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WD 2007/ 100745 PCT/ US2007/ 004874 APPARATUS AND
FORMULATI ONS FOR SUPRACHORO DAL DRUG DELI VERY

w@e@sdered erence to Rel ated Application 5 [ 000RGT/TR®07/004874

priority of provisional US application Serial No.

60/ 776,903, filed February 22, 2006 is clained
pursuant to 35 USC 119(e). The provisional application
is incorporated herein by reference in its entirety.
Field of the Invention [00021 The invention relates to

gggk;;g'ugdog %wsm&k £46TIONS FOR,
organ with a Zﬁﬁﬁ?@@‘@?ﬁ&

provi de the optical and neurologlcal processes for
vi sion. Accessing tCreseRefdrence

' r-pk d e u
(BB B Hidhtdf ¥ @Hva?*’%%g?%n i S%". NG 8@/”39903 filed
tFebruazy QﬁaZOQﬁais wlaamead @utspm'ntdo BEIEC 1il Q(eé;s fbe lped\hzyoljﬂ application
diffi cult t cessed position of

1§ InC erel E rtgde 1‘ishet et
ﬁé"é’i’P ﬁ?% FPeal™ &850 g§/y|n addi ti on,
topi cal eye dr ops penetl?iaﬂa)frme[ﬁﬂntm:o t he posteri or

further e trigcti treat nt 0 00041
HOA phetveramisicya b b orgbtAar B 8 e« ne
eye that is |ocated bga und ¥ IaRe&iwdil, which is the

| nn ascul ar tuni c the sclera, .the
0@ cTherey effe? “ThE ewmw&ﬁa varfety 9f spedd t?@ﬁ&s féshpt provide

tth@ oPACE A nBGroldgiehl ProédiSeseiR VISidh. t RBcdskinkathy &RUfr medical
to the posterior end of the eye near_the optic nerve.

Neasmenty is; hindexedpby dhe se1adlapize adedelicalropatays @érfhe disgucs.  The
t;Q)s{etPi%r cASE oflﬂﬁoecy ! iludeie Eh@ereﬁm rrﬁ’éc@la{ thd Hftic §é}k'@ li& especially

fromthe 1ntraocul ar pressure of the eye. Si'nce th ere ’
i diffirplistopseenstdug|to the regessed pesition phthedysrwithinithe pﬂetal cavity. In

u h
SEURLG bhRal] SSUBRGSCRAIAA LRl Bl poncor oo, e
aestecting trdatimenheptimsur . The supr achoroi dal space
' . al ri -
AORAL P AR oh LS R aF Sihe b B SAATN Rbl beveen
kﬁ@@ﬁdro‘fd;ewpmhse e irmee nas;ctularltamd; amtﬂmdsdicradmegouter layer of the

d h
e R oA aEe PhoRls P Bauiol IFGIE Be e near the

sdiligryabedys to the POstation bad lof the\eysi iwar fthe ptio nedvé. heNormally the
hor, oi.dal ace 0Q61 Dru
PSRRI SPar S Rt v T YL e P FeAPRGRign 2 e choroid to the
Sdehd ﬂd)ri‘acﬂﬁﬂ wra%ulai presafd oBQGHe 08K, NTRifice A& bl ﬁ(SSsubstantlal
of tg‘g dru ions is further characterized
F?SP e ﬁ ?ro e‘gF Relfraa s tssugsoseppate o forp %‘}{’ra"h"m‘da]
Ssﬁﬁ@é wheh §luid accumulation or other conditions occur. The suprachoroidal space

provides a potential route of access from the anterior region of the eye to treat the
posterior region.

[0005} The present invention is directed to drug formulations for administration to the
suprachoroidal space and an apparatus to deliver drugs and other substances in
miﬁimally invasive fashion to the suprachoroidal space.

Summary

[0006] Drug formulations are provided characterized by a zero shear viscosity of at
least 300,000 mPas. A subclass of the drug formulations is further charactenzed by a

viscosity of not more than about 400 mPas at 1000 s shear rate.
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WD 2007/ 100745 PCT/ US2007/ 004874 [0007] For injection
into the suprachoroi dal space of an eye conprising a

whe@agi7eml |y active substance and a thi xotr optT/US2007/004874

pol ymeri c excipient that acts as a gel-like nmateri al
to spread after injection and uniformy di stri bute and

Jﬁé@}d oer|qt1,]|'e]e dr I n a re g:}a? Fpace o‘%&?‘g %ggggglgilngaal biologically

GcloS kmu%kai.caah@ a tﬁndoﬁbﬁﬁ:t ;bdlﬁnbﬁlé exdipRntihat agbas Qi géahke material
space. The bi.ol ogically _ active substance may

se
ﬁ?émfaa.af% fégetion andcrafosmby distribpianblagalizg the “druf in a region of
sﬁ?ﬁ@ﬁorﬁﬁﬁél GRAY. | SR okl 2hibo8 rihé‘ma?bﬁhk& heqtehigl EdoSslinks after
gel atin, polyhydroxyethyl net'hacryl ate,
dmenmn Antosthef sensachespidal lspacene 'lﬁu: biologierllye ppijyec gubstance may
YoipPise d?f&}%pg&t%ﬁé@ &P ?m@%ﬂsgﬁereé)‘)'w Y hie ‘é )&h}iﬁxﬁ' may comprise

al grrnat e derivat | a vvat r’so
derluyenic weid, ehopdreitinswifats, gelatio, mﬂﬂxﬂww%émeﬂmry\l@te dermatin

BB B Rt Ol B0eul I AIPARBISRE SRR TR propsen

%ll]zxrodi,caﬂgmted atard'pdm'e/auﬁ/esara woyier sc;lnbl’ei Qhrmly dﬁrenrrz:;ve\;matv;/]ater soluble
3R P B PSR BRGRS0! about 1 to 53

r[ﬂm_ls] Ma. anbiiieer embodipent, icirg farmulLionsis hﬁbeﬁled for delivery to the

additjonal ly ma onprise a controlle ase coatin
Rbiarhoraah P o R gmBRPE L BIBEYY HLVE subince and
hhietqagheras Iwittagh iottersdibfilefAGR the @hrgieabl ¥b&i NPk 38Smdstons. The
ant i bi otlc a ster - st er oi dal

AACronarqleS RFISFYSP g@’éﬁt"‘d&&% b WaY GPmBtisst contfplled release coating
%wmy&ggu@gﬁmty s@ffage. neovascul ari zati on suppressant.
[00010 Devices_are alsqo provided for mnimally
i1A0%Y; The bialogically agtivesuhstagee prefergbn fomnrisas %@etﬂwﬁ%c a steroid,
SHRYRGBRARN ‘iﬁh iR AGMal] aE@nﬁX%eﬁR}lﬁPétb&h&gaﬁaﬂﬁﬂﬂéGF agent, or a
having a leading tip s aped to al 'ow passage through™
Fepeasgularizationesyippraspit damage to the underlying
dal t t

DS 2, HEHESareYlKh Bro\BaPtor BirihS M RRRBlvel) of o e

\/ﬁptrhulntlmh mtgupc auprachérdidal spanceof (heOfyeldoniprising: agwedle having a
f I I
q@é’dn% t\ﬂégﬁ%paeﬁf ng% y(E>rasestsa t.lér% ?l{x) e eHl ‘;tgsglger:ﬁ " IFgut ?amage to the
amdelilyihe chotaidel tpsmsandaa s@rﬁi@ﬂﬂsﬁgmﬂm pmt;emhat of the tip to deliver the
ces [ QVi mnimal |y

TRORLRIET hajafR LS withh B SPreSiorbfh Rt o he
qoporghor oi The safsar: ma@f prokitlecateimagepss thengleral tisaed.e The sensor

L5 LS8 BB P LM RRSRRG LU

l[umzq di st@nghoiieraghbsdiment, tdaelceb @feOpbvitddNfor minimally invasive
tacti g the. 30 choroid to prevent trauma_thereto.

a0 I\?ei’%on“BPlét‘BP dotodhe Swafﬁcfwmdm $RASF (of hey Py fyeomprising a

t&e&l@%a@ﬁfg §Q€H@l‘iﬁ§ tip%ha fécﬁﬁi Mo paldad ltouBR scleral tissues, and an
conpr|3|ng a bi ol ogi cal active substance and a

pBNSF abmvbieéﬁp ipyyayd@istenging @Rben Ithe chperid uper Fontacting the
tdhBtoid REpRYEANRIRIa BBlefo.af ter delivery to

[00013]) Methods are provided for administering drugs to the eye comprising

placing a formulation comprising a biologically active substance and a polymer
excipient in the suprachoroidal space such that the excipient gels after delivery to

localize said biologically active substance. The formulation may be placed in a
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| ocalize said biologically active substance. The
formul ati on may be placed in a 2 WO 2007/100745

wEANW8Ze@N7/ 004874 posterior or anterior regi POT/UB20071€04874

suprachoroi dal space. [00014] In another enbodi nent,
nmet hod are provided for adm nistering drugs to a

osterior i on .of ising placing a
PERPLoH s R PR PR e b ReBT G P ot | ve
JOUTHURNCE qangotir REnHIUFHERPARIRY & ;m')aiaecp f6rt AdvhidSstering drugs
with an quter 5 dianeter in the range ?bout [ to 33
9 & BRerior a?gl%fhwérﬁhsrexeeg?raaﬂspgtmcmguap FEHHRtATY gpmprising a
BRAGECAUE Bctiveaublthfceonip S{EeMstosPheds Or didfdpaftichs with an outer
subsequently mgrate to the gosterlor .region. The
dinmgien in Jhe piaage rcsfbalsme ohpioi 43 smicrpns \ipedn aplesiopiregion of the
tsﬂpxjdallcfrgfcm yspgéeS REES §hdeh ﬁlemnﬁElQ)Qﬁﬁéréé:lo?sm@d’ro artlcles subsequently
m crospheres in the suprachoroidal space. % 00015]
inrigeate té1dhe @obledpnegrion.a Thet frothulationr wfmldyocfompnses a polymer

teri h I al

EROPIE" B AReHC dfersh (e RIAPRAEIE Zor SRR sfHeres in the

submmhdnndhlagmes toward the suprachor0|dal space at a

ﬁﬁﬁ%e l%t] ?Lgag lc??ﬁg’tef gr%%dla en n t?losr%prtovuﬂ:d olf' 3ﬁx§x§m% ?ngg drugs in

rou he nee
thﬁssmﬁc&mm:dﬂdpatdﬁaﬁ the tehe cémpm;llngtth@stem sfplating ameedle in scleral
scl er al sues ad ace to the su i.dal
3fes St IS SpRrebETBRAL RBHS! taf BBALAT FOgwL A AT the scleral

ttlii@lfdiﬁ%ﬁ Lﬁiﬂﬁnﬁbﬁﬂé aag ﬂ&ﬁhﬁlaﬂon teutl ﬂf&ﬂe@ﬁleﬁﬂté) the sclera such that
pretera ycorrprlss thLxotro nmer rief
s Brrptiating dssactethersy ﬂg%sstl%foﬁﬂe i, e syrgachigroidal space and

@hﬁ@ﬁ@dﬁgrabﬁagmapg Reportion of the eye after
9ééectlon b 20 needIe into the sclera of

1% oni ¢ 8 W@qsﬁﬁclw@mlasthecfomwép%lpreferably comprises
AGRRKOHPR folymép<anpl e 9. [00018] Fig. 2 is an

ultrasoni ¢ image of a Eortlon of the eye durlng
injection by nee 1 by
\5[@+d}lrﬁ m Xy g (?; axli Uﬁra\éb&ﬁpﬁﬁ%%tdfca 185'0? allméz% %ﬁ/@r injection by

ution of rene m crosphereS accor
Ecedip lintodthe BéletaoolOa byaliiogic add sargicdllyismoelagliagraterl a¢cording to
H# ogi ment of a delivery device according to the
iMvVEenRtT on haV|ng a distending and cutting or ablative
t{09018] OOOZOElgF?. gs ardultrase@niclimageanti zshomong)f ttheeeyecdaingdnjection by

f d I' di o
Slrde S5 8 RV BB St ot VG0 gorat an 14
abmtmhmf@b%t){ré}m)ﬁﬂc}odﬁhgces acéardimgdo Exampieod. an

ARG o fler i o 56 i ezt SL A PRy e very deviee

2BIrdingf topR BiveRtiorORavirhg 4 BRtendaRdrR] duftiy drublaie. tip.
[00020] Fig. 4 is a diagram showing the location of a delivery device according

to the invention relative to the target sclera, suprachoroidal space and choroid. .
[00021) Fig.5isa diagram of an embodiment of a delivery device according to
the invention having a stop plate to set the depth and angle of penetration of the
needle into the eye.

[00022] Fig. 6 is a diagram of an embodiment of a delivery device according to
the invention that accommodates a microendoscope and camera to monitor the

location of the cannula tip during surgery.
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[00022] Fig. 6 is a diagram of an enbodi nent of a
delivery device according to the invention that

wa@e@onmodat es a m croendoscope and canera to nRCI/US2007/004874

the location of the cannula tip during surgery. 3 WO
2007/100745 PCT/U82007/004874 [00023] Fig. 7is a

ARG 30, TIPS A o B 1SS e Bavig

IuherC ¥R @iledy bF @Lﬁgsoﬂﬁ'éti‘gﬂ ﬁltﬁthct‘di’ NARC tHedeyeDadh a fiber optic line
illumnation source to illumnate the tJ f th

gerIsEted to pp ddiminatipy sourcs to ilugyingle the i i Eﬂ ment

fdooklE Use Fof. PisdediagRnPEEM BinBEdiment 8f u{eeugewudm according
I'n conjunctlon with a high resolution inmging device
totheoRvensiont ineconjunction orithod higheresolytion impging glgNige 40 monitor the
Eﬁgﬁgﬁgfﬁgqéggxhggmg&ﬁferred Enbodi ments [ 00025] The

present 1 nvention conprlses drug fornulatlons devi ces

and rel ated nilesemE Rrefery L pnds dal

of anney p

517, 0 S, A, Myt AT, s
rathtad avethods taigcéass rthe supakbordistal gpact pHan eye for the purpose of

Iﬁﬁ ?re%gmrég Elou?%:c o I3Y etgg%gh ni S$}§et%§1%c%gyé%£ rfx@éntfcnme ?l Mfes to drug

ficr ocal 1 zati1on
fdrmiuketions| destgred €oru guprId:i&rondmlv 8pddeo adnairsslratidnatmstrdao the eye,

th i gn.and neth f for.a mni
RSTEE BAF aBon g e O IauBair of dhe MelPRR i e
iFﬁIeﬂﬁbx&la&odfdlzﬁ% lky theérdesigi eand hethogs a€ e Oﬁodd nipacdly invasive

t.hroough .a. s eedle 2 A bi al ogi ca
SEHEE 39 iaeE! ng Brations AN, GREORIREE Balscaldiect into the

Eﬁﬁhclﬁfr&@ﬁlﬁ;ahé mraﬁgma gaal se&l€@r bi ol ogi cal processes,
including use_in the diag n03|s cure, mtigation

{00026hent , APiglegiclht 3EHC SHbTRSE AL anSErialds Ao P eiber substance
e aﬁ%&t‘dq;\lﬁi Egams@r'iyorf bR i@ prbcekdis, Q{éﬂjﬂméu%’ iOthe diagnosis,

fornul ati on contains a biologically active
§U|ll§s nuhg@ong (reaprnt,Aer preEentiosy @ff diseasp O aise &o jaffiect g stycture or

&P dJfSt Aﬁ:h gBd)'; eng:?lgl?é f%gﬁulgﬁgn doddind S blolo%lcally active

gé%era y readi |y access romthe exposed fron
substance. of the eye in its socket. The posteri or

Gob29) ©f t&eus%sa%rémg&fa%?ério\f rEdi6n LB MR BV ¢ ag.le famqff the eye
I[ e eye 11 g

that 1s prinarily surqgi 'y accesse
that is fgawakby reaﬂelyeamemidt: fragn mhfeﬁpmsed frorQSutfn@rs 06ﬂtee¢we in its

r L ri

SR cRESE il B ORCHOR eI 1 ek 8 B or e e

e isl pngnahby mudgadaﬂlgrm:ccn‘sed herougly ersurfacc pf tha ey that is unexposed,
np th the Qi d space

ST sttt Smebracrer T 06 Oy sl st fphat suface.

@006028} but i dFormadatione: blologlcally actlve substance by

%&{2% on the Erugffgrmmjlatalgrllsogf the mventlon prgwae compatlblllty with the

suprachoroidal space environment and may be formulated to control the distribution

of the biologically active substance by migration of the formulation as well as provide
for sustained release over time. The drug formulation comprises one or more
biologically active substances formulated with physiologically compatible excipients
that are administered, typically by injection, into the suprachoroidal space of an eye.
Suitable biologically active substances include antibiotics to treat infection, steroids

and non-steroidal anti-inflammatory compounds to treat inflammation and edema,
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30 for sustained release over tine. The drug
formul ati on conprises one or nore biologically active

waewstientees fornul ated with physiol ogi cal |y coP@EUBI0T004874

exci pients that are adm nistered, typically by
injection, into the suprachoroidal space of an eye.

Suitable biologically actjve subs ces includ )
BEropTabeqland 3136‘9 Sk 25 prlgum Ghﬂ"“f‘{ g%ﬁﬁ§ to Aregt the optic nerve and
Réiiab aféMts dath a8 tahtil VEGRNEGH V%MdQQﬂﬂﬁBﬁdﬁcﬁlﬂr bifitéssants to treat
i nfl anmati on and edens, 2007/ 100745

petplasdegenemtion:7 4 neuroprot ectant agents such as

B0 ChanpalidbAS kRScdiRel igaindie Optic nerve and
etinal agénts such as antil - VEG- conpounds or

093¢ hscul dior drpppmens sdra lpcalizadr rggion ofetbaleye, for example, to treat a
0 ?O I
?xﬁg 'ié%id g\ % 2 1’ 9, oY R b {bsn%rgé,ath? an Zﬁ %lggéae prepared in a

or tr eat
f@gudmcm‘ tot lheiteg{igratfoorafex dnﬁmﬂy angd delivered ¢o thearegioarof the lesion.

34 hot tllﬂlteen mgt o lbgr QY af'ts ar” te:lolgy n\% Vo sextJéethat drug
ug nay be prepared in a of mil at1on
mlgWOphnmmsaypxean)dehval eoyarintle posterier mgxdnooﬂthe sumgd:hmoidal space

B.gﬁl?r ;gms)é)?oglﬁaé &P? m\R§s %&m& ﬁg? gyd{)ﬁe -gcl?:xpahJ ?l(lj.ll(P Mogv within the
szﬁfeo kch ideh@midrypartialel yndy' e/ fabritataa mdtht ugfigiont st#d aid optionally

&tggqugfgquetgf:eg r'fayf }hog gllltd a.fl.hgs acgpég gg\{ee surface affinity may be
WRidfie B BY SHetadditiod 6f f>d> ?memtdmupla berfaceRdatingsSiéclhe Ghidebparticles,
mcro&grtlcles ma bricated with suffjcient siz

Sh®YolEi aditiqny of %rnwel 8& irlggicplapeicties ity the misrapapq Je surface.

diddte AFEHIBL isQRerely 8BtafncAUEdAGErfatd bltirkd, HYBYopABbicity, or biological
nodi fied by the addition of polyneric or "lLipid surface '

tsgetingreents supk apprithadigstqrdnisgrins tat may bR énceaeprated io ghe surface
o QH& Qﬁlcro%lénh:'l&l ROpFRid R Bhifng % pbihe Wike maoagédeglts limit drug

surface Tissue affinity is thereby obtained from
migfation. Adtargativehy dr Upmbmatlgn, the dmgomeg ibeefprmulated with one or

tn?d'rg g’e 'l)ﬁﬁ%xg(? ggérlgxtegg ﬁfﬁH g t}? o f \ ﬁ(&l?xglrehg Sext:ﬂ)%nt may be
m:lectep and faimedated tpadas caenszcobs gdll-hlge meapel inysrtu 4rid thhm;by spread
mtg jot Ooflthefm F]&é)r%crhogmdﬁ ce ?rg 1 nui%r%n ﬁ?&]’t ll}]lﬁe Ynd! retam the drug.

conbln on rug nmay
Tihe epgipingmexcipicak aiayi be Beletted |andi forminlagedriog pmwdm theAappropnate

%lc«é%l r,i eXC(? g gaétlaxé¥r(§)%§t§e%rr§ie | egctgﬁm%}ea%gﬁbfogyrg%gly‘c%ﬂulose isa
wbaktybmlmmp&d watei tsoluble @giyﬁn:r ahatt fhey $e rib&ﬁiilatedl tdadn appropriate

SRR BB & Bt BB b iion spce

The PhtOtEbpid Rffe@POf SRy patﬁnervmsyq& thhantéd Wyadispropriate chemical
di ssgl ution properties, For ex
%%H?é‘t‘ﬂ}g% aplymes d@ incgeage mﬁtvetm?mwwcé ardhe pddition of

$98rPhEbROMbIRIes] MR sBRYtSE (ffohiﬁﬂlaﬁtn@(ﬂeélﬂaxaﬂvelght polymer or by
appropriate 25 viscosity at zero shear rate to_forma

demmoylatien NathenpApPTiate tsmfa%wﬁ adisiegiedds thg s of highly associative
Iy OBk Gpiehise&ith %&EW f@gni%@ SR aa@qefmmmc acid to

ppropriate chemcal nodification the poly
imeximigecthe decslizatianandsiryg setaining piopprtigs of H@ %a@mﬂanon while

%ilowmg the formulation to be injected through a small gauge needle. The dissolution

")

properties of the drug formulation may be adjusted by tailoring of the water solubility,

molecular weight, and concentration of the polymeric excipient in the range of
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hydr ophobi ¢ noi eties, the selection of higher
nmol ecul ar wei ght polyner or by fornmulation with

wapprop7eat e surfactants. Preferred is the useP@f/US2007/004874

hi ghl y associ ative 30 polyneric excipients wth strong
thi xotropic properties such as hyaluronlc acid to

maxi m.ze the | ocalization et ai
BPBISBFRiEdRIXgtropiPrapertes 'i?r% ‘g%’ énf %P&\EP}?E} gayge needle
faBd et AiFa66ntia BR kijr8cHoRsidAIN ‘s]%&h erh%npbllynﬁmg@mplem may be
needl e. The dissol ution  properties _of the drug

ormlatat toninfEspsh dn AAFQsRe QT By Trasy-bBrk ﬁ&ebfde{lﬁ%rymt fyrther limit

$inktHtioh! dr Misso RloR Of tRe m@ekidind ﬁe&p%%e&am%& Rx&hple, a highly
the polyneric excipient in the range of

tngoirapio 7drag Homnulation avillohayeda laypyisensityt during ijeqtigpi through a
%‘&Hgahggg?éd% HYul 8{&&%'&1 Zf'ﬁ]!c}éégésym QHON VR dnce e in the supra-
needal e oca lzation int

gaug ’and € suprachofr ol
spamédal Tipecq et yemer slcae xohqbﬁlem ridyalbronid ecidy Iaasteuxgtyo thixotropic

R e R 803 VBl percen
mmnstaitesaa dviscosity pb ap]bredlmhtelg 300g000et0a7PDe,000 niPayhdt yzero shear
ks éhvgéc%%;og)h rlS‘ii)r {"09468 l at It% Ege\:lg.rlrlate & :irg | g\g&a)écal of injection

iMg 1 nje
nbaghes shiall ghugeaidediz| I“ylth ther eaﬁealscasne_/f desnditg of the molecular

SRR b S Pk B S BRI o SBR G Blr Srosstinking
toffii thet pcdjper eﬁalbwmlm@olamese usbenof mcreaketiechlidition of the drug

conc ntratians of I i g t per en denonstrates |
'glefegr} WSWH’ q—,élp\ge )f urenig s Ugﬁﬁh;s;gomde or

@vnﬁﬂ%@lf@ﬁ'@é}bsslﬁkx eMﬂsS%@therﬁmé&Qnttﬁ’e AiMfPadFBpsid@lispace may
a shear rate of 1000 s 4, typical of injection tho

Alsonhe |usgd fg inifiate| a8, INGFERRE i eVIMPARY OFi S@skipking of the polymer
deopRat,"Gr Q&a&lbﬁ ﬁr&JnQEé‘ lpﬁ§51ol\6gicgtlgﬁrpeg?&@ ﬁﬁl orm%Bg‘ QélSciated with

to I ncrease he nol ecul ar wel g ht or degree
éhfosmrawwgal wace.hdhp gelyives m@miabmyta srmbe @@wlﬁed with surface

[ f dyu [
ey OYUREHBER T PETPHARD (PP gy (o o BbiBial Gnin the
aupnacmrptdabsmpom de or 15 divinyl sul fone crosslinking

The | nt_ i e pr.achor Qi a )
3& ZI SO bvevg%\s‘e &tﬂ gfél &) l}}lﬁ?f{rg glﬁyi %gr Eg%sg&lggiciau gc%’g? ?%5“"3 are
csmtdrlofeﬁ hsends palyoierit h&cm[dnysnmcording it tleninveftion include synthetic

DO, SIS BRSPS S STREY Pt BbBlitne siyco
g;elyelthyﬂmermb:eﬂe,al pdmlyydtbmtl’qdmfeﬂfam}ﬂzﬂé £dpolypiopglent aglycol and
A Bl R o, oSR56HL | bl 3 B leet inbalies, chiin

HRHOaAes) Righiate; Qleldting stﬂﬁih)/cl&fv&tﬂ'mhyﬂbﬁ)mc acid, chondroiten sulfate,

siolo caIIy conpa tible are suitable for use
rﬁgﬁ ulfag %@Pﬂl°é‘?ﬁ’§ YROSATHPAGLYERPS, o igtps; o fopolymers of such

Y8 pBBineric dxeipidiR iSscldttidd @Salw a\ssdluﬁ@{ 6@ ¥me, with the
poI yVi nyI pyrol | idone, polyethylene gl

peteyrenhlled by dhs erncepatinn, malsrar et mrwoatbéhty, crosslinking,
RE ORWBIIRYE afll Y 6ifducREhedPvel [RBYrERE S¥XitHE, {)G’lpﬂ)er Especially
bi ol ogi cal polynmers such as cellul ose derivatives
@dyvantageous are polymer excipients that confer the formulation strong thixotropic
properties to enable the drug formulation to exhibit a low viscosity at high shear rates
typical of delivery through a small gauge needle to facilitate administration, but

exhibit a high viscosity at zero shear to localize the drug in-situ.

6
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derivatives, alginate, gelatin, starch derivatives,
hyal uroni ¢ acid, chondroiten sulfate, dermatin

W@ o7a045 and ot her gl ycosoam nogl ycans, and nmPI/USHS7/004874

or copolymers of such polyners. The polyneric

excipient is selected to allow dissolution over tine,

with the rate controlled by the concentration, . L.
80} ar WEP dweat amapierios sedipn of the exs. s BPIYMErGLXcipient to limit
RigY Wiglafibh thy b8 REnbiRU&ith W@V dPInRREd ines 11 désiRd anterior
pol ymer. Especial | advant ageous are pol ynmer

asgiopoé thessupragho éPacehe fornul ati on strong

trhi ropi ¢ r [ : a0 :
[00¢ On? h&fibd 167 _tltegtn‘?%]@ﬁ% S}ﬁgtgﬁond 'i'é@mfn Yk alyeOfbmprises

to exhibit a low viscosity at h lear Tates_ .
tadpiisiatratidn dd| a vdmyg farmmlagiona vithalocadjzinge prapetties disectly to the
faci litate adpjni L on I ' .
eleril ol SEUR bfEho R Bileq Al bl oy b getivered o
@ha\PoReHdr 1HFH Df RET/sUBRAOBIONRM 8pdce pPABBERY] a Texibleahicrocannula

an anterior region of.the e a. pol ymeri.c exci pi
e oo S ronlor A SuBpEhorBidBlmAE i LA g vancoment
asTdhé distlttigdtd thiepostegiod @edion priante delivery o€ gheodrugf aridne localizing

suprachoroi dal, spage... [ 00034] Onge nethod for treatin
CHERT VU o bl PHoUpau Ry Bordvagesd 5 Uhd Genter of a
afégiréd &'_&z{tﬁriegpﬂ‘e@fmlxdl P14 dJﬁlgfnﬂhmélsi@hiﬁi’br\M détivepg af a Zh@formulation
properties directly. to the posterior region of the

SR H&PBFW&%F°°§E§%@F agpyiniste &tions may be

qe0635)" ed t PreatrRént RIS Qbédlized @85i0A SFf theh&ye, especially the posterior
suprachoroi dal space by using a flexible mcrocannul a

PREicRd 1§ facilitated: BY ithe yse plofrugr PreRaraliont SE1BF resgnt invention in

SRAMEnM Inlwith RARGMERLL ATIARGE TE Helivéel the pephrilddl 10kl to various

to the posterior region prior to delivery of the drug

angions pbeha supraghoraidelaprps with 2 Bexibleadevice es desexiped in US patent

?&@Exeﬁgﬁ%/%WG Qf d?edé/cﬁ‘&(flﬁg ntn%nw}g, ifh S{até?l_f byreference herein in
I'red treatrent area such as a maculaf |esion prior

tits entirétyery of a drug fornulation with properties to

B683a12° ' NEoAHTLAIRISE %q%g{i&gmigg&jagér gL ment of a

['ocal 1"zed r : osterior

ri@g031, i s Fercirtattmehedf the pdseerios aegibn af uhe pye far axarppls, to treat
of th resent .invention i 15 conbj nati WLt h .
el rc gt B R bl plysy SEAIE M b plcdared in 2 form to
| diload | migratiorar afters delgergnandf delireerediptoacdroramtetidr spgioe of the

ith flexible deyi d I bed. in US . .
srcari Bl Borsod A BymeY, BSOS Vo rHBPE Torm., with a rapid
| dissolyringapeighmeyic rextipienn e dsasnedlNmidropartislee ok imietgspheres to allow

[00036] Formyl ations for mgratjion to a.posterio .
(Y GBSO 5D AP IRIFCoPe ] RERDTRANG HEEEE ppg @ low viscosity,

I @Pidy ab¥orbdiEfoRi@iatiof mayX BeBEIEcted o dishdbute e dRigtudiformly in the
macul a, choroid or the, qptic nervg, the drug may be .
pegiof eljadrinistatiop, tominiiizs, Ay PROVERY drein Ay Ferrepiration, and
afihs&flehiiy Tcﬁﬁohﬁioﬂnoiameeé)kdgﬁieﬁteﬂi afowfdrhf Enigration to the posterior
suprachoroi dal space. The drug may be faormulated in .
siseion of the sypraghioreidal qpaﬁq.dOf particular utility is the use of such a polymeric

excipieni in combination with drug microparticles or microspheres. Such use of drug

migration is advantageous as the drug may be injected into an anterior region of the
eye easily accessible by the physician, and used to treat a posterior region distant from
the injection site such as, the posterior choroid and macula. Preferred microparticles

or microspheres are those with an outer diameter in the range of about 1 to 33
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di ssol uting pol yneric excipient or as small
m croparticles or mcrospheres to allow 25 drug

wor@racizeh after admnistration. |If a pol yneriBCT/US2007/004874

excipient is used, a |low viscosity, rapidly absorbed
formul ation may be selected to distribute the drug
uniformy in the region of admnistration to mnimze
HPER8S-of overly high drug concentration, and

fodesspuent Igusdiredatiéhdeon of the excipient to allow
m gration to the posterior region of the

dru
331; hor oi 1A%/ usg 9f dgug E}‘“BB‘PPF'@EH i€ QF mpre; Rlymerig, gxgjpients or a

eémsy@ho@ oP BbthTRial Glstbeapspliel Q@Eoﬁi@r s hétbielédde ‘Mdﬂ%mes to the
drug mcropart| cles or mcrosgﬁeres Such uyse of dru

Jation. JHheadruggelsase wmte fem theyyiciepartides ﬁ}aefctteeaﬂored by

h&}h@tlﬁhﬁ@tsgfdbﬂity lof ggﬂﬁbaﬁtm LG coRtE1& R daYe B6HRPS MHeolymeric
byt e yS|C|an used to treat aposter|0r r@l%ﬂon

gxeipignt miy glso prowde Apsteinedreledse dromy ieorporatedh drugs. The polymeric
QQci 2ht May B WxdmpRd H@Q&L&ec}] b Skl &g UiBRCRAN bi %Ird‘«ﬁde drug

crospheres are fhose wth an outer ~di anet er .
taﬁ'mmyatn ghovofirugrelensel The dissoltiondagOofthe polyateric exmplent may also

FB 6@@3%9 %}71 égxgﬁoq ?ﬁ‘? klgl]e sooqslts e[fgc):g %x? g‘lfS?ﬁlﬁé(Pllr?E]e%ge f)%gglqiseg
poadogatric d)(edlprce(sr a corrbl nation of both, my

e app, d t onfer.. sustained re
BB o0 (9Pne® 300, Byipbiiiy thplyy “iBeH g dnes © the
sxqireamoldal spate arytdomprise aqpradleifot agedtioyn dfelriigs dradrag containing

adj ustin dru sol ubi | ity or appligation of a
AR Kol e Bt SRR STy e dovigh g alfo comprise
ERYheAlsS® fvarte thesnirtiRi theslghethe a;%ajdneﬁm aﬁu:eaefar &tsaels to or just

drugs. The pol ric ., excipi may, for exa

adptknt g ths PyReRe ¢hogeiggl! apwug'rtiaﬂutopelﬁ?rawa fTg ra\gna "% the inner
ehdron ntayert Orte! pOMitibnlE tﬁ@ieﬁéﬁx@ incthh@I HeIBRry HEABe Fridly Be@bnfirmed
the pol yneric excipient may also 10 be adjusted to

by neoryinvesiye k!”??@:“?&:ssuélf‘ 3% dltegaspwrd QsnopticAl afqhsepnce tomography,
ELleRAP Be PRSI KE!ES stB&O«%@He E8LELBAMCASY b&Eon Jﬂﬁ@ﬁlvlqce depth
A device for mninmally invasive delive of drugs

Ph b)ca@,@rpsmmrlmmorawae@ thadevieerpr P§éﬂélﬂﬁé@€! lo§ smh sensors. For

i | i
PEL) 68, 8 G52l AN Y Bl B Bl s o
tigbopipe pp plteagoursl @lnewetntdstemira'dg depth anH ghy pedtien of the choroid or
J 8 r .

LM DR A S S S 3 Sherin
pwr?dromolldampapetraurm to the inner choroid layer. The
E@ﬁi@gh??r gglalengaélgggi vdé{é, Iﬁelg\;el ’ ev%g r%ﬁé{'aﬁ?\/shgfed%yfaclhtate
pbmdtanonmf dre mienacaithe:obgrmmtg tlﬂnmgdﬂ;pé'oyn,on @ h ecomabhination of

B o ploph dRsediRt  FElpteN ofotE it meg elifls spgrey detivery

emhmfoa‘aﬂdnssné @ehktmtﬁmvswn asrulaammih; hihi fhaidopressued) or tissue
For ver vl ce

B Bierig e Bl sy T Briinlriof o< Grti Hanigeting portion of

the device is preferably about the size of a 20 to 25 gauge needle (nominal 0.0358 to

0.0203 inch outer diameter) to allow minimally invasive use without requiring
additional features for tissue dissection or wound closure. Suitable materials for the
delivery device include high modulus materials such as metals including stainless

steel, tungsten and nickel titanium alloys, and structural polymers such as nylon,
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i ght pipe or ultrasound sensor to determ ning depth
and the location of the choroid or a pressure

wWo c@ngore®r to determ ne a change in |ocal fl updI/us2007/004874

pressure fromentering the suprachoroidal space. 25

[00042] The leading tip of the delivery device is

referably shaped to f%Cj|Itate enetratjion of the
oelethylens ?Wamew <06t PRIHEnide ppd potyete srlspiop. apd ceramics. The

¢R8RI Watdchig Pbrtidhidtdfithd déite RlayMisotiotefifse] saffacd fddtieRts such as
of the device may include energy delivery elenents to

&tpb;w@wswﬂpsﬁ& PEHITtOR Wisun PEBCTAtioNQOEnTaSY KFlastive (ir pbsorptive
é‘tﬁfgérrt@ aid%h lséaiﬁu%ndgamgmb Qfical infddth . st al

he outer di anet t he tlssue conta
mwam of Be naedlegmey de maeuniedesreslislably dispased tahe shaljaw angle to

%f 1 e%Q dxguééame er irget %gﬁlﬁé‘ %P 19@41 19§ gg’d t8otrdl: oqggegangle and

out er oW min I nvasi ve use
wheptlhoaftmsamon r The plaacidaubh amahmffmau li‘lgasi freay ¢angain@n injection port

G SRS AR the 23 o2 bl (L REL Bleh ffpositoned on

Ivery device InC erla
slnm burdiscenefl thesglobe (eyd ngfeni ﬁﬂxes;ﬂatesmeyslfurthemqsnmn’se a vacuum

SRSl Shy RV TRLb e 35 e bl BE BB B e ocutr
Qwﬁ hh %Rﬁm’ld‘: Q'thym me. Suctpad y Bﬁh@ éhcuum pump is connected
ere erKketone

GIAE 4 Brias urTan. The Biets il pESIEaPlyGkave a bottom

%iﬂef&CBoﬁdrﬁaﬂiﬂg% Swhitl hir@surved suitab9uU® 6@Rhiudg ofttRe globe. The
assist in tissue enetration or ener%y refl ective or
q

R6ede gl iy @dvanssd ithigueh dheyseleran] paibentérng e tprarharaidal space 2

Gt hdSnfEGiossth 3. magi ng. . 5 [000431 The needl e may be
nount ed or slidably dlsposed at a shallow angle to a

pmﬂ"élor f i Kaments wexahiics peedle Hiagt furing dpjection such as a flexible
| i g!;, I&%ACQT e&%l GG Phe Qlfactt apgh %eaﬂféorpqﬁm:@ tgf aid delivery.

tion. ate, such own in Fig.
Koferzing talfig. 4, é@tlpemlqgmftthe ﬂdl@lry devieelV hrie eh@m wsfh respect to the

R a0 UGl ok el 8oREER B oGBS e
ﬁaydﬁdatﬂﬁk1%@W¢hﬁé&>aswammdnmﬂo assist seal 12 to
Rodydse St aBd ZatE PP Taid S RbALE cledudile ] H8FhnBhAP open the

sur rhal” vacuum sour ce
aapxaclsgrmdag epzme waoudemn tp Latiow mjeclfumeof microbgmlculae: dﬁlgs or drug

t he rovi de s ction e I
RS fieBods bBicR Y 1B a T e ARRyePfbitn S bore ngedie. In
aalhedeltmtiddﬁdgﬁtu Bﬁﬂbh}de&n@exﬁudmwﬁﬁyodorﬁﬂtseg fib2 . eldhent provided to
nee e | vance throu
Bocrain, ot OB PRI G &1 SRFTE ghots ardea sHrobtlemgpt, which can
dcahomﬂ'egaﬁd a{raﬁaéﬁéan&lhﬁeﬁﬂa &lfuli eh«sxgleﬂ lﬁvg?dflaﬁdin&ﬂuhgc‘d pathway to

urlng |nject on suc as a exil e ange or vacg
dhe, suprpehgoidak spacgc ¢ Thepeeandoelgment, sy pbs ispgsedy tﬁa* or placed

Qﬁ*de&ﬁrﬁb the Rﬁgteéléhﬁﬁt t A nFedbodiment 8f laQfe¥ideORavig Ehéh elements is
|ver£ devi ce 1is showmm with respect to the

tshpyatn ¥igse3a and Buprachor0|dal space 2, and choroid 3
Hyodusj t i ONREBriMg & Rig! 3aUWiRlivery device with a distending tip is shown.

The delivery device comprises a cutting or ablative tip 4 a choroidal distention tip 8 at
the distal end of the device, and an ultrasonic sensor 6 used to guide the device
through the tissues. A luer connector 7 is provided at the proximal end (away from

the cutting tip) of the device. The knob 5 is connected to the mechanism for
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20 interfacial seal 12 attached to a suction |ine 13.
[ 000451 The device may al so conprise elenents to

wore@hami7eal | y open the suprachoroidal space, POT/OSZET/004874

to allow injection of microparticul ate drugs or drug
delivery inplants which are | arger than can be
delivered with a small _bore needl e.

efbytinghe distertiondin® The dgvige is e@c%@cwﬁﬁ iselerayl to address the

fshprabhStoRIFE Bpade! P \Wlifkeeht! @ @5 dreRsIl rAt ehkthfevie! B thén advanced in
tissue to a specified depth, and a second el enent,

wplerah tisgyes %m%@epmnmrr@amdaew | Whensthe dlgpthhsensor indicates
GRR R ﬁ p 418 BSjus é%ﬁ:ﬂhﬂi the sﬁpﬁ@&f%ﬁiﬁl Efhce DDhe distension tip 8 is

supr achor oi dal spac e second el enent may be
a@ciyatedty pieventdamagp n«at!@cphoadjiat?@fnmng tq ig. 3bs te knob 5 has been

%F{N}Q% %0 @vgzﬁgﬁm#}%é |‘gs. g‘g an tlg%.&'j%% ‘?gﬁg’wf“’h results in a

Meésterded mporad Hily. A3patbwaleite tier supachiocaidali $paca 2 is thereby attained
di.ste h elivery device

coﬁlprulp greglgaao ec‘thémg%"b?at ?’%/agw |tl|§ {I a choroi dal

qommt i on Ini gnohext emlbddamdmsttbé delickrpfdevive cbenprises aathih walled

| tr.asonic r .used .t [ t he,devi ce
PP SRRy EE A SBOr iR BPelk Dol The BRaE fiptG atiay e bevel 1o
gua&dpmdgﬁio (ﬁﬂﬂbrdu’gmylefdl Qmsudsg eMiaintdining thd'hbévearfd s%ehﬁon with the
evi ce The no IS conngect to the.nec ani s or
g’%ﬂgo@m SRarB RV 055 (S iPrh N0t SRPIESSA, Ay from the
fﬁa@ﬁﬁfoﬁﬁl Ep&eS Vakes dﬁsesw at&esp g aelivery imiy tseh@cmeved through
era.1l to address the gﬂachor0|dal space 2

é kg Ressiie Plgcement othsi heedic R dne0r HoREh e rCiénal ditiss IF the
in@edl1e G QPdncel $AéRgh YRd BélefalhddRid bheSQipRRhot&lAal space, the needle
gui dance. Wien the depth sensor indicates that the
gy thepderysed foy disect dpjeetianstintootheripacq ph cfdyoayiap introducer for
Stﬂ@ﬁﬁcgmertthﬁ o%e?td%0§k:§)§hcth|£ a&nic?o&nﬂﬁfa' Hﬂﬁ@geé(ﬁe is placed in close
prevent damage to the choroid. Referring to Fig. 3b,
tnexipnyptozhe arnep é’enndaaz 1of ¢he sdempiveniigncf drig formulations through
[ o) s agl k:wat ed S
?fé% tﬁ%@&ll‘: I‘Wuf aﬂm'iv hiliS did&de YA dr ﬂ%. h’%%{?\‘t ﬁn\%’?&‘{‘\%n %e interposing

di st ended choroi d

saloraldisouo ankaldelsm do 2h¢ suprhehozbigabspagendd embadiment of a device

har@id fir e ablative tip 4. [00047]
usgi% %er e %l‘ 1S S?l %E&.?; . . .

"R anot Tbedimen livery device conprises a
t[hﬂ(m&l/al | edin Hig. &,&e&}ls&trﬂ whinjecht edbsmmtcb ismoshe supradtiogdidal space 2

| e. bevel at the i n ip to | ow t he hevel .LO
SaheRr At ey sl 2 Bl bieh Aeboifbiof Yoj e B8VIEE 27 The access
Manmjlalmaw aicthramodutel @ chypedémda tywpé mekdle (nopashowd) or introducer
|nmard revent t dru from bein ressed
SHESE P e (B Mo, Bt Q/AF165T NGAPP JRAT FOmPrise &
Plare s shovin de IRiy.of yhf' ITW}] 536‘1 H@d Fd:dé‘d@darﬁiill@h@brpoﬁd’tés a beveled sharp
i se the needl e . t jnto or. throu
dital e*flaf*ab "§’§ for, penefratian, of b sS4 %h@éﬂ‘gg device may

tda&wﬁb rfehetime! Modalaid suthOad hbtrSsdRHhAC BHHic okﬁihe&aa@ &omography
the needle may then be used for di r ect injectio

i )tcnemwa@em@rne@omg@% ASMIFTAGR), olits: advangement S the access
Rlea®8 B thir8ducat h%ugiemecﬁera 4§ thotStofed AP AR gdng Hlvice. The
the needle is placed in close

access cannula 26 is advanced until the leading tip is in close proximity to the inner
boundary of the sclera 28, at which point the injection of the drug is made. Injection
of drug formulations through the needle will allow fluid dissection or flow through

any remaining interposing scleral tissue and delivery to the suprachoroidal space 29.

10
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remai ning interposing 20 scleral tissue and delivery

to the suprachoroi dal space. An enbodi nent of a device

useful in such manner, is shown in Fig. 8. 0048]

AP0, o s&?s?reﬁrflg 4%6@5@3 delinsEy devige mﬁyc;aqh%a specific angle of

AR ARTONL It es SR ferdo ProVTBE aSBSuAPathG/aP Iat GANNMbidtadR the tract
and a high resol ution |ga devi ce 27. The access
@ %‘Pﬁ/ﬁ

vithin| the rfgleraceto ReRstRLG wrrashareidal spacgowitheut| ¢antacting the
%‘Bgma RefeRidOH F5E. $oars BRMbAintink brant 'RGRE s"Hown with a luer

shown). Furthernore, the access neans may conprise a
p:loanect@ts7ﬁﬁdhm proximial end apd abgvel meedlectimddeatsthe histell end. The

Q_{ﬁr 59 ?121;)(%% éfri]l g.? %@%& gto%&ﬁ%tﬁ 15 Qb §étq}1e Béﬁm%ﬂh Gl Dﬂe%oé‘ penetration of

ape Ion I SSues
dhmneedlaa;p léom'i“he %sembily isla(b'armdauntih the stapplate encounters the

A2 B B0 R 0P SR o i

ahay diso amem?seﬁfbrm ﬁr&dhdxcanng ort dicedting thet pusiticghofithe needle tip.

3@@@@@ nitore &5|ng thetinggiq&ﬂdevice“ The. .
canntil 2B PEUEEFYafRF ThT© que'gmlwa“¥ ygeLye access
116 thd” ﬁfiﬁadhbﬁﬁdﬂl spiicd €orhrise Al @Ecesk oariilitd yndan bptical device used to

lera 2 mhlc oint the injection of the dru
femine fiscReaton 5F d hbest Sradh Al Wi, P e gt et Broviding
nRRdt Q‘eéﬁﬂal:k alﬂoﬁvvﬂﬁdryutd e SSgFadHOrLI@Al Spaee t IThe uexhor dlfferentlal

any remaining interposing scleral tissue and delive

thstyern g srletn by bitelandsths chored (hrgwiphmayobe el Ageprovide location
Rifdrd=400 or Q%ﬁ%m&@%? Toe! (e@NE RIRAFSTRIR distah& to the choroid

delivery device may allow a specific angle of entry

iintesfaeh efrems theesclerp. or dbe  erticpl alevike mayi bsuncpenorated within a
t [ _
AR BRE8 oty oDl By pakeoRipe or e
Gl]’lﬁlcmmtgaltdweanssihmrmapabhetpfedertbqtglgt theRtisyue Properties. The optical

T e

lah extdosdopedorstosdn @td:al Jigeal prewlsmglssstaﬁit whach wdl amlicate depth by
R TERBIE B A% B8 ARG BB . o sccs

adicastaatulamhay behe neddio opllmrmducar: tht davice! inade ofimhaétaleor plastic.

t he gl obe l acin th .at th
it R St el srane MR Blect iy e BREE g mdependent,
fthe optickl Qievice gvillrbedichaied fighni ke messtmmao@hntxlla&ffee eshirtilation to
ti 10 1090501 | n one, enbodi nent stem f
ﬁ)é‘f ?ﬁCﬁi’S tﬁ'l ? mcrafo; ﬂ%lgg Véceéé)é' e@g antléectate to admmlster treatment.

t AR efibpARAR 0BisOEH a SPAEA iS SHaWwn GEFigl8. atkasficabPddéVidedcomprises a

and _an optical device used to determ ne the |ocation

oHexible micrasadoseaps | B Lypleddp 2 GGD; camerr 16 with the {mage viewed on a
PheNiksH 1) T‘I'l'eré?ﬁbscfo%@qg‘%%stﬁoﬁ‘t QiHabdy fnad BEcess cannula 17 that is
suprachor0| dal space. The color differential between

t prefesaile dess(than tlemmy dp quir dametsTd The acesss raRpula 17 comprises a
t&vgfegﬁht ; dl&ﬁpﬁf) Pt tils'éué A cRbdTBf DMl tl%? M@éﬂ&gg&pmposmoned

be use determne the distance to t choroid
at the proximal end of the cannula bevel to provide an image of the cannula tip. The

cannula is advanced against the ocular surface at the region of the pars plana at a low
angle, piercing the sclera 1, and advancing until the endoscope image shows access

into the suprachoroidal space 2.
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interface fromthe sclera. The optical device may be
i ncorporated within a mcrocannula, or may be an

w0 p@epertdent devi ce such as a m croendoscope OPCHUS2007/004874

fiber- optic sensor and transducer capabl e of

detecting the tissue properties. The optical signal

may be sent to a canera_and nonitor for direct .
\W‘i‘lﬁiﬂl zat i 1ranother iembodiments theogptixgl devies @b theopysterny comprises a

th’caS'll i8Rk 66l scﬁirgé"ﬁl th@ARER D! Nhe NRIAILE MRt GBattérlahd the intensity
i ndi cate deg gnal ing the change in tissue
of dhelightewil Nam{enen@nsfunonethe gypecef tissugeand Hepthaefce small light

S REARR B TRYud® TheRAEHERE) bl Bartbifhe LikRRe 45 the Boserving

@byssisncmnmahalrut vath aasshsort 0The dpcad spou Inzery be dsepgporafed as an
e the optical devi be r fr .
RERRACRRacon i of R IS gl o RYipB 3 Fs g péfs dovice
aon@msest D flehﬂ»lespaaecérmula)bhancrdeazhexeszo,r sni@r swdtably for atraumatic
Jéect to ad r tr atﬁ{e An _enbodi nment gf 29
§Ei S ?é‘r‘R’F‘ °§?1 Sﬁaﬁe lcrﬂ%aﬂaeﬁ?ﬁ CATPIYES P odmen << for
Qlﬁh”mléhﬁ&sr 6f niate@ldlte the cspwdosmbpeﬁ&& optid pBeﬁb bfbv&kie for an
e e e vi ewed .on a . nonit.o
el Bopbors e A pBOe 1 CUREta ¥ ah LR Aligh sdures 24 such
&aranuésal diddd, BagerbsghtILED Sinehhdesterit Br isthiflarlsoifbel The wiiCfocatheter
di anet er. The .access. cannula 17 conprises a 30 bevel ed

dhlidably dispsed;vthip the accesiocannplasd]- Ap dherecesy canpplads advanced
tRuBRARS GRARs] thePRHt! 29 RaHsillahiddtiagRhe tistids ®11H cRinge. Scleral
t he cannul a_bevel to ovide an inmage of the cannul a
ftispues Teqatterc ight from, wtgmﬁwo%&rageﬁw to @ high: dpgree, however once
%hgl{l@f}fé abrdchSroi®d 'sﬁ:ﬂ:eotf.hetqu'lt @ﬁtE:ﬁmBJ @'ﬂ%ﬁkséﬁnkp%en at the surface
angl e rcing the sciera 1, and advancing until the
elnmassmp elgmﬁ@etlshmaaagéb@ the fHuminpteddimhascansied the sclera 1,
0) 74 00051
PR Endy it he tpeREd G iRe ookl P T e o
49802 Conp®f padicalar fusidigy with ardqiuart:ryode\scm amedaxg fommulations as
d| st.al The unt_ of t dt
Ay | Beserbi, R e Ypomeolle, SR Mlely Sevice,  Drug in
tnynpmpaf'ndlﬂats ulesmaat ﬂ&;fedned)ftoabs rsabstahtigilyt smafjet than the lumen

Th b fr.
t %‘\{%rﬁ'? f%g’éevgg}t ﬁﬂg&(‘j‘é %Wtﬁac%%g%\%é%eﬁ%%ag% of average

\Glutdd cﬂnﬁﬁﬁ&ﬁ) rof appximaly $0ab 208y ofehd¢ devicp hiraéedt Afaximum are

an ‘% be con rip on a mgrocannul a.
I?é‘fngF 5 ‘ESB grmufationinclides BUCTaRRAeEes Or difHnagiides,with an outer
fdigiétet en Mhe &ﬂfganaﬂ hBowr 1 m: A adédat.er ARG, prefezrd is the use of a

suitably for. atra rratlc essmto
FEHRBEHOPBIE RS L srkis e fopppletiando ke injected

|ibe Bhe? ZclePdl tibdues dﬁijdtdéﬁf MoOtheMBlSTatRdrdidaP dpae,SRABE sebsequent
and a fi ber e(l)'gtlc 23 to provide for an 10 illum nated

dlisseetion pp therHesug | hskwesspthecdistal dipnnck thegsupsackgroidal space by the

ek ipiar? %hﬁ'ﬁuﬁ YHEE t& Forsh! @NfloW Spath IféSle dufdio the suprachoroidal
super bri ght i ncandescent or simlar source. The

FPageo cléarﬁalaéwns wathsthixesopie RIPRETHSL are/ady antAzedys forpassage through
Caﬁsfﬁc%ﬂ Reetile 1uééﬁtab %ve@@tg%ﬁﬂmrmﬂeé?wop& &mhe t hrough

I Ssues 25 transillumnatin
t[p8@3s wi | Thq;ﬁ)élpg\eng &xAmples are provided only for illustrative purposes and

are not intended to limit the invention in any way.
[00054] EXAMPLE 1

Fluorescent dyed polystyrene microspheres (Firefli™, Duke Scientific, Inc., Palo
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tissues scatter light fromwthin the sclera tissues
to a high degree, however once 15 inside the

waapraeties oi dal space, the light intensity andPCT/US2007/004874

backscatter seen at the surface di mnishes

significantly, indicating that the illum nated tip has
transited the sclera 1, and_.is now in the tagget

Adtoa: FaNh sysPanded §GpS]AQ§HB?tSTbb‘§lFre§p§ ine FG&?}B‘ET& %s model drug to
Radlhhte Uh@kize tréﬂgetﬁi whith partidlatesanit ﬂ?—h&Qn&hé s@frbiéhoroidal space
formul ati ons as reviously described that are

thejaptegiofregion HuthgdOSIGEPY g™ ce. Drug in 20

Wrﬁx@%ﬁe’dq}ﬂrﬁﬁaﬁ%@e?é val rrfcflﬁﬂ)‘ #13ise@ tdthe choroid in the pars plana

substantially smaller than the ['unen djaneter. to

pegagm rwvhichy i mam b sntenior pertion afi thg eye| Ugimgya syringe terminated with a
I f 6y

M55 2GS 54 03555538 0 L EL RO SBaple mupension (e

drameter tefricros)iwag\deléesred intetheuangericgreging lofi thessuprachoroidal space.

e et

|T$1etelye wirseherf perfidedfot ?ﬁhouns véttc phm&phatemuffekmi shling at 10 mm Hg

| on enabl e .t he f aon in

PRty SioPsPa S o St i3 1 ebied Boil Sached 10 o
seerainviadhfidlonstabing, Thel xl&sa'um @quqﬂicedcbrss bt jackn and elevated to
t he él ssue bhetween the distal LF and t g th

PIPR ST AP RETIUPSR BB SVERL PR érPPoE %F’é‘r’ﬂﬁ"ﬁ'@m ¢ ceye was
ipldded u?]ta & Bdadlflbﬁof EBedtd) clafify m&&cw’rﬂgxsr?ﬁé ‘rl])ytd%ﬁydratlon allowing
supr achor oi da ace. ations with thixotropic
ﬂfrﬁf)te‘f‘f‘faé‘gaté‘?'bo%‘g‘eéﬂ?%@*&ﬂgul‘ WiHassage through 30 a

gRIthicRRAPHEEs WerEVisadi288 hkinga sﬁ&éofﬂﬂdﬂéﬁeﬂé&ﬁﬁﬁbéc@ﬁe @odel MZ-
scleral tissue, o£100053 The fol |l ow nggexa npl es

are
pPoletrading yithoHugrricgaes fltpseselnstgsofasdthy ppicrogphersffuorescence.
'UHd%P d&Q &g%xhﬁ%tﬁoﬂ 2 tb BSKY the 'micPospR¥re¥abuld @Q%éurly seen in a

orescent dyed pol ystyrene m crospheres
(strpmefulqemnemk@mw &om thecsite| ofcinstiligtion back tggyard the optic nerve

gggzx’l MR i Drlin kT A tORGRIfbr rEBibR of (O subHRRERAGA shdve.

'hat e ali ne were as no dru
é"\balqmt:enlenewgs z@ea@dgémgwmmmhemmspmﬁlmse@f Wi |10 15, 24 and

@3%?& f%n{;]&gr grg{? A& Q%Q'rgs%lltlﬁg[’%%?eenuc i gﬁgnﬁﬂd‘e&kﬂfbmmn to

eglon error region
awmwyegxmsfﬂmchyal ly incised to the choroid in the

gﬁ‘s | ana %QWEQ’ which is in the anterior portion
eye. ing asyringe termnated with a bl unt
Ahegxpeimentol Exarfplé 3 was epeaed, Hxbgpt it anmixtinerafGodrer 33 micron
S ension (nean . diapeter 6 nicr was del ivered .
BT EReT gpicrugras o7 & MSCELBECRAP GLa GEpa & polymeri
Ereipiwee dﬂolﬁxpaamgévira] td&fglaadﬂ\_/l}ﬁm&lﬁﬁe (Hesloai QnAaeaicedl dM/fed:bal Optics,
apoac at e adhesi ve e, eye was the or
T R ftnce SRR el pAhTahEaacid oF 4D0000F FatggRs motecutar

10k Pte St ﬂmmirdpm bﬂﬁ;@ﬁie@ g>f| d’lidiotsh&araﬂﬁcﬁfsi@ lofCH@0THE00 MmPas and
30 gauge need| e attaghe,d rvojr via infusjon

a
4007 REES HireopBL af JIDP shosr deied She Aniate] We ingipduced into the
%hﬁ%ﬁ&@ldaq) space in the manner of Example 1. After 24 hour perfusion, the

microspheres resided solely in the suprachoroidal space at the anterior instillation site

and did not show evidence of migration, demonstrating the localizing effect of the
thixotropic polymeric excipient.
[00056] EXAMPLE 3
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provi de constant perfusion pressure. Several hours
prior to exam nation, the eye was placed into a

wheakano7ad gl ycerin to clarify the scleral ti sSBUEUB}007/004874

dehydration, allowing direct visualization of the
suprachoroi dal space. 15 The mnicrospheres were

visual i zed usi ng_a stereofl uorescence, m ¢roscqpe L.
(Wb demongptate ghe %&%9 Wﬁ@“ﬁ“%’f%p‘@h&s%‘é‘é‘r@e g logalization, the

XpBAmB fo‘PrEH]\?plm craﬁph@ &itdd, UDIBHC MWt Ebevabiztifiabl PAWastinTM,
magni fication to 35X) e m crospheres coul d be

Pengnteghy c ap |ann:¥ EGt raéahvcix,kevqgatatimrhec} uPiHPng fipigken diameter

éa?oo%ayiaee@hub&%enk hﬁéﬂoeﬁhé?@s%d ﬂW%tteﬁﬁaloﬁﬁmﬁei‘@vﬁt}‘leone of three
reglon col ectlng prlmarl y|n he osteri or reglon
dtyalurenicu peidc based surgiend awcoqé@strch eﬂge\qm,u HealonyA8V, Healon 5,

EB5GEE NEAEH O SLESRA oSS, MRS JcSiy frd o

garbpmias oﬂ-lemlcgr, 300600 amhsdiistositp at zayo shear ratec1 50 mPas v1sc081ty at

of, t Q 1 EXANVPLE 2 Th
DRt Shebeo P o v E Bop b0 Red: VA attyeld Spear rate, 200
rthﬁsuatel(OﬁOSGl sivedr 33terHenlon 5,260,000 trftas fiscosies ae lad:ro shear rate,
rﬂo g hSrEsecéyg'S Bﬁaé{@j g—l&n%{e% f@‘ﬁa ? ]S:Jgéf g?r}g%?e \whs Antroduced into the
Varﬁ&(lﬁ‘ha@bh f (tllﬂleﬂi}:ﬁdibh'érméﬂvs@ﬁﬁedt thie laaiblakbtin tse, antenor region of
C. 3% concentratiqn of sqdium h ronic aci
dhe f%o'o S aDT G HERE ol ARt 2 MGHES, Bfsion, the ficrospheres in
L6 200 Hedl6P BV tWeds fBfind tZ BE AnSit6adss \ufsﬁrgsaﬁdh m‘ the posterior
7,000, 000 nPas and 400 nPas vi scosit

SREI9R 9t dhe SurrREhaRPidel sRBcq gt the omulaton fﬂ%\dtqﬁ é>°§othe pars plana

SSer SISt arPafeCpdsterid? Hol@NAGE MicréspRBIRE §n Healdd grremamed
24 hour perfusion, the mcrospheres resided sol el

tdiepessedriacthe mcealpstsqoh@ehmd ati{he ppigiral dniestingy site iy § rpars plana

?ghgm Ak gjr?g Jtpﬁl;mﬁ @ew dence of migration,

nstrati |2|ng effect of the
t190A%1]r opi CEMMHbEl% exci pi ent. [000561 EXAMPLE 3 13

URLORHAGT 47 REHYSIO0E BUALA. 18- HPTRRYLLA Akl (AvastinT,
| Gemintexh) | omas t h:evalequlaer |messlinbéd Exaimg e laetlmlsB (3-dimethylamino-

repeat e t evac gsti nTM

GHER S SRR (ORI M Y SSob s carbonyiated
I’lﬂhg)’resrtedl;j aﬁatoephere}aab@xyixaﬂ el ef]duub IVGH?&’ISL with casm:s phehres surgical
an xe wiith o t

ysreriasfire Oleatoh-oealtp S chtsps o vdnesd Medicdl Oarigs, Ine), each
mﬁlﬁ Ql’ldlﬁiiredﬂal/@éfofﬁﬁltﬁ and Ay anesid ﬂvmbéﬁedham Egamplent.. JThe mixture
each.with a different viscosity and thixotro .

VB GBS (2 PP HOTUH PAE L RS, Pigna gy e manner of
SBRaple at. eAﬂe’?@m@\ﬁ' Opﬂrﬁféﬁﬁxl the microspBefes Serhamb@ &xclusively in the
rate; Heal on 0,000Q nPas viscosity at_ zero

HEEPIAGTESIOD 9 thwsa% roida) space fonall Miscaglasticgamign 5,
71099881000 nBxsaMPBEOsi ty at zero shear rate,

To demonstrate the effect of a crosslinking polymeric excipient on drug localization,
the experiment of Example 1 was repeated, except that 10 micron diameter
fluorescent microspheres were mixed into a 4% alginate solution and introduced into
the suprachoroidal space at the pars plana region. Before sealing the incision site an
equal volume of 1 M CaCl2 solution was instilled at the site of the

microsphere/alginate suspension to initiate crosslinking of the alginate excipient. The
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10 400 nPas viscosity at 1000 s-1 shear rate.) Each
m xture was introduced into the anterior region of

wo b@7auprsnchor oi dal space at the pars plana i nP€HES2007/004874

anterior region of the eye in the manner of Exanple
1. After 24 hours perfusion, the m'crospheres in

Heal on and al o re found t [ roces

PRSI AT #llot tOp%t 19F | Sominiigs) beforg peithaht 55 Gh Extmple 1. The
hiRFRph&aES| alairfadaeRclubivélyt Be thorditel of i ipstillationg diépersed in the
both the pars plana 15 site of instillation and the
Sersehinked Polymer exgiient cr ospheres in Heal on 5 renai ned
qJoga®jsed ipxhhgpiEgcoel astic localized at the

original injection site in the pars plana reg| on of

A dlreg, sppieining irig¢tatepwase prpardsty sespspiing 45 mpgeof Triamcinolone

%é&gfddge% ﬂlf crggﬁ'ﬂemﬁtel @5, iRPESL ﬁqcroﬁf'tﬁ@ Péf t on viscoelastic

bevacl zumab stinT 20 Genentech) was covalently
¢Adyanded I«Mddlasll @ptids, étvh)d C3.) (v@ithia rrsrchsheanivisgosity of 300,000 mPas

%8 %ywlcgﬁ{rgqul ISB]I‘QF (eﬁ'%qi[e H)(SH $9 h) 0981 CI? rg’mﬁ suté]ects were

m cron ter car uor escent
phatediunder atesthgsialand (uhemglst wetmepmed afid dtapeé 1ma5@r1®ammner A

\Igggﬁlglg{waa)ée%@%&;? \%%so?dadeg%%:aqro %egoa |hﬂ%u§’e ﬁ)tqgosmg gnd providing
\suggia iakyesand atrhgi)()ﬁtdfcspieﬁa PAGeAll faeifal dScision Exasnmade id. the sclera,
The ni xture 25 duced into the s achor o). dal
Eihetng bate siosif % TS tricrneadhif it gt SO R5HEH Seter tip and
ARsahicidn BRtetgteBddysiiPrack eiciBcaimagiStRAcd Biterive@tbnal Corp.) was
exclusivelyin the pars plana region of the

dR5FiSE HBI 6 '&a|scl§§%{de°\stﬂn Ad agyaneedim, & pRSteigrdigselon to a target
[rO80R BLhind AP hiachla. ThedRIP BSIpeAdiOn WS igibEeE ‘int@fthéﬂl?ostenor region

crosslinking pol ynmeric ex0|p|ent on drug | ocalization
36 the, éu@?[é@fph’éhﬁp%‘ﬁ mch WaF @breryed to &yanadayerdetupn the choroid

tahatscﬂeQa i fHeOfdr ;& EbLE" ThEleQF@c%Sﬁﬁ‘lta WASCIRaPRE A HEGleral and
m xed 1nto a 49 ginate solution and introduced into

teRajunapya dheisions alosgbmtb 7@ Miew putpiee. plltspbiests ware observed and
hﬁ%ﬁ&%&?@{aé&grédh& tz“ﬁ&ﬁlsloﬁ fibLS, 88 hofifl'a! aag) ?‘@y@,f 14ldays, 30

ution was | nst ed at the site ] ]
rdays enpR@deysl dingizeaphics histelogie, and photographic studies of the subjects

5Bt 88 5Bl SRl O3 G, RevereptBigs of choroid

glemohnstratbd mgnuﬂimt beficeneatiar 6 thendrugsin the Exagepofatlleast 1 mg per
res renﬁ i ned .e cI usively at the site of

Hhe rPtlC [ oesaﬁ Vv e.pen
i SRYOH 2 IPEPEPSERCPE P crossiinked pol yner
qacoqo]ent . EK&(MBLEEXAI\/PLE 6: 5 A drug cont ai ni ng

| ate was prepared b S.
e Ehetiee TEbnfiy omRISPE A0h A MR 8 gk 39 015 me)
Tevadigifihb (AvastiaTMa@dmeAtechpwaehRphied. Highitvanpedine subjects were
Medi cal tics, Irvine CA) with adzeJro shear viscosit
(ﬂnegggl Oaﬂ&a@e right eye prepared an aped In a sterile manner. A
conjunctival peritomy was made near the superior limbus, exposing and providing
surgical access to a region of sclera. A small radial incision was made in the sclera,
exposing bare choroid. A flexible microcannula with a 360 micron diameter tip and
325 micron diameter body (iTrack microcannula, iScience Interventional Corp.) was
inserted in to the scleral incision and advanced in a posterior direction to a target
region behind the macula. The drug formulation was injected into the posterior region

of the suprachoroidal space, and was observed to form a layer between the choroid
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and a viscosity of 150 nPas at a shear rate of 1000
s-1. Forty porcine subjects were placed under

wa@p@stiggs a and the right eye prepared and dr apenUSIw0Z004874

sterile manner. A 10 conjunctival peritony was made
near the superior | i mbus, exposing and providing

sur gi.cal cess to a regjon of sclera. A smal

AR SlFT 2t dhe torggraiPn: hghg é’i"é’i"éia“mli%wéﬁﬁﬁa‘ﬁ 4 and hetcleral and
ebguRdtilal Andisibd BloBediviatd 7N Wit Sirduke. 2 AAffhé¥i I8 PBrcine subjects
di aneter tip and 325 mcron dianeter body (i Track

MieEs mﬂwuz%fi andsgachgeeiyed & PO el polg of beydsizumphsvia injection into

tHSRErESES. | BothGrbliss St b ec&%éﬂe%aﬁaédam%sﬁﬂcéma@ 5,7, 30,
posterior direction to a target 15 re%éon behi nd

fBc80aandh20ddays postpiBiestion vieyumnpaaples were otaken ‘and tested for

BRELELR WSPRin SiablFoRtl BERIGLSR), - Bigfer pliima%Rvels of

bcta@mmmb were foundyin the dnfrontredflydnjectedoubjeatsl andvias longer duration

glgl%gt&l\%lﬁi tt%‘,n g.\pdy%o%&ld?lr %‘Bg gro%zﬁ 21 T;Hl}bﬁ %l%aéloﬁélcdvglje%ﬁloved and

dt:san&cbth anklr t@yesnitats bmlzmmbvmrspdcdic tisduéwoands regiohs using an

hours,, 48 .hours. 4 days, days days
AR S ot oAy o ey q i Bjeptdy * dehBhated s
pbmcﬂgﬁﬁqmdaw&tddﬂwasln&ﬁviubel mjdziientveas dietribunsdd airmgmm eye, but

S e SR PR EreRgr redthin (BN Fil POOR vt litde

t&tﬁlddhugevmowﬁldﬁﬂaemqfhaaibet.east 1 ng per gram of
tissue at all recovgry time periods. [00060] EXAMPLE
Ho0sd] A drdﬁngﬁP 1ng formul ation conprising 20 nL

higel eém%ﬂfj oP &xtnplel1 5w£@}epe§€8 agtcepBirigvBshiatdh 0.2 mL of

Genen ech% was prepared. Ei ghteen porcine subjects

Fiealon ke mHe of Avastihand?d pe ghtrigpeinglons Aceignigdegvas prepared to
ARG ol Reftmihe Wit bﬁﬁﬁr&ﬁﬁamﬂ‘amﬁﬁﬂiry Nl M- mr tfBYerties. An

Wwas nmade near the superior |inbus, exposing a
prRipkithatgly & omyileng inséders was @@Crlegelmdlmllysm @eaparswlana region

?@ééch[‘x%%@écl&rﬁ Céx?ogﬁgvfﬁé ﬁ@rgﬁlb#)ina Emvélcgl%[)@ that Qlad bcen clarified

exposi n are cho e mcrocannula wth
®gGmmiersion inl glywerok fortappraxinhateRp 30 m‘inmtosnarctl perfused vbth:l§alme at 12

{'nxttrrl—? renlzlfrcrb Oﬁn Q'tél ﬁ{l% m%&io a1y 31114 b0t Exaxg n ang& gﬁ%eﬁ »)ng\ the drug

RS&r € SC I'nci s vance
|fasrmulmt and clhe dhicestanoulat dp avetsangented nmg| the im)inacrhdrmdal space

SpES 8 “SIgRD PGP e e STl ISt cortl Jetgl ot he
otiswicxathli pr therdistal ayiedsf thetmtem&aﬂiﬂlﬂa msrsmechd ﬂ)5vamhe posterior
2007/ 100745, PCT/ US2007/ 004874 nd S t the .
PRl thecilB SRR RRPRRIRHED - JBin ot o P Srlficneryss Using
SGkdeRisti MifectoP (ISuiRatd UitbrveNidmal)p Mo rﬁtbﬂﬂﬁ&sw'fttﬁb art@ formulation
Vicryl Hture Anot her 18 Qv%glne S ectf

étY?éét‘Fr@'te ABie the BOSISRPr FegIon © JuEgCro ﬂ%a"‘af "The microcannula
RANIEMEVERDy WithdidWifs thdughithé Pars pla\hdisi®AU The Boikfure was visible
grou s . of test subjects were evaluated and sacrificed

uphdhe glarifigd sclewy anddormgrhia denpsitapar the optis ApBEWighthe mixture
§fs‘bu mlmﬁk Ethe EtRett ARk ANEhE /L REbrf Was sealed with cyanoacrylate

(Locktite 4011) and the globe perfused again with saline at 12 mm Hg for 3 hours.

The sclera was re-cleared by immersion in glycerol to examine the administered drug
formulation. The drug formulation was observed by microscopy to have formed a

layer of dispersed drug within the polymer excipient in the posterior region of the
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bevaci zumab using an enzyne-based i nmunoassay. Hi gher
pl asma | evel s of bevaci zumab were found in the

w0 ndoravi7es eal |y i nj ected subjects and for | ongP€T/US2007/004874

duration of tinme than the suprachoroidal delivery
group. The right gl obes were renoved and dissected in
order to quanitate bevaci zumab in specific tissues and
seRfrekproidal sRFcen 10 enzyne- based i munoassay. The

ggmje I MUDRANRVE gdenonstrated that bevaci zumab
elivered via intravitreal injection was distributed

#h sariggrefuexpeyitentsuperevpratoranslitg evatpate minignedy dnwesi yeydelivery of
Fﬁ;@t}rpﬁg %A ﬂ{ega%kyachﬁroﬁm s{)&te'. nﬂ,ea%;;l Sh tHeld ritehfd was to use non-
Ittle nthe vit

~foun he \ eous and anterior chamber.
ipeeEt linkagingPam $luid) BisTensionxgser imeans offdelivenpg subistangss through
repeat.ed. except d f L QD: . of .. ..
S5RE 5 SHSTRLR PO, ok B PR o
doedupnicieroida spacpared to provide a treatnent with

S L RS B R R VE BB R BRepat by i
g gydsudi apprdximatelyt DempaHg ko withi phosphata beffered 3gline (PBS).
the sclera,, exposi,n e chorai d of cadgver. qgl.abe
P eiTeRG e vBe tfeled Dot nE RN OR g g, 255 mm 1D
X035 5HpArOPi MEhechsedBOdistal ﬁiﬁ)&?asagﬂbuﬂe lifitd e Bi-falcé ted &be';t evel point,
at 12 mm pressure. The Xi pl e Ju crocannula o .

A9 Hsm gt T fheRn AR RS Eﬁe SHAPSE a0 then silver-
56RIeFAIC {16 3 Biahdardi P5 gasigé RS QM inkH hyHodetnhi@ needle to complete the
suprachoroi dal space through the scleral incision.

wsembilre aid of the fiber optic beacon at the

Fihe! el Wad dehfly dd08ncllSingd sQB1 AUssid 8t Th Gl 2<10°) with
was steered toward the posterior 25 pole of the gl obe,

sesppphi taghappfasg iofshetye. Themesdlsrentryiwasritartsdtin ¢haypary plana region
Hm){&irﬁatel\ﬂ ?gﬁ?l’f?@%ltﬁe iimbﬁg,tzﬂxrd thé ?@%cﬂg (ég}'%né:ed posteriorly in scleral

ervention mecroliters o
ftissueutcaticate awest beijweeh 6 and tSommnh dor svithoib penetigling thfough the

t suprachor Qi . e mgcr n .

S8l JRID ! PR RBEr ol A" RER Mol Uasound system
THdtmsoundy Sciase \SusgibdleCorp ovaghuseti ¢o ghizlei andestrify placement of the
and,.f ormed .a 1t near. . the opti nerve with the

St P i SRR BisfushaRd od ook el ot " i

iIn ¢hé fiost seaef sepdrimients, tahpalymieria exyipidng aldreomintprising a hyaluronic
S5 S5 et 450 AR BBt
iangeebnd @8t bNegperiimdntd, the véscadlhsiie Wae nusted ih it Bnedridrwigh a 1 %
f or mul at i on. TE drug fornmul ati opn was ohserved b .
AARFSOFGnoh g aniptdn diameter pelstytere BRCospheses Gakg Scientific,

Whé)hioreph@eROh iddel RfictdPaftituldtd drlle et |EddRlasti€ @in@the mixture
of the . 16 WD 2007/ 100745 PCT/ US2007/ 004874

vse adahiyersdatirougindee needlocuing=RARPEY driyen syripge Viscolnjector,

§8EEhdTS laWo?p.P@x]E orMeFRE oRtrsVaINRLE vBluRtd TR Yhjection pressure.
I nvasi ve adel i ver 0]
The injections were mzde with the needle bevel turned inwards towards the center of

the globe. Multiple locations on three cadaver eyes were used for the experiments.

In the first experiments, the needle tract was approximately 3 to 4 mm in length and
the injectate was observed to flow back out the tract. With placement of the needle
tip in a longer tract, higher injection pressure was obtained and allowed the injectate

to dissect through the remaining interposing layers of the sclera and deliver to the
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substances to the suprachoroi dal space. The goal of
the experinments was to use non- 5 invasive inmaging and

wo bardoddessecti on as a neans of delivering SubBCHOSEE7/004874

t hrough scleral tissue and into the suprachoroidal
space, w thout having direct penetration into the

suprachoroidal space. Human .cadaver es were obtained, .
RBrRFBeTowlpL SBas Tipugh toas i 325 dons et mesqle fip plapgment in the
RS laPers UT Biki sre| (¢ PONVIHGL EHigkafeus)Creshlidt ph@isPBelivery of the
buffered saline (PBS). 10 A delivery needl e was

FABPERHIC e an ABTEpelrrd @ocked og spmg(imss dhrengh e fiengpter surface of
3he globe! With 8rYMEURip IPGoRaRsl thelbatAbnd bPtheRR1e84, A thjections

into a bi-faceted short bevel point, 400 urn in .
dissgetad shrqugh thereamainias dntenosingticleralfissus catrreb thyl wprachoroidal
Llaer | i t: . . .
e BTl 6 B0 Aol e SR i i
Fhewn dedhesdigaisaqy 3ftdlsarkyovisiblec@ftentemayval of tie needle)andia region 31

taqz}et%g;stél?;r%ﬁgioﬁdea(el S gle Vﬁlfreg with SRfeCtatd. OI'ISJ1 @clﬁ}eg :1)21%1? Qlfnoroid 3 are

e ent was started in t
phewa. r dg.0R shayyy exiegiineB§ df the fSuprachdreidal spase, filled with the

t he negdl e anced. post,eri or.l in.scleral .tis to,.
PR PR Gt oo BB Bpocslip "B i of e
peedierdainithgsdléraand metdie shalowe32 i nto t he

hor oi dgl _A high resolution ultrasound
39@@ 20 (nggﬁ.rqd i Sci ence Surgical Corp.) was
USe experirgetit deasapetforficd ity Y3k aniereaidostopit émagiagdb allbwpminimally
within scleral tissues andq?Lo documeg]tP t he i&]' ections.
IIRVashye pegest 'Q dhe SppashupidaLspace i g CRIRVLE YPenf custom

FabfGatéd) MikXiBle nﬂi@oQMé&)débﬁé“(End@éékgy fSin?bﬁangrvices, Brewster NY)
vi scoel astic (Heal on 5, Advanced Medical Optics, I,ncz )
Viish pm puter diameter of 3 5Qdpisrons<centaing ap apagipg byndleppith 1200 pixels

W ACRABLASYH ioh ARdcOine8d ddustedlstded. aTThO sitfet v thodAté®P on a vertical
aqueous solution of 10 mi cron di aneter p&léystérene

rﬁt@]doglmpgsfog mgoggql axpt afd down| W_é:‘)el tof mdestapeq The micro-
Bd6kco %ﬁpﬁ&gﬁ#&‘ioa& ?/(%d r(%&) ctis c%x’néx%oﬂ afkh fo 3V5ddoRonitor. A
m xt ellvered t e

xtur were d rough t needl e using a
A gavedrliypedernyie inggdle (Wasspladed) exer ghe endaseppentoeprovide a means for

iﬂé,@[n% e GOLRs For dAcQicder to control delivery vol ume
nd 1 ecti

on pressure. The injections were nade with
t e ceapaoth evas dvmrled tomr aneldan emtemdks lightvsauds witke adight @ipeofModel MI-
t | ope. 1.0l e | 0cgt,i0 re a . .
200 e per HeShBeiat ) Wi e i Vb imaging
eilipminaviont SThe heedie siseadvaneetd wad the gissali tip tvedsyinXTontact with the

in |length.and the,injectate S observe o flow .
et syFtalle g & Pimah Gty Siole B1okE SpProdid el fagh mplsrior of the
[ lgn&_xd. o] dllﬂceméttrbﬁhﬂosdﬁpg hh&:ars_ théy Btdred uptilethe wvlﬁtemr:al surt;e]lce could
obt ai ned and .allowed the jnjectate, to dissect,thyrough, .
OB R REn 8 SrLTt e Peer LT B Begite ias T PuisL Ay aheRd into the
dldrietissh® blyhight Badhhmforthlfeatibn. PAS/thiSA06H1¢ Ml &ddanced in this

supr achoroi dal space. Through i al it f th
n‘gg'éﬂeéa mprj:lngp%@gg@cﬂs lpwe{eﬁgt fo}lg\lvathg trlact c\:l\ggted l;'ntﬂe negcile. At or

within the sclera, the endoscopic image was seen as white or whitish-grey. As the
needle pierced the scleral tissues, the image color changed to dark brown indicating
the presence of the dark choroidal tissues, demonstrating surgical access of the
suprachoroidal space.

[00064] EXAMPLE 11:
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outer layers of the sclera (< 1/2 scleral thickness)
resulted in the delivery of the viscoelastic into an

WO ndoraewes er al pocket or sometines through to PEEUS20T004874

surface of the globe. Wth the needle tip approaching
the basenent of the sclera, the injections 5 dissected
t hrough .t he renai ni_ng i nterpos ng scleral tis

Mt SFPEITRR! SRS BTIRIFHA use JikeE-ope Wiyringe Ehidaee to allow

LRI HRReHVRI foéssIBABE siprabhetoidalispatedin 4 ABman cadaver eye. A
injection. Fig. 1 shows the needle tract 30 clearly

Vlexible o migmorainula nyith| 28f ilyeingiedq distals Hip o IT@gk&éOéi iScience
%ﬁe%tn%ﬂﬁr ﬁféﬂi’d{ pmabAs,mepléeéaI iR ms Ba: xggoaelemcm@dle The

era 1 anhd choroid 37are” shown. Fig shows
meigrasan@da fomprised @ppla@mpbﬁlwélﬁb&péb‘é ﬁllqweédfom ltlhmemlon of the
osghe 0
Bt S5 DA S B L e BEL Guf Habhe o 5,635 m (red) laser
tdnedes tiber aptadllweadicr @Ghaedony 1SQLenQd)meﬁf£n®MPaEd 1e illuminator
erlnent rfor C j .
A 1S PRy R R ofe ol ot afull ol B0 SREeRRhfuta ip. The
Sﬂmmhmﬂalvchsl fed gaoagh theasrgmga neatlaupito theadistal bevet ofithe needle
éﬁﬁfaféécated fl exi bl e m cro-endoscope (Endoscopy
BotPeY8Bfyi ces, Brewster NY) with an outer dianeter
Ofhe3dedls waoBlowty adainced ¢h it paifiglang rgionlo€ aiunianl&d@ver whole

pi.xel s nmount ed on m cr.onet.er, .a t ed, st.age.
a1 Batelhg G fi weS sfTELeghy oSSy S Rges to allow a
fs‘l’i@hﬁ@c[\lah@érh&ﬂ Jdf fhéfficré@ahuld, aVkd ilRimihiteoreReMShe Peicrocannula tip

The m cro- endosco e was at he 1/2

cetoan SRy e Sierel pues St TahaE eiggiigal cxtent. As the
hwa@réam £4VARESH SoWBS ) REQScaNAla WAL BRSO $6:NREd hdthe same time.
provide a neans, for plerC|ng the tissues for access.

T‘f{@ee shrehypoglgamicneadly timpigrrgd dhrough spHigient isglsral distiecte reach the
bE‘CﬁOJ‘dl I Qéeo%é MM thlqglcr&&hﬁﬁlalﬁpﬁﬁﬁ)edlately dimmed as

Boxbor oug was used to provide transcl eral

|thagllwgnnat¢d tim masqdoﬁut afhthendiétusionah scleral dissued and into the space

st t t e I I

Wl e BB, 508 BRipd WHRELERE UL B smiomary

4hmcbpoplaemgo nheofmtcmarmlnln‘ouB infhethpi sypachoedeidelopspacgas Further

Saedg/han Qn\rl\egllrg éﬁ nltglcer(r)] I\Ahlhtee%oss% orr%:r.ﬁﬁltgt{ %Cg'n'e s %aaghm%?dal space

tdoald be @eérytraxmlmdbdas atfocal hed spot|weitladut tthes broad Hight diffusion seen

ack- and- f [of ation.
ebehoed TR e iR Bish” Rbeciel Tt frsalgropad sysiem
f @UiteaSouhe, ﬁScﬁa’(ceChﬂatveﬂh(mal)t hihe nNlweallien oAt ther nB6rocannula in the
vvithl t he .scl era engloscopl C image was seen as
vﬁ‘ﬁpf*’@ grot SP??hW@‘rcé’S??r'Rg the needle pierced the
scleral tissues, the imge col or changed to dark brown
indicating the presence of the dark choroi dal
ti ssues, denonstrating surgical access of the
suprachoroi dal space. [000641 EXAMPLE 11: 18
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WO 2007/ 100745 PCT/ US2007/ 004874 An experinment was
perfornmed to use fiber-optic illum nated gui dance to

w@bkdogmoo7as ni mal |y i nvasi ve access to the supraep¢ibusiodzdo4874

space in a human cadaver eye. A flexible mcrocannul a
with an illumnated distal tip (i Track-250A, i Science
I nterventional, Menlo Park, CA) was placed into a 25
& HowRsddeni ¢ needle. The 5 nicrocannul a conpri sed
a plastic optical fiber that allowed for illum nation

of the distal tip. The m crocatheter fiber conpector

has att demdarmelationgharagierizeddy 4 zase sheagivisgasify ot least 300,000
m&g orl ih)ecHbA fit6 thed dupPhBroidabShAIaGST ahltlye Y miphisinB Biologically
and the 11 lumnator “turned onto provide a steady re .
hétipetsubstancet andcp thixotrapic polymede axkipignt thet acthas a gel-like material

' l. . . .
B PR Bt SR B s oy S BRI R ifon of
testipmchaiddl space. advanced in the pars plana regi on of
a human cadaver whole globe until the needle tip was
sufficiently enbedded in the scleral tissues to all ow
2. sl Thhidraglfeamndationtacodrdingato@laino ¢ &ummthdracharbbterized by a viscosity
i Llum natjon fr he, m nnyl a ti was seen
8*8%%'1“9’%@3‘1 Ao AP fikaSaf AQHEE e RSy 1o 1) ght to a

significant extent. As the 15 needl e was advanced

$L00 e L, Ber GRS s RS ottt e v

CRIsSIUDR afief frj€dtRntin®ahe b@radtiossidal spacé.each t he
suprachoroi dal space, the red light of the

m crocannula tip imrediately dinmed as the

gl lu Wm&ekﬁgg ForuARBeRcOdingdb CiRen diviHersih QR biSIOLRARY active
ti ssues and into the space beneath. The m crocannul a
RbStaNg SARPHSGH NI CEONAEEE PhHer MifEOSPBE¥Se st ati onary, 20

t hereby placing the mcrocannula tip into the
suprachoroi dal space. Further advancenent of the

& cr oddasimafarmulatipagaceending taiany eng of GlaimsHeto 4 wherein said

PR Rl S RBr S S On PR PRl SRR ER ey, °

whlyhydivayethplmetbadrylated demniatinseilfatea polyethylems oxidsi pofyethylene

i.ah, fr ul . e [ rasS ) et ontl

2831 oS S TN Mol o, et Rtk derivarives, a
nvager G0 hubirudhatin detiviive2d watep salobler el ldise dpavativeas
copfqued.n%p WO 2007/ 100745 PCT/ US2007/ 004874 \Wat
PEYYHIEG 1°€PS1. A drug fornul ation characterized by

a zero shear viscosity of at |east 300,000 nPas for
i.njectjqn into the su choroidal space .qf, an e

Sonpr b it SrBplfias FRteyer s e pupRacdgiital spaceinye
icbinpeiting i Biologlcrly ativesstubstahéddind Mitrosphifes @8 néicroparticles with an

el -1l ke material to_spread ter injection and
g’erFGHW‘i}erdP ?{%?Qfaﬁaﬂﬁdeﬁ &' e drug in a region

of the suprachoroidal space.

7. The drug formulation according to Claim 6 further comprising a polymer
excipient to uniformly disperse said microspheres or microparticles in the

suprachoroidal space.

8. The drug formulation according Claim 4 or 6 wherein the microparticles or

microspheres additionally comprise a controlled release coating.
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2. The drug fornulation according to Caim21 further
characterized by a viscosity 10 of not nore than

w@b@atioey@® nPas at 1000 s -1 shear rate. 3. TheCTUSZ07/004874

formul ati on according to Claim1l wherein said gel-Iike
material crosslinks after injection into the

suprachoroi dal space. 15 4. The drug formulatjon, .
decor amﬁ&W%?mf%OP afFEEfoLlaim fiog Pdglil%%wbe Bugrppaticles or
FHOREARGEs £ HalP ToMpfis® R AkducdRRit surfdcer ospheres. 5.

The drug fornulation according to any one of Clains 1
to 4 wherein said polyneric excipient conprises

hyal UFgRIdr@ fdrfhul £3ANMEERdidg to Y o7 (Gain3S @14 &b 6 $Berein the

ol yhydr oxyet hyl net hacryl ate, dérmatin sulfate,

inlggically antive sibstance pesimyprisey ap antibigtig.crpsteroid, a non-steroidal anti-
ok aY Ry A FoprBRRL BRER N PR ARER: of ALVAkdarization
deppressantve, a water sol ubl e cellul ose derivative or

pol yvi nyl pyrol I i done. 25 6. A drug fornulation for
delivery to the suprachoroi dal space of an eye
d dnpr iBenlgugfdrimalaignaed]Tlyina t wheresn et taologicallg active substance

RBRIGHES i BRI i o R A

formul ati on according to Caim6 further conprising a

lymer . 30 exci.pient to unifaqrni i sperse _sai.d .,
137 odnfeen oy ety baits e oha SR BrasRlibp iniashe
\?ﬁﬁﬁﬁmr&dﬁ]lﬂiﬁpﬁbﬂ@mfe@é mﬂngl tikiag a&fé@@kd’iaﬁ&g@ Rading ¥ saped to
erein the mcroparficles o crospheres ) )
aHAVRa5TREE FRFoRgIhis o™ CiSSUES WthoN dagnae [t thegindgeying ghormidal
VR ROQHALIRALS (B EhIdeSARRAMAOIBIAd 1iB to T shill formulation
formul ati on according to Claim4 or 6 wherein the
AdideeIp 40 or Within the suppaghqsgidabiRase.addi ti onal |y conpri se
a tissue affinity surface. 10. The drug formul ation
according to any of laims | to 4 or 6 wherein the 5
BBol odibealevige aeeardingda K dainm b2 whergin Fajd sensar pravidsisgniimage of
SIR Rl hsu, NON-steroi dal anti- inflamuatory agent, a
neuroprotectant, an anti-VEG- agent, or a
neovascul ari zati on suppressant. 11. The drug
fiar mul-ati gn. of ' s ' [ .
A3, 1 U B0 or AT UG R i WGl Yt quag, tigh, o
differeiabpresg@rt or neovascul ar suppressant. 12. A
device for mnimally invasive delivery of a drug
formulation into the suprachoroidal space of the eye
aénpr iss degcaforesdinalhainvasjvadeleaty nfia tiryg Shapladoh dnto the

SuperhdRaRaCrRst A BERSe SPRroins % et hating piehaiBE TR dhaed o
tallo@lpasengp kiaoagie sileraf tissaks] ahd @n titned eipi tigtrprovides an inward

formulation . . .
dlstendlmg action to the choroid upon contacting the choroid to prevent trauma

thereto.

16. The device according to any one of Claims 12 to 15 further containing a drug

formulation comprising a polymeric excipient and a biologically active substance.

17. The device acéording to any one of Claims 12 to 15 further comprising a

flange to seal the interface between the needle and the interposing tissues.
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adj acent to or within the suprachoroi dal space. 13.
The device according to Caim12 wherein said sensor

w@e@vitdess an i mage of the scleral tissues. 20PAQHUSZNB004874

device of Claim 12 wherein said sensor responds to
ultrasound, light, or differential pressure. 15. A

Vi C or m ni nal l i nvasi ve ivery of
3 Q‘&ﬁ{ﬁwerﬂcsor@ tony one 9f %i?axsd% tosl.éa@@g%rfc ising an
Flea@mym&tenscaaem&e%@ devivé finferfR3Wiftotht bitet Bafiad dfthe eye
assatge through scleral tissues, and an_inner

tapﬁ setithe depthand @aels et ipsugiraion of said lending Hp relative to thegye
G@n&l d upon contacting the choroid to prevent trauma
thereto. 30 16. The device according to any one of
Caims 12 to 15 further containing a drug fornulation

qerpr | g G RRUIELikEri . ¢ c,aékqnﬁn h ﬁgin%%lﬂfulatlon
Afyenfgangs i

acti ve substance. Vi ce accor to any one
ehmPrrigings Higlogecalls aftive substanogpnd & polymer ekéipiegbin the

%S?xléa?ﬁ%glndﬁilg alrcg gﬁghs 83&%‘?/\%“&&8‘}{1%8%%@%%%‘%&%0 localize said

FBﬁHIbgiSﬁle)Zétﬁ&éls&Bdtanch. The device according to any one
of Cainms 12 to 15 further conprising an angled stop
plate | ocated on said device to interface with the

@0t er Fidhathedatcdrimgay €laiantd whéreirhﬁndi egridulativeh iapiced in a

of penetration, of said | tip relativé to the eye
FJI%QBE?egSO“l . i\S\mﬂB’aO'ﬁgf n| stering drugs to eye

conprising placing formulation conprising a

b| oI ogically active, substance and a pql yner _exci pient .
gﬂl %ﬁéﬁ&?%ﬂ@gm §hateel %wéﬁretrhsaqldi%ﬂral latiqny ig Pﬁvﬁd in an

%te%oafrég%n Gﬁ‘lﬁe‘éﬁﬁﬁécﬁ&olcﬁ??ﬂdcée said biologically

active substance. 10 20. The nethod according to Claim

19 wherein said fornulation is placed in a posterior

9gi 0Ny %etﬂ&?fo? lé@ﬁl%ptgﬁgé dales 30 Q%%steagr repith SBhOOFE comprising

according to Claim19 whérein said for nu;gatu on is
miqmrwa ifqmaﬁatlolscmratrtgﬁ biokagiemlycictive eulatmxca coampsiseng
t
JRRffphats o ubOMol il G kDR 83ald  bout 1 1033
fxmcrmisan iAo lantmnp ragsomaof the buprh«dg:rcldhl gpaac suahethatu bagd aricrospheres

rls I OS res m cr Wlth an
?Plcroa)la.lgg:l S su%seq gﬂt? g ee t8 fsmdtj)%s{e {e(%
23. The method according to Claim 22 wherein said formulation comprises a
polymer excipient to uniformly disperse the microparticles or microspheres in the

suprachoroidal space.

24, A method of administering drugs in the suprachoroidal space of the eye
comprising the steps of placing a needle in scleral tissues toward the suprachoroidal
space at a depth of at least half of the scleral thickness, and injecting a drug
formulation through said needle into the sclera such that said formulation dissects the
scleral tissues adjacent to said suprachoroidal space and enters said suprachoroidal

space.
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20 microns in an anterior region of the suprachoroida

space such that said mcrospheres or mcroparticles
wGenmsaorent |y mgrate to said posterior regi onPCRBS20011@04874

met hod according to Claim 22 wherein said fornul ation

conprises a polynmer excipient to uniformy disperse

the mcroparticles or mcro eres in_th 25 . .

lor aci BPUar seerdine 19 45 o [AimS 1946 24 APherr I8 said fagmulation

Horfptisksla tHiRoteofé p6Ralep] dal space of the eye

conprising the steps of placing a needle in sclera

ti ssues toward the suprachoroidal space at a depth of

at least half of the scleral thickness, and injecting

a drug 30 formul ation through said needle into the

sclera such that said fornul ati on di ssects the

scleral tissues adjacent to said suprachoroidal space

and enters said suprachoroidal space. 22 WO

2007/ 100745 PCT/ US2007/ 004874 25. The nethod

according to any of Clains 19 to 24 wherein said

formul ation conprises a thixotropic polyner. 23
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