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ing a covalently bonded chemical species,
as well as related compositions and meth-
ods are disclosed.

.,
i,
‘e,
N i imm i

h")w

o



i

Y
poz]

WO 2008/021619 PCT/US2007/071636

4 Apnlcation

Phis appdication clatms prionty under 35 US.CL §119 to USSN 68

August 16, 2006, the contents o wihich are heveby incorporated by referencs.
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The disclosure relates to polymer particles including s covalently bondad

chenicnl species, as well ag related compositions and methods,

Background

Agents, such g3 therapentic agents, can be delivered systemically, for exumple, by
injection through the vasenlar system or oral ingestion, or they can be applied directiy o

a stie where treatment 15 desired. 1o some cases, particles are nsed to deliver ¢

therapeutis agent 1o a farget site. Additionally or altexnatively, particies may be used o

fes

perform embolization procedures and/or o perform radiotherapy procedure

SuTnary

¥
¥

i1 one gspect, the invention features a particle that includes & poelymer g chomesl
v bonded to the polymer. The polymer tncludes vinyl aleohol monomer
w chemical spocies is selected from polymers, oligomers and monomers. The

has & maxinum dimension of 5,000 microns or loss,

ther aspedt, the invention features o particle that includes a polymer, a
chumical speciss covalently honded 1o the polymer and @ therapeatic agent. The palymer
inchudes al fesst five weight percont vinyl alcohol monormer tnits and of Teast five weight
sercent vy formal monomer wits, The chemical species is selected from polymers,

.

aligomers snd monomers and the particle has a maximum dimension of 5,000 microns o
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I further gspedy, the invention features g composition that mcludes a carrier

o

1y of particles in the carrier fluid, At legst some of the plurality of

P

fhaid and a plova
particies have 8 maxinmm dimension of 5,000 microns or less and include & polymer and
a chemical species covalently bonded to the polymer. The polymey inclndes vinyd
sloohol monomer units, and the chemical species is selected from polvmers, oligomers
and IMonomers

I an additional aspeet, the invention featwres 8 method that includes forming g
partivle that includes @ polyner, The polymer has vinyl alcehol monomer nails. The
method alse fncludes contacting the polymer with a cherienl species selected from

polvmers, oligomers and monomers. The method further Ineludes exposing the polymey

and the chemies! species 1o radiation to bond the chemical species to the polymer to fomm

a partiels having s maximum dimension of 5,000 microns or less and inclniing the
% e SN SO | et P
chemical species bonded o the polymer

forming a particle

I another aspect, the inventinn features 8 methed that includes

(lJ

at hag a polymer. The polvmer includes at least five weight percent vinyl aleohol
moneter anite and of least five weight percent vinyl formal monomer naits, The method
alse includes contacting the polymoer with a chemical species selected fron: polymers,
oligomers and maenomers. The method fnrther wnclades exposing the polyimer and the
chernios! species to radiation to bond the chemical species to the polymer o form g
particle with the chemical species bonded to the polymer. In addition, the method
moludes contacting a therapeutic agent with the particle. The particle bas a maximam
dimension of 5,000 microns or less,

Embodiments can include one or more of the oliowing features.

The polymer con inchude at least five weight pereent vinyl slechel monomers
The polymer can fether include viny! formal monomer naits {e.g., ot least five

wedght percent vimyl formal monomer umits).

he polymer can further include vinyl acetate monomer units,
The polymer can inclode pores. For example, the chemizal species cun be at least
partialty disposed in the pores of the polymer

The chamical species can be coated on & surface of the polvmer,
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The particle can further include a therapeutic agent. For example, the therapeutic

3 A

agent can be proforentially associated with the chemical spevies.

Ky

3 3
3

sulfonic actd, pmy‘xiq 1 sulfonic acd, ;wijgm alkviaminoe ally! {meth) acrﬁ ate, and/or any

vdrophobic polymer that alters the chemipal character of the particle to

2

change the way a therapeutic is preferentially sbsorbed and refessed.

cthod can use, for example, radiation is selected from electron boam

adiation and gamma radiation {e.g., UV radiation}.

;;.
=
o
f.v
=
e
P
i
o
/"
iv-t

fwx;w%mg the polymer and the chemical species to radialion van crogs-link the
polvmer. For example, it can cause chemical bonds to form between the polvimer in the
< « : N e

sarticle and the additional polymer (chemical species) addad to modity the chemical

“mbodinends can include one or more of the following sdvantages.

The chemical species {polvimer, oligomer, monomer} can be used {o
e release charactoristics {e.g., Hming, quardity) of one or e

For example, the chomical species may be asseoiated {o.g., onwesl

clated with {o.g., via van der waals forces or by selubiiity ot the

therapentie i) the chemical species with the therapestic agent such that, for example, the

w,,
f”.’.
’ 5

w refeased by a purticle as the environment fn o which the particls

hie particles can optionaily be used to deliver therapentic

fomen, alone or s combination with an embolization procedare,

Features and advantages are in the deseription, drasvings, and claims,
Brief Description of the Drawings
FICL 1A s side g side view of an embodiment of a particle

FIG 1B i3 a cross-sectional view of the particle of FIG 1A taken along hne 1B-

[Py
[aes]
o

FHE 24 i3 9 schematic Hlustrating sn embodiment of a method of injecling a

composttion including particles into a vessel.

Ee%)
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FHE 2B 15 o greatly enlarged view of region 28 in FIG 24
FIG 3 i ¢ cross-sectional view of an embodiment of & parficle.
FIGS. 44-4C are an {Hostration of an embodiment of & system and method for

producing particies.
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Detuited Deseription

FIGR. 1A and 18 show g particle 100 that can be ased, fir example, toin an

emboizetion procedure, Particle 100 includes 8 cavity 102 surrounded by g matrix 104

L

including porss 106, The matrix 104 is formed of & matrix polymer. Particle 100 glso

wiudes & chemicad species that is covalently bonded to the matnx polyvmer {.g.,

,.k
f_:‘\
Foad
<%

3
RIS

covalently bonded to the outer sneface of particle 100 andfor covalently bonded to the

surfree of one or more porse 104}, The chemical species IS ONS oF MOTE MOROMETS,

oligomers anddor polyiners,
I general, the matrix polymer is formed of a blocompatible material, Bxamples

< £ Prros br it ey ey AT e E Aty :1 ‘i 53 .vz i } 1 3 STy x § i{ T3 s VIS 38t e
(& inoluds polvmers that include vinyd slcohol monomers, vinyl formal monomers and/or

viny! geetsto monemers. As referved o herein, a vinyl formal monomer unit has the

following stnsctore:
20 H
Hgb l G!HN““‘"
E}\ /G
¥

@ 2

s referred to hereln, @ vinyl alcohol monomer unit has the following structare:

?
C

443 g

OH
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Az veferred to herein, 8 vinyl acetate monomer wait has the following



i

e

itd

pen
el

A
n

WO 2008/021619 PCT/US2007/071636

Ha

L mermtons 7 ommsssnnns T

CHy

In general, the monomer units can be arranged in & variety of different ways, As
an example; i some ewbodiments, the polymer can include different monomer units that
altornate with ecach other. For example, the polvmer can include repeating Blocks, cuch

Slock invluding & vinyd formal monomer unit, g vinyd aleoho! monomer undt, and ¢ vingl
A . A

uclude blocks ncluding multiple monomer anits of the same type.
in some cnthodiments, the polymer can have the formala that 18 schomatically
represented below, In which x, v and 2 each are integers thet are greater than zera. The

individual monomer units that are shown can be divectly aitached o cach other, and/o
include ane or more other monomer units {e.g., vinyl formal monomer wmits, vinyl

aloohol monowmer units, vinyl acetate monomer units} between tham

Ha H o
¢ a N f | ; L a
i / H - b et &
A S S MO LH\”‘%W ”‘J‘f’\'\fﬂ@\l“?‘-’v‘»t G QORI NS r\f\m\z*r\ D it ,;Nv‘
i § iy i E ¥ i ;
o 3 bl
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%f‘ﬁ"h
G
vigwy! forma] tonomer whit viny? aloohol monomer unit sy acotals monoenay uni

Optionally, formal lingaes can ocour between PVA moletules giving crossiinks.

in some gmbodiments, the polvmer can melude at Teast Bve percent by weipht

{e.p., at least 13 percent by weight, of least 25 percent by weight, at least 33 percent by
W’Ci:@%}f viny! sleohol monomer units, anddor at most 80 percend by weight {e.g, at most

3

nercent by weight, at most 23 percent by welght, at most 10 porcent by waight} viny

"‘J;

"'3
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N

aleolol monomer wilis, The weight percent of & monomer unit in & polymer can b
measured using solid-state NMR spectroscopy.

Iy some gnbodiments, the polymer can include at least five perosnt by weight

{o.g., 8t keast 25 poreent by wgight: at loast 50 percent by ‘““g}*i\ gt least TS percent by

pereeut by weight {e.g., af most 75 percent by weight, at most 34 percent by weight, &t

most 25 percent by weight) viny! formal monomer units. As used herein, the weig

3

pereent of 8 monomer unit it & pobvner is measured using sold-state NMR specirascopy

in some smbodiments, the polviner can include gt least one percent by weight

by &

{e.g., at lvast two percent by weight, at least five percent by weight, at least 180 percent by

£

2.
37

weight, at least 15 percent by weight) vinyl acetate monomer units, andfor at most 20
pereent by weight {e.g., at most 15 percent by wetght, at most 10 percent by weight, s
most Hve percent by weight) vinyl acotate monemer unifs, As used heremn, the weight
percent of a wmonomer wt in a polymer is measured using solid-state NMR speetroscopy
as desceribed above,

Alrernatively or in addition, other polymens may also be psed 85 @ matnx polymer

\

in partigle 100, BExamples of polymers inchude polyvinyl alonhols, polveerviic acids,

<

sotvimethaorviic acids, poly vinyt sulfonates, carboxyethyl colluloses, ydrogyethyt
celluloses, substituted celluloses, polyservlamides, polycthylens glyveols, polyamides
polvureas, polyorethanes, polvesters, polyethers, polystyrenes, polysaccharides,

polvlactic acids, polvetindencs, polymethyhnethacrylates, polyeaprofactones,
polyghyosiic acids, poly{lactic-on-glyeolic) aetds {e.g., poly{d-lactivc-co~glyeoliv) acids)
ami copolvmers or mixtures thereof, Polymers are described, for example, in Lanphero ¢l

al., U8, Paient Application Publication No. US 2004/0096662 A1, published on May 24,

2004, and entitled “Embolization™; Song et al, UK. Patont Application Senal Ko,

§ FRNCCANG, SUTE. S NI
gritoles™; and

]

F1314,056, fled on December 21, 2005, and entitled “Block Copolyner

Rong et al, U8, Fatent Application Sertal No. 11/314,557, fled on December 21, 2003,

M

gt entitled *Block C

~

opolymer Particles”, all of which are meorporate i herein by

P
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Exomples of monomers that can be covalently bonded to the matrix polymer{s) of
cle 190 include monomers of the polymers disclosed above, As an examypde, if the
nairix polvmer is formed of fermalized or pnformalized PVA, styrene sulfonie acid can

be covalently bonded to the matrix polvmer. As another example, i the matix polymer

is formed of formalized or anformalized PVA, dimethylaminoethylacrylate can be

covalently bonded to the matrix polymer. As a further example, i the mairix polymer is

formed of formalized or uwnformalized PVA, styrene can be covalendy bonded to the

§ [ . oo

mairix polvmer, As an additional example, if the matrix polymer 15 formed of formahzed
or wrformadized FYA, aorviie acid can be covalently bonded to the walrix polymer.

Fxampies of oligomers that can be covalently bonded to the mateix polvmer(s) of
§ & 3

particle 100 include PEG serviate oligomers, and low molecular weight versions of the

polymers mentioned above, As an example, if the matrix polymer 15 formed of

formalized ov unformalized PVA, PLA can be covalently bonded o the matrix polymer
As wnethor example, 1 the matrx polymer i3 formed of formalized o unformelized PVA|
PEG van be covalently bonded to the matrix polvm

Examples of polvmers that can be covalently bonded to the mateix polymer{s} of

by

particle 100 include the polvmers disclosed above. As an example, i the matrix polymer

is formed of formalized or wnformalized PYA, a polystyrene {e.g., polystyrene sulfonic

acid) can be covalently bonded to the matrix polymer. As another example, it

€

\ ~

sobviner is formalized or unformalized PVA, polystyrene sulfor

A

1o ¢can he covalently

-

Bonded to the matrix polymer. As another example, 1 the matrix polymer is formalized

o)

sy wformalized PVA, polydimethylaminocthylacrylate can be covalently bonded 1o the

matrix polvmer. Ag a further example, i the matrix polymer is formalized or

3

wrformaiized PVA, polyscrylic acid can be covalently bonded to the matrix polymer,

A
1

In genersl, the chemical species can be covalently bonded to the madrx

polymers} wsing any desired methed, The process can invalve, for example, bringing

by ;f;
Fe
jeso
»;
1:3
pisc)
£
©F
&
»

thern into contact, In some embodiments, this can be sehieved by coating

o

¥

polymer with the chenea

feras

species. In cerlain embodiments, the chomical species can be
diffused into the pores of the particle. Subsequently, the chemical species can be

covalently bonded to the matrix polvmer. For example, the chemical spesies and matrix

polymer can be exposed to appropriste radiation (e.g., electron beam radiation, gamma

)
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eadigtion), An exemplary dose range for gamma or electron beam radiation s 8 mindmum

of one Xgy. An exemplary dose range for UV radiation 1a 250 mn for § minutes,
Exposure to radiation can, for example, cross-link the matrix polym
.5‘!‘:*'1:&"{ 3 ;‘t 2 ke ¥ E) \b\ o “ €Y o 1o \"’§ i‘ Vi
AS g1t OXampie, 3 gamms oran ¢eclion be 1 heused 1o covalently bong

polystyrene sulfouie acid to formalized or unformalized PYAL As ancther x,\wapc 2

o]
14
A
Tsa
ot
Lo
ey
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e
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"

panuna or an eleciron beam can be used o covalently bond polyacrylic act

or unformalived PVAL As g futher example, & gamma or an oleciron beam can he used o
covalenily bond polvdimethviaminoethylacrylate to formalized or unformalized PVA. Ax
an additions! example, 8 gamma or an electron beam can be used to covalently bond PRG
acryiate oligomer to formalized or unformalized PVA

Alternatively orin addition, 8 chemical species ¢an be covalently bondedfo g

matrix polymer by reaction between a free radical inftiator incorpovated into the malrix
polymer and one of more monomers oxposed to such mairix.
In general, the maxinnum dimension of particle 160 3 5,000 microns or lesg {o.g.,

WY
4

from two nncrons o 5,000 microns; from 10 microns to 5,000 muicrons: fom 40 microns

from 100 micross to 580 microns; from 100 microns to 300 microns; from 300 microns

Y vty R
K avnerods; 1o

o

m 00 wicrons to 1,200 microns; from 300 pugrons (o 708 microns;

L

from 700 microns o 900 microns; from 900 micvons to 1,200 nucrons; from LO0Y
microns to 1,200 nyderons). {n some embodiments, the maximum dimension of particle

g5 {2.g,, 4,500 microns or less, 4,000 microns or less, 3,300

oot

s,
bl
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microns or less, 3,000 microns or less, 2,500 microns or less; 2,000 microns or less;

)
1
o]
g
<5
3
u
o
]

PS8 nderons or Jess: 1,000 microns or less; 900 microns or less; 700 mier

treni

leas; SO0 microns or lesy; 400 microns or less; 300 microns or loss; 10D micrany or tess;

! ’/

A0 yoderouns or lese; 10 wicrons or less; five microns or less) and/or ane micron or more
{e.z., Hve microns or more; 1 nicrons or more; 50 microns or move; 1 {0 microns oF
more; 300 microns or mere; 400 nycrons or more; SO0 microns o more; TOU microns o
move; SO0 witorons or more; 1,000 microns or more; 1,030 nucrons or move; 1,108

X

wherons or morey L1530 microns or more; 1,200 microns ov morey 1,500 mivrons or morns
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2,000 mitcrons or more; 2,300 microns or more). In some smbodiments, the maximm
dimension of particle 100 15 loss than 100 microns (g2, less than 30 micronsh
In some embodiments, particle 100 can be substantially spherical. In cortain

% e

smbodunenty, particle 100 can have a sphericity of 3.8 or more {e.g., Q.85 or more, 8.9 or

mere, §.95 or morg, 087 or more). Partivle 104 can be, for example, manuaily

compressed, essentially Sattened, while wet to 30 porcent or less of s original diameter

cgaim @ spherdeity of 8.8 or more {o.g., Q.85 or muore,

3

and then, ypot exposure o flad,

<x
N
o]
)‘1

f el
(24
o
&
( w
:
C,/

0,93 or more, 0.97 or more). The sphericity of a particls can be determined

using # Beckman Coulter RapidVUE Image Analyzer version 2.06 {Beckman Conlter,

~

Miami, FL). Briefly, the RapidVUE takes an image of continuous-tone {grav-scale) form

and converts # o a digital {orm throogh the process of sampling and quanization. The

systen sofbware tdentifies and measures particles in an mmage in the form of a fiber, rod

acoeptable carrier, such as a saline solution, a contrast agent, ort 0“3}} o form a

-

composiiion, which can then be delivered o a site and used to embolize the sile. FIGE.

2A angd 2B iHustrate the uze of a composition including particlss 0 pmbolive a lumen of a

subject. As showsn, 3 composition inchuding particles 100 snd & cavrior fluid is nyeted

7

fie i vessel through an instrument such as & catheter 250, Cathetor 258 13 connected {o
syrings barrel 210 with a phinger 260, Catheter 250 18 inserted, for example, into a
femoval artery 220 of a subyect. Catheter 2580 delivers the composition to, for example,
oechide g uterine ardery 230 leading to a fibroid 240 located in the worps of & fomade
sobiest, The composition i3 tmtially loaded o svringe 210, Flungey 260 of avringe 218

$ % -

is then compressed to deliver the composition through cathetor 230 into ¢

FIG. 28, which is an enlarged view of section 2B of FIG, 2A, shows uterine

artery 230, which is subdivided into smaller uterine vessels 270 {o.g., having a diamster

oy ¢

of two millimeters or less) that feed fibroid 240, The particles 104 in the composition
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ity (i the humen of vierine artery 230, cither partially or completely
i‘;{:{;im‘;_ﬁng the hamen of the utering srtery 230 that {eeds uterine fibrowd 2446,

Compositions including particles such as particles 100 can be delivered o vanious
sites i the body, including, for example, sites having cancerous lestons, such as the

hreast, prostate, lung, thyreid, or ovaries. The composiions can be used 1n, Ry example,

neuval, pubmonary, andfor AAA (dbdonuinal sortic aneurysny) applications. The
composiion can be used in the treatment of, for example, Gbrodds, tumers, internal

Mesding, arterivvenous malformations {AVMSs), andfor hypervascular timos. The

Jovyes

compositions san be used as, for example, fillers for ansaryam sacs, AAA sao {Type I

F=
54

endolegis), endoleak sealants, arterial sealants, and/or puncture sealads, and/or can be

'?

used o wrovide occlusion of other humens suwh as fallopian tubes. Fibrodds can molude

wterine Hbroids which grow within the vierine wall (ntrameral type), on the ontside of

¥

the nterus {subssrosal type), instde the uterine cavity {submucosal type), between the

v # «

¥

Yavers of broad ligament supporting the uterus (interlipamentons type}, atfached t©

another orge {parasitic type), or on 1 mushroom-like stalk {(peduncalated type). Intemal

vlopding inctudes gastrointestingl, winary, renal and varicose bieeding. AVMS are, for
example, abnormad collections of blood vessels (e.g. fu the brain} which st blood from
a high pressure artery (o a low pressure vein, resulting in hypoxia and malowuteition of

those reglons froms which the blood is diverted. In some ershodinents, a composition

containing the particles can be used to prophylactivally treat s condition,

The magnitude of & dose of a composition can vary based on the natare, location
and severily of the condition to be treated, as well as the rowte of sdimn nistration. A

physician treating the condition, disease or disorder can determine an effective amount of

compusition. An effective amount of embolic composition refers to the amount sufficient
io result in amelioration of symptoms andfor a prolongation of survival of the subject, or

e

the amount sufficient to prophylactically treat a subject. The compositions can be

adimintstered as pharmaceutically acceptable compositions to & subject in any

e

3
3

therapeatically accepiable dosage, including those administered to @ subject

intravencusly, subcutaneousty, percianeousty, intratrachealy, tnbramusouladdy,
trmmucosaly, intracntansously, intra-articulaly, orally or parenterally,
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compusition can include a mixture of particles {e.g., particles formed of

polvmers including dillerent weight percents of vinyl aleohol monoiner unils, particles

?

mcloding Gfforont types of therapestic agents), or can include particles that are ail ot the

&
san type. In some cmbodiments, a composition can be prepared with a calibwated
centration of particles for case of delivery by a physician, A physician can sedect a

compesition o a particular conceniration based on, for example, the type of procedure ¢

¥

be e erivemed. In corlain emnbodine s, a Ph ySioian Qan Use & com 0 sittony with a

n

relatively high voncentration of particles during one part of an embuolization procedare,

- =

and @ composition with a velatively low concentration of particles during another part of

[

he smbolization proceduwre,

Suspenstons of particles in saline sclution can be prepared to romain stable (¢.g.,

e

%

to remagn suspended 1o solption and not settle and/or float) vver a deswred period of Ume.
A suspension of particles can be stable, for examptle, for from one minote to 20 minutes
{e.g froms one ninute to 10 minutes, from twe minutes to seven minutes, from thees
minntes to s minutes).

o spme emtbodiments, particles can be suspended in g physiological solution by

13 the a‘i&mséi‘}f of the solution to the density of the particles, In vertain

3

he particles anddor the physiological solotion can have & density of from

,,.
“
o
&
5.
h—v(
i.)
s«v
2
P
s
o

one gram per onbic centimeter to 1.5 grams per cubie centimeter {e.g., from 1.1 grams per

3
&

cubic contimeter {o 1.4 grams per cubie centimeter, from 1.2 grams per cudne centimstey

v

0 1.3 grams per cubic centimeter).

<

-~
g3

('/

in cortain embodiments, the carrier fluid of a composition can includ
. The surfactant can help the particles to mix evendy in the carrier Huid andior

can deorease the hkelihood of the ceclusion of a delivery device {e g, a catheter) by the

articles. In certain embodiments, the surfactant can enhance delivery of the compoesition

e

uﬁ. by enhuneang the wetting properties of the particles and fzcditating the passage of
the particles through a delivery deviee). In some embodiments, the surfactant ¢an
decrease the cpcwrrence of alr entraproent by the particles in g composttion {e.g., by
porous particles in a composition). Examples of liquid surfactants inclade Tween™ 8O
{avatiable from Sigma-Akirich) and Cremophor EL {available from Sigma-Addeich).

o

o . s R g . X - e s e YL
Ax exarnple of 8 powder surfactant is Pluronie™ F127 NF {available from BASFEY In
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certain embodiments, 8 composition can include from 0.05 percent by weight to one

pereent by weight {e.g, 0.1 percent by weight, 0.5 percent by weight) of a sarfactant. A

-

o

surfactan can be added to the carrier fluid prior to mixing with the particles andfor can be
added to the particles pricy to mixing with the carsier fluid.

T

1 some embodiments, among the pasticles delivered to a sebject {eg, ina

trnd

composition}, the majority {e.g., 50 percent or more, 60 percent or more, 70 percent or

!

mare, 80 percent or more, 90 pereent or more} of the particles can have a maximum

dimension of 3000 microns or Tess {e.g, 4,500 microns or less, 4,000 microns or less,
3,500 microns or foss, 3,000 maicrons or less, 2,500 microns or less; 2,000 microns or

feasy 1300 soorons or fess: 1,200 microns or less; 1,150 muorons or less; 1,100 microns

e oy

or tesy; 1,050 microns or less: 1,000 microng or less; BO0 microns o less; 700 microns or

feas; 300 nucrons or less; 400 microns or less; 300 microns or less; 1) microns or less

¥

50 nricrons o less; 10 muorons or less; Hve microns or les

ess} and/or one MICIon OF More
{zg., Thve microns or more; 10 microns or more; 5O microns or wovey TG niicrons or
more; 304 mcrons o move; 400 microns or mere; 500 microns o more; TOU microns o
more; S mdorens or more; 1LOU0 microns or more; 1O microns or morg; 1,108
migrons or more, 1,130 microns or move: 1,200 microns of more; 1,500 nucrons or merg;

2,000 microms o more; 2,500 microns or more), In some embodiments, among the

-subjert, the majority of the particles can have & maximum

T £

O mierons {e.g., less than 530 microns}.
in certain smbodiments, the particles debivered to g subjett (eg. ina
composilion’ can have an arithmetic mean marimum dimension of 3,000 microns o less

fe., 4,500 microns or less, 4,000 microns or less, 3,500 microns or less, 3,000 microns

LRSS 2

or less, 2300 microns or lesy; 2,000 microns or less; 1,500 miorons or leasy 1 240
miicrons or fesss 1,150 microns or less; 1,100 microns or lexs: LI5S0 microns or lesg

1000 microns or less; 900 microns or less; 700 microns ov less; SO0 microns or less; A0

nicrons or lese 300 microns or less: 100 microns or less; 30 microns or lessy i

or Iess; five nxorons or lessy andfor one micron or more {g.g., five mivrons or morg; 10
microns or more; SO microns or morey 100 micrens or more; 300 microns o more; 400

merons of more; 500 microns or more; 700 microns or wiove; $00 niicrons oy more;

]
"'i
Red
P
‘ \f x

1000 maicrons or more; 1,050 microns or more; 1,100 microns or nu S0 microns or

E
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more; 1200 microns or more; 1,500 microns or more; 2,000 microns o move; 2,500

mifcrons of morel i some endbodiments, the particles delivered {o a subject can bave

‘

H

rithmetic mean maxinom duinension of {ess than 100 microns {e.g., leas than 58

§

wierons )

Exemplary ranges for the arithmetic mean maximum dimension of particles

deliversd to a subject nclupde from 100 microns to 300 microns; from 106 nderons 1o 360

migrone Som 300 microns to 300 micmm; from 500 microns to 700 nyerons; from 760

microns o S0 microns: fom 900 myicroens 1o 1,200 microns; and front 1,000 microns o
1200 microns, In goneral, the particles delivered to g subject {o.g., 10 8 composition} can

have an arithmetic mean maximum dimension in approximately the middie of the range
of the diameters of the individual particles, and a variance of 20 pevcont or less{eg 18

in some embodiments, the arithmetic mean maximum dinension of the particles

s

delivered o a subject {e.g., iIn & composttion) can vary depending upon the particulsy

gondition to be weated. As an cxample, in cortain embodiments in which the particles are
ased fo entholize a Hver tumor, the particles delivered to the sulyect can have an
arithmetic mean quimum dimenston of 300 microns or less {e.g., o 100 mucrons to

3460 mierons; fom 300 microns to 500 microns). As another example, in some

smbodiments in which the particles are used to embaolize a wtenine fbrowd, the particles

defivered to the subject can have an writhmetic mean mesunwn dimension of 1,200

wiicrons ov less {e.g., from 300 microns to 700 microns; from TOO microns to S84

mcrons; Tom 800 microna to 1,200 microns). As an additiona! example, in cortan

emnbodiments In which the particles are used o freat s newral conditton {e.g., & brawn
H

tumor) andfor head trauma {e.g., bleeding in the head), the particles delivered 1o the

oy

suhiect can have an withmetic mean maximum dimension of loss than 100 microns {e.g.,

tess than SO microns). As a further example, in some entbodiments in which the particies

are used o trewt 8 lung condition, the particles deliversd to the subjeet can have an
arithuneiic mean maximum dimension of less then 100 microns {e.g., less than 530

microns) As another example, in certaln embodiments in witich the particies gre used o

=

s particles can have an srithmetic maximum dirension of 1,200

2

trent thyrodd cancer, the

Y - . F t . 38 H $

g3 {e.g., from 1,000 microns to 1,200 nucrons). As an addiional exampis,

...,;.

IMICOIONS OF
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in some embodiments in which the particles are used only for therapeutic agent delivery,

the pariicles can have an withmetic mean maximum dimension of Tess than 108 microns

{e.g., loss than 50 microas, less than 10 microns, less than five nucrons).

The arithunetic mean maximum dimension of ¢ group of particles can be

determingd nsing 8 Beckman Coulter RapidVUE hwage Analyzer version 2.06 {Beckoman

o

i»»:

Coulter, Misni, FL), described above, The soithmetic mean maginmm dimension of @
group of particles {o.g., v 8 composition) can be determinad by dividing the sum of the
digmeters of all of the particles in the group by the number of pariicles in the group.

In some embodiments, particle 100 can have pores. For sxampie, the pobymer can

L

fortny a matriy in which the pores are present. Additonally or alfernatively, particle HX

\

}

can have one or more cavities.  For example, particle 100 can be formed go that the
pobymer surrounds one or more cavities,

A pore has 8 maximum dimension of at least .01 micren {e.z, at least U5
micron, af least .1 micron, at teast 0.5 micron, at least one micron, &t east five
microny, af least 10 microns, at least 15 microns, af least 20 nuorons, gt least 35

microns, @ least 30 niiorons, at least 35 microns, at feast 5O microns, at leasy 180

»-/

yorons, at least 1530 microng, at least 200 microns, af least 250 microns), andfor at
most 308 micvons {o.g, st most 250 mucrons, at most 200 microns, stmost 150
microns, &t most 100 microns, at most 50 microns, at most 35 adorons, at most 34

N

wricroms, at most 25 microns, at most 20 microns, at most 15 nulovons, &l most 10

microms, at mast fve microns, ab most one micron, at most 0.5 micron, 8l moest G4
micron, at most 3.4
A gavity bas a maximum dimension of at least one micron {e.g., s least five
ipast 1 microns, at least 25 microns, at least SG microns, &t fgast 1K)
mierons, at least 250 nucrons, at Jeast 500 microns, at least 750 microns) sudior at most
1,000 miorons {e.., st most 750 ndorons, af most 500 microns, al most 250 microns, at
mnost 100 microns, gt most S0 mucrons, at most 25 microny, af most 1) microns, at mast
five microns). In some embodiments {e.g., when the particle is used to deliver o
therapeutic agent withina body lumen, independent of whether embolization is destred,
the particle can also include g therapeutic agent. In some embodiments, the therapeutic

o

agent can be present ou the surface of the particle andfor in the pores of the particles



st
x

i

b
o

WO 2008/021619 PCT/US2007/071636

Optionaily, the therapeutic agent can be bonded to or assoctated with the chemical
species andfor matrix pelviner. Examples of such bonding include fonie bonding,
covalent bonding, van der waals bonding or solubility between the therapeotic and the
chemieal speeies.

Therapeutic agents include genetic therapealic agents, non-genctic therapeutic

agents, and calls, and can be negatively charged, positively charged, amphaternis, or

neutral, Therapentic agents can be, for example, materials that are Mologically sctive
trent physiolegioal conditions; pharmaceutically active compounds] protoins; gene

therapies; nuclete acids with and without carnier vectors {o.g., recombingss nocleie acids,

+

DNA {e.g., naked INAY, cDNA, RNA, genomic DNA, cDNA or RNA In anon-

infogtious vootor or in a viral vector which may have sttached poptide targeting

sequences, autisense nucleic acidy (RNA, DNAY oligonuclectides; gonedfvetor svetems

{2, anvthing that sllows for the uplake and expression of nuclesc acids);, DNA chunoras
{e.g., DNA chumeras which inclode gene sequences and encoding for forry proteins such

a8 membrane iranslocsting sequences (C"MTRYY and herpes simplex viras-1 {("VP22My
compacting sgents {e.g, DNA compacting agents); viruses; polymars; hyaluronie actd;
proteins {e.g., cusymes such gs riborymes, asparagingse); Inmunologic species;

nomatersidal anti-inflammatory medications; oral contraceptives; progesting;

2
sonadatrophin-releasing hormone agonisi&:; chemotherapentic sgents; snd radioachive

. radioisotopes, radioactive molecules Fmi‘zp‘i s of radioactive species
iV

striam {0F), holminm {Ho), ahmp}am us {79, Euktmma Loy, actiniam

Ay, prasecdymium, astatine (FUAD, rhendum (P Re), blsmuth S8 o B,

sagnariun g w, iridhan {I “Ir), shodiam { & ’Rh} m{hm{ o ?'is‘mmm‘} s"i'i 1,
teghnetinm {’” T}, phosphor 13{ P su iur{ ‘%} mﬁmni (‘E fritium {:"Ei_}, chromium
('0ry, chloring CNCH, cobalt o or Few), iron (Fe), selenfum (S, andfor galifum
{{’.‘"{Tia}e In some conbodiments, w?vmmi* Y1, lute iwm{ Eu}, seiintum {f‘?f"'ﬁfkc},
prageod v, asty ‘iﬁs{ A’z} sheumm{ ih} bisynuth {,12 Binor E‘”B&}, holmiwm

(I g

e Frial, samariu i { Snz fridium 70}, andfor i‘mimm{ R Y can be gsed as

therapoutio agents, In cortain embodiments, vitrinm { vy, atetium L), aotiniom
i"“ AL, +\mxo\\d}m:mm astatine {"" Ai}, thentom { e Rey, }vwm} { “Rior MESIN

holmiaem {0 oy, "«d"li&iihi‘*‘z{ S, andiom {7, thodivm { i\a} wodine L or 7UH,
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S

g el X .-\
wiine ¢ in, technetivm 7T0), phosphorus (P, carbon €€, and/or tritinm {H} oa

b nsed s 2 racicaetive label {.g., for use m disgnostics), In some embosdiments,
radivactive species can be ¢ radinactive molecule that wclodes antibodies contatning one
or more radivisotopes, for example, a radiolabeled antibody. Radinisotopes that can be
hound 1o antibodies include, for example, ioding (¥ or U, virium Y, Tutetionm
"L, actintum (TUAD), praseedynium, astatine (1 at), rhenfum ¢
or TR, indium ¢ ), techuetium (Q‘}'E‘c.}, phosphorus § £29), rhodium ¢

A (5 to e e
O, ismz{ 1), chromiam € Cel © 11;3:331;,{ D, cobalt {7 Ca or PCo},

i - 'y

ron {7 Fed, selentum {7Se), anddor gallinm ("'Gay, Fxamples of antthodies includs

menociond and polyclonal antibodies including RS7, Movi g, MN-14 Ig(, €48, COL-
1, mAS A3, NP4 Fiab )2 anti-UEA, anti-PSMA, ChLS, m-170, or antibodies {o CD2RG,

CD74 or OIS? antigens. Examples of radionsotope/antibody patrs include md

3

s, W o fo
with Y. Bxamples of conumercially available radioisotope/antibody pairs include

TR
i

Zovalin™ {IDEC pharmaceuticals, San Diego, CA)Y and Hexxar *{Corixa corporation,

Seatile, WAL Fuorther sxamples of radinisotope/antibody pairs can be found n §, Nugl,

Med, 2003, Apr $8(4) 832-40,

Non-limiting examples of therapentic agents include anli-thrombogenic agoms,

thrombogenic agents; agents that promote clotting; agents that inhibit clottiag

antioxidanis; anglogenic and anti-angiogenic agents and factors; anti-profiferative agents
(.., agents capable of blocking wmooth muscle cell proliteration, such as rapamyaing;

EN
calchuan eawry blockers {e.g., verapamil, diltiazem, 11iféd_§pma}; targeting factors {e.2.,
polysaccharides, carbohydratesy; agents that can stiek o the vasoulature {¢.g., charged

moteties) (e, selatin, chitosn, collagen, polymers containg bioactive groups like RGD

&3 =

~

peptides); and survival genes which protect against cell death (e.g., anti-apoptotic Bel-2
family factors and Akt kinase).

such

i
47

Sxamples of non-genetic therapeutic agents include: anti-thrombntic sgents
¥

as heparin, heparin derivatives, wokinase, and PPack {(dextrophenyialanine proline
arginine chlvromethytketone); anti-inflammatory agents sach as dexamethasone,

3

wrediisolone, corticosterone, budesonide, estrogen, svetyl salicylic seid, sulfasalazine

.

3

and mesalamine; antineoplastic/antiproliferative/anti-mitotic agents such as pachitaxel,

pes3
Yo,
¥4

252

fluoronrsel, oisplatin, methotrexate, doxorubicin, vinblastine, vinevisting, spothiloney,

¥ <

£
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endestatin, anglostatin, angiopeptin, monoclonal antibodies capable ol blocking smooth
muscle ool profiferation, and thymidine kinase inhibitors; anesthetic agents such as
Hidocaing, bupivacaine and ropivacaine; anti-coagulants such as D-Phe-Pro-Arg
chisromethyl ketong, an RGD peptide-containing compound, heparin, hirudin,
antithrembin compounds, platelet receptor antagonists, anti-thrombin antibodies, ant-
platelet receptor antibodies, aspinin, prostaglandin inhibitors, platelel inlubliors and tick
antiplatelet factors or peptides; vascular cell prowth promoters such as growth factors
transoriptional activators, and translational promoters; vascolar cell growth inhibitors
such g5 growth fhctor inhibitors {e.g., PDGF mhbibitor-Trapidil), growth factor receptor
anfagonists, ranscriptional repressors, translational repressors, replication inhibitors,
inhibitory antibodies, antibodies divected against growth factors, bifunchonal molecules

(

consisting of g growth facior and g oytotoxin, bifanctional moleculss consistin

antihody and & eytotoxing protein kinase and tyrosine kinase inhibitors {e.4.. tyrphostin,
genistuin, quinexslines); prostacyelin analogs; cholesterol-lowering agents,
angiopoicting, antimicrobial agents such as triclosan, cophalosponns, aminogiyveosides
and witrofurniodn; oylotoxic agents, cviostatic sgents and cell proliferation aflectors;
vasodifating agents; and agents that interfere with endogenous vasoactive mechanisms.

Hxamples of genetic therapeutic agents include: anti-sense DNA and RNA; TN

[

b

coding for anti~sense RNA, tRNA or rRNA 1o replace defective or deficient endogenous

o

molecules, angingenie frotors including growth factors such as acidic and basie fib

»,5

EQBv
growth factors, vascular endothelial growth factor, epidenmal growth factor, ransforming

growth fotor o and §, platcle-derived endothelial growth factor, platelet-derived growth

e

factor, tumor necrosty factor &, hepatoeyte growth facter, and mnsubin ke growth facior,

cell cyele inhibitors including T inhibitors, thymidine Kinase (TR} and other sgonts
useful for interfering with cell proliforation, and the family of bone morphogenic proteing
CUBMP S, inchuding BMPZ, BMP3, BMP4, BMPS, BMPS (Vgrly, BMPT (OP1},
BMPE, BMPO, BMPIG, BM1L, BMPI2, BMP13, BMF14, B\fi?& ,and BMPIS.
wrently preferred BMP's are any of BMP2, BMP3, BMP4, BMPS, BMPS and BMPT.

These dimeric proteins can be provided as homodimers, heterodiners, or combinations

thercof, alone or together with other molecules, Alternatively or additionslly, molecules
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capable of inducing an upstream or downstream effect of a BMP can be provided, Swhy

et
act
&
724
o
s
o
€]
=
P

molesutes molude sny of the “hedgehog™ profeins, or the DNAg encodi
Yoctors of inferest for delivery of genetic therapeutic agents nelude: piam vidsy vival

o such as adenovirus (AV), adencassoctated vivus (AAV) and {entivirug; and non-

vival veetors such as Hpids, Uposomes and cationic hipids,

Cells include cells of human origin (antnlogons or sllogeneie), including stem

Ey

.
&t

souree {xenogensic), which can be genetically enginesred if
desired o deliver proteins of Interest,

Several of the above and numerous additional therapeutic agents are disclosed in

Ko
o
’E:;
R
<u
4
£
™
o
(e
o
ot
o
¥
49
4
)

f, L8, Patent No. 8,733,925, which is incorporated herein by raference.

Therapentic agents disclosed in this patent include the following:

“Oytostatie agernds” (Le., agents that prevent or delay cell division in proliferating
geils, for example, by inhibiting repheation of DNA or by inhibiting spindie fiber

formaticn}. Representative sxamples of cytostatic agents include modified toxins,

methotraxate, adeiamycin, radionnchides (e.g., such as disclosed in Fritzberg et ol UK

Patent Np, 4,897 233}, protein kinase inhibitors, including stavrosporin, & protein kinase

Fan

{ inhibiior of the Rollowing formula:

NITMe

N 3 Imdninaibrainids
as wedl ag 38 diindoloaikaloids
X - o 3 ELMe S rnl
having one of § 35 the following gensral
structureg S

\
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s well s stimudators of the production or activation of TGE-beta, including Tamoxifen
and destvatives of functional sguivslents (e.g., plasmin, hepann, compounds capatde of
reducing the level or inactivating the Hpoprotein Lp(a) or the glveoprotein
apolipaprotein{a)) thereot, TGF-beta or functional equivaleats, devivatives or snalogs

thereof, suramin, e oxade relousing mmpemuis {e . nitroglyeerind or analogs or

functional squivalents thereof, pachitaxe! or amalogs thereof {e.g., taxotere}, inhibitors of

specific engyvmes {such a3 the nuclear enzyme DNA lopoisomerase H and DNA
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polymerase, RNA polymerase, a&ier}yi guanyl cyclase}, superoxide dispntase inhibitors,

terminal deoxynucleotidyl-transterase, reverse transoriptase, antisense oligonuclestides

=

that suporess smoeoth muscle cell proliferation and the Bke. Other examples of “eytostatic

apents” include peptidic or mimetic inhibitors {Le., antagonists, agonists, or compelitive
or non-competitive inhibitors) of cellolar factors that way {e.g., v the presence of
exiracetiular matrix) rigger proliferation of smooth nmsele celis or pertevtes .8,

cytokines {e.g., inerleuking such as 11-1), growth factors {e.g., PDGF, TGF-alpha or—

e

hota, tumor nectosis factor, smooth muscle- and endothelal-derived growth faclors, te

.

endothelin, FGF), homing receptors (e.¢., for platelets or leukocytes), and extracellular
matrix receptons {e.g., integrins}. Reopresentative examples of nsetul therapentic agents

<

this category of oytostatic agents addressing smooth muscle proliferation nclude:

subfragments of heparin, tiazolopyrimidine (irapidily a PDGF antagonist), lovastatin, and

Azenis that 1nhibit the inbraceliular fncrease in cell volums Qoo the tssue volume
N

s

€

secugried by a cell), such as ovioskeletal inhibitors or metabolic inhibilers,
Representative examples of oytoskeletal inhibitors include colchicine, vinblastin,
cytochelasing, paclitaxe] and the lke, which act on microtubule and microfilament
networks within s cell. Represenfative examples of metabolic inhibilors include
stagrosporing irichothecenes, and modified diphtheria and sicin toxing, Peeudomuonas
exotoxin and the like. Trichothecenes inchude simple trichothecenes (1.e., those that have
anly & contrsl sesquiterpenoid strueture} and macrocyelic trichothevenes (1., those that
have an additional macrooyehoe ving), ¢.g., & varruearing of roriding, mcluding Verrucarin

A, Verruearin B, Verracarin I {Satratoxin C), Roridin A, Roridin €, Roridin U, Reridin &

Ld-v(

{Satratoxin 1}, Rondin H.

oy

Agsnts acting as sn inhibitor that blocks cellalar protetn aynthesis and/oy

secretion or orgenization of extraceliidar matrix (Le., an “anti-malrix sgent™}.
Representative sxamples of Yanti-matrix agents™ inchide inhibitors (e, agonisty and

avtagondisty and competitive and pon-competitive inhibitors} of matax sy nthesis,
seeretion and gssembly, organizational cross-Hnking {e.z., transghriammases oross-
tinking collagen), and matrix remodeling (e.g., following wound healing). A

~

representative example of @ aseful therapeatic agent in this category of antianairnx agenty
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is colchivine, an mhibifor of secrction of extraceliular malrix. Another example is
famoxifen for which evidence exiaty regarding its capability to oranize and/or stabilize
as well ax diminish smooth musele cell proliferation following sngioplesty. The
organization or stabilization may stem from the blockage of vascular smooth wasels ool
maturgtion i o a pathologically proliferating form.

Agents that are oyiotoxie 10 cells, particelarty cancer cells. Freferred sgents are
Rovidin A, Pseudomonas exotoxin and the hike or analogs or functional squvalents
thereof. A plothors of such therapeatic agents, ncloding radisisotopes and the like, have
heen identified and are known in the art. In addition, pmi’m‘:@ig for the identification of

ovitotoxiv woieties are kaown amd exploved roatinely inthe ar

b
J
[
&
-4
jeac

A number of the above therapeutic agents and several others have alse
identified as candidates for vascular treatment regimens, for example, as agonis fargeling

restonoas, Such zggsni@ inctude one or more of the miiu*wugm calcium-channel blockers,

pathway modulators, including S-HT sntagonists {e.g., ketanserin, naftidrofuryl) and §

T uptake inhibiters {e.g., fluoxeting); cyclic nocleotide pathway apents, including

phosphodiesterase inhibitors {e.g,, cilostazole, dipyridumele}, adenyiate/guanylate

s
Yord

ase stimulants {e.g., forskoling, and adenosine analogs; catecholamine modulators,

fed
£

2V

including g-antagonists {e.g., prazosin, bunarosing), f-antagonists {&.g., propranclol}, and

.

o/f-antaponists {e.g., labetalol, varvedilol); endothelin receptor antaganists; nitric oxide

denors/releasing molecudes, incloding organic nitrates/mitrites {e.g., nitroghveens,
isosorbide dindtrate, amyl nitrite), inorganie nitroso compounds {e.g., sodium

s‘zitmpmssi{i&} sydnonimines {o.g., molsidomine, linsidomine}, nonoates {e.g., diazenhuy

dinlates, NO sdducts of alkanediamines), S-nitroso compounds, including low molecuia

weight compounds {e.g., S-nitroso derivatives of captopril, glututhione and Neacetyl
& ook} k:

sepicilamine) wnd high molecular weight compounds {e.g., S-nitrose derivatives of
moteins, peptides, oligosaccharides, polysaccharides, synthetic polymers/oligomers and
natural polviners/oligomers), C-niteosor, O-nitroso- and Nenjtroso-compounds, and L~

arginine;, ACYE inhibitors {e.g., cilazapril, fosinopril, enalaprill; ATH-receplor antagomsts

losarting; platelet adhesion inhibitors (e.g., albumin, polyethylens oxide};

o)

{o.g., savalasin, B
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platelet sggregation inhibitors, including aspirin and thienopyridine {ticlopiding,
clopidogrel) and GF b/ 1 inhibitors (e, sbeiximab, epitifibatide, trofibag,
intergriling; coagulation pathway modulators, including heparinoids {e.g., heparin, low

Loty

B

ar welight heparin, dexiran sulfate, Brovelodextrin tetradecasuiiste), thrombin

b

molerul

inhibitors {e.g., hivadin, hirdlog, PPACK (D-phe-L-propyl-L-arg-chdotomethyiketone},

. Fxa inhibitors {e.g., antistatin, TAP (tick antiveagulant peplidel), viammm K

~

warfarin, and activated protein O) cyclooxygenase pathway inhibitors

s‘.? *
{e.g., aspivin, buproten, furbiprofen, indomethacin, sulfinpyrazone}; natural and

syathetio cortivosteroids {2, dexamethasone, prednisclone, methprednisolone

=

hydrocartisone); Hpoxygenase pathway inhibitors {e.g, nordihvdroguairetic amd, calleie

acid; Ieukairiens receptor angagonists; antagonists of B~ and P-selecting intabitors of

2ol

VOAM-T and HOAM-T Gnterantions; prostaglanding and analogs theveot] including

Ty

prostaglanding such ss PGEL and PGI2; prostacyeling and prostacyclmn analogs

JROC
RERLS o8

ciprostene, gpoprostenel, carbacyelin, iloprost, be mpms.:t}; macrophage aciivation
proventers {8.g., BiS’gﬁf‘\'}{L?}}(}i§3§'€S}; HMG-UoA reductase inhibifors {e.g., lovastalin

pravastatin, Havastatin, simvastating cerivastating; fish oils aud omega-3-fatty 'w:,ids; freg-

3 s "

radical scavengers/antoxidants {e.z., probucol, vitaming € and E, ebselen, retinotc aeid

{e.g., Fans-retinode acid), SCD mimics); agents affecting variows growth factors

=

- ¥

including FOF pathway agents {¢.g., bFGF antibodies, chimeric fusion proteing}, PDGE

Ly

ot

reoepior sntagonists {e.g., trapidil), IGF pathway agents {e.g., somatostatin analogs suek

X e

as anglopeptin and porectide), TGF-J pathway agents such as polyanionic agents

&L
g -
{(‘Ex

»,;

{(heparin, fuceiding, decorin, and TGFR-P antibodies, EGF pathway agents {e.g

.y

l‘ln‘;‘,

ﬁ

sutibodivs, receptor antagonists, chimerie fusion proteins), TNF-o pathway agents {e.g.,
thalidemide and analogs thereod), thromboxane AZ {TXAZ) puthway modalators {e.8.,
sulofroban, vapiprost, dazoxiben, sidogrel), protein tyrosing Kinase inhibliors {z.g.,
tyrphostin, genistein, and quinoxaline derivatives); MMEP pathway inhibitors {g.8.,
marireastal, Homastet, metastat), and cell motility inhibitors {e.g., evtochalasin By

sniiproliferative/antineoplastic agents including antimetabolites such as purine analogs

{e.g., S-mereaptopurine), pyrimidine analogs (2.8, cytarabine and S-fnorowacily and
methotresate, nitrogen mustards, alky! sulfonates, ethylendmines, antiblotivs {eg.,

daunorabicis, doxorubdcin, daunomyein, b‘mm‘n_}-‘cim mitonyein, pentcillins,

(28]
P
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cephalosporing, ciprofalxin, vancomycing, aminogiycosides, quinoiones, polymyxins,
erythromyeing, fertacyclines, chioramphenicols, clindamycing, Hnomyeins, sulfonamidey,

and thedr bomologs, analogs, fragments, derivatives, and 'phm‘mzmm,hicai salts},

nitrosoureas {o.g, carmusting, lomushine) and cisplatin, agonts affecting macrotubule
3 % & e =2

afo e
dynaries {e.g., vinblasting, vineristine, colohicing, paclitaxel, spotiuione}, caspase

activators, protessome inhibifors, angiopenesis inhibitors {e.g., endostatin, angiostatin

and squalamine), snd rapamyoln, cerivastatin, flavopinidol and suramin; malnx

Dej

deposition/organization pathway inhibitors {e.g., halofuginons or ¢

N

derivatives, trantiast); endothelialization faciiitators {e.g., VEGEF and RGN

P

]
{"
~A
peel
N

pe
"?«
?u
et
(4

blood rheolopy meodulators (o.g., pentoxifylline).

Oher gxamples of therapoutic agents inchude anti-tumor agents, such as

docetaxel, alkyiating agents {¢.g., mechlorethamine, eldoranbuct], eyclophosphamide,
melphalan, ifostamide), plant alkaloids (e.g., etoposide), norganic 1ons {e.g., claplatin},

hiological response modifiers {e.g., interferon), and hormones {e.g., tamoxifen,

fatamicde), as well as their homologs, analogs, fragments, derfvatives, and

W
74
(o3
=
o
proe
o

pharmaceutic
Addidonal examples of therapoutic agents inciude organic-soluble therapeutic

.

ageots, such as mithragyyein, evclosporine, and phicamyom. Further examples of
therapeitic agents include pharmaceutically active compounds, anfi-sense genes, viral,
liposomes and cationdc polvmers {e.g., selected based on the application}, Mologically

active solutes {e.g., heparin), prostaglanding, prosteyveling, L-arginine, nittio oxida (N
donors {e.g., Hsidomine, molsidomine, NO-protein adducts, NO-polysaccharide adducts,
polvmeric or oligomeric NO adduets or chemical complexes), enosaparin, Warafin
sodivm, dicumara!, interforons, interdeuking, chymase inhibilors {e.g., Trantlast), ACE
inhibitors {e.z., Enalapril), sevoionin antagonists, S-HT uptake inkdbitors, and beta
blockers, and other antitumor and/or chemotherapy drugs, such as BiONU, busulian,

carboplatinum, cisplatinum, evioxan, DTIC, fludarabine, mitoxantrone, velban, VP-4,
hercoptin, loustaiin, navelbing, rituxan, and taxoters,

ixt sovme embodiments, a therapeutic agent can be hydrophilic. An example of a

hydeophilic therapeutic agent is doxorabicin hydrochloride. In cortain embodiments, a

therapeutic sgent can be hydrophobic. Examples of hydrophobic therapeutic sgents
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include paclifaxel, cisplatin, tamoxifen, and doxorubicin base. In some gmbodiments, a
therapeutic agent can be Hpophitic. Examples of Hpophilic therapentic agents include
paciitaxel, other taxane denvative, dexamethasone, other steroid based *Lherapmtics
Therspeutic agents are described, for example, in DiMatiec of al, LS. Patent

3 Apphication Publoation No. US 2004/0076582 A, pabh\hbd on Apri 22, 2004, and
wtitled “Agent Delivery Partiele”; Schwarz et al, LLS. Patent No. §368 658; Buser et
al., U8, Patent Application Seriad Nod 11/311,617, filed on December 19, 2008, and
entitled “Coils”; and Song, U8, Patent Application Sevial No, 113553601, Gled on
Febroary 13, 2006, and entitled “Block Copolymer Particles”, all of which are

it incorporated herein by reference. In cerlgin embodiments, in addition fo or as an
alternative o ncluding therapeutic agents, particle 100 can fnclode one or more
radiopaque materials, materialy that are visible by magnetic resonanee imaging (MR-

thie materials), ferromagnetic materials, and/or contrast agents {e.g., ultrasound

7

Vi
pondrast agents). These materials can, for example, be bonded {o the chemical species

18 {monome {s} sligomers(sy, polymer(s)). Radiopague materials, MR Lvisible materials,
forromagnotic materials, and contrast agents are deseribed, for example, 1 Rioax et sl
U8, Palent Application Publication No, LS 2004/0101564 Al poblished on May 27,
2004, snd entisled “Bmbelization™, which is incorporated herein by reference,

X

i certain embodiments, a particle can also inchude a ceaﬁng.. For example, FIG,

20 3 shows a particle 300 having a matrix 104, pores 106 and, and a coating 310, Coating
310 can, for example, be Pormed of a polvimer (e.g., slginate) that s different fom the

polymer in matrix 304, Coating 310 can, for example, regulate release of therapentt
agent fom particle 300, and/or provide protection 1o the interior region of particls 30¢

{e.g., duing delivery of particle 300 to a target site). In cortan embodiments, coating

28 310 can b frmed of a Siosrodible and/or hicabsorbable material that can evode andior

be absorbed as particle 300 iz delivered to g target site. This can, for examply, allow the
interior region of particle 300 to deliver a therapentic agent to the target stle onve particly

'i‘

(M) has veached the target site. A biocrodible material can be, for sxampie, a

28 aig_. natel; a polvsacchande denvative; an inorgande, lome salt g

7

3

Waler sol

2]
&

e {e
able polymer {v.g., polyviny sleohol, sach as polyviny aleohol that has net

RaThiE g g

been eross-linked); hmvcgradah?e poly DL-Jactide-poly ethylene glyeal (PELAY &
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X

hydrege! {o.g,, polyacrylic acid, hyaluronic acid, gelatin, carboxyraethyl cellulose}; o

polyethviens giveol (PEGY, chitosan; a polyester {e.g., a polveaprolactong): a polv{ortho

et

sster); a polyanhydride; a polv(lactic-co-glycolic} acid {e.z., a poly{d-lactic-ca-glycolic]

seid); a polvilactic soid) (FLAY, a poly(glycolic acid) {PGAY; or a combination thergofl

in some embodiments, costing 310 can be formed of & swellable matenial, such as a

hvdrogst {e.g., polvacryviamide co-acrylic actd). The swellable material can be made to

swell by, for example, changes in pH, femperature, and/or sall. I certain embodiments

in which particle 300 1s used In an embolization provedure, coating 30 can swell at a
1

target site, thersby enhancing ccclusion of the target site by particle 30

i1 some simbodiments, the coating can be porous. The coating can, for example,

b

~ ; o~

be formed of one or moere of the above-disclosed polyiners,
In ceriain embodiments, a particls can include & coating that includes one or more

therapeutic agents {e.g., a relatively high concentration of one or more therapentic

agenis), Une or more of the therapeatic agents can also be {oaded tnte the interior region

of the particle. Thus, the surface of the particle can release an inttis! dosage of

therapeutic sgent, after which the interior region of the particle can provide g burst

retease of therapeutic agent. The therapeutic agent on the surface of the parlicle can be

ihe same as or differcnt from the therapeutic agent in the interior region of the parbicle

The therapentic sgent on the surface of the particle can be apphad to the particle by, for

r’,‘i

%

[5e-g

example, exposing the particle 1o & high concentration solution of the therapentic agent,

i some smbediments, a therapeutic agent cogted particle can inclade another

couting aver the sarface of the therapeutic agent {e.g., a bioeraditle polymer which
grodes when the particle is administered). The costing can assist in controlling the rate &
which therapeutic agent is released from the particle. For example, the costing can be in
the forn of ¢ porous membrane. The coating can delay an tittal barst of therapentic
agent release, In certain embodiments, the coating can be applied by dipping andfor
spraying the partiele. The bioerodible polymer can be a polysacchaside {e.g., alginatel.
In some embodiments, the coating can be ann inorganie, fonie salf. Other examples of

hicerodible coating materials fnclude polyssccharide dertvatives, water-soloble polvimen

{such as polyvinyl gleohol, e.g., that has not been cross-hinked), biedegradable poly D~

faed
3
$

Yvalurosic acid
N \}.Qf\"i \1‘\-'>by

lactide-poty sthylene glveol (FELA), hydrogels {.g., polyacryhic acid,
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i3

elatin, carboxymethyl celiulose}, polyethivlene glycols (PEG), chitosan, polyesters {e.

e,

'(

"J

';‘CJO}}-“‘)8:3-?‘{?3&&»‘“103 ), polv{ortho osters), polyanhydrides, poly{lachic acids) {FLA},

sotvelveotic acids {(PGA), poly{lactic-co-glycolie} acids {e.g., poly{d-lactic-co-glycolic}

5
S

herapeutic agent or can be

&

cand commbinagtions thereof The coating con inclpde ¥

‘?M
\vu/
%

substantisily free of therapentic agent. The therapeatic agent in the coating can be the
same as or different from an agent on 8 surface layer of the particle andfor within the

particle. A polymer coating {e.g., a bloeradible coating) can be spplied to the particie

&

i3

surface in embadiments in which a high concentration of therapeutic agent has nod been
applied 1o the particle surface. Coatings are deseribed, for example, in DiMatieo of al,
115, Patent Appleation Publication Neo, US 2004/0075582 AL, published on Apell 22,

2004, and entitled “Agent Delivery Particle”, which is incorporated herein by reforence.

b general, an enmidsion process, such as a stngle-emulsion process, can be

performed with or without a droplet generator. As an example, in processes that do not
involve o droplot generator, a solution of polymer in a waler immiscible organic sabvent
can be added © an agueoss sohation containing g surfsctant, and small partices can be
spontaneously formed. As another example, FIGS, 4A-4C show a single-emulsion
process that can be used, for example, to make particles having viny! alcohol monomer
sty and vinyd formal monomer units, As shown in FIGE, 440, a drop gensrator 500

{e.¢., & pipeits, & needie) forms drops 510 of an organic solution including an ovgame

v,”

sodvent, a therapewtic agent, and a polymer including vinyl aleohol monomer units and

vinyl formal monomer units. Examples of organic selvents inciade glacial scetic amd,
N N-dimethyHormamide (DMF), tetrahydroforan (THE), and dimethylsalfoxide
{(DMSO, In cortain embodiments, the organic selvent can be an aprotic polar suivent
{e.g., DMF), witch can dissolve both polar therapeutic agents and some nop-poiar

therapaautic agents. In some embodiments, the organic solution can include gt teast about
five welight percent and/or at most about 100 weight percent of the organic solvent. in
general, as the concetttration of the polymer in the organic solution increases, the sizes
andfor masses of the particles that are formed from the organic solution can also msreass,
Pypieally, as the volume of organic solvent in the organie solution that {s used to for

drops $10 decreases, the rate at which particles form oan increase. Generally, the rate o

pe

particle formation can increase as the volume of organic solvent that is used decruases,

26
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Without wishing to be bound by theory, it is believed that this ocours because the organic
solvend can evaporate from drops 510 more quickly during the particle formation provess.

o

After they are formed, drops 310 &l from drop geperator SO0 into & vessel 520
that coniaing an aguesus solution including water {e.g., from about 30 milliiders to about
OO milhiiters of water) and o surfactant. Examples of surfactants inclnde laaryl salfate,
vobyeinel aleohols, polylvinyd pyrrolideone) (PYP), and polysorbates {e.g,, Tween® 20,
Pweenr 80). The concentration of the surfactant in the aqueous solution can be at east
ghout §.1 pereent wiv, sandfar al toost abouat 20 percent wiv. For example, {8 some
embodinents, the solution can inclode about one percent w/v laury! sulfate. Generally,
as the concentration of the surfactant in the agueons selution increases, the sphesieity of
the particles that ave prodused from the drop generation process, snd the rate o formation
of the particles during the particle formation process, can also invrease. In some
smbodiments, the agqueous solution can be at a temperature of at feast about freeving
temperstve andfor al most about 100°C. Typically, ax the temperatore of the aqueous
solution ncreases, the rate at which pariicles {e.p., relatively rigid particles} form can
also increass,

Ag FIGL 4B shows, afler drops S10 have fallen into vessel 320, the solution is
mixed {e.g., homogenized) using a stivrer 330, In some embodiments, the selution can be
mixed for 4 period of of loast about one minute andfor at most shout 24 howrs. In cortain
embodinients, mixing can occur at a temperature of at least about freexing tomperature

¢

andfor gt rest about 100°C. The mixing results i a suspension 344 including particles

s,

106 suspended i the solvent (FIG. 4C),
After particles 100 have been formed, they are separated from the solvent by, for
example, Hltration {e.g., through a drop funnel, filter paper, andior a wire mesh),

> g

centrifuging followed by removal of the supernatant, andfor decanting. Thereafter,

particles 100 are dried (e.g., by evaporation, by vacumn drying, by air drying). In sewme
embodiments, combinations of drying methods can be used. In certain embodiments,
afler being formed, particles 100 can be stored in & carrier thiid, such as saline. In some

ernboditnents, particles 00 can be stored in defonized water. Examples of such

processes are disclosed, for example, in U.B, Patent Apphication [Attorney Doecket:

(1194495881} which is hereby incorporated by reference.
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7

While pipettes and neodies have been described as examples of drop gencrators

g

fet,

that pan be wsed in # particle formation process, in sonie enthodiments, ofher types o
drop generators or drop genorator sysiems can be used in a particle formation process.
For example, FIG. § shows a drop generator system 601 that includes a flow controller
600, & viscosity sontroller 603, a drop generator 610, and a vessel 620, Flow controlier
SO0 defivers & solution (.2, 2 solution inclading a solvent, a thorapeutic agent, and a

polymer including vinyl fonmal monomer units) to viscostly controller 603, which heats

inn to reduce its viscosity prior to delivery to drop generator 618, The solution

cugh an orifice in 8 nozzle in drop generator 610, resulting inihe

formation of drops of the sclution. The drops are then directed inte vessel 628, which
containg, for example, an aqueous solution including a surfactant such as polyviay
alcohol (PVAL Drop gencrators are described, for example, in Lavphere ot ol U5,

Application Publication No, US 2004/0096662 AT, published on May 20, 2004,

Pag

“mbolization”™, and in DiCarlo et al,, U8, Patent Application Serial No.

£

o

THTELSTE, Sled on April 21, 2005, and entitled “Particles”, both of which are
incorporaied herein by reforence,

While certain embodiments have been described, other embodiments are posaible.

bulking. As an example, the particles can be placed (e.g., injected} into tissue ady

2 body passageway. The particles can narrow the passageway, theveby providing bulk

and allowing the tissue to constrict the passageway more sasily, The particles can be
wlaced in the tssue according to a number of different methods, for e‘xampis:a

vercutanenusly, laparoscopically, anddor throagh a catheter,

cavity can be formed in the tissue, and the patticles can be placed in the cavity. Particle

tiasue bulking can be used ie treat, for example, intrinsic sphincteric deficiency (18D},

vestcoweieral veflux, pastroesophagenl reflux disease (GERD), ant/or veoal cord
savalysis (6.5, © restore glotiic competence in cases of paralytic dysphonial. In some

grnbodiments, pacticle tissue bulking can be used to freat urinary incontinence andlor

Fors

feeal incontinence, The particles can be used as a pralt material or a filler in il andfor o

smooth out sofl tesue defects, such as for reconstructive or cosetic applications {e.g.,

Y

surgery). Bxamples of soft tissue defect applicatious include cleft lips, scars{e.g.,



5

s

611

o

Py

I
Lot

L

WO 2008/021619 PCT/US2007/071636

3 ¥

depressed scars from chdcken pox or acne scars), indentations resolting fom hpospchon,

wrinkles {e.g., glabells frown wrinkies), and soft Hissue augmentation of thin hips. Tisaue
dlcing s deseribed, for example, in Bourne ot al, US, Patent Applization Publivation

No, LIS 2003/0233 150 A, published on December 18, 2003, and entiifed “Tieswe
Treptment”™, which 18 meorporated herein by reforence.

As an additional sxample, in certain embodiments, partivies cun be used to irsat
sraume sndder G wounds, Iy some embodiments, the particles can include one oy
more bactericidal agents andfor bacteriostatic agents.

As a further example, while compositions inchiding particles suspended i st Inast
ong cgrrier fuid have been described, 1w certain embodiments, particles may not be
suspended in any carrier fhuid, For example, particles slone can be contained within a
syringe, and can be injected from the syringe into tissus during a tssue ablation

procedure sadfor a tissue bulking procedure.

e

As an additional example, in some cnubodiments, particles having diffevent
shapes, sizes, physical properties, andfor chemical properties can be used tugether i a

srocedure {o.g., an embolization procedure). The difforent particles can be defivered into
the body of a subject in a predetermined sequence or simuitancously. In cortam
smbodiments, mixtures of different particles can be delivered using a nuulti-lumen
cytheter andfor syringe. In some embodiments, particles having ditfersnt shapes andfor
sizes can be capable of interacting synergistically (e.g., by engaging or imterlocking} o
form a wellopacked occlusion, thereby enhancing embolization. Particles with diftorent
shapes, sixes, physival properties, and/or chemical properties, and methods of
embolization using such particles are deseribed, for example, in Bell et ol VLS. Palent
Application Poblication No. US 2004/0091543 Al, published on May 13, 2004, and
ertitled “Bmbolic Compositions”, and in DiCardo ot al., U.S. Patent Applicating
Publcation Noo US 2005/0003428 Al, published on May 3, 2008, and entitied “Embalic
Compositions™, both of which are incorporated herein by reference

As o fusther example, in some embodiments in which a particle inclading

polyvier iz used for cmbolization, the particle can alse include (e g, encapsulate} one oy

more embolic sgents, such as a sclerosing agent {e.g., ethanol), a bguid embolic agent
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{e.z., whutvl-cyanoacrviate}, andfor g fibrin agent. The other emboliv agent{s} can

enbiance the restriction of blood fow at a target site,

i
frast

§] \‘f

o

As anwther example, in some embodiments, a troatient site can be vochudex
asing particles in confunction with other occlusive devices. For example, parlicles can be
used i conjuncton with cotls. Coils are deseribed, for example, in Elllott et al,, U8,
Patent Apphoation Serial No, 131/000,741, filed on Decensber 1, 2004, and entitled
“Fabole Coils™, and in Buiser et gl,, ULS. Patent Application Serial No, 11311817,
filed on Decomber 18, 2008, and entitled “Cotla™, both of which are incorporated herein

by veference. In certain embodiments, particles can be used in conjunction with one oy

.\

move gols. Cels are desertbed, for example, in Richard et gl ULS, Patent Application
Fublication No. US 2006/0045900 Al published on March 2, 2006, and entitied
“Embolivation”, which Is incorporated herein by reference. Additional examples of

materials that can be used in conjunction with particles (o treat a tavget stte in g body of's

<

subjoct include gel foams, glues, oils, and alechol.

ot

As g frther example, while particles including a polymer have boon described, in

3

some smbadiments, ather types of medical devices andfor therapeutic agent delivery

devives can incluade such a polymer. For example, in some embodunents, a cotl can

3

include & polymer as described above. In ceriain enabodiments, the coil can be formed by

flowing & stream of the polymer into an agueons selution, and stopping the How of the

&

polymer stream onee a coil of the desired length has been formed. Coils are desoribed,

ey

iled on

e

for example, in Biliott etal, US. Patent Application Serial No. 1 1/000,741,
Ueeember 1, 2004, and entiiled “Erbolic Coils”™, and in Buiser et all, ULS. Patent
Application Serial No. 11/311,617, filed on December 19, 2003, and entitied “Cotly”,
both of which are incorporated herein by reference. In cerfain smbodimuents, sponges
{o.g., for use as a hemosiatic agent and/or in reducing trawma} can include s polymer a

doscribed above, In some embodiments, coils andior sponges can be used as bulking

sgents and/or Hisue support agents a reconstructive surgeries (8.5, 10 treat tranma andfor

r")

ongenial defects).

&

Other embodiments are in the claims.
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Clalms

A particle, comprising:

g

a polymer comaprising viny! alcobol mononer units; and

¢ chernical speetes covalently bonded to the polymer,

whereint the chemical spocies i3 selected from the group consisting of polymers,
oitpomers gnd monomers, and the particle has 2 maximuom dimension of S 000 microns or
2. The particle of elaim 1, wherein the polymier conmprises at least five

weight percent vinyl aleohol monomers.

3 The particle of claim 1, wherein the polymer father comprises vyl
formal MoneTner pnits,

4, The particle of clatm 3, wherein the polymer comprises st ieast five
wiight percent vinyl formal monomer units.

3 The particle of claim 1, wherein the polymer firthor comprises vinyl

acetale MOnOIMST Unts.

& The particle of claim 3, wherein the polymer further comprises vinyl

formal monomer unils.

7. The particle of claim 1, wherein the polvmer inclades pores.
8. The particte of claim 7, wherein the chomics! species 18 at least partially

disposed 1 the pores of the polymer.
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2, The particle of elaim 1, wherein the chemieal speoies s voated on

surface of the polymer.

19, The poticle of chatm 9, wherein the particle includes pores.

i1, The particle of claim 1, wherein the pasticle further compriscs

chemiea! specieg,

13, The particle of ¢laim 1, wherein the polymer Is cross-Hnked.

14, The particte of clasm 1, wherein the chemieal species comprises a

h . .
polymer.

1%, The particle of claim 14, wherein the polymer s selected from the growp
¢ of polystyrene sulfonic acid, polyvinylsulfonic acid, poelyvacrylic aaid and

;miydimei‘hyismnme'ﬁ?}: crylate.

16, A parcticle, comprising

a polymer comprising at least five weight porcent viny! alcehal monomer units
and at least Sve weight porcent vingd formal monomer units;

a chemical species covalently bonded to the polymer; and

a therapoutic agent,

the chemical spocies is selected from the group consisting of polymers,
oligomers and monomers; and

the particle has a maximum dimension of §,000 microns or less.
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N

17, The partivie of claim 16, wherein the therapentic agent 15 bonded to the

i%, A composition, comprising:
# carvier Huid; and

a plurality of particles in the carvter fhud,

at least some of the phurality of particies have g maximumn dimension of
5,000 mavrons or less and cotaprise a polyier comprising vinyd alcohol monomer units
and a chemteal species covalently bonded o the polymer; and

the chemical spocies is selected from the group consisting of polymers,

oligomers and monomers.

<

claim 18, wherein the polymer includes pores, and the

=

190 The composition ¢

chernies] species is af least pariially disposed 1n the pores of the polvmer

28, The composition of claim 18, wherein the chomical species is costed o @

21, The composition of claim 18, whereln the particle further comprises &
S E
therapeutic agent.
22, The composition of claim 22, wherein the therapeutic agont is honded o

X T " ¥ 22
the chomical species.

i3 A method, comprising:

formning a particle comprising a polymer mmprisﬁﬁ g vinyl alechol monomer units]

w

rom the group

comtacting the polvmer with a chemical species selecled &

consisting of polymers, oligomers and monomers; and

b
()
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exposing the polymer and the chemical species to radistion {o bond the chemieal
spestes 0 the polyvmer to form g particle comprising the chemical species bonded o the

whersin the particle comprising the chemdeal species bonded to the polymer has a

o

maxinunn dimension of 5,000 microns or less.

34, Themethod of claim 23, wherein the particle has pores, and the chemical

spectes is siaposed in the pores of the polvmer,

/) ~

25, The method of claim 23, wherein the chamics! species s conted on 8

surface of the polvmer,

28, The method of claim 23, further comprising contacling » thempoutic sgest

ks

with the particle comprising the chemical species bonded to the polymer.

3

i

The method of claim 26, wherein the therapeutic agent is honded to the

chemical specis.

38, Themethod of claim 23, wherein the radiation is selected from the group
consisting of clectron hoam radiation and gamma radiation,

28, The method of claim 23, wherein the exposing the poivarer nud the

chemical species 1o radiation cross-links the polymer.

3L A method, comprising:
formring & particle comprising a polymer comprising at least five weight pereent

vinyl aleohol monomer units and at feast five weight percent vinyl formal monomer

AN
contacting the polymer with a chomical species selected from the group conasisting
of polymers, oligomers and mononens;

]

P



WO 2008/021619 PCT/US2007/071636

exposing the polymer and the chemical species to radiation to bond the chemical

o2

spocies i the polvmer 1o form a particle comprising the chemtea! species bonded o the

pelvmern and
contgcting a therapestic agent with the particle comprising the chemical species

£

bonded to the polyvmer,

whersin the particle comprising the chemics] species bonded to the polymer has a

maximum ditnension of 5,000 microns or fess.
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