COLLAGEN- BASED | MPLANTS FOR SUSTAI NED DELI VERY OF DRUGS RELATED

APPLI CATI ONS [1] This application clainms benefit of U S. Provisional
Appl i cat iwO 2MR/01815369, 996, filed August 2, 2010, the diPstiussun®4@ds whi ch
is incorporated by reference in its entirety. FIELD OF THE | NVENTI ON

[2] The present invention describes collagen-based constructs for sustained
delivery of agents and drugs to a localized site of interest. BACKGROUND
[3] Oral or injectable drugs are conmonly used to treat various di seases
and condi t i ons.COIMMGEN-BABEDIMPIANDS FOR SHSTANERLELINVERY OF PRYGBeni ¢
drug exposure that may be unnecessary or even undesirable. Further, nost

oral | y-adm ni stered drugs requi rgephTERaHPIYEAINONSSI Ng to mai ntain
adequate drug | evels. Even when targeted drug delivery is possible because

of the accessible | ion of the tissue to.be treated.. it iS.still often
difficult to attai 053tk Senitcafon e8RSoastar Sl SR Sliued sePidiiohy {1 e
for various rers08F368008, fléd hoges 22010,k tisewsarecofiiHitsisriadaeporated

treat nents target ed to the eyes, ears, and nasal sinuses. Ccul ar Ti ssues
y reference in ifs entirety.

FIELD OF THE INVENTION
[002] The present invention describes collagen-based constructs for

sustained delivery of agents and drugs to a localized site of interest.

BACKGROUND

[003] Oral or injectable drugs are commonly used to treat various
diseases and conditions. However, these therapeutic approaches result in
systemic drug exposure that may be unnecessary or even undesirable.
Further, most orally-administered drugs require at least daily dosing to
maintain adequate drug levels. Even when targeted drug delivery is possible
because of the accessible location of the tissue to be treated, it is still often
difficult to attain adequate drug levels over an extended period of time for
various reasons. Some of these difficulties are illustrated by treatments

targeted to the eyes, ears, and nasal sinuses.

Qcular Tissues

[004] The treatment of many ophthalmic diseases and post-operative
conditions require frequent administration of drugs to the ocular tissues.
Many medications must be applied topically to the eye and one common form
of treatment is the use of drops or ointments. The topical formulation is
administered by the patient or caregiver using an eye dropper or dispenser.
However, a substantial disadvantage of this method of drug delivery is that
the medication rapidly drains from the ocular surface into the lacrimal system
through an opening in the eyelid called the punctum. Furthermore, the
medication is rapidly diluted by the tears secreted by the lacrimal gland. This
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[4] The treatnent of many ophthal m c di seases and post-operative conditions
require frequent admnistration of drugs to the ocul ar tissues. Mny

medi cat i ome 2meHtishe applied topically to the eye and on@&Cramsewn/oie@esn of
treatnment is the use of drops or ointnments. The topical fornulation is

adm ni stered by the patient or caregiver using an eye dropper or dispenser.
However, a substantial disadvantage of this nmethod of drug delivery is that
the nedication rapidly drains fromthe ocular surface into the |acrimal
systemt hr oughpra)blanpémifughémcomnpom}}dﬁd ty cthe | patientse thmesaivas:  Rnet betheor e,

oland. Thi's pPUETEn raatart 11l SRl abaoEy PRE BEEE R bRBeR ST o
of the princi paord iofteh at patméhtoé requifediato ol inwatidation;i thepless lipelyitbey wil
conpliance. The m)r ti eR&‘ IS req uired to use nedication, the

less |ikely thBYMAHY ‘Frtgﬂr’???ﬁeélt%g?e? Sdels 'nb%se at the proper tine.

[5] Thus, topical tjoest ﬂmbsto@(banﬂéatﬁ’fams de nat mmderwmmnupmlpmge@bd
delivery of nedication and

dosage achi ved a r et tlssue
i s unpredi ct abﬂ@'ve%PEWWE‘Pﬁ aﬁé ?’ue§f“|‘t sgae &° '8"?% E)It Faégétt &tause
there is an injthahicRwRl dpeasftdrebbmmstrdivnalgoapiptorlenatabecduse there is
concentration due to dilution and | acrinal drai na%e to meffech&é%kevel S.

[6] Another apph daEH ‘?Wd%ﬁlieeﬁ?i‘%‘ﬁe‘li H¥ A IFIRIY AFCIRFSE NI SRECGNTHIPS) % he

injection of dﬁlﬂﬂloﬁ'arn@%ér)fnél'&qﬁﬁaé@% iﬁ@ﬁédﬂl%iév‘éﬁs or tenon's capsul e,
intracanerally or intra-vitreally. Unfortunately, this approach maé%re quire

periodic injecti ons [086] cnagharcnpaearhaion aghiewns é‘?ﬁqh?f@ drusgiyRBERY?'48% on at
the target sitg.anfd-has o%ﬂ%’g ?9&& t&rﬁier%ﬁé’%ﬁ@n&fvfae&tt%non s calosulfanwtra-

Accordingly, there'1s a nee sust al ned,” control ivery system
for opht hal m ccamergdy oQinte-TitresliyesUnfortunatelyf E‘}S @PFPﬁOﬁ@h' n"ta(y reauraPelodiui d

L F v nannDiRhy B 4n8io RERBREH eficAfER Sy tihcrflibh 8l IedafREste

effective manner 1o Tnner-ear 11Ssues IS particul ar
consi dering thend hasmanstptotmttlafed,vems&e effects.nner ear (e.g. those portl ons of

the ear surrounded fal}jg]tt c&%%@ql&ﬁt@gr‘g & eplq&% APd SR cﬂ%@nwt)l d, de Iti\}é?y

t enporal bone which nse I'ssue 1n
body). The sanmeydehifuesphthasiedrugsi st in connection with tissues I eadl ng
into the inner ear (e.g. the round wi ndow nenbrane).

Otic Tissues

[008] Similar to ocular liquid treatments, the delivery of therapeutic
agents in a controlled and effective manner to inner ear tissues is difficult,
particularly when considering the tissue structures of the inner ear (e.g. those
portions of the ear surrounded by the otic capsule bone and contained within
the temporal bone which is the most dense bone tissue in the entire human
body). The same delivery issues exist in connection with tissues leading into
the inner ear (e.g. the round window membrane).

[009] Conventional methods for delivery of therapeutic agents to the
inner ear involve filling the ‘middle ear with a solution or other carrier of the
therapeutic agent. Although these methods may ultimately result in delivery
of drug into the inner ear (e.g., by perfusion through the round window

membrane), delivery of the therapeutic agent is generally not well controlled



[9] Conventional methods for delivery of therapeutic agents to the inner
ear involve filling the mddle ear with a solution or other carrier of the
t her apeutwo 2appen8715Al t hough t hese net hods may -ul ti mat el yCrasedi/ougeogiel i very
of drug into the inner ear (e.g., by perfusion through the round w ndow
menbrane), delivery of the therapeutic agent is generally not well
controlled and/or use of the carrier materials nmay be associated with

adverse side effects. [ 10] Thus, there is also a need for a

sust ai ned, conamaibt ede del theecarrisy statenidlormay ibe aggnsiated Siithugdyeras ide

Ti ssues f%qul] Simlar to ocular and otic liquid treatnents, there
are issues reg%uf ?’lg nasal treatnents. Treatnments for sinusitis include

' sySE em Ic alnt | bi oti qsnO]bgthészmeemi@ alxdnh miest rfat bosustdinahtdobirolied: delivery
particularly over extended periods as nay be required to treat sinusitis,
can have gndes?Ysé?ﬂ‘zore‘?tFeacqeé‘?%n the flora of the digestive tract and
reproductive system Intranasal corticosteroid sprays and intranasal
decongest ant spraysSiaosl (tisapJidsaee al so been used. However, the use of

I ntranasal sprays r by nost patjents dge t re ' ru
actual ly entering ﬁﬁgﬂgﬁqg‘i?%g" ioﬁ{lfaér?é‘gaPt'csﬁﬂwgetggar%%gp%erﬁﬁééeué% Fsﬁ%ﬁ%%s gnd
drops typical | jpgapdih@Chaganl yedthmtes Tossmedtswifdhisinusite hasale castemyc
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extended periods as may be required to treat sinusitis, can have undesirable

effects on the flora of the digestive tract and reproductive system. Intranasal
corticosteroid sprays and intranasal decongestant sprays and drops have also
been used. However, the use of intranasal sprays and drops by most patients
does not result in the drug actually entering the affected intranasal sinuses.
Rather, such sprays and drops typically contact only tissues located within the
nasal cavity.

[012] Therefore, there is also a need for a sustained, controlled

delivery systems for sinus (nasal) agents.

Drug Delivery Systems
[013] Various methods have been developed to prolong drug

exposure following a single dosing. For example, the drug may be formulated
into a slow release formulation (see, for example, Langer (1998) NATURE
392, Supp. 5-10). In some of these systems the drug is conjugated with
polymers that are degraded, for example, by proteolytic enzymes or by
hydrolysis, to gradually release drug into the target site following
administration. In another approach, drug is trapped throughout an insoluble
matrix. Following administration, drug then is released via diffusion out of, or
via erosion of, the matrix. Alternatively, drug can be encapsulated within a

semi-permeable membrane or liposome. Following administration, the drug is



[ 13] Various nethods have been devel oped to prolong drug exposure follow ng
a single dosing. For exanple, the drug may be fornulated into a slow

rel ease fworni2ztson (see, for exanple, Langer (1998) NAPURES3®2/0460%p.
5-10). In sone of these systens the drug is conjugated with polymers that
are degraded, for exanple, by proteolytic enzynes or by hydrolysis, to
gradually release drug into the target site followng admnistration. In
anot her approach, drug is trapped throughout an insoluble matrix. Foll ow ng
admi ni st rat i onreletrsed dithen by diffedieasedugh thedimemisamm oowia bfeakadewyioh ther osi on
of, the matrix, Alternatively, drug can be encapsulated within a

sem - per neabl emﬁﬁ}%?%%e or liposone. Follow ng adm nistration, the drug is
rel eased either by [diléf 8peohalizédd deipier shetemsrfor theceyar, ear,aarfol matdatioised t he

menbr ane. 4] Speci ali zed deliver stens for.th e, ear, and
nasal sinuses h%l‘(ﬁ[eg]§$ QSQ’BQEYP"G%?fgIaBEE fneaq{(sﬁ%s&ﬁgegps?rppeeggaeﬁl\% descri bed

bel ow. Ccul ar Delivery Systens [ 15] Several systens shown in U S.
patents descri be | aDggdaoDelivery Bpstemiss t o conti nuously deliver active agents

to the eye. Certain.i ts disperse the dr and. requi re.renpval t he
carrier of the dr ugoaﬁigﬁvﬁ@qoﬁygge%éh%w gg?i \PQT’e@& %ﬁ% ! \(/ee{ré?dl P@Lbat .
lNos. 3, 8|4|5, 201\;/r\1ks]ént%6g, Todtisunslisty; Béﬁheﬁga?ctisdamgemgr 'tc?me ielys.ergertiain ihberltsl‘ or m of
arge pellets whic i spense drug. over a period of ti and eventual |y are
conpl et el y er odi€Bersgibe fjHlea’Efgreﬁg‘tre reqays éﬂ@rﬁﬁ?ﬁ?r %fftggtd“@r ?chegﬁfe Ay
[16] U . S. Pat AadGrehSfelfeid i Msvaer 0phd hahti Noglr31g45201.varip45pot am
conprising (a) an _enzyne-extracted, chem cally-npdifi eﬁl col I.q?en thin
menbr ane carri ér17849cthay VRARHS RECH? du T SHEY St I3Ree 6P LS WHET QSR8 | agen
and acyl ated cgljsadRR s30icRitie AndEvdriudieare RBERIElY 2réidd, Anuiiarsedy the
carrier is solubl"e in the tear fluid under physiologic conditions, and (b)
an opht hal mi canpireadire \amenalgiterdye g6ianéd into the carrier. U S. Pat
4,882, 150 descri bes[oaélo%’.%t. h@étg}4€461;r,m drbisisy aﬁylébﬁtﬁhmwbl &gl Belvedes at

| east one particle of bioerodible material, and a |1 quid or ointnent
carrier which pysi¢mdeempiiginhidpirian enayne-exibrcted| chaspisalltgogdifed (kQipesN ar ea.

The bi oerodi bl g, (Bhefflnd ReIiACSeE0kL ARG, e Srolif cohsilify 3L cdAfiéd bes

col | agen-cont ar ni ng sponges conprising an abso e gelatin spongg‘)E
col l agen, and eollageni angl iacylatedi enliagendanchdavieg afpH e tepoages dfrb.adtthods of

enhanci ng wound heal i f.exte ' Ay ; 3 " S.
6,197,934 and %’,hﬁP yfgg C(c)?érsleg)r('lgbéé)rsﬂ?atl:%?rr%gée%%fiﬂpﬁsuwgﬂﬁrsg&gﬁ §g)@lt1sosnglove at
35C, net hods f and pbegaophtpatrhiealtyobdtavgetiug inaesgorated intocthe aasderf dd.Sdélat ver i ng

a dose of ther t 0 und to eci,fic,ti ite

5,418, 222 descrﬁi%ggs1 5@ ﬁ?ﬁr}}l'g?? %r/‘e?%ﬁh%&'q gajgndélkvﬁﬁf?%sﬁéﬁsgv hl}érﬂrﬁggﬁ? éso%?ed

rel ?as?l of aln ekt o1t gmb@cﬁfe:nﬁero@a!bdnétbﬁm ammniq_siumlg omtmemrcan_mdr vrracre
contro 1 ng ayers an ne r re r.u reservolr ayer Sal ers
conpri si ng noni/'”\ci'*lgre?lquﬁ‘agﬁlcl %ﬁgﬁgé’ﬁoéje&%%tegg? Sl?legoglgahaéah;hq ﬁosrog{%i% ked
conformation sufleddi@citiedsadofiagant UM |PAIG 412yF01 deschibésiabiegentcontaniog bot h

ends of the stack and contacts only one ot her |ayer, ﬁai d ot her | ayer being
a drug reservoPRONGHpeFOMprising an absorbable gelatin sponge, collagen, and an active

ingredient and the use of the sponges in methods of enhancing wound

healing of external and internal wounds. U.S. Pat. Nos. 6,197,934 and

6,448,378 describes collagen films which rapidly dissolve at 35°C, methods

for preparing the collagen films, and their use for delivering a dose of

therapeutic compound to a specific tissue site. U.S. Pat No 5,418,222

describes a multi-layered collagen film for use in controlled release of an

active ingredient, said film comprising one or two rate controlling layers and
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[17] These inserts have certain advantages over liquid treatnents in that a
nore predictabl e dosage i s obtained because drug is continuously di spensed
over a pewpadigfistisme wit hout rapid washout. Thus, the ®BATIUSe@NI086098 nsert s
provi de predictable dosage over a period of time without the requirenment of
repeated applications as required with liquid treatnents. However, the
inserts described in these patents are reported to support drug rel ease
only over a period of time ranging fromless than a day to about a week.

[ 18] Vari ous ocmg ar rmbreugrL@et‘e'swo'y layepd, aatdslayﬂars@oatpﬁaingé@n-fdbe'ﬁafrttou}é@prt n an

effort to inproyv e Pat

3, 949, 750 di scfd%e o g‘gﬂﬁc%ﬁt doﬁﬁl%g%dé%c ed I gogrﬁ%%hl tt’eurczlgt{bl%eat ?e’gc#\by

st eL il z?bl e nectrlﬁrdllaig,lawob sigatée fak one oHEOMA, eriﬁdydlfdmlsﬂaclc apd:cymacts cmf hyl )
nmet hacryl ate, siligcon st ai SS, St or other inert netal nateria The
punctual plug A% oﬁ-@ F%F WQ?tE r&eé ? AEHEEe YRl YE i on or mmy contain
a reservoir of the [QIW{ W&te@b@nsﬁr!smavb’ o%nalﬂaédvaNtage5 @58“@36 tielatméras liry

di scl oses an intracanali cul ar 867 .di scl oses a

met hod of bl ocKBhd? @%ﬁa‘?fﬁ%‘PtabiﬁJéﬁs%ﬂ? t%@giaé&e%l ‘FaLl?Sn‘yluﬂc'ﬁl CRNMIBYOYSY ect i ng

a heated fl OWaQtlsFerﬁ&a'dymr d periddt drainsd ditAGlt rapid vadshewt. NThid, the ua@ektuland
solidify. The be conbined with a biol ogi cal l i‘/ acti yve sg?stance

that could | eatf‘ﬁeﬁﬁutpr@f/' héredigtablep REIAFN VRE 2 i Be WEd Withoyt,
channel . \WO 99feih?réﬁheﬂt Sdt' RpRAIA REPatahs RisUdedimde wtthanctma SttdHtPeAds or bi ng

material, which is not soluble in water, such as a nodified HEMA. An
i nf | amat i on | HRWBVETothe NBRS 46SEbearin ANesPaRAteRS AR ERPArS IRSUPRPRITYT  f r om

whi ch the punctdialsePby dv% rodUofSh 5%ngn%) froﬁt 8. tﬁgr?’ Ay et assutaa

punctual plug contai ni coma catlon he medi cation is contained
in a reservoi r wegkhin the plug that isin f|UId conmmuni cation with a pore

t hrough which the g%rloﬂg dedilah Qﬂ/eﬁphﬁ) ahe h%V als A aPORRBALEP8
an

di scl oses | acri mal |1 cular |nser I'nc Ag a po ynmer conmponent and a
t her apeuti ¢ coimpameffiort tSinmprbee bpd pwISg By, delivery2 06 /c00mPE48).8i Ball dloes an

opht hal nol ogi ¢ C r.la t ha r oir
for a nedicati gt’%%e]go gﬁﬁ% ﬁ%) g%&%&)r@%ﬁgﬁ% oéetlé g%ﬁglg%ﬁe sge%’lgn%/ol

i npl ant conpos steritereble emzkﬂengl rxucymamTEﬂongn-tﬁMAnmdfﬁpeme poipinant methyl _
Grug. - They may MBTRGR En LB BRy RIAIES MEEhe cict KETL AT (R Bincttin or
l'acrimal canal pgmdt@atqolughﬁy Héubtpré‘ghatétﬁﬁ)% Gﬁlﬁiﬂglﬁﬁc dicsidatisr or atyl cantaimpl ant s
embodi ment . & povSTEcIGp DpCOPTETEHEve: Pa Tarpe eeiSy ohifaEoGpon "
entire plug orgh mt@aham;mméhtbeu%atnataN@dswamavttﬁs@@éesv@ rﬁaﬁm of WO
2004/ 066980 di scl oses a device for delivering a carbonic anh

i nhi bi tor ( CAl Plogking e chganely 8¥chAs dRe daciiep! FanabieH!dt by i iiect gna ated

enbodi ment, t hgo oMb GRS A tﬂweﬁar%t aﬁeranawmgnm t6 @68 andl sBidiRut Be
pol ymeric Iayer The ‘outer |ayer Ber nmeabl’e, sem - perneable, or

i nper neabl e t opeli@es gy bﬁh@@”@b'ﬂﬁ@ \Mﬂ't @ér biclpgisally saCF'YﬁbéPﬁ’étaBP% tha ¢avid dr ug,
it may have 0“%@9@ JRr & %egﬂmﬁuﬁ@tuifﬁ%ﬁéé tdh$§lf'§1+r% 9~T th@hsiel. Un® Pub.

No. 2003/01432 i scl oses se of bi odegradabl e pol ymer capsul es for
treati ng opht ha9/iv26@idisstases a punaidalngug madeyef amapigleaabsribinghealglpsul es

are nade of an%h&h er&fsﬁ@#%tré%a?&eﬁgﬂ&t 0! £ RAMTBLERA] KRYinfARhatioh 2

treating agent
inhibitor, such as heparin, may be added to the material from which the

punctual plug is made. U.S. Pat. No. 6,196,993 discloses a punctual plug
containing glaucoma medication. The medication is contained in a reservoir

within the plug that is in fluid communication with a pore through which the
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[019] Oic delivery systens that have been described use

natural |l y-occurring materials such as gelatin (e.g., CGelfoam see, e.g.,

Si | ver st evo 20018161 Rhi nol Laryngol Suppl. 112:44-8. (Pe3A)S201L0sc0mn et
al. Oolaryngol 112:524 (1992); Nedzelski et al. Am J. Qol. 14:278-82
(1993); Silverstein et al. Ear Nose Throat J 75:468-88 (1996); Ransay et
al. olaryngol. 116:39 (1996); Ruan et al. Hear Res 114:169 (1997);
Vanameker et al. Am J. Oology 19:170 (1998); Arriaga et al. Laryngoscope
108: 1682-5 ( 196®ylicationl i$ relelasethantoetheatye. HONED %/Q&Fﬁ@o@smg%)apnmal

a3 ool o0 ATIEUBEfsB obRifg, % oyt REmERERL ald 4 AERIRUE 7

vehicl e (see, eogponesl ougmrrmarlyal UStoIPalbynyol 2066100248 Jlisgjosebl%am27- 31

1998 Park et 7:1378-81.(1 h h
ghese) met ﬁgdseﬂﬁﬁl‘ﬁlmqﬁl‘?‘é‘f@ ‘fﬁ s‘if?lr ?aqnﬁn%énﬁe\gté%%gz '#nges Af %S%rﬁgl fdr?lnéeroggr
(ﬁ g. b%/ perfmétuwaubdnromgs tFh®. rmndloslv-t/odﬁvozt}ermgmeg , saell onese?m?bnd he
t herapeutic agent is gener wel | controlled. a se 0
carri gr mat er?@i‘@a%yg \é 2?‘3%1”% PAYREUS é’lgrgq'a'%seffe €se iy E‘@&arrpl e,

use of gelati nc&ﬂg@gtumt eréahfadéu‘éh mpaabfe@ﬁp@Mscmse niaybrcmataammthe
m ddl e ear cavity (see, Laurent et al

(1986): Li eni ngp*étha'allc déﬂgol Eh%mﬂy b%ﬂarﬁ@ekﬁngwhare 'fltge n%t“i‘@é% 1oL

Fur t her mor e, ?wtaﬂnl ¥r Pl iIcABakARdduser U@t Pib.aNs. qeos/oasﬂzeﬂzda.sameg etain
their shape follow ng introduction into the ear (e he materials are

natural |y vi sc@%abrm@iéeﬁn@ Whice aetiyai %gqj%ﬁavwhe@a&ﬁn"sﬂ tPratoleppleORir ) .
The changes i nsﬁ#fcgfgm%@émbbﬁn%[ rd BorolB bR hbabdenBiatdrial 8 b@ﬁ!@é& to

difficult to co retrieve the materials fromthe site of
i ntroduction i fnagaoup meoanweb@ugiemm@tan@ avhich cam beesatinsia Withdha@glive 1t may

t d I t
1 et ont & (seldort o WL 0RIdgR | abABHew 3 UG icEDRT SolhByal oF Ede

descri bi ng howagmrd‘rmnnbéntorré@-\bé@tt@ eyskeverrah pxtendast gerfag of time.njreene ons of
st e "2 LRBIURRAE W e ARCTand gt | CAtBhiaiTh cort AR lah BB VT Y

Syst ens ‘e I Ntro rugs rect Into the sinuses
has been propogelgmeayic dajper s,ThbuOutlaaskayeotm@)e(b@neermeﬂbﬂislgenmsmdmlea@at pent
techni que. For.exa

I U.S. Pub. 4
describes a tquﬁg?ﬁ@at?ﬁé%fjru%wwﬁg% {hg]"i“ﬁ@zza%% s(b%ob%e r%@ ghegérub t
non- bi odegr adahlzg lmbwmrortma’re opmmrrgls td @ermis diffusion of rthet Gal. puts dghib. dlobody,
is |oaded with i t h a
cort i cost er of d2BPSERI2HS: raoRBRaT MoUsEart oataliye: B5Ber SReuEE Ber eat e
a fenestrati ontrestify bpietAhiic %iismu@eraﬁduﬁlhg cﬁ%%@é IanngIammiat eTherdapsiles

fenestration. In sone enbodi nents, the sheath
are made of any biodegradable, blocompatlble po|ymer and may contain a

treating agent.

Otic Delivery Systems
[019] Oftic delivery systems that have been described use naturally-

occurring materials such as gelatin (e.g., Gelfoam, see, e.g., Silverstein Ann

Otol Rhinol Laryngo!l Suppl. 112:44-8. (1984); Lundman et al. Otolaryngol

112:524 (1992); Nedzelski et al. Am. J. Otol. 14:278-82 (1993); Silverstein et

al. Ear Nose Throat J 75:468-88 (1996); Ramsay et al. Otolaryngol. 116:39

(1996); Ruan et al. Hear Res 114:169 (1997); Wanamaker et al. Am. J.

Otology 19:170 (1998); Arriaga et al. Laryngoscope 108:1682-5 (1998); and
6



formed of nultiple |ayers of polyneric material, one or nore of which
is/are | oaded with the active substance and one or nore of which is/are
free of twWeaxaigassubstance. I n ot her enbodi ments, thePShABRM1I0aHIR

"hol | ow body"” which fornms a reservoir systemwherein the active substance
is contained and a nenbrane which controls the rel ease of the active
substance fromthe reservoir. [22] Also, Mn, Yang-G, et al.,

"Mucociliary Activity and Hi stopathol ogy of Sinus Micosa in Experinental
Maxi | ary Si nusHussana etoalpdidas dresofl 28189 (tPe8)Adhyatironaatarohyalromat 3 ot i ¢
and Antibiotic i ver agst) i o) i’ ) 9

105: 835 842 ( Al F o] YARReYo RSedh ot EKTDICL 2N SRE6F Bibom).
sinusitis was bndicied glue tdir ethegr blompsbadedr akbictes (bge," past iBajdughhest nalt ur al

sinus ostia, formn n [ nci si.gn.and 0 I i rior
vl of the si CUReRART ¢lekd: NeAsERE AR BiSHE Farkaian TPl dl o
and then cl osi ng7tiBesigngisdon. Five days after introduction of the

pat hogeni ¢ m crobes e natural sinu stia re, reopened, and the rabbits
were divided into tﬁqrzét Q'Q}OUQE@}‘U???. m@?‘(?af) Wﬁ_ay(\ﬁﬁﬁﬁegq r)egwé&?‘%'é{aryn arlg
treatment. G Oifio Znd Gl \Cafl (&.8neRt BsHusir tunolamuiharround edihdew snevfibrane),
anpicillin., In the aninmals of G ou cm.s | actic

! . 3, 1.5 ¢cmx 1.5 eets of pol
aci d pol ymer ( PeIery pf mectaﬁf%em'%ag%mﬁ? QPF?riaw pet g%c%}y@ﬁggmp %g‘é O?(ol | ed
up and insert e¢hd RbalImbReiaRamEyabe Osddodiatdtt Withhgdverée aidsl esfiebtds eFor
Thereafter, neasurenments of mnucocilli aréiqtéé(gqaﬁort eed were e and the

tissues |ini ngSk¥BpPgs Hge rEgelatinlpagsd wmat 88 Qﬁﬁfgﬁﬁ‘p%ﬂrh‘c‘ﬁ'ﬁ‘fi P3'S. The

aut hors concl uge@ethatictdie cfab@;f @B@gé.’gﬁ AL/%Ufeeﬁtet QOART. Vedtdlaryhhe @By TRls t hat

had received intrasinus inplants o Ampicillin film

us oup 3 S
significantly HE86r Lianitg tehadl Spelarxnsg!li HeaheNegk rSé’é@-eag@éﬁﬁﬁol(?%ﬂ\%%rml s
(Goup 1) or t cej r 0L r :
i o1 111 n (G b gy are, RASIFEELUTALaRRE el G HeRr MBI pREm Bl
i ncor por at ed bghaps dollowdrg inteaticligrdntonipeagarats. @, dieignatelialgedre trRiviades
conprising a d r i Y/ 16 | 1ephel, ervoir
may be forned gggg%siﬁgpgcgd@%%%%g@e@gﬂ lgﬁ%ﬂfggﬁgﬁégﬁggﬁhaﬁheﬂen g?meabl e
to passage of irhthedshape ofzhefcarrari malesalsirhale i extremely difficalb o icerpletely f or
t he i npl ant abl e _drug.del i i ges_.i_ncd udj . i
passage. That lr%tf"@\‘egHbeemgl\{egr{:)a}(sdﬁgpéu@%essdezgr'ﬁgg%é'f%?g@ggeh%%%ﬁ%% gh%h
rel ease can be (elgt etortarathate therapy).24lt ®eahesvepubtaveat idetigerpasfeaddiional

reported that introdyction, of drugs directly intg t . S| es is
effective in t EAPELCRARIRNHI §Li‘kf?%§F?ri‘tst.reaé@é?tsﬁggs%g;’ %&8&@?@3{ %L{Nﬁ Vest n
Qtori nol ari ngoly. Ofel 18686RRYEIO7A5 désdribBigB howAyelfvanRbeBemes giaskmlike andal . |
Stomat. DDR 26 (1976), 585-592 descri befg_targ |}%| acenent aof a reilorb bl e drug
del i very depot PUMERISTUEYE Iniestionp & @”‘%V‘ﬁ lat oM RACTHIE BiRRETSaT JHGE) ng
drugs, specifically chloranphenicol. In this clinical series a water

sol ubl e gel ati n wassusednasalchelivieey Sydtamswas m xed with the drug prior to

application and int ced as a ss i.nto the sinus. .Since the substance
hgg littl e mechani ctg%qrn 'éegr”i‘tf‘iﬂugﬁﬁ‘ dfs Bg%éﬁeFW é{ﬁ?etﬁgt?'('/léﬁeﬁ Q%Sm% e
tinnefrane, Fop?ﬁfﬂséu%yaothét%f BRenAd Aohdeia atwigelpuisbo treatragesterthiqueat it
must be instilled every 2 to 3 days. U S Pat. No., 6, 398, 75)8 t o Jacobsen et
al . describes AFOhoqnaaw'%yM-%-dHUEmZOQﬂ@ﬂjéng%hé@Ome{'ﬁh dFlugadasyPessad

agai nst a bl ooy fsSchetd! dr- "sBEEér"aﬂoHﬁé‘@ dfhﬁodjégtﬂéldétﬂb R MGEbiotlbgradable whil e

sustaining blood flowwthin the center of the lunen. Further, a skin is

provided to di Pebimearikatdpiigy tpinssrigeinias Patigsit's ordy.ue radledvited camtP!Br event
drug from [ 1 oWtk inflop ahferlt GeBstalbe. QuchPANG AriceRdRgtavirl dnifdirreadive he
time of their application do permt sone degree of sustained rel ease, the
time required tgehbadurgpens Meforneet fetrasies tenesiEatipniin @Hra@l sinuseansWtBe whi ch
they will elut @nsihSl Mlefred IMdShe indlBblidf! 1h ot StiuRAledtS  the shealias
period of time additrional nmechanisns nust be enployed to regulate their

rel ease. [ 25] Many of the devices descri bed above are reservoir-type
drug-delivery devices that contain a receptacle or chanber for storing the
drug. There are drawbacks to reservoir drug delivery devices in that they
are difficult to manufacture, difficult to achieve drug content uniformty
(i.e., device to device reproducibility, particularly with small ocul ar
devices), and they carry the risk of a "dose dunp" if they are punctured.




[26] There are al so several exanples in the patent |literature where various
sust ai ned rel ease nechani sns have generally been proposed using systens

Wi th pre-wocoryasased drugs into matrices or polynmers. PhedsS20mokade U. S.
Pat. No. 3,948,254 (ZzZafferoni), US 2003/0185872A2 (Kochinke), WD 92/ 15286
(Shikani), and U.S. Pat. No. 5,512,055 (Donb, et al.). In general, these
references di scuss various materials and structures that nay be used to
construct sustained drug delivery vehicles and provide an overvi ew of the
state of sust afommedcifugultiglei lagerg dimolyndsitemeteriahexe erefereentvbichhsfaeser
descri bes spec fic, ne hem to
be easily adap 88 ?Wtﬁﬂﬁg qcﬁggggésaaﬁéeeéﬁc{ gﬁ%éf ﬁ'gar%ﬂ‘/g)\‘ Wﬁjegpg}aq? Pr%érglftc%é

[27] In matrixactivegswbstancer y Indetiet esmibduimentsg thes stieathemased 'ﬂwbhmg:mlu‘t a

polymeric matri dis released as it di.ssolves or diffuses he
matrix. MatrixW E@gr}eré%s ﬂé%%%f%@%{ﬂt ée'@bera‘ﬁ'é@é#‘l%aPC%?ﬁ"@ q(rjléﬁmt
they are not spbjhebrdrie &hiths ottt thd reluasd of ek aRtidé Sadvtantagenoftherat ri x
devices is that it can be difficult to achieve zero-order drug rel ease

ki netics. Zer oSS drug rel ease or near zero-order drug release is
desirabl e because tfagor a4180,0f MiH, ugy&? -easeeti Sall,ndepepdainty ofactivig i and i al
concentration of the drug, thus the drug. can be reléfa&@d at herﬁg tic
level s over a isienathriaoper§i Sinust Mygesa ihdMpeATER XY ntHekS dévi ces

can al so pr ese@bwféﬂahébr?e# Sysetémm@dmm@ra%wef AHﬁ’o;étﬂﬁarRPANﬂ’B?étloaD@w@hP%ﬁsSed
and extruded at elevated tenperature and/or pressure_as may reduce the

activity of thBobtagc AC|d Polypey,” DdepingoseePepr d09:88318¢2dd4epvEed Faver al
col | agen-basedy ?éér'@eg XS RMENRY WhETh e?b’érlnﬁé}ﬂélesﬁuﬁﬁseWaspiheb!ééeeﬁ fréder

rapid release of the t rapeutl C conﬁonent or provided an initial bolus
rel ease of thegtcpspbeahiis ygwasting|thenetirasinys ote. &wmgwawqwea% of

the therapeut| §m? gFe héﬂcrna&é) & drkdHo? \ﬂllcﬁf@ﬁ’é sﬂ[xé’vhf#@dtﬂfr’r% {)/%ﬁo j© order

rel ease, or invo I n Vivo po ynerizing gels. For ‘exanple 147114
descri bes an i nji@obesbtheodgbihiel boaie hotsi araﬂg'élﬁnmsmg bR RPN §N¢gda§’§r?éter

nmor phogeni ¢ pr i h |y, i Qe f I Sstial nthis
system 50% of {’\ir d%ﬁt{? \i\%sﬂ](r%el eas ﬁvﬁx‘ﬁ tnﬂf:r?])‘oe '%tg?a& oguras<s |anWer%
| ongest peri odraafpenetl esrsk tine aabivitsd weas dd\ﬂﬂ)emmutpsthren) (B0ouauB0 SGnebpat|y

descri bes col | ol utions that, conve
pl acenment . The?cgé‘ﬂﬂﬁ r&ﬁg'vﬁﬁf%geﬁtgee@tfo ro&@l%\%g'lfévgootée%\% é'%rﬁ/d%(@%s to a
tissue by crossglédisheef bhpiviltim rhthecarimagesf Grelipg, ma crau mBeam shektaof on.
gel systom r oPehBETastdEtEral i TR eom BBt el Gofan miBaBE ¥R b5
days. In an abgdeacip GRaVinserted tibugh AhStriatahl bdtbiritd ke iMBYIRd SANKES,
propose the use of this systemto deliver sustained rel ease of ?gaﬂaw%%

2

factors and ot RBereafienieedsyrerpenia OhBncogiadfansaPteresd Wers med

months, but no sti}e@' I‘rﬁn @a%é‘t@@ sidUdedRMpe adi@hiinéd h dgi€dIRY eshe
Opht hal mol Vis Sci qﬂd) rel ease and diffusion of dexanethasone from
col | agen gel s ahﬂilOfS Wﬁsilll dhattha dheiarewicatiget ehsesyrd indRe apimals k@t hed a 24

hour peri od. Npaeﬁ)%g ﬁé@‘lu§ g@&§@8"@$LW%H@Hlﬁfjﬂlarﬁc{G Oify'¢ sty ﬁca?aﬁ?ﬁ‘

D686 (I nvest E- Abstr rel ease of  POT-4
(a strong corrpbe‘dm‘nﬂhat titait ipbsevep ép thedetraateshcemral agisnalg dBrawps Ther hRsRi ¢
W th an initial (#?Wéﬁéec{e%éao%ga@ﬂ |ﬁ?§ﬁ@cﬂﬁgdh§es€3ﬁﬁnplcmm (Grod?3) The

col I agen- based I very' constructs resent 1 nvention address
deficiencies in the[OﬁBI By5. Fﬁ&bVNdl a@4ﬁﬁ5|4|(€£e§amhét ingetpoeated byrrefeseries or

near zero- order dr voi r
devi ces, but w ??ﬁfﬁ’% ﬁ?ﬁ?ﬁtgk'% ?ﬁ}glo%a“\yﬁple%éeé gﬁﬁﬁ@"ﬁ%eﬂfdﬁg E}F%ﬁgﬂ
difficulties ofsurrr@ﬁr&:redoby admwapemLEumlheThe védsieheirt ey (belfbag@hobarssedf ar ug
delivery constructs are ustrated i.n.the cont a and
sinus drug del V@Y, ot ﬂ%@edﬁ@egarg Fe # 3t U R éé%nﬁ) pggl’[g% Lm gn based
drug delivery constructs can be used anywhere in the body that prolonged
delivery of a precise dose of drug or otheér agent is needed.



SUMVARY OF | NVENTI ON [30] The present application provides

col | agen-based constructs, such as film wafer, or nenbrane-type delivery
syst ens, WOr01gd8718 sust ai ned and/ or control |l ed rel easePOT/UBR01AHEGIHS OF

drug. In one aspect, the film wafer, or nenbrane is conprised of at |east
one | ayer conposed of crosslinked, 11 chemcally derivatized collagen. The
col l agen may be chemi cally derivatized to change the net charge on coll agen
to enhance ionic binding of active agents or drugs and wherein said filmor
menbr ane del i vEaffarepistesoEbesny nbenbenof Bprblb;ytiwnsi fior fenipudantakla dikerelivaty | east

one layer is a ,rate controllin e der I
one surface of d‘?\ﬂ% ¥ |rfcrlﬁ'c{5 ?‘F%Ir%ﬁ%ﬁ brov 3’%38%% I-Y :)Feg%gﬁgélag%egf O'?he
SCT! ve agent ogiselidsgs zero order {e’iéa]selandd’mv anﬂbudleaeetcanbbeietba%rmgbn in the
elivery construct is acylated to.alter nlcc t d
to provide a sol ubI[QS%]o (?{tgﬁﬁﬂd@@ﬁﬁ‘a"sﬁ 'P?V@na E\ r%ch etdgtﬁ Eﬂgroﬁ &gﬁ fdaiﬁr;&l Y an
fgb"f" rrenz ] th@llre?‘&ﬂyhﬁﬁ)efhlel ?a@hb%l?ﬂnde@sh@@f&@ﬁ\ﬁe rethenegatiment of smugeisby
acting the collagen solutjon w acyl ati agen ect h
group consi sti RESof AFAAY AP et "i"ch‘?f‘H? OrF?éﬂ'%in@gbﬁ{%/of?s% e%& (ﬁ&c ©
anhydride, gl uhgbi R. @@ms@mﬂn ét' élr aRSAa, @mmwm,, 5863592/He§¢ﬂb©s fhec

anhydri de, i taconi ¢ anh yl glutarijc anh | ut
anhydri de, pht ﬁlaper@eahﬂ@/arrﬁa@ a%{ﬁcpr%ﬁgeh\fﬁry,gepghwﬁ h?d??’ﬂ'tl?é' Jg utaric

chlorides incl (l-jf'@' F‘ 89§@§ ¥k cfifting" drdgs, §f§€cﬂi&¥l‘l ehlbpirhstesnicol. In this clinical

sul fonyl chl ori I'udi ngchl ofosul f'onyl acetyl chl oride, chlor osul fongll
benzoi c acid, 8ergs arwater §@|H|D|§r@)%1@|@ff i8S 1ysed-an £3HBk thadiwasapied with t

(chl orosul fonyag g pg?d?'té'a%gﬁ@étfé)n eﬁ‘{adinf?f)&\f{e%  asSH Inh 443 |ﬁtoat%bC§$ndanSM€éfﬂi§b 3-

sul f obenzoi ¢ ac and In sone enbodi nents,
concentration etﬂbsaam%tham@tt@gmhamcaihéﬁ%ﬂ%[l and dissplvadiin e &ti@tFV&b’eﬁhqrE | ess

nggt i5$//0e( \é\ﬁ;?g émg\ﬁ%rgggfggh:?\% EQﬁgﬂépéQtlid Bfdct ! PeBUth I UghebRATtRASIE rilRt
be instilled every 2 to 3 days. U.S. Pat. No. 6,398,758 to Jacobsen et al.
describes a hollow cylindrical sponge loaded with drug and pressed against a
blood vessel wall. This allows the drug to contact the wall while sustaining
blood flow within the center of the lumen. Further, a skin is provided to direct
the drug into the walls of the blood vessel and prevent drug from flowing into
the lumen. While sponges loaded with drug at the time of their application do
permit some degree of sustained release, the time required to load them also
correlates closely with the time over which they will elute substance. Thus, if
delivery is required for a longer period of time additional mechanisms must be
employed to regulate their release.

[025] Many of the devices described above are reservoir-type drug-
delivery devices that contain a receptacle or chamber for storing the drug.
There are drawbacks to reservoir drug delivery devices in that they are
difficult to manufacture, difficult to achieve drug content uniformity (i.e., device
to device reproducibility, particularly with small ocular devices), and they carry

the risk of a “dose dump” if they are punctured.



concentration of acylating agent to chemcally derivatize collagen is |ess
than 20% (wei ght per wei ght collagen solids) to noderately increase net
negati ve wbhanp#18118 still ot her enbodi ments, the concenPcaitisonmiovicoagyl ati ng
agent to chemcally derivatize collagen is nore than 25% (wei ght per wei ght
coll agen solids) to maximally increase net negative charge. In one

enbodi nent, the collagen is altered to increase net positive charge by
reacting the collagen sol utionw thacyl ati ngagent ssel ect edf ron4, 6-di am no- 2-
met hyl t hi opyri mi di @26} siiererire alsoi tevieral sixamplast indhe axderdilitgratuse wheee
concentration of .acy, [ 1 L\viatd 4SS |ess
Chan 5% (uei ght 55 HBIHHE: FEFFe, bRaTETavE ErelaiRiesh, mapaaatink

negati ve char geysténd with yere-intdrporatetbaidigsemits, mahizes oorc otynzrs.on Toese

acyl ating agent to chem_cal] i i col. i t % (\wei ght
pe)r/ wei gﬂt gol |n§[j’gﬁﬁ'§'§' iP@S)N%I'ogﬁ%%és%{%ﬁ?r?m;ci‘g‘gggbﬂgb@&ﬁ%@g@ﬁ%‘é)ge. gI n
Zti Il other eln‘wrdI | G 1B 286 (Mkaﬁoncamt UeS.i Bathdﬂo.as,%hamﬁﬁg(mmml | tett al.)chfam‘dc;al |y
erivatize collagen i.s nore than 25% (wei ght per wei ght .col |l agen .solids) to
maxi mal 1y incr Eﬁrgeé?hétﬁeﬁ?e@g?rf%e% SPlies varous ﬁf@ﬁ%l%%ﬁt{u%ﬁﬁﬁ@t A3pect,
the invention pgQeédRscnstelt $®tainsy aiugriciverydehiz@eraraggedde aniveridw i n
which filns, wafers, or nmenbranes of ac {iat ed col &Srg%gcgg%?et ai ni ng ext ended

t her apeuti c coRtdMR rsfateoRt syptadiede diugy dBIVGEYE ke 8¢ UISf9 EN9ESH et

irradiation i nhapeRy GRACTHIBEE shbafic GXSNBHE, maRs ! bPatMktAésTOARERoliOr i me
periods ranging fromabout 2 mnutes to about 20 mnutes. In so

enbodi ment's t heewXhdRemeto sefeasily | aHaniRd ifgather AYiendss Heemtagstnd Mthiy about
19 mi nutes, abgybjickRoh 0 about 19 minute, about 16 to about 18 minutes,
about 15, about” 16, about 17, about 18, or about 19 minutes. In some

enbodi ments, the exi§8gLirle natis dreg delpyeoxdemeas the tougrisndisRarsed Hifguanayt some
enbodi ment s, tgﬁo%%r}é%?étr%ya?ﬁqg‘r l?aseéﬂjé’ssﬁfGisEQIvé‘é %)F girfligesLbut Jridhdlrhon 1n a
ni trogen atnosphere to produce collagen filns, wafers, or nenbranes wth
defined resor pMatix déniceschave an iadvardagsh overaesemeir eviees imthet theyrargeiebr ane
delivers thera iGal ) f L t f | Lk me of
at | east about ngﬁ%%ﬁg arr(%{)onst%héslj.%'c{’B 5f‘b%n@t{ﬁg%_‘ Iﬁrq%grqgéﬂé{g%%gﬁ r,n%%rﬁidée/g% Isg%gﬁr?lt
constructs of ithanibevdficuibto ackieves eetotapdeledrig eeleasa kineltias. tZrspapdartdreg

concentrations _qgf ophthal m i C i J I asrd of
such drugs ar e "GP ¥EN” rﬁee{r%g?%g?(}aelrldg%ga%ges%sreﬂgﬁe é‘ﬂﬁ‘?rﬁ)}a g%Er%ég@%%i en , the
drugs or agent gelasse kshindepdritent bathe indial vatcantratioraqfidwudrugothusi thetdyug Thus,

in particular aspects, th | agen- based construct.s _conprise.,.

ophf hal nic, ot F%ﬂ? Srreéﬁaﬁﬁé %ﬁé@@g?&iﬁ@ B rAEr ﬁa%uﬁ??ﬂwgf\@gg?é 8? t@%Ue 0%

liquid sol ubi | mgnufacture of mdtAoHe@oes exraapb @redenadifidulliesivtien e drag end Con
of the

solubility that nmay be delivered using the cqllagen-based construct

i nvention is LiteaRelyrsst arenRiacRssed éﬁanffg'wieas%tdg'ieﬁaﬁ?at Rowergprg taEg/tsof ng
gl aucoma. I n sgpRsaRDAHNERES redte tROBLAGGRS eRNELUgUCt del ivers an extended
t herapeutic concentration of Latanoprost that is at |east about 150 pg per

film wafer, or meni928heDe¥orgrbrs Beevigyslys descriPed Sq¥YRLECAICAMAET 9rYd pg per
day for at 'ea%nv%*?f s@hdayst- thBs@td)stenTBRAIdERINEShert PRIEXEIBASIE RS the

t herapeutic concentration of Latanoprost is at |east about 300 pg per film
waf er, or menbthetepeuicprapipanenhar efavisted areindiss hglisdeleapd of the thempayis day
for at least a gl i LRNESinet RerfRLULY 8¥ni. S Such

sust ai ned, zer g-agétd%ﬁ&ﬁgﬁb&ear‘ ;%ﬁsﬁgglt ﬁ?%r%%d?ﬁ%ﬁt S, raﬁ%e I_de:’gi \r}e_rnyiCncI udes
a bol us rel easeompositiong digayotlprayvide glasties aety osentrelepsedrdeyelved | vro a

t her apeuti cal | CLiV BNRP. t ; :
nonths. In sonéogh{?g'gl{ngeq%tl% %%xaﬁ@l%‘,%lry |£-P‘1?I§réé§?n%saéf c(’gﬁ%?é’gﬁr#%rr]t hs
but not for norellddeansantenyeanprisiidéonelehdrpleogeniy prloteins tratdalyimerizeerin ods

are set forth 'sf?u ttcp?or,%eg erlr'waltﬁg bu Slrgccr'\igtsi/ﬁgma‘gﬁj% %f?‘r@hﬁ% was released within
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[36] In certain aspects, the delivery system conprises a coll agen-based
film wafer, or nmenbrane as descri bed above that further conprises a |ayer
whi ch i s wiokzaryaiierist o drug diffusion. In these enbodi nelRC3USRIE/0440P81S,

waf ers, or nenbranes provide essentially unidirectional delivery of the

sel ected drug through the non-barrier layer or layers. In some enbodi nents,
the barrier layer is conposed of collagen acylated with chem cal agents
inparting chenical barriers to diffusion of selected drugs. Exanples of
acyl ati ng agentre firsta24 heyrs @aditbe dorgespperindcdf release araaisered wge A0 peurshose

agent s produmag%gq AP ArhirfG OB HOL %oﬂg¢é@%%pm3ﬁs rtﬁapkbmrprefqé% o

conprising eth y uns nononer 1 cal substituted co
t he nmononeric mubwtnlgt inens ptaxeen@ntas Joeatsohltiops fnnaebefusad tforogdweneg gells

aepott the nomnbl aas B IReke Py erbrai e dpane rbenoRirdukevaRe, "

filmor const rtauliatmrrpwmmgelaasdmraip@wug: aatyugvuram mmhhre tué iprvwa d| ng
sust ai ned and/ or, control |

t hat t had onpr | Sl

(i) preparing BEYMGHENg EicWS?%{Beﬁgeﬁq Yagi g%SF@Pn@t ﬁ}? Od‘@leﬂlg 88'”
col  agen preci pichayres, |28 a@wu qhoan edbtragtf (Dryvons e:oanqembsrtaatct 12648524 ng
from10 ng/nmL to 10Q (1i1) addlr’{g act{ve dr%ﬁ/ at trat
that provi des SBYhi%P8 )r%P%%&eethSt”SPhg iISptem fRgellver sus aﬁ‘? r8§§§e§ to 6
mont hs;  (iv) ogiowdn3hdtyrsCaidt bihbHapaes trbetraithene ontalingl digordday for alpi toezl
collagen to renove air bubbl es;

months, but no details were given. In ARVO abstract 480-B454 (Invest

Ophthalmol Vis Sci 2005;46:) release and diffusion of dexamethasone from

collagen gels and films through human scleral tissue was measured for a 24

hour period. No long-term release was evaluated. In ARVO abstract 1816-

D686 (Invest Ophthalmol Vis Sci 2008;49: E-Abstract 1816) release of POT-4

(a strong complement inhibitor peptide) from collagen gel was bi-phasic with

an initial burst followed by sustained release.

[029] The collagen-based drug delivery constructs of the present
invention address deficiencies in the art by providing matrices that achieve
zero-order or near zero-order drug-release kinetics typically associated with
reservoir devices, but without the risk of dose dumping and the manufacturing
difficulties of reservoir devices. Further, while the collagen-based drug
delivery constructs are illustrated in the context of ophthalmic, otic, and sinus
drug delivery, those uses are illustrative only as the collagen-based drug
delivery constructs can be used anywhere in the body that prolonged delivery

of a precise dose of drug or other agent is needed.

SUMMARY OF INVENTION
[030] The present application provides collagen-based constructs,
such as film, wafer, or membrane-type delivery systems, for use in sustained
and/or controlled release of an agent or drug. In one aspect, the film, wafer,
or membrane is comprised of at least one layer composed of crosslinked,
11



(v) casting the collagen-drug solution into a thin |ayer or onto a nol d;
(vi) drying or partially drying the solution to forma film nenbrane, or
waf er; (wWoOroexessng the film menbrane, or wafer to ulPCras2all®secods UV")
radi ati on in an oxygen-free atnosphere, such as a nitrogen atnosphere, for
fromabout 17 to about 19 mnutes; and (viii) recovering the

WV- crossl i nked, drug-containing, film nenbrane, or wafer. [38] In
sonme enbodi ments, the concentration of the derivatized collagen in step
(ii) is adjustchemisaly deiinptized cakagen1 SThenepllagen mgynke chemigabndeiatizeds and

about 60 ng/ m‘ fo %?r,l[?gfetaw | ef‘l%waliﬂe?’gn%‘ﬂag&g% hhafB¥ Wnic |nd|ng ok%w g N some

enbodi ment's, t sure In step VII about
18 mi nutes. agents [o4@}u93nambwber@nbmid rfrhémos menierans/delivesy bysikod neayl beagen

e HTRY e ek oor A SR sy B oL Sy AP °,
day, 2 days, 3cdayssed40ﬂa¢5vat&eda3pﬂageﬁ1 dayme Syrfataysf, thabfjot ol mesdkanabout 2
' col 1 agen coneili  bamier 1 Als B S bCaE AU S Wher ki neti cs or with
near zero order [031] In one embodiment, the collagen in the delivery construct is
acylated to alter ionic charge and charge density and to provide a soluble
collagen composition at neutral pH. In another embodiment, the collagen is
altered to increase net negative charge by reacting the collagen solution with
acylating agents selected from the group consisting of anhydrides including
maleic anhydride, succinic anhydride, glutaric anhydride, citractonic
anhydride, methyl succinic anhydride, itaconic anhydride, methyl glutaric
anhydride, dimethyl glutaric anhydride, phthalic anhydride, and many other
such anhydrides; acid chlorides including oxalyl chloride, malonyl chloride;
sulfonyl chlorides including chlorosulfonylacetyl chloride,
chlorosulfonylbenzoic acid, 4-chloro-3-(chlorosulfonyl)-5-nitrobenzoic acid, 3-
(chlorosulfonyl)-P-anisic acid, and others; sulfonic acids including 3-
sulfobenzoic acid and others.
[032] In some embodiments, the concentration of acylating agent to
chemically derivatize collagen is less than 5% (weight per weight collagen
solids) to minimally increase net negative charge. Alternatively, the
concentration of acylating agent to chemically derivatize collagen is less than
20% (weight per weight collagen solids) to moderately increase net negative
charge. In still other embodiments, the concentration of acylating agent to
chemically derivatize collagen is more than 25% (weight per weight collagen
solids) to maximally increase net negative charge. In one embodiment, the
collagen is altered to increase net positive charge by reacting the collagen
solution  with  acylating agents selected from  4,6-diamino-2-
methylthiopyrimidine-5-sulfonic acid. In still other embodiments, the
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kinetics. In still other enbodi nents, the solution treatnment results in
col | agen-based construct that releases drug with an initial bolus until
about dayw020tbay87A5 or day 3, followed by controll ed relPeads26i0/04@bs | east

about 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 nonths. In still further
enbodi nents, the controlled release is for at | east 6 nonths, but not for
nore than about 7, 8, 9, 10, 11, or 12 nonths. [41] In sone

enbodi ments, the met hod i ncl udes partial drying of the solution and an
addi ti onal st eporafentrptiory bhacylatingradeat td elyasicalyngerivatize) celiigeadeiesadnarvat i zed

b | ati op, t hat t f t
one g de”of -t e gentRE) yel celiadert ShldsFio finfhally e RRsE ndt ekl 1 0
filmor menbradarge. And m[yb?l]otlﬁ?érl émipetimbais e thef cdnoentraticer f acytatimgrageahe

bne per ti cul ar CORIURAN GRsveeRFRlAgRT bt Bor (e PR PRBERE DRl solpeer ot or |

or nenbrane dekéR) ytosymbaéﬁai@y eedse smstaeguideamﬂbcge corihr atil edtheel ease
of an ext ended thera eutl concentrati o]p Lat anopr.ost P fil
@cy(ﬁt ﬂﬁ mlﬁal Yy

menbr ane conpr PEPARGINENTS. B8 CAFENYatag0 NGAPAFHE P oeie deryp 'ﬁ%r e
llayers of gl ut gs|iageAnSnisredaaseshy aligetp&roléigaetollagbe rselids)t tbeméximallypr
menbr ane has been crosslinked with ultraviolet radiation in a nitrogen

at mospher e f or INCrepse Pt PBIAYSRNRIA%s. I n one specific enbodiment, the film

waf er, or nenbrane prayig t‘éﬂBih'éP'E t! Bleangntioh bﬂuésédiahp@ Ropr ost
per day for at Ieas['[6 %outﬁy@ day sa ‘I%;ltcertal n enbpgldl ment s, yL@ig%g t he

film wafer, ofr ﬁ@ﬁﬁﬁﬁr@sﬁﬁﬁobﬁr%éhwh'ﬁhzi”%t%%fﬂrsopr m%ttrﬁ%s @

conprising admc@lﬁ@teﬁrc'oﬂ iifg E%n@%ﬁtﬁ&a&uﬂb@dﬁéﬁmaﬂéﬁé 8fdelddi&d drugs are

col | agen- based war er , rane delivery system conpri si ng

Lat anopr ost . exposed[tzmqltrawolghlréaoh@tOﬁaﬂeara%@@ﬂ fraehdor examRleof ’]HFQ‘.SW’?JIes a
col | agen- basedatﬁ%s&? +Yettl E g sorr‘aﬁ:dl Sfdnf'ka%%uf f3 Ifhuteef @r ab&it PENbrane
construct conprisi eas ayer of chemcally derivatized coll agen
and an anount oflnlaas obhwme @m’podumem ther expesale igferging aeriedssrangingvieaner or
aqueous sol ubi | erel f rovi de
a therapeuti ca?bé%e%m@ a[b:%’\yg%%ﬂﬁttgggéﬁ%?qswgb%w@ @ﬁ]gr%éjgkbgfr @g) ék%‘Q)ugbout

si x nmont hs, and8fintiesr abderid, nbete1&;@1bsu1rUZ:tabIc»aM&e@rrakmupd@édnU\‘@S

B T

waf er, or menbesame dnsoddrdestsatie detivegraysm lsyewoéeuﬂHyultraeatetrerudlatlnnam
aqueous buffer, while in anpther enbodinent it is resistant to by a
7 day treat menf THOSED %%88?60{%9@ lce oilagen E'H‘%ﬁ Wﬁer@el‘)f Hleﬁnbéﬁ@%sgwxﬁnts
the film waf egefifdd FEsERpROIE cﬁurrat;fee'emssoepctn et mebﬁumuwafer .agremenfibrané | agen
derivatized by an acylation a

t th
i nvention providgberg t‘&%ﬁp%‘&&qﬁbﬁéaﬂv%?mf’%’&?cdfé{rug gaf Qtﬁ%‘r‘? &g@g%’as %gd ©

film wafer, ofejfreabs AR EEMbMBEY System conprising at |east one Iayer of
glutaric anhydr| de-derivatized coll agen and at | east about 150

Lat anopr ost, ~ wher ei B3¢henfanengsnggt dhe c@ragﬁa&Bnatﬁé:tﬁagtf@éeher&oasa@g'uaﬁ%d with
ul'traviolet rag %ﬁ\%’f’ e@(%ndteBQHbr]aEeﬁﬁb é&wd@hﬁé‘ﬁcﬁ% ofl hrERAIRIC Hae dari®Bihes T he

film wafer, or nbr ane provi des sustai ned and/or controll ed rel ease of
about 1.5 pg Lémmbpdfugs Eéama@,‘a qf@uciatdrugéa%@ 9@&5‘11{‘ tee Rstrild BRICHIPYAN. | ess

than one year. Iggaﬂgﬁbﬁmgﬂfsw ?r’ugg % b ﬁ@ar@@ﬁﬁcth%f hARSTRMARGS QFPT | Ses

at | east about 0~ provi e an ef tive dosage of about
1.5 pg per day afjoeowst sdlgkty. auwaxlnJmnqmsgr@spectsm@eazohwramedrcwétﬁwt@| | ed

del ivery. comprise an ophthalmic, otic, or sinus (nasal) drug that has low water or

aqueous liquid solubility.
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[47] In this aspect as well, the collagen-based film wafer, or nmenbrane of
may be one in which the Latanoprost present in the film wafer, or menbrane
i s resistwototzisasoval by a 1 day treatment in an aque®d3/UsadifionGoos

Li kewi se, the coll agen-based film wafer, or nmenbrane may be one in which

t he Latanoprost present in the film wafer, or nenbrane is resistant to
renoval by a 7 day treatnent in an aqueous buffer. [48] In this
aspect as well as any other aspects of the invention, the film wafer, or
menbr ane may furthdd35jorGrd srammpleaot a airug ayithr lowf wetsr| %uj@i“tmhatvmm/z@d by an

acyl ation agen{jgwgﬁdn%s régg ﬁ}% ?ozilgg%ﬁ %)gg&lo E&%tru@&pcﬁ%e IFR)%ﬁtI r{'}éei_rgtérﬁ’dbrcpsrtov' des

a net hoq for nmenbr ane const r uct
conprising a Whl@harseld:bmncﬁlﬂylgmwd irc apefbbds of p'eetvmgjlmwm ai frecsoared/ or

control |l ed rel ease  of th dc

Gor' vat i sed coPMRBUMENS e RUAHTY sRhorHa. denelh: b omentoch B BReLtdS
precipitates i aorméﬁﬁramrp@f catanbprobethatils stasastrdboat i1605.gr perdfilmg wafernorl 0
ng/mL to 100 ng/m; (iii

t t
concentration BEMAA&IR pgoéﬂ'%ﬁr%\/gféeéﬁ@%\éfe’%?%e% %bé%l@if nif’g'i ﬂ%? &hiaast | evel s
for at least 3564ut6 gponddi®: In other embodiments, the extended therapeutic

concentration of Latanoprost is at least about 300 ug per film, wafer, or
membrane to provide an effective dosage of about 1.5 pg per day for at least
about 180 days. In some embodiments, the delivery is sustained, zero-order
delivery. In other embodiments, the delivery includes a bolus release at about
day 1-3, followed by controlled delivery of a therapeutically effective amount
of Latanoprost for at least about 6 months. In some embodiments, the
delivery is for at least about 6 months but not for more than one year. Other
delivery profiles and time periods are set forth in the Detailed Description and
Examples.

[036] In certain aspects, the delivery system comprises a collagen-
based film, wafer, or membrane as described above that further comprises a
layer which is a barrier to drug diffusion. In these embodiments, the films,
wafers, or membranes provide essentially unidirectional delivery of the
selected drug through the non-barrier layer or layers. In some embodiments,
the barrier layer is composed of collagen acylated with chemical agents
imparting chemical barriers to diffusion of selected drugs. Examples of
acylating agents that may be used to produce the barrier layer are those
agents producing biologically compatible collagenous reaction products
comprising ethylenically unsaturated monomerically substituted collagen, the
monomeric substituents being essentially free of nitrogen, e.g., methyacrylate,
styrene, polyvinyl, ethylene.

[037] In still another aspect, the invention provides a method for

preparing a collagen-based, film or construct comprising a therapeutic drug
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(iv) optionally centrifuging the drug-containing, derivatized collagen to
renove air bubbles; (v) casting the collagen-drug solution into a thin

| ayer or wote12p18m6d; (vi) drying or partially drying Ph@/useduu@msto form
a film nenbrane, or wafer; (vii) exposing the film nenbrane, or wafer to
ultraviolet ("UV') radiation in a | ow oxygen atnosphere for from about 17
to about 19 mnutes; and (viii) recovering the UV-crosslinked,
drug-containing, film nenbrane, or wafer. [050] In one enbodi nent,
the ul travi ol ednd eabaile ohprexidigusustained aeg/o( oontjolled réleasabbinat d8igntheut es.

I n ot her enbodl nt.s the met hod further conprises treating the

WV- cr ossl i nkedME °P£&8?P B8¥st ruct an aqueougpsol ution for gbout 1, 2, 3, 4,

5, 6, or 7 days. Ir‘(.)certpaepmrmgtumk/amﬁ&,ollagm;drug is Latanoprost in an

amount sufficient tQ rel ease. an, ef fect d f. t 5 d
for at |east about (180 @Wgﬁ"q%thgtdef‘}’atif\éﬁ&f)ﬁ)sa g‘lf?ﬂﬁ gg'rf@sf@?gﬁ rernaal?/oys

partial drying of the C%bfféﬂ@trbdﬁ\bélﬁlrémhgﬁ’ar@hg forat1@mgimL) toattd Mbﬁ.'ml.QI n the
nmet hod further conprises app%@ﬁgda barrier gen

derivatized by an d#y| a@dgmd fygp al%&?@tggf‘kﬁ’”Bg?trg)rg\“g?%g%ﬁ??'f‘ﬁ i on of
the drug to one si de of r&iBgsd bi therailifE levels forRdTiRNS to6irAbnthe, ul travi ol et

radi ation step (vili

Iv)  optionally centrifuging the drug-containing, derivatized collagen
to remove air bubbles;

(v) casting the collagen-drug solution into a thin layer or onto a
mold;

(vi)  drying or partially drying the solution to form a film, membrane,
or wafer,

(vi)  exposing the film, membrane, or wafer to ultraviolet (*UV")
radiation in an oxygen-free atmosphere, such as a nitrogen
atmosphere, for from about 17 to about 19 minutes; and

(viii) recovering the UV-crosslinked, drug-containing, film, membrane,
or wafer.

[038] In some embodiments, the concentration of the derivatized
collagen in step (i) is adjusted to a range between 15 and 100 mg/mL,
between about 25 and about 60 mg/mL, or between about 30 and about 45
mg/mL.

[039] In some embodiments, the ultraviolet radiation exposure in step
(vii) is for about 18 minutes.

[040] In some embodiments, the UV-crosslinked collagen construct is
further treated by incubating it in a solution, for example a saline solution. In
some embodiments, the solution treatment is for about 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, 7, days, about 1 week, about 2 weeks, or about 3
weeks. In some embodiments the solution treatment results in collagen

construct that releases drug with zero order kinetics or with near zero order
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[51] In this aspect as well, the invention al so enconpasses any

col | agen-based fil mor nenbrane prepared by the nethod descri bed above.
[52] I n owben12zgpasts the i nvention includes methods of PCTABRIIMH46098
ophthalmc, otic, and sinus diseases by admnistering a collagen-based
construct of the invention containing an ophthalmc, otic, or sinus drug,
respectively. Accordingly, the invention al so enconpasses the use of any of
t he col | agen-based constructs in nmethods of treating. In one particul ar
aspect, a coll nge’msbdsaﬂll@Mtenmﬂdlmmtprths|Sn@1tm@¢r§ﬁtbmr6§@suﬂ§ inseltpden- a

met hod of tr_eah%geqj g&%@g{’%a ng@%gei ‘P?%’ i eﬁﬁu‘%fhé\g hﬂnﬁ;ﬁb%ﬁﬁ?Y nke%/ fFilm

gl aucoma patie gen-base Fadration Cross
waf er, or nenbpaoredaled,ifobowedhy tentraledpeleaseantpr lahtemsbpbadtl, 4s 5d@ st 18, Bed

e on andbC o 37 B PRt 00 R e P

expl anat ory onhyleasts mbath3pbutl e for moretraébdute, BnY ettt ildnoat2 wloathsed. BRI EF

S T O T N o b RS RS VB Rl .

[55] FIG 2 depbigtion bhe ah@ldgpnalodtep af apsing sitbdriiemaged dorgsisingadotingér i | s

TG B LSO IR AL IR R R gt

THE | NVENTI ON {5 one side of the drug reservoir layer prior to ultraviolet radiation of the film or
membrane.

[042] Collagen-based film, wafers, or membrane prepared by the
methods are of course part of the invention.

[043] In one particular aspect, the invention provides a collagen-based
film, wafer, or membrane delivery system for use in sustained and/or
controlled release of an extended therapeutic concentration of Latanoprost,
said film or membrane comprising at least about 150 pg of Latanoprost in one
or more layers of glutaric anhydride-derivatized collagen, wherein the film or
membrane has been crosslinked with ultraviolet radiation in a nitrogen
atmosphere for from 17 to 19 minutes. In one specific embodiment, the film,
wafer, or membrane provides controlled release of about 1.5 ug Latanoprost
per day for at least about 90 days. In certain embodiments, therefore, the
film, wafer, or membrane may be used in a method of treating glaucoma
comprising administering to the eye of a glaucoma patient the collagen-based
film, wafer, or membrane delivery system comprising Latanoprost.

[044] In an alternate aspect, the invention provides a collagen-based,
ultraviolet radiation crosslinked, film, wafer, or membrane construct
comprising at least one layer of chemically derivatized collagen and an
amount of an ophthalmic, otic, or nasal drug that has low water or aqueous
solubility, wherein the amount of the drug is sufficient to provide a

therapeutically effective amount of drug per day over a period of about six
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[ 57] The present application describes nmethods of preparing degradabl e

col | agen-based constructs that include therapeutic drugs or conpounds and
nmet hods oWousixigstiiose constructs to deliver drug to a pamiiscullAas6ovs ssue or
site, including optic, otic, and sinus tissues. [58] In one

enbodi ment, the coll agen-based constructs conprise a single drug reservoir
alone with no rate controlling barrier.ln another enbodi nent, the

col | agen- based constructs conprise at | east one rate controlling barrier

| ayer, said | ayenthsc@ndoindber whefen e constract das tragst expeskrdtthatitraielet at e

control ling ba rd'éﬁﬁvphériogﬁ%?(}n%dfoqn%%ioﬁi 9?19ft8t he GRNES HEG Tdw B&g@ﬁnde a

barrier to druga n~one ditection and pérmt unidirectio
del i very of saemvidnognt.| ninsome eetadphed, thehdrdy peeseat ér Wod filmh aweferand/ or

the rate controlling barrier lLayers haye t.hi ckngss r 0 .01 to
about 1 nm of E‘“&WW&E%%EBE[%%?’F%V%M% 8?%?@%5’?%”&3’2 iah a%??r@‘t?scgéféeg’ from
about 0.02 to @abhmiin Shathémembodiment it ElesiElet twtdragahbpaseday bastmancirs ar e

designed to provide sustgjned rel ease of drugs, including |ong-term and
| ong-term rel e8384FYP 9‘8#36 order, or near zero order release kinetics. In

some enbodi ments, t[oaspasecetald agpddRERIOSHE i, Gatedhorahembramel further
derivatized to alter the overall ior‘ic charaf%ﬁe{%\ztics to better bind the
drug conponent CeMBHESyA Baigr laygr efrolAgREdg vef! ap ACYaHIRY. Such

constructs can be igabpnh el bRoPePbpst Swstididtitn Previeanhrcollhgsh-tlegase of
t herapeutic agents for ocular, otic, or sinus applications. 60] The

inplant site yEl'ﬂﬁaéi@'%léﬁéﬁﬁpﬁgcrﬂiﬁyﬁk?%eﬁ'%d’i’%%i%nmempr%‘iﬁr@e@fﬁ%cﬁyﬁ@ s the
inplant site i é@?@gﬁ’ggF@aEVené fy6t %Iul@ﬂ@@ﬂﬁ@ﬁl’é%erﬁ@@zéd@lla én bAd at

transcl eral, un era flap, adjacent to e sclera, in the subjacent
scl era near thigaghakouw 158 igsel eatanoprasthwhajeimn e ijay waleihOf BgaIrans has a

fistula or fenﬁééﬁ BlosOfhked Yiith @fafolet %dﬁt?g%rr fr@rﬂgtzjtroﬁg' Rih ke afnegbrky

surgery. Exanples of Tnplant sites are oVi in the Exanples and
t hr oughout t hee@bntentsf thehdilmnweafer, oar anembengi pexyidsss sHstgtnednandosonme

enbodi nents, c ' [ f et Lt r idhg upon
t he enbodi nent 8&? @%Qg%@?;%fg@@gﬁéﬁg %aﬁ@if%;[ r%egfda¥if%g?é]elag§g§&ﬂi¢ns,
waf ers, or nenbroatteshutrfol keiss dlyar ofié lyear, waftieerssmibedimentsy dreetiim, wafer, or

et on! R G 1A e 0 T BARP e Wodleosh | ona!
effective dosage of about 1.5 ug per day for at least about 180 days of
sustained and/or controlled delivery.

[047] In this aspect as well, the collagen-based film, wafer, or
membrane of may be one in which the Latanoprost present in the film, wafer,
or membrane is resistant to removal by a 1 day treatment in an aqueous
buffer. Likewise, the collagen-based film, wafer, or membrane may be one in
which the Latanoprost present in the film, wafer, or membrane is resistant to
removal by a 7 day treatment in an aqueous buffer.

[048] In this aspect as well as any other aspects of the invention, the
film, wafer, or membrane may further comprise a barrier layer of collagen
derivatized by an acylation agent.

[049] In yet another aspect, the invention provides a method for

preparing a collagen-based film, wafer, or membrane construct comprising a
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the film wafer, or nmenbrane constructs are conposed of collagen that is
chemcally derivatized to alter the ionic properties to nore efficiently
bi nd specWwbi2e122g8mss or drugs to inprove sustained del i Pemyus2iin@s@peut i c
agents or drugs are added to the filns and nenbranes in quantities to
provi de uni form sustained, and in sone enbodi nents, controlled, delivery
for various therapeutic tine intervals. In those enbodi nents invol ving
unidirectional filns or menbranes, a physical or chemcal barrier is

appl i ed to pr etherdpediit tusj amd odpahielgbpranidirggeustaingédhandier contestied oeleasen sone
enbodi ments, physical barri a . in the formof an occlusive film
bound to the bgfgtgati:%lupa Sﬁn%hﬁgf:{)ﬁEHgR&n ot her enbodi nents, chem cal
barriers are produced byi)chepreparihy dddvatizat icollaggnone surface of the
col l agen constructs to create. an occlusive barrier. The chem.cal, barrier
may be a hydr ophobic sur(ﬁ’)ace%tséowg'tgar@eordeeﬁ'lya' &PPER; cﬁﬁ%ﬁ'?aﬁ%lr fbhilic
drugs or agents and it rphysiBRgitatbaffdridticonsentiations rangiref frodl 1@ mpMmely ent

di ffusi on of hydrophobic agents or drugs. [62] Diffusion flux of

t herapeutic agents is dePEiB¥Al on ionic interactions between the coll agen

conposi tion and the thergpeubtigingdabiive GRS ant aat amBust apal tagRntration
conposi tion and therapeut Iffp' a(ﬂ;ent ,

t he agueous sol ubilit f th
t her apeutic agent, and & 8?1p'[5’éﬂd|eiSé‘l“%%@ﬁ%@ﬁég?fa&ﬁ'ﬁé@@?ﬁ L4t i n
nore detail below, in sqamterhedhsmRss, the ionic properties of the
col  agen base may be altered by derivatizing collagen wth agents that
alter net charge to makdv heOééﬂaélgeﬁerﬁﬂfuémﬁnf[%ichUQJ'PO’h%F'@‘%a?‘?rB@F'E‘?
[63] In sonme enbodi nent i .of the collagen filns and
menbranes is controll ed%ﬁgéﬁe{ﬁ%g@% ag][bu%rﬁfgg,sl i nki ng acconpl i shed by
controlling the tinme of (M tr&estiigethecolagen-drug galuiion dro a thin layen@ontd n sone
enbodi nents, the coll agen: ed construct provides sustained rel ease of a
drug or other agent. "Sustalnhed rel ease" nmeans rel ease of a drug or other
agent from a col | agen-basied frying arepdaitiathe dryied ¢he soluttarhée feonsa rfildt for a
period of tinme that is qr r ot e nonth. In sone enbodi nents, the
rel ease is for greater ?{Hgﬁbﬁ%’ I(r}r'g\&?%g In other enbodi nents, the rel ease
is for greater than abouti)3 mmpodisg thenbint, hmenbrammnohsyafér tontltrgyioft

hs, 8 hs, 9 NSy 10 . h h
Some shbodi mont s, ho. r &l S AAERTL SpR TR AlnoBhal BRI B PP o oo

t han one year; for greatsgyout hamitutegrdrias but for | ess than 9 nonths; for

greater than 6 nonths but_ for |ess than nths: or for greater than 6
mont hs but for |ess thardVi) nbft¥ENNg the SU?% ssﬁﬁ*e&nedr %’dﬁ%’ﬂ?’, e
col | agen-based constructmgmemrndesr warkrol l ed rel ease of a drug or other
agent. "Controlled rel ease" neans release of a drug or agent fraoma

col | agen- based fi | MOSREMBr@ife empepnenty thet H'érPV'é?l?rtlsrg?'GE?” BEFYBA S8R ei n

that follows Ziilf 1911 aboll 18eHleENA ShEEmMbbaINRAEE frer matieat ’litiehan one
nonth, greater than 2 nonths, greater than about 3 nonths, about 4 nonths,

5 nonths, 6 noaemgrises tieaiingshe &)\reioslinked catageRconstrueglimmaguepys saldtieR . or
even 12 nont hsg,l | 5TEA & 7 t3Gs ! Bhe@s@ird 8nfoBkindrRat®e drigns 6
mont hs but for f?reibs&?ﬁgr?ﬁg@yﬁ;&férﬁ?eat er than 6 r_r{)nt hs but rfgrsl ess
than 9 nont hs; Latanogroshirean tameend suiffisiend thueleass an @fiectveafosraeodft #PUt or f or
greater than 6 t hg, j ,
controlled rel éggs)gé rbﬁ%éf&égé‘épg}]le%%}s?{)glﬁ%% us re e%ﬂl}tﬁ%ﬁg&ﬂ?ﬂ?rnf%gﬁibout
days 1 to 3. | mathdeempidysdiartaitdryinghef tbe reoliagenedrug edodidion idcdep (6 anthcl ude

a bolus release, on.d 1 [ der .pearly.zer «hel ease
begi ns on day fmeﬁﬂn?%?Upgﬁpﬁgﬁhgébggmﬁéﬁgg?p@kgaégﬁkﬁgﬁlggefégﬁgggﬁﬁoes
not include a bollagenrddrieatizedaiyt em adggticdh agamt thedimpantoa dbader to diffusiearfy zero
order, release begins on about day 4. A controlled release is a sustained
rel ease, but a sustained release is not necessarily a controlled rel ease.
[66] In sonme enbodi nents, the coll agen-based constructs provi de sustai ned
rel ease and/or controlled rel ease of a dr1gy or other agent that is
sparingly soluble in agueous solution but soluble in al cohols and ot her

wat er m scible solvents m xed into the collagen conposition. Exanpl es of
such drugs and agents are provided bel ow and in the Exanpl es.



[067] In one enbodi nent, the disclosure provides a nethod for preparing a

col | agen-based film nenbrane, wafer or construct for sustained rel ease of

a therapew0i2e124n8ys conprising: (i) preparing derivati ze@dTask01agewss (ii)

di ssolving the derivatized coll agen precipitates in physiological buffer at

concentrations ranging from10 ng/nL to 100 ng/nL; (iii) adding active drug

In a concentration that provides sustained rel ease at therapeutic |evels

for at least 3 to 6 nonths; (iv) optionally centrifuging the

dLug- clolnt ai ni glge dtﬂg: {vabhe eside @lf | thg efiimt avafemmoremambréngbipries ;to (utyavestt i ng

t he col | agen-dr solution into a thin layer or onto a nold; (vi) drying or

partially dryﬂﬁégWﬂﬁsg%ﬁ@Fﬁon to forma f?lnl nmenbr ane, or ma§er? yine
[051] In this aspect as well, the invention also encompasses any

collagen-based film or membrane prepared by the method described above.

[052] In other aspects the invention includes methods of treating
ophthalmic, otic, and sinus diseases by administering a collagen-based
construct of the invention containing an ophthalmic, otic, or sinus drug,
respectively. Accordingly, the invention also encompasses the use of any of
the collagen-based constructs in methods of treating. In one particular
aspect, a collagen-based construct comprising Latanoprost is used in a
method of treating glaucoma comprising administering to the eye of a
glaucoma patient a collagen-based, ultraviolet radiation crosslinked, film,
wafer, or membrane delivery system comprising Latanoprost as described
herein.

[053] Itis to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only and

are not restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[054] FIG. 1 depicts the release of Latanoprost from in situ
polymerizing collagen gels, as measured by HPLC.
[055] FIG. 2 depicts the release of Latanoprost from collagen
wafers/films as measured by EIA.
[056] FIG. 3 depicts the release of Latanoprost from collagen

wafers/films pre-treated in buffer.

DETAILED DESCRIPTION OF THE INVENTION
[057] The present application describes methods of preparing
degradable collagen-based constructs that include therapeutic drugs or
compounds and methods of using those constructs to deliver drug to a

particular tissue or site, including optic, otic, and sinus tissues.
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(vii) exposing the film nenbrane, or wafer to ultraviolet ("UV') radiation
in an oxygen-free atnosphere, such as a nitrogen atnosphere, for from about
17 to abowo 20@/08118t es; and (viii) recovering the UV-cr @€3IUsakia 46098
drug-containing, film nenbrane, or wafer. [068] In sone enbodi nents,
the concentration of the derivatized collagen in step (ii) is adjusted to a
range between 15 ng/nL and 100 ng/nm., in other enbodi nents the
concentration is adjusted to between about 25 ng/nL and about 60 ng/ni,
while in still othel058htindineeembedimest, dbesehaganthanedi eonstpoist @NRAr§eFet ween

St 6 0 LA, LR E T ol B e el

ul traviol et radi x%osure I'h ste ut 18 m nutes.
[070] In some embodimaitt she tdudlaghh-basess|donkieubts | campriseniat daast one water is

further treated L ncubat i it in, a soluti 0 X i
solution. In sBﬂ’g}l%liﬂgoﬁ?rﬁ‘SﬁPag'?r’t%&?gﬂﬂ F%holﬁ(?eeda{orr@rr\'ﬁ ?gﬁ’ltj %Pﬁsétﬁ‘g%tsu% day, 2
daysb 3 dgys, ﬂnalﬂ&q_ﬁ,raﬁa ldamsonirfg dayier ig,lomacsh | pna@w:s;db_ vkéle catmiuct 2 weeks,
or about weeks. . The solutjon treatnent helps to elimnate or.r any
initial bolus PEAVESER Qﬁr'%rrﬁgqr“ﬂocﬁﬁ%%&%{hﬁ] gne idﬁegtbor?ea%‘?ﬂb’SHT‘ﬁé‘H{dére?‘ﬂ@%?

sol ution treat gBflery 6FYAHSIrig ™ EbmBexaripEsatie: dakg resérmoirtidar analoedises dr ug
with zero order kinetigs. In o:] her Enbodi Er,egts, tze SO utRi/é)p ttregt nt1za£t
results in a fratPCoREABRG RaTeslayRss BRVE ApiCkRgssLfdony AUt d-Pi 1R&8PuLkr o
order kineticsmphNofidr frbmOitiRK 0CTHPRUIABBRIOS ninfarfPiniédraa chs@afrommdbouesul t s
inafilm menbrane, or wafer that rel eases drug with an initial bolus

until about daf-OR to@Rpubd.2dpMmgay 3, that is then foll owed by controlled

rel ease for at |easfysgPotie 3eolthgeR-baBed 7 colstriBts 1ohe ldesigHedl 2ompiéige | N
still further errbod‘torreEtS, t he gontrol | ed rel ease is forg?gt | east 6 _nonths,

but not for nosesteingd releese of, drggs.gincludingllengderm anddpRgrierm release Wil | | n
anot her embodi 9?{2;‘ ordeP Cor Bl dPOAL G QR égeésgmbé.ngn Wahill ERBbHiIRTERLs, the

col | agen-based Tilmconstructs. I'n the podi nents, the drug reservoir

| ayer is prepabese gelageal ¢ompesititesean be¢haminady depvieized, toradter g Aerakhst i ng
the solution int Lk aye [ dqgﬁf WoleR CORANDaR& | er

| ayer is appli 20({11?% gh%%éﬁg%@%'s E) B?ﬁ%rp@b%gtﬁé} es égﬁq?%%{}_etpere%ﬁe coP agen
conposi tion f oratehdifusiayentoi SsguespaSedh yondtsudty atanz begnmpddntedda RAPYIAE an

acyl ati on agent that i rt nier i 1.0 ive.agent. |f
t he active ageﬁPSt?@eHy%?chﬁﬁﬁV&Eef&a[%%aesbea%fr)it%rr%%@grggﬁsultf@leggﬁﬁlyd@ Icci‘io%gbi C.
For exanpl e, seinublapplicdtioagen can be derivatized with agents such as

13- styrene sul fonyl i de qr pol yvinyl sulf.oni i d ene eic
anhydri de copol yner W@H gﬁ?ﬁ)inﬁ"j?ri‘tosﬁt? V(?ir'eéldﬁf)ﬁ'?(;l%g 5&?@@1}% @g%taﬁ&s[hyé(gﬁ%

sul fonyl chl or kefihodBhariterthe imphnesiteled spomusosayly. dul dthei embodichentd, ubhar i c

anhydri de/ ethyl ene/ mal ei c anhydri de copol yner or. ot her conbinati.o of
anhydri des, acif@PlgRl & it@esgcledl FadRS ac?ﬁ?%?i ‘{&,ac&%ﬁefnéﬁpct%ﬁcf’ﬁ?aptj%gﬁ%i ng

hydrophilic degjyatimaditeheagtr mhslia apiscbiraideShconfur@tivdl] sub @esn, sruhf onyl
chl orides, or sulfonic acids produci ng hydrophobic derivatized col | agens.
a fistula or fenestration, such as a fistula or fenestration created by surgery
Examples of implant sites are also provided in the Examples and throughout
the Summary of the Invention and Detailed Description. In some
embodiments, combinations of the sites are used.
[061] Depending upon the embodiment, the constructs can be in the
form of single layer films, wafers, or membranes, multilayer films, wafers, or
membranes, unidirectional single layer films, wafers, or membranes, or

unidirectional multilayer films, wafer, or membranes. In some embodiments,
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[72] To prepare a unidirectional film wafer, or nenbrane, a reservoir

| ayer is prepared using purified, pepsin digested collagen derivatized with
gl ut ari c wWolyriig@sas previously described (U S. Pat. NPST/US2@3046048 and
5,492,135). In general, the collagen solution is adjusted to pH 9.0 with 10
N and 1 N NaCH Wile stirring the solution, glutaric anhydride is added at
10% (wei ght of collagen). The pH of the solution is then adjusted to 4.3
with 6 Nand 1 NHC to precipitate the derivatized coll agen. The

preci pitate i stheefitn,iwafgedor mestheand qopstrustieare cempesshaf fetpasat bet isand

t hen redissolv f ) to
achieve a fi naﬁgeé]a'%%@p ? halq%gdo %ﬁ‘{%r%g 'QA‘CQ{%'BB%B%‘??H‘M Eﬁlgrenﬁyf 'P\ZiqollA
barrier |ayer meqtffoquan@orbdrrugerto inrove dugiained idetiveryl Thgrapeulic agayituivar i c

hydri d d (3- | chlpride U. s
bt 5. 450 42791ush Ao andrd e b imscEipkibuliesth SRR HERERe RS
with 10 N and dudthiNe®H.andhiin es@herémlbgd"tﬁwt§0bMtrcﬂad gjallt/enyl doravayidus de is

added at 10%(V\BI ht of col or 5 ut e t he. stir

conti nued, andth® ﬁ’ﬁ]%f‘%’%ﬂ th5°§%/e?f§>°§ gq]@vglv,np&“ﬁlregﬂ?%aiiﬂ%s added
at pH 9.0 and g m%h'fb@ane'ghﬁ siehl ér%eﬁﬁéaﬂlbiamérﬂssaﬁdmeﬂ tagravehediffusiod o8 to
precipitate the derivati ze ollg#? The gﬁgmplt tels centrlgmged
washed one ti nBrUISRANG AEANTS #HPES AITGEUPN nIMHPRIER FEIROABTEHEY PRSI PRI bs phat e
buffer, pH 7. 4)d @GRt Ror dfianddccR@IedithaLh@ kb Bk b%i@éfc@}{agai@in%traﬁ g/ m .
[74] Un| directional collagen filnms containing drug or agent ﬁ re@?red by
m xi ng t he applogithelt enchptiBgbisat $hamied! PAEIEH u@f€oPr %‘&Gﬁ‘g Wt K @f}‘)‘

anhydri de-deri M@Ma%?l‘i';gc&l‘é %Gﬁgce( ro?%ﬁé \&!IéglérﬁhS@ﬁs)trL@%SFd ichee Eﬁ?pﬁé’clus'mﬁ

m xture iwas centri ed at rpmfor mnutes if air bubbles are
observed. The baxienr eThes Chﬁ@ﬁ?ab@@ﬂ@ﬂ NAY deaa nvIdaoRIMIC aYAAGH S rfRf%a unt i |

It appears slightby: gffgioh"GUR drépllgﬁ%gi'iu foP%??ht@rarfd ktnﬂflﬁ?'ﬂéiﬁ?d%phlhc

conposi tion is'the care?gohy pl ace e surface of the reservoir |ayer
and the nolds pturmdoatgtardwor prevet Cbﬁfl@ﬂq’ﬂ @fhydmmblqag@wtwﬁuw full y

dehydrate the uni dl@%gt aélmf] m Ul ngdénliél grgeﬁé;wgﬁfe&l,

described for the n |rect|ona con tructs a barrler | ayer
are particul ar lryerasminsl bétweeap’;biel cdtagenscdmpqsm@nbandk to¢ therapeytc geetthat t he

drug is effectively.d re nthr
structures in F?\%C%X@F%%é’? cgﬂa % 8?@# ta%d %P%'%ua %ﬁt tﬁ%%@xﬁggs_ The
barrier cont ai sologilify bfrlsheofthdrhpajtlcnam,l and roiffusicn berreoldf@gmmeased%

par i cul ar di AERTBROYS Re A o et B Sy ePPArERse IR Brisdhbpktes of

t her apeutic agfmat Bolla@eh Baveg@iy thes siteebyl gerlvatiting g llagaosith eageots that
surroundi ng tissues and fl ui ile still achievi n sust%l ned drug | evels,

regi onal |y or 3dyeinatichaiae o n;@helvjt'gglc%aqe@r{pgre@rpéqrg%? PP FEONSF Base

Col | agen Conposi ti 0{0%3] In some Efbbdiftertaitthe fedorptidn @IS of ‘thed@dilla‘gah ifirgs
sol ubl e and i nsol ubl e col | agen have been descri bed b}/ DeVor e, (J
seri es of pat eAnd nqegggbrpgpgrtﬁ gontrolled by the degree of crosslinking accompli she by

4,713, 446, 4, 85l omtlchirty REJinteler irABdlePEUVD idRdation/. 5, 201, 764,

[064] In some embodiments, the collagen-based construct provides

a

sustained release of a drug or other agent. “Sustained release” means
release of a drug or other agent from a collagen-based film, membrane,
wafer, or other construct for a period of time that is greater than one month.
In some embodiments, the release is for greater than two months. In other

embodiments, the release is for greater than about 3 months, 4 months, 5
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5,219, 895, 5, 332,809, 5,354,336, 5,476,515, 5,480,427, 5,631, 243, and

6, 161, 544, each incorporated by reference). An increase in net negative
char ge dewei2012/0a8115 i ncrease ionic binding of agents w POTASR&/Op@98ti ve
char ge. [ 76] Specific acylation agents have been used to alter the
net charge and charge density of intact tissue proteins. Certain agents can
be used to change the net charge from positive to negative. These agents

i nclude, but are not limted to, anhydrides including maleic an%grl de,
succi ni ¢ anhydmiodths, §lruerths.c7 a‘rﬂmﬂ@r Bcraontbs.t$ eendie d Oanents.i temoR#shyr

S hyd t hyl
grﬁﬂap: g :tho&. g’e,’lzprh&ﬁggi %d“ %dmgﬁgé]y hegf]e gélrlgsfggﬁyé% rStﬁ“ eg? Y
Aci d chl ori desmionttisuilg fordass tae anetydar;fot getatas, tharxaanntbshbolrﬂocl@SS fizdrony|
chloride, and ny .ot hers. l.f on ted
to, clhl or osul fgﬁnﬁ/rﬁréset% Srgﬁfglih%é{ nl:%%s?%%tq&sgégﬁtéggm%%asc% ?orrb%atler' mee
? ﬁlhl or o- f’f(Ch{{?h?Mbﬁmm} fcﬁjjeustthmbmamtns aci Ff 3- t

chl orosul fon - si.c aci an e 0 ci ut are
not |imted tg s@ghoé'ﬁng%‘? CARYHMSA %‘Fh@&g genrbaseg %‘f]ﬁr& l{)ﬁlg\lmr‘f?agent s

can change thecmtou@dsaré@@sérara @m@g PO Tthérvagdny. t Qo] vejeas;nérmeem:t ed
site. Specific agents i ncl ud but_are no

jers. T
3, 5- di car boxybEHASSe A 1‘1('3‘1‘%/9r GAP: M &g a@?hgatggg Al membsane, (afer, p

agents can be g@medcoistrizapescribee Héeémqmrf@mwisrmmrt biv Bedrly mutonr@ér per
reacted site. Specific agents include, but are n

ed t d
i ncl udi ng acet reeasgHgHgEEer taan BRe Moat. greaten BN génorﬁg]gﬁrgﬁyegtl‘g‘%%p I o

butyric anhydrBdgonthgO0RHbY 4 maARYdEi fBnthsS 8V RloRTHsC 7aRTINES), (temdm@arml c
anhydride, and ot her anhydrides; acid chlorides includi n%ﬁacet%(gmechl ori de,

propi onyl chl ofoaths, ) BNEso fi oPPBRGI OCBYRSY | 4ENONds-y T FORRI AP
I sobut yryl chl g de.aquad F‘Jrlélreﬁgtl ﬂ%h‘éemoﬁt'ﬂg bRt RRlisss thih bREYkag fbryréstes

i ncl udi ng, but not?ﬁlm edto, ethane sulfonyl chloride, methane sulfonyl
chloride, 1- bt]taarﬁaﬁmﬁhsohyﬂ fog tessrthae © maathst fesraseater than 6 mogithscapti gy n

agents can be réésqhérpsqn@nﬂg Sy pﬁetat&rhﬂaﬂ% EAFTS HIE1QR 984S IR 7 ohth,

positives per reacted si IC agents I nc but are not limted
to, 4,6-dianintr Qemeteln}quhnemr ccpntmlla@r@e@sﬁ nelides apiidifiakibrlubraieass, on

Stability of C%)'/ Q%?%ncg@o%rd'é%ﬁ to 3. In other embodiments, the controlled release

does not include a bolus release on day 1 so that zero order, or nearly zero
order, release begins on day 1. In still other embodiments, the controlled
release does not include a bolus release after day 3, so that zero order, or
nearly zero order, release begins on about day 4. A controlled release is a
sustained release, but a sustained release is not necessarily a controlled
release.

[066] In some embodiments, the collagen-based constructs provide
sustained release and/or controlled release of a drug or other agent that is
sparingly soluble in agqueous solution but soluble in alcohols and other water
miscible solvents mixed into the collagen composition. Examples of such

drugs and agents are provided below and in the Examples.
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[80] While the stability and durability of the different collagen drug
delivery constructs can be assessed by nonitoring drug rel ease, other tests
may al so WO 202#d8116 neasure their stability. For exanpl @CTiuseomoiwss ness of
the collagen constructs can be tested with trypsin or collagenase. For the
trypsin digestion test, a collagen film wafer, membrane, etc. is evaluated
by incubating it without drug in 0.02%trypsin solution mxed in 1M Tri zma
buffer, pH 8.0 containing sodiumchloride, calciumchloride and nmagnesi um
chloride. After 24 [AGTr $nodne rerobediment, athe 3discioswrieaprovigas @emathgdided t o
recover the supern t 1 2 f oxyprali J - d
assays. The degrﬁgaﬁl{)?gncoﬁrgg?r?Pgégogﬁg‘ét@ér%&%gé’ ﬁ’éﬁégﬂ?gﬁ?}mg& tﬁjgw%
h¥/droi<|yprol [ geren)erac?eema tharaipbetidc arwgpedmpnisiriper nat ant, which i s indicative

of collagen degraded as a result of trypsin digestion. A stable collagen
construct shoul d sh‘gw né’é?‘?ﬁlr‘lgléfrmtézr‘?di%@ﬁ%%ﬁ’ed in trypsin. [81] For
th;ahco![ I Sgena;e E) es(i) aoﬁwolwml I efderinatizeaficeliageneprbeipitates @1 physicogicatubat ed
wi t hou rug in bacterial _col]agenase. in sodiu hosphate, b er. pH 7.4.
After 24 hours of i ncub&’tL‘iffSFlata‘{o%?%ﬁ'Wﬁéﬂg‘%q E]O'E’eﬁrgpﬁ'ggodﬁ%mlgg%ver t he
supernatant and anajiyzedddfig defide @XgINQ dareetisation tharnrdaties esstalyed The
degradation profile is determ ned by ca cutﬁti r;[q t he hydroxyproline present
in the incubation superi@€gse at heransuicevRg Era?i%@fto%dpf’%tég’n degraded as
a result of collagepase dhtigRsily @ntrifl§lRg 4RIAEE-cBhtailRY, arkal atiedi cdllsdewn to be
dependent on col | agenase concentration. Exenplary Drugs for Delivery

[82] A variety of drugs t_ar%mgm f"éBP%b‘P%r i ncorporation in the collagen
constructs, consistgnt V&a&ﬁhé ﬁ\%'cfollgw%n@%ﬁﬁi%ﬁ iMBG tHFaayer tépto @l t hough
certain exanples are nentioned bel ow and”in the Exanpl es section, those
drugs are exenplary onl ynolthe inventors recogni ze that the collagen
constructs provide @hgengrali & IsYRk & fIe et used
with many di ff_erent@{)he;bz\?)leéto?gg Iou)ﬁae@gjr?qﬁ%ggngg??%, t(rgégent éFnor d?ﬁ&;js.

_[83} Qs shown in the Exatpyader, the col |l agen constructs described herein,

i ncludi ng pretreated..col [ e mzZero order,
or near zero order &Q e%@ggﬂg?rﬁ%ﬁ‘h{’u%géﬁgfgé’%r@?w%ﬁ%%l(ﬁggl)o- 17-
phﬁnﬁl - 18|, 19, 20-t ri nor - padistiay ireardoxygeRdreb-ateopplagrgl suehtasrg nifrag@mopr ost
exhibits |imted aqueous sol ubili b [ h buffer) and
is supplied in methyl acaépgfgherfatftoﬁrg&e%g)ﬁq 39%9%%%:1&1% @ﬂet%{gh%ﬁfgl and can be
mxed in wth sol ubjvit) cabtageing tid U crosadinked Wrtg-cottaimings dinwirnémb@nanopr ost
provide a specific exanple that provides evidence that other drugs and
agents with | ow water orP 38ous 1 qui d sol ubility can al so be incorporated
i nt ? _thedc?:c | agen fpoltsa1 vv?f @d%rﬁeg@mgédigﬁdtéjemei coricenfration dé thel bervajizeédat i s
sust ai ne or exanple, 1, 2, 3, 4, 5 or 6 nt hs, or nore / or

control | ed wi t ROIAIEALD stegr@ ‘6@6’&5"%tor?e'%%”_gfé’ieng“"%ﬁrbﬁmtgépgéégalag mg/mL. 1841 A
di scussi on of | pPwHERt&EHHENMeARYBRUSH@NRTidN ty adfusas tobeadyrhaboutc25

application is presented in US 2010/09008993 Al (Proksch & Ward).
m%/mL and about 60 mg/mL, while in stiﬂl other embo\é\ﬁmegts, the

concentration is adjusted to between about 30 mg/mL and about 45 mg/mL.

[069] In some embodiments, the ultraviolet radiation exposure in step
(vii) is for about 18 minutes.

[070] In some embodiments, the UV-crosslinked film, membrane, or
wafer is further treated by incubating it in a solution, for example a saline
solution. In some embodiments, the solution treatment is for about 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, 7, days, about 1 week, about 2 weeks,
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[ 85] Exanpl es of ophthalmc drugs with | ow water or aqueous liquid

I nvention are
sel ect ed wWpam2g71§r oup consi sting of anti-infl amrat or y PAGAISREGL1/046098
anti-infective agents (including antibacterial, antifungal, ant
anti protozoal agents), anti-allergic agents, antihistam nes,
antiproliferative agents, anti-angi ogenic agents, antioxidants,
hypertensive agents, neuroprotective agents, cell receptor
agoni st s, cel | r ecapdutr Anteagoni Tiessolmtiannipeatoheht helpg dgesiinsnate mruadsagppnessi ve

agents, intraocyl "1 aP') | ' ts, . boni -
2012/ 016715 PCTRSSBaNP 638358 OB pa R ARt 57LS Skl TRLs hase oM bi t or
m otics, prostgghtaieht nesuMadn Ry 0I5t aoérabding, beeeafdrdhatagivaises srugmitstzag andi n

F derivatives, prostaglandin Fa, receptor ant i st | _ -9
b Vo b Bl Kb pe? o st 460 SALRS Bt R OROREIC 2
hon-limting expirese fr Witk bt MeleasisU@tigaiith hédi deré oFderspetids ndn stil

solubility included in the conpositions of the present

solubility in water are given in Tab

ble 1

iviral,

ant i

Solubility

of Ophthal mc

mg§nmq9@ng@q§ethe soluticlme trle:atment resul[s8|7r‘] anﬂm, meémbrane, or
wafer that releases drug with an initial bolus until about day 1, day 2, or day 3,
that is then followed by controlled release for at least about 3, 4, 5, 6, 7, 8, 9,
10, 11, or 12 months. In still further embodiments, the controlled release is for
at least 6 months, but not for more than about 7, 8, 9, 10, 11, or 12 months.

[071] In another embodiment, the method comprises preparing
unidirectional collagen-based film constructs. In these embodiments, the drug
reservoir layer is prepared generally as described above. However, following
casting the solution into a thin layer and partial dehydration, a second barrier
layer is applied to one side of the drug reservoir layer. The collagen
composition for this layer is prepared by derivatizing collagen with an
acylation agent that imparts a barrier to diffusion of the active agent. If the
active agent is hydrophilic, the barrier layer should be hydrophobic. For
example, soluble collagen can be derivatized with agents such as B-styrene
sulfonyl chloride or polyvinyl sulfonic acid, ethylene/maleic anhydride
copolymer or combinations of glutaric anhydride/ B-styrene sulfonyl chioride,
glutaric anhydride/ polyvinyl sulfonic acid, glutaric anhydride/ ethylene/maleic
anhydride copolymer or other combinations of anhydrides, acid chlorides,
sulfonyl chlorides, sulfonic acids producing hydrophilic derivatized collagen
with anhydrides, acid chlorides, sulfonyl chlorides, or sulfonic acids producing
hydrophobic derivatized collagens.

[072] To prepare a unidirectional film, wafer, or membrane, a reservoir
layer is prepared using purified, pepsin digested collagen derivatized with
glutaric anhydride as previously described (U.S. Pat. Nos. 5,631,243 and
5,492,135). In general, the collagen solution is adjusted to pH 9.0 with 10 N
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Approx. Solubility in water (ng/nL) NSAIDS i ndonet hacin 0.01 piroxicam 0. 03
ket oprofen 0.11

WO 2012/018715 PCT/US2011/046098

and 1 N NaOH. While stirring the solution, glutaric anhydride is added at 10%
(weight of collagen). The pH of the solution is then adjusted to 4.3 with 6 N
and 1 N HCI to precipitate the derivatized collagen. The precipitate is
centrifuged, washed in pyrogen-free deionized water, and then redissolved in
phosphate buffer (0.01 M phosphate buffer, pH 7.4) to achieve a final
concentration of approximately 30 mg/ml.

[073] A barrier layer is prepared by derivatized purified collagen with
glutaric anhydride and B-styrene sulfonyl chloride as previously described
(U.S. Pat. 5,480,427). In general, the collagen solution is adjusted to pH 9.0
with 10 N and 1 N NaOH. While stirring the solution, glutaric anhydride is
added at 10% (weight of collagen). For 5 minutes, the stirring is continued,
and the pH maintained and 2% B-styrene sulfonyl chloride added at pH 9.0
and stirred. The pH of the solution is then adjusted to 4.3 to precipitate the
derivatized collagen. The precipitate is centrifuged, washed one time, and
then redissolved in phosphate buffer (0.01 M phosphate buffer, pH 7.4) to
achieve a final concentration of approximately 30 mg/ml.

[074] Uni-directional collagen films containing drug or agent is
prepared by mixing the appropriate concentration of the drug or agent with
glutaric anhydride-derivatized collagen (reservoir layer) described above. The
mixture iwas centrifuged at 3500 rpm for 10 minutes if air bubbles are
observed. The mixture is then poured into a mold and partially dried until it
appears slightly gelatinous. A layer of barrier film collagen composition is the
carefully placed on the surface of the reservoir layer and the molds placed
again in the sterile laminar flow hood to fully dehydrate the unidirectional film.
Release kinetics are adjusted as described for the non-unidirectional
constructs. Films with a barrier layer are particularly useful for applications to
the back of the eye so that the drug is effectively delivered in therapeutic
levels to the target structures in the eye and not distributed to all surrounding
tissues. The barrier containing films of this invention relate to collagen-based

constructs or devices and methods for local drug delivery, and in particular
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nepaf enac 0.02 flurbiprofen 0.008 dicl of enac 0. 0008 etodol ac 0.016

WO 2012/018715 PCT/US2011/046098

directed to an implantable system intended to deliver therapeutic agents to a
target tissue while limiting exposure to surrounding tissues and fluids while
still achieving sustained drug levels, regionally or systemically.

Adijusting lonic Characteristics of Base Collagen Compositions

[075] Acylation reactions to derivatize soluble and insoluble collagen
have been described by DeVore, et al. in a series of patents (US Patents
4,713,446, 4,851,513, 4,969,912, 5,067,961, 5,104,957, 5,201,764,
5,219,895, 5,332,809, 5,354,336, 5,476,515, 5,480,427, 5,631,243, and
6,161,544, each incorporated by reference). An increase in net negative
charge density will increase ionic binding of agents with a net positive charge.

[076] Specific acylation agents have been used to alter the net charge
and charge density of intact tissue proteins. Certain agents can be used to
change the net charge from positive to negative. These agents include, but
are not limited to, anhydrides including maleic anhydride, succinic anhydride,
glutaric anhydride, citractonic anhydride, methyl succinic anhydride, itaconic
anhydride, methyl glutaric anhydride, dimethyl glutaric anhydride, phthalic
anhydride, and many other such anhydrides. Acid chlorides include, but are
not limited to, oxalyl chloride, malonyl chloride, and many others. Sulfonyl
chlorides include, but are not limited to, chlorosulfonylacetyl chloride,
chlorosulfonylbenzoic acid, 4-chloro-3-(chlorosulfonyl)-5-nitroebnzoic acid, 3-
(chlorosulfonyl)-P-anisic acid, and others. Sulfonic acid include, but are not
limited to, 3-sulfoebnzoic acid and others.

[077] Certain agents can change the net charge from one positive to
two negatives per reacted site. Specific agents include, but are not limited to,
3,5-dicarboxybenzenesulfonyl chloride and others.

[078] Certain agents can be used to change the net charge from
positive to neutral per reacted site. Specific agents include, but are not limited
to, anhydrides including acetic anhydride, chloroacetic anhydride, propionic
anhydride, butyric anhydride, isobutyric anhydride, isovaleric anhydride,
hexanoic anhydride, and other anhydrides; acid chlorides including acetyl
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chloride, propionyl chloride, dichloropropionyl chloride, butyryl chloride,
isobutyryl chloride, valeryl chloride, and others; sulfonyl chlorides including,
but not limited to, ethane sulfonyl chloride, methane sulfony! chloride, 1-
butane sulfonyl chloride, and others.

[079] Certain agents can be used to change the net charge from one
positive to two positives per reacted site. Specific agents include, but are not
limited to, 4,6-diamino-2-methyithiopyrimidine-5-sulfonic acid, and others.

Stability of Collagen Constructs ,

[080] While the stability and durability of the different collagen drug
delivery constructs can be assessed by monitoring drug release, other tests

may also be used to measure their stability. For example, the robustness of
the collagen constructs can be tested with trypsin or collagenase. For the
trypsin digestion test, a collagen film, wafer, membrane, etc. is evaluated by
incubating it without drug in 0.02% trypsin solution mixed in 1M Trizma buffer,
pH 8.0 containing sodium chloride, calcium chloride and magnesium chloride.
After 24 hours of incubation at 37° C, vials are centrifuged to recover the
supernatant and analyzed for hydroxyproline using standard assays. The
degradation profile is determined by calculating the hydroxyproline present in
the incubation supernatant, which is indicative of collagen degraded as a
result of trypsin digestion. A stable collagen construct should show negligible
when incubated in trypsin.

[081] For the collagenase test, a collagen film, wafer, membrane, etc.
is incubated without drug in bacterial collagenase in sodium phosphate buffer,
pH 7.4. After 24 hours of incubation at 37° C, vials are centrifuged to recover
the supernatant and analyzed for hydroxyproline using standard assays. The
degradation profile is determined by calculating the hydroxyproline present in
the incubation supernatant, which is indicative of collagen degraded as a
result of collagenase digestion. The degree of degradation is shown to be

dependent on collagenase concentration.
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Exemplary Drugs for Delivery

[082] A variety of drugs are suitable for incorporation in the collagen
constructs, ‘consistent with their known dosages and uses. Thus, although
certain examples are mentioned below and in the Examples section, those
drugs are exemplary only. The inventors recognize that the collagen
constructs provide a generalizable drug delivery system that can be used with
many different therapeutic, or even diagnostic, agents or drugs.

[083] As shown in the Examples, the collagen constructs described
herein, including pretreated collagen constructs, provide sustained and zero
order, or near zero order release of the drug Latanoprost (13,14-dihydro-17-
phenyl-18,19,20-trinor-prostaglandin  F2a-1-isopropyl ester).  Latanoprost
exhibits limited aqueous solubility (about 50ug/mL in phosphate buffer) and is
supplied in methyl acetate. It is readily miscible in ethanol and can be mixed
in with soluble collagen. Thus, the results obtained with Latanoprost provide
a specific example that provides evidence that other drugs and agents with
low water or aqueous liquid solubility can also be incorporated into the
collagen film/wafers described herein to provide delivery that is sustained (for
example, 1, 2, 3, 4, 5, or 6 months or more) and/or controlled with either zero
order or near zero order release.

[084] A discussion of low water and aqueous solubility drugs for
ophthalmic application is presented in US 2010/09008993 A1 (Proksch &
Ward).

[085] Examples of ophthalmic drugs with low water or aqueous liquid
solubility included in the compositions of the present invention are selected
from the group consisting of anti-inflammatory agents, anti-infective agents
(including antibacterial, antifungal, antiviral, antiprotozoal agents), anti-allergic
agents, antihistamines, antiproliferative agents, anti-angiogenic agents, anti-
oxidants, antihypertensive agents, neuroprotective agents, cell receptor
agonists, cell receptor antagonists, immunomodulating  agents,

immunosuppressive agents, intraocular ("IOP") lowering agents, carbonic
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anhydrase inhibitors, cholinesterase inhibitor miotics, prostaglandins and
prostaglandin receptor agonists, prostaglandin F derivatives, prostagiandin
F.q receptor antagonists, cyclooxygenase-2 inhibitors, muscarinic agents, and
combinations thereof.

[086] Some non-limiting examples of ophthalmic drugs and their
corresponding solubility in water are given in Table 1:

[087] Table 1. Solubility of Ophthalmic Drugs

Drug Name | Approx. Solubility in water (mg/mL)
NSAIDS
indomethacin 0.01
piroxicam 0.03
ketoprofen 0.1
nepafenac 0.02
flurbiprofen 0.008
diclofenac 0.0008
etodolac 0.016
suprofen 0.04
naproxen 0.016
bromfenac 0.013
Immunosupressive Agents
cyclosporin | 0.0095
Steroids
dexamethasone 0.009 .
betamethasone 0.0005
triamcinolone 0.08
loteprednol etabonate 0.007
Antiglaucoma
epinephrine 0.18
dipivefrin 0.058
demecarium , 0.0001
latanoprost 0.052
bimatoprost 0.02
travoprost 0.008
Antihistamine
ketotifen ] 0.008

[088] Non-limiting examples of the glucocorticosteroids are: 21-
acetoxypregnenolone, alclometasone, algestone, amcinonide,

beclomethasone, betamethasone, budesonide, chloroprednisone, clobetasol,
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clobetasone, clocortolone, cloprednol, corticosterone, cortisone, cortivazol,
deflazacort, desonide, desoximetasone, dexamethasone, diflorasone,
diflucortolone, difluprednate, enoxolone, fluazacort, flucloronide,
flumethasone, flunisolide, fluocinolone acetonide, fluocinonide, fluocortin
butyl, fluocortolone, fluorometholone, fluperolone acetate, fluprednidene
acetate, fluprednisolone, flurandrenolide, fluticasone propionate, formocortal,
halcinonide, halobetasol propionate, halometasone, halopredone acetate,
hydrocortarnate, hydrocortisone, loteprednol etabonate, mazipredone,
medrysone, meprednisone, methylprednisolone, mometasone furoate,
paramethasone, prednicarbate, prednisolone, prednisolone 25-diethylamino-
acetate, prednisolone sodium phosphate, prednisone, prednival,
prednylidene, rimexolone, tixocortol, triamcinolone, triamcinolone acetonide,
triamcinolone benetonide, triamcinolone hexacetonide, their physiologically
acceptable salts, derivatives thereof, combinations thereof, and mixtures
thereof. In one embodiment, the therapeutic agent is selected from the group
consisting of difluprednate, loteprednol etabonate, prednisolone, combinations
thereof, and mixtures thereof.

[089] Non-limiting examples of the non-steroidal anti-inflammatory
drugs ("NSAIDs") are: aminoarylcarboxylic acid derivatives (e.g., enfenamic
acid, etofenamate, flufenamic acid, isonixin, meclofenamic acid, mefenamic
acid, niflumic acid, talniflumate, terofenamate, tolfenamic acid), arylacetic acid
derivatives (e.g., aceclofenac, acemetacin, alclofenac, amfenac, amtolmetin
guacil, bromfenac, bufexamac, cinmetacin, clopirac, diclofenac sodium,
etodolac, felbinac, fenclozic acid, fentiazac, glucametacin, ibufenac,
indomethacin, isofezolac, isoxepac, lonazolac, metiazinic acid, mofezolac,
oxametacine, pirazolac, proglumetacin, sulindac, tiaramide, tolmetin, tropesin,
zomepirac), arylbutyric acid derivatives (e.g., bumadizon, butibufen, fenbufen,
xenbucin), arylcarboxylic acids (e.g., clidanac, ketorolac, tinoridine),
arylpropionic  acid  derivatives  (e.g., alminoprofen,  benoxaprofen,

bermoprofen, bucloxic acid, carprofen, fenoprofen, flunoxaprofen, flurbiprofen,
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[090] Non-limiting examples of antibiotics include doxorubicin;
aminoglycosides (e.g., amikacin, apramycin, arbekacin, bambermycins,
butirosin,  dibekacin,  dihydrostreptomycin,  fortimicin(s),  gentamicin,
isepamicin, kanamycin, micronomicin, neomycin, neomycin undecylenate,
netitmicin, paromomycin,  ribostamycin,  sisomicin,  spectinomycin,
streptomycin, tobramycin, trospectomycin), amphenicols (e.g., azidamfenicol,
chloramphenicol, florfenicol, thiamphenicol), ansamycins (e.g., rifamide,
rifampin, rifamycin SV, rifapentine, rifaximin), .beta.-lactams (e.g.,
carbacephems (e.g., loracarbef)), carbapenems (e.g., biapenem, imipenem,
meropenem, panipenem), cephalosporins (e.g., cefaclor, cefadroxi,

cefamandole, cefatrizine, cefazedone, cefazolin, cefcapene pivoxil, cefclidin,
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phenethicillin potassium, piperacillin, pivampicillin, propicillin, quinacillin,
sulbenicillin, sultamicillin, talampicillin, temocillin, ticarcillin), lincosamides
(e.g., clindamycin, lincomycin), macrolides (e.g., azithromycin, carbomycin,
clarithromycin,  dirithromycin,  erythromycin,  erythromycin  acistrate,
erythromycin  estolate,  erythromycin  glucoheptonate,  erythromycin
lactobionate, erythromycin propionate, erythromycin stearate, josamycin,
leucomycins, midecamycins, miokamycin,  oleandomycin,  primycin,
rokitamycin, rosaramicin, roxithromycin, spiramycin, troleandomycin),
polypeptides  (e.g., amphomycin, bacitracin, capreomycin, colistin,
enduracidin, enviomycin, fusafungine, gramicidin S, gramicidin(s), mikamycin,

polymyxin, pristinamycin, ristocetin, teicoplanin, thiostrepton,
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tuberactinomycin, tyrocidine, tyrothricin, vancomycin, viomycin, virginiamycin,
zinc bacitracin), tetracyclines (e.g., apicycline, chlortetracycline, clomocycline,
demeclocycline, doxycycline, guamecycline, lymecycline, meclocycline,
methacycline, minocycline, oxytetracycline, penimepicycline, pipacycline,
rolitetracycline, sancycline, tetracycline), and others (e.g., cycloserine,
mupirocin, tuberin).

[091] Other examples of antibiotics are the synthetic antibacterials,
such as 2,4-diaminopyrimidines (e.g., brodimoprim, tetroxoprim,
trimethoprim), nitrofurans (e.g., furaltadone, furazolium chloride, nifuradene,
nifuratel, nifurfoline, nifurpirinol, nifurprazine, nifurtoinol, nitrofurantoin),
quinolones and analogs (e.g., cinoxacin, ciprofloxacin, clinafloxacin,
difloxacin, enoxacin, fleroxacin, flumequine, gatifloxacin, grepafloxacin,
lomefloxacin, miloxacin, moxifloxacin, nadifloxacin, nalidixic acid, norfloxacin,
ofloxacin, oxolinic acid, pazufloxacin, pefloxacin, pipemidic acid, piromidic
acid, rosoxacin, rufloxacin, sparfloxacin, temafloxacin, tosufloxacin,
trovafioxacin), sulfonamides (e.9., acetyl sulfamethoxypyrazine,
benzylsulfamide, chloramine-B, chloramine-T, dichloramine T, n-
formylsulfisomidine, n*-.beta.-D-glucosylsulfanilamide, mafenide, 4'-
(methylsulfamoyl)sulfanilanilide,  noprylsulfamide,  phthalylsulfacetamide,
phthalylsulfathiazole, salazosulfadimidine, succinylsulfathiazole,
sulfabenzamide, sulfacetamide, sulfachlorpyridazine, sulfachrysoidine,
sulfacytine, sulfadiazine, sulfadicramide, sulfadimethoxine, sulfadoxine,
sulfaethidole, sulfaguanidine, sulfaguanol, sulfalene, sulfaloxic acid,
sulfamerazine, sulfameter, sulfamethazine, sulfamethizole, sulfamethomidine,
sulfamethoxazole, sulfamethoxypyridazine, sulfametrole,
sulfamidochrysoidine, sulfamoxole, sulfanilamide, 4-sulfanilamidosalicylic
acid, n*sulfanilylsulfanilamide, sulfanilylurea, n-sulfanilyl-3,4-xylamide,
sulfanitran, sulfaperine, sulfaphenazole, sulfaproxyline, sulfapyrazine,
sulfapyridine, sulfasomizole, sulfasymazine, sulfathiazole, sulfathiourea,

sulfatolamide, sulfisomidine, sulfisoxazole) sulfones (e.g., acedapsone,
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mercaptopurine, thiamiprine, thiaguanine), pyrlmldme analogs (e.g.,
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, doxifluridine,
emitefur, enocitabine, floxuridine, fluorouracil, gemcitabine, tegafur),
fluocinolone, triaminolone, anecortave acetate, fluorometholone, medrysone,
and prednisolone.
[093] Non-limiting examples of antifungal agents include polyenes
(e.g., amphotericin B, candicidin, dermostatin, filipin, fungichromin,
hachimycin, hamycin, lucensomycin, mepartricin, natamycin, nystatin,
pecilocin, perimycin), azaserine, griseofulvin, oligomycins, neomycin
undecylenate, pyirolnitrin, siccanin, tubercidin, viridin, allylamines (e.g.,
butenafine, naftifine, terbinafine), imidazoles (e.g., bifonazole, butoconazole,
chlordantoin,  chlormidazole, cloconazole, clotrimazole, econazole,
enilconazole, fenticonazole, flutrimazole, isoconazole, ketoconazole,
lanoconazole, miconazole, omoconazole, oxiconazole nitrate, sertaconazole,
sulconazole, tioconazole), thiocarbamates (e.g., tolciclate, tolindate,
tolnaftate), triazoles (e.g., fluconazole, itraconazole, saperconazole,
terconazole), acrisorcin, amorolfine, biphenamine, bromosalicylchloranilide,
buclosamide, calcium propionate, chlorphenesin, ciclopirox, cloxyquin,
coparaffinate, diamthazole dihydrochloride, exalamide, flucytosine,
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pol ypepti des(e. g., anphonyci n, baci tracin, capreonycin, colistin, enduracidin,
envi onyci n, fusafungine, gramcidin S, gramcidin(s), mkamycin,

pol ynmyxi nvprostaisasyci n, ri stocetin, t ei copl ani n, t hi ost r epC®A]S2011/046098

t uberactinonycin, tyrocidine, tyrothricin, vancomycin, vionycin,
virginianycin, zinc bacitracin), tetracyclines (e.g., apicycline,
chlortetracycline, clonmocycline, demeclocycline, doxycycline, guamecycline,
| ymecycline, neclocycline, methacycline, mnocycline, oxytetracycline,

peni mepi cycl i nbalemapaleymexaeqlme,oIloﬂueanbaOymifUrl@éel $>ata§w|m riedide.e PFARiSNS i ne) ,

and oth

cxampl o5, of - anti SYENE: SAfyERPE: REDm BIRRIER. sungntine, fbhnickoe

2, t4 d} an nopyrtrmbdimn&ﬁiothengunddmy?mcmmﬂ ,iamd Ziret progiopatem trimet hopri n)
nitrofurans (e |

et U P oA R AL Sl e HEOFR Bl

qui nol ones andc@rlbablﬂg‘émtfblcgur, gmmmauclpenmclbmr (B‘nldcmannudmecl i naf | oxaci n,
di f|l oxaci n, enoxaci @85{1 ui n

f.l
| onef | oxacin, nilox 'E%ﬁ'f’@xa%’faﬁ“ %%dlc? I Ogrgtﬁargltoz?] IC: gg?ﬁ%egﬁ?'ﬁg acin.
norf | oxaci n, opbkepsafhdiRe |éémbmale0thd chpsragfihexael meflqeidexaci n pl peni di ¢

ool &, Biromdic o ai0PBl 0P e n SPRAIE 0BT NABUE y AT PR B iba! he.
benzyl sul f am dgmahticd aBhifotRsC hbpti-Ringass; T.adtichbR! aBhfienfibnitdatories, anti-
glaucoma, anti-VEGF, and the like. Some specific examples of ophthalmic
drugs include antibiotics such as tetracycline, chlortetracyline, bacitracin,
neomycin,  polymyxin,  gramicidin, oxytetracycline,  chloramphenicol,
gentamycin, penicillin, kanamycin, amikacin, sisomicin, tobramycin,
garamycin, ciprofloxacin, norfloxacin and erythromycin; antibacterials such as
sulfonamides, sulfacetamide, sulfamethizole and sulfisoxazole; antivirals,
including idoxuridine; and other antibacterial agents such as nitrofurazone and
sodium propionate; anti-allergenics such as antazoline, methapyriline,
chlorpheniramine, pyrilamin and prophenpyridamine; anti-inflammatories such
as cortisone, hydrocortisone, hydrocortisone acetate, dexamethasone,
dexamethasone 21-phosphate, fluocinolone, medrysone, prednisolone,
methylprednisolone, prednisolone 21-phosphate, prednisolone acetate,
fluorometholone,  betamethasone,  fluocortolone, indomethacin  and
triamcinolone; decongestants such as phenylephrine, naphazoline and
tetrahydrazoline; miotics and anti-cholinesterase’s such as pilocarpine,
eserine salicylate, carbachol, di-isopropyl fluorophosphate, phospholine
iodide, echothiophate, physostigmine and demecarium bromide; mydriatics
such as atropine sulfate, cyclopentolate, homotropine, scopolamine,
tropicamide, eucatropine, and hydroxyamphetamine; sympathomimetics such
as epinephrine and immunosuppressants such as cyclosporin and

azathioprine.
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formyl sul fi som di ne, n4-. bet a. - D- gl ucosyl sul fani | am de, maf eni de, 4' -

(met hyl sul fanmoyl ) sul fani | ani |l i de, nopryl sul fam de, pht hal yl sul f acet am de,
pht hal yl swibf2at2118%761 e, sal azosul f adi m di ne, succi nyl sul f alPRITABRI18/046098

sul f abenzam de, sul facetam de, sulfachl orpyridazi ne, sulfachrysoi di ne,
sul facytine, sulfadiazine, sulfadicramde, sulfadinethoxine, sulfadoxine,
sul f aet hi dol e, sul faguani di ne, sul faguanol, sulfalene, sulfaloxic acid,
sul fanmerazi ne, sul faneter, sulfanethazine, sulfanethizole,

sul f amet homi di ne, g0B7]akehplary aregs mjlglwmkymer‘dmlm betatiflegkets ol e,

Sel G TGOS Yo 4 Mg ARG, Sevollab@R. AR, fabLhaBt ' ABbaRaRh! °v! ! e

acid, n4-sulfa anl
n-sul fani | yl - 3cdrbsiyicamhgerase inhibitors (e.g., brlnzolamlde and dorzolamide), .alpha 1

IR e T o e
sul f at ol am de, m$dﬁc§l &g dpinearpnd farsoxprebRlingul frostaglatding anal@ge d@nsone,
latanoprost (13, 14-dihydro-17-phenyl-18,19,20-trinor-prostaglandin  F2a-1-
isopropyl ester), travoprost, unoprdstone, and compounds set forth in U.S.
Pat. Nos. 5,889,052; 5,296,504; 5,422,368; and 5,151,444), "hypotensive
lipids" (e.g., bimatoprost and compounds set forth in U.S. Pat. No. 5,352,708),
and neuroprotectants (e.g., compounds from U.S. Pat. No. 4,690,931,
particularly eliprodil and R-eliprodil, as set forth in a pending application U.S.
Ser. No. 60/203,350 (PCT/US01/15074; PCT/US01/15169), and appropriate
compounds from WO 94/13275, including memantine.

[098] Exemplary therapeutic agents with low solubility in aqueous
solution for otic applications may also include epinephrine, steroids, certain
antibiotics as described above, and neurotrophins. Other exemplary drugs
include, but are not limited to, Auralagan (benzocaine plus antipyrine),
Ciprodex (ciprofloxacin and dexamethasone), Cortisporin (hydrocortisone,
polymiyxin, and neosporin), Triethanolamine, and Ofloxacin (Floxin).

[099] Exemplary therapeutic agents for sinus applications include, but
are not limited to, (1) steroids selected from the group consisting of
beclomethasone, flunisolide, fluticasone, triamcinolone, mometasone,
aclometasone, desonide, hydro cortisone, betamethasone, clocortolone,
desoximetasone, fluocinolone, flurandrenolide, mometasone, prednicarbate;
amcinonide, desoximetasone, diflorasone, fluocinolone, fluocinonide,
halcinonide, clobetasol, augmented betamethasone, diflorasone, halobetasol,
prednisone, dexamethasone and methylprednisolone; (2) antimicrobials
selected from the group consisting ofi amantadine, amrimantadine,
oseltamivir, zanamivir, inoglycosides, amikacin, tobramycin, amoxicillin,

amoxicillin/clavulanate, amphotericin B, ampicillin, ampicillin/sulbactam,
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acedi asul fone, acetosul fone sodi um dapsone, diathynosul fone, gl ucosul fone
sodi um sol asul fone, succisul fone, sulfanilic acid,

p- sul f aniwQl2beymgtiam ne, sul f oxone sodi um thi azol sul f oR€X/USamd/0gdober s
(e.g., clofoctol, hexedine, nethenam ne, nethenam ne anhydronet hyl ene
citrate, methenam ne hi ppurate, nethenam ne mandel ate, net henam ne

sul fosalicylate, nitroxoline, taurolidine, xibonol). [ 92]
Non-limting exanples of inmunosuppressive agents include dexanet hasone,
cycl osporin A atovaghérspr |arzéhr0my§@w aafiazolijus gefepinie, @fotaancapefoperimge,

m zoribine, r aB?f@’z?dlr%e t(,ae(firn réxaéfﬁ%)(ﬁgg) ’ceﬁ%%ﬁ'lea%&gtllancﬂ'hc?rgﬁwpﬁ@nlgol’

denopterin, at e, pIFitrexim pteropter
Tonudex. RTM t:llotrrmazo&(at ec)lprqﬂuxeiane anclartyeniyeing. dﬂp@dnebl néQnyCthm&r abi ne,

6- mer captopurin t hi am prizne agua | n pyri anal

anci t abi ne, sEV%?eryﬁ'é‘ ﬂ%‘é‘tﬂ'ﬁza‘ %’%“Et cé/%n?ra [ ne OXIX%?lui’I di ne,
em tefur, enocmgbma/cnéétamr utﬂamazéub,udrenwmzble, gmetrohidbzole, nysteihur )

fl uoci noI one, tria

anecortave acetate,. fl uoronet rysone,
and predni sol oﬁ‘é”'c'rpns 'na["g@? I‘Qﬁﬁ"q”ﬁ i t1'nd g5 BPeLI F?/Eﬂﬂzﬁg?&g%ents
:cncl Udﬁ pol yenﬁgn&@ng , arrphongyﬁu:p?lsnnJaalf@;a&dhm di n, deticasiliaiclavulahate; pi n,
ungi chronin achi Iuce C|n rtr cin t amyci n,
nystatin, peci FBe§tAO rHB)r;ng%f’xa%Q%sé(? g\@ge?r{)ﬁi i ﬁ' Vebi %ﬂ%ﬁ%%
neomyci n undecy{@iatif, RPystadh N irfatrfélncﬁbrﬁ?é?ﬁfgtétm t Wpsti madd)l@/bevametdasmne

allylamines (e.g., butenafine, naftifine, terhinafine md?zoles e.g.,
bi f onazol e, buf H’B‘ﬂ%@dﬁ’e ketoconazole, bufoconazole, = mico azol oconazole,

chl ordant oi n, cRkRFJEAARE | cRei @O itk Aigufst @:‘fﬁlhé‘lﬁé%@rdb%@nﬁf?e(hlfégol and N-
eni | conazol e, fenticonazole, flutrinmzole, isoconazole, ketoconazole

| anoconazol e, Apeasaaghl ehemiealsoribatollockopiigtoRie) opttachimenit &0 12Edat a69iSazol e,
sul conazol e, tiRgAR EO ?’mﬁlﬁltf%ﬁ aH@?rﬁ@cti()ﬁs Pathddine! Bt icails, t Qhprdad e,

tolnaftate), triazo nazol e, 1traconazol e, saperconazol e,
t er conazol e), aolrymﬁm c$ porwieﬁ Fofynmess, @nttﬁﬁmﬁ@i geents, agents which change

bromosal i cyl chhor ag dig e of %ﬂg%ﬁ@%%a é:ﬁlrﬁdhazo{%rmg rﬁf&%kﬂ’es %@b%%ﬁ&?m n,

ci cl opirox, cloxyquin, copara ate |a drochl ori de
exal ani de, f| uel¢rosiunesal mda.l lemffmzml,eacaﬂf@mmcmma;hogmq aderobes thati il oat el |

pot assi um | odi Fr%ébﬁﬁﬁggfr ten %.E{Hbgg%n |ﬂnﬁti¥%t?ﬁl'rhétgﬁ sodi um

pr opi onat e, |ace undecyl eni c
acid, and zi nc prop[Odﬂal@ther exemplairQ@geh:tbm nhcllmdet icngicextermdecy ofhearantivi r al

0SS oo 0 BHShH uBON b T v SRS BBl 00§

i ncl ude pent amyv@sdudnbsietdn), omadotis tRinhimgreyentsh{eoy. pgoiexpectaracht we humglyticle.
agents that prevents or modifies an allergic response (e.g., an antihistamine,
cytokine inhibitor, leucotriene inhibitor, IgE inhibitor, immunomodulator),
anesthetic agents with or without a vasoconstriction agents (e.g. Xylocaine
with or without Epinephrine), analgesic agents, hemostatic agents to stop
bleeding, anti-proliferative agents, cytotoxic agents e.g. stem cells, genes or
gene therapy preparations, viral vectors carrying proteins or nucleic acids
such as DNA or mRNA coding for important therapeutic functions or
substances, cauterizing agents e.g. silver nitrate, etc.

[0101] In general, drugs are added to drug reservoir films or film layers

at concentrations suitable to provide sustained release, and in some
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[96] More broadly speaking, ophthalmc drugs include without limtation
antibiotics, anti-fungals, anti-virals, anti-inflammtories, anti-glaucom,
ant i - VEGRvOant/aik@as| i ke. Sone specific exanpl es of opht raraiseoidowees i ncl ude
antibiotics such as tetracycline, chlortetracyline, bacitracin,

neonyci n, pol ynyxi n, gram ci di n, oxyt et racycl i ne, chl or anpheni col ,

gent anyci n, peni ci |l i n, kananyci n, am kaci n, si som ci n, tobranycin, garanycin,
ci profl oxacin, nor f1 oxaci n and erythronyC|n anti bacterials such as

sul f onani des, embbdicerdsyi dentralietf aieads; zior eapmopriale f hetapexts cactiity i 707 r al s,

i ncl udi ng i dox n tipac g rof.urazone
and sodi um pr og ﬁezgt ge“"gﬂ{jt"%gr‘gé'r"ggn.%"g ésxﬁc alséasaﬁ%acglg g?\@ the E}EF”S% l'ine,
chl or pheni r ani net,anpwost zemmtaal )j P mogzhieatipy rthdaneduees dhelpresa‘uramnmd&)rtmeas such
as cortisone, dr ocortiso

dr 0CQ [ti 0 ef at
dexanet hasone $¥&phd?d Jfard! 3 e ﬁ%c?rhoq St?i%@@ L SCO& |Sop%ﬂ§ed
met hyl pr edni sot:ara@enmduﬁmnsqbomedade ahﬁlmpbta‘tseructppleﬂrdlr@bbtwsﬁee3-atce11h

f | uor onet hol one, amet Qc Ion i ndonet haci n_an

trianmci nol one; G'B’c%l@@@’t‘grﬂ?geaéhﬁﬂoéé % ?Ye qrg&amples als Brovidedip ghe

tetrahydrazol i @@ta”gucm.g(gp@s@@dnamxan@l&I i nesterase's such as pil ocarpi ne,

eserine salicylate, carbachol, di-iso %@ flu [op os hat e, h phol i ne
fd il

i odi de, echot hi ophalfd02}fpihensirtgnigse frear a%? SicaR: si a¥§ cs

such as atropi Bepardd & ErO\ﬁdéCliél% of &iefapdipieBiy @ﬂﬂéd’ﬂlee oﬁ%ﬁkﬂ]rﬁ@bﬂ@ach
tropi cam de, eucatropine, and dr Oxé%h nphet am ne; at hom eadzngtl cs .such as

epi nephri ne andrqgnﬂm%@ﬂﬁpﬁ"@%%ﬁ?%tss d%%’eﬁ/y%\ﬁm%laf PEGRATeE, &Y KPTEHPY ne.
[97] Exenpl aryf.ﬁﬁ&f% th@pEHRYCOMBCyi4tRat sBIAGen Hohtifnd tixBerideacCli@fdpelific J. |
tinmol ol, betaxo | evobet axol ol ,” carteol ol , | evobunol ol, propranaolol),

car boni ¢ anhydﬁ@@@nﬂﬁh@hﬁ t of ssqlested | dpigsn A9 ar@esiBgd theor 980arfoARINING 4| pha
1 antagoni sts (g, osﬁﬁ%sofoagﬂja%lo?et |ﬁécﬂgl?or2ma§%mo°g%§ c(reotﬁer bRl dpleasd

bri noni dine), motics O ocar pi ne and epi'hephri ne) Prost agl andi n
anal ogs (e.g., atraosphepe det tifng3periods ranging from about 14 to about 19 minutes,

14- di hydro-17- y. 8 r ster),
t ravopr ost, ungggﬁgsisog]oea&%r@%cﬁmuw %’ghpﬁ %?(%??ﬂ Thnﬁﬁﬂ}gslézﬁ% gpp\lggéﬂ ouf

5, 889, 052; 5, 296, &bdyt 7,48QUB6H, carabobf 191IMtdues, Ihgpoeeersbodinents, dee

(e.g., bimatoprogst an i.h US Pat. No. 5,6352,708), and
neur opr ot ect an?ép?sé"%gmeégﬁgﬁ{%&i%ga%%& 1%%%@ Pat. No. 4, 690, 931,
particularly eliproib3pExpdsusd topultreviblet &edmlbnflmatmtrogera qmemmhrr;g(ygen
application U Ser . 60/.203, 3 PCT/ USQ1/ 150 SO 6 and
appropri ate coﬁﬁShnﬁ@otsPB?ﬁeV\ﬁ 9%7”1@5’*?% gneroaﬂf%g (?Jréprgﬁcﬁ-mlg wafers, %%98
Exenpl ary t her apgttiragefg@thtdefined heédbmlcﬂﬂbmacttenstlcsnaagmgcﬁmm grateri than f or
otic applications may al sq includ cﬂ‘%}g g{]rln ter

anti biotics as?aBedct Mmesth. ABeathsg 'P”BB % @ﬁerte?ag}%'t%r ugs

i nclude, but apetdigleatdrthhied rhonthéuhalréds xdrb@fa?@@t@mfﬁ@swell@ mﬁde bye) ,
G prodex (ciprofloxacin and dexanet hasone Cortisporin étﬁx ﬁCOI’tI one,

pol ymi yxin, andMeeet sspesire tor viganalebilight e theyoayesn &esc BN n)~Or

[99] Exenpl ar ye&%&%ga%p%%bbéhré%%@thors FirdSs ﬁmﬁlrdrﬁa:m ) hﬂﬁutési)eearbbé are
not limted to steroids selected fromt group consisting o

becl oret hasone Used Gmirseduagefinis ot Meayyages fQSOéH‘rBQ r%ld?@éad'mﬁ)@ﬂ?&§8ﬁlét 6
acl omet asone, grﬁﬁ QMY dgy swgre?n%‘afrﬁérﬁémtﬁe rPl%g%“r’st RAYRMer thaA FPMbAINa Kt

desoxi met asone, uoci nol one, flurandreno nonet asone, predni carbat e;
anci noni de, des&xiless ﬂ‘@@rmajyéarofoamelf thao & ﬁ@htﬂSéOLﬂlerd@Si’hﬁﬁ”o% months;

for greater than 6 months but for less than 8 months; or for greater than 6
months but for less than 7 months. Other exemplary release profiles for

sustained and/or controlled release are described herein.
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hal ci noni de, cl obetasol, augnented betanmet hasone, difl orasone, hal obetasol,
predni sone, dexanet hasone and net hyl predni sol one; (2) antim crobials
sel ect ed Wpam2g71§r oup consi sti ng of : amant adi ne, anri FEMUESBAIINBI6098

oseltam vir, zanamvir, inoglycosides, am kacin, tobranycin, anoxicillin,
anoxi cillin/clavul anate, anphotericin B, anmpicillin, anpicillin/sul bactam
at ovaquone, azithromycin, cefazol in, cefepine, cefotetan, cefpdoxine,
ceftazidime, cefiriaxone, cefuroxine, cefhroxime axetil, chioranphenicol,

clotri mazol e, ci pr of[00g4iCile pleaent invemioni pr,odhipscmeunhbwo?ahVarﬁages For

erythromycin, fluconazole, foscarnet a Qvir. atif

i m penent ci | asEXATHE, ﬁter%@Bﬁ%fzt(? NIGYES g%cgﬁglga@leg fl%qo%osgégg fgc'“t%&?s? atin,
peni cillins i nphptdiew dpprodonl Farnséstainedt and dhngompi @ebadients)/ ¢antrobedtt am
rifanpin, quinupristin-dalfopristin, ticarcil]in/clavul an

trimet hopr| m s AEERE PhARRELRYENTS NNeES @) IGFise §@qu%ccu Wi#ceéftﬂnf &t azi ne,
mupi roci n, nysFé%iu'ir@d tﬁhb%b%hmwé@-fd &ny @é%ﬂlmtal@%ﬂmﬁlwne

clotri rrazol e oconazol e, but oconazol e, m conazol conazog
det er gent - | i kethereanceairatiameftcomrauigin die imseihe Sfﬁec‘?fdﬁ% Im, aAgrtag sPlid and
Ndocasanol , Chﬁé‘ﬂuﬁé"bﬁ the ifn Qh&ﬁé‘:té“pﬁcﬁhteﬁt aﬁbh@%h@ﬁmhé BodyhvBRh &Rl be,

chem cal s that Inhibits entry of infectious pathogens into cells, sul phated
pol yners, sul peeehed tpblsym% teghiitiguest r dViepal featyeri §nsygetivs %\/ﬁ’?[&“f?r ghange
the condi tion &0 ”@%ﬂ’adt hesittdtient 8t tE8pBkifiE APRS reddd

whi ch alter rrugé)sg?ﬁmf-l buf 2 acclo df orm Ingn- pat hggenl c mecr obelg]Es t hat
kill or inhibi posmemmwwﬂuga@ HigfaketdoRecIdBOEORSH 81a8RETERT cr obi al net al s.
[0100] O her exenplary agents include corticosteroid or other

anti-inflamatory dsygsqicecnar Pch%RﬁVera‘%lcha an NSAI Ds), decongestants
(e.g., vasoconstrictor nmucous thi nnhi ng agents (e an expect orant or

mucol ytic), agents tortaé | Gledoemne & aleaning eauss Qirb"a‘ijfl‘%Sg’VQ”qV‘é@%o eteeg., an
anti hi stam ne, gé(ét%to[b HERIRhERA. th'e?é’féoélfHe‘?rb‘?/eLd?QaLthBﬁror in@Birbd Ri@iok or ,

i mmunonodul at or anes etl Cc ag ents Wt a vasoconstriction
agents (e.g. Xphoemisnbumot ffroor ﬂw elie ausipp reiptatech dytraoghiar quesstiradint)s,

henostatic agepfs i %ﬁf@ea&eese&lérﬂg% ?dqthh o Rl A Bhd P LRBERES cag?’rte%@x' C

agents e.g. stemce erapy prepar at | ons, Vir vectors
carryi ng proteimssoofvisiohei ¢ aci ds such as DNA or nmRNA COdI ng for inportant

t _her apeuti ¢ functi Of&ﬁ ngl S%g%&gaiaﬁzrsgﬁqyée%%élg@coﬁ%emrge ﬁtl@aé tx%' ﬁ{&tt iS

nitrate, etc. are adde reservoir

films or fil m usyalystopicat anedinaticrt t@riswsuithieaadOB by quthemrdéucsugt@queeds

rel ease, and | Bro%%ggon or increasing aqueous outflow through the trabecular meshwork or
uveal-scleral channels. Oral medication is also available but rarely used on a
long term basis due to side effects. Surgery is performed when medical
treatments do not control the |OP.

[0107] Ocular hypertension is a condition wherein intraocular pressure
is elevated but no apparent loss of visual function has occurred; such patients
are considered to be at significant risk for the eventual development of the
visual loss associated with glaucoma. If ocular hypertension is detected early
and treated promptly with medications that effectively reduce elevated
intraocular pressure, loss of visual function or its progressive deterioration can

generally be ameliorated.
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enbodi nents, controlled rel ease, for appropriate therapeutic activity for
desired delivery tinme periods. For exanple, as described in the Exanples,
Lat anopr o8O 20Xl18t1an(r) ), a medi cation that reduces thePpTASIU1O44008i de t he
eye, can be added as an ethanol solution to reconstituted, derivatized
col l agen solutions to produce a filmconstruct providing at |east a 3-nonth
daily delivery of at |east about 1.5 pg/day. O her exanples are provided in

the Detail ed Disclosure and Exanpl es. [0102] Other drug reservoir
filnms or filmlayer[g1egirCdlageh-babgd lniwgaldehmryecbr@\ddem avsidwlajehd\ﬁfeptl‘(ﬁ

t her apeuti cal | effe t e of anmount e he
delivery syste aa?é) © eﬂ’n@dpr@sqrgﬁ%v%r fﬁ??rgg rglgas %?&gély at ed

col I agen cont atréatrwawdrﬁdﬁﬂo&dnerr@memeh@ononcent rat| ons of selected drugs
and exposing the dr SItI ltraviolet irra ion in
a nitrogen or ot her[ggg@&gﬁ ﬁ fISQE NP @gu%o&)z? S Pg%’g% ng

f[) om a?gut 14 hﬂo@ﬁ@%nlg}?mmﬁeb% d@lwwéd Jd'sutgo tiad atllladén-bhseat @gnabﬂﬁ% 16 to
about m nut es about about OU . 0 ut

mnutes. In soﬁ@%‘%@&efﬁﬁﬂ@'uq%@e@(@B ® qgw@“"@éﬁﬁ?’fﬁ@'n&f@?‘% %31

m nut es. caddisl] IB¥RRFM S, tRoptah 61BN Aaftioriid I Aftyatdsen ihHibigorei (er@gen (or

ot her oxygen free) atnosphere is conducted to produce collagen ﬂ'bd
5{4& from

waf ers, or menBerZRB&IYR) Hﬂ“@féﬁ"r@é?ﬁ%@ﬁﬁ@tg on amhér?aes%r‘r'$t§t?@s'°ﬂ°
greater than aBgubnidin®®Nihetics 04!, h%ﬂoc@rﬂm’é‘té}}“d phoSPHtdissteradgOinhiborst O

about 6 nonths, or to greater than hs, the resorption characteristics
bei ng cont r ol | exmpgthemiraetisTs @ epineahting)uprostagiandit analget (4% FAXRSgen

free at mspheren%&eétoﬁga%de SRR CsdtOforPOHL LIS, BaIuless (eragbiosm 17 Lo

19 m nutes) can De use nbranes resorbing or

degr adi ng af t eb,286504; 6, mrﬁa&% angirp, %nﬁ%nﬁﬁépﬁ@éﬁwg lipidse (¢-81, @a@@tOP@Sf or
greater than 6 S: nQ.Y nont hs
but for |ess tﬁﬁ@%nﬁggﬁ{% fsg fdrfﬁ 'rﬁe%iég?at?hgﬂ 2%2 76 ﬁ%lﬁ{) llbte]és%gat an 8
mont hs; or for (g eabmpotihds ermrUn‘i hgath ido. #dio0 s p@ﬂmlaTWrﬁb'nfCPdﬁ and Rer
exerrplary rel ease of|I Sus n ang/ o t II re
descri bed heref ﬁprog g%ofg'jll']‘ #htéﬁ%r:%én{}gé n\'@;g&[%?b%% rgg;ﬁ S&Iﬁlﬁber of
advant ages. FoPCaXaspi/é518%)eand eperopridteconipgpueds noh W@ p4lgen7 g, iimakuding
conpositions faci Ilttate an inproved approach for sustained, and in sone
embodi nents, cHETBIEd del i very of active agents where a precise dose and
accurate pl acement [@neor\esddrr kdal Dhetogieak avasthbsiapdhe staidgémbased diesg r ed
anount, i. nodi f({/i ﬁ_a the concentration of ca ngouna}.gip the filmor the
si ze of the fif élive(%oc NSHUCH ICPRMEUNRY R RIPSTHG PIERNG ) SRS Weldelent at
any site in theuRpdyy Mplahtesahdee tHeeesi@dtivy of tshohsalapselehpipsxiraatein@s e

features ensure that a delivered corrpound achi eves a cert |n cgncen ration

at a specific §n@osiedanutq Hig pR4s i eetvasar &g W%G‘é‘s?lﬁs WEPedde or

i mproper pl ace’m@ C}ern‘?‘pfeﬁ‘bfo\’(ﬂ?er@%leﬁf z&1RLN@E g d@l\%ﬂ?ﬂﬂ@therapeutlc aAnfbLp®]
G auconma is a |eading cause of blindness worldw de.” Wile the exact

etiology i s unkhbi@auire gepentiady @Ptﬂ?@?nwé@'h@rﬁﬁrﬂfctmgﬁcﬁor‘i Wk fogdreleased of
aqueous huror Gromikhe &Ys ﬂ‘l%' (J)l?r{cﬁ\\/é‘tlrﬁg th& tEROAM BEnsPARITBHIRNG 1RE) -
El evated 10P causes danage to the tic nerve and, if untreated, can result
in |oss of viscomea and penetrating into the eye. In addition, an episcleral placement of
the collagen-based drug delivery construct would be directly over the ciliary
body, trabecular meshwork and Schlem’s canal, which are the target sites for
anti-glaucoma therapy. Thus, episcleral placement will also allow trans-

scleral diffusion to these tissues, an advantage not found with topical
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[0106] There are many sub-types of glaucoma. The initial treatnent is

usual ly topical nedication to | ower the 10P by either reducing aqueous
product i oNOa@p12/18TI8asi ng aqueous outfl ow t hrough the tr &b@ask@n/on@shwor k or
uveal -scleral channels. Oal nedication is also available but rarely used
on a long termbasis due to side effects. Surgery is perfornmed when nedi cal
treatnents do not control the 10P. [0107] Ccul ar hypertension is a
condition wherein intraocular pressure is elevated but no apparent |oss of
vi sual functi omedzatiotcAccardingbtie gragi defivery systeosnandieonsiructs dascelved

i 0 of aucom. MProvavaE TR B BB e p L B dtEs, 2070 ' °

pronptly with nedications that effectively reduce el evated intraocul ar
pressure, |oss of vPesi@pdratvetDrmoig Relivetys progressive deterioration can

general ly be aneli . 1.0108] | agen- d..drug | i
provi des a sinple ghjﬁ @%@é‘?‘?rvgtﬁ'gﬁsﬁo}l‘/@él ?%e??ﬁ%seg]?oeagggr%@ o%ﬂ r?lg
agents direct| yorstrutiecaf bectis=d i folowingt suegdry gl Surgenss aodinetyupescribe

and ocul ar _hy pBEEALP TR GATe feo e Todie e -RFlR, 1T Rs G Bred el Eq ™

constructs desgphthgithibeuejeon Wwitl pdscridee tapidal emiibivticy @sgprophylans against
bet axol ol , | ev,o?et_axol ol carteolol, | evobung) ol 't Fg)r%pranol ol car Ploni c
Pha "PIERt )

anhydr ase i nhi BYePE ( e. TPPICRiorCPB RN EHYSS 2] a’bocfﬁ?tgf()éda(’e.a@. )

.al pha 2 agoni gfamofatéry 8k ANSAIB) @rd hisaDidubhélR)disgenetd chd( gregtypically

pi | ocar pi ne and phosphodj est erade 1 nhi gi_t ors; f¥n'q€£%/hon}_rreti CS , ..

(e.g., epi nephr b$RY) at IsA3iSioNp RGAIRST A% oy O(fté.”di.s‘,'c‘f ) HRHEEE 1O GHBINYE one,
and conpounds gRkefRE4BatidhsUadtingP e pdBtSophaB@Ip&icti dbe 28Giss0d;swaiitg?, 368;
and 5, 151, 444), "hypotensive |ipids"” réje.g.,, bi mat o,pr ost and cforrpou ds set
forth in U S  P&teasrg teagingmandrigygqtions vy PABSIYS Brust dtivansystea. glaceddidslinds

fromU.S. Pat. g@ocorﬂéﬁga%]{en%fstda dhiardywirl $reesh lat ¥ cBedILNER @ lihe as set
forth in U S er . . 60/ 203, 350 (PCT/US01/15074; PCT/USO01/15169), and

appropri ate cofgsundeultr glimnete®ghe3peed fphdiatignisg theapamnistes. drugs Posgto110]
und | | L.cal t I = i i
naer 1oca Oroﬁé’r‘gh\(fé?\é FhGs, thsﬁkfgodél%gg@%%ﬁ%Qn@@é%rﬁ{fé&%&ﬁbéé{ BEdkin

construct contal ni ng pressure | wer | i ation woul € surgl cal | Yy
i mpl ant ed undepravite mettjodscafitreating arepieventing pstibperapys oXecHoneand gthem

posterior to tggstl_d' TOUR ol RnhgE MRS the rectus nuscles. It would provide
long term zer0O Order or nedr zero order drug delivery in a therapeutic

anount but require [€4$2)ThHeaslyconpinptintal dnidsiwill chusarthe collgdn dathendevierll d be

rel eased and diffuse, throu h | dnctiva.int he M ol nstantly
bat hi ng t he cot%é‘é{a'gw&epg}%ﬁ)}atﬁﬂgﬂyﬁ# fé} H%ééa%éd .d?lI‘é? gndgﬁgi%'r? , Jrétﬂr?%%plﬂscl er al
pl acerrﬁnt p}‘ ot b@bct?(a]dn@gmlsgasaﬁAdltm@dﬁzghiaﬁefryed;dh?]y waoald diﬁﬁlﬂelcihb:ev\ﬁﬁitm&ect |y
over the ciliary body, trabecul ar nmeshwrk and Schlenis cana ich are
the target si téém%&x’amaf‘agl %c@’ﬁat‘?"ﬁe hy COrRIRIEY bﬁ{ﬂér@ éﬁ%l cUNERefiht will
al tsﬁ ?I | ow ltraaéﬁahﬂipgl in€d Xieusyg._n thrtndn?see,ééimeml _daVicadyEpMcmgeonnmrge f ound
Wi opi cal nedication. Accordingly, r el.ivery systens an
constructs desEPSHEER. ARG r?fﬁp%\ﬁngs ﬁé‘{ ﬁ’g eo&%‘ﬂ%d’f@n%g?%é@ﬁﬁg%ﬁw ocul ar

hypertension. gclera: this is an advantage not found with topical application. After a pre-

determined time, the collagen delivery device will completely disappear.

Sinusitis Treatment

[0113] Collagen-based drug delivery constructs can also be used to
deliver drugs directly into the sinuses, which are a frequent site of infection for

the treatment of sinusitis. They are closed, difficult to access, and provide a
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Post Operative Drug Delivery [0111] Another situation in which the
col | agen-based drug delivery constructs can be used is follow ng surgery.
Sur geons woupizmaBysprescri be nedications after all type®ChUSSuUnyesoys For
exanple, in alnost every case, an ophthal mc surgeon will prescribe topical
anti biotics as prophyl axis against infection. Topical corticosteroids

and/ or topical non-steroidal anti-inflamatory drugs (NSAI D) are al so
routinely dispensed and are typically used at |east four tines per day. It
is often difficerlythdspitaipatéreimpemeot fuirdrgarisme toHbee. nddereathrony Milliomg t he
post operative,per.i i Ny i ; : i ;
irritation. A ﬁ"seglf;%rgs %’ﬁﬁeﬁtﬁgj&ﬁ Pf/%lrdyg/t @{/{%‘g%}%p?#a%g%; %ﬁggpé tg ﬁéﬁ ggarﬁgﬁ]éstl va or
tenon' s capsul epwysdanteapprogietatelgt! ohe Anterchosi dihegirevdienaeasfesinugilid bias
elimnate the need, for tients to admnister drugs operativ Thus,
the drug deli vé‘?ife%%t”?e*ﬁ@asér‘?SC%%%B??% 9“getgé?‘fr8§%%§@§‘&’§gp‘r‘%ba%lrér/r"@t hods
of tlreati ng or apd &Mﬁéﬁsbdgeﬁ@t&hﬁ@nﬁarﬁttdiomsi rﬁ’beetmterslirwsgispw'?ptopmsjnelmﬂmr ative
conplications., . . [0112] The subconjuncti val ui ds,. wi ause the

col I agen in thEaCafé\P?b”kéFLr?BS dPeta) £8s %&f’abpa%%ﬁfﬂﬁc a%ﬂfsﬁg;mpk?}“sééﬁnge 8Fugs in
the sub-Tenon' gmel, sesnghinet tyélto sBmeta (IAhilirenyr vasitanally, rseédiers bey

woul d di ffuse through the conguncti va and into.the tear filmconstantly

h (
bat hi ng the colfiedisaider pamBcHLiSvRE fatigus. detalRAl. 389/%H8Pnore, since the

device is placed On[ﬁﬁhm ENhSHIL IRan FFEEID oft the Ifwes oM ihfladiatios of dhe ect | y
into the eye throug [

the sclera; this is an_advantage not,  fo neg_ r\”h
topi cal appl i cainHess. InedIn i hequsti Anficsed of Pﬁ%t?“?'hé'r@cﬂrlf%l@%# I8|O9FSr v
device will compbploBbicll srRRRHIia iStRHH0L SorffiBA!dHEE of acute indAASkT
Col | agen- based drug delivery constructs can al so be used to deliver drugs

directly into theesiBusasse¥/hepihere isran iafactienubate §ityRICBly $IRFLLIGSEHE A the
treatment of sipiiSiddeks aﬂ&eﬂ?ﬁfiﬁas‘éliﬂsﬁﬂhseg'J&bﬁ%bﬁieﬁ%iﬂ?%ﬁ%ic hPgpVi de a

very hospitabl e environment for organisns to thrive. Mre than 37 mllion
Amer i cans suf f eecdsianm bt massationts, 85 duaeicsougl i 8 'sprt of arutesirysitivear .

This representsg.: | af ggg(? > T mSinusitis
has soared in §hnggfﬁég%§oﬁ%§%¥ets%v6®£o§fy lljgﬁ?gﬁpﬁclpggé??gﬁfﬁﬁ,%l}éurban
sprawl , and i ncreas@d15linhst dacterindnedivédiroacets. sifagitisnauses Hnudiuensa
synptons i ncl ude facial.pain e r td a i ar ge,
di m ni shed sengac%'f'g’sw\e“\cﬁ, 'Saﬁ%;%cs?gjg“&nnow %ﬁildrgﬁq}ar{s#ﬁr?lﬁ)p? F%ﬂgcﬁfkﬁg’e%@

Addi tional |y, satafraaks baciéria rifsctidns dPatientscwith hasalrallergies ¢arf devejpesindent al

in, d h., . ' ifLs i i nf i f. the si
i et | on ofPesene eS8 & DiaPithe, o sOpe Bl RS S Pel re Beha o7 21

viral or fungakag@ty oftgemoi®shen! marilstyssinseambfroatal sintdell mosin itorten
cause of acute infections_of the sinuses. \Wen thﬁ\r/?ef IS an infeﬁtion there

is typically snatd Gaviksuthesgnoessne LIReksd a8 i RS TnBE SWSlIing At awsus

acconpani ed W WlensdtaR&i ¢ cough on occasion. In nmany patients, the chronic

cough is a result of acute sinusitis. Sinusitis also presents vvithhpost
nasal drip with a |B418+%iaus riafestionsnfaxpygry high recurrence rates. — Another

contributing factor to the severity of sinus infections is the fact that the sinuses
afford an additional layer of protection to the harbored organisms, and they
are thus very difficult to eradicate. Again these facts would indicate that a
better means of targeting delivery would be more effective.

[0117] Short-term (acute) sinusitis usually lasts less than 4 weeks. Up
to two-thirds of people with acute sinusitis improve without antibiotic

treatment. Sinus infections are commonly caused by viral infections, which do
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[0115] Ot her bacteria involved in acute sinusitis include H influenza
bacteria, which is nore common in children under six years of age, and
cat arr halwe 2beatigrisa i nfection. Patients with nasal all @Cgitsgoicamodevel op
sinus infections due to a bl ockage of the opening of the sinuses into the
nasal cavity. The ethnoid sinus, maxillary sinus and frontal sinus all
drain into the nasal cavity. These becone bl ocked as a result of the

swel I'i ng of nucus nenbrane. [0116] Sinus infections have very high
recurrence rat est redpondiéo antibiotich ubosigpéenie secaver ffllly woer traajecovitsi atus

infections is the.fact that th e ffor | |ayer of
protection to ?'Etg)'%grft%?%g 8P‘¢§W§§%§S :Eian p%é(da g&g@#ﬂ'&@é@@?y difficult to
eradi cate. Again t heseg|fSictisitisvhat thsts8iveseke drhatgea id etltesr chreain sirofsitis.
targeting delivery wou e m)r effecti hor.t - ter
(acute) sinusit t'%%?éﬁgl'ffiﬁ)" i ipstrea Iaé'sdsre? cﬁﬁﬁﬂﬁeﬂg‘”lylﬁﬁ a[nglntoﬁﬁ r}"ﬁnr%%’

pe]?pl e W th acyhgsigs. n%@\l‘lblbﬁc ltﬁE?éWl% WU}ahptéfco&fiﬁerﬁuedtﬂoﬁ chrﬁ&aﬁﬁmﬁms éinchus .
infections are comonly cause vira nf ectjons Q pon
to anti bi oti csMWbERIYEOAI 5"'&98(:0%%‘(5 TR {/e%:ﬂ?ﬁ tq@ap\gﬂf tﬁ’r‘f’qﬁﬁtl bqsotl c
for acute sinugpkibSstbldft thad récRids€ thilabhnatidn Gndrdvadilingndfaré | nmng of the nagaP118]
Sinusitis that lasts 8 weeks or longer is called chronic sinusitis. It is

nore difficul t PREPACEE HaYAeP P@yﬁ%egr'mﬁﬁr%afmeaw y to antibiotics than acute

sinusitis. Antibiotjg11R:BRE ybe%p‘lb“éaénhl)/s hRCATRRNESE EQIseayaNfumgEs BHSI ti s
and may require a Ionger course of treatnment and nul tiple antibiotics. A

corti cost er oi datiegterivayothes tham thageraeimoslyasgosiaiad W'H@;S'Gf‘s'f‘ﬁe PepRien¥df t he
nasal passageshgw ﬁllrﬁ P& Hﬁrﬁgng'é ét@ﬂ\ ér‘éeé%tr@ﬁ%r these unusld }ALtidHa. sene

people, a sinus In ect on nmay use by a fungus or a bacterium ot her
than those nor aigbl ynays dwbider dxopler thoi muigitt vse  PabpsIreinfRledh g9EicaReidai r ed

| mune system ﬁ’(e?ilc%oﬁé Slﬁ:d‘ Intﬁh’]%@@scor aécdo%fascﬁ?r%}gnkfkaﬁ! ﬁBm'EF@b’ of ncl ude

peopl e who nust “use oral coster0| Icati ons. Fungal
sinusitis, whi clhroamceluuslhs focasea doegn bl oempndldﬁrbamlbtmlccﬂ’ﬁaimﬁﬁt anduBaY i s

cases, does not cffr% iéﬁ"tﬁ%i‘l&ﬂ“ggf'% ‘E%gqgeggm@&qem g,e&g?%qeat nment with

anti f ungal med( €% ks or “suargery 20] Surgery
may be required upo[r®1201|$urgeryoh1ayn1bebramure$ u’:m:m mluwtcéndmblcpi@m tod @ tine.

/TPt O, SR ST RS B SR PO LB A T OB IR O
Thus, a durabl matyrmtraramnmwdmlm ltryeatfmﬂtd lsmayetakéntlmepa’nd pamermeaulfm@n
exceedingly We'sl:écessful treatment. Thus, a durable treatment modality would serve this
patient population exceedingly well.

[0121] Oral antibiotics are one of the most prescribed treatments for
chronic sinusitis patients. For this treatment, doctors prescribe a number of
broad-spectrum antibiotics that a patient takes daily for approximately 2-3
weeks.

[0122] Nebulized antibiotics are a means of treating infections topically.
This treatment consists of breathing in the antibiotics through the nose, which
allows the antibiotics to get directly to the source of the problem. In select
cases, intravenous antibiotic therapy is the method of choice.

[0123] Some currently utilized agents are: Antibiotics, such as Amoxil

(Amoxacillin), Augmentin (amoxacillin-clavulate), Avelox (Moxifloxacin HCI),
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[0121] Oral antibiotics are one of the nost prescribed treatnents for
chronic sinusitis patients. For this treatnent, doctors prescribe a nunber
of broad-wpeotvugIianti bi otics that a patient takes dail yCrars2@pps@s mat el y
2- 3 weeks. [0122] Nebulized antibiotics are a neans of treating
infections topically. This treatnent consists of breathing in the

anti biotics through the nose, which allows the antibiotics to get directly
to the source of the problem In select cases, intravenous antibiotic

t herapy is theBeettihodSuifagietioxazole-TrimethdWibd)3] Bigwine (claritheydnhycin)t i Cipreed

oo = o IR, YERERTR bl TBERE VagbRTR B

E Sul f a][rfrt hoxaz mb@uAiKr fgaﬂfldgbwd)mznhabraxi r(aggiramy&iry;yg@mﬁge)ster@,psmh as,

ci profloxacin), Avelox (noxifloxacin), xycycline, Levaquin

(1 evof | oxaci n) ,%bwwmatagm),f p_@f‘é?@?‘ r{)j,%SIQriattifﬂ\{Qﬁ\'ﬁaf"l?%rfi bﬁ%%‘i&d?’?ﬂ) Zyrtec
Decongest ent s, (@MEAN8SHCE) 2IEHIGIOTArh&oAt yediid?ﬁhen&é@rdeneﬁaléa@ﬁl ahat agene) ,
Al l egra (fexofenadine), Zyrtec (cetirizine HCL), Chlor-Trimnmeton

(chl or phener anfgsneicaasegorticasteraids erntiisligjaines (RrPsgyde)rnedeBat er oi ds,

anti hi stam nes, or [ﬁﬁﬁﬁﬂf@ﬁ@@@gfdeﬂ?is generally & QdstdineJfNdtiemsd @R dbctoPs to
generally a last line of defense for doctors to relieve a chronic sinusitis
condi ti on. Mbstelisue geahreric singsiéin §oRAHY- cMashryEgsrias argieNdASAPICRMEIRTIRS.
surgeon to ope A Lo i | e S - i SUik I ST

general ly acco%fcﬁs%“e% F\Heo%;e gﬂttﬁf@ﬁtgu\p@oﬂégﬂ%g%h?% Iemgg(?}eﬁ?'al r\)\?laeks
for a full recewngey. is generally[agtorBplishedun abe éo treedhnirsnaind can takedevepéry to

t he sinuses wo ddition to the arnmanentarium of the
treati ng physi g{egﬁgfo@%ﬁg@acgﬁ“ cal agent, when afforded a | onger

resident tinme in thj0d25jo5stutablemechaniseof drugodglidetydodha siguees would@ear t uni ty

to successfull radi cate th ani.s el t . di.sease
recurrence. Thﬁ’?fc%ﬁ |a§8§lﬁ[1b§3$§ﬁgoé}h5ﬁe&?$ﬂ \epﬁrayéfcgﬁes?{e%ﬁrﬁ Q}ﬁ/@"&aﬂ]ﬁm?ﬁi on
wWith t hf6| appr ophamiazeatiddl bigetn't,cwﬂemmﬁordelddaé lawl ltresidant (t]ilmbuingmis ag?'m S,
anti-inflammatory agents, ot her renedi es, W r ovi a _ver ective
neans for pref Spﬁfﬂ”i%éqntt't?@@a £ %19“?3 It QpRORuNItY G%SH?QeSSﬁ‘Hy\ﬁr?Cwatgit{lu s

i nfections. organishilaélvellle revneritrangtdisezde rbeurtincectThus| osllagerdabed o one
or nore of a naturally occurring or nman-nade anhat %rri cal cavit r. ..
passageway sucAUgs 9gliyRI¥: PRMstiveta|in CRAYRFoR Y, sthej APRIOPHRte, n@?'?ltﬂﬁ?; etc.
to deliver a tBafidReUWdchts UBSH-ARRAI tayehtsS SaBinflanaiaesty agjetentant Ootber near

the inplanted device _ _ _
remedies will provide a very effective means for preferential treatment of
bacterial, fungal, and viral sinus infections.

[0126] The constructs can be directly inserted into one or more of a
naturally occurring or man-made anatomical cavity or passageway such as a
nostril nasal cavity, meatus, interior of sinus, etc. to deliver a therapeutic
substance to tissues located adjacent to or near the implanted device

[0127] As with constructs prepared for optic use, constructs for sinus
use are prepared by adding drugs to drug reservoir films or film layers at
concentrations suitable to provide sustained release, and in some
embodiments, controlled release, for appropriate therapeutic activity for
desired delivery time periods. In some embodiments, the delivery systems

are prepared by forming films or membranes of écylated collagen containing
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[0127] As with constructs prepared for optic use, constructs for sinus use
are prepared by adding drugs to drug reservoir filnms or filmlayers at
concent r aWpanr/E8ilsabl e to provi de sustai ned rel ease, amATIUS2G10/86098

enbodi ments, controlled rel ease, for appropriate therapeutic activity for
desired delivery tine periods. In sone enbodi nents, the delivery systens
are prepared by formng filnms or nenbranes of acylated collagen containing
ext ended t herapeutic concentrations of selected drugs and exposing the drug
cont ai ni ng conpxtehdéd)merapmmbtaoavémtaéibnsk of seléected drugsnara @mqs'mgethe @owg ot her

f t ph f t f t 19
m nites, | about AR e psnTestionin BRI of AbERT s oen R abou
15, about 16, frbeLAtmbépheredot tirh8, pedibdsibamginglfformiaboties4 td abaadrt® minbtedj ment s,

7 aal b1 on- | naBov B BER 8 THOHER. RaltdnybRp Tl Buber eout SRR e 1o

produce col |l agesp, ébémsworauaamrsawswwt hodaiuted rres@metmnomanamrw stics
as described herei n, for exa , rang n%Hfro r eat er nont h,

2 nonths, 3 noRXMESUrtMEE ARP %'Wﬁfﬁ'tyﬂ tesh JHP OBt V'?‘%é" @?Eﬁ?rbtl on

characteristicy BehifggePnbF ki@ doRy ok ) @it QWM@ ddhdu&tbaawl beiticd i ght
i n an oxygen free alt rr%spr(ere |Ot| g yl\%ﬂ T her ap | %012%}:] Anot her

appl i cation f ofolagenafiei t?&sMW@W%@Y“W@PW%H@?WBE?% ¢hargclernrlicy &l i very

into the mddl Qeﬁﬁfbeﬁq{eréxheférr&étrﬁm@traﬂb:n@tﬁdmsgréﬁ@f #anl Aol dedgatiear is
has some of the sane resistant characteristics as the sinuses. Qitis nedia

i s an i nfl amatosthsaddmenttisndegronts, @fm@ﬁ@srﬁ%ép‘éu’(e%rmorﬁ%ttéed??‘?rpgorired| a
t f f
(acute ear in Eﬁér’a@% d?ﬂ%cbglﬁg %ﬁﬁﬂﬁé&eﬁy‘? tlh%p@lﬁ%ﬁﬁspgntoggntr]‘cé\/ﬂb@t ligRf @canh on o

the fluid of t e ear, which causes lurd Or 1 nfection.
Chronic otitisoxygsndrascatmosphigren t he eustachi an tube becomes bl ocked
repeatedly due to allergies, multiple infections, ear trauma, or swelling
of the adenoi ds. %tltlsqdegn%zﬁ]er&ﬁ“ s media is the second nost common

di sease of chil dho upper respiratory infection. It is also the
most conmon cause fl6728HNaiRToRPRliatiansfor okagsiyeaseriug delvery €onstrtnt | ng
for approxi matgly &89 el érﬁ']nf%nt'ﬂg%xdp@/éércfbﬁ&evfréétﬁ%nt X@Bht%“ e@%‘ de ol ogi ¢

st udi es report th eva ce rate acute trs nedia 17-20%
within the fir stldd]eyeearshas sbineegf tae.@a@@%earsta@hph@haetenamﬁeaathel %als%esone

docurented m d§§§5%%§ fnﬂQchY t@ 8860}‘%@%?(‘08'%9%§m%d|é lear K t@ o'tiﬁs

recurrent dise an ane ren experi ence
epi sodes of acmeellﬂacutesemdfa:tlbry) eapars/ wheathere is bactenal[cﬁil@@] m(éﬂtlomnOé

suppuratl ve SUALS o0 Sl PR 0etl, KL, g

perforated TM Caroriidicdnes | maegiat y@mmoﬁrﬁemmhd wetachiaa megb@caimewnblacged ony.

I\/brbldltyfromthls i sea enmai ns ni ant ite freqyent e of
systenic anti bf%a&%dx gug %3['er19f?e°‘ m%twg% f%ﬁi'&”?t%arg 13 QA% %ﬂ@g of e

I ntratenporal agehdigd.racranial conplications of otitis media are the 2

maj or types. Intratenporal conplications include heari | os nducti ve
and sensorineural),l NE%&WISCmWEﬁb'FéH% SBEPTHLMIEH Wﬁ‘é&f{lgeaéﬁd’f&%ﬁ%?ﬂ

chroni ¢ suppur %Ftér"%pﬁér‘ ?és?nr%‘ﬁﬂy anfeltidh) OF iV didPhe FhedtesdreMbR Eause for

chol est eat onna, (}/ npanosclerosis, mastoiditis, petrositis, labyrinthitis,
facial paral yschildheRd|vsits de @|pfy§@mmfs(ﬁfﬁce A6E0UNING dor MPORRALaL 2O myllion

dermatitis. | maﬁ@&é ?’hg%a%% C¢ |‘| Sepi MHF}?@%H@Q'M}&* tf%'?l‘@&él@hce

enpyens, brain absc ext radura scess teral sinus thronbosis

otitic hydrocepHalofigcute Otitis media to be 17-20% within the first 2 years of life, and 90%
of children have at least one documented middle ear effusion by age 2 years.
Acute Otitis media is a recurrent disease. More than one third of children
experience 6 or more episodes of acute Otitis media by age 7 years.
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[0131] Conpliance, duration of therapy, and cost are inportant issues in
treating children with acute otitis nmedia. The prinmary determ nants of

conpl i ancEOapraas7’iso be frequency of dosing, pal atabili PgTafS2ethe4@gent, and
duration of therapy. Less frequent doses are nore desirable than nore
frequent doses, which interfere with daily routines. Shorter duration of

t herapy i ncreases conpliance but should be used only when equal clinical
ef fi cacy can be assured. In many instances, palatability ultimtely

det er mi nes conpl i an6¢30)rClubnitduppurative Otitis fr(em_l'@z'}s ambwenic ifleagnadtiontafthes medi a

ext erna occur af r an of o) ents
develop a m dd[né aéftsgt ﬁ%r%%tsrﬁé%g% g}e %Sﬁﬁlofgﬁsﬁ ug{?jo(%grpﬁésé 23
days, but minyth@@ngﬁ st péﬂﬂ@rbtddOFfNEran mella@stysnpﬂnosﬂmnwntubeobr ta sungiedl a are
associ ated with conductive, h ar | os aver agi ng_appr oxi t dB. The
fol | owing are ZHHAYP %Wé‘ rraWe@ yat B @ﬂ &kﬁ?@ﬁ? ﬁﬂﬁé’n%gmﬂaqn d@ﬁ?#&nt in
patients with ﬁrquiérﬁ UBB df Byepehac Aatibiatds mtﬁéanblh@ilmess and its complications.

anti hi st am ne- decongest ant S, i ntranasal c st.er oi dii?a onst er oi dal

anti -i nf | ammat BYRRtIPRRyE! e&%mtf%qan'%%we)ﬁa %” 8 8 U giedss plre d8¥fent of

al l ergic synpt gigBs. Intratemp&r@li’c’é}nﬂi@éﬂdnﬁvﬁmbﬁxﬁeC@é&rlﬂguﬁﬁsomhdm&ﬁeoﬂid nal
managenent of itis nmedia. The current therapeutic reginens of ubes and

antibiotics seéﬁﬁ%ﬁ?uraﬁam“e MemBrans p@ggr@gon dpetdr 1 3ndCHBRIE). FFLI e
treatment woul d,he oRfe Bhlis SRediBaiwiltCof wittRRit choktdAGRR), Dasasstettma,
delivery construct would afford patients a nuch nore effective and dur abl e
treatment. Thetympasoseletosisan mestoidiisr t BetresiisouddPyaingiexifaginh gPWESng t hat
was utilized f gﬁ?léﬁgro@lgﬁﬁﬂsﬁ% Andt HRESioud r@ﬁénﬁ%d tdermiaftist ringhéragl t hat
may be targete or treatment purposes include but are not limted to the
cochl ea, the endoblcgthasi okt dueningitine Wr%uleéfﬂpweﬁtﬁ.'rlbﬁ@h 3RREPSAl | of

t he conpartnen ch onents.
Access to thes%%éénogj? {tl%?g&hnéet‘?rgleglﬁg§?’?srgeﬁ@bér%pégdl%fﬁ??y?%ﬁgg F%/machl eved

t hrough a variety of0181frCanpliarse, durationliohthesapy, rod dastiateinpastanhssketind

w ndow nmenbr ane oV at nt,
and the otic c%gﬁﬁgvg( gﬁb)%%l or?zp?egﬁﬁ“%?&tv%‘?% chﬁ1aer ghco%%ee?@d*dngﬁ%?
"m ddl e-i nner eampliartcer dpear tto mumequemuxctomdesmg Falatabditynof the agenisaid

herein, "mddle ear” s the p |oIo aj, o thssu ne
behi nd t he tynﬁﬁﬁ%enn‘gﬁ@\eﬁg (é‘ gsf g’a‘réo%ﬁ‘%ﬁfe iﬁ%‘eaﬂ%‘é‘é@g]oef hf‘aﬁle%loﬁér)ler
ear. [ Ofr3dlierfngesergaitiich tuherfemwnudanwrbmumve Shopteotduaaticed of
resident tine in the mddle ear,. and tg F‘eqé Wil | cPe &DI’E durabllg. .T|'|1is
durabi ity wil fhepaRy ingeeaserornliepee Ul sheyld A5, H7ed 2% WA EREaLAIYESY ogi cal
organi sms, as WRichc\asarfiBs BeaFed! e nadg Shdtandebypdlhtabmguitiatelydistemsinedecause
of its abl lity to nore conpletely eradicate the pathol ogi cal organisms.
[0135] As wi t hcemriancgdp shidreRar ed for optic or sinus use, constructs for

otic use are preparedabvasidtdiesdsiugiftist MediaUbktt@BEbdIr raffer | 418 efibode lom
| ayers at concentrations suitable to provide sustained rel ease, and in sone

enbodi ment s, centecttitiedanedipeare 67vopf BEiantpAeRIeP ArBIdd|SE" & Usian v e f or
desired delivepy, Hr@ra{?&? o‘PQﬁe elfﬁ}s@ﬁg'?s oRL@sl)s TR %aﬁyhﬁerg% I RhYIoRY&t ens
are prepared by faorm ng anes oOf acylatéd co en contai ni ng
ext ended t her aplast |ce8©33|®t@htcrrm iottiss n@ﬁfdl%@r%@ﬁwlﬁﬁﬁg@traﬁén‘é@%|h¢§r"ﬂ91e drug
containing co i g sphere
For “time per BB8 PuRaBr pdbi A s, bl SEhe ORRIG oF BidRORS Befpep ]
about 19 m nut esateglesuadigates d@omedl@l rireaimenst, IrabI&tIBHESWItbb@UfUS neediabout

17, about 18, or, about .19 nj , tinme
<" appr oxi mat efytenE 00 oS Bub A e TG RIEY rank ARSI
nitrogen (or othkesidoxyngestefoicdst) aat-milapineateryi drqgend‘\lﬁ/@\%)t mysotytiog eacdl | agen
films or menbranes with defined,r tion haracteri stics as described
herein, for exéﬂﬁrleé,s'v?ﬁ’?'@aﬁﬁn}e%ﬂf%%gﬁ?éy P g}?'about 1 month, 2 nonths, 3
nont hs, 4 nonths, 5 nonths, to about 6 nonths, or to greater than 6 nonths,
the resorption characteristics being cont4el | ed, at least in part, by tine
of exposure to ultraviolet light in a nitrogen atnosphere.



[0136] The features and other details of the invention wll now be nore
particul arly described and pointed out in the foll ow ng exanpl es descri bi ng
pref erredwoestmiigués and experimental results. These ex&Oplusg01aio¢sops ovi ded
for the purpose of illustrating the invention and should not be construed
as limting, particularly with respect to the exenplified drug. EXAMPLES
Exanpl e 1. Sustained Release from Milti-directional Collagen-based Fil ns
Preparation of Coll agen [0137] Purified, pepsin digested collagen at
3ng/ nL was obt ai ned0fl B3)rG okdroaacsydeditiones over, thenoptiraaldmeag@’aentz@fdomis h

glutaric anhydr] rey and
5,492, 135, I nc ga’ afl(l. CHVé&%SVag%QEﬂé%ﬁ é?fyf%bte Egatn %Qgrogtgs gg ut g/n was
SF{J?; Ieg ;ghsglrr?ggqumnlatghnlglahlyaatfai%(yNCMﬁha \A’dhbrieed?rltaibrer ltmgtrgém \gomldtb&)n

0 0O en or
the stirring cBRITALEY, tﬁq Eerlehéo%l-?vét’l}e %? rd:g Sﬂsotgjd 'f'Y'noéJlﬂ(%)H of
the sol ution V\@ﬁorﬁl“&meﬂtial ashiesh tnoreteflestiverand chhramd tﬁeawnblﬁﬂ Tioe pomwuat tate

the derivatized cal The preci |tat was centrifuge m f or
20 mi nut es and“?h%&?%d!9 5REdt TRRHgM 3o Presi $r%953”&9 Stz g( &)&?’%‘? (.’Jr%i hen

redi ssol ved i nppReseRebLE tisdsl ennrdy. &bk tMsDBQﬁ@ﬁ&ﬁIr@s bhﬁtf mey tid‘lta-ﬂ"gét)adtfar
achieve a fi na’fregt(r)nnecn?ntplz%tols(e)sn %]cclu%gprb%l an%t en|o¥ IlmltgéJ to 'the cochlea, the
endolymphatic sac/duct, the vestibular labyrinth, and all of the compartments
(and connecting tubes) which include these components. Access to these
and other inner ear tissue regions is typically achieved through a variety of
structures, including but not limited to the round window membrane, the oval
window/stapes footplate, the annular ligament, and the otic capsule/temporal
bone, all of which are considered "middle-inner ear interface tissue
structures."  Furthermore, as used herein, “middle ear” means the
physiological air-containing tissue zone behind the tympanic membrane (e.g.
the ear drum) and ahead of the inner ear.

[0134] Once again, the construct will have a protracted resident time in
the middle ear, and thereby will be more durable. This durability will provide a
more effective treatment against the pathological organisms, as well as
decrease the possibility of recurrent disease because of its ability to more
completely eradicate the pathological organisms.

[0135] As with constructs prepared for optic or sinus use, constructs for
otic use are prepared by adding drugs to drug reservoir films or film layers at
concentrations suitable to provide sustained release, and in some
embodiments, controlled release, for appropriate therapeutic activity for
desired delivery time periods. In some embodiments, the delivery systems
are prepared by forming films or membranes of acylated collagen containing
extended therapeutic concentrations of selected drugs and exposing the drug

containing compositions to ultraviolet irradiation in a nitrogen atmosphere for
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Preparation of Collagen Delivery Systens Containing Latanoprost

[0139] To prepare Latanoprost (13, 14-di hydro-17-phenyl-18, 19, 20-
trinor-praetagasdsn F2a- 1-i sopropyl ester) collagen fi lPag/useonafie@ps, 50pL
of Latanoprost in ethanol at 50pg/pL was m xed with 1nL of derivatized

col | agen descri bed above. The m xture was centrifuged at 3500 rpmfor 10
mnutes if air bubbles were observed. 100pL aliquots of the m xture

cont ai ni ng 250pg of Latanoprost were then syringed onto 8nmm di anet er

pol ypropyl ene timegerioTheanugifomeabeupliéiteabiut 18 miamesaabdutdiy thebautlut® i | t he
concentrat ed coII en y. | agen

Fil ns/ Wafers E{‘gs %Hgﬁa#ﬁgﬁgﬁfié’%%q@ ggeBr’?\G]I 19 ag&h 1%8 'brégtd@é)oﬁ aced
in a controll eds8 abrrmheme) atiautber horsbmenem@odjmauits rmel ekm:tsureammeenﬂ tting
254nm of irradiation iQr to activatin e ul t avi.ol.et th hamber
was flushed wi gﬂprﬁrmggﬂ%dg@ute&ft%pogumgtﬁ V'?J? lfrlaﬁ‘?ﬁf)%f" t EOQ&QRPFport
was closed, thethdl toxgyemliele) |a?llrlﬂibsy§l¢§re\4§t@ﬂdadstédttbeprtbdhd:ei@ehlagﬁmﬂm bi on
exposed to 254nmu|trawﬁhc$ﬂjrrad|a L Fl?i% hCE? %ﬂqle cont i nui ng
to flush the cREMEFNEOW fined r@ﬁ%r FLIEPYEE aF SF@% P lEerl al's
are referred texdigpiel Farfing ﬂ@iryg@ratezetalaﬁ iabBBY NAh@tR, 2 BonthEr Binierans ot

Col | agen Fi |l ns/ Waf ers” 41] Another set of filnwafers were

prepared as de8Onthsed amBuRs. tF’na*PcPHts6 CBUNS, LR, greate sy, Pymapinse dhe

films/wafers C%&b%ti&h%a?ai@&&ueé bbiRk RBARSIRS! aﬂ@ést"iﬁlEQﬁ MEfife RF BkgRated i n
0. 1M phosphate buffer for 7 days to permit initial bolus release of drug

prior to use |F9lé$(9\é9ﬁeh‘é9ht$” aTHEOISPAYRPERNSPs are referred to as the

‘pretreated films/ wahggSrhe f@atL{ 2hd Htl’P?ld¥f’é‘ﬁ§ Iof tHin GOl RARN &R 5e more
[0142] In situ pol r|2|n gen gel s was prepared by extensive

dial ysis of sapartiprledy mesambﬁsi 8ol ipgijded ayhimihe PlloamoveEmResideRcHiRD- wi se

preferred techniques and experimental results. These examples are provided
for the purpose of illustrating the invention and should not be construed as

limiting, particularly with respect to the exemplified drug.

EXAMPLES
Example 1. Sustained Release from Multi-directional Collagen-based

Films

Preparation of Collagen

[0137] Purified, pepsin digested collagen at 3mg/mL was obtained from
Advanced Biomatrix, Inc. and derivatized with glutaric anhydride as previously
described (U.S. Pat. Nos. 5,631,243 and 5,492,135, incorporated by
reference). Briefly, the collagen solution was adjusted to pH 9.0 with 10 N
and 1 N NaOH. While stirring the solution, glutaric anhydride was added at
10% (weight of collagen). For 5 minutes, the stirring continued, and the pH
was maintained.

[0138] The pH of the solution was then adjusted to 4.3 with 6 N and 1 N
HCI to precipitate the derivatized collagen. The precipitate was centrifuged at
3500 rpm for 20 minutes and washed one time in pyrogen-free deionized
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increase of pHto 7.5. Latanoprost was dissolved in ethanol and added to
pol yneri zing collagen gels to provide gel depots containing 250 pg of

Lat anopr o80/2000p87160! | agen gel . Eval uati on of Lat anopr oPCTRSR@EAHE0P$ Vitro
[0143] In the first experinent, collagen gels containing Latanoprost were
incubated in 1.0 nL of physiologic saline at 37 C. The entire 1.0 nL vol une
was renoved at tinme periods ranging from1l day to 27 days and replaced with
1.0 nL of fresh buffer. Latanoprost concentration in buffer aliquots was
measur ed by HPwGteamab \tisérs redidsiolvedrin phofeséa bofferl(@Hdr Miphosekate tbfeedH on at

Curves. gener at £d) © 2cfiele S STkt BA R ARCEAR PRER ST G i amot er

polymerized films/wafers were placed in 1. 5n1_ Vi als containing 1nL of 0.1 M
phosphat e buffer, priepardtiofiloéCollaien Delive &N H piletanbpwst enper at ur e

charber 37 C. gt ey o AGE oSHR A s on o

for 18 m nut eStrmAt—pmtaglmﬁm IFQa-1 isbpropgll estén aollaggn mlm$odayafa’805®uie0ént| re

1.0nL of buff h uf fer.
L o e Bt S ORI PR TSl Pl L
(Cayman Chemi c@égcrioBifabete hasetninturewes deptrifgyedeatBso0 rfprrofnrtﬂ@emih&tesl ihute UV

exposed Lat anoprost, sanpl es out re tha 0 days. .sec of
filns/wafers eg'ﬁggg?i“’? e{R/OP$G"Y aﬂ&@ﬂ' ?'WO{%AP%% %gren n'f]g(iggﬁql 8Fde
after 180 daysiathRbprodl wWefs Uhdrs sqfifgddl 66@NBREh ikinester /ad@ptopyrmle MeRaY

lts f Lat t trat third
Cxcpor i ment. 1 h 68 TSI Vet BRCEINA IoHRR ISP ARy SariconieREr i aladen |

contai ni ng 250p@s ehtdrRbriteMa8%ky Per wafer were placed in 1.5nL vials
containing 1nL of 0.1 phosphate buffer, pH 7.4. The vials were placed in
acontrolledterrperature cha at ?1:7 C various tinme intervals from
day 1 (after pretr re 1.0nL of buffer was

removed fromthe vighgomnd ae agl%ewﬂlmsfdraﬁéfe&u\fvé@ pIaG@di lireat @shtroldetf f er
solution was then assayed for Latanoprost usin

Cheni cal ). Buf a@ao%gr%cﬁh@mh@édcwala@gr @%V@@Vg’}%rﬂ% qy tﬁ‘%cg)rl’gam Snpl es

out to more thanqkddndaysor tb@ét.k/@thngaﬁ@amré\ﬁé@{ faPnprtRe RMEHBBE Qs TRk BYE
Addi tional assay results of Latanoprost release fromday 70 to ddy 148 for

the pretreat edWith |NitEgaRRf @3Ss A@ebéﬁainﬁgs of flushing, the exit port was close
ultraviolet lamp activated and the collagen composition exposed to 254nm

ultraviolet irradiation for 14-18 minutes while continuing to flush the chamber
to maintain chamber expansion. The resulting materials are referred to herein
as “polymerized films/wafers.”

B. “Pretreated Collagen Fims/Wafers”

[0141] Another set of film/wafers were prepared as described above.

In this case, however, the polymerized films/wafers containing 250ug of
Latanoprost per wafer were pretreated in 0.1M phosphate buffer for 7 days to
permit initial bolus release of drug prior to use in experiments. The

preparations are referred to as the “pretreated films/wafers”.

C. In Situ Polymerizing Collagen Gels

[0142] In situ polymerizing collagen gels was prepared by extensive

dialysis of salt precipitated collagen against 0.035 M EDTA with step-wise
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[0146] Both in situ polynerizing collagen gels and solid coll agen
films/wafers produced sustained rel ease of Latanoprost. HPLC anal ysis of

rel ease fwornmtamaspesl ynmeri zi ng gel s showed a | arge i niti &CTASREAHE6008

Lat anoprost from pol yneri zing gels added directly to buffer solution

foll owed by sustained rel ease averaging 1.4 pg/day. (FIG 1, set 1.)

Pol ymeri zing gels partially pre-polynerized before placing in buffer

sol ution showed reduced initial release followed by sustained rel ease

aver agi ng 1. 68inpgadayof p(l—FItcﬁ? 8, Lanoprost Relsedissol\fadoim efbhsolvarsl addad &t eady
state following a |large b Ius rel ease of . t 3.

[0147] Rel easeg‘?IY'Bﬁ{'{ﬁﬂ poi g?ﬁ%?&%ﬁa‘f} P%/)qgfggfsa%%gs r?Sé‘EW%%JQL?& K Phe

Lat anopr ost El Patkhéprbsroopaystagdengsti cal Conpany fol | owi ng kit instructions
out to 180 days. (FIG 2.) The pretreated UV polynerized fil nms/wafers
(pre-treated in buf er for h d |y steady state release for
the 70 days neasur ed=o I ; i
Col | agen Fi | ms/ \\af 0$43] In the Eu&lét&beiﬂnmenhg:dllagm oels cmiainatg tatanoprosf f er

| ut th t I ! I t
Chr oughott 1 hoWe BR8N A fibr FLBSAIAO sS4 o ot s Faleat? ik o

col I agen fil ns{giaherwas eamaied g tined Eﬂcﬁdspﬁéngl’rﬁyfﬁbne(ﬂ dayt ac7tdeysugitbut t he

testing period noted above, Fil exposed to UV irradiati for 14
M nutes began te'asegr Wit 128 ek #?@\,%a erEi FARPRIPET Sorsghye %r‘t"?)%U@e

irradiation fogjigltdn NgsesSmaBogaEedoy ntHem_tc epalysikt e(fM.Qé#&m@IﬁySReé%raeérr eat ed
films/wafers appeared intact after 145 days of i ncubati on. erag

Potential of Lbakaisioriesk Relecteat 1anesTanivalerasyalifated using LaF@?

Resul ts of Latetaﬁ@ér%tana%ﬁeéﬁra@%ﬁ%me@eﬁefé@éaanstrate the potenti al of
provi ding a durab ant for sustained rel ease of Latanop rost f.or

ef fective treat rrent[oﬂ)ﬂ)]gjm allieofecond expeigReBotiaur ﬁ”‘sﬁ‘t@la%Fe}Fnﬁ? YPerged
col | agen gels ﬁ\ﬂ%/\l?/g\‘@rﬁc??/ El‘égec\f""ﬂ qromhll Via@c&rﬁé‘im\gbﬁ‘mk'%@@1 M bh@sﬁﬂa&?‘t ment

of glaucoma if such epots were injected (gel) i npl ant ed
(wafer) in, fobuffeapidl7es. tThe vm)werq placed e cepsalied teméeiﬁt@@r%ﬂ@@rwaf ers

brovi ded a_susifl ged el ans & AR wEREeldlibh 8 URFSEIRBGP R At LR, the

pol ymeri zing geé on t sust al ned rel ease observe roug ay 180,
it is anticipaleesetatd sd’l@fﬁhm!/\agf@rs wafeeemoaawh toEVigadiation ths|1Bveinutes.

Lat anoprost f oy, t & tion,
and even Ionge &%ﬁ‘%\?e‘w %‘é?rg%!asf%%%}z Q%QP%‘% gﬁegrg%a@g P)rfllg ﬂg%sﬁdy in
Rabbi t s removed from the vials and rep!aced with fresh buffer. Collected buffer

solution was then assayed for Latanoprost using an EIA kit (Cayman

Chemical). Buffer has continued to be removed from the 18 minute UV
exposed Latanoprost samples out to more than 240 days. The second set of
films/wafers exposed to UV irradiation for 14 minutes began to degrade after
180 days. Initial results are presented below. Additional assay results for
Latanoprost concentration is pending.

[0145] In a third experiment, three pretreated 8mm diameter
polymerized films/wafers containing 250ug of Latanoprost per wafer were
placed in 1.5mL vials containing 1mL of 0.1 M phosphate buffer, pH 7.4. The
vials were placed in a controlled temperature chamber at 37° C. At various
time intervals from day 1 (after pretreatment) to day 70, the entire 1.0mL of
buffer was removed from the vials and replaced with fresh buffer. Collected
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[0150] A Stage 1 PK study was conducted in the rabbit nodel. Six aninmals
were included in this prelimnary PK study. Collagen filnms/wafers were
fabri cat ewoasi2da8usi bed above and cut into circul ar shapes/uskoiappiooxi mat el y
5nm or oval shapes approximately 4nm wi de by 3mm | ong. Latanoprost wafers
were | oaded with either 100pg of Latanoprost/wafer or 200pg of

Lat anoprost/wafer. The conjunctival tissue was prepared for wafer insertion
by exposing the superior-tenporal bul bar conjunctival area in an area
approxi mat el y mumemnnmmohrwastmgwaanwedﬁodLwhuemaaﬁu@hgsmcEVh@t(®ayman

conjunctiva w sci ssor M CrOSCope r r aced
into the conj uhg? B n%\“ﬁ folfe as Icf?ngg%eqc%%s%es reﬁwé)v%f%?rﬁ\a\{@r Z‘at%f)%g
before inserti Qairnpl‘ée\oentdimys& ﬁhehhqwaags wafite absegertilenareyméssriedeelowr enoved
and the follow sues and flujds were renoved for i,n ueous

Fui o i or eoueddnpndssay s pLLABndSRS: ERer fom dhw/ GIa AP 14fbrRe

conj uncti val E@ﬂé@tedﬁﬁlmgm&er‘%aﬁpéﬁtﬁn re assayed for Latanoprost acid
using the EIA kit from Caynan Chem cal Caonpan Lat anoprost é:l d was

detected in all rabSifClRAIBOS SdanpRlwger pgen agls 1andyspld RIS at ed

by possi bl e i nfgideaRRCBrdduesd seBRRRRINRASaskISs Bdiend dﬁgstanHPDQdét%ydlsﬂ of he
rabbit aqueous. Final results are pendin 151] Exanple 2

Sust ai ned Rel efgeaser dranunthedirelysiargigl Ise!ﬂ@é’ﬁdbés@igﬁ |”'t‘1t§=‘| release| §f52]
Reservoir Laye[ ataRBbiokt ﬁem wﬂﬁb&@% %@f%t&f&e‘acﬂnle% 'Eb ahffénwlmera RllGRsRI ned

from Advanced Biomatri X, rivatized wt | utari c anhydride as
previously desby Bhetdingd), rgeasggverm@g 154 Bg/dap4dlend, 89t419)2 Pobmyerizmgigals y, t he
col I agen sol ut Hied: L&
stirring the s r@tap%ﬁ?éjgpubgﬁz%&ab%%g é ;@5%&%23’“%0@ wei grhe}%o

col | agen) . For ingiafir¢leasss followed diyi Sustamged @Iwﬁtawmng aks Itlgiéa)pH(lﬂﬁl At ai ned.
The pH of the I S5

precipitate t hg&delt)l \C/F{ahll zedﬂgﬁ)l'l ?%ﬁ£§$ﬁépsféggyvgt%%t@”lg{gﬁgen&?'{él?:@ehéé

3500 rpm for 2tcleaseutfep tandyWashte Yne tine in pyrogen-free deionized wat er

and then redissol ved i 0S 7.4)
to achieve a final @8?1@4%??%% p{}{% LW 8@?“(%%?%’83‘@%‘9%?%%%1%&% e%usn%‘lw]
]Ic?,ar ri % LayegI ; ’I:BH&JrLlaEar'@qdroqmeEm mtdfrgestcmynml L()I@encait C8mpany. ﬁoH%\mggaighed .
rom Advanced Bi rix c eri ut ar r.i an
3-styrene sul fﬁ‘ﬁt}}qat Wtdg’ 5@8 Bt OL(EI% %g c-llrﬁleb@d3 EJ&% b&a Iy§1 25?96427)
ﬁ;iqelf I th It he fﬂllrﬂs%g@f@{imréltlreaj[fed th adifersfoed-1® dﬁﬁé 9hzfjbl i méargf%tgh@}?dtf(i)eo/N

ile stirrin e sol ution, ric an ride, i a 0
(wei ght of col redgRs) for ﬁ@ﬂ%dwsrfn%%ﬁefimowmw "gai’“@”&o@:ﬂgnggd and the pH
mai nt ai ned and 2% 13-styrene sul fonyl chloride added at pH 9.0 and stirred
for another 10 m nubegradatieh @ﬂ-t@lfaq‘ehﬂm@?wéﬂem is then adjusted to 4.3 with
6 N and 1 N HCl toort())regll| itate the derivatized ?Fg The recipitate is
centrifuged at 3500/ N2 dn Vit é'%cu Shelf ef { $rEutign odBntY ee
dei oni zed wate ol?ménhhgrbduagé@@e|sv@lnaunedﬂpmhawo@gﬁ&wthé Q?OdayMe@hﬁ@phate

buffer, pH 7.4 o achreve final concentration of anrom mat e

|
Preparation of PeiRd @ne kavesdal Incsirpagerpaten . edagen A ﬂwﬁﬁ%%ﬁéﬁg@g [0154]

To prepare Lat pa@R6ERSt Lf'@in'ameﬁeﬁ{técﬁnﬁlro@{ohﬁgﬁé‘ tteét'ﬂ?rpeﬁ@@%&éd Lagc@opr ost
et hanol sol ution contal ni ng 84|S m xed wth gt;Iutarlc
Films/wafers exposed to UV irradiation for 14 minutes began o degrade after

180 days. Films/wafers exposed to UV irradiation for 18 minutes appeared
intact even after 248 days. Pretreated films/wafers appeared intact after 145

days of incubation.
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anhydri de-derivatized collagen (reservoir |ayer) described above. The

m xture is centrifuged at 3500 rpmfor 10 mnutes if air bubbles were
observed.wal2otmsasof 100pL are syringes onto 8nm di anePET/(sed1yp4@ps | ene
nol ds or onto plates. The nolds/plates are placed in a | am nar fl ow hood
until the collagen plus Latanoprost is partially dried, appearing slightly
gel ati nous. A layer of barrier filmcollagen conposition is carefully

pl aced on the surface of the reservoir |ayer and the mells placed again in
the steril e | am narTli¢repettodeotentidf of | gtadedrps 2ge :

[0155] The dried co f %Tp g | ' hanber
containing an ult ra@Hgﬁgﬂeﬁdg %#e%@b%rggtzéélﬁ%eog%éﬁg at| on ?‘%r

acti }[/ﬁ.tl ng thepbﬂig’hﬁaﬂvqudretndlngna);dul:ai’mﬁc gmiafgteﬁor lse?téined]tre;dalaseﬁiﬁ Llatetnopgnsh g?s
or o ervvlserne er nut es, o u |n Xi
port is closed Ort?\ 'V?r%ll%?e(meg aﬂﬁu%{’é?? vat & dbf)We'rb& Fa% 8%&%& tion
exposed to 2546@nagbhrg@vs ahethd CdSII@QEﬁTWa@é‘rsiflons ?c&ulmueuus@sl inhé eeatomdntobii ng to
flush the chanber to r? chanber ansi on. nned Eval on of

Lt anoprost b1 BRUSTBA T HTGH6IBSPs FepOEyaE Tecist (Geif 8h FapSpie Relehiod i1 s
are cut to tighrl sxdnhdle Othd Bebéddjar@nvé}fsp%mb, tﬁ@@ﬁétﬂiatécﬁ,waﬁeré5p@viﬂﬁhom
Menbrane, Centrifugal Filter Tubes. Buffer is placed reservoir side

th
of the fil m an8UsipiRgddelease witheut tﬁ@d'ﬁﬁ?'&”rﬁtcﬂbsf“ﬁgd’y'th gne ¥raenzng gelyr s,

and 48 hours. é%ké’dJ%hstthsu%%éHJfé(l@Jsep@&%N&i ks Rmobay heo fit |:sﬂbﬁtfd|r§£éd are
anal yzed for Latanoprost. Control fil thout barrier filmare

tested. Latanofié$e edlegentwaleisoran e H‘é%f’st?r%?:l'va"s'—%fég%?rp%f@r ?rPeE'?Bé’rflaFrent 1.
It is antici pafe%@[ ﬁh@% tﬁ@%l@hﬁﬁf@é@ﬁn@f&%ﬁﬁd@%ﬁ Neh!lofruitépiRible

ef fecti veness arrier layer in preventing Latanoprost d| ffu5| on
t hr ough t he bamayee feasible; t hus providing uni-directional filnms to enhance

the effectiveness of, drig 0157] Al though the present
i nventi on has been %QSCI’I gé‘gllegm@§ﬁ:dye?§ragﬁués{e to exenpl ary enbodi nents, one

skilled in the art [©4A0khsitage dsEBrstatyn waSscoas@getndnaltheHabblt:mmdet_t iS% and
ui thout  depar oS¢ QTGS i A0 SORS PRIGRY, HlaBK Sinfal bR

changes and no catiohs © e i nv I on o various
usages and condiete ofabricaiboseas skeddribddi abovee andt owk | |htor edroglar zehapesbef abl e

to ascertain usi no .nore _than routine ex erl a i val ents
to the specifi@P %’%’Bt%qtﬁlﬁ frgmer ?Wgsl AOEhEP rr?xm?' 3‘& ‘Im% wgelé}uﬁﬁﬁjf]éon 5 are
i ntended t o beleataeopmpas seders nwérkeloadepavithf eitiee 1D0pgeoft Lataneprbstomafer or

200ug of Latanoprost/wafer. The conjunctival tissue was prepared for wafer

insertion by exposing the superior-temporal bulbar conjunctival area in an
area approximately 1mm away from the corneal limbus and dissecting the
conjunctiva with scissors under a surgical microscope. Wafers were placed
into the conjunctival incision. In some cases the wafers were trimmed before
insertion. Seven days following wafer insertion, wafers were removed and the
following tissues and fluids were removed for testing: aqueous fluid, vitreous,
iris/ciliary tissue, and inferior and posterior conjunctival tissue. Aqueous
samples were assayed for Latanoprost acid using the EIA kit from Cayman
Chemical Company. Latanoprost acid was pletected in all rabbit aqueous

samples. However, results were complicated by possible interference from
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[0158] Al references, including patents, publications, and patent
applications, nentioned in this specification are herein incorporated by
ref er encewOreot2mas8sane extent as if each i ndependent publPCTAIS2@N/ 04998 ent or
pat ent application was specifically and individually indicated to be

I ncorporated by reference. W claim 1. A coll agen-based,
ultraviolet radiation crosslinked, film wafer, or nenbrane construct
conprising at |east one |layer of chem cally derivatized collagen and an
anount of an ophddynous Ig@tdnd, Ig&r amtiealesdn ue ralatit ipeduswFinat exsulls aegjueous
solubility, V\/nerrgC}n the amount of the drug is sufficient to provide a

t her apeuti cal | §¢'&'"f%cti ve amount of drug per day over a period of about six
nont hs, and furtherowberBiangld . CONRGAIneE RsschRem BXpdisstional Obllagawi ol et
radi ation crosslinking for a period of 17 to 19 minutes in a | ow oxygen
environment. Pased FiBNS The col | agen-based film wafer, or nenbrane of claim

1, wherein the drUQ[tOﬁ'S?ﬁ%Eger\!rd?r Mv%rfpdrrrbdwé;ﬁn d:gésta@&bna@w atssnfgeml_5§ ant to
renoval by a 1 day treatment 1n an _aqueous buff

col | agen- basedobteingd epmer Ad ﬁ”%rrtﬁ*%fﬁét”éf lag- alar'Fle dev%i@tl‘z@idn "Y'We Q!Htaﬁc
present in theghp d?]de%f;ﬁ'EV|09§|y’E°e§@r"t§Hae(U 8. P@ts'l\f%%aﬁ%ﬁ ]?4BGJHEIV@h9i3Y355) 7 day

treatnent in an aqueous menbr ane of

any one of cl aBrgflyl the cgllaqe@r&qhérondérﬁﬁim%%@ %Ht?aﬂ witar10 Nyasd HN ¥8PHagen
derivatized by ﬁ ﬁgﬁ 'tﬁ I;EBE glutaric an drfde® %&%‘d‘ 2P 3994l (wiight @Y1 ol et
radi ation crossl i Rke er, rane I very syst em corrprl si ng
at |east one | aqﬂageo)‘ @out%muwt%mrtpdraﬁﬂmamqpawtcmtz@cﬂ ansl %/hﬁglé‘rﬁ ragigtained) east
about 150 pg o S er.e t Ofy ARar An been
crosslinked w ﬁnéﬂf@&g%%é’e{)@m%d{sa%?gn %{té# roﬁﬁgh 6 Ig m nut gsﬂcmé
precipitate the derivatized collagen. The precipitate is centrifuged at 3500

rom for 20 minutes and washed one time in pyrogen-free deionized water and
then redissolved in phosphate buffer (0.01 M phosphate buffer, pH 7.4) to
achieve a final concentration of approximately 30 mg/ml.

[0153] Barrier Layer: Purified, pepsin digested collagen at 3mg/mL is
obtained from Advanced Biomatrix, Inc. and derivatized with glutaric
anhydride and B-styrene sulfonyl chloride as previously described (U.S. Pat.
5,480,427). Briefly, the collagen solution is adjusted to pH 9.0 with 10 N and
1 N NaOH. While stirring the solution, glutaric anhydride is added at 10%
(weight of collagen). For 5 minutes, the stirring is continued, and the pH
maintained and 2% B-styrene sulfonyl chloride added at pH 9.0 and stirred for
another 10 minutes. The pH of the solution is then adjusted to 4.3 with 6 N |
and 1 N HCI to precipitate the derivatized collagen. The precipitate is
centrifuged at 3500 rpm for 20 minutes, washed one time in pyrogen-free
deionized water and then redissolved in phosphate buffer (0.01 M phosphate
buffer, pH 7.4) to achieve a final concentration of approximately 30 mg/ml.

Preparation of Uni-directional Collagen Films Containing Latanoprost

[0154] To prepare Latanoprost uni-directional collagen films, 50ug of
Latanoprost ethanol solution containing 50 pg/pL is mixed with 1mL of glutaric
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6. The col |l agen-based film wafer, or nmenbrane of claimb5, wherein the
film wafer, or nmenbrane provides sustained and/or controlled rel ease of
about 1. 5wpgol2ausmnsépr ost per day for at | east about 6 nmPoThs2000044008 | ess
than one year. WD 2012/018715PCT/ US2011/ 046098 7. The film wafer,
or nmenbrane delivery systemof claimb5, wherein the film wafer, or

menbr ane conprises at | east about 300 pg Latanoprost to provide an

ef fective dosage of about 1.5 pg per day for at |east about 180 days of
sust ai ned and/ aihyaeidesdetil attkededoilagary(reservoir lay&) débeibedldbagenThasextufe | m

waf er, or nenbrane o wher gi n at anopr o t fil
waf er, or nenbﬁsaﬁ%‘tf‘ffé'gﬁgs?tg%gw '®Y ﬁ%éﬂtﬁ/m'mb?sd fPr %@)bﬁ Xfeﬁg cfbsgwtege o
aﬁueoug b\lll\;]f erAhqt{oﬁs ofL1£9OpII|aﬁe epiigRgeshtd Baen d‘arh@ter V\@dlﬂmropyienemrdildsane of
claim erein the Latanopro resent jn

resistant to r@nBvRIptesy h?%%@“?@é%ﬁ AtnPlars érha (?Ug}c‘) hpgarunrﬁa@rane 'S
The film waf eggliagkn r&u@[@%oﬁifosﬂrypémgl faried aarﬁﬁeaﬁngwxghtlj géltah@cﬁus A
conprising a barrier |ayer of | agen derivati zed Ms&%g acyl ation agent.

11. A net hod f@wewfekp%rflern@nhc@@s;ﬁre\gempsa@%'SrWﬁ{U" ReHRcHE
o b “Cont o FETEBE B ARG ot kS st o i nec
to fully dehydrate the unldlrectlonaf film. conpri sing:

[0155] The dried collagen film is placed in a controlled atmosphere
chamber containing an ultraviolet lamp emitting 254nm of irradiation. Prior to
activating the ultraviolet lamp, the chamber is flushed with nitrogen gas or
otherwise rendered oxygen free. After 5 minutes of flushing, the exit port is
closed, the ultraviolet lamp activated and the collagen composition exposed to
254nm ultraviolet irradiation for 18 minutes while continuing to flush the

chamber to maintain chamber expansion.

Planned Evaluation of Latanoprost Diffusion though Barrier Layer

[0156] Polymerized films are cut to tightly fit on the filter of 2mL,
nonsterile, 0.45um Nylon Membrane, Centrifugal Filter Tubes. Buffer is
placed on the reservoir side of the film and placed in a 37°C incubator for 1
hour, 6 hours, 24 hours, and 48 hours. Aliquots of the buffer passing through
the film/filter are analyzed for Latanoprost. Control films without barrier film
are also tested. Latanoprost concentration is measured as described in
Experiment 1. It is anticipated that the diffusion experiments will demonstrate
the effectiveness of the barrier layer in preventing Latanoprost diffusion
through the barrier layer, thus providing uni-directional films to enhance the
effectiveness of drug release.

[0157] Although the present invention has been described with
reference to exemplary embodiments, one skilled in the art can easily
ascertain its essential characteristics and without departing from the spirit and

scope thereof, can make various changes and modifications of the invention
54



(i) preparing derivatized collagen; (ii) dissolving the derivatized

col l agen precipitates in physiological buffer at concentrations ranging
from 10 rgOre12#w880 ny/ m; (iii) adding active drug i nPam/Gseeinoy60asd
concentration sufficient to provide sustained rel ease at therapeutic |evels
for at least 3 to 6 nonths; (iv) optionally centrifuging the

drug-cont ai ni ng, derivatized collagen to renove air bubbles; (v) casting
the col | agen-drug solution into a thin layer or onto a nold; (vi) drying or
partially dryitgadéet idbutarionstusapes and €onditionsefbeseekilled indherart V\vl{)

2012/ 018715Pd(e%§59i}%/09%g0a%§e to ascertain using no more than routine experimentation,
many equivalents to the specific embodiments of the invention herein. Such
equivalents are intended to be encompassed in the scope of the present
invention.

[0158] All references, including patents, publications, and patent
applications, mentioned in this specification are herein incorporated by
reference in the same extent as if each independent publication, patent or
patent application was specifically and individually indicated to be

incorporated by reference.
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(vii) exposing the film nenbrane, or wafer to ultraviolet ("UV') radiation
in a |l ow oxygen atnosphere for fromabout 17 to about 19 m nutes; and
(viii) rewoverymgrishe UV-crosslinked, drug-containing, PCTMS2emeipsane, or
waf er . 12. The method of claim 11, wherein the ultraviolet radiation
exposure in step (vii) is for about 18 m nutes. 13. The met hod of
claim1l, wherein the nmethod further conprises treating the UV-crosslinked
col l agen construct an aqueous solution for about 1, 2, 3, 4, 5 6, or 7
days. lawelkigimret hod of claim 11, wherein the drug is Latanoprost in
an anmount sufficient to rel ease an effective dosage of about 1.5 pg per day

for at |east about 0d 5. Th rreth d of ¢ rein t he
met hod enpl oys partl (ﬁ é@[@gegfbats?é %%?W'@Sterﬁd 8@1 CE°(§‘Flﬂqiegn#1fTh “)sg?ej’pg( Vi)
and wherein trﬁleﬁﬁrﬁg&cénﬁtﬁuh%%rﬁmg atasaarmbyam oaclb@‘hrcalﬂa,rdéramemd
conprising collagen derivatize an acyl ation agen rtsa
barrier to diffSQ98n 3B at”l‘%“?f‘r”?}é’?}éﬁ H@aﬁ?‘ae"tlﬁ Of %saﬁp %ﬁfal?n%?]

nenbrane prior wheriek b&@é’d&' ﬁluﬂxlﬂ?'@ﬁér@m tﬁé amolMi dfthe drug is stfficieft to

col | agen-based fil mor nbrane pr egare t he net hod of any one_of clains

11 to 15. proyige Wr\?ﬁﬁ%@lc@w qifeshys AHOUNM Al P ARYIVST ﬁ@e&a?n% stering

to the eye of g,gltaUCHABRBAAAERIthEhRhERI MERBNBIRSR thas Bebh @¥p&dedttor adi at i on
crosslinked, film wafer, or nenbrane delivery system conpri sing

Lat anopr ost of utgﬁy:o@ﬁéaq;atlcm gpaginkingdorigperiod of 17 to 19 minutes in a low
oxygen environment.

2. The collagen-based film, wafer, or membrane of claim 1,
wherein the drug present in the film, wafer, or membrane is resistant to

removal by a 1 day treatment in an aqueous buffer.

3. The collagen-based film, wafer, or membrane of claim 2,
wherein the drug present in the film, wafer, or membrane is resistant to

removal by a 7 day treatment in an aqueous buffer.

4, The film, wafer, or membrane of any one of claims 1 to 3, further

comprising a barrier layer of collagen derivatized by an acylation agent.

5. A collagen-based, ultraviolet radiation crosslinked, film, wafer, or
membrane delivery system comprising at least one layer of glutaric anhydride-
derivatized collagen and at least about 150 ug of Latanoprost, wherein the
film, wafer, or membrane has been crosslinked with ultraviolet radiation for

from 17 to 19 minutes.

6. The collagen-based film, wafer, or membrane of claim 5,
wherein the film, wafer, or membrane provides sustained and/or controlled
release of about 1.5 ug Latanoprost per day for at least about 6 months but

for less than one year.
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7. The film, wafer, or membrane delivery system of claim 5,
wherein the film, wafer, or membrane comprises at least about 300 ug
Latanoprost to provide an effective dosage of about 1.5 ug per day for at least

about 180 days of sustained and/or controlled delivery.

8. The collagen-based film, wafer, or membrane of claim 5,
wherein the Latanoprost present in the film, wafer, or membrane is resistant to

removal by a 1 day treatment in an aqueous buffer.

9. The collagen-based film, wafer, or membrane of claim 8,
wherein the Latanoprost present in the film, wafer, or membrane is resistant to

removal by a 7 day treatment in an aqueous buffer.

10.  The film, wafer, or membrane of any one of claims 5 to 9, further

comprising a barrier layer of collagen derivatized by an acylation agent.

11. A method for preparing a collagen-based film, wafer, or
membrane construct comprising a therapeutic drug and capable of providing
sustained and/or controlled release of that drug, the method comprising:

(i) preparing derivatized collagen;

(i) dissolving the derivatized collagen precipitates in physiological

buffer at concentrations ranging from 10 mg/mL to 100 mg/mL;

(i)  adding active drug in an amount and concentration sufficient to

provide sustained release at therapeutic levels for at least 3 to 6
months;

(iv)  optionally centrifuging the drug-containing, derivatized collagen

to remove air bubbles;

(V) casting the collagen-drug solution into a thin layer or onto a

mold;

(vi)  drying or partially drying the solution to form a film, membrane,

or wafer;
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(vi)  exposing the film, membrane, or wafer to ultraviolet (‘UV")
radiation in a low oxygen atmosphere for from about 17 to about
19 minutes; and

(viii) recovering the UV-crosslinked, drug-containing, film, membrane,

or wafer.

12. The method of claim 11, wherein the ultraviolet radiation

exposure in step (vii) is for about 18 minutes.

- 13.  The method of claim 11, wherein the method further comprises
treating the UV-crosslinked collagen construct an aqueous solution for about
1,2,3,4,5, 6, or 7 days.

14.  The method of claim 11, wherein the drug is Latanoprost in an
amount sufficient to release an effective dosage of about 1.5 ug per day for at

least about 180 days.

15.  The method of claim 11, wherein the method employs partial
drying of the collagen-drug solution in step (vi) and wherein the method
further comprises applying a barrier layer comprising collagen derivatized by
an acylation agent that imparts a barrier to diffusion of the drug to one side of

the film, wafer, or membrane prior to ultraviolet radiation step (vii).

16. A collagen-based film or membrane prepared by the method of

any one of claims 11 to 15.

17. A method of treating glaucoma comprising administering to the eye
of a glaucoma patient the collagen-based, ultraviolet radiation crosslinked,
film, wafer, or membrane delivery system comprising Latanoprost of any one

of claims 5 to 10.
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