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Block Copolymer Particles
TECHNICAL FIELD

The mvention relates to block copolymer particles, and o related

compositions ad methods

g BACKGROUND
Agents, such as i"hcrsﬁpmii‘ie agents, can be deliversd systomically, for example,
by injention through the vascular system or oral ingestion, or they can be applied
directly o 2 site where treatment s desired. [n some cases, particles are wsed to
deliver a therapentiv agent to a target site, In the case of delivery of a therapentic
16 agent, i is often desirable that the therapeutic agent be delivered at desired dosages

SUMMARY

In one agpect, the invention features s particle that includes a blocompatible

lymer with at Teast one block having a glass transition tenperature of o

&

P
(921

e at least one block having g slass transition temperatore of greater than
= s A e

3790, The partivie has a diameter of less than about 100 merong, fron about 300

mierons to shoat 300 microns, Som about 700 microns o sbout Y00 mierons, or from

about LU microns to abowt 1,200 microns.

%

i another aspect, the invention features a particle that inclodes &

2 binoempatibie Mook cg_x;_miy\;ne:r with at least one block having o gluss transttion

1

ternperature of at most 37°C and at least one block having a glasy transition

tevperature of groater than 37°C. The particle has a diameter of about 15 mierons

ar more {e.g., about 1060 microns or more, about LUTH microns or more, ¢ shout 108G

sHesons or more, showt 1,090 microns or more, about 1,100 micrany or more}.

25 I an additions! aspect, the invention features a pactiels that {ncludes a block
enpolymer with the formmda X-{AB), in which A s » block having a glss transition

fermperature of at most 37°C, B is a bloek having # glass transition temperature of

e,

L0 s a positive whole number, and X i an initiator. The particle has
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v cameter of less than about 100 microns, from aboat 300 microns to ahout 308
ssiorons, from about 700 microns to about 900 microns, or from about LK microns

o abowt 1260 microns.

'\‘

l o Hrther aspect, the invention features a particle that inclades ¢ bloek

copolymier having the formula X-(ABj., in which A is a block having & glass

&

transition temperature of gt most 37°C, B iy a block having a glass transition

£

s particls has a diameter of about 1,050 microns or more {8.g., abont 1,060 nucrons

o, about 1LA70 microns or more, about 1050 microns or more, sbout 1,080
merens of more, about 1,100 nuorons or more).

4

In aethier gspect, the invention features a particle that has @ malrix inchading 2

biceompatible block copolymer including at least one blog ing & glass ansition
semperature of al most 37°C and at least one block having ¢ 5 fransthion

ternperature of grester than 37°C. The garzicie also includes at least one sub-particle

i e s

The particle has a diameter of about 3 000 microns or fess {o.g., fom about two
microns fo about 3000 wicrons, less than about 100 microus, from showt 300 microns
1o ahiat S0 microm, from about 700 microns o about 900 nucrons, Fom abowt

O00 micomns to abowt 1,200 macrons),

Inn & further aspect, the invention features a particle that inchudes & matix

sransition temperature of at most 37°C and at least one block with a gh

gAY

¥ Fy vl rtet oo gt leraot oy eyt artiete
sepnporature of greater than 37°C. The particle alse includes at least one sub-parheie

w
M

that 15 at foast partially disposed within the matrix. Thep ras 8 dismeter of
aboyt 1030 mivrons oy more.
to an additional aspeet, the invention features a particle that has & matrix

including a biocompatible block copolymer having the formula X-{AB), » which A

{5 1 block having a glass transition temperature of at most 37°C, B s a block having s

W ag
class iransition tomperatore of greater than 37°C, v is a positive whole nuraber, and X
is an initator, The particle also nclndes at least one sub-particle that is at loast
partiaily disposed within the matrix. The particle has a tHameter of about 3,000
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3,008) mierons, less
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aerons or tess {o.g., Fom abopt fwo mdcrons to about
100 microns, frowm about 300 microns to about 500 microns, from about 700 miorg
o about 950 microns, from shoot 1060 microns to aboat 1,200 microns).

F

I a further aspect, the nvention features a particle that includes & malnx

i

s including 1 bocompatible block

"
4

copolymer having the formula X-{AB}, and at loast

ome sub-particle that 1s at Ieast partially disposed within the matrix. The pmf{i cle has g

[
b
r
)
fand
)
<
k
prs
b
.

e o about 1,050 microns or more, and A i3 a block having ¢ plass wans
temperature of al most 37°C, B is a block having a glass fransition temporature of

e

L nis a positive whole nunther, and X i an initiator.

19 I ant additional aspect, the invention features o composition including a

i

olurality of particles, at least some of the particles having a diameter of less than

,,.,.x

about 18 misrens, from sbout 300 microns to ahout 300 microns, from about 70O

.,‘,

mitorons o about SO0 microns, or from about LU00 microns to about 1,200 microns.

Al least snnwe of the pacticles having a diameter of at tess than about 130 micrmms,

15 from about 300 microns 1o about SO0 micrens, from about T microns to about 860
micreuy, or froms about 1,000 microns to about 1,200 microns include s blocompatible
ook vopolyvmer incloding at feast one block having a g}a 5 transition tesmerature of

st most 370 and at least one block having s glass transition temperatrs of groater
than 37°C. The composition also includes a carrfer fhad, the plurality of particles
@ hemg in the cavrier Hod,

i a further aspect, the invention features a szsompeﬁition including & plurality

of particles, t least some of the particles having o diameter of sbout 1,050 microns or
mowe {o.g., about 1,060 microns or more, about 1,070 nderons or more, about 1,080

g
<

miorons of move, about LOS0 microns ar more, ahout 1,100 mucrons or moreh At

35 least some of the particles having a diameter of about 1,050 microns or move include 4
hiscompatibis biock copolymer including at least one block having a glass ransition
temperature of a1 most 379 and at least one block having @ glass transition
tomperatore of greater than 37°C. The composition alse includes » carrder fluid, the
plurality of particles being in the carier fluid.

36 In another aspect, the invention feateres a composition including a phaality of

: feast some of the plurality of particles having a diamneter of loss than

&

¥
3
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ahout 11} microns, from about 300 nucrons to sbout 300 microns, from about THH
micrng o ahout 900 microng, or from about 1,000 microns to about 1,200 microns.

At leayt somee of the particles having a diameter of less than about 100 microns, from
shout 300 microns o sbout 300 microns, from about 740 microns o about B30
mivrons, or fom about 000 microns to abow 1200 microns include a blogk
copolvmer. The Beck sopobymer has the formule X-{AB) in which A v a hiog
rinsy transition femperatwe of at most 37°C, B is a block having @ glass

e

transition temperature of greater than 37°C, n is a positive whole number, and Xis an
initiator. The composition also includes a carmivr fhaid, the pluraiity of
5 the carrier fwd

I an additional aspect, the invention featores a conaposition including ¢

nlurality of particles, st least some of the plurality of particles having a diameter ¢f

Y

shout 1,05 wmicrnns of wore {e.g., about 1,060 microns or move, about LUTH micrens

or more). At least some of the pa;ri‘is;:ies having a dlameter of about 1,058
microns or more inchade a Mok copolymer. The block copelymer has the fonmula X-
{AR),, in which A {s 8 block having a glass transition temperature of st most 3790 B

i g hlock having o olass transition temperatare of greater than 37°C, » i3 2 posttive
e Fac) K <

by
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sn inttiator. The composition also inclades @ carner flutd, the
plurality of §'}213'iii{35 es being i the camrier Hluid,
{5 a further aspect, the nvention features a method of making pasticles. The

method inciudes mnia;cii.rig an aqueous first solution with & second solution while the

aguecns fest solution is huing mixed {e.g., homogenized}, to form a mixture . The

3

second solation inchudes a solvent and a bincompatibie block copolymer having at

~

a glass transition temperature of al most 37°C and b least one

feast ong
Black with a glass transition tempersture of greater than 37°C, At least some ol the
particles bave & dismeter of gbout 3,000 microns or less.

in another aspeat, the invention features a method ol making purticles. The
methad ingludes contacting an aqueous first solntion with a sccond solution while the

agueous fist solution is being mixed (g, homogenized), to form amixtere. The
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biocompatitie block copulvimer has the formuda X-{AB}),, i which & {sa bloek

\

havin & plass trangiton temperature of at most 37°C, B is a block having 2 glass

Pecy

fransition lemperaturs of greater than 37°C, n s 2 positive whole number, and X8 an

initiator, At loast same of the particles ave a diameter of about 3,000 micrens or

151

P

e

-t
-

av additional aspeet, the invention o

The methoed includes contacting an aqueous first solution with & seeond

i}‘.‘:ﬁlki@i“}g g soivent and & blocompatible block copolymer fo form amixture, The
B nck copolymer has at feast one block with ¢ glass transttion

10 teraperstore of at wost 37°C and at least one block with g glass trangtiion moperabre
wethod also includes mixing {e.g., homogenizing) th

Cihe particles have a diameter of sbout 3,000 micvons or

in another aspect, the nvention features a method of making particies. The

15 mothod tnchudes contacting an agneous first solution with 8 second solution including

3

<.
N

a solvent and @ biocompatible Bock copolymer, to form a mixture. The method also

3

wolndes mixing (e, homogenizing) the mixtare. The biocompatible bloe

&2

s

-

copehyimer has the formauda X-{A R}, 1 which A is a block having a glass fransition
¥ KXt &> &

=X

sermperatuve of at most 37°C, B is a block having  glags transition temparature of
20 proater than 3790, u s a positive whole nunber, and X i an inifiator, At least some

k4 3

of the particles have & dismeter of about 3,000 microns or less.
In an additional aspect, the invention featores a method of making particles,
The methed includes contacting an aqueous first solution with 2 second solulion

ent and a biocompatible block copolymer, to form a mixture. The

25 brocompatible block copolymer has at least one blook with a glass transition
temperature of al most 37°C and at least one block with 2 glass transition tomperature
of greater thar 37°C. At least some of the particles include a st therapeutic agent

that ts dispersed throughout the particles, and at least some of the partisies have a

dimmetey of wbout 3,000 microns or less,
A In o further aspect, the invention features a method of making particles. The
method includes contacting an agueous Hrst soluation with a second solubon tmoluding
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a solvent and & hocompaiible block copolymer, o form a mixtore. The

blocompatible block copolymer has the formula X-{AB), fr which A is 2 blosk

havine @ siase ransit ure ofat 37 R i >

having 2 glass ansition temperature of at most 37°C, B s a block having a glasy

fransition tumperature of greater than 37°C, n s 8 positive whole mumber, and Xisan
5 nitiator. A lvast some of the particles include a first therapeutic agent that is

dispersed throg ghoui the particles, and af least some of the particles have a diameter

500 microns or less,

1 an additional aspect, the invention features & method including
administoring to a patient a thevapeutically effective amount of 8 composition

1o inchuding particles. At least some of the particles bave 3 diameter of less than abowt
L0 miorons, Som about 300 microns to about 300 microns, from about THO microng

to ghont 900 microns, or front about 1,000 microns o ghout 1,200 microns. Al feast

1
H

some of the particles baving g dlameter of less than about 100 microns, from abow

300 nxicrons to about 360 wicrons, from about 700 microns to about 9040 microns, or
& from shout LU0 microns to about 1,200 microns inchule a bloek copolymur having
at tesd one blook with a glass transition temperature of at most 37°C and at least one

biovk with a glasy transition temperature of greater than 37°C,

s another aspect, the invention features a methed including admimstaning w0 a
patieni 8 *-:Em‘apeu";i cally effective amount of a composition inchuding particies, Al
20 least some of the particles have o diamaeter of about LU50 microns or more {22,
shout 1,080 micrens or more, about 1,070 microns or more, gbout 1,080 mierons of
mare, about {90 microns or more, sbout 1,100 microns or more}. At Igast some of

the paﬂ‘éci&e{‘ having a diameter of gbout 1,050 microns or more include 2 block

copolvener having at least one block with a glass transition temperature of &t most

3

cust one block with ¢ glass fransition temperature of greater than 37

o TR
& kS

g
ko] i

O and at
he invention features o method including adminstenng o

effective amount of & composition inclading particles, At

feast sove of the particies have o diameter of Tess than about 100 microns, from about

00 microns 1o about SO0 microns, from about 700 microns to aboul 900 noerans, o
30 from shout 1,000 microns o sbout 1,200 microns. At least some of the particley
having a diameter of tess than about 100 ricrons, from about 300 microns 1o about

S
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SO0 microns, from abont 700 microns to about 900 microns, or from abeart 1000

microns to abeut 1200 microns inclade a block copolvmor having the formuls X

O o

;‘\i‘i}m in which A fs g block having & glass transition temperature of at most 37°C, B

s,

class fransition temperature of greater than 37°C,

L1
&

4 &‘i bk«i\ 3{“ \“3“ &

5 whole sumbes, and X s s inigaton
i a further aspect, the invention features a methed mcluding administering to
a patient a therapentically effective amount of a composition ingluding particles. At
feast some of the particles have a dismeter of sbout 1,050 microns or more (8.8,
shout 1,060 wicrons or more, about 1,070 microns or more, about 1086 auerons or
10 maore, ahout 1090 microns or more, abowt 1,100 nuorons orm
the particles having a dameter of about 1,050 microns or more inchu
copoivimer having the formuda X-(AB), iy which Ats a blog
fransition lemnpersture of at most 37°C, B is a block having » glass transition
temperature of greater than 37°C, 1 is a positive whole mamber, and X 5 un inftiatorn
15 Basdiments can alse inchude one or more of the foliowing
In some embodinents, the block copolymer can be bém:mn“;pwi?t}}e.
i certain embodiments, o hlock having a glass wansition temperature of at
T oan be a polyelefin block, In some embodiments, a block having a glass
emperahire of at wmost 37°C san include at least one isobutylens mnnodmer
20 <, 2 block having g plass transition temperatare of
vl aromatic block or ¢ methacryiate blodk. In some
embadiments, & block having a glass transition temperature of greater than 37°C can
inchude at least one monomer selected from styrene, g~-methyistyrene, and
combinations thereofl
25 n cortsin exbodiments, the block sopoelvmer can have the formula X-{AB,

i witdeh 1 is & positive number and X is an ingtiator. In some om hodiments, Ao be
a3 hlock having o glass fransition femperature of at most 37°C, and/or can bu a

polvolefin hlock, In certain embodiments, B can be a block having a glass transtbion

eater than 37°C, andfor can be a vinyl aromatic block or a

b S e Lo U . I
30 methaerviate blogk,
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5 some embodiments, the block copolymer can have the formula BAB ov
ARA, in which A {5 1 block baving a glass transttion temperature of af most 3790, and

"';1
]

B is a block having a glass transition temperature of greater than 37°C, In cortain

embodiments, the klock copalymer can have the formula has the formuis BAB}, or
A(BAY, in which A is a block having a plass fransition temperatore of at mast 377,
B ix 3 block having a glass transition temperature of grester than 37°C, and niv y

posithve whole mumber,

that inchsdes at least one sehuivlene ntmnomar}, n some embodiments, Boanbea
vimyl sromatic hleck or @ methacrylate block. In certain embodiments, B can jnclude

at leagt one monomer selected from methyimethaerylate, e?}';yimeihaaryfiam

aolvolefin block can inchude at least one isobutylene monomer and/or the vinyl

0]

aromatic block can inclasde at least one monomer selected from styrene, o-

v,«
,4
I
oot
9599
et
%

sothylstyrene, and combinations thereof. In certain embodiments, A can b

formula —{CRRCHs e, Ty which R and R are Hucar or branched sliphatic
groups or eyelic aliphatic groups, and B can be a methacrylate block or s vyl

arsmatic hinck.

dirnents, the block copolvmer can inglude from about 45 ranl

e SR MY TR
VIR OTNMG

ered
e
jias
o
e
et

parcent 1o about 95 mol percent of polyolefin blocks.

in certain erobodiments, the Bock ;:-i.sp@i}-‘s'm‘r gan have 8 molocular wa igm of

Dsltong). In some embodiments, the block (:{,3}3{)‘1}1’1‘1.5:1‘ can include polyniefin Mocks
faving 2 moleenlar weight (2.8, & combined molecnlar weipht) of from about 60,000

Dalfons to about 200,000 Daltons and vinyl aromatic bloeks having a motecnla

weight (e.g., & combined molecular weight) of from about 20,000 Daltons to shout

I cortain embodiments, the particle can have a diameter of legs than abount
FO0 microns. In some embodiments, the particle can have a dismeter of from abow
300 microns o about SO0 microns, from ahoat 700 microns to about S04 microns, oy
from about 1,000 microns fo about 1,200 microns. In certain embodiments, the

&

PCT/US2006/062323
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particle can have a diameter of abowt 1050 microns or more {o.g., 1,060 microns or
more, 1LO76 microns or more, 1,080 microns or more, 1,090 mucrons or miore, 110G
miicrons or move, 1,130 microns or more). In some embodiments, the paticle can

2, from gbopt fwo mrerons to gbout

g

have g diareter of about 3,000 nxcrons or less {¢

3800 microns

\.,,/

in some embodiments, the particle {e.g., the block copolymer} ean melude a
therapmetic agent {e.g., from shout 0.1 weight percent t about 78 weight percent of a
therapeutio agent). In certain embodiments, the therapeutic agent can be dispersad
threughout the particle. In some embodiments, the particle can inclade at least two
therapentic sgents that ave different from each other

1 cortain embodiments, the particle can further include at least one other
nobvmer {feg., I g blend with the block copolymaer). The other polymer can alse be g

Y

copolvimer {z.g., a block copolymer), or can be a homopolymer In some

embodiments, the other polvmer can be a polyvinyd alcohuol, a polyaervhic acid, a
polymethacrviic acid, a poly vinyl seifonate, o carboxymethy! cellulose, &
hydroxvethy! cellulose, » substituted celhulose, a polyacryiamide, a polyethylens
alvent, a pebramide, a polyurea, a polyarethane, a polvester, a polyether, &
polvstvrene, 8 goi’ accharide, a pobvlactic acid, a polyethylene, &
pobvmethyvimethaerviate, a polycaprolactone, a polvglveolic send, a polyfiactic-co-

3

alveolie) neid, or a styrene maleic snhydride copolymer In certain smbodiments,

material, Iy cortain embodiments, the particle can further include g hydrogel {e.g.,

puivacrviamide co-acrvic acid). The hydrogel muy be cross-linked or may not be

cross-linked, 18 some such embodiments, the bleck copolymer can form a coating
aver the hiydrogel, andior the hydrogel can form a coating over the Mogk sopobyme

in seane embodiments, the block copolymer can form # conting on the particle,

1

In cortain ermhodiments, the carrer fluld car include a saline sclution andior a

sorirast ggent,

;_A

I sowne smbodiments, the method can inchrde forming & suspensiom from the

sixture and contacting the suspension with an agueouns third sahetion,

9
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In certain embodiments, the agueous first solution can be mixed ot 2 speed of
at meat about 1,000 revolutions per minute {e.g., at most about 3,000 revolutions per
minute, at most about 1,300 revolutions por nubutel In same embodiments, the

method can include wmixing the mixture af a speed of at most about 10,0080 revolutions

B

sar manute {o.u., at most gbout 6,000 revolutions per muimue}, and/or at least abowt

1,000 revolutions per minote. In certain embodiments, the methad can nclade

mixing the mixtere ot 8 toraperature of af least about 30°C {eg.,
in some embodiments, the sgueous first solution endiéor the second solution

can inciude & therapeutic agent.

I cortain embodiments, the method of adminisirstion can be by perawtancous

injection. In seme smbodiments, the consposition can be used o treat 2 cancer

condition {o.g., ovarian cancer, colorectal cancer, thyroid cancer, gastrointestinal

pancer, breast cancer, prostate cancer, fung cancer). The method can me shude

ermboiizing 2 lumen of a subject {o.g., & hunen that {3 associated with a cancer

o
“r
b
por
pe<]
ey
[
ooy
far}
v
)
i
At
Nant

Hmbodimendz can inclade one or more of the following advantages
The particles can be relatively durable and/or flexible, and thus can be
anlikely to he damaged during stovage, delivery, or use. In some embodiments {e.g.,
embodiments in wihich the particles are formed of styrene-isobutylene-styrene, the
particles can have a relatively high mechanieal integeity (e.2., soch that contact with
the watls of a catheler will not Barm the particles). In certain embodiments {¢.8,,
embodiments in whick the partivies are formed of styrene-isobutylene-styrenc, the

rarticles can be relatively flexible, and thus van be adapted for use in many differan

srvironments. Tn some embodiments in which the particles are relatively
particles van include @ swellable material {e.g., @ hydrogel), such that the pacticles can
be detivered o & target site while the particles ave in a relatively compressed state, and
can later expand at the target site as a result of swelling of the swellable material {v.g.,
tor enhance aeclustand. [ such ebodiments, the particles can have good
deltverability, while alse being effective in eccluding the target site.

The particles van be osed o deliver one or more therapeutic agenty

site effectively and effictently, andfor to occlude the target site. In some

g7
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erbodimonts, the particies can be used to deltver & metered dose of & therapentic
agent 0 3 target site over 8 poriod of time. In cortain embodiments, the release ol g
therapeutic agent from the particles can be delaved potit the particles have reached &
target site. For example, the particles can inchade a bioerodibie conting that erodes

5 doring defivery, such that when the particles reach the farget site, they can begin to

s, gither to the

e nz“du can he

o et siie, or i different {argel sites, For example, the particles can deliver one

type of therapeutic agent {e.g., an anti-inflarmmatory) as the particles are baing

19 delevered to o target site, and another type of therapeutic agent {e.x., 8

chemotherapeutiv agent) once the parbicles have reached the turget site.

Features and advantages ave i the doseription, drawings, and claims.

DESCRIPTION OF DRAWINGS

i & side view of an ernbodiment of a particle.
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Gk 2A RS 4 schomatic Hustrating an embodiment of injection ot a
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composition including particles into a vessel.

FICE 2B s a greatly enlarged view of region 28 10 FIG 240

o8
}

o5

FHE 3 s a cross-sectional view of an embodiment of & partic

15 2 eross-sectional view of an embodiment of & pavticie

X

20 s # oross-sectional view of an mbodunent of ¢ pariicle.

FIGR. 6A-60 are an illostration of an embodunent of a system and method for
producing particles.
fa an itlustration of an ewbodiment of a drop gonerator.

FIGS, 8A and 88 are an ilustration of an embodiment of g system and method

25 for producing particles.
IS, UALUF are an Hustration of an embodiment of & systemn for prodacing
partickes,

Figx 1 s a scanuing electron micrograph (SEM) image of styrene-

Ee)

isobutylene-styrene particles,

38 FIG 1 s an SEM image of styrene-isetutylenc-styrene particles.
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i an SEM image of styrene-isobutviene-styrene particles
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image of styrene-isobutylene-styrene particles.
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Figy 18 swan SEM

smage of styrene-isobutylens-styrene particles.
image of styrenc-isobutylene-styvene particles,

1

{ image s‘_?fSi}—‘T{mt}»’iSUhut)ﬁit?& sstyvene partivies,

4 image of Rhodamne-loaded styrenc-isobutviene-styvens

FIEL 22 {5 an SEM

P
ot

nage of Rhodamine-toasded styrene-isobntylone-styrons
particles,
FIG 22 15 an SEM mmage of Rhodamine-loaded styrene-isobutviena-styrene

Py

particles.
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is an SEM image of Rhodamine-loaded styrenc-tsobutvlene-styrene

FEY 25 is an SEM image of Rhodamine-Joaded styrene-tsobatylene-styre

FIG 26 is an SEM tmage of Rhodamine-loaded styrene-isobutylene-styrene

7 iz an SEM image of Huorescetn-loaded styrene-isohatylene-styrene

G T4 ix an SEM image of fheorsscein-loaded styrene-isobutylene-styrens

29 15 an SEM image of Suorescein-loaded styrene-isobutylene-styrone

o

B 30 s & cross-sectional view of an embodiment of a particie
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DETAILED DESCRIPTION
(i1 shows a particle 100 that can be wsed to debiver one or more therapeutio

agents {e.g, drags) to a target sife within the body. The therapeutic apents can be

tncinded on particle 100 andfor within particle 100 {e.g., dispersed throughount particle
5 100) Particle 100 is formed of a block copolymer that includes a first block baving e

glasy transition temperature {T,) of at most 37°C and 8 second block having a glass

i BTy

transition tzmperature of greater than 37°C.
Block vopolymers are copolymers that contain two or more difering polymer

N

blogks selected, for example, from homopolymer blocks, copolymer blocks {e.p

’}-.-,

P
e

vandom copeiviner blocks, statistical copelymer blocks, gradient copoiyaer blooks,

periodic copolymuer blocks), and combinations of homopolymer and copolymer
¥ - 3

d

blacks, A polyvmer “block” refers o a grouping of multiple coples of a single type

{homopolymer block ) or multiple types {copolymer bloek) of constitubional wmis,
Schaty™ 1 an unbranched polymer block. In some embodiments, @ polymer block can

5 $3 i ot 5 % b Tesgrat THY ad Laawd REY ue
15 bea grouping of at least two {e.g., at least five, at least 14, af foast 3-\}, at foast 50, at

TS, at maost SO0 gt most 250, at most 100, at most SO, atwost 26, at viost HE st most
five) copies of a single type or nltiple types of constitntional wnits. A polymer block

may fake on any of & nember of different archifectures.

e in some smbodiments, the hlock copolymer In particle 100 can include a
ceniral block having a gloss ransition temperature of st most 37°C and end blooks
ach having @ glass transition temperature of greater than 37°C. In certain

erbodiments, the block copolymer can have one of the fallowing general struchires:
{a) BAK or ABA {lincar iriblock),

{h} B{AR}, or A(BAY, {(lincar alternating block}, or

7.

- 3

Xem{ AR}, or Xo{BA), (Includes diblock, wiblock and other radial

1

tlock copolymers),

>

where A i3 2 block having & glass transition temperature of at most 37°C, B s a block
having 2 glass transition lemperature of greater than 37°C, 1 is a positive whole
3 pumber and X s an indtator {e.g., 8 monofmctonal invtiator, a muly

5

witiatory

o
oz
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The Xo{ABY, stractures are frequently referved o as diblock copolymers
{when w1} or tnblock copolymars {when n=2}). {This terminology disregards the
the initiator, for example, treating AX—-4 as a single A blogk withi the
triblock therotore depoted as BABY Where =3 or more, these structures are
5 commondy reforved 10 as star-shaped bock copolymers.

As deseribed above, the A blocks have a plass transition temperature of st

\

%

moest 370, in sorme embodiments, the A blocks can have 2 glass transition

\\

temperature of af most about 30°C {e.g., at most about 257°C, at most about 20°C, &

st about HITC, at most sbout 0°C, at wmoest aboat ~1HPC, st most about -20°C at

10 mostabout <30°C, atmost about ~30°C, at most about
SO0, atmmost abowt SB0°C) As referred to herein, the glass ransition tamporatue of
& material {eg., a polvmer Block) s determined according to ASTM E1336.
Examples of hlocks having a glass transition temperature of at most 37°C when the
hlocks are in the dry state {e.g., in powder fonm) Include blocks including at least one
» of the fulowing monomers;
.y aoeryiie monomers including:
{a} 1ates, such as methyvl acrylate, othyl aonvlate, propd
vlate, .isopmpv} acrviate {e.g., Sotactic isopropy! acvvlate),
butyl acrvlate, sec-buivl aorviale, isobutyl sorviate, oyclohexyl
20 aorviate, 2-cthythexyl acrylate, dodecyt acrylats and hexadecyd
acrylate,
{hy  arvialioyl acrylates, such as benzyl acrylate,
{c} alkoxyalkyl acrylates, such as 2-cthoxvethyl surylate and 3-

methoxyethyl aerylate,

3

halo-alkvl acrvlates, such as 2,2 2-trfluoroethy! acrvlate, and

o
2]
-
-
i
S

{3 cyano-atkoyl acrviates, such as 2-oyvanoethyl acrylatel
{23 methacrylic monomers mcluding:
{a} allovl methacrvlates, such as butyvl methacrylate, E'mxyi
methacrylate, 2-ethylhexyl methserviate, cotyl methoendate,
30 dodeeyl methacryiate, hexadeoyl methacrylate and notadenyl

methacryvlate, and
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X

{b aminoalkyl methacrylates, such as dicthylaminosthnd

methacryiate and 2-tert-butybaminoethyl methaerviatng

(3 virved ether monoemers including:

{a} atkoy! vinyl ethers, such as methy! vingt ether, othe? vingd ether,
5 propyl vingd other, butyl viny! ether, isobutyl vinyl ather, 2-
ethythexyl vinyl ether and dodecy? vinyl ethey;

{4} gvelie gther monomers, such as fetrahydrofuran, timethylone oxade,
sthvione oxide, propylenc oxide, methyl glvadyvl ether, botyl glyeidst
sther, allvl glycidyl ether, epibromehydrin, epichiorobydnn, 1,2+

1% epoxybutane, 1,2-epoxyvoctane, asd 1,2-epoxydecans;

{5} peigy monomaers {other than serviates and methacryviatesy, such as
otfvvione malonate, vinvl acelate, and vinyl propionate;

{6y alkene monomers, such as ethylene, propylene, sobuiyleng, T-buteng,
trans-butadiene, 4-maethyl pontene, 1-ociene and other grolefing, ois-

15 woprene, and frans-isoprene;

N halogenated alkene monomers, such as vinylidene ehioride, vingh

fuoride, cis-chiorohotadiene, snd trans~-chiorohatadiene;

{83 stinxane monomers, such as dimethylsttoxane, dicthyistloxane,

methvicthyisiloxane, methviphenvisioxane, and diphenyisiiosane; and
0 {93 maleir monomers, such as malete anhydnde,

In geriain embodiments, the A blocks can include one or more derivatives of

I senne embodiments, the A blocks can be based upon one or more

3 H
i

polyvolefins, In cortain embodiments, the A blocks can be polvelehinie blocks having
25 altornating quatorary and secondary carbous of the generg! formmlation: —(CRRS
O ke, where R and R® are linear or branched ahiphatic groups {e.g., methyl, othyl,

sopropyl, butvl, isobatel) or cyclic aliphatic groups {e.g., cyclobexane,

73

) 2
3
ot

: f,

o

, with and without pendant groups. For example, the A blocks can be

polyolefinie blocks having the above formuda, in which R and R are the same. Asan

L
Lekd

example, the A blocks can be based on wselmtyiene:
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{i.¢., in which ® and R’ are both methy! groups).
i1 senne embodiments, the block copolymer can include at least abowt 40 mol

pereent {e.g, from about 435 mol percont to aboot 95 mal pereent) of

o

As deseribed above, the B blocks have @ glass transition femperature of greater

than 37°C, In some embodiments, the B blocks can have g glass transition

temperture of at feast about 407C {e.g., at least shout 307, at least about 70°C, at

&

feast aboat B0°C, at Jeast about T00PC, gt least about 120°C), Examples of blocks
\

having @ glass ransition tonperature of greater than 377C when the blocks are o the

e of the following

dry state {o.g., in powder fonm) include bocks including st least

’

{5 sinyl gromatio monomers including:

{a} unsuhstituted vyl aromatics, such as atachio styreng, sutactic
tyrene and 2-vinyl naphthalene,

{y vinyl-substituted aromatics, such as ¢-methy
{c) ring-substituied vinyl aromatics inchading ring-alkyiated vinyl
arpmatios {e.g., J-methylstyrene, d-methylsiyvrene, 2,4
dimethyistvrene, 2, 5-dimethyvlstyrene, 3, 3-dimethyvistyrens,
2.4, 6-trimethylstyrene, 4-tort-batvistyrens}, ning- aikmyiated
vinyl aromatios (0.8, dmethoxystyrene, d-cthoxystyrene},

ring-halogenated vinyl aromatics {e.g.. 2-chlorsstyreng, 3

&, -

poh

shlorostyrens, $-chlorestvrene, 2,6-dichlorostyrer
bromostyrene,
d-flyorostyrene), ring-ester-subsiitoted vinyl aromalics {o.g.,

P -

-aectoxystyrone), and hyvdroxyl styrene;
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{2y other vinyl monomers jucloding:
{a} vigyl esters such ag vinvl benzoate, vinyl d-tert-buty
vinyl cycloheranoate, vinyl pivalate, vinyd (0
vinyl butyral,
5 {h} vinyl amines such as 2-vinvl pyridine, 4-vinyl pyridine, ad
vinyl carbazole,
{c} vioyl halides such ay vinyl chioride and vinyl Rooride,
{d atkyl vinyl cthers such as tert-butyl viny sther and oveiohexyl
viyl ether, and
10 {e} other vinyt compounds such as viny ferrocene;
{3} other sromatic monomers including scenaphthalene and tndene;

oo
i

methucryiic monomers mcluding:

e methacrylic acid anhydnide,
by methaoryiie acid esters {(mothacrylates) including
15 {1} atky! methacrylates such as atactic methyl methaorviate
symbiotactic methy! methacrylate, ethyl methacrylate,

3

wopropyl methacryiate, isobutyl methacryviate, tbutyl

methacrylate and oyelobexyt methacryiate,

{11} aromatic methacrylates such

20 including aromatic alkyl me

methacrylate,
(1) hydroxyalloel methacryiates such as 2ohssiroxyethyl
methacryvlate and 2-hydroxypropy] methaorviatg,

{ivy  addiional methacrviates mchuding isoboryd

2% methacrylate and toimethylsily! methaondate, and
{o} other methacrylic-acid derivatives including methacrylomiinily
{3} acrylic monomers including:
{8} certain acryhie acid esters such as tert-bunyt serviate, hood
acrviate and isobomvl acrylate,
3G {b} ether acryliv-acid derfvatives including acrylonitride; and

.y
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{6y siltcate monomers including polvhedral oligomerie silsesquinzans
{POSS) monomers,
i sertain embodiments, the B blocks can mclude vue or move dortvatives of
the above TOnomers,

5 In certain eonbodimenty, the B blocks can be polymers of msthacrviates or

wm
el
Memes

polymers of viny! aromatics. In some embodiments, the B blocks can be either:

made from monomers of styrene

or styrene derivatives {e.g., o-mothylstyrene, ring-alkvlated styrencs or ring-

oF

16 halogenaied styrenes) or mixtures thereof, or (b made from monomers of

methyvimethaoryiate, ethylmethaerylate, hydroxvethyl methacrvlate, or mixtures

I some enbodiments, the bloek copolymer ean inchude at feast sbout Bve mod

percen {o.., at least about 30 mal percent, about 60 mol porcent) of stvrene hlocks,

18 An example of one of the above copolymers 18 styrene~-isobutylene-shyrene
{USIRRTY o which the A blocks are based on isobutyvlene: and the B biocks are based
o stvrene, Anothor example of one of the above copolviners & styrene maleic
anhvdride CSMA™, in which the A bloeks are based on malete anhvdride and the B
bloecks are based oy styrene
20 Typically, the combined molecnlar weight of the block copolymer can be
more than about 30,000 Daltons {&.g.. more than about 60,000 Daltons). For exanple,
the combined molecular weight of the block copolymer can be from gbout 86,000
Daltons e about 300,000 Dalions {o.g., from about 90,000 Daltons to about 360,000
 some enthodiments {e.g., embodiments in which the A Blocks are
25 rocks) the combined moleoular weight of the A blocks can be from gbowt
S0.000 Daltons 1o about 200,000 Daltons. In certain embodiments {e.i., embodinents
i which the B blocks are vinyl aromatic blocks), the vombined molerular weight of
the B biocks can be from about 20,000 Daltons to about 100,000 Daltons.
CGenerally, the proparties of the block copolymer used in particle 100 can
30 depend upon the lengths of the A block chains and B block chaing 1 the block

33
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copolymer, and/or on the relative sroounts of A block and B blocks in the binck
copolymer.
As an example, in some ombodiments, blocks with a glass tramition

tepperatare of at most 37°C may be elastomeric, In such mﬂm&mﬂwi& the

biock chaing. In cortiin embodiments, the A block chains can have @ weight average
modeonia weight of from about 2,000 Daltons to about 30,000 Dalions. In such
enthodiments, the block copelymer (and, therefore, particle 100} may be relatively
melastic. in some embodiments, the A block chaing can have a woight average

molecudar welght of of least aboat 40,000 Daltons. In such embodiments, the block
copolymer {and, therefore, particle 100) may be relatively soft and/or rabbery.

As another oxample, in corfain embodiments, blocks with s glass ransition

emperatare of groater than 37°C may be relatively hard a1 3770 In sueh

embodiments, the hardness of the block copolvmer at 37°C can depend on the relative

o

ount of B blocks i the block copolymer. In some embodiments, the blocgk

copodyner can have a bardness of from about Shore 20A to abowt Shove 750 {e.g.,

froan about Shore 40A 1o about Shore 80AS. In cortain embodiments, a sopolymer
bl o Severeened (o . 2 ~y 3 e

with a desivedt degree of hardness maay be formed by varving the proporiions of the A

and B blocks in the copolymer, wath a lower relative proportion of B blocks resulting

1

i 1 copolvmer of leawver hardness, and a igher relative proportion of B Bocks

rosuhiing in a copolymer of higher hardness. As a spectfic example, igh molecuiar

D, greater than 100,000 Daltons) polyisobatylene ts a relatively soft and
gummy material with a Shore hardness of approximately 104, By comparison,
vobvstyrene is muoch harder, typically having a Shore hardness on the order of 10D,
As aresull, when blocks of polyisobutylene and styrene are combined, the resulting

~

1ave 3 range of hardnesses from as soft gs Shore 104 0 g8 hard us

Py

gopalviner ¢an |

Shore 100D, depending upon the relative amounts of polystyrene and polyh ohiﬁ‘}f}ﬁm

¥
3

i the mp@\i;«rj‘am‘. {n some embodiments, from about two mol percent to abont 25 gl

vercent {2.g., from about five meol percent o about 20 mol percent}) of polyvsiyrene can

¥ ~

B used o form g bloek copolvmer with a bardness of fom about Shore 334 to abouwt

Shore SUA (v

23

. from about Shore 35A 1o about Shore TOA),

o~
/3«-

1y
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%

olydispersity {the ratio of weight average molecular weight to namber

foe S

%

average molecular weight) gives an indication of the molocular welght distribution ol

>,

the copolymer, with values significantly greator than four indicating a broad

1

molecutar woight distribution. When all molecules within & sample are the same six

-

eratty has g value of one. Typieally, copotymers usad 1 particls 100 can

o relatively tight molecutar weight distribution, with a polydispersity of fom
about L1 o abowt 17
bout 1.1 o abowut

v soame smbodiments, one or more of the above-deseribed copolymiers can

1

have a relatively high teosite strenpgth, For example, triblock copolymers of

notvstvrene-polyvisohotvlene-polystyrene can have o tenstle strongth of ot loust about

2,000 psi {e.g., from aboul 2,000 psi to about 4,000 ps1),

in ceriain embodiments, one or more of the above-deseribad copolyvmers can

M

bo rehutively resistant to cravking andior other forms of degradation wader in vivg

b

o

conditions. Additionally or alternatively, one or more of the above-deseribec

s

polyvmers can exlibit excellent biocompatibility, including vastular compatinlity.
For example, the polymers can provoke minimal adverse tissue resctions, resulting m
raduced polvmorphonuciesr leukooyte and reduced macrophage achivity. In some
gmbodimonts, one ot meve of the above-described polymers can gez'ir;:rai}}-‘ ba
hemocompatible, and can thereby minimize thrombotio ccchason of| oy example,
sinail vessels,
The above-described block copolymers can be made using any appropriale

method known in the ard. o some embodiments, the block copolymers can be made

by a carhocationie polymerization process that includes an inttial polymerization of a

4

monomer or mixtures of monomers to form the A blocks, foflowed by the subsequent

addition of & monomer or a mixtore of monomers

’I'z
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Such polymerization reactions
&394 Kennedy, ULS. Patent N, 4,3

v

Kennedy of al., U8, Patent No. 4,810,321, Kennedy et al, US. Patent Np. 4,829,683,

\ u{{.fn \‘3 ~.,:£

ooy
]

Kennedy gt g, U8, Patent No. 4,946,899, Kennedy of al, US. Patent o, 5,006,734,
Femredy et al, US. Patent No. §,122,572; and Kepnedy ot gl ULS. Patent No. Ke

34,640, Bach of these patents s incorporated horedn by reference.
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The tochmques disclosed i these patents genorally involve an “inittatoer™,

which can be used to create X AB), stroctures, where X s the inftiator, and nooan
he 12, 3 ormere. The instistor can be monofunctional or nuultifunctional. As noted

P ~

above, the resulting molecules are referred to as diblock copolyvmars where nis 1,

triblock copolymers {disregarding the presence of the intfistor) where nis 2, and star

N
3~

shaped block copolymers where n 18 3 or more.

i goneral, the polymuorization reaction can be conducted under conditions that

mirmize or averd chain transfor and termination of the grewing polymer chains,

he
3

Steps can be taken o keep active hydrogen ators (water, alcoho! and the liked to a

sindnn, The temperature for the polymertzation 35 usually from about ~18°C wo
ahout 908 {eg, From about SUC to ghout
\Q\

<3070, although lowsr temperatures can be used.

Typisally, can be formed

‘J
3

me o maere A blocks {e.g., polyisobutylene blocks

‘-1-"

i a first step, fnllowed by the sddition of B blocks {e.g., polystyrene blocks) af the
ends of the A bocks, Move particalarly, the first polyvimerteation step 13 generally
carried out in an appropriate solvent system, such as & nixiure of polar snd non-polar
aolvents {o.g., methyl chioride and hexanes). The reaction bath can contan the
atoromentioned solvent system, olefin monomer (2., isobutylone), an initiator (2.8,
a tert-oster, tert-other, teri-hydroxyl of tert-halogen containing compound, g comyl
ester of & hydrocarbon acid, an alkyl cumyl ether, a comyt halide, a cumyl hydroxyl
compound, or a hindered version of the above), and a colnitiator fe.g., & Lewis actd,
such as boron ehionde o Hanium tetrachloride), In some embodiments, eleciron

£

pair doners (o, dimethl acetamide, dimethy] sulfoxide, dimethy? phihalate} can be

&

added to the solvent system. Additionally, proton-scavengers that scavenge water,

»

Invd

,»v

such a

i

2 f-di-tert-hatylpyridine, $-methyl-2. 6-di-tert-batvlpynidine, 1,5-
R S : N I T LN
his{dimethylaminenaphthalene, or ditsopropylethyl amine can be added.

The reaction i3 commenced by removing the teri-ester, torb-ether, lort-hydroxyl
or tert-halogen Gerein called the “tert-leaving groups™) from the miliator by reasting

X

Sroups 18 & quasi-stable

&

the inftiator with the Lowis acid. In place of the tert-leaving
ST ey verbre e A % i- > v, d Y0 ; +) o ,«.,3;'3 3
or “Tiving’ cation which 15 stabilized by the sumounding terfiary carbons, as well ag

the polar sobvent system and electron palr donors, After ebiaining the eation, the A

R
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Block mononwy (e.g, isobutylene) is introduced, and cationically propagates or
polvimerizes from cach cation on the mitigtor, When the A hloek is polvmerized, the
propagated cations remaein on the ends of the A blocks: The B block monomer {e.g.,
styrene} is then introduced, and polymerizes and propagstes from the ends of the A
5 block, Oneethe B blocks are polvmerizad, the reaction 1s termunated by addng
terminetion moelecule such as methanol, water and the ke
Proguct molecuiar weighis are generally determined by reachion iime, resction
temporature, the nature snd concentration of the rosclants, and so forth,
Consequently, different reaction conditions may produce different products. In

1 general, svathests of the desired resction preduct ts achioved by an feralive process
which the coeurse of the regetion 1 monitored by the examination of samples taken
nerindically during the reaction - g {echnigue widely emploved o thewt. To
achievi the desived product, an additional reaction may be reguired in which reaction

thine and temperature, reactant concentration, and so forth are changed.

15 Additional details regarding cationic processes for making copolymers arg
found, for example, in Kennedy of al, US. Patent No. 4,276,394, Kennedy, 1.5
Patent Now 4315973 Kennedy, 4,342 849 Kennedy et al,, 115, Pateut Mo,
4,914,321, Bemnedy et al, U8, Patent No, 4,929,083 Kennedy et al., LLS. Patent No.
4,840 844, %ﬁ;ss‘n‘mdj; of al., ULS. Patent No, 5,066,734, K.mmdy et al., U.N Patent No.
28
Upy
the usual techmuagues imc}admg vaporation of solvent, precipitation with s non-sabvent
such as an alesho! or alcohol/acetone mixture, followed by drving, and so forth. In
addition, puritication of the copolvmer can be performed by sequential extraction
2 agueous medig, both with and without the presence of various aleohols, ethers and

ketores

3

i sume embodiments, particle 100 can be formed of a block copolymer that
yehudes one oy tore functional groups. The functional groups can be negatively
chargest or positively charped, andfor can be ionically bonded fo the polymer. In
30 some embodiments, the functional groups can enhance the biocompatibihity of the

polymer. Altematively or additionally, the functiona] groups can enbance the clot

¥
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spning capabilities of the polymer. Examples of functional groups include
phosphate groups, © zz‘“i}{}};}-‘iate groups, sulfonate groups, sulfute gronps, phosphonate
groups, and phenolate gronps. For example, 4 polymier can be asuifonated styrenic
potymer, such as sulfonated SIBS. Sulfonation of styrene block copolymars is

¢, in Bhrenherg, et al, U8, Patent No. 5,468,574, Vachon et ad,
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ULA, Patent No. 8,306,419, and Berfowitz-Tarrand, st i, U.S, Patent No. 5,840.387,

afl ot wineh are ineorporated herein by reference. Examples of other fimetionalized
polymers include phosphated SIBS and carboxviated SIBS. In cortain embediments,
a pobymer carsinchude more than one ditforent type of functional growp. Forowmple,

0 apobvner can inclade both o wifonate growp and a phosphate grovp. Insome
embodiments, a polyvmer that incindes a functional group can be reacted with & eross-
finking andfor gelling agent during particle formation. For example, a particle that
includes a sulfonates group, such as sulfonated SIBS, may be reacted with a oross-

poiviaors sud

inking snddor gelling agent such as caleium chioride, Functionalized

ey

15 eross-linking andfor gotling agents are described, for example, 1n Richard et gl US,

7

Patert Apphcation Serial No. 10927 868, filed on August 27, 2004, and enutled
SHahohzation™, which is incorporated herein by reference
Ax deseribed above, particle 100 can be vsed o deliver one or mowe

therapewtic agents to a target site. Therapeutic agents include genetic therapentic
26 agents, nos-penetic therapeutic agents, and cells, and can be negatively charged,

NN ( “E .E‘ + (3 w‘. v& 4Py \.,; r}"} A TR EY \{g 23y CAR '§ o f} *5 oY

nositteely charged, amphotene, or noutral, Therapeulic agents an b, crampe,

materials that are binlogicaily active to treat physiological conditions,

sharmaveutically active compounds; proteins; gene therapies: suclate acids with and

without carrier vectors {g.g., recombinant nucleie acids, DNA {o.g., naked DNA),
25 olINAL RNA, genomic DNA, cDNA or RN A ¢ non-infectious veclor or & vizal

veotor which may have attached peptide targeting sequenves, antisense muclein acids

cnedveotor systems {e.g, anvthing that allows for

)
oo
P
1

o

{(RNA, DNAY oligonucientides;
the uptake and expression of nuclete acids); DNA chimeras {e.g., DNA ohifmeras

which inclide gene seguences and encoding for ferry protoins such ax membrane

bl

t-)-

30 wanstecating sequences (PMTE”y and herpes simplex viras-1 (VP27 compacling

e.g. DINA compacting agentsy; virases; polymers; hyaluronie seid; profeins

Sorenta
agents

-

23
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{e.g., enaymes such as rtbozymes, asparaginase); monmologie spectes; sonsteroidal
anti-intlammatery medications; oral contraceptives: progesting; gonadotrophin.

24
e,

o,

releasing hormone agonists; chemotherapentic agents; and radivactive species
radioisotopes, radivactive molecnles). Non-Hmiting examples of therapautic agents
fnclude anti-thrombogenic agents; antioxidants; anglogenic and anti-angiogenic
agents and fwtors; anti-proliferative agents {e.g., agonts capable of blocking smooth
muscle vell profiferation, such as rapamyein); caloinm entry blockers {e.g., verapamil,

diltiazem, nifediping); and survival genes which protect against cell death {o.g., anti-
apophetic Bel-2 family factors amd Akt kinase).

Exemplary non-genetic therapentic agents inchude: anti-thrombeotic agerds
such as heparin, heparin derivatives, uwrokinase, and PPack {dextrophenylad
prodine arginine chioromethylketone); anti-inflarymatory agents such as
dexamethasone, preduisclone, cortivosterone, budesonide, estrogen, acety! salievhe

pod, sulfasainnme and mesalamime: antmeoplastic/antiproliforative/anti-matolic agents

such a3 pachitaxe!, S-fluorouraci, visplatin, methotrexate, doxorgbicin, vinblasting,

r-s
':fa

vinoristing, epothilones, endostatin, angiostatin, suglopeptin, monocional antibodie

capatle of blocking smooth muscle cell proliferation, and thymudine kinase mbhibitors;

<

X

anesthetic agents such as Hidocaine, bupivacaing and romvacane; anti-zoagulants such
as [-Fhe-Pro-Arg chloromethyl ketone, an RGD peptide-containing compound,

hepuin, hirudin, antithrombin compounds, platelet receptor antagonists, anti-
ihrombin antibodies, anti-platelet receptor antibodics, aspirin, prosiaglandin
mhibitors, platclet inhibitors and tick autiplatelet factors or peptides; vaseular cell

growth promuoters such g growth factors, transcriptional activators, and translational

promoters; vascular cell growth inhibitors such as growth factor mlubiors {e.g,

3.

FOGE inhibitor-Trapdil}, growth factor receptor antagonists, imrizacn';‘mmw%
repressors, translational vepressors, replication inhibifors, mhy ibitery antibodies,

anithodies divected against growth factors, bifunctional molecules consisting of'a

ereowth factor and a eytotoxin, bifunctional molecules consisting of an antibody and 8

eytoloxing protein kinase and tyrosine kinuse inhibitors {e.g., tyrphosting, genstein,
quinoxalines); prostacyelin analogs; cholestercl-lowering agents; angiopoioting;

antimicrobial agents such as triclosan, cephalosporing, aminoglyveosides and

24

A
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piteoflrantoin; eyviotoxie agents, oyiostatic agends and cell proliferation affectors;

vasodilating sgents; and agents that tnterfere wath endogenous vasoactive

S

Exemplary genetic therapeutic agents inchude: anti-sense DINA and RNA;

DNA goding for anti-sense RNA, (RNA or tRNA to replace defective or defivient

7

endogenos molecules, anglogenic factors including growth factors such as acidic and
basie fihvoblast growth factors, vascular endothelial growth factor, epidernal growth

tactor, transiorming growth factor o and i, platelet-derived endothehial growth factor,

o

platetet-derived growth factor, tumeor neorosts factor g, hepatooyte growth factor, and

msubin ke growth factor, cell ovele inhibitors including C1 inhitbitors, thymidine

3

} and other agents useful for interforing with cell proliferation, snd the

J

v\\

kinase TR
family of bone n'imphe;)geni@ protems ("BMP'ST), including BMPZ, BMPI, BMP4,
BMPS, BMPS (Varly, BMP7 (OP1), BMPE, BMPY, BMP Y, BMI L, BMP1Z,
BMPIZ, BMP 14, BMP15, and BMP16, Curently preferred BMP's are any of BMP2,

BMP3, BMP4, BMPS, BMP6 and BMP7, These dimerie proteins can be provided as

o,

homadimuers, heteroditaers, or combinations thereof] alone or together with other
molecudos, Altematively or additionally, molecules capable of indueing sn epstream
or dowastream effvet of & BMP can be provided. Such molecoley include any of the
“hedgehog proteins, or the DNA's encoding them.

Yectors of inferest for delivery of genctic therapentic agents Includer plasmids; vival

veetors sucly a8 adenoviras {AV), adenvassoctaied viras {AAVY and lentivirps: and

non-viral vertors such as Upids, Hposomes and cationie ipids,

Cells melude cells of hunan origin (sutelogous or allogencic), inchuding stem
cells, or from an amimal sowrce {xenogensic), which can be genctically engineored 3if

3

desived to delpver proteing of micrest.

Several of the above and numerous additions! therapeutic agents appropriste
for the practice of the present Invention are disclosed in Kuonz ot all, ULK, Patent No.
33,875, assigned to NeoRx Comoration, which s incorporated heroin by reforense,
Therapeutic agents disclosed o this patent include the following:

“Cytostatic agents” (Lo, agonts thal prevent or delay cell division m

profifvrating cells, for example, by inhibiting replication of DNA or by inhibiting

2F
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spindie fiber format

o). Representative examples of eviostatic agents include

PCT/US2006/062323
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compounds capable of reducing the lfevel or mactivating the

derivatives or anglogs t

therenf (o, laxnte
DNA topoisomerase 1T and DNA polymierase, RNA pe;}}}jmwmxc

ovelasel, superoxide dismistase §

¥

FOVREBL
profiferation and the

L

7

A\

)

ik

%

& production or activation of TOF-beta, inchuding

andd derivatives of functionad equivalents {e

o oxide releasing ¢
v funchional equivalents thereod, pac

1, inhibitors of specific enzyme

%, terminal deoxynuogd

ransoriptase, antisense oligonucieotides that

PCT/US2006/062323
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¥

simin, heparin

'zpﬂ mprotein Lpfay or the

X

iF-beta or fanctional « ‘&;ui'mm i
omprounds {

<f o zmak;%gg:‘*‘

s amooth musele cell

ther examples Off“cyt(}istatia agm::tsﬁ-‘ mnclude peptidic or

mimetic pdubiiors (e, antagonists, agonists, or competitive or pon-competitive
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mhibitorsy of vellular factors that may {e.g., in the preseace of extracellular matd
irppger profferation of smooth muscle cells or perfoytes: ez, ovtokines {e.g.,

mterionking such as IL-1}, growtly fuctors (e.g., PRGF, TGE-alpha or -beta, temoy

necrosts factor, smooth moscles and endothelial-derived growih factors, i,

sndethelin, FOF), homing receptors (e g, for platelets or leukogevies), and
extraceiinlar matrix recsy ﬁc»is{e,g.,, integring). Representative ug}ic. of uselnl

therapouiio agenis in thiz category of cyvtostatic agents addressing

profiferation nclude: subfragments of heparnn, triszolopyrimidine {rapadil; a PDGE

antagonist), lovastatin, and prostaglanding E1 or 12,
Agends that inhibit the intracellular increase i cell volome {iLe., the tissy

%

vedume ocoupied by a celll, such as evioskeletal nhibitors or metabolic inhi

]
peope
joves
pae
——
oy
e
Pt
e
d

R

Representative examples of ovioskeletal inhuibitors include eolohucing, vinblasting
eytochalasing, paclitaxel and the like, which act on microtubule and microitlament

networks within a cell. Representative examples of metaboliv inhibitors include

staurosponiy, trichothecenes, and modified diphtheria and ricin woxing, Peeudomonas

P2

exoloxin and the ke, Trichothecenes melude simple trichothecenes {Le., those tha
have onty 8 contral sesyuiterpenoid structure} and macrocychic trichothecenes e,
those that have an additional macrocychic ving), e.g., a verrucaning or roviding,

meinding Vernucarin A, Verrucans B, Verrucarin § {Satratoxin O, Roridin &, Rondin

Y { Satratoxin D), Roridin H.

Agoents acting g8 an inhibitor that blocks cellular protein synthesiy andior
seeretion or srganization of extracellular matrix (e, an “anli-maix agent™}
Representative examples of “anti-matrix agents™ include inhibitors (Lo, agouists and

antagonists and competitive and pon~competitive whibiors) of malriy syithesis,

i

seeretinn and assembly, organdzational cross-linking (e g, transglutaminases cross-
linking collugen), and matnix remodeling (e g, ollowing woond healing). A
sepresentative example of a useful therapentic agent n this category of anti-mataix
agents 18 colelicing, an inhilntor of secretion of extracellular mairix. Another

excample s swnodifen for which evidence exists regarding it capability o cogamize

andior stabilize as well s diminish smooth muscle cell proliferation following
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sngioplasty. The organtzation or stabilization may stem from the blockage of

vaseular smontly masele cell matwration in to a pathologically proliferating

Agents that ave oytotoxie to cells, particularly cancer cells, Preferved agents
are Roridin A, Pseadomonas exotoxin and the like or analogs o functionsd
equivatonis thereell A plethora of such thovapeutic agents, including radicisotopes

¥ o

o
et
et
o
s

por
5.'1

¢ tike, have been identified and are known in the art. 1o addition, protocols for
the idennification of ovtotoxic moleties are known and emploved routinely in the w
A npumber of the above therapeutic agents and several others have also heen
wdentified as candidates for vascular treatment regimens, for example, as agents
targeting restencss. Such agents wchude one or more of the fllowing: caleiame

3

chanrel blockers, inchuding benzothiazapines {e.g., diltiazem, clentiazemy;
dibivdropyridines (e.g., nifedipine, amlodipine, nicardapine); phonvialbviamines {e.g.,
‘&-ez‘agﬁa;ﬁai@}: sevotonn pathvay my \ﬁumtorw; meluding 5-HT antagonists {e.g.,

<.

mucleotide pathway agents, including ph«;}s;phodicstemsg: inhibttors {e.g., cilostazole,
dipyridamole], adenylale/guanyiate cyclase stimulants {e.g., forskoling, and adenosine
anatops: eriecholamine modulators, including cewmtagonists {e.g., prazosiy,
bunavosing}, B-antagonists {e.g. propranclol}, and ef-antagonists {e.g., labetglol
carvediil}); endothelin receptor antaponists; mitne oxide donors/releasing molecules,
including ovganic nitrates mirites {e.g., nitroglycerin, sosorbide dintirate, amyl

HHE JHOSS com pmmdx {e.g., sodinm nifroprusside), sydnonimines {(0.g.,

HEH e cmrmoz‘mds, i‘i}ﬂiudmg fow molecular weight compounds

{e.g., S-nitrosn derivatives of captopril, glutathione and Neacetyd penicillumine} and
nioleeniar weight eompounds {e.g., S-nitroso derivatives of profeing, peptides,
oligosaccharides, polvsaccharides, synthetic polymersfoligomers and natural
polvroers/oligomens), Conitroso~, Omnitrose- and Nendfroso-compounds, and L-
'gis}i;aw; ACE inhibitors {e.g. iaxa}v i, mxmopnl enalaprily; AT-receptor

ﬁf’idui

polyethy Hateles 1ggregation inhibitors, inchuding aspirin and
threnopyridine (iclopiding, clopidogrel} and GP Hb/ s inhibitors {o.g., sboiximaby,
26

&2
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epitifibatide, tirofiban, intergriing; coagulation pathway modalators, including

heparinoids {e.p., heparia, low molecular weight heparin, dextran sulfate, 8-

cyclodextny teiradecasudfate), thrombin inhibitors {e.g., hirndin, hiralog, PPACK (D-
phe-L-prapyi-L-arg-chioromethyiketone), argatroban}, FXa inhibitors {e.g., antistatin,
TAP {tick anticoagulant peptidel), vitamin K inhibitors {e.g., warfaring, and activited
wrotetn ) evelporypenase pathway mbibitors {e.g., aspirip, ibuprofen, Hurbiprofen,
indemethacin, sulfinpyrazone); natoral and synt}mtic corbicosteroids (.2,
desamethasone, prodoisolone, methprednisolone, hydrocortisonel; Bpoxygonase

pathway inhildtors (e.g., nordihydroguairetic acid, caffele acid; leukotriene recuptor

i o

A

antagonists; antagontsis of B~ and P-selocting; infubitors of VEAM-T and ICAM-
inferactions; prostaglanding and analogs thereof, including prostaglanding such as

POET and PG prostacyeling and prostacyelin analogs {v.g., viprostens,

epoprostencl, carbacychin, Qoprost, beraprost); ma gﬁ\;ﬁmw activation preveniers
{e.g., mephosphonates); HMG-CoA reductase inhibitors (e.g., lovastating, pravasiating
fluvastating stmyvastating cortvastating] fsh ails and omega-3-fatty acids; froe-radival

o

o 0

sesvengers/antioxidants {e.g., probucol, vitamins € and B, ehselen, retinnie seid {e.,
frans-retineis actd}, SOD mimics); agents affecting varous growth factows wcloding

g, bFGE antibodies, chimertc fusion proteinsy, FIIGE

PioF pathway agonts {e.g
roceptor antagonists {o.g., traptdily, IGF pathway agents {e.g., somatostatin anslogs

sueh ax angiopeptin and coreotide), TOE-ff pathway agents such a3 polvanionic agents

frrﬂ

{heparin, fheoiding, decorin, and TGF-P antibodies, EGEF patlvway agents {e.g., BGE
antibodies, receplor antagordsts, chimeric fuston proteing), TNF-u pathway agenis

{e.g., thatidomide and anglogs thereol), thromboxane A2 {TXAZ) pathrway modulptors

/""~

{o.¢., sulotroban, vapiprost, davoxaben, ridogrel}, protein tvrosine Kinase inhibitors
{e.u., tyrphostin, genaiemn, and quinoxaline dertvatives); MMP pathway inhibitors
{o.g., martmastat, domastat, metastat), and coll motility inhibitors {o.5., eviochalasiy
By, antiproliferative/amtineoplastic agents including antiraetaboles sueh ag puring
analogy {e.g., S-mercaptopunine), pyamidine madogs {e.g., cytarabine and 3-
fluorouraeil) and methotrexate, nitrogen mustards, alkyl sulfonates, ethyvionimines,
aribiotics {e.g., daunorubicin, doxorabicin, dasnomyein, bleomyein, mitomyein,
peniviliins, cephalosporins, ciprofalxin, vancomycins, aminogiyeosides, quinolones,

3G
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polyrayxins, srvthromyens, fertacyelines, chloramphenicols, clindamyoins,

Hocmycins, sulfonamides, and their homologs, analogs, fragments, d@i‘i‘\-’ﬁi’i’%’{?&. anud

pharmuceatical saltsy, nitrosourcas {e.g., carmusting, fomustine} and clsplatin, agents
atfecting microtubule dynamics {e.z., vinblastine, vineristing, colchicine, pachiaxel,

epothiione}, caspase activatos, proteaseme inhibitors, anglogenssis inhibitors {e.g.,

st
i

enddostatin, angiosiatin and squalamine), and rapaanyvein, certvastatin, Hlavopirido! an
surarniny; matny deposition/organization pathway inhibitors {(e.g., halefuginons or

other quinazolinone derivatives, tranilast); endothelialization faciiitators {e.p., VEQF

and RGEY peptide): and blood rheology modulators {e.g., pen mi{‘}*i_iime}..
Other exanples of therapeutic agents inchude anti-tomor agents, such as

docetaxel, alkylating sgents {e.g., mechlorethamine, chiorambucil,

P

cyclophesphamide, melphalan, Hosfamide), plant alkaloids {e.g. cloposide), inarganic

wns {e.g, cisplating, dological response modifiers (o, interferon), aud hormones
{o.g. lamoxifen, Hutamide), as well as their homologs, snalogs, fragments,

>

derivatives, and pharmaceutical salts,

¥

tuble therapeutic

3

Additional examples of therapeutic agents include organicesn]
agenis, such as mithramyetn, cyclosporine, and plicamyein. Further examples of
therapentic agents inchude pharmaceutically active compounds, anti-sense genes,
virgl, liposomes and cationic polvmers {o.g., selected based on the applisation},
biologically active soludes {e.g., heparin), prostaglanding, prostoveling, L-argining,
nitric oxide {(NOY dopers (e, Hsidoming, molsidoming, KO-protetn addaets, NO-
potysacchanide adducts, polymeric or oligomeric NQ adduets or chemival complexes),
snoxaparin, Warafio sodium, dicomarol, inferferons, interleuking, chymase inhibitory

{e.., Tranilast), ACE inhibitors {e.g., Enalapril), serotonin antagonists, S-HT uptake

inhibifors, and beta blockers, and other antitumor sad/or chemoetherapy drugs, such aa

o
oy

%

BiUMU, busalfan, carboplatinum, cisplatinom, ovtoxan, DT, fudarabing,
mitoxantrone, velban, YP-16, herceptin, loustating, navelbine, rituxan, and taxoters.

Phorapentic agents are descnbed, for example, 1n DiMatieo ot gl US, Patent

Application Publication N US 2004/0076582 A1, published on April 22, 2004, and

uf?

entitted “Agont Delivery Particle”, and in Schwarz et al., U8, Patent No. 6,368 638,

both of which are incorporated herein by reference.

o

3
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fn certamn envbodiments, in addition fo or as an glternative o mchuding
therapeutic sgents, particle 100 can invlude one or more radiopagae materials,
materials that ave visible by magnetic resonance imaging (MR I-visible materialsy,
ferromagnetic matertals, andior contrast agents {e.g., ultrasound conirast agenis).
Radiopague materigls, MR I-visible materisls, forromagnetic materiale, and contrast
agents are describad, for example, in Riong et al,, U8, Patent Spplcation Fublication

Mo, US 2604/0101564 AL, published on May 27, 2004, which iz incorporated herein

in general, particle 100 ean have a diamcter of about 3,000 microns or fus
{e.g., from about two microns to about 3,000 microns, from aboot 10 nHcrons t© abowt
3,000 microng, from about 40 microns to about 2,000 microns; fom dbout 100
mierons 1w sbout 700 microns; from about 300 microns 16 about 700 microus; from
about 10{ microns to about 500 microns: from about 100 nacrons o about 300
microns; from abont 300 microns to about 500 microns; from shout 300 micvons
ahout 1200 microns; from about SO0 microns wo aboat 700 nderons: font abowt 700
aHorons (o about SO0 microns; from sbhout 900 microns to about 1,200 microns, from

aterong to about 1,200 microns), In some embodiments, panicle 100 can

£
ot
=
>
7
=
.
e
3
Yoy
e J
7 (o2
ot

N

have a dismeter of about 3,000 microns or less {eug., abont 2,500 microns or fess

'J;

about 2 000 pucrong or less) abont 1,300 micrans or less; about 1200 mucrons or less:

about 1,150 nuerons or less) aboot 1,100 microns or fess; showt 1,090 mierans or less;
about 1080 nuerons or kesy; about 1,070 muacrons or less; about 1,060 microns or less:

\

about 1,050 microns or less; about 1,040 microns or less; abowut 1,030 micvons or less:
about 1,839 microns or less: ahout 1010 microns or less; abowt LL000 microns or less;

-

J¥Emigcrons or lesx; about 300 microns or less;

v}

thont 900 microns or less; abowt

.

ghout 400 nderons or leas; about 300 microns or lesy; about 100 microns or log]

£

andior ahout 18 microns or more {e.g., aboat 10U microns or more; about 300 microns

G ISl a

Y.

wint 400 mutcrons or more; about SO0 microns or more; about 700 microns

ety

o more; ahout U0 microns ov more; about 1,000 microns oy more; abont 1,018

£

nHerons or mre abowt 1020 microns or more; about 1030 microns or more; about
4 ’\4‘7-} I N TOYEN L %\q {} {}\ o y h { }( :E SIOTS ~
1,040 microns or more; about 1, Tcrons or more; about 1,060 microns or more;

1

nicrons of syore; about 1,080 microns or more; about 1O mdorons o

ol
4
L

!
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o
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2}

more; ghout 1,100 microns or more; about 1,130 microns or more; shout 1,260
syerons o more; about 1,500 microns or more; about 2,000 microns or more; about

2,500 microns or meore). In some embodiments, particle 100 can have a dameter of

have a aphericity of gbout 8.8 or more

f"/
e
oy
)
T
£
il
=
oo
e

grnbodiments, particle ., soat 885

(.
Particie 106 (9253

or more, aboat .9 or maore, about .93 or more, about .97 vr more).
be, for exanple, manually compressed, essentially Hattened, while wet to about 50
percent wr fess of ity original dismeter and then, upon exposure to fluid, regaina
sphwrieity of about 0.8 or more {e.g., about 0.85 or more, about 0.9 or more, about
(LR35 oy mnore, sbout 057 ormore). The sphericity of 2 particie can be deternuined
using a Beoknuan Coulter RapidVUE huage Analyeer version 2,068 (Beckman Couldter,
Miami, FLY. Brietly, the RapidVUE takes an fmage of continuous-ione {gray-soaie)
form and converts 110 g digitad form through the process of sampling and

guantization. The system software identifies and messores particles in an image in

m

the form of w fiber, rod or sphere. The sphericity of a particle, which is computed ag

7

3a/Dp {where Da = YAy Dp = P p A = pixel ares; P == pixed perimeter), s a

4

bt

s

value from zorn 1o one, with one representing a purfect cirele.
Parficle 100 can inclode one or more of the block copolymers deseribed
sbove, In sone embodiments, particle 100 can inelude msltiple {e.g., two, three, four,

- -

five, sex, seven, eighi, ning, 103 different block copotvimers. For example, in somg

ermboduments, & particle can include a blend of at feast two different Wock
copeiviners. Alteratively or additionally, particle 100 can include other types of

materials, such ax other polymers that are not block copolymers. Examples of
polymers include polyvinyl aleohols ("PVAYY, polvacrylic soids, polymethacryhic

actds, poly vinyt sulfonates, carbocymethyl celludoses, hydroxvethvl cellnloses,

P

substitutesd ceolluloses, polyvacrylamides, polvethylene glveols, polyamides, polvureas,

poivurethanes, polvesters, polyethers, po iwt}ri nos, polysaccharides, polyviaviic acids,
poivethvienss, polyolefing, polvpropslencs, pelymethylmethacryviates,

polyeaprolactones, polyglyeolic acids, po mgm.u meo-ghveolic} acids {e.g. polyld-

fuctiv-co-givenlic} actds), polysulfones, polvethersulfones, polycarbonates, nylows

33
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e

sifieones, Hnear or crosslinked polysilicones, and copolymers or mixtures thereof In

certain enbodiments, particle 100 can include a highly water inscluble, high

molecoiar weight polymer. An example of such & polymer {8 a high molecolar weight
FYA that has been acetalized. Particle 100 con include substantially pure intrachain

5 Leacetalized PYA, and can be substantially free of amimal derived residue such as
collagen. In some embodiments, particle 100 can include a minoy amount {e.g., about

2.5 weight percent or less, about one weight percent ov less, abowt 1.2 weight percent
or tessd of a gelling waterial {e.g., a polysaccharide, such as alginate}. In certain
embudiments, particle 100 can include a bloabsorbable {o.g., resorbable) polymser

19 {og. algnate, gelating albumin, resorbable polyvinyd alovhol, all
starch, ethyl cellulose, polyglyeolio acid, polylactic acid, polviactic avidipolygivosiic

acid copobymers, poby{lactic-co-glycolicy acid). Particle 100 can melude, o

example, polyviny! alcohol, alginate, or both polyvinyd aleoho! and alginate

in soine enbodiments, inaddition to or as an alternative o belng used o

15 deliver o therapeutic agent to 8 tavget site, particle 100 can he used to embolize a

.., & lumen of a subject). For example, multiple particles can be

g3

target sife

,.,._

combined with a currier Thad {e.g., o pharmaceutically acceptable carrier, such as a

saline solution, a covtrast agent, or bothy) {o form a composiiion, which can thon be
v ! ES

delivered fo g site and used 1 embolize the site. FIGS. 24 and 2B Hustrate the ase of
20 2 composition including particles o embolize a lumen of 2 qub}'cct. Ag shown, a
vomposition, ncluding particles 100 and a carrier fluidd, i3 infected Into g vessel

through an nstrument such as g catheter 1150, Catheter 1150 is connected ta g
syringe barrel 1110 with o plunger 1160, Catheter 115033 tnserted, for mmspic, mio
a fomoral artery 1120 of a subject, Catheter 1150 delivers the composition fo, for
3 example, occlude a wterine artery 1130 leading to g Hbroid 11400 Fibroid 114018
focated in the vterus of & fomale subject. The composition s initally loaded into
syringe 1110, Plunger 1160 of syringe 111013 then compressed {o deliver the
1e

compasttion through catheter 1150 mto a lumen 1165 of uterine artery 1130

FHE 2B, which is an enlarged view of section 2B of FIG, 24, shows ¢ sloring

o
e

3¢ artery T340 thal s subdivided info smialler plerine vessels 1170 {e.g., having a

.

' -

diznefer of about two millimeters or less) which foed fbeord 1140 The particles 100

4
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i the congposttion partially or totally fill the humen of uterine artery 1130, cither
partiaily or completely cccluding the hunen of the uterine artery 1130 that feeds
stering fibvord 11440,

Composttions that wclade particles such as particles 100 can be delivered o

%,

8 varipas sites i the body, including, for example, sites having o lestons, such

%
e
@
e
L9’
=
;:4
7

as the bresst, prostate, lung, thyroid, or ovaries. The compositions can be used in, for

example, neural, pulmonary, andfor AAA (abdomingl sortic ansarysm) applications.

The composiitons can be used in the treatment of, for example, Shvoids, tumors,
irtornal bleeding, arteriovenons malformations {AVME), andior hypervascular tumors.

o

10 The cowpositions can be used as, for example, fillers for sneurysm sacs, AAA sac
{Type I endoleaks), endoleak sealants, arterial sealants, andior punciure sealants,
anglor can be used © provide oocluasion of other lumens such as fallopian tabes,

Fiivotds can include uterine fbroids which grow within the wtering wall {intramural

typel, on the cutside of the wierus (subserosal type), inside the uterine cavity

15 {subnwcoesal type), between the lavers of broad Hgament supporting the gtorus
{interligmentous type}, attached to another organ {parasttic typel, or on g mushronn-

like stalk {pedanculated type). Internal bleeding includes gastrointestingl, urinary,

N

renal and varicose bleeding. AYMs are for example, sbnormal collections of blood

pe

sel, e.g. w the brams, which shunt blood from a high pressure avtery toa low

AW pressure ver, resulting in hypoxia and maloutrition of those regions from which the
blood is diverted, In some embodiments, a composition containing the particles can
be naed o prophylactically treat @ condition.

The magnitude of & dose of & composition can vary based on the nan

focation and severity of the condition 1o be treated, as well as the voute of

3 administration. Xpii‘eszum treating the condition, disease or disorder can defermine
an effective amount of composition. An effective ot of embolic composition
vefurs to the amouont safficient o result in amelioration of symptoms andfor a
profongation of snrvival of the subject, or the amonnt sufficient {0 prophviactically
treat @ subject. The compositions can be administeved as pharmacentically avceptable

3 composttions fo a subject in any therapeutically acoeptable dosage, including those

1
H
L

administered 1o g subject intravenousty, subcutancously, percutaneoasty,

3
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sntratraches culady, intranmuscosaly, intracotancousty, intra-articuiarly,

A compasition can include a mixtere of particles (e g, particles that include

different types of block copolymers, particles that include different types of

5 ﬁ%}t:;fﬁ;:cﬁgiﬁs: gerts), or can include particles that ave all of the same type. In some

4 pmﬁcnia:r conceniration based on, for example, the type of procedure t be
perfovmed. In certain embodinments, a physician can use 8 composition with ¢
0 relatively bigh concentration of particles during one part of an ewbelization
procedure, and a composition with a relatively low concentration of particlis during
another part of the embeolization procedure.
Suspensions of particles in saline solution can be prepared to romain stable
{e.x., to ramain suspended in solution and not setile andfor float) over a desired perind

18 of tme A suspension of particles can be stable, for example, for fom about one

aunute o about 20 minutes {e.g. from about one minnte to abowt 10 minutes, frou

-

shout swo minutes o gbout seven minutes, from about three mimutes io about six
sumetes),
{1y some embodiments, particles can be suspended in 2 physiological solution

20 by matching the density of the solution o the density of' the particles. In certain

»

emboditaenis, the particles and/or the physiolegical selution can have a density of

£

froom abuot one gram per cubic centimeter to about 1.§ grams per cobic contimeter

{e.g., from gboud 1.3 grams per cuble centimeter to about 1.4 grams per cubic

f!o <

centimeter, from about 1.2 grams per cubic contimeter to about 1.3 prams por vubic

et

25 centmetorh
o some embodimenty, the carrier fluid of & composition can include a
- ..f'_‘,‘-_:~ X a;w O L T \1_ e z,‘ _‘} . f} N " . i ; 3 ﬁ Cpyeed g .fl o
surfaciant. The surfactant can help the particles to mix evenly i the carrier fluid
and/or can decrsase the lkelthood of the occlusion of a delivery devies {e.g., 8
gatheter} by the particles. In certaln ombodiments, the surfactant can enhance
0 delivery of the composition {e.g., by enhancing the wetting properties of the particles

wicd faciiitating the passage of the particles through a delivery deviee), Insome

30
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embodiments, the surfretant can decrease the oceurrence of air entrapment by the
particles i a composition. Examples of Hgoid surfactants include Tween™ 80
{available from Sigma-Aldrich) and Cremophor BLY (available from Stgme-Aldrich),
An example of & powder surfactant is Pluronic™ FI27 NF {available from BARF), In
certain embodiments, a compogsition can include from abowt 4.03 percent by welght o
about one pereent by weight {e.g., about 0.1 percent by weight, about 8.5 percent by

weightd of a surfactant. A surfactant can be added 10 the carvier fhad prior to mixing

with the particles andfor can be added 1o the particles prior to mixing with the carvier

ey

flaad,
In some cruboediments, among the particles debivered to & subject {og, ina

cornpasition), the majority (e.g., aboat 50 percent or more, sbout 60 pereent or maove,

2%

aboul 70 percent or more, about 80 percent or more, about 90 percent o more) of the

¢ N
WF

particles can have a diameter of about 3,000 microns or less {o.g., abont 2,508

nderons or lees; abogt 2,000 microns or less; about 1,500 micro s about 1200

,_‘

7o
ool
fenc
E7
o
s
=
o
[49)
(973
e
P

nM

microns or less; about 1,130 microns or lese; about 1,100 microns or less; about 1080

-
i
i

microns or less; about 1,080 micvons or less; about 1,070 microns ar lessy sbout 1,080

microns o leas; about OS50 microns or less; about 1,040 mvicrons or less; about 1,036
microng or less; about 1,020 microns or less; about 1,010 microns or less; about 1,000
nuicrons or less; abowt 800 microny or fess; ahont 700 nucrons or less; about 300
nderons or less; about 400 microns or less; about 300 mucrons or less; about HY
suerons or lesst anddor about 10 nucrons or more {82, about 100 microns or morg;
about M microns or more; abowt 400 microns or more; ahoat 500 miicrons or moee;
about 7O microns or nwre; abar YO0 microns or more; shout 1,000 microns or more;
about 1,010 microns or morg; about 1,020 microns or morg; about 1030 mdcrons or
more; about 1,040 microns or yore; about 1,030 microns or more; about 1,060
mucrons or more; about 1,070 microns or more; shout 1,080 microns or more; abowt

£

A5B0 mierons or more; ghout 1,100 microns or more; sbout 1,150 mivrons o more;

EEN

aboat 1,200 micrans or more; about 1,500 micvons or more; about 2,000 microns or

374

more; abogt 2,500 microns or more). In some embodiments, among the particles

delivered o u subject, the majority of the pagticles can have a Mameter of less than

Y

about 130 mivrons {o.g., less than about 58 microns).

i
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In certain embodiments, the particles delivered to a subject {e.g.. ina

cant have an arithmeiic mean diameter of about 3,000 microns or lesg

s -
4
e
pe=d
et
o
ik,
pee
=~
o
o
hed
Jass
amd
=
P
5]
et

{e.g., about 2,500 wicrons or loss: about 2,000 microns or less; about 1500 microng

Loy

<

or less; about 1,200 microns or tess; about 1,150 microns or lessy about 1,100 microns

or fensy about 1090 microns or less: about 1,080 microns o less abowt LO70 microns
or Toss; abveat 060 microns or less; about 1030 nricrons or fess; ghont 1,040 microns
of fags; about 1,030 microns or less; about 1,020 microns or lesy; aboat 1.010 microns
oy lesa; about 1,000 microns or {ess; about 900 microns or less: abowt 700 microns or
less; about S0 microns or fess; about 400 microns or less; about 300 micrens or loss;
ahout 100 microns or less} anddor about 10 microns or more {e.g., ahout 100 microns

o prore; abut 300 microns or more; ahout 400 sdorons or more: abowt 300 mucrony

g g

ov ol s YO0 microns or more; about 900 microns or more; about 1 400 microns
ov more; abont 1010 microns or more; about 1,020 microns or more; about 1,030
nHerons oy wmore; about 1,040 microns or more; about 1,050 microns or miere; about
000 mricrons o more; about 1LU70 microns or more; about 1080 microns oy more;

aboat LOSG microns or more; abont 1,100 microns or more; ahoot 1,130 microns oy
more; about 1,200 microns or more; about 1,500 microns or more; ahont 2,800
raiorons of wove! about 3,58 microns or more). o some embodiments, the particles
delivered 1© @ subject can have an artthmetic mean diameter of less thas ahout 100
muerons {e.g., less than about 58 microns).

Exemplary ranges for the anthmetic mean diameter of pariicles deliversd to a
subject welnde from about 100 microns 1o aboot 300 microns; from about H
nierons o gbout 300 microns; from sbout 300 microns o aboat 308 microns; from

about S muerons (o about 700 microng; from about 700 microng o about $08
microng frean sbout Y00 microns to about 1,200 microns: and from sbowt 1LOGG
microns o abont 1200 microns, 1o general, the particles debiverad to 2 subioct {o.g.,
1w a composition) can have an arithonetic mean diameter w approximately the middle

&

the dimmeters of the individual particles, and a vartance of about 26

of the range of
pereent or less {o.g. about 15 pereent or less, about 10 peregit or less

{1 seane embodiments, the artthmetic mean diameter of the particles delivered
to a subjest {o.g., in o compaosition) can vary depending upon the particular condition

|3
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to b treated. As an example, in ombodiments in which the particles are used &

<

gmbolize & liver tumor, the particles delivered to the subject can have an arithimetic

‘.1

mean diameter of aboat 500 microns or less {e.g., from about 100 microns {o about

300 microns; from about 300 mitcrons o about 500 m.is:.‘fi‘ansji As another s‘:;xsimpi&, i

particloes delivered to the mb‘ie«:t can have a avthmetic mean dismeter of sbout 1200
prerens or leas {e.g, from aboot 500 microns to about 70 microns; from abowt 706
microns o gbout 900 microns; from about 800 microns to about 1,200 microns). As
an additional oxample, I embodiments in which the particles are wsed o treat &

3

neural eondition {2.g., 3 brain tamor) and/or head trauma {e.g., blesding in the head),

Wz

the particles delivered o the subject can have an arithmetic mean dlameter of loss

N

ihan abogt 10U microns {o.g., less than shout 30 microns). As a further example, in
cmbodiments iy which the particles are used to tread o lung condition, the particies
delivered 1o the subject can have an arithmetic mean diameter of less than about 106
mierens {e.u., loss thas about 50 microns). As another example, in embodiments in
wideh the particles are used to weat thyrowd cancer, the particles can have a diameter
of about 1,200 microns or less {eg., from about 1,000 nucrons to about 1,200
RV

The artthunetic mean diameter of & group of particles can he delermined using

a Beckman Coshier RapidVUE Image Analyrer version 2.06 (Beckman Coulter,

M, FL), desorbed above, The anithmetic mean dismeter of @ group of partivles
{e.g, o a com pesii‘imz} can be detormined by dividing the sum of the dameters of sl
of the particles in the group by the number of pm’ticit:s in the group.

in certain embodiments, a particle that includes one of the above-described

Block vopobymers can aleo Include a coating. For example, FIG. 3 shows g particle

200 with an interior region 202 formed of a block copolvmer, and a coating 204

K]

formed of & different polymer {e.g., polyvinyd aleohel). Coating 204 cay, for

oxamploe, rogniate the release of therapeutic agent from particle 200, andior provide

protection to intenior vegion 202 of particle 200 (e.g., during delivery fo 8 wrpet siie).

in certain embodinrents, coating 204 can be formed of a berodible andfor

o

bicabsorbable material that can erode and/or be absorbaed ax particle 2080 is delivered

38
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ite, such that mtertor ropion 207 can deliver a therapeutic agent o the

Pl

%
.r

rget sie onee particle 200 has reached the target site. A biocrodible material can b,
for exampie, 8 pelysaccharide {e.g., alginate); 8 polvsaccharide derivative; an
morganie, onte salfy @ water soluble polymer {o.g., polyvinyt aleohol, such as
polyvingd aleobel that has not been cross-hnked), b‘iodz:gr:: fable poly DlL-tactde-poly
ethylene glycol {(PELAY » hvdrogel {e.i., polyacryiic acid, hyalurontc acid, gelatin,

carboxymetint collulosel; a polvethylene glyeol (PEG); ohitosan; a polvester (o, @

o K

polyeaprolactone); a pely{ortho ester); a polvanhydride; 8 poly(lactic-co-glvenlic)
acid {e.8., a pely{d-lachic-ce-ghyeolic) acid); a poby{lactic acid} {PLAY, & polv{glveolic
ackd} (PGAY or a combination thereof, In some embodiments, coating 204 can be
formued of a swellable material, such as g hydrogel (e.g., polvacrviamide co-aonviie
aoid}, The swelleble materfal can be made to swell by, for example, changesin pH,

5

temperature, andfor sall. In embodiments in which particle 200 is vsed In w

et

emboitzation procedure, coating 204 can swell at a target site, thereby enhancing
poechusion of the target site by particle 200,

in some evhodiments, a particle can include a costing that is rmed of s
hlook copolymer. For example, FIG. 4 showys a particly 300 that includes an interior
region 302 formted of a polymer (e g, pobyvinyl aleshol}, snd a coating 304 formed of
a block copolymer {e.g., SIES). In certain embodiments, interfor region 307 an

formed of g swellable material, o some such erubodiments, coating 304 can be

ok

o~

tonmed of @ porows material. The pores in coating 304 can expose interior reglon 302

o changes 1y, for example, pH, temperatore, and/or salt. When interior region 302 is

pasen

exposed t these changes, the swellable naterial in interior region 302 can swel

thereby cansing particle 300 to become endarged, In cerfam smbodiments, voating
304 can be nuade of a relatively flexible material (e.g., STRS} that can accommaodaie
the swelling of interior region 302, The enlurgement of particle 300 can, for example,
enhance peclosion during an embolization procedure,

Examples of swellable materials include hydrogels, such ay polvacrylic seid,
polyacrylamide co-gerylic acid, hyvaloronde aoid, gelatin, carboxymethy! celiulose,

%,

poiviethyvlene oxide)-based polyorethane, polyaspartahwdrazide,

N 1
-

cthyleneglhyveoldighyeidyiether (EGDGE), and polyviny slooho

hadti

{(PVA) hvdrogals. In
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some embodiments 1 which a particle includes a hydrogel, the hydrogel can be

,{;
«.{.

sslinked, such that if may net dissolve when it swelis. In other embodinuents, the
hvdrogel may vot be crosslinked, such that the hydrogel may dissolve when it swells,
in cortain embodiments, a particle can include a coating that includes vne oy
S more therapeutic agents. I some embodiments, a particle can have a coating that
meludes a high concentration of one or more therapeutic agents. One or more of the
therapeutio agents can also be loaded into the interfor region of the particle. Thus, the

surface of the particle can release an initial dosage of therapeatic sgent after which the

body o the particle can provide a burst release of therapoutic agent. The therapeatic

went on the surface of the particle can be the same as or different from the

therapeutic agent iy the hod}-’ of the patticle. The therapeutic agent on the sorface can

be applied by exposing the pariicke to a high concentration solution of the therapeutic

agent. The thevapeutic agent coated particle van include another coating over the
surfuce the therapeutic agent {e.g., a bioerodible polymer which erodes when the

15 particle v admmistered). The coating von assist in controlbing the rate at which
therapeutio agent is released from the particle. For exampie, the coating can be in the

form of u porous mombwane, The voating can delay an Initial burst of therapentic

¥
X

bagw]
g

pancy

spent release. The coating can be applied by dipping or sprayving the pasticle.

eradlible polviner can be a polysaccharide (such as an alginate). In some

20 embosdiments, the coating can be an inorganic, tome salt. Other erodible coalings
wnchude polysaccharide derivatives, water-solable polymers (such as polyvindd
alenhol, v, that has not been cross-linked), biodegradable poly Di-actide-poly
sthylene giveol (PELAY, hyvdrogels (e.g., polyaceyvliv seid, hvaluronic acid, gelutin,
carboxymethivl cellulose), polvethylene ghyeols (PRG), chitosan, polyestors {e.g.,

25 polycaprodactones), poby{ortho esters), polyanhydrides, pobv{iactic acidsy FLAY
polyglyveolic aads (PGA), polvllactic-co-ghyoolie) anids (e.g.. poly(d-lactic-co-
slveolie} ackls), and combinations thereof. The coating can include therapeutic agemt
av cay bo substanhally free of therapeutic agent. The therapeutic agent in the coating
can be the same g8 or dilferent fom an agent o a surfuce layer of the particle andior

3¢ within the particle. A polymer costing {e.g. an orodible coating} can be applied to te

particle surface n embodinents in which g high concentration of therapentic agent

41
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hus rot been applied to the particle surface. Coatings ave described, for example, in

<

[
2

ey

oy

Didatico et gl US, Patent . \ppmaimn Publication No. US 2004/007
published on Aprdl 22, 2004, which is incorporated herein by reference.
in some embodiments, a particle can inchade one or more smaller sub-
& particles, For example, FIG. 5 shows a particle 400 that includes & matrix 402, within
which we smbedded sub-particles 404, Matrix 402 can be formed of, for example,

one oF more pelvmers {e.g., block copulymers such as SIBX), Altermnatively or

additionally, sub-particles 404 can be formed of one or more polymers {e.g., blogk

copotymers such as SIBBY. In some embodiments, both matrix 402 and sub-particles
10 S04 ean be formed of one or more block copolymers. Block copolymer(s) in matrix

402 can be the same g5, or different from, block copolymer{s} in sub-particies 404, In

2

budiments, particle 400 can include one or more therapeutic agents, such as

certain ont 2
water-sodabie therapeutic sgents andf/or organic-soluble therapeutic ageta, This can
allenw particie 400 to be used, for example, to deliver nnltiple therapeutic sgents o
9 target site in one procedure. The therapeutic agents can be incloded in ey, dispersed

througheuty matviz 402 andfor sub-particles 404, In sore embodiments, matrix 402
can wchude one type of therapeutic agent {e., an organic-soluble therapeutic agent),
while sub-particles 404 include another type of therapeutic agont (.2, & water-soluhble
therapentic agenth. I cortain embodiments, matrix 402 can be made out of a parous

0 paaterial, which can help in the release of therapentic agent from subeparticies 404,

e

Examples of water-soluble therapoutic agents include DNA, oligonuctentides,

beparin, wrokinase, halofuginone, and protein. Examples of organic-soluble
; . {

5
3
}

therapeutic agents inchude pactitaxel, trans-retinoic zeld, mithramycin, probacol,
gpamyein, dexamethason, S-fluerouract], methotrexate, doxorubicin, daunorubicin,

25 evelosporing, csplatin, vinblastine, vincristine, colchivine, epothilones, endostatis,

v, smd plicamycin,
articles can be formed by any of 2 mumber of different wethods. Asan

exanmple, FIGS 0A-6C show a single-emudsion process that can be nsed, for example,

to make particle 100 (FIG. 13, As shown in FHGS. 8A-6C, a drop generator 300 {e.g.,
0 g pipetie} forms drops 310 of a selution including a block copolymer {fe.g., SIBS, &

5

therapeutio sgent, and an organic solvent {e.g., methylene chloride, chilorotorm,
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etrabydeofuran {THEY, toluene). In some enhbodiments, the sotution can inchude at

o

feast about ne pereent weightvolume (wivy {e.g., from about one percent wiv in

about 20 percont wiv} of the block copolymer, Drops S10 fall from drop penerator

SO0 inte a vessel 320 that contatns an aqueous solution including g surfactant. In
§  some embodiments, the surfactant can be water-soluble. Examples of surfactants

nvhede pedyvinyd alechols, poly(viay! pyrolidone} (PVP), and polysovbates {e.g.,

by

Vwveen™ 26, Tween” 803 In cortain embodiments, the agueous solution van be mixed
{¢.g.. homagemeed) while drops 310 are being added to it In some embodiments, the

aquenss solution can be mixed ot a speed of at most sbout 19,000 revohations pey

’Ji

Coms!

{0

et

»

10 mmole {e.g, at most abowt 5,000 revelutions per minute, st most abo
revelutions per minute). The concentration of the surfactant in the aqueous selution
can B¢ at least .03 peroent wiy {e.g, from 0.03 percent w/iv to about 10 percent wiv),
In genersl, ax the concentration of surfactant in the agoeons solafion increases,

particls stze can decrease,

Py
[
;.,«

As FHG O shows, after drops 510 have fallon into vessel 320, the salution ds

X

mixed using @ stivrer 330, In some embodiments, the solation can be mixed {e g,
homogenizad) at a speed of at least about L000 revedutions per minute {o.g., at least
about 2,300 revolutinns per mimute, at least about 5,000 revolutions per mivute, &t
fonst about 6,000 revolutions per minute, af least about 7,500 revolutions per s‘nimi‘e}

20 anddor st maost about 10,000 revolutions per minute (e.2., at most shout 750

revolutions per ninute, at most about 6,000 revolutions per minuie, al most about

>,A

5,000 revolutions per minote, at most about 2,500 revolutions per minute). For
example, thy solution can be mixed at g speed of from ghout 1000 revelutions per

LT

minute to about 6000 revolutions per nunute. Iu certain embodiments, as mixing

~,
)

3| {o.g., homogenizabion) speed moreases, particle size can deorease. I soms

It

%

embodiments, the solution can be mixed for a pertod of at Teast shout 0.8 hour {o.g., &t
foast shout one hoor, 3 least sbout two hours, at Teast about thres hours, at foast aboud
foar hours) andfor st most about five hours (&g, at most sbout four hoars, at most
about three hours, at most shout two howes, at most showt one hour). In cerlai

s ewbodiments, the solution can be mixed for a period of from about ane hour 1o about

a.&., for sbout one hour). In some erbodiments, mixing can ooour a1 &

4.')'

&
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temperature of at least about 23°C {e.g., at least gbout 30°C, at Teast about 35°CY In
general, as moang {e.g., homogenization} temperatore inoreases, particle sive can
moerease. The mising results in a suspension 340 that inclades particles 100
suspended 1w the solvent (FIG, 6C). Particles 100 are then separated from the sohvent

¥

by, for example, filtration, or centrifiging followed by removal of ¢

£
P

Thereafter, particles 100 are dited {e.g, by evaporation, by hyophilization, by vacuum

o some embodiments, the therapeutic agent can be omitied from the above-
desorthed process, such that the particles that are prodaced do not include therapeutic
10 agenl. Alternatively or additionally, one or more therapeutic agents can be added {o

., by ingection) after the particles have been formed.

Ry

the pariicles {e.

e

In cortain embodinients, the particles that are formed by the above-describe
wrocess can be coated {e.g., with a polymer), The coating can be added to the

particles by, for example, spraving and/or dip-coating. These costing provesses can

be used, for example, to make pm‘ticlfzs ke particle 200 (FIG. 3}

pipcﬁtc has been described as an example of a drop generator that can

¢ formnation process, in some embodiments, other types of drop

generators of drop generator systems can be used in a particle formation process. For
xample, FIG. 7 shows o drop generator system 601 that includes a flow controller

20 60, 8 viseosity controller 605, a drop generator 610, and a vessel 620, Floaw
ceatrodior SGU delivers a solution {e.g., a solution that contains & block copolvmer
such as SIBS), o therapeutio agent, and an organic sobvent) 10 & viscosity controller
S0, which heats the selution to reduce viscosity prioy o delivery to drop generator
610, The solution passes through an orifice in a nezyle in drop generator £18,

& drops of the solution, The drops are then directed into vessel 620 (e,

£
W

DEmIn

)
w
_—
4
it
e

coptaining a agueous solution that inclodes a surfactant such as PVAY Drop
senerators ave doseribed, for example, in Lanphere et al., ULS. Fatent Application
Publication N, US 2004/0096662 AL, pubhished on May 20, 2004, and 1n DiCarlo ¢t

al, U5, Patent Apphication Seriad No, TETL511, filed on April 21, 2008, and

Lo
[or

entitied “Particles™, both of which are incorporated herein by reference.
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FIGE. 8A and §B show an embodiment of a system 602 that includes drop
generator svstam 601, and that cap be used to make particles like particle 200 (FIG. B

"

and particle 300 {FIG. 4). System 602 inchudes 4 drop generator systom 801, o reactor
vessel 630, a gel dissolution chamber 840 and a filier 850 As shown in FIGL 8B,
flow controdier 600 delivers a solution that contains one or more polymers {eg., a
hiock copelvimer) and a gelling precursor {e.g., alginate) to viscosity controller 608,
which heats the solution to reduce viscosity prior to delivery lo drop generstor 619,
The sololion passes through an orifice i a nozzle in drop generator 614, forming
drops of the solutien, The drops are then directed into vessel 20 {in this process,
used s a gelling vessel), where the drops contact a gelling agent {e.g., caloium
chioride) that converts the gelling precursor from a solation form into & el form,
stabilizing the drops and forming particles, Ty some embodiments, the particles may

e travsferred from vessel 620 to reactor vessel 630, where one or more polvimers in

the pel-stabibized particles may be reacted {e.g., crass-linked). In certain

embodiments, the particles may be transferred to gel dissolution chamber 840, where
the pelling precursor (which was converted t0 a gel) can be removed from the

particles. Atter they have been formed, the particles can be fillered in Blter 630t

X

remve dobris, I some embodiments, the particles may thersafter be coated with, for
samiple, 8 poiviner {e.g, a polyvinyl alechol). Finally, the particles can be sterilined

and packaged as, for example, an embolic composition including the pasticles.

1

While alginate has been desceribed as a Q;ei"iing procursor, other types of gelling

fircelinran, laminaran, hypoea, ew ’imuma, oy avabie, gum ghatl, gum karaye

o b

tragavanth, hyvaluronie acid, locust beam gum, arabinogalactan, pectin, amylopectin,
other water solable polysaccharides and other iomically cross-finkable polymers. A
particwdar gelling precursor 18 sodium alginate, soch as high guloronie acid, stem-

dertved siginate {e.g., shout 30 percent or more, about 60 percent or move gulurome

¢ Fr3

acid} with a low viscosity {e.g., from abeout 20 contipoise 1o about 80 centipoise at

N

A0°CY, which can produce a high tensile, robust gel.

¥

£
¥4
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As desenbed above, in some embodiments {e.g., embodimenis in wi

=

alginate is used as a gelling precursor), vessel 620 can include & gelling agent such as

t

3. g

calciam chioride. The calotum cations in the calolum chloride have an affinity for

carboxyliz groups in the gelling precursor. In some embodiments, the cations

¥

complex with c‘.tarbm:}»’iic groups in the gelling precursor. Without wishing to be

tfd\

boond by -i‘hﬁ{:sry, it 15 beleved that the complexing of the cations with carboxylic

groups in the gelling precursor can cause different reglons of the gelling precursor 1o

he pulled closer togethor, causing the gelling precursor (o gl Incertain

embodunents, the complexing of the cations with carboxylic groups in the gelling

precursor can result m encapsulation of one or more other polvmers {e.g, 8
opolymier} in a matrix of gelling precursor,

Winle calctumy chlonde has been described as a golling agent, other types of
gelling apents can be used. Examples of gelling agents inchude divalent cations such
as atkail metal sslts, alkaline carth metal salts, or transttion metal salts that can
oweatly cross-link with the gelling precursor. In some embodiments, an norganic

sadt, such as a calohwm, bartumy, 2ine or magnesium salt, can be used as a golling
Yxanyes of cross-linking agents that may be used to react one or move of the
polymers {o.g, polyvinyd aleohol) in resctor vessel 630 inclnde one or more
aldebydes {e.g, formaldehyde, glvoxal, benzaldehvde, atersphthalaldehyde,
suceinaldehyvde, slolaraldehyde) in combination with one or more acids, such as

relatively strong ands {o.g., sulfuric acld, hydrochloric acid, mitric acid) andéor

relatively weak seids {e.g., seetic soid, forouie sckd, phosphoric ackd),

in ceriam embodiments, it can he desirable to reducs the swrfiee tension of the
nixture contained in vessel 620 (e.g., when forming particles having g Stumeter of
aboat 500 nvierons or less}h This can be achieved, for example, by hesting the mpture

novessel G20 {e.g, 1o a tevoperature greater than room temperature, such as o

s

-f.:“

onperature of about 0% or more), by bubbling a gas {e.g., alr, nitrogen, argon

Y

kryplon, helium, neon) through the mixture contained in vessel 020, by stiming (¢

pes

vig 2 magnetic stirrer the mixture contatned in vessel 620, by including a surfactant

ok

in the mistwre containing the gelling agent, andior by forming a mixt containing the

e

46
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gelling agend above the mixture contained in vessel 620 {e.g., to reduce the formation
of tatls and/or enhance the sphericity of the particles),

fn cortain embodiments, particles can be formied by omilting one or e o
the steps from the process described with reference to FIGS. 84 and 8B, §

xample, one ar more of the polymers may not be crosstinked, andfor the pelling
precursor gy not be removed.

Az an additional example, FIGS. 9A-OF show a donble-emulsion provess that
can be used, for example, to make particles that, ke particle 400 (FIG. 33, inclade
sub-particles,

First, drop generstor 800 {e.g., a pipetie) forms drops 810 of an aqueous

solution containing a water-soluble therapeutic agent (e ¢, DNA) and a surfactant |
in some enthodiments, the surfactant can be water-solable. Examples of surfactants
inchude polywinyl alecohols, poly(vinyl pyrrolidone} (PVF), and polysorbates {e.g.,
Tween” 20, Tween™ §0). Drops 810 &l into a vesse! 820 that includes 8 solution of a

block copolymer {e.g., S1BS) and an organic-soluble therapeutiv agent (e,

pactitaxely dissobved in an organie solvent, forming & mizture 8300 As shown i FIG

g

TE $n gy ¥,
35, 1o produce 8

{1

]
o

OB, mixture 838 13 then mixed {o.g., homogenized) using g

fw
o

o -~

suspension 832 that includes sub-particles 404 suspended m solvent (FIG. 8¢,

Mbung of mixfure 830 can ovear at a speed of, for example, at least shout 3060

w

.\

revolutions per minute {e.g., at least about 7,500 revolotions per minute} anddor a

s

most about 10,000 revolations per minute (e.g., at most sbowt 7500 revolutions pey

mingte) In some embodiments, mixture 830 can be mixed for a period of at loust
ghoyt pne minnte {2.2., af least about two munutes, al least about five minuvies, at least

about seven minuies) and/or at most about 10 mimutes {e.g., at most about seven
ninutes, of most about five minates, al most about two minutes). For example,
mixture 830 may be mixed for a period of fromn abowt one minute to about five
wminaies.

3

After suspension 832 has been formed, suspension 832 13 added 10 a drop

2

generator 840 {FIGL 9D o produce drops 850, Bmpw §30 fall into g vessel 870 that

incudes an aquerns solution, forming o mixture 880, In some smbodiments, thy
Rguecus solution in vessel 870 mcludes a surfactant {e.g., FYAY As FIG. 9E shows,
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mixiure 380 1¢ mived {e.g, homogenized) using a stirrer 8853, at a mixing speed that is
ower thar the speed of the first mixing. In ceriein embodiments, mixture §80 can he
mixed at @ speed of at most about 2,000 revolutions per minule {e.g., at most about

1,308 roviiutions per minute, af most about 1,000 revolutions per mivue, al most

£

about 300 revolutions por winute) andfor at least about 100 revolutions per minute

{e.g, at least about 300 revolutions per minute, af least about 1,006 revolutions per

This second mixing can last for

minute, at least about 15300 revolutions per minute),

a perind of, for example, at feast abowt one minute {e.g., at least about two minutes, &
feast about oy minutes, at least abowt six minutes, at least about sight minuates, at

10 least about 10 minutes, ot least about 20 minutes, at feast about 30 minutes, at least
about 40 minutes, at least about 30 minutes, at least shout one hour, gt Teast about two
Boury, at least about four hours, at least about six hours, at least about eight houors, &t
least about 18 hours) and/or at most about 12 hours {e.g., at most about 10 howrs, at

most abwut 8 howrs, at most about 6 hours, at most about four hours, al most sbowt

fwo hours, 8t moest abowt ope hour, at most aboot 30 minutes, at mos? about 40

5

minutes, 8t most about 30 minutes, at most abowt 20 minales, at most about 14
arutey, at most about eight minates, at most ahoot six minutes, at most about four

at most about two minutes), Mixing {e.g., homogenization) of mixtuare $80

)

mimates,
produces 4 suspension 890 including parcticles 400 in solvent (FIG. 8F). Partieles 400
25 are thea separated from the solvent (e.g., by filtration) and dried (e.g., by
gvaperationd. In some embodiments, particles 400 are separated from the solvent by
gvaporating the solvent,
fn cortam embodiments, one or more of the therapeutic agents can be omitied
from the above-described process. In some embodiments, all of the therapeutic agents

con be omutted from the above-deseribed process, such that the particles that are

b
s

praduced do not include sny therapeatic sgent. Alternatively or additionally, one or

2

more thevapsutic agents can be added to the particles {v.g., by Injection) after the

particles have been formed.
Methods of fonning particles gre deseribed in, for example, Buiser et all, U8,

s Palent Application Fublication No. US 2003/0183896 AL, published on October 2,

2003 Lanphere et al, U8, Patent Application Publication No. US 2004/0000662 A

48
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published on May 26, 2004; Lanphere et al., U.S. Patent Application Publication No.

UN 200570263510 AL published on December 1, 2005, and entiflad “Embolization™;

and DaCanio ebal, USRS, Palent Application Seriagd No. P/ 11131, filed on April 21,

2005, and entitled “Particles”, all of which are herein incorporated by reforence.
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Examples
The following examples are intended g8 Hlustrative and are nat intended to be

§‘;

g,

o

SIBS particles were prepared by a single-emulsion process as follows,

Prepuraticn of SIBS Pasticles by Single Emulaton:

SIMS solutions were prepared by dissolving two grams (to form a twe percent

orm

Yoo,

wiv solution), four grams (to form a four peroent wiv solution), seven grams (1o
W aoseven percent wiv solution), 1D grams (to form a 10 percent wiv solution), or 15
grams {fo forma 15 persent wiv solution) of SIBS (60 mol percent styrune) in 100

mitiiliters of methylene chloride (model 27056-3, 99.9 percent HPLC grade, from

The SIRS solutions were stirred overnight at enblent temperaturs in s sealed

1T

g

Ker ab 800 revolutions per minute, using & mudti-position stirrer (& model

- X

Coming Scholar 171 stirrery and stiy bars {model 14-311-60, from Fisher
Pulyvinyd aleohol (PYA) solutions were prepared by dissolving one gram (for
a {1 percent wiv solution}, two grams {for 2 0.2 percent wiv solution), five grams {for
& (L5 pereent wiv solulion), 10 grams {for a one percent wiv s«:ghzt_ion}g 20 grams {for a
20 {wo percent w/v solabion), or 50 grams (for & five percent wiv solution) of polyviny
ateohol in 1900 milliliters of distilled water. The polyvinyl aleoho! was ot number
PE763, from Sigma {average molecular weight: 70,000-100,000).
The PVA solutions were stirved overnight at 40°C {samples 112} or 38°0
{sample 13} osing a hot plate {a model PCO20 hotplate from Corming).

The SIBS solutons were combined with the PVA solotions in g matio of 130

i
£

SIBRPVA, 1o form samples 1-13 of SIBS particles, The starting materials that were

asad to form cach of these samples of SIBS particles are shown in Table 1. Five
nititers of sach SIBS solution were added into 3 PV A solution by continuons

dropping using a pipette, as the PVA solution was being 'i'r:{}m_@gci}im& at a full fspszcﬁ_

30 of about 10,000 revelutions per minute (samples 1-11 and 13) or S,

per minute {sample 12}, using a PowerGen Models 700D homogenizer (Fisher

S8
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Scientific). Oncee all pfa 3IBS solution bad been added into its corresponding PVA
solniion, the resulting SIBS/PVA solution was homogenized at 10,000 revolutions per
minute (aampdes 1-11 and 13} or 3,000 revolutions per munute {sample 12} at room

tempernature {25°07) for about one hour,

Alter homogenization had been completed, SIBS pa;t‘tiﬂk}s were fiftered out of
gach SIBSPVA solution using a vacuwm filter (a Milipore 47 i AT Glass Vacuum

[

Filter Holder) and & filter paper of smaller than five microns {a Milipore Filter
Membranel

The SIHES particles that were filtered from sach solution were then washed
with distitted water, and fltered agam. This wash and filtration step was repeated for
a total of Hve Himes, in order t© remove residual FYA from the SIBS partioles.

The SIBS particles were then collecied and doed by evaporation overnight &t

room temperature {23°C).

Table 1 shows the SIBS solution concentration, the PVA solution
coneentration, and the SIBS:PVA Volume Ratio for the different sam’zpim of SIBR

by

partivles that were produced according i the above-described muthe

Table 1

Sample | SIBS PI4 SIBS:PVA Folione

Nuneber | Concentration Concentratinn Ratio
i | ()
f four pereent {1 porcent 120
2 four percent 0.2 percent | 138
3 four poreent .5 percent

4 foar pereent one peresnt £:248
5 four pereont twe pm’*mnt 124
& o percent five pe mm . 120
7 wo percent 3.2 pereent 120

A}
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8 four percent 0.2 percent 12
kS seven percent 0.2 porcent 226
b 10 percent 0.2 percent P3G
i IS percent 0.2 pereent 1320
12 four percent (1.2 percent s
{3,000 rpm)
i3 four percent {1.2 percent 126
{3570

N

FIGS. 10-14 are scanning clectron micrograph images, at 20x magaification,

o A.\

e,
A

e | oparticles, sample 2 particles, sample 4 particles, sample 5 particles, and
sanple 6 particles, respectively,

PRI, 1S i o scanning clectron wicrograph image, at 20 magnification, ©
sample 12 pavticles, which were formed at 8 homogenization speed of 5,000
revolutions per minute. & comparison of the sample 12 particles of TIG, 13 with the

Ty

sa:mpk: 2 particles of FIG, 11 {which were fbrmed at a homogenization spoed of
L5,000 revolutions per minute} indivates that homogenization speed may not have g
significant effvet on the sizes of the STBS particles that are produced.

FIGL 161 a scanning cloctron micrograph fmage, at 203 magnification, of the

o

sample 13 particles, which were formed at @ homogenization temperature of gbout

IS A comparison of the sample 13 particles of FIG. 16 with the sample 2 pasticles

FHG. 1T (the matn difference between the two samples being the homogenixation

teraperature) indicates that homogenization temperature may affect particle size, It

appears that as the homogenization temperature increases, particle size can alse
noreast.
FIGRL 1720 are scanning electron micrograph images, at 20x magnification,

of sumple 7 particles, sample 9 particles, sample 10 particles, and sample 1 particles,

respochively.

PCT/US2006/062323
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txgmple 2
Exsmple 2
SRS pwteles welnding Rhodamine-B were prepared by s single-smulsion
process & follows, The Rbodamine-B was used as a substitute for therapeutic agent,

bocause it was relatively easy to determine whether the Rhodamine-B, a highly visible

& ddye, bast been incorporated ute the particles. Becanse Rhodamine-R {5 soluble in
organic seivents, the Rhodamine-B in this example was used as an indicator of
%, -+ R— S 3 W) 5 =
whether an n*:gzmsc«samb ¢ therapentic agent {e.g., paclitaxel} could be incorporated

fag

o the particies

=Y

D

h

& Pregaration of Rhodamine-Loaded SIBS Particles by Single Bondsion

S185-Rhodamine solutions {four percent SIBS wiv) wers prepared by

disselving two grams of SIBS {60 mol percent styrene) and different amounis of
Rhodamine-B {10 milligraras, 100 milligrams, 200 milligranes, 300 milligrams, 400
sutligrams, W milligrams) in 30 milliliters of methylene chloride. The RIBS-

16 Rbedamine solutions were stivred overnight in a sealed heaker, nsing 2 multi-position

7
¢

stirver {a model PC-171 Corning Scholar 171 stirver) and stiv bars {mode! 14-511-80,
N ¥ E (
PVA solutions (0.2 percent wiv) were prepared by dissolving from 0.2 gram of

PVA in LI millititers of distied water.

ey t‘g'\

fed

1o PV A solutions were stirred overnight af a temperature of between 35°%C
ard 407 using a hot plate (s model PCS20 hotplate from Corning).
The FVA solotions (100 millilitersy were poured into 100-miltiliter beakers
amd homogenized at 25°C and a1t bl speed {10,000 revolations per nuinute), vsing #

PowerGen Muodels 700D homogenizer (Fisher Scientific). Five milliliters of eag

,.u
,,,,-

vy}

X

g SIBR-Rhodamine solution were stowly added io each PVA solution using a one-

sasthiliter pipette, and the resulting SIBS-Rhodamine-PV A mixtures wers

3

homogenized for about one hour at ambient temperature, at about 1500 revolutions

After homogenization had been completed, each SIBS-Rhodamine-PV
30 solution was transferred into @ larger beaker and stirved for at least 24 hours at

“d

wnbient temperature © allow the methylene chloride (o evaporate, using a multi-

e

Ly
2
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positton stirrey {a model PC-171 Coming Scholar 171 stirrer} and ativ bars {moded 14«

oF

511-60, from Fishe

vacuuny filtration using & vacuum filter {8 Milipore 47 mm All
{lass Vacuum Filter Holder) and o flter paper of smaller than five micrmuns {a
Milipore Filior Membrane). Then, the SIBS-Rhodamne particles were Byophilived
prvirmight using 2 VirTis Seatry™ tvophilizer (SP Industrics, Gardiner, NY), st ata
temperature of -30°C for the entirety of the Byophilization.

Table 2 shows the SIBS solution concentration, the PVA solution
concentration, the SIBS-Rhodamine:PVA volume ratio, and the amount of
Rhodamine-B nsed for the different samples of SIBS-Rhodamine particles that were

produced acoording to the above-described method.

Table 2

Kample NIBY PY4 SIBES- Amonnt of
Number | Concerntration Cencentration | Rhodamine: PV4 | Rhedamine
v (/v Folume Ratio Added
it four pereent .2 pci‘cem' B 120 10 nmatligrams
is four peroent 0.2 ;_mmf.:mw 124 il
aulligrams
i four percent 0.2 percent O 208
niilligrams
77777 17 fourpercent | 0.2 percent e 3
ntlligrams
18 fourpercent | 0.2 percent 120 400
ntitigrams
i four percent 0.2 percernt 1:20 HEEE
milligrams

PCT/US2006/062323
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1

FIGE. 21220 show sumple 14 particles, sample 15 particles, sample 16
particles, sample 17 particles, sample 18 particles, and sample 19 particles
respestively,

Al of the SIBS-Rhodamive particles that were prepared encapsulated the
Rhodansine-B, which indicates that the partivles can be used to carvy a therapeutic
et

t;ta\
&

Example 3

SIES particles including fuorescein were prepared by a doublo-emulsion

process as follows, The Hucrescein, another highty visible dve, was used as a

substitute for therapentic agent. Because fluorescein is water-soluble, the Suorescain

1 er

n ihis example was used as an indicator of whether & water-soluble therapeutic dgent

-

{.8, DNA} could be incorporated inte the particles,

Preparstion of Fluorescein-Losded SIBS Particles by Double Bmulgion:

Frve gramy of SIBS {60 mol percent styrene} were dissolved iy 60 milliliters
of methyvlene chloride to form a SIBS solution,

Fifty milligrams of Huorsscein and 100 milligrams of PV A were dissoived in
5 milliters of distilled water to form a PVA -fluorescein solution.

Ter milliliiers of the PV A-fluorescein solution were added by pipette into &4
milliiters of the SIBS solution and homogenized for four minutes at 6000 revolutinns
por mame wsing a PowerGen Models 700D homeogenizer {(Fisher Scientific). The

homagenization produced a SIBS-fuorescein-PV A primary emulsion which inchuded
SIBS-Tuorescein primary particles. The SIBS-fluorescein primary particles are
shewn iy FIOL 27,
Using a Pastenr papette, the SIBS-fluorescein-PVA emulsion was then added

o 540 milliltters of a 0.1 percent PV A solution (including PV A and distilled water)

2

The ffesulimg SIBR-Huerescein secondary particles were stirred for abowt 18
hoors to harden the particles and evaporate the methyvlene chloride, A SIRS-
Huorescein secondary particle, which includes sub-particles, is shows in FIG, 28

35
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Example 42
S1BS particles including Huorescein were prepared by a doubide vortex

crnulsion process as follows

Preparation of Fluorescein~Loaded SIBS Particles by Dowble Vortex Bglsiow

3.3 gram of SIBS (60 wol percent styrene} was dissolved in two millihiters of
methvienc chiorde o form o SIBS solution, and one milligram of fluorescein was
dissolved in one nulbiiter of distilled water to form a fuorescein solaion

The NS solution was then vortexed for seversl minotes at room femperature
{23°Cy using ¢ Fisher Standard Vortex Muxer (catalog number 02-215.365) set at full
spead, and 730 microliters of the fluorescein aolution were added by pipetie inio twa
mithiiters of the 31BS solution. The resulting mixture was vorexed for 30 geconds.

Two milhiliters of a two percent PV A solution {including PV A and distilled
water} were added by pipetie to the mixture, and the modure was vortexed for an
additional 24 seconds.

‘(

The resulting mixture was then poured into a beaker containing 100 millilite

TR
of a 0.2 porcent PV A solution, and stirred for one minute using a multi-position stiveer

~

{a model BT Corning Scholar 171 stirrer} and stiv bars {modid 14-311-64, from

Thes, HH millilitors of two percent isopropanoel were added into the boaker
aud stirred unti] the methyvlene chlonde evaporated.
The resulting $IBS-flucrescet particles were vacuum-filtered and washed

Ao

with distitied water three imes. The SIBS-fluorescein particles are shown m FIG. 29,

Other Embodiments

While cortain embodiments have been desertbed, other embodiments are
poasible.

Az an example, in certain embodiments g particle can include @ block
enpolymer and a bloahsorbable andior biosrodible material ﬁisp&‘-s‘seﬁ unformly or
son-wtitormiy throughout the block copolymer, The bleabsorbable andior

36
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bioerodible material can, for example, help to delay andéor moderate thesapeutic agent
release frown the particle.

As an additional example, in some embodiments in which a partivie that

X

mohudes a dock copolymer is used for embolization, the particle con also include one

¥

5 ormwre other embolic agents, such as a selerosing agent (e.g., ethanol}, s guid

embolic agent {e.g., n-butyl-cyanorerylate), andfor a fibrin sgent. The other embalic

agent{s} can enhance the restriction of blood How at o target site.
As another example, in certain embodiments, a particle that includes @
fydrogel van alse include a coating that {s formed of a hinerodible andior

1% bioabsorbable material. Ax an example, a purticle can inchude an interior region that

>~

i formed ot g hydrogel and that is coated with a coating including a bicerodible

bedl

3

andfor bivabeorbable material, As another example, & particle oan include an fnterior

egon that is coated with a hydrogel, and the hydrogel coating can forther he couted

with & bioerodible and/or bicabsorbable material. As an additional example, a particle

15 o include an interior reglon that is formed of a hvdrozel and that 13 coated with a
block copolymer, and the block copolymer coating can further be coated with a

1

bioerndible and/or bioabsorbable material, The presence of the bineradible andior
broabsorbable material in the above pamg}u can, for example, cause a delay in the
swehiing of the hydrogel. In some ensbodiments, the hydrogel may not begin to swell

2 untid the biogrodible andfor bioabsorbable material has at Teast partiaily or completely
eroded and/or been absorbed,

A

3

a further example, in some embodiments a partivle does not inchude any

X

thetapeutic agents.

As another example, in some embodiments a particle can be porous. In cortain

~
o

25 ombodiments, a porous particle can have a substantially uniform pore structore. In
seene ambodiments, a porous particle can have a non-uniform pore structure. For
example, the particle can have a substantially non-porous interior region (e.g., formed
of a polyving sleohol) and a porous exterior region {e.g, formed of o mixiure of a
polyvinyl alcobol and alginate), Porous particles are deseribed, for exampls, in

£

Lanphere et al,, ULS, Patent Application Publication No, US 200410096662 AL,

[
i

nublished on May 20, 2004, which is incorporated herein by reference.
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As an additional exanple, in cortain embodiments, & particle can be formed
without pores {(non-pornas paricle).
Az 2 further example, In some embodiments, a particle (either porous or non-
porous) can include at least one cavity {a hollow central region in the particle). In
5 cortaiy ombwsdiments in which a particle includes 8 cavity, the particle can forther
ineiude poves i the material swrrounding the cavity, For example, FIG. 30 shows a
parbicls D00 with a cavity 902 surrounded by 8 matnix material Q06 (e.g., & polymern)
that includes pores $04.
As another example, in some embodiments, a particle that wcludes a block
1 copolvmer canalse nclode a shape memory material, wihich ts capable of being
gemfigured to remember {e.g., to change to) @ predetermined configuration or shape.
in cortain ambodiments, pm‘ti fes that include a shape memory material can be
sclectively tansitioned From a fivst state to a second state. For example, & heating
device provided in the interior of a delivery catheter can be used to vause a partiske
15 mcluding 3 shape memory material to transition from g Hrst state to a second sfate,
Shape memory materials and particles that include shape memory matenials are
described in, for example, Bell ot al, U8, Patent Apphication Publication No, US
2004/0001 543 Al pub’iished on May 13, 2004, and DiCado et ol UL8. Palent
Application Pablication No. US 2005/0095428 A1, published on May 3, 2005, both of
2¢  which are incorporated herein by reference.

Y

As an additional example, in some embodiments, a particle that includes a

o

Block copolvmer can alse include a surfoace preferential materiall Swefiwe preferential

materials are desoribed, for example, in DiCarlo of al, US. Patent Apphication

Publication Nea. US 2005/0196449 A1, published on Septomber X, 20038, and entitled
@8 “Embolization”, which iy incorporsted herein by reference.

As g further example, while homogenization has been deseribed o the single-

A

smulsion and doeble-emulsion processes that can be nsed to form particles g

avn

particles including SIBS), in some embodiments, vortexing or sorication can ba used

as an alternative I, or i addition to, homogenzation,

K Asx wmther example, in certain crubodiments, pariicles can be Hnked {ogether

¥

to form particle chaing. For exaaple, the parficles can be connected 1o sach other by

’/,,
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tinks that are formed of one or more of the same material(s} as the particles, or of one
or more different material(s) from the particles. Particle chains and methosds of

v

mraking particie chains are described, for example, in Buiser et al, 113, Fatent

Application Publication No, US 2005/0238870 A1, published on Oetober 27, 2008,
& and entitled “Embolization”, which is incorporated herein by reference.
As an addiional example, in some embodiments one or more particles isfare
substantially nonspherical. In some embodiments, particles can be mechanically

i

shaped duving or atter the particle formation process to be aonspherical {e.p.,
eilipsoidal). In cortain embodiments, particles can be shaped (e, molded,

1 compressed, punched, andfor agglomerated with other particles) at different points in
the particle manufacturing process. As an example, in some embodiments in which
particles molade SIBS, the particles can be sufficiently flexible andfor moldable to be

shaped. As another example, in cortain embodiments tn which particles are formed

using & gudling agent, the particles can be physically deformed into a specific shape

£ 51

andfor aize after the particles have been contacted with the gelling apent, ut befwe

\*:‘ pacd

the pelymer{s} iy the particles have been cross-linked, After shaping, the polvmen(s)

{2 polyvinyl aleohol) in the particles can be cross-linked, optionally followed by
substantial removal of gelling precursor (e, alginate). While substantially spherics
particles have boen deseribed, in some embodiments, nonsp hercal particlos can be
20 munuisctured and formed by controlling, for example, drop formation conditions. In
some embodiments, nonspherical particles can be formed by post-processing the
particies (w.g., by cutting ov dicing into other shapes). Particle shaping 1s describad,
for example, in Baldwin ot al, U.S. Patent Application Publication No. US
0030203985 AL, published on October 30, 2003, which is incor porated herein by
As a further example, in some embodiments, particles can he used for tissne

alkang, As an example, the particles can be placed {e.g., injectad) into Hissue
ans ; 3 e it

adjacent 1w 2 body passageway. The particles can narrow the passageway, thereby
providing bulk and allowing the tissne to constriet the passageway more easily, The

a0 particles can be placed in the tissue sccording to & numbet of different methods, for
exarnple, percutaneousty, laparoscopieally, sndéor throngh a catheter. In cortain
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embodiments, a cavity can be formed 1u the tissue, and the particles can be placed in
the cavily. Particle tissue bulking can be used to treat, for example, intrinsic

sphincteric defictoncy (18D, vesicoureteral reflux, gastrocsophagenl reflux disease

{OERD), andior vocal cord paralysis (e.g., 1o vestore glottic vompetence in cases of

paralytic dysphonial, In some embodiments, particle tissue bulking can be used to
troat nrinary meontinence and/or fecal incontinence. The particles can be used as a

graft material or g filler to §l andfor to smooth out solt Hssue defects, such as for

pronstructive or cosmetic applications {e.g., surgery). Examples of soft tissue defoct
spplicativns include clefl lps, scars (e.g., depressed scars from chicken pox or acne
soars), indeniations resulting from Hposuction, wrinkles (e.x., glabella fown
wrinkles}, and soft Hissue augmentation of thin Hps. Tissue bulking i described, for
examnple, i Bourne ef al, LS. Palent Application Publication No. US 20030233150
Al, pubhished on December 18, 2003, which is incorporated herein by reforence.

As an addittonal example, 1o some embodiments, particles can be ased i an
ablation provedure. For example, the particles may include one or more
ferromagnetic materials and may be used to enhance ahlation at a target site. Ablation
s deseribed, for example, in Rioux et al., U8, Patent Application Publication No, US

-

JOU4A G564 Al published on May 27, 2004 Lasphere ot al, US. Patent
Appheation Publication No. US 20050129773 AL, published on Jane 18, 2008, and
entitfed “Ferromagnetic Particles and Methods™; and Lanphere et al., UR. Patent

o

Application Sertal No. TIT17,136, filed on April 28, 2003, and entitied “Fissue:
Treatment Mothods™, all of which are ineorporated herein by reference.
A another example, 1n some embodiments a solution can be added to the

nerzle of a drop generator 1o enhance the porostty of particles produced by the drop

generatorn, ﬁ‘s‘E:mmpE gsof }}(Bi‘{fssi‘i}""ﬁnhémci.H ¢ selutiony inclnde stareh, sodivm chloride

to abowut five pereent, from abont one percent to abowt twa percent), and
calchun chioride (e.g., 1t 2 concentration of at least about 30 mM). For example,
caleium chieride can be added to a sodivm alginate gelling precursor solution to

inersase the porosity of the particles produced from the selation

&



WO 2007/076370 PCT/US2006/062323

Ax a further example, while certein methods of making particles have been
deseribed, in some embodiments, other methods can be vsed to make particles. For
exgmple, i seme ambodiments (e.g., in some embodiments in which particles having
a diameter of less than about one micron are being formed), particles can be formed

using rotorfstator technology (e.2., Polytron™ rolor/stator technology from Kinmatios
fre. 3, high-pressure homogenization {(e.g., using an APV-Gaolin microfiaidizer ar
Ganlin homogemizer), mechanical shear {e.g., using a Gifford Wood colloid mild),
anddor altrasentfication {&.g., using either a probe or & How-through celll,

As an additional example, i some embodiments, partivies having ditferent
shapes, sizes, physieal properties, andfor chemical properties, can be used together iy
an embolzation procedure. The different particles can be delivered into the bady of

suitect in & predefennined sequence or stmultaneously. In certain embodiments,

5oy

mixtures of different pasticles can be delivered using o mudti-lumen catheter andfor
syringe. In some emboduments, particles baving different shapes andfor siwes van he
capable of nteracting synergistically {e.g., by engaging or nterlocking} to form a
wellpacked occluston, thereby enhancing embolization, Particles with different
shiapes, stres, physical properties, andfor chomical properties, and methods of

mbolization using such particles are described, for example, in Bell et al, U8
Patent Apphication Pobheation No. US 2004/0091543 Al published on May 13,
2004, and in DiCarlo et al, U8, Patent Application Publication No. US
JOUSAGORS42R AL, published on May 5, 2003, both of which are incorporated hevein
by reference.

Other embodinents aren the olaims,

6
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WHAT IS CLAIMED IS

s

A particle, compnsing:

-

a biccompetibde bock copolvmer including at least one first block having a

S

glass transition temperature of at most 37°C and at least one second hlock having a

%

5 on tempersture of greater than 37°C,
wherens the parbicle has a diameler that 1s selected from the group consisting
o less than about HIG microns, from about 300 microns o abeut 300 microns, tram
ahaut TOU microns o about 800 microns, and from abeut 1,000 micrens to ahont
1,300 microns,
14
Z The particle of claim 1, wherein the particle huys o diameter of less than
about 1) microus.
3. The particle of claim 1, wherein the particle has a diameter of from
18 ghout 300 microns {o about 300 microns
4, The particie of claim 1, wherein the partivie bhas a dlameter of from
ghout 700 microns to aboat Y0 microns,
20 s The particle of clann 1, whevein the particle has g dimpeter of from
aboat 1,000 microns to about 1,200 microns.
. The particle of claim 1, wherein the ot least one first block comprises
al feast ope podvolefin blogk

The particle of claim 1, wherein the #t least one first block conprises

at feast one isobutvlene monomer
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8 The particle of ¢laim 1, wherein the at least one second hinck
comprises at loast one block selected from the group consisting of vinyt aromatic
Blocks, methacryviate blocks, and combinations thersof

5 9. The particle of claim 1, wherein the at least one first block comprises
at least one wobutylene monomer and the at least one second block comprises at least
one monomer selected from the group consisting of styrene, e-methyistyrens, and

combinations thereof

1§ i3 The particle of claim 1, wherein the block copolymer has the foamals
X-{AB}, & comprises the at least one first block, A is 2 polyniefin block, B conmprises
the af teast one second bleck, B is a vinyd aromatic block or a methacrylate block, nis

& positive whole number, and X 13 an iniliator,

FER T

18 11, The particlke of claim 10, wherein A has the formula - {URR
CHz)y, Roand R are linear or branched ahiphatic groups or eyelic aliphatic groups

£y

and B s a methacrviate block.

120 Theparticle of ddaim 1, wherein B comprises at least one monomer
20 selected from the group consisting of methylmethacrvlate, ethylmethacryiate,

hydroxyethiyl mothacrviate, and combinations thersof.

i3, The particle of clatm 10, wherein A has the formula —(CRR—
CHadp-, Roand R are Binear or branched aliphatic groups or oyalic aliphatic groups,
! 2 S

28 amd B s @ vinyl aromatic block.

40 The particle of claim 13, wherein the at least ong polyolefia block

Y

comprisey at least one sobutylene monomer and the at least one vinyt aromatic block

comprises at lsast one monomer selected from the group consisting of stvrene, o~

a0 methyistyrene, and combinations thercot.
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15, The parbicle of claim 1, forther comoprising @ thergpeutic apent.

16, The particle of claim 1, wherein the block copolymer forms a conting

9. The particle of clamm 1, further comprising g bioabsorbable materigl,
13, The particle of claim 1, further comprising a hydrogel.

19, The paritcle of olatm 1, whercin the block copolvmer bag the formuls

BAB or ABA, in which A s the at least one first block and B is the af least one sscond

200 Theparticle of claim 1, whercin the block copolymer has the formals

tas the formala BAB, or ?\i\BA}m irvwhich Ads the at Teast ong first block, B isthe

at foast one secowrd block, and b is a positive whole number,

21, The particle of claim 1, further comprising a second polymer

23 The particle of claim 21, wherein the seeond polymer is Monded with
the block copolyms,

23, The particle of claim 21, wherein the second polvimer comprises g

socond block copolymer

340 Aparticle, comprising:

a hiocompatible Bloek copolymer inci.u{iir;.g at feast one first block having 8

e

glags transition fomperature of ot most 37°C and at feasd one second block having ¢

7

slass transyion ia;?l’npt}f;‘ﬁmfi? of greater than 37°C,

whersln the particle has a diameter of about 1,050 mucrons or move,

64
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25, The particle of dlaim 24, wherein the particle has a diamster of about
1 070 microns or more.

26 The particle of claun 24, wherein the partiche has o diameter of about
1,094 nucrons or more,

27, The particle of claim 24, wherein the particle hag a diameter of sbowt
T T £ vt erpienae e SR
1100 microns or muore.

28, The particle of claim 24, wherein the particle bas a diameter of about

1150 mivreny or more,

28 A particle, comprising
& matix comprising a hiscompatible block copolymer inchading at least one
first hlock having o glass transition femperature of at most 37°C and at leust on
secomd bloek having a glass transition temperature of greater than |

3

cast one sub-particle that 1s at least partially disposed within the matrix,

ad

N

wheretn the particle has a diameter that is selected from the group consisting

of lesa than about 108 microns, from about 300 mucrons to about 300 nucrons, from

ahout 700 microns to about 900 microns, and from about 1,000 microns to ghout

36, The particle of claim 29, wherein the at least one sub-particle

cppises a plurabity of sab-particles

3. The particle of claum 29, further comprising a first therapestic sgent.
32, The particle of claim 31, further comprising a second therapeutic agent

o

that is different from the st therapewtic agent.
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33 Aparticle, comprising:

@ malrix comprising @ biocompatible bock copobymer including a1 least one
fiest block having a glags transition femperature of at most 37°C and at least one
secord block having a glass transition temperature of greater than 37°C; and

at feast one sub-particle that is at least partially disposed within the matrix,

wherein the particle has 2 diameter of abont 1,050 microns or more,

66
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