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Field of the Invention

[002] This invention relates to pharmaceutical compositions. More particularly, this
invention relates to topical ophthalmic solutions comprising 5-benzoyl-2,3-dihydro-1H-
pyrrolizine-1-carboxylic acid, otherwise known as ketorolac, and the use of ketorolac

for treating or preventing ocular pain .

Description of the Related Art

[003] Topical nonsteroidal anti-inflammatory drugs (NSAIDs) are used to control pain
and postoperative inflammation. All drugs are associated with some adverse effects.
With the use of NSAIDS in topical ophthalmic treatment of patients, surface toxicity
has been a concern, 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.D. 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
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[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 surgery

in comparison to other keterolac formulations.

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

improved wound healing capabilities.

[0010] Other objects of this invention will become apparent from a reading of the

present specification.

Summary of the Invention

[0011] The present invention provides an aqueous ophthalmic formulation comprising

an effective amount of ketorolac but having an optimized concentration of keterolac in
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concentration of carboxymethyl cellulose of from about 0.2 to about 2 percent, by
weight, even more preferably from about 0.5 to 1.5 percent, by weight, and most

preferably about 0.5% w/v.

[0014] Even more preferably, the aqueous ophthalmic solution of the present invention
comprises a mixture of medium viscosity and high viscosity sodium carboxymethyl

cellulose.

[0015] More preferably, the aqueous ophthalmic solution of the invention comprises an
effective amount of ketorolac of from .25 to .50 percent, by weight, or about 0.45

percent, by weight.

[0016] More preferably, the aqueous ophthalmic solution of the invention has a

viscosity of from 5 to 50 cps, preferably from 10 to 30 cps.

[0017] 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 formulation in that no preservative, chelating
3
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weight,ppreferably from 0.5 to 1.5 percent by weight, and most preferably 0.5%

percent by weight/volume, sodium carboxymethyl cellulose and mixtures thereof.

[0019] While not intending to limit the scope of this invention in any way, of particular
interest in relationship to this invention is the use of aqueous topical ophthalmic
compositions of 0.45% (w/v) ketorolac tromethamine for the treatment of ocular pain,
especially for the treatment of 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, 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/mL aqueous humor, range 40 to 170 ng/mL). Ocular administration of ketorolac
tromethamine reduces prostaglandin E; (PGE,) levels in aqueous humor. 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.
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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 carboxymethyl 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).

[0024] 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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[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 30/70 to 70/30 and most
preferably about 35/65 medium/high molecular weight sodium carboxymethyl

cellulose.

[0028] 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.
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average of 40 ethoxylate groups. This type of surfactant, also known as octoxynol-40
or Igepal CA-897®, can be purchased under the Igepal CA-897® tradename from
Rhone-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 calcium 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
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RS 1 SR B AL B o Tt ks S P out at room
tdryeRtEeO NThO fcbﬁmﬁﬁ% padcedurdi Wit RfoREE e hYRrdaRe with the amounts
surfactant and chelating agent. This is a si gnl ficant

ha@dalhif abje Llhedawp Pwaﬁecawwek ses charaed mig theimain datshasssel. Mixing
Wk SR fTAL fov glt%\’du‘§ L f@cﬁ] Q”éﬁﬁé&”& F ? ﬁérs@ %n?/%? Qitlsséogf% al product
Cause Irrit e eye Fesul ess pati

igedititandthoanexdesdse aérheat bt/ﬁmﬁsiorﬁfatlpﬁl ‘Ohe &flIowmg components
ket erol ac fornul ati ons. 18350 PCT (AP) [0029] The te
WFadded gtrwgv Wi the yertee HhoTegf e%wwmeﬁcluwcfa?sgiv&dqurﬁ adding the
nEﬂe s&ﬂﬂltnhahé'ﬁcfe %5.1tc1un§) cHREHY a(ﬁl?’l%;(ﬁ’g eaxthg thkﬁl ﬁﬁgvﬁe%hydrate
bacterial contamnation in nu |p e-use opht ha
bprie padatoding, banatt, svdminecanMxymdﬂ@rh dietiglob® abe &n pericemgaqueous

I | ud | koni t abi | d
SO POR ORBI TGk IGUBEE CoPht S Joh SIS PR Fpsght and 35%
h[éh%&l'e@iﬁﬁﬁ%& gﬁt @88:3hfthyd QEH’JI@QUtﬁ{EOJO’Ithﬁ%é/sl mﬁJeHQGloﬁo longer

par abens, thi nerosal”. Preferably, the keterol ac
thepl hitmmnte@f At mm@ﬁégemmﬁ ﬁv@hsqcbmnmdma@emathev @dded. The pH
The term surf t hi.s
TR PRt A SE T S RtBhiny dpgpide or N
hditochlSHE E&@I d(Ht@roﬁic&rdiﬁ&Harﬁﬁe h@s Qhé&péddléd Ibage® drh&s is" assay and
therapeutically active agent or other insoluble
MH¥GHH Gﬁ%?%mélﬁte%(héhsé@%@s‘?aﬁ%ﬁn Vipad ringpeciien. i Wik  dissolved, the

. rf a

PR A RO A 2 DL ET0LR R i

7idn otithd B sodiutitey dsodidd or0n$ hpcﬂrot:]lﬂbﬁc aﬂdehﬁrlﬁml, water was then added
t ed.

t£ {)grflge trhaeti)u){k so%utlcg)nntlootn na‘f VO ugea%daaqloweg to m1x for at least 15 minutes to

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

[0036]

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 1225%



While not intending to limt the scope of the
i nvention, sone exanples of useful nonionic

waerbacuaht s are pol ysorbat es, pol oxaners, al cPtDUS2009/035787
et hoxyl ates, ethyl ene gl ycol propyl ene gl ycol bl ock
copol ymers, fatty acid am des, and al kyl phenol 18350 PCT (AP)
et hoxyl ates, and phosphol i pids. Mst preferably, the
surfactant is an octyl phenol ethoxylate with an
average of 40 ethoxylateigﬁaﬂggg This type of
surfactant, also known as octoxynol -40 or |gepa
(60378 Dl ds} otheaRish 8pdvificd) aH &ebpd 6l lis bR ed@eRRre EAri8d 6GF At room
tradenane_from Rhne- Poul enc. Preferably, the keterol ac
tegpypegiatingn  bee flloving peasedyra et folawpd i aedosdange tvihr de. amounts
. i .t . .
ibRG3# e SENT SHFhal 1g: 090% SLERS LR STBAYRY e man
bbght\eest Mfixiag dia3aihjtiasdd td produtdre ieri sudficiaiitio disperse and/or
Chel ati ng agents are used in ophthal m ¢ conpositijons,
disgolys ﬁé\lner@%b?te@éfeam% B8Pt pYGey Y e d8ratignof doprgt formation. The
FAIRNERL BBpbRrE whetdThddeA ired @ BniH SAE YoriGDH BldeP % h t
for t g pBrposeseof fﬁ?slvkventyonéarg egttafé Sg§§£§§a0 ©
dissidee belforasdddingi tedienmsodidat ctlerideakdétatmndikodoatn, urtoxynol-40 (as a

et at e sodi edetate trisodjum d edetate.
Tfiscentin P RoraBhgur st al o T2 ot fotgiony Thpgmoun
oPb&SAKoniuRY EMNbi@Nadded 468! Rt®hcdblifBhe OGP 2k tHestddddihfIh used.
to surfactants, preservatives, and chelating agents,
Therbbitioy vejemixedaint notlnagerethan pb eningtear eA opedfiedisegunnof IN
B0V R o o BT P, S B4 e i vas
chaRe®ahd aft hawdedfwadiagfstedad et enild with MNSodlesi KyRidoxide or IN
i sotoni.c range. Tonicity agents are known to those
hgdrorhlagc peidy feet@abg tpmethanmne sy ke added Rpged aan@s is" assay and
' ) ' i i mti-ngg - : Sy
o] Sale by BT Ruh 0 RERLd T {0y RREURERRL Syl
salndompHeraselgemtchotketiaad 1Ricetiad adjhiyted tohgH U3 .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.

[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



agent is sodiumchloride. [0033] One preferred

enbodi nent of this invention relates to an aqueous

W@ oppaal41opht hal m ¢ conposi ti on conprising 0. 4B6T/US2009/035787
ketorolac tronmethamne, fromO0.2 to 2.0 % by mei%ht

sodi um car boxymet hyl cel | ul ose. [0034] The nost8350 PCT (AP)
preferred enmbodi ment oExample 3 nvention relates to an

(BRI BB R BRI BOBREE T f gl 1. excens

teamy@oxipiopyl &gluldsk 388 Sedlitiplac€oBthedoldiuit edrBodimethyl cellulose
medi um and hi_gh viscosity sodi um car boxynet hyl

g ameud, swhgicomte Hrovifele visserimrewivalentetod ey disgesty of the

' ﬁ#? 4 hydrochloric acid and purified
C&E@é?ﬂﬁ%éﬁ%g g(1AP) Exanpl e 1 [0035] Unl ess ot herw se
specified, all steps in this procedure were carried

out at room tenperature. FhampleHl owi ng procedure was
I d.i,n accordance with the_anmoupts listed jn, i
(A 35 gl BB et SReNRECTEHA et DI b at ambient
téRpRaR oM YR8 SRIncipl Phrtd MRE B 1d AbRTal@rddr QIHGRIR and then
vortex sufficient to di sperse and/or dissolve al
cpmbihed tunidergromttobed scquendse e farce stsiilecbudle patduon thor fifsopant (Part
ormation. ..The fol l.owng co nent s re added
AR SR it ' SHPBR RARRRAEHS . ¥l RGP ESE otlewred by bulk
helats setivigationl ahe @ddidaend fRrepdri 25oRlivbIRES MiRbivtien of keterolac
cal ci um chl ori de, di hydrate nmagnesi um chl ori de, )
togeayripaaed saltsrip ovaieri derilg ddiratangbrangea 0. 2gdicon membrane into a
: u t eQus
SERIC IS el otcchATE, R Joflon 3, FENL BRI shigysh = 20
ntivtoagolygropydérgherabrednS b Merih@htherill aguhahingaegitoir.
car boxynet hyl cellul ose. The solution was m xed for no

than 15 njnutes. A cified nt of .
e R e GG S TR B g macine v
blow-fill-seal process into UD vials using virgin LDPE resin without colorant. The
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 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%

11



was checked and, if needed, was adjusted to 7.3 with
I N sodi um hydroxi de or I N hydrochloric acid. Ketorol ac
w0 e@agiagsi ne was t hen added based on "as is" mHyZOQMQBWW
m xed until conpletely dissolved based on visu
i nspection. Wen dissolved, the solution pH vva1§3éQ1§pﬁ (AP)
Daliyelcked and if needed adjusted to pH 7.3 - 7.5 (final

tar-get +HR—-N-sedi-um-hyeh "xi de—or—-N
Sﬂ%@}#’raﬂde O PR ED . unt o1 Y BAdiRS Ribdd t o
Hﬁ?fd&&loh@%&&*gmsc A Bsth@nd ! NAI VO H&Rlsé‘t'a g goned T
or at ast [I5 mnutes to ensufe uniformty. The
Peofiet Waerwas t hen theelel e filtered fQS.use. [0036]
Tabl-e-1-—0-4% Ketlor-olac—Tronetham-nre—Cpht-hal-m—-
Sol ution of the Invention Keterol ac Tr onmet hani ne 0. 4%
CMC, Med Vise. .65% CMC Low Vise. .35% Potassi um
chl oride 0.14% Cal ci um cliyQpig#€s di hydrate 0. 060%
Magnesi um chl ori de, hexahydrate 0.060% Boric acid

O(BGDQZD&pdllnm dokaueous Hgmvﬂsfdapeﬁmwhmmﬁloaowmg a Single
3
OsBE Ll PR P RS T Sl BT &t feSine pi o

Aleglal DBRTY NUWZedsHEWNRS RaBbitowed in accordance with
the anmounts listed in Table 2 below Purified water at

90% of batch size was charged into the main
[0044] 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 ot 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



batch vessel. Mxing was initiated to produce a vortex
sufficient to disperse and/or dissolve all product

WO pgpadidet s Wi t hout excessive aeration or foaP@T/US2009/035787
formation. The follow ng conponents were added
directly into the vortex in order, allow ng ed®i5¢8CT (AP)
di ssol ve before addi ng AtidamleXpH=¢4di um chl ori de,
edet at e disodi um pct. nol -40 (as a 70% st ock
sol uﬁ%’ﬂ? R;ng'benzg?m(gaméﬁ@%r chloride (as a 10 % stock
sol uial8RA1-Gehlagr- amounty Ribhienzalakoni um chl ori de added
took into account the assay of the stock sol ution
usedDoding Reginn onSingls desecddattml no | onger than 15
m nutes. A specifi amount of | N sodi um hydr oxi de,
1. 85  HICH9NIS  j t er ﬁg %ﬁg‘;ﬁ Bﬁ?tlffoﬁ? oduct, was then
added; .pH was i £ g was adj usted
to 1%.11&?1?811. 0 wi tﬁ&?klﬁgglg?ﬁ(?nnhyhgggﬁge or IN
hydrochl ori c aci d. Tdelt-oB9kabbits r omet ham ne was then
added, based on "as,is" assay and m xed unti |
conmpil BeEsMafriees| v‘%@u%’é@gﬁ"%’ﬁ vi sual inspection. \Wen
di ss the soluki was agai n checked and if
needggo\éggl?ﬂét ed toﬁgl—l\lng\gy- 7.5 (final target pHis
7. 4) DafatdnalyMssodi uaUkydihxi de or I N hydrochloric acid.
Purified water was then added to bring the bul k
solution to final volune and allowed to mx for at
| east 15 mnutes to ensure uniformty. The solution
was then sterile filtered for use. [0038] Table 2.
0. 4% Ket or ol ac Tronmet ham ne Qpht hal m ¢ Sol ution
(Conpar ative) Ketorolac Tronet ham ne 0.4% Edet ate
Di sodi um 0. 015% NaCl 0. 79% Benzal koni um Chl ori de
0. 006%

13



Oct oxynol -40 0.003% Ph 7.418350 PCT (AP) Exanple 3

[ 0039] This exanple was prepared according to the
wee@oatiyie of Exanple 1, except that hydroxyprB@ElUS2009/035787

cellul ose was used in place of the sodium

car boxymet hyl cellul ose in an amount suffici ent836@PCT (AP)

provide a viscosity equivalent to the viscosity of the

conmposition of Exanple 1. Exanple 4 [0040] The

ol TR RuETERS S e o JAR o Rnc pal par 1.

Each part is manufactured ggpg ately and then conbi ned

under controlled sequences to forma sterile bulk
product: the first partPK Paramdferd nvol ves the

thytcelt+u e—sqdtymi-n—ywatet
fol ! %PQ&/ bul 4t Ster|i | i zat on, and t Stagg%gﬁg
part (Part 2) I nvelwgshdi ssol uihgmipf keterol ac
i dsalts inwater sterilelfiltration
G4rehdMa 28.c2s i cr dd7Hehbr dne | AOSEH ster|i | e prlédsure
“ stierile bulk slolution is then clarity
pﬁfig’%doﬁﬁ?rough a 20 micrjon pol ypropyl ene nenbrane
34304 eMC DR epd he fi7libi9gy machi nexgservoilr. [0043] The
sterile post-clarity filtgred solution ils then filled
by a4 i|ling machine vila bl owfill-seal process
LoCNE%h at s [UsST g vE 9T toP T witthout
O B PR 1 050 done TAPaR 50| ass 182
envipidmeent. The nomnal fjill is 0.4 nL|into 0.9 nL
capacity vials—[0042]
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 649+74 3474218 139
pH 7.0
Acular LS® 465+65 211+106 100

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.

14



Table 3 : 0.45 % v Keterolac Tromet ham ne Ophthal mc

Sol utionl18350 PCT (AP) Exanple 5 [0043] Conparison of
wowenus1Hunor Ket or ol ac Phar nacoki neti cs Fol | BOU/E§2089/035787

Single Ocular Instillation of 0.45% Ket orol ac

Tromet hami ne Formul ations with Varying pH to AS3PAPCT (AP)

LS(r) in New Zeal and Wiite Rabbits. [0044] Study

Ooj ectives: 1) To conparﬁ agygo s hunor ketorol ac

phar macoki netics foll ow gl e ocul ar

[doast il ﬂn@hic@ﬁte@ﬂm@ﬂo@rﬁ%d‘leﬁbl@lrﬂ@sktad %’ﬁ%ll&@—@}dﬂl@ study is carried out
formulations wth varg/l ng pH and Acul ar LS& ) to New

ustes Hend44nkaterokagdineshamipe fﬁm@l@@mf@w ateks fiighéd The study
TGS S S0 8,405 TSl S AT
Thy &ey anclusidh driterdddort tteNstudnas alian @kh tdbfect &) & avamdidate for

designed to test the effect of decreasing viscosity of
u@lfv?éeréloﬁb@mefraethver k%rﬁ%ez@ntngurg%m(lPlQ@s WltpgonC}aywéter the initial

véﬁ,no)rl{d%g%eﬁfcom&%o%{ws @fsﬁalacéui?g H“ g(‘fwﬁfr)]% Bf"pa{e'f, eﬁqqﬁ %Jéapable

torolac ncentrations
ofAdmarimigst sodit bamdagyf cofibacekenf). KbYekdtoowtaterid nermeiiktarg oferefractive
Fornmul ations and Acul ar LS [0046] Table 4 Treat nent
oHaupyeOy48% Ketsoholyay Fudianediedtivn o itg p\eehpﬂwmenol #3", or

0. 45% Ket or o] ac  Tronet ham ne 22 cps pH=7 0.45%
OKE@‘E?? ol Bre ratisRedamegraphicsarg Blgoqu_lgyT@)le 6. A total of 157 patients are

enrolled with an age range of 20-66 years. There are no significant demographic

differences between treatment groups.

[0050]
Table 6: Patient Demographics

Gender
Female 91 58
Male 66 42

Age, mean £ SD 39+ 10

Race
Caucasian 148 94
Black
Hispanic

Asian
Other

—| = ]
el Y Y I VS ]

®
[0051] Each subject receives the Ocuflox 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



0. 45% Ket orol ac Tromet ham ne 11 cps pH=7.0 0. 45%

Ket orol ac Tronet ham ne 22 cps pH=6.818350 PCT (AP)
wo\ewbar14$sS pH=7. 4 Dosi ng Route: Topical ocul arP@HUs09/035787

Gender: NZW Rabbi t s/ Femal e Dosi ng Regi nen Singl e dose,

bilateral Tinepoints: 1, 2 and 4 hrs post- dosel 8850 PCT (AP)

dRaileb i dag: aralltibhe st/amiprte pcnoml the abulaalphintthéy enpleriFiotesds one of the

f%? abbits. Ti S%{JGS/ I\/Ia i ces: s Hunor
Oa‘é{ﬂ%l%?sl? ain, nji %éfvaer%ﬁ% F?g% AUCo-t, Cmax18350
PCT (AP) [0047] The results of the st udy are reported

[0052T aBt @ain, inkRALiOWS |3 Bbethe silijediaibBt&ive the IBMRtiyn 6f Example 2
the results: LOO48 The sodi um car boxynet hyl

duing gheodiest clgnpeyrhinegt-PRKneamaparerh o lagse ovia B‘életvér the hgution of

R iy Uiy 8 k32 BB PRIG b B b fhccive the

sidation BﬂEmﬁplp ) lﬁd&&werl-lhmme fwith Je@ér@ dr $ntoletabde pdie@ompided with
ef f ect becau 45% Keto 22 cps pH 7.4 has a
thegheggly s Bresp a.q?’ Aprmples-ofn aasé%laraﬂteﬁa%faﬁn B intensity reported

bﬁlegeg?to%g Swhif %c%lvrc'q}i? @01@(161‘{ 'OF @xhbR PRIENVALIORss than with the

| ess, the solution havi ng
group which receive the solution of Example 3 (moderate vs. severe on a 5-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.

[0054] 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 carboxymethyl 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

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: Pharmacokinetic analyses and simulation
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a pH of 6.8 shows the best bioavailability.18350 PCT
(AP) Exanple 6 [0049] A nulticenter, random zed,
waelowbhedmasked, parallel-group study is carri eBK?TXUSZOO9/035787
using the 0.4% ketorol ac tronetham ne fornul ati ons
Exanpl es 2 and 3. The study subjects consi st ed8§§0§f§¢[(AP)
[49%6] ent s ( 78- 79/group) under goi ng unilateral PRK
I Si [ A
Ef glﬁ Cécuﬁa-pl"%%\lﬁ%y tokﬂs% ik Agﬂ%ogﬁ é& g'm# Ir*c%aséc{] %d;lirggégéds
618t EFPUELS ve keratectony surgery (PRK) within 7
days after the initial visit, b) have best-corrected
ETDRS vi sual acuity of 20/ 100 or better, and c) is
capabl e of wearing a soft bandage contact |ens. Key
exclusion criteria are a history of refractive ocul ar
surgery #Ad sensitivity to study medication or its
vehicle, Tylenol #3 , or (r) Ccuflox . The patient
denogr aphi,¢s are shown in Table 6. A tot
patd ent s&gre enrolled with an age range Eial(i té?{(ewro'ac
yed's. There ar§ sS\Ngni fi cant denograp
di f€ er enees bet ment groups. [0050] Table 6 :
Pat§ ent Demogr gphi cs [ 005 Each subject receives the
OCLHon 350 mn prior L0 st udNpedi cation. The study
sulg ect s*®Phen Jr g ; e L ronet ham ne 0. 4%
ophg hal m c|so xanmple 3, 1 drop
QD for wpltolfs days. '
insfructeditaftake | ) Tyl enol
i nt®l erabl € pain (escape nedication). i
el ectroni%18350 PCT (AP) diaries wth date and
stanp to record the ocul ar pain they experience as one
of the ol - e
0 2 4 6 8

Time (hr)
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followi ng: no pain, mld, noderate,

intolerable. [0052] The pain intensity is less for the
WG pacds8 who recei ve the sol ution of Exanple ECﬂUSiong0357s7

the first 12 hours post-PRK conpared to those wh

receive the solution of Exanple 3.

during the first 12 hours post-PRK,

[P&di ve the solution of Exanple 2 had fewer patients

™hids: S@é{ﬁ{ﬁ%hgfrflé&ﬁ(ﬁle% Qg%e&%' I—Tunﬁ&ﬁ?%&% I%’MJA Mlﬁtyt based on

recelve utron o

severe,

I'n partlcuIH§50PCT(AP)
t he group that

Aﬁﬂdﬂaannﬁnmohmteﬁﬁhty8®eported by the group which
receive the solution of Exanple 2 was 1 grade | ess
than with the group which receive the sol ution of

Exanpl e 3 (noder g »
= no painto 4 =|intolerab
intensity is alsq | ess for

conpared with thd_groupn whij

)i nt scale of O
ijtionally, pain
ilch receive

e sol ution of

Exanpl e 3. [0053]jCmaxs clin
sol ution of inventi [
absorption of ket
w t hout sodium ¢

ket orol ac and ar
summary, the 0.4
effective in tredtiBlathest

patients treated 'oWanp%b‘hn?
patients treated|w th the

et or ol af
Dl uti onjconpii sing sodi um

sane cpncentrati on of

TE VISCUSIty

[0054] In

erdis clinically

5&& écuﬂ@P pain. In

t roet ham ne-t he

car boxynet hyl cel |l ul ose experienced significantly

greater and faster pain relief,

and used | ess escape

@E%Lcation conpared to the patients treated with the
tion conprising hydroxypropylcellul ose. Exanple 7

TB@)W]OC%QEPhﬁn&Hkﬁ&EUP hﬂﬁﬁ?@ﬂ’iﬁwet ic Evaluation of

Ket er ol ac onet ham ne

body

500

400+

300+

200+

Ketorolac Concentration (ng/g)

100+

- (.45% Ketorolac
=~ Acular LS
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Time (hr)
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NZW Rabbi t s/ Femal e Dosi ng Regi nen: Single ocul ar dose,
bilateral Tinepoints: 0.5, 1, 2, 4, 8, 10 and 24 hrs
WEomvAtase Ti ssues/ Matrices: Aqueous Hunor andPCT/US2009/035787
Iris-ciliary body Bioanalysis: LC M/ M Data Anal ysis:
Phar macoki neti ¢ anal yses and sinul ati on18350 P@ﬁéﬂﬁ)’r (AP)
[ 0056] Table 7: Ccul ar Pharmacoki netics, Agueous
Hunor: | ncreased and Prol onged Keterol ac Exposure Tine
[‘&yﬂ 18350 PCT (AP) [0057] Table 8: Ccul ar
ar macoki neti cs, Aqueous Hunor Rel ative
TabtalriOabir IPhtymdeaki@etien UCBaty B Relasiod bioavAbilay based
ohJ050 ndrRABAld A0l @naris€X il AdulRNBDOHGOKhREahE PrdlBnged
KekdrSaé Ekb&ye body18350 PCT (AP) [0059] Table 10:
Ccul ar armacoki netics: Iris Cliary Body, Relative
bi oavai l ability based on dose normali zed AUC

conpari son tjo Acular LS(Hq), |nc4sabed angeuPi®! onged
Ket er ol ac EXqposure [0060]
etorolac S®
Cmax 429 216
[(ng/g)
AUCO-0 5090 1860
(ng-h/g)
%Relative 285 100
lBioavailability

[0060]

Table 11: Multiple Dose Simulation: Iris-Ciliary Body_0.45% Ketorolac BID vs.
Acular LS® QID

600 -

0.45% Ketorolac BID!
— Acular LS QID |

500 4

400 -

300 4

200 A

Ketorolac Concentration {(ng/g)

100 -

4 0 4 8 12 16 20 24 28
Time (hr)
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Table 11: Multiple Dose Sinmulation: Iris-Cliary
Body 0.45% Ketorolac BID vs. Acular LS(r) Q D18350 PCT
w@ 20p/1fB3061] Conclusions: 1) Increase in rel atPC/E’US2009/035787
bi oavail ability of keterolac as conpared to Acu
LS(r); 2) Increased ketorolac concentrations dﬁé50PCT(AP)
mai nt ai ned | onger post dose; and 3) Toget her these
unII\/

U:ata Du[JlJUIt a 1 uubl.l d }J
axi day to 2X day.| [ ooe‘béf5 R BIg o y X TS ® D
Tolenaltrd-L e YT TS 1 3] Concl usT off:  ACU U 45%
is safe angﬁﬁe toIer%?ge when given|5 tinmes over a
hal f -day and conpares very favorably to ACULAR LS. The
present invention is not to be limted in scope by the
ﬁﬂp|lfled enbodi nents, which are only intended as
Wq6 strations of speC|f|c aspects of the invention.
Vari ous18350 PCT (AP) Ikhggthns of the invention
in addition to those disclose erein, wll be
lhblpmamlitn rb‘btit'chbigeveélabilitﬁdf keterblae aa cbmpgwdttocﬁmdﬁnlS@
a of the sp fication,.includin the clm
2 i Ryorp B siheeirag R i Whina aape and”
3ypeld ke Aies @ Asta Wipporf AteduMidnihRobiRg ﬁ%ﬁﬁ’éﬁ%r ‘?xforﬁ Jf'ﬁ/day to

2%?a§nded cl ai ms. 18350 PCT (AP) What is clained is:

[0062]

Table 12: Safety and Tolerability Results

Variable Ketorolac ACULARLS
10.40%

[0.45%

lOcular AEs-Irritation

10.0% (2/20)

15.4% (6/39)

Symptoms-Burning/stinging

I(z 1 grade increase)

10.0% (2/20)

12.8% (5/39)

ulbar hyperemia
> trace)

10.0% (2/20)

23.1% (9/39)

cular comfort P0-100% 84-100%
> comfortable)
[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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1. A topical aqueous ophthal mc solution conprising
keterol ac tronet ham ne, carboxynethyl cellul ose and no
wWQe@satmMas i ve. 2. The topi cal aqueous opht hal nPCI/US2009/035787
solution of claim1l wherein the keterolac trongt ham’ ne
[ sém%resent in a concentration of approximatel yl,gé.S HCL(AP)
ngpdfscaansefiifie Byenqry it 2ddbliomie, thase d?mo% Betel. walh be apiarent
ORI M b BBl Lo PR RN, indinethe,
chiirgh) av osigmally Yiledanbexymmdddythatadl suolh omdificationsheill fajd ivdehin
aqueous ht hal mc solution of claim1 wherein the
ﬂi@estcgl’%?fatggf‘?%ﬁ‘ﬂ%%lﬁi% is present in a concentration
of 0.45 percent by weight/volunme. 5. The topical
aqueous ophthal m c solution of claim4 having a pH
between 6.8 and 7.4. 6. The topical aqueous ophthal mc
solution of claimb5 wherein the concentration of
car boxymet hyl cel lulose is fromO0.2 to 2 percent by
wei ght. 7. The topical aqueous ophthal m c sol ution of
claim5 having a pH of approximately 6.8. 8. The
t opi cal aqueous solution of claim4 wherein the
solution is surfactant and chelator free. . 9. The
topi cal aqueous solution of claim8 for use in
treatnment of ocular pain associated with postoperative
photorefractive keratectony. 10. The topical aqueous
solution of claim4 further conprising a m xture of
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medi um and hi gh nol ecul ar wei ght sodi um car boxynet hyl

cellulose. 11. The topical aqueous solution of claim4
wo eoovher1gonpri sing a m xture of nmedi um and hi BEII/US2009/035787

vi scosity sodi um car boxynet hyl cellul ose, sodium

chloride, sodiumcitrate dehydrate, sodi um hydgrp &T (AP)
VWilyad rsodfibediie aci d and purified water. 18350 PCT (AP)

12. The topical aqueous solution of claim 10 wherein

the qonbi nation of ,carboxynet hyl cel.l ulose  and .
et ef ol Bt doiuiusobtaimR o Combhpind kRETOLL rgpetgamine.
c@BbkeRdthyiveRulob@iEnSpresriaiveof keterol ac al one. 13.
The topi cal aqueous solution of claim1l wherein the

keterolac tronmetham ne is present_as a racem ¢ mxture
2of RIPgjopigid agueouy ophibalBr ol etiary ofridimalivAereintthe kqtggolac

. _ <ol uti . n
APLERIERBRLR 8RRl G SRy 40, 1S gorcen by
weighsvalunfeor rs. 15. The topical aqueous sol ution of
claim5 wherein the viscosity is from10 to 30 cps.

16. e topical agqueo sol ytion of .clai 6. erein
e O iR B gt it Py e oont of
cBbeWREahFRR uldYe MRl @Ribinatibn of RRANRPhEPhigRILEONS

solution of claim4 wherein the solution my be

catoxymgheregtuloed.ore or after eye surgery to prevent
ocul ar pain. 18. The topical aqueous solution of claim

44 wh ﬁx? itd;f)iéallqg lf‘e%llé" &'{)ﬁﬂalhﬂg (eSS tl%?zﬁln't p&/h%riefﬁethg F(ﬁ:t%ttz)‘:fac
eye afte sur%ery I'n conpari son To keéterorac Sofutions

tropRthaihdy peespiitds arceasdniatiod 8f 0.45 percapibgaleigigietiise.
solution of claim4 wherein the topical aqueous

lution . . . . .
S.SO Utflhg 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 weight.

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. .

9. The topical aqueous solution of claim 8 for use in 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, sodium hydroxide, hydrochloric acid and purified water.
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isinstilled twice daily to achieve proper efficacy.
20. The topical aqueous solution of claim4 wherein

W b@agdeHus solution is surfactant free. PCT/US2009/035787
18350 PCT (AP)
12. The topical aqueous 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 a racemic mixture of R-(+) and S-(-)- ketorolac tromethamine.

14. The topical aqueous 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 viscosity is from 10 to 30
cps.
16. The topical aqueous solution of claim 6 wherein the carboxymethylcellulose is

present in the amount of 0.5% percent by weight.

17.  The topical aqueous solution of claim 4 wherein the solution may be

- administered before or after eye surgery to prevent ocular pain.

18.  The topical aqueous solution of claim 4 wherein the solution increases healing
time of 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 solution is

surfactant free.
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