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Field of the Invention The present invention rel ates

to devices suitable for delivering substances to one

or nore of the eye, nose and throat. In particular,

the invention relates to devices capable of delivering

one or nore active agents in a controlled manWEN-58VE&VOPCT

a period tine. Background of the |nventi oEFAdtiinggMay 7, 2009
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adm ni strati on because, when properly constituted,

tﬁpically applied active agents can penetrate through

the gorn and ri t o therapeutic concentration
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one or more of the eye, nose and throat. In particular, the invention relates to
devices capable of delivering one or more active agents in a controlled manner over

15 aperiod time.

Background of the Invention
Active agents frequently are administered to the eye for the treatment of
ocular diseases and disorders. Conventional means for delivering active agents to
20 the eye involve topical application to the surface of the eye. The eye is uniquely
suited to topical administration because, when properly constituted, topically applied
active agents can penetrate through the cornea and rise to therapeutic concentration
levels inside the eye. Active agents for ocular diseases and disorders may be
administered orally or by injection, but such administration routes are
25 disadvantageous in that, in oral administration, the active agent may reach the eye
in too low a concentration to have the desired pharmacological effect and their use is
complicated by significant, systemic side effects and injections pose the risk of

infection.



The majority of ocular active agents are currently

delivered topically using eye drops which, though
we@tdoeasicve for some applications, are inefficiBCl/USAhEM3139

a drop of liquid is added to the eye, it overfills the

conjunctival sac, the pocket between the eye and the

lids, causing a substantial portion of the drop to be

| ost due to overflow of the lid margin onto the cheek.

In addition, a substantial portion of the drop that

remai ns on the ocular surface is drained into the

lacrimal puncta, diluting the concentration ofTW{3@19WOPCT
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into one or nore of an orifice of an individual's eye,

such as a lacimal punctum to deliver active agents.
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de 1vered in an initial, large bolus upon insertion of the device 1nt0 the eye rather

than a more linear delivery of the agent over time.

15 Brief Description of the Drawings
Figure 1 is a first embodiment of the invention.
Figure 2 is a second embodiment of the invention.
Figure 3 is a third embodiment of the invention.
Figure 4 is a graph of the active agent release over time.
20 Figure 5 is a graph of concentration and flux for a uniform concentration.
Figure 6 is a graph of concentration and flux for a punctal plug with two
fibers.
Figure 7 is a graph of concentration and flux for a punctal plug with three
fibers.
25 Figure 8 is a fourth embodiment of the invention.

Figure 9 is a graph of concentration and flux for a punctal plug as in Fig. &.



Det ai |l ed Description of the Invention and Illustrative
Enbodi nents The present invention provides devices,
wapangtshdds for their manufacture, that can beECTUESIH0Y/G13139

deliver active agents to the eye in a controlled

manner. Thus, in one enbodi nent, the invention

conpri ses an ophthal mc device conprising, consisting

essentially of, and consisting of: a body having a

first end and a second end; a surface extending

between the two ends; a reservoir contained within the

body wherein the reservoir conprises, consist¥IN-5219WOPCT
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an active agent-containing nmaterial and an active

agent, wherein the active agent is present in a
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As %ﬁ@QxN@ﬁ§mﬂcmﬁ£ﬁn§ﬁﬁﬂ%aﬁ?t'Ye_agent refers to an
agent capable of treating, inhibiting, or preventing a

di sorder or a disease. Exenplary active agents
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essentially of, and consisting of: a body having a ﬁrst end and a second end; a
surface extending between the two ends; a reservoir contained within the body
wherein the reservoir comprises, consists essentially of and consists of at least one
opening, an active agent-containing material and an active agent, wherein the active
20 agent is present in a continuous or discontinous concentration gradient within the

active agent-containing material.

As used herein, the term “active agent” refers to an agent capable of treating,
inhibiting, or preventing a disorder or a disease. Exemplary active agents include,
25 without limitation, pharmaceuticals and nutraceuticals. Preferred active agents are
capable of treating, inhibiting, or preventing a disorder or a disease of one or more

of the eye, nose and throat.



As used herein, the term"punctal plug" refers to a

device of a size and shape suitable for insertion into
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eye through, respectively, the inferior or superior

l acri mal punctum As used herein, the term "opening"

refers to an opening in the body of a device of the

i nvention of a size and shape through which the active

agent can pass. Preferably, only the active agent can

pass through the opening. The opening may be covered

with a nmenbrane, nesh, grid or it nmay be uncoVEX€dI9WOPCT
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por ous, sem -porous, perneable, sem perneable, and

bi odegradabl e. The devices of the invention have a
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particulates, droplets, or micro-encapsulated within the material. Still as another
alternative, the active agent may be covalently bonded to the material and released
by hydrolysis, enzymatic degradation and the like. Yet as another alternative, the
active agent may be in a reservoir within the material.
20
It is a discovery of the invention that the active agent may be released in a
controlled manner, meaning over a period of time by using an active agent-
containing material in which the agent is present in a continuous concentration
gradient throughout the material or by using a discontinuous concentration gradient.
25 This is in contrast to a device that exhibits a “burst” or immediate release upon
insertion of an amount of active agent that is greater than the average release rate

over time.



Wt hout being bound to any particular theory, it is

bel i eved that an active agent-containing material that
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during the tine desired for the rel ease of active

agent will release the agent by diffusion through the

matrix to a device's rel ease surfaces, neaning

surfaces of the active agent-containing material in

contact with a person's body fluid. According to

Fick's Law, the diffusive transport or flux, J, of the
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crystallinity of the active agent-containing material

20

Additionally, the spatial variation of the material’s cross-sectional geometry

may be used to control diffusivity. For example, if the material was in the form of a
straight rod that has a uniform active agent concentration, diffusivity will be reduced
when the area at the open end of the material is significantly smaller than the

25 average of the entire material. Preferably, the material area at the open end of the
device is no more than one-half of the average cross sectional area of the material,
meaning the cross section determined perpendicular to the primary dimension of

active agent transport use.
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which the actlve agent is released. The active agent-containing material useful in
the devices of the invention is any material that is capable of containing the active

20 agent, does not alter the chemical characteristics of the active agent, and does not
significantly chemically degrade or physically dissolve when placed in contact with
ocular fluids. Preferably, the active agent-containing material is non-biodegradable,
meaning that it does not degrade to a substantial degree upon exposure to
biologically active substances typically present in mammals. Additionally, the

25 active agent-containing material is capable of releasing the active agent by one or
more of diffusion, degradation, or hydrolyzation. Preferably, the active agent-
containing material is a polymeric material, meaning that it is a material made of one

or more types of polymers.



active agent-containing material is capable of
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polymers and excipients.

Hydrophilic, non-absorbable polymers useful in the invention include,

20  without limitation, cross-linked poly(ethylene glycol), poly(ethylene oxide),
poly(propylene glycol), poly(vinyl alcohol), poly(hydroxyethyl acrylate or
methacrylate), poly(vinylpyrrolidone), polyacrylic acid, poly(ethyloxazoline), and
poly(dimethyl acrylamide), copolymers thereof with hydrophobic or hydrophilic
monomers, and blends thercof with hydrophilic or hydrophobic polymers and

25  excipients.

Hydrophobic, absorbable polymers that may be used include, without

limitation, aliphatic polyesters, polyesters derived from fatty acids, poly(amino
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10,000 and 80,0000. About 0 to about 100 weight percent polycaprolactone and
about 100 to about 0 weight percent of the ethylene vinyl acetate are used based on
the total weight of the polymeric material and, preferably, about 50 % each of
polycaprolactone and ethylene vinyl acetate is used.

20

The polymeric material used is preferably greater than about 99 % pure and
the active agents are preferably greater than about 97 % pure. One of ordinary skill
in the art will recognize that in compounding, the conditions under which
compounding is carried out will need to take into account the characteristics of the

25 active agent to ensure that the active agents do not become degraded by the process.
The polycaprolactone and ethylene vinyl acetate preferably are combined with the

desired active agent or agents, micro-compounded, and then extruded.



the active agents are preferably greater than about 97
% pure. One of ordinary skill in the art wll
w0 e@ogsicze that in conpoundi ng, the conditi onsPCMTE2009/043139
whi ch conpounding is carried out will need to take
into account the characteristics of the active agent
to ensure that the active agents do not becone
degraded by the process. The pol ycaprol act one and
et hyl ene vinyl acetate preferably are conbined with
the desired active agent or agents, m cro-conpounded,
and then extruded. VIN-5219WOPCT EFS Fi li ng, MAIN-3219WOPCT
2009 In a preferred enbodi nent, the acti veFS Filing, May 7, 2009
agent-containing material is a polynmeric material that
is conmbined with at |east one active agent to formone
nor e fli perefagied binbedimpitkdie a¢tivg @gftm@gntammé ngitemahisiaons
Of t@@rﬂér&%at%ﬁ ﬁ:lQ’[ 1Ergym kﬂﬁ&t@&%f € a%tl\;ellgenq 'td%% I&%@S‘r
reservoir or sma er than suc | mefisi ons. e
or nnmeﬁbﬁwnﬁbmﬂﬂbensdwwsﬁhb@nwm$QEC£ﬂmmbmuwﬁélM@wbﬁe
Ibn(sjesru S%%Ptla[]%%e dpl{?ﬁi%lrsieo%slse (% etrés rresoetrr\t] [0 (%% flerﬁléa S Qh & %ensmns Bne
nay cbencmé ofahs tizes aﬂibeahkdnﬂmetwamrﬁaahiemsémd 1nm>shaer tte:;awm

[ nto th enin I.n .enbodj nts Ln

0" Iiion PR Bt n 00 REL TR Be bt b S E e Py be
pr ef(ffraatﬂegn(ﬁﬁ €hapbalifablo é‘d& itis@rthontd tie dpsmm%] ﬂneglgbcﬂmaﬂt@ in
0.05 t.o ut. 2 mmin ameter. Mye erably,

0 o8 Seticdin rpicu PLamie i A s Rk et prerbrigly are
secubeht.d RtaBolt3enhes RhyIahd @08l tdaﬁﬁaﬂ NGl iR dtah@ter More
reservoir when the device is in use in a wearer's ey

A ansfeplyy the dieappionssofghe filees qreguch thabthe fibprs Tt josuiely lﬁ*@yhe

be SRR dng ¥ mdfs 1B TR Glen tl‘iéedéeﬁg isnﬁl u%ﬂQ q v&teal%r seye. In
shape of the reservoir. The internal walls of

r es ey of theayicaef dpareanin. dheiflpegsmsyths spmmetigali qﬁ@fwu}a@etrlcal
f eat Jh&x1idbn ﬁie‘ghéﬁ% o@ﬁfe%s@fv'a ngnt Bgerddi Rals ¥y tﬁ@ﬂeghr%ﬂhemay

reservoir 1 ncl udi ng, hout I mtati on, surfaces wt
gro da;ee,ssbstamﬁdlésnsrmqﬂowsnayrlmlghfe@srebﬂlat fin mmtainmgtth@ﬁber

itlﬁt & ikifth th‘é@ése%u’“ﬁcﬁlﬁﬁ Bv'n}{&ltk’lmn%ﬂ%f L ReL Sw1?19§}()ﬁ\}e5” ng

e active agent or agents may orne
deviigdentdists, anughireds ortke filieba the. intgornyetllsanot her
alternative, the fibers and

Alternatively, the fibers containing the active agent or agents may be formed

20 and the device cast around the fibers. As yet another alternative, the fibers and
active agent may be dosed into the plug reservoir as a melt and allowed to solidify.
As still another alternative, the polymer and active agent may be introduced as a
solution. The solution may contain monomers, pre-polymers and the like suitable
for cross-linking via one or more of irradiation, redox, and thermal radical

25 polymerization. As yet another alternative, the fibers may simply be soaked in the
active agent before or after insertion in the device. In the case in which more than
one fiber is used, each of the fibers can have a different cross-sectional shape or

diameter than one or more of the other fibers.
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within one or both of the lacrimal canaliculi such that the active agent is released

into the lacrimal sac.

20 Active agent 18 is contained within active agent-containing material 15 and
release surface 17 is shown. As depicted, active agent-containing material 15
contains a gradient of active agent with the highest concentration of the active agent
located at the bottom of the reservoir, meaning the portion of the reservoir located at
or near the bottom of the plug. The concentration gradually and continuously

25 increases within the active agent-containing material as one moves from the release

surface located at the top of plug 10 toward the bottom of the plug.
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the active agent concentration may abruptly vary
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Preferably, the difference in
In Figure 2 is shown a second embodiment of the invention in which there is

a discontinuous gradient. As depicted, punctal plug 20 has reservoir 22 with an

opening 23 therein. A first active agent-containing material 21 containing active

agent 28 in a first concentration is located at the topmost portion of the reservoir and
20 asecond active agent-containing material 24 containing the active agent 28 in a
second concentration, higher than that of the first material 21, is provided in the

bottom portion of reservoir 22.

In embodiments of the invention in which there is a discontinuous gradient,

more than one active agent may used. For example, the first active agent-containing
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concentration will be about 5 % nore preferably 25 %

and nost preferably 50 % In Figure 2 is shown a
wa@e@onareesrbodi nent of the invention in which tPer/Es1089/e43139

di sconti nuous gradient. As depicted, punctal plug 20

has reservoir 22 with an opening 23 therein. A first
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agent 28 in a first concentration is |ocated at the

topnost portion of the reservoir and a second active

agent-containing material 24 containing the active

agent 28 in a second concentration, higher th@RNtSB&EWOPCT

of the first material 21, is provided in tHF Hlotg &hy 7, 2009

portion of reservoir 22. In enbodinents of the

invention in which there is a discontinuous gradient,

mor emathizgh my davecan aglev cagerfttharely thas didfersrom g agtpic@gent Wethin

fir ' - - i i N- 5219WOPCT EFS Fi l i ng,
Nhyqﬁ?g%gggﬁﬁggggb%ﬁﬁﬁg@kﬂgagxgh active agent therein
that differs fromthe active agent within the second

active aggegePiBdsrticNBvdrBE L r@base-hiddhREn MRSt Rfay be
the invention, a rel ease-nodul ati ng conmponent may be

i nclinela¢pd. Therqabemedulpgsorppivgt Banborerempagenbatpgl to
COMRRNRMte thB ff'%lea@@ Bisﬂﬁé Qctil'%’ gégngfr&nttﬁk;bfpelﬁ%%ﬁ?ae RlodhiBne

active agent fromthe plug. Suita ' ting
conpwmennenit meludelevithairt oitation, one pamprsrbiodsgredable gfmor-

bi Oqﬁ%eg%ﬁ%lc? se%i—p@%eagfe%%@ﬁl%a@eeoﬁ%%pé P& &Ec%ﬁlbﬁlati?ns
menbran€&, one or nore pores, of conbinati ohs thereof.
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t he gopfumsgithdaodeitodun0h sédoad L@ hy@i-Eodiaing nBeEiOND containing
active a_ent-cgntainkga material .36 cont.aining the . ¢
acti codensnss firf SEOUE CBMEEBINE Srit P Y TR e p rion ©
i N tler@t 220 MEMhicoN, Rhich @S6¢YA adjadeht tdVRIADK ANRs Rkt to the top
which is | ocated adjacent to and, with respect to the
tlép of plug 30, superior to first active agent-containing material 33 is shown. In a more

preferred embodiment, in addition to a gradient, release of the active agent is

controlled by use of one or both of active agent loading and release enhancers.

In the discontinuous gradient embodiments of in the invention, two or more

fiber sections may be melted or otherwise adhered together. This offers the

20 advantage of mechanical stability of the fiber sections and consistent diffusive
contact during manufacture and throughout use of the drug delivery device. The
fibers may be melted or adhered together by any convenient method. For example,
one poly(epsilon-caprolactone) and ethylene vinyl acetate fiber having a length of
about 0.75 to about 1.25 mm with an active agent concentration of about 50 percent

25 Dby weight may be inserted into a punctal plug. A second poly(epsilon-caprolactone)
and ethylene vinyl acetate fiber having a length of about 1.25 to about 1.75 mm and
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of plug 30, superior to first active agent-containing
material 33 is shown. In a nore preferred enbodi nent,

WO pooadsticrs on to a gradient, rel ease of the actPeBUSYEN0D43139
is controlled by use of one or both of active agent
| oadi ng and rel ease enhancers. In the discontinuous
gradi ent enbodi nents of in the invention, two or nore
fi ber sections may be nelted or otherw se adhered
together. This offers the advantage of mechanica
stability of the fiber sections and consi stent
di ffusi ve contact during manufacture and thr odgRédi9WOPCT
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at t enperature between about 57 to 62 C for about

60 s‘é@@h@@g rileagdikinetics aredemiftatqdrhytteyigtesy magaripl deskdatinn, 2

| oadépﬂt%lﬁ dé?ﬁda'ﬂ@r?m tﬁg‘ﬁa‘kﬁh%ﬁ@ﬁls@/ Hl%ﬁﬂd % WRNuPBmitation,
control via spati al gralents of e propertles of
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the BRLEr bR SRSIE Y hdGal i Mbac M LA b TR LR, out
on gﬁ‘: gﬂ[nﬁ‘%é cop oarnka/rsg ‘ @&’ly” r?gla outer
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Iqugstand the like, results in spatial gradients and
ed rel ease rates as the materi al degradati on front
anes t hrough the deV|ce By way of further exanple a
gﬁ: 2{ al Irrl%leecgs%do a non gracp Me materlaE {ha'! ehytes tﬂe actlve agén’t solely
through diffusion-dominated mechanisms, spatial gradients in the material’s
permeability can control release kinetics beyond what is possible with a
20 homogenecous material. In the diffusion-dominated mechanism, the material
permeability controls release kinetics and is influenced by the material’s porosity as
well as the active agent solubility and diffusivity. By forming an active agent-
loaded layer of an outer material with a higher permeability, the active agent elution
may be controlled to be more linear with less burst effect than that which is

25 otherwise achieved with a single, homogeneous, diffusion material.
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diffusion rates. When the hydrolysis front reaches an inclusion, the inclusion

rapidly dissolves and increases porosity of the active agent-containing material. The
inclusions may be incorporated as gradients or layers that allow additional tailoring
of the release profile.

20

As another alternative, a percolated network of destabilizing inclusions may

be used. When used in a non-biodegradable active agent-containing material, these
inclusions form islands within the material that can possess high diffusivity for the
active agent. Useful inclusions will have a higher diffusivity for the active agent

25 than the active agent-containing material. Examples of such inclusions include,
without limitation, propylene glycol, silicone oil, immiscible dispersed solids such

as a polymer or wax and the like. As yet another example, an inclusion that acts to
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i nclusion to enhance degradation or diffusion rates.
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Eor exanpfe, certain devices nay ave a
fi r stiareetel, that iswbomdiaindircudan dh shapaandy tbs, ﬁwtfoa}z ereferably has a

cylindrical shape. A portion of the lateral surface of certain of the devices
preferably has an outer diameter that is greater than the outer diameter of the
remainder of the lateral surface as shown in Figure 1. The enlarged portion can be

20 any size or shape, and can be present on any part of the lateral surface, In punctal
plug embodiments, the enlarged portion is of a size so that it at least partially
anchors the punctal plug in the lacrimal canaliculus and preferably, the enlarged
portion is at one end of the plug. Conveniently, the enlarged portion may take the
shape of an inverted triangle having a flattened apex, as shown in Figure 1, may

25 have an untapered, body rounded at the end, or may have a tapered shape at one end
with a rounded point as shown in Figure 10. One ordinarily skilled in the art will

recognize that any of a wide variety of shapes are possible.
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t gexﬁ%&% fhe%Q?bl i@"@%& ?ﬁjap&‘ b Q{‘&&rf%a!%é‘&lﬂ%ela ifﬂe%éf&ﬁ%e

ave an untaper
bodyaboutRiwchbatt Strive nehdgthmreﬁaatblyfv@w 12 toapert édS rginap eength.

at OHE Hﬁjl OWthel%oaY M CF a out{{ﬂ po ab Sf)]]i%}%?ab A 0. ? LI %1%%%) imm.

One ordihart| ghi ze
afy Tfe sazeWIfdxe opanmge\t/yl tﬁ:ffrcslhamﬁsl anneo about 2.5 mm and preferably

possi bl e, VTN- 52 EF iling, May 7,.2009 T
Doy 8¥ ke BIR At ) ribs sk HEME A enenbinE Ae A loeaton.
any rﬁﬁlﬁple smal lo§dnﬁ%s rrigy et l&s‘eag Te bddg@fbm(iﬂl]g 18ay e xtlllitﬂlg or

an el ongat ed cylinder. The e abaqut
0 8 336“ B AR PAeRRT°R2]YEn QPHOMBY é?%‘?%‘%l“gﬁg’d‘b%‘ﬂﬁle afiing Of pygment
abouhatdndkedit blig le@i@thsce WRn Widblhcedfin & penchedy W 11 be
about 0.2 to about 3, preferably 0.3 to about 1.5 mm

e size of the opening will be fromabout 1 nmto

about 2. TrpEWb @t (R RIVREAHH te ARG Chal Be MIRUE OF ADQUWEabR: 8
mm | nstead of one Iagge openi ng at any one | ocati on,

mul thiprompatle matspaling n%rﬂ‘ythl@‘ét lw@@aon Tiligonsoiicane biends,
pl ugiRye BLp M%%Js Ysul aspﬁﬁ Eka%ﬂlé/ h&& Qﬁﬂ@&@ﬁﬁmﬂ ofoPaque.

Optional ly, may i nclud nt or ment
t hatpqﬁwélyxyqﬂelymthgcrﬁat@|(‘éqHE1\éAs)eeolvml@ﬁer16tglycgl pl aced in

e B A

i nclaxdinplg, thedetdesuibed inrli. B atatann Nos i51968 SA® 6D A&, (199,852,

bl en£3367,929, and 6,822,016, incorporated herein in their entireties by reference. Other
suitable biocompatible materials include, for example: polyurethane;
polymethylmethacrylate; poly(ethylene glycol); poly(ethylene oxide);

20  poly(propylene glycol); poly(vinyl alcohol); poly(hydroxyethyl methacrylate);
poly(vinylpyrrolidone) (“PVP”); polyacrylic acid; poly(ethyloxazoline);
poly(dimethyl acrylamide); phospholipids, such as, for example, phosphoryl choline
derivatives; polysulfobetains; acrylic esters, polysaccharides and carbohydrates,
such as, for example, hyaluronic acid, dextran, hydroxyethyl cellulose, hydroxyl

25 propyl cellulose, gellan gum, guar gum, heparan sulfate, chondritin sulfate, heparin,
and alginate; proteins such as, for example, gelatin, collagen, albumin, and
ovalbumin; polyamino acids; fluorinated polymers, such as, for example, PTFE,

PVDF, and teflon; polypropylene; polyethylene; nylon; and EVA.
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silicone co-polynmers, such as, for exanple,

hydr ophi i ¢ nononers of pol yhydroxyet hl ynet hacryl ate

W@ 2bEBK7Y , pol yet hyl ene gl ycol, pol yvinyl pyr rpCT/us20e9/043139
and glycerol, and silicone hydrogel polyners such as,

for exanple, those described in U S Patent Nos.

5,962, 548, 6, 020, 445, 6,099, 852, 6, 367,929, and
6,822,016, incorporated herein in their entireties by
reference. Other suitable bioconpatible materials

i ncl ude, for exanple: polyurethane;

pol ynet hyl met hacryl ate; pol y(ethyl ene gl ycol )YIN-5219WOPCT
pol y( et hyl ene oxi de); poly(propyl ene gl ycdiFS;Filing, May 7, 2009
pol y(vi nyl al cohol); poly(hydroxyethyl nethacryl ate);

pol y(vi nyl pyrrolidone) ("PVP"); polyacrylic acid;

pol y(et hyl oxazoline); poly(dinmethyl acrylam de);

phosphol

Chot | me. daeritief YEfle Bices By BERTRAPor ARGTUAIL tho conting
poI yrsacmrhadqe desor amae ci%iuﬂzruiwxsnm ®sid mwhoramuw@dhesweness to

c eI | u padsvg t1 sﬁle ggr(l’)lnal,t]ﬁ)ll f a(rjld fe()j( u)r(t ﬁoaandolg élchlorng ﬁltﬁ Iaé\l&l?ﬁ ng&gllples
gim OMMEMamgs ﬁrajﬂleip \@ﬂtimudhmttatrmnsgdla‘tmt @Jlamphgsrdrafxyetaylkj

al gi nate: .pr ' ch.as el ati

co 1L EF g RECoRE 0 hondin PR Ao B symeri
fl uwndma%l&dp?f&r)snﬁfdi)ol}&mhar&&s tlﬁlOﬂhellextﬁi’dSEt@l deWaEEesl of

PVDF, .and_t ef.l on ol yet

o RO SO PR B i e e Ry b Tupfg o ine ke

sur f ageombinhinigs @RYdo€es may be whol ly or partlally
coated. The coating may provide one or nore of

I9br|C|ousness to aid insertion, nuco-adhesiveness to

i mprove tdegsid@nboMmRRhdk BF {hi td&‘wce@%@th‘é@ﬁ@eﬁt’i& HaQc RbSllyl Hade of a
anchoring the device. Exanples of suitable coatings

i ncl flpadle Rptery dhat pofprmaite tm shape|ohvhafeves glcpaigeh , Optionally, in
hy dr@xy&ichy bluE@ﬁlB@tﬁ&Xﬁt%@p@ nf2yfe a%gﬁrett%efgﬁﬁédrbf either a less

chondr0|t|n sul pha hyal uronic acid, synthetic and
nat uileibipmateailiean ﬂa'rﬁ of mlby@»a@rewéfrrladjé@t top ordprsgo the shape of

CE qlvl@att&gr f#@ ﬂté’c"tast 'VVﬁe?l 3; %91' 1%?%? ﬁiha{l?e ﬁ) v and a less

t osan, yacry iC ose
and ﬁldxd)let q:d,{]ereand; iewrtbd mat tho hgrlmhleqamjfculus the collarette rests on the

exterior of the lacrimal punctum and the body of the punctal plug conforms to the
shape of the lacrimal canaliculus. The reservoir and the body of such punctal plugs
are preferably coterminous. That is, the reservoir of such punctal plugs preferably

20  make up the entirety of the body, except for the collarette.

In embodiments in which one or both of a flexible body and collarette are
used, the flexible body and flexible collarette can be made of materials that include,
without limitation, nylon, polyethylene terephthalate (“PET”), polybutlylene

25 terephthalate (“PBT”), polyethylene, polyurcthane, silicone, PTFE, PVDF, and
polyolefins. Punctal plugs made of nylon, PET, PBT, polyethylene, PVDF, or

polyolefins are typically manufactured for example and without limitation,
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Certai n enbodi ments of the devices of the invention
have a body nade of a flexible material that conforns

wo ooovhaTeshape of whatever it contacts. Opti onaPCT/US1009/043139
t he punctal plug enbodiment, there may be a collarette
formed of either a less flexible material than that of
the body or material that too conforns to the shape of
what ever it contacts. Wien a punctal plug having both
a flexible body and a less flexible collarette is
inserted into the lacrimal canaliculus, the collarette
rests on the exterior of the lacriml punctunY&N$2{H&OPCT
body of the punctal plug conforns to the di&gelingf Mafg, 2009
l acri mal canaliculus. The reservoir and the body of
such punctal plugs are preferably coterm nous. That
| s, &xhesippdweaioh mobting grthempdernang. glunefel pvgsfreadglof ftex,

e

col 175 R iheyMcch Gt b bty A ans GBI 1 LM ipcgoing
f | exprbdesscbody and col larette are used, the flexible
body and flexible collarette can be nade of materials
that include, without limtation, nylon, polyethylene
t &r epht h@raesses foPE'Eﬂl)factmﬁﬂgytbmﬂévjdeemelﬂ ér tap hivhaicataee well

" " ol h SJ|lCOﬂ
VDR TS e R Gees Bt RO RistisiaRSigh G molding.
PET, trdd&€: mplaingei khel1ikeePreRvIDy, tigy reeotoyak @fiédsitlase or both of at
typically manufactured for exanpl e and w t hoyt
| nyn leagt ?‘%/?na CUMNEES B 1Y é?‘l%e‘i‘frggfl%‘}ngl\%%}er ?Slg’é%fb‘em to the
ext I wsheRctutelf @Rtdetide. Ry, dhe bhALRFRkEpRhBShay be combined
Punct al plugs made of | atex, polyurethane, silicone,

P PrifEhareiive g alops,ora orpbipgtionay th jag prjymeric material.
sol uti on-casting processes. Processes for

manuf acturing the devices useful in the invention are
wel | knowe amgpit ohqtiye aggabusgd i he devages oftha ifvaetiqirved degend

i nj el%h Q1 a@@vedi @ﬁ’or Qé’eﬂs s@E&tgdl e de%ﬁ@lrlﬁ)gé%rto H@héﬁv@@d Qfa the
the I'ike. Preferab y, the reservoir is fil one

or bbsvigedhe desirpdglopsegpie, aad tthovaclapgeprinty atthe h@lva@geinwnd active
qger%geﬁ:toc%ht@ mﬂﬁ%geﬁﬂe%abw ?’%ea%%ﬂtt s cplstanﬁerapg}ltlcall¥ effective

manutact ur e evi ce tironally, one
excigment scamng dpanpontisifieetd e to achieve the desired treatment, inhibitory, or

prevention effect. Typically, amounts of about 0.05 to about 8,000 micrograms of

active agents may be used.

20 In certain aspects of the invention, the reservoir can be refilled with a
material after substantially all of the active agent-containing material has dissolved
or degraded and the active agent is released. For example, the new active agent-
containing material can be the same as, or different from, the previous polymeric
material, and can contain at least one active agent that is the same as, or different

25 from the previous active agent. Certain punctal plugs used for particular

applications can preferably be refilled with a material while the
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with the active agent alone or in conbination with the

polyneric material. The anpbunt of active agent used in
W@ b@damsrzes of the invention will depend uponP@hEsS2009/043139

active agent or agents selected, the desired doses to

be delivered via the device, the desired rel ease rate,

and the nelting points of the active agent and active

agent-containing material. Preferably, the anount used

is a therapeutically effective anmount neani ng an

amount effective to achieve the desired treatnent,

inhibitory, or prevention effect. Typically, WYHSu#atEWOPCT

of about 0.05 to about 8,000 m crograns ofEF&dtilinggMay 7, 2009

agents nmay be used. In certain aspects of the

invention, the reservoir can be refilled with a

mat eringthl pivgsaeman bsersatin icllgorigal cappliquius, wbild efleer punctal plugs

age%%@}[&l%} ﬁ%ged@éﬁiﬂeQLcr@? gﬁcﬁl Ve Wha 891 éﬁu%gd and the

active agent is rel ease ot exanp e new

act muectalqdugsamﬂlm mmag“tatiamterthedhcrmmhcmhwh@ sarre as, or

different from the previous polyneric material, and

can contain at |east one active agent that is the sane

as, or duﬂﬂfﬂmmwvwebmﬂwmempﬂeu&ﬁusgaﬁhhvghggﬁmﬂﬂﬁedbyany

Certain | ugs us articyl ar tions
o DR od B bl FEul PhiREh iRl R M
theVﬁNﬂ&ﬁﬁQMﬁRﬁimEEﬁdEbmbm@umwﬁymi PO ureilizdtiop ivgsried
remai n_inserted in.the |acri canal i cul us, while

ot hett it §F‘mﬁ’|aragd§a“a‘?P8rt‘%‘i&fg§V]le9e?’E%ved fromthe

| acri mal canallculus a neM/naterlaI i s added, and the

punctal plugs are then reinserted jnto.the lacrl I
dinal i cul e dovige dpscrihie Tseijn €49 hoasgd 10 Eliv gy koo prave agents for

act i f&€odR More bMBe @éa‘ﬁﬁeﬂt Snﬁbﬁibh | aind BEvEMi0R BY nGRAYRNHiRBes
nmet hod i ncl udin without limtation, ethylene oxide,

aut GBIt PPTIGTS. Erehadsivige s be aiprd to ARV Kdcaatidie agfsiaagt pehcan

t hergQked Braefi&s: afcYent BH&S df |abt¥\%takg9ﬁs ' ISOr CRmhii€ Qheodétflces can be
through gamma radi ati 6n or use of ethyl ene oxide. The

deviwesbtogisbvar japrdastipek el amedastipedifusnsante, gpigesting HEL ketotifen

{20 PR ORI b BOP MEUBGR, kS oo

di sgdwehate for one or more of the treatment, inhibition, and prevention of allergies.
The devices can be used to deliver mast cell stabilizers, such as, for example,
cromolyn sodium, lodoxamide tromethamine, nedocromil sodium, and permirolast
potassium.

20

The devices can be used to deliver mydriatics and cycloplegics including,

without limitation, atropine sulfate, homatropine, scopolamine HBr, cyclopentolate
HCI, tropicamide, and phenylephrine HCI. The devices can be used to deliver
ophthalmic dyes including, without limitation, rose begal, sissamine green,

25 indocyanine green, fluorexon, and fluorescein.

The devices can be used to deliver corticosteroids including, without

limitation, dexamethasone sodium phosphate, dexamethasone, fluoromethalone,
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and di sorders. Each device may be used to deliver at

| east one active agent and can be used to deliver
waledobasmmns types of active agents. For exanpl ePCT/082009/043139

devi ces can be used to deliver azel astine HC

emadasti ne di funmerate, epinastine HO, ketotifen

funerate, |evocabastine HCO, ol opatadi ne HO ,

pheni ram ne mal eate, and antazol i ne phosphate for one

or nore of the treatnent, inhibition, and prevention

of allergies. The devices can be used to deliver mast

cell stabilizers, such as, for exanple, cronmVyNR-5219WOPCT

sodi um | odoxam de tronet ham ne, nedocr oniBFSgokkgiMay 7, 2009

and permrol ast potassium The devices can be used to

deliver nydriatics and cycl opl egi cs including, wthout

| i mi fleerironihalencraepitadotspicdnnd etabdaivaptiedpiohac asdupalrediisalone

HBr

phery T ARG G Ay ik O E A Afocihs apetonids. e
ophtdeaicei @ndy eseditndélive my;stapidblouti- uhﬂammaawrv epsnty iogleding,
bﬁga\%nl‘thou{ Ismﬁ'mo biperogfen Isoncf;i ocyan E% (gc gn%c soglll‘llr%r Eéorolac

uor escei n. svices can be lise
cOr ttranashiaariod, dgclospaotined rapgmyacin bthutrexdaterraatiidpoing, and
dexqgethasgne sodi um phosphat e, dexanet hasone,

f 1 uot' SHEYWa'Gne, VIN- 5219WOPCT EFS Filing, May 7, 2009
quoronethanne acet at e, Ioteprednol etabonate

predni sol acetate, p sol one sodi um

Per ysond Mo Ayt orbmes B TS ar M e Ser B B Hes Wi
devi [Gfsation Rohiem & dndx@flckadih V@Tox i) gl fix@tifl Aiprofloxacin,
antl-lnflannatory agent.s |nclud|n wi t hqut

1 i geatamdrn. Spifige PP EoleRg; wmuns%lbfﬁ%?raélﬂde JRErBY efac

sodi JmKket Br hiseid, hOMRLAMIAS o e¥ k] Qﬁiﬁ’s@kéz@fé diolamine, sodium
rap anﬁCI n met hotrexate azat hi oprl ne, and

br orfbpGe i deetetrapelingedaryexsling didkxagidBgcapbalednii ver

ant 'arﬁd}ﬁ&lﬁhﬂc}é@u@&@r&%ﬁnéﬂaﬁé lé@'ﬁ;ﬁﬁhe RN Ein 6fT8xta@}£' on,
tobranKC|n noxi f ['oxaci n, "of  oxacin, gatifl oxacin,

ci pragft r@meunngen@éwmam%fadiazn@mland moReetsore di ol ani ne,
§9di um sul f acet am de, vanconycin,

The devices can be used to deliver agents for the one or more of the
treatment, inhibition, and prevention of glaucoma including, without limitation,
epinephrines, including, for example: dipivefrin; alpha-2 adrenergic receptors,
including, for example, aproclonidine and brimonidine; betablockers including,

20  without limitation, betaxolol, carteolol, levobunolol, metipranolol, and timolol;
direct miotics, including, for example, carbachol and pilocarpine; cholinesterase
inhibitors, including, without limitation, physostigmine and echothiophate; carbonic
anhydrase inhibitors, including, for example, acetazolamide, brinzolamide,
dorzolamide, and methazolamide; prostoglandins and prostamides including,

25 without limitation, latanoprost, bimatoprost, uravoprost, and unoprostone cidofovir.

The devices can be used to deliver antiviral agents, including, without

limitation, fomivirsen sodium, foscarnet sodium, ganciclovir sodium, valganciclovir
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pol ynmyxi n B, am kaci n, norfl oxacin, |evofloxacin,
sul fi soxazol e di ol am ne, sodi um sul facetam de
wo eawasywed i ne, doxycycline, dicloxacillin, cepbel/@%:009/043139
anoxi cillin/clavulante, ceftriaxone, cefixine,
eryt hromyci n, ofloxacin, azithronycin, gentanycin,
sul fadi azi ne, and pyri nmet ham ne. The devi ces can be
used to deliver agents for the one or nore of the
treatnment, inhibition, and prevention of glaucona
including, without limtation, epinephrines,
i ncluding, for exanple: dipivefrin; alpha-2 adfE$tYvorcTt
receptors, including, for exanple, aprocl difiSdiilve, &g 7, 2009
bri nmoni di ne; bet abl ockers i ncluding, w thout
limtation, betaxolol, carteolol, |evobunolol,
met i e hadluoidine sagpclovirghdfamciiqvere {Thaidei¢es san hauskditdi degyer
for r I
Lohi 1§ﬁ@gfé§@eﬁlc§§%9g&lﬂ% w1ﬁl%p%1ﬂh1'ta? G, r%]&tk%f?me elel ek ahase,
physmswﬁ@amn@(&amiﬁmh@mhns@hmndmn@em®QMMdhanhVMIa@mnh
Ik)PPIr]gIC)I grlgrol% atle QSA Huor x%h d 0d1um grﬁ?re%\hce%%% Baezl%%e(? {Tl cﬁle Bver
pb OSd:nO@jngﬁidtgflﬂs amdhdprgoﬁir ammbe@ fluolapde, Migeytoditd) @emphotericin B,
Iini&atlon ano rost., bi matoprost, uravoprost, and

uno g§?3ﬁ¥38? @PZd%he devi ces can be used to

del i ver ant|V|raI agents i ncl udi ng, w thout
limtation, faomvirse sodlu foscar.net .sodi um

ganci ol oVt SHER HHd 1§ APGERRIAEHET OIS 2 BRrEET s
Fi | i fgtamividpheh, ana@@canﬂdqc,etahﬁmd‘phwarﬂlh@@roc@;@h@I ovir, and

fanciclovir. The devices can be used to deliver Ioca
AR e stcriaminoghen; ketprqlar-iBuprofer ot framadale T dsyices eap g dsgdrie

HC |, geRy QR RERk RS rstifd ludife, WBQQﬂlﬁﬁtheﬁﬁge hydrochloride,
fluoresceln sodi um benoxi nate and fl uorescei’n sodi um

and sekrsling by dggshlofifl ghenyisrhignedwdroghiorids ietighxdrezeling an
be Uf%pocfﬂ%ng@ luh Y §ynfzb fikéD Mall?gﬁ@&éuceé Dl yadido dEIWer

exanpl e, fluconazole fl'ucyt osi’ne, anphotericin
i t r adomisoANsioxidms. ked betesizal mchuiting, wishdue b@lt@tmdvma@nns A,

qs! '13 edrnd%”ﬁl't&ﬁa{u?ﬁe MtHShd GeaxthehiiOley beilH &ngttheolﬂ«e

acet am nophen ’and del ne, 'acet am hophen an
hydr ocodone,

The active agents delivered by the devices can be formulated to contain
excipients including, without limitation, synthetic and natural polymers, including,
for example, polyvinylalcohol, polyethyleneglycol, PAA (polyacrylic acid),

20  hydroxymethyl cellulose, glycerine, hypromelos, polyvinylpyrrolidone, carbopol,
propyleneglycol, hydroxypropyl guar, glucam-20, hydroxypropyl cellulose, sorbitol,
dextrose, polysorbate, mannitol, dextran, modified polysaccharides and gums,

phosolipids, and sulphobetains.

25 The invention will be clarified further by consideration of the following,

non-limiting examples.
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acet am nophen, ketorolac, ibuprofen, and tramadol. The
devi ces can be used to deliver vasoconstricors
w0 p@bastienyy, wi thout |imtation, ephedrine PCT/US2009/043139
hydr ochl ori de, naphazol i ne hydrochl ori de,
phenyl ephri ne hydrochl ori de, tetrahydrozoline
hydr ochl ori de, and oxynetazoline. Finally, the devices
can be used to deliver vitamns, antioxidants, and
nutraceuticals including, without limtation, vitamns
A, D, and E, lutein, taurine, glutathione, zeaxanthin,
fatty acids and the |ike. The active agents deINw¥ei&HOPCT
by the devices can be fornul ated to cont ailFSaimg Mamnt7s2009
including, without Iimtation, synthetic and natura
pol yners, including, for exanple, polyvinylalcohol,
pol yet hyl enegl ycol , PAA (pol yacrylic acid),
hydr yl cellul ose, glycerine, hypronel os,
polygéﬁg£%£rrolidone, car bopol, propyl eneglycol,
hydr oxypr opyl guar, glucam 20, hydroxypropyl
cellul ose, sorbitol, dextroEgnn ghysorbate, manni t ol ,
dextran, nodified pol ysaccharides and guns,
phosol i piAdsyncahplug kh@hoibelticrrtigas foimedian @ vimvs 0 h. 50iglaimob of
clarified further b onsi deratjon of the [ 0w n
on Pl o BT AR S5 e Nttt B agree
2009 atlabip fies Aadpves toAbipetheitial. 5@k By K (BVATANEMeArkema),
art formed as follows. 1.5Q amount  of epsi.l on
ol YA PR H R, Gt b P bR than
80, 0RPrdRImAEo( 2/ artleaik@ird wRM AN flide€ ) a s sczehiicied
with 1.50 EVA &gXATANE(t .. Arkema), and 3.0Q g. of
B na&oaw%%dlger Meds}hin 2¢0dmre \ Industeswngythat wag fited, wigh a 0.25
gr eahRrdid HRAAPOIHAXA TRY & hiin. 97 126 rphh@d BEX¢. UFeIyvRsg t hen
placed in a tw n-screw m croconpounder Mdel No. 2000

f r orfomRemnding thstpixas wasipatrudedanto s pi T €d with a 0. 25
mm di e and conpounded for 15 mn. at 120 rpmand 65 C
Fol | owi ng

15 The fibers were cut into approximately 1.5 mm in length sections and
inserted into the opening of Sharpoint ULTRA™ plug , available from Surgical
Specialties. To insert the fiber, each plug was positioned under a stereomicroscope
and tweezers were used to insert a fiber into the opening of each of the plugs. Each
plug was then placed in a glass vial containing 1 cc of phosphate-buffered saline

20 having a pH of 7.4. The vials were then placed into a water bath at 37° C and gently
agitated. Aliquots if 1 cc were collected at intervals of 3, 8 and 24 hours and then
weekly for 3 weeks and analyzed for drug content via HPLC. In the graph in Figure
4, the release is depicted as “Plug with Rod I”.

25 Example 2
A first fiber was prepared by taking a 1.50 g amount of epsilon
polycaprolactone with an average average M,, of approximately 80,000 by GPC and
combined with 1.50 g EVA and 3.00 g of bimatoprost (Cayman Chemicals), each
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conmpoundi ng, the m xture was extruded into fibers at

75 C. The fibers were cut into approximately 1.5 nmin
wo engtisresect i ons and i nserted into the openi ngPGf/US2009/043139

Shar point ULTRA(tm plug , available from Surgi cal

Specialties. To insert the fiber, each plug was

posi ti oned under a stereom croscope and tweezers were

used to insert a fiber into the opening of each of the

pl ugs. Each plug was then placed in a glass vial

containing 1 cc of phosphate-buffered saline having a

pH of 7.4. The vials were then placed into a WANE219WOPCT

bath at 37 C and gently agitated. Al i quot EESfFiling;¥ay 7, 2009

were collected at intervals of 3, 8 and 24 hours and

then weekly for 3 weeks and anal yzed for drug content

vi a WHHLQurjty of greateyrthgnrapprox Magaly 87 %, Thenixtcerasdhdnglaced in a

depi gte P ' . N '

g SAEE P it ophlertf ot bR BiRER 628 oy B ccrhRhed
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appr Qxi mat.el y.. 80, GPC and.c izned.wth 1.50 g

2 SHNTE B R b ot e B e b s

e&chVTN- 5219WOPCT EFS Filing, May 7, 2009 with a

purity of, gre r than appr.oximately 97 % The.m xture

Bas t hen bIEEBE R A o Ry B oY 5 30aHSE TP £ hat

was galichgdlasiohdwih b ArageMli g lai;ﬁﬁdxiﬁl@léwlldﬂﬁtﬂ%/m 115(1h

mn. at.120.rpm and. 65 C . Fall owi.ng conpouyndi ng, .the

T S B G PO H P D oS e it RO By 97

I 0ds%0Th® mibuid®ak theh PRGN aAwBaeRROnickd&mpyasdp fRPRiERtted
4.50 g anount of epsilon pqglycaprol actone

by taki .
\ﬁ;t h\%&'hg g% PRy C R wmp&t}we&f?rnlétr@qnyat&%éx popasho0che Saltpwing
comoRpduiiidd) thb-nfiRtuet Wis RIrTRUIRG Eiérs W 40P canB et ihts r&ds of 0.75

greater than approximately 97 % The m xture was then
pl acea if fengtht wi n- screw ni cro- conpounder that was
fitted with a 0.25 nmmdi e and conpounded for 15 min.
at 120 rpmand 60 C . Foll ow ng conpoundi ng, the

m xt ure s rekmpdedieain pachof ficlestgndiseced! ftbezmuasdhan ingerted

rlg)dsmﬁfuaﬁ)y géng tweezers into Sharpoint ULTRA™ plugs with the first fiber inserted
first. The plugs were ten placed into glass vials with 1 cc of phosphate-buffered
saline with a pH of 7.4. The vials were then placed into a water bath at 37° C and
gently agitated. Aliquots of 1 cc were collected at intervals of 3, 8 and 24 hours
and then weekly for 3 weeks and analyzed for drug content via HPLC. In the graph
20 of Figure 4 the release is depicted as “Plug with Rod [ and II”. As shown by a
review of the data in the graph, the release profile is better in that it is a slower,

linear release profile as compared of the plug of Example 1.

Example 3
25 In Figure 5 is depicted the time course for spatial drug concentrations and
fluxes along the axis of a one-dimensional matrix, meaning a single active agent-
containing fiber that has no gradient. The calculations were performed using MIT

3.091 Diffusion Simulation software available at
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mmin length. One rod made from each of the first and
second fibers was then inserted nmanually using

WO MeA8T1633 | Nt 0 Shar poi nt ULTRA(tm plugs w th pPeEUS200%043139
fiber inserted first. The plugs were ten placed into
glass vials with 1 cc of phosphate-buffered saline
wth a pHof 7.4. The vials were then placed into a
water bath at 37 C and gently agitated. Aliquots of 1
cc were collected at intervals of 3, 8 and 24 hours
and then weekly for 3 weeks and anal yzed for drug
content via HPLC. In the graph of Figure 4 théTNeReaSePCT
is depicted as "Plug with Rod | and |I1". A3 SdhiownMay 7a2009
review of the data in the graph, the rel ease profile
is better in that |t gs a slomer _linear release
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Sb m.{ira:lﬁllem nnscﬂnttmak éle a&datl\iea‘l)bfserewa&é'l'dﬂdbﬂéﬁmtﬁgﬁlease
Filin
ht t %t\ﬁé’f‘zlfﬂ‘? ¢ ee EﬁJP c%GlfF S e X s gt BHpE ARy of
nDdahmaﬁﬂpdmﬁﬁMﬁbﬂmamﬁieSmhength scal es, perneability
concentration and tinme and, thus, specific rel ease
curves for specific materials, drugs, and tinme scal es

wer e not Aakieubfad @fe pddts h@@lsmgwah c@&b@pdrﬁi@tpro&ﬁes\ﬁame
of surface flux as a function of time and vary

ilfi tarixgiige Plohepeigts gredhix BS X gna fengton plipe %Iﬁleposmon along

rel ahd ¥BerbWldHs tﬁeegrmﬁﬁx 00x oV edcables Mk adiékatriiee 4iRleage
kinetic profile (1.e., zero-order versus first-order

ver sisgotseibe apRasiteiend)of thege| Asaddifonpkthise paints are concentration,
per ne@bd) | ds b Yo b tfrﬁ’&ﬁldeﬂoﬁﬁon AofREhk §BeOf 6 time

poi nts are shown with corresponding profiles in the
matri x. Three of the points are flux, F(t, x), as a

f1 gnct i on I? {hetﬂbgleofqﬁlﬂ:dengﬁﬁie? fhglré i@éo?lﬂ)getely uniform drug-loading. The

flux at the release surface is equivalent to an instantaneous drug release rate. In the

figure is also depicted a significant burst release effect meaning large flux values at

the release surface persisting for significant times, which is typically observed with

commonly used uniform drug-loaded matrices. About 25% of the total drug load is
20 released during this burst phase. The initial release rate at t = 1 compared to the

intermediate release rate at t = 0 provides a relative burst factor calculated as:

25 The value for the single rod is approximately 2.3.
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the fiber. Along the graph's x axis x = L denotes the
rel ease surface and x = 0 denotes the opposite end of

wo b@ofidtses . An additional three points are PCT/US2009/043139
concentration, C(t, x), as a function of tinme and
position along the fiber. In the fiber of the exanple,
there is conpletely uniformdrug-Iloading. The flux at
the rel ease surface is equivalent to an instantaneous
drug release rate. In the figure is also depicted a
significant burst release effect nmeaning |arge fl ux
val ues at the rel ease surface persisting for VIN-52I9WOPCT
significant tines, which is typically obsdifsddling, May 7, 2009
commonly used uni form drug-| oaded matrices. About 25%
of the total drug load is released during this burst
phase. The initial release rate at t = 1 conpared to
the internediate rel ease r = 0 provides a
relative burst factor calcﬁF%?@@egs: F1(t=\, x=L)
F1(t =W xFFighteed iy dtpiged wleascrgoleniyl @ pwweh] pkig with two fibers of
300 5 TRy 2 OB RFE RoEh baR ok
pf ofthites2¥ Wrof ehapufithe athertitgg A febn tnvitigdre ber Sgroficagtpadibiction in
l engt h, .the outernost fiber having an jnitial. Lve
ngon® ISR B TR 110k Desie e dspdls SbphEa e
other fiber. As sgen in Figure 6, a significant
r edueletignburyt facks - rmti-als 2prpEEsEhi 52.shown. The bur st
rel ease of the act@velagent is < 10 % and the rel ative
burst factor js approximately 1.2. Exanple 5 In Figure
7 are shown rel ease profiles for the same points al ong
three rods of equal |ength Wkempef the initial ratio

activ t ' ' ' ;4

Tar,  miaBRa e B GRRRRIE T AE ok ik dgglheck Rt o
bur stquald¢retisehaéin theanitiel ratkeofagvit agest leadmgldoacrdtratioa is 8:4:1

rel aitolr e in%lérr, Sr’ﬁidc{léjl g&do Juter ﬁﬁ%rs,Xrgs%)gctlv‘?ely‘.rjl RRE gl)frlstn%fegs!e%f ilh'e%'ctive

Floaen)

(r=11,x=L)

agent is < 5 % and the relative burst factor is approximately 1.0.

15
Example 6
Formulation Masterbatch Compounding;:
A bimatoprost formulation masterbatch was formed by combining 2.20 g of

epsilon polycaprolactone (PCL) with an average M,, of approximately 80,000 by

20 GPC (available from Aldrich) with 2.2 ¢ EVA (EVATANE™ 3325, Arkema), and
0.4 g of bimatoprost (Johnson Matthey Pharma Services), each with a purity of
greater than approximately 97 %. The mixture was then placed in a ThermoFisher
Minilab IT microcompounder and compounded for 15 min. at 30 rpm and 66° C.
Following compounding, the mixture was recovered and placed in a 1CC disposable

25 polycarbonate syringe, annealed at 66° C, then allowed to cool and solidify.
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F (t=U, x=L) Exanple 6 Formul ati on Masterbatch
Conpoundi ng: A bi mat oprost formul ati on nmast erbatch was
wo eoomaselnyy conbi ni ng 2. 20 g of epsilon pol ycappGl/asioovnet3139

(PCL) with an average Wh of approximately 80, 000 by

GPC (available fromAdrich) with 2.2 g EVA

(EVATANE(tm) 3325, Arkema), and 0.4 g of bi matoprost

(Johnson Matthey Pharma Services), each with a purity

of greater than approximately 97 % The m xture was

then placed in a ThernoFi sher Mnilab |

m cr oconpounder and conpounded for 15 mn. atVB8-2pvOPCT

and 66 C. Foll owi ng conmpoundi ng, the ni xt e Raagg, May 7, 2009

recovered and placed in a I CC di sposabl e pol ycarbonat e

syringe, annealed at 66 C, then allowed to cool and
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I SIC I)Iugl'is Issbstaa’pﬁlyeﬂ sidwginiFsg. Su ﬁ“&bﬂhﬂedaﬂnltlyls a;&rrﬁ)ltﬁdwd alt:rpered
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ool FRea o bt e SRR e ] RS AR R veetgm
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about ID at the end distal to the reservoir
o Dortb B0 B Dl Ah e 6 ey Bt ey GigdRiongral plug
Ext efedpdh bfabotithied2niiath RirQ¥RFabD ophist@it 0. ¢mgi B clfar hﬁuﬁal to the
1.92mm a central shaft OD of about O. 7mm a co

ar
BP oxtespEvol epeping havinged digmetersnf@hotd - I9aR- AR & AfToayRsad tip of
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at its wdest point. The tapered plugs were transl| ated
i nt ond mpgkiactared Dhrins Melds el Rigeeiap B ANBY aECOnpgicial liquid

(Pl agenhd B ec%) mHﬁill Tﬁeol[fgﬂﬁlf ﬁh&)’ne bz Sbing: v?dsl al thMBset material of

|nJect|on nD i cone e astoner was a
t hernpnyeal dm@tr@‘rer gf abgfit 60 Shore A on an Arburg injection-molding machine at

15 about 160° C.

Plugs were also made having a straight cylindrical reservoir of about 0.4mm
ID, and comparable external dimensions to the tapered reservoir plug, was also
produced at Kipe Molds, Inc. Additinally, Sharpoint ULTRA™ plugs
20 commercially available from Surgical Specialties, Inc. were used. These had a
straight cylindrical internal reservoir of about 0.2mm ID, and exterior dimensions

comparable to the tapered plug.

Reservoir Filling Process:

25 Filling the active agent core material into a non-cylindrical punctal plug
reservoir and achieving a final active agent core possessing a conforming non-
cyldrincal shape was accomplished by dispensing the formulation from the 1CC

polycarbonate syringe into the tapered punctal plug as a melt. A syringe pump,
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nom nal duroneter of about 60 Shore A on an Arburg

i njection-nolding nmachi ne at about 160 C. Plugs were
wabk@o/1smde havi ng a straight cylindrical reserROI/USINI/N043139

about 0.4mm I D, and conparabl e external dinensions to

the tapered reservoir plug, was al so produced at Kipe

Mol ds, Inc. Additinally, Sharpoint ULTRA(tn) plugs

commercially available from Surgi cal Specialties, Inc.

were used. These had a straight cylindrical interna

reservoir of about 0.2mm I D, and exterior dinensions

conparable to the tapered plug. Reservoir Fi I[VYTNg219WOPCT

Process: Filling the active agent core natiiSikaling NMag 7a2009

non-cylindrical punctal plug reservoir and achieving a

final active agent core possessing a conformng
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I D reservoir s co ri.sing Amm | D reservoir

wer et g B B R R ot

conpar abl e nelt dispen5|ng conditions as the

tapered reservair pIu? Taper.ed- Reservoir Punct al
P ugl apFsdiesry U ensed Pig DisaluHomT i %ias pl aced in a

gl ass vi aacicpmg aiaﬂ)ia&dln ggiagz;fvmi&@ﬁ@iaﬁltgq c*élé)ffgl‘?dsﬁﬁate -buffered
saline having a . The vials were t | aced

i nt oalpe liaﬁ@ataa%@f T# Br V@lsiawe denplagedigio %itl@albator at 37° C and
Al oééﬁﬁf anateél (A%%ﬁiﬁ§ &f LW &ELaLcRNGhd CPhAA&Hindvals 0f0.33, 1,

i nterva
3, 7 days, and then Weekly for 7 weeks and analyzed for bimatoprost content via

15 HPLC. The active agent released at each time point was then analyzed in terms of

the active agent release rate, in micrograms per day, as a function of time.

Results:
The amount of formulation protruding from the open end of the punctal plug
20 reservoir was not, on average, different between the tapered plugs and the straight
cylinder plugs. (increased protrusion of active agent core can otherwise increase the
amount of initial “burst” of active agent release)
The plugs with 0.2mm ID cylindrical reservoir and 0.4mm ID cylindrical
reservoir differ by 2-fold in reservoir diameter, equating to a 4-fold difference in
25 formulation volume and mass in the reservoir. As depicted in Fig. 9, both release
rate curves have a similar overall shape, with a significant initial burst release of

active agent followed by a continual decline in release rate over time.

27



3, 7 days, and then weekly for 7 weeks and anal yzed
for bimtoprost content via HPLC. The active agent

WO edoeasmsd’ at each time point was then anal yzedPCTUSIOE43139
of the active agent release rate, in mcrogranms per
day, as a function of tinme. Results: The anount of
formulation protruding fromthe open end of the
punctal plug reservoir was not, on average, different
bet ween the tapered plugs and the strai ght cylinder
plugs (increased protrusion of active agent core can
ot herwi se increase the anbunt of initial "burgtN-5319WOPCT
active agent rel ease) The plugs w th 0.2mhRSDiling, May 7, 2009
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activ n rul ati.on.

o G E T Bl e i i Tt e dmeidy fpmoch

t he dhaPemthahenydf ikhedr 4reallb pagebaind 4bopl lﬁgncg‘lmwa/fﬁlns cd@Sparable
deplct (n Fig..9, the taperedses S active
oS e b i B sl b RS I elay? N Hhetfbefp e
havifgs stdrad aglﬁigeﬁéﬂdi &€ EordBehOptst-WirkthclbAie rdt@pRicaeh agent than
plugs curves elng{flatter and nore extended. The

ilfi tthaf-2mm @ligericalresqraoinplug over drceigation gstpdy a%wm“

AnT gh&aYay veudiolt @Gﬂol(ﬁf mbdady. 1B bnPday o hO oYt rvoir
pl ug, elng about 15 neg/ day and is conparable to the

0. 2rrﬁiew|ratn alsp grpthpexgesds B rnl@asat%mf tént,aggea Qmmyeyindriqab
t aperedidiSies \%Btc'h hRl ’féﬁe@{ofl&% o d. 1 ﬁégfg@iy and nore

consi stent post-burst release rate active agent
than the O. 2nntcyI|ndrlcal-reserv0|r pl ug over the

r ation ng&% of &Q tectg)‘né atré)a a(i)on%t %Jisd&%ﬂhe\e/t%e‘? Hfreservoir

out 0.0 eyond
t apaf@ddsraes@p vmamded and con51stent delivery of active agent than either

cylindrical reservoir comparator achieves using the same formulation masterbatch.

This result will translate to a variety of stepwise or continuous gradients in
20 cross-sectional area available for diffusion of active agent within the reservoir. As
with the reservoirs comprising spatial gradients of active agent disclosed herein, the
stepwise or continuous gradients disclosed herein can reduce potentially intolerable
initial burst release of active agent from a punctal plug whilst delivering efficacious
rates of active agent to the ocular tissues for a longer period of time.

25
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rel ease rate al so greatly exceeds the rel ease rate of

the larger 0.4mm cylindrical reservoir plug, which has
wo a00basretd | ess than 0.1 nmeg/ day. The gradi ent POf/US2009/043139

cross-sectional area along the axis of the tapered

reservoir affords a nore extended and consi stent

delivery of active agent than either cylindrica

reservoi r conparator achieves using the sane

formul ati on masterbatch. This result wll translate to

a variety of stepwi se or continuous gradients in

cross-sectional area available for diffusion $N&219WEOPCT

agent within the reservoir. As with the rdd@rimg day 7, 2009

conprising spatial gradients of active agent disclosed

herein, the stepw se or continuous gradients disclosed

herein can reduce potentially intolerable initia

burst rel ease of active agent froma punctal plug

whi | st delivering efficacious rates of active agent to

t he ocul avhatissdammsd fsor a | onger period of

time. VTN-5219WOPCT EFS Filing, May 7, 2009 Wat is

claimed is: 1. An ophthal m c device, conprising: a

b6dy havilng aAhiopbthalenddeaivd, @npesiagc @dg hadnsafifsaarl and a

ext endi et n the. t ends; reservoir contained.. .
¢ e e P a e B ECinte Pt RS g RFroG3eh Gpo Rinin
| easthe BOUE vaREdI thg resavoRCbinpscagasdscartopenihg) gn aaive k-
and an active agent, wherein t eacﬁiveaent.is :

pr esSERPITHE HARHH R HULHEV o1y SCORY hudaise %%?H‘clé RSP ih
gr adiogfituonk bindistohtioaCdon¥edtra@entrset: HithintPe M08k Ehdeal-.

2. The device of claim1l, wherein the device is a
plncteseinmegateral The device of claim2, wherein the
active agent-containing material conprises

pol y(epsi |l on-caprol actone) and et hyl ene vinyl acetate.
4. The dévi ceTh¢ delcgiohrBim fyeicadimthe davice is a punctal plug.

pol y(epsi |l on-caprol actone) and et hyl ene vinyl acetate
are each present in an anount of about 50 weight '
percent . 35. Thhe drvdemé cloim 2| velierain the pctiye agprdcentpininlgenaterial

gt i c%%pﬁ%%%fy%&%@ﬁ(ﬂj—&h%ctone) and ethylene vinyl acetate.

4. The device of claim 3, wherein the poly(epsilon-caprolactone) and

ethylene vinyl acetate are each present in an amount of about 50 weight percent.

20 5. The device of claim 1 or 3, wherein the active agent-containing

material is a in a form of one or more fiber or fiber-like structures.

6. The device of claim 1 or 2, wherein the device further comprises a
release modulating component selected from the group consisting of biodegradable
25 semi-permeable membranes, non-biodegradable semi-permeable membranes, pores

and combinations thereof.
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material is ain a formof one or nore fiber or

fiber-like structures. 6. The device of claim1 or 2,
wob@vasT1s73 he device further conprises a rel easPCT/US2009/043139

nodul ati ng conponent selected fromthe group

consi sting of biodegradabl e sem -perneabl e nenbr anes,

non- bi odegr adabl e sem - per neabl e nenbranes, pores and

combi nati ons thereof.VIN-5219WOPCT EFS Filing, My 7,

2009 7. The device of clains 1 or 2, wherein the

active-agent containing material further conprises an

outer segnent conprising a first material havwWhiy-52198@PCT

concentration of the active agent and an ihkiSefiligeyhee it 2009

conprising a second material having a high

concentration of the active agent, wherein the

per meabi I7i ty &he ddvecefof elgimsntperel Whgreindgha 4edlveraganieontagong

o ' . ' o

o TRaTHA el QP RRETRAE Lhehl b RE PR AR Pl oo

agentoncatr@innif iy achvesgcst arfduantiiver sagorpr jospsisiog e saond

B R N
dévithefirscmatprialso thg activelagehy ihassiting the fdarmsdbilen df taneecand
seconq end; a surface extendi ng between the two ends;

a t dPEr'&t reservoir contained within the body wherein

the reservoir conprises at |east one opening, an

active agent - cont ai ni materia nd.an active agent,,.
Sher o n-tho. adhs oG eLRe L pES aEeiT s Aabh O e
di s caamtiid) Gether CAMPEREI I3k Adreditadheisepdidll iiclldién, act i ve
agentcontaining naterial_ . 10, The device of claim?9,

er&PALIIFRS flvior of gstabilizipginglusigh.yg. 11, The devi ce
of claim 10, wherein the active agent-containing

mat eri al conprises poLyéepsiIon-paprolactone) and
et hyl ene %vi ny Angpbhalpec deysee, cppwrigiag dwdphavingi fiysyend and a

Vmers%.bd?ldten@, a%%ﬁ(c(ee&%hhiﬁg b&@@éﬂh@%@&ﬁg; aat%red reservoir contained

within the body wherein the reservoir comprises at least one opening, an active
15 agent-containing material and an active agent, wherein the active agent is present in
a continuous or discontinuous concentration gradient within the active agent-

containing material.

10. The device of claim 9, wherein the device is a punctal plug.
20
11.  The device of claim 10, wherein the active agent-containing material

comprises poly(epsilon-caprolactone) and ethylene vinyl acetate.

12. The device of claim 10, wherein the poly(epsilon-caprolactone) and

25 ethylene vinyl acetate are each present in an amount of about 50 weight percent.

13.  The device of claim 10, wherein the active agent-containing material

is a in a form of one or more fiber or fiber-like structures.
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et hyl ene vinyl acetate are each present in an anount
of about 50 weight percent. 13. The device of claim
waoImsmrei n the active agent-containi ng mat er PEI/UBH0#043139
in a formof one or nore fiber or fiber-Ilike
structures. VIN-5219WOPCT EFS Filing, May 7, 2009 14.
The device of claim9, wherein the device further
conprises a rel ease nodul ati ng conmponent sel ected from
the group consisting of biodegradabl e sem perneable
menbr anes, non- bi odegradabl e sem - per neabl e nenbr anes,
pores and conbi nations thereof. 15. The devi c€IN{5219WOPCT
claim9, wherein the active-agent cont ai nibk§ HitgeMagl7, 2009
further conprises an outer segment conprising a first
mat eri al having a | ow concentration of the active
agent and an inner segnent conprising a second
mat eri al ;havi j ' '
agent . i o nAs (e CEATG M A 1pAle ARFACHDHRs afolense
to tlheduaaaltng venacglemttselested Gem tllehgmun msipi?mgrd btﬂdbgra@abl:@fsemi—
m:r Zle(r:]O%ﬂeemeaHé I'al’\l/eé ngnébrlﬁde% (iie seml é)ermetaeFméemb{a’ne% ROI‘GS and
c@nmom&nmehmofnore of a phase separated inclusion,
a destabilizing inclusion or a stabilizing inclusion.

15.  The device of claim 9, wherein the active-agent containing material
further comprises an outer segment comprising a first material having a low
concentration of the active agent and an inner segment comprising a second

10 material having a high concentration of the active agent, wherein the permeability of
the first material to the active agent is less than the permeability of the second

material.
16.  The device of claim 9, wherein the active agent-containing material

15 further comprises one or more of a phase separated inclusion, a destabilizing

inclusion or a stabilizing inclusion.
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