By inventors Eldon Quinn Fames, Mayssa Attar, Rhett M. Schiffman, Chin-Ming Chang, Richard S.
Graham, Devin F. Welty Related Application [1] This application claims the benefit of U.S. Provisional
applications 36 i%lﬂ-ggtljr?ger 61/067,925, filed March 3, 2008; serial number 61/096,096 filed September
11, 2008; sertalnumber81/111,919 filed November 6, 2008, and U.S. NoRFOEISHAIESDlication

12/396,131 filed March 2, 2009, the disclosures of which are hereby incorp%gg%dl)ieﬁ%i%entirety
ical C

herein by refqeneereeld ofthe raniemiial TasipesiprorpiestoRiappceulizal compositions.
More particularly, this invention relpggsvtprgnioal erbinalipicesgiytions comprising
5-benzoyl-2,3-dihydro-1Hpyrrolizine- 1-carboxylic acid, otherwise known as ketorolac, and the use of
ketorolac for treating or preventing ocular pBinidyesesigtion of the Related Art [3] Topical nonsteroidal
anti-inflammatory drug{i®AIDeiekernssMayseaticipgiRisard Yo S@pEraiive inflammation. All drugs
are associated with sonfehiiiding GitagsRitkitirths. (Sexbi N INQH I Wgigal ophthalmic treatment of
patients, surface toxicity has been a concern, and incidents of keratitis, corneal subepithelial infiltrates,
ulceration, ang;eQraaal aglisdigve been reported (Guidera et al, Ophthalmology, 2001, 108 (5), pp.
936-944; Solomon et al, ataract Refract Surg, 2001, 27 (8), pp. 1232- 1237, Teal et al, J Cataract

Refract Surg, {885, Ih5) 20plcsivg plgmy thendiensitients YifenPropisiotrlraingi catstingigan

instillation (Jagomsatalosntindlammatacy BragsClpical QeMard RRueslnws Barlst., J;p- and
Manus, S.D., l;éJRSBosto : Heineman ZOOl,ﬁp. 265-298). The burning or stingin cou% b€ related to
1

the concentratioh®of EHW@oﬁ]lbgﬁe%go FL RRskend: MRPRetsfolad rberetarsiend.5% (wiv)

ophthalmic solpitibatpitestedrosn Allergeardncy, urster, the tadensme ACWEARA):IS.8-83fe and
effective NSAILD with groven analgesic End.anti-inf ammatory activity. The most common adverse

event associalSd Rith the LLS HFTHE S RSt iiseRitnulation is ocular irritation, primarily burning
and stinging upon instillation. Keterolac tromethamine 0.4% (w/v) ophthalmic solution. under the
tradename Acﬁﬂﬂm&mown improved bioavailability and less stinging on instillation than
ACLILARI, bidotfereris miatinianeeiiobamumpanarieisiglag am iR g dormuarion wih

r v,

greater bioavailability and greater tolerability, minimized ocular surface toxicity, improvéd patient
comfort, incre 4SEGHRRHIRIT triarsrarhbalaintpbtient eomnmprovdewopnd hditingeafabilities
during use. [Slit-igiene-ohijesbefibisdaventienite Riayidea kelsmlac faimwation for dnstillation in the
eye to eIimina%e or reduce ocular irritation, to improve tolerability, compliance, duration and effect of
keterolae, to aflow TP ESSiRF Y B PRYYaily to twice daily, and to increase the effectiveness of
treatment by being Lice of benzalkonium chloride or other preservatives. [6] It is another object of the
invention to indirssvikiemof v Rielaty '

aqueous solut avi iz falcle | : It is anather object af the
invention to eg(t@gﬁg tﬁé&%ﬁgc%% g%?gr(%%qggﬁ%%%rh gﬂ%_g{ﬁg%ﬁé%% arrgquﬁﬁgedp (fé)ﬁ%l 810 aa“ilae. [8] Itis
another object®f PREPRUEAEE 1ipravibeneMiciores rrsiiassonatidnids soiatettintheceaffecact surgery

and reduction whpiain-assostatpthigatasast spraai SMBRHSAN 0 HErKREIO RS qnulations.
[9] Itis anoth%r object of the invention, tq create a keterolaculation wit
as been a concemn, and incidents of keratitis, corneal subepithelial infiltrates,

ulceration, and corneal melts have been reported (Guidera et al, Ophthalmology, 2001,
108 (5), pp. 936-944; Solomon et al, J Cataract Refract Surg, 2001, 27 (8), pp. 1232-
1237; Teal et al, J Cataract Refract Surg, 1995, 21(5) , pp. 516-518). Further, patients
often report burning or stinging on instillation (Jaanus et al, Antiinflammatory Drugs.
Clinical Ocular Pharmacology, Bartlet, J.ID. and Jaanus, S.D., Ed., Boston: Heineman,
2001, pp. 265-298). The burning or stinging could be related to the concentration of the

© active component of the formulation.

[004] Ketorolac tromethamine 0.5% (w/v) ophthalmic solution, available from
Allergan, Inc., under the tradeneme ACULAR®, is a safe and effective NSAID with

proven analgesic and anti-inflammatory activity. The most common adverse event
' !



improved wound healing capabilities. [0010] Other objects of this invention will become apparent from
a reading of the present specification. Summary [001021 In a first aspect, there is provided a topical
aqueous ophthalmic solution comprising keterolac tromethamine, carboxymethyl cellulose and no
preservative. [0010b].In a second aspect, there is provided the use of the topical aqueous solution as
defmed above in the manufacture of a medicament for treatment of ocular pain associated with

postoperative e re radiivee tstard sy foktoryan LIRMPHepatOIHETdTE BN ABEHEYuse of the

topical aqueoysas.osfinashaheve i thedmanfactuse .ok a-madicament iprIreMg RiReaRkar pain
wherein the medicament may be administered befare or after eye surgery. [0010d] In a fourth aspect,

there is provididifie GedesfidRAsaNa qtiebld Eolutidh ad et d5BRNFRP A RRL S Ure of a

medicament {giinsseasingnhealngsimaief thereyaraftes R@gety ihaemaakisentedwtamlaa solutions
containing a preservatjve. [00111 The presept disclosure. provides an aquepys o h&halmic formulation
comprising arPBREHR S SHBER LT L %’WS%}% b STTRiZed &8 élﬁﬂlﬁi ofk&i& olac in
comparison offlershRmarciatiyavaitable kefecelacxiodunipritel quuiest s@phthabmicsaldution of the
present disclosture. com ris? carbogmethfgceggéose r%; as‘gdiug ceaaqlbc‘)jxgp tﬁxge%egulo%e, having a
pH within the Targs DS aBoGEB 8 1her- 4. SWhich ROt Wiran 1 SReamy ASphed o the eye of
a patient, whessein the concentration of carboxymethyl cellulose and, preferably, the pH, is selected to
provide an increased absorption of ketorolac in the eye of a patient as compared to a comparative

keterolac'solyfigsy that differs ghfy-in notincludingithe carhexyipethybeebilosehhatis, thg absorption
of keterolac may be 130% or greater than the absorption of a comparative aqueous ketgrolac

ophthalmic soRFHSAIREVTdH E¥6alh S WRHIER T JEAREN RSHBR B BRSoa BT S) SRR BiSferably, the
aqueous ophthaimie-selution:ef this disclosynehasa pbl mithindhadange-eohifom B:8toddil; particularly

6.8. 10013] More preferably, the aqueous op:aéhal ic solution of the present djsclosyre has a
concentrationt%fté’ﬁpﬁoﬁﬁgfet cHIUBEERST 10 ABBUTERS o 8bJte 58t ﬁt,lbg t,%ven more
preferably frofeahatishi ehibSdpercehty byeveeighteand most preferably about 0.5% w/v. [0014] Even
more preferably, the aqueous ophthalmic solution of the present disclosure comprises a mixture of

medium Viscopié AN Digh-viseosiseemcarhaxy maiiveRlulose: ARt 5 L Mare pisferably, the

aqueous oph ic solution of the disclosure comprises an effective amount of ketorolac of from .25
to .50 percent4EaigPEIapbEEBREP SitepIy BawSigifueous solution having an optimized

conceniration of ketorolac.

[007] It is another object of the invention to extend the effects of keterolac and allow

for a decrease in required daily dosage.

[008] It is another object of the invention to provide reduction of inflammation
-associated with cataract surgery and reduction of pain associated with cataract surgefy

in comparison to other keterolac formulations.

[009] 1t is another object of the invention to create a keterolac formulation with

improved wound healing capabilities.

[0610] Other objects of this invention will become apparent from a reading of the
present specification.
Summary

[¢010a] In a first aspect, there is provided a topical aqueous ophthalmic solution comprising

keterolac tromethamine, carboxymethyl cellulose ané no preservative.

[



[0016] More preferably, the aqueous ophthalmic solution of the disclosure has a viscosity of from 5to':
50 ¢ps, preferably from 10 to 30 cps. [00171 It has been surprisingly discovered that optimizing the
concentration of ketorolac tromethamine reduces the occurrence of adverse events while maintaining
clinical efficacy. Additionally, it has been discovered that the optimized concentration of ketorolac
tromethamine in combination with carboxymethyl cellulose offers surprising and clear benefits in terms
of formygation) in thai-ne pEpsel ativas gheldtingns agenthanchaulfaaiant artuteguiyediprformulation.
Thus, finding 3 way 1o, erease e, absarplion ofkelorolac benelis fne patient ulo cap.use a solution
having an optimized concentration of Ketorolac and-obtain similar resuffs'in ferms oqf efficiency as
comparegitosakeeisiaeSettiviokerissianga higher concentration of ketorolac. 100181 Thus, this
disclosure relates to an aqueous topical ophthalmic compasition comprising 0.25 to .50 percent by
weight, mare preferahly from 0.35% to 0,45% by weight and most preferably about 0.45 % ketorolac .
trometh@%?‘u%pgya#@g Sfuﬁﬁ%? ﬁ'rpemﬁ?gesiﬁfe &llsechs%ﬁeto fg?)f%%% Oan‘ﬁgsfr‘ga‘rgnryﬁsza ??)VE 1E)leﬁ?%(_ant by weight,
more preferdshyrfror 0. 5itddrBepere mrbyeweigcaiat paostyirefarably atsdiordst vev\bpercent of
medium angl:high: melecslan weightsedium carboxymethyl cellulose. Another aspect of this disclosure
relates to a method of treating or preventing ocular pain in a person comprising topically administering
to said patient a sterile composition comprising from .25 to .50 percent, by weight, more particularly
from 0.36010tH B 4580y aveighther aboutvBidb¥ewhe kétibrotap wroagethanmriesion comination with from
0.2 to 2 percent, by weight - Preterableliom 540 LSRSISHAL RWeIhL 404 APt pisferably 0.5%

percent by weight/volume, sodium carboxymethyl cellulose and mixtures thereof [0019] While not
intendintPRPIFTIRE LEGHE SETRROUTSRIBSRESA Y W4, of particular interest in relationship to this
invention is the use of aqueous topical ophthalmic compositions of 0.45% (w/v) ketorolac

tromethapineriar jhadieatioritof peuiatnaingeshrdipihhionibedreatmpatohgetiap pain in

postoperative photorefractive keratectomy (PRK) surgery patients which improves healing. It is
Surprisirig HECHTE FNEREEhEETARD R RSB GA O AL SR R B A AL #rdBuct, discussed
herein, would reduce the incidence of adverse events and enhance comfort while maintaining clinical
efficacy. Two drops (0.1 mL) of 0.5% ketorolac tromethamine ophthalmic solution instilled into the eyes -
of patients 12 hours and 1 hour prior to cataract extraction achieved measurable levels in 8 of 9 :
patients' eyes (mean ketorolac concentration 95 ng/rriL aqueous humor, range 40 to 170 ng/mL)
Ocular administration of ketorolac trometharnine reduces prostaglandin E2 (PGE1) levels in aqueous
humor. The mean concentration of PGE2 was 80 pg/inL in the aqueous humor of eyes receiving
vehicle and 28 pg/mL in the eyes receiving 0.5% ketorolac tromethamine ophthalmic solution. WO
20091111418PCT/US2009/035787 18350 PCT (AP) 100201 Ocular administration of 0.45% w/v
ketorolac tromethamine ophthalmic solution increases relative bioavailability of ketorolac in the
aqueous humor of rabbits to greater than 200% and in the iris-ciliary body to nearly 300%, compared
with 0.5% ketorolac tromethamine ophthalmic solution. This enhanced ketorolac bioavailability allows
for a reduction in dosing frequency from QID with 0.5% ketorolac tromethamine ophthalmic solution to
BID with 0.45% keterolac solution. Preclinical data indicate systemic ketorolac exposure levels
achieved following ocular administration of 0.45% keterolac solution are comparable to levels achieved
with 0.5% ketorolac tromethamine ophthalmic solution. Detailed Description of the Invention [0021]
During the reformulation of Allergan's marketed Acular LS(r) product (0.40 % w/v keterolac), it was
surprisingly found that a test formulation containing 0.45% ketorolac tromethamine and sodium
carboxymethylcellulose (NaCMC) exhibited significantly better ocular absorption in rabbits than did the
currently marketed product, i.e. Acular LS(r).
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- [0022] Since the viscosities of the two test solutions were virtually identical, the mechanism for
achieving increased ocular penetration compared to the control formulation cannot be accounted for
only by the viscosity of the test solutions. In fact, a comparison of two identical carboxymethyl
cellulose-containing solutions which differ only in having viscosity of 11 and 22 cps shows similar
absorption of ketorolac into the aqueous humor. While not wishing to be bound by theory, it is believed
that there is a fipmtisisat rethetiorstipetatiie enaifedls dditemeanboxdymetiiecelidoseahth dithier, the
ketorolac or sofpRessmRERENSREthemeNansutase: hatfaciitairsasonniinn of keigrg lac. [0023] All of
the agueous topical ophthalmic solutions of this invention are contemplated for use in treating or
preventing ocutafopaimativaferdblysalhatinscadofishs dhehimzavehfiom abewotBmepldtedtfich use when
Saic ocular pai 5 il of ARCISGRENE KETIREIARY SHI9BNLAPRI 1902 410ne mpartant aspect
ep

.. . . " ]
of this invention is that the solutions o resent inveéntion have a concentration o etor&ac

tromethamine Wifiebes et eelidasdasd sreferbly. psTofAR ssirstefscryoniditanaimeaning clinical
efficacy in treaing:paukasNait-AasHCh:RgCONCentatian ofketoralar fromethaming.in compositions

related to this invention is preferably from 0.35% to 0.45%, most preferably the concentration of

ketorolac trom&RH & %h $H g ORfs L (B aF Bifr A icasereate Bt HelirlpsptioRbis 6489 ketorolac
tromethamine, dyoryeight {082 icamkexymelyl celivlase (EM@dsmeammaxymethylservative of

cellulose formed by the reaction of cellulose Yvith alkali and chloroacetic acid. As a result of said
reaction, carbSXyme ()?/(thorr s BTy 10" S5 BY e WYaPaR GFoligtest sRRCgRIaBRYrahose units
that make up thetdraizkbone of cellulose. The degree of substitution of carboxymethyl varies from about
0.6 to 0.95 per glucopyranose unit. CMC is used in aqueous solutions usually as the sodium salt to

increase viscoiti2[Q03E] srarbexynetwdcelilosrisiavailabiadn various mRlesHial wejghts. Low
molecular weight carboxymethyl cellulose has a Mw of about 90,000 and a 2% solution thereof will

have a viscosity§iagsueazs et nvetinrtiaerht €8rboxymethyt cellulose has a Mw of about
250,000. High molecular weight carboxymethylcellulose has a Mw of about 700.000 and a 2% solution
will have a vis¢o®iB] df aboutt2oR, dbQa)Eo10 087 th Hoidiselpurpagehofiitrecpt et dmndntion, it is

desirable to use a miggtl%lre ofg’rggr ig}@nq&gﬁi%g] glgc%aigrweilgof{:gt1 $0 i#‘lm c%rbox methyl cellulose. For
example, from 25175 to 75/25 Carborymethyl celliiose, preferably from 30178078755 n G most
preferably abowte35i65 verediary/ higHemable clitam whightisbdiurh Earboxymethyaighulasé. 460281 The
fact that the co&g@&%@yg&g{ ketorglac tromethamine in compositions related to this invention achieves
greater or equal absorption of kctorolac into the aqueous humor of the eye and includes
;carboxymethyllﬁﬂ%i e, allows th%a sg}:}gi ns of the preésent invention to be prepared with no
preservative, s YEARECEhEISLAY  2HHFSYS PLIgAIa AP hdvanEhe BRreripbTchrsketerolac
formulations as-qipsetyaiivesnsyrtdcianisandichsigtinglagentsicasneauseaimitatiniodhe gye resulting
in less patient (égm%isgnce and less effectiveness of prior art keterolac formulations. 18350 PCT (AP)
[0029] The term preservative has the meaning commonly understood in the ophthalmic art.
Preservatives are used to prevent bacterial contamination in multiple-use ophthalmic preparations,

and, while not EERAMG OB iRt P eRAMPIS SRALKILRE b EMPARDRIIAT CHIGATHE® SBIBRIZES Bkychloro
complexes (othepuisg aownas Repadlaphrnvimerciids ageiate. chigrobutanol bepzyl glgohol,
parabens, and thimerosal. Preferably, the keterolac solution of the preésent invention is preservative
free. [0030] ThRSTETHY S8rt4eeht used in this invention has the meaning commonly understood in the
art. Surfactants are used to help solubilize the therapeutically active agent or other insoluble
components ofl#édddrhpositideralfiyiohicyoation i hamphiotesicipwittatio disclanataibmnianic surfactants
may all be use@ié@o@? é’@}lr%rég%@ |§@§'§”%E§PEF {_ﬂ)c:lugf%igothe solutions of this invention, preferably,
: R i di n& 0 fimit ¢

a nonionic surfactantis use ile not'intendi € s@gf)'e of the invention, some examples of
useful nonionic surfactants are polysorbates, poloxamers, alcohol ethoxylates, ethylene
glycol-propyled@%ifict BiscloEdhoymiaragsiaaieasidaat animirinsherolcotoryrites, eihd
phospholipids. et eferabibuiie sedaciantiseneehdphenchetioxyiale wWithan.averaas of 40
ethoxylate grou FS‘éﬁT i Qtype of sutfact?ﬁé also known as octoxynol-40 or Igepal CA-897(r), can be

purchased un Five ALEERT eRaHe o R RED & oPrEEFb AP rasBIE T olac

solution of the pfesentdhventioniasuiiaciantiesinaallWwihe ruehelating sgantiefers.to a
compound that is capablecpft[:om le 'tg.a etal, fnioun erstoQd by those of ordinary skill in the
chemical art. CHEIAtiNG Agents are Lead in OpRthalrfEEERBBdRioNE & SRfsRc Brediivtinge
effectiveness. While not intending to be limiting, sorae useful chelating agents for the purposes of this
invention are edetate salts like edetate disodium, edetate calcium disodium, edetate sodium, edetate
trisodium, and edetate dipotassium. Preferably, the keterolac solution of the present invention is

chelator free.



10032] In addition to surfactants, preservatives, and chelating agents, tonicity agents and other
excipients are often used in ophthalmic compositions. Tonicity agents are often used in ophthalmic
compositions to adjust the concentration of dissolved material to the desired isotonic range. Tonicity
agents are known to those skilled in the WO 2009/111418PCT/US2009/035787 18350 PCT (AP)
ophthalmic art, and, while not intending to be limiting, some examples include glycerin, mannitol,
sorbitol, sodiumgestylenidieydimdanther sleciaiteSoRnefetiahly Thes tdinitity agent is sodiuwa taloride.
[0033] One preferred empodiment.of this invention. relates to an agueous, topical ophthalmic
composition cgbm%wg%ngoig%r z%%?gfg%&??oﬁﬁé{é%ﬁn“é,%r%ar% o) atg%; 1‘6}3%*%3‘/*“ %}h%g%o |ﬁcrin
carboxymethyteeltalosion 00 34¢rdihe andsbprisfermadronsdidim erof oh finvaniion cetagesdo an
aqueous tobice) SpRIBRDIG AAmPRsian.GapRisiagof O:Asit.pp Tjetorolac romethamine, 0.5 96
wi/v of carboxymethylcellulose sodium, e.g. a mixture of medium and high viscosity sodium
carboxymethyl cellulgse, sodium chloride, sodium citrate deh_ydre%tgl, sodium hydroxide, hydrochloric

acid and purifi@d A htdrs 18505 eSP B ER AN @ OB ET RS BYHERR REEISS B, all steps in

this procedurecwepe e riesout.a reaaede Bperatite midie folipwipg prasedomrasipiiaved in
accordance with the amounts listed in Table low. Purified water was charged into the main batch
wessel. Mixing \GHER AL TSR P08 oo NG TR OF (BB Bouc

" ingredients withetPereeislRdoaeration Gfamnforafion 2 Heectoll bwing gomporgntsondite added

directly into theg vor n order, allowing each to dissolve before adding,the,next: sodium chloride,
calcium chlori(%%iﬁ%( roat(l)e"anfja%cr%(%s%% c?‘flci')rtldaé:l h%ngL%:réa ea, %0??&0%%,@56%?’&% B%rﬁgfg,gs%dium
carboxymethyinsdilufosed dugh mnlparee mesgiucodismalutiormaeostiptsiiiosiudingtizmbterecdf 65%
medium molequlagwgigiicaem3o% Hishimelaolarueiotcaimynetvh ealiigse.fhe solution was

mixed for no longer than 15 minutes. A specified amount of IN sodium hydroxide. was then added. The
pH was checke"RRaINE HPesrly JAREHRTaRt (17 Baliam INeokicprhysitiderapriNtgy@ieochloric acid.

Ketorolac tromethgmipe,wasnthep added hased.ancasis’ A5y and mixedupticompletely dissolved

L

based on visual inspection. When dissolved, the solution pH was again checked and if needed
adjusted to pHE SRR M ]%%83@15Ilf?gl?ﬂ?)‘%IN%@HMWWW&@%F){W%QWE%rW acid.
Purified Waterw@@tb%ﬁgggﬁ teobiingsthe b;ﬂk@gigﬁipﬁﬁ%@g@%@hg@@dﬁ@gﬁg@ togmix, for at least
15 minutes to ensure, unifqr i%/:i The S%%Iution was then sfrilﬁliiétered for use. [00361 Table 1. 0.4%
Ketorolac Troﬁ%ﬁ%ﬁ?ﬁ%giﬁ% A SR RIS htTH et T dtftime0.4% CMC, -

Med Visc..65% ow Visc..35% Potassium chloride0.14%
[?)(%M%ule not intending to himit the scope of this disclosure in any way, of particular

interest in relationship to this invention is the uwse of agueous topical ophthalmic
compositions of 6.45% (w/v) ketorolac tromethamine for the treatment of ocular pain,
especially for the reatment o.f ocular pain in postoperative photorefractive keratectomy
(PRK) surgery patients which improves healing. It is surprising that the lower
concentration of ketorolac as compared to the Acular® product, discussed herein, wouid
reduce the incidence of adverse events and enhance comfort while mamtalmng clinical
efficacy. Two drops (0.1 mL) of 0.5% ketorolac tromethamine ophthalmic solution
instilled into the eyes of patients 12 hours and 1 hour prior to cataract extraction
achieved measurzable levels in 8 of 9 patients’ eyes (mean ketorolac concentration 95
ng/mL aqueous hurnor, range 40 to 170 ng/mL). Ocular administration of ketorolac
tromethamine reduces prostaglandin E, (PGE;) levels in aqueous bumeor. The mean
concentration. of PGE; was 80 pg/mL in the aqueous humor of eyes receiving vehicle

and 28 pg/mL in the eyes receiving 0.5% ketorolac tromethamine ophthalmic solution.



Calcium chloride, dihydrate0.060% Magnesium chloride, hexahydrate0.060% Boric acid.060% Sodium
borate.1225% 18350 PCT (AP) Example 2 [0037] Unless otherwise specified, all steps in this
procedure were carried out at room temperature. The following procedure was followed in accordance
with the amSURETEIEH IR Table 2 below. Purified water at 90% of batch $i%& nggf?g?agd into the
main batch vessel. Mixing was initiated to produce a vortex sufficient to dispesseand/gpdissolve all
product ingregigrgs withautRxcessiveaerstiongrioam formaion. Thetelawing cpmpangats were
added directly into the vortex in order, allowing each to dissolve bhefore adding the next:. sodium
chloride, edef 8 HBIBRITA SRR O Pa®y tHe M B0 Of KR B6IRiGH) M8 WEMRIE SLFACHforide (as a
10 % stock sedugieals: then anEunhafihehz atkanituny cblbridenasitiedomak intomeeowitiliestssay of the
stock solution used. The solution was mixed for no.longer than 15 minutes, A specified.amount of IN
sodium hydr&?@égf%gorﬁftg%%ﬂ%rogp ﬁ}% CuﬁPg“?éo lict, Wag" a@'ﬁegf Lé%fglﬁﬁegg V\?\fg!sg 1g}n{gcked and if
needed was atljustdarts 20uztion Ix0dnithg Nespeivm fhyd Qkiveridr N Yyicdrootitericoasithaketorolac
romethamine, i N0 AARMAASRIP LRSS saesav. A Mited Y complatehy fixsplied based on

visual inspection. issolved, the solution pH was again checked and If needed adjusted to pH

7.3 - 7.5 (finabYaligyeicatesorad ewitisund Bogiamchiguedieléoning eproedioncaian pirffiéd wvater was
then added tq pring:the Rinsglutiandadinaky pvene.and aliowaddeomieion al gasiddminutes to

ensure uniformity. The solution was then sterile filtered for use. [0038] Table 2. 0.4% Ketorolac
Tromethamin%@ﬁﬁ‘ﬁﬁ&iﬁﬂ@@&ution (Comparative) Ketoro lac Tromethamine0.4% Edetate Di sodi
um0.015% NaC 10.79% Benzalkonium Chloride0.006% Octoxyno1-400.003% Ph7.4

Detailed Description of the Invention

[0021] During the reformulation of Allergan’s marketed Acular LS® product (0.40 %

w/v keterolac), it was surprisingly found that a test formulation containing 0.45%
ketorolac tromethamine and sodium carboxymethylceliulose (NaCMC) exhibited
significantly better ocular absorption in rabbits than did the currently marketed product,

ie. Acular LS®.

[0022] Since the viscosities of the two test solutions were virtually identical, the
mechanism for achieving increased ocular penetration compared to the control
formulation cannot be accounted for only by the viscosity of the test solutions. In fact,
a comparison of two identical carboxymethyl cellulose-containing solutions which
differ only in having viscosity of 11 and 22 cps shows similar absorption of ketorolac
into the aqueous humor. While not wishing to be bound by theory, it is believed that
there is a functional relationship between the sodium carboxymethyi cellulose and
either,the ketorolac or some component of the ocular surface that facilitates absorption

of ketorolac.

[0023] All of the aqueous topical ophthalmic solutions of this invention are
contemplated for use in treating or preventing ocular pain. Preferably, all of the
solutions of this invention are contemplated for use when said ocular pain is a result of

photorefractive keratectomy surgery (PRK).

[0624] One important aspect of this invention is that the solutions of the present
invention have a concentration of ketorolac tromethamine which is optimized to reduce
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18350 PCT (AP) Example 3 100391 This example was prepared according to the procedure of
Example 1, except that hydroxypropyl cellulose was used in place of the sodium carboxymethyl
cellulose in an amount sufficient to provide a viscosity equivalent to the viscositg of the composition of

Example 1. E’?a?ﬂ%ﬁ’él&%om The following composition was manufactuf&d’B-ENGHIME basis at
ambient temperates from two principal parts. Each part is manufactured sepgy@tety-aagithen combined

under controligd %ﬁ%ﬂ%i@ﬁ%ﬁ&ﬁiﬁ%ﬂi&i@ﬂﬂ keflﬁ@‘{&cih tﬁ@aﬂffgt mpﬁih.l)mvﬁiyﬁzstﬁ@e dissolution
of carboxymethylcellulose sodium in water followed by bulk heat sterilization,.and the second part

(Part 2) invol GRS HIEEHIRIH SF IO RS ARHRE Hin e ARG LU A S i BTFRYSHh ¥hrong a 0.2
micron membianedito aateris pressutevessalofthersfatitgybuls seintionisdhenfclatityoldtered through

a 20 micron polyprpyiene,membiane fifer nfo (hc fling machine reservalr, 100441, The sterl
& titted by & |

. . S 15 1 1 .
post-clarity filtsred Softionts Ing madhine via biow-fili-seal process into UD vials
using virgin LiREctesirmwitheutcolorartighihe filling is done in an ISO Class 5 environment. The
nominal fill is 0.4 mL into 0.9 mL capacity vials. [0042] Table 3: 0.45 % w/v Keterolac Tromethamine

Ophthalmic SabstipreingsegicntungtiosConsaniralion Haymkeieratas dirmeihaminrsactive 0.45%
Carboxymethjycellulose Sodium (Med, VISCOSI_%) Thickening Agent, . )
ormed by the reaction of cellulose with'alkali and chlordacetic acid. As a result of said
reaction, carboxymethyl groups are bound to some of the hydroxyl groups of the
glucopyranose units that make up the backbone of cellulose. The degree of substitution
of carboxymethyl varies from about 0.6 to 0.95 per glucopyranose unit. CMC is used

in aqueous solutions usually as the sodium salt to increase viscosity.

[0026] Carboxymethyl cellulose is available in various molecular weights. Low
molecular weight carboxymethyl cellulose has a Mw of about 90,000 and a 2% solution
thereof will have a viscosity of about 1.1 ¢P at 25° C. Medium weight carboxymethyl
cellulose has a Mw of about 250,000. High molecular weight carboxymethylceltulose
has a Mw of about 700,000 and a 2% solution will have a viscosity of about 12 ¢P at
25°C.

{0027] For the purpose of the present invention, it is desirable to use a mixture of
medium and high molecular weight sodium carboxymethyl cellulose. For example,
from 25/75 to 75/25 carboxymethyl cellulose, preferably from 30/760 to 70/30 and most
preferably about 35/65 medium/high molecular weight sodium carboxymethyl

cellulose.

[6028] The fact that the concentration of ketorolac tromethamine in compositions
related to this invention achieves greater or equal absorption of ketorolac into the
aqueous humor of the eye and includes carboxymethyl cellulose, allows the solutions of
the present invention to be prepared with no preservative, surfactant and chelating
agent, This is a significant advantage over prior art keterolac formulations as
-preservatives, surfactants and chelating agents can cause irritation to the eye resulting in

less patient compliance and less effectiveness of prior art keterolac formulations.



0.325% Carboxymethycellulose Sodium (High Viscosity) Thickening Agent 0.175% NaCl Tonicity
Agent 0.7% Sodium Citrate Buffer 0.2% 18350 PCT (AP) Dihydrate Sodium Hydroxide (IN) pH

adjustment _
WO 2009/111418 PCT/US2009/035787

18350 PCT (AP)
[6029] The term preservative has the meaning commonly understood in the ophthaimic

art.  Preservatives are used to prevent bacterial contamination in multiple-use
ophthalmic preparations, and, while not intending to be limiting, examples include
benzalkonium chloride, stabilized oxychloro complexes (otherwise known as Purite®),
phenylmercuric acetate, chlorobutanol, benzyl alcohol, parabens, and thimerosal.

Preferably, the keterolac soiution of the present invention is preservative free.

[0030] The term surfactant used in this invention has the meaning commonly
understood in the art. Surfactants are used to help solubilize the therapeutically active
agent or other insoluble components of the composition. Anionic, cationic, amphoteric,
zwitterionic, and nonionic surfactants may all be used in this invention. If a surfactant
is included in the solutions of this invention, preferably, a nonionic surfactant is used.
While not intending to limit the scope of the invention, some examples of useful
nonionic surfactants are polysorbates, poloxamers, alcohol ethoxylates, ethylene glycol-
propylene glycol block copolymers, fatty acid amides, and alkylphenol ethoxylates, and
phospholipids. Most preferably, the surfactant is an octylphenol ethoxylate with an
average of 40 ethoxylate groups. This type of surfactant, also known ag octoxynol-40
or Igepal CA-897®, can be purchased under the Igepal CA-897® tradename from
Rhéne-Poulenc. Preferably, the keterolac solution of the present invention is surfactant

free.

[0031} The term chelating agent refers to a compound that is capable of complexing a
metal, as understood by those of ordinary skill in the chemical art. Chelating agents are
used in ophthalmic compositions to enhance preservative effectiveness. While not
intending to be limiting, some useful chelating agents for the purposes of this invention
are edetate salts like edetate disodium, edetate calciwm disodium, edetate sodium,
edetate trisodium, and edetate dipotassium. Preferably, the keterolac solution of the

present invention is chelator free,

{0032} In addition to surfactants, preservatives, and chelating agents, tonicity agents
and other excipients are often used in ophthalmic compositions. Tonicity agents are
often used in ophthalmic compositions to adjust the concentration of dissolved material

to the desired isotonic range. Tonicity agents are known to those skilled in the



Adjust to pH 6.8 Hydrochloric Acid (IN) pH adjustment Adjust to pH 6.8 Purified Water Vehicle Q.S.
Example 5 10043] Comparison of Aqueous Humor Ketorolac Pharmacokinetics Following a Single
Ocular Instillation of 0.45% Ketorolac Tromethamine Formulations with Varying pH to Acular LS(r) in
New Zealant WA R4Bbits. 100441 Study Objectives: 1) To compare aﬁééy%gm?ﬁﬁﬂetorolac
pharnaacok netics following a single ocular instillation of 0.45% ketorolac trgrpgthaming formulations
with varying pightidnAculardag(nytoidNewideatundy\titerablitsons) ckaisfxampldsvascdasigned to
determine whether decreasing the pH qf the composition would increase.the absorption of ketorolac
into the eye; ahd." 1%3,”%06{%%'} oyl chion thi rié’ltb\%segégf} M to%trggf éyef?‘lg%t%?lﬁg&easing

?tlbn, one armo
viscosity of thegonspositionchlomd22 cps to 11 cps. 100451 The specifics of this study are as follows:
Rabbit Aqueous Humor Ketorolac Concentrations following Administration of Three 0.45% Ketorolac

Tromethaminggnaationsaed Aol QA48 invention relates to an aqueous topical

ophthalmic composition comprising 0.4% ketorolac tromethamine, from 0.2 to 2.0 %,

by weight, sodium carboxymethyl cellulose.

[0034] The most preferred embodiment of this invention relates to an aqueous topical
ophthalmic composition consisting of (.45% {w/v) of ketorolac tromethamine, 0.5 %
w/v of carboxymethylcellulose sodium, e.g. a mixture of medium and high viscosity
sodium carboxymethyl cellulose, sodium chloride, sodium citrate dehvdrate, sodium

hydroxide, hydrochloric acid and purified water.



Table 4 Treatment Groups0,45% Ketorolac Tromethamine 22 cps pH=7.4 0.45% Ketorolac
Tromethamine 22 cps pH=7.2 0.45% Ketorolac Tromethamine 22 cps pH=7.0 0.45% Ketorolac
Tromethamine 11 cps pH=7.0 0.45% Ketorolac Tromethamine 22 cps pH=6.8 18350 PCT (AP)
Acular LS p|?5‘*=°7?ﬁ°§l%’di’€§| ocular NZW Rabbits/Female Single dose, bilatg?g('is,zﬁogwﬁwﬁrs post-dose
3 rabbits/timepoint +1 rabbit blank Total = 39 rabbits Aqueous Humor LC-MSAM P A4, Cmax
18350 PCT (AP)

Example 1

[0035] Unless otherwise specified, all steps in this procedure were carried out at room
temperature. The following procedure was followed in accordance with the amounts
listed in Table 1 below. Purified water was charged into the main batch vessel. Mixing
was initiated to produce a vortex sufficient to disperse and/or dissolve all product
ingredients without excessive aeration or foam formation. The following components
were added directly into the vortex in order, ailowing each to dissolve before adding the
next: sodium chloride, calcium chloride, dihydrate magnesium chloride, hexahydrate,
boric acid, sodium borate, sodinm carboxymethyl cellulose as a an percent aqueous
solution comprising including a mixture of 65% medium molecular weight and 35%
high molecular weight carboxymethy! cellulose. The solution was mixed for no longer
than 15 minutes. A specified amount of IN sodium hydroxide, was then added. The pH
was checked and, if needed, was adjusted to 7.3 with IN sodium hydroxide or IN
hydrochloric acid. Ketorolac tromethamine was then added based on "as is" assay and
mixed until completely dissolved based on visual inspection. When dissolved, the
solution pH was again checked and if needed adjusted to pH 7.3 - 7.5 (final target pH is
7.4) with IN sodium hydroxide or IN hydrochloric acid. Purified water was then added
to bring the bulk solution to final volume and allowed to mix for at least 15 minutes to

ensure uniformity. The solution was then sterile filtered for use.

[6036]

Table 1. 0.4% Ketorolac Tromethamine Ophthalmic Solution of the Invention
Keterolac Tromethamine 0.4%

CMC, Med Visc. 65%

CMC Low Visc. 35%

Potassium chloride 0.14%

Calcium chloride, dihydrate 0.060%

Magnesium chloride, hexahydrate 0.060%

Boric acid 060%

Sodium borate A1225%



100471 The resuhs of the study are reported in Table 5, below. Table 5 PK Parameters Formulation
AUCO0.4 SE (ng-h/m1) Ctila" SD (ng/ml) Relative %F* 0.45% CMC 22 cps pH 7.4 w:o "outlier" 62751

0,
26571 135 %8 {%0%3[%%1282 cps pH 7.4 713+96 : PCT/US2009/035787

18350 PCT (AP)
Example 2

[8037] Unless otherwise specified, all steps in this procedure were carried out at room
temperature. The following procedure was followed in accordance with the amounts
listed in Table 2 below. Purified water at 90% of batch size was charged info the main
batch vessel. Mixing was initiated to produce a vortex sufficient to disperse and/or
dissolve all product ingredients without excessive aeration or foam formation. The
following components were added directly into the vortex in order, allowing each to
dissolve before adding the next: sodium chioride, edetate disodium, octoxynol-40 (as a
70% stock solution) and benzalkoniurn chloride (as a 10 % stock solution). The amount
of benzalkonium chiloride added took into account the assay of the stock solution used.
The solution was mixed for no longer than 15 minutes. A specified amount of IN
sodium hydroxide, 1.85 mL per liter of final bulk product, was then added. The pH was
checked and if needed was adjusted to 10.7 - 11.0 with IN sodium hydroxide or IN
hydrochloric acid. Ketorolac tromethamine was then added based on "as is" assay and
mixed until completely dissolved Based on visual mspection. When dissolved, the
solution pH was again checked and if needed adjusted to pH 7.3 - 7.5 (final target pH is
7.4) with 1N sodium hydroxide or 1N hydrochloric acid. Purified water was then added
to bring the bulk solution to final volume and allowed to mix for at least 15 minutes to

ensure uniformity. The solution was then sterile filtered for use.

[0038]

Table 2. 0.4% Ketorolac Tromethamine Ophthalmic Solution (Comparative)
Ketorolac Tromethamine 0.4%

Edetate Disodium 0.015%

NaCl 0.79%

Benzalkonium Chloride 0.006%

Octoxynol-40 0.003%

Ph 7.4

10



322153 153 045% CMC 22 cps pH 7.2 62050 24084 133 045% CMC 22 cps pH 7.0 658473 268125
142 045% CMC 22 cps pH 6.8 939163 389258 202 -

WO 2009/111418 ' PCT/US2049/635787

18350 PCT (AP)

Example 3
[6039] This example was prepared according to the procedure of Example 1, except
that hydroxypropyl cellulose was used in place of the sodium carboxymethyl cellulose
in an amount sufficient to provide a viscosity equivalent to the viscosity of the

composttion of Example !.

Example 4
[0640] The following composition was manufactured on a volume basis at ambient
teriperates from two principal parts. Fach part is manufactured separately and then
combined under controlled sequences to form a sterile bulk product: the first part (Part
1) involves the dissolution of carboxymethylcellulose sodium in water followed by bulk
heat sterilization, and the second part (Part 2) involves dissolution of keterolac
tromethamine and salts in water sterile filtration throng a 0.2 micron membrane into a
sterile pressure vessel. The sterile bulk solution is then clarity filtered through a 20

micron polypropylene membrane filter into the filling machine reservoir.

[0041] The sterile post-clarity filtered solution is then filled by a UD filling machine via
blow-fill-seal process into UD wvials using virgin LDPE resin without colorant. The
filling is done in ar [SO Class 5 environment. The nominal fill is 0.4 ml into 0.9 mL

capacity vials.

[0042]

Table 3:  0.45 % w/v Keterolae Tromethamine Ophthalmic Solution

Ingredient Function Concentration
(% wiv)

Keterolac tromethamine | Active 0.45%

Carboxymethycellulose | Thickening Agent (0.325%

Sodium (Med.

Viscosity)

Carboxymethycellulose | Thickening Agent 0.175%

Sodium (High Viscosity)

NaCl Tonicity Agent 0.7% :

Sodium Citrate Buffer 0.2%

i



045/0 CMC 11 cps pH 7.0 64974 347218 139 Acular LS(r) 465465 211=106 100 Summary of the
results: [0048] The sodium carboxymethyl cellulose-containing formulations perform better than Acular
LS(r) with a relative bioavailability ranging from 133% (0.45% Keto 22 cp H7. %‘%to 202% (0.45%
Keto 22 cps‘Bﬂ 3%y %\%ever there is not a clear pH effect-because the 141%@/2 Cliwre cpspH 7.4
has a relative bioavailability of 153%, although one anomalous result maybpg3diving thisobservation.
Neverthelesspihgssaiition having a pH of 6.8 shows the be bloavallablllty. 18350 PCT (AP) Example

6 100491 Amumcenw ed: out using the
0.4% ketorola HBm SR foRvu ; ‘ ' consisted of 157
patients (78¢ I@jgf@u@aﬁmﬁe{@gmg unyeitedalskmisesurgery. Ihg&ﬁgg te@gsegcm criteriaifor the study is
that each [ tht‘f a\ |c a r-:\nrlmlcnh:. fnr ||'1||9fnr9| phnfnrnfrah (PRK) W|th|n 7

days after th & Wfl’ﬁfjv%i’feﬁ) have bektEMTcted ETDRS visuQ ‘Bouity of 20/100 or better, and c) is
capable of wearing a soft bandage contact lens. Key exclusion criteria are a history of refractive ocular
surgery and sensitivity to study medication or its vehicle, Tylenol #3k, or Ocuflox(r). The patient
demographics are shown in Table 6. A total of]zjxsgll%ﬁ;ignts are enrolled with an age range of 20-66

years. There are no significant demographic differences between treatment groups.
[6043) Comparison of Aqueous Humor Ketorolac Pharmacokinetics Following a Single

Ocular Instillation of 0.45% Ketorolac Tromethamine Formulations with Varying pH to

Acular LS® in New Zealand White Rabbits.
[6844] Study Objectives:

1) To compare aqueous humor ketorolac pharmacokinetics following a single ocular
instillation of 0.45% ketorolac tromethamine formulations with varying pH and
Acular LS® to New Zealand White rabbits;

2) This Example was designed to determine whether decreasing the pH of the

composition would increase the absorption of ketorolac into the eye; and,

3) In addition, one arm of this trial was designed to test the effect of decreasing

viscosity of the composition from 22 cps to 11 cps.
[0045] The specifics of this study are as follows:

Rabbit Aqueous Humor Ketorolac Concentrations following Administration of Three

0.45% Ketorolac Tromethamine Formulations and Acular LS

[0046]
Table 4
Treatment Groups 0.45% Ketorolac Tromethamine 22 cps pH=7.4
0.45% Ketorolac Tromethamine 22 cps pH=7.2
0.45% Ketorolac Tromethamine 22 cps pH=7.0
0.45% Ketorolac Tromethamine 11 cps pH=7.0
0.45% Ketorolac Tromethamine 22 cps pH=6.8

12



100501 Table 6: Patient Demographics n % Gender Female 91 58 Male 66 42 Age, mean SD 39
10 -~ =

WO 2009/111418 PCT/US2009/035787

18350 PCT (AP)
Acular LS pH=74

Dosing Route: Topical ocular

Animal Gender:  NZW Rabbits/Female

Dosing Regimen  Single dose, bilateral

Timepoints: 1. 2 and 4 hrs post-dose

# Rabbits: 3 rabbits/timepoint +1 rabbit blank
Total = 39 rabbits

Tissues/Matrices:  Aqueous Humor

Bioanalysis: LC-MS/MS

Data analysis: AUCq, Chax

13



Race Caucasian 148 94 Black 5 3 Hispanic 2 1 Asian 1 1 Other 1

WO 2009/111418 PCT/US2089/035787

18350 PCT (AP)

{0047] The results of the study are reported in Table 5, below.

Table 5
PK Parameters
Formulation AUCy 4% SE Cinaxt SD Relative %F*
(ng-h/ml) (ng/ml)
0.45% CMC 22 cps 627+£51 265+71 135
pH 7.4 w.o “cutlier”
045% CMC 22 cps 713496 3224153 153
pH 7.4
045% CMC 22 cps 620+50 240+84 133
pH 7.2
045% CMC 22 cps 658+73 268+125 142
pH 7.0
045% CMC 22 cps 939+163 3894258 202
pH 6.8
045% CMC 11 cps 64974 3474218 139
pH 7.0
Acular LS® 465£65 211106 100

Summary of the results;
[0048] The sodium carboxymethyl cellulose-containing formulations perform better
than Acular LS® with a relative bioavailability ranging from 133% (0.45% Keto 22 cps
pH 7.2) to 202% (0.45% Keto 22 cps pH 6.8). However, there is not a clear pH effect-
because the 0.45% Keto 22 cps pH 7.4 has a relative bioavailability of 153%, although
one anomalous result maybe driving this observation. Nevertheless, the solution having

a pH of 6.8 shows the best bioavailability.
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1 100511 Each subject receives the Ocuflox 5 mm prior to study medication. The study subjects then
receive ketorolac tromethamine 0.4% ophthalmic solution of Example 2 or Example 3, 1 drop QID for
up to 4 days. Then all subjects are then instructed to take Tylenol #3 as %if%f r gﬂ.% rable pain
(escape meditation)! Bilients use electronic - WO 2009/111418PCDUS%% %@’f} 7 gsso PCT
(AP) diaries with date and time stamp to record the ocular pain they expernightEersTarpf the
following: no pain, mild, moderate, severe, intolerable. 100521 The pain intensity is less for the
subjects who receive the solution of ExampletE duriqg éhe first 12 hours post-PRK compared to those
who receive the solution of Example 3. In par TeE uring the first 12 hours post-PRK, the group that
receive the sHlt#iinfohoxdrenpie, 2-haldferdr patldnteavkbds puerdebmimtolerablespedrricdmpared with the
receive the SAIPRID FMRLGfud Qrgﬁé%é}ﬁﬁet?&ﬁlﬁ&iﬁﬂsp&’%JJAES{S&EL% "appsted Ry dhg group which

receive the solution o xample 2 was | grade less than with the group which receive the 'solution of

Example 3 (rmdderateonsised e 161 asigtint’Scaleor o welpamng widstaldiBblespaieny- Additionally,

pain intensityyig.alsg Iessforthe- AN rwhich iresivie semratadwitbcthe growrwhigheessive the
solution of Example 3. 100531 This clinical study shows that the solution of inventjon_provides a

greater degré®ibteBSSRMOR SR RSO RINBRIEY (' THE BB WIANS TGS dhfrinitial

carboxymethyigelib) osedespiteibadacthrithesealutigins dane ihe sarecondel) tratigist ketorolac
Y; the 0.4% ketorola formulatio?ljesfcli‘glically effective

and are at the same viscosjty. 100541 In summ
in treating po%t ﬁﬁﬂ"@cﬁfﬁ%éﬁﬁﬁ%ﬁ ﬁgﬁg’ﬁiieﬁ%a%éd' m"ﬁfﬂrkcerﬁt)er%ﬁlaaéetrao%%?ﬁé?nlner-%ﬁewﬁatients

treated with tB&%'%ﬂ%ngmri%Qiﬁﬁ@}U{B carboweci sebulpse axperiancad significantly greater
and faster pain relief, and used less escape medication compared to the patients treated with the

solution comhisifigrhy drbxpetispy taliedossuExamilewn [J058cRabbit Ot glat PHatRE skinetic
Evaluation of &eferelagfrapnethamioe aedy A0 RabRis/FeMAale significant demographic

differences between treatment groups.

[6656]
Table 6: Patient Demographics
n %
Gender
Female 91 58
Male 66 42
Age, mean + SD 39+ 10
Race
Caucasian 148 04
Black 5 3
Hispanic 2 1
Asian 1 1
Other 1 1

[0051] Each subject receives the Ocuﬂ0x® 5 min prior to study medication. The study
subjects then receive ketorolac tromethamine 0.4% ophthalmic solution of Example 2 or

Example 3, 1 drop QID for up to 4 days. Then all subjects are then instructed to take

Tylenol #3'@ as needed for intolerable pain (escape medication). Patients use electronic

15



Dosing Regimen:Single ocular dose, bilateral Timepoints:0.5, 1, 2, 4, 8, 10 and 24 hrs post-dose
Tissues/Matrices:Aqueous Humor and Iris-ciliary body Bioanalysis:LC-MS/MS Data
Analysis:Phainiacokinetic analyses and simulation 18350 PCT (AP) [00 g,]r able 7 lar
Pharmacokmé)t%}é'?i&ad%%us Humor: Increased and Prolonged Keterolac% xﬁ%%%%’gﬁgﬁ ime (hr)
18350 PCT (AP) [00571 18350 PCT (AP)

diaries with date and time stamp to record the ocular pain they experience as one of the

following: no pain, mild, moderate, severe, intolerable,

[0052] The pain intensity is less for the subjects who receive the solution of Example 2
during the first 12 hours post-PRK compared to those who receive the solution of
Example 3. In particular, during the first 12 hours post-PRK, the group that receive the
solution of Example 2 had fewer patients with severe or intolerable pain compared with
the receive the solution of Example 3. In particuiar, the median pain intensity reported
by the group which receive the solution of Example 2 was 1 grade less than with the
group which receive the solution of Example 3 (moderate vs. severe on a 3-point scale
of 0 = no pain to 4 = intolerable pain). Additionally, pain intensity is also less for the

group which receive compared with the group which receive the solution of Example 3.

[0053] This clinical study shows that the solution of invention provides a greater degree
of absorption of ketorolac as compared to the solution without sodium
carboxymethylcellulose despite the fact that the solutions have the same concentration

of ketorolac and are at the same viscosity.

[8054] In summary, the 0.4% ketorolac formulation is clinically effective in treating
post PRK ocular pain. In patients treated with 0.4 ketorolac tromethamine-the patients
treated with the solution comprising sodium carboxymethy! cellulose experienced
significantly greater and faster pain relief, and used less escape medication compared to

the patients treated with the solution comprising hydroxypropylcellulose.

Example 7
[0055] Rabbit Ocular Pharmacokinetic Evaluation of Keterolac Tromethamine 0.45%

NZW Rabbits/Female

Dosmg Regimen: Single ocular dose, bilateral

Timepoints: 0.5,1,2,4,8, 10 and 24 hrs post-dose
Tissues/Matrices: Aqueous Humor and Iris-ciliary body
Bioanalysis: LC-MS/MS

Data Analysis: Pharmacokinetic analyses and simulation

16



Table 8: Ocular Pharmacokinetics, Aqueous Humor Relative bioavailability based on AUCO-t
comparison to Acular LS(r) 0.45% Ketorolac Acular LS(r) Cmax (ng/mL) 456 310 AUCO-t (ng-b/mL)

2230 1467 %R%”};tg'p)ﬁ Bloavallablllty 178 100 [0058I Table 9: Ocular phalgrg%cosléﬂgge,;&cs?gp Iris-ciliary
body Time (% v >

18350 PCT (AP)
[0656]

Table 7: Ocular Pharmacokinetics, Aqueous Humor: Increased and Prolonged
Keterolac Exposure

600

5004 e (3 5% Ketorolac
% —m—— Acuiar LS
)
= 400
= .
2
J&i
s 300
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Q
& 200+
= ]
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43
N ]

10%j

:
0 2 4 6 8

Time (hr)
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18350 PCT (AP) 10059] Table 10: Ocular Phartnacokinetics: Iris Ciliary Body, Relative bioavailability
based on dose normalized AUC comparison to Acular LS(r), Increased and Prolonged Keterolac

Exposure gﬁgfg%)lgl%torolac Acu ar LS(r) Cm ax (ng/g) 429 216 AUCQ@%&%Q&W@)g?ngO 1860
%Relative 2885 ‘

18350 PCT (AP)

[6657]
Table 8: Ocular Pharmacokinetics, Aqueous Humor Relative bicavailability based on

AUCO-t comparison to Acular LS®

0.45%  jAcular
Ketorolacl S®
iCmax 156 310
(ng/mL)
AUCO-t 2230 1467
{ng-h/mk.)
% Relative 178 100
!Bioavailability
[0058]
Table 9; Ocular pharmacokinetics in Iris-ciliary
body

500

e § 45%, Ketorolac

400, —o— Acular LS

300

200+ 17

Ketorolac Conceniration (ng/g)

100-

Time {hr)
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100 Bioavailability 100601 Table 11: Multiple Dose Simulation: Iris-Ciliary Body 0.45% Ketoro ac BID
vs. Acular LS(r) QID 18350 PCT (AP) [006 Il Conclusions: 1) Increase in relative bioavailability of
keterolac as compared to Acular LSO; 2) Increased ketorolac concentratjg intained longer
post-dose; ang s!1‘]1c]§g11|4e113?her these data support a reduction in dosing freé’%ﬁ‘r%@%%ay to
2X/day. [0062] Table 12: Safety and Tolerability Results Variable Ketorolag {4 P%T (AP)

[0059]

Table 16: Ocular Pharmacokinetics: Iris Ciliary Body, Relative bioavailability based
on dose normalized AUC comparison to Acular LS®, Increased and Prolonged
Keterolac Exposure

0.45% Acular]
Ketorolac  |LS®

Cmax 429 216
Kng/e)

AUCO-0 5090 1860

(ng-h/g)

% Relative 285 100
iBioavailability

{0060} 7
Table 11: Multiple Dose Simulation: Iris-Ciliary Body 0.45% Ketorolac BID vs.
Acular LS® QID
500 ,
0.45% Ketorolac BID|
] -—Acular LS QID i
500 A
g 400
E
§ 300 4
S
H
2 200
z
100 |
ol
-4 3] 4 8 12 16 20 24 28

Time thr)
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ACULAR LS 0.40% cular AEs-Irritation 10.0% (2/20) 15.4% (6/39) ymptoms-Burning/stinging > 1
grade increase) 10.0% (2/20) 12.8% (5/39) ulbar hyperemia > trace) 10.0% (2/20) 23.1% (9/39) cular
comfort > comf(%lr)t‘}agpll%)gig)-lOO% 84-100% [0063] Conclusion: Acular 0.4?%0 l%s(%fgemgpg,fwell-tolerated
when given‘g?lmes over a half-day and compares very favorably to ACU H S

18350 PCT (AP)
0.45% Ketorolac BID Acular LS ® QID
AUCO-T (ng-hr/g) 2910 725
[0061]
Conclusions:

1) Increase in relative bioavailability of keterolac as compared to Acular LS®;
2} Increased ketorolac concentrations are maintained longer post-dose; and

3) Together these data support a reduction in dosing frequency from 4X/day to

2X/day.

[0062]

Table 12; Safety and Tolerability Results

Variable Ketoroelac ACUGLARLS
0.45% ¥.40%

iOcular AEs-Irritation

10.0% (2/20)

15.4% (6/39)

Symptoms-Burning/stinging
!(2 1 grade increase)

10.0% (2/20)

12.8% (5/39)

iBulbar hyperemia 10.0% (2/20) 23.1% (9/39)
(> trace)
{Ocular comfort [90-100% 84-100%
(> comfortabie)
[0063]
Conclusion:

Acular 0.45% is safe and well-tolerated when given 5 times over a half-day and

compares very favorably to ACULAR LS.

The present invention is not to be limited in scope by the exemplified embodiments,

which are only intended as illustrations of specific aspects of the invention. Various
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The present invention is not to be limited in scope by the exemplified embodiments, which are only
intended as illustrations of specific aspects of the invention. Various 20 18350 PCT (AP) modifications
of the invention, in addition to those disclosed herein, will be apparent to those skilled in the art by a
careful read}’ﬁa %ﬂroﬂll]e”s“ﬁ%cification, including the claims, as originally filed FESAEAHET that all such
modifications will fall within the scope of the appended claims. What is claiged CT.AaPpical aqueous
ophthalmic seolutitincetonpisihg ketenalacitradisibamitesedibduyad atyincellillbosemackmo preservative.
2. The topical agueo thalmic, solution of claim | rein t eterolac tromethamine is present in
a conc:entrati(knanﬁo1 Saepggigﬁgfir}]%%fyag‘.%% %?IEEU Lléeracenﬁ é\g% &%?Sﬁ%%v%lﬁ?r%né lmglu%hng t%%ical agueous
ophthalmic sclation of etaimallywhiedeil thwcadedtieneliyicbaialbseascascoill Batlatohiof medium and
high viscositﬁg@g@@g@%@)ﬁ%@ﬂg&g@ahﬁs_The topical aqueous ophthaLmic solution of claim 1 wherein
the keterolac tro ethamine is present in a concentration of 0.45 percent by weight/volume. 5. The
topical aqueous ophthalmic solution of claim 4 having a pH between 6.8 and 7 4 6. The topical
aqueous ophthalmic solution of claim 5 wherein the concentration of carboxymethylcellulose is from
0.2 to 2 percent by weinht. 7. The topical aqueous ophthalmic solution of claim 5 having a pH of
approximately 6.8. 8. The topical aqueous solution of claim 4 wherein the solution is surfactant and
chelator free..
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9. Use of the topical aqueous solution of claim 8 in the manufacture of a medicament for treatment of
ocular pain associated with postoperative photorefractive keratectomy. 10. The topical aqueous
solution of claim 4 further comprising a mixture of medium and high molecular weight sodium
carboxymethyl cellulose. 11. The topical aqueous solution of claim 4 further comprising a mixture of
medium and high viscosity sodium carboxymethyl cellulose, sodium chloride, sodium citrate
dehydrate, sodivmtydraxeeidiydrochloric acid and purified water. 7, 12. The topical aqueous
solution of claim 10 wherein the combination of carboxymethyl cellulose and keterolac increases the
absorpiion in the eye gt patienimers fyan.a solition abkeleralas alone. 43, Ths lopical agueous
solution of claim 1 wherein the keterolac tromethamine 1 pPesen% as a racemic mixturé of R-(+) and
S-(-)- ketorolacctrbmethetininesliviascTing ropicsseagtizous solution of claim 1 wherein the keterolac
tromethamine is present in a mixture of crystal forms. 15. The topical aqueous solution of claim 5

wherein the visgosity ih{reM k043 oS tbmihe toRicalAgMary s 5alktQR.0f£3iM6 wherein the

carboxymethylcellu gse is present in the amount of 0.5% percent by weight. 17. Use of the topical

solution of claiff PRI AHRRIETIIE HFPRIBHRESM On R Brevain iy Se i st WheYein the

medicament mayibeagnmnistered before or after eye surgery. 18. Use of the topical aqueous solution

of claim 4 in the manufacture of a medicament for increasing healing time for the eye after surgery in

comparison to g_eterolﬁge§g§l.fg£9Qqugggst%'gﬂa%\%lpcrg&%}/%tigfu]&?mTQghtélggig%eaqueous solution of claim
Instl

4 wherein the topical aqueous solution | ed twice daily to achieve proper efficacy. 20. The topical

aqueous soluticarefoimiethul edtiatesn thecamideuivs ol miedi isrsenfaiginyifiesity

carboxymethyl cellulose.

4, The topical aqueous ophthaimic solution of claim | wherein the keterolac

tromethamine 1s present in a concentration of 0.45 percent by weight/volume.

5. The topical aqueous ophthalmic solution of claim 4 having a pH between 6.8
and 7.4.
6., The topical aqueous ophthalmic solution of claim 5 wherein the concentration

of carboxymethylcellulose is from (.2 to 2 percent by weight.

7. The topical aqueous ophthalmic solution of claim 5 having a pH of
approximately 6.8.

. The topical aqueous solution of claim 4 wherein the solution is surfactant and
chelator free. .

9. Use of the topical aqueous solution of claim 8 in the manufacture of .a
medicament for treatment of ocular pain associated with postoperative photorefractive

keratectomy.

10.  The topical aqueous solution of claim 4 further comprising a mixture of

medium and high molecular weight sodium carboxymethyl celiulose.

11, The topical aqueous solution of claim 4 further comprising a mixture of
medium and high viscosity sodiwm carboxymethyl cel}aﬂose, sodium chloride, sodium

citrate dehydrate, sodium hydroxide, hydrochioric acid and purified water.

22



12..  The topical agqueous solution of claim 10 wherein the combination of
carboxymethyl cellulose and keterolac increases the absorption in the eye of a patient

more than a solution of keterolac alone.

13, The topical aqueous solution of claim 1 wherein the keterolac tromethamine is

‘present as & Tacemic mixture of R-(+) and §-{-)- ketorolac tromethamine.

14, The topical agueous solution of claim 1 wherein the ketzrolac tromethamine is

present in a mixture of crystal forms.

15.  The topical aqueous solution of claim 5 wherein the viscosity is from 10 to 30

cps.

16. " The topical aqueous solution of claim ¢ wherein the carboxymsthyic&i}ulose 18

present in the amount of 0.5% percent by weight.

17. Use of the topical solution of claim 4 1n the manufacture of a medicament for

preventing ocular péin wherein the medicament may be administered before or after eyve

Surgery.

I8. Use of the topical aqueous solution of claim 4 in the manufacture of a

medicament for increasing healing time for the eye after surgery in comparison to keterolac

solutions containing a preservative.
19.  The topical aqueous solution of claim 4 wherein the topical aqueous solution

is instilled twice daily to achieve proper efficacy.

20.  The topical aqueous solution of claim 4 wherein the aqueous sohution is

surfactant free.



