sonography). In order 1o do this, one
administers to the ulirusoand subject at least one hollow microcapsule to the
arga of the ultrasound subject that ooe wishes o visualize. Such administration
can be accomplished by any means known or 1o he developed in the ar,

23 including by use of' a syringe, catheter or other invasive or non-invasive
medical device, and/or by a surgical incision. In such method, it is preferable to
use particles which are hollow or substantially hollow, ie. having a gas-filled
wner cavity that is equal 1o at kast about 20%, at least about 3094, at least
about 0%, at least about 50%, at least about 80%, at least about 9096, of the

30 volume of the entire particle. The hollow particles are administered to a portion
of the ulirasound subjsct which one wishes to image. Such particles enhance
the ultrasound image by increasing the echogenicity resulting from use of

diagnostic altrasound modalities due to their abrupt density change, when

35



WO 2009/067105 PCT/US2007/082430

gas-fitled microbubbles provide improved visualization of microspheres in

[P

tissue when used in contrast-enhanced ultrasound {(CEUS). CEUS s the
application of ultrascund contrast agents to wraditional medical sonography.
Microbubbles have a high degree of echogenicity, which is the ability of an
object to reflect the ultrasound waves, The echogenicity difference between the
gas in the microbubbles and the soft tissue swroundings of the body is
1¢ wumense. Thus, ultrasonic imaging vsing microbubble contrast agents enhances
the vltrascund backscatter, or reflection of the ultrasound waves, to produce &
unique  sonogram with  increased contrast due to the high echogenicity
difference. Contrast-cnhanced wltrasound can be used to image blood perfusion

in organs, measwre blood flow rate in the beart and other organs, and has other

o
4

applications as well.

jOU1 14} Coating matertal selection for particles comtaining microbubbles
determines how easily the particle s taken up by the immune system. A more
hydrophilic material tends to be taken up meore easily, which reduces the
microbubble residence time in the circulation. This reduces the time available
20 tor contrast imaging. The microbubble’s shell material also affects microbubble
mechanical elasticity, The more elastic the material, the more scoustic energy #

can withstand befove bursting

{60115} The gas content of microbubbles in particles of the present
invention is important when enmployed for vitrasound contrast because the gas
258 selection largely determines cchogenicity, When gas bubbles are caught in an
uhtrasonic frequency field, they compress, oscillate, sud reflect a characteristic
echo- this generates the strong and onique sonogram in contrast-enhanced
ultrasound. Gas cores can be composed of alr, or heavy gases like
perfluorocarhon, or nitrogen. Heavy gases are less water-soluble so they are
30 less likely to keak out froun the microbubble to impair echogenicity Therefore,

microbubbles with heavy gas cores are likely to last longer in circulation
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diseased or abonormal tissues. This form of molecular imaging, known as
targeted contrast-gnhanced ultrasound, will only generate 8 strong ultrasound
signal if targeted microbubbles bind in the area of interest. Targeted contrast-
enhanced nlirasound ean potentially have many applications in both medical

diagnostics and medical therapeutices,

{80117} The present invention is further iHustrated by the following
cxamples, which are not 1o be construed in any way as imposing limitations
upon the scope thereof. Ou the contrary, it is o be clearly undersiood that
resort can be had to various other aspects, embodiments, modifications, and
equivalents thereo! which, afier reading the description herein, can suggest
themselves to one of ordinary skill in the at without departing from the spirit of

the present invention or the scape of the appended claims,

[80118] Purther, #t is o be undersiood that this invention is not limited to
specific materials, agents, polyphosphazenes, or otber compounds used and
disclesed in the inveption described herein, inchuding in the following
examples, as each of these can vary, It is also to be undersiood that the
terminology used berein is for the purpose of describing particular aspects or
embodiments and is not intended {0 be limiting.  Should the usage or
erminofogy used in any reference that is incorporated by reference conflict
with the usage or terminclogy used in this disclosure, the wsage and

terminology of this disclosure controls,

j06119] Unless indicated othenwise, temperature is reported in degrees
Centigrade and pressure 18 8t or pear stmospheric.  An example of the
preparation of a polyphosphazene of this inveation is provided with the
synihesis of poly{bis(iriQuoroethoxyphosphazene] {PzF) polymer, which may
be prepared according o USRS Patent Application  Publication  No,

200380157142, the entirety of which is hereby incorporated by reference.
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or claim individually ach possible number that such a range could reasonably

3 encompass, including any sub-ranges encompassed therein. For example, when
the Applicants disclose or claim a chemical motety having a certain number of

atoms, for example carbon atoms, Applicants’ intent is {0 disclose or claim

individually every possible number thal such a range could encompass,

consistent with the disclosurs hereln.  Thus, by the disclosure that an alkyl

10 substituent or group can have from 1 to 20 carbon atoms, Applicants intent is to
recite that the alicyl group have 1,2, 3,4, 5,6, 7.8, 9, 10, 11, 12, 13, 14, 13, 16,

17, 18, 19, or 20 carbon atoms, In another example, by the disclosure tha
microspheres have a diameter of approximaiely 300 o 600 wm, Applicavts

include within this disclosure the recitation that the microspheres have a

yes.
LW 41

diameter of approximately 500 wm, approximately 510 pm, approximately 320
wit, approximately S30 um, approximately 540 wm, approximately 550 pm,
approximately 368 um, approximately 370 wm, approximately 380 wm,
approximately 596 o, and/or approximately 600 um, including any range or
sub-range encompassed therein,  Accordingly, Applicants reserve the right to
20 proviso out or exclude any individual mewbers of such a group, including any
sub-ranges or combinations of sub-ranges within the growp, that cas be claimed
according to & range or i any similar manner, if for any reason Applicanis
choose to claim less than the full mensure of the disclosure, for example, to

aceount for a reference that Applicants are wnaware of at the time of the filing

[
4

of the application.
EXAMPLE 1

121 Microspheres having a diameter of approximately 300 1o 600
wm were prepaved.  First, a polymer solution was prepared by dissolving
polybisirifluorosthoxy) phosphazene polvmer of a molscular weight 3xi0°
30 gimol in the polymer solvent ethyl acetate to oblain a 2% (wifv) polymer
sofution.  Four milfiliters of this polymer solution was manually dripped into

Hguid nitrogen using a 3 ml syringe. This dispersion was dispensed onto a
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EXAMPLE2

3 {60123 Microspheres having a diameter of approxsmately 330 to 450
um were prepared,  First, 8 polymer solution was prepared by dissolving
polybis@riflucrosthoxy) phosphazene polymer of 2 molecular weight Ix1e®
#/mol in othyl acetate to obtain & 1% {wifyv) polymer solution. Four milliliters
of this polymer solution was manually dripped into liquid nitrogen using a S mi

10 svringe. This dispersion was dispensed onto a frozen Javer of 130 milliliters of
pentane. (Sce Fig. 2.) The orvoextraction was allovwed to proceed for three
days, Subseguently, polymeric particles were retrieved from the reaction vessel

and were air dried a1 21° C.

EXAMPLES

oy
Ly

[68123] Microspheres having a diameter of approximately 300 to 600
wm were prepared.  First, 8 polymer solution was prepared by dissolving
polyibis{trifluorocthoxy) phosphazene polymer of a molecular welght 12x10°
o/mol in methylisobutytketone to obtain a 2% (wt/v) polymer solution. Four
milliliters of this polymer solution was manually dripped into liquid nitrogen
20 using a 3 wml syringe. This dispersion was dispensed onto a frozen faver of 150
milititers of & 19 (v/v) ethanolpentane mixture {See Fig. 2. The
eryoextraction was altowed to procead for thyee days. Subseguently, polvimeric
particles were retricved from the reaction vessel, and dried under reduced

pressure al 217 C

EXAMPLE 4

[
Ln

001243 Microspheres having a diameter of approximately 500 to 600
pm were prepared.  First, 2 polymer solution was prepared by dissolving
poly{bis{trifluoroethoxy) phosphazene polvmer of @ molecular weight ax1°
g/mal in isoamylketone to obtain a 2% (wt/'v) polymer solution. Four milliliters

30 of this polymer solution was manually dripped inio Hguid nitrogen using a 5 md
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vessel and dried under reduced pressure at 21° €
3 EXAMPLE §

[H5125] Microsphetes having a dismmeter of approximately 300 to 600
um were prepared.  First, a polymeer solation was prepared by dissolving
polyibis(iriflucrocthory) phesphazene polymer of & molecular weight 16x10°
gimol in cyclohexanone to obtain a 2% {wity) polymer solution.  Fowr
i0 millilters of this polymer solution was manually dropped into liquid nitrogen
using a 5 ml syringe. This dispersion was dispensed onto a frozen layer of 150
milliliters of a 1.1 {(v/v) cthanol/dicthy! ether mixture.  (See Fig. ) The
cryoextraction was allowed to proceed for thiee dayvs, Subsequently, polvineric

particles were retrieved from the reaction vessel and deied under reduced

—
L&

pressure at 21° €,
EXAMPLE 6

{9126} Microspheres having a diameter of approximately 500 0 600
wm were prepared.  First, a polvimer solution was prepared by dissolving

polvibis(trifluorcethoxy) phosphazene polymer of a melecular weight 3x10°

3
£2

simol in ethiyl scetate to obtain a 2% (wt/v) polymer selution. Four milliliters
of this polymer sedution was manually dripped inte iguid nitrogen using & S mi
syringe. This dispersion was dispensed onto a frozen layer of 1530 milliters of
hexane. {See Fig. 2.y The cryoextraction was allowed o proceed for three

days. Subscguently, polymeric particles were retrieved from the reaction vessel

j %)
(¥

and air dried at 217 C.
EXAMPLET

{27 Microspheres having a diameter ol approximately 300 to 680
um were prepared.  Fisst, a polymer solution was prepared by dissolving
polylbis(trifluoroethoxy) phosphazene polymer of a molecular weight 3x i

30 g/mul in athyl acetate 10 obtain a 2% (wirv) polymer solution.  Four milliliters
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days. Subscquentiy, polymeric particles were retrieved from the reaction vessel
3 and air dried at 21° €. The particles were noticeably gel-like and afler drying

were ellipsoid in shape.
EXAMPLER

{80128] Microspheres having o diameter of approximately 500 to 60U
wim were prepared,  First, a polymer solation was prepared by dissolving
i polvlbis(iriffuoroethoxy) phosphazene polymer of a molecular weight 31"
wfmol in ethyl acetate to obtain a 29 {wi/v) polymer solution. Four milliliters
of this polymer solution was manually dripped into Liguid nitrogen using a 5 ml
syringe. This dispersion was dispensed onto a frozen layer of 130 milliliters of

diethylether. {See Fig. 2.) The aryoextraction was allowed to proceed for three

-
L

days. Subscguently, polymeric particles were retrieved from the reaction vessel
and air dried at 21° C. The resultant particles were, affer drying, compact and

uniformiy spherical,
EXAMPLE ¢

{00129} A two liter cryvovessel as shown in Fig, 6 was filled with 100
20 millifiters of diethyl ether as a non~solvent. Liguid nitrogen was slowly added
until the non-solvent froze. The vessel was then Glled with additional Bquid
nitrogen, until the amount of Higuid nitrogen rose approximately § to 10 om
when measured vertically above the non-solvent laver. The vessel was closed
with an insplated 1id, and a syringe needie connecled via Teflon tubing o a

25 syringe pump was inserted through a small opening in the lid.

00130 The syringe pump as shown in Fig. 7, was wsed to dispense
between 5 fo 15 milliliters of the 5 1 40 my/mi polymer solution in ethyl
acetate, slowly o the orvovessel The rate of the pump was adpsted to
approximately 10 millititers dispensing volamae per hour. AT eflon™ cylinder
30 with one inlet and one to cight outlets 5 used to distribute the dispensed

volumes into several vessels in parallel. (I is preferable that the ratio of solvent
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of the hguid nitroges.

I

{00131} In carrying out this process, it is noted that it is preferable that
the needie tips used for dispensing are small, such as the G33 size.
Additionally, the dropping distance should be more than 3 om, so that the
droplets aided by gravity immediately sink into the iguid nitrogen upen  hitting

the surface.

10 00132 The Jiquid nitrogen In the vessel was slowly allowed 1o
evaporate, taking approximately one day. The non-solvent slowly began o
melt, and the polvmer solution droplets, still frozen, sauk into the cold non-
solvent.  After ancther day of incubation, the now gelled polymer beads

{particles) were vetrieved from the vessel by simple filtration.  They were

o
14

allowed to dry at room temperature for approximalely 30 minutes and then

were ready for use i any of the applications described herein.
EXAMPLE 1)

je0133) The microspheres prepared by the process of Example 1 wer
examined for shape and surface morphology by optical microscope, scanuing
plt electron nucroscope (SEM) and atomic force microscopy. The results of these
analyses are shown in Figs. 3A and 3B). Fig. 3A shows the microspheres as
they appear using an optical microscope at 4x magnification. Fig. 38 shows a
microsphere as it appears using a scanming clectron microscope at 100x

magnification,

23 [00134] H can be seen that surface morphology of the unloaded spheres

is typical for semi-orystalline polymers above glass transition temperature.

Aworphous as well crystalline regions are prevalest throughout the sample
sirface, The surface is microporons in nature, with pore sizes vanging from

panometers 1o ow micromerers in diameter.
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EXAMPLE i

A

{96136} Several polvmerizations  were carried  out using  varving
combinations of PMMA and three different crosshinking monomers (BEDOMA,
BEGDMA and TEGIDMA), ditferent radical initiators {(benrovl peroxide (BPO)
and lauroyl peroxide (LPO), EDTA as a complexing agent and varying
dispersants {Cyanamer 370M, polyacrvlic acid (PAAY and varying types of
10 pofyvinyl alochol (PVA) to achieve the preferred core particles.  In some
polymerizations, sodium phosphate buffer solution (NapHPO/NaHaPOq) was
used. It was observed that somg of the reaction provedures went unsuceessiid
due to the type of dispersant and concentration chosen.  Failure of the

dispersant was demonstrated in the form of early onset of an exothermic

i
1A

reaction, coalescing aqueous and organic phases and premature onset of the
vitrification phase. Only the suceessfil runs are shown in Table |, which
includes the compobents, concentrations, aund reaction conditions for such

samples (I-6)
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137 Hydregel  microparticles  formed  in accordance with  the

procedures described herein were evatoated for bunyancy and suspension

L

properties for use in embolization applications. The microparticles moluded a
sample using unmodified polvmethaerylic acid potassium  salt hydroget
particles {Sample A); & sample using trifluorocthyl esterified polymethaerylic
acid potassivm salt hydrogels (Semple B); and a sample using the same
hydrogel as Sample B, but wherein the panjcles were coated  with
LG poly[bis{trilluoroethoxy) phosphazene {Sample O} An isotosic phosphate
bulfered saline solution of pH 7.4 having 0.03 volume % Tween™ 20 was
prepared by dissolving § phosphate buffered sabine tablets (Fluka® ) in 9995
ny of miliQ whtrapure water, 0.3 ml of Tween 209 surfactant was added to
the solution,  Solutions having between 20 and 50 percent by volume of
15 Imeron300® contrast agent in the isotonic buffered saline solution were thea

prepared for evaluation,

[06138) The contrast agent solutions which were prepaved were then
placed in 4 m] vials in aliquots of 2 ml cach. To the vials, 30-80 mg of the
hvdrated hydrogel Samples A-C were added.  Each Sample was first hydrated
20 by adding to 100 myg of dry hydroge! microparticles either 900 mg of isotonic
phosphate buffered saline solution or DatD to obtain T ml swollen hydroget.
Buovancy properties were measured immediately and every 10 minutes

thereafter until buoyancy equilibrium was achieved and/or surpassed.

{0139 All of the particles reached equilibrium density in the contrast

o]
¥4}

agent solution having 30-40% contrasting agent within 3 min. Particles which
were swollen with DO were heavier within the first 10 minutes, but the D0
did diffuse out of the particles over thme within 15-20 min, of immersion. 1f
additional water which could displace the DO were not added, microparticles
hydrated with D0 would be able to increase the contrast agent porcentage

3¢ achicvable with adequate buoyancy by as miuch as 5%, Particles began t float
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Sample € in 31 & 1 volume percent of contrast agent in solution.  With regard
w0 Samples A and B, swelling behavior and subsequent density are typically
dependent on crosshnking contemt, pH, ionic strength and valence of cations
used. However, it was assumed herein that the swelling does not influence
buovaney due to the sponge-like natwre of the polymethacrylic acid hydrogel
material.  After such msterial was coated with the poly[bis(iriftuoroethoxy)
phosphazene as in Sample €, a time lag of swelling was ubserved and

buoyancy equilibricm was slower 1o achieve.
EXAMPLE 13

{60141} In order {0 take account of the time lag and to achieve a more
preferred density, as well as to evhance the fluoroscopic visibility of the
particles, cesium treatiment was then effected for the types of microparticles

used in Samples B and C of Example 12.

{89142} 100 mg of Sample € and of Sample B were hydrated cach for 10
min. in a 30 weight percent solution of sodium chloride, The supervatant Hguid
was decanted after equilibrium and the microparticles weare washed thovoughly
with deionized water. They were then equilibruted for another 10 min,,
decanted and suspended in 3wl of surfactani-free isotonic phosphate bufter
solution st a pH 7.4, The effect on buoyancy was then evaluated using contrast
agent sohuions varying from 20 1o 50% by volwme of Imerop® 300, la this
Example, 0.1 g of the microparticles of Samples B and C were used. 3.3 mi of
fmeron 300 contrast agent were provided to the initial buffer solution which

inchsded 4.0 ml isotonic phosphate buffer/Tween™ 20 solution,

fO01434 The equiibration procedure wsing cestum chloride  yielded
patticles of inoreased density.  Both microparticle samples showed a final
buovancy in the Imeroa® 300 contrast agent selations st concentrations of 45+

S0% contrast agent, regardless of the presence or absence of Tween™ 20

surfactant, The conditions for ssturation appearcd to be dependent upon the
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resull, more beneficial results were shown at pH above about 3.6 and below
sbout 6.6 to temper the amount of cesium.  Within the preferred range,
buoyvancy can be varied. A3 reasonably neutral levels, based on test at pH of
)

7.4, the microparticles did not lose their buovancy after storage in the contrast

agent buflered solution over night.
EXAMPLE 14

[60144] Further compresaibility and mechanical property testing were
done on micrespheres in accordance of Samples B andfor € ol Example 12, A
pressure test stand which was used for further evaluation is shown in Fig. 8. An
awtomated syringe plunger 2 having a motor 4 for providing a variable feed rate
of 0 to 230 munh and a gear box 6 was further equipped with a Lorenz pressure
transducer § capable of recasuring forees in the § 1o 300 N range. The syringe
plunger 2 was in communication with a syringe body 10 as shown, The digital
output of the fransducer was recorded using a personal computer, The syringe
body 10 was filled with § mi of a solution of contrast agent in isotonic
phosphate buffer/surfactant {Tween™ 203 solution in a concentration of about
30-32 volume percent contrast agend,  Microparticles were provided to the
syringe as well in an amount of 36 mg dry mass, The syringe contents were
then injected through the microcatheter 12 which was attached o the distal end
14 of the syringe. The microcatheter had a tomen diameter of 5333 pm. The
force needed to push the microparticles through the catheter Into the Petrt dish
16 (shown for receiving nyicroparticle solution) was measured and recorded as

pressure,

[00145] i order to make certain caleulations, the following information
was applied as based on typical use of microspheres for embolization.
Typically such microspheres have a water content of about 90% such that a vial
for embolization would therefore contain 0.2 mg of embolization particles in
9.8 ml of injection liguid (2 ml of hydrated microparticles in § mi supematant

liquid). Standard preparation procedures include adding § mi of Imeron® 300

47

PCT/US2007/082430



WO 2009/067105 PCT/US2007/082430

in | mi syringes for {inal delivery. The iInjection density thus equals

3 0= Ve Vo™ 2 mil/18mi = 0.1 Embolization agent per volume fraction.
00146} The Sample C spheres dewonstrated approximately the same

equilibriom water contont as typical embolization spheres. To achieve the same
injection density desired for typical surgical procedures, 56 mg of Sumple C

microspheres were added to 5 mi of'a 31 volume percent contrast agent solution

16 i isotonic phosphate bulfer and surfactant as noded above.
{60147} The Sample B and € microspheres were evaluated in different

microcatheters of equal lumen diameter at a pH of 7.4, Injections in both the
horizontal and vertical divection were made under different buovancy levels and

using different swelling levels (hased on pH of 6.0 in contrast to pH 7.4}, The

,_,.
A7

results demonstrated that as long as the diameter of the microspheres was below
the internal dismeter of the microcatheter, the raicroparticles passed through the
cathetor without additional frictional force in the same manner as the reference
solntion, An increase  about 1.0 to 1.4 kg gravitation force was measured
when the microparticle diameter reached the same dimension as the lumen
20 diameter. At roughly 20% compression, forces of about 1.53-2.3 kg were
needed to overcome frictional forces within the catheter, Forces greater than §
kg were taken as a guideline for moderate to high injection pressures. When
particles are heavier than the injection mediam, clogging was observed when

injecling in the vertical position.  When injecting the microparticles in the

Tl
L

horizontal positicn, it was observed that serious clogging was alleviated and

that larger volumes were injectible over time.

{60148 Injection pressure was further minimized when g lower phl
{reduced swelling) was used in combination with horizontal injection such that
the injection pressures were comparable to the injection media jisell In
30 addition, injection of Sample C microparticles also exhibited 4 good injection

prossure pattern at a physiological pH. The catheter entrance did not ¢log and
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invention can be used to form injectible microparticles having a density which

L%

substantially matches the density of the injection medium for embolization use,
The particles” compressibility can further be such that it can be injected without
forces over more than abowt 5 kg on the syringe plunger. The pH of the
injection medium can be taken down fo about § or injections can be done
horizontally to increase the case of passage of Sample B and C micropasticles
10 through the catheder. Onee within the Blood stream, the particles can expand 1o

their original size in the pH 7.4 covizonment.

jo0154] Additional swelling tests were conducied on the microparticles
of Sample € and # was observed that when ion concenirations were low,
swelling increased.  In higher concentrated solutions, swelling deereased.
{8 Continued difution of the microparticles of Sample € in a bhuffer solution led 1o
an increase from 17% to 20% in size of the microparticles. When mixed into
an isotonic phosphate buffer solution, the microparticles initially increase in
size between $3.8 and 97%, wherein In delonized water, sive increases are from

shout 116.2 to about 136.6%, referring to the dry particles,

2 {60151} In further testing to evalute the compressibility of the
microparticles of Sample C, the syringe pressuce test stand of Fig. 8 was used,
however, an optical microscope was used to evaluate the microparticles as they
passed through a progressively narrowed pipette which was atached 1o
polyethylene tubing connected to the syringe containing @ phosphate buffer

25 solution suspension of microparticles of Sample C. The pipetic narrowed to an
inner diameter of 490 pm and the pipette was mounted to a Petri dish such that
the narrowest part was submerged in phosphate buffer solution 10 avoid optical
distortion and o collect the Hguid ejected from the pipette during measurement.
Optical microscope pictures were taken of the microparticles passing through

3 the pipette before and during cowmpression.  In observing the microparticles,
none of them underwent a fracture, nor did they form debris or coating

detamination afier passing through the narrow site. Microparticles which were
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3 catheter was about 383.7%. Based on thess evaluations, the microparticles
aceording to Sample C demonstrate properties that wonld allow particles which
are too large to clog the vatheter rather than break up and cause potential
damage to the patient. The test results provided suggested preferred use
paramneters for Sample C microparticles for embolization use as shown in Table

10 2 betow:
TABLE 2
Particle Constriction (‘.mnpreﬁfgion (%0} Force Needed (kg)
Radius s {um) |
{um)
340 540 25.9 and 26.5 258 and 1.92
360 546 33.3 3.19
330 540 222 2.83
330 340 222 ALY
370 40 37.0 and 373 389and 277
330 340 222 2.08
320 540 18.5 and 18.4 1.61 and 1.38
338 344 22.2 1.7
[B0152) Sample C microparticles were further subjected to mechanical
and thermal stress stability testhag.  Microparticles, after passing through a

13 Terumio Progreat Tracker catheter were washed with delonized water to remove
rastdual buffer solution along with contrast agent. They were dehydrated for 12
hoat 60° C and then transterred o an SEM for surface analysis. They were
compared with particles from the original batch of microparticles which had
undergone the same bydration/dehydration cyele In milliQ ultrapore water, but

20 which had not been passed through the catheter. Figs 9A and 9B show the

curfars nf the Ramnds O misronanticles fost affer the bvidrationddehvdration
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10AY. Some microparticles did demonstrate some stretching out in the coating
film (Figs. 108 and 10C). However, 2 closer magnification as i Fig, 10D

demonstrates that the morphelogy of the coating layer is still intact.

[ouisd] A sterilizer was filled with 2 1 of deionized water and 10 vials
cach having 36 mg of Sample C microparticles i 3.3g of solution of isotonic
phosphate buffer/surfactant (Pween™ 20} and turned on, The water botling
point was reached about 15 min, afler the start of the sterilizer, and emperature
was held at that point for 3 min. to remove air by water vapor. The vessel was
then scaled shut o raise pressuve and temperature 1o 123° € and 1.2 bar
pressure. This tock approximately 10 min.  The temperature was then
maintained for 15 min, and then the vessel was shut down for 8 cooling phase.
A temperature of 6P € was reached about 30 min later, after which the vessel
was vented, the samples withdrawn and the vessel shut tightly. A sample vial
was opened, and the supernatant lquid decanted.  The microparticles were
washed with deionized water.  After dehydration, they were subjected to
measurement using an SEM. The results demonstrated only a small number of
defaminated coatings on the microparticles under such thermal stress (see Fig,
11A in the sirong white contrast portion). The overall percenmtage of such
wicroparticles was only about § o 10%%, Close up, the fihn defamination whick
did occur appears o have occurred along crystalline-amorphous domain
boundaries in the polyibis@triflucroethoxy) phosphazene coating {see Fig. 11B)
Muost of the microparticles showed only minor defects (such as a minor circalar
patch being missing), but no damage 1o the bull of the mieroparticles (see Figs.
{1Cand YD,

EXAMPLE 13

{0 154] Microparticles were formed in accordance with a preferred
embodiment herein. A defonized water solution of polyvinyd alcohol (PVA)
was prepared using about 23g of PVA of weight average molecular weight of

about 83,00(124,000, which PVA was ahout 87-89% hydrobvzed and 1000 g
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(MMA) monomer was vacuum distilled prior 1o use.

{B1155] Polymerization was carried out in a threewecked, round-
bottomed, 2000-m1 flask with a KPG mechanical stirring apparatus attached.
The flask was also equipped with a thermometer, reflux condenser and a
prossure sefeass valve with a pitrogen inlet. The polymerization process further
utitized 100 mi of the PVA solution prepared above, 900 mi of the phosphate
buffer solution, 0.65 g of dilauroyl peroxide, 200.2 g methacrylic acid methyl

ester and 2.86 g tricthylene glveol dimethacryiate.

[08156] The PVA and buffer solutions were provided o the reactor flask.
The distiled MMA and triethyiene glyeol dimethacrylate were introduced,
dilauroy]l peroxide then added 0 the same flask and the components were
agitated to ensure dissolved solids. The reaction flask was flushed with argon
and the stirrer speed set 1 at 130 rpm to produce particle sizes of a majority i
the range of 300-353 um. Stirring continued for approximate § minutes. The
stierer was then set to 100 rpm and argon flushing was discontinued.  The
reaction flask wag thon subjected to a water bath which was heated to 70° € and
held at approximately that temperature for about 2 hours. The temperature of
the bath was they increased to 73° C and held for an hour, then the water bath
temperatore was raised again o 85° C and held for ancther howr, The stirring
and heat were discontinued.  The solotion was filtered and the resuiting
polvmethvlacrylate microparticles were dried in an oven at 70° C for about 12
howrs,  The microparticles were subjected o sieving and collected in size
fractions of from 100-1350; 1530-200; 200-250; 250-300; 300-355; 355-400; and

400450 pm with a maximoens yield at 300-355 pm.

HIIIST] The PMMA microparticles thus formed were then hydrolyzed.
A portion of 100 g 250-300 pm sized microparticles, 150 g potasstum
hydroxide and 1400 g of ethylene glycol were added 10 a 2000 mi flask, reflux

condenser with drying tube connected, and the mixture was heated at 163° €

for 8 hours for full hydrolvsis, The mixture was sllowed to cool to room
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10 hours: 333-400 micron particles: 12 hours and 400-435 micron particles: 14
3 hours).
{081 58] The srieroparticles were finally acidified with hydrochlorie acid

to a pH of 7.4, and dried in an oven al approsimately 70° €

EXAMPLE 16

[60159] Microparticles formed in accordance with Exanple 13 were then
EN esterified in this Example. For esterification surface treatment, 800 g of dried

microparticles from Example 135 were weighed in a 2L reaction vessel with &
refhux condenser. 230 g thionyl chloride in 1.5 L diethy! ether were added
under stirring.  Stirring was continged 8t room temperature for 20 hours, The
solvent and volatile reactants were removed by filtration and subsequent
t& vasaum drying, Then 500 ¢ wrifluorcethano! in 1.5 L ether were introduced and
the suspension stirred for another 20 howrs af room temperature. The particles

were finally dried under vacuum,

EXAMPLE 17

[ag166] fn an alternative surface treatment to Example 16, 800 g dried
20 microparticles from Example 1S were reacted with 1140 g triffvoroethanol and

44 g sulfuric acid added as a catnlyst, The mixture was stivred for 20 hours at

room temperature, filtered and dried under vacunn.
FXAMPLE {8

EHY R00 g of dry PMMA potassivm salt micropanticles which were

[
¥4

partially esterified with tifluoroethano) as described above in Examples 13-16
were spray costed with polvibis{itifluorcethoxy) phosphazene i an MP-1
Precision Cogter™ fluidized bed coating apparatus {available from Aeromatic-
Fielder AG, Bubendor, Switzerland), The particles were picked up by an air

stream {40-60 m~h, 55° € incoming temperature) and spray coated with
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through the nozzle’s 1.3 nun wide inver bore at a rate of 10-30 g/min. At the

LY 3

nozzie head, I was atomized with pressurized air (2.5 bar). The total amount of
spray sofution (3kg) was calculated 1o coat the particle with a 150 nm thick

poly{bs(irifluoreethoxy) phosphazene film.
EXAMPLE 1%

jasiel] The dry potassivm salt microparticles of Examples 13-16, which
10 were partially esterified with trifluoroethanol as described sbove, were spray-
conted with diluted polv{bis{iriftuoroethoxy} phosphazene solution in ethyl
acetate in a commercially available fluidized bed coating device (see Example
16). 100 mg of such coated, dried microparticles as well as 100 mg of
uncoated, dricd PMA potassium salf microparticles which were partially
i5 esterified with trifluerocthanol, were immersed in about 30% aqueous cestam
chloride solution, prepared by dissolving 30.0 g cesium chloride in 10 mi
deionized water. ‘The supernatant liquid was decanted afier 10 min. equilibriam
time and the microparticles were washed thoroughly with deionized water,
cquilibrated for another 10 min, decanted and suspended in 3 mi surfactant free
20 phosphate buffer sohution at a pH of 7.4, Density of the particles in solution
was measured for matching density in @ contrast agent solution. To each type
of microparticle was added a contrast agent solution which included a ratio of
1.5 mi of Ineron® 300 contrast agent {density 1.335 g/ml) and 4 mi phosphate

turffered saline (density 1.009 g/mi). Buoth hydrogel types seached buoyancy at

Tl
(v

tevels of 45-50% contrast agent in solution. This corresponds to an increased

density of the adcroparticles of 1.16 g/l
EXAMPLE 20

160163} Microparticles were formed in acvordance with the procedure of
Example 13 with the exception that an exterior barium sulfde coating was
30 prepared on the microparticles afler neutralization of the particles and the

microparticles were not dried after neutralization prior to the barium sulfate
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1938 ml of 0.5 M barium chioride (BaCl) solution under stirring at room

22

temnperature.  After washing with excess defonized water, the resulting particles
in a swollen state incladed a barium sulfste powder coated surface. The
particles were then dried and esterified In the manner noted above in Example
16. The particles were then coated using the fluidized bed process of Example
21 below. The reselting microparticles were externally coated with a non-
10 adhesive barium sulfate powder. Barium sulfate coatings prepared In
accordance with this invention and procedure are capable of preventing particle
agglomeration during drying and also increase density, The concentralion and
ratios of barium sulfate may be varied o provide different results and a use of

an excess of sodium sulfate can minimize residugl barhum chiorvide.  The

.
L]

particles formed in accordance with this example were effectively washed with
hot water 1o minimire excess bariam sulfate powder that may conlaminate
vialy, etc. The barium sutfate works effectively to prevent adhesion of particles

priog to drying o assist in fuidization of the fydrated microparticies,
EXAMPLE 21

20 {33164} Fluidized bed coating of bartum sulfate powdered beads was
performed using polymethacrylate heads 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 preciptate

inside the hydroged core.

.1
24

[B0165] In preparing the particles, the same procedure for barium sulfate
coated particles set forth in Example 20 was repeated with the exception that
the order of addition was reversed. Thas, 2500 ml hydrated microparticles
were suspended in 2500 ml delonized water and slowly, 3 mol % (200 mb) of a
0.5 M {BaCly) were added slowly under stirring.  The addiion was performed
30 within a time period of three minutes to prevent irreversible barium acrylate
formation taking place. The suspension was then inunediately quenched with

the double amount (200 mb} of 0.5 M sodiem suffate (NaxSOy) solution under
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{08166} The resulting precipitate was precipitated within the pores of the

i hydroget core and could not be removed by multiple washings with water. The
particles thus formed were found 1o have a permanent increased density in

contrast o unmodified particles. The density increase was controllable by the

molar amount of bartum chlotide used. Amouwnts ranging from 0-13 mol % of

bariutn chloride were used reproducibly with this procedure. It was observed

14 during evaluations of this procedure that, i the time period of addition
exceeded 5 minutes, based vpon the diffusion speed of barium chloride within

the partticles, the outer pores of the hvdrogel core became irreversibly

crogslinked, thereby proventing the barium sulfate precipitate inside from

teaching out. This effect was visible by optical microscopy as the "diffusion

15 front" of the barium sulfate was clearly visible as a white band inside the

particle, whereas the surface remained clear.

{00167} Both Examples 20 and 21 provided particles baving anti-
adhesive properties that tend not to sgglomersie during drying processes,
therefore avoiding surface damage.  Generally, sueh an advantage helps
20 minirsize the amount of particles needed for a fluidized bed procedure as the
particles can be Buidized without being completely dried. The residual water
content may be increased up to 111 based on dry weight without agglomeration.
The Examples also produce particles with increased density properties wherein

the density change appears to be peananent.

23 {#0168] It should also be understood according to this disclosure that
generally when applying the procedares noted herein, barium sulfale may be
intraduced in accordance with the invention in a range of from O to about 100
mol%, and preferably © to about 13 mol% fo provide particles that have
preferred elasticity, density and mechanical stubility properties,

30 {00169 ‘The particles formed according to this Example baving a barium

subfate foad inside the core were then esterified according to Example 16 and
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particles showed no tendeney © agglomerate.
{88178 The particles {now 600 g} with 50 weight percent {wi%} water

mside were spray coated with APTMS/ polyfbis{triflnoroethoxy) phosphazene
j an MP-1 Preciston Coater™ fluidized bed coating apparatus accarding to
Example 18 with the exception that sn additiongl ambaosilane adhesion
promoter was used,  The process equipment used was the same as that of
Pxample 18, but the coating provided inchuded three different layers. A boltom
coating of J-aminopropyvlirimethoxysilane {APTMS) adhesion promoter was
provided upon which was a sccond coating layer of a mixture of AFIMS and
poly[bis(irifluorocthoxy) phosphazene and a thivd, top coating layer of
poly[bis(trifluorocthoxy) phosphazene. Al three spray solutions were propared
by dissolving the coating material in isopentyl scetate and ethy! acetate in a 1t
weight percentage ratio mixture. The first selution included 33 pl APTMS
dissolved in 200 g acetate mixture. The second solutiom included 25 ul
APTMS and 1235 mg poly]bis(irifluoroethoxy) phosphazene in 150 mg of the
acetate mixture and the third included 30 mg poly{bis{irifluorocthoxy)
phosphazene in 60 g of the acetate mixture, The spray solation quantities and
concentrations refer to the coating of a 300 g batch with 330 pm particles. The
absorbed water evaporated at a rate of 3 - 10 ghnin, The process was stopped
after 30 min when the coating thickness reached 100 nm and the vesidual water

content was §8.4 wi%,
EXAMPLE 22

{80171} The absorption of organic dyes was tested on microparticles
formed according to BExample 15 To 2 ml of phosphate buffered saline
solution containing 1 i of hydrated beads was provided an amouat of 5-10 i
of the respective dye as a 10 millimolar solution in ethanol. The samples were
incubated for 30-60 minutes & room temperature under gentle shaking of the
vial, Supernatant liguid was discarded and particles were washed three times

with 2 ml of cither deionized waler, saline or PBS buffer solution prior to
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as Dil. The triphenyimethane based Fluorecein and Rhoaming dyes exhibited a
specific affinity for the hydrophilic PMMA bydrogel core through ionic
interactions.  They were able to easily withstand the rigorous conditions of

repeated washing and steam sterifization without substantial leaching.

The carbocvanine dyve Dif on the other hand exhibited a high selectivity for the
hydrophobic polvibis(trifluoroethoxy) phosphazene shell, without penetrating
the hyvdrophiic PMAA core material,  Thus with the subsequent staining
employing the combination of {81 and Flucresceln diacetate both core and shell
couki be simultancously visualized cmploying a  fluorescence  optical
microscope. As a resalt, this procedirs provides a fast. sensitive Huoreseence-
staining assay for the PMAA particles that makes core and shell simultancousty
visible wunder conditions encountered in actusl application, . This provedure
further enables assessment of the mechanical-clastic stress or damage o the
polyfbistiriffeoroethoxy) phosphazene shell. It further shows the affinsty of

certain classes of dves for the various components of the particle.

{80172y tse of these and other dves may be used to visually identify
selected microspheres, which may be provided and dyed fur dentification to
indicate certain sizes of microspheres for use in selected clinjeal or diagnostic
applications. Color-coding may alse be used to identify selected microspheres
on the basiy of other propertics, such as content of cevlain therapeutic or
diagnostic agents. Applications according to the present invention may also

improve the imaging viswalization by enhancing the particles’ baovapey

behavior
301734 Fig. 12A shows exemplary microspheres A, B, snd C of the

present invention, in which the microspheres are each of different diameters,
and cach has a different color-coding. Tn an exemplary use ol such
microspheres of the present invention, color-coded microspheres of ke sizes

may be separately packaged and supplied for use.  Such color-coded
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microspheres may be produced in calibrated sizes ranging from showt 1 10
about 10,000 nanometers in diameter.  In ong embodiment of the present
invention, microspheres of the present invention may be provided in sizes of
about 40, about 100, about 258, about 400, about 500, about 700, and aboul HG0
nanowelers in dameter, with a visnally distinetive color imparted 1o each size
of microsphere. Other sizes, sizve ranges, and calilwated sized micrespheres
lacking color dye are also inchuded in the present invention. Not only may the
microspheres or particles be provided in differest size ranges, but their
clasticity may be controfled according to the present invention o specifically
provide for proximal or distal ombolization behavier, due fo potentially
differing ranges of compressibilily which mayv alter the traveling distance of the
particles or microspheres upon their release within a selected blood vessel,
Microspheres of the present invention may also be provided in customized sizes
andéor with costomized colors as specified by a user for specific clivical

diagnostic or therapeutic applications.
EXAMPLE 23

[80175] Transarterial chemeembolization or TACE 15 a elinical
procedure in which the blood supply to a tumor is disrupled by embolization
and chemotherapy 18 administered directly into the twmor. Selective
embolization of tumor blood vessels without direct admindstration of
chemotherapy (bland embolization) is also preformed as a clinical procedure in

certaig sitpations.

{8176] In most Hving orgenisms with a developed circulatory system,
the vascudature tends to taper from larger diameter vessels proximal to the heart
to smaller vessels more distal to the heart, Larger artertes thus tend 10 divide
into smaller arteries, which eventually taper (o the arlericle level and interface
with small diameter venules. Venous flow progresses from such venuples

through successively larger diameter veins as flow returns to the heart.
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tissue is desired, serial embolization of progressively targer tumor vessels may
provide a more complete embolization, with or without the delivery of

chemotherapeutic or other therapeuntic agents.

{60178} Fig. 12B is a conceptual representation of a selective
embolization of an exemplary artery 120 by serial administration of different
sized microspheres 121, 122, and 123, The direction of bloed flow withia the
exemplary artery 120 is shown by the arrows in Fig. 12B. 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 is of intermediate diameter of the microspheres
administered, and is injected into artery 120 first, occcluding the vessel fumen at
the smallest vessel diameter that will not permit passage of microsphere 132,
Finally, in this oxample, microspbere 123 is the largest dismeter of the
miceospheres administered, and s injected into artery 120 first, occluding the
vessel lumen at the smallest vesse! diameter that will not permit passage of
microsphere 123, The result in this example is the sequential blockage of blood

flow at multiple lTevels throughout the blood supply of the tumor or target

tissue.
{00179 In other exarmples of the present invention, loss thap thwee ot

more than three different sized microspheres may be administered to secure the

desived embolization of a tumor or other target tissue.

[30180] As provided in previous examples of the present vention
different-sized microspheres of the present fvention may further be provided
with color-coding to allow user identification and visual confirmation of the

sized microspheres in use al any given stage of the clinical procedure.

{6181} The delivery of microspheres of different sizes or other inherent

qualities may further be facilitated by the use of transport packaging andfor
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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 micresphere and packaging/delivery device

color-coding.

[06182] Fig, 120 shows a syringe used for the packaging andfor delivery
of color-coded microspheres of a select size according to the present invention,
In the example shown in Fig. 120, the syringe 124 comprises a barrel 12§, &
plunger 126, a plunger tip 127, a Lubr-type injection tip 128, and a Lubr Up

cover 129,

{00183 As shown i Fig, 12C, one or more of components barrel 125, a
plunger 126, a plunger tip 127, a Lube-type injection tip 128, and a Lubr tip
cover $29 may be colored in a common color according 1o 3 color code to
indicate a desired property of the microspheres contained therein.  In one
example of the present invention, a syringe may contain color-coded
microspheres 1o indicate a cerfain microsphere size, and the syringe phinges,
plunger tp, and Luhr tip cover may be similarly colored to further indicate the

desired property of the contained microspheres to a user,

[00134] Fig. 12D i a conceptual representation of o sclective
embofization of an exemplary tumor mass 138 by intravascular administeation
of microspheres 135, The direction of blood flow within the exemplary artery
120 is shown by the arrows in Fig. 12, In this example, microspheres 135 are
injected into artery 120 through a catheter 140, The result in thas example is the

sequential blockage of blood flow throughout the blood supply of the twnor,

[0 185} Fig. 12F shows an exemplary particle of the present invention
comprising a mictosphere 150 with a polyphosphazene coating 158, further
comprising a core 168 with a gas-filled microbubble 168 for enhanced visibility
of sonography,  Particles of this type may be used by administering to an

wltrasound subject at least one particle comprising poly|bis(trifluorocethony}
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EXAMPLE 24

LA

[60186] In conventional radiology. meluding {luoroscopy, tomography
and computerized axial tomography (C1}) imaging modalities, # i often useful
o employ confrast agents to identify certain sites v @ manunalmn body that
would otherwise be difficult (o distinguish from adjacemt body tissues. This is
partcularly applicable in the evaluation of tissue that has been embolized, such

1} as 4 solid tumor mass.

{00187} Selective embolization of a solid tomor mass with microspheres
of the present invention comprising a coating of polylbis{trifluoroethoxy)
phosphazene surrounding a core containing a contrast agent such as barium
subfate or todine will permit the visualization of the embolized microspheres on
15 plain x-ray or CT scaming.  Serial examinations may show changes o tamor

size following embolization therapy.

EXAMPLE 2§
jBO18R] As an alternative emtbodiment to having 2 contrast agent within

the structure of microspheres of the present invention, selective embolization of
0 a solid tumor masy with microspheres of the present invention comprising a
coating of pelylbis(trifluoroethoxy) phosphazene may be achieved using a
comdrast agent in schation, such as an iodine-conlaining solution, as a
suspension/delivery solotion for injection delivery of the microspheres through
a catheler, needle, or cannala placed into arterial blood vessels feeding the
targeted tumer mass.  The presence of the contrast agent will allow

visualization of the tumor mass immediately before and after its embolization.
EXAMPLE 26

I8 Selective embolization of a solid tumor mass with microspheres

of the present invention comprising a coating of polyibis(trifluoroethoxy)
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radistion may be detected in the site for some time, allowing serial

L

examinations which may show changes in tomor size following embolization

therapy.
EXAMPLE 27

{00196] Magnetic Resonance Imaging (MRI) may be used {0 assess and
follow tamor size following selective embolization of a solid tumor mass with
10 exemplary microspheres of the present invention comprising & coating of
poty[bis(trifluoroethoxy) phosphazene surrounding a core containing a contrast
agent such as tantalum, gadolinium and samarium- chelates, or other rare carth
compounds with paramagnetic properties.  The response of such a contrast

agent to the strong electrical field of the MRI process provides enbanced

LA

imaging results in the targeted, eonbolized tumor tissue.
EXAMPLE 29

{80191] At the onset of an interventional cmbolization procedure, a
patient containing a targeted tissue Is injected by an operator with exemplary
first microspheres of the present invention comprising a coating of
20 poly{bis(trifluoroethoxy) phospharene surrounding a core containing a contrast
agent, The exemplary microspheres are selected of a relatively smaller size

range, suited for the given medical indication for the procedure.

{98192} The smaller-sized first microspheres in this example may be

marked with one or more specific contrast agents covalently bound o the

|
L

fvdrogel core.  Such contrast agents are selected depending upon the imaging
techuology in use. For magnetic resonance imaging (MRI), fonic or non~ionic
contrast agents including, bet not limited to tantalum, gadolinium and
samarium- chelates, or other rare cwth compounds with paramagaetic

properties, or MRI active jons, such us Mn or Fe lons,
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[60194] The interventional procedure s then continned with the
administration of second, larger microspheres of the presgnt invention under
real time imaging control, unifl the operator identifies the retwrdation of blood
flow and beginning of vascalar saturation in the targeted tissue. These larger
second microspheres travel more proximally {relative to the administrator of the
microspheres, not the targeted tissue) in the injected vascular system than the

first microspheres previously injected.

[00195] To conclude the embolization procedure, the operatoy may inject
differently marked third microspheres of the present invention of larger sizes.
These specifically marked third microspheres will travel more proximally in the
injected vascular gystemn than the first or second microspheres previously

injegted,

[a0196] The contrast ageni(s) within the first, sccond, or thind
microspheres of this example may be of different or the same chemical pature,
thereby making it possible to distingaish the first, second, and third
microspheres #i giru in real time using MRY or other imaging modalities during

the interventional procedure.

{b0197] The operator may thereby determing the start and endpoints of
the embolization provedure, as well as the specific anatomic focation of the
vaseular region embolized, and may further determine the distance between
most proximal and distal embolization regions and the effect of ditferent sine

microspheres in the embolized vascular regions.

{80198] The exemplory materials and techniques disclosed herein are
applicable to all size ranges of microspheres of the present invention and to all
clinfcal embolization fields. The resulting embolization procedures offer
superior benefit with imcreased safety and effectiveness io  intracranial,

fntrathoracie,  Intranbdominal,  reproperitonead, and  other  cmbolization
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sized embolic microspheres of the present invention, with gach size distinctly
5 marked with an appropriate contrast agent, Such mixtures of differing sized
microspheres may be allowed 1o settle at random, atding the operator in
determining the best size range for a needed embolization and better revealing

the focal vascalar distribution of different contragt agents.

{00204 MRI contrast agents in exemplary embodiments of the present
1 invention include products such as Magnevist, Prohance, and Omniscan. These

agents are generally nooionic and a recemt report, points out that the
development of nonionic contrast agents for MRI has pacalieled that for
iodinated contrast materials. lonic chelates are also hyperosmolar and some of

their side effects may be attributed to this property. Gadodianmide {Ovuwiscan,

-
L

Winthrop Pharm.) is a nonionic complex with two-fifths of the osmolality of
Gd-DTPA. 1t has a median lethal dose of 34 numolky resulting in a safety ratio
of 2-3 times that of Gd-DOTA, and 34 times that of GA-DTPA. No ashnormal
serum bilirubin levels ccour, however elevated serum iron levels oocuered with
an incidence of 8.2% in une study of 73 patients. The efficacy of this contrast is
20 stmilar to that of G&-DTPA. Gadoterido!l {Prohance, Squibb} is the third
intravenous contrast agent on the market. It is a low osmodar, nonionic contrast
as is Gadodiamide, Indications for use and efficscy are similar to the other

agents.

{06201} Alternately, contrast agents such as Ultrasmall Supermagnetic

P
h

tron Oxide Particles or small particles of ferrite or other metaltic sempounds or
particles comprising Mn, may be used as paramagnetic contrast agents for MR
imaging according to the present invention. These contrast agents exhibit sirong
T1 rcelaxation propertics, and due to susceptibility differences 1o their
surroundings also produce a stronghy vagying local magnetic field, which
36 enhances T2 relaxation to darken the contrast media-containing structures. As
particulate matter they are taken up by the RES, Very small particles of less

than 300 nanometers also remain intravascular for a prolonged period of time
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superparamagnetic iron oxides™}.

3 (88202} The contrast agents within the hydrogel cores of microspheres of
the present invention may be chosen depending upon the bnaging modality
available and appropriste R the clintcal application.  Such imaging modalities
include, byl are not Hmited to, fluoroscopy, compuierized tomography,
wmography, sointillation camera, ultrasound, conypderized ultrasound, or

10 positive cadission tomography. Contrast agents may be sclected that provide
best visualization with the intended imaging technology, and these sgents may
them: be covalently bonded to the hydrogel cores of the muicrospheres as

described herein.

{60203] 1t will be appreciaied by those possessing ordinary skill fu the art

ot
a

that changes could be mude 1o the embodiments described above without
departing from the broad inventive concept thereof, It is understood, therefive,
that this invention i3 not limited 10 the particalar embediments disclosed, but it
is intended to cover modifications within the spint and scope of the present

invention as detined by the appended claims.

66



10

15

20

25

WO 2009/067105 PCT/US2007/082430

CLAIMS

We Claim:
1. A particle for use in a clinical imaging procedure, the particle comprising a
inner core and an outer coating, wherein:
the core comprises an acrylic-based hydrogel polymer and a contrast agent;
the coating comprises a polyphosphazene and/or a derivative thereof; and

the polyphosphazene has the formula:

RE

R4 n

R? R}
==N —— p=== N P == N @

e b

nis 2 too0; and

R! to R® are each selected independently from alkyl, aminoalkyl, haloalkyl,
thioalkyl, thioaryl, alkoxy, haloalkoxy, aryloxy, haloaryloxy, alkylthiolate,
arylthiolate, alkylsulphonyl, 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, or a combination

thereof.

2. The particle according to claim 1, wherein R' to R°® are selected
independently from OCH;, OCH,CH;, OCH,CH,CH;, OCF;, OCHCF;,
OCH,CH,CF3, OCHCF,CFs, OCH(CF3);, OCCH3i(CF3);, OCH;CF,CF;CF3,
OCHL(CF1):CFy, OCH(CF4)4CF5, OCH,(CF;)sCFs, OCHy(CF;)sCF3,
OCHy(CF;)7CF3, OCH,CF,CHF,, OCH)CF,CF,CHF,, OCHy(CF;:CHF,
OCH>(CF)4CHF,, OCH2(CF»)sCHF,, OCH(CF7)¢CHF,, OCH(CF;),CHF,
OCH,CH=CH,, OCH,CH,CH=CHy, or any combination thereof.
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3. The particle according to claim 1, wherein the polyphosphazene is
poly{bis(2,2,2-trifluoroethoxy)]phosphazene or a derivative of poly[bis(2,2,2-

trifluoroethoxy)]phosphazene.

4. The particle according to claim 1, wherein the contrast agent is suitable for

fluoroscopy, tomography, or computerized axial tomography imaging procedures.

5. The particle according to claim 4, wherein the contrast agent is barium

sulfate or an iodine-containing agent.

6. The particle according to claim 4, wherein the contrast agent is selected
from Diatrizoate, Metrizoate, loxaglate, lopamidol, lohexol, loxilan, lopromide,

Jodixanol, loxitalamin, or a combination thereof.

7. The particle according to claim 1, wherein the contrast agent is suitable for

ultrasound or computerized ultrasound imaging procedures.

8. The particle according to claim 7, wherein the hydrogel core contains one
or more microbubbles, the microbubbles comprising a gas selected from air,

oxygen, carbon dioxide, nitrogen, helium, argon, xenon, or any mixture thereof.

9. The particle according to claim 1, wherein the contrast agent is suitable for

a scintillation imaging procedure.

10.  The particle according to claim 9, wherein the contrast agent is a
radioisotope.
11.  The particle according to claim 9, wherein the contrast agent is selected

8 123 £31 i1 113 2901 2 il 14 H
from “Ga, ®Ga, 121, 1267, Py, 12p, 199, My, W, 29071, 21, °H, TTC, e, PN,
22 3is: 5 36 3 42 43 2 54 5 5
BR 22N, 2Nag, 2iSi, 2p, 38, ¢y, 1, 2K, ©*Ca, ¥'Cr, *Mn, **Mn, *°Fe, PFe,

6 5 9 10
60(:05 63Zn= 6SZn, gzn’ SQBI‘, SBK, SSK_{, 8981" 9 TC, gngC, 99mRe, lﬂlRe’ SRe, lzlmri—é’
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122 125 137 165 : 5
mTe, amRe’ 3 CS, Tm, 167Tm, léSTm, SImKI’ 33Xe, QOY, 2]381, 7781‘, ]SF, 9 Ru,

97 1 103 10 0 2 198 s
Ru, ®Ru, 'PRu, 7Hg, 2 3Hg, 18 Ta, 921, 8 Au, or a combination thereof.

12. The particle according to claim 1, wherein the contrast agent is suitable for

a magnetic resonance imaging procedure.

13. The particle according to claim 12, wherein the contrast agent is selected
from a tantalum compound, a gadolinium compound, a samarium-compound, a
paramagnetic rare earth compound, ferric chloride, ferric ammonium citrate,
gadolinium-DTPA, gadolinium-DOTA, gadolinium-EDTA, GdCls, Gadodiamide,
Gadoteridol, gadopentetate dimeglumine, a Cr(IlI) compound, a manganese
compound, Mn(II)TPPS4 (manganese(I1l) tetra-[4-sulfanatophenyl] porphyrin),
Fe(XINTPPS4 (iron(1ll) tetra-{4-sulfanatophenyl] porphyrin), manganese
dichloride, iron(IIl} ethylenebis-(2-hydroxyphenylglycine), #mTe-iminodiacetate,
chromium diethyl HIDA meglumine, gadobenate dimeglumine, manganese(ll)-
dipyridoxal diphosphate, gadolinium oxide, a superparamagnetic iron oxide, a
small particle iron oxide, an ultrasmall supermagnetic particle iron oxide, or an

ultrasmall particle iron oxide.

14.  The particle according to claim 13, wherein the core further comprises

barium sulfate coating the core and/or barium sulifate absorbed within the core.

15. A method of performing a selective embolization, the method comprising:
a. selecting a targeted tissue within a mammalian patient;
b. contacting the targeted tissue with one or more first particles, the first
particles each comprising an inner core and an outer coating;
wherein the first particle core comprises a first acrylic-based
hydrogel polymer and a contrast agent; and
the first particle coating comprises poly[bis(trifluoroethoxy)

phosphazene] and/or a derivative thereof;
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¢. confirming delivery of the first particles to the targeted tissue using a

suitable imaging technology.

16. The method of claim 15, further comprising:

d. subsequently contacting the targeted tissue with one or more second
particles, the second particles being larger than the first particles, each second
particle comprising an inner core and an outer coating,

wherein the second particle core comprises a second acrylic-based
hydrogel polymer and a second contrast agent; and
the second particle coating comprises poly[bis(trifluoroethoxy)
phosphazene] and/or a derivative thereof;
wherein the second acrylic-based hydrogel polymer is the same as or different from
the first acrylic-based hydrogel polymer, the second contrast agent is the same as
or different from the first contrast agent, and the second particles travel more

proximally in the targeted tissue than the first particles previously delivered.

17.  The method of claim 16, further comprising:
e. subsequently identifying the retardation of blood flow and the beginning

of vascular saturation in the targeted tissue.

18.  The method of claim 16, further comprising:

e. subsequently contacting the targeted tissue with one or more third
particles, the third particles being larger than the first and second particles, each
third particle comprising an inner core and an outer coating,

wherein the third particle core comprises a third acrylic-based
hydrogel polymer and a third contrast agent; and
the third particle coating comprises poly|bis(trifluoroethoxy)
phosphazene] and/or a derivative thereof;
wherein the third acrylic-based hydrogel polymer is the same as or different from
the first and second acrylic-based hydrogel polymers, the third contrast agent is the

same as or different from the first and second contrast agents, and the third
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particles travel more proximally in the targeted tissue than the first or second

particles previously delivered.

19.  The method of claim 18, further comprising:
f. subsequently identifying an endpoint of a desired devascularization in the

targeted tissue.

20.  The method of claim 18, further comprising:

f. subsequently determining the distance between most proximal and distal
embolization regions in the targeted tissue; and

g. assessing the effect of the different particle sizes in the embolization

regions in the targeted tissue.

21. The method according to claim 15, wherein the particles are delivered to

the targeted tissue through blood vessels.

22 The method according to claim 21, wherein delivery of the first particles to

the targeted tissue results in devascularization of the targeted tissue.

23. The method according to claim 15, wherein the particles are delivered by

oral administration.

24. A method of enhanced ultrasound imaging, the method comprising:

a. administering to a selected area of an ultrasound subject at least one
hollow microcapsule comprising poly[bis(trifluoroethoxy) phosphazene] and/or a
derivative thereof; and

b. imaging the selected area of the subject using an ultrasound imaging

procedure.

25. A method of delivering an active agent to a localized area within the body

of a mammal, the method comprising:
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a. providing one or more particles, the particles each comprising
poly[bis(trifluoroethoxy) phosphazene} and/or a derivative théreof, an active agent,
and a density-increasing agent;

b. selecting a localized area within the body of a mammmal to be treated with
the active agent; and

c. contacting the localized area with the one or more particles such that the

active agent is exposed to the localized area.
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