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Ofice, and there duly assigned serial nunber 61/372,959. The content of
said application fil edABICDEGRADABLE)OTWUEARMPIANTt ed herein by
reference for all purposes, including an incorporation of any el ement or
part of the description, clains or drawi ngs not contai ned herein and
referred to in Rule 20.5(a) of the PCT, pursuant to Rule 4.18 of the PCT.
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Technical Field

[0002] Various embodiments relate to the field of ocular implants for drug

delivery, in particular biodegradable ocular implants.

Background
[0003] The eye is a vital organ that provides sight, which is both

anatomically and immunologically privileged. This means that while the organ is
protected physiologically, it is also resistant to penetration by foreign
substances such as drugs. Ocular drug delivery development has led to a
multitude of approaches and systems that vary in mode of administration,
implantation site, composition and vehicles. Such systems aim to circumvent

the problems of drug bioavailability, sustainability and feasibility of the system



as well as reduce the effect of the single major cause of poor therapeutic
response from poor patient conpliance. [0004] There are many di seases of the
eye that wequizeimenstant adm nistration of a bioactivepragscro11@os2Ber
life-long such as in the treatnment of glaucoma or in severe ocul ar surface
I mrmune di sorders, or for prolonged periods (nonths) such as after surgery.
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(PK)) has been the standard surgical treatnent for corneal blindness for

many yearrgspbmgt freRNBItrpatieat complianss. quarter of a century in surgical
I nstrumentation and transplantati on techni ques, and advancenents in the
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[0006] Despite these advances, the long-term outcome of PK still remains

far from ideal; data from corneal graft registries of inddstrialized countries
$uggest that the overall 10-year survival rate may be as low as 50%, whilst the
Singapore Cornea Transplant Study (SCTS) found that the overall 10-year
survival of optical grafts to be no better for Asian patients (52.0%). Following
corneal transplantation, patients require intensive steroid medication for at least
one year. The development of sustained release steroid formulation will
significantly improve drop compliance post keratoplasty. In high risk cases,
steroid therapy is supplemented by the use of steroid sparing immune-
modulating agents e.g. cyclosporine, mycophenolate. The development of
sustained drug release formulations of these drugs will aid in compliance and
contribute to long-term graft survival in these high risk cases. The development

of a sustained release anti-angiogenic drugs will aid in reducing the



[ 0007] Several other ocular surface disease e.g. vernal keratoconjunctivits,
allergic eye disease, require the chronic use of intensive
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[0007] Several other ocular surface disease e.g. vernal keratoconjunctivits,
allergic eye disease, require the chronic use of intensive immunosuppressants.
The deveiopment of sustained release steroids as well as other
immunosuppressant agents will allow for better control of these inflammatory
ocular surface diseases.
[0008] Sustained delivery for antibiotics, anti-inflammatories, anti-scarring

as well as anti-glaucoma medications would revolutionise ophthalmic medical

therapy.

Summary

[0009] The presenf invention aims to provide a biodegradable ocular implant
for sustained drug delivery that overcomes the above disadvantages.
[0010] In a first aspect, a biodegradable ocular implant for sustained drug
delivery is provided. The implant comprises a first layer comprising a first
biodegradable polymer, wherein the first layer contains a drug dispersed or
dissolved therein.
[0011] In a second aspect, a method of forming a biodegradable ocular
implant for sustained drug delivery is provided. The method comprises:

(a) providing a first layer comprising a first biodegradable polymer; and

(b) loading the first biodegradable polymer with a drug.



I npl ant for sustained drug delivery is provided. The nethod conprises: (a)
providing a first layer conprising a first biodegradabl e polyner; and (b)

| oadi ng twe 2biwe@i108i odegr adabl e polynmer with a drug. WBCT/SG2011/000282

2012/ 021108PCT/ SG2011/ 000282 [0012]In a third aspect, a nethod for treating
an ocul ar di sease or reducing preoperative effects of nultiple quadrant
corneal \eot2] ar il atthipth agpectyarmeinod foptreatihg anajdularudiseass o redpeipgi ded.

The net hod conprises inplanting the present biodegradable ocular inplant to
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or improving corneal graft survival s provide _ rther aspect,
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treatment of an ocular disease or reducing preoperative effects of multiple
quadrant corneal vascularization or improving corneal graft survival is provided.
[0014] | In a further aspect, a biodegradable ocular implant for sustained drug
delivery, comprising a first layer comprising a first biodegradable polymer matrix
capable of containing a drug dispersed or dissolved therein is provided.
[0015] In yet another aspect, a multi-layered biodegradable ocular implant
for sustained drug delivery is provided. The multi-layered implant comprises:
(a) a first layer comprising a first biodegradable polymer capable of
containing a drug dispersed therein; and |

(b) at least one other layer comprising a second biodegradable polymer

arranged adjacent the first layer.

Brief Description of the Drawings

[0016] In the drawings, like reference characters generally refer to the same
parts throughout the different views. The drawings are not necessarily drawn to
scale, emphasis instead generally being placed upon illustrating the principles
of various embodiments. In the following description, various embodiments of
the invention are described with reference to the following drawings.

[0017] Fig. 1 shows in vitro water absorption of PLC70/30, immersed in

PBS buffer (pH 7.4) of Example 1.



[0015] I n yet another aspect, a nulti-Ilayered biodegradabl e ocul ar inpl ant
for sustained drug delivery is provided. The multi-Ilayered inplant
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[0020] Fig. 4 shows the monitoring of PDI for PLC70/30 in vitro (PBS, pH

7.4) of Example 1.

[0021] Fig. 5 shows the change of film thickness of PLC70/30 in vitro (PBS,
pH 7.4) of Example 1.

[0022] Fig. 6 shows slit-lamp photographs of microfilms of Example 1 after
surgical insertion into the subconjunctival space at 1, 3 and 6 months. A, B, C:
1— Slit-lamp photographs of PLGA50/50 microfilm at 1, 3, 6 months
respectively. A, B, C: 2 — Slit-lamp photograph of PLC70/30 microfilm at 1, 3, 6
months respectively.

[0023] Fig. 7 shows the AS-OCT scans of microfilrhs after subconjunctival
i'mplantation of Example 1.

[0024] Fig. 8 shows the serial AS-OCT thickness measurements of
PLC70/30 microfilms in subconjunctival space of Example 1.

[0025] Fig. 9 shows sustained release profile of prednisolone of Example 2.
[0026] Fig. 10 shows sustained release profile of latanoprost of Example 2.
[0027] Fig. 11 shows (A) sustained release profile of valproic acid and (B)

sandwich assembly of a multi-layered implant of Example 3.



WD 2012/ 021108PCT/ SG2011/ 000282 [0018] Fig. 2 shows in vitro wei ght |oss of
PLC70/ 30, immersed in PBS buffer (pH 7.4) of Exanple 1. [0019]Fig. 3 shows
t he noni twoi2og/eilosei ght nol ecul ar mass for PLC70/ 30 i npeirtscaolifeBgs2 pH 7. 4)
of Exanple 1. [0020]Fig. 4 shows the nonitoring of PDI for PLC70/30 in
vitro (PBS, pH 7.4) of Exanple 1. [0021]Fig. 5 shows the change of film

t hi ckness of PLC70/30 in vitroDekilled Descriptioofl Exanple 1. [0022]Fig. 6
shows slit-lanp photographs of mcrofilms of Exanple 1 after

[0028] The following detailed description refers to the accompanying

drawings that show, by way of illustration, specific details and embodiments in
which the invention may be practised. These embodiments are described in
sufficient detail to enable those skilled in the art to practise the invention. Other
embodiments may be utilized and structural, logical, and electrical changes may
be made without departing from the scope of the invention. The various
embodiménts are not necessarily mutually exclusive, as some embodiments
can be combined with one or more other embodiments to form new
embodiments.

[0029] In a first aspect of the present invention, a biodegradable ocular
implant is provided. The implant allows a sustained or controlled delivery of
drugs and molecules for antibiotics, anti-inflammatories, anti-scarring as well as
anti-glaucoma medications in ophthalmic medical therépy. Additionally, various
embodiments of the present implants allow directional release of the drugs from
the implants.

[0030] In various embodiments, the biodegradable ocular implant includes a
first layer of a first biodegradable polymer. The first layer contains a drug
dispersed or dissolved in the first layer itself.

[0031] In various embodiments, the present implant may further include at
least one top layer of a second biodegradable polymer. The at least one top
layer is arranged on top of the first layer. The at least one top layer may contain
a drug dispersed or dissolved in the layer.

[0032] In various embodiments, the present implant may further include at

least one bottom layer of a third biodegradable polymer, wherein the first layer



surgical insertion into the subconjunctival space at 1, 3 and 6 nonths. A
B, C 1- Slit-lanp photographs of PLGA50/50 mcrofilmat 1, 3, 6 nonths
respecti webyoi221®g C. 2 - Slit-lanp photograph of PLC7@c3Rcriarosist m at 1,
3, 6 nonths respectively. [0023]Fig. 7 shows the AS-OCT scans of mcrofil ns
after subconjunctival inplantation of Exanple 1. [0024]Fig. 8 shows the
serial AS$s @fangbd ohrtepof ke atilcastans bottofLidyer R0therebyofarinna sandwich

subconj unctival space of Exanple 1. [0025]Fig. 9 shows sustained rel ease
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profile of |atanoprost of Exanple 2. [0027]Fig. 11 shows (A) sustained
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dispersed or dissolved in the layer.
[0033] In certain embodiments, the first biodegradable polymer, the second
biodegradable polymer, and the third biodegradable polymer are the same. In
one embodiment, the present implant has a sandwich assembly having the first,
second aﬁd third biodegradable polymer being polycaprolactone or copolymer
of polylactide-caprolactone.
[0034] In alternative embodiments, the first biodegradable polymer, the
second biodegradable polymer, and the third biodegradable polymer are
different.
[0035] Biodegradable polymers are natural or synthetic polymers that
gradually degrade in vivo to produce biocompatible or. non-toxic byproducts
over a period of time (e.g., within days, or months, or years). Degradation may
for instance occur via hydrolysis, may be catalysed by an enzyme and may be
assisted by conditions to which the polymers are exposed.
[0036] Examples of biodegradable polymers include, but are not limited to,
polymers and oligomers of glycolide, lactide, polylactic acid, polyesters of a-
hydroxy acids, including lactic acid and glycolic acid, such as the poly(a-
hydroxy) acids including polyglycolic acid, p poly(DL-lactic-co-glycolic acid)
(PLGA), poly-L-lactic acid (PLLA), and terpolymers of DL-lactide and glycolide;
e-caprolactone and e-caprolactone copolymerized with polyesters; polylactones
and polycaprolactones including poly(caprolactone) (PCL), poly(e-

caprolactone), poly(8-valerolactone) and poly (gamma-butyrolactone);



Det ai |l ed Description [0028] The followi ng detailed description refers to the
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[ 0031] I n various enbodi nents, the present inplant may further include at
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enbodi nents, the present inplant may further include at

and poly (ethylene glycol)-co-orthoester. Examples of acrylamide polymers

include, but are not limited to, polyisopropylacrylamide, and polyacrylamide.
Examples of acrylate polymers include, but are not limited to, diacrylates such
as polyethylene glycol diacrylate (PEGDA), oligoacrylates, methacrylates,
dimethacrylates, oligomethoacrylates and PEG-oligoglycolylacrylates.
Examples of carboxy alkyl cellulose include, but are nbt limited to,
Carboxymethyl cellulose and partially oxidized cellulose.

[0037] The polymers can be biocompatible. As used herein, the term
"biocompatible” refers to a material that is capable of interacting with a
biological system without causing cytotoxicity, undesired protein or nucleic acid
modification or activation of an undesired immune response.

[0038] Some non-exhaustive examples of biocompatible polymers include
polyamides, polycarbonates, polyalkylenes, polyalkylene glycols, polyalkylene
oxides, polyalkylene terepthalates, polyvinyl alcohols, polyvinyl ethers, polyvinyl
esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides, polysiloxanes,
polyurethanes and copolymers thereof, alkyl cellulose, hydroxyalkyl celluloses,

cellulose ethers, cellulose esters, nitro celluloses, polymers of acrylic and



| east one bottom |l ayer of a third biodegradabl e polynmer, wherein the first

| ayer is arranged on top of the at | east one bottomlayer to thereby forma
sandwi ch weemnnl2yioBavi ng the first |ayer arranged betweegTislbeo@iood2ast one
top layer and the at | east one bottom |l ayer. The at | east one bottom | ayer
may contain a drug dispersed or dissolved in the layer. [0033]In certain
enbodi memhethathdiclastert, metiid gethalebé cethyl getieitosel, hgdregyprapybeelildgsedabl e

pol ymer, and the third bi odegradabl e polynmer are the sane. In one
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hydr ol ysi be catal ysed by an enzyne and nay be assisted by conditions
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I ncl ude, but are not |limted to, polyners and oligoners of glycolide,
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acid and glycolic acid, such as the poly(ahydroxy) acids including

pol ygl ycgphenymiethagrylata)y pbly(rhethiacodate) gholg disopropaicdjlate)LGA) , pol y-L-l actic
acid (PLLA), and terpolyners of DL-lactide and glycolide; e-caprolactone
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pol ycaprol act ones i ncl udi ng pol y(caprol actone) (PCL), poly(ecaprolactone),

pol y( 8- vRbeRRImRCHI08S), Ui eltfYiend SﬂHH}?'H?JW(&er)IéH‘é @?@bhthalate), poly(vinyl

alcohols), poly(vinyl acetate) such as ethylene vinyl acetate (EVA), poly vinyl

chloride, polystyrene, polyhyaluronic acids, casein, gelatin, gluten,
polyanhydrides, polyacrylic acid, alginate, chitosan, any copolymers thereof,
and mixtures thereof. |

[0039] Each of the biodegradable polymers of the different layers may have
a different degradation rate when exposed to the same physiological conditions.
In various embodiments, the first layer degrades at a slower rate than any of the
top or bottom layer.

[0040] In various embodiments, the biodegradable polymer may be
polylactide (PLA), poly-L-lactide (PLLA), poly-D-lactide (PDLA), poly(L-lactide-
co-glycolide) (PLGA), polyethylene glycol (PEG), polypropylene glycol (PPG),
polycaprolactone (PCL), polyesteramide (PEA), a PLLA copolymer, a PLGA
copolymer, a PDLA copolymer, a PCL copolymer, a PEA copolymer, a PEG

copolymer, a PPG copolymer, or mixtures thereof.



pol yanhydri des; pol yorthoesters; other hydroxy acids; polydi oxanone; and
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pol yet hylaetrrwnap@lr@pim@wwwwicw c(crstditjprenemgltqmiilc)atamolry(l@tmsenb oxi de),
pol y(et hyl ene terephthal ate), poly(vinyl alcohols), poly(vinyl acetate)
such as dtJentienegthe dryl refers ancodularAjrugpii yariousyémbodionerds, thparyg nyayene,
pol yhyal uroni c acids, casein, gelatin, gluten, polyanhyd rides, polyacrylic
acid, al ghdlade& anGiiniiRtppRItsafPagEMMBASMiBRItIEOAN anfidnflansidtery ddeiteof .
an anti-scarring agent, an anti-glaucoma medication, a prostaglandin analogue,
an anti-steroidal agents such as betamethasone and prednisolone, an
antimicrobial agent, an anti-fibrotic antibody, or a small interfering ribonucleic
acid (siRNA) molecule against fibrosis. For examples, the drug may be
betamethasone, prednisolone, cyclosporine, latanoprost and derivates, timolol
maleate, valproic acid, or ciproflaxin.

[0046] In some embodiments, each respective layer may include 70-98 wt%

(based on total weight of the layer) of the polymer matrix and 2-30 wt% of the
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[ 0039] Each of the bi odegradabl e polyners of the different |ayers may have a
different degradation rate when exposed to the sane physi ol ogi cal

condi t i ongo 2b1e/02ar080Us enbodi nents, the first |ayer degradss2ati/ 08023k ower
rate than any of the top or bottomlayer. [0040] I n various enbodi nents, the
bi odegr adabl e pol yner may be polylactide (PLA), poly-L-lactide (PLLA),

pol y- D- | afrug dEhé felllowing [istlildtrdtes vadeuergémptary day ndr-iBaingpbLgeandl ene

gl ycol (PEG, polypropylene glycol (PPG, polycaprolactone (PCL),

pol yest ertpgiréspdditéconfbdsitloh suizdle/ foRithe prédephimapgionmer, a PDLA copol ymer,
a PCL copol yner, a PEA copol ynmer, a PEG copol yner, a PPG copol yner, or

mixtures ther of () EIASARNAEAARCHATREN MAMNEIAASHEY dgeiesd Lol 1

enbodi ments, the |odegra bl e poly I's a copolyner of PLA and PCL. The

about_80: 20. Pé&&%%ﬁf“%%”ﬂ%éﬁ@%Hﬁ&@%ﬁﬁéfﬁ%ﬁ&%?s@@ e e
conpri i ng_ PLA adTARyTEHaR L oo A Al shesb dpaded o P eRie oRE: of pcL
and trimethylene carbonate ( r a copolynmer of PCL and PLGA. [0043] I n
yet further enbodiomifeto 3¢ é’WW&Q}\‘adabl e polynmer may be a

(ii) Timolol maleate may be used for reducing intra-ocular pressure

for glaucoma patients, in a sub-cojuctival implant; timolol maleate

loading from 1% to 20% by weight;

(iii) Valproic acid may be used for minimization of scarring following

surgery; loading 1-5% by weight
[0047] The drug may be uniformly dissolved in the polymer matrix of the
respective layer of the implant. The drug is dispersed such that a homogeneous
phase occurs in the respective layer so that when the klayer degrades, the drug
is released at a predictable rate. Erosion of the layer allows the drug to be
released from the polymer matrix of the layer via diffusion initially, followed by
degradation of the polymer matrix itself.
[0048] In alternative embodiments, the drug is dispersed in the layer such
that a higher concentration of the drug is found at the surface of the respective
layer where it starts to degrade than at the inner region of the layer away from
the surface. When the surface starts to degrade, a higher concentration of the
drug present at the surface is released. When the surface gets eroded over
time, the concentration of the drug available in the remaining regions of the

layer gets depleted and the rate of drug release slows down gradually.
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mul ti bl ock copol ymer of polylactide-caprolactone (PLC) and PLA. [0044]1n
al ternative enbodi nents, the biodegradabl e polyner may be a pol yuret hane

type copoyyeiyd9io§ed from di -i socyanates and but anedi olpcradoa@bézgsegnent s
sel ected from PCL/ PLA and PCL/ TMC. [0045] The term "drug"” refers to a

substance useful for the treatnent of or the prevention of a human or an

ani mal (0DAST!) Ifsemedsenbediments, emagdd advarmagéous foumave thie atrieast!
physi ol ogi cal condition or netabolic state. In the present invention, the

drug ref &frie B3P lagéﬂ S th@'a Yeadt Dnsaidtine 13/ AdbBRAESLIefBEtHY diigYad fie| ude an
I mmunosuppr essant agent, an antl biotic, "an anti-i nfl anmat ory agent, an

ti- ' : ' i i : | I ,
o ot - dyroVie38ra KreBfiort] i 8 MEHRE 1 Bis Wy, iR afly FEISaSe fal 0oue

antimcrqpial agent..an anti-fibrotic,antib . or |l interfering

ri bonucl 388 dlé‘ég% I §Frﬁiﬁ9 aﬂglr@@(lPﬁové%%ﬁﬁ?ﬁ?&g%gﬁrg.O?Igigaé%rrpI es, the drug
may be betanet hasone, predni sol one, cycl gsporine, | atanoprqgst. and

der i vat ed0080ho| dhepresentdmpiant may further inclyde anp sxsinientiof. ?‘Eﬁlﬂ%ﬁrlsﬁ sone
enbodi ments, each respective layer may include 70-98 w % (based on total

wei ght ofas tedaciitate theloading porejease @éheidruamtozhgmnmam org¥@mpleug. The
followng list illustrates various exenplary and non-limting drugs and the
r espect i the exoipierittar plasticizeaimay be PEGripthyd eittaté (TEG) boglycefal)

Predni sol one acetate and other anti-inflamuatories such as dexnet hasone may
be used f[go51he The hdablemelardmpiintahay bélfamableas a degiealucona

filtration surgery; |oading of prednisolone from1%to 30% by wei ght;
shape, such as to match the profile of the eye of a subject. The desired shape
may be a curved shape or a convex shape and may be formed prior to insertion
of the implant into the eye of the subject. Alternatively, the desired shape is
formable after insertion into the eye of the subject. The desired shape may be
formed by exposing the implant to a temperature of about 37° C after insertion.
[0052] The present biodegradable ocular implant rﬁay have an overall
thickness of about 1 mm to about 2 mm, and each of the layer may have a
thickness of about 0.1 micron to about 10 microns. Advantageously, the
modulus of the implant is between about 0.1 MPa and about 1,000 MPa and the
elongation-to-break point of the implant is at least 300%.
[0053] A first solution containing the drug and the first biodegradable
polymer is provided. The drug and the biodegradable polymer may be dissolved
simultaneously in the same solvent to form the first solution. Alternatively, the
drug may be dispersed in a solution containing the first biodegradable polymer
to form the first solution. The solute concentration in the first solution is

sufficiently high (for example, by adjusting the overall solids amount in the

solution) to be able to cast a thin layer of the first solution (i.e. a casting

12



(1i) Tinolol mal eate may be used for reducing intra-ocular pressure for

gl aucoma patients, in a sub-cojuctival inplant; tinolol nmaleate |oading
from 1% two204dayiosei ght; (iii) Valproic acid may be ugpeds/sicasiimwoensei zati on
of scarring follow ng surgery; |oading 1-5% by wei ght [0047] The drug nay be
uniformy dissolved in the polynmer matri x of the respective |ayer of the

i mpl ant . sbitioh) 0B & Sulbéteate) Sech a8 alylasnsulbstinePaithedtthe Kagtieg soltiba i n the
respective |ayer so that when the |layer degrades, the drug is released at a

predi ct ahflo%ﬁé“a@vayE‘Tﬁé'dégtéH sollforh Mﬁfthé'shﬁ‘éﬁa{&% tHéHan& t@%bfeﬁh %as ed from
the polyner natrix of the layer via diffusion initially, fol

d d f £ d
the ‘C‘.tg'ff.‘“@ d .";%@fsﬁ?‘ewéﬁ?ﬁm@%éﬁﬁéwmEﬁg éﬁ# Hhéﬁ’m‘fﬁ%’n 'ggﬁggﬁ of the
degrade URAE Bh ndheainbBREnt resodsfaP BaMSR m BRerdieniyebubt Sce. when

the surface starts to, de concentration of the drug, present
at the sfVeReeatedhe ép@&gge?%mutf%qimtpmram of thyevennay 'P!“%BY t he
concentration of the drug available in the renaining regl ons of the |ayer

gets deplb& e aingomHemneratuse, and.gradualy et elavaled temwergiuias apitp 60 wo

2012/ 021108PCT/ SG2011/ 000282 [0049] I n sone enbodi nents, it may be

advant age@u headrymgeprobessits dordilled umtit opcé H)easolaenttlbeeleis lowe asnbughé<bot t om
| ayer inpernmeabl-e for the drug so as to provide for a directional release

of the drigg.bylweight)sthaafiim shialy foescutrarenasedefor aseg pélebde afdd wthersstudissr | ct ed

and may provide targetted delivery of the drug.
[0054] A top layer including a second biodegradable polymer may be
similarly formed. A second casting solution containing the second
biodegradable polymer solution (may also include a second drug dissolved
therein) is casted on top of the first layer formed as described above. The
casted solution of the second biodegradable polymer is then dried to obtain a
bilayer of the top layer on top of the first layer. Furthef layer may then be formed
6f different biodegradable polymers. The layers are individually dried, so that a
dried tube of a desired dimension is obtained. A strip can then be cut radially to
mimic a convex shape, for example, then flattened at 25 °C or below into a flat
sheet. The flat sheet may be formable to a desired shape, such as to match the
profile of the eye of a subject. In one embodiment, the flat sheet is inserted into
a convex mold and heated above the glass transition temperature of the
biodegradable polymer in the top-most layer. At this stage, the convex shape of
the implant is obtained. The implant is then cooled and stretched into a flat

sheet again at 25 °C or below prior to use. By exposing the implant to a

temperature of about 37° C after insertion into the eye of the subject, the
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[ 0050] The present inplant may further include an excipient or plasticizer
so as to facilitate the loading or release of the drug into the inplant.
For exanpwe,otdweimsci pi ent or plasticizer nmay be PEG t pretsighiimvizsat e
(TEC) or glycerol. [0051] The bi odegradabl e ocul ar inplant may be formable
to a desired shape, such as to match the profile of the eye of a subject.
The desi imglaiapeeagairbresanes theccaivepshapeandoreneain shtaptinghd eyey be f or med
prior to insertion of the inplant into the eye of the subject.
Al ternatigoekyt. the desired shape is formable after insertion into the eye
of the subject. The desired shape nmay be formed by exposing the inplant to
a tenper of id tH i
gbg?ﬂ Itﬁ‘B?d’(%r éﬁ%ta tﬁ{ﬂﬁgﬁtﬁrﬂﬁ%g H&&adﬁl??xﬁ@b@ﬁﬁocﬂ’ GRd fﬁfﬂﬂ g’go

bi odegr adabl € ocul ar ave an overall thickness o out 1 mmto

about 2 : : i .1 mcron
t o about %Ctﬁn%ﬁ:ire g%‘g{’]p%\h{?té’n %’@%ﬁi‘ﬁﬁ*’% H@yﬁ%@lﬂ&ﬁﬁ? ﬁe&{vrvrp gmhﬁos bet ween
about O.Jf II'\/Pa and albo t 1,000 ,MPa and the el ongation-to-break point of the
i mpl ant i'Q/1OWING LOOFMEHRGEXARMURT-A first sol ution containing the drug and
the first biodegradable polyner is provided. The drug and the bi odegradable
pol ymer may be di ssol ved sinultaneously in the sane solvent to formthe
first solution. Alternatively, the drug may be di spersed in a solution
contai ning the first biodegradabl eExemples to formthe first solution. The
solute concentration in the first solution is sufficiently high (for
exanpl e, EanspleUs Biodedradableaay[d. |dadtidéscavapraiadtoneWPLL) Dcwlan) to be abl e
to cast a thin layer of the first solution (i.e. a casting solution) on a
substrat gmpart® as a gl ass substrate, w thout the casting solution flow ng
away. The casted solution with the substrate is then dried to obtain a film
of the fingseP! OGewiataahfbe A MIBGAifRVHAYd N80 HapritheBAe LY sper sed
inthe fi'lm 1 n one enbodinent, the casted solution is placed in an oven to
evapor at tid ; 6 i n nay

v %@e@&%{d‘%n&fev%@% &Pt |fs%gén§§tbérgg€§%\ﬁéﬂ‘@fwfg ahBSn QR

e t
initially S room tenperature, evate

ol hen:. 1ttboPaBafiPlufarThE el LR ARstet, ERHERh o5 DLRIRICE ) oes
L U eSS e S g Sats e mir AR h oA ey YSErid kst e @ second

segment optical coherence tomography (AS-OCT) scéns together with serial
Slit-lamp microscopy allowed us to measure thickness and cross-sectional area
of the microfilm. In vitro studies revealed bulk degradation kinetics for the
microfilm, while in vivo studies demonstrated surface erosion kinetics. Serial
slit-lamp microscopy revealed no significant inflammation or vascularization in
the implants (mean increase in vascularity grade PLC (70/30) 151£0.6%; P =
0.91) over a period of 6 months. Histology, immunohistochemistry and immuno-
fluorescence also revealed no significant inflammatory reaction from the
microfilm, which confirmed that the microfilm is biocompatible. The duration of
the drug delivery can be tailored by selecting the materials, which have different

degradation kinetics, to suit the desired clinical therapeutic application.
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simlarly formed. A second casting solution containing the second

bi odegr adabl e pol ynmer solution (may al so include a second drug di ssol ved

t herei n) we waakedson top of the first |layer fornmed as dessGbamoaspve. The
casted solution of the second bi odegradable polyner is then dried to obtain
a bilayer of the top |layer on top of the first layer. Further |ayer may

t hen be fMatertalofand Methieds bi odegradabl e pol yners. The | ayers are
individually dried, so that a dried tube of a desired dinension is

obt ai ned.MéAtesialg P can then be cut radially to mmc a convex shape, for
exanpl e, Then Tlattened at 25 C or belowinto a flat sheet. The flat sheet

may be { gppBh © badiaiidulos Ao Bh I PLCT OB e DisebiilP196 e eve

of a subje I n on nent, sheet I's ‘I nser I'nt’o a convex

ool yror <16 N 210 KDe) s hiehab ot bRl PAP ARSI L) RltGeBoRe T ™ ©

inmplant is pbtajned. The jyplant .is the ed gnd.stretched intq a flat
shoet ag ahheTsgmangs hguidRbramasedrabhy o PLE) dadf Sicubnetians 2h o o
tenperature of about 37 C after insertion into the eye of the subject, the
i npl ant  GiderofaiEl wereHamebedinCeppavy. Rhegpbale uffensaling (RBitablets he eye
socket. [0055]In order that the invention may be readily understood and put
i nt o pr acvéreaibtainkeddrom zaiBioineam, Engladd.nents wi || now be descri bed by way
of the followng non-limting exanples. Exanples Exanple 1: Bi odegradable
pol vf d, | -Sampledsreparatiopr ol act onel (PLC) Ccul ar Inplants [0056]1n this
Exanple, a mcrofilm poly[d,|-lactide-co-caprolactone] (PLC) was devel oped

and eval ypbsg] f orsdrisled o8 PRET0/I0 werd dighied Befdré disseling thevi vo. The
bi oconpatibility of the mcrofilmwas eval uated. Ei ghteen eyes (9 rabbits)

were surg 7 %ﬂatb@?ﬁ&\jﬁt?ﬁdYEtﬁé}oH”é?hé‘ﬁ&rFfﬁlioWhé E!iAs%_% ioftY the Sihplels

anterior- nt optical coherence tonography ) scans Poget her with

ot ose secl PEIPREAERTRE FdePartinenb 0 B e, b SEIRIIAPE g |

degradation kinetics for.th 1 crpfi ile in vivg studi enonstrat ed

Surt ace OPOUNBOVET AR Ul i RoRent Bvahasiessan et e fdaf no

significant, jnflammtion or vascul arization in the igplants, (mean increase

in vasculWgighly aam%wﬁaue'm 3 f)ermagesymetric ‘%J‘.aﬁ?)erd&&‘\'g'l "})B’&FHH‘%FS 6

nmont hs. Hi stol ogy, inmmunohi stochem stry and i mmunof| uorescence al so

reveal ed Q20®); §fier dodng, alrFanapisamare qubmanuallyinterstemdardi crof i I m  whi ch

confirmed that the mcrofilmis bioconpatible. The duration of the drug

del i very sizad mécrofilimso(Ge@xHpOx &lren) byusingarshiaep kaife., whi ch have different

degradation kinetics, to suit the desired clinical therapeutic application.
In vitro degradation Study

[0059] Samples were immersed in a closed vial containing 5 ml Phosphate
Buffered Saline (PBS, pH 7.4). PBS was prepared by dissolving PBS tablets
into 1 liter deionized water. All vials were incubated at 37°C throughout the
study. The buffer was refreshed every week, and at every predetermined time
point, samples were taken out, rinsed with deionized water and dried in 37°C
vacuum oven for 7 days, before testing. Degradation of PLC70/30 was
monitored by film thickness (measured by Elcometer 456), water absorption,
weight loss and weight average molecular mass (Mw) and poly dispersity

index(PDI). Dried samples were dissolved in chloroform (1-5 mg/ml) and
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Materials and Methods Materials [0057]Poly(d,!|-Ilactide-co-e-caprol actone)
PLC70/30 (intrinsic viscosity 1.66 dl/g, Mw= 210 kDa) was purchased from
Purac Farwbasty®ims Ltd., Singapore. Hi gh-performance | ipqwisg2eiroosmst ogr aphy
(HPLC) - grade di chl oronet hane and chl orof orm were from Tedi a Conpany.
Phosphate buffer saline (PBS) tablets were obtained from Cal Bi oChem

Engl and. fiiensd thrpuglp 8r22 pmregenéradédsaaiiilese sfrimyecdvaofillensdeferegiest! bef or e
di ssol ving the appropriate anmount in dichl oronet hane. Foll ow ng

di ssol ut iyaight Beeigepheiarwidss ahid polyidispersity of tteheampledeereadéterminedod for a
day, followed by drying in a vacuumoven at 37C until the solvent |evel was

I th 9 : i : , :
co ey g B oS GPE AU (000a: 35 OSSR

anal yzer { | ( _ ying, all sanples were cut
eerial LY P sIhANIRE-CIcRufl G1Ad 4 ABwlrbi st R tnfordTorm'Yer lritde, 2 Shar P
using a Refractive Index Detector (RID).
Sterilization
[0060] All the samples were sterilized by ethylene oxide (ETO) at 37°C
(used for .normal medical device) in Tan Tock Seng Hospital (Singapore) prior

insertion into animals.

Surgical Insertion of Microfilms

[0061] We obtained approval from the SingHealth Institute Animal Care and
Use Committee (IACUC Singhealth Approval Number 2009/SHS/478) and all
procedures were performed in accordance with the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research. Nine New Zealand white
rabbits (18 eyes) were used aged 4-6 months old with a weight range of 2-2.5
kg each. Each rabbit was anesthetized with intraperitoneal injection of ketamine
hydrochloride (35-50 mg/kg) and Xylazil (5—10 mg/kg). After the animal had
been adequately anaesthetized, the eye was cleaned with povidone—iodine
(10%) and draped with sterile cloth. A subconjunctival pocket was created via
blunt dissection just at the limbus with a 5—6 mm incision in the superior-
temporal aspect of the rabbit's eye. Microfilms were sterilized in ethyl alcohol
and chlorhexidine before soaking in sterile normal saline. The microfilm was
then inserted into the subconjunctival pocket 1 mm from the limbus using a
conjunctival forceps. Closure with 10-0 nylon sutures was done to ensure

secure implantation of each microfilm. In each rabbit, PLC70/30 (n=9)
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[ 0059] Sanpl es were immersed in a closed vial containing 5 m Phosphate
Buffered Saline (PBS, pH 7.4). PBS was prepared by dissolving PBS tablets
into 1 |iwerotai2ongzed water. All vials were incubated atT8¢2tiwasghout
the study. The buffer was refreshed every week, and at every predeterm ned
time point, sanples were taken out, rinsed with deionized water and dried
in 37C vanicrofilmeamerednsértethinto theefighteeyee dtopical TobgadelatTiobnamiyciAl&S70/ 30 was
nonitored by filmthickness (neasured by El cometer 456), water absorption,

wei ght | (déxzanethasbad) way atifinisterbe edbh eyt imelly d@fbr@@%ysji spersity
i ndex(PDl'). Dried sanples were dissolved in chloroform (1-5 ng/nm) and

be E?ée?m—é—’%}ir‘“r%ﬁé"’? ; F%-i;%gﬁr"agzgﬁzf;?t mmss and pol y i spersi 1y of the Sampl e
350 usi B0RGH 1 oS RRRcE Rl s BRI SRS Rt oty lipibIHHe T

chloroform per ginute, using a Refractive  ndex Detectqr, (RID),.

Srert Ui saurge. Thegormels” evs er pd hapected 65t ¢ansesA} tae AACHRN oxi de

(ETO at 37C (used for normal nedical device) in Tan Tock Seng Hospit al

( Si ngaporsie. grassrapneacanGeRf thedmpiantandsfor apy @vidancepfdafection.o3litm cr of i | ns
[ 0061] W& obt ai ned approval fromthe SingHealth Institute Aninmal Care and
Use Conmmilampeexamicatirsphthiecextetionand sntgrionchbmber 06 Hiespigisiwa done al |
procedures were perfornmed in accordance with the ARVO Statenment for the Use
of Ani malpridrio Spigemland ovesidy WieseafterRAdlezdinitial ahld neulsewbsepdatiods weree
rabbits (18 eyes) were used aged 4-6 nonths old with a wei ght range of

2-2.5 kg reasfdedmrta chaltbThe 16t anialshwéiezaido \whdhitdred femany zeal i nj ection
of ketam ne hydrochl oride (35-50 ng/kg) and Xylazil (5-10 ng/kg). After the

mal h I - /
Sgbﬁoneﬁgggﬁg s?%%%%gﬁ:ddﬁ(sjr apgg't %Ihﬁﬁgpgﬁf?ﬁ?%@émﬁf%%dﬁ%{ql val

ket { ? . ti . . L 5.6
Pocke! vaSadicRaEoKeR S oche BARLUAR lfskof] i rebbrEu S M ey o, 1

e superior-tenporal asp ilns
were ster.ilized in.ethyl alcohol ,and chl orhextdin ef or oaki in
Sterite: ibpRET.biiid iscdiargd Aoe bneal Mt ¥k Ma ke hiegeRut
subconj unctival  po t fromthe |inbus using a conjuynctival forceps.
a osurje wnyestiggt SzW@rTlfé/W 9?18§{'n‘6%¥9 ?%C'éﬁ%?’é‘sgé@tﬁ#rg't far%'P ant at i onpof
each mcr Cﬁoitcl)gnl)aplh{/] each rabbit, PLC70/30 (n=9) -

p .

Anterior Seagment Optical Coherence Tomography

[0063] Anterior segment photographs and anterior segment optical
coherence tomography (AS-OCT, Visante OCT, Carl Zeiss Meditec Inc.,
Germany) of the implanted eyes was performed at monthly intervals. The
Visante OCT is a high-resolution biomicroscopic device for anterior segment
imaging (axial resolution = 18 mm), based the principle of low coherence
interferometry using a 1310 nm light emitting diode. Due to the optical
properties of different tissues, the AS-OCT image can help us identify internal
structures of the eye, such as fluid, scarring or thinning of the sclera or
conjunctiva. We used a modified technique previously described to obtain

standardized images of the implanted microfilm in each rabbit eye by a single,
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mcrofilms were inserted into the right eye. Topical Tobradex (Tobranycin &
Dexanet hasone) was adm ni stered each eye 4 tines a day for 5 days. dinical

moni t or i ngo[20AR2)Bsual i nspection of the operated eyespoasceonsueised daily
foll owi ng surgery. The aninmals' eyes were al so inspected for changes at the
insertion site, gross appearance of the inplant and for any evi dence of

i nfecti omaskdd op&vaRorq¥eSL)I A Faeiial Gintéher sognesntdineastnanas thosercttanber of

the eyes was done prior to surgery and weekly thereafter. Al clinical and

ocul ar - ohsgi¥abof the i lantReGhiEpstilR ard HES(r glcﬁmﬁmsre?tﬁn Sifd. HeSsitg6r al so

nonitored for any gross changes such as eye di scharge, qu|nt|ng and,
ocul ar di &)&H éjnnﬂ sed to
record thcg)%g"frﬁecgg%rceelé\é Oﬁbﬁﬂg%gﬁfglw’\@%’?% ﬁé{{’ PP tﬁé:%' z)rf ée and

mas ed ndent investi at 0 obj ectively

conted ol E%flexboavs%ah%ﬁoew? VERGAGS Hhads AERbH Rl im% e%@eﬁﬁ&h St cal
Sonent gt Eliexabag Abagi. theRRere, MARBABCESSASeA DB e G Zei 55

Meditec Inc., CGermany) of the inplanted eyes was perforned at nonthly

i nterval smlcmfém\mmcé agauiyssthat ﬁogwrreéis@lleuailm Tmls)ﬁqS@%é@@imqw%vu ce for
anterior segnent imaging (axial resolution = 18 mm), based the principle of
| ow coheradioned ug & imagentberigyersiafdgha ey8llocation ofjimplant as el asi alstain Due t o
the optical properties of different tissues, the AS-OCT i nage can hel p us
identify standarddedsheasirerrmto df tHeein®iant, whidh wasfimdluded sierofiimg or

thi nning of the sclera or conjunctiva. W used a nodified techni que

pr evi ousticAREES aRE foridth SR ARIEHOR BRI RUICTIAGEOOX) i& L&snbramoant ed

mcrofilmin each rabbit eye by a single, masked operator (WsL). A radi al

ant eri or uﬁ%[yto'dé?écﬁﬁt%’ﬂnéﬂ@sir&ﬂ%%f e lax?érh%? Ijﬂgﬁ %é&lﬁtubﬁ*@bﬁ@a‘?d

mcrofilm he surgical 1nsertion site conj unct 1 val

el evatio b i 0 | i ght

erl ox ot SR SEafftabdie gﬂw‘%?wgﬁ%ﬁéétgi% 1l 44"&%%% A0 Fner et he
l'ight reflex was absent f nual@/ asse e surface of the
m cr of i | MeCeNdeyVith an-optica rﬁé? '8Ht g\%lain *?ﬁ Lan®Erse ¢ echni que
allowed us to imge the |layers of the eye, |ocation of i npl ant as well as
obt ai n strgpelLen anprﬁ%%dﬁe'h‘&ﬂfb Zeies Mrditagingnwwwmegditegesissanitied

m crofilmthi ckness and | ength. The Anterior Segnent OCT (AS-OCT) is
calibrat Resulternally to detect internal structures of the eye using

hi gh-resol uti on corneal and angl e scans and pachynetry naps at a rate of up
to 2048 Anvitendegradatiesshuly wi t h an optical axial resolution of up to 18 mm
and optical transverse resolution of up to 60 mm (Carl Zeiss Meditec Inc,

ww. nedi t{e064E1 S/ atiok fattess!int vitrb NsidH 49 waed sskdirptish, Séelghit loss,

change in thickness and change in molar mass, were studied to analyze the
degradation of both types of microfiims.

[0065] Water absorption. As these polymers degrade in the body by simple
hydrolysis, water absorption rates are indicative of hydrolysis rates. The amount
of water absorbed by the sample was calculated as: Water absorption = (W et
Warn )W, %, where W,y represents the weight of the wet sample after wiping by
tissue, Wqry represent the final weight of the dried samples, and W, represent
the sample’s initial weight. The amount of water absorbed in the microfilm

increased with immersion time for both polymers (Figure 1). PLC70/30
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[ 0064] Various factors in vitro, such as water absorption, weight |oss,
change in thickness and change in nolar nass, were studied to analyze the
degr adat iwo 20f2/deto types of microfilns. [0065] Wat er abgorpiG2en/0#s2t hese
pol ymers degrade in the body by sinple hydrolysis, water absorption rates
are indicative of hydrolysis rates. The ampbunt of water absorbed by the

sanpl e waihsoebebbsatied DniyWabeut b odmetenover & Wiseks Viinig Mdéeprimarilyer e Wet
represents the weight of the wet sanple after wiping by tissue, Wiry

repr esenty g P OP0/3085 $BMietysidifiné!r drtfiwatiibsorptididisinifeRPtoathent  t he
sanple's initial weight. The "anobunt of water absorbed in the mcrofilm

I ncr ease ] ' pon tinme for both polynmers (Figure 1). PLC70/ 30
absor bed a’ﬁé@ﬁBg%ﬁ% about 1% of water over 6 weeks. This was primarily

due to P 0 i,s sem-crystalline nd ter . L pt | ,s, ]imted to the
anor phoubgégéﬁe. I\fm@%&@sglggg “ﬁés l?%é@cﬁﬁ%?@;’q{:\’ﬁwgw&%am (WO Wry) /W
% | n conjunction with water absorptio PLC,70/ 30 di d. not deno rate an
ot bl o HRBAIICHE8 Wik Wetes aBsprRIRy. B G R0/ HPt dprensa e aReRBER Tar y
little water and hence the observed hydrolysis rate was low, with

wat er - solnaasselossiugshefter dryt 56 Origung 2) oPbhadeaksarhed vepklittawvaliat and day 56.

[ 0067] Change of nol ecul ar weight (Myv) and PDI. There was a notabl e decrease
i n wei ghthemokbdbelohservesshyidoolysis Catey @as dowy witls wilgrss¢lablguwligoB)ers Tiod W
versus tinme graph showed that the polymer denonstrated bul k degradation
with a tHoekingts aoly Measurableaddentuntiliday 560 Mv agreed with the

correspondi ng wat er absorption and nass | oss.
[0067] Change of molecular weight (Mw) and PDI. There was a notable
decrease in weight molecular mass for PLC70/30 over 56 days (Figure 3). The
M./M, versus time graph showed that the polymer demonstrated bulk
degradation with a thickness of 0.5 mm, and the drop in Mw agreed with the
corresponding water absorption and mass loss.
[0068] As shown in Figure 4, PDI of the samples i.ncreased with time. PDI
for PLC70/30 increased slightly in the first 56 days of study, but increased
suddenly to 5 or more at the end of the study (not fully degraded at the end of
the study period).
[0069] Thickness change with degradation. PLC70/30 maintained its
shape throughout the entire duration of the study period, with minimal change in

film thickness (Figure 5).

Results of in vivo study in rabbit eyes

[0070] Slit-lamp examination of implanted microfilms. The gross
appearance and examination of the implanted microfilms revealed minimal
localized inflammation and vascularity using serial vascularity grading scales

around the implanted PLC70/30 (n=9). The eyes had mild conjunctival
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[ 0068] As shown in Figure 4, PDI of the sanples increased with tine. PD for
PLC70/ 30 increased slightly in the first 56 days of study, but increased
suddenl y wo 2010n11mere at the end of the study (not full ycisgredsdost the
end of the study period). [0069] Thi ckness change with degradation. PLC70/30
mai ntai ned its shape throughout the entire duration of the study period,

wi th m ninyerémrnaed themobid) hichkieesvedrt®Beewbek FB@ﬁdﬂ)él%thélyl(Flgur‘éO st udy
in rabbit eyes [0070]Slit-lanp exam nation of inplanted mcrofilns. The

gross ap@%?ﬁgﬁgﬁ{?ﬁ Vasedianf) bﬁﬂeﬁﬁsérﬂ@n sﬁ@'b@?ér%ddegéf}Péﬁd tHeeé’rﬁﬁbied

m ni mal |nflarrmat|on and vascul arity using serial vascularity

grading sfals ﬁ%'lnérketsnﬁaé HBJn A& v V\% lﬁ‘?dr ég Osllq(ﬁlf(ljca hcrdbSe fipd m 1 d

conjunctlval pere a and ch HDSIS one wee

post - oper at . unct val vascul arit ertion site
bef or e 519%' Céﬁ‘;t(j eter@Se(mf ?rﬁgntlpgggpqerfnagqulaer gr LE?QA%; ed. It was
found no SI %nlflcant I ncrease,in qcular score in th (mean percent

i ncr ease 140K Br= 98 somignifigai "1@6‘09%9”49”’3035'“3 B %P@mqei @ptgrior

inter-observer variability). The cornea, anterior chanber and | ens renained
cl ear wi tohambesanddroe remalned clearwitth nogvidenger ¢figflamgation arscasin®n
external ocular exam nation that the PLC70/30 mcrofilns retained its

ori gi nal Wealie noft€Ca0/extermacoaflat emamimationtieat thedPUEHBaedcrafimbl e up to 6
nont hs. [0071] Anterior Segnment Optical Coherence Tonography (ASOCT) scans.

The AS- Ogdtdimapies otiginansiedpeTPLLET /30 mhierofivhs peesistldeshd)remaingd tvigibleal
pl acenent of all mcrofilms inplanted in the subconjunctival space (Figure

7). No mgy@té pidpntkh®m the original surgically inplanted site was seen in
any of the inplants. There was no evidence of scleral erosion of the

From the B 1Ey AHEABE Seldn i Otical & cRkFance Yoo iy (RGeSt
?ﬁ“&[&%&%‘g@%&ﬁé&%@é‘fﬁn%‘%% A58l piels b ook c‘?SfES?SGS’s
measur ed l?1yatom|c(ajFTIa$:em%nt of a?l microfilms implanted in the subconjunctival space

(Figure 7). No migration from the original surgically implanted site was seen in

any of the implants. There was no evidence of scleral .erosion of the

éubconjunctival implants in any of the eyes. Serial measurements were taken

from the AS-OCT images that measured multiple sections of the implanted

microfilms. We found that the thickness of the PLC microfilms decreased, and

PLC70/30 decreased in a linear fashion (R2= 0.8878 for PLC70/30), as

measured by AS-OCT (Figure 8).

Discussion

[0072] The current mainstay of ocular therapy is via topical administration.

While it is easy to administer (for example, using eye drops), there are many

drawbacks - which include poor bioavailability and penetration of the drugs,

frequent instillation leading to poor compliance and blurring of vision from

viscous vehicles. Typically less than 5% of the topically applied drug penetrates
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Di scussion [0072] The current mainstay of ocular therapy is via topical
admnistration. Wiile it is easy to admnister (for exanple, using eye
drops), twereixneogany drawbacks - which include poor bipoasaizé@amoélsty and
penetration of the drugs, frequent instillation |eading to poor conpliance
and blurring of vision fromviscous vehicles. Typically |less than 5% of the
t opi cal | thappmezdand repghesdntrad@dar tissriespwhide aamdjardeection of the mstilkdr
tissues, while a major fraction of the instilled dose is often absorbed

syst em cajdse i¥ ioftehidsbdd Sstemicalp did BROtSHjancila sht hasdiBosmafl destuent
instillation of a relatively concentrated solution is required for a

sust al nedrhdsh%gesmt ibgtcil(;l%ictiBﬁ%f-a ﬂéfnétﬁ/.enﬁ@g?éémragé@gambnii@?éddiﬂe@tfbpa al so

| eads to pool patien npliance, wth ten di sastrous cohsequences for

vision. I IHE EHUANAR LBl IR Sed RiGrdtifthy i fiGF8h BisofBhAlt Lhat may

be capabl r drug very, over comne e di sadvant ages
of topical nedications.and the issues with conpliance - a.common problem
faced by Q?p?r’itpﬁh?ﬁ‘)‘l"%?@@er W“Eaégfqrhésafvﬁ'%u%%% NGRS fOrdSIBNaucoma, the
second | eadi ng cause of irreversible blindness in the world. This

bi opol ymdPORSLr oBiodegradaile Ralymees war used ik eiaple inmplants thay mavpe i cant | y

I nprove drug availability and reduce |ocal ocular side effects, while

over coni ragppbler ofpsustained oouiar idsug deliyayy.7to] overcemgdhe disadvaatagestefd that, in
this class of polynmers used in the study (poly a-hydroxy esters), there may
be two ditbpieabemeditatiess ahd degisstasivith complidrecd + astcommongroblem fddedh i s
often referred to as honogeneous or bul k degradation, the pol yners degrade

sl owl y wikyhophalbilegiseihelaaiiag with disbasas sustsas glducontis tegeesiad | on
products become water-soluble and | each out of the matrix, when nass | oss

is then q@écﬁﬁg%ghtéﬁof frdVafsiBRCSIMINERS R tHesWorld Mehid BiopBymepaiiedsiim f i r st at

t he surface, e surface nol ecul es decrease i n nolecular weight to the

e o AL PR 3oL 858 caly o8 A bl [ oL o o
L et P AHUBS e BHLBY B W 5T BTN ot BRI ERLCYS o
the st Udy[bo%lilt hothg gré(r)wtéraé}ﬁ/ aec\é:ie%?erg th(.a?,i iR(ire\isnc?ass of polymers used in the

study (poly a-hydroxy esters), there may be two differént modes of degradation.

In the first mechanism, which is often referred to as homogeneous or bulk

degradation, the polymers degrade slowly with no appreciable mass or volume

loss until the degradation products become water-soluble and leach out of the

matrix, when mass loss is then detectable. In the second mechanism, the

polymer degrades first at the surface, and the surface molecules decrease in

molecular weight to the point where the surface molecules leach out, without

affecting the interior of the material. In this mode of degradation, which is

sometimes referred to as heterogeneous degradation or surface erosion, there

is continuous decrease in mass and in the material dimensions.

[0075] From the results of the study, although not as evident (since no

significant mass loss has been detected up to day 40 — Figure 2), in vitro,
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significant mass | oss has been detected up to day 40 - Figure 2), in vitro,
PLC70/ 30 al so exhi bited nol ecul ar wei ght decrease (Figure 3) w thout any
mass | osswowhiaiiios a characteristic of bul k degradati orcTisoeemsno2sPL.C70/ 30
clearly behaves differently when inplanted into the rabbit eyes. PLC70/30
m crofilnms underwent surface erosion in the subconjunctival space, as

evi dencedPli§7@/80 atst exthibitedmolecwat weight dgcrdase-(Figgrend cwitlxmd@nyand AS- OCT
techni ques, since the width and | ength of the mcrofilns did not change

vi sual |y rayes Ides'Whichsis GRtHEtastefistic BEbulk tiegtadatiornHowever] PDE70/300uUr e 7)
decreased continuously. This is typically observed in surface erosion or

het er oge H&%\%%adiﬁ%tl A i}hpléﬁ't%dggﬂomgrraﬁﬁg'é?%. prefagbul K

degradati on de to a surtface erosion no nt ntrinsic hydrolysis

rate (Rh) i t t.er, | . AW t pol ymer (Rw).
It is hy o@ﬁ@gﬁgiﬁeﬁg&ﬁ %J}f%g %@S}\?‘?‘v@ tgléié géﬁg@Hﬁ%lisgggee’i%g i ncreased
relative to, Ry, st likely due to the i.nfl pence of enzynes rases) or
br ot ef ne SHERE B0 ey EneaRtesRenficaiP st iR RePSsdmcand BREDIS hae
in such applications, as bul k degradation may | ead to "catastrophic"

br eakdowre¢htiguesyince thegmdih and lrngth of the microfitns did netishangesisyallye
erosion also results in a constant rel ease of incorporated drug. PLC are
ani oni ¢ ey BementhisdFigumecs )y bubthicknesg ofithe filos (Figure ibdeemaeaged drugs are
rel eased fromthe matrix via diffusion initially, followed by degradation
of the paloptmuouslyrThisiis bpidally Bisentdueinfsurfacedresionairiheterogeneotisice er osi on
of this grade of polyners in the subconjunctival space is exciting and
opens t hejedpadation. Usuatly,ehefgolghenshdrissdsmtd Bulk dédgradatifh/dbdbao a

subconj unctival space is a potential area in the eye that is useful for

del i ver i ngirfack!cfbsidh Wesdd WhanIHE iRHASIE HRRIPSIs rate (RG) bb¥emBE Higherdar or

subtenon 1 njections are used to deliver "short to internedi ate duration of

drugs to i : i i it hi ocul ar
bl oodandhatr {8 fiatar AR ra ihF1 pinel Tryf 1t 2 hipOiRRE oAt al AR 00

wi th | ower | aadin oncentration f U hi $,stud have shown
that ¢ he BracSBiRie, RET PR RRSad retidie Ry, B UREYBNE Fhet val "epace
using a sigmple syrgical technique, and that both nmi crofilns penain stable
"ot n falanere) ke EStateskelor REPle S reRR0b DRI, ARUTRENat Sur o cal
inpl antation of these filns in the subconjunctival space does not cause any
associ at &Iosipgmeqde: isrtheprafariesynodada sueh applisations; as balkhdggradatiome

bi odegr adabl e microfilms prepared from PLC70/30 are non-toxic and wel |

t ol er at ednayleadi topicatastndphic” ttreakdmun itjta smalMishgrepatsecausing loeabitest e has t he
potential use as an ocular drug delivery platform PLC70/30 denonstrated

bul k degriritiationoiSurfaceidrosion\vdisy sssultBlICaosBtantheleiase df incorporated osi on i n
vivo. The observation of surface erosion in the sub-conjunctival space is

si gni fi cajugfPIrCepataniric palyhits tisataafirergd bdmmgrbagﬁéﬂmviﬁ_ad opens the
door for nore efficient and sustained therapy. anpl e 2: Bi odeor adabl e

Coal a1 e e ] 18 S g i R e e T RS Dyer s
can be degradation of the polymer matrix itself. Thus the first observation of surface

erosion of this grade of polymers in the subconjunctival space is exciting and

opens the door for a more efficient therapeutic route.

[0076] The subconjunctival space is a potential area in the eye that is useful

for delivering ocular drugs in a sustained manner. Currently, peribulbar or

subtenon injections are used to deliver short to intermediate duration of drugs to

the eye. Implanting the microfilm in this space may bypass ocular blood and
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fornmulated with drugs to achi eve sustained rel ease over several days.

Predni sol one rel ease [0078] Predni sol one release from PLC (70/30 copol yner
of PLA angtoBGl)oz2imsrel eased in a controlled manner over pt@3cdenmpomnd i s
very useful for postsurgical nmanagenent of inflanmation in glaucom
filration surgery. See Figure 9. Latanoprost rel ease [0079]Latanoprost,
an anti - ¢yraphatimbamridrs;, &b iachievedtefapeutiedenals in the eye with udwer loadswgure in the
eye, may be delivered for 10 days fromPLC films. See Figure 10. Exanple 3:

Ml ti -1 ayehedntrasosrastal! B thisistulil Wve havesHown thaetRnPEC7M—pr oi ¢ aci d
rel ease [0080] The rel ease may be extended by using sandw ch constructions,

as_shown pigr il cBn e Ahced Hito IRERADESHLIE I 8PAC8 Bsiniga bimple RLgiER0 ¢ hat

t he outernost [ayers rom ut the Irnner drug-containing |ayers
may be . S P . . Pl e
copol yrrenﬁga}é{ﬁgo d%ggéég' ME? 8@&5 k\%'ﬁ%&@eéﬁkgﬁ f%rgéé?q g?’q&rghggerrent of
scarring follow ng optical, surger an be .rel.easeqd in a control |l ed manner
From t ha FARIERTORE. i bars demarenplec R stica i piaatadn. St HRse STBR G~ ony
the 1% and 2% sandw ch constructions are acceptable in ternms of controlled
rel ease 0@ pubeonjupetival space does not cause any associated significant scarring,

encapsulation or inflammation. The biodegradable microfilms prepared from

PLC70/30 are non-toxic and well tolerated when implanted in the

subconjunctival space and therefore has the potential use as an ocular drug

delivery platform. PLC70/30 demonstrated bulk degradation in vitro, whereas

PLC70/30 exhibited surface erosion in vivo. The observation of surface erosion

in the sub-conjunctival space is significant for controlling the release of drugs

locally, and opens the door for more efficient and sustained therapy.

Example 2: Biodegradable copolymer of polylactide (PLA) and polycaprolactone

(PCL) Drug-Eluting Ocular Implants

[0077] Biodegradable copolymer of PLA and PCL (PLC) layers can be
formulated with drugs to achieve sustained release over several days.

Prednisolone release

[0078] Prednisolone release from PLC (70/30 copolymer of PLA and PCL) is
released in a controlled manner over 100 days, and is very useful for post-
surgical management of inflammation in glaucoma filration surgery. See Figure

9.
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[0081] By "conprising” it is meant including, but not limted to, whatever
follows the word "conprising”. Thus, use of the term"conprising"” indicates
t hat t he wobeeelenents are required or nandatory, but pthaiG2etifvessel enent s
are optional and may or may not be present. [0082] By "consisting of" is
meant including, and limted to, whatever follows the phrase "consisting

of ". Thudatamsproslt refeaseconsi sting of" indicates that the listed el enents
are required or nmandatory, and that no other elenents nay be present. WO

2012/ 02LYG8PS]T! SERAIROS28R AAOSALIRalHUREAION Sl YotedabingShtralescr | bed

herein may suitably be practiced in the absence of any el enent or el enents,
limtati Lo tati i il ' ;g$%h rCkinc WS, for
exanpl e, Q{&ngtdé?%‘}’étéﬂé%?@ﬂga? B%fdn%lk/gﬁdnﬁgrqb%cé nt al n%éhnré?cé\égs hal | be
read expzpsié£h¥ and without limtation. Additionally, the terns and

expr essi gu oyed herein have been used as ternms of description and not
of limtation, and there is no intention in the use of such terns and
expressi ons of excluding any equivalents of the features shown and

descri bed or portions thereof, but it is recognized that various

modi f i catbxamplads Multiavered Biedegradableddme-Elufing Kacular\smlants c| ai med. Thus,
it should be understood that although the present invention has been-
speci fi cMdlgroiti acilggleasdy preferred enbodi nents and optional features,

nodi fication and variation of the inventions enbodied therein herein

di scl oseq0080] be Theseldasd rmay by déxtersdedsby ukind sandwieh aobstruotivnshas such
nodi fi cations and variations are considered to be within the scope of this

i nvent i osholvOBHiGure #PEAY Fol Boipadibilifrea@oAs Gt Keprefarfdiethat the val ue, such

as for tenperature and period of tine, it is neant to include nunerical

val ues Widydhod? fayrs bBEnS@E fof PECY Butfhe inner drug-containing layers may

be made from polymers such as PLGA 50/50, PLGA 75/25, and the copolymers

mentioned above. A drug, valproic acid, used for management of scarring
following optical surgery, can be released in a controlled manner from the
sandwich constructions (see Figure 11). Of the curveé shown, only the 1% and
2% sandwich constructions are acceptable in terms of controlled release over
20 days.

[0081] By "comprising” it is meant including, but not limited to, whatever
follows the word "comprising". Thus, use of the term "comprising” indicates that
the listed elements are required or mandatory, but that other elements are
optional and may or may not be present.

[0082] By "consisting of" is meant including, and limited to, whatever follows
the phrase "consisting of". Thus, the phrase "consisting of" indicates that the
listed elements are required or mandatory, and that no other elements may be

present.
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[ 0085] The i nvention has been described broadly and generically herein. Each
of the narrower species and sub-generic groupings falling wthin the
generic dvechmsuimsal so form part of the invention. Thi ecirschedesozshe
generic description of the invention with a proviso or negative limtation
renovi ng any subject matter fromthe genus, regardl ess of whether or not
the exci §6083fat eThealinventipedlidsteatively destribed Hereipi may [sUR86ly Beher

enbodi ments are within the following clains and non- limting exanples. In

addi ti onpriiRied iheAE BbSENGS of&MEEIeett dritfemBH&Nintation or dRmatibRed i n
terms of Markush groups, those skilled in the art will recognize that the

e upet SpSHcal SEOBed RNIAC PR of semplL st tslod e o1

0 e Ly B O B P85 ol B BN  c

the fir StAch?tYoenrallg,o tri]1te iepnsw %ngre%rgsisslgﬁsr (Ser%cgl)Iooyredd‘ri‘nesrsé?nI P\lg\(/je E)Qgrrl %isgd as
terms of description and not of limitation, and there is no intention in the use of
such terms and expressions of excluding any equivalents of the features shown
and descr;ibed or portions thereof, but it is recognized that various modifications
are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed
by preferred embodiments and optional features, modification and variation of
the inventions embodied therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and variations are considered to
be within the scope of this invention. |
[0084] By "about" in relation to a given numberical value, such as for
temperature and period of time, it is meant to include numerical values within
10% of the specified value.
[0085] The invention has been described broadly and generically herein.
Each of the narrower species and sub-generic groupings falling within the
generic disclosure also form part of the invention. This includes the generic
description of the invention with a proviso or negative limitation removing any
subject matter from the genus, regardless of whether or not the excised material
is specifically recited herein.
[0086] Other embodiments are within the following claims and non- limiting

examples. In addition, where features or aspects of the invention are described
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2. The bi odegradabl e ocular inplant of claim11, further conprising at |east
one top |l ayer conprising a second bi odegradabl e pol yner, wherein the at

| east onewbaepideyms is arranged on top of the first | ayecT/sg20iifveo2s2

bi odegradabl e ocul ar inplant of claim2, further conprising at |east one
bottom | ayer conprising a third bi odegradabl e polynmer, wherein the first

| ayer i s imterarsyaidMarkusbprotips,itbose skiledtin threeatiovill omedgnjze thad theher eby form a
sandwi ch assenbly having the first |ayer arranged between the at |east one

top | ayelnnaidiohls aiio thepstly describetdtinneiney of angindiVidudli mémpeadabl e ocul ar
i npl ant of any one of clainms 1-3, wherein the at |east one top |ayer, or

the at | ontains a drug di spersed or

di ssol ve%ﬁsgr%o?gsggﬁr% égﬁ'{eay@?kdggé}'?ﬁg bi odegradabl e ocul ar i npl ant of
any one of clainms 1-4, wherein the drug is unifornmy dissolved in the

pol ymer matrix of the respective layer. 6. The bi odegradabl e ocul ar i npl ant
of any one of clains 1-4, wherein the drug is dispersed at the surface of
the respective layer. 7. The bi odegradabl e ocul ar inplant of any one of
clainms 2-6, wherein the first biodegradabl e polyner, the second

bi odegr adabl e pol yner, and the third bi odegradabl e polymer are the sane. 8.
The bi odegradabl e ocul ar i nplant of any one of clains 2-6, wherein the
first biodegradabl e polyner, the second bi odegradabl e pol ynmer, and the
third bi odegradabl e polyner are different. 9. The bi odegradabl e ocul ar

i npl ant of any one of clains 1-8, wherein each bi odegradabl e polyner is

i ndependently sel ected fromthe group consisting of polylactide (PLA),
poly-L-lactide (PLLA), poly-D-lactide (PDLA), poly(L-Iactide-co-glycolide)
(PLGA), polyethylene glycol (PEG, polypropylene glycol (PPG,

pol ycaprol actone (PCL), polyesteram de (PEA), a PLLA copolyner, a PLGA
copol yner, a PDLA copolyner, a PCL copol yner, a PEA copol yner, a PEG

copol ymer, a PPG copol yner, and m xtures thereof. 10. The bi odegradabl e
ocul ar inplant of claim9, wherein the biodegradable polynmer is a copolyner
of PLA and PCL.
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11. The bi odegradabl e ocul ar inplant of claim210, wherein the nolar ratio
PLA: PCL is between about 90:10 and about 10:90. 12. The bi odegradabl e
ocul ar i mpbani2/iioel ai m 11, wherein the nolar rati o PLAPECISG2611/00023D. 13.
The bi odegradabl e ocul ar i nplant of claim9, wherein the bi odegradabl e
polymer is a triblock copolynmer conprising PLA as end-bl ocks and a m ddl e
bl ock selected fromthe group consi Qlaimsof PCL, a copol yner of PL and
trimethyl ene carbonate (TMC), a copolynmer of PCL and PLGA. 14. The

<t (101 gbBeds Bty Gaf bniell By usliifodbild HRa &R, "

The bi odegradabl e ocul ar i nplant of claim9, wherein the biodegradabl e

bt dneai of , - 4he e ARed BEPRBUE Rl B eI PR HRERVEL “The

bi odegradabl e ocul ar inplant of any one of clains 2-15, wherein the at

| east one tOR:ghgé{ﬁg alruf s fiirsé# 8P HiseBReBahéfm | ayer is inperneable for the
drug to provide for a directional release of the drug. 17. The

bi odegradabl e ocul ar inplant of any one of clains 1-16, wherein each of the

bi odegr adabl ehHeobipdegmdabld deuldr inmartof dlaiyen sfumher aomhiprisitigeatt ledstgr adat i on
rate. 18. The bi odegradabl e ocul ar inplant of any one of clains 1-17,
wherein the drug conprises an ocul ar drug.

one top layer comprising a second biodegradable polymer, wherein the at

least one top layer is-arranged on top of the first layer.

3. The biodegradable ocular implant of claim 2, further comprising at least
one bottdm layer comprising a third biodegradable polymer, wherein the
first layer is arranged on top of the at least one bottom layer to thereby
form a sandwich assembly having the first layer érranged between the at
least one top layer and the at least one bottom layer.

4. The biodegradable ocular implant of any one of claims 1-3, wherein the at
least one top layer, or the at least one bottom layer, or both, contains a
drug dispersed or dissolved in the respective layer.

5. The biodegradable ocular implant of any one of claims 1-4, wherein the
drug is uniformly dissolved in the polymer matrix of the respective layer.

6. The biodegradable ocular implant of any one of claims 1-4, wherein the

drug is dispersed at the surface of the respective layer.
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19. The bi odegradabl e ocul ar inplant of any one of clains 1-18, wherein the
drug is selected fromthe group consisting of an i nmunosuppressant agent,
an anti biwbi2e12/@mognti -i nfl anmat ory agent, an anti - scar Pcmgcaganve2san
anti-glaucoma nedi cation, a prostagl andin anal ogue, an anti -steroi dal
agents, an antimcrobial agent, an anti-fibrotic anti body, and a smal |

oi odegr adabl o e apoteEBE, folpt MRty bl BFlins 2 Jifeleh v’ T

bet anmet hasone, predni sol one, dexnet hasone, cycl osporine, |atanoprost and

derivates, tiggy tﬂ{)dé@ﬂaﬁé R ?Mgﬂplé'?,%‘é s%%'bFI? bg’c?%efdrrrga%@lggﬁlme? bnd'the

blodegradable ocu i nplan any one o erein each
respective | ayer conprises 70-98 wt % (based on total weight of the |ayer)

of the p0|y”thrﬂiddégré‘d‘éblap%ﬁln‘i‘ér"/ar%fthbQ%nﬁ’éUg 22. The bi odegradabl e
ocul ar inplant of any one of clains 21, wherein the nodulus of the

i nplant is between about 0.1 MPa and about 1,000 MPa. 23. The bi odegradabl e
ocul ar i iyl arMmheobbiodeyranableodculbpimplaht @2anywbre ef vlairms 2e6 omgereirothe 0- br eak
point of the inplant is at |east 300% 24. The bi odegradabl e ocul ar

i npl ant of any one of clains 1-23, further conprising an excipient or

pl astici zer. fest bigtegradatitegrclivmier.dhe seicand ibigdegradable dadymerandiher ei n t he
excipient or plasticizer is PEG triethyl citrate (TEC) or glycerol. 26.
The bi odegradabl.-e ocul ar inpl ant of an% one of clainms 1-25, wherein the
inplant is fdhifdbiadegsacatie polvsaerargstifferent. The bi odegr adabl e ocul ar

i npl ant of claim 26, wherein the deS| red shape conprises a curved shape or

a convex Qs.hapﬁie biodegradable ocular implant of any one of claims 1-8, wherein each
biodegradable polymer is independently selected from the group
consisting of polylactide (PLA), poly-L-lactide (PLLA), poly-D-lactide
(PDLA), poly(L-lactide-co-glycolide) (PLGA), polyethylene glycol (PEG),
polypropylene glycol (PPG), polycaprolactone (PCL), polyesteramide
(PEA), a PLLA copolymer, a PLGA copolymer, a PDLA copolymer, a PCL
copolymer, a PEA copolymer, a PEG copolymer, a PPG copolymer, and
mixtures thereof.

10. The biodegradable ocular implant of claim 9, wherein the biodegradable
polymer is a copolymer of PLA and PCL.
11. The biodegradable ocular implant of claim 10, wherein the molar ratio

PLA:PCL is between about 90:10 and about 10:90.
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28. The bi odegradabl e ocul ar inplant of claim26 or 27, wherein the desired
shape is formable after insertion into an eye of a subject. 29. The

bi odegr adwbl2e120wiogar i npl ant of any one of clai ns 26- 28 pcuiseneilnoidse
desired shape is formed by exposing the inplant to a tenperature of about
37 C. 30. The bi odegradabl e ocul ar inplant of any one of clains 1-29,

mcrons. . The-bRisu bk Afafitplaft Rt 1 ARRRIG e Mcfaripb? 2775, 0

wherein the |rrpl ant has an overall thi ckness of about 1 mmto about 2 mm
32. A met hod mfa-peiMs¥:8g bl odegr adabl e ocul ar inplant for sustained drug
del i very, conprising: 29 providing a first layer conprising a first

bi odegradabl e pol yner; and (b) | oading the first biodegradable polyner wth

a drug. 33 The ﬁ@ﬂé?@d@bléb@\jla’r‘ iPAplalb\6f Gthifn B! WWerlinghé bR delgiadabi@y er

conprises: (a) dissolving the first blodegradable polymer in a suitable
solvent to forma first solution; and
polymer is a triblock copolymer comprising PLA as end-blocks and a

middle block selected from the group consisting of PCL, a copolymer of
PCL and trimethylene carbonate (TMC), a copolymer of PCL and PLGA.

14. The biodegradable ocular implant of claim 9, wherein the biodegradable
polymer is a multiblock copolymer of polylactide-caprolactone (PLC) and
PLA.

15. The biodegradable ocular implant of claim 9, wherein the biodegradable
polymer is a polyurethane type copolymer formed from di-isocyanates and
butanediol, and soft segments selected from PCL/PLA and PCL/TMC.

16. The biodegradable ocular implant of any one of claims 2-15, wherein the
at least one top layer or the at least one bottom layer is impermeable for
the drug to provide for a directional release of the drug.

17. The biodegradable ocular implant of any one of claims 1-16, wherein each
of the biodegradable polymers of the different layers has a different

degradation rate.
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(b) evaporating the solvent to obtain the first layer. 34. The nethod of
claim 33, wherein |oading conprises adding the drug to the first solution
prior to Wo2pty®1i08g t he sol vent. 35. The net hod of cl aPGT3%20Mi9e0282 n

| oadi ng conprises imersing the first layer in a solution containing the
drug. 36. The nethod of claim 33, wherein |oading conprises sinultaneously

o or 1o B DaeBRablEpciiatinelaREGRRTER, B PRIHER T i
32-36, further conprising: (a) dissolving a second bi odegradabl e pol yner

W th a suitakjrgg eemyprisbs tah dlar drugecond sol ution; (b) casting the second
solution on top of the first layer; and (c) evaporating the solvent to form

a top layer. 38. The nethod of any one of clains 32-37, further conprises
form ng ahotTherbibdggradablerbéulér infiaht ofsdny aiye of tiaims Nat§avheretmthiei si ng:

drug is selected from the group consisting of an immunosuppressant
agent, an antibiotic, an anti-inflammatory agent, an anti-scarring agent, an
anti¥glaucoma medication, a prostaglandin analogue, an anti-steroidal
agents, an antimicrobial agent, an anti-fibrotic antibody, and a small
interfering ribonucleic acid (siRNA) molecule against fibrosis.

20. The biodegradable ocular implant of claim 19, wherein the drug is
betamethasone, prednisolone, dexmethasone, cyclosporine, latanoprost
and derivates, timolol maleate, valproic acid, or ciproflaxin.

21. The biodegradable ocular implant of any one of claims 1-20, wherein each
respective layer comprises 70-98 wt% (based on total weight of the layer)
of the polymer matrix and 2-30 wt% of the drug.

22. The biodegradable ocular implant of any one of claims 1-21, wherein the
modulus of the implant is between about 0.1 MPa and about 1,000 MPa.

23. The biodegradable ocular implant of any one of claims 1-22, wherein the

elongation-to-break point of the implant is at least 300%.
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(a) dissolving a third bi odegradable polynmer with a suitable solvent to
forma third solution; (b) evaporating the solvent to forma bottom

and (b) depaesidizngst he first

met hod of any one of clainms 32-38, wherein the first layer, or the t
| ayer, or the bottomlayer is forned over a curved-surfaced nenber.

nmet hod of, .l & ' ; s . ISes at
2 0o o A e Ot BT " P e
conprising cutting the respective layer radially to obtain a convex shape.
42. The net h%nfﬁrismq/aﬁ@gc@ferﬁIoabqgsﬁ@i’.}ea& wherein the first |ayer,
bo '

scaf fol d or

top | ayer,

convex shape.

or the
43. The net hod of any one of clainms 33-38, wherein the first

tomlayer is casted into a convex nold to obtai

| ayer;

| ayer on top of the bottompcasenoi1®do2sThe

op
40. The
ubul ar

or the
n a

| ayer, onrs hdHedflodéyradablkey oduiar ingslamtrof alaiar 24 swhairethe excipient bat sheet,
foll owed by heat-shaping the flat sheet into a convex shape. 44. The net hod

of claim43, wherein the inplant conprises an outernost
t he heat - shaplasticizees PEGapriethglcitrate: (TEQuarglyesrol.l ayer at its gl ass

transition tenperature (Tg).

26.

27.

28.

20.

30.

31.

32.

The biodegradable ocular implant of any one of claims 1-25, wherein the
implént is formable to a desired shape.

The biodegradable ocular implant of claim 26, wherein the desired shape
comprises a curved shape or a convex shape.

The biodegradable ocular implant of claim 26 or 27, wherein the desired
shape is formable after insertion into an eye of alsubject.

The biodegradable ocular implant of any one of claims 26-28, wherein the
desired shape is formed by exposing the implant tq a temperature of about
37° C.

The biodegradable ocular implant of any one of claims 1-29, wherein each
of the layers has a thickness of about 0.1 micron to about 10 microns.

The biodegradable ocular implant of any one of claims 1-30, wherein the
implant has an overall thickness of about 1 mm to about 2 mm.

A method of forming a biodegradable ocular implant for sustained drug
delivery, comprising:
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45. A nethod for treating an ocul ar di sease or reduci ng preoperative
effects of nultiple quadrant corneal vascularization or inproving corneal
graft surwowalzo2emspri sing inplanting the bi odegradabl e potsicasitioogsant of
any one of clains 1-31 to a subject in need thereof. 46. The nethod of
claim 45, wherein the ocular disease is an ocular surface di sease sel ected
from the group) providing arfiystibygecovaprisiega fisd bjodegradabile patyner, badgi ¢ eye
di sease. 47. Use of a biodegradable ocular inplant for the treatnment of an

ocul ar di seagp) RadirRfthel fitst Hibaegeidable’ golghferalith #drag!l ti pl e quadrant
corneal vascul arization or inproving corneal graft survival. 48. A

bi odegr adabl e_ocul ar | n%DI ant _for sustai ne& dr g delivery, conprising a
first |ays: ddipmethadotclaim 32, whetaln PrMeing tE rStdayerRGImMRIsEsHabl e of
containing a drug dispersed therein. 49. A nulti-Ilayered biodegradable

ocul ar i npl anh) HRsoRiY Mm@t BiddegradabiepolyrR€F MP4 istitaBle sdldentaoffofrit | ayer
conprising a first biodegradabl e pol ynmer capable of containing a drug

di spersed thereiyg L0 | east one ot her |ayer conprising a second

bi odegr adabl e po #ﬁgg&gPégﬁag% adj acent the first layer. 50. The

o1 odegr adabi d°peramarag e sREhe b P BT i Sperced therain.

34. The method of claim 33, wherein loading comprises adding the drug to the
first solution prior to evaporating the solvent.

35. The method of claim 32, wherein loading comprises immersing the first
layer in a splution containing the drug.

36. The method of claim 33, wherein loading comprises simultaneously
dissolving the drug and the first biodegradable pélymer in the solvent prior
to evaporating the solvent.

37. The method of any one of claims 32-36, further comprising:

(a) dissolving a second biodegradable polymer with a suitable solvent to
form a second solution;
(b) casting the second solution on top of the first layer; and

(c) evaporating the solvent to form a top layer.

38. The method of any one of claims 32-37, further comprises forming a

bottom layer on which the first layer is arranged, comprising:
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39.

40.

41.

42.

43.

44,

(a) dissolving a third biodegradable polymer with a suitable solvent to form
a third solution;
(b) evaporating the solvent to form a bottom layer; and

(b) depositing the first layer on top of the bottom layer.

The method of any one of claims 32-38, wherein the first layer, or the top
layer, or the bottom layer is formed over a curved-surfaced member.

The method of claim 39, wherein the curved-surfaced member comprises
a tubular scaffold or a cylinder.

The method of claim 39 or 40, further comprising cutting the respective
layer radially to obtain a convex shape.

The method of any one of claims 33-38, wherein‘the first layer, or the top
layer, or the bottom layer is casted into a convex mold to obtain a convex
shape.

The method of any one of claims 33-38, wherein the first layer, or the top
layer, or the bottom layer is casted into a flat sheet, followed by heat-
shaping the flat sheet into a convex shape.

The method of claim 43, wherein the implant comprises an outermost layer
and wherein the heat-shaping step is applied to the outermost layer at its

glass transition temperature (Tg).
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45.

46.

47.

48.

49.

A method for treating an ocular disease or reducing preoperative effects of
multiple quadrant corneal vascularization or improving corneal graft
survival, comprising implanting the biodegradable ocular implant of any
one of claims 1-31 to a subject in need thereof.

The method of claim 45, wherein the ocular disease is an ocular surface
disease selected from the group consisting of vernal keratoconjunctivits
and allergic eye diseése.

Use of a biodegradable ocular implant for the treatment of an ocular
disease or reducing preoperative effects of multiple quadrant corneal
vascularization or improving corneal graft survival.

A biodegradable ocular implant for sustained drug delivery, comprising a
first layer comprising a first biodegradable polymer matrix capable of
containing a drug dispersed therein.

A multi-layered biodegradable ocular implant for sustained drug delivery,

comprising:

(a) a first layer comprising a first biodegradable polymer capable of
containing a drug dispersed therein; and
(b) at least one other layer comprising a second biodegradable polymer

arranged adjacent the first layer.
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50. The multi-layered biodegradable ocular implant of claim 49, wherein the
~ second biodegradable polymer is capable of containing a drug dispersed

therein.
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